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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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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
Tonino et al. FAME. J Am Coll Cardiol. 2010 Jun 22;55(25):2816-21



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

Usz Universitdts
Spital Zirrich



Nuklearkardiologie 1T 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
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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 athousand words
But if you add numbers é you get increased sensitivity
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PET myocardial perfusion imaging

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

Advantages

- Excellent image quality

- Routine blood flow quantification

- Excellent diagnostic accuracy

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

150-Water  13N-Ammonia  #Rb

Isotope half-life (min)  2.03 9.97 1.27

Total dose for PET 1.6-2.0 15-2.2 11-2.2

(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.

Disadvantages
- Cost
- Availability




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 Prior CABE
Valve disease
Contrast allergies

Patient factors

pocal expertise
Patient characteristics
Patient preference

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 +
Richard Smith

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 1
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p < 0.001 (log rank test)
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1 Buechel RR et al. Heart. 2011 Sep;97(17):1385-90.
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%
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Ischemia versus stenosis
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CCTA overestimates stenoses
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CCTA overestimates stenoses

1.9% 1.3%

\’ ¥

80% 100%
| |

60%
|

40%

Stenosis Grade by IQCA

20%
|

0%
|

<25% 25-49% 50-69% 70-89% 09 0 %
Stenosis Grade on CCTA

Modified from Cheng et al. JACC Cardiovasc Imaging. 2008 Jul;1(4):460-71



T T
YN e

W e
Barinirs vo.,x?,o*rrfﬁ mra
i.cxiaiv.-f_w, =
T .S:. TNaavey
.“vﬁv.“quwﬁ;q w.,a?-.w/..,.

T ATy
A T L g s ¥ P £

.f.._,TwD. m_ A, i i
B K
SWC R A
vﬁ\wy ,.ﬂ.n ...,hvm H ‘..v,mm v_v,mm ”... mm E
m i;ivaiii
[t »—V_,‘|J“ v._zwmu n...z.w .u_ v. z_x.h_ .v/xM._.
wxlvlﬂ_::.:w,:?,:w

R N N AN i, Y
. _wn,_,. r,.__:fw__q;_ i __.pu... ..”L WS

A\TZ:, NS RPN ST YN RN i

R R T N AT

R ?:: i.:; A

f:_.:f NN T ,,.ﬁ,.?

f: /::,:%J;H@f.m
S T T Z.

Cat s A T

ML i_\ﬂ

¥ :._:d. I

...___ __ _.,__..:__ AT

?;,E ?ﬁ 1155

::

fz

: _.¢._, r _a.a_.ﬁ_y_.w. _ﬁ_u.n_i_,_h.u, it ,_ﬁﬁ

u.{____,.m i Ty u_xl _._v.... ....T...T....T._I iy
LEAN”- ..%v..;w.. Q.__V . ”—:__ A“.__v.._w.ﬁr _".__er_..__”_..N xu.”__._-....:... ..
K .f...r.

L, 0y __"& ¥ Ar i AV___. .E. ; r ,_w.f_.,_‘__,_.”, “__..f { o ?ﬁ ey __”u.__ _“f._x

,.,.__

Impact of plaque morphology on perfusion

r;. N

TR, PRI

x; iy WAL
.;..:.._:,.o__f.._i::..,._..,.}.._;..;._:f_; .:._.. o SR

MUY AL FUNAF NI W a e e g

gﬁhﬂﬂﬁsﬂgﬂ o

0.63

0.81 0.77

Ifferent FFR

D

0.76 0.70

0.81

0.89

tdts

versi

Spital Zirrich

Un

USZ

Courtesy of SJ Park



What do the guidelines recommend ?

Individual with suspected CCS: pre-test likelihood of obstructive CAD?

B . .

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 . during exercise
l Selective l
High-risk sequential Severe
cAD? CCTA N is)haemia

imaging

Refractory
Lifestyle and risk factor modification symptoms |
Disease-modifying and antianginal treatment

T

e Invasive investigation b

r 3

1
4 v
Obstructive epicardial CAD No obstructive CAD
Consider revascularization Consider ICFT:ANOCA/INOCA?

USZ s - @Esc—

2024 ESC guidelines on the management of chronic coronary syndromes
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Lesions -specific factors myocardial blood flow

The functional significance of coronary
lesions is determined by many factors
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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 imaging
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Single -Photon -Emission -Computed -Tomography (SPECT)
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Dauer Bildakquisition: ca. 15 -20 Minuten
Strahlenbelastung: 8 -10 mSyv

Universitdts .
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SPECT mit Halbleiter -Detektoren aus Cadmium -Zink-Tellurit

Dauer Bildakquisition: 2-3 Minuten 12

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
150O-Water Cyclotron 2 min
1BN-Ammonia Cyclotron 10 min
82Rubidium Generator 1 min
BE-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

rest MBF (ml/min/g)
stress MBF (ml/min/qg)
MFR (stress:rest )

USZ :osna MFR normal > 2.5
MFR pathological < 2.0
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Broad Applicability / No Absolute Contraindications

13N-ammonia PET/CT

USZ Sivergias Female patient with a BMI of 64kg/m 2
Effective radiation dose = 2.4 mSv



