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70% stenosis in mid-LAD
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Buechel RR et al. JACC. 2011 Jan 18;57(3):332-6



CCTA overestimates stenosis
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Stenosis Grade on CCTA

False-positive findings in up to 35%
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What to chose if everything (!) is available




Stress echocardiography




Stress Echocardiography

Advantages
- Good diagnostic accuracy
(good specificity, moderate sensitivity)
- No ionizing radiation exposure
- Relatively low costs

Disadvantages
- Dependent on good acoustic window
- Dependent on operator




Magentic resonance imaging
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Stress CMR

Advantages

- Combination of perfusion, tissue
characterization and function

- Good diagnostic accuracy

- No ionizing radiation exposure

Disadvantages
- Many contraindications
- Long protocols



//upload.wikimedia.org/wikipedia/commons/7/70/Heart_spect_imaging.jpg

Cardiac SPECT
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Cardiac PET
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Nuklearkardiologie — Myokardperfusions-PET
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Advanced Cardiac Imaging. Cambridge, GB: Woodhead Publishing. 2015 Aug 10.



PET myocardial perfusion imaging - Semiquantitative
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PET With Superior Image Quality (at lower radiation dose)

SPECT

stress

rest

stress

rest

1.03 mSv

NH3-PET
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Male patient, 80y, BMI 23kg/m?



PET myocardial perfusion imaging - Quantitative

Flow reserve | Stress flow E Rest flow
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A picture is worth a thousand words
But if you add numbers... you get increased sensitivity

Flow reserve

V Global MFR ¥

1.63
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PET myocardial perfusion imaging

13N-NH3 PET-MPI (semiquant) (quantitative)

13N-NH3 PET-MPI

Advantages

- Excellent image quality

- Routine blood flow quantification

- Excellent diagnostic accuracy

- Low radiation dose exposure (1-2mSv)
- No contraindications

Disadvantages
- Cost
- Availability

150-Water  'SN-Ammonia 8Rb

Isotope half-life (min)  2.03 9.97 1.27

Total dose for PET 1.6-2.0 1.5-2.2 1.1-2.2

(mSv)

Rest-Stress interval 0 30 0

(min)

Production method Cyclotron Cyclotron Generator
(on-site) (on-site)

Modified from Buechel RR et al. Protocols, Data Analysis, Normal Scans, and Pitfalls in Cardiac PET and SPECT. In von Schulthess GK (Ed.), Molecular Anatomic Imaging: Lippincott Williams & Wilkins. 2015 Jun 16.




What do the guidelines recommend?

CCTA

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.

Stress Echo

In individuals with suspected CCS and moderate or high (>15%—-85%) pre-test likelihood of obstructive CAD, stress echocardiography is
recommended to diagnose myocardial ischaemia and to estimate the risk of MACE.

Nuclear

In individuals with suspected CCS and moderate or high (>15%-85%) pre-test likelihood of obstructive CAD, SPECT or, preferably, PET
myocardial perfusion imaging is recommended to:

» diagnose and quantify myocardial ischaemia and/or scar;

» estimate the risk of MACE;

+ quantify myocardial blood flow (PET).

CMR

In individuals with suspected CCS and moderate or high (>15%-85%) pre-test likelihood of obstructive CAD, CMR perfusion imaging is
recommended to diagnose and quantify myocardial ischaemia and/or scar and estimate the risk of MACE.
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2024 ESC guidelines on the management of chronic coronary syndromes



Patient-centered approach

Comorbidities Risk spectrum
Renal failure High risk
Ability to exercise Intermediate risk
Claustrophobia Low risk
Pacer/ICD Ultra low risk

Atrial fibrillation Known CAD

Contraindications to stress i BC
Valve disease

Contrast allergies

Patient factors

gocal expertise
Patient characteristics
Patient preference

Insurance

anctional test

Anatomic test to identify/exclude
coronary plague and stenosis, anomalous
origin of coronary artery, identify other
relevant diagnoses.

Functional test to confirm chest pain is
anginal, evaluate physiologic response
to exercise, guide revascularization,
identify microvascular dysfunction.

Health Insurance +
Ricl

J Am Coll Cardiol. 2021 Sep 28;78(13):1385-1389.
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Coronary CT angiography (CCTA)
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Prognostischer Wert: Kalzium-Score versus Koro-CT
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Event-free survival

Prognostische Wertigkeit der Koro-CT

n = 434; mittlerer Follow-up 47 %16 Wochen '

100 %
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Normal coronary arteries
| Non-obstructive®
coronary artery lesions

Obstructive .
coronary artery lesions

p < 0.001 (log rank test)
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2 Clerc OF and Buechel RR et al. Eur Radiol. 2017 Nov;27(11):4650-4660



CCTA overestimates stenoses
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Stenosis Grade on CCTA

False-positive findings in up to 35%

USZ: % Arbab-Zadeh et al. JACC Cardiovasc Imaging. 2011 Feb;4(2):191-202.
Cheng et al. JACC Cardiovasc Imaging. 2008 Jul;1(4):460-71



Ischemia versus stenosis
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CCTA overestimates stenoses
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CCTA overestimates stenoses
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What do the guidelines recommend?

Individual with suspected CCS: pre-test likelihood of obstructive CAD?
Invasive coronary angiography
with FFR/iFR preferable if:
= Very high pre-test likelihood
Anatomical imaging by CCTA Functional imaging by stress echo, of obstructive CAD
preferable if: SPECT, PET or CMR preferable if: * Low-threshold angina or
+ Low or moderate pre-test likelihood of equivalent
obstructive CAD - Moderate or high pre-test likelihood « Findings suggestive of poor
+ Information on CAD (also of obstructive CAD prognosis: e.g. severe
non-obstructive) desired » Information on myocardial ischaemia, LV dysfunction, ventricular
* Individual characteristics suggest high viability or microvascular disease arrhythmia, or hypotension
image quality T during exercise
l, Selective l
High-risk sequential Severe
cAD? CCTA Mesung - Functional isyhaemia
imaging
Refractory
Lifestyle and risk factor modification symptoms |
Disease-modifying and antianginal treatment
e Invasive investigation b
|
v v
Obstructive epicardial CAD No obstructive CAD
Consider revascularization Consider ICFT:ANOCA/INOCA?
\ @ESc—

2024 ESC guidelines on the management of chronic coronary syndromes



Stenosis # Ischemia

Severity of

diameter

stenosis Viscous friction,
" flow separation,
turbulence and

Lesion length

eddies
Reference vessel
diameter Surface
roughness
'\
Lesion EL "
morphology ccentricity

Plaque burden and
plaque rupture

Lesions-specific factors
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The functional significance of coronary
lesions is determined by many factors



Prognosic benefit of revascularization depends on ischemic burden
SPECT PET
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Principle of Scintigraphy and SPECT
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Advanced Cardiac Imaging. Cambridge, GB: Woodhead Publishing. 2015 Aug 10.



SPECT myocardial perfusion i
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Single-Photon-Emission-Computed-Tomography (SPECT)
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SPECT mit Halbleiter-Detektoren aus Cadmium-Zink-Tellurit

\

Dauer Bildakquisition: 2-3 Minuten?2

Strahlenbelastung: 4-6 mSv
Moderne CZT-Kamera

Universitdts
USZ Spital Zorich 1 Buechel RR et al. Eur J Nucl Med Mol Imaging. 2010 Apr;37(4):773-8.
2Herzog BA & Buechel RR et al. J Nucl Med. 2010 Jan;51(1):46-51.



PET Myokardperfusions-Tracer

Tracer Production Half-life
150-Water Cyclotron 2 min
SN-Ammonia Cyclotron 10 min
82Rubidium Generator 1 min
18F-Flurpiridaz* Cyclotron 110 min

* currently in phase Il study

82Rb 13N-NH, 150-H,0  "8F-Flurpiridaz
USZ %

modified from Schindler et al. JACC Cardiovasc Imaging. 2010 Jun;3(6):623-40



Myocardial perfusion PET - Semiquantitative (relative)




Myocardial blood flow quantification
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Broad Applicability / No Absolute Contraindications

13N-ammonia PET/CT

USZ Universivas Female patient with a BMI of 64kg/m?
Effective radiation dose = 2.4 mSv




Superior Image Quality (at lower radiation dose)

SPECT

stress

rest

stress
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1.03 mSv

NH3-PET

USZ 2o
Male patient, 80y, BMI 23kg/m?



A picture is worth a thousand words
But if you add numbers... you get to see the «hidden side»

ress Perfusion (%)

48-year old female
atypical angina
CACS 82, non-obstructive on CCTA




High Reproducibility — Ideal for Follow-Up in Complex Situations

06/2018 12/2020 03/2024
o Recurrent NSTEMI
USZ::.:% typical angina hypertensive

situtation



Routine Calcium Scoring
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Jayadeva et al. J Nucl Cardiol. 2023 Jun;30(3):1004-1018..



Small Vessels — Large Impact

Role of Coronary Microvascular Dysfunction
Across Different Cardiovascular Diseases

ANGINA

+ Microvascular spasm
« Impaired vasodilation
* Pre-existing CMD

TAKOTSUBO
SYNDROME

» Microvascular spasm

» Myocardial edema with
microvascular
compression

« Pre-existing CMD

USZz

INOCA/MINOCA

» Variable combination

of functional and
structural mechanisms

CARDIO-
MYOPATHIES

« Capillary rarefaction
« Extrinsic compression

« Abnormal vascular
remodelling

« Interstitial fibrosis

Coronary Microvascular
Dysfunction

« Embolization
« Ischemia-reperfusion

injury

* Myocardial edema with

microvascular
compression

« Pre-existing CMD
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IATROGENIC

» Embolization

« Increased sympathetic
tone

HFpEF

« Microvascular
inflammation and
rarefaction

« Cardiac fibrosis

OBSTRUCTIVE
CAD

« Variable combination

of functional and
structural mechanisms
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Del Buono et al. J Am Coll Cardiol. 2021 Sep 28;78(13):1352-1371.




PET is Ideal for Assessing the Macro- and Microcirculation
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Microvascular Disease is Prevalent

Prevalence of Coronary Microvascular

Patients With Nonobstructive Coronary — : —
Artery Disease: Systematic Review and Among noninvasive methods, a higher rate of CMD was found in patients
Meta-Analysis who underwent PET compared with other modalities

Niya Mileva <>< , MD; Sakura Nagumo, MD, PhD ‘Takuya Mizukami @, MD, PhD; Jeroen Sonck, MD; o o
Colin Berry & , MD, PhD; E le Galli MD; Gi M MD; Al dro Cand MD; " NnN=
L (0.46 [95% Cl, 0.46-0.65]) vs. (0.40 [95% ClI, 0.30-0.55]; p=0.019

Bernard De Bruyne\ MD, PhD; Carlos Collet ‘& MD PhD
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Study and Year of Publication

J Am Heart Assoc. 2022 Apr 5;11(7):e023207.
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Quantitativ vs. Semi-quantitativ

Leaving Relativity Behind

Quantitative Clinical Perfusion Imaging”

Frank M. Bengel, MD

Hannover, Germany

EDITORIAL COMMENT

Absolute Figures Are Better Than Percentages®

Paolo G. Camici, MD
London, United Kingdom

JACC: CARDIOVASCULAR IMAGING VOL. 2, NO. &, 200%
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO N 1936-878X/09/536.00

PUBLISHED BY ELSEVIER INC. DOI:10.1016/j.jcmg.2009.04.005
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Performance to rule in or rule out obstructive CAD
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So which modality should we use in clinical routine?

28’664 patients from 132 studies

The performance of different tests for anatomically significant CAD

Anatomically significant CAD

Test Sensitivity (%), Specificity (%),
(95% CI) (95% CI)
Stress ECG 58 (46-69) 62 (54-69)
Stress echo 85 (80-89) 82 (72-89)
CCTA 97 (93-99) 78 (67-86)
SPECT 87 (83-90) 70 (63-76)
PET 90 (78-96) 85 (78-90)
Stress CMR 90 (83-94) 80 (69-88)

153 (121-194)  0.68 (0.49-0.93)
4.67 (295-741)  0.18 (0.13-0.25)
444 (2.64-745)  0.04 (0.01-0.09)
2.88 (2.33-356)  0.19 (0.15-0.24)
5.87 (3.40-10.15)  0.12 (0.05-0.29)
454 (2.37-872)  0.13 (0.07-0.24)

U sz Universitdts
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Knuuti et al. Eur Heart J. 2018 Sep 14;39(35):3322-3330.



Diagnostic Performance
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The performance of non-invasive tests to rule-in
and rule-out significant coronary artery stenosis
in patients with stable angina: a meta-analysis
focused on post-test disease probability
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Test  Pre-test probability of FFR-significant CAD

Results 0% 50% 100%

ICA +
CCTA +
PET +
Stress +
CMR -

|

|

+ —
SPECT |
|

Pre-test probability range where test

- can rule-in CAD (Post-test probability will rise above 85%)

Pre-test probability range where test
can rule-out CAD (Post-test probability will drop below 15%)




A Personalized Approach To Evaluating CAD

Medical history and
clinical examination

Unstable
Angina?

ACS guidelines

Modified from
o ] Buechel RR. Swiss Medical Weekly, 2019
el skl Buechel RR. Dt. Aerzteblatt. 2020
(rest ECG, lab, . . .
rest echocardiography)
\ 4
Invasive coronary
No f 3
e:aI:;tt:‘:r: Clinical likelihood" >85% angiography
incl. FFR/iwFR
. Obesity or
15-50% < » 51-85% > No > o Suspected microcirculatory dysfunction or
» ® Young patient?
\ 4 A\ 4
+ ayima T
e  GFR<30ml/min/1.73m2 or B = > No
e Allergy against contrast media? (el deniataciicn
’ valves, cardiomyopathie etc.)
\ 4
. Claustrophobia or )4 {'
. Ferromagnetic implants or
No . Arrhythmia or No Yes
. GFR < 30ml/min/1.73m2 or
. Allergy against contrast media?
Good acoustic window?
t (lean habitus, no COPD, no pectus ——
excavatum etc.)
\ 4 \ 4 A\ 4
Gronary CcT angiograp@ Gtress echocardiograp@ Cardiac MRI SPECT PET




Clinical and Cost Effectiveness
Data from EVINCI study
n=350
Endpoint: 50% stenosis at ICA

Confidence ellipses for ICA and strategies invelving CTCA and/or CMR vs No Tests Confidence ellipses for ICA and strategies involving CTCA and/or ECHO vs No Tests
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Incremental correct diagnosis Incremental correct diagnosis
—CTCA = =CTCA-CMR '~ CMR-CTCA =—ICA CMR —CTCA = =—CTCA--ECHO ECHO--CTCA =—ICA ECHO
Confidence ellipses for ICA and strategies invelving CTCA and/or PET vs No Tests Confidence ellipses for ICA and strategies involving CTCA and/or SPECT vs No Tests
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CAC score percentiles specific for Switzerland — CH-CACS

@ www.cardiacimaging.ch/cacs

Contents lists available at ScienceDirect

I S E CACS Percentile Calculator

) .

ELSEVIER journal homepage: www.sciencedirect.com/journal/ijc-heart-and-vasculature S
ex.
()]
Distribution of coronary artery calcium in a large European all-comer k4 Female .
population referred for cardiac imaging CACS Percentile Plot:
Julia Duelli, Christoph Ryffel, Magdalena Stuetz, Raffael Ghenzi, Marko Gajic, Age: o ) )
e 2 42 - . . . CACS Percentiles for Fernale Patients
Dimitrios Moysidis, Dominik C. Benz, Aju P. Pazhenkottil, Andreas A. Giannopoulos, oo § =
Philipp A. Kaufmann, Ronny R. Buechel 65 ja 2r'-lr1| ::T:':r:tl' - hecian
Department of Nuclear Medicine, Cardiac Imaging, University and University Hospital of Zurich, Raemistrasse 100, CH-8091 Zurich, Switzeriand 10007 588 ;;:: ::::t :

. . CACS: w0
Swiss population o

n = 18225

Submit -

Result: ' -

CACS
@
=1

Percentile: 76
Median CACS: 16
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Coronary CT Angiography (CCTA)

PSS NP NP | [ _/\,—qq ~~—A)
I e s

Advantages
Widely available
Fast (<30min)
Excellent sensitivity (High NPV)
Very low radiation dose exposure (<1mSv)
Assessment of plaque composition

Disadvantages
Pt preparation necessary (BB, Nitro)
Pts with arrhythmias and tachycardia
remain challenging
Modest specificity (Low PPV)

Giannopoulos AA & Buechel RR. J Nucl Cardiol. 2019 Feb;26(1):141-153.
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