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STRESS MRI: DIAGNOSTIC PERFORMANCE



Perfusion Defects

Wall motion

Function, valvulopathies
and shunts

Tissue Characterization

STRESS CMR: 



Stress-induced wall motion abnormalities
imaging demonstrated a sensitivity of 0.83
(95% confidence interval [CI] 0.79 to 0.88) 
and specificity of 0.86 (95% CI 0.81 to 0.91) 
on a patient level (disease prevalence = 
70.5%). 

Perfusion imaging demonstrated a sensitivity 
of 0.91 (95% CI 0.88 to 0.94) and specificity of 
0.81 (95% CI 0.77 to 0.85) on a patient level 
(disease prevalence = 57.4%).Thirty-seven studies (2,191 patients)

Nandalur, JACC 2007

# STRESS CMR: DIAGNOSTIC PERFORMANCE: 
OBSTRUCTIVE CAD



N. 752 pts

CMR: Sensitivity 86.5%, Specificity 83.4%, 
PPV 77.2%, NPV 90.5%

SPECT: Sensitivity: 66,5%, Specificity 82.6%, 
PPV 71.4%, PPV 71.4%

Greenwood, Lancet 2012

# STRESS CMR vs SPECT: DIAGNOSTIC 
PERFORMANCE: OBSTRUCTIVE CAD 



# STRESS CMR vs SPECT: DIAGNOSTIC PERFORMANCE: 
OBSTRUCTIVE CAD 

Morton JACC 2012



# STRESS CMR: DIAGNOSTIC PERFORMANCE: iFFR

Kiaos A, Int J Cardiol 2018



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 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

# STRESS CMR: DIAGNOSTIC PERFORMANCE: iFFR

Pontone et al., submitted



STRESS MRI PROGNOSTICATION



REST Phase

STRESS Phase



When the absence of perfusion defects was added to the absence of other resting CMR abnormalities, the negative 
predictive value improved from 96% to 99%. Regadenoson perfusion CMR provides high confidence for excellent 
prognosis in patients with normal perfusion.

Benjamin H Freed1 JCMR 2013

#REGADENOSON STRESS PERFUSION AND PROGNOSIS



# ISCHEMIA BURDEN AND PROGNOSIS

Vincenti G. JACC Cardiovasc Imaging 2017



#ISCHEMIA BURDEN AND PROGNOSIS

Vincenti G. JACC Cardiovasc Imaging 2017
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# PROGNOSTIC ROLE OF DYPIRIDAMOLE STRESS CMR

Pontone G Eur Radiol 2015



Pontone G Eur Radiol 2015

# PROGNOSTIC ROLE OF DYPIRIDAMOLE STRESS CMR



# PROGNOSTIC ROLE OF DYPIRIDAMOLE STRESS CMR



Steel, Circulation 2009

# COMPLEMENTARY ROLE OF LGE + PERFUSION DEFECTS



# INCREMENTAL PROGNOSTIC VALUE OF COMBINED 
CMR IMAGING

Bingham Circulation 2011



Lipinski JACC 2013

#STRESS CMR AND PROGNOSIS: METANALYSIS 

N= 19 FU 32 months
11.636 pts



#STRESS CMR AND PROGNOSIS IN WOMEN 

Otavio R. Coelho-Filho, JACC Card Imaging 2011



Estimated annualized event rates in diabetics stratified by 
the presence or absence of inducible ischemia and LGE 
by stress CMR

Heydary Circ CI 2016

#STRESS CMR AND PROGNOSIS IN DIABETICS 



STRESS CMR MANAGEMENT STRATEGY 
AND PROGNOSIS



Buckert, JACC CI 2018

#STRESS CMR BASED MANAGEMENT STRATEGY



#STRESS CMR BASED MANAGEMENT STRATEGY



#STRESS CMR BASED MANAGEMENT STRATEGY



Pontone G et al, Circulation CI 2016

#STRESS CMR BASED MANAGEMENT STRATEGY



Computed tomography coronary angiography verSus sTRess cArdiac
magneTic rEsonance for the manaGement of sYmptomatic
revascularized patients: a cost effectiveness study (STRATEGY study)

p <0.001

Downstream NI tests

28%

17%

p<0.001

Rate of ICA

31%

21%

Pontone G et al, Circulation CI 2016

December 2011 January 2013

Symptomatic stented pts

CCT

Stress-CMR

780±370 days • Downstream NI tests
• Rate of ICA
• Rate of PCI
• Radiation exposure
• Cumulative costs
• MACEs

#STRESS CMR BASED MANAGEMENT STRATEGY



Computed tomography coronary angiography verSus sTRess cArdiac
magneTic rEsonance for the manaGement of sYmptomatic
revascularized patients: a cost effectiveness study (STRATEGY study)

Symptomatic stented pts

CCT

Stress-CMR

780±370 days • Downstream NI tests
• Rate of ICA
• Rate of PCI
• Radiation exposure
• Cumulative costs
• MACEs

p: 0.007

Rate of revascularization

24%

16%

p < 0.001

Radiation exposure

17.4±17.1

7.1±18.2

Pontone G et al, Circulation CI 2016

#STRESS CMR BASED MANAGEMENT STRATEGY



Computed tomography coronary angiography verSus sTRess cArdiac
magneTic rEsonance for the manaGement of sYmptomatic
revascularized patients: a cost effectiveness study (STRATEGY study)

Symptomatic stented pts

CCT

Stress-CMR

780±370 days • Downstream NI tests
• Rate of ICA
• Rate of PCI
• Radiation exposure
• Cumulative costs
• MACEs

p : 0.014

MACEs

10%

5%

Pontone G et al, Circulation CI 2016

In revascularized patients the functional strategy seems to be superior as compared to
anatomical strategy in terms of cost-effectiveness

#STRESS CMR BASED MANAGEMENT STRATEGY



STRESS CMR: FUTURE PERSPECTIVES



#STRESS CMR: FULLY QUANTITATIVE CMR PERFUSION

Engblom JCMR 2017



#STRESS CMR: FULLY QUANTITATIVE CMR PERFUSION

Li-Yueh Hsu, JACC CI 2018



There is no doubt that these novel, 
noncontrast CMR techniques offer
important pathophysiological
insights in myocardial ischemia and 
have a significant diagnostic potential 
that justifies the conduction of a
large-scale study.

#STRESS CMR: THE ROLE OF T1 MAPPING

Karamitsos JACC 2018



#STRESS CMR: THE ROLE OF T1 MAPPING

Alexander Liu JACC 2018



#STRESS CMR: THE ROLE OF STRAIN 

FT based analysis of Ecc during 
intermediate- and high-dose 
DS-CMR was feasible and 
differentiated
between stenotic, remote and 
normal segments. Quantitative 
assessment of Ecc with FT may 
improve the diagnostic
accuracy of DS-CMR for 
detection of ischemia.

Schneeweism JCMR 2014



#STRESS CMR: THE COMPETITION WITH DYNAMIC STRESS CTP 



#STRESS CMR: THE COMPETITION WITH DYNAMIC STRESS CTP 
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VESSEL-BASED ANALYSIS 
 
True positive, n 
True negative, n 
False positive, n 
False negative, n 
Sensitivity, % (95% CI) 
Specificity, % (95% CI) 
Negative predictive value, % (95% CI) 
Positive predictive value, % (95% CI) 
Accuracy, % (95% CI) 
 

 
 
 

68 
114 
59 
14 

83 (75-91) 
66 (59-73) 
89 (84-94) 
54 (45-62) 
71 (66-77) 

 

 
 
 

62 
126 
42 
10 

86 (78-94) 
75 (68-82) 
93 (88-97) 
60 (50-69) 
78 (68-82) 

 
 
 

59 
142 
23 
22 

73 (63-83) 
86 (81-91) 
87 (81-92) 
72 (62-82) 
82 (77-87) 

 

 
 
 

56 
145 
16 
15 

79 (69-88) 
90 (85-95) 
91 (86-95) 
78 (68-87) 
87 (82-91) 
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cCTA, AUC=0.826 (95%CI: 0.772-0.879)
cCTA+CTP, AUC=0.876 (95%CI: 0.832-0.919)
cCTA+FFRCT, AUC=0.878 (95%CI: 0.833-0.923)
cCTA+FFRCT+CTP, AUC=0.919 (95%CI: 0.883-0.954)

cCTA vs. cCTA+FFRct p: 0.05
cCTA vs. cCTA+CTP p:0.04
cCTA+CTP vs. cCTA+FFRct 0.40
cCTA+FFRct+CTP vs cCTA p<0.001
cCTA+FFRct+CTP vs cCTA+FFRct p:0.03
cCTA+FFRct+CTP vs cCTA+CTP p: 0.016

Pontone G et al JACC CI 2019 in press



Clinical Case: 72 y/o patient, risk factors: former smoker, hypertension, diabetes, dyslipidemia. No angina. Dispnea. SPECT 
positive in inferolateral wall

Pontone G et al JACC CI 2019 in press

#STRESS CMR: THE COMPETITION WITH DYNAMIC STRESS CTP 



Clinical Case: 72 y/o patient, risk factors: former smoker, hypertension, diabetes, dyslipidemia.
No angina. Dispnea. SPECT positive in inferolateral wall

Pontone G et al JACC CI 2019 in press

#STRESS CMR: THE COMPETITION WITH DYNAMIC STRESS CTP 
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Pontone G et al JACC CI 2019 in press

#STRESS CMR: THE COMPETITION WITH DYNAMIC STRESS CTP 



MBF: 45 ml/100 ml/min in LAD segments
ED: 5.1 mSv

Pontone G et al JACC CI 2019 in press

#STRESS CMR: THE COMPETITION WITH DYNAMIC STRESS CTP 



TAKE HOME MESSAGE
- Meta-analyses of studies comparing stress perfusion CMR with coronary 

angiography or fractional flow reserve (FFR) as a reference standard have 
reported high pooled sensitivity and specificity  with overall performance 
significantly higher than SPECT MPI and similar to PET

- Stress perfusion CMR provides prognostic information for the risk of 
developing major adverse cardiovascular events (MACE) 

- A CMR-based management strategy for patients with stable coronary artery 
disease is safe, reduces revascularization procedures and costs

- Fully Quantitative Perfusion, Stress T1 Mapping and Strain CMR 
probably will improve further the diagnostic accuracy in the near future  



NEXT MEETING

2nd – 4th May (Venice) 12th – 14th May (Lisbon)





Next exam at ESC 2019 (Paris)
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