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Abstract: Cardiotoxicity remains one of the leading causes of morbidity and mortality in childhood
cancer survivors. This study aimed to evaluate cardiotoxic side effects of chemotherapeutic
regimens in a pediatric population, as revealed by assessment of baseline end-of-treatment and in
follow-up after 1 year. A prospective study was conducted on 39 children, enrolled over a period of
5 years (2017-2022), diagnosed with leukemia and receiving chemotherapy regimens. A multimodal
echocardiographic evaluation was done (two-dimensional echocardiography and M-mode, tissue
doppler imaging (TDI) and 2D-speckle tracking (2DST) before the initiation of the cytostatic
treatment, at the end of the intensive treatment. Ultrasound-derived parameter values were
compared between evaluations and correlated with cumulative doses of chemotherapeutic agents
used. There were no significant differences in mean values for any of the imagistic parameters
analyzed. However, a significant correlation was found between E’value percentage variation and
cumulative dose of both anthracyclines and antimetabolics administered (p=0.03). Moreover, a
significant linear regression correlation was found between alkylating agent dose and global
longitudinal strain (GLS)(p<0.01). Non-invasive cardiovascular imaging parameter values did not
differ significantly from baseline in our study, but some of them seem to be dependent upon
cumulative dose of cytostatic agents used. Further studies on larger populations and involving a
longer follow-up period might provide more insight into cardiotoxicity of chemotherapy regimens.

Keywords: echocardiography; speckle-tracking; cardiotoxicity; chemotherapy; children

1. Introduction

The Pediatric oncological diseases represent rare conditions, with an incidence of 400 new cases
per year reported at national level, according to data curated between 2010 and 2017 by the Romanian
pediatric oncological registry [1]. Still, cancers represent one of the leading cause of death at pediatric
ages, in spite of significant advances in their specific treatment protocols in the past 50 years which
yielded better survival rates [2,3]. However, chemotherapy regimens can lead to side effects which
range from acute toxicity to prolonged, long-lasting, irreversible effects which impact quality of life
[4-6]. The existence of the clinical field of cardio-oncology has shown the need for the research of the
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diseases and cytostatic treatments it being known that the survivors of cancer have a hight risk of
developing cardiomyopathies secondary to cardiotoxicity.

Cardiotoxicity represents one of the most worrying complications related to cytostatic treatment,
which can significantly increase morbidity and mortality in pediatric oncological diseases [7]. There
are two types of cardiac toxicity described, depending on their reversibility [8]. Type I cardiotoxicity
has been classically attributed to anthracycline use, as this class of drugs presents a high affinity for
the inner mitochondrial membrane, inducing oxidative stress and consequently apoptosis [9].

Considering that many oncological patients can present cardiovascular risk factors and/or pre-
existing asymptomatic cardiovascular diseases, baseline evaluation of cardiac function and its
structure is recommended to be performed before initiation of treatment, as well as regularly during
chemotherapy [7,9,10]. Early cardiac dysfunction usually translates into arrythmias and other ECG
anomalies, as well as pericarditis or myocarditis [11]. Left ventricular (LV) dysfunction, regarded
through a decrease in its ejection fraction (EF) can usually be depicted in the late evolution of
cardiomyopathy, but its premature recognition can yield a better prevention of systolic heart failure
through appropriate medication [11,12]. Therefore, a clear image of the cardiac structure and its
systolic function should be obtained in each patient prior to treatment onset, which is easily
achievable through transthoracic echocardiography (TTE) [13]. Invasive methods such as
endomyocardial biopsy are considered the most accurate in assessing the extent of myocardial
involvement, but are often considered as an ultimate option, due to the risks associated to the
procedure [14]. Non-invasive methods are preferred, such as serum markers, which include the B-
type natriuretic peptide (BNP), N-terminal pro-BNP (NT-proBNP) and troponin [13,15]. Long-term
follow-up should involve periodic echocardiography monitoring and troponin I assessment,
according to an expert consensus of the American Society of Echocardiography and the European
Association of Cardiovascular Imaging [16].

Children undergoing chemotherapy regimens present a particularly high risk of developing
heart failure on the long term, due to the wide use of anthracycline in childhood cancers, in more
than half of different specific therapeutic regimens [17]. Toxic effect is dose-dependent, but constant
exposure to low doses poses a significant long-time burden on the LV systolic function as well [18].
For precocious diagnosis of subclinical LV dysfunction, the addition of speckle-tracking to
conventional echocardiography has been proposed in adults, which includes assessment of global
longitudinal strain (GLS) [16]. This approach has also been considered in children, a meta-analysis
revealing that speckle-tracking echocardiography can successfully identify early signs of myocardial
injury in these age groups as well. However, a relation between myocardial deformation parameters
and risk of heart failure has yet to be established in children, with more evidence being required on
this matter [19].

The current study aimed to assess cardiotoxic effects of chemotherapeutic regimens in a
pediatric population, as revealed by assessment of baseline and end-of-treatment speckle-tracking
echocardiographic indices.

2. Materials and Methods

2.1. Study Population

Study design—single center (Cardiovascular Emergency and Transplant Institute of Tg-Mures),
longitudinal, prospective cohort study, that included 39 children, diagnosed with leukemia for a
period of 5 years, from January 2017 until December 2022. All echocardiographies were performed
with Philips Epiq 7 machine. The inclusion criteria were: patients with a diagnosis of acute leukemia
who required chemotherapeutic regimens according to the latest therapeutic standardized protocols
and presented a structurally and functionally normal heart upon the baseline echocardiography
evaluation. The exclusion criteria were: patients with congenital heart disease, cardiomyopathy and
patients who refused a control check-up. Furthermore, patients receiving chronic treatment with
potential cardiotoxic adverse effects prior to cytostatic treatment initiation were also excluded from
the study.
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Figure 1. Study flow chart.

2.2. Analysis of Sistolic and Diastolic Cardiac Function

Echocardiography exam was performed with a Philips Epiq 7 machine and 5-7Mhz phased-
array matrix ultrasound probes. The examinations M mode, two-dimensional, tissue doppler
imaging (TDI) and 2D speckle tracking (2DST) were performed prior to treatment initiation and at a
mean follow-up of 209.5 days (+191 days) or at the end of the treatment and one year after treatment.
Measurements were carried out in accordance with the recommendations of the American Society of
Echocardiography [20]. Heart rate, electrocardiogram and blood pressure were recorded at the time
of echocardiography.In compliance with the current guidelines for systolic function analysis, the EF
was calculated using the Teicholz formula (in the absence of asynchrony signs) and the modified
Simpson method (2D apical four chambers) [20]. Values of EF of less than 50% were considered
indicative of a systolic dysfunction [21]. Transmitral flow patterns during early and late diastole were
analized using pulsed Doppler. Velocities ,E” and ,,a” were measured and their ratio was calculated
considering a value greater than 2 as a sign of restrictive diastolic dysfunction or lesser than 1 as a
delayed relaxation disastolic disfunction. Moreover, the evaluation of systolic and diastolic functions
was performed using pulsed-wave tissue Doppler, lateral to the mitral annulus (apical 4 chambers
view, during 5 cardiac cycles). Thus, systolic (Sa), early diastole (Ea) and late diastole (Aa) waves
were considered as parameters of cardiac function and the value of ,E/Ea” ratio above 10 was a
marker of elevated LV pressure. Apical 2 chamber (A2C) and 4 chamber (A4C) views were acquired
for 2D speckel tracking and for global longitudinal strain (GLS) assessment (Figure 2). A GLS value
below 15% was considered abnormal. The recorded images were analyzed offline using a Philips Qlab
10 software. The data collected were used in the study to assess the evolution of cardiac function
related to cumulative doses of cytostatics (by age and gender).
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Figure 2. Echocardiographic global longitudinal strain assessment. HR: heart rate, Avg: average EDV:
end-diastolic volume, ESV: end-systolic volume, EF: ejection fraction, SD: standard deviation, AP3:
apical-3-chambers view, AP4: apical-4-chambers view, AP2: apical-2-chambers view, L: longitudinal.

2.3. Ethics

The study was carried out in accordance with the principles stated in the Declaration of Helsinki.
A signed, written informed consent was provided by at least one legal tutor of each patient prior to
their inclusion in the study. Children whose caregivers refused to sign the informed consent form
were not included in the study. The study was approved by the Ethics Committee of the George Emil
Palade University of Medicine, Pharmacy, Science and Technology of Targu Mures (Institutional
Review Board number 33/01.03.2019). A signed informed consent was mandatory for which a
thorough information session was carried for every parent or legal tutor of enrolled pediatric
patients.

2.4. Statistical Analysis

Statistical analysis was performed using GraphPad Prism, version 9.0.2. Data were considered
nominal or quantitative variables (ratios and range) and characterized by proportions or means,
standard deviations (SD), medians and intervals. Data distribution normality testing was performed
with the help of Kolmogorov-Smirnov test. ROUT test was applied for outlier identification. Mean
comparison was conducted using the t test, whereas the Chi-square test was used to assess
contingency tables. In order to assess procentual variation of each parameter evaluated during
echocardiography and speckle-tracking echocardiography, the following formula was applied: [(first
value-second value)*100/first value]. Correlations between cummulative doses of chemotherapeutics
and ultrasound/speckle-tracking parameter variation were evaluated with the help of the linear
regression equation. Every parameter was calculated in accordance with a 95% confidence intervals
(95% CI), and a corresponding statistical significance level of 0.05.

2.5. Chemotherapy Protocol and Monitoring

All patients were treated according to the 2009 ALL IC-BFM protocol, which includes intensive
treatment (with 3 stages: induction, consolidation and reinduction) and maintenance treatment. The
induction phase involves the administration of prednisone, anthracycline (epirubicin), vincristine,
asparaginase, cyclophosphamide, 6-mercaptopurine, cytarabine and methotrexate. The consolidation
phase includes 6-mercaptopurine and methotrexate and the reinduction phase dexamethasone,
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anthracycline (epirubicin), vincristine, asparaginase, cyclophosphamide, thioguanine, cytarabine and
methotrexate. Intensive treatment is followed by maintenance treatment with 6-mercaptopurine and
methotrexate per os. Each patient had a complete baseline assessment prior to initiation of
chemotherapy, echocardiography and blood tests (complete blood count, peripheral smear, C-
reactive protein, complete biochemistry, coagulogram). Blood tests were monitored weekly during
treatment, or more frequently in some patients depending on the evolution of post-chemotherapy
laboratory parameters. All children included in this study were evaluated echocardiographically
prior to the initiation of chemotherapy, subsequently a second evaluation was performed at the end
of intensive treatment. It should be noted that the exact time interval between assessments varied
from patient to patient, as some patients had some treatment delays during the chemotherapy
protocol.

The 2009 ALL-IC BFM protocol consists of induction treatment with Epirubicin 30 mg/m2 on
days 8, 15, 22 and 29; vincristine 1.5 mg/m2 on days 8, 15, 22 and 29; asparaginase 5000 U/m2 on days
12, 15, 18, 21, 24, 27, 30 and 33 and intrathecal methotrexate on days 1, 12 and 33. In the second part
of induction, cyclophosphamide 1000 mg/m?2 is administered on days 36 and 64 and cytarabine 75
mg/m2 4 cycles of 4 consecutive days and 6-mercaptopurine 60 mg/m2 28 days (days 36-63) and
intrathecal methotrexate on days 45 and 59. Then consolidation treatment consisted of four cycles of
high-dose methotrexate 3-5 g/m2 every 2 weeks and 6-mercaptopurine 25 mg/m2 56 days.
Reinduction treatment included Epirubicin 30 mg/m?2 on days §, 15, 22 and 29; vincristine 1.5 mg/m2
on days 8, 15, 22 and 29; asparaginase 10000 U/m2 on days 8, 11, 15, 18 and in the second part
cyclophosphamide 1000 mg/m2 on day 36, cytarabine 75 mg/m?2, 2 cycles of 4 consecutive days,
thioguanine 60 mg/m?2 (14 days, days 36-63) and intrathecal methotrexate on days 38 and 45.

Maintenance treatment included oral administration of 6-mercaptopurine (6-MP) tablets and
methotrexate.

3. Results

The population included in the study presented a mean age of 8.63 + 5.69 standard deviations
(SD). Male patients accounted for the largest group in our study population, representing 62%. Most
of the patients enrolled in the study (66.66%) came from the rural environment. The baseline
characteristics are showed in Table 1.

Table 1. Baseline characteristics.

Patients included

(n=29)
Age (years) 8.63 [1,16]
Gender (male) 18 (62%)
Body Surface Area (m?) 1.04 [0.46,1.81]
Saturation of oxygen (%) 98 [98,100]
Systolic blood pressure (mmHg) 94 [84,110]
Diastolic blood pressure (mmHg) 71[53,82]
Heart rate (bpm) 94 +9.20
Cumulative anthracycline dose (mg/m?) 120
Follow-up time, years 1

The echocardiographic assessment after the first cycle of chemotherapy showed an impairment
of the ejection fraction (EF) in 32% of cases, with a mean decrease of Teciholtz EF of 14% compared
to the baseline assessment. At the end of the study, of the total number of patients whose systolic
function was stable after the first chemotherapy cycle, 46% of them had an average 24% impairment
of EF compared to the second echocardiographic evaluation. The comparative analysis of the
evolution of systolic function according to the sex of the patients shows a balanced distribution
between the sexes, thus 45% of the female patients, respectively 47% of the male patients registered
an impairment of FE at the end of the study, with an overall 62% of patients being males and 38%


https://doi.org/10.20944/preprints202402.0225.v1

doi:10.20944/preprints202402.0225.v1

Preprints.org (Wwww.preprints.org) | NOT PEER-REVIEWED | Posted: 5 February 2024

females within the group that had an alteration of sistolic function. It should be noted that the older
age at inclusion in the study is more frequently associated with a regression of EF, without reaching
the threshold of statistical significance. In order to identify the prognostic power of the
echocardiographic EF-T for an early impairment of systolic function after administration of
chemotherapy, ROC and AUC analyse has been performed, highlighting a threshold of 68% for EF.
Accordingly, patients having a baseline EF value superior to the threshold, a decrease was observed,
on average by 16% compared to the initial assessment (14% -41%). The use of this cutoff allowed early
identification (pre-chemotherapy echocardiography) of patients at risk of systolic damage secondary
to chemotherapy run (baseline compared to first follow-up, first follow-up towards the end of the
study).Each 2D ultrasound and speckle-tracking parameter was compared between the initial
evaluation and the second evaluation, conducted after completion of chemotherapy/before
maintenance treatment. There were no significant differences between the two parameters for most
of the analyzed parameters (p>0.05). However, a slight decrease in LV EF (assessed in accordance
with the modified Simpson method) was noted upon the second evaluation (62.21 + 4.19 versus 59.27
+7.14, p=0.03). These results have been depicted in Table 2.

Table 2. Comparison of cardiac ultrasound and speckle-tracking echocardiography parameters
between the initial and second evaluation.

Initial evaluation Second evaluation

Parameter (mean + SD) (mean + SD) P value
EF (Teichholz formula)  61.56 «7.39 63.29 +7.31 0.87
EF (modified Simpson 6221 +4.19 59.07 +7.14 0.03
method)

FS 32.12+5.90 29.99 +14.10 0.79
GLS 24.01+5.61 2287 +428 0.43
GCS 0443 + 4.47 2523 +5.26 0.58
AP2LS 20.84+11.14 21.88 +10.01 0.57
AP3LS 24.90 +5.59 2337 +5.67 0.36
AP4LS 21.72+11.76 21.87 +3.51 0.56
MAPSE 343+ 451 2.83+3.59 0.70
TAPSE 231+147 1.95+0.28 0.31
S wave 9.62 +2.09 8.98 +2.69 0.32
E’ wave 11.14 + 3.47 10.80 + 4.21 0.72
A’ wave 7.59 +2.03 8.17 +3.25 0.41
E/A 1.52 +0.49 1.47 +0.69 0.36
E/E’ 7.29+1.92 8.27 +3.20 0.23
SAXA 2459 +10.36 27.08 +8.83 0.87
SAXB 23.41+10.73 24.49 +5.66 0.65
SAXM 20.52 + 14.88 23.05+4.72 0.83
E/A 134+0.17 147 +0.33 0.15

Legend: AP2LS- apical 2-chamber longitudinal strain; AP3LS- apical 3-chamber longitudinal strain; AP4LS-
apical 4-chamber longitudinal strain; EF-ejection fraction, FS- fractional shortening, GCS- global circumferential
strain, GLS- global longitudinal strain; SAXA-; SAXB- short-axis at the mitral valve plane; SAXM- short-axis
view at the mid-ventricular papillary muscle level.

We further sought to identify possible correlations between cumulative doses of the three main
chemotherapeutic classes administered to patients included in the study and the echocardiography
and/or speckle-tracking parameter variation. A few important associations were identified. A
significant correlation between E’ percentage variation and anthracycline cumulative dose, as well as
antimetabolite agents was identified (p=0.03 in both cases). A trend in percentage decrease of E’ value
variation can be visualized in both Figures 3 and 4 in association with increase in cumulative dose of
the aforementioned therapeutic agents.
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Figure 3. Linear regression correlation between anthracycline cumulative dose administered and E’
value percentage variation.
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Figure 4. Linear regression correlation between antimetabolite cumulative dose administered and E’
value percentage variation.

In case of alkylating agents, a significant correlation between cumulative dose increase of
alkylating agents administered and GLS variation (p<0.01, respectively). As visualized in Figure 5,
the tendency of negative variation (the second value surpasses the baseline value) is the highest in
relation to the cumulative dose increase. Therefore, an increase in GLS is dependent on the ascending
trend of cumulative dose of alkylating agents administered.
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Figure 5. Linear regression correlation between alkylating agents cumulative dose administered and

GLS value percentage variation.

However, no significant association was encountered between cumulative doses of the two
chemotherapeutic agent classes and E/E’ (Figures 6 and 7).
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Figure 6. Analytical statistics, diastolic function, there is no correlation between chemotherapeutic

agent classes and E/E’.
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Figure 7. Analytical statistics, diastolic function, there is no correlation between the restrictive

diastolic after the first chemotherapy treatment and the cumulative doses of chemotherapy.

4. Discussion

Cardiac activity that generates efficient cardiac output at a low pressure filling level depends on
ventricular systolic and diastolic function [16,22]. According to consensus statements from American
Society of Echocardiography (ASE) and the European Association of cardiovascular Imaging
(EACVI) cardiac dysfunction is defined as a decrease in the LVEF of more than 10% to a value [16].
The EF parameter is considered an echocardiographic standard for measuring myocardial
dysfunction, implying some disadvantages related to the lack of detection of segmental dysfunctions
with preserved contractility, the difficulty of assessing the LV apex and the inherent variability of the
measurements [23-25]. Microstructural changes due to the type and dose of cytostatics will lead to
necrosis or cell apoptosis and eventually to irreversible myocyte remodeling processes. We tried to
identify some prognostic factors for the evolution of systolic function estimated as EF, testing a large
number of correlations between various parameters and the evolution of EF. In our study LVEF at
the end of the first cytostatic treatment was identified an impairment in 32% of cases, with a mean
decrease of Teciholtz EF of 14% compared to the baseline assessment. It is known that EF can be
influenced in these patients not only by the cytostatic treatment but also by adjacent conditions
(severe infections or hyperhydration). Also LVEF (assessed in accordance with the modified Simpson
method) was noted upon the second evaluation (62.21 +4.19 versus 59.27 +7.14, p=0.03-tabel 1). LVEF
remains an indicator of dysfunction at asymptomatic left ventricular sistolic dysfunction in child
cancer survivors but the measurement was performed with volumetric methods 3D. [26] Our values
of LVEF were in agreement with those in the study conducted by Ardelean A. et al. where they
showed mean values of LVEF of of 62.1 + 5.5% for the patients receiving Doxorubicin treatment and
64.7 + 5.9% for those treated with Epirubicin. [27]
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The role of sex in the development of anthracycline cardiotoxicity in the pediatric population is
yet to be studied.[28] There are some studies for oncologic pediatric population that have reported
that female are at risk for developing cardiac atrophy, as measured by a decrease in left ventricular
mass, and subsequent HF.[29,30] In their study Rosas Diaz et al. assessed the role of sex on incident
heart failure in a large cohort of adult patients treated with anthracyclines and thei concluded that
female sex was not associated with higher risk for heart failure in adult patients treated with
anthracyclines [31]. In our study, the comparative analysis of the evolution of systolic function
according to the sex of the patients shows a balanced distribution between the sexes, thus 45% of the
female patients, respectively 47% of the male patients registered an impairment of FE at the end of
the study.

Speckle-tracking echocardiography has been therefore proposed for assessment of subclinical
myocardial dysfunction in children, mainly through evaluation of GLS and cumulative
anthracyclines dose is an risk factor for early-onset or late-onset cardiotoxicity [32], but this parameter
can be dependent on both pre-load and after-load [33,34]. There are however studies in the literature
who support the use of myocardial work indices for assessment of early changes of cardiac
dysfunction, which might even predict changes in GLS [35]. According to Suter and Ewer there are
two types of cardiac toxicity: type I cardiotoxicity is an irreversible process, characterized by cellular
loss, whereas type II involves a reversible, temporary dysfunction, caused by mitochondrial and
protein alteration [8]. Studies in the literature have shown that exposure to toxic aggression induced
by chemotherapeutic agents increases myocardial vulnerability, and the risk of developing
irreversible lesions that can lead to cardiomyopathy is high [25,36,37]. In children as in adults,
anthracyclines represent the drug class most commonly linked to cardiac damage [38,39]. Cumulative
doses ranged in the our group of children analyzed was 120 mg/m?, the low compared to average
doses described in a review that can reach up to 375 mg/m? and we obtained a significant correlation
between E’ percentage variation and anthracycline cumulative dose (Figure 2) [32]. As risk factors
other than increased cumulative doses of anthracyclines include female sex (male patients accounted
for the largest group in our study population, their prevalence being 62%), younger age at diagnosis
(in our study a mean age was 8.6 years (+5.08years) and trisomy 21.

The toxic cardiac effects seem to be more augmented after long periods of therapy completion
[40]. A study conducted at a mean period of 5 years after termination of chemotherapy proved that
cancer survivors can exhibit changes in left ventricular strain, in spite of normal left ventricular
function parameters, as identified during conventional echocardiography [41]. However, subclinical
changes in cardiac function in children seem to vary greatly among various studies, but do not
correlate with altered cardiovascular endurance tests [39,42]. Still, diastolic dysfunction seems to be
common after anthracycline-based regimens and to precede systolic dysfunction [43]. In children
with tachycardia, the pseudorestrictive appearance (E / A> 2) may occur due to fast relaxation with
consequent shortening of filling time. Regarding the TDI, the relaxation of the LV is not influenced
by the loading conditions or the geometry of the analyzed structure. The “E/Ea” ratio reflects the
degree of compliance of the LV, corroborated with other parameters

Septal E/E’ ratio has been commonly regarded as an early, predictive marker of diastolic
impairment, with an increase dependent upon the cumulative anthracycline dose used in 10-year
survivors of childhood malignancies [44]. E/A ratio was also related to diastolic dysfunction in a
pediatric study designed during a 5-year follow-up in children who had undergone chemotherapy
[45]. Our results show that no significant associations in terms of E/E” or E/A ratios were found
(Figure 5 and 6).

Similar findings were obtained by conducting the same analysis on antimetabolites, which are
also known as potential cardiotoxic drugs, but there are no clear guidelines regarding supervision in
patients who benefit from this particular medication [46].

Alkylating agents can also cause dose-dependent cardiotoxicity, through mostly unknown
mechanisms, but assumingly through a significant inhibition of DNA transcription and,
consequently, dampening of protein production [47,48]. The relatively lower doses administered in
children might explain the lower incidence of cardiac side effects in children as opposed to adults

doi:10.20944/preprints202402.0225.v1


https://doi.org/10.20944/preprints202402.0225.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 February 2024 doi:10.20944/preprints202402.0225.v1

11

[49]. These drugs also negatively impact systolic function, mainly the left ventricular EF, as well as
diastolic heart failure, as regarded in adults patients treated with cisplatin [50]. This therapeutic class
represented another point of interest in our study, and we detected significant changes in systolic
markers, GLS in relation to cumulative dose administered (Figure 4).

We did not identify however significant mean changes in in baseline GLS and after its
finalization, as opposed to other studies which have reported significant increase in baseline GLS
percentage [51]. Several cut-off percentual changes have been proposed as markers of significant left
ventricle impairment, but studies are still ongoing [52]. Through the current study, we tried to
identify ultrasound traits of myocardial dysfunction in children undergoing various types of
cytostatic therapeutic protocols, by assessing parameters suggestive of both systolic and diastolic
function. The addition of speckle-tracking to conventional echocardiography represented a strength
of the current study, as myocardial deformation parameters have been regarded as potential
indicators of early cardiac injury [19]. The cardiotoxicity of anthracyclines is studied and proven by
numerous studies. Understanding its mechanisms and early identification of cardiac dysfunction
(subclinical) is beneficial for improving cardioprotective treatment. Cardioprotection methods based
on the early echocardiographic determination of systolic dysfunction are being studied [53,54].
Therefore, a multidisciplinary approach involving pediatric cardiologists and oncologists, in a novel
pediatric cardio-oncology field could positively impact the morbidity and mortality prognosis of
pediatric patients with oncological pathology [55].

4.1. Limitations of Our Study

Despite the potential merits of this study, several limitations must be acknowledged. This study
has involved a small study population. That could be explained due to unicentric study, conducted
for a short follow-up period and the inclusion of only pediatric patients with acute leukemia. We did
not choose to include a variety of cancer types and chemotherapy protocols because we wanted to
avoid a heterogeneity of the cohort and selection bias. Another limitation is that our study does not
include a correlation with cardiac biomarkers. Our aim was to emphasized the importance of the
early determination of myocardial injury through noninvasive multimodal echocardiographic
evaluation. These limitations might explain the abundance of insignificant results obtained.

An evaluation at a longer timespan and an expansion of the study on a larger population might
pave the way towards a better understanding of long-term cardiac consequences of
chemotherapeutic agents.

5. Conclusions

Speckle-tracking echocardiography has been regarded as a imagistic tool which aids precocious
recognition of cardiac dysfunction in subjects who had benefitted from cytostatic treatment, with
most studies focusing on long-term side effects of anthracyclines. In our study, we failed to identify
significant differences from baseline values in mean ultrasound and speckle-tracking-derived
parameters, assessed after treatment completion. A clearer picture of the cardiotoxic effects could be
provided by expanding the research on larger populations and performing recurrent imagistic
follow-ups on the long-term.
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