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Introduction

In recent decades, survival from childhood cancer has improved 
dramatically due to improved supportive care, more precise risk 
stratification and personalized therapeutic approach, and extended 
application of allogeneic hematopoietic stem cell transplantation 
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Background and Objectives: Cardiovascular complications are the leading cause of morbidity and mortality in childhood cancer survivors. 
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after HSCT are not well known. We assessed left ventricular (LV) function in children after HSCT using speckle tracking echocardiography 
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Subjects and Methods: Forty consecutive patients with median age of 11.9 years (range, 1.5–16 years)  who received HSCT for acute 
leukemia and had comprehensive echocardiography before and after (median 9.2 month) HSCT were included in this study. The LV function 
parameters including conventional tissue Doppler imaging (TDI) and STE data were collected from pre- and post-HSCT echocardiography. 
These data were compared to those of 39 age-matched normal controls.
Results: Compared to normal controls, post HSCT patients had similar (p=0.06) LV ejection fraction. However, the following three LV func-
tion parameters were significantly decreased in post HSCT patients: rate-corrected velocity of circumferential fiber shortening (p=0.04), 
mitral inflow E velocity (p<0.001), and mitral septal annular E’ velocity (p=0.03). The following four STE parameters were also significantly 
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(p<0.01), and longitudinal diastolic SR (p<0.001). There was no significant change in TDI or STE parameters after HSCT compared to pre-
HSCT. Patients with anthracycline cumulative dose >400 mg/m2 showed significantly (p<0.05) lower circumferential systolic strain and 
circumferential diastolic SR. 
Conclusion: Subclinical cardiac dysfunction is evident in children after HSCT. It might be associated with pre-HSCT anthracycline exposure 
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(HSCT) as life-saving therapy.1)2) However, mortality rates in child-
hood cancer survivors are continuously increased compared to gen-
eral populations. The increase in mortality rates in childhood cancer 
survivors is associated with long-term organ damage and dysfunc-
tion.3-5) 

Except for primary or secondary malignant conditions, late cardiac 
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complications have been reported to be the leading cause of mor-
bidity and mortality following 5-year of survival.3)4)6)7) Cardiac com-
plications may occur within one year after treatment. They may de-
velop insidiously over years or decades in some patients. They can 
manifest as subclinical myocardial dysfunction or dilated cardio-
myopathy with overt heart failure.8)9) Anthracyclines, widely used for 
childhood malignancies, are well documented cardiotoxic agents. It 
is also well recognized that the risk of congestive heart failure 
(CHF) caused by anthracycline exposure is dose-dependent in pa-
tients not undergoing HSCT. Left ventricular (LV) dysfunction and 
end-stage cardiomyopathy may occur even at lower doses in some 
patients.5)8)9)

Hematopoietic stem cell transplantation is a life-saving therapy 
for pediatric cancers including acute leukemia. Indications for HSCT 
are expanding. Population of childhood cancer survivors who had 
HSCT is increasing.1) Incidence and risk factors of CHF in patients 
who had HSCT are not well known. Patients who had HSCT might 
be at risk of further cardiac injury by treatment for pre-HSCT con-
ditioning therapies including high-dose cyclophosphamide (CY) and 
total body irradiation (TBI).10-12) However, there have been debates 
on the effect of pre-HSCT conditioning therapies on cardiovascular 
system. Recent studies showed that the risk of late cardiovascular 
complications after HSCT was largely due to pre-HSCT therapeutic 
exposures with little additional risk from conditioning related expo-
sures.13)14) A study on the change of LV function before and after 
HSCT using echocardiography parameters demonstrated that chil-
dren at 1-year post HSCT had subclinical declines in systolic and 
diastolic function.15) The authors suggested that HSCT conditioning 
therapies were likely to be other risk factors for LV dysfunction after 
HSCT. They recommended that serial assessment of cardiac func-
tion should be considered for all children following HSCT.15) 

Echocardiography remains the main imaging modality to moni-
tor cardiac function in these patients. LV ejection fraction (EF) or 
fractional shortening (FS), parameters of systolic function measured 
by conventional M-mode imaging, have been commonly included 
in long term follow up protocols. However, the need for geometric 
assumption and variable reproducibility are the limitations.16)17) 
Recently, studies using tissue Doppler imaging (TDI) and/or two-di-
mensional (2D) speckle-tracking echocardiography (STE) parame-
ters of myocardial deformation have demonstrated that subclinical 
LV systolic and diastolic dysfunctions were not uncommon in long-
term survivors with normal EF.18-21) In this study, we compared the 
LV systolic and diastolic function in children who had HSCT for acute 
leukemia to those of age matched normal controls using TDI and 2D 
STE. In addition, we examined the change of cardiac function from 
pre-HSCT to post-HSCT echocardiographic findings to determine 
the impact of HSCT on cardiac function.

Subjects and Methods

Study design
This study was a single center, retrospective, and case control 

study in 40 children (age <18 years) with acute leukemia who had 
undergone the first HSCT at Seoul Saint Mary’s Hospital between 1 
January 2011 and 31 January 2014. According to our institutional 
protocol, all patients had echocardiography to assess systolic and 
diastolic function within 3 months before HSCT, and 3, 6, 9, 12 
months and annually thereafter. The inclusion criteria were: 1) pa-
tients who had a pre-HSCT echocardiography within 3 months be-
fore HSCT and a post-HSCT echocardiography performed at least 
more than 3 months following HSCT, 2) patients whose echocar-
diographic TDI (mitral septal annular velocity) and STE {LV longitudi-
nal and mid-LV circumferential strain (S), and strain rate (SR)} data 
were available. Exclusion criteria were: 1) patients who had congeni-
tal heart disease, 2) patients who had risk factors for cardiovascu-
lar complications such as hypertension, diabetes, or hyperlipidemia, 
3) patients who died within 6 months after HSCT. The echocardio-
graphic findings of patients were compared to those of 39 age-
matched normal controls. The control subjects were children who 
visited the cardiac outpatient clinic with heart murmur, nonspecific 
chest pain, palpitation, or syncope with echocardiographic findings 
showing definitive normal cardiac structure and functions. Pa-
tients’ demographic and HSCT characteristics were collected from 
the database of HSCT program at our institute. Total anthracycline 
cumulative dose were recorded as doxorubicin cumulative dose by 
correcting for equivalent doses of commonly used anthracyclines 
based on substitution rules and hematologic toxicity.22)

Transplant procedure
Patients received a TBI or a busulfan-based myeloablative condi-

tioning regimen. Pre-HSCT conditioning regimens for this study 
population included busulfan+fludarabine±antithymocyte glob-
ulin (ATG) (n=22, 55%) and TBI+CY±cytarabine or ATG (n=18, 
45%). Stem cell sources included bone marrow (n=27), peripheral 
blood stem cells (n=12), and cord blood (n=1). The regimen for graft-
versus-host disease (GVHD) prophylaxis included cyclosporine 
(3 mg/kg/day, intravenous initially) starting from day 1 and 4 doses 
of mini-dose methotrexate (5 mg/m2) at days 1, 3, 6, and 11. For pa-
tients who received a transplant from an unrelated donor, ATG was 
given at a total dosage of 7.5 mg/kg during a period of three days as 
part of the conditioning procedure. 

Echocardiography
According to the protocol of HSCT program, all patients under-

went comprehensive echocardiographic assessment of systolic and 
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diastolic function using Vivid 7 ultrasound machine (GE Medical 
Systems, Horten, Norway) within 3 months before HSCT, and 3, 6, 9, 
12 months and annually thereafter. Echocardigraphic data were 
collected from two studies, a pre-HSCT study performed closest to 
HSCT and the latest study performed at least three months follow-
ing HSCT. Measurements were performed on ultrasound machines 
and/or customized EchoPAC software (GE Medical Systems, Horten, 
Norway). Average value of echocardiographic indices from three 
cardiac cycles was recorded. 

For conventional echocardiographic assessment, LV end-systolic 
and end-diastolic dimensions, LV EF, and FS were derived from M-
mode assessment of mid-LV parasternal long axis view. Rate-cor-
rected velocity of circumferential fiber shortening (Vcfc) was also 
derived. Mitral inflow Doppler velocities at early (E) and late (A) di-
astole, E/A ratio, and early E deceleration time (DT) were recorded. 
From TDI, mitral septal annular velocities, including peak early dia-
stolic (E’), late diastolic (A’), peak systolic myocardial tissue velocity 
(S’), E’/A’ ratio, and mitral septal myocardial performance index (MPI) 
were recorded. STE for determinations of LV strain and SR was 
performed using customized EchoPAC software (GE Medical Sys-
tems) to track speckles. The apical four-chamber plane was used to 
assess LV global longitudinal strain, longitudinal systolic SR, and lon-
gitudinal diastolic SR. The parasternal short-axis plane at the level 
of papillary muscle was used to assess LV global circumferential 
strain, circumferential systolic SR, and circumferential diastolic SR. 
Low intra and interobserver variability for the measurement of glob-
al longitudinal strain and SR were previously reported.23)24) All post-
HSCT echocardiographic parameters in patients were compared to 
those of normal controls and pre-HSCT parameters. 

Statistical analysis
Data were expressed as mean±standard deviation. Comparison 

of demographic and echocardiographic parameters between pa-
tients and controls were made using two-tailed independent-sample 
t-test for normally distributed data and two-tailed Mann-Whitney 
U test for data without normal distribution, or Fisher’s exact test 
when appropriate. Changes in echocardiographic parameters from 
the pre-HSCT to the post-HSCT were compared using paired-sam-
ple t-test. To evaluate the potential effect of age, sex, body mass 
index (BMI), oncologic diagnosis, TBI, use of CY, acute GVHD after 
transplant, and cumulative dose of anthracyclin on cardiac func-
tions (TDI and STE parameters), we used the independent-samples 
t-test for dichotomous variables and Pearson correlation analysis 
for continuous variables. Correlations between LV EF and parameters 
derived TDI and STE were analyzed by Pearson correlation analysis. 
As this was an exploratory analysis, we did not adjust parameters 
for multiple testing. To explore the effect of anthracycline on cardiac 

functions, patients were divided into two groups according to their 
cumulative dose of anthracycline with cutoff points of 200, 300, or 
400 mg/m2. Echocardiographic parameters were compared using 
the independent-samples t-test. Data were analyzed using com-
mercially available software PASW Statistics (version 18 for Win-
dows; IBM, Armonk, NY, USA). Statistical significance was consid-
ered when p was less than 0.05. 

Results

Demographic and HSCT characteristics of the study cohort are 
summarized in Table 1. A total of 40 patients (30 males) who had 
the first HSCT for acute myeloid leukemia (AML, n=20) or acute lym-
phoblastic leukemia (ALL, n=20) at the age of 10.2±4.9 years (range, 
1.5–16 years) met our inclusion criteria. Of the 40 patients, 18 (45%) 
had TBI and CY treatment for pre-transplant conditioning. The me-
dian equivalent cumulative dose of anthracycline was 293 mg/m2 
(range, 30–820 mg/m2). Acute GVHD developed in 16 (40%) patients 
with a median of 16 days (range, 5–50 days) after HSCT. All patients 
were asymptomatic without need for cardiac medication. Echocar-
diography was done with a median of 13 days (range, 5–55 days) be-
fore and 9.2 months (range, 3–13 months) after HSCT. The 39 con-
trols (26 males) with age of 9.3±2.77 years (p=0.07) weighed 35.8± 
13.0 kg (vs. 42.7±22.0 kg for patients, p=0.17) at the time of study. 
The BMI of patients were lower than those of controls (p=0.01). 

Table 1. Demographic and HSCT characteristics of the study cohort

Variable
Patients
(n=40)

Controls
(n=39)

p

Female, n (%) 10 (25) 13 (33) NS

Age at diagnosis (year) 8.9±4.8

Age at HSCT (year) 10.2±4.9

Age at study (year) 10.9±4.9 9.3±2.8 0.07

Body weight (kg) 42.7±22.0 35.8±13.0 NS

BMI (kg/m2) 20.4±4.6 23.7±4.7 0.01

Diagnosis

AML, n (%) 20 (50)

ALL, n (%) 20 (50)

Transplant preparative regimen

TBI based, n (%) 18 (45)

Busulfan based, n (%) 22 (55)

Median anthracyclin cumulative 
  dose (mg/m2)

293 (30–820)

Acute GVHD, n (%) 16 (40)

HSCT: hematopoietic stem cell transplantation, BMI: body mass index, AML: 
acute myeloid leukemia, ALL: acute lymphoblastic leukemia, TBI: total body 
irradiation, GVHD: graft-versus-host disease, NS: not significant
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Conventional echocardiographic parameters
Echocardiographic characteristics of patients and controls are 

summarized in Table 2. Compared to controls, patients had signifi-
cantly higher heart rate (p=0.01) and decreased Vcfc (p=0.04) after 
HSCT. Patients had slightly lower LV EF (p=0.06) and FS (p=0.06). 
Patients also had slightly larger LV end-systolic dimension (p=0.06). 
However, all patients had LV EF (>55%) and LV FS (>0.28) within 
normal limits. LV EF showed significant correlation (r=0.905, p< 
0.001) with Vcfc in patients. Patients had significantly lower mitral 
inflow early diastolic E velocity (p<0.001) and E/A ratio (p<0.001) 
compared to normal controls. In the patient group, the mitral in-
flow early diastolic E velocity decreased significantly (p=0.01) after 
HSCT as compared to pre-transplant assessment. However, other 
parameters did not show any significant change from pre-HSCT to 
post-HSCT. 

Tissue Doppler imaging and two-dimensional speckle-tracking 
echocardiography parameters

Compared to the controls, patients had significantly lower mitral 
septal annular E’ (p=0.03) and E’/A’ ratio (p<0.001) but higher A’ 
(p<0.001). Mitral septal S’ and MPI on TDI after HSCT were not sig-
nificantly different between the two groups (Table 2). On 2D STE, 
global longitudinal systolic strain and global longitudinal systolic 
SR were similar between patients and controls. However, global 
longitudinal diastolic SR (p<0.001), circumferential systolic strain 
(p<0.001), circumferential systolic SR (p=0.01), and circumferential 
diastolic SR (p<0.001) were significantly decreased in patients af-
ter HSCT compared to controls. LV EF did now show significant cor-
relation with any parameters derived from TDI or STE. For patients, 
there was no significant change in TDI or STE parameters from pre-
HSCT to post-HSCT. 

Table 2. Echocardiographic characteristics of patients and controls

Echocardiographic characteristics
Patients (n=40) Controls (n=39)

Pre-HSCT Post-HSCT p* p†

Heart rate (beats/min) 88.2±16.5 91.1±15.6 NS 82.4±12.9 0.01

LV EF (%) 63.3±4.5 63.0±5.0 NS 65.4±5.8 0.06

LV FS (%) 0.3±0.1 0.3±0.1 NS 0.4±0.0 0.06

LVDD (mm) 43.6±7.3 41.8±6.6 NS 40.3±5.1 NS

LVDS (mm) 28.6±4.8 27.9±4.9 NS 26.0±3.7 0.06

Vcfc 1.04±0.12 1.02±0.14 NS 1.09±0.13 0.04

Mitral inflow Doppler measurements

 Early diastolic E velocity (m/sec) 0.9±0.2 0.8±0.2 0.01 1.1±0.2 <0.001

 Late diastolic A velocity (m/sec) 0.6±0.2 0.5±0.1 NS 0.5±0.1 NS

 E/A ratio 1.7±0.6 1.6±0.5 NS 2.1±0.5 <0.001

 Early diastolic E DT (ms) 146±44 156±45 NS 155±57 NS

Tissue Doppler imaging

 Mitral septal E’ velocity (m/sec) 0.13±0.02 0.12±0.02 NS 0.14±0.02 0.03

 Mitral septal A’ (m/sec) 0.08±0.02 0.08±0.02 NS 0.06±0.02 <0.001

 E’/A’ ratio 1.72±0.56 1.63±0.38 NS 2.25±0.54 <0.001

 Mitral septal S’ velocity (m/sec) 0.10±0.01 0.08±0.02 NS 0.08±0.01 NS

 Mitral septal MPI 0.42±0.07 0.39±0.07 NS 0.42±0.07 NS

2D speckle tracking echocardiography

 Global longitudinal systolic strain (%) -20.5±3.3 -20.4±3.2 NS -20.7±3.1 NS

 Global longitudinal systolic SR (sec-1) -1.30±0.23 -1.30±0.21 NS -1.28±0.22 NS

 Global longitudinal diastolic SR (sec-1) 1.81±0.53 1.90±0.51 NS 2.44±0.71 <0.001

 Global circumferential systolic strain (%) -17.3±3.9 -16.8±3.4 NS -20.0±3.1 <0.001

 Global circumferential systolic SR (sec-1) -1.14±0.24 -1.18±0.24 NS -1.32±0.24 0.01

 Global circumferential diastolic SR (sec-1) 1.57±0.53 1.70±0.51 NS 2.31±0.57 <0.001

*Comparison between pre-HSCT and post-HSCT parameters in patients, †Comparison between post-HSCT parameters in patients and those in controls. HSCT: 
hematopoietic stem cell transplantation, LV EF: left ventricular ejection fraction, LV FS: left ventricular fractional shortening, LVDD: left ventricular end-dia-
stolic dimension, LVDS: left ventricular end-systolic dimension, Vcfc: rate-corrected velocity of circumferential fiber shortening, DT: deceleration time, MPI: 
myocardial performance index, SR: strain rate, NS: not significant
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Risk factors for left ventricular dysfunction after hematopoietic 
stem cell transplantation

The potential effect of age, sex, BMI, oncologic diagnosis, TBI, use 
of CY, acute GVHD after transplant, and cumulative dose of anthra-
cyclin on cardiac function were analyzed. Eighteen patients who had 
TBI and CY as conditioning regimens showed slightly decreased 
global longitudinal diastolic SR (1.70±0.46 sec-1 vs. 1.99±0.55 sec-1, 
p=0.078) without statistical significance from patients without TBI. 
LV global longitudinal diastolic SR was significantly decreased in 
patients who had acute GVHD after HSCT (n=16, 1.67±0.55 sec-1 vs. 
1.98±0.48 sec-1, p<0.048). LV global longitudinal diastolic SR sh-
owed negative correlations with BMI (r=-0.503, p=0.001) and age 
at diagnosis (r=-0.612, p<0.001). Sex and diagnosis (AML vs. ALL) 
were not associated with LV dysfunction. Patients with lifetime cu-
mulative dose of anthracycline more than 400 mg/m2 (n=8) had sig-
nificantly lower global circumferential systolic strain (-14.7±3.56% 
vs. -17.3±3.13%, p=0.03) and global circumferential diastolic SR 
(1.31±0.45 sec-1 vs. 1.80±3.13 sec-1, p=0.015) (Fig. 1). 

Discussion

This is the first study to evaluate LV deformation using STE after 
HSCT in children with acute leukemia as a homogenous group of 
study cohort. Our findings in this study suggest that children who 
had HSCT for acute leukemia had reduced LV systolic and diastolic 
function based on TDI and STE, albeit having normal range of LV EF 
or FS compared to normal controls. Patients had small but signifi-
cantly lower Vcfc (an afterload-dependent measure of contractili-
ty). In addition, patients had decreased mitral inflow Doppler E 

velocity and E/A ratio (an early markers of diastolic dysfunction). Mitral 
septal peak E’ tissue Doppler velocity was significantly decreased 
in patients. In addition, patients had significantly reduced LV myo-
cardial deformation parameters, circumferential strain, SR, and 
longitudinal SR. These results might have been significantly influ-
enced by pre-transplant cumulative dose of anthracyclin (>400 
mg/m2). The impact of pre-transplant conditioning treatment on 
cardiac function was minimal. All patients were asymptomatic with-
out needing cardiac medication in our study.

Despite a dramatic increase in cure rate of childhood cancer, high 
long-term mortality and morbidity in this population compared to 
general populations have been reported to be related to long-term 
organ damage and dysfunction.1-3)5) Oeffinger et al.25) reported that 
30 years after treatment, the cumulative incidence of chronic health 
conditions in long-term cancer survivors attained 73%, with a cu-
mulative incidence of 42% for severe, disabling, or life threatening 
conditions or death. Late cardiac complications, except for patients’ 
own malignant conditions, have been reported to be the leading 
cause of morbidity and mortality in childhood cancer survivors after 
5-year of survival.3)6)7) Mertens4) reported that childhood cancer sur-
vivors are 15 times more likely to develop clinical heart failure with 
significantly increased mortality rate due to cardiac causes com-
pared to controls. Cardiac complications can manifest as subclini-
cal myocardial dysfunction, acute toxicity with overt heart failure 
early after treatment, or insidious onset dilated cardiomyopathy over 
years or decades after treatment.8)9) In this relatively short-term fol-
low up study, although there was no patient with clinical heart fail-
ure needing cardiac medication, subclinical cardiac systolic and dia-
stolic dysfunction assessed by TDI and STE was evident in patients 
after HSCT compared to normal controls, albeit having normal range 
of LV EF or FS. A study on the change of LV function before and after 
HSCT using echocardiography parameters also demonstrated that 
children had subclinical declines in systolic and diastolic function 
at 1-year post HSCT.15) Despite the uncertainties of the overall clini-
cal significance, subclinical cardiac dysfunction is known to be more 
prevalent than symptomatic heart failure which might become clini-
cally important over time.15)26) Serial close follow up evaluation of 
cardiac function should be considered for all children following HSCT.

Hematopoietic stem cell transplantation has an expanding role 
as a life-saving therapy for pediatric cancers, including acute leu-
kemia. The population of childhood cancer survivors who had HSCT 
is increasing.1) However, the incidence and predictors of CHF in 
childhood cancer survivors with HSCT has not been well known, 
although more extensive studies have been done in non-HCT set-
tings. Risk factors of developing cardiovascular diseases such as 
hypertension and diabetes has been reported to be increased in 
childhood HSCT survivors.25)27) A study on 1491 patients (mainly 

Fig. 1. Global left ventricular strain (S), strain rate (SR), and diastolic strain 
rate (DSR) in patients with antracycline cumulative dose <400 mg/m2 (black 
bar) compared to those in patients with anthracycline cumulative dose 
>400 mg/m2 (white bar).
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adults) who had survived 2 years or longer after HSCT showed that 
HSCT recipients experienced increased cardiovascular death {adjust-
ed incidence rate difference, 3.6 per 1000 person-years (95% con-
fidence interval, 1.7 to 5.5)}. In addition, they had an increased cu-
mulative incidence of ischemic heart disease, cardiomyopathy or 
heart failure, stroke, vascular diseases, and rhythm disorders com-
pared to the general population.3) Besides pre-HSCT chemothera-
peutic exposure, especially anthracyclin derivatives that are well-
known cardiotoxic agents, conditioning treatment with high-dose 
CY and TBI with potentially cardiotoxic exposures unique to HCT re-
cipients may affect further cardiac injury.10-12)25)27) However, there 
has been debates on this issue regarding the impact of condition-
ing treatment on cardiac function.13)14)28) Chow et al.28) found that no 
consistent difference in hazards of cardiovascular complications 
was observed after TBI. In contrast, Daly et al.15) showed that LV sys-
tolic performance decreased significantly after HSCT in subgroup 
of patients without exposure to anthracycline chemotherapy and 
suggested that the decrease in LV contractility was likely to be sec-
ondary to other risk factors, such as HSCT conditioning therapy. In 
our patients, a small but statistically significant decrease in mitral 
inflow Doppler peak early diastolic E velocity after HSCT was founds, 
whereas other echocardiographic parameters including TDI and 
STE did not change significantly after HSCT compared to pre-HSCT 
parameters. In addition, post-HSCT echocardiographic functional 
parameters of 18 patients who had TBI and CY as conditioning regi-
mens showed no significant difference from those of patients with-
out TBI or CY. These findings suggested that the impact of precondi-
tioning treatment on cardiac function was minimal in our patients, 
although longer follow up evaluation is needed to verify this. 

Anthracyclines, widely used in childhood cancer treatment, are 
well known cardiotoxic agents. The risk of CHF caused by anthracy-
cline has been known to be dose-dependent. Further studies have 
demonstrated evidence of cardiac dysfunction at a low cumulative 
doses of anthracycline <250 mg/m2.5)8)9) Daly et al.15) reported that 
children had subclinical LV systolic and diastolic dysfunction at 
1-year post HSCT. However, cumulative lifetime anthracycline dose 
did not correlate with observed changes in function. In our study, 
patients with cumulative doses of anthracycline >400 mg/m2 had 
significantly lower LV deformation parameters such as global cir-
cumferential systolic strain (p=0.03) and global circumferential di-
astolic SR (p=0.015) measured by STE, although they had LV EF and 
FS within normal range. This finding suggests that pre-HSCT expo-
sure to anthracyclines might have played a major role in the devel-
opment of cardiac dysfunction after HSCT in our patients. Our pa-
tients received relatively higher cumulative anthracycline doses 
(median, 293 mg/m2; range, 30–820 mg/m2) compared to those (me-
dian, 150 mg/m2; range, 120–195 mg/m2) in children reported by 

Daly et al.15) This heterogeneity of anthracycline cardiotoxicity might 
be partially explained by the presence of genetic polymorphisms 
that might have altered the metabolism of anthracyclines, the myo-
cardial response to the drug, as well as other factors thought to 
play a role in susceptibility to de novo disease.5)

Post-HSCT medications (such as immunosuppressive agents and 
corticosteroids) and complications (such as acute GVHD or renal 
injury) may increase the risk of late-occurring CV complications.5) In 
this study, 16 patients had acute GVHD needing corticosteroid treat-
ment. They also had significantly decreased LV global longitudinal 
diastolic SR compared to patients without acute GVHD (p<0.048). 
LV global longitudinal diastolic SR, an earlier marker of LV diastolic 
dysfunction, showed negative correlations with BMI (r=-0.503, 
p=0.001) in acute GVHD patients. These findings suggest that acute 
GVHD itself or corticosteroids treatment might have affected myo-
cardial diastolic function, although further study is needed to clar-
ify this. Sex and diagnosis (AML vs. ALL) was not associated with LV 
dysfunction in this study. 

Given that cardiovascular complications are the leading causes 
of late mortality and morbidity in childhood cancer survivors after 
HSCT, it is important to monitor cardiac function closely with an 
adequate diagnostic modality to detect myocardial dysfunction ear-
lier in these population. Echocardiography remains the main diag-
nostic modality. LV EF or FS derived by M-mode imaging is frequent-
ly incorporated into follow up protocols of pediatric oncology to 
monitor LV systolic function, although it has limitations such as 
geometric assumption and variable reproducibility.16)17) 2D STE is a 
novel imaging technique to quantify complex cardiac motion with 
the advantage of angle independency that can measure global and 
regional ventricular deformation in three dimensions: longitudinal, 
radial, and circumferential directions.29) 2D STE has been found clini-
cally useful in the assessment of cardiac systolic and diastolic func-
tion as well as providing new insights in deciphering cardiac phys-
iology and mechanics in cardiomyopathies and identifying early 
subclinical changes in various pathologies, including early detection 
of cardiotoxicity in patients receiving chemotherapy for cancer.18)29) 
In a study using STE, Cheung et al.18) demonstrated impaired LV 
myocardial deformation and mechanical dyssynchrony in children 
after anthracycline therapy despite having normal LV FS. They sug-
gested that the new echocardiographic techniques may unmask the 
evidence of LV systolic dysfunction in patients who may otherwise 
be regarded as having normal LV systolic function based on isolated 
M-mode findings.18) In our study, there was no significant differ-
ence in M-mode derived LV EF and FS between patients and con-
trols, with all patients having LV EF and FS within normal limits. 
However, patients had significantly reduced LV global longitudinal 
and circumferential myocardial strain and SR compared to normal 
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controls on STE. Since myocardial systolic strain and SR are strong 
indices of ventricular contractility, it is worth noting that children in 
this study might experience cardiac dysfunction early after HSCT, 
although they had normal LV EF and subclinical condition.18)29) The 
2D STE is a useful tool to detect early myocardial dysfunction. There-
fore, 2D STE may be considered as a routine imaging modality to 
assess cardiac function in this population. To elucidate the impact 
of this subclinical early cardiac dysfunction on long term cardiovas-
cular consequences and to provide evidence as to whether this ap-
proach would alter long-term outcome in children after HSCT, fur-
ther longitudinal studies are needed. 

There are several limitations in this study. First, since survivors at 
least more than 6 months after HSCT were included in this study 
cohort, patients who suffered from acute myocardial dysfunction 
by high dose of CY and died of it during engraftment period after 
HSCT might have been excluded from the study. Therefore, imme-
diate and acute impact of preconditioning treatment on cardiac 
function could not be evaluated in this study. Second, this is a rel-
atively short-term follow up study after HSCT. Therefore, we do not 
know whether the cardiac functional parameters will change, im-
prove, or deteriorate over time. Longitudinal follow up study is 
needed to verify prognostic implication of findings in this study. 
Third, because of the retrospective nature of this study, some pos-
sibly important echocardiographic parameters such as TDI veloci-
ties of tricuspid valve annulus or the lateral mitral annulus could not 
be evaluated. However, we focused on the evaluation of LV longi-
tudinal and circumferential myocardial deformation using 2D STE 
because there has been no study on this issue in children with acute 
leukemia after HSCT. Nonetheless, we could obtain important in-
formation from this study. 

In conclusion, early subclinical myocardial systolic and diastolic 
dysfunction is evident in children after HSCT for acute leukemia. 
Novel echocardiograpy imaging techniques such as TDI and STE 
are sensitive and useful for detecting early change in cardiac func-
tion in childhood cancer survivors. Although multiple factor may 
influence cardiac function, pre-HSCT anthracycline exposure was 
the main risk factor for cardiac dysfunction with minimal effect 
from pre-HSCT conditioning regimens or complications after HSCT. 
Careful longitudinal clinical assessment and serial quantitative echo-
cardiography using new imaging techniques to evaluate systolic 
and diastolic function should be considered for all patients who 
had HSCT.
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