
0 

Gianluca Pontone, MD 

Director of Magnetic Resonance 

Deputy Director of Computed Tomography 

Area of Cardiovascular Imaging 

Department of Cardiovascular Sciences and Comunity Health 

Centro Cardiologico Monzino, IRCCS and University of Milan 

Milan, October 16th 2012 

Risonanza magnetica cardiaca: è possibile un 

ruolo nella identificazione di cardiotossicità da 

chemioterapici ? 

 



BACKGROUND 
The use of multimodality treatment, including surgery, 

chemotherapy, radiotherapy, and ‘targeted therapies’, has 

significantly decreased the mortality related to cancer. 

Because more and more oncological patients have a long life 

expectancy, however, treatment-related comorbidity and its 

prevention become more and more an issue for cancer survivors. 

Cardiac toxicity results in myocardial dysfunction which can 

become apparent immediately or long after the end of therapy and 

often is irreversible. 

Awareness of the need to balance the goals of the oncologist (to 

maximally kill cancer cells or inhibit tumor cell division, 

vascularization, and spread) with those of the cardiologist (to 

protect the heart from damage related to the tumor or its treatment) 

was an entity by the mid-1980s. 

The recognition of cardiac dysfunction as a 

consequence of cancer treatment became 

crucial in the management of these patients 
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Cardiovascular Toxicity: risk factors 
PATIENT-RELATED FACTORS 

• age 

• presence of cardiovascular risk factors or coexisting cardiac 

disease 

• previous mediastinal irradiation 

 TREATMENT-RELATED FACTORS 

• type of drug 

• cumulative dose and schedule of administration 

• combination of potentially cardiotoxic drugs 

• association with radiotherapy 

 
Incidence Reversible 

Anthracycline* 
400 mg/m2 
550 mg/m2 
700 mg/m2 

 
3% 
7% 
18% 

No 

Trastuzmab* 5% - 15%# Yes 

*irradiation: injuring capillary endothelial cells 

#: previous Anthracycline 
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Cardiovascular Toxicity 
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Cardiovascular Toxicity 

New potential biomarkers of cardiotoxicity: cythocrome C, microRNA  

Novel Imaging technique: tissue Doppler, strain 

OVERCOME (preventiOn of left Ventricular dysfunction with Enalapril and 

carvedilol in patients submitted to intensive ChemOtherapy for the 

treatment of Malignant hEmopathies) study, testing whether ACE-Is 

and/or BBs are protective during chemotherapy, 

MANTICOR (Multidisciplinary Approach to Novel Therapies in Cardiology 

Oncology Research) trial,92 evaluating a different ACE-I, perindopril, and 

bisoprolol (BB) in the prevention of trastuzumab-mediated cardiotoxicity. 
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CARDIAC MAGNETIC RESONANCE 

ANATOMY and TISSUE CHARACTERIZATION 

FUNCTION and BLOOD FLOW 

PERFUSION 

LATE GADOLINIUM ENHANCEMENT 
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Cardiac Magnetic Resonane 
Anatomy and Tissue Characterization 

2D FIESTA 

3D FIESTA 

INVERSION 

RECOVERY 

T1 mdc 

T2edema 
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 In addition to the magnitude data used to generate cine 

CMR images of cardiac function, the phase data collected 

from the image acquisition can be used to measure 

velocity (Firmin DM Magn Reson Med 1990) 

Cardiac Magnetic Resonane 
Flow 
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Clinical 

Change 

Echo 

(SD/N) 

MRI 

(SD/N) 

Reduction 

in sample 

size (%) 

EDV, 10 ml 23.8/121 7.4/12 90 

ESV, 10 ml 15.8/53 6.5/10 81 

EF, 3% 6.6/102 2.5/15 85 

Mass, 10 gr 36.4/273 6.4/9 97 

Bellinger NG J Cardiovasc Magn Reson 2000 

Cardiac Magnetic Resonane 
Overall accuracy 
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Cardiac Magnetic Resonane 
Perfusion 

FIESTA Time Course 
 

Asset 

Te 1.2ms   TR 2.8ms  flip°36 

TI 119ms  0.5Nex 125kHz 

FOV 40   128x128   thk 8mm 

4 slices/1 R-R  60 phases 

Rest phase : 20ml DTPA at 5ml 



10 

Early after the first pass of Gd, a significant fraction of the injected Gd enters 

the interstitial space. Several minutes after intravenous administration of Gd, 

the larger volume of distribution available in necrotic or fibrotic myocardium 

results in a higher concentration of contrast agent than what is present in 

viable myocardium. This is typically referred to as “delayed 

(hyper)enhancement” or “late gadolinium enhancement” (LGE).  

Cardiac Magnetic Resonane 
Late Gadolimium Enhancement 



Cardiac Magnetic Resonane 
Myocarditis 

A T2-weighted triple inversion recovery pulse sequence showed a 

significantly higher global myocardial signal intensity in patients 

than in volunteers, although there was overlap. A cut-off value of 

1.9 had a sensitivity of 84% and a specificity of 74% to identify the 

disease. 

A T1-weighted spin echo before and 

shortly after contrast injection 

yielded a significantly higher global 

myocardial relative enhancement in 

patients than in volunteers. A cut-off 

value of 4.0 had a sensitivity of 80% 

and a specificity of 73% to identify 

myocarditis. 

The sensitivity of a inversion recovery gradient echo pulse sequence 

(LGE sequence) started 10 minutes after contrast injection was lower at 

only 44% but the specificity was high (100%). 



12 

Cardiovascular Toxicity 
1. Cardiac Magnetic Resonance: volume and  EF  
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r: 0.37 

r: 0.39 

- 5.2% 

+ 1% 

Pearson’s Correlation and Bland-Altman plots for agreement of cardiac 

magnetic resonance imaging (MRI) with 2D and 3D Echo for assessment of 

ejection fraction (EF). SD, standard deviation. 

Cardiovascular Toxicity 
1. Cardiac Magnetic Resonance: volume and  EF  
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Cardiovascular Toxicity 
1. Cardiac Magnetic Resonance: volume and  EF  
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Cardiovascular Toxicity 
2. Cardiac Magnetic Resonance: LV  mass  
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Cardiovascular Toxicity 
2. Cardiac Magnetic Resonance: LV  mass  
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Cardiovascular Toxicity 
2. Cardiac Magnetic Resonance: LV  mass  
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Cardiovascular Toxicity 
3. Cardiac Magnetic Resonance: relative enhancement  
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T1-weighted spin echo images 

before (left) and after (right) 

administration of contrast media. 

Contrast enhanced fast spin 

echo reveals increased 

myocardial enhancement 3 days 

after the onset of anthracycline 

therapy (lower panel) in 

comparison to the baseline 

study (upper panel). Note 

prominent contrast 

enhancement in the septum 

(arrow). 

Cardiovascular Toxicity 
3. Cardiac Magnetic Resonance: relative enhancement  
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Cardiovascular Toxicity 
3. Cardiac Magnetic Resonance: relative enhancement  

After 28 days the 

patients with an 

increase of the 

RE of equal to or 

more than 5 

showed a larger 

loss of ejection 

fraction (LVEF –

16.3% ± 6.6%) 

than did those 

with an RE less 

than 5 (LVEF –

4.7% ± 2.6%); t 

test is shown. 
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Cardiovascular Toxicity 
4. Cardiac Magnetic Resonance: late enhancement  
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Cardiovascular Toxicity 
4. Cardiac Magnetic Resonance: late enhancement  



Cardiovascular Toxicity 
4. Cardiac Magnetic Resonance: late enhancement  



24 

Study design. As shown, 7, 19, and 14 animals were initiated into this study in groups 

receiving NS, 1.5 mg/kg per week of DOX, and 2.5 mg/kg per week of DOX, 

respectively. At the end of the experiment, 24 animals had not experienced a primary 

event and 16 animals experienced a primary event (13 with a drop in LVEF; 3 with 

sudden death). 

Cardiovascular Toxicity 
4. Cardiac Magnetic Resonance: late enhancement  
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LV myocardial SI. At top left is a middle LV 

short-axis image obtained 20 minutes 

after Gd contrast. As shown, the LV 

myocardial cavity is white and the LV 

myocardium is dark. On this shortaxis 

image, a region of interest was identified 

(top right) bounded by the LV endocardial 

surface (solid line) and the LV epicardial 

surface (dotted line). Within this region of 

interest, the x, y, and z coordinates, along 

with SI for all of the boxes, were recorded 

(bottom left). The number of voxels along 

with their intensity was plotted, and the 

mean voxel intensity was determined 

(bottom right). This value was then 

subtracted from the background noise to 

obtain mean voxel intensity 

The method of analysis of the Gd-enhanced images used in this study differs from those used previously to 

identify myocellular injury after a myocardial infarction, in which myocellular injury is defined in voxels with an 

SI 2 SDs above background intensity within nonenhanced LV myocardium. Methods that visualize well-

circumscribed myocardial infarcts are not well suited for a process that causes diffuse cardiac injury throughout 

the heart. 

Cardiovascular Toxicity 
4. Cardiac Magnetic Resonance: late enhancement  
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Prediction of future primary events. 

Receiving operator characteristic 

(ROC) curves to determine the 

cutoff point for (1) the SI of the 

point before a primary event (Gd-

Before Event; dotted line); (2) the 

change in SI from the 2 

examinations before the primary 

event (Gd-intermediate; dashed 

line); and (3) the change in SI from 

baseline to the point before the 

primary event (Gdbaseline to prior 

event; dash/dot line). As shown, 

changes in SI early in the study 

predicted future events. 

Cardiovascular Toxicity 
4. Cardiac Magnetic Resonance: late enhancement  
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Serial histograms and 

histopathology. On the top 

portion of the figure are shown 

4-week histograms of the 

number of pixels (y axes) and 

intensities (x axes) in 

individual animals after receipt 

of NS (top left), DOX without 

an EF drop (top middle), and 

DOX with an EF drop (top 

right). Below the histograms 

are 40 hematoxylin and eosin 

histopathologic images from 

the same animals. As shown, 

mean intensity increased in 

the animals that had a drop in 

EF corresponding to 

vacuolization (arrows, bottom 

right). 

Cardiovascular Toxicity 
4. Cardiac Magnetic Resonance: late enhancement  
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Myocardial morphology. Bar 

graph displays the percentage 

of animals that developed 

myocellular necrosis, fibrosis, 

apoptosis, and vacuolar 

degeneration. Animals 

experiencing the primary end 

point of death (n 3) or drop in 

LVEF (n 13) exhibited more 

vacuolization relative to animals 

that did not experience these 

primary endpoints. 

Cardiovascular Toxicity 
4. Cardiac Magnetic Resonance: late enhancement  
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Cardiovascular Toxicity 
Cardiac Magnetic Resonance vs other imaging modality 



30 

Cardiovascular Toxicity 
Cardiac Magnetic Resonance vs other imaging modality 
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In our study, TVI and strain parameters 

did allow for the early detection of 

subclinical cardiac dysfunction before 

conventional echocardiographic 

parameters in breast cancer patients 

receiving trastuzumab in the adjuvant 

setting. Although there was no 

difference in conventional LVEF 3 

months after initiation of adjuvant 

trastuzumab therapy, TVI (S wave) and 

strain decreased in all 10 patients who 

developed cardiotoxicity. As compared 

with both global longitudinal and radial 

strain, only S= was able to identify all 10 

patients who developed trastuzumab-

mediated CM, with no false positives in 

the normal cohort at 3 months. The 

LVEF subsequently decreased at 6 

months of follow-up in all 10 patients, 

necessitating discontinuation of the 

drug. 

Cardiovascular Toxicity 
Cardiac Magnetic Resonance vs other imaging modality 
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There was evidence of subepicardial linear delayed 

enhancement in the lateral wall of the LV in all 10 

patients who developed trastuzumabinduced cardiac 

dysfunction. The average size of LGE was 18  4% of LV 

mass in these patients. 

Cardiovascular Toxicity 
Cardiac Magnetic Resonance vs other imaging modality 
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Cardiovascular Toxicity 
5. Cardiac Magnetic Resonance: Spectroscopy 
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Cardiovascular Toxicity 
5. Cardiac Magnetic Resonance  



Clinical Case 1 
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Male 34 yo, previous kidney transplantation, 

symptomatic for dyspnea 



Clinical Case 1 
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Clinical Case 2 

Female 36 yo, previous LH and breast cancer treated 

with RT and CT symptomatic for congestve heart failure.   
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OPEN ISSUES 

Prospective Studies 

CMR at  baseline 

          post CT 

              3 – 6 -12 monts 

LV and RV evaluation 

Mass 

Relative Edema T2W 

Relative enhancement T1W 

Global Late enhancement IR sequences T1W 

 

  Outcome 

 

  

Large Sample Size 
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CONCLUSIONS 



CONCLUSION 



www.cardiologicomonzino.it 

Gianluca.pontone@ccfm.it 

http://www.cardiologicomonzino.it

