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Avviciniamoci a TC e RM 

...per renderci conto di quanto siamo naturalmente vicini a queste metodiche 
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Cosa scegliere per caratterizzare il tessuto: 

• Ischemic and Primary Dilated Cardiomyopathy 
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 Kim et al Circulation. 1999;100:1992-2002 

CONTRAST ENHANCED MRI  
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MRI vs SPECT for detection of subendocardial myocardial infarcts 

Anja Wagner; Lancet 2003; 361: 374-79 
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Relationship of infarct size by MRI to peak Troponin I 

W. Patricia Ingkanisorn, J Am Coll Cardiol 2004;43:2253–9 



     UTIC-PD  

Prediction of Wall Motion Improvement 

0

10

20

30

40

50

60

70

80

90

100

256/329 

109/183 

46/110 

13/124 

1/58 

   0 %     1-25 %         26-50 %        51-75 %         76-100 % 

Transmural extent of necrosis (MRI hyperenhancement) 

Likelihoo

d 

Of 

Improved 

Wall 

Motion 

P < 0.0001 for trend 

Raymond J. Kim; NEJM 2000;343:1445-53 
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IMPACT OF UNRECOGNIZED MYOCARDIAL SCAR DETECTED BY 

CMRI ON SURVIVAL 

Circulation. 2006;113:2733-2743 

Kaplan-Meier curves for cardiac mortality 
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Ischemic cardiomyopathies secondary to symptomatic or silent MI show 

subendocardial or transmural LE extension. 
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Primary dilated cardiomyopathies are characterized by absence or atypical 

patterns of LE, reflecting various grade of myocardial fibrosis 
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Primary dilated cardiomyopathies are characterized by absence or atypical 

patterns of LE, reflecting various grade of myocardial fibrosis 
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The presence 

hyperenhancement has been 

shown to be an independent 

predictor of all cause 

mortality and the onset of 

potentially life threatening 

ventricular arrhythmias 

 

Typical pattern for idiopathic DCM : a mid ventricular rim of 

hyperenhancement 
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Scar distribution may 

identify a subset of 

patients with mild to 

moderate left ventricular 

dysfunction and high risk 

of arrhythmia 

not currently identified 

for ICD implantation 

Circulation. 2005;112:2821-2825 

Scar distribution and high risk of arrhythmia 
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CMR and Prognosis in Nonischemic Cardiomyopathy 

 

Kaplan-Meier Event-Free Survival Curve for the Occurrence of an Index Composite Event 
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CMR and Prognosis in Nonischemic Cardiomyopathy 

 

Kaplan-Meier Event-Free Survival Curve for the Occurrence of an Index Composite Event 

After adjustment for LV volume index and functional class, patients 

with LGE had an 8-fold higher risk of experiencing  cardiac death 

(sudden and nonsudden), ICD firing, and HF. 
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There may be a threshold of scar volume above which re-entrant VT 

is likely to occur 
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Linear regression plots showing the relationship between total percent scar and 

change in NYHA functional class at follow-up. 

 

The DE-MRI accurately predicted clinical response to CRT. 
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Linear regression plots showing the relationship between total percent scar and 

change in left ventricular ejection fraction 

The DE-MRI accurately predicted clinical response to CRT. 
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Avviciniamoci a TC e RM…. 
 

 

Cosa scegliere per caratterizzare il tessuto: 

• Ischemic and Primary Dilated Cardiomyopathy 

• Acute Myocardial Infarction 
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LATE-ENHANCEMENT FIRST-PASS 
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G.Tarantini MD et al. JACC 2005 

Length of ischemia is a major determinant of  Microvascular Obstruction assessed by 

MRI after PTCA 



     UTIC-PD  

Pre-discharge persistency of ST elevation after AMI treated with PTCA predicts 

Microvascular Obstruction 

L. Cacciavillani MD et al. AHA 04 (Circulation, Abs) 

Case 1 

Case 2 

Transmurality 

Transmurality and microvascular  

obstruction 
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Vinzenz Hombach , European Heart Journal (2005) 26, 549–557 

 

Microvascular Obstruction and his prognostic  significance  as assessed by MRI 
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This microscopic examination confirms microvascular obstruction as 

predicted by CMRI scan. 
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Morphological validation of reperfused haemorrhagic myocardial infarction: 

comparison between T2 and T1-late enhancement sequences 

Basso C et al. Am J Cardiol 2007;100:1322–1327 

T1 IR DE in vivo Hystology T2 ex vivo 

Severe Microvascular Damage & Hypoenhanced Core  
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• “Severe microvascular damage”: 

areas of late hypoenhancement 

surrounded by hyperenhanced 

tissue after gadolinium injection 

 

Hypointense stria on T2-weighted image 

Hypointense core on T1 IR sequence 

 “Hemorrhagic AMI”: hypointense zones due 

to paramagnetic susceptibility effect of 

deoxyhemoglobin on T2-weighted images 
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T2-Weighted CMR Images 
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J Am Coll Cardiol 2008;51:1581–7 

In patients with reperfused 

MI, CMR visualizes both 

reversible and irreversible 

injury with very high 

sensitivity and specificity. 

This allows for quantifying 

the extent of the salvaged 

area after revascularization. 

The Salvaged Area at Risk 
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J Am Coll Cardiol 2006;48:144–52 
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J Am Coll Cardiol 2006;48:144–52 
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Circulation. 2006;113:394-404 
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Circulation. 2006;113:394-404 
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Comparison of Infarct Morphology by MDCT With Post-Mortem 

Pathology and MRI 

J Am Coll Cardiol 2009;53:1699–707) 
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Comparison of Infarct Morphology by MDCT With Post-Mortem 

Pathology and MRI 

J Am Coll Cardiol 2009;53:1699–707) 

• A DE-MDCT provides a more detailed assessment of the PIZ in chronic 

MI than MRI.  

• This increased resolution best reflects the extent of tissue mixture by 

histopathology and has the potential to further enhance the ability to 

define the substrate of malignant arrhythmia in ischemic heart disease 

noninvasively 
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Cosa scegliere per caratterizzare il tessuto: 

• Ischemic and Primary Dilated Cardiomyopathy 

• Acute Myocardial Infarction 

• Myocarditis 
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The late enhancement patterns allow for the discrimination 

of ischemic versus nonischemic injuries 
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The late enhancement patterns allow for the discrimination 

of ischemic versus nonischemic injuries 
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CMR can be used for detection of inflammation,  

using images for visualizing edema 
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EVIDENCE OF ACUTE INFLAMMATION AND PRESENCE 

OF EPICARDIAL LGE ABNORMALITIES 
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J Comput Assist Tomogr 2008;32:228-232 
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J Comput Assist Tomogr 2008;32:228-232 

MRI because of its lack of irradiation, should be the tool of reference to 

assess differential diagnosis  between MI and myocarditis.  

CT has several advantages.  

 CT examination is shorter than MRI (a few minutes compared with 

approximately 40 minutes for a whole MRI examination).  

 It is widely known that patient monitoring is easier during CT 

examination than MRI.  

 CT scanner with intravenous contrast injection is often performed to 

find another cause of chest pain such as aortic dissection or 

pulmonary embolism. After exclusion of those diagnoses and as 

patient is still in the CT scanner, adding a single acquisition without 

reinjection may help to identify or eliminate MI and myocarditis 
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Cosa scegliere per caratterizzare il tessuto: 

• Ischemic and Primary Dilated Cardiomyopathy 

• Acute Myocardial Infarction 

• Myocarditis 

• Hypertrophic Cardiomyopathy 
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In Hypertrophic Cardiomyopathy CMR can: 

 differentiate physiological from pathological hypertrophy 

 

Heart 2008;94:510–518. 
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Hypertrophic Cardiomyopathy 
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Hypertrophic Cardiomyopathy 
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the prognostic value of the presence and extent of 

hyperenhancement in HCM patients is still unknown 

and the results of ongoing studies are awaited. 

Heart 2008;94:510–518. 
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Cosa sciegliere per caratterizzare il tessuto: 

• Ischemic and Primary Dilated Cardiomyopathy 

• Acute Myocardial Infarction 

• Myocarditis 

• Hypertrophic Cardiomyopathy 

• Arrhythmogenic Right Ventricular Cardiomyopathy 
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Incidence and Interobserver Agreement for the Qualitative MR Variables 

 

 

 

 

 

  

 

 Identification of fat within the myocardium by MRI may 

not be specific and is in fact the least reproducible MRI 

parameter 
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Identification of Intramyocardial Fat by MRI 
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Identification of Intramyocardial Fat by MRI 
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 Identification of Intramyocardial Fat by MRI 
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J Am Coll Cardiol 2005;45:98 –103 
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Noninvasive Imaging of Fibrosis in ARVD 
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     UTIC-PD  Circulation 2006;113;e673-e675 

T1-weighted, turbo spin-echo with 

fat saturation 

T1-weighted, turbo spin-echo 
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Am J Cardiol 2007;100:99 –105 
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Cosa scegliere per caratterizzare il tessuto: 

• Ischemic and Primary Dilated Cardiomyopathy 
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• Myocarditis 
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• Intracardiac Thrombi 
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Am Heart J 

2006;152:75-84. 
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J Am Coll Cardiol 2008;52:148–57 



     UTIC-PD  



     UTIC-PD  

Size of nonvisualized thrombi on CINE-MRI ranged from 0.5 to 2.5 cm3. Size of nonvisualized 

thrombi on TTE ranged from 0.8 to 8.0 cm3), and 6 of them were located in LV apex. 
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• Ischemic and Primary Dilated Cardiomyopathy 

• Acute Myocardial Infarction 

• Myocarditis 
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• Stati morphologic imaging  

• Fast spin-echo T1- and T2-weighted imaging  

• Fat suppression prepulses 

• Dynamic assessment Dynamic assessment 

• Myocardial tagging  

• Administration of gadolinium  

• Perfusion 

These techniques demonstrate the superior tissue characterization of 

MR imaging comparedwith CT and echocardiography.  

Specific tumoral characterization is possible only in cases of myxoma, 

lipoma, fibroma, cysts,and hemangioma 
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Mixoma 

Magn Reson Imaging Clin N Am 16 (2008) 137–164 

SSFP images T1-weighted black-blood 

DE 

inversion-

recovery 
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Lipoma 

Magn Reson Imaging Clin N Am 16 (2008) 137–164 

SSFP images 
T1-weighted black-blood 

T1-weighted black-blood fat sat 
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Fibroma 

Magn Reson Imaging Clin N Am 16 (2008) 137–164 

SSFP images 

T1-weighted black-

blood 

SSFP images SSFP images 

SSFP images 

T2-weighted 

DE 

inversion-

recovery 

First pass 
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MRI for cardiac Tissue Characterization 

• Ischemic and Primary Dilated Cardiomyopathy 

• Acute Myocardial Infarction 

• Myocarditis 

• Hypertrophic Cardiomyopathy 

• Arrhythmogenic Right Ventricular Cardiomyopathy 

• Intracardiac Thrombi 

• Cardiac Masses 
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Malignant Cardiac Tumors 

MR imaging usually cannot provide 

a specific tissue diagnosis for the different malignancies 

but can demonstrate aggressive features 

that favor a malignant etiology: poor border definition, 

heterogenous appearance with foci of necrosis 

and hemorrhage, frequent involvement of the 

right-sided cardiac chambers or involvement of 

multiple chambers, extracardiac extension, and 

coexistent pericardial effusions. 

Magn Reson Imaging Clin N Am 16 (2008) 137–164 
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ANGIOSARCOMA 

SSFP 

T1-weighted black-

blood fat sat 

First pass DE inversion-recovery 
Cardiol 

Clin 25 

(2007) 

111–140 
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Osteosarcoma 

SSFP SSFP 

T1-weighted black-

blood 

T2-weighted 

CT scan 

Magn Reson Imaging Clin N Am 16 (2008) 137–164 
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Journal of Medical Imaging and Radiation Oncology (2009) 52, 550–558 

Non contrast- 

enhanced CT 

Contrast- 

enhanced CT 

T1-weighted black 

blood 

DE 

inversion-

recovery 

MIXOMA 
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Journal of Medical Imaging and Radiation Oncology (2009) 52, 550–558 

LIPOMA 

Non contrast- 

enhanced CT 

Contrast- 

enhanced CT 

SSFP 

T1-weighted black-

blood fat sat 
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Emocromatosi 

T2* weighted 
Heart 2008; 49:510-518 

• MRI consente la caratterizzazione 

tissutale miocardica identificando i 

DEPOSITI di ferro.  

 

• I valori di ferritina ed il livello epatico di 

ferro non sono dei predittori validi di 

sovraccarico a livello cardiaco. 

 

• L’accumulo di ferro è soprattutto 

epicardico, a patch a carico del 

ventricolo sinistro, quindi la biopsia ha 

una bassa sensibilità diagnostica. 

 

• La tecnica GRE T2* consente una 

rapida e riproducibile valutazione 

dell’accumulo intracardiaco. 
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        4 minuti        10 minuti  
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Miocardio 

Specular 

echoes 
Backscattered 

echoes 

Sangue 
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Miocardio 

Specular 

echoes 
Backscattered 

echoes 

Sangue 

La lunghezza d’onda del fascio ultrasonoro 

incidente è molto maggiore dei confini tra i 

diversi elementi della struttura tissutale, 

così che gli ultrasuoni vengono dispersi 

(backscatter) 

secondo un fenomeno multidirezionale. 

 

La quantità di questa energia ultrasonora 

retrodispersa dipende dalla non 

omogeneità all’interno del tessuto e dalla 

frequenza degli ultrasuoni.  

 

E’ possibil misurare lo spettro completo 

della frequenza ultrasonora del segnale 

retrodisperso (backscattered)  la frequenza 

media di questo chiamata integrated 

backscatter. 
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Metodo  
analisi delle immagini 

Posizionamento 

della regione 

d’interesse 

Variazione 

Ciclica del BSC 

Miocardico 
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Determination of successful reperfusion after trombolysis for AMI, 

 using tissue characterization  

Circulation 2002; 105:157-161 
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•Le variazioni cicliche dell’IBS sono anche il miglior parametro 

(sensibilità 96% e specificità 90%) per identificare quei pazienti con 

ricanalizzazione coronarica spontanea (TIMI 3), già prima di essere 

sottoposti a procedura di angioplastica primaria 
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 During a reduction of myocardial perfusion capable of inducing 

myocardial ischemia, the subendocardial layer undergoes 

contractility impairment even in the absence of functional impairment 

of the subepicardial layer  

 

 Stress-induced myocardial ischemia mainly affect subendocardial 

Integrated Backscatter cyclic variations  subendocardial 

regional myocardial contractility 

Circulation. 1999;100:1770-1776. 

Effects of Acute Myocardial Ischemia on Intramyocardial 

Contraction Heterogeneity 
A Study Performed with Ultrasound Integrated Backscatter During 

Transesophageal Atrial Pacing 



     UTIC-PD  

Possibilità di informazioni sui diversi strati transmurali 


