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FIGURE 1 Sensitivity, Specificity, and Predictive Value of
CCTA in 3 Prospective Multicenter Trials of the Diagnostic
Performance of CCTA

94-99% 64-83% 42-81%  97-99%

Sensitivity  Specificity PPV NPV
I ACCURACY (230, 13% prevalence)
B EUROPE (360, 68% prevalence)
B MEDIC (415, 20-80% risk)

From Marwick et al. JACC 2015

CCTA DIAGNOSTIC VALUE

Arbab-Zadeh. Heart International 2012

Results from the Meta-analysis of Paech et. BMC Cardiovasc Disord
2011including 3,674 symptomatic patients without history of coronary
artery disease enrolled in 28 studies.

® Sensitivity = Specificity = PPV ®NPV

CTA Diagnostic Accuracy

QalAc
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TABLE 1 Diagnostic Accuracy on Computed Tomography Angiography

Study/First Author (Ref. #)  Year

ACCURACY (8)
Meijboom et al. (3)
NIMISCAAD (10)
CORE-64 (11)
EVINCI (12)

Budoff et al. (13)
PICTURE (14)
VERDICT (15)

Andreini et al. (17):
Patients with atrial
fibrillation

Andreini et al. (18):
patients with heart
rate =80 beats/min

2008
2008
2009
2012
2015
2017
2017
2020
2017

2018

Pau':m Sensitivity Specificity PPV
230 95 83 64
360 99 64 86
327 94 88 91
273 91 87 90
475 91 92 83
77 85 S0 81
230 92 78 82
1,023 97 72 a1
83 95 98 95
40 100 82 100

NPV Accuracy
99 NA
97 88
91 91
88 NA
96 9
92 NA
90 NA
88 89
98 96
82 90

NA « not available; NPV « negative predictive value; PPV « positive predictive value,

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

Serruys, P.W. et al. J Am Coll Cardiol. 2021;78(7):713-736.

“A CT-based approach can effectively rule out anatomic CAD”




QAREAC
Use of diagnostic imaging tests in the initial diagnostic management of symptomatic patients with suspected coronary
disease

Non-wvasive functional imagieg for syocardial ischaemia® or coronary CTA is recommended &3 the intial test 1o dagnase
CAD in symptomatic patients in whom obstructive CAD cannot be excladed by diinical assessment alone, 3357478 -8

artery

Class®  Level®
It is recommaended that selection of the intal nco-nvasive dagnostic test is done based on the cinical lkelhood of CAD c
and other patiers characteristics that influence test performance.” local expertse, and the avaslabiity of tests.
Functional imaging for myocardial ischaemia is recommended ¥ coronary CTA has shown CAD of uncertain functional sig-
nificance or is not dlagnostic. "
Invasive coronary angiography is recommended as an alternative test to dagnose CAD in patients with a high clinical lieli-
hood. severe symptoms refractory to medical therapy or typical angina at a low level of exerdise. and dinical evaluation
that indicates high evenrt risk. Invisive functicnsl assessment must be avalable and wuied 1o evaluate stencies before revas-
odartzation, unless very high grade (>90% dameter stencsis) """
Invasive coronary angiography with the avalabilty of imvasive functional evaluation should be considered for confirmation
of the dagrosis of CAD in patients with an uncertain dagnosis on noe-imvasive testing '™

Coronary CTA should be considered as an alternative 10 invasive angiography i another non-invasive test is equivocal or

non-dagnostic

Coronary CTA is not recommended when exterdive coronary cakiification, rrepular heart rate, significant obesity, inabi-
Ity to cooperate with breath-hold commands, or any other condtions make obtaning good image quality uniiely.

n o “ . - . ":, ...-

Coronary calchum detection by CT Is not recommended to identify individuals with obstructive CAD.



ORIGINAL ARTICLE

CT or Invasive Coronary Angiography in Stable Chest Pain

The DISCHARGE Trial Group

1004
5.0
* CCTA VS ICA 90 Mazand ratio, .70 (95% <1 046100
. - ‘ 04 "-o !0 MEALIVE COTONATY AaNORrap
- Symptomatic patients _ ® ' Y anpesrhy
N Z. O+ 1.0
* Intermediate PTP of CAD s -
. 2.0+
*MACE @ 3.5y ; 0+ . _:‘F/_/(:{n:::;
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3 y:' 00 1] 1 ] 1) L) 13 13 L4
+ 26 europeans centers 2.} 0 6 2 1 M % 3% a4
10
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+ 3561 patients; complete FU 3523 0 6 12 18 L % 36 4 A8
Months since Randomization
* No difference of MACE between CCTA vs ICA No. at Risk
Ivasive COTONary anprograghy 1753 1714 1692 1664 1654 1456 11590  ¥§ ) 526
(2 1(%) VS 3(%)) Computed tomography 1308 1773 1753 174l 173 1541 j244 455 w2
- More major procedure-related complications w/ March 4, 2022

DOI: 10.1056/NEJM0a2200963

ICA (1.9% vs 0.5%, OR 1.17)



FIGURE 1 The Chest Pain Pathway Today

Patient with
chest pain

« Case history
» Risk profile
« Physical examination

» Blood work (
» Chest X-ray

o PR

Crossing the line '
N diagnosis and treatment

to invasiveness

"World of noninvasive tests"

« Holter tape (ST analysis) »a  Coronary
« Exercise ECG '

« Stress echocardiography

» SPECT/PET

« MRI

* Pristine coronaries

» Nonobstructive disease; is a risk for
cardiovascular events; needs primary
prevention

Crossing the line between

i

Operating room

Bypass surgery

Patients with chest pan who have 3 nondlagnestc electrocardogram (ECG) and 2 normal troponin commenly undengo sonnvasive testing. Based on the
results of romnvasve imvestigations, their plysician will take the decision to proceed with invasive coromary angiography, Cath Lab « catheterization

Laboratory; NS « magnetic resonance imaging; PET « positron emission tomagraphy; SPECT « single-photon emission computed tomograplry.

Serruys, P.W. et al. J Am Coll Cardiol. 2021;78(7):713-736.
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FIGURE 2 Future Vision for the Chvest Pain Pathway

« Case history
* Risk profile
Patient with * Physical examination
chest pain
« Blood work (
« Chest X-ray

Invasiveness is required
only for revascularization

Cardiac CT as "1-stop shop"
« CT - Anglography (stenosis detection)

« CT - Fraction flow reserve (epicardial conductance)

« CT - Perfusion with hyperemia (microcirculation)

« CT - Plaque anatomy (tissue composition, morphology,
high-risk lesion)

« CT - Inflammation

« CT - Ejection fraction

« CT - Wall motion analysis

« CT - Leaman score, anatomic or functional SYNTAX score

« CT - Caldfication activity

» Pristine coronaries
« Nonobstructive disease; is a risk for cardiovascular
events; needs primary prevention

Carefully planned coronary
b intervention based on
| pre-existing information:
interventional suite

Operating room
Bypass surgery

Cardiag computed tomography (CT) angiographry as a “1-s20p-shop” increases quality and effectiveness of medicine. Abbreviations as in Figure 1

Serruys, P.W. et al. J Am Coll Cardiol. 2021;78(7):713-736.
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Market context

Despite enormous technological progress,
there remain limitations for current CT technology

Higher level of detail
comes at expense of higher dose

Some patients remain unscannable

Relevant information
may be missing in scans

Measurements depend on
external parameters, so that
consistency is not ensured

Healthineers -

There are physical constraints
to overcoming these limitations

Gantries cannot rotate faster
(photon flux per projection insufficient)

(_O_) Detectors cannot be wider

(image artifacts)

D Pixels cannot be smaller
A K (dose inefficiency)

Computed Tomography
© Siemens Healthineers, 2021



Operating principle CT detectors Healthineers -

Photon-counting detector (PCD)

‘ Anti-scatter grid Semiconductor
I I I as direct X-ray converter (CdTe)
—*‘Cathode e Photons produce a charge
proportional to X-ray energy
" ‘5 ,CdTe High voltage ..
:‘ (Semiconductor) e Individual photons are measured
b allowing for measurement of

Pixelated anodes . .
energy information
- Energy-selective counter signal

Individual signal
of each detected photon

Single-step direct conversion: X-rays = electric current

Computed Tomography
© Siemens Healthineers, 2021



Removing the effect of calcification in coronary artery disease Hedlthineore

real lumen
pathologic
wall with
different
composites
Input Patient a4 mmit
Highly resolved * Received stent as treatment of
.f.pectral CT dat.a. severe stenosis Calcification mask the Pure Lumen
a Decomposition of * Severe degree of coronary artery pathology and “distorts” Reveals the underlying reality of the pathology
materials and fine disease with calcifications severity of the stenosis a Able to guide the cardiologist with non-
resolution * Cardiac symptoms persisting - No value delivered invasive imaging in advanced CAD

Computed Tomography
Courtesy of Medical University of South Carolina, Charleston, USA © Siemens Healthineers, 2021



Coronary CTA after stent placement

SIEMENS ...
Healthineers ‘-*

Image type
Cinematic VRT based on 0.4 mm

Image type
MPR based on 0.4 mm | 70 keV mono-energetic | Bv 40 kernel

QuantumPlus | CTDI,, 14 mGy | heart rate 56 bpm | Quantum 3 reconstruction strength

Courtesy of Centre Cardio-Thoracique de Monaco, Monaco

Computed Tomography
© Siemens Healthineers, 2021



HIGH-RISK PLAQUE FEATURES

Stenosls > 50% Probabllity of having ACS

a— |

Positive romodelling

~ Lo

—————
PO OO = l oo

Napkin ring sign

RR82

Spotty cakeium

- I_ RR37.2

e Ay high-
risk plagque
feature presemt

_ .

Ferencik et al. EHJ 2016
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SCOT-HEART trial: -y

Low-attenuation non calcified plague

Low-attenuation non-calcified plaque burden Low-attenuation plaque:
— sd% — >4% = strongest predictor of fatal or
nonfatal Ml

= exceed other established markers
as CV risk scores, CACS and
coronary artery stenosis (CCTA)

Low-attenuation plaque burden >4%
= 5 times more likely of fatal or
nonfatal Ml

Proportion with fatal/non-fatal MI (%)

: Follow-up (yean)j

Williams M, Dweck M, Dey D, et al, Circulation 2020 May 5;141(18):1452-1462
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65 yo Man
HTN, Smoker
Acute Chest Pain,
No ECG changes,
NI hs troponin,

Fdpgantman dw rware 4o coloram dans s popniaton

fdpaneien ¢ 1care de calcham
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CENTRAL ILLUSTRATION Discriminative Ability of Imaging Modalities for the Detection of

Per-Vessel Fractional Flow Reserve-Defined Ischemia

\J

Ml
[P ann g

Fractional
How @merve
Calculated
| Yom Computed
Tomaagraphy
AX 054

Pometrun
Lm»sion
Tomography
ALC 0.87

Driessen, RS et al. J Am Coll Cartiol 2009, 73(2):161-73.

Sensitivity (per vessel)
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SOV CINce of Lalle COMNNY amery dsese, 35 Sefned Dy iaative FRR, wat proectvely 105100 mith sevelal nonitwase wagng nodaloes. Exch patent on
derwermt FFR., PET, coronary CTA SPELCT, and ICA with FPR, regardless of imagng results as dlustrated by the typical imagng tTnaings of 2 severe left antonor
descendng artery stenarss 0 e oaloredd boses. Curves with comesponding colers ndcate thae FFR, demonstraned the goeamess AUC for the detecton of per-vessel
fractiomal fios reserve Cilnuates from computed tomographty;

chemia, CTA

KA = irvavvw cotonery angogeeginy, MT . powtron smasos bomography; SPECT

COrOnaTy companed Somagraphy angograpty, FER - fractional flom resenve. FFR,
WG e phalon TGOS ImpUted tomogy oty
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Stress Computed Tomography
PERfusion Versus Fractional Flow
REserve CT Derived In Suspected
COroNary Artery Disease

PERFECTION study. G.Pontone. JACC Cardiovascular Imaging 2018
147 symptomatic patients scheduled for ICA-FFR evaluated by CCTA/CTP/FFR-CT
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CTP and FFR-CT: accurate and comparable to
LD - LSRN -2 | evaluate the functional relevance of CAD




Stenosis detection & grading

Al-QCT vs core-lab
CCTA/QCA/FFR

303 pts
Al-QCT Time-analysis 10mn
Rapid and accurate

detection/exclusion of high-grade
stenosis

CENTRAL ILLUSTRATION Al-8ased Evaluation of Corenary Artery Stencsis on Coronary CTA Demonstrated High
Actwracy to Core Lab-interpreted QCA and invasive FFR

u((‘A

B

CCYA Performed

Artihcis imtelligence Enabled Quantitative CT Artshaial Intelligence-Enabled Coronary Computed
Anglography Analyses Erables Rapld and Accurate identification and Exclusion of High-Grade Stenosis
With Close Agreement 1o Blinded, Core-Lab Interpreted Quantitative Coronary Anglograpiny

Artificial Intelligence-Enabled Coronary Computed Yomography
Anglography for Detection of Stenosis, Per

mmnmmm

Artificial intelligence-£ nadied
Coronary Compated Tamography Area Under the
Anglography vi Qeantitathe R whves - Oper 2065
Coromary Anglography Senuitivity Specificity mm Valen Acceracy Characterktic Curve

2507 Sterosn % ON% ms 0% L ons
270% Stenoss 9% 8% 9% 9% B6% o9

Fractional Flow Reserve

Ohcordant Caves
When artifcial inteligence -ensabled coronary
computed tomogeaphy angiography » 10%
and quantitative Coronary angiography <70%
fractional flow reserve b <08 in 67%

%208 n<0B

Geffn, WF. ot al ) Am Coll Cardicl g 202 wim)m-u




Circulation: Cardiovascular Imagi_ng

ARVANCES IN CARDIOVASCULAR IMAGING
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Radiomics
The Next Frontier of Cardiac Computed Tomography

00 02 04 06 O 10
1-Specificey

IV. Extracting

and selecting
Il. Determining radiomics
features

and segmenting

I. Image acquisition
and pre-processing

Cross Sagittal Coronal
section section section

CURRENT CLINICAL APPLICATION IN CCTA
RADIOMICS

- Coronary plaque characterization

- Assessment of plaque microenvironnement

- Identification of vulnerable plaque

- Perivascular adipose tissue phenotypic

- Myocardial tissue characterization

« Radiomics is the process of extracting numerous features from radiological images via high-
throughput calcula- tions to create large datasets with hundreds of parameters that quantify the
findings in these images ».

Original image and
PVAT segmentation

190 HUC T, +30 WU |

C Population “radiomic” heatma,

PVAT radiomic features

Pericoronary radiomic features
uogejndod LYVIHI0IS

-1 -08-06-04-02 0 02 0406 08 1 4 -2 0 2 4
Spearman’s rho correlation coefficient Z score

Circ Cardiovasc Imaging. 2021;14:e011747. DOI: 10.1161/CIRCIMAGING.120.011747



CTCA as one-stop-shop for chest pain invostigation:
Positioning FFRct in clinical care and maximizing the yield of the test prediction and prevention management.

Aratomcally

No plague Minor plague Equivocal plague significant
stenoses

¢ Guang revascuanzation
procodures

¢ Risk stratfication

v Gudng prevention
restments

¢ Saving costs

o ¢ Reducing precodural rsks

J Ultmately better quality.
) patent-fendy, heafthcare

>

The year in cardiovascular medicine 2021 European Heart Journal
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