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DisclosuresDisclosures

� Research affiliation:  GE Medical Systems, Bracco 
Diagnostics, Berlex Pharmaceuticals, Malindkrodt 
Pharmaceuticals, Fujisawa, Inc., MRI Cardiac 
Services, Inc.

� Off-label use:  Magnetic resonance imaging and 
administration of Gadolinium contrast for use in 
cardiac studies.  



Case presentationCase presentation

� 45 yo hispanic woman with newly diagnosed breast 
cancer was begun Epirubicin and cyclophosphamide.  
After 150mg/m 2 of anthracycline therapy, she 
developed dyspnea on exertion at 20 yards.  In 
addition, she developed an inability to lie flat at  night 
and lower extremity swelling.  Prior to initiation of 
chemotherapy, she had mild hypertension 155/85, but  
otherwise no risk factors for coronary 
arteriosclerosis.  Pre-chemotherapy LVEF by 
echocardiogram was 55% and delayed relaxation was 
noted of the mitral inflow velocities.  



EvaluationEvaluation

� CXR – new pulmonary edema

� LVEF – fell to 40%

� Admitted for diuresis and 
initiation of ACE inhibitors



Incidence of CardiotoxicityIncidence of Cardiotoxicity

� LVEF < 20%:  1%-20%

– Depends on amount and 
combinations of agents 
received

� A fall in LVEF of 10%: 5%-50%

� Anthracyclines

� Cyclophosphamide

� Paclitaxel

� Herceptin



Adjuvant Trastuzumab in the Treatment of HER2-Posit ive 
Breast Cancer: Meta-analysis of 9117 patients

Viani GA, et al., BMC Cancer 2007; 7: 153



Methods to detect cardiotoxicity associatedMethods to detect cardiotoxicity associated
with the administration of chemotherapywith the administration of chemotherapy

� Myocardial biopsy

– Requires an interventional 
procedure, thus associated with risk

� Follow LVEF with a MUGA scan

– Detects damage after it has occurred

– ? Accuracy for longitudinal studies
– In false positive cases, patients may 

not receive full benefit of medication



MUGAMUGA

Normal contractilityNormal contractility Abnormal contractilityAbnormal contractility



EchocardiogramEchocardiogram

Calculate: EDV & ESV

(EDV-ESV)/EDV = EF

Volume = 0.85 (Area) 2

Length



3D versus 2D 3D versus 2D 
determinationsdeterminations
of LVEFof LVEF

Chuang, et al J Am Coll Cardiol
2000;35: 477-84



What is needed?What is needed?

� Noninvasive technique

� Avoid ionizing radiation for longitudinal studies

� Identify early structural damage and cell death

� Identify early consequences of myocellular 
injury: changes in contraction and relaxation

� Measure the global consequence of an injury: 
LVEF



Cardiovascular magnetic resonance imagingCardiovascular magnetic resonance imaging

� Structure

� Function

� Perfusion

� Coronary arteries

� Blood flow

� Metabolism



Comprehensive, high resolutionComprehensive, high resolution
imaging of the left ventricleimaging of the left ventricle



Comparison to echocardiographyComparison to echocardiography
Echo CMR ¯̄̄̄  sample

size
EDV, 10 ml 121 12 90%

ESV, 10 ml 53 10 81%

EF, 3% 102 15 85%

Mass, 10 g 273 9 97%

Bellenger NG et al, J Cardiovasc Magn Reson2000;2:271



Table 2: Medicare Reimbursement (Dollars)*  

MRI Echo  MUGA 
Procedure  
(Part A)  369 245 300 1848 
Physician Fee  
(Part B)  76 65 76 460 
23 hour obs  . 
(Part A)  00 00 00 265 
23 hour obs  . 
(Part B)  00 00 00 90 

Total  445 310 376 2663 

Cath 
+ Cors  

* Reimbursement represents 80% of the billable amount allowed by M edicare  
for participating providers (Medicare part A) and physicians (Me dicare part B). 
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Effect of Gadolinium on protons

Gadolinium effectively shortens the T1 relaxation t ime of nearby
protons, thereby increasing the signal intensity on  T1-weighted 
images
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Normal Myocardium
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Ischemic MyocardiumIschemic Myocardium
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CMR perfusion and scar detection: Two phasesCMR perfusion and scar detection: Two phases
of myocardial enhancement following contrast inject ionof myocardial enhancement following contrast inject ion



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%).

Wassmuth, et al.  Am Heart J 2001

Relative or Early Enhancement



Wassmuth, et al.  Am Heart J 2001



Kim RJ. et al. NEJM 2000;343:1445-53



Myocarditis

Myocardial infarct

Amyloidosis

3 causes of CHF:3 causes of CHF:
3 different patterns of3 different patterns of

late enhancementlate enhancement
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Late gadolinium enhancement (LGE) andLate gadolinium enhancement (LGE) and
chemotherapy cardiotoxicitychemotherapy cardiotoxicity

� 160 breast cancer 
participants

� Received Herceptin

� All 10 with a drop in 
LVEF to 29 + 4% 
developed LGE

� None without a drop 
in LVEF displayed 
LGE
Fallah-Rad et al. Journal of Cardiovascular Magnetic 
Resonance 2008 10:5 doi:10.1186/1532-429X-10-5



Does doxorubicin promote increasedDoes doxorubicin promote increased
myocardial water?myocardial water?
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Utility of combined T2 weighted scans withUtility of combined T2 weighted scans with
delayed hyperenhancement to detect edemadelayed hyperenhancement to detect edema

Acute Chronic

Abdel-Aty, et al., Circulation 2004
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CrossCross --sectional analysis of mean signal intensitysectional analysis of mean signal intensity
(n=4 per group)(n=4 per group)

 Hundley, et al., US Patent 2008



End diastole End systole

Application of myocardial tissue tagging to detect
deformation of regions in the walls of the left ventricle



MultiMulti--Phase Strain MapsPhase Strain Maps
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Troponin ITroponin I
� Protein located in contractile apparatus of myocyte s

� Sensitive and specific marker of myocellular injury

� Associated with cardiovascular events and mortality

� Association with fall in LVEF in patients receiving  
chemotherapy: cannot exclude injury due to 
atherosclerosis

� Not all participants with cardiotoxicity elevate 
troponins: doxorubicin down regulates production, 
differences in chemotherapy, non-standard 
measurement

Pediatr Blood Cancer. 2008 Sep;51(3):327-33.



BB--type natiuretic peptide (BNP)type natiuretic peptide (BNP)

� 32-sequence amino acid synthesized within the ventr icles of 
the heart and correlates with

– Myocellular injury
– Cardiovascular events and mortality

� Several small studies showing an association with e levation in 
BNP and a the onset of impaired LV relaxation durin g 
transthoracic echocardiography

� Association of elevations in BNP with long- term cardiovascular 
dysfunction after anthracyclines.

� Wide variation in baseline measures of serum BNP du e to 
underlying clinical conditions: ischemic injury, ri ght heart 
injury  

Pediatr Blood Cancer. 2008 Sep;51(3):327-33.
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Shan, K. et. al. Ann Intern Med 1996;125:47-58

Late-onset ventricular dysfunction over time
(n=201 subjects)



Mortality Mortality –– Childhood Cancer Survivor Study (CCSS)Childhood Cancer Survivor Study (CCSS)
10,397 adult survivors Rx 197010,397 adult survivors Rx 1970 --1986 versus 3034 siblings1986 versus 3034 siblings

Updated 11Updated 11 --27 yrs follow27 yrs follow --upup

� Cumulative  incidence of death 13.6 %

� Treatment related causes of death 

– 15% Second Malignant Neoplasm (SMN)
• SMR 15.0 (95%CI 13.7-16.4)

– 7% Cardiac condition
• SMR 6.9 (95% CI 5.8-8.1)

– 2% Pulmonary condition
• SMR 8.7 (95%CI 6.7-11.0)

– 4% other

� Non-treatment related deaths 15%

Mertens PBC 2007



Select Chronic Health Conditions in CCSSSelect Chronic Health Conditions in CCSS

Condition RR 95%CI

Major joint replacement 54.0 7.6-386.3

Congestive Heart Failure 15.1 4.8-47.9

Second malignant 
neoplasm

14.8 7.2-30.4

Coronary artery disease 10.4 4.1-25.9

Cerebrovascular accident 9.3 4.1-21.2

Oeffinger: N Engl J Med. 2006 Oct 12;355(15):1572-82



Cardiac events in childhood survivors of cancerCardiac events in childhood survivors of cancer

� Age 30 to 45, childhood survivors of cancer 
experience increased incidence:

– Obesity/metabolic syndrome

– Hyperlipidemia
– Stroke
– Congestive heart failure

– Myocardial infarction

Oeffinger, et al. J Pediatric Hematology/Oncology. 23(7):424-430, 2001.



Coronary Artery Disease After Cancer Coronary Artery Disease After Cancer 

� Incidence related to radiation dose 

� Anteriorly-weighted treatment predisposes 

� Younger patients are more vulnerable 

� Accelerated atherosclerosis leads to early-onset 
myocardial infarction in third and fourth decade 
similar to rates observed in elderly in seventh and  
eighth decade without prior cancer treatment. 



NIH initiativesNIH initiatives

� The NCI has identified long-term survival 
from cancer as one of the new areas of 
public health emphasis 
(http://plan.cancer.gov/promise.shtlm )

� The NCI and NIA have identified premature 
aging as an area of necessary investigation 
for recipients of cancer treatment



Vascular CMR AssessmentsVascular CMR Assessments

Draney MT, et al, Ann Biomed Eng, 2002
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Heightened patient understandingHeightened patient understanding

Report system

Physician offices



Why MRI?Why MRI?

� No ionizing radiation

� Minimal contrast requirements

� Noninvasive

� Flexible (structure, function, tissue 
characterization)

� Multi-tasking (multiple organ systems with 1 exam) 
for use in cancer and cardiac surveillance

� Favorable relative expense 
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LVEF at baseline and during the 12-month follow-up in control 
subjects (left) and the ACEI group (right) in patie nts with ({square}) 

or without ({blacksquare}) persistent TnI increase


