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Cardiac dysfunction and myocellular injury from cancer therapeutics are identified by 

reductions in left ventricular ejection fraction (LVEF) or greater than 15% deteriorations in 

myocardial strain.1 Myocardial strain may deteriorate due to increases in LV end-systolic 

volume (LVESV), reductions in LV end-diastolic volume (EDV), or both. Decreases in 

LVEDV due to hypovolemia from poor PO oral intake, emesis, or myocardial loss2 do occur 

during cancer treatment. We sought to determine the frequency by which decrements in 

myocardial strain were mediated by decreases in LVEDV versus increases in LVESV in 

patients receiving potentially cardiotoxic chemotherapy.

The study was approved by the local institutional review board and participants provided 

witnessed, written informed consent. Cardiovascular magnetic resonance (CMR) 

examinations were performed on a 1.5-T Siemens Avanto scanner <6 hours prior to 

chemotherapy administration both before and three months after initiation of cancer 

treatment. Left ventricular volumes, LVEF, LV mass, relative wall thickness, and mid-wall 

Eulerian circumferential strain (ECC) were calculated from a series of LV short axis white-

blood cine stacks and a mid-cavity short axis grid tagged image.3 Additionally, global 

longitudinal strain (GLS) was assessed from high temporal resolution 2- and 4-chamber cine 

views in a subset of participants (n=34). Intra-observer variability was performed on 28 

blinded, unpaired scans for LVEDV (Δ=1.8±1.4ml [p=0.21] with correlation of r=0.98 
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[p<0.001 for test against r=0.80]) and LVESV (Δ-0.47±1.3ml [p=0.73] with correlation of 

r=0.94 [p=0.003 for test against r=0.80]. Thresholds of change were defined a priori 
(ΔLVEDV ≥-10ml and ΔLVESV ≥5ml) and were >5× our analysis variability. Arterial 

Elastance index (EaI) was calculated as an assessment of afterload on ECC strain.4 All 

analyses were blinded to study visit and measures from other CMR examinations. Paired 

Student's t-tests compared changes in LV measures.

The study population included 101 participants (70% women, 82% white) that were aged 

50±15 years and had hypertension (39%), diabetes (15%), hyperlipidemia (26%), coronary 

artery disease (8%), or a history of smoking (28%). Primary cancer diagnoses included 

breast cancer (50%), leukemia (12%), lymphoma (32%), or other soft tissue malignancy 

(7%). Chemotherapeutic agents included an admixture of anthracyclines (71%), alkylating 

agents (53%), antimicrotubule agents (37%), and tyrosine-kinase inhibitors (44%) with 12 

participants receiving an anthracycline followed by trastuzumab.

Overall, ECC strain declined from -17.99 to -17.23 (p=0.0052) concurrent with LVEF 

declines of 59.2% to 56.7% (p=0.0002). No LVEF change was observed in 39 participants. 

Sixty-two participants had an LVEF decline mediated by LVEDV declines (n=16), LVESV 

increases (n=35), combined LVEDV and LVESV changes (n=5), or LV volume changes 

below the thresholds (n=6). We observed an association between ECC strain deteriorations 

in those with decreases in LVEDV (p=0.02; Figure). In parallel with ECC changes, GLS was 

nominally associated with a 3-month decline (-15.44 to -14.79, p=0.069). GLS changes were 

associated with LVEDV changes (r=-0.36, p=0.03) and were nominally associated with 

LVEF changes (r=0.32, p=0.06) but not with LVESV changes (r=0.15, p=0.39). No changes 

were observed in LV mass index (p=0.23), relative wall thickness (p=0.65), or EaI (p=0.69). 

EaI was associated with changes in GLS (r=0.37, p=0.03) but not ECC (r=0.03, p=0.78).

Three months after receipt of potentially cardiotoxic chemotherapy, up to 16% of individuals 

may experience a deterioration in myocardial strain mediated by a decline in LVEDV rather 

than an increase in LVESV without early changes in myocardial tissue volume. Our null 

findings of the effects of EaI on ECC strain suggest that afterload is not a mechanism 

responsible for ECC changes early after chemotherapy. Similar to those undergoing dialysis 

or with intravascular volume depletion due to blood donations,5 our data suggests LVEDV 

mediated relative strain changes of 9% may occur after chemotherapy causing a reduced 

preload. We have provided limited CMR-derived GLS data due to evolution of faster 

imaging sequences that occurred during the study. Although our subset was not powered to 

find differences, we were able to identify nominal associations of afterload-sensitive GLS 

change early after initiating potentially cardiotoxic chemotherapy. Continued work is needed 

to understand the role of CMR based strain measures in evaluating patients receiving 

potentially cardiotoxic chemotherapy.1

The data from this study underscore the importance of reviewing LV volume changes when 

interpreting LV strain deteriorations after receipt of cardiotoxic chemotherapy. One may not 

want to withhold potentially curative chemotherapy in an individual that may only need 

intravascular volume resuscitation or initiate cardioprotective medications such as beta-
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blockers or and angiotensin converting enzyme inhibitors (either of which could promote 

hypotension) in an individual with an already reduced LV preload and intravascular volume.
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Figure. Mid-wall circumferential myocardial strain measured with CMR in cancer patients prior 
to (BL) and 3 months (3M) after initiation of chemotherapy categorized by underlying cause for 
left ventricular ejection fraction (LVEF) decline
Participants with a decline in LVEF due to a >5ml decrease in end diastolic volume 

exhibited subclinical deteriorations in myocardial strain. Myocardial strain changes were not 

observed in any other subgroup, including those with end systolic volume changes.
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