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Introduction

Advances in pharmaceutical treatments for cancer have 
recently led to a significant improvement in the progno-
sis of cancer patients. However, a high cost in terms of 
secondary cardiac effects has been paid, associated with 
treatment.1

Anthracyclines, considered today as the most impor-
tant antitumor drugs, have this precise limitation. Their 
clinical utility is restricted due to the appearance of car-
diomyopathies.2,3

These compounds intercalate with DNA, inhibiting 
the synthesis of both DNA and RNA. Breakages occur 
in the filaments. Thus, anthracyclines are mutagenic and 
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carcinogenic. It is believed that the breakdown of DNA 
is mediated by the binding of the pharmaceutical to DNA 
and to topoisomerase II, an action that prevents the re-
sealing of the DNA breaks created by the enzyme. Under 
its quinone groups, the anthracyclines also generate free 
radicals in solution and in the tissues, both normal as well 
as malignant. Anthracyclines react with cytochrome P450 
reductase in the presence of adenine dinucleotide phos-
phate and reduced nicotinamide (NADPH) to form radi-
cal intermediate products of semiquinone which, in turn, 
react with oxygen and produce superoxide anion radicals. 
These generate hydrogen peroxide and hydroxyl radicals 
(-OH), which attack DNA and oxidize its bases.3-5

The cytotoxic effect on cardiomyocytes is irreversible 
and dependent on a cumulative dose; therefore, the heart is 
one of the most vulnerable organs to suffer damage from 
its low level of antioxidant enzymes.2,3

Anthracycline cardiotoxicity corresponds to all those 
structural changes that occur in cardiomyocytes second-
ary to the use of these pharmaceuticals. A clinical defini-
tion exists that evaluates myocardial function following 
use of anthracyclines. It is defined as a decrease in the left 
ventricular ejection fraction (LVEF) of >20% in patients 
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with normal LVEF or as a decrease in LVEF of >10%, in 
baseline values <50% or clinical manifestations with signs 
and symptoms of congestive heart failure.6,7

Approximately one-fourth of the patients have myo-
cardial failure when the dose of anthracyclines is >500 
mg/m2; 50% have cardiac events with cumulative doses 
>600 mg/m2 and virtually all patients with doses >800 
mg/m2 demonstrate cardiotoxicity.8 The frequency of sub-
clinical myocardial alterations reported after treatment 
with anthracyclines reaches 57% and for symptomatic 
cardiac alterations up to 16%.9

Currently, the recommended approach for detecting 
anthracycline-induced cardiac damage is mainly based on 
a systematic assessment of cardiac function at the begin-
ning of the study and during chemotherapy treatment by 
measuring the LVEF using two-dimensional (2D) trans-
thoracic echocardiography (TTE) and radionuclide angi-
ography.10-12 The main limitation of this approach is its 
low sensitivity for detection of cardiotoxicity at an early 
stage.1

Subjects and methods

The study was conducted at the Department of Oncol-
ogy of the Hospital Infantil de México Federico Gómez 
(HIMFG). The objective of the study was to describe the 
evolution of cardiac function indices reported by sonog-
raphy in children with cancer undergoing treatment with 
anthracyclines.

The study included patients <18 years of age undergo-
ing treatment for osteosarcoma (OS) or acute myeloid leu-
kemia (AML). We excluded patients with acquired or pre-
existing congenital heart disease and those who received 
radiation therapy.

We obtained the records of patients from the clini-
cal archives of the HIMFG. Files were searched of those 
patients who were diagnosed with OS or AML and who 
were discharged from the Oncology Department of HIM-
FG from January 2006 to May 2011. A stratified simple 
random sampling was conducted to form two groups of 
25 subjects with the two diagnoses included in the study. 
We collected information according to sampling for later 
analysis. Descriptive statistics were used for the demo-
graphic variables.

For description of the cumulative dose of anthracy-
cline, treatment was divided according to cycles of ad-

ministration and obtaining the average of the administered 
dose in each cycle. Likewise, we calculated the average 
of the LVEF.

Results

We included 30 patients who received treatment with an-
thracyclines: 16 with a diagnosis of OS and 14 diagnosed 
with AML. Of these, 90% were undergoing treatment and 
3% died (one due to cardiotoxicity secondary to anthracy-
cline). The average age was 143 months (range: 15-353 
months) (Table 1).

Description of the population studied
From the OS group, 12 patients presented with metastases 
at the time of the study and in four patients this could not 
be evidenced. Of the AML group, the predominant diag-
nosis was type M2 (50% of the participants) of which 57% 
were found in remission induction.

The cumulative anthracycline dose found in the par-
ticipating patients was a mean of 192 mg/m2 SC (range: 
60-450 mg/m2 SC) (Table 2). Patients were grouped ac-
cording to number of cycles of chemotherapy received, 
secondary to the similarities found in the treatment sched-
ules. For each cycle we calculated an average cumulative 
dose of anthracyclines in patients who were in that stage 
of treatment, and we separately obtained the mean ejec-
tion fraction (EF) and fractional shortening (FS) (Table 3).

Figure 1 shows the association between the progres-
sion of the cumulative dose of anthracyclines with the 
EF and FS an average determined for each cycle. It was 
observed that the variation of these two cardiac function 
indices did not change significantly with chemotherapy 
cycles subsequent from the first through the sixth. How-
ever, after the sixth cycle, with a mean cumulative dose of 

Table 1. Distribution according to age of patients undergoing treatment 
with anthracyclines

Age interval (months) Frequency Percentage (%)

0-60 3 10.0
61-120 7 23.3
121-180 14 46.7
181-240 5 16.7
241-300 0 0.0
>300 1 3.3
Total 30 100.0
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Table 2. Distribution of patients according to cumulative dose 
of anthracyclines

Cumulative dose (mg/m2 sc) Frequency Percentage (%)

0-50 0 0.0
51-100 7 23.3
101-150 10 33.3
151-200 0 0.0
201-250 6 20.0
251-300 3 10.0
>300 4 13.3
Total 30 100.0

332.5 mg/m2 SC, both parameters decreased significantly 
and rapidly.

Discussion

The results of this study offer an overview of the changes 
in the EF and FS values with increasing doses of anthra-
cyclines using echocardiogram. It has been described that 
the highest frequency of cardiotoxicity is found with a cu-
mulative dose >450 mg/m2 sc. However, it is shown that 
even at lower doses, myocardial damage already exists.

It was observed that 10% of the study population died 
by the time of the study. In one of these patients (3.3%) the 
documented diagnosis was heart failure secondary to the 
use of anthracyclines. Although it has been reported that 
with the use of anthracyclines mortality due to cardiomy-
opathy was 7.5% with a cardiovascular event rate of up to 
50%, these indices were obtained in patients with higher 
cumulative doses of 550 mg/m2 sc. The highest value ob-
served in this study was 450 mg/m2 sc.

The cumulative dose in this group was 192.5 mg/m2 
sc (range: 60-450 mg/m2 sc, already considered a safe 

limit for the presence of cardiotoxicity). In the population 
studied, the EF virtually did not change until the sixth 
treatment cycle, equivalent to an average cumulative dose 
of 332.5 mg/m2 sc. However, it began to decline at an ac-
celerated pace for the next cycle, with a decrease of 8% 
from one cycle to the next. With respect FS, the most sig-
nificant change occurred after the seventh treatment cycle 
where we observed a decrease of 9% to a cumulative dose 
of 450 mg/m2 sc.

According to the clinical definition of cardiotoxicity, 
which is defined as a decrease of LVEF by >20% in pa-
tients with normal LVEF or a decrease of LVEF by >10% 
in baseline values of <50%, only one patient was found 
who fulfilled this description. However, the clinical mani-
festations were not evaluated because they were not part 
of the objectives planned in this research project.

Heart failure secondary to cardiotoxicity caused by the 
use of anthracyclines has been extensively documented in 
the literature. It is related to the dose and the remaining 
risk throughout life, despite no longer undergoing treat-
ment with anthracyclines. It has been observed that mor-
tality from this disease exceeds 50% once the disease has 
been established.

Results of myocardial biopsies show strong evidence 
that the damage begins at the time of the initial expo-
sure, although the cardiac reserve prevents clinical rec-
ognition until sufficient damage has occurred for cardiac 
compensation.

At the HIMFG we observed that echocardiograms 
conducted in the at-risk population remain virtually un-
changed for an average cumulative dose of 300 mg/m2 sc. 
However, progressive and irreversible decrease of their 
values begins later until reaching actual heart failure.

Although in this institution the dose of anthracyclines 
used is lower than reported in the literature as being at 

Table 3. Average cumulative dose of anthracyclines, ejection fraction (EF) and fractional shortening (FS) according to treatment cycle

Cycle # Cumulative dose of anthracyclines (mg/m2 sc) EF FS

1 0.0 70.03 37.5
2 72.4 70.90 39.3
3 137.3 67.90 36.3
4 192.6 65.40 35.8
5 251.0 69.00 37.3
6 332.5 68.50 36.0
7 382.5 60.50 33.0
8 450.0 48.00 24.0

Este documento es elaborado por Medigraphic



Bol Med Hosp Infant Mex132

Elsy Maureen Navarrete-Rodríguez, Marta Margarita Zapata-Tarrés, Alfredo Vizcaíno-Alarcón, Juan Garduño-Espinosa, 
Elisa Dorantes-Acosta, Miguel Ángel Palomo-Colli

www.medigraphic.org.mx

Figure 1. Average cumulative dose of anthracyclines according 
to treatment cycle.

Figure 2. Average of ejection fraction (EF) and fractional shorten-
ing (FS) according to treatment cycle.

higher risk, microscopic changes have been demonstrated; 
hence, myocardial function is established well before ac-
tual clinical deterioration. The challenge is to recognize 
the damage that occurs early because it is a critical step in 
preventing the onset of heart failure.

The prognosis of children with cancer has improved 
substantially over time. However, the increase in survival 
rates has revealed an increase in the rates of adverse sec-
ondary events. The challenge is to identify new tools to 
aid in the prevention of additional conditions due to can-
cer and secondary to treatments such as cardiotoxicity 
caused by the use of anthracyclines and to improve the 
prognosis and quality of life of these children.
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