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Magnetic Properties of the Atom 

• Different atomic particles (neutrons, 
protons, electrons) display magnetic 
properties. For the purpose of 
magnetic resonance imaging (MRI), 
we will focus only on protons.  

• Protons generate a small 
electromagnetic field. In nuclei with an 
even number of protons, the net 
magnetic field is zero. In nuclei with an 
odd number of protons, there is a 
resultant net magnetic field. We exploit 
this net magnetization for MRI. 

http://www.bartleby.com/61/19/A0501900.html


MR Active Nuclei in the Body 

• The hydrogen (1H) nucleus, composed by 1 proton, is most commonly employed for medical 
imaging. 1H is universally distributed in the body in the form of water.  



MR Imaging: the Ingredients 
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Dellegrottaglie S et al. Fundamental Principles of MRI.  
In: Mukherjee D, Rajagopalan S, Dellegrottaglie S and Sanz J eds.  

CT and MR Angiography of the Peripheral Circulation. 1st edition.  

Taylor & Francis Group, 2007 
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Cancer risk and Radiation Dose  

for Some Common Cardiovascular Examinations 
 

Picano E. BMJ 2004 



Taxonomy of MRI Sequences 
 

Boyle GE et al. RadioGraphics 2006 
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CMR Imaging Protocol 

Localization Morphology Cardiac 

Function 

Velocity/Flow 

Quantification 

First-Pass 

Perfusion 

Late-

Enhancement 
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~ 15 min ~ 20 min 35-40 min 





Cardiac MR: Clinical Indications 

Ischemic Heart 
Disease 

Cardiomyopathies / 
Myocarditis 

Congenital Heart 
Diseases 

Valvular Heart 
Diseases 

Cardiac Masses / 
Tumors 

Pericardial Diseases 

Apico-septal scar 
Post-myocarditis 

fibrosis Atrial-septal defect 

Severe mitral 
regurgitation 

Ventricular 
myocardial fibroma 

Severe pericardial 
effusion 



Evaluation of Coronary Artery Disease by Cardiac MR 

Perfusion Imaging 

Cine Imaging 

Late Enhancement Imaging Myocardial Scar 

Symptoms 

ECG Changes 

Systolic Dysfunction 

Perfusion Defects 

Coronary Stenosis 

Time of Ischemia 



Adenosine Stress CMR Protocol:  

Perfusion Analysis 

Rest 
Stress  

(140 μg/kg/min)  

 Scout CineRest 

 0 
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LE Imaging 
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Cine-SSFP 

ECG gated  

Breath-hold (8-12 sec) 

Evaluation of Ventricular Function  

4-Chamber View  2-Chamber View  3-Chamber View  

Short-Axis Views  

Long-Axis Views  

Wall Motion Score Index   

0: Normal wall motion 

1: Mild/moderate hypokinesia 

2: Severe hypokinesia 

3: Akinesia 

4: Dyskinesia   

AHA Scientific Statement. 

Circulation 2002 



B.A. 

55-year-old 

Male 

Anterior MI  

Evaluation of Ventricular Function  

in Patients with Myocardial Infarction 

A.C. 

48-year-old 

Male 

Inferior MI 



High-Dose Dobutamine Stress CMR Protocol: 

Wall-Motion Analysis 

Basal 10 μg/kg/min  40 μg/kg/min  20 μg/kg/min  30 μg/kg/min  

 Scout CineRest 

 0 

Dobutamine 

Start 

Time 

(min) 

Dobutamine 

Stop 

45 

CineRecov 

10  

20  

Gd- DTPA 

LE Imaging CineStress CineStress CineStress CineStress 

30  

40  



D. T. 

67-yer old male 

CTO mid LAD 

Asymptomatic with max Rx 

 

Adenosine Rest Late Post-Gd Enhancement 



Subject Transfer 

Vacuum cushions used to rapidly reposition patient 

32-channel array to improve parallel imaging performance 

Courtesy of Raman, Simonetti, Rajagopalan (Ohio State University, Columbus, OH) 



Rest Exercise Recovery 

Normal cardiac function demonstrated at rest and following recovery. 

Exercise stress real-time cine CMR shows apical wall motion defect.  

Case #4: Positive CMR, Negative SPECT 

42 y/o female, exertional chest pain 

x-ray cath: non-obstructive LAD plaque  

 

70 bpm 150 bpm 

Courtesy of Raman, Simonetti, Rajagopalan (Ohio State University, Columbus, OH) 



LE-CMR: An Improved CMR Technique for the 

Visualization of Myocardial Infarction 

Segmented inversion-recovery  

turbo fast low-angle shot  

(FLASH) 

 

Image acquisition 

 

Gd-based contrast agent injection 

(0.10-0.30 mmol/kg/min)  

 

5-30 min 

Dellegrottaglie S et al. Fundamental Principles of MRI.  
In: Mukherjee D, Rajagopalan S, Dellegrottaglie S eds.  

CT and MR Angiography of the Peripheral Circulation. 1st edition.  

Taylor & Francis Group, 2007 
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Contrast-enhanced MRI and Routine SPECT Perfusion Imaging 

for Detection of Subendocardial Myocardial Infarctions 
 

Wagner A et al. Lancet 2003 

N= 91 pts with suspected or known CAD 

and 12 dogs with MI 
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Limited Sensitivity of ECG Criteria for Healed MI in 

Comparison With Cardiovascular Magnetic Resonance 
 

Krittayaphong R et al. Am J Cardiol 2009 

% 

Minnesota ESC/ACC 2000 

TIMI Universal definition 2007 



The Use of Contrast-Enhanced MRI to Identify  

Reversible Myocardial Dysfunction  
 

Kim RJ et al. N Engl J Med 2000 

N= 50 pts with CAD and LV dysfunction 

Scheduled for revascularization 

CE CMR before PTCI or CABG 

Cine CMR 11 weeks after revascularization 
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Lancet. 2012 Feb 4;379(9814):453-60 

Prospective design 

N= 752 pts. with angina and ≥CV risk factor 

MR, SPECT and coronary cath 

CMR protocol: adenosine stress perfusion, cine imaging, LGE, coronary angio  

Gated adenosine stress-rest ⁹⁹mTc tetrofosmin SPECT 

Multiparametric Sens Spec PPV 

 

NPV 

 

CMR 86.3% 83.2% 77.0% 

 

90.3% 

 

SPECT 66.5% 82.6% 71.4% 

 

79.1% 

 

Perfusion imaging 

N = 647 pts. 



Presented at the American Heart Association Scientic Sessions , November 2012   

Eleven studies (11,513 subjects) 

The Prognostic Value of Normal Stress CMR 

in Patients with Known or Suspected CAD: 

a Meta-analysis 
 

Gargiulo P, Dellegrottaglie S, Bruzzese D,Scala O, Ruggiero D, D’Amore C,Savarese S,  

Paolillo S, Cuocolo A, Agostoni P, Trimarco B, Perrone Filardi P 



Guidelines on Myocardial Revascularization 
 

 

 

The Task Force on Myocardial Revascularization of ESC and the EACTS 

Eur Heart J 2010 







 

Risonanza Magnetica Cardiaca 
 

 

Come funziona? 

 

A cosa serve? 
 

 

DOMANDE? 
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ESC Classification of Cardiomyopathies 
 

Elliott P, Andersson B, Arbustini E, et al. Eur Heart J 2007 

Hypertrophic Cardiomyopathy Dilated Cardiomyopathy ARVC Restrictive Cardiomyopathy Unclassified 



Evaluation of Cardiac Morphology and Function  



Volumetric Analysis of the Right and Left Ventricle with MRI 

N = 8 explanted porcine hearts 

Heusch A et al. Eur J Ultrasound 1999 

 

End-diastole End-systole 

Image Segmentation:  

isolation of ventricular blood pool from 

myocardial wall  



Noninvasive Determination of Left Ventricular Volumes and Ejection Fraction: 

The Issue of Feasibility and Reproducibility 
 

 

 

Chuang ML et al. J Am Coll Cardiol 2000  

Bellenger NG et al. Eur Heart J 2000  

2D Simpson’s biplane analysis is not 
feasible in up to 30% pts. with CHF 



Comparison of LV Ejection Fraction and Volumes in Heart Failure by  

2D Echocardiography and Cardiovascular Magnetic Resonance 
 

 

 

Bellenger NG et al. Eur Heart J 2000 

N = 52 pts. with systolic CHF 

2D Echo and CMR within 4 weeks 

EDV 

CMR – 2D Echo 

ESV 

CMR – 2D Echo 

EF 

CMR – 2D Echo 

Mean diff ± SD 133 ± 42 ml 99 ± 45 ml   – 2 ± 11 

Corr coef, r 0.83 0.80 0.41 

P <0.0001 <0.0001 n.s. 

Limits 52 to 216 11 to 188 – 24 to 20 



Noninvasive Determination of Left Ventricular Volumes and Ejection Fraction 

Assessment by Two- and Three-Dimensional Echocardiography and 

Magnetic Resonance Imaging 
 

 

 

Chuang ML et al. J Am Coll Cardiol 2000 

25 pts. with DCM 

10 healthy volunteers  

Mean EF (%) 
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LV Ejection Fraction 

Normal  Mild/Mod Depressed Mild/Mod Depressed  Sev Depressed Normal  Sev Depressed Total changes 

Vol MRI vs Vol Echo 2 0 0 2 

Vol MRI vs Bi Echo 6 5 0 11 

Vol Echo vs Bi Echo 4 5 0 9 



Evaluation of Transmitral Flow by  

Phase-Contrast MRI  

Correlation for maximal E and A velocties 

Rathi VK et al. J Cardiovasc Magn Res 2008 

  E 

    A 

Caudron J et al. Radiographics 2011 



Hypertrophic Cardiomyopathy Phenotype 

Revisited After 50 Years With Cardiovascular MR 
 

Maron MS et al. J Am Coll Cardiol 2009 

N= 333 pts with HCM evaluated by CMR 

The most common pattern 

(256, 77%) 

LVH patterns recognized by CMR, but not reliably with 2-D echocardiography 

(40, 12%) 



Incidence and Characteristics of LV Trabeculations 

in the Normal and Pathologic Heart 

 

Prominent LV trabeculations may be observed in 

~2/3 of autopsy specimens from subjects with 

normal heart.  

 

Boyd MT et al. J Am Coll Cardiol 1987 

Tamborini G. et al., JASE 2004 

N= 1580 pts. 



Left Ventricular Non-Compaction 
Insights From Cardiovascular Magnetic Resonance Imaging 

 

Petersen SE et al. J Am Coll Cardiol 2005 

NC/C ratio>2.3 

Sensitivity 86% 

Specificity 99% 

PPV 75% 

NPV 99% 



Measurement of Trabeculated LV Mass Using CMR Imaging 

in the Diagnosis of Left Ventricular Non-Compaction  
 

Jacquier A et al. Eur Heart J 2010 

Trabeculated Myocardial Mass 

Cut-off = 20% 

AUC = 0.98 

Sensitivity = 94% 

Specificity = 94% 



Characteristic Patterns of Late Enhancement in 

Specific Cardiomyopathies 
 

White JA and Patel MR. Cardio Clin 2007 

Ischemic 

Cardiomyopathy 

Myocarditis 

Sarcoidosis 

Amyloidosis 

Idiopatic Dilated 

Cardiomyopathy 

Hypertrophic 

Cardiomyopathy 



Differentiation of Heart Failure Related to  

Dilated Cardiomyopathy and CAD Using CE-CMR 
 

McCrohon JA et al. Circulation 2003 

N= 90 pts with CHF and LV dysfunction 

CE-CMR and coronary cath 

CAD +: >50% stenosis in ≥1 coronary arteries + history of MI 

CAD + 
(n=27 pts) 

CAD – 
(n=63 pts) 

LE – 

 

LE + 

(Ischemic) 

LE + 

(non-Ischemic) 

0 
 

0 
 

27 (100%) 
 

37 (59%) 
 

8 (13%) 
 

18 (28%) 
 



The Prognostic Value of Identifying  

Underlying Causes of Cardiomyopathy 
 

Felker GM et al. N Engl J Med 2000   

N= 1230 pts with cardiomyopathy and CHF 

Endomyocardial biopsy 

Mean follow-up = 4.4 years 

Hard events = death or heart transplant 

Cause HR for death  

(95% CI) 

p 

Idiopathic 1.00 

Ischemic 1.51 (1.07-2.17) 0.02 

Infiltrative 4.40 (3.04-6.39) <0.001 



Role of CMR as a Gatekeeper to  

Invasive Coronary Angiography in Patients 

Presenting With Heart Failure of Unknown Etiology  
 

Assomull RG et al. Circulation 2011 

N= 120 pts with recently diagnosed  HF and LV dysfunction 

CMR and coronary angiography 

CMR-based consensus panel 

CA-based consensus panel 

Gold-standard consensus panel 

 

69% 

 

23% 

 

3% 

 

3% 

 

2% 

 

0% 

 



Role of CMR as a Gatekeeper to  

Invasive Coronary Angiography in Patients 

Presenting With Heart Failure of Unknown Etiology  
 

Assomull RG et al. Circulation 2011 

73% 

 



LE-CMR in Cardiac Amyloidosis 
 

Maceira AM, Joshi J, Prasad SK, et al. Circulation 2005 

 

N= 30 pts with cardiac amyloidosis 

(non-cardiac biopsy + echocardiography)  

 

Cardiac Amyloidosis: 

- Usually as part of systemic AL amyloidosis  

  (2000-2500 cases/year in USA)  

- AL amyloid: monoclonal Ig light chain 

  (malign or benign monoclonal gammopathies) 

- Multiorgan infiltration 

- Very poor prognosis at the clinical diagnosis 

- Heart failure or arrhytmias as cause of death in ~50% 

Diffuse subendocardial LGE in 2/3 of pts!!! 

Congo red staining 



Infiltrative Cardiovascular Diseases 
Cardiomyopathies That Look Alike 

  

Seward JB and Casaclang-Verzosa G. J Am Coll Cardiol 2010 

 



Infiltrative Cardiovascular Diseases 
Cardiomyopathies That Look Alike 

  

Seward JB and Casaclang-Verzosa G. J Am Coll Cardiol 2010 

 



N= 58 biopsy-proven pulmonary sarcoidosis 

Clinically-defined cardiac sarcoidosis in 12 (21%) pts. 

LE (+) = 19 (33%) pts. 

LGE in 100% of pts with clinical 

cardiac sarcoidosis!!! 

Diagnostic Performance of LGE - 

Sensitivity 100% 

Specificity 78% 

Positive Predictive Value 55% 

Negative Predictive Value 100% 

Accuracy 83% 

Smedema JP et al. J Am Coll Cardiol 2005 

Patel MR et al. Circulation 2009 

Detection of Myocardial Damage in Patients With Sarcoidosis 



Cardiovascular Magnetic Resonance in Myocarditis 
 

 

Friedrich M.G. et al. for the International Consensus Group on CMR in Myocarditis, J Am Coll Cardiol 2009 

Tissue pathology in 

active myocarditis 

Edema/inflammation 

Hyperemia/capillary leakage 

Necrosis/fibrosis 

Early Post-Gd Enhancement 

Late Post-Gd Enhancement 

T2-weighted STIR 



Diagnostic Accuracy of CMR Tissue Criteria in 

Detecting Myocarditis 
 

 

Friedrich M.G. et al. for the International Consensus Group on CMR in Myocarditis, J Am Coll Cardiol 2009 

 

Sensitivity  
(%) 

Specificity  
(%) 

Accuracy  
(%) 

PPV 
(%) 

NPV 
(%) 

T2W STIR 70 71 70 77 63 

Early Post-Gd Enhancement 74 83 78 86 70 

Late Post-Gd Enhancement 59 86 68 89 53 

Combination (any 2 of 3) 67 91 78 91 69 

Proposed Diagnostic CMR 

Criteria for Myocarditis 
 

(≥2 criteria need to be satisfied) 

1. Regional or global  SI in T2W STIR images 

2.  myocardium/skeletal muscle SI ratio in early post-Gd T1W images 

3. ≥1 focal area of nonischemic enhancement in late post-Gd T1W images  

Ischemia 

Myocarditis 



T.R. 

36 year-old male 

Intense chest pain after 3 days with fever (zenith = 39.1 C) 

No  CV risk factors 

TnI = 5.18 ng/dl 

Echo unremarkable 

Coronary angiography   

Cine 

(Function)  

Late Enhancement 

(Necrosis/Fibrosis)  

T2 STIR 

(Edema/Inflammation)  



Role of CMR in Patients Presenting with Chest Pain, 

Raised Troponin, and Unobstructed Coronary Arteries 
 

 

N= 79 pts resting chest pain,  Tn and CAD (–) by cath  

92% with abnormal ECG on presentation (40% with ST) 

Median symptoms-CMR interval = 15 days  

Monney PA et al. Heart  2010 

Assomull RG et al. Eur Heart J 2007 



MRI for Infarct Sizing and  

Characterization of Ischemic Myocardial Damage 
 

 

 

Esposito G, Dellegrottaglie S, Chiariello M. Am Heart J Suppl 2010  

 

Salvaged myocardium correlated inversely with the time-to-

reperfusion (r= -0.37; p< 0.0001) (Friedrich et al. JACC 2008) 



Differential Diagnosis of Suspected Apical 

Ballooning Syndrome Using Contrast-Enhanced MRI 
 

Eitel I. et al. Eur Heart J 2008 

N= 59 ACS pts with normal coronary vessels and apical ballooning by cath 

(suspected Tako-Tsubo based on Mayo Clinic Criteria) 

End-diastole End-systole 

MI (13, 22%) 

Myocarditis (8, 14%) 

Takotsubo (38, 64%) 



Left Ventricular Apical Ballooning: CMR Characterization  

69-year-old man with acute chest pain 

Significant ST elevation 

Peak TnI = 20 ng/ml 

Occluded LAD 

34-year-old female with acute chest pain (intense emotional stress) 

Significant ST elevation 

Peak TnI = 1.06 ng/ml 

Normal coronary arteries 



Arrhythmogenic Right Ventricular Dysplasia (ARVD) 
 

 

1994 Task Force Criteria  

Major Criteria 
 

• Right ventricular dysfunction  

  - Severe dilatation and reduction of RV ejection fraction with little or no LV impairment  

  - Localized RV aneurysms  

  - Severe segmental dilatation of the RV  

• Tissue characterization  

  - Fibrofatty replacement of myocardium  

• Conduction abnormalities  
  - Epsilon waves in V1 - V3.  

  - Localized prolongation (>110 ms) of QRS in V1 - V3  

• Family history  

  - Familial disease confirmed on autopsy or surgery  

 

Minor Criteria 

 
• Right ventricular dysfunction  

  - Mild global RV dilatation and/or reduced ejection fraction with normal LV.  

  - Mild segmental dilatation of the RV  

  - Regional RV hypokinesis  

• Conduction abnormalities  
  - Inverted T waves in V2 and V3 in an individual over 12 years old, in the absence of a RBBB  

  - Late potentials on signal averaged EKG.  

  - Ventricular tachycardia with a LBBB morphology  

  - Frequent PVCs (> 1000 PVCs / 24 hours)  

• Family history  
  - Family history of sudden cardiac death before age 35  

  - Family history of ARVD 

2010 Revised Task Force Criteria 

By MRI: 

- Regional RV akinesia or dyskinesia  

+ 1 of the following: 

- Index RV volume >110 ml/m2 (male) or 

>100 ml/m2 (female) 

- RV EF <40% 

2010 Revised Task Force Criteria 

By MRI: 

- Regional RV akinesia or dyskinesia  

+ 1 of the following: 

- Index RV volume = 100-110 ml/m2 

(male) or 90-100 ml/m2 (female) 

- RV EF = 40-45% 



ARVC: Role of Cardiac MRI 

Regional and global RV dysfunction Fatty infiltration Myocardial fibrosis 

Triangle of Dysplasia 
Basso C et al. Lancet 2009 



P.G. 

33 year-old male 

Positive family history for SCD 

Previous episode of NSVT 

Negative T waves in V1-V6  

 

Biventricular Arrhythmogenic Cardiomyopathy  



The Prognostic Implications of  

Cardiovascular Magnetic Resonance 
 

Flett AS et al. Circ Cardiovasc Imaging 2009 
 



Prognostic Value of Myocardial Fibrosis by MRI  

in Hyperthophic Cardiomyopathy 
 

 

O’Hanlon R et al. J Am Coll Cardiol 2010 

N= 217 

End point: CV death, unplanned  CV admission,  

sustained VT or VF, appropriate ICD discharge 

N= 220 

End point: sudden cardiac death, aborted sudden cardiac death 

Bruder O et al. J Am Coll Cardiol 2010 

N= 434 

End point: sudden cardiac death,  

appropriate ICD discharge 

Rubinshtein R et al. Circ Heart Fail 2010 



Myocardial Fibrosis Predicts Appropriate Device Therapy in Patients 

With ICDs for Primary Prevention of Sudden Cardiac Death  
 

Iles L et al. J Am Coll Cardiol 2011 

N= 103 pts. with indication to ICD implantation 

Discharge rate = 29% 

Discharge rate = 16% 

Discharge rate = 0% 



Evaluation of Valvular Function and Morphology 

• Characterization of native and prosthetic valves 

• Patients with technically limited images from TT or TE echo 

Appropriate 

2-Leaflets Aortic Valve Aortic Stenosis 3-Leaflets Aortic Valve 

Aortic Regurgitation 



Assessment of Complex Congenital Heart Disease 

• Characterization of anomalies of coronary circulation, great vessels, 
and cardiac chambers and valves 

Appropriate 

Unrepaired Fallot Tetralogy 

 





MR Imaging in the Evaluation of a Cardiac Mass 

D.M. 

61 year-old male 

Arterial hypertension 

Smoker 

Echo: suspected mixoma  

in right atrium 

 

Fat Saturation - Fat Saturation + 



Cardiac MR Evaluation of Pericardial Diseases 

• Evaluation of pericardial effusion  

 and of constrictive pericarditis 

Appropriate 

Real-Time Cine Imaging 

Pericardial 

Effusion 

Constrictive 

Pericarditis 



RM Cardiaca 
Vantaggi: 

– Elevata risoluzione spaziale, 

temporale e di contrasto 

– Assenza di “cattiva finestra” 

– Orientamento spaziale 

illimitato 

– Ampio campo di osservazione 

– Versatilità (“one-stop-shop”) 

– Accuratezza e riproducibilità 

– Basso impatto biologico 

 

 Svantaggi: 

– Costi elevati 

– Scarsa diffusione 

– Complessità tecnica 

– Limitata esperienza 

– Immobilità  

– Intensi campi magnetici 

 

 
  

(impianti metallici) 



Controindicazioni in MRI 
 

• Assolute: 
– Clips vascolari cerebrali 

– Oggetti metallici intraoculari 

– Pompe di infusione 

– Neurostimolatori 

– Corpi estranei metallici 
---------------- 

– Pacemakers 

– Defibrillatori 
 

• Relative: 
– Obesità 

– Claustrofobia 

– Gravidanza 

– Instabilità clinica 

– Insufficienza renale (mdc) 



MRI Safety: Missile effect  



Circulation. 2007;116:2878-2891 

Terminology for labeling implanted devices 



Performing MR Examinations in Patients 

With Pacemakers or ICDs 

Potential risks: 

• Movement of the device 

• Programming changes 

• Asynchronous pacing  

• Activation of tachyarrhythmia therapies 

• Inhibition of pacing output 

• Induction of lead currents  

 (heating and cardiac stimulation) 

Potential clinical sequelae: 

• Changes in pacing/defibrillation thresholds  

• Pacemaker/ICD dysfunction or damage (including battery depletion) 

• Arrhythmias 

• Death 



MEDICINA 

Impiantato un nuovo 

pacemaker compatibile 

con la risonanza 



Cardiovascular Magnetic Resonance in Cardiac 

Sarcoidosis with MR Conditional Pacemaker in Situ  
 

Quarta G. et al. J Cardiov Magn Res 2011 

53-year-old woman with neuro-sarcoidosis 

MRI-conditional dual chamber pacemaker and leads 



Safety of Magnetic Resonance Imaging  

in Patients With Cardiovascular Devices 
 

AHA Scientific Statement, Circulation 2007 

Device 

Recommendations 

Pacemakers/ICDs X X 

Temporary pacing X 

Swan-Ganz catheters X 

Intra-aortic balloon pumps X 

Aortic stent grafts X X Zenith AAA 

Coronary stents X X 

Peripheral stents X X 

Prosthetic heart valves X X 

Inferior vena cava filters X 

Cardiac closure/occluder devices X 

MR Safe  

MR Conditional  

MR Unsafe  



Costo Relativo delle  

Metodiche di Imaging in Cardiologia 
 

Picano E. G Ital Cardiol 2009 



Cost Evaluation of CMR versus Coronary Angiography  

for the Diagnostic Work-up of CAD: 

Application of the European CMR Registry  
 

Moschetti K et al., J Cardiov Magn Res 2012 



Ecocardiografia Cardio-RM 

Disponibilità ++++ ++ 

Portabilità ++++ - 

Costo/beneficio +++ ++ 

Rapidità di esecuzione +++ ++ 

Fattibilità ++ +++ (PM) 

Complessità delle informazioni ++ ++++ 

Risoluzione spaziale e di contrasto ++ ++++ 

Riproducibilità ++ ++++ 

Impatto biologico + + 

Portable Echo Portable MRI 
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Cardiovascular Magnetic Resonance Activity in the UK:  

a Survey on Behalf of the British Society of CMR 
 

Antony R. et al. J Cardiov Magn Res 2011 

N= 11,040 from 20 Centers 
N= 60 Centers with CMR facilities from the national UK hospital database 

Led by cardiologists alone (33%), by radiologists alone (33%) of by both specialities (33%) 

1.5T in 86% 

44% increase in 2 years 

Total = 20,597 

Total = 31,018 

Total = 38,485 



EuroCMR Registry 
Results of the German Pilot Phase 

 

Bruder O. et al. J Am Coll Cardiol 2009 

N= 11,040 from 20 Centers 

From April 2007 and January 2009 
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RM Cardiaca in Campania 

Accreditated site:  

- >400 exams/year 

- Case mix 

- Qualified supervisor (level 3 SCMR or ESC) 

- Structured training programme 

- Quality control (EuroCMR Registry) 

- Multi-modality imaging environment 

(echocardiography, invasive angiography, nuclear 

cardiology, cardiac computed tomography) 
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Livello Durata Training Casi Esame RMC ECM (h) Altro 

1 1 mese 50+ No 20 - 

2 3 mesi 150+ Si 50 BLS+ACLS 

3 12 mesi 300+ Si 50 BLS+ACLS 
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