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ABSTRACT

Background: Childhood cancer survivors (CCSs) are at risk for anthracycline-induced cardio-
toxicity which tends to be more prominent long after completion of the chemotherapy. The aim 
of this study was to examine echocardiographic parameters of anthracycline-induced subclini-
cal cardiotoxicity in children who had received chemotherapy.

Materials and Methods: A cross-sectional single-center study was conducted in a tertiary level 
university hospital in Eskisehir, Turkey. A total of 50 CCSs and 40 healthy peers were included. The 
CCSs were divided into 3 subgroups according to cumulative anthracycline dose (100-200 mg/m2, 
201-299 mg/m2, and ≥ 300 mg/m2). Biventricular cardiac examination was performed with con-
ventional echocardiography and tissue Doppler echocardiography imaging (TDI).

Results: The mean duration from termination of chemotherapy to echocardiographic assess-
ment was 3.9 ± 2.2 years. The mean age of the CCSs was 11.6 ± 3.9 years. TDI-derived mitral 
annular isovolumetric relaxation time (IVRT) and myocardial performance index (MPI) 
were higher in the high-dose group of CCSs than in controls (P = .006, P = .007, P < .001, P 
= .0014, respectively). IVRT was also higher in patients with ≥ 300 mg/m2 cumulative dose 
than in those with < 200 mg/m2 (P = .007). TDI-derived mitral annular MPI and IVRT were 
significantly associated with cumulative anthracycline dose (r = 0.288, P = .006, r = 0.340,  
P = .001).

Conclusion: A cumulative anthracycline dose > 300 mg/m2 may lead to subclinical cardiotoxic-
ity, and is therefore a potential risk factor for late onset cardiac failure. TDI-derived MPI can be 
a sensitive tool to reveal subtle signs of myocardial damage, which may facilitate implementa-
tion of preventive therapies for patients suspected to be at risk.

Keywords: Anthracycline cardiotoxicity, children, diastolic dysfunction, myocardial perfor-
mance index, tissue Doppler imaging

INTRODUCTION

The advances in chemotherapeutic regimen, radiotherapy, and surgery have led to an 
increase in survival rates in patients with childhood cancer. Unfortunately, the same treat-
ments that cure cancer also increase the risk of adverse effects in other organ systems, 
especially the cardiovascular system.1,2 Pediatric cancer survivors were revealed to have an 
8-fold higher risk of death from cardiovascular diseases (CVD) than the general population, 
making CVD the leading cause of noncancer mortality in this population.3 Anthracyclines, 
chemotherapeutic drugs widely used in oncological therapy, are known to be cardiotoxic. 
Risk factors for anthracycline-induced cardiotoxicity include: high cumulative anthracycline 
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What is already known 
on this topic?
• Childhood cancer survivors 

(CCSs) are at risk for anthra-
cycline induced cardiotoxicity 
which tends to be more promi-
nent with long after completion 
of the chemotherapy.

• The early detection of asymp-
tomatic but high-risk patients 
may reduce the progression of 
the cardiovascular disease with 
preventive strategies.

What this study adds on 
this topic?
• The present study, which 

biventricular myocardial func-
tions were examined with tis-
sue doppler echocardiography 
(TDI), revealed that the cumu-
lative anthracycline doses > 
300mg/m2 is a potential risk 
factor for development of long-
term cardiotoxicity after che-
motherapy, which was  more 
prominent on left ventricle.

• TDI-derived myocardial per-
formance index (MPI) can be 
a sensitive tool to reveal subtle 
signs of myocardial damage.
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doses, cancer treatment exposures at a young age, chest-
directed radiation therapy, and longer length of follow-up.4,5 
Anthracycline-mediated cardiotoxicity can manifest at an 
early stage of therapy (during or immediately after treatment) 
or many years thereafter. Acute cardiotoxicity characterized 
by myocarditis-pericarditis syndrome or congestive heart 
failure is usually transient. In addition, pediatric cancer sur-
vivors also have long-term cardiotoxicity risk that includes a 
decrease in left ventricular wall thickness, mass, and contrac-
tion.6-9 The cumulative anthracycline dose was indicated as 
the predominant determinant factor for late-onset cardiomy-
opathy.10,11 In most of the asymptomatic children who survived, 
subclinical cardiac damage due to anthracyclines progresses 
and develops into a clinically evident disease after a long 
latency period.5,9,12 The subclinical cardiac damage may lead 
to marked disability in survivors of childhood cancer which 
may often not be experienced by their adult malignancy sur-
vivor counterparts.13,14 The early detection of these asymptom-
atic but high-risk patients may reduce the progression of the 
cardiovascular disease with preventive strategies. However, 
anticipating those patients that will develop cardiomyopa-
thy (as a result of subclinical damage) is extremely difficult 
by conventional echocardiography. The great importance of 
early detection of subclinical damage in preventing cardio-
myopathy has led to the use of novel diagnostic techniques 
such as tissue Doppler echocardiography imaging (TDI) 
and cardiac magnetic resonance imaging (MRI). TDI, which 
was known as superior to conventional echocardiography in 
detecting anthracycline-mediated cardiotoxicity, was also 
stated as more useful than cardiac MRI in detecting subclinical 
cardiac damage, since the myocardial fibrosis is a late onset 
cardiac adverse effect.15,16

The aim of the study was to investigate the evidence of long-
term cardiotoxicity by conventional and TDI echocardiography 
in clinically asymptomatic childhood cancer survivors (CCSs). In 
order to reveal the presence of subclinical cardiac damage, we 
decided to compare the data obtained by examining healthy 
peers with the same methods. The identification of monitoring 
parameters shall optimize risk stratification, identify subclini-
cal cardiovascular disease, and enable preventative treatment 
measures in time before overt clinical disease in CCSs becomes 
evident.

METHODS

Study Population
We analyzed data from a total of 60 patients who were 
diagnosed with childhood cancer (leukemia, lymphoma, or 
malignant solid tumors), received anthracycline as their che-
motherapy between August 2007 and 2019, and were alive 
at the time of this study. This study includes only CCSs who 
received anthracyclines, did not undergo chest irradiation, had 
a gap of at least 1 year after the last anthracycline dose, and 
did not have congenital heart disease. The diagnostic methods 
used were bone marrow aspiration in leukemia patients, lymph 
node biopsy in lymphoma patients, and excisional biopsy in 
solid tumor patients, respectively. Ten of the 60 patients were 
excluded from the study due to factors such as having had 
chest radiotherapy, having congenital heart disease, being in 
the early period post-chemotherapy and having insufficient 

clinical information; thus, the study group consisted of 50 
patients.

Information concerning patient characteristics, cancer diag-
nosis, chemotherapeutics received, and last date of therapy 
was obtained from the medical records. For each patient, the 
cumulative dose of anthracyclines and administration of addi-
tional chemotherapeutics was recorded.

A total of 40 children who were referred to the pediatric car-
diology out-patient clinic for innocent heart murmur and who 
were not diagnosed with congenital heart disease constituted 
the control group.

The following formulas were used to convert to doxoru-
bicin isotoxic equivalents, prior to calculating total cumu-
lative anthracycline dose.17 Doxorubicin: Multiply total 
dose × 1, Daunorubicin: Multiply total dose × 0.5, Idarubicin: 
Multiply total dose × 5, Mitoxantrone: Multiply total dose × 4. 
The patients were also divided in 3 subgroups as low-dose 
(100-200 mg/m2), moderate-dose (201-299 mg/m2), and high-
dose (≥300 mg/m2) groups according to the initiated cumula-
tive anthracycline dose.

Echocardiographic Evaluation
The transthoracic echocardiographic evaluations were all per-
formed by the same expert pediatric cardiologist using a Philips 
Affinity (Philips, Botheli, USA) device with a 3-MHz probe under 
synchronous electrocardiography. The patients took at least a 
10-minute rest before echocardiographic evaluation. All mea-
surements were performed on 3 consecutive cardiac cycles. 
All patients were evaluated by two-dimensional and M-mode 
echocardiography, pulsed-wave Doppler for blood flow veloc-
ity through the mitral valve, and tissue Doppler imaging (TDI) 
for right and left ventricles, as recommended by the American 
Society of Echocardiography.18

Conventional Echocardiography
Two-dimensional echocardiography, including standard views 
as apical 4-chamber, parasternal short and long axis, supra-
sternal, and subcostal imaging planes was performed to eval-
uate cardiac structure and function.

The M-mode echocardiography was performed at paraster-
nal long-axis view. The parameters measured were ejection 
fraction (EF), fractional shortening (FS), end-systolic (IVSs) and 
end-diastolic interventricular septum thickness (IVSd), left ven-
tricular end-systolic (LVDs) and end-diastolic diameter (LVDd), 
end-systolic (LVPWs) and end-diastolic left ventricular posterior 
wall thickness (LVPWd), respectively. To assess the biventricu-
lar longitudinal systolic function, mitral (MAPSE) and tricuspid 
annular plane systolic excursion (TAPSE) were estimated at 
apical 4-chamber view. Right ventricular end-diastolic diam-
eter (RVDd) at annular level was also obtained. The left ven-
tricular diastolic mass (LVM) was estimated using the Devereux 
formula.19 Left ventricular mass index (LVMI) was calculated as 
the ratio of the left ventricular mass to the body surface area.

In addition, antegrade mitral valve pulsed-wave Doppler 
was performed to evaluate left ventricular diastolic function. 
Therefore, the mitral inflow early diastolic velocity (E) was 
measured 1-2 mm above the mitral leaflets by a pulsed-wave 
Doppler.
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Tissue Doppler Echocardiography
TDI was performed through the apical 4-chamber view, and 
the myocardial sample size was assessed as parallel as possi-
ble to the direction of maximum annular motion with a sample 
volume gate length < 5 mm. Biventricular TDI examination was 
performed at the lateral annulus of tricuspid and mitral valves. 
The velocities of diastolic and systolic peaks were measured 
on tissue Doppler tracings of annular motion with simultaneous 
electrocardiography. As for the assessment of systolic function, 
ejection time (ET), isovolumetric contraction time (IVCT) and 
systolic velocity (S’) were measured. On the other hand, early- 
(E’) and late-diastolic velocities (A’) and isovolumetric relax-
ation time (IVRT) were measured for diastolic function. The 
velocity ratio of the blood flow Doppler-derived mitral inflow 
E wave to the tissue Doppler-derived E’ wave were obtained to 
assess LV diastolic function. IVRT was measured from the end 
of the S’ wave to the onset of the E’ wave, and IVCT was mea-
sured from the end of the A’ wave to the onset of the S’ wave. 
Myocardial performance index (MPI), which is an indicator of 
the global ventricular systolic and diastolic function, was esti-
mated using the Tei formula [MPI = (IVCT+IVRT)/ET].20

Statistical Analysis
Statistical analysis was performed using Statistical Package 
for Social Sciences, Version 15 (SPSS, Chicago, USA). The 
sample size was determined by a priori two-sample t-test 
power analysis using G power software with an 85% statisti-
cal power at significance level of 0.05 and an effect size 0.56. 
The Kolmogorov–Smirnov test was used for assessment of nor-
mal distribution. All normally distributed data were shown as 
mean ± standard deviation, otherwise they were presented as 
median (minimum-maximum) value. Comparisons for continu-
ous variables were analyzed with the independent samples 
t-test or Mann–Whitney U-test. For categorical variables, while 
2 groups were compared using the chi-square test, multiple 
groups were compared using analysis of variance or Kruskal–
Wallis tests. Correlations between variables were analyzed 
using Pearson’s or Spearman’s correlation coefficient. P values 
of < .05 were indicated as statistically significant.

RESULTS

Characteristics of CCSs and Controls
The mean age of the CCSs at the time of cancer diagnosis was 
6.07 ± 4.33 years (8 months-17 years). The different diagno-
ses of CCSs were acute lymphoblastic leukemia (n = 38), acute 
myelogenous leukemia (n = 5), Hodgkin lymphoma (n = 1), non-
Hodgkin lymphoma (n = 3), Wilms’ tumor (n = 2), and renal cell 
carcinoma (n = 1). The mean duration of time from completion 
of chemotherapy to echocardiographic assessment was 3.9 ± 
2.2 years (1-9.6 years). The mean age of the CCSs and controls 
at the time of evaluation did not reveal significant difference 
(P = .964). As for other demographic variables, there was no 
significant difference between the groups (Table 1). While the 
cumulative anthracycline dose was 246.5 ± 92.5 mg/m2 overall, 
it was 153.2 ± 39.4 mg/m2 in the low-dose group, 240 mg/m2 
in the moderate-dose group, and 371.8 ± 106.8 mg/m2 in the 
high-dose group.

Echocardiography Findings of CCSs and Controls
Left ventricular systolic function, left and right ventricular (RV) 
dimensions, and biventricular longitudinal systolic functions of 

CCSs were normal and comparable with the controls (Table 2). 
In addition, the aforementioned echocardiographic measure-
ments did not reveal significant differences according to the 
cumulative anthracycline dose (Table 3).

Tissue Doppler interrogation of the lateral mitral annulus 
revealed that the IVRT and MPI were significantly higher in 
CCSs than in controls (P = .006, P = .007). There was no differ-
ence between the groups in terms of E’ and A’ velocities, E’/A’ 
ratio, S’ velocity, ET, and IVCT (P > .005) (Table 4). In subgroup 
analysis of the lateral mitral annulus TDI, as revealed in Table 4, 
TDI-derived MPI and IVRT were significantly higher in CCSs 
who had received a higher cumulative anthracycline dose than 
controls (P = .014, P < .001 respectively), and this difference 
was derived between the high- and low-dose groups for IVRT 
(subgroup comparison revealed a P value of .007). According 
to the correlation analysis, the cumulative anthracycline dose 
was significantly associated with TDI-derived mitral annular 
MPI and IVRT (r = 0.288, P = .006, r = 0.340, P = .001). In addi-
tion, there was a negative correlation between TDI-derived 
MPI and early diastolic myocardial velocity (E’) (r = -0.276, 
P = .009). TDI-derived myocardial functional parameters (MPI, 

Table 1. Demographic Characteristics of the Groups

Variables CCSs (n = 50)
Controls 
(n = 40) P

Age (years) 11.45 (4.25-18) 12 (6-17) .964a

Gender (male/
female)

23/27 17/23 .740b

Height (cm) 147.5 (104-180) 147.4 (123-178) .640a

Body weight (kg) 43.48±16.12 41.15 ± 15.61 .500c

BMI (kg/m2) 19.68±3.91 18 ± 12.96 .060c

aMann–Whitney U-test; bChi-square test; cIndependent samples t-test.
BMI, body mass index; CCS, childhood cancer survivor.

Table 2. Comparison of Two-Dimensional and M-Mode 
Echocardiographic Findings
Variable CCSs (n = 50) Controls (n = 40) P
EF (%) 68.83 ± 6.22 69.63 ± 5.78 .532c

FS (%) 38.32 ± 5.11 38.97 ± 4.86 .542c

LVDs (mm) 26.28 ± 3.89 25.99 ± 3.82 .727c

LVDd (mm) 42.41 ± 4.70 41.98 ± 5.78 .877c

IVSs (mm) 8.65 ± 1.49 8.59 ± 1.96 .862c

IVSd (mm) 6.88 ± 1.44 6.82 ± 1.26 .838c

LVPWs (mm) 10.42 ± 1.60 11.12 ± 1.77 .052c

LVPWd (mm) 6.38 ± 1.35 6.84 ± 1.28 .106c

LVM (g) 84.96 ± 32.27 88.03 ± 33.18 .659c

LVMI (g/m2) 63.90 ± 14.53 66.06 ± 13.70 .414c

RVDd (mm) 31.33 ± 4.60 31.69 ± 3.57 .681c

MAPSE 13 (7-24) 13.25 (9-20) .646a

TAPSE 17.9 (12.2-28.7) 18.6 (11.8-28) .261a

aMann–Whitney U-test; cIndependent samples t-test.
IVSd, end-diastolic interventricular septum thickness; IVSs, end-systolic 
interventricular septum thickness; LVDd, left ventricular end-diastolic diameter; 
LVDs, left ventricular end-systolic diameter; LVPWd, left ventricular end-
diastolic posterior wall thickness; LVPWs, left ventricular end-systolic posterior 
wall thickness; LVM, left ventricular diastolic mass; LVMI, left ventricular mass 
index; EF, ejection fraction; FS, fractional shortening; MAPSE, mitral annular 
plane systolic excursion; TAPSE, tricuspid annular plane systolic excursion; 
RVDd, right ventricular end-diastolic diameter.
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IVRT, E’, and A’) were not correlated with post chemotherapy 
duration (r = 0.105, P = .469, r = 0.245, P = 0.086, r = 0.124, 
P = .392, r = -0.169, P = .241, respectively). There was no sta-
tistically significant difference either between the CCSs and 

controls or between the subgroups in regard to lateral tricuspid 
annulus TDI (P > .05) (Table 5).

DISCUSSION

According to the present study, there was no marked car-
diac dysfunction or myocardial remodeling in the long-term 
(between 1 and 9) years after the termination of the chemo-
therapy in CCSs who received anthracycline without mediasti-
nal irradiation. However, tissue Doppler examination revealed 
findings consistent with subclinical cardiotoxicity in the left ven-
tricle. While the presence of the subclinical cardiotoxicity was 
not correlated with follow-up length, it was significantly related 
with the cumulative anthracycline dose.

Cardiotoxicity resulting from anthracycline-induced cardio-
myocyte damage is a chronic problem in CCSs and is the most 
common cause of death in these patients, other than cancer. 
The development process and predisposition to cardiotoxicity 
has been the area of interest for current and previous stud-
ies aiming to contribute to the development of preventive 
methods.20-23 Over the years, significant progress has been 
reported in the decrease of left ventricular systolic function, 
cardiac output, and posterior wall thickness, which were first 
detected 6 years after completion of chemotherapy, in chil-
dren who received anthracyclines.21,22 Long-term follow-up 
results indicated that the cumulative anthracycline dose was 
not the single determinant of cardiotoxicity. The risk of cardiac 
damage persisted even in patients who received low cumu-
lative dose.22 Therefore, children who receive low cumulative 
doses are also at risk of developing cardiovascular disease in 
the long term. Furthermore, the detection of significant sub-
clinical structural changes in the left ventricle in children with 
a cumulative dose of less than 100 mg/m2 at least 6 years after 
treatment was consistent with this view.23 In the current study, 
the mean duration between completion of chemotherapy 
and echocardiographic evaluation was 3.9 ± 2.2 years, and 

Table 3. Comparison of the Two-Dimensional and M-Mode Echocardiographic Variables Between the Subgroups

Variables
Low-Dose group 

(n = 13) Moderate-Dose Group (n = 26)
High-Dose Group 

(n = 11) Controls (n = 40) P*
EF (%) 71.28 ± 4.26 67.68 ± 6.30 68.64 ± 7.60 69.63 ± 5.78 .322d

FS (%) 39.64 ± 4.41 37.58 ± 5.05 38.52 ± 6.14 38.97 ± 4.87 .606d

LVDs (mm) 23.97 ± 3.32 27.40 ± 3.47 26.37 ± 4.56 25.99 ± 3.83 .069d

LVDd (mm) 39.55 ± 4.64 43.80 ± 4.33 42.51 ± 4.49 41.98 ± 5.78 .076d

IVSs (mm) 8.30 ± 1.87 8.75 ± 1.38 8.85 ± 1.32 8.59 ± 1.96 .849d

IVSd (mm) 6.13 ± 1.50 7.37 ± 1.40 6.62 ± 1.12 6.82 ± 1.26 .166d

LVPWs (mm) 9.98 ± 1.78 10.6 ± 1.65 10.54 ± 1.26 11.23 ± 1.91 .129d

LVPWd (mm) 5.86 ± 1.60 6.71 ± 1.20 6.22 ± 1.31 6.84 ± 1.29 .097d

LVM (g) 66.75 ± 28.37 94.97 ± 32.71 82.82 ± 27.69 88.03 ± 33.18 .089d

LVMI (g/m2) 60.48 ± 15.34 68.18 ± 14.48 57.82 ± 11.13 66.06 ± 13.70 .200d

RVDd (mm) 30.02 ± 4.47 32.09 ± 3.71 31.09 ± 6.46 31.70 ± 3.58 .479d

AOd/Lad 0.65 ± 0.11 0.65 ± 0.08 0.68 ± 0.14 0.67 ± 0.13 .887d

MAPSE 12.4 (8.5-18) 13.15 (7-18) 13 (11-24) 13.25 (9-20) .595e

TAPSE 17 (12.5-24) 19.8 (13-28.7) 17.5 (12.2-23) 18.6 (11.8-28) .15e

dANOVA; eKruskall–Wallis test.
IVSd, end-diastolic interventricular septum thickness; IVSs, end-systolic interventricular septum thickness; LVDd, left ventricular end-diastolic diameter; LVDs, left 
ventricular end-systolic diameter; LVPWd, left ventricular end-diastolic posterior wall thickness; LVPWs, left ventricular end-systolic posterior wall thickness; LVM, left 
ventricular diastolic mass; LVMI, left ventricular mass index; EF, ejection fraction; FS, fractional shortening; MAPSE, mitral annular plane systolic excursion; TAPSE, 
tricuspid annular plane systolic excursion; RVDd, right ventricular end-diastolic diameter.

Table 4. Comparison of TDI Parameters Between Groups
Variables CCSs (n = 50) Controls (n = 40) P
Left ventricle
E (cm/s) 93.01 ± 15.38 99.24±16.60 .069c

E’ (cm/s) 11.78 ± 2.53 12.44±2.09 .097c

E/E’ 8.17 ± 2 8.11±1.48 .857c

A’ (cm/s) 6.05 ± 1.58 6.13±1.78 .906c

E’/A’ 2.01 ± 0.45 2.15±0.61 .204c

S’ (cm/s) 7.56 ± 1.84 7.84±1.44 .078c

IVRT (ms) 56.26 ± 11.93 50.15±7.85 .006c

IVCT (ms) 48 (32-74) 49.5 (34-69) .975a

ET (ms) 275 ± 19 282±26 .173c

MPI 0.38 ± 0.06 0.35±0.04 .007c

Heart rate 76.76 ± 12.92 77.67±12.96 .740c

Right ventricle
E’ (cm/s) 13.91 ± 2.64 14.26 ± 2.33 .520c

A’ (cm/s) 9.32 ± 2.70 9.29 ± 2.33 .919c

E’/A’ 1.58 ± 0.42 1.60± 0.30 .600c

S’ (cm/s) 11.86 ± 2.48 11.7 ± 2.08 .612c

TV (m/s) 1.81 ± 0.30 1.77 ± 0.31 .555c

IVRT (ms) 47.18 ± 13.63 45.25 ± 12.20 .551c

IVCT (ms) 53 (32-71) 55 (26-74) .428a

ET (ms) 272.9 ± 25.6 279.12 ± 24.13 .244c

MPI 0.36 ± 0.66 0.35 ± 0.06 .468c

aMann–Whitney U test; cIndependent samples t-test.
E, early diastolic ventricular inflow velocity; E’, early diastolic myocardial 
velocity; A’, late diastolic myocardial velocity; HR, heart rate; IVRT, isovolumetric 
relaxation time; IVCT, isovolumetric contraction time; ET, ejection time; MPI, 
myocardial performance index; S’, systolic myocardial velocity; TV, tricuspid 
valve.
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the findings of left ventricular structure and systolic function 
did not reveal significant difference in comparison with their 
peers. In our cohort, where the mean cumulative dose was 
246.5 ± 92.5 mg/m2, the duration after the completion of the 
treatment may not be sufficient for marked cardiac damage, 
and cardiotoxicity might be more evident in the following years.

Considering the marked findings, anthracycline-induced 
cardiac damage has usually become evident over the long-
term. Investigation of predictive parameters in the follow-up 
of individuals suspected to be at risk may be a useful tool. 
Determination of subclinical signs of cardiotoxicity may facili-
tate the use of pharmacological and/or non-pharmacological 
cardioprotective strategies to reduce the progression and 
severity of cardiac injury for patients who require them. Thus, 
TDI has begun to take its place in clinical practice as an imag-
ing method to determine subclinical signs of myocardial dam-
age. In 45 CCSs who completed anthracycline chemotherapy 
at least 1 year ago, although left ventricular morphology and 
functions were compatible with their healthy peers accord-
ing to conventional echocardiography methods, the signs of 
myocardial deterioration were detected by TDI.24 Moreover, 
according to another study, the findings consistent with sub-
clinical myocardial diastolic impairment could be detected by 
TDI, even in patients with only a follow-up period of 2 years 
after the completion of chemotherapy.25 It is known that dia-
stolic dysfunction caused by cardiomyocyte damage related 
with systemic disorders may often progress to heart failure, in 
which systolic functions are preserved.26,27 In the present study, 
the detection of longer duration of the TDI-derived IVRT in CCSs 

was consistent with the subclinical impairment in left ventricu-
lar diastolic functions. Similar to our results, Küpeli et al.28 also 
reported prolonged IVRT measured by TDI as a consistent find-
ing with subclinical diastolic dysfunction, in pediatric patients 
that received a high dose (>350 mg/m2) of anthracycline. In 
addition, higher MPI values in CCSs were also consistent with 
subclinical global myocardial dysfunction in the present study. 
The MPI was previously reported as a non-invasive and sen-
sitive indicator of subclinical anthracycline cardiotoxicity in 
CCSs.29,30 Furthermore, a significant correlation was indicated 
between MPI and myocardial diastolic velocities.29 Similar to 
the study by Karakurt C. et al.,29 higher MPI values were estab-
lished at the lower myocardial early diastolic velocities, as an 
indicator of subclinical diastolic dysfunction, in the current 
study.

Among the many risk factors of CVD in childhood, cumulative 
dose is one of the most prominent, associated with anthracy-
cline cardiotoxicity.31 The meta-analysis of 25 articles about the 
prevalence and risk factors of anthracycline-related cardio-
toxicity stated that the frequency of an abnormal SF seemed 
to be higher for patients treated with a mean or median 
cumulative dose > 300 mg/m2 anthracyclines (15.5-27.8%) 
than for patients treated with a cumulative dose < 300 mg/m2 
(0-15.2%).11 It was reported in a study that the risk of systolic 
dysfunction increased 3-fold in patients who received chemo-
therapy and whose FS was found to be less than 29% in any 
follow-up period. Additionally, the risk of mortality was also 
stated to be increased 7-fold in these patients.32 Similar to pre-
vious studies, the current study also revealed that consistent 

Table 5. Comparison of TDI Parameters Between Subgroups

Variables
Low-Dose Group 

(n = 13) Moderate-Dose Group (n = 26)
High-Dose Group 

(n = 11) Controls (n = 40) P
Left ventricle
E (cm/s) 96.47 ± 13.63 93.73 ± 14.87 87.25 ± 18.18 99.24 ± 16.60 .147d

E/E’ 8.77 ± 1.71 8.04 ± 2.16 7.79 ± 1.99 8.11 ± 1.48 .551d

E’ (cm/s) 11.36 ± 2.59 12.14 ± 2.77 11.42 ± 1.87 12.44 ± 2.09 .217d

A’(cm/s) 5.46 ± 0.96 6.22 ± 1.60 6.37 ± 2.03 6.13 ± 1.78 .427d

E’/A’ 2.10 ± 0.42 2.02 ± 0.46 1.89 ± 0.46 2.15 ± 0.61 .473d

S’ (cm/s) 7.33 ± 1.70 7.85 ± 2.12 7.16 ± 1.18 7.84 ± 1.44 .239d

IVRT (ms) 50.61 ± 9.34 55.81 ± 11.47 64 ± 12.51** 50.15 ± 7.85 <.001d

IVCT (ms) 50 (42-74) 48 (32-74) 48 (34-66) 49.5 (34-69) .932e

ET (ms) 267.31 ± 22.19 277.73 ± 18.19 280 ± 17.27 282.13 ± 26.06 .342d

MPI 0.41 ± 0.05 0.38 ± 0.06 0.40 ± 0.06*** 0.36 ± 0.04 .016d

Right ventricle
E’ (cm/s) 13.92 ± 2.38 14.08 ± 2.73 13.55 ± 2.93 14.26 ± 2.34 .813d

A’ (cm/s) 8.54 ± 2.79 9.62 ± 2.82 9.55 ± 2.31 9.29 ± 2.33 .496d

E’/A’ 1.73 ± 0.43 1.56 ± 0.45 1.46 ± 0.35 1.60 ± 0.38 .345d

S’ (cm/s) 11.65 ± 2.65 11.55 ± 2.58 12.85 ± 1.90 11.70 ± 2.08 .748d

TV (m/s) 1.86 ± 0.25 1.84 ± 0.32 1.69 ± 0.32 1.78 ± 0.32 .630d

IVRT (ms) 44 ± 10.86 48 ± 15.03 49 ± 13.62 45.53 ± 12.21 .698d

IVCT (ms) 50 (39-71) 54 (32-69) 50 (35-70) 55 (26-74) .825e

ET (ms) 260.85 ± 21.69 278.69 ± 25.26 273.45 ± 28.21 279.13 ± 24.14 .122d

MPI 0.37 ± 0.06 0.36 ± 0.06 0.38 ± 0.09 0.36 ± 0.06 .697d

dANOVA; eKruskall–Wallis test.
**Subgroup comparison revealed a P value of .007 between group IC and group IA; <.001 between group IC and group II; ***Subgroup comparison revealed a P value 
of .014 between group IC and group II.
E, mitral inflow early diastolic velocity; E’, early diastolic myocardial velocity; A’, late diastolic myocardial velocity; S’, systolic myocardial velocity; IVRT, isovolumetric 
relaxation time; IVCT, isovolumetric contraction time; ET, ejection time; MPI, myocardial performance index; TV, tricuspid valve.
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with the subclinical left ventricular myocardial dysfunction, 
the TDI-derived MPI and IVRT values were higher in CCSs who 
received a cumulative dose > 300 mg/m2.

The long-term detrimental effects of anthracyclines on left 
ventricular myocardial function in CCSs are well-known. In 
contrast, there are insufficient data on RV function in CCSs, 
particularly in the long term. Although there was no abnor-
mality in RV size in adults with CCSs, a subclinical decrease 
in RV systolic functions was detected which was 3 times more 
common in those with LV dysfunction.33 Identification of the 
harmful effects of anthracyclines on the right ventricle may 
require a long follow-up period, and the exposure to radio-
therapy increases the risk significantly. Among the 33 leukemia 
or lymphoma patients who received lung toxic chemotherapy, 
11 patients who suffered from radiotherapy-induced restrictive 
lung disease had decreased TAPSE and isovolumetric accel-
eration as an evidence of RV dysfunction.34 Fifty CCSs who 
received anthracycline with various cumulative doses, but were 
not exposed to radiotherapy, were similar in RV structure and 
functions to healthy peers as examined by TDI and TAPSE, in 
the present study. Considering the previous studies, this may be 
related to the fact that harmful impact of chemotherapy on RV 
structure and function becomes evident in the long-term and 
more pronounced with a concomitant left ventricular dysfunc-
tion. Therefore, there is a need for longitudinal studies includ-
ing a large number of cases to provide a more comprehensive 
understanding of the harmful effects of anthracyclines on the 
right ventricle.

Being single-centered, and having a limited number of cases 
seem to be the major limitations of our cross-sectional research 
study. The topic merits further investigation with more exten-
sive and comparative study design with a higher number of 
cases and a longer follow-up period.

CONCLUSION

Cardiac impairment due to anthracyclines is more prominent 
with higher cumulative doses in children who received che-
motherapy. However, more follow-up time may be required 
for significant myocardial dysfunction to become evident with 
decreased EF. TDI can be a useful method to reveal subclini-
cal cardiotoxicity findings especially like restrictive physiology 
in asymptomatic children who received anthracycline che-
motherapy for childhood cancer and were estimated normal 
according to conventional echocardiography.
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