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Myocardial protection by L-carnitine
in children treated with adriamycin
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The aim of this study was to evaluate the possible
cardioprotective effects of I-camitine used in children
treated with adriamycin for the treatment of several types
of tumors. Adriamycin cardiotoxicity was compared in
two groups of patients: one group (N=20) was treated
only with adriamycin, non-protected group, and a second
group (N=108), protected group, was treated with
adriamycin plus l-carnitine. These groups were studied
according to a protocol which includes X-ray,
electrocardiography and echocardiography, stressing on
shortening fraction and ejection fraction, clinical and
laboratory parameters, especially CK-MB. In the non-
protected group, two patients developed marked
myocardial toxicity, one of them developing also a severe
congestive heart failure (CHF IV, NYHA) which did not
responded to standard treatment. This child recovered to
CHF 1, NYHA after three months of l-carnitine treatment.
Patients in the protected group received 1-2 g l-carnitine
IV on the same day they received adriamycin, and 175
mg/kg/day l-carnitine PO up to one year after the end of
adriamycin treatment.

The protective effect of l-carnitine against adriamycin
cardiotoxicity, shown for the first time in children in a
clinical setting, is very encouraging. Further studies are
necessary to establish l-camitine as a cardioprotective
agent in cancer chemotherapy patients.
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En este trabajo se evalia la posible acciéon
cardioprotectora de la L-carnitina en nifios tratados
con adriamicina por diferentes tipos de neoplasias.
La cardiotoxicidad por adriamicina fue comparada
en dos grupos de pacientes: un grupo (N=20) fue
tratado s6lo con adriamicina, grupo no protegido;
un segundo grupo (N=108), grupo protegido, fue
tratado con adriamicina y carnitina. El protocolo de
estudio incluy6: RX, electro y ecocardiografia
(fracciones de eyeccion y de acortamiento),
parimetros clinicos y de laboratorio especialmente
CK-MB. En el grupo no protegido, dos pacientes
presentaron importante cardiotoxicidad, uno de
ellos severa ICC (IV de la NYHA) que no respondié al
tratamiento usual. Este nifio se recuperd (ICC1dela
NYHA) con L-carnitina durante 3 meses. El grupo
protegido recibi6 1-2 g IV de L-carnitina el mismo
dia de la dosis de adriamicina y 175/mg/kg/dia PO,
hasta 1 afio después del tratamiento con
adriamicina. No hubo evidencia de cardiotoxicidad
en este grupo. Por primera vez se presenta evidencia
de la accién cardioprotectora de la L-carnitina en
nifios con cincer que reciben adriamicina.

Palabras clave: proteccion miocdrdica, L-carnitina
en niftos, adriamicina.
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The major risk in using doxorubicin hydrochloride
(Adriamycin) to treat some types of neoplasic diseases is
cardiotoxicity, which is dose-dependent. Cardiotoxicity
may range between early, mild, reversible alterations and
a late, severe irreversible myocardiopathy. Recently, cases
of «very late toxicity», appearing up to 6 to 10 years after -
chemotherapy, have been reported'?. Adriamycin induced
myocardial toxicity has also been experimentally** and
clinically®’ studied.

Early detection of myocardial damage is of the utmost
importance for discontinuing chemotherapy.®? Several
authors have developed methods for diagnosing
myocardial damage!®12; nevertheless, research on
prevention has not been the main concern. Recently,
some drugs have been used in order to prevent
cardiotoxicity’*'¢, One of them, l-carnitine, has
demonstrated to be really effective as shown
experimentally'”® and in clinical trials in adults'*3,

The aim of this trial was to ascertain, for the first time, the

l-camitine protective effect against cardiotoxicity caused
by adriamycin in children with neoplasic diseases.

PATIENTS AND METHODS

One hundred and twenty eight children, ages 1-12 years old,
with neoplasic diseases (table 1) received 30-60 mg/kg/dose
adriamycin (ADM) intravenously (X:40 mg) once a week in 4
weeks cycles. Total doses ranged between 260 and 420
mg/m?/BSA. Thirteen patients received repeated cycles. Other
drugs such as cytosar, platinol, vinblastin, oncovin, prednisone
and methotrexate, were also used.

Children were divided in two groups, one group (N=20)
received only adriamycin, non-protected group, and a second
group (N=108) received adriamycin plus l-carnitine, protected
group, according to the protocol, as follows.

Non-protected group

Twenty children, monitored until 1986, received only adriamycin.
In 15 patients, a complete cardiovascular evaluation was
performed at least once during ADM treatment. Three patients

Table 1. Diagnosis our 128 cases
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Diagnosis Non prot. I Prot. | (m/H
Megaloblastic anemia 1 01
Angioneuroblastoma 1 0/1
Ganglioneuroblastoma 2 0/2
Hitiocytosis 5 /4
Hodgkin lymphoma 2 17 13/4
Cutaneous lymphoma 1 1/0
ALL 11 54 34/20
AML 2 5 4/1
Non Hodgkin lymphoma 2 8 5/3
Neuroblastoma 2 1/1
Rabdomyosarcoma 1 1/0
Retinoblastoma 1 01
Osteosarcoma 1

Wilms tumor 1 6 0/6
Ewing’s tumor 1 4 22
Total 20 108

ALL: Acute lymphoid leukemia; AML: Acute myeloid leukemia; Non prot.: non protected; Prot.:
protected

were subjected to close and periodic control because of
electrocardiogram alterations. Two patients (No. 12 and No. 15)
developed signs of myocardial toxicity, so ADM was discontinued.
Case No. 12. This was a 12 years old boy with rbabdomyosarcoma,
admitted in November 1985 because of severe myocardiopathy of
sudden onset during the first month on chemotberapy. He
previously bad been subjected to mediastinal irradiation. He was
in CHF IV, NYHA: anasarca, onthopnea, gallop rbythm, mu/fled
beart sounds. X-rays revealed a severe beart enlargement,
cardiothoracic ratio (CT-R): 0.66 (fig. 1-A. ECG: low voltage P, QRS
and T waves in all leads, and ST-T segment alterations (fig. 2A).
Echocardiogram disclosed an important beart chambers
dilatation, specially of left atrium and ventricle, and reduced
ventricular function and motion: EF.35% and ShF: 18% (fig. 34,
A?). Treatment consisted of digoxin, a diuretic and a vasodilator
agent, besides general maintenance procedures. An
endomyocardial biopsy was also performed (figs. 44, B and C).

Fig. 1. Patient No. 12. Thorax X-rays in frontal projection,
before (A) and after (B) l-carnitine treatment for three months.
A: an important heart enlargement and signs of pulmonary
venous-capillary hypertension. B: a moderate reduction of
cardiomegaly, and no pulmonary venous-capillary
hypertension are observed. This figure is reproduced from the
volume ~Role of L-carnitine in cardiomyopathies in infancy-
presented in the World Congress of Pediatric Cardiology and
Cardiac Surgery, Paris, June 21-25, 1993, with the kind
autorization of Dr. J. P. Bonnefont of the Hopital Necker
enfants-malades of Paris, and Sigma Tau of Rome.
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Fig. 2. Patient No. 12. Electrocardiogram before (A) and after
(B) l-carnitine treatment for three months. A: observe low
voltage P, QRS and T waves in all leads and ST-T segment
alterations. B: observe voltage normalization. Discrete ST-T
segment alterations are still observed. This figure is reproduced
from the volume «Role of L-carnitine in cardiomyopathies in
infancy- presented in the World Congress of Pediatric
Cardiology and Cardiac Surgery, Paris, June 21-25, 1993, with
the kind autorization of Dr. J. P. Bonnefont of the Hopital
Necker enfants-malades of Paris, and Sigma Tau of Rome.

Patient No. 15 also showed electrocardiographic evidence of
myocardial damage (prolonged QTc, ST-T and T waves
abnormalities) and enzyme levels alterations (CK-MB: 24 U).
Because of these abnormalities adriamycin treatment was
discontinued.

Protected group

Between January 1987 and July 1995, 108 patients received I-
carnitine according to the following protocol:

—
Fig. 3. Patient No. 12. Echocardiogram before (4, B) and after (A,
B) l-carnitine treatment for three months. A: M-mode recording of
left ventricular cavity showing important dilatation and mitral valve
posterior displacement. B: bidimensional longitudinal axis,
parasternal projection showing marked left ventricle dilatation. A”:
type B paroxistic movement of interventricular septum, even
though ventricular function shows an improvement. B: apical
chambers projection, showing left ventricular cavity dilatation. LA:
left atrium, LV: left ventricle, Ao: aorta, RA: right atrium, RV: right
ventricle. This figure is reproduced from the volume «Role of L-
camitine in cardiomyopathies in infancy- presented in the World
Congress of Pediatric Cardiology and Cardiac Surgery, Paris, June
21-25, 1993, with the kind autorization of Dr. J. P. Bonnefont of the
Hopital Necker enfants-malades of Paris, and Sigma Tau of Rome.

1) 1-2 g l-carnitine in 150 ml of 5% glucose was administered
intravenously on the same day as ADM; and 175 mg/kg/day I-
carnitine was administered PO, divided in three doses, during
the entire ADM treatment period and up to a year after
finishing chemotherapy. Forty two patients received l-carnitine
during the last three years of the study.

2) The following evaluations were performed before, during and
after ADM treatment: clinical tests, X-ray, EKG,
echocardiography, glutamic-oxaloacetic transaminase (GOD,
glutamic pyruvic transaminase (GPT), creatine phosphokinase
(CPK) and 2 creatine kinase isoenzyme (CK-MB) levels. Clinical
evaluation and EKG were performed every other day during
patient hospitalization. Emphasis was put on clinical findings,
heart rate, cardiac thythm, ST-T segment and T wave
morphology on EKG. Enzyme changes, specially CK-MB and
echocardiographic parameters of ventricular function and motion
were also taken into account. Data obtained were analyzed by a
computerized method, using a Statgraphics program.

RESULTS
Non-protected group

Three patients showed minor electrocardiographic
changes: flattened T waves in left precordial leads
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without other EKG alterations. These patients had also
the lowest hemoglobin (Hb) and hematocrit (Ht) levels in
this group (5.5 - 6.5 g % Hb and 15-19 Ht, respectively).

. P i 4 B i s Nt}
Fig. 4. Patient No. 12. Endomyocardial biopsy. Light (A,B) and
electron microscopy (C). A: myocardial fibrils distortion.
Swelling and interstitial fibrosis are present (Col. H-E x 100).

B: Cell degeneration, myofibrils dissolution and marked
nuclear changes. Swelling and interstitial fibrosis are observed
(Col. H-E x 480). C: Mitochondrial swelling and cristae
distortion are evident. Bar = 0.16 m (x 90.000). (Courtesy of Dr.
Claudia Suirez, Cardiovascular Pathology, Institute of
Pathology, Universidad Central de Venezuela).

Patient No. 12 did not improve with conventional
anticongestive treatment during one montb. Then, -
carnitine was started intravenously for three days (1 g
every 8 bours) and 175 mg/kg/day per os, divided in three
doses, for three years. A steady improvement was observed,
and afier three montbs of I-carnitine treatment the patient
was in CHF I, NYHA. There were no complainis about the
treatment; an improvement on X-ray alterations (fig. 1B),
and normalization of P; ORS, T voltage and ST-T segments
alterations in the EKG were observed (fig. 2B).
Echocardiogram showed a marked improvement of
ventricular function and motion: EF 57% and ShF 29%
after l-carnitine treatment (fig. 3B and B)).

Protected group

In this group, none of the patients showed any sign of
ADM induced myocardial toxicity. Three patients
presented mild electrocardiographic alterations.
Laboratory data showed a mild increase in GOT before
and after treatment (above 60 U) in 3 patients; they also
showed a moderate increase in lactic dehydrogenase
(LDH), CK and CK-MB, but these values were within
normal limits both before and after treatment (fig. 5).
Echocardiography disclosed 43% of average value in
shortening fraction before treatment and 41% at the end
of treatment (fig.6) The ejection fraction was between
63% average value before to a 65% after treatment (fig.7).

DISCUSSION

Prolonged use of ADM in the treatment of some tumors
may pose some danger for the patient; so, it must be
limited because of cardiotoxicity, as shown in two
patients of the non-protected group. Myocardial toxicity is
dose-dependent and it is cumulative between 440 and

mg/100dl

GOT GPT
R stan [ During

Fig. 5. Protected group with l-carnitine. Levels of glutamic-
oxaloacetic transaminase (GOT), pyruvic transaminase (PT),
creatine phosphokinase (CPK) and creatine kinase isoenzyme
(CK-MB) at the beginning, during and after discontinuing
chemotherapy. No significative changes in enzyme serum
levels, particularly CK-MB, were observed.
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Fig. 6. Protected group with l-carnitine. Shortening fraction
(ShF) for patients in the protected group: before (1), during (2)
and after (3) ADM treatment. Observe average values
(continuous line) among normal limits.

550 mg/m?/BSA in adults®72. This has also been reported
in children’?. Risk factors also are important. Besides a
high cumulative dose, risk factors include: previous
mediastinal irradiation, myocardiopathy or congenital
heart diseases, anemia, fever, infections, tumor
infiltrations, excessive liquid retention, concurrent
cyclophosphamide treatment in children with Wilms’
tumor. Acute toxicity some times can occur after initial
dose or during treatment. Manifestations are generally
mild, transient and reversible. Chronic toxicity occurs
after the first month from chemotherapy discontinuation,
appearing as a severe and generally irreversible CHF,
with 60% mortality among all cases. Nevertheless, this
classification? may not always be accurate, since patient
No. 12 showed cardiotoxicity within the first month of
chemotherapy as an <acutes CHF (sudden onset).
Probably, terms such as -early» and «late~ toxicity'? would
be more precise, and so it would be «very late toxicity
referring to myocardial toxicity cases appearing at any
time after the first year of finishing cancer chemotherapy.
Manifestations of toxicity and its severity, presents a wide
range from one case to another: from subclinical
manifestations (EKG, echocardiographic or enzyme
alterations) to severe CHF, which may appear during or
after chemotherapy.

Since an early diagnosis of ADM-induced cardiotoxicity is
difficult, several methods have been devised’ in order to
decide on the convenience to discontinue ADM
treatment. Some of the methods have proven to be
useful; for example:

1) Electrocardiogram: is an useful tool, specially for
diagnosing tachyarrythmia, extrasystole, ST-T wave
alterations, all of them suggestive of electrolyte and
ischaemic disturbances. Other findings are increased P-R
and decreased QTc intervals. EKG changes must be
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Fig. 7. Protected group with I-carnitine. Ejection fraction (EF) :
before (1), during (2) and after (3) ADM treatment. Average
values (continuous line) were within normal limits.

evaluated according to Hb and Ht values, because a
severe anemia may cause a misinterpretation of the
clinical situation, as it has occurred with some of our
leukemic patients. EKG is important in the evaluation of
myocardial toxicity®?. Prolongation of QTc and ventricular
arrhythmia are an ominous sign; with QTc values > 0.46,
CHF is present®, Electrocardiographic signs of late
toxicity QRS complex prolongation and AV conduction
alterations— are obvious and related to CHF. These
changes are neither specific nor predictive of CHF. A low
QRS voltage is not exclusively related to ADM induced
myocardiopathy and it can also be found in associate
pericarditis, massive pleural effusion, neoplasic infiltration
of myocardium, chest wall edema. Tachycardia may
appear in fever, anemia, concurrent infections and tumor
infiltration of myocardium. It can also be found in ADM
treated children, even 7 years after discontinuation of
chemotherapy?. A 24 hours Holter is useful when
arrhythmia is suspected to be a delayed effect of
chemotherapy. Patients in the Protected Group showed
no EKG changes. It is important to correlate this with
alterations in other parameters such as enzyme and
echocardiographic changes, for an early detection of
ADM induced myocardial toxicity.

2) Enzymes: The most sensitive enzyme assay, according
to some authors!!, is the CK-MB determination. It also is
the most specific and it shows early changes in cases of
ADM induced myocardial toxicity'!. Patients in the
protected group did not show significative changes in
CK-MB serum levels (fig. 5). Other enzymes such as GOT,
GPT and CPK, are less specific but may be useful in
monitoring patients with myocardial toxicity.

3) Echocardiography: This is a very useful method for
detection of cardiotoxicity as it is a simple, non-invasive
and inexpensive one. It also allows an easy observation
of changes in ventricular function. Compared to that
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observed in adults, it is an easier method to run and
interpret in children, due to technical reasons. The most
important measurements are: a) Left ventricular
dimensions and posterior wall thickness; the latter
becomes an early echocardiographic sign of myocardial
toxicity as a decrease is observed in comparative studies;
b) Shortening fraction (ShF); c) Ejection fraction (EF). It
has been shown that detection of myocardial dysfunction
and the consequent discontinuation of chemotherapy
prevent cardiomyopathy development and reduces the
risk of CHF in children®3!. No echocardiographic
abnormalities were found in patients in the protected
group (fig. 6 and 7).

Some other investigations for early detection of ADM
toxicity such as stress test*?, radionuclide
angiocardiography**3, and endomyocardial biopsy”53-38,
have been performed. However, these methods are
limited as a routine myocardial toxicity control in
children, specially if they are younger than 6 years old.
Actually, severely sick children are unable to fully
cooperate when they have anemia and fever.
Furthermore, some of these methods are of high cost and
invasive nature, and have limited availability. Some of
these evaluations, such as radionuclide
angiocardiography, should be carried out in patients with
clinical and laboratory values suggestive of cardiotoxicity.
To our knowledge, the remarkable improvement of
patient No. 12 (non-protected group) after l-carnitine
treatment (figs. 1-3) is the first case, at least in children,
who has recovered from a severe toxic ADM induced
cardiomyopathy. Recently, Boon et al.* reported similar
success in a child with severe ADM-myocardiotoxicity,
who improved after ibopamine and !-carnitine treatment.
These and those findings in the protected group show the
efficacy of l-carnitine in the treatment of ADM induced
myocardial toxicity, and supports its use in the prevention
of toxicity in children with different type of tumors
treated with daunurobicin derivatives. Protective effect of
l-carnitine during ADM therapy may be related to free
fatty acids transport from cytoplasm to the mitochondrial
matrix of myocardial cells, thus reducing ADM damaging
action. On the other hand, l-carnitine decreases
acetylCoA/CoA ratio, facilitating oxidative use of glucose;
it restores ATP production®, prevents dangerous
accumulation of calcium®, limits free radicals
production*, and has a protective effect against ADM
induced arrythmia®. Recently, in our Laboratory, Strauss
et al.* demonstrated enhancement of cell-protecting
mechanism based on an induction of skock protein
produced by I-camitine which probably accounts for a
reduced severity of very late ADM-myocardiotoxicity.
Preliminary experiments with chick embryo" suggest that
experimental disturbances induced by ADM are similar to
those observed in human endomyocardial biopsies, as in
our case. Myocardial protection with 1-camitine in
patients treated with ADM is promising. Since this is the
first trial in children, further experimental research and
clinical investigations with larger number of pediatric
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patients are warranted, in order to understand the role of
l-carnitine as a myocardium protective agent in patients
subjected to cancer chemotherapy.

ACKNOWLEDGMENTS

The authors thank Dr. Claudia Sudrez for analyzing Case
No. 12 endomyocardial biopsy; Miss Maria Gabriella
Bernabei and Mrs. Margarita Salazar for their assistance in
reviewing the English version of this manuscript.

REFERENCES

1. Goorin AM, Chauvenet AR, Pérez-Atayde AR, Cruz J, McKone R,
Lipshultz SE. Initial congestive heart failure, six to ten years after
doxorubicin chemotherapy for childhood cancer. The jour of
Pediatrics 1990; 116:144-147.

. Freter CE, Lee TC, Billingham ME. Doxorubicin cardiac toxicity
manifesting seven years after treatment. Case report and review. Am
J Med 1986; 80:483-485.

3. Jaenke R. Delayed and progressive myocardial lesions after
adriamycin administration in the rabbit. Can Res 1976; 36: 2,958-
2.966.

4. Capelli V, Mogio R, Monti E, Parachini L, Piccinini F, Reggiani C.
Reduction of myofibrillar ATPase activity and isomyosin shift in
delayed doxorubicin cardiotoxicity. JMol Cell Cardiol 1989; 21:93-101.

5. Bristow MR, Minobe WA, Billingham ME. Anthracycline- associated
cardiac and renal damage in rabbits. Evidence for mediation by
vasoactive substance. Lab Invest 1981; 45:157-168.

6. Hausdorf G, Morf G, Beron G, Erttmann R, Winkler K. Long term
doxorubicin cardiotoxicity in childhood: non-invasive evaluation of
the contractile state and diastolic filling. Br Heart J 1988; 60:309-315.

7. Steinherz LJ, Graham T, Hurwitz R, Sondheimer HM, Schwartz RG,
Shaffer EM, et al. Guidelines for cardiac monitoring of children
during and after anthracycline therapy: Report of the Cardiology
Committe of the Childrens Cancer Study Group.Pediatrics 1992;
89:942-949.

8. Torti FM, Bristow MR, Lum BL, Carter SK, Howes AE, Aston DA, et
al. Cardiotoxicity of epirubicin and doxorubicin: assessment by
endocardial biopsy. Cancer Research 1986; 46:3722-3727.

9. De Leonardis V, De Scalzi M, Neri B, Bartalucci S, Cinelli P.
Echocardiographic assessment of anthracicline cardiotoxicity during
different therapeutic regimens. Int ] Clin Pharm Res 1987; 7:307-311.

10. Von Hoff DD, Rozencweig M, Layard M. Daunomycin-induced
cardiotoxicity in children and adults: review of 110 cases. Am ] Med
1977; 62:200-208.

11. Neri B, Torcia G, Comparini T, Guidi S, Miliani A, Clapini A. Creatin-
kinase MB: a non invasive test in the monitoring of acute adriamycin
and daunomycin cardiotoxicity. ] Exp and Clin Cancer research
1983; 2:41-45.

12. Storti R, Poma A. Electrocardiographic evaluation of the protective
effect of l-carnitine on the cardiotoxicity from antiblastic
chemotherapeutic agents subjects with pulmonary neoplasia. Clinica
Europea 1980; 19:47-55.

13. Berg SL, Balis FM, Poplack DG, McClure L, Horowitz ME. The use of
cardioprotectant agents in combination with anthracycline
chemotherapy. 2nd International Conference on Long-Term
Complications of Treatment of Children and Adolescents for Cancer.
1992; June 12-14, Hyatt Regency Hotel Biiffalo, New York.

14. Bu'Lock FA, Gabriel HM, Oakhill A, Mott MG, Martin RP.
Cardioprotection from high dose anthracycline toxicity in children
with malignant disease. Cardiol in the Young 1993; 3:90.

15. Folkers K, Choe JI, Coombs AB. Rescue by coenzyme Q10 from
electrocardiographic abnormalities caused by the toxicity of
adriamycin in the rat. Proc Nat Acad Sci USA 1978; 75:5178-5180.

16. Neri B, Neri GC, Bandinelli M. Differences between carnitine
derivatives and coenzyme Q10 in preventing in vitro doxorubicin-
related cardiac damages. Oncology 1988; 45:242-246.

N

35 G. ASELMI CHAVEZ ET AL—MYOCARDIAL PROTECTION BY L-CARNITINE IN CHILDREN TREATED WITH ADRIAMYCIN 213



17.

18.

19.

20.

21.

22.

23.

24.
25.
26.

27.

28.

29.

30.

McFalls EO, Paulson DJ, Gilbert EF, Shug AL. Carnitine protection
against adriamycin-induced cardiomyopathy in rats. Life Sciences
1986; 38:497-505.

Alberts DS, Yel-Mel P, Moon TE, Bressler R. Carnitine prevention of
adramycin toxicity in mice. Biomedicine 1978; 29:265-268.

Neri B, Comparini T, Miliai A, Torcia M, Ciapini A. Protective effect
of l-camitine (Camnitene) on acute adriamycin and daunomycin
cardiotoxicity in cancer patients. Clin Trial J] 1983; 20:98-103.
DeLeonardis V, De Scalzi M, Neri B, Bartolucci S, Bacalli S, Cinelli
P. Reduction of anthracycline cardiac toxicity by l-carnitine:
preliminary overview of clinical data. Int J Clin Pharm Res 1985;
5:137-142.

Circo A, Cardillo R, Gulizia M, Olivieri M, Raciti S, Valada F, et al.
The role of l-camitine in the prevention and in the treatment of
arthythmias in oncological patients under adramycin treatment. Eur
Rev Med and Phar Sciences 1984; 6:657-662.

De Leonardis V, Neri B, Bacalli S, Cinelli P. Reduction of cardiac
toxicity of anthracyclines by l-camitine: Preliminary overview of
clinical data. Int J Clin Pharm Res 1985; 5:137-142.

Maccari F, Ramacci MT. Antagonism of doxorubicin cardiotoxicity by
carnitine is specific of the l-diasteroisomer. Biomedicine 1981; 35:66-
67

Biancaniello T, Meyer R, Yuen Wong K, Doxorubicin cardiotoxicity
in children. J Pediatr 1980; 97:45-50.

Minow RA, Benjamin RS, Lee ET, Gottlieb JA. Adriamycin
cardiomyopathy risk factors. Cancer 1977; 39:1397-1402.

Hancock SL. Radiation related cardiac disease: risk after treatment of
Hodgkin's disease during childhood and adolescence. 2nd
International Conference on Long-Term Complications of Treatment
of Children and Adolescents for Cancer. June 12-14, 1992. Hyatt
Regency Hotel. Buffalo, New York. Abstract VIIL.

Mortensen SA, Aabko K, Johnsson T, Baandrup U. Clinical and non-
invasive assessment of anthracycline cardiotoxicity: perspectives on
myocardial protection. Int J Clin Pharm Res. 1986; 6:137-150.
Schwarntz CL, Truesdell SC, Clark EB. The use of the
electrocardiogram in screening patients for anthracycline-refated
cardiomyopathy. 2d International Conference on Long-Term
Complications of Treatment of Children and Adolescents. June 12-14,
1992. Hyatt Regency Hotel, Buffalo, New York. Abstract IV.

Hutter }J, Sahn DJ, Woofenden JM, Carnahan Y. Evaluation of the
cardiac effects of doxorubicin by serial echocardiography Am ] Dis
Child 1981; 135:653-657.

Ramos A, Meyer RA, Korfhagen J. Echocardiographic evaluation of
adriamycin cardiotoxicity in children. Cancer Treat Rep. 1976;
60:1281-1284.

ORIGINALES

31
32.

33.

35.
36.
37.
38.
39.

40.

41.

42.

43.

Bjorkhem G, Garwicz S. Echocardiographic assessment of left
ventricular function during the injection of adriamycin. Acta Pediatr
Scand 1977; 66:595-600.

Thomsen JH, Vicente U, Patel AK, Karras TJ. Improved stress
tolerance of the ischemic human myocardium after carnitine
administration. Am J Cardiol 1977; 39:289.

Singer JW, Narahoon KA, Ritchie JL. Time and dose dependent
changes in ejection fraction determined by radionucleide
angiography after anthracycline therapy. Cancer Treat Rep 1978;
62:945-948.

Baker EJ, Ellan SV, Maisey MW, Mynan M. Radionucleide
measurements of left ventricular ejection fraction in infants and
children. Brit Heart J 1984; 51:275-279.

Alexander J, Dainiak N, Berger HJ, Goldman L, Johnstone D, Reduto
L, et al. Serial assessment of doxorubicyn cardiotoxicity with
quantitative radionucleide angiocardiography. N Engl ] Med 1979,
300: 278-283.

Billingham ME, Masek M. The pathology of anthracycline
cardiotoxicity in children, adolescents and adults. 2nd International
Conference on Long-term Complications of Treatment of Children
and Adolescents for Cancer. June 12-14, 1992. At: Hyatt Regency
Hotel, Buffalo, New York (abstract 1).

Billingham ME, Mason JW, Bristow MR. Anthracycline
cardiomyopathy monitored by morphologic changes. Cancer Treat
Rep 1978; 62:865-872.

Mason JW, Bristow MR, Billingham ME, Daniels JR. Invasive and
noinvasive methods of assessing adriamycin cardioeffects in man:
superiority of histopathologic assessment using endomyocardial
biopsy . Cancer Treat Rep 1978; 62:857-864.

Boon F, Wiegman A, Wijburg F. Ibopamine + camitine treatment in
anthracycline cardiomyopathy. Pediatr Clin Amsterdam 1992; 3:13-14.
Siliprandi N. Carnitine and its role in metabolism. Scienza e Cultura
1981; 3:13-21.

Neri B, Cini-Neri G, Bartalucci S, Bandinelli M. Protective effect of I-
carnitine on cardiac metabolic damage induced by doxorubicin in
vitro. Anticancer Research 1986; 6:659-662.

Strauss M, Anselmi G, Hermoso T, Tejero F. Carnitine promotes heat
shock protein synthesis in Adriamycin-induced cardiomyopathy in
rat experimental model. The Second World Congress of Pediatric
Cardiology and Cardiac Surgery. Honolulu, Hawaii, 1997 May 11-15.
Abstract P125, pag.215.

Anselmi G, Strauss M, Chazzin G, Eleizalde G, Machado H I, Pulido
C, et al. Adriamycin cardiotoxicity. An experimental, diagnostic,
treatment and prevention study. Satellite Symposium. World Congress
of Pediatric Cardiology and Cardiac Surgery. Paris 1993; 21-25.

214

REVISTA LATINA DE CARDIOLOGIA. VOL. 18, NUM. 6, 1997

36



