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The NEW ENGLAND
JOURNAL o MEDICINE —

ESTABLISHED IN 1812 JANUARY 15, 2009 VOL. 360 NO.3
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Fractional Flow Reserve versus Angiography

for Guiding Percutaneous Coronary Intervention FFR-guided PCI

Pim A.L. Tonino, M.D., Bernard De Bruyne, M.D., Ph.D., Nico H.J. Pijls, M.D., Ph.D.,

Uwe Siebert, M.D., M.P.H., Sc.D., Fumiaki lkeno, M.D., Marcel van ‘t Veer, M.Sc., Volker Klauss, M.D., Ph.D., —
Ganesh Manoharan, M.D., Thomas Engstrgm, M.D., Ph.D., Keith G. Oldroyd, M.D., Peter N. Ver Lee, M.D., x
Philip A. MacCarthy, M.D., Ph.D., and William F. Fearon, M.D., for the FAME Study Investigators* ; 85 —
S Angiography-guided PCI
Le rivascolarizzazioni guidate dall'imaging & 80
funzionale (FFR invasivo) hanno outcome
clinico migliore rispetto a quelle guidate 757
dall’imaging anatomico (coronarografia)
70
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= E S C European Heart Journal (2019) 00, 1-71 .-?‘Sc f‘//o,

European Society doi:10.1093/eurheartj/ehz425 e )
of Cardiology .

* Saun?

2019 ESC Guidelines for the diagnosis and
management of chronic coronary syndromes

New major recommendations in 2019

Basic testing, diagnostics, and risk assessment

Non-invasive functional imaging for myocardial ischaemia or coronary CTA is recommended as the initial test for diagnosing CAD in
symptomatic patients in whom obstructive CAD cannot be excluded by clinical assessment alone.

It is recommended that selection of the initial non-invasive diagnostic test be based on the clinical likelihood of CAD and other patient

characteristics that influence test performance, local expertise, and the availability of tests.

Functional imaging for myocardial ischaemia is recommended if coronary CTA has shown CAD of uncertain functional significance or is

not diagnostic.

Invasive angiography is recommended as an alternative test to diagnose CAD in patients with a high clinical likelihood and severe symptoms

refractory to medical therapy, or typical angina at a low level of exercise and clinical evaluation that indicates high event risk. Invasive func-
—_—
tional assessment must be available and used to evaluate stenoses before revascularization, unless very high grade (>90% diameter stenosis).

Invasive coronary angiography with the availability of invasive functional evaluation should be considered for confirmation of the diagnosis
of CAD in patients with an uncertain diagnosis on non-invasive testing.
Coronary CTA should be considered as an alternative to invasive angiography if another non-invasive test is equivocal or non-diagnostic. E

Coronary CTA is not recommended when extensive coronary calcification, irregular heart rate, significant obesity, inability to cooperate

with breath-hold commands, or any other conditions make good image quality unlikely.
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PLACEC Valutazione
ANATOMO-FUNZIONALE

MIP/MPR FFRct STRESS PERFUSION

Stenosis

Left anterior
descending artery

ANATOMIA VASALE FLUSSO CORONARICO PERFUSIONE MIOCARDICA
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% ADVANCES IN CARDIAC EXPERENCE

AL FFRct
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HLAGL® ( FFRct - Virtual Stenting ) |

CT-derived computed Angiography Invasive FFR
FFR (FFR )

J Am Coll Cardiol Intv 2014;7:72-8
A Novel Noninvasive Technology for

Treatment Planning Using Virtual Coronary ?«D
Stenting and Computed Tomography-Derived g
Computed Fractional Flow Reserve §
F
&
&
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Diagnostic Performance of Noninvasive

Fractional Flow Reserve Derived From 100
Coronary Computed Tomography Angiography

in Suspected Coronary Artery Disease 75

Ngrgaard et al. JACC 2014;63:1145-55

50 -

Valutazione delle |
. . 25
performance diagnostiche
della FFRct in Pazienti 0 -
con sospetta CAD,

Utl|lzzand0 Come gold_ Acc. Spec. PPV Sens. NPV
. . CTA > 50% 53 34 40 94 92

standard FFR invasiva = = - - o -
FFRct = 80% 81 79 65 86 a3
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@ European Heart Journal (2017) 38, 991-998

eeeeeeee doi:10.1093/eurheartj/ehw095
sssssssss
CARDIOLOGY®

META-ANALYSIS
Imaging

Diagnostic performance of cardiac imaging
methods to diagnose ischaemia-causing coronary
artery disease when directly compared with
fractional flow reserve as a reference standard: a
meta-analysis

23 lavori (2002-2015):
3788 Pz; 5323 vasi

ISCHEMIA da CAD

Gold Standard: FFR invasivo
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@ s 2 the PLATFORM Investigators

Planned ICA
W NonObs CAD & Obs CAD ONoICA

CARDILOGY "

Coronary artery disease 100%
Clinical outcomes of fractional flow reserve by 90% 1 P<0.0001
computed tomographic angiography-guided 80%
diagnostic strategies vs. usual care in patients 70%
with suspected coronary artery disease: the o
prospective longitudinal trial of FFRct: outcome A
and resource impacts study o
30%
20
wwwww Obstructi\/eCI_\D www 10%
s care e 0%
SINTOMATICI UL — “ S— ] 1 Usual care FFR
Patients With Suspected CAD www N (%): 137 (73.3) 24 (12.4)

PROBABILITA
" INTERMEDIA : :
: 61% di CORONAROGRAFIE INVASIVE in meno

dl CAD wwwww—» CTA/FFR,, —_— Invasive Coronal w www o

P senza eventi cardiaci maggiori
i — ( ggiori)

Patients With Suspected CAD

SEE it 339 dirisparmio sui COSTI SANITARI GENERALI
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Circulation: Cardiovascular Interventions

Open access Protocol
ORIGINAL ARTICLE BM) Open Safety and feasibility evaluation of
Impact of Fractional Flow Reserve Derived From planning a.nd execution of surgical
Coronary Computed Tomography Angiography on revascularisation solely based on
Heart Team Treatment Decision-Making in Patients coronary CTA and FFR_, in patients
With Multivessel Coronary Artery Disease with complex coronary artery disease:
Insights From the SYNTAX Il Revolution Trial study protocol of the FASTTRACK
Daniele Andreini, MD; et al CABG Study
Hideyuki Kawashima,? Giulio Pompilio,®* Daniele Andreini,*
SYNTAX Sco re Antonio L Bartorelli,>® Saima Mushtaq,® Enrico Ferrari,® Francesco Maisano,®
Ronny R Buechel,® Kaoru Tanaka,” Mark La Meir,” Johan De Mey,”
F U NZIO N ALE N 0 N INVAS IVO Ulrich Schneider,® Torsten Doenst,® UIf Teichgraber,® Gregg W Stone,®'°
Faisal Sharif," Robbert de Winter,? Brian Thomsen,'" Charles Taylor,'?
( AN AT + F F Rct) Campbell Rogers,'? Jonathon Leipsic, '® William Wijns, Yoshinobu Onuma,’
Patrick W Serruys © ™14

SYNTAX Score lll (+ clinica)
“proof-of-concept and first-in-man study”
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PLACE (" LIMITI - FFRct )

COSTI ELEVATI . .
1 battito cardiaco

VASI con STENT

ZONA GRIGGIA (0.80-0.75)

TOMOGRAFI WHOLE-HEART

Acceptance Rate

2017 PROMISE 33%

2018 SYNTAX I 69%

2018 SYNTAX IIl Rev. 88%
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R1E5 FOR ADVANCES IN CARDIAC EXPERENCE

“ ORIGINAL ARTICLE ”

| 4146 randomly assigned |
: | | Coronary CT Angiography and 5-Year Risk
’ 2073 standard of care ‘ ‘ 2073 standard of care plus CTCA ‘ Of Myo Cardlal InfarCUOI’l
l l The SCOT-HEART Investigators*
‘ 2073 data for primary endpoint ‘ ‘ 2073 data for primary endpoint ‘

Death from Coronary Heart Disease or Nonfatal Myocardial Infarction

A Invasive Coronary Angiography
100 100- o
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& § 4
?n 50 S 75_
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é tandard care 5 3_
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v
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Gadar B W les s e _g
254
B Coronary Revascularization 6 0 . . . . .
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% 50-
g Follow-up (yr)
g 25 ciA
e Aumento delle TERAPIA
Follow-up (yr)
FARMACOLOGICA PREVENTIVA
Spwdan W I bk me B

N (%)
Coronary calcium score 1159 (65%)
Low (<100 AU) 303 (17%)
Medium (100-400 AU) 315 (18%)
High (>400AU)
CTCA
Normal 654.(37%)
Non-obstructive CHD 672 (38%)
Mild (<50%) 372 (21%)
Moderate (50-70%) 300 (17%)
structive CHD 452 (25%)
One vessel 207 (12%)
Two vessels 128 (7%)
Three vessels 117 (7%)
Other cardiac findings 501 (28%)
Aortic valve calcification 146 (8%)
Mitral valve calcification 29 (2%)
Dilated left ventricle 38 (2%)
Dilated right ventricle 12 (1%)
Dilated left atrium 80 (5%)
Dilated right atrium 11(1%)
Left ventricular wall thinning 33(2%)
Left ventricular hypertrophy 70 (4%)
Hypertrophic obstructive 4(0-2%)
cardiomyopathy
Other 232 (13%)
Non-cardiac findings 677 (38%)
Parenchymal lung disease 281 (16%)
Pulmonary mass or nodule 188 (11%)
Emphysema 154 (9%)
Hiatus hernia 135(8%)
Liver pathology 40 (2%)
Lymphadenopathy 13 (1%)
Pulmonary embolism 5(0:3%)
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Heart 1998;79:3-4 doi:10.1136/hrt.79.1.3

Editorial

The risk of coronary occlusion is not proportional
to the prior severity of coronary stenoses

JOHN A AMBROSE, VALENTIN FUSTER

Risk v.s. Narrowing

Most heart attacks are caused by non-stenotic arteries.

Percentage of Stenosis

0% 0% 100 9§

Frequency of Plaques
|Per Patient

Risk of Complication per Plague

k

Total Risk

LUM PARETE 9©

Expansive Remodeling

(valutazione angiografica) (valutazione :
angiologica) Consricive Remodeing
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( VALORE PROGNOSTICO )

JACC: CARDIOVASCULAR IMAGING VOL. 5, NO. 7, 2012
© 2012 BY THE AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION

PUBLISHED BY ELSEVIER INC.

ISSN 1936-878X/$36.00

http://dx.doi.org/10.1016/j.jcmg.2012.03.009

A Long-Term Prognostic Value of Coronary
CT Angiography in Suspected Coronary
Artery Disease

Daniele Andreini, MD,* Gianluca Pontone, MD,* Saima Mushtaq, MD,*

Antonio L. Bartorelli, MD,*} Erika Bertella, MD,* Laura Antonioli, MD,*

Alberto Formenti, MD,* Sarah Cortinovis, MD,* Fabrizio Veglia, PHD,*

Andrea Annoni, MD,* Piergiuseppe Agostoni, MD, PHD,* Piero Montorsi, MD,*t
Giovanni Ballerini, MD,* Cesare Fiorentini, MD,*} Mauro Pepi, MD*

KAPLAN-MEIER curves

event-free survival rate

NO-CAD 100% e 100%
CAD <50% - 88% e 72%
CAD >50% - 54% e 31%

>

Cumulative Event-free
Survival Rate
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Survival Rate
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Circulation Vol78,Nob5, Novemberl1988

Can Coronary Angiography Predict the
" Site of a Subsequent Myocardial Infarction
‘ in Patients With Mild-to-Moderate
Coronary Artery Disease?
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~ (" PLACCA VULNERABILE )

Stenosis > 50% Probability of Having AC

RR 34.4
Positive Remodeling g

l

Low HU

RR 8.2

l RR 8.2

Spotty Calcium

S

|— Any High
Risk Plaque
Feature Present

L RR32.0

High-Risk Plaque Detected on ®
Coronary CT Angiography Predicts o
Acute Coronary Syndromes Independent

of Significant Stenosis in Acute Chest Pain

Results From the ROMICAT-II Trial JACC 201 4

Ciascuno rappresenta un fattore
predittivo di SCA INDIPENDENTE
ed INCREMENTALE rispetto alla
presenza di Stenosi significativa e
alla valutazione clinica del rischio.
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( PLACCAVULNERABILE ) %

Plaque Characterization by Coronary
Computed Tomography Angiography

(%
100 -

No plaque

)
3 o
and the Likelihood of Acute Coronary g " Q“_‘-\*\_.:_‘_ HRP(-)/SS(+)
Events in Mid-Term Follow-Up § ] ™ | HRP(+)/S5(-)
£ 60 - HRP(+)/SS
JACC 2015 - Motoyama 5 °° B
s . 3 ‘;:, 40
= 20 -
£ 1 Log-rank p<0.0001
u 0 1 1 I 1 1 1 I 1 1 1

0o 1 z 3 4 5 6 7 8 9 10

AUMENTATO RISCHIO in pz con placche con
morfologia a rischio e riduzione di calibro non
significativa rispetto a placche non a rischio con
riduzione di calibro significativa
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Oscillatory

High Shear Stress Shear Stress
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ALTERAZIONI MECCANICHE e BIOCHIMICHE
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FFRct, WSS and APS )

High WSSiat \

A MLA location ‘

MLA location
(> 70% DS)

_FFR; 0.52

. FFRCT
" s
£0.9 QNN 300
08 STRESS TANGENZIALE
o7k sulla PARETE

(comparsa e progressione)

High'antegrade
axial plague stress
proximal'to stenosis

A -
4
Net antegrade
force OVerlesion
High retrograde 4%
axial plaque stress§
distal to stenosis

Axial Plaque Stress
(dyn/cm?)
-20000 20000
-

STRESS ASSIALE
sulla PLACCA
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PLACES ( STRESS TANGENZIALE )

LOW SHEAR STRESS
Fenotipo endoteliale
proaterogenico gn il \
(progressione) | A o N
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high
Blood flow Lipid core Wall Shear Stress
iow 0 - _300
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Stress (dyne/cm?)

PLACE ( STRESS ASSIALE )
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AL EMERALD Trial

ORIGINAL RESEARCH
JACC 2019 10 4
Identification of High-Risk Plaques n
Destined to Cause Acute Coronary o s 1
: Capacita di prevedere
Syndrome Using Coronary Computed 0.8 e e
. . Il rischio di SCA
Tomographic Angiography and
Computational Fluid Dynamics
T 2 0
Screening Failure (N = 51) e oot Des eeriernd g
T . 2
{o clear diagnosis: 14 cT \_rA) -
e i 2 B 54l Stenosi e lunghezza
‘ :
y |
Exclusion (N = 41) Validation with clinical data, CTA and
B — it
e - y
hwmmm_cr 0.2 4 |
image quality (N =7) Final enrollment for CTA and CFD analysis .
(Patient N = 72, Lesion N = 216) . . . .
! ! + Caratteristiche emodinamiche
e el 0.0 4
¢ 1 T T T 1 T
CTA analysis CFD analysis 1.0 0.8 06 04 0.2 0.0
st e s 1-Specificity
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GRADO STENOSI
lieve-moderata (50%)

COMPOSIZIONE PLACCA
- fibrolipidica
- spot calcifici

CARATT. EMODINAMICHE

T stress tangenziale
T stress assiale

A Culprit Lesion

%DS = 50%
PR (),

FFR_, (-): 0.87

B Nonculprit Lesion

%DS = 33%
PR (-), LAP (-)
NRS (-),

FFR,; (): 0.94
AFFR (-): 0.03

WSS (-): 93.9 dyn/cm?®
APS (-): 850.5 dyn/cm?
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HLALE™ ( TAKE-HOME MESSAGES )

1) Tecnica non invasiva con utilizzo di bassa dose di radiazioni ionizzanti
e indicata come primo esame nei soggetti sintomatici al pari dei test
funzionali.

2) Continente gia nella sua acquisizione standard informazioni anatomo-
funzionali (Stenosi+FFRct) per l'identificazione dellISCHEMIA, in grado di
ridurre lI'indicazione a ulteriori test diagnostici.

3) L'unica metodica non invasiva a fornire informazioni anatomiche sulla
MALATTIA ATEROMASICA e sulle caratteristiche di composizione della
placca che rappresentano fattori predittori indipendenti per eventi cardiaci

avversi.

4) Attualmente in grado di fornire anche informazioni emodinamiche come lo

I I iole di e e 1o sf i-le di ol I I
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....... grazie per l'attenzione!




