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Fallbeispiel

68-jahriger Mann mit Thoraxschmerzen
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Fallvignette

« Zuweisung vom Hausarzt

« Seit 3 Monaten Thoraxschmerzen teils in Ruhe, teils bei
Anstrengung, jeweils einige Minuten anhaltend, spontan
regredient. = eher atypisch
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Diamond-Forrester-Kriterien

1. Beklemmendes Unwohlsein auf dem Thorax oder im Hals, Kiefer, den Schultern oder dem
linken Arm

2. Auftreten unter korperlicher Belastung
3. Besserung nach Sistieren der Belastung oder nach Gabe von Nitroglycerin innert 5Smin
- 3 Kriterien erfullt: typische Angina

- 2 Kriterien erfullt: atypische Angina

- 0 oder 1 Kriterium erfullt: nicht-angindse Schmerzen

Diamond NEJM 1979

Stadtspital Zirich Update Ischamie-Diagnostik 09.04.2026
Seite 4



Fallvignette

* Medikamente: ASS cardio 100mg, Atorvastatin/Ezetimib
40/10mg, Ramipril 5mg.

« Gut kontrollierte kardiovaskulare Risikofaktoren: BD 130-
140/85mmHg, LDL 0.5mmol/l, HbA1c 5.2%, kein Nikotin.
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Ergometrie

Geb.-datum 04.12.1533 Fall-Nr 41200270 Protokoll Al-19W
Alter 0853y Zimmer Ergo-Gerat - validiert ven User fur KISIM Absprung - 23.04.2024 08:34:20
Geschlecht  Maanlich Auftr-1D BD-Rekorder -
Ethnie Nicht definiert Auftragg.
Grosse 1T3am Zuw. Arzt Rube-HF 68 /min
Gewicht sskg Gerdte-ID  CS200ERG Ruhe-BD 129/ 72 mmKg
Medikation
Anmerkung
Vorstufe - min Max. Last 183w (111% of 138 W) Max. HF 146 /min [96% of 132 /min)
Aufwirmen  2:26:39 min Max. MET3 - Max. 8D 191/ 88 mmHg
Bela: 0T:33 min Leistungsge... 23W/kg
Erholung 03:37 min Min. BO xHF 87 mmHg/min
Gesamt 12:28 min PWC 130 =i {=W/kg) Max. BOXHF - mmHg/min
PWC 150 157w (238 W/kg) DP-Faktor -
PWC 170 200w (3.03W/kg)
Abbruch -
Stufe Phaze Last HF BD J20VS J40VS RPE VES 35pO2 Last HF ED auto ED man MET=
[mm=z] (W] Umin] [mmMg] (mm] [mVv/s] [mmol/l} %) 2 W Umin immHgl [mmsgl (110

Aufwdrmen 032 [ &8  129/72 02 0.1 0 - - -
Belastungl  01:00 33 &  130/67 o8 0.0 o - - - .
Belastung2  0Z:00 30 8 140/73 0.4 0.0 0 - - - 30
Belastung3 0203 30 £ - o3 0.0 0 - - -
Belastungd  03:02 80 101  146/T1 0.4 <1 0 - - - 140 .
Belastungs  04:02 93 11 13370 0.0 3 o - - -
Belastung6 0302 110 124 164/81 04 05 0 - - -
Belastung 7 0&:02 123 133  191/88 -3 0.2 [} - - - - /
Belastung8  OT:02 180 142 18177 .18 0.1 o - - - r"F
Belastung® o739 148 143 - 2.4 04 o - - -
Erholungl  01:00 3 107 136/69 0.4 0.3 0 - - - 120 _r"
Erholung2  02:00 23 & 183/80 0.1 <3 o = = =
Erholung3 0300 23 2 17376 0.3 0.1 0 - - -
Testende 0x:37 23 81 13&4/7s ©.2 0.1 o - - - 100 /
STmax (VS) -2.4 mm | -0.8 m/z @ <0824 = Hu

&0

@0

20

o
[} +02:30 =03:00 ~07:30 =10:00 +12:30 -13:00

€S-200:: 2.72.0= (030,00005301) 01,01, 01 - Gedruckt am 23.04.2024 08:38:35 Seite 1von 17
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Wie weiter?
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Nicht-invasiver Ischamietest vs. Koronarangiographie
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STEP |  Assess symptoms and perform clinical investigations Unstable angina! Follow ACS guidelines

STEP2  Consider comorbidities and quality of life futile Medical therapy*

STEP3 mmm.mxmhm LVEF <50% AR e
Cause of chest pain Treat as appropriate or
other than CAD? investigate other causes

Offer diagnostic testing
g Coronary CTA'
’g. E —— Choice of the test based on dlinical
STEPS g-g 1 VZ'::;si‘s:::mZ’:::&T;;'CS‘ —J»  Testing for ischaemia
gA as well as local expertise® (imaging testing preferred)

Clinical likelihood of obstructive C.

g
g

STEP6  Choose appropriate therapy based on symptoms and event risk®

Stadtspital Zirich Update Ischamie-Diagnostik
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Kardiales Stress-MRI

Circle Cardiovascular Inaging
ace Protocol View Preferences Help
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Koronarangiographie
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Koronarangiographie
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Koronarangiographie
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« PCI/DES proximaler RIVA, Drug coated Balloon 2. Marginalast

« Zusatzlich Plavix fur 6 Monate

Stadtspital Zirich Update Ischamie-Diagnostik 09.04.2026
Seite 15



Ergometrie

Stadtspital Zirich

PET

Koro Koro-CT

Ischamie-Diagnostik
2026

=

Stressecho

Stress-MRI
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Stadtspital Zirich

@ ESC European Heart journal {2024) 45, 3415-3537 Esc GUIDELIN Es

European Society httpsiidotorg/10.1093/eurheartjiehae 177
of Cardiclogy

2024 ESC Guidelines for the management
of chronic coronary syndromes

Developed by the task force for the management of chronic
coronary syndromes of the European Society of Cardiology (ESC)

Endorsed by the European Association for Cardio-Thoracic Surgery (EACTS)

Authors/Task Force Members: Christiaan Vrints @ *', (Chairperson) (Belgium),
Felicita Andreotti ( *T, (Chairperson) (Italy), Konstantinos C. Koskinas®,

(Task Force Co-ordinator) (Switzerland), Xavier Rossello © ¥, (Task Force
Co-ordinator) (Spain), Marianna Adamo @ (ltaly), James Ainslie (United Kingdom),
Adrian Paul Banning ©© (United Kingdom), Andrzej Budaj @ (Poland),

Ronny R. Buechel @ (Switzerland), Giovanni Alfonso Chiariello @ (Italy),

Alaide Chieffo @ (ltaly), Ruxandra Maria Christodorescu @& (Romania),

Christi Deaton @ (United Kingdom), Torsten Doenst @ ' (Germany),

Hywel W. Jones (United Kingdom), Vijay Kunadian © (United Kingdom),

Julinda Mehilli ©@ (Germany), Milan Milojevic @ 1 (Serbia), Jan ]. Piek ®
(Netherlands), Francesca Pugliese @ (United Kingdom), Andrea Rubboli ©® (ltaly),
Anne Grete Semb @ (Norway), Roxy Senior @ (United Kingdom),

Jurrien M. ten Berg & (Netherlands), Eric Van Belle & (France),

Emeline M. Van Craenenbroeck @ (Belgium), Rafael Vidal-Perez @ (Spain),

Simon Winther ©® (Denmark), and ESC Scientific Document Group
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Algorithmus

Stadtspital Zirich

Step | Initial evaluation

® ...

symptoms identfied
treat underlying Quse

fa)
&)
Selective second-line
R

CCTA: obstructive CAD?

* In individuals with low and moderace (>5-50%) 4 * Inindividuals with moderate and high (>15-85%)
clinical likelihood clinical lixelihood

Severe comorbidities or low qualicy
of [ife- consider no further testing and
treat medically

Invasive angiography if:

* Very high clinical likelihbocd (>85%)

« Suspicion of high-risk obstructive CAD
+ Severe myocardial ischaema

Revascularization
* To reduce symptoms .
= To improve prognosis in patients

high rizk of adverze evencs
Antianginal medical treatment

with obstructive CAD who are at

* To reduce symptoms

@Esc—

ESC-Guidelines CCS 2024

09.04.2026
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Stadtspital Zirich

Step | Initial evaluation

Update Ischamie-Diagnostik
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— Nur 10-25% mit Vd. a. CCS haben typische Angina
— 57-78% haben atypische Beschwerden
— 10-15% haben Anstrengungsdyspnoe

M Engl | Med 2015;372:1291-300. httpslidoiorg 10 1056/MEMoa 1415516

— PRECISE: typisch vs. atypisch hatten ahnliche 1 Jahres-Outcomes, dh
limitierter prognostischer Wert

Diouglas P5. N.anna -.“'G.-Kc'lscy MD, Yow E, Mark DB, Patel MR, et ol. Comparisan of
an initial risk-based testing strategy vs wsual testing in stable symptomatic patients with
suspected coronary artery disease; the PRECISE randomized clinical trial JAMA
Cordislogy 2023 .8:904-14. httpsidoiorp/10.1001 famacardio 2023 2595
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Stadtspital Zurich

Lecation
amd slze-

Drusration

Trigger

Quality

« Ag rast
= Oin deep inspiration or when

caughing

'Wlﬂ'r]iﬁssh‘qmrinurnﬂ'nm

« By anscids, driking milk

- Diffeulty to bl

-Wfﬂnﬂm

- Both at rest and on effort
- While coughing

« Slovwty suheiding at rest or after

inhalation of bronchodiators

+ Extanding to left arm; or to jugulr
or intrassapuar region

* Shortug to 5—10 min if trigered by

< O effore
+ More frequant in cold weather, strong winds

ar after a heavy meal

exCitAton or péghtmare)

+ Sisheiding within |=5 min after

effort discontinuation

¢ Rielief accelerared by sublingual

rétroghycerin

@ rsc—
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Constricting discomfort located retrosternally
or in neck, jaw, shoulder or arm (| point)

Aggravated by Physical o emotional stress (1 poing
Relieved by Rest or nitrates within 5 min (| point)

Type and location

Shortness of breath andfor trouble catehing breath

aggravated by physical exertion {2 points)
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Stadtspital Zirich

Labor

The following blood tests are recommended in all

individuals to refine risk stratification, diagnose

comorbidities, and guide treatment:

» lipid profile including LDL-C5412 --

- full blood count (including haemoglobin) ' [N B
N e

* creatinine with estimation of renal ﬁ.lnction;m

* glycaemic status with HbA1c and/or fasting plasma
glucose.16:86:135.136

In patients with suspected CCS, it is recommended

to assess thyroid function at least once.'¥7138

Additionally, hs-CRP and/or fibrinogen plasma levels
should be considered.'?” 8121125 w

CCS, chronic coronary syndrome; HbA1c, glycated haemoglobin; hs-CRP, high-sensitivity
C-reactive protein; LDL-C, low-density ipoprotein cholesterol.

*Class of recommendation.

PLevel of evidence.

Update Ischamie-Diagnostik
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Algorithmus
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Vortestwahrscheinlichkeit

2013

Age

30-39
40-49
50-59
60-69
70-79
>80

Typical angina

Men
59
69
77
84

CE

Stadtspital Zirich

Women
28
37
47
58
68
76

Atypical angina

Men
29
38
49
59
69
78

Women
10
14
20
28
37
47

Non-anginal pain

Men
18
25
34
44
54
65

Women

2019

Typisch Atypisch Nicht-anginos Dyspnoe

Alter m w m w m w m w
30-39 3% 5% 4% 3% 1% 1% 0% 3%
40-49 22% 10% 10% 6% 3% 2% 12% 2%
50-59 32% 13% 17% 6% 11% 3% | 20% 9%
60-69 44% 16% 26% 11% 22% 6% | 27% 14%
>70 52% 27% 34% 19% 24% 10% | 32% 12%

ESC-Guidelines SCAD 2013
ESC-Guidelines CCS 2019

Update Ischamie-Diagnostik
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Vortestwahrscheinlichkeit

Guidelines 2024: Risk-Factor-weighted Clinical
Likelihood (RF-CL) model

Update Ischamie-Diagnostk ~09.04.
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Risk-Factor-weighted Clinical Likelihood (RF-CL)

Geschlecht

Alter

Symptome

Erhebung der kardiovaskularen Risikofaktoren (Nikotin,
Familienanamnese, Lipide, Hypertonie, Diabetes)

Erhebung von Komorbiditaren: Niereninsuffizienz, pAVK,
cerebrovaskulare Krankheit, COPD, rheumatologische Erkrankungen

Stadtspital Zirich Update Ischamie-Diagnostik 09.04.2026
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Algorithmus

Stadtspital Zirich

Sensitivity

Receiver-Operating Characteristic Curve

0 I I I I I I I I I !
0 10 20 30 40 50 60 70 80 90 100

1-Specificity (%)

u PTP 72.2% (95% Cl: 70.9%-73.5%)
RF-CL  74.9% (95% Cl: 73.7%-76.1%) Winther JAGG 2026
M CACS-CL  84.9% (95% Cl: 84.0%-85.9%)
Update Ischédmie-Diagnostik 09.04.2026
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Algorithmus

Stadtspital Zirich

-

P
w Symptom score (0-3 points)
: Constricting discomfort locatad retrosternally :
e sedsetion ar in neck, jaw, shoulder ar arm (| peing i spmptee: shber:
Aggravatedby  Physical or emational seress {1 poing) {E_hf:el::j
Relieved by Rest or nitrates within 5 min (| point)
or
= . D?‘!P.I:IDBa
Shortness of breath andior mouble catching breath (2 points)

Mumber of
risk factors

Age 30-39
Age 40-49
Age 50-59
Age 60-69
Age T0-80

aggravared by physical exertion (2 points)

MNumber of risk factors for CAD (0-5):
Family history, smoking, dyslipidaemia, hypertension and diabetes

Estimate the Risk Factor-weighted Clinical Likelihood (RF-CL)
of obstructive CAD

Symptom score

0—1 point 1 paints 3 points
-i- Wamen i Men 'i' Weomen * Men i Wamen i Men
0-1 22345 0-12-345 01 2-345 0-]2-345 01 2345 0-12-145

900 008 000 090 0606 0062
@00 00 006 OO By
a0 20 D7 OOG 2V
@@ aeam @7 s @@ s 32 35 39

@ 19 24 @ s 22 27 34 16 1923 44 44 45

Clinical likelihood: @ Yery low @ Low Moderate @ ESC

Update Ischamie-Diagnostik
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e st -mmh«m&'w iyl
Aggrated by Physical or emational stress () paing) ml"‘"
Relieved by Raac or rraes wis S min 1 o)
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Stadtspital Zirich

Age 30-39
Age 40-49
Age 50-59
Age 60-69
Age T0-B0

Estimate the Risk Factor-weighted Clinical Likellhood (RF-CL)

Clinical bkefhood:

af abitructive CAD

SYMpTOATY SCOTE
2 poins

§ Women  § Men
012345 012345

o0® 200
eae 900
260 @0
eee e
@l M

@ Very low @ Low Maderate

Ol 2-3 4-5

@B
@ 02

21 27 33
ey LR
44 44 45

@Esc

Update Ischamie-Diagnostik
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Vortestwahrscheinlichkeit

2013

Age

30-39
40-49
50-59
6069
70-79
>80

Typical angina

Men
59
69
77
84

CE

Stadtspital Zirich

Women
28
37
47
58
68
76

Atypical angina

Men

29 10
38 (4
49 20
59 28
69 37
78 47

2024

Women

Non-anginal pain

Men
18
25
34
44
54
65

Mumber of
risk faceors

Ape 30-39
Ape 40-49
Age 50-59
Ape H0-69
.I"l.gr F0=-B0

2019
Typisch Atypisch Nicht-anginos Dyspnoe
Women | | Alter m w m W m W m W
5 30-39 3% 5% 4% 3% 1% 1% 0% 3%
8 40-49 22% 10% 10% 6% 3% 2% 12% 2%
12 50-59  32% 13% 17% 6% 11% 3% 20% 9%
17 60-69 44% 16% 26% 11% 22% 6% 27% 14%
24 >70 52% 27% 3% 19% 24% 10% | 32% 12%
32
«:.- ‘Wiemen b Men § YWomen ! Men ":' Wamen b Men
O=] =3 45 0=l 2-3 4-5 D] 2=F 45 D=| =3 4=5 O=1 2=3 4=5 D=l 2=3 4-5%
o i) @ i B 5 EhEe 868 2E®H @6
DHed 99 paEe 20 @R B w2
h@® 09 T T BN 1T F 1 1 B
288 80 @D @17 s i@ 32 35 1
@8 B & s 1227 16 19 23 44 44 45
Update Ischamie-Diagnostik 09.04.2026
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Algorithmus

Stadtspital Zurich

Recommendations

It is recommended to estimate the pre-test
likelihood of obstructive epicardial CAD using the
Risk Factor-weighted Clinical Likelihood
model,139:140.142,143,161,162

It is recommended to use additional clinical data (e.g.
examination of peripheral arteries, resting ECG,
resting echocardiography, presence of vascular
calcifications on previously performed imaging tests)
to adjust the estimate yielded by the Risk
Factor-weighted Clinical Likelihood model.'®?

In individuals with a very low (<5%) pre-test likelihood
of obstructive CAD, deferral of further diagnostic
tests should be considered.’3*"¢4

In individuals with a low (>5%—15%) pre-test
likelihood of obstructive CAD, CACS should be
considered to reclassify subjects and to identify more
individuals with very low (<5%) CACS-weighted
clinical likelihood,"?*143:16%

In individuals with an initially low (>5%—15%)
likelihood of obstructive CAD, exercise ECG and
detection of atherosclerotic disease in non-coronary
arteries may be considered to adjust the pre-test

likelihood estimate.'**16¢

Update Ischamie-Diagnostik
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Level®

© ESC 2024

ESC Guidelines CCS 2024
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Algorithmus

Stadtspital Zurich

@ Risk Factor-weighted Clinical Likelihood (RF-CL)

Symptom score

0—I point 2 points 3 points
3 ° L] L L] o
of 4§ Women 4 Men # Women I Men # Women f Men
N
o DR 0-1 2-34-5 0-12-345 0-12-34-5 0-12-34-5 0-12-34-5 0-12-345
risk factors

a0 000 000 000 000 0600
At 000 000 000 0600
Ages0-59 @S [ I REam I I |
Ages069 @D@@ G ®@ 7 12 17 25 a9

“Q90

Age 70-80 22,27 34 16 19 23

ey 1 1)

Clinical likelihood: @ Very low @ Low Moderate

@ Adijust clinical likelihood based on abnormal clinical findings

Resting ECG changes (Q-wave or ST-segment/T-wave changes)
Exercise ECG with abnormal findings

LV dysfunction (severe or segmental)

Ventricular arrhythmia

Peripheral artery disease

Coronary calcification on pre-existing chest CT

‘ ’—" ) Consider reclassification of low RF-CL (>5-15%) using (Class Ila)
CACS to identify very low (<5%) CACS-CL
CACS 21000
CACS 400-999
CACS 100-399
Coronary artery calcium CACS 10-99
score (CACS)-weighted clinical g:g ;—9

likelihood of obstructive CAD (%)

10 20 30 40 50 60 70 80
Risk Factor-Weighted Clinical Likelihood of obstructive CAD (%)

OB
@ 20 27

200 27 33
32 35; 39
44 44 45

Update Ischamie-Diagnostik
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Abklarungsalgorithmus

< 5%

l

Keine weiteren
kardialen Abklarungen

5-15%

>15-50%

\/

Modifizierende Faktoren

-

< Senken die Wahrscheinlichkeit:
-Normales Belastungs-EKG

-Fehlender Kalknachweis im CT (Agatston-Score 0)

Erhohen die Wahrscheinlichkeit:
- Risikofaktoren (Dyslipidamie, Diabetes, Hypertonie,
Nikotinabusus, positive Familienanamnese)

- Abnormales Ruhe-EKG

- LV-Dysfunktion, vereinbar mit KHK

- Abnormales Belastungs-EKG
- Nachweis von koronarem Kalk

Stadtspital Zirich

Update Ischéamie-Diagnostik

Adaptiert von ESC-Guidelines CCS 2019
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In individuals with a low (>5%~15%) pre-test
likelihood of obstructive CAD, CACS should be
considered to reclassify subjects and to identify more
individuals with very low (£5%) CACS-weighted
clinical likelihood, 143165

o Consider reclassification of low RF-CL (>5-15%) using (Class )
CACS to identify very low {<5%) CACS-CL :

- CACS 21000
= CACS400-999
| CACS 100-399

. CACS 10-59

Coronary artery cabcrum N CACS LS
score (CACS)-weaighted clinical . CACSD

likelihood of obstructive CAD (%)

0
O 0 2 30 40 S0 & T BO
Risk Facror-Weighted Clinical Likélihood of absoictve CAD (%)

ESC-Guidelines CCS 2024

Stadtspital Zirich Update Ischamie-Diagnostik 09.04.2026
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Algorithmus

Step 3 Confirming diagnosis and
estimating event-risk

Invasive angiography if:
* Very high clinical likelihood (>B5%)
» Suspcion of high-risk obstructive CAD
» Severe myocardial ischaemia
Consider ANOCA/INOCA
‘ Selective second-lina “.
imaging to increase
CCTA: obstructive CAD? post-test likelihood Functional imaging: myocardial ischaemia?
« In individuals with low and maderate (>5-50%) - ®  « In Individuals with moderate and high (>15-85%)
chinical likelihood clinical likelhc od '
Stadtspital Zirich Update Ischamie-Diagnostik 09.04.2026
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Wahl des passenden Tests

— Keiner

— Belastungs-EKG

— Anatomisch nicht-invasiv
o Koronar-CT

— Funktionell nicht-invasiv
o Stress-MRI

« Stress-Echo

« Myokardperfusions-SPECT
« Myokardperfusions-PET

— Koronarangiographie

Stadtspital Zirich Update Ischamie-Diagnostik 09.04.2026
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Koro-CT

7777

»('

Stressecho

Stress-MRI

Stadtspital Zirich Update Ischamie-Diagnostik 09.04.2026
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Wahl des passenden Testes

— Keiner!

— Ergometrie

— Anatomisch nicht-invasiv
o Koronar-CT

— Funktionell nicht-invasiv
o Stress-MRI

« Stress-Echo

« Myokardperfusions-SPECT
« Myokardperfusions-PET

— Koronarangiographie

« +FFR

Stadtspital Zirich Update Ischamie-Diagnostik 09.04.2026
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Wahl des passenden Testes

Estimate the Risk Factor-weighted Clinical Likelihood (RF-CL)
of obstructive CAD
Symptom score
0=l point 2 points 3 points
* Men * Men ‘ Women * Men
0-12-3 45 0-1 2-3 4-5 0-12-34-5 012345
Ta2s 20 2060 62
24® a0R ®oe B
Tan ®07 ©O6 27
®o® @72 O® e 323539
%1924 2227 4 16 19 23 44 44 45
Clinical likelihood: @ Verylow @ Low Moderate @ ESC
ESC-Guidelines CCS 2024
Update Ischamie-Diagnostik 09.04.2026
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Wahl des passenden Testes

— Keiner

— Ergometrie

— Anatomisch nicht-invasiv
o Koronar-CT

— Funktionell nicht-invasiv
o Stress-MRI

« Stress-Echo

« Myokardperfusions-SPECT
« Myokardperfusions-PET

— Koronarangiographie

« +FFR

Stadtspital Zirich Update Ischamie-Diagnostik 09.04.2026
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Ergometrie

* Vorteile:

— Verfugbarkeit

— Kosten

— Aussage uber Leistungsfahigkeit

* Nachteile:

— Tiefe Sensitivitat und Spezifitat

— Keine Lokalisation der Ischamie moglich

— Oft nicht genugend aussagekraftig (vorbestehende EKG-Veranderungen,
mangelnde Leistungsfahigkeit)
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Ergometrie

Test  Pre-test probability of ICA-significant CAD

Results 0%

Stress ECG t

50%

100%

Stadtspital Zurich

Knuuti Eur Heart J 2018

A Anatomically Significant CAD

PET +
CCTA+
Stress ECG +
Stress ECG -
PET -
CCTA -

95 0.5

0.001
0.2
99 - -1 0.1
Pre-test Likelihood Post-test
probability ratio probability
Juarez-Orozco Eur Heart J CV Imaging 2019
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Ergometrie

EXERCISE STRESS TESTING

SENSITIVITY SPECIFICITY

Study name

EST studies on females Event rate (95% CI) p Value Event rate (95% CI) p Value
Laurienzo J.M. et al. (1997) —i- 0.76 (0.67-0.83)  0.000 o 0.68 (0.58-0.76, 0.000
Ho Y.L. etal. (1998) == 071 (0.61-0.79)  0.000 0.44 204354154: 0.231
Bokhari S. et al. (2002) 0.56 (0.46-065) 0231 046 (0.36-056)  0.424
Rolldn M.J. etal. (2002) L o 0.76 (0.67-083)  0.000 053(043-062) 0549
Michaelides A.P. et al. (2007) 059 (0.49-068)  0.073 0.40(0.31-050)  0.047
Lu C. etal. (2010) e 0.81 (0.72-087)  0.000 0.56 (0.46-0.65)  0.231
Greulich S. etal. (2012) 0.50 (0.40-0.60) 1.000 0.73(0.63-081)  0.000
Subtotal L 4 0.68 (0.58-0.76)  0.000 0.54(0.450.63)  0.344
EST studies on both genders

046 (0.36-056) 0424
070 (0.60-078) 0000
055 (045-064) 0318
068 (058-076)  0.000
060 (050-069)  0.047
023(016-032)  0.000
040 (031-050)  0.047
054 (044-063) 0424
058 (048-067) 0111
066 (056-075) 0002
085 (0.77-091) 0000
082 (0.73-088)  0.000
077 (0.68-084)  0.000
037(028-047) 0010
090 (0.82-094)  0.000
036 (027-046)  0.006
076 (0.67-083)  0.000
098 (0.93-100)  0.000

Salustri A. et al. (1992)

Van Rugge F.P. et al. (1993)
Panza J.A. et al. (1994)

San Roman J.A. et al. (1996)
Kisacik H.L. et al. (1996)
Morise A.P. et al. (1997)
Hennessy T.G. et al. (1997)
Kalaria V.G. et al. (1998)
Santoro G.M. et al. (1998)
San Roman J.A. et al. (1998)
Gentile R. et al. (2001)
Cortigiani L. et al. (2003)
Zeng H. et al. (2004)
Gonzalez P. et al. (2005)
Nedeljkovic I. et al. (2006)
Bokhari S. et al. (2008)
Weustink A.C. etal. (2012)
Attar A. etal. (2017)

0.67(057-075)  0.001
0.63(053-072) 0010
077 (0.68-084)  0.000
0.79(0.70-086)  0.000
064 (054-073)  0.006
0.77(0.68-084)  0.000
0.79(0.70-086)  0.000
057 (0.47-066) 0163
0.67(057-075)  0.001
0.80(0.71-087)  0.000
058(0.48-067)  0.098
050(0.40-060)  1.000
066 (0.56-074)  0.002
0.74(0.64-082)  0.000
0.87(0.79-092)  0.000
0.74(0.64-082)  0.000
047(0.37-057) 0549
012 (0.07-020)  0.000

Subtotal 0.64(0.55-073)  0.004 0.6 (0.59-0.73)  0.000
Overall 0.66 (0.59-0.72)  0.000 0.61(0.550.67)  0.000
0.00 0.50 1.00 0.00 0.50 1.00
Andrea Sonaglioni et al., J. Clin. Med. 2025, 14(17), 6238
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Belastungs-EKG

2013

Exercise ECG is recommendedas the initial test to estab-
lish a diagnosis of stable CAD in patients withsymptoms
of angina and intermediate PTP of CAD (15—65%), free
of anti-ischaemic drugs, unless they cannot exercise or

display ECG changes that make the ECG non-evaluable.

Stadtspital Zirich

Class® 2019

selected patients.

methods are not available.

Exercisa ECG is recormmended i selected patients®
for the assessment of exercise tolerance, symptoms,
arrhythmuans, BP response, and event risk.

Exercise ECG may be considerad as an alternative
test to nde in and ree out CAD when non-invasive
imaging tests are uniavailable; o0 s AT

&n exercise BECG may be considered to refine risk
stratification and treatment.'™

In individuats with 2 low (=5%-15%) pre-test
likafihcod of obstructive CAD, an exercise ECG may
be considered to (dentify patients in whom further
testing can be deferred.*""

Update Ischamie-Diagnostik

Exercise ECG is recommended for the assessment of exercise tol-

erance, symptoms, arrhythmias, BP response, and event risk in

Exercise ECG may be considered as an alternative test to rule-in

or rule-out CAD when other non-invasive or invasive imaging

ESC-Guidelines CCS 2013/2019/2024

Class®

09.04.2026
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»('

Stressecho

Stress-MRI
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Wahl des passenden Testes

— Keiner

— Belastungs-EKG

— Anatomisch nicht-invasiv
« Koronar-CT

— Funktionell nicht-invasiv
o Stress-MRI

« Stress-Echo

« Myokardperfusions-SPECT
« Myokardperfusions-PET

— Koronarangiographie

« +FFR
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Koronar-CT

Bevorzugter Test wenn

— klinische Wahrscheinlichkeit fur KHK im tieferen Bereich

— Keine KHK bekannt
— Hohe Wahrscheinlichkeit fur gute Bildqualitat

Stadtspital Zirich Update Ischamie-Diagnostik 09.04.2026
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Stadtspital Zurich

Risk factor-weighted clinical likelihood Appropriate first-line test for
of obstructive CAD suspected CCS

Invasive coronary angiography

s -

Functional imaging

-

PET/SPECT CMR  Stress ECHO

CCTA Functional imaging

Moderate OR -
e o L

PET/SPECT CMR  Stress ECHO

Adjust the clinical likelihood CCTA

-2 - =

Defer further testing

@ESC—

Update Ischémie-Diagnostik ESC Guidelines CCS 2024
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Koronar-CT

— Gemass ESC-Guidelines bei RF-CL 5-50% empfohlen

— Sehr gut, um KHK auszuschliessen
— Sehr schnell durchgefuhrte Untersuchung, tiefe Strahlendosis (1-1.5mSv)

Test Clinical Likelihood of FFR-significant CAD
100%

Results 0% 50%
; :
Coronary CTA _$
|

Knuuti Eur Heart J 2018
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Stadtspital Zirich
Seite 52



Koronar-CT

Stadtspital Zirich

| 1 1 | |
10 20 30 40 50 60 70
Systole % R-R Interval*

80 90 100
Diastole

Update Ischamie-Diagnostik

Husmann Radiology 2007
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Koronar-CT - Voraussetzungen

— Regelmassiger, relativ langsamer Puls (Ziel <65/min), Vorbereitung mit
lvabradin/Betablocker (peroral/intravenos)

— (Vorhofflimmern relative Kontraindikation)

— Mind. 64-Zeiler-CT fur gute Auflosung

— Patient muss Atem anhalten konnen
— Erschwerte Beurteilbarkeit bei viel vorhandenem Kalk, Artefakt durch Stents
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Koronar-CT

‘ =l
Hor Dzscanding A

2 RIE
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Koronar-CT - Calciumscoring

— Geringe Strahlenbelastung, Nativ-CT
— Messung der Plaques (>130 Hounsfield Units) mit Hilfe einer Software -

Agatston Score
— Hoher negativer pradiktiver Wert (96-100%) fur stenosierende KHK bei

Calcium Score O

Stadtspital Zirich Update Ischamie-Diagnostik 09.04.2026
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Calcium Score

CACS 383
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Calcium Score

CACS 389

RCA

RIVA RCX
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Stadtspital Zirich

CENTRAL ILLUSTRATION Adjusted Event Free Survival Curves as a Function of Statin Therapy and
Coronary Artery Disease Burden

MI and All-Cause Mortality

No CAD Nonobstructive CAD + CACS 0-99
100 A —————

90
. 801
s NNT = 92 NNT = 36
2 70
-
a
9 Nonobstructive CAD + CACS 100-399 Nonobstructive CAD + CACS 2400
& 100 -
e
(]
@

90

801 NNT=24

70

0 2 4 6 80 2 4 6

Follow-Up Time (Years)
Statin Therapy: — Therapy --- No Therapy

@vrehus, K.A. et al. J Am Coll Cardiol Img. 2021;14(12):2400-2410.

Event-free survival according to CAD burden and statin therapy during follow-up adjusted for age, sex, hypertension, diabetes, family history of pre-
mature CAD, tobacco, comorbidity, and aspirin use. CACS = coronary artery calcium score; CAD = coronary artery disease; Ml = myocardial infarction;
NNT = number needed to treat with statins for 5 years to prevent Ml or all-cause mortality.
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Koronar-CT - Power of Zero

ﬁ, | 2l
e Lenghy 18,5 cm 2 Langih: 12,9 cm
- T4 ) 1
22 Clreumilex Artery i orjary Artery
; 50,0° Rt B e R

RCX
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Calcium Score - Power of Zero

100% 9 &
Hﬂ\ 0
98% - 1
2
E
T 96% A
2
% o 2
2 94%7  0:Normal/CADRADS 0
2 1: Non-obstructive CAD / CADRADS 1-2
92% - 2: Obstructive CAD / CADRADS 23
90% -
0 2 4 6 8 10
Yea rs Finck JACC CV Imaging 2018
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Stadtspital Zirich

In individuals with suspected CCS and low or
moderate (>5%-50%) pre-test likelihood of
ohstructive CAD, CCTA Is recommended to
diagnase abstructive CAD and to estimate the risk of
MACE 3334145212 214-221

CCTA is recommended in individuals with low or
moderate (=5%-50%) pre-test likelihood of
ohstrsctive CAD to refine diagnosis if another
non-invasive test is non-diagnostic.**

CCTA is not recommended in patients with severe
renal failure (eGFR <30 mL/min/1.73 m’),
decompensated heart failure, extensive coronary
calcification, fast irregular heart rate. severe cbesity,
inability to cooperate with breath-hold commands,
or any other conditions that can mzke obtaining

good imaging quality undikety,

i E5C 2004
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Wahl des passenden Testes

— Keiner

— Belastungs-EKG

— Anatomisch nicht-invasiv
 Koronar-CT

— Funktionell nicht-invasiv
» Stress-Echo

o Stress-MRI

* Myokardperfusions-SPECT
« Myokardperfusions-PET

— Koronarangiographie
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Risk factor-weighted clinical likelihood
of obstructive CAD

=

Moderate
>15-50%

=

Appropriate first-line test for
suspected CCS

Invasive coronary angiography

2

Functional imaging

PET/SPECT CMR  Stress ECHO

CCTA Functional imaging

L RO Y

PET/SPECT CMR  Stress ECHO

Adjust the clinical likelihood CCTA

= i I

Defer further testing

Stadtspital Zurich

Update Ischamie-Diagnostik
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Nicht-invasive funktionelle Tests

— Konnen besser Patienten mit KHK korrekt erkennen als CCTA
— Bevorzugt bei Patienten mit hoherer klinischer Wahrscheinlichkeit fur eine

KHK oder bei schon bekannter KHK
— Guidelines sagen nicht, welchen funktionellen Test man machen soll
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Wahl des passenden Testes

A Test
Results
+
Stress ECG _
+
Coronary CTA

PET i
Stress +
CMR .
Stress +
Echocardiography -
SPECT )

Clinical Likelihood of ICA-significant CAD

0% 50%

i

[5%

I

100%

r

85%

R

ICA

Coronary CTA

PET

Stress
CMR

SPECT

Test Clinical Likelihood of FFR-significant CAD
esults 0% 50% 100%
+ |
- -
|
¥ . —

85%
Clinical Likelihood range where test
can rule-in CAD (Post-test probability will rise above 85%)

Clinical Likelihood range where test
can rule-out CAD (Post-test probability will rise below 15%)

Stadtspital Zirich
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Herz-MRI

| _

e
7

Iy

Health.ucdavis.edu
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Herz-MRI - Voraussetzungen

— Hamodynamisch stabiler, kooperativer Patient (muss wahrend ca. 30 Min
teils relativ lange Atemkommandos befolgen konnen)

— * regelmassiger Herzrhythmus
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Herz-MRI - Schwierigkeiten

— Klaustrophobie

— ,anspruchsvolle” Untersuchung

— Adipositas

— Potenzielle Schadigung ferromagnetischer Implantate
 MR-kompatible Schrittmacher / ICD; cave alte/epikardiale Elektroden!
* Herzklappen grundsatzlich MR-kompatibel
« www.mrisafety.com

Stadtspital Zirich Update Ischamie-Diagnostik 09.04.2026
Seite 69



Medikamentose Vasodilatation durch Regadenoson oder Adenosin

(caffeine, methylxanthines)

— ° e
= o Ty

adenosine
is blocked

® ® @
@ @ Adenosine receptor blocker @
® @ @ @

Intravascular ® Al A2a A3 A2b
space receptor receptor receptor receptor
N gl 1)) s e '
membrang| | CQ)# ]
Endothelial cell AV Block Vasodilation Bronchospasm
intracellular Adenylase Adenylase
space / \ cyclase cyclase
/ (eAMD)
Inosine AMP\ @ @ (:A_p’
Hypoxanthine (\AD}/
‘ \H I@ Adenosine @ Dipyridamole @ Regadenoson
Uric acid ATE C Calffeine M) Methylxanthines

Figure 1. Mechanism of action of coronary vasodilators. ADP, Adenosine diphosphate; AMP,
adenosine monophosphate; A7P, adenosine triphosphate; AV, atrioventricular; and cAMP, cyclic
adenosine monophosphate.

EANM procedural guidelines for radionuclide myocardial perfusion imaging with SPECT and SPECT/CT: 2015 revision. Hein J. Verbene et al.
Eur J Nucl Med Mol Imaging (2015) 42: 1929-1940.

Stadtspital Zirich Update Ischamie-Diagnostik 09.04.2026
Seite 70



Stress-MRI

— wahrend medikamentoser Belastung Injektion von Kontrastmittel - Scan
wahrend First-Pass des KM—> Beurteilung der Perfusion indem wir die
Verteilung des KM im Myokard anschauen
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Stress-MRI Beispiel

mid apikal
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LCX

RCA

ACC/AHA



Stress-MRI - Beispiel
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Myokardperfusions-SPECT

— SPECT: single photon emission computed tomography

— Einsatz seit 1973 (*®"Thallium), seit 1990 ist %M Technetium FDA-approved
- Jahrzehntelang validierte Methode

Stadtspital Zirich Update Ischéamie-Diagnostik 09.04.2026
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Myokardperfusions-PET/CT

PET = Positron Emission Tomography

Abb. 3.15. Schema eines Positronenzerfalls.

— Injektion eines Radiotracers, welcher sich flussabhangig im Myokard
anreichert

— Erlaubt zusatzlich die quantitative Beurteilung der Myokardperfusion durch
Flussmessungen

Stadtspital Zirich Update Ischamie-Diagnostik 09.04.2026
Seite 76



Myokardperfusions-PET/CT
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Myokardperfusions-PET/CT

Medikamentose Belastung (direkt im Scanner) mit

— Regadenoson
— Adenosin
— (Dobutamin)
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— Qualitative/semiquantitative Beurteilung: analog zum SPECT
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— Quantitative Beurteilung: Bestimmung des koronaren Blutflusses in Ruhe
und unter Belastung, somit Bestlmmung der koronaren Flussreserve
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Table 1. General interpretation and classification of risk in relation to global MBFR.

MBFR Interpretation Relative risk
=2 Normal Low

1.7-2 Mildly abnormal Intermediate
1.2-<1.7 Abnormal High

<1.2 with a perfusion defect Highly abnormal Very high

<1.2 without a perfusion defect Consider non-diagnostic study Indeterminate

Cutoffs are generally arbitrary and may vary slightly between labs, software used, stressors used, and published studies. The
principle is that the lower the flow reserve the greater the relative risk

Bateman et al; Practical Guide for Interpreting and Reporting Cardiac PET
Measurements of MBF, Journal of Nuclear Medicine, March 2021
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Myokardperfusions-PET - Beispiel
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Myokardperfusions-PET - Beispiel
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Myokardperfusions-PET - Beispiel

Stadtspital Zirich

REST_ACSC

Flow-Blackout

+SDynamisc

ynamisch RE

Update Ischéamie-Diagnostik

clivity Curves
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v Global
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Myokardperfusions-PET - Beispiel
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Recommendations

Im individuals with suspected CCS and moderate ar

high (= 15%—-85%} pre-test ikelhood of obstructive

CAD, strass SPECT or, preferably, PET myocardial

perfusion imaging is recommended toc

* diagnose and quantify myocardial ischaemia andfor
- 5Car;

* pstimate the risk of MACE;

* quantify myocardial blood fiow

‘PET} 3344223 157 363 TR TTINRF 3835

Stadtspital Zirich

PET/SPECT/MRI

In patients selected for PET or SPECT myocardial
perfusicn imaging, it is recommended to measure
CACS from unenhanced chest CT imaging (usad for
attenuation correcticn) to improve detection of
both non-obstructive and obstructive CAD. 7%

In individuats with suspected CCS and moderate
ar high (»15%-85%) pre-test likelihood of

abstructive CAD, stress CMR parfusion imaging is
recommended to diagnose and quantify myocandial
ischaemia and/or scar and estimate the risk of
MACE MEITIITEITEIN-T97

€ ESC 2024
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Stadtspital Zirich

Risk factor-weighted clinical likelihood Appropriate first-line test for

of obstructive CAD suspected CCS
Invasive coronary angiography
=» . &
Functional imaging

. ORe]

PET/SSPECT  CMR  Stress ECHO

CCTA Functional imaging

o - c®0Oe

PET/SPECT CMR  Suress ECHO

Adjust the clinical likelihood CCTA
‘{\., o OR
= Defer further testing
@Eesc—

uUpaate 1schamie-uliagnostik
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Wahl des passenden Testes

— Zusatzlich zur klinischen Wahrscheinlichkeit muss bertcksichtigt werden:

Expertise

« Verfugbarkeit

« Patientencharakteristika (z.B. unregelmassiger Puls, viel Kalk - kein CT)
* Andere Fragestellungen (Viabilitat, Kardiomyopathie, Vitien...)

* Risiken durch Test: Strahlenbelastung, Kontrastmittel, medikamentose
Belastung
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Wahl des passenden Tests

\égiﬂeg”— I((gls_l’rFe)n Strahlung gs:]gre_ Stress Koronarien Viabilitat
Echo ++++ 750 - ot +++ + +
CMR ++ 1300 - ++++ +++ ik 4+
CCTA +++ 700 1-1.5mSv (+) - FH++ _
SPECT +++ 1500-2000 ?-10mSv - ++ - +
PET + 2500 3-4mSv - ++++ _ 4

Stadtspital Zirich

Update Ischamie-Diagnostik

09.04.2026




Take Home Messages

— Die Pravalenz der stenosierenden KHK bei Patienten mit
Thoraxschmerzen/Dyspnoe ist noch deutlich tiefer als bislang
angenommen

— Das Belastungs-EKG sollte aufgrund der tiefen Sensitivitat und Spezifitat
nicht zur Ischamiediagnostik eingesetzt werden

— Vortestwahrscheinlichkeit wird seit 2024 anhand des Risk-Factor-weighted
Clinical Likelihood (RF-CL) Modells erhoben

— Aufgrund der allgemein deutlich tieferen Vortestwahrscheinlichkeiten
qualifizieren mehr Patienten fur ein Koro-CT, welches eine KHK sehr gut
ausschliessen kann
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% Stadtspital Zurich

Vielen Dank fur die
Aufmerksamkeit!

Dr. med. Muriel Wiedemann-Buser
Oberarztin meV Kilinik fur Kardiologie



