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O¢L epdppayua puokopdiou:
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O¢L epdpayua puokopdiou:
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OEPATTEUTIKI agpaipeon
Adoaipeon ouyKekpLUeEvou TANOUCUOU KUTTAPWV N
OUCLWV OTO0 TO aipa yla BepameuTikoU¢ OKOTIOUC
eite pe adaipeon mAaopatoc (mAacpadaipeon) eite
KUTTAPWV (Kuttapadaipeon)

TI ytTOPEI VO 0PaIPEDEI:
 AVOOOOUUTTAEYUOTO
* AvTiowpaTa
* AAN\oI evdoayyelakoi TTapayovteg (LDL, Lp(a))
* BeAtiwon Asitoupyiac AE2
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Oepamnevtikn Adaipeon og O&U
Eundppayuo puokapdiov

CRP
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Oepanevtikn Adaipeon C-avtibpwaooc
npwteivne oe STEMI — Nepapatikn MeAETn

10 Xoipot, STEMI, 2 cuvebpiec CRP-apheresis 24 kat 48h
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Oepanevtikn Adaipeon C-avtibpwaoac
npwteivnc o STEMI - NMepapatikn MeAEtn

10 Xoipot, STEMI, 2 cuvedpiec CRP-apheresis 24 kat 48h
HETA—> ékTaonc spdpdypatoc
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*p=0,003

CONTROL HEMAPHERESIS
Sheriff J CLIN APHER 2015



Oepanevtikn Adaipeon C-avtibpwaooc
npwteivng o STEMI — Nepopatikn MeAETn

10 Xoipot, STEMI, 2 cuvebdbpiec CRP-apheresis 24 kat 48h

HETA—> ékTaonC epdpdypatoc

Cnt: OUAR SLATOLYWMATLKA
Aph: Mikpoeotieg pe ouAn
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Sheriff J CLIN APHER 2015



Oepamnevtikn Adaipeon C-avtidpwaooc
npwteivng oe STEMI — KAwikn MeAETn

MpwTtoyevnc ayyetomAaotikn , 13 acBeveic, 2 cuvedplec
CRP aphere5|s 24 ko 48h |J.£T0( SitapkeLtac 6h —>{CRP 53%
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Ries THER APHER DIAL 2019



Oepanevtikn Adaipeon C-avtidpwoog
npwteivnc oe STEMI — KAwikn MeA€Tn

MpwTtoyevnc ayyelomAaotikn , 64 acBeveicg, 2 cuvedplec
CRP-apheresis 24 kat 48h peta, dStapketac 6h, MeAetn CAM1

1. 47% reduction in infarct area by cardiac MRI
performed 2-7 days post infarct, compared with
standard therapy alone

2. mean left ventricular ejection fraction as measured
by MRI at day 2-7 — was 54.8% in the CRP apheresis
group, a significant improvement over the 46.9% in
controls

3. left ventricular circumferential strain  was
significantly diminished in the CRP apheresis group,
compared with controls, as was longitudinal strain,
albeit not statistically significantly so.

Cardiology News, June 13, 2018,


https://www.mdedge.com/cardiology/article/168055/acute-coronary-syndromes/crp-apheresis-promising-new-stemi-therapy
https://mdedge-files-live.s3.us-east-2.amazonaws.com/files/s3fs-public/Image/June-2018/Garlichs_Christoph_GER_web.jpg

Oceparnevtikn Adaipeon os O&U
Epndpayua puokopdiov

Juotnuoatika Noonpato



Oepanevtikn EpuBpadaipeon yia ofv
TIPOKAPOHLO AAYOC GE SPEMOVOKUTTAPLKN

ovarpia
Class 1C ( peA€tec napatnpnonc, cases series) - ZUOTAVETOL
EpuBpadaipeon

Erythrocytapheresis in the prevention of recurrent
myocardial infarction in sickle cell disease

To the Editor. Erythrocytapheresis is an established therapy for the preven-
tion of stroke in sickle cell disease [1]. We report its use in the prevention of
recurrent acute coronary syndromes.

A 50-year-old woman, with homozygous sickle cell disease presented in
December 2005 with central chest pain, T wave inversion in V1-V3 and
biphasic T waves in V4-V6. She was treated with aspirin, clopidogrel, and
enoxaparin. Her troponin | peaked at 8.23 ug/L 12 hr later. Cardiac magnetic
resonance imaging (MRI) showed subendocardial hyperenhancement in the
lateral wall of the left ventricle consistent with an infarct. Coronary angiogra-
phy showed no obstruction [2]. A long-term red cell exchange program was
considered but deferred in the absence of evidence of recurrent myocardial
infarction in sickle cell disease.

Nine months later the patient presented with central chest pain of sud-
den onset. Electrocardiography showed new onset atrial fibrillation with T
wave inversion across V1-V4. Serum troponin | was elevated at 0-19 pg/
L and rose to 461 pg/L 12 hr later. Cardiac MRI was unchanged
compared with the previous study. Treatment with enoxaparin was
commenced and electrocardioversion undertaken, successful only with
amiodarone preloading.

Emwtuxne OepanEeVTIKA
EpuBpadaipeon ywa 34 HNAVEC
yla tnv mneoAnyn UNOTPOTAC
endppaypato¢ puokapdiov o€
acBevy HE OpemavoKUTTOPLKA
ovolpia kat 2 umevdokapdla
endppaypata Huokapdiov
StayvwoBévta pe petaBoAEg oto
HKI (avaotpodn T V1-V3),
avénon TPOTOVivNC Kot
uTtevOoKkapdLlaK VEKPWON Ot
MRI kopdrag

Padmanbham J CLIN APHER 2019, Khalique AM J HEMATOL 2010



1.

Oepanesvutikn Adaipeon Ko
‘Epndpayuna puokopdiou:
2rtavieg KAwikec Mepmtwoelc

Kataotpodpiko AviidwodoAurmidiko ocuvdépopo (ofelag
evapénc moANamAEc BpouPwoelc o > 3 opyava, ouvnOwg
OUVUTIAPXEL EKAUTLKO altio 1t Aolpwén) — ©OEP AD: Class 2C
(only cases) - Zuotnvetoal MAaopadaipeon

ISiomaOnc  OpouBokuttdpwon (KAWVIKA  HUEAOUTIEP-
TMAQOTLK] VOOOC TIOU YOPAKTINPLETAL QMO UTEPTIOPAYWYN
alpometaAiwv — OEP AQ®: Class 2C (case series + case
reports) — Zuotnvetol AlpomnetaAladaipeon

Padmanbham J CLIN APHER 2019



Oepanevtikn Maopadaipeon o STEMI
KOLTA TN AoXEla

STEMI kata tn Aoxeia: 1 otic 16.000 yevvnoeig, 20% Ovnrotnta
Ermwtuxnc Oepancsvtikn Mlacpadaipeon oe 2 Aexwideg pe STEMI

Should We Establish a ’
New Protocol for the
Treatment of Peripartum
Myocardial Infarction?

Philip D. Houck, MD Penpartum myocardia! infarction is @ rae event that s associated with high mortally rates
William J. Strimed, DO The aifferential diagnosis inchudes coronary artery dissection, coronary artery thrombosis

D. Scott Gantt, DO

Walter J. Linz. MD vascuvar spasm, and stanosts. Our evaluation of 2 cases over a 5-yaar time penod has

led {0 a ypothesis that peripartum myocardal infarction 15 an immune-meghated event
Secondary (o coronary endothekal sensitization Dy fatal antigen. In owr patents, we sup-
piermented standard medical therapy with immunotherapy Consisting of CoMmcostens
plasmaphenasts, and ntavenous immunogiobuin

Harain, we presant our most meent case—that of a 29-year-oid black woman (gravioa
V para M 2 weeks postparium with no relevant medical history. She prasentad with 2
[-waek history of chest pam. Intial sctiocardiograpine and cardiac Diomarkers were con
sistent with acute coanary syndrome, Echocardiography revealed reducad systole fung-
fion with infenor-wall hypokinasis. Angiography revaaied diffuse disease with occlusion of
the left anterior d2scending coronary artery not amenable 10 revascularzstion. e wer
sticcessiiy in treating the myocardial nfarction without the uss of cathetar-based infanen
fions, by modifying the immunologic abnormaltes

Houck Texas Heart Inst J 2012



Oeparneutikn Adaipeon os O&U
Epndpayua puokopdiov

‘KekaBappuevo’ amo AsukoKkuTTapa,
OLLLOTTETOLALOL KOLL GUMTTANP WAL OLLLOL



MoAupopdomnupnva, AlpontetaAia,
ocUMIANPWHA Kot BAABN oMo emavalpaTwon

2 NMUOVTLKO pOAO o1N
BAAPn amo emavola-
twon dtadpapatilouv
o ToAvpopdomnupnva,

TOL OLLLLOTTETAALOL KOLL

TTOLPOLYOVTEC TOU
CUUTTANP WMUOLTOC

Hausnloy CARDIOVASC RES 2017, Position Paper, Schanze FRON IMMUN 2019



Xopnriynon KekolOappeEvou amo AsukoKuTTopQ,
OLLLLOTTETAALOL KOLL GUMTTANP WAL OLLLOTOC OE
STEMI- KAwiknl MeA€Tn

10 acBeveic, STEMI, Mpwtoyevnc AyyelomtAaoTtikn, Adaipeon alpatoc
Kol eTteEepyaoia, Xopnynon KEKaBapUEVOU QLNATOC OTNV
eudppayxbeioca meploxn pe perfusion balloon
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Oepamevtikn Adaipeon yia tTnv

NpoAnyn O&cog Epdpaypatog
Muokapdiou
Adalpeon ALITOTIPWTELVWYV



Oepanevtikn Adaipeon LDL & Lp(a)
KAwvikn MeA€tn

N=129, Opoluyn kot Etepoluyn otkoyevnc urtepAutidatpia,
vrteplp(a)uia, aAAec SucAuudaltpisc
H adaipeon Autompwtevwv + MACE katd 62,5% 2 xpovia HETA

14 15 =15

Pottle ATHEROSCLEROSIS 2019



Oepamnevtikn Adaipeon AUTOTIPWTELVWYV
Case report

fuvaika 58 etwv, 16 xpovia Oepameutikn Adaipecn AUTOTIPWTEIVWV AOyw
opolUYOoU OLKOYEVOUC UTIEPALITIOTIPWTEWVALLAC HUE coBapn otévwon otov LAD,
Sev umtoBANBNKe og PCl Aoyw aAAepylac 0To LwdLo Kol aoTipivn Kot Sev
XPELACTNKE KAl TMapEUBaocn Aoyw tTne Ospameutikne Adaipeonc

e

Yasu CLIN CASE REP 2019



Oepanevutikn Adaipeon Lp(a)
KAwvikn MeA€tn

N=170, TLp(a) ywpic TLDL, 92% ue N, 30% A
H Lp(a) adaipeon + MACE kotd 80% armd tov 1° xpdvo
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Leebmann CIRCULATION 2013



Oepanevutikn Adaipeon ALTOMPWTEWVWV
2XeOLOlONOC MpoonTikNC LEAETNC MultiSELECT

H mpwtn TPOOTITIKA TUXaLOTIOLNEVN LEAETN TTou Ba cuykpivel OeparmeuTikn Adaipeon
Vs HEYLOTNC GOpUAKEUTIKAC aywync oe acBeveic pe T Lp(a)
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Vig 1 Group B. apheresis If 560
Pre- n nol possible /

screening
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bb" TEC | 1 manths
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Hochenstein ATHEROSCLEROSIS 2017



Oepamnevtikn Adaipeon ALTOMTPWTEWVWYV
Guidelines on Therapeutic Apheresis 2019

Disease TA modality Indication Category

Familial hypercholesterclemia Homozygoles
Heterozygotes
Homozygotes with small BY

Lipoprotein {a) hyperlipoproteinemia

Peripheral vascular diseases

Sachais AM J HYPERTENSION 2018, Padmanbham J CLIN APHER 2019



Oepamnevtikn Adaipeon ALTOMTPWTEWVWYV
MpoBAnpaticpol

1. Anauteitat 1 ocuvedpia/7 nuepec N 1 ocuvedpia/15 nUEPEC
(AOyw av€NonNC TwvV AUTOTIPWTELVWYV META TLC ouVveDPLEC)

2. Aev UTAPXOUV TIPOOTITIKEC TUXOLOTIOLNMEVEC HEAETEC
EVOVTL LEYLOTNC PAPUAKEUTLKNC OYWYNC

3. Nea ¢appaka 1y i) PCSK9 inhibitors, ii) NoukAsgotibla
evavtl tou mMRNA tng apoA, iii) to Lomitapide (inhibitor of
the microsomal triglyceride transfer protein) ¢atvetat va
elval TIlO OQTOTEAEOHATIKA amo TIC otativec. H
Oeparmevtikn Adaipeon pnopet va kavel tn dtapopa?

Vogt CLIN RES CARDIOL 2017



Oepamnevtikn Adaipeon ALTOMTPWTEWVWYV
MpotaoeLc

. 2& OMOJUYO OLKOYEVN UTIEPAUTOTIPWTIELVOLLLO, EKTOC TNG
Oeparmevtikne Adaipeonc Ba mMpPEMEL val TIPOOoTIOETAL KO
gvac PCSK9 inh

. 2& €TEPOlUYO OLKOYEVH UTIEPALTOTIPWTEWVOLUIO, Ba TIpETEL
va tpootiBetal apyka evac PCSK9 inh kat ev ocuveyxeia va
eéetaletal 1o evdexopevo Oepamevtikng Adaipeong

. 3e auywe T Lp(a) (>60 mg/dL) kot vdhnlol kwdlvvou
aoBevelc pe KopOLAYYELOKEG ETLTAOKEC —> OEPATEUTIKN
Adaipeon

. Eav LDL>100 kat Lp(a)<60 npoobnkn evoc PCSK9 inh

Schettler ATHEROSCLEROSIS 2017



ZUUTTEPACHLOTOL

1. Eml tou mapoviog, n Oepamevtikn Adaipeon €xeL B€on
OoTNV  QVTIMETWTILON TOoU 0&E0C EUPPAYUATOC TOU
LUOKOPOLOU OE OXETLKA OTIAVLEC KALVLKEC TIEPLITTWOELG

2. Mpwipa amoteAeopata tnC Oepamevtikng Adaipeonc tng
C-avtbpwooc mpwtelvng oe aocBevelc pe STEMI deixvouv
guvolkn 6paon tnNc nmopepfoonc aAutNg oTnNV £€KTAON TOU
EUPPAYMATOC KOL TN AELTOUPYLKOTNTA TNC QPLOTEPNC
KOLALOLC

3. Ml v mpoAnyPn Kopdlayyelokwyv OoUpBOpMATWY N
Oeparmevtikn Adaipeon Autonmpwielvwv €xeL Bgon o€
a0OevelC |UE  OLKOYEVN) UTIEPAUTOTIPWTIELVALMLA Kol
Autonpwtewvatpia Lp(a)



CTA vs ATIEIKONIZTIKQN TEXNIKQN
NA THN ANIXNEY2H 2N

2YTKPITIKEZ MEAETE2



O¢L epdpayua puokopdiou:

Myocardial ischemia in absence
of reperfusion
Infarct size, 7025

Myocardial ischemia with reperfusion
Reperfusion reduces infarct size by 40%%
Part of the remaining 30%5 infarct is due
to lethal reperfusion injury and
is therefore preventable
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Myocardial ischemia with reperfusion
and cardioprotection
Preventing lethal reperfusion injury reduces
infarct size by a further 25%5, realizing the
full benefits of reperfusion

Yellon NEJM 2007




Etooywyn

EvéovocoKouELOKA Gvntomta oe OEM otnv EAAGSa

11 I | 1

p-PC " No reperfusmn Rescue PC
STEMI NSTEMI

Kanakakis J, Ntalianis A et al, EUROINTERVENTION 2012



EMANAIMATQ2H
[MpwTtoyevnC ayyeLlonAaoTikn vs Opoupfoluon

Meta-analysis of 23 randomized trials, n= 7739

Fibrinalytic Primary HR P
angioplasty = T [95% ] Valuea

1.34
[1.15, 1.55]

BOV3I245 (2.5%) . L: . = 0.0001

Total stroke B4/3136 [2.0%:) MW3I1A5 (1.0%) 0000

Intracranial bleed 211846 (1.1%) 11830 (0.05%) ' <0000

Death, reinfarction, (e ol
442/3085 (14.3%)  253/3098 (B.2%)

Fibrinclytic therapy befter Primary angioplasty better

Lancet 2003;361:13-20, Eur Heart J 2008;29:2909-45



FFR-CT vs SPECT
REASSESS STUDY

To FFR-CT
vynAotepn
gvalocOnoia Kat
QPVNTLKN
TPOYVWOTLKN
aéia
To SPECT

Sensitivity  Specificity = Accuracy PPV U LIJ ﬂ}\OTE PN
SPECT M FFRct eldlkoTNTA

Sand et al JACC CARDIOVASC IMAG 2018



FFR-CT vs SPECT vs PET vs CTA

100 100

A Per vessel B Per patient

80 80

60 60

40 40 H|i

Sensitivity (per vessel)
Sensitivity (per patient)

20

1 1
100

AUC 0.83 (0.80-0.86 AUC 0.81 (0./4-0.8

— SPECT AUC 0.70 (0.65-0.74) — SPECT AUC 0.75 (0.67-0.81)
—— PET AUC 0.87 (0.83-0.80) =P AUC 0.91 (0.85-0.95)
— CTA +FFRcr  AUC 0.95 (0.93-0.97) — CTA + FFRey AUC 0.95 (0.91-0.98)

Driessen et al JACC 2019




FFR-CT vs Stress MRI

g To FFR-CT

unAdtepn

5 gvalocOnola
H MRI

vPnAotepn

0

EOOERECETTE| o

B MR 47 (31-64) 88 (/8-94) 67(49-84) 16 {67-85) 74 {64-82)

Sand et al JACC CARDIOVASC IMAG 2019



ALoyVWOoTIKN akpiBeta pun emepPatikwy
TEXVIKWV yla TNV aviyvevon 2N

Test Clinical Likelihood of ICA-significant CAD Test Clinical Likelihood of FFR-significant CAD
Results (% 50% 100% Results (% 50% [ 00%

i R T Hh —i

Coronary CTA

- Clinical Likelihood rangs whers test
can rule-in CAL (Fost-test probability will nse above 853

Clinical Likelihood range where test
can rule-out CAD (Post-test probability will rise below 1535

Knuuti et al ESC GUIDELINES CHRONIC CORONARY SYNDROMES, EUR HEART J 2019



CTA



Evoeiéelc CTA

2e OAoug Toug acBeveic amo Ukpou ewc uPnAou
Kivbuvou miBavotnta yia 2N

Offer diagnostic testing

= Choice of the test based on clinical Ir?vasive
angiography

likelihood, patient characteristics - .C. :
and preference, availability, ~——p Testing for ischaemia '(wnh WFR/FFR)
as well as local expertise? (imaging testing preferred)

paiepuew 3ui3sa
ansouselp oN

Non-nvasive functionl imaging for myocardial ischaemia or coronary CTA s recommended as the intia test for diagnosing CAD i

symptomatic patients in whom abstructive CAD cannot be excluded by clinical assessment alone

Caronary CTA should be considered as an alternative to invasive angiogranhy if another non-invasive test is equivocal or non-diagnostic.

Knuuti et al ESC GUIDELINES CHRONIC CORONARY SYNDROMES, EUR HEART J 2019



Mote n CTA 6&v elval n
KataAAnAotepn ertloyn

. Kok mowotnta elkovoc (EKOECNUAOUEVEC QOPRECTWOELC
otedaviaiwy, pn opaAoc koapdlakoc puBuog, cofapn
noxvoopkia)

. Aduvatn n ocuvepyoaoia pe tov acBevn (KUpLlwC o€ EVTOAEC
nov adgopouv TNV avarmvon)

. 20PBapn vedplkn SucAeLtoupyla
. EAAELP N EUTIELPLOC — TEXVOYVWOLOC
. O¢ea otedaviaio cuvdpopua?

Knuuti et al ESC GUIDELINES CHRONIC CORONARY SYNDROMES, EUR HEART J 2019



% Texvikeg CT ywa TNV EKTLMNGCN

LLUOKOPOLOLKNC LOXOILLLOLG

Plaque quantification

Quantitative CT Angiography

- Lesion length

- Minimal Lumen Area or Diameter (MLA or MLD)
- Percent Stenosis Area or Diameter (%AS, %DS)
Bl - Plaque Burden (Aggregated Plague Volume)

Transluminal Attenuation Gradient

The change in intraluminal CT attenuation per

R
g I 10 mm length of coronary artery (HU/10 mm)
H

(mm)

Myocardial
Ischemia

Koo et al, INT J CARDIOVASC IMAG 2015
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CTA vs FFR

Year  Author Number of Reference Parameters  Sensitivity (%)  Specificity (%) AUC  Cut-off
patients (vessels)

2010  Kristensen et al. 42 (56) FFR <0.75 %AS 90 80 088 |73 %
%DS 80 67 084 |56 %

2013 Lietal. 61 (85) FFR <0.80 %AS 97 40 073 |52 %
%DS 77 70 076 |60 %
MLA 45 90 076 2.5 mm’
MLD 62 76 0.75 1.2 mm
LL/MLD* 82 82 085 |38

2013 Nakazatoetal. 58 (58) FFR < 080 %AS 0.68
MLA 0.78
PB 0.85

2014  Voros et al. 85 (85) FFR < 075 %AS 90 75 086 |64 %
%DS 81 75 091 |62 %
MLA 81 81 0.86 |3.1 mm
MLD 76 78 0.83 1.1 mm

2014  Rossi et al. 99 (144) FFR < 080 %AS 80 76 083 |73 %
%DS 80 72 080 |48 %
MLA 80 68 082 |1.8 mm?
MLD 82 67 0.83 1.5 mm

Koo et al, INT J CARDIOVASC IMAG 2015



Alapopa oTNV ATTELKOVLON EVOOOAUALKNG EVTACEWC

onpoatoc (TGA) vs Ztedavioypadio/FFR

Year  Author Number of  CT acquisition methods ~ Reference standard ~ Pammeters Sensitivity  Specificly  AUC  Cut-off
paients 1% {%)
{vessels)
W1 Choietal® 126 (30 bdslice, metrospective CAG.DS=>50%  CCTA B4 19 043 | 3%
ECG gating
TAG a2 6 086 | -L&0HID mm
CCTA+TAG B3 93 (195
M2 Choetal” 63 {97) d-shice. retrospective FFR < (.80 CCTA a2 52 1.72 50 %

12Q2 YINEPTEPEI 2TON MPO2AIOPIZMO  sunom
0 Yoo A2BE2TQMENQN 2TENQ2EQN

AL gating
TAG 37 ik (163 065 HUVID mm
W3 Wongetal®  54(T8) Vikslice, prospective  FFR < 0.8 CCTA 04 B 54
ECG gating
TAG 17 14 -15.1 HU/LD mm
014 Swijfzandetal 85 (233) 256-slice, peospective CCTA b3 73 085 | 3%
ECG gating
TAG (9 44 -1.31 HU/I0 mm
CCTA+TAG 95 16 0.87

Koo et al, INT J CARDIOVASC IMAG 2015, Xu et al, BIOM RES INT 2015



CTP vs Ztepavioypadio/FFR

Year  Authod Blumber of i.-'.'l"l" iechingue  Effective dose  HReference Parmeters Sensivvity Specificiy AUC Cur-off
patients (mSv) standard (%) {5
Ivessels)
2001 Bamberg e al. EERL Y Dymamic! CTA 3. FFR = (.75 CTa L H 51 0.7% DS = 50 %
Resi-firs CTP 1D
CTA plues CTP o3 17 {150 MBE « 75 mLJt
100 el an
202 Ko et al. Al {13 Sratic/ CTA 47 FFR = (1.5 CTA o5 ) 085 5 = 50 %
Rest-fira CTP 4.5
CTP{TPR) T4 fh .76 TPE < 0949
CTA plus CTP (visual) a7 95 093
02 Kooetal 4} (R&) Static! CTA 53 FFR = 0.8 CTA o3 i)
Silre s~ firsd CTP 4.8
CTF {wvisaal) T R
2003 Bettencoart et al 101 {303 Static/ CTA-CTP 5.0  FFR < 0.8 CTA Q5 67
Stress-first
CTA pim CTP (visual) Tl Ly
2013 Greif et al 65 {195 i':'!.-n;llnir." CTA 29 FFR < [0.&) CTA o7 53
Best-firs CTe a3
CTA plus CTF (MBF) Q5 74 MBF < 75 mL#
10l o
24 Rochime e al RIA1143 Suatied CTA-CTP 9.3 SPECT plus CTA g2 51
(CORE324) Hest-fira CAG =50 %
CTP{TPR + visual) il 74
004 Wong et al. 75097 Sranic! CTA 46 FFR = 0.8 CTA b 648
Resi-fira CTP 4.8
CTaA plus CTP (visual) 6 Ha

Koo et al, INT J CARDIOVASC IMAG 201



FFR-CT



% MeGo&vovLa npoo&optcuou FFRCT

Min et al JACC IMAG 2015



[MTAEOVEKTAMOTO KOl LELOVEKTILOTOL
FFR

*TOUTOXPOVN OVATOULKI KOl AELTOUPYLKN EKTLUNON TWV OTEPAVLIOLWY CTEVWOEWV
*[1pocSLOPLOUOC LOXALLLLOC TTOU TIPOKAAELTOL OTTO CUYKEKPLUEVN OTEVWON

*Aev amotteital emumAéov aktwvoBoAia, oklaypadlkd 1 GAPHOKO CUYKPLTIKA HE TNV
arnAn aovikni otedpavioypadia

*Elval ypryopn Kol OXETIKA KOAWG aAVeKTN e€€Taon

MelovekTpota :

*H avaAvon twv dedopevwy amattel 6-8 wpec ( 2-3 wpec arnod nNpoodhaTeC LEAETEC)
*Atlomiota dedopéva LOVo OTavV N MOoLOTNTA TWV EWKOVWV lval KaAn (EpwWTNUATIKA
amoteAolv ta Bapld acBeotwpeva ayyeia, 86pupfoc Aoyw kivnonc)

*H PEYLOTN UTIEPALUIO ETILTUYXAVETAL HECW TIPOYPAUMOTOC UTIOAOYLOTH KOl OXL UE
xopnynon oadevooivng, KATtA OUVETELA N Umapén MKPOAYYELOKAC VOoOU N
duoAettoupyioc dev cuvurtoloyiletol

*Katd Tov uTtoAoyLopo tTng otedaviaioc pong dev umapyetl Suvatotnto UtoAoyLopoU
NG BLWOLHOTNTOC 1] KN Tou puokapdiou rou apdeVETOL OO TO UTIO EEETAION AYYELO
*ErtutAéov otoleia 6oov adopd TNV KAWLKN OTTOTEAECUATLKOTNTO TNG MEBOOOU
amotouvIol

Hulten et al, PROGR CARDIOVASC DIS 2015, Xu et al, BIOM RES INT 2015



FFR., vs FFR

Year Author Number of  Setting Reference  Parameters Sensitivity  Specificity PPV NPV AUC
patients standard (%) (%) (%) (%)
(vessels)
2011 Koo et al. 103 (139) Multicenter  FFR < (.80 CT-derived FFR 88 82 74 092 0.90
CTA 91 40 47 &9 0.75
2012 Min et al. 252 (408)  Multicenter  FFR < (.80 CT-derived FFR &0 61 36 ¥ 0.81
2013 Norgaard et al. 251 (484)  Multicenter  FFR < (.80 CT-derived FFR 84 86 61 95 0.90
CTA 83 60 33 92
2012  Yoon et al. 53 (82) Single-center FFR < (.80 CTA 72 68 59 79 (.94
CT-FFR 81 94 9 89
2014 Coenen et al. 106 (189)  Single-center FFR < (.80 Visual CTA 81 38 49 73 0.64
CTA 74 74 68 79 0.82
CT-derived FFR 88 635 635 88 0.83

Koo et al, INT J CARDIOVASC IMAG 2015



FFR-CT: 2updwvia pe emepfBatiko FFR

*>90% sensitivity at a
FFRCT value of >0.82 and
> 90% specificity at a
FFRCT value of £0.74

*For values 0.74 - 0.82,
diagnostic agreement with
invasive FFR was weak

(54%)

=
2
e
E
U
é
o
q

*For values outside of this

range agreement was high
(87%)

0.3 04 05 0.6 0.7 0.8 09 100
Average Between Invasive FFR and FFR;

Celeng et al JACC CARDIOVASC IMAG 2019



RIPCORD-FFR

N= 200, Evaluation of the diagnostic impact of FFR; to guide medical
versus invasive therapies

* 36% change in management based on FFR;

e 23% increase in OMT alone

* 5% decrease in planned PCl (18% change in
target vessel for PCI)

* 0.5% increase in planned CABG

Min et al JACC IMAG 2015, announced at EUROPCR 2015



PLATFORM FFR

11 sites, 584 patients

Planned NI test Planned ICA
B NonObs CAD B 0Obs CAD ONolCA B NonObs CAD @Obs CAD ONo ICA

. 1Pp<0.0001

Usual care FFR ) Usual care FFRo

N (35): 6 (6.0) 13 (12.5) N (%): 137 (73.3) 24 (12.4)
P<(0.0001

Douglas et al, EUR HEART J 2015

1 61% NG
QVOYKNC yLoL
2TEDAVLO-

ypadia



Ta xapaktnplotika tAakag + FFR T tn

SLayvwoTIKN akpiBetla
_DeFACTO study sub-analysis

[a—

NXT study sub-analysis

o
[ =]
1

1.00 -

0.75 1

True positive rate (sensitivity) @

£
2

- - _ 3 050

' - sl remodgllmg » LD-NCP, low-density noncalcified
- Low attenuation 455 olague
0.2- plague
- Spotty calcification 555
0 n.bﬂ ﬂ.:?ﬁ u.én ﬂ.l?ﬁ 1.00

0 02 04 06 08 1
False positive rate (1-specificity)
CT+FFR_+APCs (0, 1, >2) 0.871
CT+FFR,, 0.83*

CT .71
=X p<.01

Nakazato et al EUROINTERVENTION 2015, Gaur et al EUR HEART J 2016

1-Specificity

— CTA: 0.79 (Cl: 0.74-0.85) CTA+LD-NCP: 0.83 (CI: 0.77-0.87)
e CTA + LD-NCP + FFRct: 0.93 (Cl: 0.91-0.95)




FFR.; oc acBeoctwpeva ayyeta

m

Bias (0.03)
95% Limits of agreement (-0.10 t0 0.17)

MéEtpLo Kat

5
0.1 i )
i 0 XonAo ¢oprtio
i oofeotiov
N
NXT 95% Cl: -0.1-0.17
study _ _ y o
sub- (FFR + FFR_,)/2
ana Iys i s F Bias (0.01)
=====e= G653 Limits of agreement (-0.14 to 0.16)
EU
L YYnAo ¢poptio
E acBeotiov

95% Cl: -0.14-0.16

0.6 0.7
(FFR + FFR_,)/2

Norgaard et al JACC IMAG 2015




oAU kaAn cuoyxetion FFR.; — FFR o€

SLOOOXLKEC OTEVWOELC
NXT study sub-analysis

v
[

r=0.92,p<0.001

2

ik
L
5
=
=
- £

v
™
™
i
]
=

.
&

=
delta FFR — delta FEFR ¢

=
=

ili] E.I!I] ﬂ:?{I a3 E.r#]
(delta FFR + delta FFRq) /2
Trans-lesional delta FFR

Distal 0.09 £0.10 010+ 0.09 0.53
Proximal 022+ 013 017 £ 0.10 0.001

Tanaka et al ANN BIOMED ENG 2015



FFR-CT and Non-culprit after STEMI
N=60 pts, 124 vessels

p Value for Comparison p Value for Comparison
CTA Stenosis >50% of CTA and FFR FFR:r =0.80 of FFR;; and ICA |CA Stenosis -50%

Accuracy 64 (54-73) 72 (63-81) . 72 (64-79)
Sensitivity 93 (85-100) 83 (72-95) 76 (62-90)

49 (37-60) =0. 66 (54-78) 70 (59-80)
48 (36-60) 03, 56 (42-69) : 56 (43-70)
93 (85-100) : B9 (81-96) 85 (77-93)

KaAUtepn eLdkoTNTA Kot OetTikn TpoyvwoTikn afia tou FFR-CT
oLYKpLTIKA pe tn CTA

*MéetpLa ovoyxetion FFR-CT pe FFR (r=0,57)

*TaL ayyeia TtLo pkpa o€ peyeboc (volume/mass ratio) peta amno STEMI
*KaAvtepn Stayvwotikn akpifslta FFR-CT oe peyaAutepou peyEBoUC
ayyela

Gaur et al JACC CARDIOVASC IMAG 2017



To FFR I Kéotog
PLATFORM study

Enrolled and Consented Patients (N = 584)
' '
Flanned Invasive Planned Noninvasive
v ' Y ¥

swal Care FFRct Lisual Care
(N = 187) (N =193) (N = 100)

\

Cost | SIO734

Hlatky et al JACC 2015



FFR-CT vs IFR
N=75 pts, 105 vessels

MNoapopola aAAd
OXL TTOAU Loxupn
OUOYXETLON
uetaéL FFR-CT
Kot iFR (r=0,62)
kKot FFR-CT pe FFR
(r=0,52)

0.6
CT FFR

r=0.62
P<0.0001
Fujimoto et al EHJ CARDIOVASC IMAG 2018




FFR-CT vs CTA other techniques



FFR-CT: EvawoOnoia & Eldikotnta

Metaanalysis, n= 5300 pts

Per vessel
Number of Sensitivity (%) Specificity (%) LogDOR
Imaging Modality Vessels (95% CI) (95% CI) +LR (95% Cl) —LR (95% CI) (95% CI)
CTA 6,400 0.87 (0.84-0.91) 0.61 (0.54-0.68) 2.27 (1.87-2.76) 0.21 (0.15-0.27) 2.40 (2.00-2.80)
2,18 0.81 (0.72-0.88) 0.86 (0.76-0.93) 6.28 (3.17-11.91) 0.23 (0.13-0.34) 3.29 (2.43-4.22)
CTA and CTP 1,785 0.82 (0.76-0.87) 0.88 (0.81-0.92) 6.97 (4.29-1139) 0.21 (0.13-0.30) 3.49 (2.81-4.24)
2,432 0.85 (0.82-0.87 0.78 (0.72-0.83 3.86 (2.91-5.22) 0.20 (0.16-0.24) 2.97 (2.56-3.41)
CTA and FFR; 362 0.76 (0.50-0.93) 0.80 (0.69-0.88) 4.00 (1.85-7.05) 0.31 (0.08-0.69) 2.64 (1.09-4.23)
TAG 726 0.59 (0.46-0.72) 0.77 (0.61-0.89) 2.89 (1.41-5.98) 0.53 (0.33-0.76) 1.64 (0.64-2.70)
CTA and TAG 327 0.70 (0.46-0.87) 0.92 (0.77-0.99) 15.98 (2.63-59.63) 0.33 (0.12-0.63) 3.56 (1.75-5.53)
Per patient
Sensitivity (%) Specificity (%) LogDOR
Imaging Modality N (95% CI) (95% CI) +LR (95% «I) ~LR (95% CI) (95% C1)
3,101 0.94 (0.91-0.97) 0.48 (0.37-0.59) 1.85 (1.48-2.36) 0.12 (0.06-0.19) 2.78 (213-3.51)
w 410 (2.46-7.01) 0.22 (0.09-0.40) 2.97 (1.98-4.02)
CTA and CTP 0.89 (0.78-0.96) 0.81 (0.73-0.90) 475 (3.16-6.99) 0.14 (0.04-0.30) 3.59 (2.54-4.78)
3.76 (276-5.21) 0.15 (0.10-0.21) 3.25 (270-3.84)
CTA and FFRcr NA NA NA NA NA NA
TAG 188 0.69 (0.22-0.97) 0.39 (0.07-0.82) 1.55 (0.32-4.72) 136 (0.07-5.42) 0.45 (-2.70-3.61)
CTA and TAG NA NA NA NA NA NA

Celeng et al JACC CARDIOVASC IMAG 2019




FFR-CT vs Stress CT
Stress CT: yopnnynon adsvoaoivne/peyodocovng

Kapuio dStadpopa
uetaéL FFR-CT
Kot Stress CT

CTA vs cCTA+FFR p< 0007 o~ cCTA vs cCTA+ FR p < 0.001
cCTA s cCTA+CTF p< 0007 nad F . cCTA s cLTA+CTP p< 0.001
cCTA+FFR vs cCTA+CTP p= 0128 5 cCTASFFR vs cCTA+CTP p = 0628

YnAotepn
eldlkoTNTA KO
Betkn
TPOYVWOTLKN
aflo Twv 2
neBodwv
OUYKPLTIKO LLE
CTA

AUC = .90 [95% Cl: 0.5 - 0.84)

Pontone et al JACC CARDIOVASC IMAG 2018



FFR-CT
Clinical outcome



FFR-CT vs CTA
ADVANCE registry, n= 5083

Decision making based on FFR-CT - Coronary angiogram not necessary

, MI/DEATH
*H olmocl)aor] yia , v (pts on Medical treatment
TEPALTEPW QVTLLLETWTILON
Tou 0oBevolc aAlaée oto
67% pe to FFR-CT vs CTA
* Qotooo 14% twv acBesvwv
ue  maBoAoyikdo  FFR-CT
(<0,80) bev eixav ocofapn 02

OTEVWON oTn ' ' ——
, Murnber a1 Rigk '
otedavioypadia y o T

158

=
b

P=0,0077

[}
a2
-
A
n
&
L
c
]
-
]

£
=4

Fairbairn et al Eur Heart J 2019



IFR-CT



IFR-CT vs FFR
N=39 pts, 55 vessels

Overall Vessels Overall Patients
(N=55) (N=39)

60 80
1-Specificity 1-Specificity

AUC (95% CI) AUC (95% ClI)

— IFRCT 0.836 (0_711 to 0‘922) - a2 - - {IFRCT 0.839 [0-637 to 0.937
e=ee CTAT70% 0.682 (0.543 to 0.801) : === CTATO0% 0.616 (0.447 to 0.767 : P =0.7639

CTA70%+IFRCT 0.851 (0.729 to 0.932) e | CTATO0%+IFRCT 0.850 (0.699 to 0.944

Ma et al CLIN RADIOL 2018




2YMITEPA2ZMATA

H FFR.; ouotivetal oe 0Aoug Toug aoBevelg pe xapunAou
ew¢ vPpniov BabBpov uvmoyiag yia ZN pe mapopolo
BaBuo akpiBelac pe alAec pn emepPatikec pebodoug
avadEeLENC LOXOLULOC

. AoDevelc pe ooBapn naxvoopkia, acBectwpeva ayyela,
vedpplkn duoAettoupyia lowg Oev elval kadol urtogndLot
Napopowa evawoBnoila aAla uvynAotepn eldkoTNTA
OUYKPLTLKO LE TNV KAaoOLKN aéovikn otedpavioypadlo

. AN\ayn t™nc ovrluetwrnion ota 2/3 twv oacBbevwv
OUYKPLTLKO HE TNV KAooolkn aéovikn otedavioypadia
(Lelwon  TwV  TOPATIOMMWV Yyl  EMEPPATIKN
otedpavioypadla)

FFR-CT>0,80 oyxetiletat pe aplotn PBpoaxumpobeoun
KALVLKI) TtpOyvVWwon



EYXAPI2ZTQ IMOAY



BACK UP SLIDES




To kO0otoG FFR; + ZTED= Kootog ZTED+FFR
NXT study sub-analysis

511,500 -
210,500 -
59,500 - & 1) CAG Visual
58,500 -

5 B2) CAG- FReath
7,500 - .
oh

$6,500 -

+
c
w

£
g

o

o

!
W
o

W

L 3) cCTA - CAG
5,500 -

4) cCTA-FFRct-CAG
54,500 - T = T T ? :I

1.8% 1.9% 1.0% 2.1% 2.2% 23% 2.4%
Event Rate

Kimura et al CARDIOVASC INTERV THER 2015



M eMeEUBATIKEC TEXVIKEC YL TN
dtayvwon tnc ZN

Asymptomatic* Symptomatic
L erobabilityofsignificantdisease® |

Low Intermediate High
(<15%) (15-85%)

o [tow | o [ o [ oo [t | o [t | mer
om0

Anatomical detection of CAD
Invasive angiography A A “ A A 50-52,54

Functional test
6365

Stress echo A

A

Nuclear imaging A A 60,66-70
B
B :

T1-75
PET perfusion ¢ 67,69,7076,77
Combined or hybrid imaging test

I T N T e T

Windecker et al, Myocardial revascularization ESC guidelines, EHJ 2014




ESC Guidelines

°In patients undergoing coronary computed tomography
(CT), both CT-derived fractional flow reserve (CT-FFR) and CT
perfusion represent possible approaches to evaluate lesion-
specific ischaemia

*Currently, clinical trial data with CT-FFR are insufficient to
make a recommendation for its use in clinical practice.

Neumann et al, Myocardial revascularization ESC guidelines, EHJ 2018



Sansitivity
1

FFR., vs FFR

SROC Curve (per=-vessel or per-lesion)

Symmetric SROC
AUC = 09119
SEAUC =0.0193
Q' =08443
SEIQ'| = 00215

A

1-spacificity

B

Deng et al, INT J CARD 2015

Sensitivity (95% CI)

DISCOVER-FLOW 2011 0.88
DeFACTO 2012 0.80
MNXT 2014 0.84
Kim KH. et al. 2014 0.85
Renker M. et al. 2014 085

(0.77 - 0.95)
Q.73 - 0.88)
(0.75-0.91)
(0.69 -0.93)
(0.62 - 0.97)

Pooled Sensitivity = 083 (0.79 1o 0.87)
Chi-square = 2.19; df = 4 (p = 0.7014)

Inconsistency (I-square) = 0.0 %

Specificity (95% CI)

DISCOVER-FLOW 2011 082
DeFACTO 2012 063
NXT 2014 087
Kim KH. et al. 2014 057
Renker M. et al 2014 0.85

(0.73 - 0.89)
(0.56 - 0.68)
(0.83 - 0.90)
(0.29 - 0.82)
(0.72 - 0.94)

Pooled Specificity = 0.78 (0.75 1o 0.81)
Chi-sgquare = 56 18, df = 4 (p = 0.0000)

Inconsistency (l-square) = 929 %




CT pe puokopolaKkn oLpaTwon vs
tepavioypadio

e Koo et aI .INT J CARDIOVASC II\/IAG 2015



KAINIKEZ MEPINTQ2EIX ME FFR



MeAetec FFR-CT
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invasive FFR
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P=0.0001




2oBapn acPBeotwon- Alaxutn vocog —
EvéLapeon otévwon

Severe Coronary Calcification

Min et al JACC IMAG 2015



: Mn entepPatikec TexVikec vs FFR

B Summary ROC curve
Sensitivity
1

Sensitrvity, PLR Specificity, NLR
79%, 039
843, 0.4
ol 89%, 6.29 &7%, 04
84%, 653 §7%, 04
80%, 0.12

04 0.6

1 - specificity

Takx et al, CIRCULATION CARD IMAG 2015, Min et al JACC IMAG 2015



MoAvayyelakn voooc — Etkoviko stenting

Multivessel CAD

Virtual Stenting (Ischemia Resolved vs. Not Resolved)
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Min et al JACC IMAG 2015



Taylor et al JACC 2013



MeAAovtikeg peeteg FFR

Trial Ongoing
CREDENCE

PERFECTION

DECIDE-Gold

COMNSERVE

ADVANCE

Being discussed
FAME-FF Ry

NCTO2178904

NCTO1810198

MNCT02499679

Study Findings/Objectives

Direct head-to-head comparison of
coronary CTA plus FFR-; versus
myocardial perfusion imaging
by SPECT or PET

Comparison of FFR versus
single-energy CT rest/stress
perfusion imaging

Comparison of FFR versus
dual-energy CT rest/stress
perfusion imaging

Evaluation of FFR- as a "gatekeeper”
to invasive coronary angiography
(secondary aim)

Prospective longitudinal registry
to evaluate prognostic
implications of FFR-¢

Randomized controlled trial
evaluating FFR-r-guided strategies
versus standard of care

Min et al, JACC IMAG 2015



[MAEOVEKTAMOTO KOl LELOVEKTILOTOL

Strengths:

Simultaneous data on coronary anatomy and perfusion
Higher accuracy than other SPECT MPI for detecting of
multi-vessel disease

Fast and well tolerated exam

Limitations:

Artifacts (motion; beam hardening)

Lower contrast resolution than SPECT or cardiac MRI MPI
lonizing radiation

Large contrast dose

Requires optimal contrast timing

No outcome data

Hulten et al, PROGR CARDIOVASC DIS 2015, Xu et al, BIOM RES INT 2015



& MAsoveKTNUOTA KOl LELOVEKT AT
CT pe puokapdiakn olpatTwon

Strengths:

Simultaneous data on coronary anatomy and perfusion
Higher accuracy than other SPECT MPI for detecting of
multi-vessel disease

Fast and well tolerated exam

Limitations:

Artifacts (motion; beam hardening)

Lower contrast resolution than SPECT or cardiac MRI MPI
lonizing radiation

Large contrast dose

Requires optimal contrast timing

No outcome data

artifacts, radiation
exposure, and contrast load.

Hulten et al, PROGR CARDIOVASC DIS 2015, Xu et al, BIOM RES INT 2015



% MeBoboAoyia npocdloplopou FFR

Inlet Boundary ~ Luminal Boundary Outlet Boundary
\éhw-
Pa Rmicro
BASELINE CONDITIONS (Ryjcro = 120000 dynes sicm) HYPEREMIC CONDITIONS (Rcr,, =20664 4dynes sicm?)
(;. co/sec Velocity (cnvs) E.S oclsec Velocity (cnvs)
a28d "2Q'I"II4Q'IIlII®l:\ | =20i|l'| ldo.l!:vuxa)::: | |
e W S
0 80 0 80
Py = %0mmHg Pressure (mmHg) Py =87.5mmHg | P, = %0mmHg Pressure (mmHg) Fy = 71.0mmHg

10 0 10 80
wire

| | ‘ll'lll|| ll. ‘|m'||::.
60 60

%0
Taylor et al JACC 2013




A Lumped-parameter heart model
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& MAsoveKTNUOTA KOl LELOVEKT AT
FFR

MAgovekTuata:

Toutoxpovn AVATOMLKH Kol AELTOUPYLKN EKTILNCN TWV 0TEPAVLALWY OTEVWOEWV

Mpocbloplopdg Loxatuiag mou mpokaAeital and cuykeKpLUEVN otévwon Provides measure for lesion specific
ischemia

Aev amatteltal emumA£ov akTtvoBoAla, okLoypadLko 1 GAPUOKO CUYKPLTLKA HE TNV oA afovikn
otedavioypadia No additional radiation, contrast, or medications compared to

routine CTA

Fast and well tolerated exam

Limitations:

Off-site processing (results typically provided within 24 hours)
Adequate CTA image quality required

Further data needed on clinical effectiveness outside of clinical trials

First, FFRCT is calculated by

computational simulation of adenosine mediated hyperemia

rather than by actual administration of adenosine.

Second,

the value of FFRCT is influenced not only by stenosis severity

but also by the presence of viable or scarredmyocardium[93].

Third, the calculated FFRCT values may be lower than those of
measured FFR in patients with microvascular disease, for the

modeling of adenosine-induced hyperemia may overestimate
Hheliere bbb RAGREARDIOVASC DIS 2015, Xu et al, BIOM RES INT 2015



TeXVIKEC yla BeATiwon TNG
dLayvwoTiknG akpifetag tng FFR ;

*lMeAETN ayyelwyv 22 mm

*Xopnynon B-ovaoTtoAEa Kol VITPOYAUKEPLVNC
npLV TNV €€€TaON

*Melwon touv BopuBou amno Kakn
gvBuypappion

Thompson et al ] CARDIOVASC COMP TOM 2015, Leipsic et al, AJR 2014
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SYMMEPAZMATA (2)

1. Qappoka mou amodedelypeva PEATLWVOUV TNV TPOYVWON
o€ aoBevelc pe KapdLaKN AVETIAPKELD KoL ETtnpeacuevo KE,
o€ dalvetal va BeAtiwvouv TtV Tpoyvwon Kol o€ acBevelc
ue dtatnpnuevo KE

2. 'EAeyxoc tng AY, 2A, AvucAutidatpiog, aviipetwrnion tng 2N,
noxvoapkiag, doknon, Bepamelot TNC TIVEUMOVLIKNAC
UTTEPTOONC, EAEYXOC TNC KOATILKNG MOPUOPUYNG Kol AAAWV
ouvoonpotNTwv ouotnvovtal o€ aoBeveic pe KA Kol
dtatnpnuevo KE

3. Néeec Oepameile¢ mMoOU OMOOKOTIOUV OTN HELWON TOU
uetadoptiov, otn PBeAtiwon tnC OLAOTOALKNG AELToupylag
NG Kapdldg, OTNV OmMOKOTAOTAON TOU EVEPYELOKOU
eAelppotoc TOu puokapdlou, otnV  EAATTWON TNC
LUOKOPOLAKAC vwong, TNV QVTLUETWTILON TNE TTVEUMOVLKNG
UTTEPTALONC KATT Elval uTTO SLlepelivnon



