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CARDIOPATIA ISCHEMICA

L'’evoluzione della TC coronarica:
dal burden aterosclerotico alla
valutazione dell'ischemia

Cesareni Matteo




QPLACEZ3 What’s new?

Al based  best phase selection

reconstrucion e« motion correction
e dose modulation

e virtual monoenergetic
virtual non-contrast

e jodine myocardial
perfusion maps

Dual-energy CT

Photon-counting CT . spatial resolution
soft-tissue contrast

dose-efficient
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QOPLACESS

PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

Valutazione anatomica

1. C’e patologia aterosclerotica?

2. Quanta stenosi determina?

Non-invasive anatomical imaging tests in the initial diagnostic management of individuals with suspected obstructive coronary artery
ilable and supported by local expertise—Section 3

disease—coronary computed tomography angiography, if

In individuals with suspected CCS and low or moderate (>5%-50%) pre-test likelihood of obstructive CAD, CCTA is recommended to
diagnose obstructive CAD and to estimate the risk of MACE.

Selection of individual diagnostic tests in individuals with suspected chronic coronary syndrome—Section 3

To rule out obstructive CAD in individuals with low or moderate (>5%-50%) pre-test likelihood, CCTA is recommended as the preferred B
diagnostic modality.

CCTA is recommended in individuals with low or moderate (>5%-50%) pre-test likelihood of obstructive CAD if functional imaging for - B

myocardial ischaemia is not diagnostic.
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Stenosis

0%

No
stenosis

1-24%

Minimal stenosis

25-49%

Mild
stenosis

50-70%

Moderate stenosis

A. 70-99% stenosis
in 1 or 2 vessels

B: >50% stenosis in
the left main

or >70% stenosis in
3-vessels

100%

total occlusion

Additional

None

) None

None

Consider
functional

A: Consider
functional
assessment
orICA

B:ICAis
recommended

ICA and/or
viability
assessment
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CPLACE2 Valutazione anatomica
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CPLACFZ Caratterizzazione di Placca

5 FOR ADVANCES IN CARDIAC EXPERIENCH

La placca e vulnerabile?

- SCOT-HEART e CAPIRE: REGRESSIONE

Valore prognostico delle caratteristiche di placca .
- PARADIGM: ) i % Fibrofatty

Valutazione della risposta alla terapia 1
-f
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«— Fibrofatty
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COPLACE2S Caratterizzazione di Placca

Tessuto adiposo pericoronarico

Vascular inflammation sensing by perivascular fat
(Perivascular fat attenuation index)

Inflamed

Studio CRISP-CT:

Il grasso pericoronarico infiammato influiva
significativamente sulla mortalita cardiaca,
anche nei pazienti senza placche ad alto rischio.

* -~ Vessel
P Perivascular fat

r s

Non-perivascular fat

Nonperivascular fat
‘P

Perivascular fat Vessel

-190 HU -70.1 HU -30 HU
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QPLACEZS Plaque burden

Quanto ¢ estesa la patologia?

W |\ o1 [N

CAD-RADS 1/P3

CAD-RADS 4/P1 CAD-RADS 3/P4
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QPLACE?S Plaque burden

PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

Calcium Score: Calcified Plaque Burden

e Stratificazione del rischio . --
e Stima il carico lesionale calcifico

Aortlc Aortic | v
Ca+ Ca+ Ca+ Ca+ Ca+

e Sipossono utilizzare anche pregresse TC torace

e Integrazione ai test funzionali

Aortic LAD RCA RCA RCA
Ca+ Cat Ca+ Origin Ca+

la (c

In patients selected for PET or SPECT myocardial perfusion imaging, it is recommended to measure CACS from unenhanced chest CT

imaging (used for attenuation correction) to improve detection of both non-obstructive and obstructive CAD.
Screening for coronary artery disease in asymptomatic individuals—Section 5
When coronary artery calcification findings are available from previous chest CT scans, using these findings to enhance risk stratification and

guide treatment of modifiable risk factors should be considered.

Coronary artery calcium scoring (CACS) may be considered to improve risk classification around treatment decision thresholds. Ilb C
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QOPLACESS

PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

Plaque burden

CAD-RADS
P modifier

P1

P2

P3

P4

Total plaque burden

CT Leaman Score

Amount of = Calcium SIs*
plaque score

Mild 1-100 <2

Moderate = 101-300 | 3-4
Severe 301-999 = 57

Extensive | >1000 28
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Right Left
Coronary
Type of Plaque
REA Icified and mixed pla
RCA proximal 1 0 05 * Noncalcified and mixed plaques: 1.5
) « Calcified plaques: 1
RCA mid 1 0 0.5
RCA distal 1 0 05 Noncalcified Calcified
PDA 1 NA 0.5
PL branch 05 NA NA
Left main 5 6 b5
LAD
LAD proximal 35 3.5 35 x x
LAD mid 25 25 25 Degree of Stenosis
LAD distal 1 1 1 TR o
1st diagonal 1 1 1 * Obstructive (250% oenosns :1
| o5 o5 o5 Nonobstructive (<50% stenosis): 0.615
LeX <50%
LCX proximal {25! 215 2
Intermediate branch 1 1 1
1st obtuse marginal 1 1 1
2nd obtuse marginal 1 1 1
LCX distal 05 15 1
PL branch NA 0.5 0.5
PDA NA 1 NA

CT-Leaman score >5 ma senza stenosi
ostruttive avevano una sopravvivenza
libera da eventi cardiaci maggiori simile a

qguella dei pazienti con stenosi ostruttive

R T T




©PLACF22 Valutazione funzionale

1. Laplacca determinaischemia?
2. Quale placca trattare?

FFR-CT e Perfusion CT
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©PLACF22 Valutazione funzionale
FFR-CT

Lumen centerlines |C Lumen boundary

e Valutazione emodinamica
« Non necessita di ulteriori acquisizioni

e La FFR-CT non € un sostituto universale
degli altri test funzionali, ma un
gatekeeper dopo CCTA nei casi anatomici

intermedi o dubbi. "

- | Finite element mesh model
* | Computational fluid dynamics methods

In patients with a known intermediate coronary artery stenosis in a proximal or mid coronary segment on CCTA, CT-based FFR may be b B
considered. iy
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©PLACF22  Valutazione funzionale
FFR-CT

PLATFORM STUDY
FFR.; act as a gatekeeper to ICA, reducing unnecessary

RIPCORD STUDY
FFR.; data resulted in a change of the treatment

strategy in 36% of patients.

200 ] negative interventions in patients without obstructive CAD.
93.6% FFRct
m-os A Planned NI test B Planned ICA
07 5% B NonObs CAD 2 0Obs CAD [ No ICA B NonObs CAD @Obs CAD [INo ICA

150 100% 100%
90% 90%

80% P=0.95 30% P <0.0001
70% 70%
F 100 60% 60%
§ | 191 50% 50%
158 40% 40%
77.4% 30% 30%
20% 20%
50 54.2% 10% - 10%

45.7%
- 70.4% 0% L . 0% -
22.6% 45 Usual care FFR Usual care FFRer
2.5% 6.3% 38 29.5% 31
A s - 3 N (%): 6 (6.0) 13 (12.5) N (%): 137 (73.3) 24 (12.4)
|
0 T ‘ T T P=0.95 P<0.0001

1-29% 30-50%  51-70%  71-90% > 90%

Coronary CTA Stenosis Severity
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CPLACF2 Valutazione funzionale

PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

ADVANCE STUDY : FFR-CT
Low rates of events in with a negative FFR; compared

with patients with abnormal FFR; values.

A MACE Stratified by FFR¢; >0.80 vs <0.80
N'=4737

PROMISE STUDY
T FFR.; <0.80 was a better predictor of revascularization

Event Rate (%)
°

w1 1 or MACE than severe stenosis on CTA.
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Patel, M.R. et al. J Am Coll Cardiol Img. 2020;13(1P1):97-105.
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QOPLACESs

PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

Valutazione funzionale

OFF-site FFR-CT

Diagnostic accuracy 79.4%
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Journal of the American Heart Association

ORIGINAL RESEARCH

Agreement of Fractional Flow Reserve
Estimated by Computed Tomography
With Invasively Measured Fractional Flow
Reserve: A Systematic Review and
Meta-Analysis

Thomas |. Faulder @; Kurundeniya Prematunga @, MBBS, MD Radiology; Soniah B. Moloi, BMed;
Lauren E. Faulder; Rhondda Jones ®, PhD; Joseph V. Moxon, PhD

ON-site FFR-CT

Diagnostic accuracy 84.1%.




CPLACF2 Valutazione funzionale

PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

ON-site FFR-CT

CENTRAL ILLUSTRATION: The Functional Significance of Proximal Left
Anterior Descending Coronary Artery Stenosis With Mixed Coronary Plaque
Was Analyzed Using Computed Tomographic Angiography, Invasive Coronary
Angiography, and uCT-FFR

» Real-time analysis
» Integration into workflow

» Physician-driven P

 Emergency setting

uCT-FFR=0.74 /
I /

Invasive FFR : . Solution & Results / Mesh Boundary cofdition
——mm
Sen. 0.92 0.94 0.89 0195
Spec. 0.34 0.37 0.91 <0.001 CTA/ICA<uCT-FFR
Acc. 0.55 0.58 0.91 <0.001 CTA/ICA<uCT-FFR
AUC 0.75 0.66 0.92 <0.001 CTA/ICA<uCT-FFR

Tang, C.X. et al. J Am Coll Cardiol Img. 2020;13(4):980-90.
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@PLACE32 Functional Cardiac CT in Daily Practice: Our Experience

66 y men
Stable chest pain
Multiple risck-factors for CAD
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@IP|L ACF 22 Functional Cardiac CT in Daily Practice: Our Experience

Men, 69y

Thoracic pain

Atrial Flutter

Hig pre-test risck for CAD
Emergency department

Ex: 8168

Se:402

Arteria discendente anteriore sx Angvle: -63.0
DFOV 14.1 cm

Mild stenosis

Mild stenosis

Normal
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The American Journal of Cardiology

Late Outcomes of Patients in the Emergency
Department With Acute Chest Pain
Evaluated With Computed Tomography-
Derived Fractional Flow Reserve

0.5 x 0.5 Multi-fase DL
2025-08-19
CPR Angle:275

/

§ ——==LAD MildEEnsiy

0.5mm /0.50sp 0.44/
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QOPLACESs

PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

Valutazione funzionale

In individuals with suspected CCS and moderate or high (>15%-85%) pre-test likelihood of obstructive CAD, CMR perfusion imaging is

Perfusion-CT

recommended to diagnose and quantify myocardial ischaemia and/or scar and estimate the risk of MACE.

CRESCENT Il STUDY :

Strategia TC integrata con stress CT perfusion
nei casi con stenosi 250% come alternativa ai

test funzionali tradizionali

40%
p<0.001
9%

30% o
20%
10%

2%

0%
Cardiac CT | Functional Cardiac CT | Functional
Testing
Additional Testing Invasive Coronary
Angiography

Invasive Testing Revasc. -
Both M Revasc. +
M Non-Invasive Testing
(J » ®

Testing

p=0.118

Cardiac CT | Functional
Testing

Relief of Angina

Cardiac CT | Functional
Testing

PERFECTION STUDY
Equivalente performance diagnostica della
CTA con CTP e della CTA con FFR-CT

A B
1.0 1.0 4
CCTA vs cCTA+FFR¢p p<0.001 CCTA vs cCTA+FFR ¢ p <0.001
0.8 cCTA vs cCTA+CTP p <0.001 0.8 4 cCTA vs cCTA+CTP p <0.001
CCTA+FFRcr vs cCTA+CTP p=0.128 CCTA+FFR¢r vs cCTA+CTP p = 0.628
0.6 - 06
2 2
] i)
2 2
& 3
0.4 0.4
0.2 4 0.2
cCTA AUC = 0.89 (95% CI: 0.86 - 0.93) cCTA AUC = 0.90 (95% Cl: 0.85 - 0.94)
CCTA+FFR.; AUC = 0.93 (95% Cl: 0.91 - 0.96) CCTA+FFRcr AUC = 0.94 (95% Cl: 0.91- 0.98)
0.0 4 cCTA+CTP  AUC = 0.92 (95% Cl: 0.89 - 0.95) 0.0 4 cCTA+CTP  AUC = 0.93 (95% Cl: 0.89 - 0.96) ’
T T T T T T T T T T T T
1.0 0.8 0.6 0.4 0.2 0.0 1.0 0.8 0.6 04 0.2 0.0
1-Specificity 1-Specificity



©PLACF22 Valutazione funzionale

* hypertension, symptomatic for suspected angina, and
inconclusive exercise-ECG test.

» CTA 2-vessel disease with moderate-to-severe stenoses of
mid and distal LAD and occlusion of distal RCA

+ stress-CTP inducible perfusion defect at the mid to distal
antero-septal wall and basal inferior wall.

+ FFR¢r shows pathology of value from mid LAD stenosis.

» ICA shows moderate mid and distal LAD stenoses with
positive invasive FFR

i . ’ = 0.9¢
 chest pain, hypertension, dyslipidemia, positive exercise ECG

* Rest-cCTA shows a calcified stenosis of the proximal LAD & OM
» Stress-CTP showing normal myocardial perfusion.

» FFRct demonstrates normal values in the LAD and OM
ICA shows mild LAD and OM stenoses with normal FFR

SN ] _080 [ =
E : > [ E
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QPLACEZ Valutazione funzionale

Stessa piattaforma TC, due domande complementari:

La lesione limita il flusso? Il miocardio va incontro a ischemia?
FFR CT-Perfusion

» “Physiology inferred from anatomy” « “Ischemia directly visualized in the myocardium”

« Valutazione vaso-specifica « Valutazione territorio-specifica

e Stima la caduta pressoria e Valuta il difetto di perfusione miocardica

* Non richiede stress farmacologico. « Richiede stress farmacologico

« Non aggiunge dose/radiazioni « Aggiunge dose e mezzo di contrasto

+ Concettualmente é piu simile alla FFR « Concettualmente & pili simile a SPECT, PET o stress CMR
invasiva. » Migliore per dimostrare |'effetto finale sul territorio

» Migliore per attribuire il significato miocardico.

funzionale a una singola lesione
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PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

OFL

Cardio TC: one-stop shop

CENTRAL ILLUSTRATION: The Pyramid of Coronary Artery Disease and the
Diagnostic Role of Multislice Computed Tomography

Pyramid of Coronary Artery Disease (CAD)

Functional assessment Treatment plannlng and execution

CT perfusion

CABG
Role of MSCT

=
€ Diagnosis of CAD
g ; Decision makmg
® between
2z CABG and PCI
£'8 o
s 8 ~ Stenti
2 » enting
o
E E PCl o ose Stenting
“E

2 N
o

~Monitoring of plaque

Nonobstructive Coronary Artery
progression/regression

NOCA Disease (FFR >0.80) Detection of high-risk lesions

Hemodynamics Inflammation/Disease activity

Wall shear
stress (WSS}

Wss (dynefcm)
o s00

High-risk plaques

Serruys, P.W. et al. J Am Coll Cardiol. 2021;78(7):713-736.
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« Case history
* Risk profile
« Physical examination

Patient with
chest pain
* Blood work (
* Chest X-ray

"Stable angina":
» ECG nondiagnostic
« Troponin normal

Invasiveness is required
only for revascularization

Cardiac CT as "1-stop shop"

« CT - Angiography (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

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

Operating room
Bypass surgery

« CT - Wall motion analysis
« CT - Leaman score, anatomic or functional SYNTAX score
« CT - Calcification activity

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




COPLACESS Conclusioni

PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

La TC dovra rispondere contemporaneamente a diverse domande:
v/ C'e aterosclerosi?

v/ Quanta stenosi determina?

¢ Quanto e estesa?

v/ La placca e vulnerabile?

v/ Determina ischemia?

v/ Quale paziente beneficera della rivascolarizzazione?

Take-home messages

- La TC coronarica non € piu una metodica esclusivamente anatomica.

- L'integrazione tra burden aterosclerotico, caratteristiche di placca e valutazione
funzionale migliora la stratificazione del rischio.
- L'evoluzione tecnologica (Dual Energy, Photon Counting e Al) rendera la TC

LOMGRIEES D ROMA; 25 -D'7 Siugho 2926



