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Abstract 

Background Anthracyclines can cause left ventricular (LV) dysfunction. There is little data about right ventricular (RV) 
damage during chemotherapy.

Aim This study aimed to investigate the toxic effects of chemotherapy, analyzing its impact on right ventricular 
function.

Material and Methods A prospective study was conducted, enrolling 83 female patients (55 ± 11 years old) affected 
by breast cancer treated with anthracyclines. Cardiological evaluation, HFA risk score assessment and comprehensive 
echocardiogram, including speckle tracking analysis and 3D analysis, were performed before starting chemotherapy 
(T0) and at 3 (T1), 6 (T2) and 12 months (T3) after beginning treatment. RV function was assessed with tricuspid 
annular plane excursion (TAPSE), S’ wave of the tricuspid annulus, fractional area change (FAC), RV global longitudinal 
strain (RV-GLS), free wall strain (RV-FWLS) and RV 3D ejection fraction (RV-3DEF). Subclinical LV CTRCD was defined 
as a reduction of GLS > 15% compared to baseline. Subclinical RV cardiotoxicity was defined as the co-presence 
of a relative decrease of 10% from baseline in RV-3DEF and a relative reduction of 15% from baseline RV-FWLS.

Results After chemotherapy, we found a significant reduction in 2D-LVEF (p =  < 0.001) and 3D-LVEF (p =  < 0.001), 
in LV-GLS and RVLS (p =  < 0.001), in FAC and TAPSE, also RV-3DEF reduced significantly (p = 0.002). 39% of patients 
developed LV subclinical CTRCD; 28% of patients developed RV subclinical cardiotoxicity. LV and RV changes occurred 
concomitantly, and no RV echocardiographic parameters were found to predict the development of LV CTRCD 
and vice-versa.

Conclusion After anthracyclines-based chemotherapy, LV and RV subclinical damage occurs, and it can be detected 
early by speckle-tracking and 3D echocardiography.

Keywords Cardiotoxicity, Cardio-oncology, Right ventricle, CTRCD, Three-dimensional echocardiography, 
Longitudinal strain

Introduction
Antineoplastic drug-induced cardiotoxicity is a rapidly 
evolving area of scientific interest due to the increas-
ing number of long-term cancer survivors [1].  Previous 
studies suggested that more than half of patients treated 
with anthracyclines develop myocardial dysfunction, 
and a percentage of them, between 5 and 65%, progress 
to heart failure, depending on the cumulative dose of 
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the chemotherapy [2]. The occurrence of anthracycline-
induced cardiotoxicity [3], even if asymptomatic, nega-
tively impacts the cardiac outcome of cancer patients 
[4], severely limiting therapeutic opportunities, and has 
been associated with the worst prognosis. Current stud-
ies have demonstrated that the recovery of ventricular 
systolic function indices and the reduction of adverse 
cardiac events can be achieved with the early institution 
of cardio-protective therapy with ACE inhibitors and 
beta-blockers [5]. These data imply the need to monitor 
patients undergoing antineoplastic treatment for early 
detection of cardiotoxicity.  Evidence from the scien-
tific literature demonstrated the impact of anthracycline 
chemotherapy on the LV [6]. Current ESC guidelines on 
cardio-oncology defined chemotherapy-related cardiac 
dysfunction (CTRCD) based on left ventricular ejec-
tion fraction reduction (LVEF), left ventricular global 
longitudinal strain reduction (LV-GLS), and biomarkers 
increase [7]. Few data are available regarding RV involve-
ment in Cardio-Oncology; however, it is well known that 
there is an essential interdependence between RV and LV 
due to the presence of a pericardium that contains both 
chambers and via the sharing of interventricular sep-
tum, therefore already in stage B Heart Failure RV func-
tion could be impaired and should be investigated [8]. 
Furthermore, a clear definition of CTRCD based on RV 
echocardiography parameters doesn’t exist. Our study 
aimed to investigate the impact of anthracycline treat-
ment on the RV, particularly the usefulness of advanced 
echocardiography techniques such as 3D Echocardiog-
raphy and speckle-tracking Echocardiography (STE) in 
early identification of RV damage [9, 10].

Methods
A prospective study was conducted enrolling asympto-
matic female patients with breast cancer scheduled to 
receive anthracycline therapy (Fluorouracil-epirubicin-
cyclofosfamide protocol) for a duration of 4–6 cycles 
with a cumulative dose of doxorubicin < 450  mg/m2 or 
other equivalent anthracycline dose. The patients fol-
lowed up at the Oncology Unit of the P. Giaccone Uni-
versity Hospital of Palermo and were evaluated at the 
Cardio-Oncology outpatient clinic of the same hospital. 
The study was conducted according to the guidelines of 
the Declaration of Helsinki and approved by the Ethics 
Committee of the University Hospital of Palermo, Italy 
(protocol number 262/2020). The enrolled population is 
partially superimposable to that one of a previously pub-
lished study of our group [11].

The inclusion criteria were age > 18, first breast can-
cer diagnosis, and good echocardiographic acoustic 
window. The exclusion criteria were history of previous 
malignancy, previous chemo and radiotherapy, history of 

ischemic heart disease, life expectancy judged to be less 
than one year, LV and RV dysfunctions at baseline, val-
vular heart disease considered to be at least moderate in 
degree of severity; inadequate echocardiographic acous-
tic window. The patients included in the study underwent 
cardiological examination including collection of clinical 
history and cardiovascular risk factors, assessment of the 
risk profile of cardiotoxicity using the HFA-ICOS risk in 
accordance with the latest ESC guidelines, electrocardio-
gram, and echocardiogram at baseline (T0) and 3 months 
(T1), 6  months (T2) and 12  months (T3) after starting 
chemotherapy.  A comprehensive echocardiographic 
study was performed using a General Electric Vivid E 
95 machine according to ASE/EACVI recommendation 
for chamber quantification, systolic and diastolic func-
tion measurement, and valvular and pericardial disease 
[12].  RV systolic function was evaluated by estimating 
tricuspid annular plane excursion (TAPSE), tissue Dop-
pler imaging (TDI) S’ wave of the tricuspid annulus and 
fractional area change (FAC). The measurement of the 
2D strain by speckle tracking echocardiography (STE) 
was performed using the Echopac V.202 software (GE). 
Global longitudinal strain (GLS) was obtained as the 
mean of all segments analyzed in the 3 acquired projec-
tions [13]. A 17-segment evaluation model was used. 
A GLS value of -21.5 ± 2% was considered normal, with 
a lower normal range (LLN) limit of -18% [14]. RV lon-
gitudinal strain (RVLS) was measured at the free wall 
(RVFWS) in a focused 4-chamber apical view and at 
the free wall and septum (Global Longitudinal Strain of 
the RV, GLS-RV). As a reference, we considered nor-
mal values of -24.5 ± 3.8% for RV-GLS and -28.5 ± 4.8% 
for  RVFWS [15]. When feasible, the two-dimensional 
echocardiographic study dedicated to the right sec-
tions was integrated with the acquisition of data for the 
three-dimensional analysis of the right ventricular func-
tion [16]. Through a real-time 3D phased-array trans-
ducer (4 V-D), 3 D full volume data set of RV over 1–3 
cardiac cycles was acquired. The images were recorded 
using an apical window, and the transducer position was 
modified for the best visualization of the tricuspid valve, 
cardiac apex, and RV outflow tract. 3D RVEF was calcu-
lated, with offline analysis, using 4D RV semiautomatic 
quantification function software (4D-AutoRVQ). After 
long-axis and short-axis view alignment, anatomic land-
marks were manually placed at the level of the tricuspid 
annulus, RV apex, RV/LV anterior and posterior points, 
and RV free wall points. The algorithm generated the RV 
model automatically after placing landmarks and manu-
ally correcting contours if necessary.

Chemotherapy related LV dysfunction was defined 
according to ESC guidelines [7]. Subclinical CTRCD was 
defined as GLS decline > 15% compared to baseline [17].
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No clear data exist so far in the literature regarding 
the definition of RV subclinical dysfunction [18], so we 
defined RV subclinical cardiotoxicity as the co-presence 
of the following conditions: relative reduction of 10% 
from baseline in RV-3DEF and relative reduction of 15% 
from baseline in RV free wall strain (RVFWS) in analogy 
concerning the cut off established for the left ventricle 
[19].

Patients were distinguished into two groups according 
to the occurrence or not of subclinical LV CTRCD, and 
their characteristics were compared to identify possible 
predictors of the dysfunction. The same comparison was 
performed between patients who developed or did not 
have RV dysfunction. According to cardiovascular risk 
stratification, patients received cardioprotective therapy 
with beta-blockers and ACE-I/ARB [5].

Statistical analysis
Categorical variables were expressed as absolute fre-
quency (n°) and percentage (%), and continuous vari-
ables were described as mean ± standard deviation (SD) 
or as median and interquartile range as appropriate. To 
verify the statistical significance of the observed dif-
ferences between the four times considered (baseline, 
three months, six months, and one year), a statistical 
analysis was conducted that allows for multiple compari-
sons. Since not all the variables included in the analysis 
respected the assumption of normality, two types of tests 
were used: for data following a normal distribution, it was 
used a repeated measures ANOVA model, while for data 
following a non-normal distribution, it was used Fried-
man’s nonparametric test. The average increases in the 
individual data were calculated to evaluate possible sta-
tistically significant differences between T0 and T1, T1 
and T2, and T2 and T3. The existence of statistical signif-
icance was investigated by applying the Student’s T-test 
for paired data for variables that follow a normal distri-
bution and the Wilcoxon test for paired data for variables 
that do not follow a normal distribution. Receiver oper-
ating curve (ROC) analysis was performed to determine 
the sensitivity and specificity of RV echocardiographic 
parameters in predicting subclinical chemo-related car-
diotoxicity. The Spearman correlation test was used to 
evaluate the strength and direction of the relationship 
between changes in right and left ventricular function, 
evaluating the increase or decrease from baseline to fol-
low-ups in right and left ventricular function (LV3DEF /
LVGLS and RV3DEF/RVFWGLS) with the aim of exam-
ining whether there was a parallel trend towards dys-
function in both parameters. A two-sided P-value < 0.05 
was considered statistically significant for single tests, 
whereas, for multiple testing, the significance level was 
adjusted using Bonferroni correction. All statistical 

analyses were performed using R studio software, version 
1.4.1103 (2009–2021 RStudio, PBC).

Results
We enrolled 83 female patients affected by breast can-
cer (mean age 55 ± 11  years). The general characteris-
tics of the study population and the cardiotoxicity risk 
score assessment using HFA-ICOS score at baseline are 
reported in Table  1. The most common risk factor was 
smoking (active or previous, 42%), followed by arterial 
hypertension (30%). The most used antihypertensive 
drugs were ACE-inhibitors and beta-blockers. The mean 
cumulative anthracycline dose was 250 ± 44  mg/m2 of 
doxorubicin. 19% received radiation therapy, and 18% of 
patients underwent trastuzumab therapy. Most women 
were at low risk according HFA-ICOS score (65%, n = 54). 
A flow chart of the study is shown in Fig. 1.

For 66 patients, in addition to using conventional 
parameters, it was possible to perform an advanced 
three-dimensional (3D) echocardiographic evalua-
tion of the RV and LV function. The other patients were 
excluded by 3D analysis for poor acoustic window.

39% (32 patients) of the population developed CTRCD 
according to the 2022 ESC guidelines [7].

Table 1 General characteristics of the study population at 
baseline. Values are reported as mean ± SD and number (n) with 
percentage (%)

ACE-I Angiotensin-converting enzyme inhibitors, ARBs Angiotensin receptor 
blockers, BMI Body mass index, BSA Body surface area

General Characteristics n = 83 patients

Age (years) 55 ± 11

BMI (kg/m2) 26.37 ± 4.35

BSA (m2) 1.65 ± 0.3

Cigarette smoke % (n) 41% (34)

Hypertension % (n) 30% (25)

Family History of CVD % (n) 16% (13)

Dyslipidemia % (n) 11% (9)

Obesity % (n) 10% (8)

Type 2 diabetes % (n) 5% (4)

ACE-I % (n) 10% (8)

Beta-blockers % (n) 10% (8)

Statins % (n) 7% (6)

ARBs % (n) 6% (5)

Diuretics % (n) 6% (5)

Acetylsalicylic acid % (n) 5% (4)

Calcium antagonists % (n) 2% (2)

Radiotherapy % (n) 19% (16)

Trastuzumab % (n) 18% (15)

HFA-ICOS Low Risk % (n) 65% (54)

HFA-ICOS Moderate Risk % (n) 32.5% (27)

HFA-ICOS High Risk % (n) 2.5% (2)
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Among the 32 patients who experienced CTRCD, only 
one patient was treated with ace-inhibitors at baseline, 
2 patients were on combination therapy with ARBs and 
beta-blockers, and 3 patients were treated with beta-
blockers alone. Most of the patients who developed 
CTRCD were not on cardioprotective treatment at base-
line (81% vs 19%; p < 0.0001). As shown in Table  1, few 
patients were receiving cardioprotective therapy at base-
line so it cannot be stated with certainty that these thera-
pies are statistically protective in our population. CTRCD 
was more frequent in patients who received radiotherapy 
compared to those who did not (10/16 pts i.e. 62%, vs 
22/67 pts i.e. 33%, p = 0.02).

In patients who developed CTRCD, cardioprotective 
therapy with ACE-I/ARB and or BB was started. Mainly, 
6% of the 32 patients who experienced CTRCD devel-
oped moderate asymptomatic CTRCD, resulting in a 
temporary suspension of chemotherapy. In contrast, the 
others developed mild asymptomatic CTRCD, and none 
showed the onset of significant symptoms at follow-
up. In 38% of cases, left ventricular CTRCD occurred 
three months after the start of chemotherapy. In 53% of 
patients 6 months after starting chemotherapy. In 9% of 
cases, after one year. Echocardiographic data regarding 
the study population are reported in Table 2.

LV function, assessed by biplane Simpson LVEF meas-
urement and 3D Echocardiography, showed a progressive 
and statistically significant reduction during monitoring; 
however, mean LVEF remained above normal limits (see 
Table 2 and Fig. 2).

Analysis of mean LV-GLS showed a progressive statis-
tically significant decrease at three and six months with 
stabilization at 12 months (GLS at T0 vs T1 p < 0.0001; T1 
vs T2 p < 0.012; T2 vs T3 p 0.15, see Table 2 and Fig. 2).

Considering the RV function: both TAPSE and S’ 
showed statistically significant variations at T2 [TAPSE 
T0 vs T1 p 0.3, T1 vs T2 p 0.02, T2 vs T3 p = 0.09;]; [S’ at 
T0 vs T1 p 0.2, T1 vs T2 p = 0.02; T2 vs T3 p = 0.2]; FAC 
decrease significantly at T3 (T0 vs T1 p 0.3, T1 vs T2 p 
0.9; T2 vs T3 p =  < 0.001]; while 3 D and strain param-
eters changed more precociously [RV-3DEF at T0 vs T1 
p < 0.0001; T1 vs T2 with p 0.041; T2 vs T3 p = 0.2], [RV-
GLS at T0 vs T1 p < 0.0001, T1 vs T2 p = 0.0014 T2 vs T3 
p = 0.14]. See Table 2 and Fig. 3.

28% (n = 8) of patients developed subclinical RV car-
diotoxicity, and no patients showed clinical RV cardio-
toxicity. In patients who showed a relative reduction in 
RV-3DEF > 10% from baseline, it was mainly driven by 
an increase of end-systolic volume (RV-3DESV) [RV-
3DESV: 26 ± 5.6 at T0 vs 36.8 mL ± 8.2 at T3, p = 0.0082) 

Fig. 1 Flow chart of the study
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Table 2 Echocardiographic data regarding the study population and differences between timepoints

LVGLS Left ventricle global longitudinal strain, LVEF Left ventricle ejection fraction, LV-3DEF Left ventricle 3d ejection fraction

T0 P value T0 – T1 T1 P value T1 – T2 T2 P value T2 – T3 T3

LVEDD (mm) 32.3 (3.1) 0.5 32.2 (2.6) 0.13 32.1 (2.7) 0.5 34.4 (8.7)

LV-EDV (ml) 78.7 (11.7) 0.2 81.9 (10.3) 0.1 79.1 (11.5) 0.3 77.8 (11.6)

LV-EF (%) 62.2 (3.5) 0.005 60.8 (3.6) 0.0004 59.2 (4.9) 0.2 58.4 (5.4)

LV-GLS (%) -20.5 (1.7) <0.0001 -18.9 (2.1) 0.0012 -17.7 (2.2) 0.15 -18.4 (2)

RV-GLS (%) -22.2 (2.5) <0.0001 -20.6 (2.5) 0.0014 -19.6 (2.7) 0.14 -21 (4.1)

RV-FWLS (%) -26.5 (3.8) <0.0001 -25.1 (3.8) 0.0001 -23.2 (3.9) 0.3 -24,6 (3.6)

LV-3DEF (%) 63.4 (3.8) 0.008 61.9 (3.4) 0.01 59.9 (4.7) 0.07 57.4 (6.2)

RV-3DEF (%) 59.3 (4.6) <0.0001 55.1 (4.1) 0.41 54.1 (4.6) 0.2 52.8 (6.1)

TAPSE (mm) 22.4 (2.8) 0.3 22.2 (3.5) 0.02 21.7 (2.4) 0.09 22.3 (2.7)

RV-S’ (cm/sec) 13.5 (2) 0.2 14.3 (2.4) 0.02 13.3 (2) 0.2 11.6 (7.4)

FAC (%) 49.9 (7.7) 0.3 50.9 (4.8) 0.9 50.7 (6.4) 0.001 45.7 (4.7)

Fig. 2 The box plot shows the LV- EF, LV-3DEF, and LV-GLS variations in the study population at T0, T1, T2, and T3 LVEF: Left Ventricle Ejection 
Fraction; LV-3DEF: Left Ventricle 3D Ejection Fraction; LVGLS: Left Ventricle Global Longitudinal Strain

Fig. 3 The box plot shows RV-FWLS, RV-3DEF, and RVGLS variations in the study population at T0, T1, T2, and T3. RV-FWLS: Right Ventricle Free Wall 
Longitudinal Strain; RV-3DEF: Right Ventricle 3D Ejection Fraction; RV-GLS: Right Ventricle Global Longitudinal Strain 
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rather than end-diastolic volume (3D RV EDV 
70  ml ± 11.7 at T0 vs 72.2  ml ± 9.4 at T3, p = 0.8964). 
Figure  4 shows the case of a patient with 3D RV EF 
reduction after chemotherapy.

All patients with right ventricular dysfunction 
(n = 18) also had subclinical left ventricular dysfunc-
tion according to ESC guidelines. So out of 32 patients 
with CTRCD, 18 also had right ventricular dysfunc-
tion (18/32 patients i.e. 56%, vs 14/32 patients i.e. 44%, 
p = 0.3). RV 3D EF decline correlated with LV 3D EF 
with a Spearman correlation factor of 0.33 (p 0.1); also, 
RV-FWLS and LV-GLS were related with a Spearman 
correlation factor of 0.46 (p 0.009).

RV subclinical dysfunction did not predict worst LV 
systolic function parameters at follow-up T3 (EF, LV-
3DEF, LV-GLS), as shown in Table 3.

Moreover, the characteristics of patients who devel-
oped subclinical LV dysfunction were compared with 
those who did not, and we didn’t find variations between 
the two groups regarding either the traditional RV sys-
tolic function indices (TAPSE, S’TDI, FAC) or the 
advanced ones (RV-3DEF and RV-GLS) (See Table 4).

Finally, a further univariate analysis was performed 
to detect CTRCD predictors (relative reduction of LV-
GLS ≥ 15% at follow-up).

Based on the small sample size, none of the cardio-
vascular risk factors were found to be predictors of 

Fig. 4 RV-3D echocardiographic evaluation of a patient before (A) and after (B) chemotherapy treatment
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subclinical dysfunction. Cigarette smoke sensitivity 99%, 
specificity 45%, area under the curve (AUC) 0.52 (0.38 
– 0.65); arterial hypertension sensitivity 92%, specificity 

40%, AUC 0.57 (0.42 – 0.70); diabetes mellitus sensitiv-
ity 96%, specificity 47%, AUC 0.52 (0.38 – 0.65); dyslipi-
demia sensitivity 90%, specificity 54%, AUC 0.70 (0.50 
– 0.90); obesity sensitivity 90%, specificity 11%, AUC 0.50 
(0.36 – 0.64); family history of cardiovascular diseases 
sensitivity 88%, specificity 25%, AUC 0.57 (0.43 – 0.70).

However, it couldn’t be identified a value of RV-GLS 
that can predict the onset of CTRCD (RV GLS T0 sen-
sitivity 99%, specificity 53%, area under the curve 0.66 
(0.51 – 0.82); RV GLS T1 sensitivity 99%, specificity 59%, 
area under the curve 0.78 (0.66 – 0.88); RV-FWLS sen-
sitivity 99%, specificity 53%, area under the curve 0.74 
(0.63 – 0.85).

Discussion
Although the therapeutic protocols used for the treat-
ment of breast cancer have led to an increase in survival, 
these can cause myocardial damage. Research efforts 
have focused on evaluating myocardial alterations in 
an early stage and trying to predict which patients may 
develop cancer therapy-related cardiac dysfunction 
(CTRCD) to implement the necessary protective strate-
gies. The guidelines published by the ESC in 2022 rec-
ommend the evaluation of LVEF and LV GLS for early 
detection of CTRCD and a careful baseline evaluation 
with the HFA/ICOS score developed by the Heart Fail-
ure Association (HFA) and the International Society of 
Cardio-oncology (ICOS) [7, 20]. In clinical practice, few 
studies have validated this score, which seems to pre-
dict CTRCD very well in the most at-risk categories [21]. 
Furthermore, some new parameters, such as the myo-
cardial work index are becoming increasingly popular in 
the evaluation of cardio-oncology patients [22, 23]. The 
performance of the left atrium was also studied to under-
stand whether it could predict left ventricular dysfunc-
tion [11, 24].

Ultimately, the scientific literature has focused heavily 
on the cardiotoxicity of the left ventricle induced by anti-
neoplastic drugs. In contrast, the impact of these drugs 
on the function of the right ventricle has been poorly 
studied.

The chemotherapy-induced RV remodelling was shown 
in an animal model study in which higher fibrosis depo-
sition in the RV-free wall was observed after treatment 
with anthracycline.

Since no cut-off has been set to identify subclinical car-
diotoxicity of the RV chamber, reviewing the literature, 
we used a definition of 10% relative reduction from base-
line values of RV-3DEF [25] and 15% relative reduction 
from baseline in RV free wall strain (RV-FWLS) [26].

Particularly, Keramida et  al., in a small single-centre 
study, showed that in breast cancer women receiving 
trastuzumab, independently of previous anthracycline 

Table 3 Comparison between the group with RV dysfunction 
and the group without RV dysfunction

RV-FWLS Right ventricle free wall longitudinal strain, RV-GLS Right ventricle 
global longitudinal strain, RV-3DEF Right ventricle 3d ejection fraction, TAPSE 
Tricuspid annular plane systolic excursion, RV-S’ Right ventricle s’, FAC Fractional 
area change

T3 RV dysfunction 
Group (n=18) Mean 
(SD)

No RV dysfunction 
Group (n=48) Mean 
(SD)

p-value

LV-GLS (%) -18.4 (2) -18.5 (2.2) 0.9304

LV-EF (%) 55 (7.9) 59.6 (3.7) 0.0620

LV-3DEF (%) 54 (7) 59.1 (5.3) 0.0582

Table 4 Comparison between the group with LV subclinical 
dysfunction and the group without LV subclinical dysfunction. 
Values are reported as mean (SD) and percentage % with 
number “n”

RV-FWLS Right ventricle free wall longitudinal strain, RV-GLS Right ventricle 
global longitudinal strain, RV-3DEF Right ventricle 3d ejection fraction, TAPSE 
Tricuspid annular plane systolic excursion, RV-S’ Right ventricle s’, FAC Fractional 
area change

Baseline (T0) Patients with 
subclinical 
dysfunction 
(relative reduction 
GLS > 15%)
n = 27

NO 
subclinical 
dysfunction
n = 51

p-value

Age 55 (9.7) 54.7 (10.7) 0.9

Cigarette smoke % (n) 41% (11) 45% (23) 0.7

Hypertension % (n) 41% (11) 27% (14) 0.2

Type 2 diabetes % (n) 7% (2) 4% (2) 0.5

Dyslipidemia % (n) 26% (7) 4% (2) 0.003

Obesity % (n) 11% (3) 10% (5) 0.8

Family History of CVD 
% (n)

26% (7) 12% (6) 0.1

ACE-I % (n) 19% (5) 6% (3) 0.08

ARBs % (n) 11% (3) 4% (2) 0.2

Beta-blockers % (n) 19% (5) 6% (3) 0.08

Diuretics % (n) 11% (3) 4% (2) 0.2

Calcium antagonists 
% (n)

7% (2) 0 -

Statins % (n) 15% (4) 4% (2) 0.08

Acetylsalicylic acid 
% (n)

4% (1) 6% (3) 0.7

RV-FWLS (%) -27.2 (4.0) -25.5 (3.3) 0.0430

RV GLS (%) -22.4 (2.8) -21.9 (2.1) 0.3577

RV-3DEF (%) 63.2 (3.7) 63.6 (4.0) 0.6567

TAPSE (%) 22.7 (2.7) 22.1 (2.9) 0.2551

RV-S’ (%) 13.6 (1.7) 13.5 (2.4) 0.5695

FAC (%) 50.2 (9.0) 49.6 (4.1) 0.5298
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chemotherapy, RV GLS deterioration was predictive 
of cardiotoxicity. Authors proposed a percent change 
of − 14.8% compared to baseline as a cut-off to define 
RV cardiotoxicity with 66.7% sensitivity and 70.8% 
specificity [26].

Similar results were obtained by El-Sherbeny et  al. 
that demonstrated early changes in RV function by 
3D echocardiography and 2D strain analysis in breast 
cancer receiving anthracycline chemotherapy A cut-off 
value of RVRFWLS > 19.3% predicted reduction of LV 
function. [27].

Zhao et al. demonstrated, in 74 patients with diffuse 
large B-cell lymphoma who received anthracycline-
based treatment, that RV strain deterioration was asso-
ciated with subsequent changes in RVEF [25].

Accordingly our single-center study confirmed the 
sensitivity of STE to early detect CTRCD, which was 
observed in 39% of the studied population. In compari-
son, moderate asymptomatic CTRCD was observed in 
6%. No patients developed symptomatic CTRCD.

Advanced echocardiographic techniques were more 
sensitive than conventional parameters to detect dam-
age. Indeed, STE and 3D Echocardiography revealed a 
progressive reduction of RV performance earlier than S’ 
TDI, TAPSE and FAC. The damage was not evolutive 
since we observed stabilization of the 3DEF, RV-GLS 
and RV-FWLS at 12 months, and no clinically relevant 
alterations were found.

Comparing patients who developed RV cardiotoxicity 
vs patients who did not, we didn’t find significant dif-
ferences concerning LV systolic performance indices, 
either at baseline or after one year of treatment.

At the same time, no difference was found regarding 
RV parameters when comparing patients who devel-
oped LV subclinical dysfunction at follow-up.

Therefore, RV damage does not seem to predict the 
occurrence of LV ones; both phenomena show a simi-
lar temporal variation, with a maximum and significant 
decrease six months after the start of chemotherapy 
and a trend to stabilization at the one-year follow-up. 
Considering the anatomical and functional ventricu-
lar interdependence, these data are not surprising 
[28]. Accordingly, in our opinion, cardiotoxicity is a 
global phenomenon that simultaneously and uniformly 
involves the entire heart and, therefore, both the right 
and left ventricles and the atria, as we already demon-
strated in a previous publication [11].

The significant reduction of RV-STE systolic func-
tion indices suggests that as well as for the LV, it’s the 
subendocardial layer of the RV myocardium, responsi-
ble for longitudinal shortening, the most vulnerable to 
toxic effects of chemotherapy.

Compared with the study of Zhao and Keramida, our 
study population was different, including breast can-
cer women, all receiving anthracyclines-based treat-
ment. In addition to Zhao’s study, which is terminated at 
the end of chemotherapy (after the VI cycle), our study 
documented the absence of clinical evolution in the early 
changes of RV function, with stabilization at 12 months 
and after starting cardioprotection. Moreover, by com-
paring with other conventional parameters such as 
TAPSE, S’TDI, and FAC, we documented a greater sensi-
tivity of the RV strain and 3D analysis in detecting subtle 
RV function changes. Compared to Keramida et al., our 
study included both strain and 3D analysis, showing sim-
ilar temporal impairments of both parameters. In conclu-
sion, being previous studies small and monocentric, our 
results reinforce the poor knowledge of RV involvement 
during anticancer treatment.

Compared with the study of El-Sherbeny et al., whose 
method and enrolled population were very similar to 
ours, we used a different definition of cardiotoxixity, 
infact we included not only a reduction of ejection frac-
tion > 10% below 50% but also a reduction of GLS > 15% 
compared to baseline, according to recent ESC guidelines 
[7], therefore the global rate of CTRCD in our study was 
higher. Moreover in patients who developed CTRCD, 
cardioprotective therapy with ACE-I/ARB and or BB was 
started and we showed that damage was not evolutive 
since we observed stabilization of the 3DEF, RV-GLS and 
RV-FWLS at 12 months.

Less evidence exists regarding the prognostic impact of 
RV damage due to chemotherapy; in a retrospective study 
that includes 96 patients with diffuse large B-cell lym-
phoma who received chemotherapy with anthracycline, it 
was observed that impairment of 3D-RVEF > 12.7% pre-
dicts cardiovascular adverse events [29].

In our cohort of patients without significant comor-
bidities, the occurrence of subclinical RV cardiotoxicity 
didn’t predict the impairment below the standard limit of 
conventional echocardiographic parameters of RV func-
tion, nor the occurrence of heart failure symptoms at 
one-year follow-up.

Limitations of the study
The main limitation of this single centre observational 
study is the small sample size, further limited by logistical 
difficulties associated with an outpatient setting during 
the COVID-19 pandemic. Furthermore, the three-dimen-
sional echocardiographic analysis was performed in a 
small subset of patients due to inadequate acoustic win-
dow at baseline and, above all, after left breast implants.

A further limitation of our study is the absence of bio-
markers analysis. Despite surveillance protocols includ-
ing measurement of biomarkers, the check was carried 
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out by patients in external laboratories, using different 
assays and therefore, results were not homogeneous to 
perform analyses. Finally, the absence of a long-term 
follow-up prevented the evaluation the occurrence of 
adverse events and consequently to confer a prognostic 
value to the detected RV abnormalities.

Conclusion
In patients treated with anthracyclines, RV function, 
investigated by STE parameters and 3D EF, decreases 
over time, reaching a peak at 6 months and undergoing 
stabilization at 12 months.

LV and RV damage occur concomitantly, and no 
parameters seem to predict the other one. Therefore, 
cardiotoxicity is a global phenomenon involving uni-
formly the whole heart.

STE and 3D Echocardiography effectively detect any 
subclinical RV damage induced by chemotherapy and 
are more sensitive than conventional parameters. We 
did not find the occurrence of subclinical ventricu-
lar damage to predict the reduction of conventional 
echocardiographic parameters of RV function below 
the normal limit or the occurrence of symptomatic 
CTRCD.

Our results regarding the involvement of the RV after 
antineoplastic drugs represent a further step forward 
in the knowledge of cardio-oncology. However, for the 
limitations mentioned above our results need to be 
verified by more exhaustive multicentric studies with a 
longer follow-up.

Informed consent statement
Informed consent was obtained from subjects involved in the study.

Authors’ contributions
*LR and CM equally contributed to the manuscript Data was collected by CM, 
FPS, ADP, OFT, GD and GG. Statistical analyses were performed by CM. Overall 
activities were coordinated and supervised by Prof. GN and ARG. Writing was 
performed by LR and DDL. All authors approved the manuscript.

Funding
This research received no external funding.

Availability of data and materials
All data is available upon request.

Declarations

Ethics approval and consent of participate
The study was conducted according to the guidelines of the Declaration of 
Helsinki and approved by the Ethics Committee of the University Hospital 
of Palermo, Italy (protocol number 262/2020). The conducted study was 
observational.

Competing interests
The authors declare no competing interests.

Received: 17 September 2023   Accepted: 22 March 2024

References
 1. Herrmann J, Lerman A, Sandhu NP, et al. Evaluation and management of 

patients with heart disease and cancer: Cardio-oncology. Mayo Clin Proc. 
2014;89:1287–306.

 2. Pai VB, Nahata MC. Cardiotoxicity of chemotherapeutic agents: incidence, 
treatment and prevention. Drug Saf. 2000;22(4):263–302.

 3. Minotti G. Anthracyclines: Molecular Advances and Pharmacologic 
Developments in Antitumor Activity and Cardiotoxicity. Pharmacol Rev. 
2004;56:185–229.

 4. Cardinale D, Sandri MT, Martinoni A, et al. Left ventricular dysfunction 
predicted by early troponin I release after high-dose chemotherapy. J Am 
Coll Cardiol. 2000;36(2):517–22.

 5. Cardinale D, Colombo A, Lamantia G, et al. Anthracycline-induced cardio-
myopathy: clinical rele-vance and response to pharmacologic therapy. J 
Am Coll Cardiol. 2010;55(3):213–20.

 6. Nicol M, Baudet M, Cohen-Solal A. Subclinical Left Ventricular Dysfunction 
During Chemothera-py. Card Fail Rev. 2019;5(1):31–6.

 7. Lyon AR, López-Fernández T, Couch LS, Asteggiano R, Aznar MC, Bergler-
Klein J, et al. 2022 ESC Guidelines on cardio-oncology developed in 
collaboration with the European Hematology Association (EHA), the 
European Society for Therapeutic Radiology and Oncology (ESTRO) and 
the International Cardio-Oncology Society (IC-OS). Eur Heart J Cardiovasc 
Imaging. 2022;23(10):e333–465.

 8. Petit M, Vieillard-Baron A. Ventricular interdependence in critically ill 
patients: from physiology to bedside. Front Physiol. 2023;8(14):1232340. 
https:// doi. org/ 10. 3389/ fphys. 2023. 12323 40. PMID:37614759;PMCID:
PMC10442576.

 9. Lee JH, Park JH. Strain analysis of the right ventricle using two-dimen-
sional echocardiography. J Cardiovasc Imaging. 2018;26:111–24.

 10 Tadic M, Cuspidi C, Hering D, et al. The influence of chemotherapy on the 
right ventricle did we forget something? Clin Cardiol. 2017;40(7):437–43.

 11. Di Lisi D, Moreo A, Casavecchia G, et al. Atrial Strain Assessment for the 
Early Detection of Can-cer Therapy-Related Cardiac Dysfunction in Breast 
Cancer Women (The STRANO STUDY: Atrial Strain in Cardio-Oncology). J 
Clin Med. 2023;12(22):7127.

 12. Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for cardiac 
chamber quantification by echocardiography in adults: an update from 
the American Society of Echocardiography and the Euro-pean Associa-
tion of Cardiovascular Imaging. J Am Soc Echocardiogr. 2015;28(1):1-39.
e14. https:// doi. org/ 10. 1016/j. echo. 2014. 10. 003. PMID: 25559473.

 13. Badano LP, Muraru D, Parati G, et al. How to do right ventricular strain. Eur 
Heart J Cardiovasc Imaging. 2020;21(8):825–7.

 14. Sugimoto T, Dulgheru R, Bernard A, et al. Echocardiographic refer-
ence ranges for normal left ventricular 2D strain: results from the 
EACVI NORRE study. European Heart Journal - Cardiovascular Imaging. 
2017;18(8):833–40.

 15. Morris DA, Krisper M, Nakatani S. Normal range and usefulness of right 
ventricular systolic strain to detect subtle right ventricular systolic 
abnormalities in patients with heart failure: a multicentre study. Eur Heart 
J Cardiovasc Imaging. 2017;18(2):212–23.

 16. Shitong W, Shuyu W, Qing Z, et al. Reference Values of Right Ventricular 
Volumes and Ejection Fraction by Three-Dimensional Echocardiography 
in Adults: A Systematic Review and Me-ta-Analysis. Frontiers in Cardiovas-
cular Medicine. 2021;8(3):106–14.

 17. Zamorano JL, Lancellotti P, Rodriguez Muñoz D, et al. ESC Scientific 
Document Group. 2016 ESC Position Paper on cancer treatments and 
cardiovascular toxicity developed under the auspices of the ESC Com-
mittee for Practice Guidelines: The Task Force for cancer treatments and 
cardiovascular toxicity of the European Society of Cardiology (ESC). Eur 
Heart J. 2016;37(36):2768–801.

 18. Keramida K, Farmakis D. Right ventricular involvement in cancer therapy-
related cardiotoxicity: the emerging role of strain echocardiography. 
Heart Fail Rev. 2021;26(5):1189–93.

https://doi.org/10.3389/fphys.2023.1232340.
https://doi.org/10.1016/j.echo.2014.10.003


Page 10 of 10Rossetto et al. Cardio-Oncology           (2024) 10:24 

 19. Nagata Y, Wu VC, Kado Y, et al. Prognostic Value of Right Ventricular 
Ejection Fraction As-sessed by Transthoracic 3D Echocardiography. Circ 
Cardiovasc Imaging. 2017;10(2): e005384.

 20. Lyon AR, Dent S, Stanway S, et al. Baseline cardiovascular risk assessment 
in cancer patients scheduled to receive cardiotoxic cancer therapies: 
a position statement and new risk assessment tools from the Cardio-
Oncology Study Group of the Heart Failure Association of the European 
Society of Cardiology in collaboration with the International Cardio-
Oncology Society. Eur J Heart Fail. 2020;22(11):1945–60.

 21. Di Lisi D, Madaudo C, Alagna G, et al. The new HFA/ICOS risk assessment 
tool to identify patients with chronic myeloid leukaemia at high risk of 
cardiotoxicity. ESC Heart Fail. 2022;9(3):1914–9.

 22. Di Lisi D, Manno G, Novo G. Subclinical Cardiotoxicity: The Emerging Role 
of Myocardial Work and Other Imaging Techniques. Curr Probl Cardiol. 
2021;46(6): 100818.

 23. Di Lisi D, Manno G, Madaudo C, Filorizzo C, Intravaia RCM, Galassi AR, 
Incorvaia L, Russo A, Novo G. Chemotherapy-related cardiac dysfunc-
tion: the usefulness of myocardial work indices. Int J Cardiovasc Imaging. 
2023;39(10):1845–53.

 24. Laufer-Perl M, Arias O, Dorfman SS, Baruch G, Rothschild E, Beer G, Hasson 
SP, Arbel Y, Rozenbaum Z, Topilsky Y, et al. Left Atrial Strain changes in 
patients with breast cancer during anthracycline therapy. Int J Cardiol. 
2021;330:238–44.

 25. Zhao R, Shu F, Zhang C, et al. Early Detection and Prediction of 
Anthracycline-Induced Right Ventricular Cardiotoxicity by 3-Dimensional 
Echocardiography. JACC CardioOncol. 2020;2(1):113–22.

 26. Keramida K, Farmakis D, Bingcang J, et al. Longitudinal changes of right 
ventricular deformation mechanics during trastuzumab therapy in breast 
cancer patients. Eur J Heart fail. 2019;21(4):529–35.

 27. El-Sherbeny WS, Sabry NM, El-Saied SB, Elnagar B. Detection of right 
ventricular dysfunction by three-dimensional echocardiography and 
two-dimensional speckle tracking in breast cancer patients receiving 
anthracycline based chemotherapy. Cardio Oncol. 2023;9(1):20.

 28. Pinsky MR. The right ventricle: interaction with the pulmonary circulation. 
Crit Care. 2016;20(1):266. https:// doi. org/ 10. 1186/ s13054- 016- 1440-0. 
Erratum.In:CritCare.2016;20(1):364.PMID:27613549;PMCID:PMC5018168.

 29. Shen Y, Zhang H, Zhang Q, et al. Right Ventricular Ejection Fraction 
Assessed by Three-Dimensional Echocardiography Is Associated with 
Long-Term Adverse Clinical Cardiac Events in Patients with Anthracycline-
Induced Cardiotoxicity. J Am Soc Echocardiogr. 2022;35(6):600–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1186/s13054-016-1440-0

	Right ventricle involvement in patients with breast cancer treated with chemotherapy
	Abstract 
	Background 
	Aim 
	Material and Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Statistical analysis

	Results
	Discussion
	Limitations of the study

	Conclusion
	References


