
Dolore Toracico: Il Corretto Approccio
ed il Valore Incrementale de

“Multimodality Imaging” nei Pazienti con
Rischio di Malattia Basso-intermedio

Gianluca Pontone, MD, PhD, FESC, FSCCT

Director of MR Unit & Deputy Director of CT Unit

Centro Cardiologico Monzino, IRCCS, University of Milan, Italy

Adjunt Professor at Yonsei University Health System, Seoul, South Korea

Board Member of SCCT

Board Member of ESCR

Chairman of CMR working group of Italian Society of Cardiology

gianluca.pontone@ccfm.it



AGENDA

Pontone G, Eur Heart J 2016

Marriage

Divorce

Second 
Honeymoon



AGENDA

Pontone G, Eur Heart J 2016

Marriage

Divorce

Second 
Honeymoon



THE PHASE OF DIVORCE: anatomy or phisiology ?

Pontone G, Eur Heart J 2016

However, this marriage was troubled by reports suggesting that more than two-thirds of
acute myocardial infarctions may have non obstructive coronary artery stenosis
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Tonino PA et al , NEJM 2009
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Chest Pain

Negative

Positive ICA

STRESS TEST

Patel M et al, NEJM 2010

The “ischemic approach” alone is
not enough efficient as

gatekeeper for ICA

THE PHASE OF DIVORCE: the gatekeeper

«Which alternative to 
functional strategy in patients

with suspected coronary artery
disease ?»



THE PHASE OF DIVORCE: role of CCT 

Neglia D et al, Circulation CI 2015 (EVINCI Trial)

CCT showed the highest accuracy in
low to intermediate risk
patients (prevalence of CAD
29%) as compared to other
functional imaging modalities

In symptomatic intermediate
risk patients (prevalence 53%)
patients with suspected CAD
who required non invasive
testing, an initial strategy of
CTA showed similar clinical
outcome, QOL and cost as
compared to functional
testing

Douglas P et al, NEJM 2015 (PROMISE Trial)



How to improve the detection of coronary
artery disease functionally significant with 

new emerging techniques ?

1. Stress Cardiac Magnetic Resonance (CMR)

2. Fractional Flow Reserve CT (FFRct)

2. Stress CT perfusion (CTP)



1. Why do we need CMR in suspected CAD ?

① LV DILATATION AND LOW EF

② PERFUSION DEFECT

③ WALL MOTION ABNORMALITIES

THE PHASE OF DIVORCE: role of CMR 



1. Why do we need a functional test in suspected CAD ?

2. Which is the diagnostic accuracy of stress CMR in suspected CAD ?

Mean myocardial perfusion reserve (MPR) of the lowest 2 segments (MPR2) in remote (70%) and
stenotic (70%) territories. The best cutoff values for the detection of coronary artery disease
(CAD) (MPRCMR 1.45 and MPRPET 1.44) are shown. CMR cardiac magnetic resonance; PET
positron emission tomography.

Morton G JACC 2012

THE PHASE OF DIVORCE: role of CMR 



1. Why do we need a functional test in suspected CAD ?

2. Which is the diagnostic accuracy of stress CMR in suspected CAD ?

3. Which is the best protocol for stress CMR ?

4. Which is the diagnostic accuracy of stress CMR versus other imaging modality?

The findings of CE-MARC support the wider adoption of CMR for the diagnosis and
manage ment of stable coron ary heart disease patients, in view of the growing concern of
the cancer risk associated with medical source ionising radiation.

Greenwood JP Lancet 2012
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1. Why do we need a functional test in suspected CAD ?

2. Which is the diagnostic accuracy of stress CMR in suspected CAD ?

3. Which is the best protocol for stress CMR ?

4. Which is the diagnostic accuracy of stress CMR versus other imaging modality?

5. Which is the prognostic stratification of stress CMR?

Adjusted survival curves without all cardiac events (left panel) and hard cardiac events (right panel) in patients without perfusion
defect or AWM under stress (Group 1), in patients with perfusion defect without AWM under stress (Group 2) and in patients with
perfusion defect plus AWM under stress (Group 3). AWM: abnormal wall motion

Pontone G, Eur Radiol 2015 

THE PHASE OF DIVORCE: role of CMR 



ViosWorks
3D cardiac anatomy, function, and flow in 1 free-breathing, 8 min scan

ViosWorks not commercially available
Expected availability 2016

42cm FOV
256 x192
7:55 min



How to improve the detection of coronary
artery disease functionally significant with 

new emerging techniques ?

1. Stress Cardiac Magnetic Resonance (CMR)

2. Fractional Flow Reserve CT (FFRct)

3. Stress CT perfusion (CTP)



THE PHASE OF DIVORCE: role of FFRct



Nørgaard B, JACC 2014

THE PHASE OF DIVORCE: role of FFRct

Nørgaard B, JACC CI 2015

Agatston score: 121 - 1703

Agatston score: 0 - 120

The fractional flow reserve CCT derived (FFRct) is accurate even in challenging setting such as
calcified calcified lesion. When compared to alternative strategy such as TAF, the FFRct has
showed higher sensitivity and specificity



Prospective LongitudinAl
Trial of FFRCT: Outcome and Resource IMpacts study

- THE PLATFORM  trial -

THE PHASE OF DIVORCE: role of FFRct

 HOW TO INCREASE THE COST EFFECTIVENESS OF THE GATEKEEPER TO ICA?



Douglas P, Pontone G et al EHJ 2015 (PLATFORM Primary Endpoint) 

THE PHASE OF DIVORCE: role of FFRct

 HOW TO INCREASE THE COST EFFECTIVENESS OF THE GATEKEEPER TO ICA?

▪ 61% patients in FFRct group: ICA cancelled

▪ Rate of ICA without obstructive CAD

• By QCA: 73.3% usual care; 12.4% FFRCT

• By site-read angiographic

• data: 56.7% usual care; 9.3% FFRCT



THE PHASE OF DIVORCE: role of FFRct

 HOW TO INCREASE THE COST EFFECTIVENESS OF THE GATEKEEPER TO ICA?



Hlatky M, De Bruyne B, Pontone G et al JACC 2015 (PLATFORM QOL & Cost analysis) 

THE PHASE OF DIVORCE: role of FFRct

 HOW TO INCREASE THE COST EFFECTIVENESS OF THE GATEKEEPER TO ICA?

In conclusion, when used as an alternative diagnostic strategy to guide care in patients with
planned invasive catheterization, CTA plus selective FFRCT was associated with a significantly
lower rate of angiography showing no obstructive CAD, low rates of clinical outcomes, similar
QOL, and significant cost savings. When used in those with planned noninvasive testing, clinical
events were rare, and there were few differences in resource use, or QOL, although the small
sample size in this group precludes firm conclusions.



Representative example of lesion with non-ischaemic RCA
obstructive stenosis. A) Multiplanar reformat of CT
demonstrating obstructive stenosis (white arrow) with no
APCs (PR [–], LAP [–], SC [–]) in the proximal portion of RCA.
B) Invasive coronary angiogram demonstrates obstructive
stenosis (white arrow) and FFR value of 0.92 (red arrow),
indicating vessel no-ischaemia. C) FFRCT value of 0.89 (red
arrow) indicating vessel no-ischaemia.

Nakazato R Eurointervention 2015

Representative example of a lesion with ischaemic LAD
obstructive stenosis. A) Multiplanar reformat of CT
demonstrating obstructive stenosis (white arrow) with
APCs (PR [+], LAP [+], SC [+]) in the proximal portion of
LAD. B) Invasive coronary angiogram demonstrates
obstructive stenosis (white arrow) and FFR value of 0.75
(red arrow), indicating vessel ischaemia. C) FFRCT value
of 0.72 (red arrow) indicating vessel ischaemia. LAD: left
anterior descending artery

THE PHASE OF DIVORCE: role of FFRct
 HOW TO INTEGRATE FFRct WITH ATHEROSCLEROTIC PLAQUE CHARACTERISTICS (APC)?



Koo EuroPCR 2016

THE PHASE OF DIVORCE: role of FFRct
 HOW TO PREDICT THE PLAQUE RUPTURE ?



Koo EuroPCR 2016

THE PHASE OF DIVORCE: role of FFRct



How to improve the detection of coronary
artery disease functionally significant with 

new emerging techniques ?

1. Stress Cardiac Magnetic Resonance (CMR)

2. Fractional Flow Reserve CT (FFRct)

3. Stress CT perfusion (CTP)



Visual assessment: Areas of reduced perfusion appear hypoenhanced
compared with the normal myocardium, which implies either myocardial
ischemia or myocardial infarction.

Strenghts: Fast analysis

Pitfalls: Normal left ventricular myocardial enhancement demonstrates
substantially lower attenuation in the lateral wall when compared with the
anterior, septal, and inferior walls in patients with normal coronary arteries. The
lateral myocardial wall is located adjacent to the air within the lungs and is not
subjected to the same beam-hardening effect

Choi AD et al , JCCT 2014

THE PHASE OF DIVORCE: role of CTP



Quantitative assessment : Myocardial Blood Flow (MBF): maximum TAC
slope/maximum AIF (ml/100 ml/min)

Rossi A et al, EHJ CI 2013

Huber AM et al, Radiology 2013

Images in a 75-year-old woman with typical symptoms of chest pain. (a) Curved multiplanar reformat of the left anterior
descending coronary artery shows a subtotal occlusion of the middle left anterior descending coronary artery (arrow).
(b) Stress myocardial CT perfusion color-coded map in a four-chamber view, from dynamic CT acquisition with a DS CT
scanner, shows a hypoperfused area at the level of the septum and the apex (*). Both myocardial areas look thinner
compared with the other myocardial segments. (c) MR image acquired with delayed enhancement in a four-chamber
view

THE PHASE OF DIVORCE: role of CTP



Tashakkor AY et al , Canadian journal of Cardiology 2012
Pontone G, Guaricci AI, Ongoing Metanalysis on stress CTP

THE PHASE OF DIVORCE: role of CTP
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Pontone G et al EHJCI 2013

THE PHASE OF DIVORCE: role of CTP

OPEN ISSUES AND POTENTIAL SOLUTIONS
① Beam hardening and Dual Energy CT



OPEN ISSUES AND POTENTIAL SOLUTIONS
② Heart Rate related artefacts and New generation CT scanner

 AF patients

THE PHASE OF DIVORCE: role of CTP



OPEN ISSUES AND POTENTIAL SOLUTIONS
③ Effective Radiation Dose and New generation CT scanner

THE PHASE OF DIVORCE: role of CTP



THE PHASE OF DIVORCE: role of CTP

Pontone G JCCT 2016 (PERFECTION Study)
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THE PHASE OF DIVORCE: role of CTP

Pontone G JCCT 2016 (PERFECTION Study)



Clinical case #1: A 83-year-old woman, known for recent onset of typical chest pain,
performed SPECT, resulted positive for reversible perfusion deficit at mid-basal portion of
postero-lateral wall.

THE PHASE OF DIVORCE: role of CTP
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Clinical case #1: A 83-year-old woman, known for recent onset of typical chest pain,
performed SPECT, resulted positive for reversible perfusion deficit at mid-basal portion of
postero-lateral wall.

Pontone G JCCT 2016 (PERFECTION Study)

THE PHASE OF DIVORCE: role of CTP



Clinical case #1: A 83-year-old woman, known for recent onset of typical chest pain,
performed SPECT, resulted positive for reversible perfusion deficit at mid-basal portion of
postero-lateral wall.

FFR 0.67

Pontone G JCCT 2016 (PERFECTION Study)

THE PHASE OF DIVORCE: role of CTP



“Diagnostic PERFORMANCE of stress echocardiography (Echo), stress single-photon-emission

computed tomography (SPECT), positron emission tomography (PET), stress cardiac magnetic

resonance (CMR), computed tomography coronary angiography (CTCA), stress perfusion

computed tomography (CTP) and computed tomography fractional flow reserve (FFRCT) for

the assessment of Coronary Artery Disease (CAD) versus invasive FFR (FFRi): a meta-analysis”

Who is the winner ?

Pontone G ESC 2016 (PERFORMANCE-CAD study)



Summary of receiver operating characteristic curves for prediction of ischemia for a vessel (left panel) as compared to invasive FFR.

The Q* statistic represents the point where sensitivity and specificity are equal

AUC: area under the summary receiver operating characteristic curve; CMR cardiac magnetic resonance; CTCA computed

tomography coronary angiography; CTP: stress myocardial computed tomography perfusion; Echo: stress echocardiography; FFRCT:

Fractional Flow Reserve CT derived; PET positron emission tomography; SE: standard error; SPECT single-photon emission

computed tomography

NEW PERSPECTIVES: who is the winner ?

Pontone G ESC 2016 (PERFORMANCE-CAD study



SUSPECTED 
CAD IN 

INTERMEDIATE 
RISK PATIENTS

CTCA

to rule out CAD or to 
early detect

atherosclerosis

FFRCT

to rule out 
hemodinamically

significant lesion in the 
setting of obstructive

CAD at CTCA

CMR or CTP 
or PET

to identify vessels with 
hemodinamically

signifcant lesion in the 
subset of obstructive
flow limiting lesion at 

FFRCT

ICA

plus 
revascularization

A proposal of diagnostic algorithm to select patients with suspected CAD who could really receive benefits by ICA and consequential

revascularizazion.

CAD: coronary artery disease; CMR: cardiac magnetic resonance; CTCA: computed tomography coronary angiography; FFRCT: fractional flow

reserve CTCA derived; ICA: invasive coronary angiography;

NEW PERSPECTIVES: who is the winner ?

Pontone G ESC 2016 (PERFORMANCE-CAD study



Pontone G ESCR 2016 (PERFORMANCE-CAD study)

«Can we apply the same diagnostic work-up 
in revascularized patients ?»

DIAGNOSTIC WORK-UP OF SYMPTOMATIC PATIENTS FOR CHEST PAIN
WITH HISTORY OF REVASCULARIZATION



Pontone G et al, Circulation CI 2016
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DIAGNOSTIC WORK-UP OF SYMPTOMATIC PATIENTS FOR CHEST PAIN
WITH HISTORY OF REVASCULARIZATION

Which strategy (anatomical or functional) for revascularized patients ?

Computed tomography coronary angiography verSus sTRess cArdiac
magneTic rEsonance for the manaGement of sYmptomatic
revascularized patients: a cost effectiveness study (STRATEGY study)
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Pontone G et al, Circulation CI 2016
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780370 days
• Downstream NI tests
• Rate of ICA
• Rate of PCI
• Radiation exposure
• Cumulative costs
• MACEs



DIAGNOSTIC WORK-UP OF SYMPTOMATIC PATIENTS FOR CHEST PAIN
WITH HISTORY OF REVASCULARIZATION

Which strategy (anatomical or functional) for revasacularized patients ?

Computed tomography coronary angiography verSus sTRess cArdiac
magneTic rEsonance for the manaGement of sYmptomatic
revascularized patients: a cost effectiveness study (STRATEGY study)
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DIAGNOSTIC WORK-UP OF SYMPTOMATIC PATIENTS FOR CHEST PAIN
WITH HISTORY OF REVASCULARIZATION

Which strategy (anatomical or functional) for revasacularized patients ?

Computed tomography coronary angiography verSus sTRess cArdiac
magneTic rEsonance for the manaGement of sYmptomatic
revascularized patients: a cost effectiveness study (STRATEGY study)
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780370 days
• Downstream NI tests
• Rate of ICA
• Rate of PCI
• Radiation exposure
• Cumulative costs
• MACEs
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Pontone G et al, Circulation CI 2016 in press

In revascularized patients the functional strategy seems to be superior as compared to anatomical
strategy in terms of cost-effectiveness
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Clinical case: CMR and planning of revascularization

✓ Male 66 yo with history of previous CABG (LIMA>LAD, SVG>LCX) symptomatic for angina

Pontone G (STRATEGY study) Circulation CI 2016

DIAGNOSTIC WORK-UP OF SYMPTOMATIC PATIENTS FOR CHEST PAIN
WITH HISTORY OF REVASCULARIZATION
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Clinical case: CMR and planning of revascularization

✓ Male 66 yo with history of previous CABG (LIMA>LAD, SVG>LCX) symptomatic for angina

Pontone G (STRATEGY study) Circulation CI 2016

DIAGNOSTIC WORK-UP OF SYMPTOMATIC PATIENTS FOR CHEST PAIN
WITH HISTORY OF REVASCULARIZATION



Pontone G ESCR 2016 (PERFORMANCE-CAD study)

CHEST PAIN IN 
REVASCULARIZED 

PATIENTS

CTCA

to rule out CAD or to 
early detect

atherosclerosis

FFRCT

to rule out 
hemodinamically

significant lesion in the 
setting of obstructive

CAD at CTCA

FUNCTIONAL 
EVALUATION 

to identify vessels with 
hemodinamically

signifcant lesion in the 
subset of obstructive
flow limiting lesion at 

FFRCT

ICA

plus 
revascularization

A proposal of diagnostic algorithm to select patients with suspected CAD who could really receive benefits by ICA and consequential

revascularizazion.

CAD: coronary artery disease; CMR: cardiac magnetic resonance; CTCA: computed tomography coronary angiography; FFRCT: fractional flow

reserve CTCA derived; ICA: invasive coronary angiography;

Revascularized patients

DIAGNOSTIC WORK-UP OF SYMPTOMATIC PATIENTS FOR CHEST PAIN
WITH HISTORY OF REVASCULARIZATION



DECT vs. invasive 
FFR

The PERFECTION STUDY

FFR CT vs. Stress CTP 

FFR CT vs. Stress 
CMR/SPECT 

NEW PERSPECTIVES



Pontone G, Eur Heart J 2016

Marriage

Divorce

Second 
Honeymoon

CONCLUSION



THANKS 
Director of Cardiology
Prof. Cesare Fiorentini, MD

Area of Cardiovascular Imaging
Dr. Mauro Pepi, MD, FE$C

Cardiovascular MR Unit
Gianluca Pontone, MD, PhD, FESC, FSCCT

Radiology Unit
Enrica Nobili, MD

Cardiovascular CT Unit
Daniele Andreini, MD, PhD, FESC, FSCCT

Cardiologist
Paola Gripari, MD, PhD
Saima Mushtaq. MD
Marco Guglielmo, MD

Radiologist
Andrea Annoni, MD
Alberto Formenti, MD
Elisabetta Mancini, MD
Massimo Verdecchia, MD

Fellows
Andrea Baggiano, MD
Edoardo Conte, MD
Fabio Fazzari, MD
Annalisa Pasquini,  MD
Cllaudio Berzovini, MD

www.cardiologicomonzino.it

Gianluca.pontone@ccfm.it

2017

http://www.cardiologicomonzino.it/

