
174

Romanian Journal of Cardiology | Vol. 28, No. 2, 2018

ORIGINAL ARTICLE

Right ventricular systolic longitudinal function 
decreases early after low dose doxorubicin treatment 
in children and is linked to the decrease in left 
ventricle ejection fraction
Letitia-Elena Radu1,2, Ioana Adriana Ghiorghiu2,3, Dan Mihai Dorobantu4, Alina Oprescu5, Carmen Ginghina2,4, 
Constantin-Virgiliu Arion1,2, Anca Colita1,2, Bogdan A. Popescu2,4

 Contact address:
Dr. Dan Mihai Dorobantu
Department of Cardiology, „Prof. Dr. C. C. Iliescu” Emergency 
Institute of Cardiovascular Diseases – Euroecolab, 258 Fundeni 
Avenue, 022328, Bucharest, Romania.
E-mail: dn.dorobantu@gmail.com

1  Fundeni Clinical Institute, Bucharest, Romania
2  „Carol Davila” University of Medicine and Pharmacy, Bucharest, 

Romania
3  „Prof. Dr. Victor Gomoiu” Children’s Hospital, Bucharest, Romania
4  „Prof. Dr. C. C. Iliescu” Emergency Institute of Cardiovascular Diseases, 

Bucharest, Romania
5  Monza Hospital, Bucharest, Romania

*  This study was presented in part at the EuroEcho Imaging Congress 
2017 (Lisbon), as an abstract.

Abstract: Purpose – Doxorubicin-based treatment has cardiotoxic effects and may lead to heart failure in cancer 
treated patients. The aim of the study was to assess the changes in RV function and its correlation to LV systolic function 
after doxorubicin treatment in pediatric patients. Methods – We included 38 children (median age 5 years) with acute 
lymphoblastic leukemia undergoing standard chemotherapy, including doxorubicin, with a median cumulative dose of 231 
mg/m2. Echocardiograms were performed before treatment initiation (T1), at reinduction end (T2) and at one year after 
treatment start (T3). Peak systolic tricuspid annular velocity (RV-S), left ventricular ejection fraction (LVEF) and peak 
septal and lateral systolic mitral annular velocities (SS and SL) were among the measurements performed. Results – RV-S 
decreased between T1-T2 in 25 (73%), between T2-T3 in 17 (50%) and returned to pre-treatment values in 7 (9%) pati-
ents. SS decreased between T1-T2 in 25 (65%), between T2-T3 in 14 (37%) and returned to pre-treatment values in 16 
(42%) patients. In patients with a LVEF decrease of at least 5% between T1-T3 (n=10), we found a higher decrease in RV-S 
from T1-T3 (median -4.1 vs -1.3 cm/s), a lower RV-S value at T3 (median 10.8 vs 13 cm/s, p=0.07) and a lower SS value at T2 
(median 6.3 vs 7.5 cm/s, p=0.02) when compared to the rest. Conclusions – We found that RV-S significantly decreases 
at one year after doxorubicin treatment initiation, more significantly in those patients where the LVEF also decreased. As 
opposed to SS, RV-S only returns to pretreatment values in less than 10% of children at one year after treatment start. 
RV function evaluation can prove to be a valuable asset in the follow-up after doxorubicin treatment in children.
Keywords: cardio-oncology, doxorubicin toxicity, tissue Doppler echocardiography, right ventricular longitudinal function

Rezumat: Obiectiv – Efectele cardiotoxice ale tratamentului bazat pe doxorubicină pot duce la insuficienţă cardiacă 
în cazul pacienţilor oncologici trataţi. Obiectivul acestui studiu este de a evalua modificările în funcţia ventriculului drept 
(VD) şi corelaţiile acesteia cu funcţia ventriculului stâng (VS) la copiii trataţi cu doxorubicină. Pacienţi şi metode – Au 
fost incluşi 38 de copii (vârsta mediană 5 ani) cu leucemie limfoblastică acută, urmând chimioterapie standard, incluzând 
doxorubicină, la o doză cumulativă mediană de 231 mg/m2. Ecocardiografii au fost efectuate înainte de iniţierea tratamen-
tului (T1), la finalul reinducţiei (T2) şi la un an de la prima doză (T3). Velocitatea maximă a inelului tricuspidian (SVD), frac-
ţia de ejecţie a ventriculului stâng (FEVS) şi velocităţile maxime ale inelului mitral septal şi lateral (SS si SL) au fost printre 
măsurătorile efectuate. Rezultate – SVD a scăzut între T1-T2 în 25 (73%) de cazuri, între T2-T3 în 17 (50%) cazuri şi a 
revenit la valorile iniţiale în 7 (9%) cazuri. SS a scăzut între T1-T2 în 25 (65%) de cazuri, intre T2-T3 în 14 (37%) cazuri şi 
a revenit la valori iniţiale în 16 (42%) cazuri. La pacienţii cu o scădere a FEVS de cel puţin 5% între T1-T3 (n=10), am evi-
denţiat o scădere a SVD de la T1-T3 mai mare (-4.1 vs -1.3 cm/s), o valoare SVD mai mică la T3 (mediană 10.8 vs 13 cm/s, 
p=0.07) şi o valoare SS mai mică la T2 (mediană 6.3 vs 7.5 cm/s, p=0.02). Concluzii – SVD scade semnificativ la un an de 
la iniţierea tratamentului cu doxorubicină, mai mult în rândul acelor pacienţi unde FEVS scade de asemenea. În contrast 
faţă de SS, SVD revine la valorile iniţiale doar la mai puţin de 10% din copii, la un an de la prima ă Evaluarea funcţiei VD 
poate fi o metodă importantă de urmărire a copiilor trataţi cu antracicline. 
Cuvinte cheie: cardiooncologie, cardiotoxicitatea doxorubicinei, ecocardiografie tissue Doppler, funcţie sistolică longi-
tudinală ventriculară dreaptă
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INTRODUCTION
Acute lymphoblastic leukemia (ALL) is the most 
common malignancy in children and the most com-
mon cancer to cause death before the age of 20. 
Regardless, recent years have brought progresses in 
therapy which allowed for close to 90% survival after 
treatment1. This has led to an increasing population 
of chemotherapy survivors, with many regimens in-
cluding anthracyclines (e.g. doxorubicin), with known 
cardiotoxic effects, most likely through myocardial 
fibrosis2,3. Anthracycline related toxicity is generally 
classified into acute, occurring in the first week, early, 
in the first year and late onset, after one year4.

The current guidelines recommend echocardiogra-
phic evaluations before, during and after treatment 
with anthracyclines, with evaluation of left ventricu-
lar (LV) function by left ventricular ejection fraction 
(LVEF), preferably by three-dimensional techniques, 
and by global longitudinal strain2. Acquiring proper 
images for advanced echocardiography analyses (e.g. 
speckle tracking, three-dimensional echo) is often not 
possible in children. Tissue Doppler imaging (TDI) has 
long been proposed as a promising technique for eva-
luating patients undergoing chemotherapy5. Due to 
its ease of use, this technique is an attractive choice 
in the pediatric population.

The impact of anthracycline treatment on LV func-
tion is well known2, but the impact on the right ven-
tricle (RV) is less studied. There is increasing proof 
that RV dysfunction is a better predictor of outco-
mes than LV function alone in a number of cardiac 
conditions6, making monitoring of RV function an at-
tractive tool for cardiac assessment during and after 
anthracycline treatment. A recent echocardiographic 
report from Norway has shown that a third of the 
long term adult survivors of childhood ALL have RV 
dysfunction at a mean follow-up of 21 years. In this 
setting, RV dysfunction is three times more frequent 
in those with impaired LV function6, with 53% of 
survivors showing subnormal and 27% abnormal RV 
function by cardiac magnetic resonance7. Additionally, 
RV diastolic dysfunction was reported in early cardi-
otoxicity. Data on cardiac function in children after 
ALL treatment is available, heterogeneous in terms of 
study design and conclusions, but few of these studies 
looked at early onset cardiotoxicity or RV function 
specifically after low dose treatment4,8-13.

The aim of the study was to assess the early effects 
of low-dose doxorubicin treatment in children with 
ALL on LV and RV function and the potential value of 
longitudinal RV systolic dysfunction as an early sign of 

cardiac toxicity in a prospective study, with repeated 
measurements over one year from treatment initiati-
on. A prospective protocol including patients recei-
ving low doses of anthracyclines allows for a more 
accurate determination of the patterns of variability 
of cardiac function during therapy, in patients treated 
with modern protocols.

METHODS

Patient selection and hematologic treatment
This prospective, non-randomized observational 
study evaluated acute and early-onset cardiotoxicity 
after standard chemotherapy treatment for ALL in 
pediatric patients. The study was approved by Fundeni 
Clinical Institute Ethics Committee. We enrolled chil-
dren between 1-18 years newly diagnosed with ALL 
and treated in our department between February 
2015 and August 2017. The treatment was according 
to the BFM-ALL IC 2002 protocol, to which we ad-
ded the monitoring of minimal residual disease at days 
15, 33 and 78. We were not able to use BFM-ALL 
IC 2009 protocol, due to the inability of providing 
Oncaspar®. Patients are stratified in three treatment 
groups: standard risk (SR, n=17), intermediate risk (IR, 
n=15) and high risk (HR, n=6). The cumulative dose 
(CD) of anthracycline (doxorubicin) was different for 
each group, with a maximum cumulative doxorubicin 
dose of 300 mg/m2 in all patients: SR received 6-8 do-
ses of 30 mg/m2 of doxorubicin (2-4 in induction and 
4 in reinduction), IR received 8 doses of 30 mg/m2 (4 
in induction and 4 in reinduction) and HR patients re-
ceived 10 doses of 30 mg/m2 (4 in induction, 2 in high 
risk blocks and 4 in reinduction). In exceptional cases, 
AC dose was decreased due to low neutrophil count. 
Treatment protocol is presented in more detail in the 
Supplemental Figure 1.

Echocardiography
After a signed informed consent, echocardiographic 
evaluation, including TDI, was performed at 3 diffe-
rent time points: at diagnosis before treatment start 
(T1), at the end of reinduction after all anthracycline 
doses (T2), and at approximately one year after dia-
gnosis, which was generally at 2-4 months after the 
last doxorubicin dose administration (T3). Timing of 
the evaluations in the context of the hematological 
treatment is presented in Figure 1. The scans were 
performed and analyzed online on a Vivid E95 (GE 
Vingmed Imaging, Horten, Norway) by two experien-
ced echocardiographers (IAG and AG).
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The following measurements were performed: left 
ventricle ejection fraction (LVEF) with the M mode 
Teichholz method, LV outflow tract time-velocity 
integral (LVOT-TVI), tricuspid annular plane systolic 
excursion (TAPSE), peak systolic septal mitral annulus 
velocity (SS), peak systolic lateral mitral annulus velo-
city (SL) and peak systolic tricuspid annulus velocity 
(RV-S). Additionally, LV diastolic function parameters 
were measured: early filling transmitral flow velocity 
(E), late filling transmitral flow velocity (A), E-wave 
deceleration time (EDT), isovolumic relaxation time 
(IVRT), and E/A ratio, but due to non-normal distri-
butions and widely dispersed values with poor nor-
malization after various transformations these were 
not used in the analyses to avoid spurious results. All 
acquisitions and measurements were performed in 
concordance with current recommendations14,15. In 

Supplemental Figure 1. Standard chemotherapy protocol used, per Stary et al.1

Figure 1. Echocardiography and hematological treatment timing.
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order to reduce the exam time in this population of 
children undergoing chemotherapy, we limited it to 
only the measurements included in the pre-establi-
shed protocol, and additionally, the Teichholz method 
doubled by visual assessment was used for estimation 
of LVEF, as it is quicker to obtain in children compa-
red to the Simpson Biplane method.

An absolute decrease of more than 5% in LVEF 
from T1 to T3 was considered significant and was 
used to define two groups: patients with LVEF de-
crease, and patients without. Values at T1/T2/T3 and 
changes from T1-T2/T2-T3/T1-T3 for measured pa-
rameters were compared in these two groups. In 4 
patients no measurement of RV-S was done at T2 due 
to technical issues.

Statistical analyses
Continuous numerical values were given as median 
and interquartile range (IQR) unless otherwise sta-
ted. Categorical values are given as proportion from 
total. Changes between the three measurement mo-
ments were evaluated with the repeated ANOVA 
test and post-hoc pairwise comparison of predictive 
margins, after transformation of non-normal variables 
using the method resulting in the lowest V statistic by 
the Shapiro-Wilk test. Differences between indepen-
dent groups were evaluated using the Mann-Whitney 
U test. All analyses were performed using the STATA 
12 SE statistical package (StataCorp LP, Texas, USA).

RESULTS
Between February 2014 and August 2017, a total of 
38 patients finished induction, consolidation and re-
induction, and were evaluated by echocardiography 
in all three visits. Demographic and clinical data are 
detailed in Table 1. The majority of patients were in 
the SR and IR groups, receiving treatment with a CD 
of anthracyclines of less than 240 mg/m2, with only 5 
patients receiving a higher CD (257, 264, 293, and 300 
mg/m2 respectively), with a median cumulative dose of 
231 mg/m2. We did not find any association between 
hematological disease characteristics and echocardio-
graphic findings in our study, including morphological, 
cytogenetic and molecular subtypes.

RV-S decreased during treatment from T1 to T2 
(mean 14.6 cm/s vs 12.5 cm/s, p<0.001), and remained 
decreased after one year from diagnosis at T3 (mean 
11.8 cm/s, p=0.4 vs T2, p<0.001 vs T1) - Figure 2. 
RV-S decreased between T1-T2 in 25 (73%) pati-
ents, between T2-T3 in 17 (50%) patients, and retur-
ned to pre-treatment values in only 7 patients (9%). 

Table 1. Demographic and clinical data in children 
undergoing doxorubicin treatment for ALL (n=38)
Age – years: median (IQR) 5 (3,10)

1-5 years 21
6-16 years 17

Gender: male – n (%) 22 (58)
Leucocyte count – n (%)

<10x109/L 18 (47)
>10x109/L, <20x109/L 9 (24)
>20x109/L, <50x109/L 4 (10)
>50x109/L, <100x109/L 6 (16)
>100x109/L 1 (3)

Immunophenotype – n (%)
B precursor cell 31 (81)
T cell 7 (19)

Cell morphology – n (%)
L1 type lymphoblasts 35 (92)
L2 type lymphoblasts 3 (8)

Cytogenetics – n (%)
No anomalies 15 (39)
Hyperdiploidies/mosaicism 9 (24)

Molecular biology – n (%)
No fusion genes * 24 (63)
TEL-AML1 10 (26)
-PBX1 3 (8)
BCR-ABL1 1 (3)

Prednisone response **- n (%)
PGR 34 (90%)
PPR 4 (10%)

Risk group – n (%)
Standard risk 17 (45)
Intermediate risk 15 (39)
High risk 6 (16)

Cumulative dose – mg/m2: median (IQR) 231 (215,240)
Cumulative dose (n,%)

<=240 mg/m2 34 (89)
>240 mg/m2 4 (11)

* fusion genes analysed: TEL-AML1, SIL-TAL1, E2A-PBX1, MLL-AF4, BCR-ABL p190, BCR-ABL 
p210
** PGR: less than 1000 blasts/microl on day 8; PPR: more than 1000 blasts/microl on day 8

Figure 2. Mean peak tricuspid annular velocity (RV-S) by treatment phase. 
Vertical lines at each point show standard deviation.
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patients, we found a higher difference in RV-S from 
T1-T3 (median -4.1 vs -1.3 cm/s, p<0.001), a lower 
RV-S value at T3 (median 10.8 vs 13 cm/s, p=0.07) 
and a lower SS value at T2 (median 6.3 vs 7.5 cm/s, 
p=0.02) when compared to the rest of the group.

DISCUSSION
This is the first prospective study showing the early 
cardiotoxic effects of low dose anthracycline therapy 
in children with ALL on both the LV and RV using 
TDI methods. Our main finding is that RV longitudinal 
systolic function decreases in more than two thirds 
of patients after treatment start, and returns to pre-
treatment values in less than 10% at one year. This is 
in contrast to the LV longitudinal function, which also 
decreases in two thirds of the patients at treatment 
start, but returns to pre-treatment values in more 
than 40% at one year. Additionally, we found that in 
those patients where the LVEF decreases the most 
(more than 5%), the decrease in RV-S is more impor-
tant.

Data on RV systolic function in anthracycline the-
rapy come from studies which use different evaluati-
on protocols, reach contradictory results and as such 
there is no clear consensus. Agha et al. report a de-
crease in diastolic function of the RV at the end of 
induction in a group of heterogeneous malignancies, 
paradoxically an increased RV TEI index and a slightly 
reduced TAPSE10. Baysal et al found no differences 
in RV systolic function but only in the performance 
index in a group of 20 mixed pediatric malignancies 
at least 6 months from treatment end13. Kocabas et 
al. reported lower tricuspid annular velocities by TDI 
after anthracycline treatment, in a group of mostly 
ALL, with patients receiving CD of more than 300 
mg/m2, but without a comparison between pre- and 

The same pattern was observed for TAPSE values, 
with a decrease from T1 to T2 (mean 21.1 vs 18 mm, 
p<0.001), which was maintained at T3 (mean 18.8 
mm, p=0.4 vs T2, p<0.001 vs T1) – Figure 3. Cumula-
tive dose was not found to be a predictor for RV-S or 
TAPSE dynamic.

SS decreased during treatment from T1 to T2 
(mean 8 vs 7 cm/s, p=0.003) and showed a trend 
toward returning to the initial values at T3 (mean 7.4 
cm/s, p=0.1 vs T1, p=0.2 vs T2) – Figure 4. SS decre-
ased between T1-T2 in 25 (65%), between T2-T3 in 
14 (37%) and returned to pre-treatment values in 16 
(42%) patients. There was a trend for SL values to de-
crease during treatment, more significantly between 
T1 and T3 (mean 9.2 vs 8.2 cm/s, p=0.06). The same 
pattern was observed in TVI-LVOT measurements, 
with a significant drop from T1 to T2 (mean 19.7 vs 
16.3 cm, p<0.001) and a return to initial values at T3 
(mean 19.7 cm, p=0.8 vs T1, p<0.001 vs T2) – Figure 
5. Cumulative dose was found to be a predictor for SS 
(p=0.04) and SL (p=0.06) dynamic.

LVEF did not decrease significantly during treat-
ment overall, but in n=10 patients (26%) a decrease of 
more than 5% from T1 to T3 was observed. In these 

Figure 3. Mean tricuspid annular plane systolic excursion (TAPSE) by 
treatment phase. Vertical lines at each point show standard deviation.

Figure 5. Mean left ventricular outflow tract time-velocity integral (LVOT-
TVI) by treatment phase. Vertical lines at each point show standard devia-
tion.

Figure 4. Mean peak septal mitral annular velocity (SS) by treatment 
phase. Vertical lines at each point show standard deviation.
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are not entirely understood, it is only speculative that 
they share similarities. Nevertheless, our observation 
does raise the debate on how the two ventricles res-
pond and adapt to injury.

The follow-up reported in our series is of one year, 
and as such we are unable to provide data on later 
changes in cardiac function. There are numerous stu-
dies documenting RV dysfunction in adult survivors of 
anthracycline treatment, but with a lower prevalence 
than that reported here6,7. This would suggest that in 
fact some patients will fully recover their RV function 
after one year, while others will not. Our cohort will 
continue to be studied and expanded in the future, in 
order to allow for a longer follow-up to address this 
issue.

It is well known and documented that the LV func-
tion is affected by anthracycline treatment, with pe-
riodic evaluation of the LV being recommended by 
current guidelines2. For low doses of anthracyclines 
a 5 year incidence of LV dysfunction of less than 5% 
is cited, but pediatric cancers are among the risk fac-
tors2. A large registry study in pediatric cancer sur-
vivors found a cumulative incidence for heart failure 
at 40 years of 0.5% (for low risk) and 11.7% (for high 
risk)20. Additionally, an older study also found that LV 
function recovers in almost all patients at treatment 
cessation, albeit with less sensitive echocardiographic 
methods21. We found that most children have a sub-
clinical decrease of LV longitudinal function, but most 
return to pre-treatment values, when measuring both 
longitudinal function SS and cardiac output by LVOT-
TVI, in concordance to the low incidence of LV dys-
function observed in adults. This raises the issue of 
early identification of children with persisting LV dys-
function, as it is recommended that cardiac protecti-
on therapy be started as early as possible, to prevent 
irreversible heart failure2. 

Monitoring RV systolic function could play a role in 
the evaluation of subclinical cardiac dysfunction, and 

post- treatment4. Ganame et al. report similar TAPSE 
values in control and treated patients, at a median of 
5 years8. A report on 19 children receiving high do-
ses of anthracyclines showed decreased diastolic RV 
velocities compared to controls, but without a cle-
ar definition of when during the treatment were the 
echocardiograms performed9.

In our study we show that RV peak systolic velo-
cities measured at the lateral tricuspid annulus level 
decrease after reinduction in ALL therapy, and conti-
nue to be reduced at one year after treatment start, 
a novel finding in children. This is found in a homo-
genous group of patients, undergoing treatment un-
der the same protocol, with CD of less than 300 mg/
m2 (only a minority had more than 240 mg/m2). This 
is a significant advantage over previous reports, as it 
allows for a better understanding of the pattern of 
changes. Additionally, the prospective nature of the 
study minimizes confounders inherent to retrospecti-
ve or cross-sectional protocols.

Maybe the most interesting finding is how the 
changes in RV and LV function over the course of the 
treatment differ. The fact that few patients recover 
to pre-treatment RV longitudinal systolic parameters, 
while close to half do recover their LV longitudinal 
systolic function seems to suggest that the RV is more 
sensitive to the cardiotoxic effects of doxorubicin. In-
terestingly, when measuring TAPSE we found that the 
values tend to return to pre-treatment levels, allowing 
for speculation that TAPSE is not as sensitive as RV-
S. One proposed mechanism for this cardiotoxicity 
is mitochondrial dysfunction, with oxidative stress16, 
which could trigger cell hypoxia, apoptosis and fibro-
sis, mechanisms described in the pathogenies of heart 
failure17. We know from studies looking at the effects 
of cardiopulmonary bypass on cardiac function that 
the RV is affected more and with longer effects (i.e. 
more than one year) compared to the LV18,19. Since 
the exact mechanisms of either of these processes 

Table 2. Echocardiographic measurements by treatment phase in children undergoing doxorubicin therapy for 
ALL (n=38)

Diagnosis (T1)
End of

reinduction (T2)
At one year after 

diagnosis (T3)
T2 vs T1
p value

T3 vs T2
p value

T3 vs T1
p value

LVEF (%) 63.1 (3) 64.2 (5.3) 62.4 (5.7) 0.2 0.5 0.08
SS (cm/s) 8 (1.7) 7 (1.4) 7.4 (1.5) 0.003 0.1 0.2
SL (cm/s) 9.2 (2.5) 8.8 (2.2) 8.2 (2.2) 0.5 0.06 0.2
TVI-LVOT (cm) 19.7 (5.4) 16.3 (3.2) 19.7 (4.2) <0.001 0.8 <0.001
TAPSE (mm) 21.1 (3) 18 (2.2) 18.8 (3) <0.001 0.001 0.4
RV-S (cm/s) 14.6 (2.2) 12.5 (2.5) 11.8 (2.8) <0.001 <0.001 0.4
Left ventricle ejection fraction (LVEF), left ventricle outflow tract time-velocity integral (LVOT-TVI), tricuspid annular plane systolic excursion (TAPSE), peak systolic septal mitral annulus velocity (SS), 
peak systolic lateral mitral annulus velocity (SL) and peak systolic tricuspid annulus velocity (RV-S).All values are expressed as mean (standard deviation).
P values are from repeated measures ANOVA. The following transformations were made for non-normal distributions: SS – 1/(sqrt(n)), TVI-LVOT – 1/n. 
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national research committee and with the 1964 Hel-
sinki declaration and its later amendments or compa-
rable ethical standards.
Informed consent: Informed consent was obtained 
from all individual participants included in the study.
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