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Past, Present, & Future

2022 « Introduction of Photon-Counting CT technology, offering tissue characterization, higher spatial resolution, and improved contrast-to-noise ratio

2020 * Publication of the chest pain guideling, providing 1A recommendation for CCTA for the evaluation and management of chest pain

“After remarkable

d eve I O p m e nts i n 2016 * PLATFORM (Prospective Longitudinal Trial of FFRCT: Outcome and Resource Impacts) trial evaluates the clinical and economic impact of

fractional flow reserve derived from coronary CTA (FFR-CT) in stable chest pain
recent decades, we
seem to unlocked

« ROMICAT Il trial initiated, building on the findings cf the original ROMICAT trial to further evaluate the role of coronary CT angiography in
patients with acute chest pain

= Introduction of Fractional Flow Reserve derived from Coronary CT Angiography (FFR-CT), providing functional information alongside

b t I I t. 2012 anatomical data from CT angiography
u a S m a po r Io n * The SCOT-HEART (Scottish Computed Tomography of the HEART) trial investigates the impact of coronary CTA on patient management and
f t h 20m outcomes in patients with stable chest pain
O e e n o rm o u S 2010 * The PROMISE (Prospective Multicenter Imaging Study for Evaluation of Chest Pain) trial compares the effectiveness of coronary CTA versus

functional testing in patients with stable chest pain

pote ntia I Of Ca rd ia c 2009 * Adoption of cardiac CT for guiding Pulmonary Vein Isolation (PVI) procedures in the treatment of atrial fibrillation

CT » 2008 ¢ Initiation of ROMICAT (Rule Out Myocardial Infarction using Computer Assisted Tomography) ED trial
° 2007 * Publication of the CORE-64 (Coronary Artery Evaluation Using 64-Row Multidetector Computed Tomography Angiography) trial

* Use of cardiac CT for planning Transcatheter Aortic Valve Replacement (TAVR)

2006

2005 * The ACCURACY (Assessment by Coronary Computed Tomographic Angiography of Individuals Undergoing Invasive Coronary Angiography)

2004 ¢ Introduction of Dual-Source CT (DSCT) technelogy, which utilizes two X-ray sources and detector pairs, substantially improving temporal resolution
* The CONFIRM (Coronary CT Angiography Evaluation for Clinical Outcomes: An International Multicenter) registry begins

2001 * Development of 64-slice CT scanners with faster temporal and better spatial resolution

1999 « Introduction of 16-slice CT scanners by multiple manufacturers, early clinical CCTA services emerge

1998 « Introduction of the first 4-slice CT scanner Source: Abbara CirCU|ati0n 2024 (Online).




The CCTA Revolution!

Inflammatory risk and cardiovascular events in patients without @ 1 NEW ENGLAND 3 e ®m
obstructive coronary artery disease: the ORFAN multicentre, longitudinat )OZRNA“MEDIC'NE e morcan M 2021 AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR
cohortstudy  x oo Guideline for the Evalua:i;i;: and Diagnosis of Chest
el o R 1 e one o T Outcomes of Anatomical versus Functional Testing

2 ; " for Coronary Artery Disease
Pariat Patel, BSc « Maria Lyasheva, MPhil « etal.

Authors: Pamela 5. Douglas, M.D., Udo Hoffmann, M.D., M.PH., Manesh R. Patel, M.0., Daniel 8. Mark, M.D
MPH., F

Endorsed by the American Society of Echocardiography, American College of Chest
Physicians, Society for Academi Medicine, Society of Cardi
Computed Tomaaranh and Sarist far Cardin:

2019 ESC Guidelines on the
diagnosis and management
of chronic coronary

Al-Khalidi, Ph.D., Brendan Cavanaugh, M.D., Jason Cole, M.D., a1 . for the PROMISE
Author Info & Afflations
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Published April 2, 2015 | N Engl | Med 2015;372:12911300 | DOI: 10.1056/NEJMoal415516 | YOL. 372 NO. 14

THE LANCET

CT coronary angiography in patients with suspected angina due to

[Journal of the American College of Cardiology
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Age- and Sex-Related Differences in All-Cause Mortality Risk Based on Coronary

Computed Tomography Angiography Findings: Results From the International Multicenter coronar heart disease SCOT—HEART :an o en-labe[ al’allel- rou

CONFIRM (Coronary CT i ion for Clinical Outcomes: An i . y k ( ) p ’ p g p, synd romes

Multicenter Registry) of 23,854 Patients Without Known Coronary Artery Disease multicentre trial . @ ESC

o e sccess el
Cardiac Imaging The SCOT-HEART investigators ' « Show footnotes

James K. Min, Allison Dunning, Fay Y. Lin, Stephan Achenbach, Mouaz AlMallah, Matthew J. Budoff, Filippo Cademartir

Tracy Q. Calister, Hyuk-Jae Chang, Victor Cheng, Kavitha Chinnaiyan, Benjamin J.W. Chow, Augustin Delago, Martin Hadamitzky,

N Ic National Institute for
» Published: March 15, 2015 » DOI: htps/doiorg/10.1016/50140-6736(15)60291:4

Health and Care Excellence
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REGISTRIES TRIALS
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Rising Demand for CCTA

 Rising CCTA demand - 2° to 1 CAD risk worldwide combined with substantive research + supportive guidelines

CCTA Use UK Trends in CCTA Use
Among Medicare Beneficiaries (N=1,909,314)
200,000
~3-fold 1 =0
150,000 | g s
113k § 0.
100,000 3
= 1.5 1
50,000 39k g  CCTAgrew ~3.6-fold
= 0.5
. 3 o CG95* associated with ~10% rise in CCTA (p=0.006)
0 0.0 - :
2013 2020 2012 2013 2014 2015 2016 2017 2018 2019
Date
.CCTAmarket is growing with Source: Reeves Radiol: Cardiothoracic Imaging 2023;3:5., https://lwww.databridgemarketresearch.com,

compounded annual growth rate ~6% Al-Ogaili RSNA 2023., Weir-McCall JACC Imag 2023:16:659-671.



Cardiovascular Conditions

Total CVD and Stroke

I Pt o » Prevalence of Hypertension (51% in 2020 —
61.0% in 2050), Diabetes (16%—27%),
Obesity (43%—61%)

 Prevalence of CAD (8%—9%), HE (3%— 4%),
& Total CVD (11%—15%)

« CVD-related costs expected to triple to $1.8
trillion by 2050




Risk Factor Burden at Younger Ages is Shocking

* High incidence of traditional risk factors early in life (age <50 years)

* e.0., Age 20-40 years — 1 in 8 are hypertensive

« Even higher rates among African American Individuals

« African American women are at High Risk for Preeclampsia!

* 40% of Ages 20-40 years are obese and 4% are diabetic (1 type 2 DM)

» Cumulative exposure of risk factors leads to greater rates of progression &
increased CVD event risk

* High rates of progression elevate ASCVD event risk

Source: PESA Circulation 2015;131:2104., Domanski J Am Coll Cardiol 2023;12:1151-.



Global Burden of Cardiovascular Disease

9,440,000 Deaths Related to CAD

«  Worldwide patterns emerge - massive population shifts to more urban environments
Changing (and poor) dietary patterns, more physical inactivity, ....

What Would Change with Improved Risk Factor Control?

1990 rank 2050 rank

1 Cardiovascular diseases

2 Meoplasms

3 Respiratory infections & TB
4 Maternal & neonatal

5 Enteric infections

& Chronic respiratory

7 Other infectious

8 Digestive diseases

9 Unintentional inj

10 Other non-communicable
11 Diabetes & CKD

12 Self-harm & violence

13 Transport injuries

14 Meurclogical disorders

15 NTDs & malaria

16 Mutritional deficiencies

20 Skin diseases

-{ 1 Meoplasms
--{ 2 Cardiovascular diseases
{ 3 Chronic respiratory
A4 Neurological disorders
"~ 15 Respiratory infections & TB
- & Digestive diseases
{ 7 Unintentional inj
~ 8 Other non-communicable
"~ 19 Enteric infections

{ 10 Transport injuries

11 Self-harm & viclence

“[12 Maternal & neonatal
{ 13 Diabetes & CKD
{ 14 Other infectious
{15 NTDs & malaria

1 16 Skin diseases

| 18 Mutritional deficiencies

Source: Vaduganathan J Am Coll Cardiol 2022;80:2361-2371., Institute for Health Metrics and Evaluation.



Challenge Longstanding Public Policy

« Screening Beyond ASCVD Risk Scores Not Accepted*

« Suboptimal Accuracy of Risk Scores Across Diverse Populations of Women and Men
Throughout the Continuum of Risk
» Limited validation, Lack of Novel Risk Measures

« Epidemic of obesity, HTN, diabetes, poor diet, physical inactivity...

 Clinical & public health interventions are needed to effectively manage,
stem, and even reverse these adverse trends

 Evidence is Substantial that CT-Based Imaging (CAC) Can Improve Risk
Detection among Large Sectors of At-Risk Asymptomatic Individuals

*UK National Screening Committee, US Preventive Services Taskforce
Source: Talha Cardiovasc Ther 2024;4133365., Rana J Am Coll Cardiol 2016; 67:2118-2130., Joynt Maddox Circulation 2024;149:e00-e00.



Detecting Early Atherosclerosis

« With the introduction of plaque imaging
into clinical practice, it is abundantly clear
that basing CAD diagnosis on inducible
myocardial ischemia is fundamentally
flawed

* It is recognizing a problem too late along
the disease continuum by detecting
advanced atherosclerosis

* Our next challenge is to target early
atherosclerotic plaque that is amenable to

regreSS|On l avertlng ACS Source: Koo JACC Img 2024:51936-878X(24)00130-X.

[_] Non-calcified Plaque

I calcified Plague
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Scottish COmputed Tomography of the HEART (SCOT-HEART) Trial

’

SCOT-HEART: CT-Prompted Preventive
Care

Antiplatelet Therapy
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Statins

Year 1
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m Standard Care
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CCTA

Year 4
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Year 3
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Year 4

Protocol Prompted Preventive Care for Patients
with Nonobstructive / Obstructive CAD
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Source: SCOT-HEART NEJM 2018;379:924-933.



Does CCTA Improve Outcomes?

UK National Health Service - 1,909,314 investigations for CAD

204 20 4

- Kendall Tau = -0.21
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Date Change in Mortality Within 1 Year per 100,000 per Year
Modality

ICA SPECT == CCTA == MRI S5E == PET

Source: Weir-McCall JACC Imag 2023;16:659-671.



Scalability Across the Globe - Finding Solutions
for Limited Resource Settings

Low-Middle Income Countries + Equally Challenging Rural + Urban Areas in the US

* Public policies must provide adequate funding to
address the burden of atherosclerosis

» Promote CCTA use to promote timely & equitable access

* Cost effectiveness will be key

« Varied CT approaches may be needed to characterize plaque - CAC,
SIS...

 No cost scanning
* Low-cost Al approaches integrating Imaging with EHR

5,678 adults with incidental coronary artery calcium
(CAC) quantified on routine, non-ECG-gated chest
CTs performed between 2014-2019 51%

° ° £6%%
51% Women
i'*i.* 18"}:)As:)iane

4% F- : 4
4% -
T*T* 13% Hispanic/Latin i [ .
a ™ T _ e -: S
; CAC >0 was identified with . . S et
- ? deep-learning algorithm ' A B e

(DL-CAC) in 52% of patients Women African American Income <U1.5, $E0K

W Low-Charge CACS | Mo Charge CACS source: Al-Kindi JACC 2020;76:1259-1262., CAD-RADS 2.0™ app.




Telemedicine based CV

| Collaborative expertise to T e
;chieve t;le 2030 :)Jlnited i qualiiasi " address workforce
tions’ Sustainable access
(@) SUSTAINABLE ™ o™, a | shortage and expand
% DEVELOPMENT "'m‘ALS Development Goals accessg P
GOOO HEALTH
AND WELL BEING
CV Imaging
Differences in Practices in Lli_rlnel ;?tt;\?:g:;n
ealth Poliey - Africa vs Europe and
: : Technological
Y and North Infrastructure
America
Identify barriers in | | ,
implementation/ | Value based healthcare
adoption of clinical \ CZ':;’:::;LS vs Al driven precision
guidelines and imaging: assess long
appropriate use of CV term, global
. imaging ~ Sustainability

Source: Lakshmanan Eur Heart J - Imaging Methods Practice, 2023;1(1):qyad005.



A Call to Action!

 Novel CCTA strategies should
expand focus toward early forms of
atherosclerosis prior to functional
Ischemia with obstructive stenosis

» Atherosclerosis detection should
target disease states + treatments
capable of halting progressive
atherosclerosis / reducing later stage
complications of atherosclerosis

* Improve implementation and
scalability of high quality CCTA-
guided care around the world
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FULL TEXT ARTICLE

Standards for quantitative assessments by coronary
computed tomography angiography (CCTA) N\

Avrticle in Press: Corrected Proof

Koen Nieman, Hector M. Garcia-Garcia, Alexandre Hideo-Kajita, Carlos Collet, Damini Dey, Francesca
Pugliese, Gaby Weissman, Jan G.P. Tijssen, Jonathon Leipsic, Maksymilian P. Opalski, Maros Ferencik,
Michael T. Lu, Michelle C. Williams, Nico Bruining, Pablo Javier Blanco, Pal Maurovich-Horvat and Stephan

Achenbach
Journal of Cardiovascular Computed Tomography, Copyright © 2024 Society of Cardiovascular Computed Tomography

Source: Nieman JCCT 2024 (online).




Exploring the Mechanism of Plaque Rupture in ACS using
CCTA & Computational Fluid Dynamics Il) Study (EMERALD II Study)

[[] Non-calcified Plaque
WSS

B calcified Plaque

TPV: Total plaque volume, NCPV: Noncalcified plaque volume, LAPV: Low attenuation plaque volume, WSS: Wall shear stress; APS:
Axial plaque stress, MBF: Myocardial blood flow, Plaque burden (cross-sectional plaque area/vessel area @ minimum lumen area site

351 Patients with Definite ACS Culprit Lesions

Seoul National University Hospital
Source: Koo JACC Img 2024:51936-878X(24)00130-X. o ardiormesator conier NIV THA



Event Probability (%)

ACS
Precision
Risk
Assessment

Lesion A

Lesion B V 4 d

400 600 800 1000

Time from CCTA (Days)

Exploring the Mechanism of Plaque Rupture in ACS
using CCTA & Computational Fluid Dynamics Il) Study

(EMERALD I Study)

Lesion A

Lesion B

Lesion-specific prediction = 0.60
»

AFFR_;=0.14 —

Averaged _|

Lesion-specific prediction = 0.07
r'y

-U.DE.

% Total MBF = 28.3

' +0.08
' +0.05
i +0.04
'i +0.04
'i +0.03
-0.01 ‘

TPV =151 mm? —

CADRADS=3

50-69% Stenosis

Plague Burden _|
=88.6%

LAPV_lesion _|
=10.6 mm?

HRP () —

\ | .0.03 '
-0.02 .
-0.01 ‘

0.1

| +0.01

-0.01

00 01 02 03 04 05 06 07
Probability

351 Patients with Definite ACS Culprit Lesions

0.00 0.05 010 0.15 0.20

Probability

AFFR,;=0.02

Plaque Burden
=58.4%

CADRADS =1

1-24% Stenosis

TPV =63.T mm?

HRP ()

Averaged
% Total MBF = 24.3

LAPV lesion
=0.60 mm?

Source: Koo JACC Img 2024:51936-878X(24)00130-X.



Treatment-induced
Regression
of Atherosclerotic Plaque

Plaque Regression Strategies

CETP Inhibitors
reduces transfer of cholesterol Statins
from HDL-C to LDL-C HMG-CoA reductase inhibitor

~_Ezetimibe Reduced cholesterol = PCSK9 Inhibitors
inhibits intestinal deposition increases hepatocyte
and biliary cholesterol uptake of LDL-C
absorption
Enhanced
endothelial
Reduced cholesterol vEpail
inflammation .
Exercise
| |
Eicosapentaenoic Colchicine
Acid inhibits
modulators that microtubule
dampen inflammatory formation
response

Effect of Vascepa on Improving Atherosclerosis in
People with Elevated Triglycerides on Statin Therapy
. (EVAPORATE) Trial

m Icosapent Ethyl mPlacebo

109%

110%

90%

70%

50%

30%

Mean % Change in Plaque from Scan 1 to Scan 3

Low Attenuation Fibro-Fatty Fibrous Calcification Total Non-Calcified  Total Plaque
P=0.0061 P=0.0002 P=0.0028 P=0.0531 P=0.0005 P=0.0019
66 Slowing Heart Disease With P=0.76

1

wn
()]

Lifestyle & Omega-3 Fatty Acids
26 (HEARTS) trial

36 P<0.001 P<0.001 P<0.001 P<0.001
26 | | | | | | I |

P<0.001
i P<0.001 P<0.001 P<0.001

P<0.001 P<0.001 W=

P<0.001

P<0.001 P<0.001
Fibrous

Median Percent Change in Coronary Plaque

Calcified Total

Source: Dawson JACC 2022;79:66-82., Budoff Eur Heart J 2020;41:3925-3932., Welty JAHA 2023;12:e030071.



Methods for
Assessing
CCTA

CTA2018 " 4 CTA2018 |

Atherosclerotic
Plaque

« Standards for Regression /
Progression
 Beyond Repeatability

* Clinically Meaningful Change in
Prognosis

« Optimal Timing for Risk and/or
Treatment Effect

* Issues Specific to CCTA*

*Image quality, adaptive thresholding for HU intensities in the lumen (for
different kv), media border exclusion...



lerotic Plaque Progression (in mm?)

Atherosc

250.0

200.0

150.0

100.0

Atherosclerotic Plaque Progression and
Inflammation

20

40

60
Hs-CRP (mgldL)

80

A Total Plaque Volume

A Noncalcified Plaque Volume

100

120

Plague progression >2-fold 1 with Hs-
CRP 22 mg/dL for Total and Noncalcified
(necrotic core and fibrofatty) plaque
(p<0.01); even when controlling for risk
factors & statin use

Calcified plaque progression was
unrelated to Hs-CRP (p=0.3)
Associations between HIV infection and a
greater burden of noncalcified plaque are
also reported

Source: Bienstock JACC Imaging 2024;17:212-213.
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Concluding Remarks

FTw

Thank you

‘ = Growing Evidence for Plaque
Assessment with CCTA

‘ = More Prognostic Data is
Needed

= Alot we do not know, factors
that will be essential for
regression & links to
improved patient outcomes

mMount
Sinai




Acute Chest Pain

Evaluation Risk of
ED Evaluation Major CAD Events
Per ACC / AHA Guideline .
A Stable Chest Pain
I INvASIVE o Ev_alu:tulm .
CORONARY utpatient Evaluation
ANGIOGRAPHY
—
ANATOMIC OR
FUNCTIONAL TESTING
F
ANATOMIC OR
FUNCTIONAL TESTING i : ~1
Interrr_ledlate o i e T
Risk N

DEFER TESTING -

OPTIONAL

Ex ECG or

. CAC SCAN
Low Risk
Testing
NO
. TESTING
—_
Asymptomatic
-""7'-"\ AMERICAN d TeStlng

American

Heart

Assaciation. Source: Gulati JACC 2021;78:¢187-e285., JACC 2021,78:2218-2261., Circulation 2021;144.€368-e454.
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