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WHY STRESSCMR



CMR indications

Myoc/CMP Suspected CAD/Ischemia Viability

MYO/CMP
CAD

VIABILITY

Bruder et al, JACC 2009

CMR in CAD : EuroCMR Survey



ESCR: Cardiac MR/CT indication



Le et al, EXPERT REVIEW OF CARDIOVASCULAR THERAPY, 2017



Perfusion Defects

Wall motion

Function, valvulopathiesand shunts

Tissue Characterization



N. 752 pts (all pts had Stress CMR and SPECT)
CMR: Sensitivity 86.5%, Specificity 83.4%,PPV 77.2%, NPV 90.5%
SPECT: Sensitivity: 66,5%, Specificity 82.6%,PPV 71.4%, PNV 71.4%

Greenwood, Lancet 2012



Pontone et al, IJC 2019
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2,349 patients63 ± 11 years of age, 47% femalemedian FU: 5.4 years
Primary outcome was defined as cardiovasculardeath or nonfatal MI. Secondary outcome wasdefined by a composite of cardiovascular death,nonfatal MI, hospitalization for unstable angina orcongestive heart failure, and late unplanned CABG
NO ISCHEMIA, NO LGElow annualized rates of primaryoutcome (<1%) and coronaryrevascularization (1% to 3%), lowspending on subsequent ischemiatesting

Kwong JACC 2019



Nagel, NEJM 2019

STRESS MRI HAS EXCELLENTPROGNOSTIC CHARACTERISTICS



WHEN STRESSCMR ?



ESC Guidelines, 2019



ESC Guidelines, 2019

“functional non-invasive testing may be preferred in patients at the higher end of the range of clinicallikelihood if revascularization is likely or the patient has previously diagnosed CAD”.

IN PATIENTS WITH HIGH CLINICAL LIKELIHOOD OF CAD



ESC Guidelines, 2019



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

780370 days • Downstream NI tests• Rate of ICA• Rate of PCI• Radiation exposure• Cumulative costs• MACEs

STRESS MRI IS COST-EFFECTIVE IN SYMPTOMATICREVASCULARIZED PATIENTS



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

p : 0.014
MACEs

10%
5%

STRESS MRI IS COST-EFFECTIVE IN SYMPTOMATICREVASCULARIZED PATIENTS



WHEN STRESS MRI IS NOT A GOOD IDEA
• Unstable patients
• Claustrophobia
• Severe renal Impairment
• MRI unsafe devices
• Arrhythmias
• Contraindications tostressors



HOW STRESS CMR ?



1) Monitoring equipment (blood pressure, electrocardiogram for monitoring of cardiac rhythm,intercom to communicate with patient)
2) Preparation and regular practice for rapid removal of the patient from the magnet
3) Emergency resuscitation policy in place
4) Defibrillator
5) Drugs for emergency treatment

1. a.Immediately at hand: ß-blocker (eg esmolol or metoprolol), nitroglycerin, aminophylline
2. b. In the emergency cart: full set of emergency drugs (including drugs such as:epinephrine, beta blockers, atropine, bronchodilators, antiarrhythmic drugs)

STRESS EQUIPMENT AND SAFETY



PATIENT PREPARATION



PATIENT PREPARATION



VASODILATORS



VASODILATORS



LOCALIZERS

LVSAX3p–LVLAX3p

StartDypiridamole

6’(0.14 mg/Kg/min)

StressPerfusion
(Gadolinium0.05mmol/Kg)

RestPerfusion
(0.05+0.05mmol/kg) LGECINE SAX +ADDITIONALSEQUENCES

10’

Teophylline
StresskinesisLVSAX3p–LVLAX3p

2’ 5’ 2’ 5’ 2’ 5’

TOT = 37’
oLong Half Life (Teophylline)oPerfusion EvaluationoWMA Evaluation

DYPIRIDAMOLE PROTOCOL



LOCALIZERS

LVSAX3p–LVLAX3p

StartAdenosine

3’(0.14 mg/Kg/min)

StressPerfusion
(Gadolinium0.05mmol/Kg)

RestPerfusion
(0.05+0.05mmol/kg) LGECINE SAX +ADDITIONALSEQUENCES

10’2’ 5’ 2’ 5’2’

TOT = 29’
o Short Half Lifeo Safero Perfusion EvaluationoWMA not detectable

ADENOSINE/REGADENOSON PROTOCOL



< 10µg/Kg : α1 che β1
10µg/Kg: β1 and β2
O2 consumption ->ischemia
WMA
arrhythmic risk

DOBUTAMINE



DOBUTAMINE PROTOCOL

LOCALIZERS

LVSAX3p–LVLAX3p

StartDobutamine LGECINE SAX +ADDITIONALSEQUENCES
10’

StresskinesisLVSAX3p–LVLAX3p

2’ 5’
20-30’ 5’

TOT = 50-60’
oWMA Evaluationo arrhythmias risk

5-10-20-30-40-atropinemcg/kg/min



SIDE EFFECTS
Adenosine, dypiridamole, regadenoson maycause flushing, chest pain, palpitations,breathlessness. More severe side effectsinclude•  transient heart block•  transient hypotension•  transient sinus tachycardia•  bronchospasm
Dobutamine at high doses may cause chest pain,palpitations. More severe complications are rare,including:•  infarction•  ventricular fibrillation•  sustained ventricular tachycardia



HOW TO REPORT THE IMAGES:a) PERFUSION



Rest CINE : + or –
Stress CINE: + or –
Rest Perfusion: + or –
Stress Perfusion: + or –
LGE: + or – 25 = 32 combination of results

HOW TO REPORT THE IMAGES: COMBINATION OF RESULTS



Integrate the information with REST/STRESS CINE IMAGES (more specific but less sensitive than stress perfusion)Remember that LGE is more sensitive than perfusion images

neg
Revdefect NO/Matcheddefect

START

LGE (Vitality)

PreviousAMI/nonischemicfibrosis

Stress/RestPerfusion

Nofibrosis

NO IschemiaIschemia

pos

HOW TO REPORT THE IMAGES: ALGORITHM
The highest accuracywill be achieved witha systematicincorporation of allavailable data



STRESS CMR:FUTUREPERSPECTIVES



FULLY QUANTITATIVE CMR PERFUSION

Li-Yueh Hsu, JACC CI 2018



FUTURE PERSPECTIVES: THE ROLE OF T1 MAPPING

Alexander Liu JACC 2018



FTC – CMR REST: Normal 3D Radial Strain, ReducedCircumferential and Longitudinal Strain of basalseptum, basal inferior wall and apical segments ofanterior and lateral walls.

FTC – CMR STRESS: Reduced Radial Strain andworsening of Circumferential and Longitudinal Strainof basal septum, basal inferior wall and apicalsegments of anterior wall.

FUTURE PERSPECTIVES: THE ROLE OF STRAIN

PROGRESS study (Additional PROGnostic RolE of Strain with STRESS CMR)



TAKE HOME MESSAGE:
1) STRESS MRI is a unique test (anatomy, function perfusion, WMA, LGE, shunts,valvulopathies)
2) STRESS MRI is a remarkable diagnostic tool in known and suspected CAD
3) STRESS MRI is a valuable test for prognostication
4) STRESS MRI is cost-effective
5) STRESS MRI will probably become even more performant



giuseppe.muscogiuri@unimib.it


