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Objective: This study was aimed at assessing the longitudinal strain changes of RV function
using three-dimensional speckle tracking echocardiography (3D STE) in breast cancer
patients receiving anthracycline chemotherapy.

Patients and Methods: A total of 95 women with breast cancer receiving epirubicin
(360 mg/m?) underwent 3D STE at baseline, the end of chemotherapy and 12 months after
chemotherapy. 3D STE assessment included RV ejection fraction (EF), LV global long-
itudinal strain (GLS), RV GLS, and RV free wall longitudinal strain (RV FWLS).
Meanwhile, serum hs-cTnl and NT-proBNP were measured. Chemotherapy-related cardiac
dysfunction (CTRCD) was defined as an absolute decrease in 3D LVEF > 10% to a value
<50%, while a percent reduction of 3D LV GLS > 15% indicated subclinical CTRCD.
Results: Subclinical CTRCD occurred in 10 (10.5%) patients during follow-up. Compared
to baseline, the 3D GLS of LV and GLS and FWLS of RV decreased significantly at
12months after chemotherapy (all p<0.01). Variations of 3D RV GLS and RV FWLS had
a good discrimination for predicting subclinical CTRCD. The variation of 3D RV FWLS was
the only independent predictor of subclinical CTRCD (OR, 1.37; 95% CI, 1.12-2.87; p =
0.028) in multivariate analysis. The cutoff value with —17.5% of 3D RV FWLS variation had
a high predictive accuracy for subclinical CTRCD, with an AUC of 0.74, 80.5% sensitivity
and 65.8% specificity. The association between 3D RV FWLS and the cumulative dose of
anthracyclines was calculated by Spearman’s test (r = —0.71, p < 0.001).

Conclusion: Longitudinal strain analysis by 3D STE allows the identification of subclinical
RV dysfunction when conventional indices of RV function are unaffected. 3D RV FWLS was
superior to other parameters in early detection of the development of CTRCD in breast
cancer patients receiving epirubicin therapy.

Keywords: right ventricle, global longitudinal strain, three-dimensional echocardiography,

anthracycline, cardiotoxicity

Introduction

Breast cancer is the most common malignancy amongst women and the 5-year relative
survival rate for this disease has significantly improved.! Anthracyclines are the most
widely used antineoplastic agents in breast cancer chemotherapy, which can significantly
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improve the survival rate of patients. On the other hand,
anthracycline-induced cardiotoxicity may negatively impact
prognosis.”  Chemotherapy-related ~ cardiac  dysfunction
(CTRCD) is one of the anthracycline-induced cardiotoxicity,
that may initially symptomatic or asymptomatic with contin-
uous progressive decline in left ventricular ejection fraction
(LVEF). Early detection of subclinical cardiotoxicity is impor-
tant in breast cancer patients, in order to initiate timely cardi-
oprotective treatment and avoid overt cardiac dysfunction and
heart failure. Echocardiography is recommended as the
method of choice for the detection of detection of CTRCD
before, during and after cancer therapy.” Many studies invol-
ving anthracycline-induced cardiotoxicity focused almost
exclusively on left ventricular (LV) function.* ® More recently,
however, there has been a greater interest in the right ventri-
cular (RV) function.

The complex anatomical shape and contraction pattern
of the RV are difficult to perform on traditional echocar-
diography. New echocardiographic techniques, such as
3-dimensional (3D) and speckle tracking echocardiogra-
phy (STE) offer novel insights into RV function assess-
ment. 3D echocardiography could provide most accurate
data for the RV volume and RV ejection fraction
(RVEF).”® Several studies have reported that 3D RV
volumes and EF correlated significantly with cardiac mag-
netic resonance (CMR).”'" CMR is the gold standard
technique for measuring RV size and function but less
for tissue characterization due to its thin walls. Some
studies have shown that strain deterioration precedes
overt changes in RV systolic function and is consistently
predictive of the development of heart failure.'*"?

This study was aimed at assessing the longitudinal
strain changes of RV function using 3D STE in breast
cancer patients receiving anthracycline chemotherapy.

Methods

Subjects

A total of 100 female patients with newly diagnosed breast
cancer undergoing chemotherapy with anthracyclines
between January 2016 and July 2018 at the Affiliated
Huaian No.l People’s Hospital of Nanjing Medical
University were enrolled prospectively into this single-
center study. Patients with coronary artery disease (previous
myocardial infarction, established coronary heart disease at
least one coronary artery stenosis >50% by coronary cathe-
terization or coronary computed tomography), arterial hyper-
tension (BP > 140/90 mmHg; BP > 140/90 mmHg and/or

using anti-hypertensive medication), cardiomyopathy

(hypertrophic cardiomyopathy, dilated cardiomyopathy,
restrictive cardiomyopathy), arrhythmias (sick sinus syn-
drome, atrial fibrillation or atrial flutter, frequent premature
ventricular beats, complete atrioventricular block), more than
mild valvular stenosis or regurgitation, prosthetic valves or
pacemakers, diabetes mellitus (diagnostic criteria of the
American Diabetes Association), chronic kidney disease
(diagnostic criteria of Kidney Disease Outcomes Quality
Initiative), congenital heart disease, and LVEF<50% before
chemotherapy were excluded. Three patients were excluded
due to uncontrolled hypertension and two patients were
excluded due to poor 3D image quality. Thus, the final
study group consisted of 95 breast cancer patients. The
study received ethics approval from the ethics committee of
the Affiliated Huaian No.1 People’s Hospital of Nanjing
Medical University (No0.2015182), and written informed
consent was obtained from all participants. This study was
conducted in accordance with the Declaration of Helsinki.

All patients received a 4-cycle EC (epirubicin 90 mg/
m? + cyclophosphamide 600 mg/m?) chemotherapy regi-
men, with an inter-cycle interval of 21 days. None of the
patients received other cardiotoxic agents, radiation ther-
apy, or cardiac protective protocols during this study.
Demographic data, cardiac biomarkers and echocardio-
graphic parameters were documented. Two-dimensional
(2D) echocardiography, 3D-STE, serum high-sensitive car-
diac troponins troponin I (hs-cTnl) and N-terminal portion
pro-natriuretic peptide type B (NT-proBNP) were routi-
nely performed during the following 3 stages: at baseline,
at the end of the chemotherapy and 12 months after che-
motherapy simultaneously.

Echocardiographic Data Acquisition
Standard transthoracic echocardiography was performed
on all patients using a GE Vivid E9 ultrasound machine
(GE Healthcare, Horten, Norway) equipped with MS5S
(1.7-3.3 MHz). Real-time 3D image was performed
using the same ultrasound machine by the 4V-D probe
(1-5 MHz). Standard 2D and 3D echocardiography were
performed according to the American Society of
Echocardiography guidelines.'*

End-diastolic volume (EDV), end-systolic volume
(ESV), and LVEF were manually calculated according to
the biplane Simpson’s method in the 2D mode. Volume
parameters were standardized by body surface area (BSA).
The right ventricular diameters were measured in the
focused RV apical four-chamber view (basal, mid-cavity
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and longitudinal RV diameter) at the ventricular end-
diastole. Right ventricular end-diastolic area and end-
systolic area were measured from the focused RV apical
four-chamber view to calculate RV fractional area change
(RV FAC). In focused RV apical four-chamber view, tri-
cuspid annular plane systolic excursion (TAPSE) was
acquired by M-mode. Tricuspid inflow (E) was measured
by pulsed-wave Doppler imaging, while tricuspid annular
(TV) peak systolic velocity (S’) and early diastolic velo-
city (e’) were measured by pulsed-wave tissue Doppler
with a sample volume placed at the lateral segment of the
tricuspid annulus. Systolic pulmonary artery pressure
(SPAP) was measured using continuous wave Doppler in
inflow tract of right ventricle.

Full-volume 3D images were taken for all patients
and stored in digital format for off-line analysis
(4.6.0.411, GMBH,
Germany). Four consecutive beats data during a single

TomTec Imaging  Systems
breath hold were digitally stored to ensure optimal data
quality. After manual delineation of the mitral valve
edges and apex, the software automatically and simulta-
neously depicted the endocardial and epicardial borders
through the entire cardiac cycle in three different vec-
tors. The LV global longitudinal strain (GLS) was auto-
of the

regional values from the 17 myocardial segments. RV

matically calculated as weighted averages
data were analyzed by 4D RV-Function Tom Tec soft-
ware. Endocardial borders were traced in four planes:
the apical four chamber view, and the three short-axis
planes at near the apex, the mid-level, and the base of
the right ventricle. The RV endocardium was traced
semi-automatically with refinement by manual adjust-
ment at end-diastolic and end-systolic phase respec-
tively. Ultimately, the software produces a complete
data set comprising RV EDV, RV ESV, RVEF and RV
GLS. RV free wall longitudinal strain (RV FWLS) was
computed by averaging the peak systolic strain values of
the three segments of the free wall (from base to apex).
All images were acquired and analyzed offline by two
experienced echocardiographer who were blinded to the
clinical characteristics of the patients.

A randomly selected cohort of 10 patients was ana-
lyzed to evaluate intra-observer and inter-observer vari-
abilities for 3D strain measurements by an interval of >1
month. Intra-observer and interobserver variability of 3D
STE data were calculated as intraclass correlation coeffi-
cients (ICCs). The inter-observer ICCs were 0.88 for LV
GLS, 0.86 for RV GLS and 0.85 for RV FWLS,

respectively.  Similarly, intra-observer —measurement
showed ICCs of 0.92 for LV GLS, 0.89 for RV GLS,
0.87 for RV FWLS indicating satisfactory reproducibility
of strain measurements by 3D STE.

An absolute decrease in 3D LVEF > 10% to a value
<50% was considered as CTRCD, while a percent reduc-
tion of 3D LV GLS > 15% indicated subclinical CTRCD.?
Percentage variation of strain values refers to the absolute
value of the strain parameters between the baseline and 12

months after the chemotherapy.

Cardiac Biomarkers Assays

Concentrations of hs-cTnl and NT-proBNP were measured
2010 (Roche
Corporation, Indianapolis, IN, USA) using a commercially

on an Elecsys analyzer Diagnostics
available electrochemiluminescence immunoassay.

The 99th percentile reference limit of hs-cTnl is 10 pg/
mL. NT-proBNP >125 pg/mL was considered elevated.
Blood samples corresponding to the baseline and follow-
up timepoints were included for analysis. Biomarker
assessment were routinely performed within 24 hours
after epirubicin cumulative dosages of 180 mg/m’ and

360 mg/m? during follow-up time.

Statistical Analysis

Continuous variables were summarized as mean and stan-
dard deviation or median and interquartile range (IQR) as
appropriate, whereas categorical measures were summar-
ized as percentage and frequencies. Differences between
groups were compared using one-way ANOVA for con-
tinuous variables (Mann—Whitney U-test for variables with
non-normal distribution). The correlation between 3D STE
parameters and the cumulative doses of epirubicin was
calculated by Spearman’s test. The correlation between
3D STE parameters and cardiac biomarkers and the corre-
lation between 3D LV GLS and RV strains were calculated
by Pearson’s test. Receiver operating curve (ROC) analy-
sis was performed to assess the discrimination of 3D strain
values for predicting subclinical CTRCD using area under
the curve (AUC). The optimum cutoff value that maxi-
mized both sensitivity and specificity for discriminating
subclinical CTRCD was determined. All statistical tests
were 2-sided and a p value <0.05 was considered statisti-
cally significant. Statistical analysis was performed using
the SPSS Version 20.0 software package (SPSS 20.0,
Chicago, IL, USA).
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Results

Baseline Characteristics

The characteristics of the patients are shown in Table 1. The
mean age of these patients was 53.248.7 years, with a range
of 3468 years old. Among the patients, 36 patients had done
coronary computed tomography and 70 patients had done
holter electrocardiogram. All patients had normal LVEF
values at baseline. Subclinical CTRCD occurred in 10
(10.5%) patients during follow-up, of whom 4 patients
(4.2%) were diagnosed as CTRCD according to the 3D
LVEF criterion. At the end of the chemotherapy, only four
patients were diagnosed as subclinical CTRCD according to
the 3D LV GLS criterion. Among all patients, no one devel-
oped clinical cardiac toxicity during the period of follow-up.

Standard Echocardiography

Mean values of the standard echocardiographic parameters at
baseline and during follow-up are shown in Table 2. There
were no significant differences in LVEF, RV basal diameter,
RV middle diameter, RV longitudinal diameter at the end of
chemotherapy and 12months after chemotherapy (all p>
0.05). 3D LV GLS showed a significant reduction during
anthracycline chemotherapy (p<0.05). TAPSE and RV FAC
decreased significantly at 12months after chemotherapy (both
p<0.05). The ratios of tricuspid annular E/A and TV E/e’
showed no significant variation during the follow-up period
(both p>0.05). The tricuspid annular S’ showed no significant
differences between pre- and post-therapies as well (p >0.05).
No significant change in SPAP was observed (p > 0.05).

Three-Dimensional Speckle Tracking

Echocardiography

The results of 3D STE analysis are shown in Table 3. At
the end of chemotherapy, 3D RV GLS, RV FWLS and LV
GLS were deteriorated significantly, while no significant
differences were observed in other 3D STE parameters (all
p > 0.05). Compared with the baseline, there were no

Table | Clinical Characteristics at Baseline

Variables Mean + SD Range
Age (years) 53.248.7 34-68
Body mass index (kg/m?) 25.5+34 20.8-30.3
Body surface area(m?) 1.6%0.1 1.5-1.7
Systolic blood pressure (mmHg) 113.249.9 94-140
Diastolic blood pressure (mmHg) 71.4+6.2 52-88
Heart rate (bpm) 70.8+8.0 58-103

significant differences in 3D RV EDVI, RV ESVI and
RVEF at 12months after chemotherapy (all p > 0.05).
However, 3D RV GLS and RV FWLS deteriorated mark-
edly at 12months after chemotherapy (both p < 0.05).
There was no significant difference in 3D LVEF between
baseline and 12months after chemotherapy, while 3D GLS
of LV decreased significantly at the end of follow-up
(p< 0.01).

Serum Biochemical Markers

At the end of chemotherapy, the hs-cTnl concentrations
rose from 1.3 (0.7, 2.7) to 6.8 (4.5, 9.0) pg/mL (p = 0.039).
However, the median value of NT-proBNP concentrations
showed no significant difference during the chemotherapy
(p > 0.05). Spearman correlation analysis showed that hs-
cTnl concentrations were significantly correlated with 3D
RV GLS (r =-0.35, p = 0.031) and RV FWLS (r =—0.39,
p = 0.025) at the end of chemotherapy. There was no
correlation between NT-proBNP concentrations and 3D
RV GLS, either NT-proBNP concentrations and 3D RV
FWLS (both p > 0.05).

Relationship of Three-Dimensional Strain
and Subclinical Cancer
Therapeutics-Related Cardiac

Dysfunction

There was no difference in 3D RVEF (-10.8% vs
—5.4%, p=0.383) and RV GLS (-18.2% vs —11.3%,
p=0.159) variation values in patients with and without
subclinical CTRCD. On the other hand, 3D RV FWLS
variation (- 20.6% vs - 13.1%, p = 0.020) were signifi-
cantly greater in patients who developed subclinical
CTRCD at 12months after chemotherapy (Figure 1).

Table 4 shows the results of univariate and multivariate
logistic regression analyses of predictors of subclinical
CTRCD. In the univariate model, variations of 3D
RVEF, RV GLS and RV FWLS were associated with
a higher incidence of subclinical CTRCD. In the multi-
variate model, only the variation of 3D RV FWLS
remained the independent predictor of subclinical
CTRCD (OR, 1.37; 95% CI, 1.12-2.87; p = 0.028).

The area under the curve of 3D RV FWLS, RV GLS
and RVEF are 0.74, 0.68, and 0.64, respectively. ROC
curve analysis showed that the optimal-cut off of 3D RV
FWLS variation for the discrimination of patients with
subclinical CTRCD was —17.5% with a sensitivity of
80.5% and a specificity of 65.8% (Figure 2).
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Table 2 Standard Echocardiographic Parameters

Variables Baseline End Chemotherapy 12 Months P

LVEF (%) 62.4+4.9 61.5+5.0 60.8+5.2 0.161
RV basal D (mm) 31.243.1 31.6%2.9 32,532 0.066
RV Mid D (mm) 24.3%¥2.9 24.9+3.0 25.4+3.2 0.104
RV longitudinal D (mm) 56.1+4.3 56.84.1 57.2+4.4 0.342
RV FAC (%) 43.5£3.6 42.9+3.4 41.8+£2.9% 0.000
TAPSE (mm) 21.6x2.4 21.0+2.3 19.9+2.0* 0.002
S’(cmis) 13.1%2.3 12.7£2.2 12.4+2.0 0.378
TV E/A 1.2+0.2 1.3£0.2 1.4£0.3 0.118
TV E/e 4.2%1.1 4.4+1.2 4.6x1.5 0.182
SPAP(mmHg) 25.2+3.4 25.6+3.2 26.5+3.1 0.175

Note: *p<0.05 for comparison with baseline.

Abbreviations: EF, ejection fraction; FAC, fractional area change; LV, left ventricular; GLS, global longitudinal strain; RV, right ventricular; S’, tissue Doppler derived tricuspid
lateral annular systolic velocity; SPAP, systolic pulmonary artery pressure; TAPSE, tricuspid annular plane systolic excursion; TV, tricuspid annular; TV E/A, ratio between
peak early (E) and late (A) wave velocity of tricuspid annulus; TV E/e’, ratio between tricuspid flow E peak velocity and tissue Doppler derived e’ of the septal tricuspid

annulus.

Table 3 Three-Dimensional Speckle Tracking Echocardiography

Parameters

Variables Baseline End Chemotherapy 12 Months p

RVEDVI (ml/m?) 35.8+4.4 36.3£4.5 37.6£4.8 0.394
RVESVI (ml/m?) 15.9+2.8 16.3+2.9 16.843.1 0.593
RVEF (%) 56.3+3.3 54.5+3.1 53.1+2.9 0.141
RV GLS (%) -21.5£3.2 —20.8+3.0% —18.622.6" 0.000
RV FWLS (%) -25.8+2.9 -23.9+2.8% -21.622.5% 0.000
LVEF (%) 62.414.9 61.315.0 60.25.0 0.476
LV GLS (%) -20.8+2.3 —19.62.1* -17.7¢1.8% 0.000

Notes: *p<0 .05 for comparison with baseline; *p < 0.05 for comparison with end
chemotherapy.

Abbreviations: EDVI, end-diastolic volume index; EF, ejection fraction; ESVI, end-
systolic volume; LV, left ventricular; RV, right ventricular; FWLS, free wall long-
itudinal strain; GLS, global longitudinal strain.

Correlation Between 3D LV GLS and 3D

RV Strains

The association between 3D LV GLS and 3D RV FWLS
was calculated by Pearson’s test (r = 0.47, p < 0.001)
(Figure 3). Correlation coefficients for 3D RVEF and RV
GLS: RVEF (r = - 0.32, p = 0.019), RV GLS (r = 0.36,
p = 0.086). RV FWLS changes was moderately related to
decrease in 3D LVEF > 10% to a value <50% (r =0.42,
p < 0.001).

Correlation Between 3D RV FWLS and

Anthracycline Doses

The association between 3D RV FWLS and the cumulative
dose of anthracyclines was calculated by Spearman’s test
(r=-0.71, p < 0.001). Cumulative anthracycline dose was
correlated with 3D RV GLS (r = —0.53, p = 0.034) and
RVEF (r = - 0.60, p = 0.026).

Discussion

In this study, we assessed the longitudinal strain changes
of RV function in patients with breast cancer underwent
anthracycline chemotherapy using 3D STE. RV GLS and
RV FWLS reduced significantly at 12months after anthra-
cycline therapy. 3D STE is superior to classic echocardio-
graphic indices to identify the subclinical CTRCD at the
end of anthracycline chemotherapy. In addition, 3D RV
FWLS had high sensitivity and specificity in differentiat-
ing patients with subclinical CTRCD after chemotherapy
from baselines. The accumulating dose of epirubicin posi-
tively correlated with the decline of 3D RV FWLS.

The anthracycline-related clinical and subclinical LV
dysfunction has been well studied in breast cancer
patients.*'> However, RV dysfunction is not considered
in the diagnosis of CTRCD. Given the established prog-
nostic significance of RV dysfunction on outcome of

1617 anthracycline-related toxic

patients with heart failure,
effects on the right ventricle have become the focus of
greater interest. Although the assessment of the right ven-
tricle by conventional 2D echocardiography has prognostic
value, its accuracy and reproducibility are limited. The
CMR is the gold standard imaging tool for assessing RV
volume and RVEF, while echocardiography is the most
widely used clinically. As echocardiographic techniques
have evolved, recent studies have validated the accuracy
of 3DTTE-determined RV and RVEF
against CMR.

Speckle-tracking echocardiography is a novel method

volumes

for assessment of LV myocardial deformation. GLS has
been proven to identify subclinical LV cardiotoxicity as it
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Figure | Bar graphs of three-dimensional speckle tracking echocardiography (3D STE) variation according to the presence or absence of subclinical chemotherapy-related

cardiac dysfunction (CTRCD).

is more sensitive than traditional echocardiographic
Similar to LV strain, STE-derived RV
longitudinal strain has been shown to be feasible, repro-

parameters.>'®

ducible and prognostic in oncological patients.'*"'*° Due
to less load dependent and less angle dependent than
conventional parameters, RV FWLS has recently been
proposed to evaluate RV dysfunction.

In our study, 3D RV GLS and RV FWLS decreased
during and after anthracycline chemotherapy. The 3D
RVEF had stable and normal during the whole procedure.
At 12 months after chemotherapy, 3D RV FWLS was
significantly reduced in group who developed subclinical
CTRCD compared with the group without subclinical

CTRCD (- 20.6% vs - 13.1%, p = 0.020). Furthermore,
this study showed the variation of 3D RV FWLS as an
excellent independent predictor of subclinical CTRCD in
multivariate logistic regression analysis (OR = 1.37; 95%
CI: 1.12-2.87, p = 0.028).

There is no consensus in the literature regarding the RV
GLS value that can predict cardiotoxicity. Keramida et al'®
found that the cutoff value of RV GLS percent change that
identified cardiotoxicity was 14.8% with a sensitivity of
66.7%, a specificity of 70.8% and the AUC of 0.68 in breast
cancer patients. Cherata et al*' demonstrated that 17% reduc-
tion of RV FWLS had a sensitivity of 55% and a specificity of
70% with AUC of 0.75 to identify patients with CTRCD.

Table 4 Logistic Regression Analysis for Predictors of Chemotherapy-Related Cardiac Dysfunction

Variables Univariate Analysis Multivariate Analysis
OR (95% CI) p value OR (95% CI) p value

Age 0.99 (0.85-1.36) 0.448 - -
Anthracycline cumulative dose 1.04 (0.96—1.42) 0.040 0.83 (0.68-1.09) 0.302
hs-cTnl variation 1.13 (1.01-1.74) 0.036 - -
NT-proBNP variation 0.81 (0.59-1.02) 0.498 - -
RV FAC variation 0.95 (0.82-1.17) 0.041 - -
TAPSE variation 0.88 (0.79-1.06) 0.550 - -
RVEF variation 1.22 (1.04-2.30) 0.031 1.29 (0.95-2.32) 0.162
RV GLS variation 1.76 (0.93-3.25) 0.023 1.18 (0.89-2.15) 0214
RV FWLS variation 2.56 (1.32-4.10) 0.016 1.37 (1.12-2.87) 0.028

Abbreviations: EF, ejection fraction; FAC, fractional area change; FWLS, free wall longitudinal strain; GLS, global longitudinal strain; hs-cTnl, high-sensitive cardiac troponins

troponin I; NT-proBNP, N-terminal portion pro-natriuretic peptide type B; RV, right ventricular; TAPSE, tricuspid annular plane systolic excursion.
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Figure 2 The association between three-dimensional left ventricular global longitudinal strain (3D LV GLS) and three-dimensional right ventricular free wall longitudinal

strain (3D RV FWLS).

Change in RV FWLS
=N

24
0 ] 1 1
] 2 4 6
Change in 3D LV GLS

Figure 3 Receiver operating curves of variations of three-dimensional right ven-
tricular free wall longitudinal strain (3D RV FWLS) for predicting subclinical che-
motherapy-related cardiac dysfunction (CTRCD), with areas under the curve
(AUC) of 0.74, the optimal cutoff values being —17.5% with a sensitivity of 80.5%
and a specificity of 65.8%.

ROC analysis in this study showed that variation of RV FWLS
has better sensitivity and specialty in detection of subclinical
cardiotoxicity. The AUC for 3D RV GLS reduction was 0.68.
An important debate in RV strain methodology is whether
GLS or FWLS should be evaluated. Chang et al** reported
that RV FWLS represented an independent predictor of occult
RV systolic dysfunction in breast cancer patients receiving
epirubicin therapy. In our study, RV FWLS had a slightly
higher predictive value for subclinical CTRCD than RV
GLS. The optimal cut-off of 3D RV FWLS percent change
for the discrimination of patients with subclinical CTRCD was
17.5% with a sensitivity of 80.5% and a specificity of 65.8%
and the AUC was 0.74. RV FWLS evaluate RV function more
accurately than RV GLS since intraventricular septum is
a constituent part of the LV.

RV GLS deterioration seems to develop almost simulta-
neously with LV GLS deterioration in breast cancer patients

receiving trastuzumab with or without anthracyclines.'**° In
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our study, 3D GLS of LV and RV decreased significantly at the
end of anthracycline chemotherapy and 12 months after che-
motherapy. Several studies****** evaluated the prognosis of
RVEEF, RV FAC, TAPSE, and tricuspid annular S’ in patients
receiving anthracycline treatment for breast cancer. Data on
RV systolic function are discordant. In our study, RV FAC and
TAPSE decreased significantly in patients at 12 months after
chemotherapy. Both tricuspid annular S’ and TAPSE are angle
dependent and only reflect the longitudinal function of the
basal portion of the RV. RV FAC is the most commonly used
two-dimensional method to assess RV function. RV FAC may
better reflect RV function but dependents on image plane,
requiring complete visualization of the entire RV structure.
3D RVEF has been reported to have incremental prognostic
value over two-dimensional RV function parameters.’
However, RVEF deterioration may be a late manifestation of
RV dysfunction. Furthermore, we found that 3D RV strain was
more sensitive than above traditional 2D parameters and 3D
RVEF. There was significant correlation between 3D RV
FWLS and 3D LV GLS after anthracycline chemotherapy.

Diastolic function was also explored in our study. E/e’
ratio is a reliable marker in assessing RV diastolic func-
tion. There is a direct correlation between E/e’ and RV
diastolic filling pressures in right heart catheterization
studies.”* Increased E/e’ values was related to increased
RV filling pressures. E/e’ ratio was increased after four
cycles of anthracycline chemotherapy in our study,
although the difference was not statistically significant.
The assessment of cardiac diastolic function by echocar-
diography maybe have some breakthroughs in future.

The hs-cTnl is likely the most sensitive and specific
marker of myocardial injury induced by anthracycline
chemotherapy.25 2% The present study showed the hs-cTnl
concentrations significantly rose from 1.3 to 6.8 ng/mL at
the end of chemotherapy (p = 0.039). Although the hs-
cTnl concentrations had correlation with 3D RV GLS and
RV FWLS, it did not predict cardiotoxicity. The challenge
with the available published data is hs-cTnl does not
reflect the damage extent of heart function as well as the
strategy to undertake in case of an abnormal result.”’ In
this study, NT-proBNP was also not the predicter of car-
diotoxicity after chemotherapy. NT-proBNP may be use-
ful, but its role in detecting cardiotoxicity is not
established in chemotherapy.

Cardiotoxicity of anthracyclines is dose-

15,22

always
dependent, that is, the incidence of myocardial injury is
positively correlated with the cumulative dose of the drug.

The effect of anthracycline dose on myocardial deformation

using 3D STE was evaluated in the present study. Consistent
with previous studies, a high negative relation between 3D
RV FWLS and cumulative anthracycline dose was observed.

The main limitations of this study were the limited number
of patients and not frequent and short follow-up in single-center.
A larger prospective multicenter study with a longer follow-up
will be needed to confirm our results. In addition, evaluation of
RV function and deformation parameters was performed using
3D STE, accuracy of which is highly dependent on image
quality. Insufficient temporal resolution may affect the accuracy
of strain data. However, a multi-beat, full-volume 3-DE acqui-
sition using 4 consecutive cardiac cycles was performed to
achieve adequate temporal resolution in this study.

Conclusion

In this study, longitudinal strain analysis by 3D STE allows the
identification of subclinical RV dysfunction when conven-
tional indices of RV function are unaffected. 3D RV FWLS
was superior to other parameters in early detection of the
development of CTRCD in breast cancer patients receiving
epirubicin therapy. Deformation imaging of the RV using 3D
STE may be a promising modality for detection of subclinical
cardiotoxicity during anthracycline chemotherapy.
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