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Abstract

We sought to determine the frequency by which decreases in left ventricular (LV) end-diastolic 

volume (LVEDV) with and without increases in end-systolic volume (LVESV) influenced early 

cancer treatment-associated declines in left ventricular ejection fraction (LVEF) or LV mass. One 

hundred and twelve consecutively recruited individuals (aged 52 ± 14 years) with cancer 

underwent blinded cardiovascular magnetic resonance (CMR) measures of LV volumes, mass, and 

LVEF before and 3 months after initiating potentially cardiotoxic chemotherapy (72 % of 

participants received anthracyclines). Twenty-six participants developed important declines in 

LVEF of >10% or to values <50% at 3 months, in whom 19% versus 60%, respectively, 

experienced their decline in LVEF due to isolated declines in LVEDV versus an increase in 

LVESV; participants who dropped their LVEF due to decreases in LVEDV lost more LV mass than 

those who dropped their LVEF due to an increase in LVESV (p=0.03). Nearly a fifth of individuals 

experience marked LVEF declines due to an isolated decline in LVEDV after initiating potentially 
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cardiotoxic chemotherapy. Since reductions in intravascular volume (which could be treated by 

volume repletion) may account for LVEDV related declines in LVEF, these data indicate that LV 

volumes should be reviewed along with LVEF when acquiring imaging studies for cardiotoxicity 

during treatment for cancer.
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Introduction

Cancer therapeutics-related cardiac dysfunction (CTRCD) is usually identified through the 

assessment of left ventricular ejection fraction (LVEF).1-4 It is often assumed that patients 

experiencing declines in LVEF during cancer treatment is related to cardiomyocyte injury 

promoting decreases in LV contractility that cause an increase in LV end-systolic volume 

(LVESV, Figure 1).5-7 It is important to recognize that LVEF may also decline during cancer 

treatment7,8 due to a decrease in LV end-diastolic volume (LVEDV) or pre-load related to 

hypovolemia (due to poor PO oral intake and or emesis, Figure 1).9 Since cancer-related 

survival can depend on the amount of chemotherapy received and this therapy can be 

withheld if LVEF declines during cancer treatment, we sought to investigate the frequency 

by which important (>10% or to values <50%) declines in LVEF occurring after receipt of 

potentially cardiotoxic chemotherapy were due to a decrease in LV pre-load (decrease in 

LVEDV) as opposed to a decrease in contractility (increase in LVESV). We utilized 

cardiovascular magnetic resonance (CMR) to determine the pre- and 3-month post-cancer 

treatment measurements of LVEDV, LVESV and EF in individuals receiving potentially 

cardiotoxic chemotherapy. Additionally, because LV mass loss has been reported in cancer 

patients treated with anthracyclines and image derived measures of LV mass can be 

influenced by intravascular volume status, the relationship of LV mass and LV volumes was 

also evaluated.10,11

Methods

This cohort study was approved by the Institutional Review Board of the Wake Forest 

School of Medicine; all participants provided witnessed, written informed consent. 

Cardiovascular magnetic resonance (CMR) images were acquired before and 3 months after 

initiating cancer treatment. The study population consisted of 112 participants with cancer 

who were scheduled to receive potentially cardiotoxic chemotherapy. Participants were 

ineligible if they had a contraindication to CMR (e.g., implanted metal or electronic devices) 

or if they had an LVEF <50% at baseline. They were consecutively recruited over 5 years 

from the hematology/oncology outpatient clinics and inpatient hospital facilities within the 

Comprehensive Cancer Center at the Wake Forest School of Medicine.

To determine LV volumes, EF and mass, all participants underwent scanning on a 1.5-T 

Magnetom Avanto scanner (Siemens Medical Solutions USA, Malvern, PA) using cine 

white blood steady-state free precession techniques with a 256 x 128 matrix, a 40-cm field 
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of view, a 10-ms repetition time (TR), a 4-ms echo time (TE), a 20-degree flip angle, a slice 

8-mm thick, and a 40-ms temporal resolution. Volumes and mass were also indexed to body 

surface area (BSA). According to previously published techniques, LV endo- and epicardial 

contours were drawn at end-diastole and end-systole on offline workstations and summed 

using Simpson's rule.2,12,13

Descriptive statistics were calculated for all patients. The baseline to 3-month changes in 

outcomes (body weight, BSA, heart rate, systolic and diastolic blood pressures, pulse 

pressure, LVEF, EDV, ESV and mass [both unadjusted and indexed by BSA] and arterial 

elastance) were compared using paired Student's t-tests. Prospectively, CTRCD at 3 months 

was defined as an LVEF decline of >10% or a drop in LVEF to an absolute value of <50%.3 

We assessed the frequency of LVEDV declines (associated with diminished LV preload) or 

LVESV increases (associated with reductions in myocardial contractility). Large changes in 

LV volume were defined as an LVEDV drop below the 25th percentile (>19 ml) of all 

changes in LVEDV, and an LVESV increase above the 75th percentile (>10 ml) of all 

changes in LVESV. The baseline to 3-month change in LV mass was determined among 

participants with CTRCD. As previously described, arterial Elastance (EaI) was calculated 

as end systolic pressure (0.9 × brachial systolic blood pressure)/LV stroke volume indexed to 

body surface area.14,15 The cumulative anthracycline dose administered to participants from 

baseline to 3 months was compared among those exhibiting a LVEDV drop or a LVESV 

increase in individuals with and without CTRCD. Pearson correlations were examined to 

determine whether changes in LVEDV were correlated with changes in blood pressure and 

heart rate. We also fit a series of logistic regression models to examine characteristics 

associated with overall LVEF drop in all participants and in those who experienced an LVEF 

drop due to an LVEDV decrease without an increase in LVESV or those who experienced an 

increase in LVESV without a decline in LVEDV. In these models, we examined whether the 

following were associated with changes in LV volumes: demographic or cardiovascular risk 

factors (age, gender, race, smoking status, body mass index, coronary artery disease, 

diabetes and hypertension), the use of cardioprotective medications (beta-blockers, 

angiotensin converting enzyme inhibitors, or statins), or the receipt of various potentially 

cardiotoxic chemotherapeutic agents or the use of a diuretic. All values are reported as mean 

± standard deviation unless stated otherwise; p-values of ≤0.05 were considered significant. 

All analyses were performed in SAS version 9.3 (SAS Institute, Cary, NC).

Results

Demographic data from the 112 participants are displayed in Table 1. The potentially 

cardiotoxic chemotherapeutic agents received by participants included an admixture of 

anthracyclines (72%), antimicrotubule agents (60%), alkylating agents (74%), and tyrosine-

kinase inhibitors (51%). Among those that received tyrosine-kinase inhibitors, 28% received 

trastuzumab, 20% rituximab, 4% sunitinib and 3% bevacizumab.

Overall body weight, BSA, heart rate, systolic and diastolic blood pressures, LVEF, EDV, 

ESV and mass [both unadjusted and indexed by BSA] and arterial elastance for the baseline 

and 3-month exams are shown in Table 1. Individuals with large declines in LVEF 

experiencing our pre-defined decline in LVEDV or increase in LVESV are shown in Figure 
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2. In Figure 3, those experiencing marked changes in LV volumes without a substantive 

change in LVEF are shown. Overall, baseline to 3-month changes in LVEDV were correlated 

with systolic blood pressure changes (r=0.2, p=0.05) and heart rate changes (r=-0.3, 

p=0.003). We found no association between changes in brachial diastolic blood pressure or 

pulse pressure and LVEDV. Similarly, we found no changes in EaI (p=0.85) in the 

population as a whole or in the subgroup of participants that dropped their LVEF due to 

LVESV increases (p=0.46).

The development of CTRCD due to isolated increases in LVESV were associated with 

smoking (p=0.02) and borderline associated with the receipt of anthracyclines (p=0.06). In 

multivariable analyses, no factors (p=NS) were associated with LVEDV mediated CTRCD, 

including the receipt of tyrosine-kinase inhibitor and diuretics.

Figure 4a illustrates the LV mass index changes from baseline to 3-months in individuals 

with and without CTRCD, and Figure 4b depicts the sub-group analysis of LV mass index 

changes from baseline to 3-months post-chemotherapy among CTRCD individuals. The 

cumulative anthracycline dose administered to participants from baseline to 3-months and 

the change in LVEF related to LV volume fluctuations is depicted in Figure 5.

Discussion

In this consecutively recruited cohort of individuals receiving potentially cardiotoxic 

chemotherapy for the treatment of cancer, 23% experienced CTRCD defined as a pre-

treatment to 3 months after initiation of treatment LVEF decline of >10% or a drop in LVEF 

to an absolute value of <50%. Among participants with CTRCD, 19% of the 3-month 

declines in LVEF occurred due to LVEDV declines of >19 mL which was within the top 25th 

percentile of all LVEDV declines in the cohort (Figure 2). Furthermore, LV mass loss among 

CTRCD participants was associated with LVEDV declines of >19 ml (Figure 4). These data 

indicate that clinically relevant drops in LVEF and loss of LV mass in patients receiving 

cardiotoxic chemotherapy may be related to hypovolemia rather than increases in LVESV, 

which often reflect reduced LV myocardial contractility due to LV myocellular injury from 

receipt of cardiotoxic chemotherapy. We found no univariable associations between any of 

the risk factors for the development of CTRCD due to a decrease in LVEDV including the 

receipt of oral diuretics. We found no changes in EaI, suggesting that an increase in arterial 

elastance was not necessarily responsible for the declines in LVEF we observed in our study 

population that were mediated by increases in LVESV. Participants averaged 52 years of age 

and ∼70% were white women. These demographic metrics are consistent with the fact that 

49% of the participants in the study were women treated for breast cancer, and 45% were 

treated for leukemia or lymphoma (Table 1). The mildly reduced overall LVEF for the cohort 

in this study (60 ± 7% which is somewhat lower than the LVEF for women [71 ± 7%] or 

men [67 ± 7%] in other population-based studies without cancer, such as from the Multi-

Ethnic Study of Atherosclerosis [MESA]),13 may be related to the fact that this cancer 

population exhibited multiple CV co-morbidities before initiating their cancer treatment 

(Table 1).13 Participants also exhibited weight loss and slightly lower blood pressure 3 

months after initiating their chemotherapeutic regimen.
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There are important clinical implications regarding the results of this study. Although LVEF 

is commonly utilized to identify “cardiotoxicity” after receiving treatment for cancer,3 

simultaneous assessments of LV volumes have been less emphasized. The results of this 

study indicate that observed declines in LVEF should be evaluated in relation to changes in 

LV preload (as reflected by LVEDV measures) and myocardial contractility (as assessed by 

changes in LVESV). If one simply reports the LVEF, then those responsible for managing 

the patient receiving chemotherapy could inadvertently alter patient management for 

potentially incorrect reasons. For example, stopping potentially life-saving but cardiotoxic 

chemotherapy or initiation of cardio-protective medications that can lower blood 

pressure4,16 may not be advised if the LVEF declined as a result of a decrease in LVEDV (or 

preload). In this situation, oral or intravenous hydration to restore intravascular volume, LV 

preload, and LVEF may be more appropriate.

The cumulative dose of anthracycline trended toward an association of LVEF drop due to 

increases in LVESV (Figure 5); however, due to the small number of participants receiving 

anthracycline-based chemotherapy in this study, clarity regarding the relationship between 

the cumulative dose of anthracyclines and the change in LVEDV or LVESV mediated 

declines in LVEF requires further study. In the current study, overall LV mass declines 

observed 3 months after initiation of chemotherapy were more frequently associated with 

declines in LVEF associated with drops in LVEDV (p=0.01) as compared to increases in 

LVESV (p=0.40). These findings suggest that during treatment with potentially cardiotoxic 

chemotherapy, imaging measures of LV mass may fall in relation to reductions in 

intravascular volume that diminish sarcomere size or reduce the volume of the interstitial 

space between the sarcomeres. Additional studies incorporating MRI mapping methods17 

could measure the myocardial extracellular volume simultaneously with LV mass during 

receipt of potentially cardiotoxic chemotherapy and provide additional insight into these 

questions. We did not observe increases in LVEDV (Table 1) in this study suggesting that at 

3 months post-initiation of potentially cardiotoxic chemotherapy myocardial remodeling/

dilation were not present in this cohort.

Strengths of the study include the use of CMR to accurately measure LV volumes and EF, 

which have been assessed in large population studies.10,13,17,18 Limitations to the study 

include the fact that we did not assess LV diastolic function in our analyses.4 As a result, it is 

uncertain how LV diastolic dysfunction impacts our results. Additionally, long-term follow-

up of the participants is not yet available, and therefore the clinical relevance of these pre- to 

3-month post-initiation of chemotherapy changes in LV volumes, EF, and mass are 

uncertain.
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Figure 1. Determinants of declines in left ventricular ejection fraction during receipt of 
potentially cardiotoxic chemotherapy
As shown, the left ventricular ejection fraction (LVEF) is calculated by subtracting the end-

systolic volume (LVESV) from the end-diastolic volume (LVEDV) and dividing by the 

original LVEDV. During cancer treatment, there are two mechanisms by which LVEF could 

decline: 1) the LVEDV could decline (diminished left ventricular preload) and result in a 

decreased in LVEF (white box). In cancer patients, this may occur due to decreased PO 

intake, vomiting, or diarrhea; 2) alternatively, the LVEF can also decline if the LVESV 

increases. This situation occurs when there is diminished left ventricular contractility (black 

boxes). In patients receiving cancer treatment, this could be due to the adverse consequences 

of chemotherapy, sepsis, or underlying ischemic heart disease.
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Figure 2. Individuals that experience cancer therapeutics-related cardiac dysfunction (CTRCD) 
defined as LVEF drops of >10% or a decline to an absolute value of <50%, 3 months after 
initiating potentially cardiotoxic chemotherapy
Participants who experienced CTRCD due to isolated LVEDV declines are shown in the 

white box; those who experience increases in LVESV with minimal changes to LVEDV 

(impaired LV contractility) are shown in the black box; participants who had a combination 

of LVEDV drop and LVESV increase are shown in white and black box and those with 

minor LVEDV and LVESV changes are shown in the gray box.
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Figure 3. Individuals that did not experience LVEF changes or that LVEF drops did not meet 
cancer therapeutics-related cardiac dysfunction (CTRCD) criteria (LVEF drops of >10% or a 
decline to an absolute value of <50%) 3 months after initiating potentially cardiotoxic 
chemotherapy
Participants who experienced isolated LVEDV declines are shown in the white box; those 

who experience increases in LVESV with minimal changes to LVEDV (impaired LV 

contractility) are shown in the black box; participants who had a combination of LVEDV 

drop and LVESV increase are shown in the white and black box and those with minor 

LVEDV and LVESV changes are shown in the gray box.
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Figure 4. 
a-Left ventricular (LV) mass changes among individuals with (dotted line) and without 

(solid line) cancer therapeutics-related cardiac dysfunction (CTRCD) and b- LV mass 

changes among participants with CTRCD due to decreases in LV end diastolic volume 

(EDV, solid line) and increases in LV end systolic volume (ESV, dotted line).
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Figure 5. 
Mean cumulative doses of anthracyclines administered to participants with and without 

CTRCD due to LVEDV decline (white bars) and LVESV increase (black bars).
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Table 1
Characteristics and cardiac magnetic resonance findings of 112 participants before and 3 
months after initiating cancer treatment (mean ± standard deviation)

Characteristic Prior to initiating chemotherapy 
n=112

3 months after initiating 
chemotherapy n=112

p-value

Age (years) 52 ± 14

Women 70%

White/black 82% / 18%

Coronary Artery Disease 1 %

Diabetes Mellitus 17%

Hypertension 41%

Hyperlipidemia 29%

Smoking 28%

Cancer Type

 Breast 49%

 Leukemia 11%

 Lymphoma 34%

 Renal cell 3%

 Sarcoma 4%

Cardiac Magnetic Resonance Values

 Body weight (Kg) 83 ± 23 81 ± 21 <0.0001

 Body surface area (m2) 1.9 ± 0.3 1.9 ± 0.3 0.7

 Heart rate (bpm) 77 ± 15 80 ± 14 0.02

 Systolic blood pressure (mmHg) 120 ± 20 113 ± 18 0.001

 Diastolic blood pressure (mmHg) 69 ± 13 66 ± 13 0.03

 Pulse pressure (mmHg) 51 ± 15 46 ± 13 0.01

 Left ventricular ejection fraction (%) 60 ± 6 58 ± 7 <0.0001

 Left ventricular end diastolic volume (ml) 117 ± 38 114 ± 35 0.23

 Left ventricular end diastolic volume index (ml/m2) 59 ± 15 58 ± 15 0.34

 Left ventricular end systolic volume (ml) 46 ± 18 48 ± 18 0.10

 Left ventricular end systolic volume index (ml/m2) 23 ± 8 25 ± 8 0.03

 Stroke volume (ml) 70 ± 21 66 ± 20 0.006

 Stroke volume index (ml/m2) 36 ± 9 34 ± 9 0.009

 Left ventricular mass (grams) 123 ± 39 120 ± 38 0.26

 Left ventricular mass index (gram/m2) 62 ± 15 61 ± 16 0.39

 Arterial elastance (mmHg/ml) 3.2 ± 0.9 3.2 ± 1.2 0.85
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