
ORIGINAL INVESTIGATION

57

ABSTRACT

Objective: Anthracyclines are widely used in the treatment of acute lymphoblastic leuke-
mia (ALL). However, cardiotoxicity is the most critical side effect that requires dose limita-
tion. It is thought to occur at first exposure, but the clinical presentation may occur years 
later. In this study, we aimed to determine the time of initial damage and cardiotoxicity that 
develops in children with ALL.

Methods: In this prospective study, 13 patients with newly diagnosed intermediate-risk 
precursor B cell ALL treated with the ALL-IC BFM 2009 protocol were included. Conven-
tional echocardiography, tissue Doppler imaging (TDI), and speckle-tracking echocardiog-
raphy (STE) were performed in all the patients before chemotherapy, after completing the 
induction phase, and at the end of the reinduction phase.

Results: The mean age of the patients was 7.8±4.6 (3.1–16.3) years. Myocardial veloc-
ity during systole (Sm) determined by TDI at the interventricular septum significantly de-
creased during the induction phase. Despite a decrease in STE parameters, a statistically 
significant reduction was determined in the global longitudinal strain rate at both left and 
right ventricles at the end of the induction. Nevertheless, a statistically significant increase 
was observed among the conventional echocardiographic findings in the left ventricular 
end-diastolic diameter at the end of the reinduction.

Conclusion: During the treatment of ALL, subclinical anthracycline-associated cardiotox-
icity develops in the early stages of treatment. The findings detected by TDI and STE could 
be missed by conventional echocardiography. We recommend evaluating patients with 
these newly developed techniques to detect subclinical cardiotoxicity at an early stage and 
starting appropriate therapy on time.
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INTRODUCTION

Anthracyclines are widely used antineoplastic agents in the treatment of acute 
lymphoblastic leukemia (ALL). However, cardiotoxicity is the most critical side ef-
fect of anthracyclines, requiring dose limitation (1-3). It can be acute, early-onset 
chronic progressive, or late-onset chronic progressive according to the time elapsed 
since chemotherapy (2). Abnormalities of the left ventricular structure and function 
are common in survivors of childhood leukemia years after therapy (1-4).

The evaluation of cardiac function by conventional echocardiography may help in de-
tecting myocardial injury; however, this approach has inherent limitations in accuracy 
in subclinical cases and is not effective in the early detection of patients at risk. Tissue 
Doppler imaging (TDI) and speckle-tracking echocardiography (STE) are relatively new 
techniques that have been used to detect cardiac diseases in the early stage by over-
coming some of the limiting factors associated with conventional echocardiography 
(5-7). STE has shown that the assessment of myocardial deformation, which determines 
strain (S) and strain rate (SR), has potential value for quantifying global and regional 
myocardial function through systole and diastole. It is believed that regional dysfunction 
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can be detected earlier than global dysfunction (6, 8). This may 
be a way of diagnosing and treating early-onset cardiotoxicity 
in asymptomatic patients. In a previous study conducted at our 
center, 60 children with ALL were evaluated for anthracycline 
cardiotoxicity for at least 2 years after completing treatment. 
Subclinical cardiac dysfunction with a decrease in myocardi-
al contraction and relaxation times with restrictive myocardial 
findings were detected (4). However, we did not identify at which 
stage of the treatment the cardiac functions began to deterio-
rate. In this study, we aimed to investigate the early detection of 
anthracycline toxicity in newly diagnosed patients with ALL.

METHODS

Patient population
The study included newly diagnosed patients at intermediate 
risk with precursor B cell ALL between December 2015 and De-
cember 2016 at the Ankara Children’s Hospital, Pediatric Hema-
tology-Oncology Clinic. All the patients were treated with the 
Acute Lymphoblastic Leukemia Intercontinental Berlin Frank-
furt Münster Study Group (ALL-IC BFM) 2009 treatment proto-
col. Patients were excluded if they had a previous cardiovascu-
lar disease, relapse therapy, and prior or additional mediastinal 
radiotherapy. The daunorubicin dosage was 30 mg/m2/day per 
course in the induction phase, and the doxorubicin dose was 30 
mg/m2/day per course in the reinduction phase. Anthracycline 
treatment was repeated every 7 days; and in each phase, 4 dos-
es were given for a total of 8 doses. Drugs other than anthracy-
clines included vincristine, asparaginase, steroids, and intrathe-
cal methotrexate. Anthracyclines were administered through a 
central venous catheter in 1 hour of infusion.

The Local Ethics Committee approved the study, and all the 
parents provided informed consents.

Cardiac evaluation
Conventional echocardiography, TDI, and STE were per-
formed in all the patients at diagnosis, at the end of induc-
tion and reinduction therapy by an experienced pediatric 
cardiologist. Conventional transthoracic echocardiographic 
examination (M-mode, two-dimensional, pulse wave Dop-
pler, and continuous-wave Doppler), TDI, and STE were per-
formed using the “iE33” ultrasound system (Philips Medical 
Systems, The Netherlands) using 3 and 5 MHz transducers.

Conventional echocardiography
Conventional echocardiography was performed according 
to the American College of Cardiology (ACC), the American 

Heart Association (AHA), and the American Society of Echo-
cardiography (ASE) criteria (9-11). Left ventricular end-di-
astolic diameter (LVDd) and end-systolic diameter (LVDs) 
were measured using conventional echocardiography. The 
ejection fraction (EF) and fractional shortening (FS) were 
calculated using the previously defined formulas, based on 
M-mode echocardiographic measurements obtained via the 
parasternal long-axis view.

EF = [(LVDd3-LVDs3)/LVDd3] x 100

FS = [(LVDd-LVDs)/LVDd] x 100

Tissue Doppler imaging
The measurements were taken at the basal segments of the 
left ventricle (LV), interventricular septum (IVS), and right 
ventricle (RV) according to previously defined criteria (12, 13). 
The gates were reduced to 2–3 mm to get defined segments, 
filters were set to exclude high-frequency signals, the gain 
was minimized to obtain clear signals, and images were 
recorded at 100 mm/s. TDI measured myocardial velocity 
during systole (Sm), early (Em) and late diastole (Am), isovolu-
mic contraction time (ICT), isovolumic relaxation time (IRT), 
and ejection time (ET).

Speckle-tracking echocardiography
Myocardial deformation parameters (S and SR) were mea-
sured using commercially available software (QLAB Ad-
vanced Quantification Software, version 6.0, TMQ, Philips 
Medical Systems, The Netherlands) on standard 2-dimen-
sional grayscale LV images. The images were recorded at 
the apical 4-chamber view (AP4) for longitudinal strain and 
the parasternal short-axis view at the papillary muscle lev-
el (PML) for circumferential strain as previously described (8, 
14). Two consecutive beats synchronized to continuous elec-
trocardiography (ECG) were recorded with a frame rate set 
to >60 frames/s. The endocardial borders were identified 
manually to include the entire myocardium in all view areas. 
The following STE parameters were measured for LV and RV:

LVGLS: Left ventricular global longitudinal strain at AP4

LVGLSR: Left ventricular global longitudinal strain rate at AP4

LVGCS: Left ventricular global circumferential strain at PML

LVGCSR: Left ventricular global circumferential strain rate 
at PML

RVGLS: Right ventricular global longitudinal strain at AP4

RVGLSR: Right ventricular global longitudinal strain rate at AP4.

Statistical analysis
Statistical analyses were performed using the Statisti-
cal Package for Social Sciences for Windows (version 18.0) 
software (SPSS Inc., Chicago, IL, USA). The normal distribu-
tion of numerical variables was examined by the Kolmog-
orov-Smirnov test, and the Levene test examined homoge-
neity of variances. Continuous variables were presented as 
mean (± standard deviation) and categorical variables as 
frequencies and percentages. The relation between echo-
cardiographic parameters and chemotherapy phases was 
further analyzed by dividing the study population into 2 

Anatol J Cardiol 2022; 26: 57-62 Arman Bilir et al. Evaluation of cardiotoxicity in childhood leukemia 

 HIGHLIGHTS
• During the treatment of acute lymphoblastic leukemia, 

subclinical anthracycline-associated cardiotoxicity de-
velops in the early stages of treatment.

• Early detection and treatment of subclinical cardiotox-
icity are important for preventing long-term cardiac 
side effects in patients who survive.

• New techniques such as tissue Doppler imaging and 
speckle-tracking echocardiography can be used to de-
tect subclinical cardiotoxicity that cannot be detected 
by conventional echocardiography.

58



groups using the Friedman test. Group 1 consisted of patients 
completing the induction phase, and group 2 consisted of 
patients completing the reinduction phase. Differences be-
tween the groups were investigated using the paired sam-
ples t-test when parametric test assumptions were provid-
ed and the Wilcoxon test when parametric test assumptions 
were not achieved. A p value of less than 0.05 was considered 
indicative of statistical significance.

RESULTS

Clinical characteristics of the study population
A total of 23 patients were enrolled in the study. However, 
ten patients were excluded because they could not be exam-
ined on time during the chemotherapy phase.

The final study population consisted of 13 children with inter-
mediate-risk ALL, who were treated with doxorubicin and 
daunorubicin as part of their chemotherapeutic regimen. 
Of the 13 patients, 9 were boys, and 4 were girls. The mean 
age was 7.8±4.6 (3.1–16.3) years. The cumulative doxorubicin 
dosage was 240 mg/m2 according to the ALL-IC BFM 2009 
intermediate-risk protocol. No cardiac failure developed in 
any patient during follow-up.

Conventional echocardiography
Among the conventional echocardiographic findings, a sta-
tistically significant increase was observed in LVDd at the end 
of the reinduction phase. There was no significant difference 
between the patient groups in terms of EF and FS. Conven-
tional echocardiography findings are summarized in Table 1.
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Table 1. Conventional echocardiography findings in the study population

Variables
Baseline  

(min-max)
Induction 

 (min-max)
Reinduction  

(min-max) P-valuea P-valueb P-valuec

Adj. ind. 
values (%)

Adj. reind. 
values (%)

EF % 68.4±3.4  
(62.4–73.9)

70.2±3.9  
(65.1–75.3)

67.8±2.7  
(62.4–71.1)

0.097 0.637 0.089 70.3 67.91

FS % 37.4±2.7  
(32.5–41.8)

38.6±3.2  
(34.2–42.7)

36.9±2.3  
(32.7-40.0)

0.156 0.718 0.154 38.64 36.86

LVDd mm 34.8±5.8  
(27.6–47.6)

33.5±4.7  
(27.5–44.5)

35.1±4.6  
(26.8–42.2)

0.085 0.061 0.006 

Values are expressed as mean ± standard deviation
aBaseline versus induction
bBaseline versus reinduction
cInduction versus reinduction
Paired samples t-test
P values showing statistical significance are presented as bold.
EF - ejection fraction, FS - fractional shortening, LVDd - left ventricular end-diastolic diameter, Adj. ind. values - adjustment induction values, Adj. 
reind. values - adjustment reinduction values

Table 2. Tissue Doppler imaging findings in the study population

Variables Baseline Induction Reinduction P-valuea P-valueb P-valuec

Adj. ind. 
values (%)

Adj. reind. 
values (%)

Left ventricle         
Sm (cm/s) 7±3.1 6.5±1.8 6.8±1.1 0.506¶ 0.272¶ 0.126¶ 6.85 6.3
Em (cm/s) 14.1±3.3 13.5±2.1 13.6±2 0.404 0.691 0.811 13.71 13.77
Am (cm/s) 5.3±0.9 5.6±1.2 6.2±0.9 0.412 0.015 0.217 5.69 6.15
ET (ms) 219.2±26.8 209.5±34.4 225.3±28.8 0.156 0.798 0.389 212.4 230.03
Interventricular septum       
Sm (cm/s) 6.6±1.1 5.7±0.9 6.1±0.90 0.014 0.449 0.182 5.69 5.83
Em (cm/s) 10.8±2.6 10.2±2.3 10.6±2.2 0.507¶ 0.937¶ 0.556¶ 10.27 10.92
Am (cm/s) 5.4±1.1 4.9±1 5.3±0.7 0.197 0.897 0.265 5.06 5.34
ET (ms) 224.5±17.8 214.7±19.9 225.4±17.3 0.074 0.978 0.023 215.45 226.6
Right ventricle       
Sm (cm/s) 9.8±1.3 9.7±2.1 9.3±1.7 0.770 0.528 0.868 9.8 9.2
Em (cm/s) 14.5±2.7 14.2±3.3 14±3.1 0.774 0.656 0.959 14.37 14.11
Am (cm/s) 7.7±1.6 7.5±1.8 7.9±1.7 0.600¶ 0.563¶ 0.286¶ 7.68 7.8
ET (ms) 211±23.1 213.8±19.4 219.7±18.9 0.483¶ 0.168¶ 0.326¶ 215.16 222.89
Values are expressed as mean ± standard deviation
aBaseline versus induction
bBaseline versus reinduction
cInduction versus reinduction
Paired samples t-test
¶Wilcoxon test
P values showing statistical significance are presented as bold.
LV - left ventricle, IVS - interventricular septum, RV - right ventricle, Sm - myocardial velocity during systole, Em - myocardial velocity during 
early diastole, Am - myocardial velocity during late diastole, ET - ejection time, Adj. ind. values - adjustment induction values, Adj. reind. values - 
adjustment reinduction values



Tissue Doppler imaging
It was observed that Sm at IVS significantly decreased at the 
end of the induction phase. However, the decrease in Sm did 
not continue during the reinduction phase. This finding indi-
cates a reduction in myocardial systolic activity and posits 
that it mainly occurs during the early courses of the induc-
tion phase. The conclusions obtained by TDI are summarized 
in Table 2.

Speckle-tracking echocardiography
Despite a decrease in all STE parameters, a statistically sig-
nificant reduction was determined in LVGLSR and RVGLSR at 
the end of the induction phase. This finding is valuable, indi-
cating that impairment in myocardial deformation owing to 
anthracyclines occurs, especially during the early induction 
phase. The findings obtained by STE are summarized in Table 
3.

DISCUSSION

The prevalence of anthracycline cardiotoxicity is increased 
because of improved new diagnostic methods and close 
follow-up periods (15-24). To detect cardiac damage, the 
diagnostic approach adopted was based mainly on the esti-
mation of left ventricular ejection fraction (LVEF) or left ven-
tricular fractional shortening (LVFS). Left ventricular systolic 
function (EF or FS) during and after anthracycline therapy is 
usually evaluated using M-mode and 2-dimensional echo-
cardiography, that is, conventional echocardiography. EF and 
FS are calculated on the basis of volume calculations and di-
mensional changes. The sensitivity of this approach is low for 
the early prediction of cardiomyopathy. Accordingly, some 
studies in the literature reported no significant change in left 
ventricular systolic functions by conventional echocardiog-
raphy (24-26). In this study, we did not detect a significant 
difference in LVEF or LVFS in our patients. The convention-
al echocardiography findings of our patients were assessed 
to be normal, except for LVDd. TDI can detect cardiac dys-
function earlier than conventional echocardiography. Con-
sidering that cardiac dysfunction can occur during cancer 
treatment, the importance of early detection of cardiac dys-
function has become invaluable (2, 4, 7, 16). A reduction in LV 

systolic function was found in surviving patients exposed to 
anthracyclines during long-term follow-up (17-20). Although 
Baysal et al. (7) did not detect any difference in diastolic func-
tion by conventional echocardiography, significantly higher 
values in ICT and IRT by TDI after anthracycline treatment 
have been noted. Kapusta et al. (20) reported a significant 
reduction of peak late diastolic myocardial velocities in the 
left side of the septum. With TDI measurements, significant 
global ventricular performance changes that may indicate 
left ventricular dysfunction in the acute and chronic periods 
after exposure to anthracycline were reported in other stud-
ies (8, 27, 28). Our study was conducted to evaluate early-on-
set cardiotoxicity, and no decrease in left ventricular systolic 
function was detected by conventional echocardiography 
in the early period. However, it was observed that Sm at IVS 
decreased significantly. Regarding other parameters, no im-
pairment in systolic or diastolic myocardial functions at LV or 
RV was detected by TDI.

The evaluation of myocardial deformation by STE has the 
potential value for evaluating regional and global myocardi-
al functions through systole and diastole. It appears that re-
gional dysfunction can be detected earlier than global dys-
function (15). Çilsal et al. (24) showed a deterioration in the LV 
longitudinal strain index with STE in pediatric patients with 
cancer receiving anthracycline treatment. Akam-Venkata et 
al. (22) demonstrated that asymptomatic patients with an-
thracycline-treated childhood cancer with normal left ven-
tricular fractional shortening had lower global longitudinal 
and circumferential strain, and left ventricular longitudinal 
strain was lower in the majority of the segments. Thus, they 
thought that anthracycline cardiotoxicity was more global 
than regional. In a study that included 53 pediatric patients 
who received a median cumulative 229 mg/m2 anthracycline 
treatment, strain levels in all segments of the left ventricle, 
except for the basal anteroseptal segment, were lower than 
in the control group of healthy children (21). In another study, 
among 19 childhood cancer survivors exposed to anthracy-
clines with a mean cumulative dose of 296 mg/m2, left ven-
tricular peak global longitudinal strain decreased 4 months 
after anthracycline onset compared with baseline. A re-
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Table 3. Speckle-tracking echocardiography findings in the study population

Variables Baseline Induction Reinduction P-valuea P-valueb P-valuec

Adj. ind.  
values (%)

Adj. reind. 
values (%)

LVGLS, % 22.5±5.2 19 ±2.82 19.6±3.2 0.107¶ 0.288¶ 0.507¶ 18.77 19.04
LVGLSR, s-1 0.86±0.52 0.42±0.2 0.41±0.29 0.023¶ 0.050¶ 0.969¶ 0.4 0.38
LVGCS, % 27.2±6.4 22.3±7.1 24.2±7.4 0.081 0.283 0.707 22.42 24.33
LVGCSR, s-1 0.78±0.32 0.72±0.29 0.67±0.43 0.675 0.406 0.591 0.68 0.7
RVGLS, % 25.1±5.4 24.2±7.5 23.4±6.3 0.766 0.470 0.450 23.52 23.67
RVGLSR, s-1 0.56±0.23 0.36±0.14 0.43±0.27 0.040¶ 0.301¶ 0.473¶ 0.36 0.44
Values are expressed as mean ± standard deviation
aBaseline versus induction
bBaseline versus reinduction
cInduction versus reinduction
Paired Samples t-test
¶Wilcoxon test
P values showing statistical significance are presented as bold.
LVGLS - left ventricular global longitudinal strain, LVGLSR - left ventricular global longitudinal strain rate, LVGCS - left ventricular global 
circumferential strain, LVGCSR - left ventricular global circumferential strain rate, RVGLS - right ventricular global longitudinal strain, RVGLSR - 
right ventricular global longitudinal strain rate, Adj. ind. values - adjustment induction values, Adj. reind. values - adjustment reinduction values



duction in the left ventricle’s peak global longitudinal strain 
values before the decline in left ventricular ejection fraction 
was detected 8 months after the chemotherapy initiation 
(29). In our study, we evaluated global myocardial functions 
by STE and found that all parameters were decreased during 
chemotherapy, and the decrease was statistically significant 
in LVGLSR and RVGLSR. In contrast to previous studies, glob-
al longitudinal changes caused by anthracycline cardiotoxic-
ity start in the early period of anthracycline treatment, not 
only in the left ventricle but also in the right ventricle (15, 21, 
22). Interestingly, in our study, a significant decrease in ven-
tricular global longitudinal functions took place predomi-
nantly during the induction phase and continued after that.

Study limitations 
The limitations of our study are that it included a small number 
of patients and the fact that all our patients were in the inter-
mediate-risk group. A more accurate inference can be made 
with a higher number of patients and different risk groups.

CONCLUSION

Our study demonstrated that even if apparent cardiac dys-
function was not detected by conventional echocardiogra-
phy in patients with ALL, myocardial dysfunction appeared 
in the early period and could be seen by TDI or especially by 
STE. It may justify the usage of cardioprotective drugs such 
as dexrazoxane or early treatment of anthracycline cardio-
toxicity in asymptomatic patients.

Ethical approval: This paper was approved by the Ethics Commit-
tee of the University of Health Sciences, Ankara Child Health and 
Diseases Hematology Oncology Training and Research Hospital, on 
09.05.2016, with the protocol number 2016/029.

Acknowledgment: We thank all the doctors who participated in the 
study.

Conflict of interest: None declared.

Peer-review: Externally peer-reviewed.

Author contributions: Concept – Ö.A.B., N.Y.Ö., N.Y.; Design – Ö.A.B., 
İ.İ.Ç.; Supervision – İ.İ.Ç., N.Y.Ö., N.Y.; Fundings – None; Materials – 
D.K., C.B.A.; Data collection &/or processing – Ö.A.B., D.K., C.B.A.; 
Analysis &/or interpretation – Ö.A.B., İ.İ.Ç., N.Y.; Literature search 
– Ö.A.B.; Writing – Ö.A.B.; Critical review – Ö.A.B., İ.İ.Ç., N.Y.Ö., N.Y.

REFERENCES

1. Nysom K, Holm K, Lipsitz SR, Mone SM, Colan SD, Orav EJ, et al. 
Relationship between cumulative anthracycline dose and late 
cardiotoxicity in childhood acute lymphoblastic leukemia. J Clin 
Oncol 1998; 16: 545-50. [Crossref]

2. Lipshultz SE, Colan SD, Gelber RD, Perez-Atayde AR, Sallan 
SE, Sanders SP. Late cardiac effects of doxorubicin therapy for 
acute lymphoblastic leukemia in childhood. N Engl J Med 1991; 
324: 808-15. [Crossref]

3. Lipshultz SE, Alvarez JA, Scully RE. Anthracycline associated 
cardiotoxicity in survivors of childhood cancer. Heart 2008; 94: 
525-33. [Crossref]

4. Bayram C, Çetin İ, Tavil B, Yarali N, Ekici F, Isık P, et al. Evaluation 
of cardiotoxicity by tissue Doppler imaging in childhood leu-
kemia survivors treated with low-dose anthracycline. Pediatr 
Cardiol 2015; 36: 862-6. [Crossref]

5. Akam-Venkata J, Galas J, Aggarwal S. Cardiovascular Evalua-
tion of Children With Malignancies. Curr Treat Options Cardio-
vasc Med 2019; 21: 14. [Crossref]

6. Dragulescu A, Mertens LL. Developments in echocardiographic 
techniques for the evaluation of ventricular function in children. 
Arch Cardiovasc Dis 2010; 103: 603-14. [Crossref]

7. Baysal T, Koksal Y, Oran B, Sen M, Unal E, Cimen D. Cardiac func-
tions evaluated with tissue Doppler imaging in childhood can-
cers treated with anthracyclines. Pediatr Hematol Oncol 2010; 
27: 13-23. [Crossref]

8. D’hooge J, Heimdal A, Jamal F, Kukulski T, Bijnens B, Rademak-
ers F, et al. Regional strain and strain rate measurements by car-
diac ultrasound: principles, implementation and limitations. Eur 
J Echocardiogr 2000; 1: 154-70.  [Crossref]

9. Cheitlin MD, Armstrong WF, Aurigemma GP, Beller GA, Bierman 
FZ, Davis JL, et al.; ACC; AHA; ASE. ACC/AHA/ASE 2003 Guide-
line Update for the Clinical Application of Echocardiography: 
summary article. A report of the American College of Cardiol-
ogy/American Heart Association Task Force on Practice Guide-
lines (ACC/AHA/ASE Committee to Update the 1997 Guidelines 
for the Clinical Application of Echocardiography). J Am Soc 
Echocardiogr 2003; 16: 1091-110. [Crossref]

10. Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pel-
likka PA, et al.; Chamber Quantification Writing Group; Amer-
ican Society of Echocardiography’s Guidelines and Standards 
Committee; European Association of Echocardiography. Rec-
ommendations for chamber quantification: a report from the 
American Society of Echocardiography’s Guidelines and Stan-
dards Committee and the Chamber Quantification Writing 
Group, developed in conjunction with the European Association 
of Echocardiography, a branch of the European Society of Car-
diology. J Am Soc Echocardiogr 2005; 18: 1440-63. [Crossref]

11. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande 
L, et al. Recommendations for cardiac chamber quantification 
by echocardiography in adults: an update from the American 
Society of Echocardiography and the European Association of 
Cardiovascular Imaging. Eur Heart J Cardiovasc Imaging 2015; 
16: 233-70. [Crossref]

12. García-Fernández MA, Azevedo J, Moreno M, Arroja I, Zamora-
no J, Caso P. Doppler tissue imaging. Rev Port Cardiol 2001; 20 
Suppl 1: I33-47.

13. Galderisi M, Cattaneo F, Mondillo S. Doppler echocardiography 
and myocardial dyssynchrony: a practical update of old and new 
ultrasound technologies. Cardiovasc Ultrasound 2007; 5: 28. 
[Crossref]

14. Khraiche D, Pellerin D. Tissue Doppler, Doppler strain, and 
non-Doppler strain: tips, limitations, and applications. In: Ni-
hoyannopoulos P, Kisslo J (eds). Echocardiography. Springer, 
London; 2009.p.79-100.  [Crossref]

15. Çetin S, Babaoğlu K, Başar EZ, Deveci M, Çorapçıoğlu F. Sub-
clinical anthracycline-induced cardiotoxicity in long-term fol-
low-up of asymptomatic childhood cancer survivors: Assess-
ment by speckle tracking echocardiography. Echocardiography 
2018; 35: 234-40. [Crossref]

16. Rathe M, Carlsen NL, Oxhøj H, Nielsen G. Long-term cardiac fol-
low-up of children treated with anthracycline doses of 300 mg/
m2 or less for acute lymphoblastic leukemia. Pediatr Blood Can-
cer 2010; 54: 444-8. [Crossref]

17. Kocabaş A, Kardelen F, Ertuğ H, Aldemir-Kocabaş B, Tosun Ö, 
Yeşilipek A, et al. Assessment of early-onset chronic progressive 
anthracycline cardiotoxicity in children: different response pat-
terns of right and left ventricles. Pediatr Cardiol 2014; 35: 82-8. 
[Crossref]

18. Stapleton GE, Stapleton SL, Martinez A, Ayres NA, Kovalchin JP, 
Bezold LI, et al. Evaluation of longitudinal ventricular function 

Arman Bilir et al. Evaluation of cardiotoxicity in childhood leukemia  Anatol J Cardiol 2022; 26: 57-62

61

https://doi.org/10.1200/JCO.1998.16.2.545
https://doi.org/10.1056/NEJM199103213241205
https://doi.org/10.1136/hrt.2007.136093
https://doi.org/10.1007/s00246-015-1096-6
https://doi.org/10.1007/s11936-019-0719-2
https://doi.org/10.1016/j.acvd.2010.09.004
https://doi.org/10.3109/08880010903352299
https://doi.org/10.1053/euje.2000.0031
https://doi.org/10.1016/S0894-7317(03)00685-0
https://doi.org/10.1016/j.echo.2005.10.005
https://doi.org/10.1093/ehjci/jev014
https://doi.org/10.1186/1476-7120-5-28
https://doi.org/10.1007/978-1-84882-293-1_5
https://doi.org/10.1007/978-1-84882-293-1_5
https://doi.org/10.1111/echo.13743
https://doi.org/10.1002/pbc.22302
https://doi.org/10.1007/s00246-013-0745-x


with tissue Doppler echocardiography in children treated with 
anthracyclines. J Am Soc Echocardiogr 2007; 20: 492-7. [Crossref]

19. Ylänen K, Eerola A, Vettenranta K, Poutanen T. Speckle track-
ing echocardiography detects decreased cardiac longitudinal 
function in anthracycline-exposed survivors of childhood can-
cer. Eur J Pediatr 2016; 175: 1379-86. [Crossref]

20. Kapusta L, Thijssen JM, Groot-Loonen J, Antonius T, Mulder J, 
Daniëls O. Tissue Doppler imaging in detection of myocardial 
dysfunction in survivors of childhood cancer treated with anth-
racyclines. Ultrasound Med Biol 2000; 26: 1099-108. [Crossref]

21. Yu HK, Yu W, Cheuk DK, Wong SJ, Chan GC, Cheung YF. New 
three-dimensional speckle-tracking echocardiography identi-
fies global impairment of left ventricular mechanics with a high 
sensitivity in childhood cancer survivors. J Am Soc Echocardiogr 
2013; 26: 846-52. [Crossref]

22. Akam-Venkata J, Kadiu G, Galas J, Lipshultz SE, Aggarwal S. 
Left ventricle segmental function in childhood cancer survivors 
using speckle-tracking echocardiography. Cardiol Young 2019; 
29: 1494-500. [Crossref]

23. Pignatelli RH, Ghazi P, Reddy SC, Thompson P, Cui Q, Castro J, 
et al. Abnormal Myocardial Strain Indices in Children Receiving 
Anthracycline Chemotherapy. Pediatr Cardiol 2015; 36: 1610-6. 
[Crossref]

24. Çilsal E, Oğuz AD, Tunaoğlu FS, Kula S, Pektaş A. Subclinical re-
duction in left ventricular function using triplane and 2D speckle 

tracking echocardiography after anthracycline exposure in chil-
dren. Anatol J Cardiol 2018; 19: 58-66. [Crossref]

25. Pinarli FG, Oğuz A, Tunaoğlu FS, Karadeniz C, Gökçora N, Elbeg 
S. Late cardiac evaluation of children with solid tumors after 
anthracycline chemotherapy. Pediatr Blood Cancer 2005; 44: 
370-7. [Crossref]

26. Mornoş C, Petrescu L. Early detection of anthracycline-mediat-
ed cardiotoxicity: the value of considering both global longitu-
dinal left ventricular strain and twist. Can J Physiol Pharmacol 
2013; 91: 601-7. [Crossref]

27. Brown TR, Vijarnsorn C, Potts J, Milner R, Sandor GG, Fryer C. 
Anthracycline induced cardiac toxicity in pediatric Ewing sarco-
ma: a longitudinal study. Pediatr Blood Cancer 2013; 60: 842-8. 
[Crossref]

28. Yildirim A, Tunaoğlu FS, Pinarli FG, Ilhan M, Oğuz A, Karadeniz C, 
et al. The role of dobutamine stress echocardiography in early 
diagnosis of cardiac toxicity in long-term survivors of asymp-
tomatic children treated with anthracycline. Anatol J Cardiol 
2010; 10: 154-62. [Article in Turkish] [Crossref]

29. Poterucha JT, Kutty S, Lindquist RK, Li L, Eidem BW. Changes in 
left ventricular longitudinal strain with anthracycline chemo-
therapy in adolescents precede subsequent decreased left ven-
tricular ejection fraction. J Am Soc Echocardiogr 2012; 25: 733-
40. [Crossref]

Anatol J Cardiol 2022; 26: 57-62 Arman Bilir et al. Evaluation of cardiotoxicity in childhood leukemia 

62

https://doi.org/10.1016/j.echo.2006.10.011
https://doi.org/10.1007/s00431-016-2776-9
https://doi.org/10.1016/S0301-5629(00)00252-0
https://doi.org/10.1016/j.echo.2013.04.018
https://doi.org/10.1017/S1047951119002622
https://doi.org/10.1007/s00246-015-1203-8
https://doi.org/10.14744/AnatolJCardiol.2017.7944
https://doi.org/10.1002/pbc.20281
https://doi.org/10.1139/cjpp-2012-0398
https://doi.org/10.1002/pbc.24404
https://doi.org/10.5152/akd.2010.042
https://doi.org/10.1016/j.echo.2012.04.007



