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Kardiales	CT

• nicht	invasiv	
• schnell	
• rel.	einfache	Durchführung	
• rel.	günstig

Kardiales	CT

• 64	Zeilen:		
– Abdeckung	4cm	
– Rotationszeit	<	300ms	

• EKG-getriggert	
• Strahlenbelastung:	ca.	1mSv	

Limitationen	kardiales	CT
• Hohe	Herzfrequenz	(>60-70bpm)	
• Arrhythmien	(VHF,	Extrasystolen)	
• Nephrotoxisches	Kontrastmittel	
• Atemanhalten	ca.	5sec	
• Kalk:	Calcium-Score	>400	
• Stents	
• Adipositas	
• Kleine	Gefässe	(<1.5mm)	
• St.	n.	ACBP	



Kardiales	CT	für	den	Patienten

Vorbereitung:		
– ev.	bis	1	Stunde	Vorbereitung	(Betablocker)	
– Infusion	für	Kontrastmittel	
– Nitro-Spray	(ev.	Kopfschmerz)	

Untersuchung	
– Liegezeit	im	Scanner	ca.	10-15min	
– 60-100ml	Kontrastmittel	
– Mehrmals	Atemanhalten	für	5-10s

Koronar-CT

Calcium-Scoring CT	Koronarangiographie

Calcium-Scoring

• Natives	CT	(ohne	KM)	
• Schichtdicke	3mm	

• Bestimmung	Ausmass	an	
Calcium	in	den	Gefässwänden	
der	Koronararterien  
(Agatston-Score)

Calcium-Score	und	Risiko

JACC	2007;49:378

Jährliches	Risiko	für	Tod	und	Myokardinfarkt	



Stellenwert	Calcium	Score

• Bei	der	Diagnosestellung	KHK	kein	Wert	

• Risikostratifizierung	bei	asymptomatischen	
Patienten	mit	mittlerem	Risiko	für	koronare	
Ereignisse	(10-20%/10J)	aufgrund	klinischer	
Risikofaktoren  

• Ca-Score	≥400	→	aggressivere	Primärprophylaxe

CT	Koronarangiographie
• Räuml.	Auflösung:	0.4	-	0.6mm		
• Stenosendarstellung	
• Plaque-Ausdehnung		
• Plaque-Zusammensetzung

Vergleich	CT	Koro	vs.	Koro  
Multi-Zenterstudien

Autor n Sensitivität	(%) Spezifität	(%) NPV	(%) PPV	(%) Nicht	auswertbar	(%)

64-Zeilen

Miller	2008 291 85 90 83 91 3

Budoff	2008 230 95 83	
53	für	CAS	

>400

99 64 -

Meijboom	
2008

360 99 64 97 86 -

Miller	JM.	NEJM	2008;359:2324	
Budoff	MJ.	JACC	2008;52:1724	
Mejboom	WB.	JACC	2008;52:2135

NPV	=	negativ	prädiktiver	Wert	
PPV	=	positiv	prädiktiver	Wert

Outcome	bei	Abklärung	mit	CT	Koro	
bei	V.	a.	KHKT h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 372;14 nejm.org april 2, 20151298

without a clear demonstration of an effect on 
health outcomes has led to increased regulation 
that has been designed to control spending and 
improve quality.25 Together, the limited available 
data, a multiplicity of testing options, concerns 
regarding current patterns,5-8 and the introduc-
tion of CTA for the evaluation of CAD have re-
sulted in calls for an improved evidence base for 
imaging as well as a paradigm shift from a focus 
on test performance to a focus on clinical end 
points to better determine the role of noninvasive 
testing in the evaluation of CAD symptoms.14,25,26 
These concerns were addressed by several features 
of this trial, including its large size, randomized 
comparison of testing strategies, broadly repre-
sentative community setting, use of clinical events 
as the primary end point, and inclusion of other 
relevant clinical outcomes as secondary end points.

Both CTA and functional testing in this trial 
resulted in a primary event rate of 3.1% overall. 
This result is congruent with the event rate ob-
served in an administrative data set of younger 
persons (<65 years of age)27 but not in the Euro 

Heart Survey of stable angina, which involved 
3000 patients with a risk-factor profile that was 
similar to that in our cohort and in which the 
rate of death or myocardial infarction at 1 year 
was 2.3%.28 The low rate of end-point events 
observed in the present trial may be due to the 
higher use of cardiovascular medications, espe-
cially statins, in our patients, as well as to other 
improvements in cardiovascular care over the past 
decade. Regardless of the cause, the event rate 
observed in our study probably reflects an excel-
lent prognosis for patients with similar, new-
onset, stable chest pain in real-world settings in 
which contemporary testing methods are used. 
Showing a difference in patient outcomes with 
different testing strategies given this excellent 
midterm prognosis would require a large incre-
mental test effect driving differences in down-
stream care or an extremely large study sample.

As compared with functional testing, the CTA 
strategy was associated with a lower incidence of 
invasive catheterization showing no obstructive 
CAD during the 90 days after randomization, 
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Figure 2. Kaplan–Meier Estimates of the Composite Primary End Point as a Function of Time after Randomization.

The graph shows the unadjusted Kaplan–Meier estimates of the primary composite end point (death from any cause, 
nonfatal myocardial infarction, hospitalization for unstable angina, or major procedural complication). The adjusted 
hazard ratio for a CTA strategy, as compared with a usual-care strategy of functional testing, was 1.04 (95% CI, 0.83 to 
1.29), with adjustment for age, sex, risk equivalent of coronary artery disease (history of diabetes, peripheral arterial 
disease, or cerebrovascular disease), and the prespecification of the intended functional test if the patient were to be 
randomly assigned to the functional-testing group. The inset shows the same data on an enlarged y axis.
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Anatomical	testing:	Erstabklärung	mit	CTA	
Functional	testing:		Erstabklärung	mit	Ergometrie,	SPECT	oder	Stressecho

Ereignisse	
-Tod	
-Infarkt	
-Hospitalisation	wegen	instabiler	AP	
-schwere	prozedurale	Komplikation

PROMISE;	n=10003

AT: 3.3% 
FT: 3.0%

N	Engl	J	Med.	2015	Apr	2;372(14):1291-300



Klinische	Wahrscheinlichkeit	für	KHK

European	Heart	Journal	(2013)	34,	2949–3003		

Brustschmerzkriterien	
1.	retrosternal	
2.	Auftreten	bei	Belastung	
3.	Abklingen	in	Ruhe	
typical:	3/3	
atypical:	2/3	
non-anginal:	1/3	

weiss:	<15%	
blau:	15-65%	
orange:	66-85%	
rot:	>85%	

tief:	<15%	
intermediär:	15-85%	
hoch	>85%	

Abklärungsgang	nach		
klinischer	Wahrscheinlichkeit

prevent an unambiguous identification of the vessel lumen (see
Figure 2). To obtain optimal results, published professional standards
need to be meticulously adhered to.111 With these caveats in mind,
coronary CTA may be considered to be an alternative to ischaemia
testing, especially in patients with chest pain symptoms at intermedi-
ate PTPs lower than 50%.112

6.2.4 Stress testing for diagnosing ischaemia
6.2.4.1 Electrocardiogram exercise testing
Because of its simplicity and widespread availability, treadmill or
bicycle exercise testing, using 12-lead ECG monitoring, remains a

useful option (Table 14) in patients with suspected SCAD and a
PTP (15–65%) at which the test performs well (see above). A
detailed description of the exercise procedure, its interpretation,
the influence of drugs and other factors on test performance, and
test performance in special groups can be found in the previous
version of these Guidelines on the ESC website.3

The main diagnostic ECG abnormality during ECG exercise testing
consists of a horizontal or down-sloping ST-segment depression
≥0.1mV, persisting for at least 0.06–0.08s after the J-point, in one
or more ECG leads. It is worth noting that, in about 15% of patients,
diagnostic ST-segment changes appear only during the recovery

ALL PATIENTS

Assess symptoms
Perform clinical examination

Consider comorbidities and QoL

Cause of chest pain other than CAD?

Assess pre-test-probability (PTP) (see Table 13)
for the presence of coronary stenoses

Low PTP (<15%)

Investigate other causes

Consider functional coronary
disease

Non-invasive testing for diagnostic purposes

See Fig. 2 for decisions based on non-invasive testing
and choice between stress testing and coronary CTA

See Fig. 3 for further management pathway

Proceed to risk stratification (see Fig. 3).
In patients with severe symptoms or clinical
constellation suggesting high risk coronary

anatomy initiate guideline-directed
medical therapy and offer ICA

Intermediate PTP, eg 15-85% Diagnosis of SCAD established

High PTP (>85%)

LVEF <50%? Typical angina?

Offer ICA if
revascularization suitable

See Fig. 2 for selection
of test

Treat as appropriate
Yes

Yes
Yes

No

No

No

Medical therapybComorbidities or QoL make
revascularization unlikely

ECG Bio-Chemistry
Resting

echocardiographya

CXR in
selected
patients

Follow specific
NSTE-ACS guidelinesSymptoms consistent with unstable angina

Figure 1 Initial diagnostic management of patients with suspected SCAD. CAD ¼ coronary artery disease; CTA ¼ computed tomography angi-
ography; CXR ¼ chest X-ray; ECG ¼ electrocardiogram; ICA ¼ invasive coronary angiography; LVEF ¼ left ventricular ejection fraction;
PTP ¼ pre-test probability; SCAD ¼ stable coronary artery disease.
a May be omitted in very young and healthy patients with a high suspicion of an extracardiac cause of chest pain and in multimorbid patients in whom
the echo result has no consequence for further patient management
b If diagnosis of SCAD is doubtful, establishing a diagnosis using pharmacologic stress imaging prior to treatment may be reasonable.

ESC Guidelines 2963

Downloaded from https://academic.oup.com/eurheartj/article-abstract/34/38/2949/442952/2013-ESC-guidelines-on-the-management-of-stable
by University of Zurich user
on 26 September 2017
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CT	Koronarangiographie 
Bedeutung

Stärke:		
• zuverlässiger	Ausschluss	KHK	  

bei	Normalbefund	

Schwächen:		
• unzuverlässig	bei	hohem	Calcium-Score	>400-600 

(Stenosegrad	tendenziell	überschätzt)	
• keine	funktionelle	Information	bei	Stenosenachweis

klinische	Wahrscheinlichkeit	für	KHK		
und		Calcium-Score

Mark J. Pletcher et al. Circulation. 2013;128:1076-1084 

je	höher	die	klinische	Wahrscheinlichkeit	
für	KHK	umso	höher	der	Anteil	mit	
hohem	Calcium-Score

Pletcher	MJ.	Circulaoon.	2013;128:1076-1084



Indikation	für	CT-Koro

• Symptomatische	Patienten	mit	Verdacht	auf	koronare	
Herzkrankheit	im	unteren	Bereich	der	mittleren	
Wahrscheinlichkeit:	IIa 

• CT-Koronarangiographie	nicht	empfohlen	bei	
asymptomatischen	Patienten:	III 

Indikation	für	CT	
Koronarangiographie

ontheaccuracyof coronaryCTA is lesspronounced in lowheart rates
and for modern CT systems.160,161 In the event that a calcium score is
not obtained and calcifications are only seen on thecompletedcoron-
ary CTA scan, itmay beprudent to refrain fromstenosis quantification
in areas of extensive calcifications and call the test ‘unclear’ (see
Figure 2).

In patients with suspected CAD, multicentre studies using 64-slice
CT have demonstrated sensitivities of 95–99% and specificities of
64–83% (Table 12) as well as negative predictive values of 97–99%
for the identification of individuals with at least one coronary
artery stenosis by ICA.103,105 Meta-analyses of smaller trials
confirm a high sensitivity (98–99%) and negative predictive value
(99–100%), paired with lower specificity (82–89%) and positive pre-
dictive value (91–93%).162 In a multicentre study, which included
patients with previously knownCAD,previous PCI and MI, diagnostic
accuracy was lower (sensitivity 85% and specificity 90%).104 Severe
coronary calcium negatively impacts the accuracy of coronary
CTA.155,159 Also, coronary CTA remains less reliable in patients
with coronary stents, due to artefacts caused by metal and the
limited spatial resolution of CT. The assessment of coronary artery
bypass grafts (CABG) is highly accurate while the evaluation of
native coronary vessels in post-bypass patients is difficult and
prone to false positive findings.163,164

Whilst prospective trials—which have randomized patients to the
use or non-use of coronary CTA looking at hard clinical endpoints in
stable chest pain patients—are currently not available ( just as for the
other imaging techniques), registry data confirm anexcellentprogno-
sis if coronary CTA demonstrates the absence of coronary artery
stenoses.165 –167 Indications for coronary CTA are summarized in
Figure 2.

The diagnostic performance of coronary CTA is best for indivi-
duals at the lower range of intermediate PTP for the disease.162,168

Thus, coronary CTA may be useful in ruling out coronary stenoses
in such patients if—based on patient characteristics as described
above—good image quality and a reasonably low radiation exposure
can be expected and if adequate technology and expertise are avail-
able. Under the same prerequisites, coronary CTA should also be
considered in patients with a stress test result that contradicts clinical

judgement (especially a positive stress test result when clinical judg-
ment speaks against the presence of severe stenoses) if ICA would
otherwise be chosen to rule out CAD (Table 16).

Given the false-positive rate of stress tests in some populations,
such as patients with LVH, coronary CTA may be warranted as a first-
line test in selected individuals. However, coronary CTA cannot rule
out functionalCADin thesepatients.Nodataareavailable to support
‘screening’ coronary CTA in asymptomatic individuals and CTA
should not be used for this purpose.2 New developments in coronary
CTA, such as CT-FFR need further validation.169

6.2.5.2 Magnetic resonance coronary angiography
Coronary MR angiography allows for non-invasive visualization of the
coronary arteries without exposing the patient to ionizing radiation.
A recent small, multicentre study showed sensitivity, specificity and
positive and negative predictive values of 88, 72, 71 and 88%, respect-
ively, in a patient-based analysis.170 However, long imaging times,
lower spatial resolution and operator dependency remain major lim-
itations.171 Advantages of the technique include evaluation of overall
cardiac anatomy and function in the same examination. However, at
present, MR coronary arteriography must still be regarded primarily
as a research tool and is not recommended for routine clinical prac-
tice in the diagnostic evaluation of SCAD.

6.3 Invasive coronary angiography (see
web addenda)
Non-invasive testing can establish the likelihood of the presence of
obstructive coronary disease with an acceptable degree of certainty.
Thus, ICA will only rarely be necessary in stable patients with sus-
pected CAD, for the sole purpose of establishing or excluding the
diagnosis. Such situations may arise in patients who cannot
undergo stress imaging techniques,172 in patients with reduced
LVEF ,50% and typical angina (see Figure 1) or in those patients
with special professions, such as pilots, due to regulatory issues.
ICA may, however, be indicated following non-invasive risk stratifica-
tion for determination of options for revascularization. In patients
who have a high PTP and severe symptoms, or a clinical constellation
suggesting high event risk, early ICA without previous non-invasive

Table 16 Use of coronary computed tomography angiography for the diagnosis of stable coronary artery disease

Recommendations Class a Level b

Coronary CTA should be considered as an alternative to stress imaging techniques for ruling out SCAD in patients within the 
lower range of intermediate PTP for SCAD in whom good image quality can be expected. IIa C

Coronary CTA should be considered in patients within the lower range of intermediate PTP for SCAD after a non conclusive 
exercise ECG or stress imaging test or who have contraindications to stress testing in order to avoid otherwise necessary invasive 
coronary angiography if fully diagnostic image quality of coronary CTA can be expected.

IIa C

Coronary calcium detection by CT is not recommended to identify individuals with coronary artery stenosis. III C

Coronary CTA is not recommended in patients with prior coronary revascularization. III C

Coronary CTA is not recommended as a 'screening' test in asymptomatic individuals without clinical suspicion of coronary artery 
disease. III C

CTA ¼ computed tomography angiography; ECG ¼ electrocardiogram; PTP ¼ pre-test probability; SCAD ¼ stable coronary artery disease.
a Class of recommendation.
b Level of evidence.
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Zukunft	des	kardialen	CT

• 320	Zeilen	(Unabhängigkeit	von	Arrhythmien)	
• Dual	Source	(schnellere	Bildakquisition,	weniger	
Bewegungsartefakte)	

• Strategien	zur	Strahlendosisreduktion	
(Empfindlichere	Sensoren,	Rekonstruktions-
algorithmen)	

• Perfusions-CT	(Ischämienachweis)	
• Planung	von	Eingriffen

Planung	Klappeneingriffe:	TAVI



Bildfusion	MRI,	CT,	Elektro-Map

Journal	of	Cardiovascular	Electrophysiology	Vol.	24,	No.	4,	April	2013	

Zusammenführung	der		
Bildinformation	
mit	den	elektrischem	Karten		
des	Herzens		
für	die	Katheterablation

Myokardiale	Perfusion	mit	CT

Cardiovasc Diagn Ther 2012;2(2):106-112

CT	FFR

Benton SM. J Thorac Imaging 2017;

Schlussfolgerung	kardiales	CT

• gut	etablierte	Untersuchungsmodalität	
• relativ	tiefe	Strahlenbelastung	für	die	meisten	Patienten	
• problematisch	bei	Arrhythmie/Tachykardie,	Adipositas,	
Niereninuffizienz,	Stents,	St.	n.	ACBP,	viel	Kalk	

• sicherer	Ausschluss	KHK	möglich	bei	Normalbefund	
• CT	Koro	sinnvoll	bei	symptomatischen	Patienten	mit	
tief-intermediärer	Wahrscheinlichkeit	für	KHK	

• CT-Koro	nicht	indiziert	bei	asymptomatischen	Patienten


