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Card iac toxicity resulting f rom anthracycl ine 
therapy (doxorubicin a n d daunorubic in) is a ma jo r 
factor l imiting the use of these drugs. Reliable, 
noninvasive methods to quan t i t a t e the severity of 
cardiac dysfunct ion result ing f rom the use of these 
agents are needed. Procedures have been proposed 
for assessing the cardiac status of pat ients receiving 
doxorubicin, including systolic t ime intervals,1"5 

electrocardiography,4 '6 - 9 and echocardiog-
raphy.1 0 , 11 None have proved to be of reliable pre-
dictive value. 

T h e left ventricular ejection fraction has been 
shown to be a clinically useful index of cardiac 
performance that has both therapeut ic a n d prog-
nostic implications in pat ients with cardiopulmo-
nary disease. This measurement can be determined 
noninvasively with the use of radionuclides. T h e 
use of radionuclide angiocardiography in adult pa-
tients who have received doxorubicin has been 
recently reported,1 2 but its usefulness in pediatr ic 
pat ients has not been reported. W e wish to report 
a case of doxorubicin-induced cardiotoxicity deter-
mined by radioisotope angiocardiography in a pa-
tient in whom the electrocardiogram and echocar-
diogram were not significantly abnormal . It was 
only by radioisotope determinat ions tha t evidence 
of cardiac impa i rment could be defined. 
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Case report 

A 16-year-old boy had acute undifferen-
tiated leukemia diagnosed in December 
1978. At the time of the initial diagnosis the 
results of the cardiovascular examination 
were normal. The chest roentgenogram dem-
onstrated a slightly enlarged heart (cardi-
othoracic ratio equal to .52) with a left ven-
tricular contour. The electrocardiogram was 
normal except for low voltage T waves (Fig. 
1). There was evidence on the M-mode ech-
ocardiogram of mild left ventricular hyper-
trophy with a small posterior pericardial 
effusion. The echocardiographic left ventric-
ular pre-ejection time/left ventricular ejec-
tion time ratio (LVPEP/LVET) was normal 
at .21 and the echocardiographic left ven-
tricular ejection fraction was 74%. Shorten-
ing as determined by echocardiography was 
greater than 30%. 

A gated left ventricular ejection fraction 
was performed on our patient. An intrave-
nous dose of approximately 20 mCi (200 
fiCi/kg) of """technetium human serum al-
bumin was administered. After equilibrium, 
the camera was positioned at a 45-degree left 
anterior oblique angle to separate the right 
and left ventricular chambers. Electrodes, 
placed on the patient's chest were used to 
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synchronize the heart rate with the data 
acquisition in the computer memory. The 
data were accumulated on a portable Ohio-
Nuclear gamma camera with an all-purpose, 
low-energy collimator. A 450-VIP Ohio Nu-
clear computer system was utilized in the 
acquisition and the analysis. The log edge 
program was utilized to find end-systole and 
end-diastole. The left ventricular ejection 
fraction determined by radionuclide angio-
cardiography was 77% (Fig. 2). 

The patient received intensive chemother-
apy induction regimens with vincristine, 
prednisone, daunorubicin, cyclophospha-
mide, and cytosine arabinoside without any 
response. Remission was finally achieved 
with a combination of doxorubicin and the 
investigational drug isofamide (NSC 
109724). The cumulative doses of anthracy-
clines were doxorubicin, 216 mg (120 mg/ 
m2) and daunorubicin, 200 mg (111 mg/m2). 
No mediastinal radiation was administered. 
Two weeks after receiving doxorubicin, the 
physical examination and chest roentgeno-
gram remained unchanged. The electrocar-
diogram remained normal (Fig. 3) except for 
the low voltage T waves previously de-
scribed. The left ventricular ejection frac-
tion, determined by radioisotope, however, 
had decreased from 77% to 48% (Fig. 4). The 
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Fig. 1. Twe lve - l ead e lec t rocard iogram f rom D e c e m b e r 1978 d e m o n s t r a t i n g n o r m a l Q R S voltages wi th 
f l a t t en ing of t h e T waves in the lateral , precordia l a n d infer ior s t a n d a r d leads. 
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v e n t r i c u l a r e m p t y i n g ( a r r o w h e a d ) . 

M-mode echocardiogram also demonstrated 
a decreased left ventricular ejection fraction 
(59%) from the previous study, but the 
LVPEP/LVET was .20 and shortening re-
mained greater than 30%. 

Following this evaluation, the patient was 
monitored carefully in the intensive care unit 
during a fluid push for isofamide. No clinical 
evidence of congestive heart failure devel-
oped. Remission lasted only 2 months. Dur-
ing a subsequent relapse, he became septic, 
pneumonia developed, and he died. The 
autopsy was limited to biopsies of peripheral 
nerves. 

Discussion 

O u r 16-year-old patient received a 
cumulat ive dose of 120 m g / m 2 of dox-
orubicin and 111 m g / m 2 of daunorubi-
cin, dose ranges that in the past had 
been considered safe; yet he had a severe 
decrease in the radioisotope determined 
ejection fraction from 77% to 48%. This 
decrease would not have been detected 
if the scaler electrocardiogram or echo-
cardiographic measurements had been 
used, since the electrocardiogram re-
mained unchanged and the echocardi-
ographically determined systolic t ime 
intervals and percent shortening re-
mained normal. There was a decrease, 
however, in the echocardiographic left 
ventricular ejection fraction. Since the 
patient was to receive a large fluid push 
of normal saline while receiving isofam-
ide therapy, it is conceivable that pul-
monary edema and congestive heart 
failure could have developed if we had 
relied only on the electrocardiographic 
and echocardiographic findings. 

Results of a recent study of adults has 
shown that systolic t ime intervals, elec-
trocardiograms, chest roentgenograms, 
and physical examinations are not sen-
sitive nor specific enough indices in de-
tecting adriamycin-induced cardiomy-
opathy.12 T h e authors demonstrated 
that all five adult patients in whom 
congestive heart failure developed had 
dramat ic decreases in radioisotope de-
termined left ventricular ejection frac-
tion before clinical evidence of cardiac 
decompensation. In their study no pa-
tients in whom doxorubicin therapy was 
discontinued because of radionuclide 
evidence of moderate cardiotoxicity had 
clinical congestive heart failure. 

In pediatric patients we have been 
similarly impressed by the lack of spec-
ificity and sensitivity of the M-mode 
echocardiogram and the complete un-
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Fig . 3. Twelve- lead scaler e lec t rocard iogram 4 m o n t h s la ter d e m o n s t r a t i n g no s ignif icant d i f ference f rom 
the e l ec t roca rd iogram in December . T h e r e a p p e a r s to be s o m e S - T a n d T - w a v e abnorma l i t i e s aga in wi th 
low vol tage T waves in the la teral precordia l leads as well as t h e s t a n d a r d inferior leads. T h e Q R S voltages 
a p p e a r no rma l . 

reliability of the scaler electrocardi-
ogram for early signs of doxorubicin-
induced cardiomyopathy.1 3 Hutchinson 
et al5 concluded that the value of echo-
cardiographically determined L V P E P / 
L V E T was limited in children, in that 
in their study prolongation of this ratio 
did not always precede congestive heart 
failure and prolongation was not fol-
lowed by clinical failure in most pa-
tients. O u r patient 's echocardiographi-
cally determined systolic time intervals 
and percent shortening remained nor-
mal, as did the electrocardiogram, de-
spite the significant decrease in left ven-
tricular ejection fraction. T h e echocar-
d iog raphy ejection fraction was de-
creased, bu t we do not believe that the 
M-mode echocardiogram is a reliable 
method for determining ejection frac-
tion.13 T o measure echocardiographic 
left ventricular ejection fraction, one de-
termines the end-systolic and end-dia-
stolic diameters and cubes them in an 
a t tempt to compensate for the fact that 

the left ventricle is a sphere and the M-
mode is a linear beam passing through 
this chamber. Small errors in echocar-
diographic measurements can result in 
large errors of overall ejection fraction 
since the single measurement is cubed. 
Isotope determinations do not depend 
on the configuration of the ventricle, 
but merely the counts (area) in the ven-
tricle during diastole and systole. 

It would appear that first pass radio-
nuclide angiocardiography is suited for 
serial prospective evaluations of ventric-
ular performance in pediatric patients 
receiving cardiotoxic drugs. Sequential 
radionuclide angiocardiography allows 
accurate, noninvasive identification of 
patients at risk for development of con-
gestive heart failure, and it would ap-
pear to be a useful tool in predicting the 
appropr ia te t ime for drug withdrawal. 
Of equal importance is the ability of 
this procedure to select and monitor 
patients who might benefit safely from 
further high-dose chemotherapy. 
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Fig . 4A. P o s t a d r i a m y c i n ga t ed left ven t r icu la r ra-
d ionuc l ide s tudy showing end-dias to le (small 
black arrow) a n d end-systole (curved ar row). 4B. 
Pos t ad r i amyc in c o m p u t e r p r i n t o u t showing a de-
crease in the eject ion f rac t ion to .48 a n d a decrease 
in the r a t e of ven t r i cu la r e m p t y i n g . 
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