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Following myocardial injury, the left ventricular (LV) myocardial extracellular matrix 

(ECM) can undergo abnormal expansion (due to inflammation and interstitial fibrosis) that 

can be identified with cardiovascular magnetic resonance (CMR) assessments of 

extracellular volume (ECV) fraction (1;2). Seven years after receipt of anthracycline-based 

chemotherapy (Anth-bC), elevations of myocardial ECV are associated with a) LV diastolic 

and systolic dysfunction, b) future mortality, and c) exercise intolerance (3). Identifying the 

onset of CMR derived measures of LV myocardial ECV in those treated with Anth-bC could 

facilitate therapeutic interventions to prevent the accumulation of LV myocardial interstitial 

fibrosis that is associated with these adverse outcomes.

Accordingly, the goal of this study was to determine if LV myocardial ECV increased during 

the initial receipt of potentially cardiotoxic chemotherapy. To accomplish this, we obtained 

serial CMR-derived measures of ECV before and three months after chemotherapy 

initiation. Additionally, T2 maps, LV volumes and circumferential myocardial strain were 

assessed. Individuals evaluated for treatment of breast cancer, soft tissue sarcomas, or 

lymphoma from rural northwest North Carolina treated within the Comprehensive Cancer 

Center at Wake Forest School of Medicine served as our study population. Participants were 

ineligible for enrollment if they had a history of myocardial infarction 28 days prior to 

enrollment.

CMR examinations were performed on a 1.5 Tesla scanner (Siemens Medical Solutions 

USA, Malvern, PA). T1 maps were acquired pre- and 15 minutes after administration of 
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gadolinium contrast (0.15 mmol/Kg) using a modified Look-Locker inversion recovery 

sequence (MOLLI) in a mid-cavity short-axis slice. ECV (corrected for hematocrit and heart 

rate) was calculated for each of 6 mid-cavity myocardial segments. Offline image paired 

analysis was performed by an experienced observer (GCM) blinded to whether maps were 

baseline or 3-month examinations. Next, the change from baseline to 3-months was 

calculated for each CMR measure, and descriptive statistics were obtained. Paired t-tests 

were calculated to assess whether longitudinal changes occurred in these measures. 

Subgroup analyses were also performed in those that did and did not receive Anth-bC.

The study population included 56 participants (66% women, [71% white and 29% black], 

aged 52 ± 13 years). Thirty-four percent (34 %), 13%, and 21%, of the participants 

respectively had hypertension or diabetes, or smoked. For those receiving Anth-bC (71%), 

the average received cumulative doxorubicin equivalent dose was 374.8 ± 0.56 mg/m2. Body 

mass index did not change from baseline to three months (p=0.98). There were no 

differences in baseline ECV values among subjects with or without hypertension or diabetes 

(ECV LV, p=0.92, ECV septum, p=0.66). Overall, ECV was found elevated three months 

post-treatment initiation compared to baseline. The elevation in ECV was prominent in those 

receiving Anth-bC (Anth-bC, p<0.001; non-Anth-bC, p=0.29). LVEF decreased from 62 ± 7 

to 58 ± 7% (p<0.0001) and LV circumferential strain was −17.2 ± 3 at baseline and −16.4 ± 

3 at 3 months (p=0.19) with a weak but positive association between the 3-month change in 

ECV and LV circumferential strain (r2=0.0983, p=0.05). There were no significant 

relationships between ECV with LV EF, EDV or ESV (p= 0.2 to 0.9)

The results of our study are the first to indicate that ECV increases early (only three months 

after initiation of chemotherapy), and these ECV increases are prominent in participants 

receiving Anth-bC. These results are similar to observations by Tham, et al., where 

increased ECV values were found in adolescents with normal EF, 3–12 years after treatment 

with Anth-bC(4). Our data do not address the mechanism by which LV myocardial ECV 

increases after receipt of potentially cardiotoxic chemotherapy. Expansion of the myocardial 

interstitial space could occur in the presence of inflammation and edema induced by 

cardiomyocyte apoptosis, or as interstitial fibrosis initiates within the ECM. In order to 

ultimately define the underlying cause of ECV increases or ECM expansion, future studies 

involving myocardial biopsies would be helpful.

In summary, these results raise the possibility that interstitial fibrosis may initiate early 

during or immediately after receipt of Anth-bC and suggest further studies are warranted to 

investigate the effects of cancer treatment, particularly with anthracycline based agents, on 

the LV myocardial extracellular matrix.
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