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First-Line test

Risk factor-weighted clinical likelihood
of obstructive CAD

“

UniversityHospital
M Zurich

Coronary CTA holds key role

Appropriate first-line test for
suspected CCS

Functional imaging

\

Defer further testing

2024 ESC guidelines on the management of chronic coronary syndromes, Eur Heart J 2024



Coronary CTA holds key role

Anatomically significant CAD

T Sty G, S T R G S R 5 \(
(95% CI) (95% CI) Y\O

Stress ECG 58 (46-69) 62 (54-69) 153 {1.21-1.94) 068 (0.49-0.93) & i

Stress echo 85 (B0-89) B2 (71-89) 4,67 (195-741) 018 (0.13-0.25) K

IECTA 97 (93-99) 7d :ﬁ?—ﬂﬁ}l 4.44 (1.64-7.45) 0u04 (0.01-0.09) %\ h

SPECT B7 (B3-90) 70 (63-76) 188 (1.33-154) 019 (0.15-0.24) \(

PET 90 (78-96) 85 (78-90) 587 (340-1015) 012 (0.050.29 ’( iﬁ

Stress CMR 90 (B3-94) B0 (69-88) 454 ¢13:§1|]\€ 07 : &\

ionally significant CAD
Test  Sensitivity (%),  Specificity (%),  +LR(95%Cl)  —LR(95%Cl)
O E\ (95% €1) (95% €1)

Y\; \ P Y Y ICA &8 (60-75) 73 (55-88) 249 (147-421) 044 (0.36-0.54)
P\E D [ET= 33 (89.96) S0 | 197 (128-103) 0.3 (0.06-0.25)

SPECT 73 (62.87) 83 (71-90) 421 (262-676) 033 (0.24-0.46)

PET 89 (82-9) 85 (81-88) 604 (429-851) 0413 (0.08-0.22)

Stress CMR 89 (85-92) 87 (83-91) 710 (5.07-9.95) 0.3 (0.09-0.18)
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Clinical Background
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Clinical Background
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Myocardial Ischemia

Physical Stress Test

PERFUSION
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The Benefit of Revascularisation iIs correlated to the Ischemia-Burden

SPECT Rubidium-82 PET

n = 14627 n=743832 n'= 16'029

A Relative Hazard for CABG vs. Medical Therapy 4.0
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Coronary Stenosis # Myocardial Ischemia

O
T degce o strgss 9 |
A ORET

\ Y 1
5 ,
¥

Normal Stress
Myocardial Perfusion




Lesion Specific Ischemia

Invasive Fractional flow reserve (FFR)
An invasive measurement of hemodynamic stenosis severity

FFR-guided PCI
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Angiography-guided PCI
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\ FFR = Distal Coronary Pressure (Pd) FFR <= 0.8 - ischemia (spec 100%)
"~ Proximal Coronary Pressure (Pa) FFR > 0.8 > ischemia unlikely (sens 88%)
Days since Randomization
« Use of FFR is recommended in all intermediate coronary lesions to determine Ischaemia guided revascularization
the need for revascularization reduces major cardiovascular events

with significant cost savings, whereas
angiographic strategies alone are

« Use of FFR reduces the number of unnecessary revascularization ineffective for guiding revascularization

procedures and improves patient outcomes
* FFR is underutilized

(FFR guidance integrated in only 10%-20% of revascularization procedures)

sinvasive procedure
~additional costs
sregional variations in reimbursement

Us Universitats
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DISCORDANCE ANATOMY-PHYSIOLOGY
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% Stenosis by CCTA

% of Discordant Stenoses
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What do the guidelines say?

@ ESC Eurcpean Heart Journal (2019) 40, 87—165 ESC/EACTS GUIDELINES

European Society doi:10.1093/eurheartj/ehy394
of Cardioclogy

2018 ESC/EACTS Guidelines on myocardial
revascularization

\
Indications for revascularization in patients with stable angina or silen&iﬂfn(l\

Extent of CAD (anatomical and/or functional)

For Left main disease with stenosis@50%° *51

prognosis

Proximal LAB"stenasis =5035s SREE70.72

Two- or three-vessel disease with stenosis 2508 svith Wnpaired [V function (LVEF <35%).° &16268.70.73-83

d 24,59 B4-50
R.

e area of ischaemia detected by fiinctionalitesting (=10% LV) or abnormal invasive FF

\ Singleemaining patemr€ongnary artery with stenosis >50%."

For symptoms | Haemedynamically significant coronary stenosis® in the presence of limiting angina or angina equivalent,

with insufficient response to optimized medical therapy.® #4371~

©ESC 2018

\ g
CAD = coronary artery disease; FFR. = fractional flow reserve; iwFR = instantaneous wave-free ratio; LAD = left anterior descending coronary artery; LV = left ventricular:
LVEF = left ventricular ejection fraction.
*Class of recommendation.
BLevel of evidence.
“With documented ischaemia or a haemadynamically relevant lesion defined by FFR <0.80 or iwFR <0.8% (see section 32.1.1), or >30% stenasis in 2 major coronary vessel.
“Based on FFR <0.75 indicating a prognostically relevant lesion (see section 3.2.1.1).
“In consideration of patient compliance and wishes in relation to the intensity of anti-anginal therapy.
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One-Stop Shop with cardiac CT
Anatomical and Functional Diagnostic

LAD LCX RCA

- . - Plaque
Assessment

CT-FFR

Vitrea®
'W/L:200/150

CTP

RAO15 CRA26 VR: Semi-Transp Heart
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Cardiac CT Perfusion

« Assessment of Myocardial Perfusion by CT w/o computational simulations;
similar to common MPI approaches

« Contrast Enhanced Imaging of Myocardial Perfusion using qualitative, semi-
quantitative or quantitative methods

PRINCIPLE
Images are acquired during the transit of contrast from the coronary arteries to the myocardium.
Since iodinated contrast attenuates x-rays-proportionally to the_concentration of iodine, hypoattenuated
myocardial areas typically. represent regions with/low ' 'blood flow, or hypoperfusion.

. itvHosbpital
M g::::irsny ospita Patel AR P et al, JCCT 2020

SCCT Expert Consensus Document on CTP



Cardiac CT Perfusion

« Assessment of Myocardial Perfusion by CT w/o computational simulations;
similar to common MPI approaches

« Contrast Enhanced Imaging of Myocardial Perfusion using qualitative, semi-
quantitative or quantitative methods
PRINCIPLE
Images are acquired during the transit of contrast from the coronary arteries to the myocardium.

Since iodinated contrast attenuates x-rays-proportionally to the_concentration of iodine, hypoattenuated
myocardial areas typically. represent regions with/low ' 'blood flow, or hypoperfusion.

« Recommended as\additional to CCTA:
- Rts'at high atherosclerotic risk for obstructive CAD (prior intervention,
high calcification, indeterminant functional significance)
- If knowledge regarding ischemia is expected to impact patient
management
« If CTP is feasible

. itvHosbital
] Sonsrsttyrospita Patel AR P et al, JCCT 2020
SCCT Expert Consensus Document on CTP
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Cardiac CT Perfusion

Static CT Perfusion
Dual-Energy

Single-Energy
8

|ngle data sample of myocardial
contrast enhancement during,first-pass.
Qualitative-compares attenuationiin

ischaemicarea to remote myocardium or
normalizes it ta LV-cavity.

Hypoattenuating myaocardial areas
represent hypoperfused myocardium

N )

[ CGombines lower noise of higherenergy \

images, with, high contrast resolution of
lower energy images

Should create'better definition between
hypoperfusion and remote
myocardium

Creation of iodine maps

nynamic sample of first pass of contram

Arterial input function

Time-attenuation curves in each
myocardial voxel

Fitting: two compartment model relates
contrast concentration (HU) to
guantitative perfusion parameters

(& )

Snapshot of Perfusion
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K(MBF’ MBYV, etc) /

Dynamic Assessment of Perfusion




Static CT Perfusion

Single-Energy
* Technically Simple

* Can use CCTA images for rest CTP

* Low radiation exposure
Cons

* Qualitative/Sem
. T|m|ng ‘
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Cardiac CT Perfusion

Advantages and Disadvantages

Dual-Energy

requirements
« Additional software requirements

<

[ CrReud B

Pr \
ﬁuantitative MBF and MBV

assessment possible
» Timing less critical than static CTP
» Potential to detect balanced and
microvascular ischemia

Cons

» Lower detector systems may require
shuttle mode

« Common artifacts (longer breath hold)

» Higher radiation exposure

* Additional software requirements

* Increased scanner hardware

4

!equirements /




Cardiac CT Perfusion

Protocols> Stress and Rest Scans

« Pharmacological Stress: adenosin, regadenoson, dypiridamole (CAVE>off-label and Nitroglycerin)

« CT Contrast: 70-120ml of iodinated contrast is injected at a rate of 5-6 ml/sec follewed by saline bolus
(40-50ml)

« Optimal order/sequencing of imaging should be individualized (Calclitm-Scoring might be helpful)

Low to Intermediate

Pretest Probability 10-20 minute delay,

Review Images

|
=
=
O
)
(3

Proceed if
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Cardiac CT Perfusion

Specificity versus sensitivity plots of different imaging modalities for assessment of functional coronary artery disease.

100 ® Invasive FFR

FFRCT (NXT-trial)
Ngrgaard et al. [55]

YPN
et al [55]
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Pontone et al. [42]

PET
Danad et al. [28]

SPECT
Melikian et al. [86]
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Coronary CT- derived FFR

Computed Tomography Computational Fluid
\ Angiography (CTA) Dynamics (CFD) /

HeartFlow
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Technical background and physiological models

FDA approved FDA approved

cFFR Siemens® Toshiba CT-FFR

FFR.; HeartFlow® DVFFR-Keya

/( -FFH 0.83
&
Min J et al JAMA, 2012 Yang J et al'Circulation, 2023 Coenen A et al Radiology, 2015 Ko BS et al JACC Img, 2017
Research CT<FFR (DIY) LBM-CT-FFR Deep Learning-CT-FFR

1 %
/
L' 4
: <
— Mean Time to results
. — 07:54 minutes

2 CT-FFR =086 [ _
\ / \ CT-FFR13c=0.68
) /

inu

CT-FFR=0.7

Kishi S, Giannopoulos AA et al Radiology, 2018 Giannopoulos AA et al Eurolntervention, 2017 Giannopoulos AA et al AJR, 2023
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FFR estimated from a Rest CTA

Blood Flow _ Phl_ysmally Correct
“"Boundary Conditions” low Solution

' Qout-OM
Qout-DZ \

Qout-LAD

CFD Simulation
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Courtesy of Dr Mitsouras D, AISL, BWH



FFR estimated from a Rest CTA

Blood Flow _ Phl_ysmally Correct
“"Boundary Conditions” low Solution

MAY BE | MAY NOT BE
HEMODYNAMIC HEMODYNAMIC
SIGNIFICANT SIGNIFICANT

>

Qout-OM
Qgﬁt-oz

Qout-LAD

CFD Simulation
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Limitations of CT-FFR

& Limitations from inaccurate anatomical models:

¢ Poor CT image quality (calcifications, motion, misregistration)

® Intrinsic limitations of physiological models: P\\&
7.&

¢ Individual variability in relationship between ﬁ
flow

¢ Individual variability in r atlw&twee \
microvascula ﬁ
femm okl

Universitats
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CT - FFR current landscape

 The technology is well validated against invasive FFR
 |ncremental value over CCTA demonstrated in several studies

# of i B 4 _ (Correlation ) Bland-
Article Technology patientsi# of | ROC AUC | Sensitivity  Specificity [:"zgw“f:"': (Pearson r or B‘ﬂ"gﬂigs'""a" B o
lesions &Y | spearman p)
Norgaard et al Heartflow 0115 -
e [— 2511434 0.93 0.84 0.86 0.86 1=0.82 0.03 p 4 0.28
Min et al
(DeFACTO) (JAMA.  HEarifiow — 5es 7 0.81 0.80 0.61 NR 1=0.63 0.0 NR NR
FFRct
2012)
Koo et al
(DISCOVERFLOW) "EMIOW 45450 0.90 0.879 0.822 0.84 =072 0.02 02491 fo 454
FFRct 0.205
(JACC )
Kruk etal (JACC: -
Cardiovasc S'EF";‘;{“E 90/96 0.84 NR MR NR p =087 001 ‘%2113‘ 039
Imaging. 2016) .
Coenen et al Siemens 106129 _ -0.31-
(Radiology. 2015) pric) 0.83 0.875 0.651 0.75 r= 050 0.04 02 0.53
Renker et al (Am J Siemens _ -0.18 -
Cardiol, 2004} e 53767 0.92 0.85 0.35 NR r=0.66 NR s 0.38
Koet al (JACC: -
Cardiovasc | "SMP2ID g 0.88 0.778 0863 0.84 r=057 o7 G2 os
Imaging. 2017) )
Giannopoulos et al 0223
{Eurointervention. LBM CT-FFR.  60/73 0.89 0793 0.977 0.90 r=0.60 0.01 - 0.429
2017) 0.206
Kishi et al “Open G- o182
(Radielogy 2017) | FFR" (CT> 61161 0.95 0.949 0.864 0.918 =073 0.02 0147 0.33
FFRzys) h J \ J )
NR: it repartad
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02+ SE Purple 0.82
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MRI Yellow 0.94
SPECT | Black 0.79
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Danad | et al, Eur Heart J. 2017 Apr 1;38(13):991-998
Deng SB et al. Int J Cardiol. 2015



DISCORDANCE ANATOMY-PHYSIOLOGY
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Tonino et al, JACC, 2010
Curzen et al. Circ Int, 2014



CT - FFR current landscape

 The technology is well validated against invasive FFR

* Incremental value over CCTA demonstrated in several studies

« Depends primarily on the CCTA image quality

« Calcifications might be an issue, less.with software improvement

SYNTAX'III REVOLUTION Trial

Impact of FFR.flon Heart Team Treatment Decision-Making
in Patients with\Multivessel Coronary Artery Disease
EFRCT d.ﬂ“‘“ atment FFRCI’ reduced the number of

reco mme ndat: betwedl rrrrrrrrrrrrrr with
nificant thr eewe sel CAD

HIGHLY CALCIFIED MULTIVESSEL DISEASE

ONLY 4/222 PATIENTS EXCLUDED DUE TO CALCIFICATIONS
AND FFRCT FEASIBLE IN TOTAL 88% OF CASES

Us Universitats
Spital Zirich

Andreini D et al. Circulation: Cardiovascular Interventions. 2019



Reproducibility of FFR;

HeartFlow Analyst 1

Repeated FFR Repeated Invasive FFR
8| y=075%+023 P4 \ 8 y=088%+00N o’
- | =084 e =092
SV
& - <
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FFR. 1 158 o § :
e n
c
HeartFlow Analyst/2 E“.] . 2
..o / D -
g §" / S_ -
T T T L T S -y T T T T T
060 070 080 09 1.00 05 060 070 080 090 100
FFRC,1 FFR1
Mean Standard deviation Mean  Standard deviation
FFRcT FFR
Difference 0.011 0.034 Difference -0.004 0.033
Universitits n=28 pts, 58 vessels
U s Spital Zirich

Gaur S et al. JCCT, 2014



CT - FFR current landscape

US

The technology is well validated against invasive FFR
Incremental value over CCTA demonstrated in several studies

Depends primarily on the CCTA image quality
Calcifications might be an issue, less.with software improvement

Observational trials have shoewn the ability of CT'— FER to reduce ICA
Lowering costs has not been demanstrated

Universitats
Spital Zirich

Cost in pounds (£)

0 400 800 1200 1600 2000
1 1 1 1 1 1

Total eardiac costs at 9 months (p = 0.10)

)
3
Standard Group Experimental Group
n =693 n = 695
Arm
Study arm Median (25th and 75th centile) | Mean (+/- 1 standard error)
Standard Group 670 (ES74 lo £1,346) 1,491 (£1.414 o £1,569)
Experimental Graup 600 (E572 lo £1,263) 605 (£1,521 to £1,690)

Douglas PS et al. Eur Heart J. 2015
Hlatky MA et al. JACC. 2015
Norgaard BL, Heart. 2022

Curzen N et al. Eur Heart J. 2021
Hlatky MA et al. JCCT. 2023



CT — FFR intergration into guidelines

. 2016/2017 NICE Guidelines

« CCTAFirst Line test for CAD regardless of risk factor or
pre-test probability

« FFR;recommended as add on predicting costs
savings of £ 9.1 Million

Us Universitats
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CT - FFR intergration into guidelines

US

2016/2017 NICE Guidelines

CCTA First Line test for CAD regardless of risk factor or

pre-test probability

FFR-; recommended as add on predicting costs
savings of £ 9.1 Million

2018 Japanese Circulation Society Guidelines

Table 36. Recommendations and Mm 'I¥’=FF|-E:T( M

Angina patients with more than a moderate ree-of corgnany stenosis on
cardiat CT, patients whose overall definitive didgnosis for myocardial ischaemia
is ditficult; morecwver, patignts Who,afe candidates for revascularization once
myccardial ischamiads detected

Ik

Universitats
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Yamagishi M et al. Circ J. 2021



CT - FFR intergration into guidelines

2016/2017 NICE Guidelines

» CCTA First Line test for CAD regardless of risk factor or
pre-test probability

* FFR.;recommended as add on predicting costs
savings of £ 9.1 Million

« 2018 Japanese Circulation Society Guidelines
« 2021 ACC AHA/AHA Chest Pain Guidelines

U s Universitats
Spital Zirich

No CAD
(no stenosis er
ique)

Nonobstructive
CAD
_ (2509 stenosis)

Obstructive CAD |
(250% stenosis)

\

4

Consider INOCA pathway as
an outpatient for frequent or NO
persistent symptoms

FFR-CT s0.8 or
moderate-severe
ischemia

l

\J

Follow-up testing and intensification of GDMT by initial test results and persi;

| Stable Chest Pain + No Known CAD

| Intermediate/high risk ‘

Exercise ECG v
(2a)

”“’“*’St’D““"“ Obstructive CAD

(250% stenosis)

€
(<50% stenosis)

FFR-CT for 40%-90% stenosis

stress testing

FFR-CT s0.8 or
moderate-severe
ischamia

\j

Consider INOCA pathway as

an outpatient for frequent or
persistent symptoms

Persistent symptoms?
B E—
CCTA

(2a)

Follew-up testing and intensification of GDMT by initial test results and persistence/worsening/frequency of symptoms

Gulati M et al. I Am Col Cardiol. 2021



CT - FFR intergration into guidelines

» CCTA First Line test for CAD regardless of risk factor or

* FFR.;recommended as add on predicting costs

« 2016/2017 NICE Guidelines
pre-test probability
savings of £ 9.1 Million

U s Universitdts
Spital Zirich

of asi { I
It is recommen to sela t
ﬁ@ |Etacbu'isti|3 that
influenc rmance of non-invasive tests,” and
\ M expertise and Et'.n'ailzlI:|iIil::.-'.-r"-"'i"B
2018 Japanese Circulation Society Guidelines 1\(%

sigematineoy t \JRIN\

likel of obstructive CAD by clinical assessment
is TA or non-invasive functional imaging for
rdial\lschaemia is recommended as the indtial
R ctic tast 35 11E1TAIET 189211, 212113.2223%0

Recommendation Table 13 — Recommendations for

selection of initial diagnostic tests in individuals with sus-
pected chroniec coronary syndrome (see alse Eviden
Table 13)

Recommendations

Selection of non

ood of

In symptomatic patients in whom the pre-test

Tao rule out obstructive CAD in individuals with low
or moderate (=5%—50%) pre-test likelihood, CCTA
is recommended as the preferred diagnostic
maodality 18

CCTA s recommended in individuals with low or
maderate (>5%—50%) pre-test likelihood of
obstructive CAD if functional imaging for myocardial
ischaemia is not diagnostic.™'

Functional imaging for myocardial ischasmia is
recommended if CCTA has shown CAD of
uncertain functional significance or is not

In patients with a known intermediate coronary
artery stenosis” in a prosimal or mid coronary

2024 ESC guidelines on the management of chronic coronary syndromes, Eur Heart J 2024



CT -FFR Issues

«  Technological Advancements
* Universally available CT-FFR technology
« Faster, more accurate and on-site

Usz Universitats
Spital Zirich ) _
Giannopoulos AA et al. Eutolntervention. 2017
Giannopoulos AA et al AJR 2023



CT — FFR clinical intergration

CT-FFR: 0.501

* In all stenaoses™>50% < 90% \

» Preferential sqlitary stenosis

*».Notin severe coronary calcification
(CACS>1000)

* 7-10 minutes/patient

* Reportintegrated in CCTA report with
potential suggestion for downstream
testing or not

A\ J

CCTA interpreted and reported at once\
Decision for FFRqt

Data transfer to HeartFlow cloud

12-24 hours turnaround time

Review of FFR.;results

Separate report on hemodynamic

k significance j

ce e )

U s Universitats
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Courtesy Dr. Brian Ghoshhajra



CT — FFR Future Applications

CABG Patients

Virtual Stenting PCI Planning Planning POst-CABG

III\I‘I

Ang jography M@torized FFR OCT pre-PCH OCT post-PCl Motorized FFR
pullback pre-PO1 pullback post=PCl

Universitats . _
Spital Ziirich Ihdayhid AR et al. JACC Interventions. 2017
Sonck J et al. 3 Am Col Cardiol Img. 2022
Andreini D et al JCCT. 2022



CT — FFR Future Applications

« Coronary anomalies
«  Beyond simulation of vasodilation
« Assessing dynamic component

CT FFR
0.79

U sz Universitats
Spital Zirich

Bigler MR, Giannopoulos AA, et al. JACC:Case Reports. 2022



CT — FFR Future Applications

«  Research Applications Insights into Pathophysiology of Atherosclerosis

ESS (Pa) Velocity (m/sec)

Assessment of Microcirculation

Us Universitats
Spital Zirich
Giannopoulos AA et al. Eur Hear J. 2018
Papamanolis et al Annals of Biomedical Engin. 2021



Take home messages

CTP is a robust and accurate method to assess myocardial ischemia, although less well studied as CT-FFR

CTP has not yet found widespread clinical use, due to relative complexity of the test and radiation issues

KNOWN SEVERE CAD> CTP

LESS SEVERE CAD / SINGLE LESIONS> CT-FFR

CT-FFR is an already, FDA-approved, but still'"developingtechnology

CT-FFR allows to select appropriate patients/lesions for revascularization procedures and cut costs (?)

« CT-FFR still hasdimitations from poor anatomical models and intrinsic limitations from physiological models applied

U sz Universitats
Spital Zirich



Thank you for your attention

EACVI Cardiac Computed Tomography Course 2026
16 April - 18 April 2026
%1 Seminar (—;

© AC Hotel (Nice, FR) \v

EACVT 2026

03 Dec 2026 - 05 Dec 2026

Milan, ltaly

Organised by:

QP EACVI
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andreas.giannopoulos@usz.ch




