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Symptomatic patients: Likelihood of obstructive CAD 
according to age, gender and type of chest pain

• White:      pre-test probability: <15%    done
• Blue:         pre-test probability: 15-65% non-invasive testing
• Light red: pre-test probability: 66-85% non-invasive testing
• Red:          pre-test probability: >85%  non-invasive testing       prognosis 
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Pre-test probability of CAD according to age, 
gender and type of chest pain in the ESC 2013 

guideline

Diamond and Forrester 1979

Genders Eur Heart J 2011

PTP of obstructive CAD

Prevalence of CAD in contemporary population?



Pre-test probability of CAD based on age, gender and type of symptoms 
Pooled analysis of 3 contemporary symptomatic cohorts* with 15,815 patients 

Juarez-Orozco et al (submitted)
* Cheng et al. Circulation 2011, 

Foldyna et al. Eur Heart J Cardiovasc Imaging 2018,

Reeh et al. Eur Heart J 2018 (in press)



Prevalence of obstructive CAD according to age, sex 
and type of chest pain

Typical Angina Atypical Angina Non-anginal Dyspnea*

Age Men Women Men Women Men Women Men Women

30-39 3% 5% 4% 3% 1% 1% 0% 3%

40-49 22% 10% 9% 6% 3% 2% 12% 3%

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%

PTP <15% PTP ≥15%

Adamson JACC Cardiovasc Im 2018



The performance of imaging tests to rule-out and rule-in CAD

Against FFR

Juarez-Orozco  et al (unpublished)



Risk factors improve estimation of pre-test 
probability of CAD

DFS + previous MI, smoking, hyperlipidemia, diabetes, ST-T wave changes

Wasfy et al. Am J Cardiol 2012

Need for improved tools to estimate risk of obstructive CAD



European Heart Journal 2018

Meta-analysis of 126 studies with >100 pts

(≥50-70% stenosis)

EVINCI –trial (Neglia et al. Circ imaging 2015)

CAD prevalence 27%



Challenges for coronary angiography:

Anatomy vs. Functional Significance

Angiographic Diameter Stenosis (%)
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Wijns, de Bruyne, Vanhoenacker, JNC 2007;93:856-61

FFR = Fractional flow reserve –
invasive measurement of the 

pressure gradient during 
adenosine infusion

FFR ≤ 0.8



Symptoms

Prognosis

Revascularization



European Heart Journal 2018

Meta-analysis of 126 studies with >100 pts

(≥50% stenosis) (FFR <0.80)



Likelihood ratio

Use the sensitivity and specificity of the test to determine whether a test result 

usefully changes the probability that a condition exists

T+ = Test positive

T- = Test negative

D+ = Disease

D- = No disease

https://en.wikipedia.org/wiki/Sensitivity_and_specificity


European Heart Journal 2018

Pre-test-probability * LR-/LR+ 

= Post-test probability

Meta-analysis of 126 studies with >100 pts

(≥50% stenosis) (FFR <0.80)



The role of imaging in cardiac diseases

• Diagnosis of disease

• Prognosis (low and high risk)

• Guiding therapy Outcomes



Myocardial ischemia and annual all-cause mortality, non-fatal MI or UAP

JACC Cardiovasc Imaging 2017

15O-water PET / adenosine stress



Definitions of findings indicating high event risk

Shaw et al. JACC Cardiovasc Imaging 2014;7:593-604



HR for mortality for pts with stable CAD treated with early 
revascularization compared with those treated with medical therapy 

as a function of the percent ischemic myocardium

Hachamovitch R et al. Eur Heart J. 2011 Apr;32(8):1012-24

N = 14627

Clinical registry
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Flow quantification = absolute myocardial blood flow (MBF) and 

coronary flow reserve (CFR)

Dynamic imaging

 Kinetic modeling

MBF in ml/g/min

CFR

Technical improvements

• Count rate performance

• Data handling

• Computing power/software

Moody et al J Nucl Cardiol 2015

Combination with clinical protocols 

≠ Scores



Absolute vs. relative myocardial perfusion with 15O-water PET 
in LM and 3-vessel CAD

PET perfusion

during adenosine

stress

Left mainRCA

Coronary CTA

0 100 %604020 80 0 3.5 ml/g/min2.51.51 3

Absolute scale (0-3.5 ml/g/min)Relative scale



Circulation 2011

2783 patients with suspected CAD, Rb82 rest-stress PET

>2.0

<1.5

Ischemia (% of LV)

CFR

Prognostic value of CFR

CFR



Survival after coronary CT angiography

Min JACC 2011

n=24775

Montalescot EHJ 2013



Risk classification refinement based on 
coronary calcium score

Prognostic Models Comparative NRIs

Model #1 FRS + Brachial Flow Mediated Dilation 2.4%

Model #2 FRS + Ankle Brachial Index 3.6%

Model #3 FRS + High Sensitivity CRP 7.9%

Model #4 FRS + Family History 16.0%

Model #5 FRS + Carotid Intima-Media Thickness 10.2%

Model #6 FRS + Coronary Artery Calcium 65.9%

Risk of CAD in 7.5 years

Yeboah et al. JAMA 2012;308:788-95

n=1330 subjects with

intermediate CVD risk

in the MESA -study



No plaque on CTA

Plaque on CTA

Chow ATVB 2014

Impact of non-
obstructive CAD ?

n= 10 014



Outcomes after noninvasive testing

-Clarifies diagnosis

-Impacts on investigations and 

medical treatments



Outcomes after noninvasive testing



PET imaging of inflammation in atherosclerosis?

Biomarker

PET/SPECT

Anatomy

Turku PET Centre

MDCT/MRI

Mechanisms, therapy, progression, event risk



Lancet 2018

Residual cardiovascular risk  targeting therapies

Monoclonal antibody targeting IL-1β



Dweck JACC 2012, Joshi Lancet 2014

18F-FDG (macrophages)
18F-Sodium fluoride (microcalcification)

Tawakol JACC Cardiovasc Imaging 2010

Derlin Eur J Nucl Med Mol Imaging 2018

68Ga-Pentixafor (CXCR4 receptor/leukocytes)

PET tracers for molecular imaging of coronary atherosclerosis

Tarkin J Am Coll Cardiol Imaging 2017

68Ga-DOTATATE (somatostatin receptor/macrophages)

Signal 

to 

noise 

ratio?



Inflammation in atherosclerosis: Dual gated 18F-FDG 
PET/CT of in patients with acute coronary syndrome

Myocardial uptake 

suppressed by low 

carbohydrate diet + fasting 

(n=22)

Coronary CT angiography + 

18F-FDG PET (dual gating 

for correction of respiratory 

and cardiac motion)

Higher TBR in culprit 

lesions than other plaques

Uotila et al. ESC 2018
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Prospective natural-history of coronary 

atherosclerosis after ACS

Stone N Engl J Med 2011

Rate of major cardiac events in 3 years = 20.4% (new culprit 

lesion 11.6%, baseline mean diameter stenosis only 32%)
IV

U
S

n=967

patients

Biology and predictive value of vulnerable plaque ? 



Summary: New determinants of coronary artery 
disease and risk

• Prevalence of obstructive CAD decreasing

– Estimation of clinical likelihood ?

– Impact on diagnostic testing ?

• Imaging powerful risk stratification tool

– Ischemia

– Detection of atherosclerosis (symptomatic and 
asymptomatic individuals)

– New biomarkers ?




