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ABSTRACT
Background: This study was designed to assess
right ventricular systolic function in cancer patients.
Methods and Results: 68 consecutive patients
receiving potentially cardiotoxic agents were
followed for 6 months in a single-center,
observational, cohort-study. Left ventricle and freewall right ventricular longitudinal strain were
analyzed prior and after 6 months of treatment, using
a vendor-independent software, together with left
ventricle ejection fraction, tricuspid annulus plane
systolic excursion and right ventricular fractional
area change. Cancer therapy-related cardiac
dysfunction was defined as a left ventricle ejection
fraction drop of >10% to <53%. Both left ventricle
ejection fraction (59±7% vs. 55±8%, p<0.0001) and
left ventricle longitudinal strain (−19.7±2.5% vs.
−17.1±2.6%, p<0.0001) were reduced at follow up,
along with free-wall right ventricular longitudinal
strain (−24.9±4.5% vs. −21.6±4.9%, p<0.0001).
Cancer therapy-related cardiac dysfunction was
detected in 20 patients (29%). In 15 out of these 20
patients (75%), a concomitant relative reduction in
free-wall right ventricular longitudinal strain
magnitude by 17±7% was detected. Moreover, there
was a significant correlation between left ventricle
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and free-wall right ventricular longitudinal strain at
follow-up examinations (r=0.323, p<0.0001). A
relative drop of right ventricular longitudinal strain
>17% had a sensitivity of 55% and a specificity of
70% (AUC=0.75, 0.7-0.8, 95% CI) to identify
patients with cancer treatment related cardiac
dysfunction. Neither tricuspid annulus plane systolic
excursion (24±5 vs. 23±4 mm, p=0.07), nor right
ventricular fractional area change (45±8% vs.
44±7%, p=0.6) showed any significant change
between examinations.
Conclusions: Longitudinal strain analysis allows the
identification of subclinical right ventricular
dysfunction appearing in the course of cancer
treatment when conventional indices of right
ventricular dysfunction function are unaffected.
Keywords:
Cardiotoxicity, right ventricle, cancer treatment
related cardiac dysfunction, chemotherapy, right
ventricle free wall longitudinal strain.
Abbreviations:
Two-dimensional echocardiography (2DE); American
Society of Echocardiography (ASE); Coronary arteries
disease (CAD); Cardiac Oncology Toxicity (COT);
Cardiac magnetic resonance (CMR); Cancer-therapeutics
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related cardiac dysfunction (CTRCD); Discriminant
Analysis (DA); Digital Imaging and Communications in
Medicine (DICOM);
European Association of
Cardiovascular Imaging (EACVI); Electrocardiogram
(ECG); European Society of Cardiology (ESC); Heart
failure (HF); High blood pressure (HBP); Left ventricle
(LV); Left ventricle ejection fraction (LVEF); Left
ventricle longitudinal strain (LVGLS); New York Heart
Association (NYHA); Receiver operating characteristic
(ROC); Right ventricle (RV); Right ventricle free-wall
longitudinal strain (RVFWLS); Right ventricle global
longitudinal strain (RVGLS); Right ventricle fractional
area
change
(RVFAC);
Speckle
tracking
echocardiography (STE); Tricuspid annulus plane systolic
excursion (TAPSE); Tissue Doppler Imaging (TDI);

INTRODUCTION
Cancer
therapy-related
cardiac
dysfunction
(CTRCD) diagnosis is conventionally based on the
measurement of left ventricular ejection fraction
(LVEF), using various cardiac imaging modalities.
According to current recommendations, a LVEF
decrease of more than 10% to a value of less than
53%,
assessed
by
two-dimensional
echocardiography (2DE), using the biplane
Simpson’s method and demonstrated by repeated
studies defines CTRCD1. Further characterization of
CTRCD relies on presence/absence of symptoms
and reversibility.
Induced cardiotoxicity expressed through
CTRCD is most likely a continuous phenomenon
characterized by progressive decline in LVEF.
Because LVEF decreases when a critical amount of
myocardial damage has occurred and cardiac
compensatory mechanisms are exhausted, many
affected patients may initially be asymptomatic, with
clinical manifestations appearing even years later,
often in the context of other triggering factors2.
Thus, detection of subclinical cardiac
abnormalities, which may influence clinical
decisions regarding the choice of chemotherapy,
indication for cardioprotection or increased
surveillance frequency (e.g. asymptomatic LV
dysfunction) is crucial for cancer patients
undergoing
potential
cardiotoxic
regimes3.
Furthermore, if CTRCD is detected early, patients
frequently have a good functional recovery.
Conversely, if patients are identified late after the
onset of cardiac dysfunction, heart failure (HF) is
typically more difficult to treat4.
Because LVEF measurement is a relatively
insensitive tool for detecting early CTRCD,
www.discoveriesjournals.org/discoveries

increasing efforts have been carried out in
demonstrating the value of deformation imaging or
strain for subclinical CTRCD detection. Myocardial
deformation imaging performed using either Tissue
Doppler Imaging (TDI) or speckle tracking
echocardiography (STE) techniques allows the
evaluation of LV and right ventricle (RV)
myocardial mechanics.
LV global longitudinal strain (LVGLS) seems
to be the most reproducible and useful deformation
parameter in predicting subsequent CTRCD and HF
before becoming clinically manifested5 and currently
LVGLS represents a criterion for CTRCD
diagnosis2: a relative reduction of more than 15%
from baseline LVGLS suggests the risk of
cardiotoxicity and further CTRCD.
On the other hand, RV function and mechanics
have proven to be important indicators of overall
cardiovascular morbidity and mortality6-10, and
likewise, the clinical and prognostic value of RV
strain analysis was demonstrated so far in patients
with pulmonary hypertension, heart failure and LV
assist devices, congenital heart diseases, storage
diseases and cardiomyopathies with high risk of
malignant ventricular arrhythmias6–8.
Although RV systolic function assessment
through conventional parameters is recommended by
the European and American expert consensus
regarding cardiac function monitoring during cancer
treatment1,3, RV free wall strain (RVFWLS) has
been recommended as a more sensitive index of RV
systolic dysfunction, being less load dependent and
less influenced by heart motion than conventional
parameters11.
However, the presence and the extent of RV
function impairment during cancer therapy has not
been adequately studied. Accordingly, this study
was designed to assess RV systolic function in
patients undergoing potential cardiotoxic treatments
by longitudinal strain analysis and conventional
parameters, using a vendor-independent, cardiooncology dedicated software.
MATERIALS AND METHODS
Study population
Consecutive
patients
receiving
potentially
cardiotoxic agents and undergoing clinically
indicated echocardiography studies for CTRCD
monitoring, before and after 6 months of treatment,
as main indication, were enrolled in a single-center,
observational cohort-study.
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Patients were selected for acceptable image
quality, excluding patients with two or more
segments not visualized by conventional 2DE. Other
exclusion criteria included severely dilated LV and
LVEF less than 53% at baseline examination. For
each patient the following data were obtained:
patient demographics, cardiac risk factors and
previous cardiac and malignancy history.
All patients gave their informed consent in
agreement with the local Ethics Committee.
Image acquisition
Complete 2DE studies were performed prior and 6
months after receiving potential cardiotoxic
treatment by experienced sonographers using
commercially available ultrasound machines: Vivid

E9 (GE Healthcare, Horten, Norway) and Philips
IE33 (Philips Ultrasound) equipped with M5S probe
and X5-1, respectively. In according to current
guidelines11, four-, three-, and two- chambers apical
LV views for LVGLS analysis and LVEF
calculation were recorded, along with RV-focused
apical four-chambers view for RV free wall
longitudinal strain (RVFWLS) analysis and RV
fractional area change (RVFAC) calculation.
Additionally, tricuspid annulus plane systolic
excursion (TAPSE) was measured using an M-mode
cursor passed through the tricuspid lateral annulus.
All patients were examined in the left lateral
position using grey-scale second-harmonic 2D
imaging technique, with the adjustment of image
contrast, frequency, depth, and sector size for

Figure 1. Example of simultaneous baseline and follow up two-dimensional speckle-tracking analysis of the
left ventricle (LV) using a vendor independent software and using DICOM images. In this figure the region
of interest (ROI) was tracked and left ventricular ejection fraction (LVEF) and LV global longitudinal strain
(LVGLS) were computed: A. Baseline analysis of apical four chambers view; B. Follow-up analysis of apical four
chambers view; C. Baseline analysis of apical two chambers view; D. Follow-up analysis of apical two chambers
view; E. Baseline analysis of apical three chambers view; F. Follow-up analysis of apical three chambers view; G.
Integrated display of changes in LVEF and LVGLS from baseline to follow-up; H. LVEF and LVGLS baseline
and follow up values and changes as proportions of the initial value. I. Baseline and follow up colored map of the
ventricle wall.
www.discoveriesjournals.org/discoveries

3

Right ventricular dysfunction in cancer patients

adequate frame rate (50-80 fps) and optimal LV and
RV border visualization. Care was taken to avoid
LV and RV foreshortening, and image acquisition
was done during breath-hold to minimize respiratory
movements. Data sets were digitally stored in
DICOM (Digital Imaging and Communications in
Medicine) images-data format and exported to a
separate workstation for offline analysis.
Image analysis
A semi-automated vendor-independent software
(Echo-Insight Cardio-Oncology, Epsilon Imaging,
Ann Arbor, MI) was used to load simultaneous
baseline and follow up studies (Figure 1). The
method was applied independently in all patients and
in random order, on digitally stored DICOM imagesdata format, by the same observer (D.A.C.), blinded
to the clinical data.
Briefly, after the end-diastole and end-systole
of the LV apical four-, three- and two-chambers
views frames were identified using frame-by-frame
analysis and based on mitral valve closure and
electrocardiogram (ECG) trace, endocardial
boundary was traced manually, using an interrupted
mouse clicks technique and tracked throughout the

cardiac cycle based on an automated STE algorithm,
resulting in LV volumes and peak systolic LVGLS
over time. LVGLS and LVEF were automatically
calculated by the software for both baseline and
follow up studies, as following: LVGLS as the mean
peak systolic strain value measured in all 2D points
in the three apical views (18-segments model) and
LVEF as the corresponding end-systolic and enddiastolic volumes in four-and two- chambers LV
views, using biplane disc-summation algorithm
(modified Simpson’s rule).
RV analysis was performed for baseline and 6
months follow up studies for each patient, using the
same automated STE algorithm as for LV. First,
tracing of the entire RV endocardial border in RVfocused apical four-chamber view was performed,
obtaining RV global longitudinal strain (RVGLS)
(including the septum) strain value. Then, RVFWLS
was computed by averaging the peak systolic strain
values of the three segments of the free wall (from
base to apex), displayed by the software (Figure 2).
This approach was preferred to RVGLS, because it
is based on the inclusion of the interventricular
septum that may partially reflect changes in the LV,
as the septum is shared by both ventricles11.

Figure 2. Successful tracking of a 6-segment region of interest (ROI) in a right ventricular (RV)-focused
apical four-chamber view. The operator may either approve the tracing or manually exclude the septal segments
by clicking on the respective segments. Then, RV free wall longitudinal strain (RVFWLS) was computed by
averaging the peak systolic strain values of the three segments of the free wall (from base to apex), displayed by
software.
www.discoveriesjournals.org/discoveries
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RVFAC was automatically calculated after
manually tracing RV endocardial border after enddiastole and end-systole frames were identified,
paying attention to include the trabeculated
endocardium within the RV cavity.
Using the tricuspid lateral annulus M mode RV
focused four-chamber view, TAPSE was manually
traced, as the distance between end-diastole and
peak systole excursion of the RV annular plane
towards the apex.
Finally, the software then generated an
integrated display of changes in LVEF and LVGLS
from baseline to follow-up (Figure 1). Changes
between baseline and follow-up studies in LVEF,
LVGLS, RVFWLS, RVFAC and TAPSE – noted
with the sign Δ, were automatically reported in
proportions of the original value. E.g. a change in
LVGLS value from −20% to −10% was reported as
ΔLVGLS = 50%.
Statistical analysis
Variables are expressed as mean ± standard
deviation (SD). Contingency tables were applied to
characterize the demographic and clinical profile of
the study group. Pearson test was used to investigate
the correlation power between variables. The normal
distribution was measured univariate (one by one),
using Kolmogorov Smirnov test. Homoscedasticity,
as the multivariate normality, was checked with a
M-Box test, for a p < 0.05.
We used stepwise Discriminant Analysis (DA)
to set the predictive power of the variables for
CTRCD. DA was preferred to Logistic Regression
because it is a more solid and robust analysis for
small samples size. Assumptions were made by
differentiating patients in three groups: (1) LVEF
drop with > 10% to < 53%, (2) RVFWLS > −20% (<
20% in magnitude with the negative sign) from
group (1), and (3) patients with no CTRCD. The
differences of variables in each group were
investigated in first place, by the ANOVA test. A p
value < 0.05 was considered statistically significant.
Firstly, the DA found the most important
classificatory factors (most predictive variables
using ANOVA test). Secondly, the DA identified the
discriminating functions that can explain the
variability of the groups, discovering which one is
more important in each function. Finally, DA
checked the predictive power of the functions, and
assigned the probability to predict individually
enclosure to one or another group. The independent
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variables that were classified by DA are important
predictors for CTRCD.
Receiver operating characteristic (ROC)
analysis was used to display results about the
sensibility and specificity of the studied variables to
predict CTRCD.
Data were analyzed using SPSS version 22.0
(SPSS, Inc, Chicago, IL, USA).
RESULTS
A total of 155 patients were addressed for an
echocardiography study for CTRCD monitoring
between October 2014 and August 2016 at the
echocardiography laboratory of the Department of
Cardiology, Emergency County Hospital, Craiova,
Romania. Among these patients, 107 (69%) had at
least one follow-up examination after 6 months and
only 68 (43%) met our inclusion criteria. The
remaining patients were either not sent for follow up
examinations
by
the
treating
hematologist/oncologist, had an echocardiography
study with poor image quality, had LVEF < 53% or
were followed by other Cardiology centers.
68 patients from Hematology and Oncology
departments were followed for 6 months.
Demographics,
clinical
characteristics
and
malignancy history of the study patients’ group are
described in Table 1. 90% of CTRCD group patients
(n = 18) were treated with anthracycline-based
scheme: doxorubicin and cyclophosphamide
followed by either bleomycin or vincristine and
monoclonal antibody-rituximab: R-CHOP, R-FCM,
R-BEACOP schemes, while only 10% of patients (n
= 2) were treated with bortezomib, melphalan and
corticosteroids (VMP scheme).
All study patients (n = 68) had normal prechemotherapy LVEF values.
Both LVEF (59 ± 7% versus 55 ± 8%, p <
0.0001) and LVGLS (−19.7 ± 2.5% versus −17.1 ±
2.6%, p < 0.0001) were reduced at follow up.
RVFWLS also decreased in magnitude (−24.9 ± 4.5
versus −21.6 ± 4.9, p < 0.0001). Neither TAPSE (24
± 5 versus 23 ± 4 mm, p = 0.07), nor RVFAC (45 ±
7 versus 44 ± 8%, p = 0.6) showed any significant
change
between
baseline
and
follow-up
examinations. (Table 2)
Taking into consideration the cut-off value for
CTRCD definition1, a study sub-group resulted:
patients with LVEF drop of > 10% to a value of <
53% (29%, n = 20) or CTRCD patients’ group
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(Table 1).
LVEF was significantly reduced to 46 ± 7.5%
in CTRCD patients’ group, compared to pretreatment mean values of 58 ± 8% (p < 0.0001).
LVGLS was abnormal during CTRCD, decreasing
to −14 ± 2% versus −18 ± 2% (p < 0.0001), being
significantly lower than the published lower limit of
normal value for LVGLS of > −18 % (< 18 with the
negative sign)7.
Changes between baseline and follow-up
studies: ΔLVEF, ΔLVGLS, ΔRVFWLS, ΔRVFAC
and ΔTAPSE, were automatically reported in
proportions of the original value.
ΔLVGLS decreased by 20 ± 7%, being even
higher than the reported abnormal limit of 15%
change from baseline to follow-up LVGLS,
significant enough to predict subclinical CTRCD1, 2.
In the most up-to-date version of the cardiac
chamber
quantification
guidelines
for
echocardiography11, an abnormality threshold for the
RVFWLS was set at > −20% (< 20% in magnitude
with the negative sign)11, resulting that 15 out of 20
patients experiencing CTRCD (75%) in our study
had RVFWLS abnormal values. Interestingly,
among these patients, RV dysfunction evaluated by

conventional parameters was present in only 5
patients by RVFAC, while by TAPSE reduction in
only 3 patients.
RVFWLS
was
significantly
decreased
compared to baseline (−17 ± 2% versus −24.6 ± 2%,
p = 0.005) during CTRCD and ΔRVFWLS was 17 ±
7%. RVFAC was significantly lower at follow-up
for CTRCD patients (44 ± 9% versus 41 ± 8%, p =
0.06), although still in the normal range (considering
an abnormal RVFAC of < 35%)11. The same
scenario was noted for TAPSE (24 ± 4 mm baseline
versus 21 ± 3 mm, p = 0.05) for < 17 mm as lower
limit of normal value11. (Table 3)
Moreover, significant correlation resulted
between follow-up RVFWLS and LVGLS (r =
0.323, p < 0.0001), RVFWLS and LVEF (r = 0.279,
p < 0.1) and RVFWLS and female gender (r = 0.279,
p < 0.1).
Stepwise DA found that next to ΔLVEF,
ΔRVFWLS is an important factor for predicting
CTRCD, meaning that ΔLVEF by itself is not
enough to explain the differences between groups.
The probabilities of classification of those functions
obtained with DA are approximately 97% for
individual classifying.

Table 1. Demographics, clinical characteristics and malignancy history of the study patients
Variables

All patients (n = 68)

Males (%)
51% (n=35)
Age (years)
55 ± 14 (range: 21-86)
Body surface area (m2)
1.84 ± 2.14
Heart rate (bpm)
79 ± 13
Systolic blood pressure (mmHg)
127 ±17
Diastolic blood pressure (mmHg)
75 ± 12
Cardiac risk factors and history:
High blood pressure
16% (n=11)
Diabetes
4,4% (n=3)
Smoking
13% (n=9)
Coronary Artery Disease
7,3% (n=5)
Valvular heart disease
5,6% (n=4)
Malignancy history:
Hodgkin’s Lymphoma
13,2% (n=9)
Non-Hodgkin Lymphoma
29,4% (n=20)
Multiple Myeloma
25% (n=17)
Acute myeloid leukemia
14,7% (n=10)
Acute lymphoblastic leukemia
10,3% (n=7)
Other Tumors*
7,4% (n=5)
*breast: 2, lung: 1, digestive cancers: 2, thymoma: 1
www.discoveriesjournals.org/discoveries

CTRCD patients (n = 20)
45% (n=9)
56 ± 15 years (range: 27-75)
1.79 ± 3.17
84 ± 10
120 ±16
84 ± 10
20% (n=4)
5% (n=1)
10% (n=2)
5% (n=1)
20% (n=4)
25% (n=5)
55% (n=11)
15% (n=3)
5 % (n=1)
-
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Table 2. Echocardiographic parameters before and after treatment
Echocardiographic
parameters
LVEF (%)
LVGLS (%)
RVFWLS (%)
TAPSE (mm)

Initially

After 6 months

P value

59 ± 7
−19.7 ± 2.5
−24.9 ± 4.5
24 ± 5

55 ± 8
−17.1 ± 2.6
−21.6 ± 4.9
23 ± 4

p < 0.0001
p < 0.0001
p < 0.0001
p = 0.07

Table 3. Echocardiographic parameters in CTRCD patients’ group before and after treatment
Echocardiographic
parameters
LVEF (%)
LVGLS (%)
RVFWLS (%)
RVFAC (%)
TAPSE (mm)

Pre-treatment

After treatment

P value

58 ± 8
−18 ± 2
−24.6 ± 2
44 ± 9
24 ± 4

46 ± 7.5
−14 ± 2
17 ± 2
41 ± 8
21 ± 3

p < 0.0001
p < 0.0001
p = 0.005
p = 0.06
p = 0.05

Figure 3. The receiver operating characteristic (ROC) curve analysis for cancer-therapeutics related cardiac
dysfunction (CTRCD) patients group established that a relative drop of right ventricular (RV) free wall
longitudinal strain (RVFWLS) > 17% had a sensitivity of 55% and a specificity of 70% (AUC=0.75, 0.7–0.8, 95%
CI) to identify patients with CTRCD.
The ROC curve for CTRCD group (Figure 3)
www.discoveriesjournals.org/discoveries
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established that a relative drop of RVFWLS > 17%
had a sensitivity of 55% and a specificity of 70%
(AUC=0.75, 0.7-0.8, 95% Cl) to identify patients
with CTRCD.
At the time of CTRCD, 2 patients (10%)
reported symptoms consistent with class II-III New
York Heart Association (NYHA) HF and had
severely abnormal LVEF (< 30%), while the rest of
the patients were classified as class I NYHA HF
with mildly abnormal LVEF (41-53%).
DISCUSSION
Our study demonstrates that in patients experiencing
CTRCD, right ventricular function is lower than
baseline as measured using RVFWLS. RV
dysfunction was seen in 25% of CTRCD patients by
RVFAC, a conventional parameter, analogous to
LVEF, and in up to 75% patients based on the strain
analysis by STE, using a vendor independent,
cardio-oncology specific software. The proportion of
patients with abnormal RVFWLS was larger than
those with abnormal RVFAC, demonstrating the
sensitivity of strain measures to identify subtle RV
dysfunction.
Currently, RV dysfunction is not considered in
the diagnosis of CTRCD and its incidence and
prognostic value in patients receiving potential
cardiotoxic therapy have not been adequately
studied. The limited literature on the impact of
cancer therapy on the RV may reflect the absence of
robust techniques for the assessment of RV function.
However, given the thinner structure of RV with
fewer myofibrils, the RV may also be susceptible to
damage by the cardiotoxic cancer therapy, as we
have shown in this study. In fact, American Society
of Echocardiography (ASE) and European
Association of Cardiovascular Imaging (EACVI)
experts’ consensus on proper cardiac care of adult
patients receiving cancer treatment recommends RV
function monitoring during cancer therapy.
The effect of cancer therapy on the RV was first
demonstrated in an older study on 41 patients with
various cancers and with anthracycline-based
treatment by radionuclide ventriculography and
based on wall motion abnormalities12. More
recently, 46 women with breast cancer receiving
anthracyclines were studied using cardiac magnetic
resonance (CMR) and showed RV dysfunction in
34% of the patients after 12 months follow-up, while
LV dysfunction was seen in 26%13. In the same
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study, RV dysfunction was present as early as after 4
months of therapy, and was interpreted as an early
sign of myocardial injury. An echocardiography
study identified mild reduction in RVFAC and
TAPSE in 37 patients with breast cancer treated with
anthracyclines14, although mostly in the normal
range.
Two studies of 19 and 56 survivors of pediatric
cancers and treated with anthracyclines have shown
a reduction in RVFWLS as a marker of subclinical
ventricular dysfunction15,16. Interestingly, in a more
recent study of patients with advanced HF receiving
LV mechanical circulatory support, patients with
CTRCD were significantly more likely to also
require RV mechanical support17.
The incidence of concomitant RV dysfunction
at the time of CTRCD by RVFWLS has been
recently studied in 30 patients with HER2+ breast
cancer treated with trastuzumab with or without
anthracyclines and concomitant RV dysfunction was
seen in up to 40% of the patients18. The study
showed a lower propensity for subsequent
ventricular function recovery although this did not
reach statistical significance due to the small sample
size.
Investigations that have followed breast cancer
patients
undergoing
anthracycline-based
chemotherapy for at least one year agree that right
ventricular structure, systolic/diastolic function and
mechanics are significantly impaired19,20. Moreover,
RVFWLS sensitively predicts dyspnea development
in breast cancer patients receiving epirubicin
therapy21.
Future work should be conducted to determine
if right heart dysfunction precedes left heart
abnormalities,
potentially
permitting
earlier
detection and possible intervention strategies to
prevent chemotherapy-induced cardiac dysfunction
in this particular population.
Our work builds on the existing literature
demonstrating that in patients experiencing CTRCD,
longitudinal strain analysis allows the identification
of subclinical RV dysfunction when conventional
indices of RV function are unaffected.
A recent study by Cardinale et al.22, involving
2625 patients (mean follow-up 5.2 years), showed a
9% overall incidence of cardiotoxicity after
anthracycline treatment, and 98% of cases occurred
within the first year and were asymptomatic. In our
study cardiotoxicity incidence was 29%, including
symptomatic and asymptomatic LVEF drop along
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with transitory CTRCD.
RVFWLS computed by the average from the
three segments of the RV free wall was preferred to
other techniques based on our clinical experience
that noted this approach as being the most feasible
and reproducible23.
Ideally, LVGLS should be considered alongside
LVEF when interpreting longitudinal data for
CTRCD monitoring, and moreover, including RV
function assessment. Currently, strain measurements
are dependent on the analysis software, which is
usually limited to proprietary formats generated by a
specific imaging system. The major limitation for
the use of strain parameters is the inter-vendor
variability, resulting in dependency on the analysis
software, which is usually limited to proprietary
formats generated by a specific imaging system.
The new Position Paper of the European
Society of Cardiology (ESC) on cancer treatments
and cardiovascular toxicity3 suggests that: early
detection of high-risk patients, prompt diagnosis of
CTRCD, the use of imaging modalities that provide
additional relevant clinical information (e.g. RV
function) and consistency regarding the imaging
modality assay for continued screening throughout
the treatment pathway, should be fundamental tasks
for the management of cancer patients, involving
both cardiologists and oncologists.
In this sense we used a vendor-independent
with a dedicated cardio-oncology platform, which
uses DICOM images for the analyses of volumes
and strain, in an easy-to-understand display and
rapid interpretation of serial images.
In a head-to-head comparison of LVGLS
measurements using STE software packages from
seven different ultrasound machine vendors and two
software-only vendors, the performance of
nonvendor-specific software did not differ from that
of vendor-specific packages21. It was noted a
moderate but statistically significant bias between
vendors that was, however, within acceptable limits
for most combinations of software packages.
Authors concluded that LVGLS may be safely used
in routine clinical practice but should preferably be
interpreted relative to previous examinations with
the same machine and software or versus vendorspecific reference values.
RVFWLS appears to be reproducible and
feasible for clinical use, but because of the need for
additional normative data from large studies
involving multivendor equipment, no definite
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reference ranges are currently recommended for
either global or regional RV strain or strain rate.
Limitations
This was a retrospective study from a single center
with a relatively small sample size. However, the
low rates of CTRCD at our center and the lack of
universally accepted follow-up explain our small
sample size. Furthermore, we used an age and
cardiac risk factor balanced control group of
Hematology and Oncology patients who had
echocardiography prior to any cancer treatment to
account for this limitation.
After the end of chemotherapy, follow-up data
was present only in 35% (n = 7) of the CTRCD
patients. This reflects the retrospective nature of the
study, and the fact that many patients are not
routinely followed with cardiac imaging at our
tertiary care center once cancer therapy is
completed. Therefore, it is not possible to estimate
ventricular function recovery; we consider this as the
most important limitation. Further studies are needed
to define the clinical and prognostic significance of
RVFWLS reduction in cancer patients and whether
LV dysfunction recovery would be influenced
during follow-up in patients with RVFWLS
decrease. Furthermore, concomitant RV dysfunction
may have implications for cardiac therapy in patients
experiencing cardiotoxicity.
In our study patients have a certain variability
in the way their malignancy was treated. However,
all patients received potential cardiotoxic therapy
with a majority (75%) having received
anthracyclines. We also did not report chemotherapy
dose/kg as it was not the objective of our study.
Finally, we did not do a logistic regression
because the sample size was too small to obtain
meaningful results.
Clinical Implication
The number of studies demonstrating that right
ventricular structure, function and mechanics are
valuable predictors of cardiovascular and total
morbidity and mortality in patients with a wide
range of cardiovascular conditions is constantly
increasing.
The presence of RV dysfunction during
cardiotoxicity in our study demonstrates the need to
assess both ventricles function during cancer
therapy. This is consistent with recent ESC
guidelines, which encourages routine follow-up of
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KEY POINTS
◊ The presence of right ventricle dysfunction demonstrates the need to assess both
ventricles function during cancer therapy
◊ Right ventricle dysfunction is an early sign of myocardial injury in cancer therapyrelated cardiotoxicity, and longitudinal strain analysis allows the identification of
subclinical dysfunction when conventional indices of right ventricle function are
unaffected
◊ Future work should be conducted to better understand the place of the right ventricle
in the spectrum of cancer therapeutics-related cardiac dysfunction

both LV and RV functions during cancer treatment.
Our finding is a hypothesis that needs to be
confirmed in larger studies.
The appropriate length of cardioprotection or
HF treatment in patients experiencing cardiotoxicity
during cancer therapy is unknown, but definitely it is
influenced by the coexistent RV dysfunction. In
addition, these patients may need close cardiology
follow-up.
RV dysfunction may be a marker of more
significant cardiac injury and a potential risk factor
for persistent LV dysfunction during follow-up.
Combined results and collective evidence
generated using different echocardiographic
parameters will provide deeper insights into the
pathology of this intriguing pathology, ultimately
translating into more accurate diagnosis and better
clinical
management
of
cardiovascular
complications in cancer patients. Incorporating new
echocardiographic parameters for LV and RV
assessment into clinical cardio-oncology trials may
ultimately prove useful in defining the cardiotoxic
profile of new and existing chemotherapeutic agents.

Better prediction of CTRCD may support the
identification of patients who can benefit by closer
surveillance during and after exposure to potentially
cardiotoxic chemotherapy, decrease the number of
cardiac complications and further increase the life
expectancy of patients suffering from cancer.
Further studies are needed to define the clinical
and prognostic significance of RVFWLS reduction
in cancer patients.
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