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Keep it simple an clear

Four Field Table as the base for estimating 
the value of a test

Reality
Healthy Sick

Test Healthy TN FN
Sick FP TP
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Keep it simple an clear

Four Field Table as the base for estimating 
the value of a test

Assessing Test Performance in Scientific Tables

TP TN FP FN SENS SPEZ PPV NPV ACC ALL pLR nLR PRE%
25 75 25 75 25 75 50 50 50 200 1.00 1.00 50
5 75 25 15 25 75 17 83 67 120 1.00 1.00 17
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Keep it simple an clear ... and evidence based

Four Field Table as the base for estimating the value of a test

Good Test

positive likelihood ratio sensitivity / 1- specificity > 2.0

negative likelihood ratio 1- sensitivity / specificity < 0.5

Fagan calculator: 

Pretest probability * pLR = posttest probability for a positive test result

Pretest probability * nLR = posttest probability for a negative test result
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Conventional Risk Factor Testing
Relative distributions of risk factors

22 000 men, 1022 000 men, 10--year followyear follow--upup

WaldWald NJ,NJ, LawLaw MR.MR.
BMJ. 2003;BMJ. 2003;

326:1419326:1419--

~80% overlap!~80% overlap!

Serum cholesterol (mmol/l)

Diastolic blood pressure (mm/Hg)

Intermediate
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Integration of Test Results – Posterior Probabilities
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Integration of Test Results – Posterior Probabilities
What we need to know from a test: 

is a new test better than the old test ?
is the test sensitivity and specificity known ?
are the results of a test transferrable to our patients ?
can the new test be integrated on top of the old test ?
is the new test reproducible ?
does the new test infer some possible harm ?
is the new test available widely ?
has the new test established cost efficiency ?
can the result be „treated“ – does treatment reduce risk ?
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Discussions within the Taskforce
CAC, CS (Coronary artery calcium, Coronary Calcium Percentiles

Who Subjects of any age at intermediate or moderate high risk  
How EBCT or MSCT 4-64 rows with imaging during diastoly

Agatston score based on plaque area and density 
Posttest established
Incremental value established 
Comment there is some controversy about this test because of it‘s radiation 

burden and abuse in the past
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Posterior Probability as a Problem Solver

Calcium Score
Percentiles (CS%)
Test accuracy in 676 men 
and women with 30 
myocardial infarctions 
during follow-up of 2.7 
years.  

Age: 61%
Risk factors: 71%
CS%: 82%
Combination: 84%
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Atherosclerosis imaging 

Coronary calcium predicts mortality from any cause better than the 
Framingham Score.
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Coronary Calcium Scoring

Current Evidence based on ROC analysis in 19751 subjects

Author Publication N Outcome Age ROC RF ROC CAC p
Shaw Radiol. 2003 10377 Mortality 53 0.72 0.78 0.001
Raggi JACC 2004 903 Mortality 57 0.50 0.72 0.0001
Vliegenthart CIRC 2005 1795 CAD 71 0.75 0.77 0.02
Arad JACC 2005 4903 CAD 59 0.68 0.79 0.0006
Taylor JACC 2005 2000 CAD 43 0.50 0.89 NS
Raggi AHJ 2001 676 CAD 52 0.71 0.82 0.03
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Coronary Calcium Scoring

Nomogram to 
calculate posterior
probabilities based 
on calcium score 
percentiles
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Sequential Testing

Avoid treatment gap 
e.g. ankle-arm index becomes to late positive

Chose subjects with intermediate or low- to intermediate pretest probabilities

Perform „atherosclerosis imaging“ e.g. using TPA if carotid arteries

If posttest risk is high (heavy plaque burden), then treat patient accordingly

If posttest risk is very low, change lifestyle as appropriate

If posttest risk is intermediate or low- to intermediate, 

use other measures of plaque risque, e.g. 

aortic wall elastance or
coronary calcium scoring
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Atherosclerosis 
Tracking

Increase of > 15% of
coronary calcium volume
per year infers 
higher risk in 
subjects treated with
statins
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Atherosclerosis 
Tracking

Carotid total plaque area (TPA)
Spence D. Carotid plaque area. A tool for
Targeting and Evaluating Vascular 
Preventive Therapy. 
Stroke 2002;33:2916-2922

A tool for 
Atherosclerosis tracking

Combined endpoint of fatal or nonfatal
myocardial infarction and stroke
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Atherosclerosis 
Tracking – Test Performances for 
Coronary Volume Score and 
TPA from the Spence Cohort

Atherosclerosis tracking: 
Since the incidence of events is usually rather low in subjects treated medically for 
their vascular risk, a sensitive test like CVS and TPA progression is able to assess 
whether a subject is at low risk or not.
Based on a limited evidence from the literature, coronary calcium outperforms carotid 
plaque imaging for risk tracking. 

TP TN FP FN SENS SPEZ PPV NPV ACC ALL pLR nLR INC%
CVS >15% 39 244 210 2 95 54 16 99 57 495 2.06 0.09 8
TPA>0.05 108 440 577 42 72 43 16 91 47 1167 1.27 0.65 13
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What may replace calcium scoring ?

Risk Assessment in Primary Care

What might replace coronary calcium measurements in the future ?

– Coronary calcium is simply the best measure we have to date !
• But there is radiation burden
• It is a relatively costly method

– TPA > 1.0 cm2: ability to detect a coronary calcium percentile > 75%
• Data on file: Sensitivity 36%, Specificity 85%, AUC 0.58, p=0.02

– Aortic Pulse Wave Velocity (personal communication, Prof. Kullo, Mayo 
Clinic, 05.03.2006
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What may replace calcium scoring ?

Kullo Hypertension 2006;47:174-179
PWV CAC TP TN FP FN SENS SPEZ PPV NPV ACC ALL pLR nLR ROC PREV%
9.4 0 129 116 27 129 50 81 83 47 61 401 2.6 0.6 0.68 64
9.4 >100 80 200 76 45 64 72 51 82 70 401 2.3 0.5 0.73 31

10.2 >400 31 265 88 17 65 75 26 94 74 401 2.6 0.5 0.73 12

Romanens data on file
TPA CAC TP TN FP FN SENS SPEZ PPV NPV ACC ALL pLR nLR ROC PREV%
>0.5 0 40 42 7 60 40 86 85 41 55 149 2.8 0.7 0.64 67
>0.5 >100 27 72 19 31 47 79 59 70 66 149 2.2 0.7 0.67 39
>0.5 >400 14 90 33 12 54 73 30 88 70 149 2.0 0.6 0.67 17

Romanens data on file
TPA CAC TP TN FP FN SENS SPEZ PPV NPV ACC ALL pLR nLR ROC PREV%
>1.0 0 14 48 1 86 14 98 93 36 42 149 6.9 0.9 0.64 67
>1.0 >100 10 87 4 48 17 96 71 64 65 149 3.9 0.9 0.67 39
>1.0 >400 7 115 8 19 27 93 47 86 82 149 4.1 0.8 0.67 17
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VCT – Advantages 16 64

Short acquisition time ++ +++
Less motion artefacts ++ +++
Better s/n ratio ++ +++
Only arterial phase ++ +++
Distal vessel assessibilit ++ +++
Less ECG artefacts ++ +++
Less respirations artefacts ++ +++
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VCT – Advantages 

Variation of Heart Rate with Time
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MSCT – diagnostic accuracy in comparison to coronary    
Angiography (QCA); coronary segment level

Author Publication Patients Sens Spec PPV NPV Excl
16 Slice Achenbach EHJ 2005 50 93 95 76 99 5%

Hoffmann JAMA 2005 103 95 98 79 99 6%
Kuettner JACC 2004 66 37 99 83 92 7%
Martuscelli EHJ 2004 64 89 98 90 98 16%
Mollet JACC 2005 51 95 98 87 99 9%
Mollet JACC 2004 128 92 95 79 98 7%
Kaiser EHJ 2005 149 30 91 47 83 23%
Achenbach CIRC 2004 33 63 96 64 96 6%
Gewichteter Mittelwert 81 71 96 73 94 11

64 Slice Leschka EHJ 2005 70 86 95 66 98 12%
Leber JACC 2005 59 79 97 72 98 7%
Raff JACC 2005 70 86 95 66 98 12%
Ropers AJC in press 82 93 97 80 98 4%
Gewichteter Mittelwert 70 87 96 71 98 9
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Degree of stenosis: comparison made by MCT – QCA

Single case 
Agreement low

Comparing the maximal 
percent diameter luminal 
stenosis by MSCT versus
QCA, the Spearman 
correlation coefficient 
between the two
modalities was 0.76 
(p < 0.0001)
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Degree of Stenosis: comparison
MSCT, QCA und IVUS

IVUS in 54 patients with 
Intermediate degree of stenosis:
51 stenoses 30-60%
22 stenoses > 50%

Stenose > 50%
MSCT QCA
Sens 68% Sens  10%
Spec 86% Spec 96%
Acc 71% Acc 59%
p<0.001 p NS
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Luminology or Ischemia ? 

Defer Group:
N=91
No ischemia (FFR>0.75)
No PCI

Perform Group:
N=90
No ischemia (FFR>0.75)
PCI done

Reference Gruppe:
N=144
Ischemia yes (FFR<0.75)
PCI performed

The DEFER Study: Diameter 
stenosis versus fractional flow 
reserve (FFR)
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Diagnostic Ability of Coronary 
Angiography to detect „ischemia“

The DEFER Study 1

TP TN FP FN
106 72 109 38

SENS SPEZ PPV NPV ACC ALL
74 40 49 65 55 325

1 Reference is coronarys tenosis of at least 50%

Luminology or Ischemia ? 
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The DEFER Study: Cardiac Death and MI 
rate at 5 years
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VCT – „clinical decision making“

16 64

PPV too low 73% vs 71%
NPV very good 94% vs 98%

Problems with QCA Stenoses:
• not a good golden standard for stenoses that cause ischemia
• performing PCI in stenoses greater than 30-70% to relieve 

„ischemia“ is purely arbitrary without a coronary function test
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VCT – „clinical decision making“: better NPV with 64 VCT ?

TP TN FP FN SENSSPEZ PPV NPV ACC ALL pLR nLR PRE%
16 Slices 63 532 23 26 71 96 73 95 92 644 17.1 0.30 14
64 Slices 36 278 13 5 88 96 73 98 95 332 19.7 0.13 12

Higher NPV due to lower prevalence of coronary stenoses !

More important: with 64 higher pLR and nLR and Sensitivity

High Sensitivity of a test in a population with low prevalence of disease is ideal



VCT in Cardiology

Michel Romanens   1. VCT User Meeting Egerkingen 09. May 2006



VCT in Cardiology

Michel Romanens   1. VCT User Meeting Egerkingen 09. May 2006



VCT in Cardiology

Michel Romanens   1. VCT User Meeting Egerkingen 09. May 2006   Circulation. 2005;112:2318-2323



VCT in Cardiology

Michel Romanens   1. VCT User Meeting Egerkingen 09. May 2006



VCT in Cardiology

Michel Romanens   1. VCT User Meeting Egerkingen 09. May 2006



VCT in Cardiology

Michel Romanens   1. VCT User Meeting Egerkingen 09. May 2006

For EBCT, sensitivity and specificity are given as 74% to 92% and 63% to 94%
respectively. The corresponding values for MSCT are 75% to 83% and 76% to 99% 
respectively, and for 3D MR angiography 68% to 86% and 91% to 97%
respectively.[1] However, it must be taken into consideration that evaluation is not
possible in all cases. Thus, for EBCT an exclusion of 10-28% is given, for
MSCT 6% to 32% and for 3D MR angiography 23% to 31%. Sensitivity and
specificity values were obtained from a selected group, the selection criteria being 
based on subjective evaluation. 
An average exclusion rate of >20% makes the data on which diagnostic 
exactness and believability is based relative. With an average sensitivity of
about 80%, taking the exclusion rate into consideration, a diagnostically 
useful result would be expected in <60% of cases.
Technical progress in procedures for noninvasive detection of coronary 
arteriosclerotic changes is impressive. However, for an evidence-based clinical 
application considerable basis material is still lacking.

W. Kübler, Heidelberg, Germany, Eur Cardiologist J by Fax, March 2006

VCT – „clinical decision making“
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VCT – „clinical decision making“: Take home messages ...  

In selected patients, test performance is excellent on a segment by segment analysis
The true value of a test is however within a more unselected setting
Coronary angiography performance in a more unselected setting is virtually unknown
Therefore: 

Careful patient selection and strict adherence to exclusion criteria is mandatory: 

Do not use the test in whom 

there are no symptoms or ischemia
arrhythmia is present (sinus arrhythmia, extrasystoles, atr fib)
severe coronary calcification is present
pacemakers are in use
bypass grafting had been performed
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Non-Invasive Coronary Angiography
Indications and Guidelines

Myocardial
Perfusion SPECT:

as a gate keeper
for a coronary
angiogram

MPS
MR 04Study Protocol

Morning: rest SPECT (untriggered), 8 mCi

Afternoon: Exercise test
Peak exercise tracer injection, 22 mCi
> 4 min post exercise: LHR (anterior planar image)
followed by stressSPECT (untriggered)

injection to injection time: > 4 hours

MPS study in 519 subjects with 6 year FU

Michel Romanens   1. VCT User Meeting Egerkingen 09. May 2006



Non-Invasive Coronary Angiography
Indications and Guidelines

Myocardial
Perfusion SPECT

if normal, any
intervention 
may worsen
the prognosis

MPS
MR 04SSS in Relation to MACE: comparisons

Hachamovitch Circulation 1998;97:535-543 US high risk population
Vanzetto Circulation 1999;100:1521-1527 French Mediterranean risk population

Fewer
MACE 
in 
mediterranean
risk 
population 
assessed
by
SSS
when
compared
to 
US

Events/1000/year

MPS study in 519 subjects with 6 year FU
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Non-Invasive Coronary Angiography
Indications and Guidelines

Myocardial
Perfusion SPECT

if equivocal
(e.g. normal
perfusion, but
increased lung uptake
in a MIBI scan)
additional testing
is warranted
(e.g. non-invasive
coronary angiogram)

MPS
MR 04LHR and Prediction of MACE

Cox 
Hazard
Regression
Model:

p=0.0002

0.92

0.79

MPS study in 519 subjects with 6 year FU

Michel Romanens   1. VCT User Meeting Egerkingen 09. May 2006
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The Prognostic Philosophy

No ischemia no intervention
Lot of plaques treat medically
Equivocal test non invasive CORO

invasive CORO in cases of definite
abnormality by
non-invasive
testing

Non-invasive Assessment as a 
Gate-Keeper for invasive CORO

The Interventionalists Philosophy

Suspicion of CAD invasive CORO
Luminogram

Stenosis >70% Stent
Stenosis 40-70% Plaque Sealing

= Stent
Stentomania
Stentistry

The prognostic impact of Stenting in 
subjects with normal left ventricular 
function is inexistent.
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Pretest Probability for Coronary Artery Disease
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Pretest Probability for Coronary Artery Disease

Definitions:

Low Risk 00%-15%
Intermediate Risk 16%-85%
High Risk 86%-99%
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Class I: 
Conditions for which 

there is evidence 
and/or general 
agreement that a 
given procedure or
treatment is useful 
and effective

a) from several
randomized trials

b) from one
randomized trial

Class III: 
Conditions for which 

there is evidence 
and/or general 
agreement that the 
procedure /
treatment is not 
useful/effective and 
in some cases may 
be harmful

Class II: 
Conditions for which there 

is conflicting evidence
and/or a divergence of 
opinion about the
usefulness/efficacy of 
a procedure or 
treatment

a) Weight of evidence / 
opinion is in favor of 
usefulness / efficacy

b) Usefulness / Efficacy is
less well established
by evidence / opinion



VCT in Cardiology

Michel Romanens   1. VCT User Meeting Egerkingen 09. May 2006

Class Ia Indications

no data

Class Ib Indications

no data
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Class IIa Indications

patients with suspected coronary obstruction
with a regular heart beat
with intermediate pretest likelihood for 
coronary obstruction

and equivocal results from ischemia testing
(ECHO, NUCLEAR, CMR)
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Class IIb Indications

patients
with suspected coronary obstruction
with a regular heart beat
with high pretest likelihood for coronary obstruction
with stents > 3 mm in diameter
with previous bypass grafting

and equivocal results from ischemia testing
(ECHO, NUCLEAR, CMR)
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Class III Indications

patients
with a non regular heart beat (arrhythmia)
with coronary calcifications (Agatston Score > 400)
with severe single plaque calcification (Agatston Score > 80, 
either proximal or mid-portion)
with contraindications to contrast media injection
with calcified bypass graft connections
with severe bypass graft calcifications
with stents < 3 mm in diameter
with pacemakers
with internal defibrillators (intracardiac devices, ICD)
with problems to perform breatholds up to 20 seconds
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Difficult patients that you should avoid

Pacemaker
ICD (intracardiac devices)

Pacemaker Wires
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Difficult patients that you should avoid

Severe coronary calcifications (Agatston Score > 400)
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Difficult patients that you should avoid

Severe local calcification (Agatston Score > 80)
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Difficult patients that you should avoid

Severe local calcification (Agatston Score 349 in a 40 year old smoking tetraplegic subject):
subsequent Perfusion scan was normal ! Therefore, an invasive coronary angiogram could
be avoided
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Be aware of coronary calcium !
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Difficult patients that you should avoid

Small stents < 3 mm
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Difficult patients that you should avoid

ECG registration Artefact
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Summary and Conclusions

MSCT has a definite role in contemporary Cardiology, however ...

be careful with the baby (chose appropriate indications and perform studies with
a 100% success or feasibility rate)

never view the results of imaging in isolation 
always integrate results of imaging with the patients background

integrate coronary calcium into a posttest probability
integrate a coronary stenosis into symptoms and ischemia testing
avoid referring patients invasive procedures without proof of ischemia

collaboration between the cardiologist and radiologist part in your brain
if you do not have a cardiologist or radiologist brain, seek for collaboration


