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The late consequences of anthracycline treatment on left ventricular
function after treatment for childhood cancer
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Abstract The purpose of this study was to determine the
incidence of changes in left ventricular function in pa-
tients in long-term remission after treatment with anth-
racyclines for a childhood malignancy. The authors
examined 155 patients in disease remission who under-
went treatment protocols utilising anthracyclines in
childhood. The group comprised 90 males and 65 fe-
males aged 15±4.9 years (range 5–29 years, median 15
years). The age at the time of diagnosis and start of
treatment was 8.6±4.9 years (range 1–18 years, median
8 years). The time of follow-up was 7.3±4 years (range
1–21 years, median 6.3 years). The patients were given a
cumulative dose of doxorubicin or daunorubicin of
250±131 mg/m2 (range 50–1200 mg/m2, median
240 mg/m2). The values of ejection fraction below 55%
and fractional shortening below 30% assessed by means
of echocardiography were considered as pathological.
The control group consisted of 41 volunteers. Patho-
logical values of fractional shortening were found in 12
patients (8%). Only one patient (0.64%) showed the
development of heart failure due to cardiomyopathy.
The group of the patients after chemotherapy revealed
significantly worse values of left ventricular endsystolic
wall stress, mean velocity of circumferential fibre
shortening, Tei index, and isovolumic relaxation period
in comparison with the control group. We found a
correlation between the given cumulative dose of anth-
racyclines and indicators of systolic function of the left
ventricle, but not a relation to the time indicators (age at
diagnosis, time of follow-up). Conclusion: In the mean

period of 6 years after chemotherapy, subclinical
cardiotoxicity was found in 11 patients (7%) and car-
diomyopathy with heart failure in one patient. Further
indicators of subclinical damage are elevation of after-
load (end-systolic stress), impaired relaxation and in-
creased value of the Doppler index of global left
ventricular function. Further monitoring and evaluation
of the relevant subclinical abnormalities over a longer
period of time are needed.
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Abbreviations CD cumulative dose Æ DT deceleration
time Æ E/A index of the diastolic filling of the left
ventricle Æ EF ejection fraction Æ ESS end-systolic
stress Æ FS fractional shortening Æ HR heart rate Æ
IRT isovolumic relaxation time Æ LV left ventricle Æ
LVPWDd end-diastolic diameter of the left ventricular
posterior wall Æ LVPWex excursion of the left
ventricular posterior wall Æ LVPWP percentage of the
systolic thickening of the left ventricular posterior wall Æ
MPI myocardial performance index Æ mVcfc mean
velocity of circumferential fibre shortening

Introduction

Anthracycline antibiotics, predominantly doxorubicin
and daunorubicin, form a significant part of the onco-
logical protocols used in the treatment of malignancies
in children. They have contributed enormously to the
excellent treatment results in some malignant tumours
diagnosed and treated in childhood or adolescence [7,
26, 28].

Cardiotoxicity of the above mentioned cytostatic
agents has been known for more than 20 years [28, 29].
Even though acute cardiotoxicity is quite rare, as the
patients live longer, there is the possibility of delayed
myocardial damage, the degree of which depends on the
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cumulative dose (CD) of the agent. The relationship be-
tween CD and the histological changes in the myocar-
dium caused by anthracycline is quite linear and the first
changes often occur as early as after the second cycle of
chemotherapy. The relationship between CD and the
clinical symptoms is of an exponential character and a
rapid increase in heart failure development was described
only after administering higher doses. Therefore the
current protocols reduce the maximum CD of anthracy-
clines with respect to the treating potential [2, 7, 28, 29].

Nowadays, we often see patients who were treated
using the original protocols many years previously and,
therefore, are potential candidates for late cardiotoxic-
ity. Nonetheless, even those patients treated according
to the modern protocols still carry a certain risk of fu-
ture ‘‘subclinical’’ myocardial damage. Several authors
have studied the late myocardial damage caused by
anthracycline treatment by determining the extent and
significance of the damage and reaching conclusions
concerning the long-term monitoring of these patients
[5, 11, 13, 15, 17, 19, 20, 21, 24,25].

This present study was aimed at examining the
occurrence of late changes in left ventricular function
using echocardiography as well as determining the
incidence of ‘‘late cardiotoxicity’’.

Subjects and methods

Subjects

We examined 155 patients who, during childhood or adolescence,
were treated with doxorubicin or daunorubicin for malignant dis-
ease. The sample group consisted of 90 males and 65 females, age
range 15±4.9 years (range 5–29 years, median 15 years). The age at
the time of diagnosis and onset of treatment was 8.6±4.9 years
(range 1–18 years, median 8 years). The mean value of the period of
the follow-up was 7.3±4 years (range 1–21 years, median 6.3
years). All patients entered the remission phase during this period.
This group is a representative group of patients diagnosed and
treated with anthracyclines in the Department of Paediatrics,
Faculty Hospital Brno. For the purpose of the study we excluded
patients with disease recurrence or those with serious clinical
complications which could influence cardiac function.

Echocardiographic examination was done in all patients before
and after chemotherapy, but in two different departments. We had
only information about the ejection fraction (EF) values at our

disposal. Others parameters of left ventricle (LV) structure and
function were not documented. All children had EF values of
>60% after treatment.

The patients received a total CD of doxorubicin or daunoru-
bicin of 250±131 mg/m2 (range 50–1200 mg/m2, median 240 mg/
m2). Cyclophosphamide, as a part of the treatment protocol, was
given to 123 (79%) of the patients at a mean dose of
3265±1504 mg/m2 (range 1000–10400 mg/m2, median 3000 mg/
m2). Radiotherapy of the mediastinum was performed in 29 (19%)
of the patients and the average dose of irradiation was 25±5.6 Gy
(range 20–41 Gy, median 25 Gy).

Our patients had received standard protocols for the treatment
of paediatric malignancies. Anthracyclines (doxorubicin and/or
daunorubicin) were administered as 1 h intravenous infusions. For
example, in acute lymphoblastic leukaemia, daunorubicin was
given in a single dose of 30 mg/m2 once a week (4 times) followed
by doxorubicin (30 mg/m2) once a week (4 times). A similar pro-
tocol was used for the treatment of lymphomas. Protocols OEPA
or ABVD were used for the treatment of Hodgkin disease. Doxo-
rubicin was given in a single dose of 40 mg/m2 once a week in the
OEPA (vincristine, cyclophosphamide, prednisone, doxorubi-
cin) protocol or 25 mg/m2 once a week in the ABVD (doxorubicin,
bleomycin, vincristine, dacarbazine) protocol. Hodgkin disease was
diagnosed in 21% of patients, non-Hodgkin lymphoma in 10%,
acute lymphoblastic leukaemia in 56%, acute myeloblastic leu-
kaemia in 6%, soft tissue sarcoma in 5% and 2% of the patients
showed a tumourous disease of a different type.

The control group consisted of 41 volunteers aged 16±6.7 years
(range 4–31 years, median 18 years). There were 22 females and 19
males. The comparison of both groups is summarised in Table 1.

All subjects or their parents gave informed consent. If the
subject was a minor, the parents were present during the exami-
nation. The study was approved by the Committee for Ethics of
Medical Experiments on Human Subjects of The University
Hospital Brno. The study complies with the Declaration of
Helsinki.

Methods

Echocardiography

The final results of each examined variable were obtained by
averaging data from three subsequent cycles. The examinations as
well as evaluations were always carried out by the same investi-
gator. The basic indicators of morphology and LV systolic function
were examined by the standard approach from the M-mode record
as recommended by the American Society for Echocardiography
[22].The following parameters of the LV systolic function were
used: fractional shortening (FS), EF, and the mean velocity of the
circumferential fibre shortening (mVcfc). The LV volumes used for
the calculation of EF were determined according to the Teicholtz
formula. End-systolic wall stress (ESS) was determined on the basis

Table 1 Characteristics of groups. Data are expressed as a mean value ± 1 SD; minimal, maximal, median values or percentage in
parentheses. (NS not significant)

Parameter Patients (n=155) Controls (n=41) P

Female (%) 65 (42) 22 (53) 0.001a

Male (%) 90 (58) 19 (47) 0.001a

Age (years) 15±4.9 (5–29; 15) 16±6.7 (4–31; 18) NSb

Body surface area (m2) 1.55±0.35 (0.73–2.38; 1.6) 1.5±0.38 (0.69–2.25; 1.6) NSb

Body mass index (kg/m2) 20.8±3.9 (13.1–35.9; 20) 20.8±4.4 (14.1–37; 20.4) NSb

HR (beats/min) 77±15 (45–117; 74) 79±14 (55–118; 78) NSb

Systolic BP (mmHg) 114±13 (80–140; 110) 115±16 (80–140; 120) NSb

Diastolic BP (mmHg) 70±9 (45–90; 70) 71±10 (40–90; 70) NSb

aChi-squared test
bStudent- t -test
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of the Grossmann method [18]. Next, the end-diastolic diameter of
the LV posterior wall (LVPWDd), its excursion (LVPWex) and
percentage of systolic thickening (LVPWP) were assessed using
M-mode [18,22]. Pulsed and continuous Doppler echocardiography
were used for assessing the indicator of global LV function: the
myocardial performance index (MPI) (according to Tei), and the
indicators of diastolic function: velocity of early diastolic filling (E),
late filling (A), their ratio E/A, deceleration time (DT) and
isovolumic relaxation time (IRT) [22, 27]. The MPI and mVcf
indicators were corrected to the heart rate (HR).

Subclinical cardiotoxicity was diagnosed on the basis of the
changes in FS and EF. We used the following criteria [3, 4, 26]: FS
<30% and/or EF <55% - pathological value, FS 30%–34% and/
or EF 55%–59% - threshold value, and FS >34% and/or EF
>59% - physiological value.

Statistical analysis

The results are presented as mean ± standard deviation or median
values. The statistical analysis was based on the paired and non-
paired bi-directional Student’s t-test. For the lower number of
tested values (below 20), an F-test, and for the non-parametric
values, a chi-squared test were used. A P value <0.05 was con-
sidered a significant change. The relationships between individual
parameters were evaluated by means of linear regression data
analysis. We used the statistical program Microsoft Excel Win
Office 2000 for the purpose of statistical data analysis.

All the other indicators of systolic, diastolic and global function
were statistically compared with the control group. Due to the
absence of physiological values in the literature based on the very
low age of the patients, we determined a percentage of the values of
a given variable in the range >or < 2 SD of the mean value of the
control group, assessing only the pathological range of the given
variable.

Results

We found the same statistically significant lowering of
all the indicators of the LV systolic function in the
monitored group: EF (P<0.0001), FS (P<0.0001) and
mVcfc (P<0.05). The values of the MPIc were also sig-
nificantly worse (P<0.01). ESS was significantly higher
in the monitored group when compared with the control
group (P<0.05). Nevertheless, from the variables of
diastolic function there was a significant change only in
IRT (P<0.05). We found no significant differences in
the other measured parameters (Table 2).

We selected the FS as the basic criterion for deter-
mining the impairment of LV function. None of the
control group showed an FS value <30%; 3% showed

threshold values and 97% had FS values of >34%. In
the monitored group, there were 12 patients (8%) with a
pathological FS value, 26% of the patients hadthreshold
values, and 66% had physiological values (Fig. 1).

Subjects of the control group all EF values within the
physiological range. In the patient group, there were
seven patients (5%) with pathological EF values of
<55%; 85% of the patients had EF values within the
normal range (Fig. 2). Also other indicators showed
significant differences when compared with the control
group; for these we determined the percentage of finding
these variables >2 SD (into the pathological range)
when compared with the determined mean value of the
controls. In the patients, there were 17 (11%) who
showed an ESS value >2SD, 16 (10%) with an MPIc
value >2SD, eight (5%) with an mVcf c value <2SD,
and five (3%) with an IRT value >2SD, respectively.
Only one patient (0.64%) revealed symptoms of clinical
cardiotoxicity due the presence of a dilated cardiomyo-
pathy. This patient had an FS value of 18% and an EF
value of 39%.

The comparison of both the sub-groups of the pa-
tients is presented in Table 3 and shows that the sub-
groups varied significantly in the CD of anthracyclines.
The sub-group with cardiotoxicity consisted of more
females. The comparison of the parameters of LV

Table 2 Comparison of
echocardiographic parameters
between controls and patients.
Data are expressed as a mean
value ± 1 SD; minimal,
maximal and median values in
parentheses. (NS not
significant)

Parameter Patients (n=155) Controls (n=41) P(t -test)

FS (%) 35±4 (18–48; 36) 38±3 (32–43; 37) 0.0001
EF (%) 64±5 (39–74; 65) 67±3 (60–73; 67) 0.0001
mVcfc (1/s) 1.38±0.29 (0.74–2.45; 1.34) 1.46±0.28 (1.38–2.43; 1.38) 0.05
MPI 0.30±0.11 (0.06–0.73; 0.29) 0.25±0.1 (0.11–0.5; 0.23) 0.01
ESS (g/cm2) 74±18 (41–196; 78) 69±13 (38–89; 69) 0.05
LVPWDd (mm) 6.7±1.1 (5–10; 7) 6.7±1.1 (5–9; 7) NS
LVPWP (%) 75±18 (80–120; 80) 72±14 (42–100; 71) NS
LVPWex (mm) 5±1.2 (2–8; 5) 5±1.5 (3–11; 5) NS
E/A 1.83±0.42 (1.12–3.28; 1.83) 1.72±0.35 (1.09–2.4; 1.7) NS
DT (mm) 149±24 (80–212; 152) 144±22 (100–196; 144) NS
IRT (ms) 65±9 (32–85; 64) 61±9 (43–80; 60) 0.05

Fig. 1 Comparison of patients and controls according to the FS
value of the left ventricle. The differences between controls and
patients are statistically significant in all three ranges of FS;
P<0.001 (chi-squared test)
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function is presented in Table 4. The patient sub-groups
differed significantly in the values of EF (P <0.001),
mVcfc ( P<0.002) and ESS (P<0.05). In the sub-group
with cardiotoxicity there was a significantly LVPWDd
(P <0.05), significantly lowered LVPWex (P <0.006) as
well as that of its systolic thickening (P <0.008). We
found no significant difference in MPIc among the
patients. Concerning the diastolic function, we found a
statistically significant change in the E/A index
(P <0.008).

Regression analysis showed that the group with FS
<30% showed significant correlation between the CD
of anthracyclines and EF (r = )0.51; P <0.001), FS
(r = -0.66; P <0.001), mVcfc (r = )0.30; P <0.001),
MPIc (r = 0.59; P <0.001), ESS (r = 0.71; P <0.001)
and IRT (r= 0.53; P<0.001). The correlations between
the above-mentioned parameters of LV function and the
age at diagnosis, the time of the examination and the
time of follow-up were not statistically significant. Only
the correlation between ESS (r = 0.70; P <0.001) and

IRT (r = 0.60; P <0.001) with the age of the patients
when examined by echocardiography was significant.

Discussion

The benefit of anthracycline antibiotics in the treatment
of malignant tumours in childhood or adolescence can
be negatively influenced by the development of late
cardiotoxicity [7, 8, 10,23]. Anthracycline cardiomyop-
athy develops on the basis of structural changes of
practically all myocytes leading to subsequent vacuola-
tion of the cytoplasm, myofibril wastage and fibrous
degeneration of the myocardium [2]. All these changes
bear a linear relationship to the CD of anthracyclines
given to a patient. This relationship is exponential if
higher doses over 400–500 mg/m2 (valid for doxorubicin
or daunorubicin) are administered. If a CD 700 mg/m2

is given, we found heart failure in 15% of the patients; a
higher CD (over 1000 mg/m2) is accompanied with heart
failure development in up to 50% of the patients with
high mortality. These findings led to the fact that, cur-
rently, we do not exceed a CD of 450 mg/m2 in the
treatment protocols and children are often given even
lower doses [28, 29].

In spite of the fact that the incidence of early car-
diotoxicity when the doses of anthracyclines are under
450 mg/m2 is small, there is the problem of latent con-
sequences years after termination of treatment. Such
delayed cardiotoxicity can be defined as dysfunction of
the left ventricle of the heart, which develops more than
a year after the termination of treatment [7, 25]. Its
clinical symptoms were described in the first decade after
the chemotherapy in 5%–10% of the patients and sub-
clinical impairment was described in more than 50% of
the patients [8, 16, 21].

We can presume that the incidence of heart abnor-
malities will increase with the longer survival of the

Table 3 The comparison of clinical data in sub-groups of patients with FS <30% (cardiotoxicity) and with FS ‡30% (without cardio-
toxicity). Data are expressed as a mean value ± 1 SD; minimal, maximal, median values or percentage in parentheses. (NS not significant)

Parameter FS <30% (n=129) FS ‡30% (n=143) P

Female (%) 8 (67) 82 (57) 0.001a

Male (%) 4 (33) 61 (43) 0.001a

Age (years) 15±3.7 (10–21; 16) 16±5.4 (5–29; 16) NSb

Age at diagnosis (years) 7±4.1 (1–15; 6) 8.7±4.9 (1–18; 6) NSb

Follow-up (years) 7±4 (3–11; 7) 7±4 (1–21; 6) NSb

Body surface area (m2) 1.47±0.41 (0.73–2.27; 1.3) 1.56±0.35 (0.79–2.38; 1.6) NSb

Body mass index (kg/m2) 21.7±5.4 (16.4–33.6; 19) 20.8±3.8 (13.1–36; 20.1) NSb

HR (beats/min) 76±17 (50–100; 74) 77±14 (45–117; 74) NSb

Systolic BP (mmHg) 108±14 (80–140; 108) 114±12 (85–140; 115) NSb

Diastolic BP (mmHg) 70±13 (45–90; 73) 70±8 (50–90; 70) NSb

CD anthracyclines (mg/m2) 398±274 (160–1200; 240) 238±103 (50–600; 240) 0.01b

Cyclophosphamide dose (mg/m2) 3288±1243 (2000–5500; 3000) 3262±1523 (1000–10400; 3000) NSb

Patients on cyclophosphamide (%) 9 (75%) 114 (80%) NSa

Radiotherapy of the mediastinum (%) 2 (17%) 27 (19%) NSa

aChi-squared test
bF-test

Fig. 2 Comparison of patients and controls according to the EF
value of the left ventricle. The differences between controls and
patients are statistically significant in all three ranges of EF;
P <0.001 (chi-squared test)
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patients. In the period of 4–20 years after treatment
termination, the echocardiography examination diag-
nosed these abnormalities in 23% of the patients [25].
The risk factors of the development of late cardiotoxicity
have been defined: young age of the patient when
anthracyclines are administered, the higher doses of
anthracyclines, the time of follow-up, and a female sex
[7, 8, 21].

The myocardium is subclinically impaired already in
the course of the chemotherapy. The development of
delayed damage of the myocardium is a long-term
process based on subclinical damage developing in the
course of the treatment. Non-adequate myocyte growth
in later years leads to a thinning of the wall of the left
ventricle, development of inappropriate afterload and
lastly to chamber dilatation and the development of
cardiomyopathy. These facts explain why the percentage
of pathological findings increases when the patient sur-
vives long after termination of the treatment [2, 8, 10, 12,
20].

Most studies of anthracycline-induced cardiotoxicity
in childhood or adolescence have used echocardiogra-
phy for monitoring [3, 4, 5, 7, 12, 13, 15, 16, 20].
Impairment of myocyte growth as a consequence of
subclinical damage caused by cytostatic agents can be
seen in the echocardiographic image as a range of
abnormalities: e.g. thinner LV wall, changes in the sys-
tolic thickening of the wall, and changes in volumes or
dimensions of the LV. The values of non-adequate
loading of LV (high afterload) reflect higher values of
ESS [10,17]. The effort to decrease the influence of the
non-myocardial factors (HR, preload, afterload) led to
the introduction of new factors of myocardial contrac-
tility. An example is the ‘‘velocity-stress index’’ which
reflects the relation between mVcfc and the ESS. It is
considered a good indicator for the monitoring of long-
term development of LV function [12, 20].

There is a growing interest in detecting the early signs
of LV damage. We used Doppler echocardiography to
find early changes in diastolic function after chemo-
therapy. The restriction type of diastolic LV filling
shows a good relationship to systolic dysfunction
development after anthracycline treatment and it was
more frequent in children who also underwent medias-
tinum irradiation [3, 4, 5]. We found an impaired

relaxation characterised by lengthening of the isovolu-
mic relaxation period when compared with the control
group.

The disadvantage of the above-mentioned variables is
the fact that there are neither exact normal values nor
threshold values that would determine their clinical
interpretation. All these indicators are dependent on
age. This relationship is exponential and the most sig-
nificant changes can be found in adolescence [18, 20, 21].
Most studies assessing these variables are based on the
comparison of rather small groups of patients with a
control group. A comparison is also lacking in a wider
age range. Therefore, we decided to use a compromise in
this study: where we found statistically significant
changes in comparison with the control group, we also
assessed the percentage of patients whose variable was
>2SD into pathological range when compared with the
controls [16].

FS and EF are considered to be the ‘‘standard indi-
cators’’ of LV function used for diagnosis of cardio-
toxicity [16,26]. Both these indicators have their
determined lower threshold of physiological values in
contrast to the above variables [3, 4, 16, 21, 26].
The clinical importance of the threshold values is not yet
clear. Our results demonstrate that none of the control
group showed an EF in the threshold range; neverthe-
less, 3% of the control group showed an FS in the
threshold range. Only further monitoring can determine
whether those patients who are in the threshold ranges
are more susceptible to the late systolic dysfunction
development.

On the basis of standard parameters of cardiotoxic-
ity, this study showed a pathological decrease of FS
(<30%) in only 8% of the patients. Clinical cardio-
toxicity, expressed as the incidence of cardiomyopathy
with the symptoms of heart failure, was found only in
one patient (0.64%). This is much lower than that
published in other studies. We believe that the present
data are influenced by the number of patients enrolled
into subgroups, a lower value of given CD of anthra-
cyclines in comparison with other studies and by the
shorter time of monitoring [5, 11, 13, 15, 17, 24, 25].

In agreement with other published data, some of the
patients showed higher values of afterload (ESS). The
main reason of the afterload increase in our patients

Table 4 Comparison of
echocardiographic parameters
in both sub-groups of patients.
Data are expressed as a mean
value ± 1 SD; minimal,
maximal and median values in
parentheses. (NS not
significant)

Parameter FS <30% (n=12) FS ‡30% (n=143) P (F-test)

EF (%) 50±6 (39–57; 51) 65±4 (57–74; 65) 0.0001
mVcfc (1/s) 1.09±0.3 (0.74–1.64; 1.01) 1.40±0.27 (0.91–2.45; 1.35) 0.002
MPIc 0.31±0.09 (0.15–0.49; 0.34) 0.30±0.12 (0.06–0.74; 0.29) NS
ESS (g/cm2) 87±19 (59–126; 89) 73±17 (41–196; 71) 0.001
LVDs (mm) 36±10 (25–53; 33) 30±4 (21–43; 31) 0.05
LVPWDd (mm) 6.8±1.3 (5–9; 7) 6.7±1.1 (5–10; 7) NS
LVPWP (%) 61±17 (38–110; 57) 76±18 (33–120; 80) 0.008
LVPWex (mm) 4±1 (2–6; 4) 6±1 (2–8; 5) 0.006
E/A 2.19±0.46 (1.4–3.26; 2.15) 1.80±0.40 (1.12–2.73; 1.8) 0.008
DT (mm) 151±31 (80–196; 152) 149±23 (100–212; 152) NS
IRT (ms) 60±10 (32–75; 60) 62±8 (40–85; 60) NS
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with cardiotoxicity is a higher end-systolic dimension of
LV and lower systolic wall thickening. Our data are in
agreement with the published data [12, 15, 16, 17, 20,
24]. The Doppler index of global function was much
worse in both sub-groups. The MPI has been described
as a non-invasive Doppler measurement of global ven-
tricular function. This index has been shown to correlate
well with other invasive and non-invasive measures of
LV function and has been shown to have significant
clinical utility [6, 27]. The clinical utility of MPI in the
serial measurement of global LV function in paediatric
patients who received anthracyclines has been published.
In one preliminary study, the MPI appeared to be a
more sensitive non-invasive parameter for detecting
subclinical LV dysfunction than current standard echo-
cardiographic measurements [6]. Our data support these
suggestions. We found a significant worsening of MPI in
patients irrespective of normal FS values. The MPI
together with ESS are the most influenced parameters in
the patient group. These findings show the significance
of both parameters, which can help determine
early myocardial damage after chemotherapy and,
concurrently, confirms the academic experience in
proving pathological elevations of afterload even though
the systolic function of LV was preserved [6, 8, 12, 20,
21].

We have proved the good correlation between the
given CD of anthracyclines and the indicators of LV
function. The time variable did not significantly corre-
late with the functional changes, but we assume that this
is only a question of longer monitoring. Radiotherapy of
the chest involving the heart is considered to be an
important risk factor for the development of cardio-
toxicity [2]. A small number of patients with lymphomas
or Hodgkin disease (only 19%) has received radiother-
apy of the mediastinum. The mean dose used in our
study was relatively low. Because of the small sub-group
of patients, we have been able to provide a statistical
analysis. We did not find a statistical difference in the
number of patients treated by mediastinal irradiation in
sub-groups with and without cardiotoxicity.

This study has evaluated the incidence of cardiotox-
icity on the basis of clinical symptoms of heart failure as
well as echocardiographic abnormalities in the period of
the first decade after the termination of treatment. The
presence of cardiotoxicity is quite low when compared
with the published data. Further research is needed on
the basis of the following: evaluating and assessing
presented results over a longer period of time, clarifying
the clinical significance of the so-called threshold values
of FS and EF, and finally evaluating the significance of
pathological findings of some indicators of LV function
in patients with preserved EF and FS. For early detec-
tion of cardiotoxicity, several echocardiographic
modalities for evaluation of LV function have been de-
vised. Tissue Doppler imaging is a relatively new and
promising tool for the assessing of myocardial function
or an early impairment of the function in many clinical
cases as well as another methods, such as automatic

border detection of LV, myocardial tissue characterisa-
tion by integrated backscatter, etc. [1, 9, 14]. Tissue
Doppler imaging might become a useful non-invasive
method for detecting subclinical myocardial impairment
in apparently healthy children after treatment contain-
ing anthracyclines [14]. The clinical implication of these
methods can only be established by long-term prospec-
tive follow-up studies.
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