
management of these patients, with serial ejection fraction
measurements being the standard method to guide doxo
rubicin administration during chemotherapy. Although left
ventricular ejection fraction (LVEF) at rest is used by most
oncologists to guide doxorubicin therapy, several reports
have shown that it may correlate poorly with endomyocar
dial biopsy grades, suggesting limited sensitivity of ejection
fraction measurements to early myocardial damage (1,2,5).
Right ventricular endomyocardial biopsy has also been pro
posed to assess myocardial cell damage during doxorubicin
administration. The invasiveness and associated complica
tions of biopsy, however, limit its use in clinical routine.
Therefore, a more sensitive and noninvasive method capa
ble of identifying patients at risk of significant ejection
fraction deterioration during chemotherapy would be use
ful, because patients at risk could benefit from changes in
the administration schedule to avoid significant functional
impairment, or further doxorubicin doses could be admin
istered to those patients who might respond to additional
treatment. Recently, assessment of myocardial damage with
11â€˜In-antimyosin has been proposed as a more sensitive

method for early detection of doxorubicin cardiotoxicity
(6â€”8).In addition, animal studies suggest that assessment
of myocardial sympathetic innervation impairment with ra
dioiodinated metaiodobenzylguanidine (MIBG) could also
be used for early detection of doxorubicin cardiotoxicity
(9,10).

Indium-ill-antimyosin antibody studies allow noninva
sive detection of myocardial damage in vivo. Binding of this
antibody to intracellular myosin takes place only when
sarcolemmal disruption occurs and the cell is irreversibly
damaged (11 ). Antimyosin studies have been shown to be
sensitive in the detection of myocyte cell damage in a
variety of conditions (12â€”14).We have recently shown that
the morphologic damage in the myocytes present in doxo
rubicin cardiotoxicity can be detected by antimyosin scans
(6), that intensity of antimyosin uptake relates to the cu
mulative dose of doxorubicin (7) and that antimyosin up
take precedes ejection fraction deterioration (7,8).

MIBG behaves similarlyto norepinephrine and is taken
up by myocardial sympathetic nerves (15â€”17).Several stud
ies have shown that variations in myocardial MIBG uptake
reflect changes in myocardial adrenergic neuron integrity

Detection of myocyte cell damage with@@ 11n-antimyosinand
impairmentof adrenergicneuronfunction with [1231]MIBGduring
doxorubicin administration may provide early identification of
patients at risk of significant functional impairment. Methods:
Westudied36 cancerpatientswhounderwentchemotherapy,
including doxorubicin, to assess [â€˜231]MIBGand@@ 1In-antimyo
sin uptake in the course of doxorubicinadministration.MIBG
scans, antimyosin scans and ejection fraction measurements
were performed before chemotherapy,at intermediatecumula
tive doses and at maximal cumulative doses of doxorubicin.
MIBG uptake was quantified by a heart-to-mediastinum ratio
andantimyosinuptakewasquantifiedby a heart-to-lungratio.
Results: ,AJlpatients had absent antimyosinuptake (meanratio
1.40 Â±0.06)with normal MIBG uptake(ratio1.85 Â±0.29)before
chemotherapy; ejection fraction was 61% Â±8%. With a 240-
300 mg/m2 dose of doxorubicin, an increase in antimyosin up
take was observed with a ratio of 1.85 Â±02 (p < 0.01), whereas
a similar degree of MIBG uptake was observed (mean ratio of
1.80 Â±0.2, p = ns);ejection fraction was 59% Â±5% (p = ns).
At420â€”600mg/m2,increasedantimyosinuptakewasobserved
with a ratio of 2.02 Â±0.3 (p < 0.01),and a decrease in MIBG
uptake was also observed (meanratio of 1.76 Â±0.2, p < 0.05);
ejection fraction was 52% Â±8% (p < 0.05). Patients with more
intense antimyosin uptake at intermediatedoses tended to be
those with more severe functional impairment at maximal cu
mulative doses. Conclusion: At cumulative doses of 420â€”600
mg/m2, antimyosin and MIBG studies detect cell damage and
impaired adrenergic neuron activity in patients with maintained
or slightly decreased ejection fraction.

Key Words: indium-i 11-antimyosin; iodine-i 23-metaiodoben
zylguanidine; doxorubicin cardiotoxicity; myocardial damage;
myocardial sympathetic innervation
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ardiotoxicity is the most deleterious effect of doxoru
bicin. Its appearance may produce irreversible congestive
heart failure, limiting the total cumulative dose achievable
(1â€”4).Detection of cardiotoxicity is therefore crucial in the
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and function (18â€”20).Recently, MIBG studies have been
proposed to assess adrenergic innervation impairment due
to doxorubicin cardiotoxicity. Animal studies have shown
that in adriamycin-induced cardiomyopathy abnormal ad
renergic neuron activity can be detected by MIBG. Dc
creased MIBG uptake has been observed in adriamycin
treated rats with limited morphological damage (vacuolar
degeneration of the myocytes) (9). In these animal studies,
decreased MIBG uptake preceded ejection fraction deteri
oration (10).

This study was undertaken to assess myocyte cell damage
with@@ â€˜In-antimyosinand impairment of adrenergic neuron
function with [â€˜231]MIBGduring doxorubicin administra
tion in cancer patients.

METHODS

We studied 36 consecutivepatientswith sarcomaseligiblefor
treatment including doxorubicin: soft-tissue sarcoma (24 patients)
and osteosarcoma (12 patients). There were 21 men and 15
women, aged 16â€”75yr (mean age 38 yr). None of the patients had
a history of neuropathy, hypertension, previous cardiac disease or
had received previous chemotherapy or mediastinal radiotherapy.
None of the patients were taking medication which might be
expected to interfere with myocardial MIBG uptake. All patients
had adequate hepatic and renal function, none had evidence of
central nervous system, mediastinal or cardiac metastases. Regi
mens utilizing doxorubicin were based on a chemotherapeutic
protocol (including dacarbazine, cyclophosphamide and vincris
tine) and disease status. Doxorubicin was administered every 3â€”4
wk at a dose of 60 mg/m2.Informed consent was obtained from all
patients.

Iodine-123-MIBG, IIâ€˜In-antimyosinstudies and ejection frac
tion measurements were performed within the same week before
chemotherapy at intermediate cumulative doses (240â€”300mg/m2)
and at maximal cumulative doses (420â€”600mg/rn2,depending on
chemotherapeutic protocol) of doxorubicin. Iodine-123-MIBG
studies were performed first, followed by@@ â€˜In-antimyosinstudies
to avoid significant cross-talk from the â€˜â€˜â€˜Into 123!channels. All
studies in the chemotherapy course were performed 2 wk after
previous doxorubicin administration.

Mtimyosin Studies
Ri 1-D10-Fab-DTPA(0.5 mg) labeled with 2 mCi â€˜â€˜â€˜Inwas

administered by slow intravenous injection. Planar scans were
obtained 48 hr later using a large field of view camera linked to a
dedicated computer with a medium-energy collimator. A 20%
window was centered on both peaks of â€˜â€˜â€˜Inand a preset acqui
sition time of 10 mm was used. Scans were stored in 128 X 128
frames for subsequent analysis. A quantitative method to measure
the intensity of antimyosin uptake was then applied (21). This
consisted of drawing a region of interest (ROl) on the heart and
regions on the lungs on the anterior view of the thorax. A heart
to-lung ratio (HLR) was obtained dividing average counts per
pixel in the heart by average counts per pixel in the lungs. Intra
and interobserver variability of HLR have been previously as
sessed (21). A cutoff point of >1.55 (normal value 1.46 Â±0.04 +
2 s.d.) was used to define abnormal studies (6â€”8,13,14).

MIBG Studies
Five millicuries [â€˜231]MIBGwere administered intravenously.

The thyroid was blocked for â€˜@Iuptake by oral administration of

40mgpotassiumperchlorate2hrbeforeand6 hrafter[â€˜@I]MIBG
administration. Planar images of the heart were obtained 15 mm
and 4 hr after MIBG administration with the same equipment. A
20%windowwasusedcenteredat 159keV.Anteriorandoblique
viewsof the thorax were stored in 128 X 128frames. MIBG uptake
was quantified by calculating a heart-to-mediastinum ratio (HMR)
(18,20) and drawing ROIs over the mediastinum and the myocar
dium on the anterior views of the thorax. Care was taken to
exclude the lungs or liver from the myocardial region and to
exclude large vessels and lung from the mediastinal region. To
obtain the HMR, average counts per pixel in the myocardium were
divided by average counts per pixel in the mediastinum. Intraob
server variability of HMR, when reviewing studies randomly at
different times, was <2.3%; interobserver variability (two observ
ers) was <5%.

Gated Blood-Pool Scans
After red blood cell labeling with 25 mCi @mTc,gated blood

pool scanswere acquiredwith the patientssupineusingthe same
gammacamera in the LAO 30Â°â€”50Â°projectionand 5Â°â€”10Â°caudal
tilt to provide the best separationbetweenboth ventricles and
atria. The cardiac cyclewas separated into 30 64 X 64 frames, with
a minimum of 300,000 counts collected in each frame. Data were
stored on magneticdisk for subsequentanalysis.Left ventricular
ejectionfractionwasmeasuredusinga semiautomaticedgedetec
tion and counts technique with a varying ROI. Fourier-phase and
amplitude images were generated to help trace ROIs.

Statistical Malysis
Results are expressedas mean Â±s.d. of mean with nonpara

metric analysisof groupsusingthe Mann-Whitneyand Wilcoxon
tests. Regression analysis was used to assess correlation between
variables. The statistical package for social sciences (SPSS/PC) was
used to measure all calculations.

RESULTS

Before Chemotherapy
All patients had normal antimyosin and MIBG scans

before chemotherapy. Visual assessment of the antimyosin
scans showed absent myocardial antimyosin uptake, with a
mean HLR of 1.40 Â±0.06 (range 1.32â€”1.50)at 48 hr
postinjection. Visual assessment of the MIBG scans showed
normal myocardial MIBG accumulation, with a mean
HMR of 1.91 Â±0.30 at 15 mm postinjection and of 1.85 Â±
0.29 at 4 hr (range 1.31 to 2.62) (p = ns). Mean LVEF was
61% Â±8% (range 48% to 78%). (Table 1, Fig. 1).

Intermediate Cumulative Doses
At the 240â€”300mg/m2 dose of doxorubicin, visual assess

ment of the antimyosin scans showed myocardial antimyo
sin uptake in 34 of 36 patients (94%), mild antimyosin
uptake was present in 7, moderate in 24 and intense in 3
patients. Mean HLR was 1.85 Â±0.2 (range 1.46 to 2.2) (p
< 0.01). Visual assessmentof the MIBG scansshowed mild
decrease in myocardial MIBG uptake in 9 of 36 patients
(25%), with a mean HMR of 1.80 Â±0.2 (range 1.30â€”2.57)
4 hr postinjection (p = ns). Mean LVEF was 59% Â±5%
(range 53% to 71%) (p = ns). (Table 1, Fig. 1). None of the
patients had a decrease in LVEF 10%.
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Beforechemotherapy240-300 mg/rn2420-600mg/rn2LVEF61

% Â±8%(48â€”78)59% Â±5%(53â€”71)52 Â±8(38@70)*Antirnyosin1
.40 Â±0.06 (1.32â€”1.50)1 .85 Â±0.20 (1.46â€”2.20)@2.02 Â±0.30(1.63â€”2.80)@MIBG1
.85 Â±0.29 (1.31â€”2.62)1 .80Â±0.20(1.30â€”2.57)1 .76Â±0.20(1.20@2.50)**p

< 0.05; @p< 0.001.

.@- antimyosln â€¢ MIBG

TABLE I
Mean Â±s.d. (range)Valuesof LVEFand of Antimyosin and MIBG Uptake

MaximalCumulativeDoses
At the 420â€”600mg/rn2 dose of doxorubicin, visual as

sessment of the antimyosin scans showed increased myo
cardial antimyosin uptake in all patients: mild antimyosin
uptake was present in 3, moderate in 22 and intense in 11
patients. The mean HLR was 2.02 Â±0.3 (range 1.63 to 2.80)
(p < 0.01). Visual assessment of the MIBG scans showed a
decrease in myocardial MIBG uptake in 19 of 36 patients
(52%),milddecreasewasobservedin 12andmarkedde
crease in 7 patients. The mean HMR 4 hr postinjection was
1.76 Â±0.2 (range 1.20 to 2.50) (p < 0.05). (Table 1, Figs. 1,
2). Differences in HMR 15 mm and 4 hr before chemo
therapy, at intermediate and high cumulative doses were
nonsignificant. Mean LVEF was 52% Â±8% (range 38% to
70%) (p < 0.05). Nine patients had a decrease in LVEF

10% and four had mild symptoms of congestive heart
failure (third heart sound gallop and/or rales in less than
half the lung fields) (Table 2, Fig. 3).

DISCUSSION

The appearance of cardiomyopathy is the most serious
toxic effect of doxorubicin, and the one that limits its use in
the treatment of lymphoma, leukemia and several solid
tumors. After reaching a total cumulative dose of 500 mg/
m2, additional treatment with doxorubicin produces a rap
idly increasing incidence of clinically significant cardiomy
opathy (1 ), although congestive heart failure may occur
with lesser doses. Ceasing the administration of doxorubi

2.4

2.2

2

I .8

I .6

I .4

1.2

I

cm at a fix cumulative dose is a commonly used approach
that has important clinical implications that cannot be over
looked. Several studies suggestthat those patients in remis
sion at 450â€”550mg/m2 could have their remission time
prolonged with additional administration of doxorubicin.
Patients who would tolerate higher cumulative doses could
benefit from additional doxorubicin administration in terms
of tumoricidal effect or duration of clinical response.

Detecting patients at risk of cardiomyopathy before ejec
tion fraction deteriorates could be of interest, since those
patients could benefit from alternative administration reg
imens to avoid or delay significant functional impairment.
Left ventricular ejection fraction measurements seem not
to be sensitive enough to detect patients at risk of signifi
cant cardiotoxicity at an early stage (2,3,5). This is in keep
ing with the concept of the need for a certain critical mass
of cell damage before functional impairment can be de
tected by conventional methods (2,3). Our use of noninva
sive methods in this study also support this concept, since
all patients who presented with a decrease in ejection frac
tion 10% at a dose of 420â€”600mg/rn2had intense diffuse
antimyosin uptake at intermediate doseswith a HLR
1.90. Similar results were reported by ValdÃ©sOlmos et al.
(22), who found intense antimyosin uptake with a HLR
1.87 in the majority of patients who developed congestive
heart failure with additional anthracycline administration.

Small dimensions of antimyosin Fab (35 x 65 A) enable
it to enter the membrane gaps created by complement
membrane attack complexes or by inflammatory reactions
(23).Thedisruptionofsarcolemmalcontinuitymaysubse
quentlyresultinmyocytenecrosis.Thepresentstudy,per
formed in patients without previous risk factors, again
shows that the intensity of antirnyosin uptake relates to the
cumulative dose of doxorubicin, and that intense antirnyo
sin uptake precedes significant ejection fraction deteriora
tion. When a certain degree of myocardial cell damage is
reached, as shown by the high HLR in antirnyosin studies,
significant decreases in ejection fraction and symptoms of
overt heart failure are more likely to occur with additional
doxorubicin administration.

None of the patients who developed significant func
tional impairment at high cumulative doses had significant
decreases in ejection fraction (decrease 10%) at interme
diate cumulative doses. It is possible that exercise ejection
fraction measurements at intermediate cumulative doses
(24) or detailed assessment of dyastolic function parame

**

0 240-300 420-600 mg/m2

FIGURE 1. Evolutionof heart-to-lungandheart-to-mediastinum
ratiosin antimyosinand MIBGstudiesduringdoxorubicinadminis
tration.
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Beforechemotherapy240-300 mg/rn2420-600mg/rn2Patient

no. LVEF AntirnyosinMIBG LVEF Antirnyosin MIBGLVEF Antirnyosin MIBG

A

A'

B C

4
FIGURE 2. Sequentialantimyosin(A,B,C)
and MIBG(A', B', C') studiesbeforechemo
therapy(A,A') at 240â€”300mg/rn2(B,B') and
at 420-600mg/rn2of doxorubicin.Thereis a
pattern of increasing myocardial antimyosin
uptakewithdecreasingmyocardialMIBGup
take.

ters could have revealed significant cardiotoxicity in these
patients (25). Exercise monitoring of these patients is im
practical, however, since most of them are deconditioned
and debilitated and are unable to undergo repeat stress
testing at adequate exercise levels.

Many studies have demonstrated the affinity of MIBG
for the adrenal medulla and adrenergic nerves, resulting in
physiological cardiac MIBG uptake in humans (15). Images
of the heart obtained 4 hr after MIBG administration
reflect cardiac neuronal activity, since at that time a plateau
value of 50% is reached in intravesicular MIBG concentra
tion (26). Normal myocardial visualization with MIBG is
usually observed in untreated oncologic patients without
adrenergic hyperfunction due to excess circulating cat
echolamines from the tumor (i.e., pheochromocytomas)
(27,28). Myocardial MIBG accumulation can be neuronal
and non-neuronal, as shown in different animal models
(20,26). Recent studies performed in transplanted hearts,
however, have shown that the non-neuronal uptake mech
anism is not significant in human myocardium, and there

fore should not influence the results obtained in human
studies (20).

Animal studies have shown that abnormal adrenergic
neuron activity can be detected by MIBG studies in adria
mycin-induced cardiomyopathy (9). Decreased myocardial
MIBG uptake has been observed in adriamycintreated rats
with limited morphological damage (vacuolar degeneration
of the myocytes). In these animal studies, decreased myo
cardial MIBG uptake preceded ejection fraction deteriora
tion (10). ValdÃ©sOlmos et al. reported decreased myocar
dial MIBG uptake in six patients with severely decrease
ejection fraction after doxorubicin administration (29).
Correlation with parameters derived from radionuclide an
giocardiography suggested a global process of myocardial
adrenergic derangement. Wakasugi et al. have shown re
duced myocardial tissue bound norepinephrine and MIBG
in adriamycin-treated rats (10). In that study, MIBG uptake
revealed a dose-dependent decline which could be due to
excessive compensatory hyperadrenergic washout from the
myocardium or to direct adrenergic neuron damage. Hy

TABLE 2
LVEF,Antimyosin and MIBG Uptake Values in Patients with a Decrease in Ejection Fraction 10%

1631.401.76601.941.7541*1.961.502501.442.02462.021.9038*2.121.683701.321.66651.951.64532.101.704761.352.00701.861.95581.921.755691

.402.40691 .902.35541.982.006781

.451 .80701 .911.69612.051.547591

.361 .73602.001.6545*2.101.608551.381.90532.201.7242*2.731.639601.421.88621.921.76542.001.69

MeanÂ±s.d. 64Â±9 1.39Â±0.04 1.90Â±0.22 61 Â±8 1.96Â±0.10 1.82Â±0.22 49Â±8 2.10Â±0.24 1.67 Â±0.14

*Patientswhopresentedwithsymptomsof congestiveheartfailure.
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ejection fraction. At intermediate cumulative dosesof 240â€”
300 mg/m2, 25% of patients presented with some decrease
in MIBG uptake, although HMR values compared to those
obtained at baseline did not reach a significant difference.
At maximal cumulative doses, and considering the whole
group of patients, there was a significant decrease in MIBG
uptake consistent with impaired cardiac adrenergic activity.
In our series, a clear relation between more decreased
myocardial MIBG uptake and more severe functional im
pairment could not be obtained. Differences between our
results and the results of previously published animal stud
ies using a rat model (9,10 ) could be explained by the
differences in the adrenergic innervation and patterns of
cathecolamine uptake and storage by the heart in different
species. Moderate to marked decrease in myocardial MIBG
uptake at high cumulative doses, however, was observed in
all but one patient with decreased ejection fraction 10%.
Interestingly, some of our patients had relatively low HMR
values at baseline; these patients were over 60 yr of age.We
previously observed an effect of age on myocardial MIBG
uptake (30), which may explain the low HMR values in
patients without known disease or medication and could
account for the decreased uptake. Recently, Takeishi et al.
(31 ) used [â€˜25I]BMIPPto identify anthracycline cardiotox
icity. The assessment of metabolic changes in the myocar
dium using labeled fatty acids may provide further insight
into the mechanisms of cardiotoxicity.

It is difficult to anticipate if early detection of cardiotox
icity with noninvasive methods such as antimyosin or MIBG
studiesmay influencemanagementstrategiesin the future.
Although serial resting LVEF measurements will probably
remain the method of choice to monitor cardiotoxicity, it is
possible that using a more sensitive test drug administration
could be individually tailored to meet specific clinical needs
(32). A complementary approach with functional assess
ment, together with an assessment of myocardial damage or
adrenergic innervation status, could be helpful for individ
ual management of patients with previous risk factors or of
patients who are potential candidates for future repeat
doxorubicin administration. Furthermore, an unexpectedly
high incidence of late cardiac abnormalities has been re
ported in patients recovering from the disease who were
studied during long-term follow-up (33). It is possible that
early detection of cardiotoxicity in these circumstances
could prompt changesin the pharmaceutical administration
schedule which could prevent these late undesirable cardiac
effects of doxorubicin therapy.

CONCLUSION

Myocyte cell damage due to doxorubicin cardiotoxicity
precedes ejection fraction deterioration and can be de
tected by antimyosin studies at intermediate cumulative
doses of 240â€”300mg/m2 during chemotherapy. Impaired
cardiac adrenergic neuron function parallels ejection frac
tion deterioration and can be detected with MIBG studies
at higher cumulative doses. At cumulative doses of 420â€”
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FiGURE 3. Antimyosin(top)and MIBG(bottom)scansat a dose
of 480mg/rn2of doxorubicinina patientwhopresentedwithsyrnp
torns of congestiveheartfailure.Thereis intensemyocardialanti
rnyosin uptake and a marked decrease in myocardial MIBG uptake.

peradrenergism seemed unlikely since myocardial norepi
nephrine did not decline as plasma norepinephrine levels
rosewith increasingdose.This suggestedspecificadrener
gic neuron toxicity rather than a nonspecific response to an
impairment in ventricular function.

Our observation of some decrease in myocardial MIBG
uptake regardless of the functional status also suggests a
specific effect. Progressive myocyte necrosis during doxo
rubicin cardiotoxicity could be associated with cardiac neu
roadrenergic tissue necrosis. In fact, the clinical course of
doxorubicin cardiotoxicity suggests altered neuroendocrine
physiology. This is supported by the observation of a de
crease in beta-adrenergic responsiveness and decreased
myocardial cathecolamine stores with increased plasma cat
echolamines (24).

Results of the present series show that the decrease in
myocardial MIBG accumulation parallels the evolution of
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600 mg/m2, antimyosin and MIBG studies detect cell dam
age and impaired adrenergic neuron activity in patients
with maintained or slightly decreased ejection fraction.

ACKNOWLEDGMENT

This study was supported by grant DGICYT PB93-1016.

REFERENCES
1. Alexander J, Dainiak N, Berger Hi, et al. Serial assessmentof doxorubicin

cardiotoxicity with quantitative radionuclide angiocardiography. N Engi I
Med 1979;300:278â€”283.

2. Dardir MH, Ferrans Vi, Mikhael SY, et al. Cardiac morphologic and
functional changes induced by epirubicin chemotherapy. I Clin Oncol 1989;
7:947â€”958.

3. Druck MM, Gulenchyn KY, Evans WK, et a!. Radionuclide angiography and
endomyocardial biopsy in the assessment of doxorubicm cardiotoxicity. Can
cer 1984;53:1667â€”1674.

4. Schwartz RG, Mckenzie MB, AlexanderJ, et al. Congestive heart failure and
left ventricular dysfunction complicating doxorubicin therapy. Am I Med
1987;82:1109â€”1118.

5. Ewer MS, A.liMK, Mackey B, et at. A comparison of cardiac biopsy grades
and ejection fraction estimations in patients receiving adryamicin. I Clin
Oncol1984;2:112â€”117.

6. Estorch M, CarriÃ³ I, BernÃ¡L, et al. Indium-111-antimyosm scintigraphy
after doxorubicin therapy in patients with advanced breast cancer. I Nuci
Med 1990;12:1965â€”1970.

7. CarriÃ³I, Estorch M, BernÃ¡L, et al. Assessment of anthracycline-induced
myocardial damage by quantitative indium-ill myosin-specific monoclonal
antibody studies. Eurl Nuci Med 1991;18:806â€”812.

8. Carrio I, Lopez-Pousa A, Estorch M, et al. Detection of doxorubicin car
diotoxicity in patients with sarcomas by indium-lil-antimyosin monoclonal
antibody studies. I Nuci Med 1993;34:1503â€”1507.

9. Wakasugi 5, Wada A, Hasegawa Y, Nakano S, Shibata N. Detection of
abnormal cardiac adrenergic neuron activity in adriamycin-induced cardiom
yopathywith iodine-125-metaiodobenzylguanidine.JNuclMed l992;33:208â€”
214.

10. Wakasugi 5, Fischman AJ, Babich JW, et al.
evaluation of its potential as a tracer for monitoring doxorubicin cardiomy
opathy. I Nuc! Med 1993;34:1282â€”1286.

11. Khaw BA, Gold HK, Yasuda I, et al. Scintigraphic quantification of myo
cardial necrosis in patients after intravenous injection of myosin-specific
antibody. Circulation 1986;74:501â€”508.

12. Yasuda T, Palacios IF, Dee GW, et al. Indium-lu monoclonal antimyosin
antibody imaging in the diagnosis of myocarditis. Circulation 1987;76:306â€”
311.

13. Obrador D, Ballester M, CarriO I, et al. High prevalence of myocardial
monoclonal antimyosin antibody uptake in patients with chronic idiopathic
dilated cardiomyopathy. JAm Coil Cardiol l989;13:1289â€”1293.

14. Ballester M, Obrador D, CarriÃ³I, et al. Early postoperative reduction of
monoclonal antimyosin antibody uptake is associated with absent rejec
tion-related complications after heart transplantation. Circulation 1992;
85:61â€”68.

15. Wieland DM, Brown LE, Rogers WL, et al. Myocardial imaging with a
radioiodinated norepinephrine storage analog. I Nuci Med 1981;22:22â€”31.

16.SissonIC, WielanDM,ShermanP, et aLMeta-iodobenzylguanidineas an
index of the adrenergic nervous system integrity and function. I Nuci Med
1987;28:l620.-l624.

17. Sisson JC, Shapiro B, Meyers L, et a!. Meta-iodobenzyl-guanidine to map
scintigraphicaily the adrenergic nervous system in man. INuciMed 1987;28:
1625â€”1636.

18. Schofer J, Spielmann R, Schuchert A, Weber K, Schiuter M. Iodine-123-
metaiodobenzylguanidine scintigraphy: a noninvasive method to demon
strate myocardial adrenergic nervous system disintegrity in patients with
idiopathic dilated cardiomyopathy. JAm Coil Cardiol 1988;12:1252â€”1258.

19. GlowniackJV,TurnerFE, GrayLL,et al. Iodine-123-metaiodobenzylgua
nidine imaging of the heart in idiopathic congestive cardiomyopathy and
cardiac transplants. I Nuci Med l989;30:1182â€”1191.

20.DaeMW,Dc MarcoT, BotvinickEH,et al.Scintigraphicassessmentof
MIBG uptake in globally denervated human and canine hearts. Implications
for clinical studies. I NucI Med 1992;33:1444â€”1450.

21. CarriÃ³I, BernÃ¡U, Ballester M, et al. Indium-ill-antimyosm scintigraphy to
assess myocardialdamage in patients with suspected myocarditisand cardiac
rejection. JNucl Med 1988;29:1893â€”1900.

22. ValdÃ©s-OlmosR, Ten Bokkel Huinink WW, Ten Hoeve RF et aL Usefulness
of indium-ill antimyosin scintigraphy in confirming myocardial injury in
patients with anthracycline-associated left ventricular dysfunction. Ann On
col1994;5:617â€”622.

23. Narula J, Strauss HW, Khaw BA. Antimyosin positivity in doxorubicin
cardiotoxicity: earlier than the conventional evidence. I Nuc! Med 1993;9:
1507â€”1599.

24. Palmeri SI, Bonow RO, Myers CE, et al. Prospective evaluation of doxo
rubicin by rest and exercise radionucide angiography. Am I Cardiol 1986;
58:607â€”613.

25. Strashun A. Adriamycin, congestive cardiomyopathy and metaiodobenzyl
guanidine [Editorial]. I Nuci Med 1992;33:215â€”222.

26. Nakajo M, Shimabukuro K, Yoshimura H, et al. Iodine-13l metaiodoben
zylguanidine intra- and extravesicular accumulation in the rat heart. I Nuci
Med 1986;27:84â€”89.

27. Nakajo M, Shapiro B, Copp I, et al. The normal and abnormal distribution
of the adrenomedullaiy imaging agent 1-131 MIBG in men. Evaluation by
scintigraphy. I Nuci Med 1983;24:672â€”682.

28. Nakajo M, Shapiro B, Glowniach J, et al. Inverse relationship between
cardiac accumulation of â€˜3'I-MIBGand circulating catecholamines in sus
pectedpheochromocytoma.I NuclMed1983;24:1127â€”1134.

29. ValdÃ©s-OlmosR, Ten Bokkel HUinink WW, Greve JC, Hoefnagel CA.
Iodine-l23-MIBG and serial radionucide angiocardiography in doxorubicin
related cardiotoxicity. Cliii Nucl Med 1992;17:163â€”167.

30.EstorchM,CarriÃ³I,BernÃ¡L,etal.MyocardialMIBGuptakerelatestoage.
I Nuci Cardiol 1995;2:l26â€”132.

31. Takeishi Y, Chiba J, Abe S, et al. Noninvasive identification of anthracycline
cardiotoxicity: comparison of â€˜@I-MIBGand â€˜@I-BMIPPimaging.Ann Nuci
Med 1994;8:177â€”182.

32. Jam D, Zaret B. Antimyosin cardiac imaging: will it play a role in the
detection of doxorubicin cardiotoxicity? I NuclMed 1990;12:l970â€”1974.

33. Lipshultz SE, Colan SD, Gelber RD, et al. Late cardiac effects of doxoru
bicin therapy for acute lymphoblastic leukaemia in childhood. NEngilMed
1991;324:808â€”815.

Ea@1yAssessmentof DoxorubicinCardiotoxicityâ€¢CarriÃ³at al. 2049




