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Aims Asymptomatic long-term cancer survivors treated with anthracycline were investigated for late anthracycline cardi-
otoxicity using dobutamine stress echocardiography (DSE) and tissue Doppler (TD) velocities.

Methods
and results

The study comprised 20 asymptomatic patient and 18 healthy children as the control group. Twenty patients were
divided into two groups according to the myocardial wall motion during DSE: Group 1 (normal myocardial wall
motion; six girls and five boys) and Group 2 (abnormal myocardial wall motion: nine boys). Intravenous dobutamine
infusion was started at a dose of 5 mg/kg/min (D5) and gradually increased to 10 (D10), 15 (D15) and 20 mg/kg/min
(D20). Echocardiographic assessment was performed at rest and after each dose of dobutamine infusion. Abnormal
myocardial wall motion was observed at rest in 3 patients and during DSE in six patients. There were no significant
differences between the patients and control groups at rest except the end systolic wall stress and mitral deceleration
time measured by conventional methods; however, both patients group showed significant differences of systolic and
diastolic functions at D20. In patients groups, systolic and diastolic functions of interventricular septum (IVS) and sys-
tolic function of left ventricle (LV) and right ventricle (RV) TD velocities showed significant changes compared with
control group at rest. Significant differences of diastolic functions of IVS and RV were noted during dobutamine infu-
sion in abnormal myocardial wall motion compared with other groups.

Conclusion LV, RV and IVS TD velocities systolic function at rest and during DSE can provide valuable information for early detec-
tion of subclinical cardiac toxicity. TD velocities of diastolic functions during DSE are a valuable parameter for assess-
ment of subclinical cardiac toxicity in patient with abnormal wall motion.
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Introduction
Almost 60% of children with cancer are currently being treated with
anthracycline and more than 70% of these children are expected to

be cured. Cardiotoxicity due to anthracycline may occur early or in
later stages of treatment, even several years after completion of the
treatment for childhood cancer. Although anthracycline-induced
cardiotoxicity is a well recognized, its mechanism of action is not
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completely understood. Anthracycline-induced cardiotoxicity can
present as an asymptomatic decline in cardiac function or as clinical
heart failure beginning as diastolic dysfunction and progressing to
include systolic dysfunction1

. Subclinical cardiac toxicity can be diag-
nosed in children with various diagnostic methods (e.g. functional
tests, biomarker, magnetic resonance imaging, isotope imaging),
demonstrating significant abnormalities related to the heart.1–4

Echocardiography is a noninvasive and effective tool in the assess-
ment of anthracycline cardiotoxicity. Echocardiographic parameters
that are frequently used for the evaluation of cardiac functions
include left ventricular shortening fraction (SF), ejection fraction
(EF), left ventricular posterior wall thickening (LVPWt), left ventricu-
lar end-systolic wall stress (ESWS), and mitral deceleration time
(DT).3,4 None of these parameters have been proven to be a
reliable indicator for early diagnosis of cardiotoxicity. Tissue
Doppler imaging (TDI), a novel echocardiographic method used in
the diagnosis of anthracycline cardiac toxicity, has been proven to
be an effective tool in the assessment of regional systolic and dias-
tolic functions.5,6 Some derangements in cardiac functions are
usually not evident at rest and can be revealed only during exercise.
Dobutamine stress echocardiography (DSE) has successfully been
used for the diagnosis of subclinical cardiotoxicity.3,7

In our study our primary goal is to investigate the presence of
subclinical anthracycline cardiotoxicity (defined as echocardio-
graphic abnormalities in asymptomatic patients in comparison to
healthy control subjects) using conventional echocardiography,
TDI and DSE. Our secondary goal was to investigate the wall
motion abnormalities by using DSE study and for this purpose
we divided the patients into two groups depending on their wall
motion functions and compared the patients with abnormal and
normal myocardial wall motion.

Patients
This study included 20 asymptomatic patients who had been treated
with anthracycline for childhood cancer. Patients were divided into
two groups according to the myocardial wall motion during DSE.
Group 1 had normal myocardial wall motion (six girls and five
boys, mean age: 18.5+3.0, mean cumulative dose of anthracycline:
295.5+90 mg/m2), and Group 2 had abnormal myocardial wall
motion (nine boys, mean age: 18.1+3.2, mean cumulative dose
of anthracycline: 266+122 mg/m2). The control group consisted
of 18 healthy volunteers (14 boys, 4 girls, mean age: 19.2+4.0
years). Mean age at the time of diagnosis was 7+3.8 (median: 6,
4–15) years in Group 1 and 6.5+3.2 (median: 6.1, 5–14) in
Group 2. The follow-up period after completion of anthracycline
treatment ranged from 7 to 14 years (mean: 10+2 years,
median: 10 years). Patients received anthracycline treatment doses
for a period of 6 h via infusion with the diagnosis of lymphoma,
angiosarcoma, hepatoblastoma, rhabdomyosarcoma, Willm’s
tumour, or ganglioneuroblastoma. One patient received additional
mediastinal radiotherapy at nontoxic doses (2000 cyg) in group 2.

Methods
After establishing baseline values at rest by echocardiography, intrave-
nous dobutamine infusion was initiated at a dose of 5 mg/kg/min
(D5) and this dose was increased to 10 (D10), 15 (D15) and

20 (D20) mg/kg/min at 5 min intervals. Blood pressure, heart rate, res-
piratory rate, oxygen saturation, arrhythmia, and clinical symptoms
were continuously monitored during the test. Dobutamine infusion
was prematurely terminated if any of the following complications
occurred: arrhythmia, a sudden increase or decrease in blood pressure
and a severe feeling of discomfort. Pulse oximeter, ECG monitor, and a
manual blood pressure monitoring device were used for measurements.

Echocardiography
Echocardiographic evaluation was performed by General Electric Vivid 3
Pro equipped with 3 MHz transducer and dedicated software for dobu-
tamine stress test. Myocardial segmental analysis was performed by
stress echocardiography as previously described.8 All patients were
examined in supine or left lateral decubitus position. Images were
obtained during parasternal short- and long-axis views, apical 2
chamber and apical 4 chamber positions. Assessments of systolic and
diastolic functions, TD velocities, and myocardial wall motions were per-
formed both at rest and during dobutamine infusions. Wall motion is
graded for each of the 16 segments by examining both endocardial
excursion and myocardial thickening during systole using the baseline
image as a reference standard. Wall motion is graded in worsening
degrees as normal, hypokinetic, akinetic, dyskinetic, aneurysmal, akinetic
with scar, or dyskinetic with scar.8 After obtaining the baseline record-
ings, continuous dobutamine infusion was initiated at 5 mg/kg/min (D5)
and gradually increased to 10 (D10), 15 (D15), and 20 mg/kg/min
(D20). Echocardiographic measurements were repeated after each
dose increment, if the patient could tolerate the specified dose for
5 min. Three consecutive images were recorded at rest and during
dobutamine infusions. At the end of the test these images were evalu-
ated by the same investigators (A.Y. and F.S.T.). Mean values of all
measurements were used for statistical analysis. Measurements were
performed according to the American Echocardiographic Society guide-
lines.9 Peak mitral E and A wave filling velocities were measured accord-
ing to the method described by Nishimura et al.10 and ESWS was
calculated according to the method described by Grossman et al.11

Mitral acceleration time (AT) and the mitral DT were also measured.
Left ventricular posterior wall percent thickening was calculated by
the following formula: [% LVPWt¼ 100 × (LV posterior wall end systo-
lic thickness 2 LV posterior wall end diastolic thickness)/LV posterior
wall end diastolic thickness].3,9–11 The measurements used in TD
studies were annular (Sa) and middle systolic (Sm), early annular, and
middle diastolic (é and ém, respectively), late annular and middle dias-
tolic (á and ám respectively), myocardial velocities at the LV and RV
free wall and IVS by apical 4 chamber position. TD é/á wave ratios
were calculated. Images obtained during stress echocardiography were
evaluated for any abnormal movement in the myocardium.

Statistical analysis
Windows SPSS 15.0 computer software was used for the statistical
analysis of the data and quantitative values were presented as
mean+ SD, and qualitative values were presented as frequency dis-
tribution or percentage. Mann–Whitney U-test was used to evaluate
the difference between the groups. Spearman’s nonparametric cor-
relation test was used to examine the correlation between the
cumulative anthracycline dose and all of echocardiographic measure-
ments. A P-value ,0.05 was considered statistically significant.

Ethics
The study protocol was approved by the local ethical committee.
Informed consent was obtained from all participants and/or their
guardians.
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Results
There were no significant differences between patient and control
groups for age, weight, blood pressure, and heart rate recorded at
rest or during dobutamine infusions (Table 1, P . 0.05). There
were no significant differences between both patients groups and

the control group at rest except ESWS and DT measured by con-
ventional methods. As the dose of dobutamine was gradually
increased, the patients groups demonstrated some abnormalities
in EF, SF, LVSd, LVDd, % LVPWt, interventricular septum systolic
thickening (IVSSt), and AT values compared with the control
group (Tables 2 and 3).

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 The measurements of blood pressure and heart rates during dobutamine stress echocardiography, mean+++++SD

Rest D5 D10 D15 D20

Systolic blood pressure (mmHg)

Group 1* 108.7+11.0 120.0+15.2 131.1+18.5 142.0+13.0 147.6+13.8

Group 2* 111.2+12.1 126.8+16.9 141.8+18.0 146.8+16.2 149.8+14.6

Control 112.7+10.4 126.0+11.0 139.0+14.7 146.0+14.0 149.5+17.2

Diastolic blood pressure (mmHg)

Group 1 65.8+7.0 66.2+5.7 70.0+6.2 76.3+9.3 77.2+10.7

Group 2 64.7+10.1 67.9+12.9 69.2+8.4 73.3+8.0 70.5+8.7

Control 66.3+6.5 66.9+9.8 73.0+11.0 72.0+10.0 73.9+11.6

Heart rate (min)

Group 1 69.4+9.5 79.8+17.0 84.4+18.7 98.9+21.8 117.7+28.4

Group 2 71.7+14.7 81.6+21.1 97.0+13.5 110.0+19.5 121.0+16.1

Control 73.0+11.4 81.0+11.2 93.0+12.0 113.0+15.0 138.7+11.8

*P . 0.05: Group 1–Group 2, P . 0.05: Group 1–control, P . 0.05: Group 2–control.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 The measurements of left ventricular systolic functions during dobutamine stress echocardiography,
mean+++++SD

Rest D5 D10 D15 D20

EF (%) Group 1 69.0+2.8 72.7+6.9 72. 8+5.2 72.0+4.6 73.4+6.8
Group 2 68.7+3.6 71.8+7.8a 68.6+11.7a 71.4+8.8 68.4+9.6a

Control 71.0+6.5 78.0+15.0 78.2+5.62 77.2+5.5 78.7+5.8

SF (%) Group 1 38.0+2.5 42.2+6.6 40.2+4.7 41.5+3.9 43.7+8.3
Group 2 36.5+2.8 41.1+6.2 38.3+9.5a 40.8+6.8 37.9+7.7a

Control 39.1+6.1 44.2+5.4 46.2+4.6 45.9+2.5 47.8+5.8

ESWS (g/cm2) Group 1 91.0+11.0b 93.2+12.6b 95.0+14.6b 97.6.+12.8b 99.4+16.5b

Group 2 98.5+12.9a 97.5+16.9a 101.6+15.3a 104.2+13.2a 107.8+12.8a

Control 74.7+11.5 73.6+15.5 64.3+12.8 63.1+19.2 62.3+8.5

%LVPWt Group 1 51.3+12.0 55.0+13.0 50.8+19.3 46.8+14.1 43.4+12.5b

Group 2 53.4+17.8 54.0+16.6 47.8+15.5a 49.7+10.0 48.9+13.2a

Control 62.8+16.0 67.9+11.0 66.3+14.8 65.4+17.9 69.6+12.2

IVSSt (mm) Group 1 1.4+0.2 1.4+0.2 1.4+0.2 1.4+0.2 1.4+0.2b

Group 2 1.4+0.1 1.4+0.3 1.5+0.5 1.5+0.3 1.4+0.2a

Control 1.5+0.2 1.5+0.3 1.5+0.2 1.5+0.3 1.7+0.2

LVDd (mm) Group 1 4.1+0.4 4.2+0.5 4.2+0.8 4.1+0.4 4.2+0.5
Group 2 4.1+0.8 4.3+4.1 4.4+0.6 4.4+0.8 4.4+0.5a

Control 4.1+0.4 4.1+0.4 4.0+0.4 4.0+0.5 3.9+0.4

LVSd (mm) Group 1 2.4+0.2 2.4+0.3 2.5+0.3 2.3+0.3 2.4+0.4b

Group 2 2.7+0.4 2.6+0.6 2.7+0.7a 2.7+0.8a 2.6+0.6a

Control 2.4+0.3 2.4+0.6 2.3+0.3 2.2+0.3 2.0+0.4

EF, ejection fraction; SF, shortening fraction; ESWS, end systolic wall stress; %LVPWt, percent of left ventricle posterior wall thickening; IVSSt, interventricular septum systolic
thickening; LVDd, left ventricle diastolic diameter; LVSd, left ventricle systolic diameter.
aGroup 2–control, P , 0.05.
bGroup 1–control, P , 0.05.
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TD velocities of IVS
There were no significant differences between the three groups for
IVS Sa velocity during the test; however, both patient groups
demonstrated lower IVS Sm velocities compared with control
group at rest and at the end of the test (P . 0.05). In Group 2,
the IVS é velocities were lower at rest and during dobutamine infu-
sion compared with other groups, and the IVS á velocity was
higher compared with control group both at rest and at the end
of the test. In Group 2, é/á ratio was lower compared with
other groups at rest and during the dobutamine infusion, and
only ém/ám ratio was lower compared with control group at the
end of the test (Table 4).

TD velocities of LV
Both patients groups demonstrated lower LV Sa velocities com-
pared with the control group at rest and during dobutamine infu-
sions. LV é, LV é/á, LVSm, LV ém, and LV ém/ám velocities of
Group 2 were lower compared with the control group at rest
and during the dobutamine infusion (Table 5).

TD velocities of RV
In patient groups, RV Sa and Sm velocities were lower compared
with the control group at rest, whereas no significant differences
were found between the three groups at the end of the test. In
Group 2, RV é and RV é/á velocities were lower and RV ám

velocities were higher compare with the control group at the
end of the test (Table 6).

Abnormal myocardial wall motion was determined in nine
patients (all of them hypokinetic segments); however, only three
of them showed abnormal findings at rest. In the remaining six
patients, abnormal myocardial findings were detected at D20.
Abnormal wall motion was observed at the IVS in eight of nine
patients, and at the LV apex of one patient.

Evaluation of IVS, RV, and LV TD é/á ratios at rest showed é/á
,1 in three patients (15%) of Group 1 and in four patients
(20%) of Group 2 in annular and middle myocardial segments.
These figures were seen in four patients (20%) and seven patients
(35%) in the groups, respectively, at the end of the test. Abnormal
é/á ratios in Group 2 demonstrated substantially larger differences
compared with Group 1 at the end of the test. In the Group 2,
abnormal é/á ratio (é/á ,1) of RV and IVS were observed at
rest and after dobutamine infusion these changes were intensified
(Figures 1, 2 and 3).

Correlations between anthracycline
cumulative dose and TDI velocities at rest
and at the end of the test
We observed a strong correlation between cumulative anthracy-
cline dose and RV Am velocities at rest and at the end of the
test (P ¼ 0.04 r ¼ 0.47). RV ám velocities were increased as the

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 The measurements of diastolic functions during dobutamine stress echocardiography, mean+++++SD

Rest D5 D10 D15 D20

ME (m/s) Group 1 1.1+0.1 1.3+0.2 1.3+0.1 1.3+0.2 1.4+0.2
Group 2 1.0+0.2 1.3+0.2 1.2+0.3 1.3+0.2 1.4+0.3
Control 1.1+0.1 1.2+0.2 1.3+1.7 1.3+0.2 1.4+0.1

MA (m/s) Group 1 0.6+0.1 0.6+0.2 0.8+0.2 0.8+0.2 1.0+0.3
Group 2 0.6+0.1 0.7+0.2 0.7+0.1 0.9+0.1 1.0+0.3
Control 0.7+0.1 0.7+0.1 0.8+0.1 0.9+0.1 0.9+0.2

M E/A Group 1 1.6+0.1 1.8+0.3 1.8+0.3 1.8+0.6 1.5+0.4
Group 2 1.6+0.4 1.7+0.5 1.7+0.4 1.6+0.6 1.5+0.4
Control 1.6+0.3 1.7+0.3 1.6+0.2 1.6+0.2 1.5+0.2

AT (s) Group 1 57.0+20.5 64.0+18.8 64.0+12.8a 66.5+14.2a 61.6+15.6a

Group 2 61.0+17.7 67.9+16.6 67.2+18.0b 69.2+10.0b 69.6+2.1b

Control 61.0+15.0 56.0+13.0 53.0+15.0 53.0+10 47.0+10.3

DT (s) Group 1 131.0+15.0a 128.5+19.6a 124.6+15.8a 115.1+11.7a 110.6+12.7a

Group 2 132.4+12.9b 129.1+18.4b 128.3+12.2b 117.4+17.1b 111.0+19.8b

Control 109.0+11.0 105.3+13.0 96.3+18.0 84.1+14.6 75.6+16.0

T E (m/s) Group 1 0.8+0.2 0.9+0.2 0.9+0.2 0.9+0.3 1.0+0.3
Group 2 0.8+0.1 0.9+0.2 0.8+0.1 1.1+0.2 1.1+0.1
Control 0.9+0.1 0.9+0.1 0.9+0.2 1.0+0.1 1.2+0.2

T A (m/s) Group 1 0.5+0.1 0.6+0.1 0.7+0.2 0.8+0.2 0.8+0.2
Group 2 0.6+0.2 0.6+0.2 0.7+0.2 0.9+0.4 0.8+0.2
Control 0.6+0.1 0.7+0.2 0.7+0.1 0.9+0.3 0.9+0.3

T E/A Group 1 1.5+0.7 1.4+0.3 1.3+0.4 1.2+0.4 1.2+0.4
Group 2 1.5+0.4 1.5+0.4 1.4+0.3 1.4+0.4 1.2+0.3
Control 1.4+0.2 1.4+0.3 1.4+0.2 1.4+0.3 1.3+0.3

AT, acceleration time; DT, deceleration time.
aGroup 1–control, P , 0.05.
bGroup 2–control, P , 0.05.
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anthracycline cumulative dose was increased. There was a negative
correlation between anthracycline cumulative dose and RV ém/ám
ratio, which was determined only at rest (P ¼ 0.001, r ¼ 2 0.35).
We found a negative correlation between anthracycline cumulative
dose RV Sm (P ¼ 0.004, r ¼ 20.46) and LV é/á (P ¼ 0.003
r ¼ 20.43) only at the end of the test.

Side effects
Sudden headache and tingling sensation on certain parts of the face
developed in one subject of the control group on the fifth minute
of dobutamine infusion at the dose of 5 mg/kg/min, which caused
premature termination of the test.

Discussion
Nearly 60% of the children with cancer are currently being treated
with anthracyclines. Cardiotoxic effects of anthracyclines are the
most frequent and serious adverse effects of cancer treatment in
children. Pediatric cardiologists have demonstrated subclinical
cardiac toxicity among survivors of childhood cancer by echocar-
diographic findings. In the literature it has been reported that echo-
cardiographic changes can be observed in up to 57% of the
patients.1

In our study, the most significant finding is the demonstration of
the use of TDI and DSE in the detection of subclinical cardiac

toxicity. Conventional 2D and M-mode echocardiographic
measurements showed no significant differences in echocardio-
graphic parameters of the patients group compared with the
control group except for increase of ESWS and prolongation of
DT. However, unlike the conventional method, the subclinical
cardiac toxicity was demonstrated in 15% of patients by the pres-
ence of abnormal myocardial wall motion at rest. Additionally,
IVS-RV é/á and ém/ám ratio of ,1 at rest was observed in 35%
of the patients during TDI measurements. The ventricular elasticity
is usually impaired by the loss of myocytes in anthracycline toxicity
and this event causes impairment in relaxation and diastolic
dysfunction.

Previous DSE studies on long-term survivors treated with
anthracycline have shown significant differences in % LVPWt and
ESWS values at rest and these abnormalities were intensified
during dobutamine infusion. Revelation of latent cardiac dysfunc-
tions following dobutamine infusion (decreased SF, increased
ESWS and decreased mitral E/A) have been reported.3,7,12 In our
study, abnormal wall motions were observed in 15% of the patients
at rest, this figure raised to 45% by the end of the test. The patient
with abnormal myocardial wall motion showed a decline in systolic
response to dobutamine stress and their EF and FS were not
increased as compared with the control group. At rest, patients
groups showed significant differences in only DT and ESWS
measurements compared with the control group; however,
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Table 4 The measurements of TD velocities of IVS (m/s) during dobutamine stress echocardiography, mean+++++SD

TDI velocities Rest D5 D10 D15 D20

IVS Sa Group 1 7.5+1.8 9.7+2.4 13.4+2.9 14.5+4.5 15.3+4.6
Group 2 8.9+1.2 10.7+1.8 12.3+2.5 15.1+2.7 16.4+5.3
Control 10.1+1.6 11.09+3.3 13.7+2.4 15.4+3.3 16.9+2.6

IVS é Group 1 14.3+1.5a 14.7+1.6a 14.7+3.8a 14.7+2.8a 14.8+3.4a

Group 2 11.8+2.6b 12.5+2.4b 12.4+3.2b 12.4+2.8b 12.5+3.2b

Control 15.8+2.4 15.9+2.7 15.2+3.1 16.1+3.2 16.8+2.3

IVS á Group 1 6.8+0.9a 6.9+1.3 8.4+3.1 9.6+4.2 9.4+3.7
Group 2 7.6+2.0b 7.6+2.2 8.3+1.6 9.9+2.0 10.6+2.1b

Control 6.7+1.5 7.2+1.6 7.9+2.1 7.3+2.0 8.3+1.9

IVS é/á Group 1 2.4+0.6a 2.5+0.6a 2.5+0.7a 2.1+1.0a 1.9+0.6a

Group 2 1.6+0.6b 1.8+0.6 1.5+0.5b 1.2+0.4b 1.2+0.7b

Control 2.4+0.6 2.3+0.9 2.3+0.6 2.2+0.7 2.1+0.4

IVS Sm Group 1 6.0+0.9c 8.1+2.4c 9.9+4.3 10.7+6.1c 11.6+2.5c

Group 2 6.8+1.8b 8.3+2.1 9.2+3.8 11.7+3.0a 11.9+5.4a

Control 8.5+1.8 9.9+2.1 11.2+3.1 12.2+2.7 14.5+3.3

IVS ém Group 1 10.7+3.4 12.3+2.6 13.8+5.0 13.8+3.8 12.2+3.5
Group 2 10.4+3.7 11.6+3.4b 11.0+3.6 11.0+3.6 10.5+4.5
Control 13.7+2.6 14.9+2.7 13.6+2.8 12.4+3.0 12.6+3.2

IVS ám Group 1 5.9+0.8 6.3+1.1 7.2+2.4 9.1+3.7 8.9+3.6
Group 2 6.0+1.9 6.2+0.9 7.3+1.7 9.0+6.3 7.4+2.2
Control 6.2+1.5 6.1+1.5 7.1+1.8 7.9+1.9 8.3+1.5

IVS ém/ám Group 1 2.1+1.2 2.1+0.9 1.9+0.6 1.6+0.6 1.6+0.7
Group 2 1.9+0.7 1.9+0.7 1.6+0.8 1.4+0.5b 1.5+1.0b

Control 2.3+0.7 2.4+1.1 2.0+0.6 1.9+0.5 1.8+0.4

TDI, TD imaging; IVS, interventricular septum; S, systolic myocardial velocity; é, early diastolic myocardial velocity; á, late diastolic myocardial velocity; a, annular; m, middle.
aGroup 1–Group 2, P , 0.05.
bGroup 2–control, P , 0.05.
cGroup 1–control, P , 0.05.
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during dobutamine infusion AT, %LVPWt, IVSSt, LVDd, and LVSd
(D20) measurements also showed significant differences compared
with the control group.

Myocardial damage as a result of myocytes loss results in an
abnormal thickening of ventricular wall. Contrary to conventional
Doppler echocardiography, TDI measures myocardial tissue vel-
ocities, which directly reflect contractile and relaxation properties
of myocardium.13 Therefore, in our study, TDI utilized for early
detection of subclinical cardiotoxicity. In the patients groups
were demonstrated more significant differences in the systolic
and diastolic functions at rest (IVS é, IVS á, IVS é/á, IVS Sm,
LVSa, LV é, LV é/á, LVSm, LV ém/ám, RVSa, RV é/á, RVSm).
However, some other significant differences in the systolic and
diastolic functions appeared after the dobutamine stress test (IVS
ém/ám, LVSa, LV E ém, RV é, RV E ém, RV A ám, RV ém/ám).
We observed stress response LV and RV systolic function: LVSm
(group 1), RVSa and RVSm (group 1, 2). This might be due to
the viability of the segment. The severity of anthracycline effects
on the myocardium may vary: with low dobutamine doses, we
observed viability in the segments but viability deteriorated at
high doses ( IVS á, group 2; IVS é/á, group 2; IVS Sm, groups 1
and 2, LVSa, groups 1 and 2, LV é–LV é/á, group 2; LVSm, group
2; and LV ém/ám, group2). The increase in the dose of dobutamine
of the systolic functions improved however, as the dose increases
gradually differences in functions reappear in the following

parameters; EF, SF, IVS Sm, LV Sa and LV Sm. The patient groups
showed a decline in the response to stress because of myocyte
injury and this is attributed to the antracycline cardiotoxicity.

In our study, similar to the study by Stapleton et al.,6 most sig-
nificant difference was observed at the diastolic functions rep-
resented by decreased é and é/á, increased á. Tassan-Mangina
et al.14 observed early changes following anthracycline therapy
and showed that changes in diastolic LV functions were more sig-
nificant with decreased é velocities in adults; whereas diastolic
changes were more pronounced and they were associated with
alteration of systolic functions (LV EF and Sa) in late period after
anthracycline therapy.14

Abnormal myocardial wall motion may persist after completion
of the anthracycline therapy. These regional abnormalities usually
recover 6 months after the end of the therapy. However, it has
been shown to persist in 20% of the patients.5,15 In the study of
Kaputsa et al.5 no statistically significant difference was observed
in IVS systolic and early diastolic velocities between the patients
that have regional LV wall motion abnormalities. In contrast to
the study by Kaputsa et al.5 we observed wall motion abnormalities
by the use of DSE in our study. Abnormal myocardial wall motion
was present only at the IVS region in 15% of patients (three
patients) at rest whereas, this ratio increased to 45% (five patients
in IVS and one patient in LV-free wall) at the end of the test.
Although between normal and abnormal myocardial wall motion
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Table 5 The measurements of TD velocities of left ventricle (m/s) during dobutamine stress echocardiography,
mean+++++SD

TDI velocities Rest D5 D10 D15 D20

LV Sa Group 1 9.4+3.1 12.3+2.8 16.0.+5.6a 19.7+6.0 18.0+6.3a

Group 2 8.2+2.2b 11.3+2.0b 15.4+5.5b 17.9+4.8 18.7+5.5b

Control 11.8+4.5 15.6+4.8 20.3+5.8 21.1+5.7 24.9+4.7

LV é Group 1 18.0+4.3 19.9+2.8 21.1+2.7 19.1+4.6 18.4+5.6
Group 2 16.0+4.3b 17.7+5.3b 21.0+4.5 19.8+5.0 16.5+4.3b

Control 21.4+3.1 23.4+4.5 21.8+3.6 21.3+3.6 21.1+3.4

LV á Group 1 6.4+1.9 8.4+3.4 8.8+2.0 9.4+2.5 9.4+4.4
Group 2 7.2+3.0 6.8+1.8 8.8+2.9 9.6+2.9 11.1+5.3
Control 6.8+2.1 7.4+2.1 8.5+2.6 10.1+3.0 9.9+2.4

LV é/á Group 1 2.9+0.8 2.7+1.1 2.4+0.5 2.3+1.2 2.3+1.3
Group 2 2.7+2.1b 2.7+1.2b 2.7+1.3 2.2+1.0 1.8+0.8b

Control 3.4+1.2 3.4+1.2 2.8+0.8 2.7+4.4 2.8+0.9

LV Sm Group 1 8.0+3.0a 10.6+2.9a 16.7+7.1 19.3+7.1 21.0+8.6
Group 2 6.4+2.3b 10.2+3.2b 11.8+4.6b 17.7+6.2 16.3+7.5b

Control 12.7+4.1 16.5+6.7 19.6+5.6 22.0+4.4 22.0+3.2

LV ém Group 1 18.0+5.0 19.9+4.6 19.8+5.9 19.9+6.3 20.4+7.9
Group 2 13.5+5.4 15.6+5.8b 16.2+5.4b 16.0+3.4b 16.8+4.3b

Control 19.0+2.9 20.6+2.4 20.7+4.5 21.4+4.0 21.8+3.9

LV ám Group 1 5.7+1.7 6.3+1.8 7.6+2.9 8.1+1.8 7.6+1.6
Group 2 5.9+2.0 5.9+2.1 6.9+2.6 9.0+3.4 10.3+7.0
Control 6.0+2.1 6.9+2.0 8.7+2.6 9.2+2.3 8.9+1.9

LV ém/ám Group 1 3.2+1.1 3.3+1.3 2.7+1.0 2.6+1.2 2.7+1.1
Group 2 2.5+1.5b 2.9+1.5 2.3+1.2 2.1+0.9 1.9+0.7b

Control 3.5+1.2 3.2+1.0 2.9+0.9 2.8+0.7 2.9+0.9

TDI, TD imaging; LV, left ventricle; S, systolic myocardial velocity; é, early diastolic myocardial velocity; á, late diastolic myocardial velocity; a, annuler; m, middle.
aGroup 1–control, P , 0.05.
cGroup 2–control, P , 0.05.
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Table 6 The measurements of TD velocities of RV (m/s) during dobutamine stress echocardiography, mean+++++SD

TDI velocities Rest D5 D10 D15 D20

RV Sa Group 1 13.0+2.0a,b 17.2+2.2b 20.9+5.7 24.6+3.9 23.3+2.8
Group 2 15.0+4.9c 17.4+3.1c 20.0+6.1 21.0+5.4 21.3+6.3
Control 18.2+2.3 21.2+2.5 23.3+6.6 24.2+3.5 22.6+4.7

RV é Group 1 15.7+2.1 18.8+3.1 18.1+4.5 18.2+6.0 19.4+8.6a

Group 2 14.0+5.1c 16.9+6.3 16.7+7.3 17.1+8.6c 15.8+9.5c

Control 18.1+3.4 18.3+3.6 18.5+4.2 19.9+7.3 19.9+4.6

RV á Group 1 10.8+3.7 13.6+5.9 17.4+6.0 18.1+9.8 20.1+7.9
Group 2 12.5+3.0 16.1+3.2 20.6+5.2 20.3+5.5 19.6+6.3
Control 10.9+4.6 15.1+5.3 17.5+5.3 17.8+6.3 17.3+8.2

RV é/á Group 1 1.6+0.8a 1.7+1.0a 1.2+0.5 1.4+1.0a 1.3+0.6a

Group 2 1.1+0.5c 1.0+0.4c 0.8+0.3c 0.8+0.4c 0.8+0.7c

Control 1.4+1.0 1.4+0.7 1.2+0.5 1.3+0.6 1.3+0.5

RV Sm Group 1 11.0+1.8b 13.5+3.8b 16.1+6.0 18.1+4.0 18.5+5.1
Group 2 11.8+3.6c 13.7+3.8c 15.7+5.0 16.3+5.6 17.7+9.3
Control 14.7+3.4 17.9+2.9 17.8+3.1 18.1+5.0 18.5+4.3

RV ém Group 1 12.4+2.0 13.8+1.5 14.5+3.7 15.7+5.2 15.1+4.4
Group 2 13.1+4.6 13.9+5.8 13.7+5.4 14.7+5.3 12.0+5.4c

Control 13.1+3.4 14.5+3.5 14.1+3.4 15.1+4.2 16.3+5.6

RV ám Group 1 9.9+2.9 12.1+4.4 16.0+6.5 17.6+7.2 19.3+8.9
Group 2 11.5+3.3 13.0+3.8 19.3+5.5c 19.4+7.2c 20.0+9.2c

Control 10.6+4.4 14.1+4.0 14.4+4.5 15.5+4.2 16.1+8.1

RV ém/ám Group 1 1.1+0.4 1.3+0.4 1.2+0.5 0.7+0.4 0.9+0.6
Group 2 1.3+0.4 1.1+0.5 0.7+0.2c 0.7+0.3c 0.6+0.3c

Control 1.4+0.4 1.2+0.4 1.1+0.4 1.2+0.6 1.4+0.5

TDI, TD imaging; S, systolic myocardial velocity; é, early diastolic myocardial velocity; á, late diastolic myocardial velocity; a, annuler; m, middle.
aGroup 1–Group 2, P , 0.05.
bGroup 1–control, P , 0.05.
cGroup 2–control, P , 0.05.

Figure 1 TD RV annular é and á curves: (A) at the beginning, é/á .1; (B) in D20, é/á ,1.
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groups showed no significant differences for abnormal TDI é/á
ratios at rest, abnormal TDI é/á ratios in abnormal myocardial
wall motion group were significantly increased towards the end
of the test compared with the normal myocardial wall motion
group. Patients with abnormal myocardial wall motion demon-
strated more significant differences in the diastolic functions com-
pared with patient with normal wall motion during the test.

In our study, we failed to demonstrate any relationship between the
cardiac functions assessed by conventional echocardiagraphic findings
and the cumulative anthracycline doses. TDI studies showed that
strong correlation between cumulative anthracycline dose and dias-
tolic velocities at rest and during DSE (increased RV ám and decreased
RV ém/ám). We found a negative correlation between anthracycline
cumulative dose RV Sm and LV é/á only at the end of the test.

Figure 2 TD RV annular and middle é and á curves: (A) at the beginning, é/á ¼ 1; (B) at the beginning ém/ám ≤1, C:D20’de ém/ám ,1.
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Anthracyclines have been shown to damage myocytes. There-
fore, this study investigated the presence of subclinical anthracy-
cline cardiotoxicity using TD velocities and segmental analysis of
myocardial wall motion in addition to other echocardiographic
parameters obtained at rest and during dobutamine infusion test.
Early diagnosis is encouraged to take necessary measures to
increase the quality of life, to arrange the children’s daily activities
of life and help choosing their profession as well.

Conclusion
Cardiac toxicity observed in many childhood cancer patients
that received anthracycline therapy cannot be underestimated.
These patients should be periodically evaluated by DSE and TDI
studies for the presence of any type of cardiotoxicity. DSE and
TD velocities are safe and effective parameters that were found
to be useful in detecting subclinical cardiac toxicity. Our findings
suggest that systolic and diastolic dysfunctions in LV and IVS
by TDI at rest and during dobutamine infusion and RV diastolic
dysfunction only dobutamine infusion. During DSE, the evaluation

of annular and mid-wall TDI velocities may contribute to the early
diagnosis of subclinical cardiotoxicity more than the conventional
methods and may be considered as useful markers. In addition,
especially the diastolic function deteriorates in patients with TDI
é/á ,1 and for this reason abnormal wall motion should be
investigated during DSE studies for early detection of
anthracycline-related cardiotoxicity.

Conflict of interest: none declared.
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Figure 3 At the beginning of the test: RV middle ém/ám ,1.
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