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Abstract
Objective—To evaluate the prognostic value of metaiodobenzylguanidine (MIBG) imaging in
childhood cardiomyopathy.
Design—Prospective cohort study.
Setting—Tertiary referral centre.
Patients—40 children (21 boys, 19 girls; mean (SD) age, 7.0 (5.6) years) with heart failure
resulting from idiopathic dilated cardiomyopathy (n = 23) or various other disorders (n = 17).
Methods—At the initial examination, cardiac 123I-MIBG uptake and release, circulating
noradrenaline (norepinephrine) concentration, x ray cardiothoracic ratio, and echocardiographic
variables were recorded. Cardiac MIBG uptake was obtained by measuring the heart to
mediastinum activity ratio on the planar image obtained four hours after MIBG injection. MIBG
washout rate was evaluated using relative decrease in cardiac activity measured at 20 minutes and
four hours. Patients were treated with angiotensin converting enzyme inhibitors, diuretics, and
digitalis, and were followed up for 12 (10) months. Fifteen patients did not respond to medical
treatment (12 heart transplants; three deaths), and 25 did respond (improved or stable).
Results—Cardiac MIBG uptake was positively correlated with x ray cardiothoracic index
(r = 0.55, p = 0.0008) and echocardiographic left ventricular fractional shortening (r = 0.68,
p < 0.0001). Among all the clinical and laboratory variables tested, multivariate discriminant
analysis showed that the only independent predictor of an unfavourable outcome was a low
MIBG uptake (p < 0.001). Survival curves had a mean threshold value of 1.54 for MIBG uptake.
Conclusions—Impaired cardiac adrenergic innervation is strongly related to adverse outcome in
children with dilated cardiomyopathy, independently of the aetiology. MIBG imaging may help to
stratify risk in such patients.
(Heart 2001;85:692–696)
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Complex and severe neurohormonal system
disorders have been reported in adult dilated
cardiomyopathies.1–4 There are few data on the
sympathetic nervous system response to heart
failure in children.5 123I-metaiodobenzyl-
guanidine (MIBG) imaging provides a means
of non-invasively evaluating cardiac adrenergic
nerve activity in vivo, as MIBG is subject to the
same uptake and storage mechanisms as
noradrenaline (norepinephrine). MIBG is in-
ternalised by neuronal cells through the
uptake-1 system, a transporter and energy
dependent system, whereas it enters myocytes
through the uptake-2 system, the activity of
which is very low in the human heart.6 Cardiac
MIBG uptake is dramatically decreased in the
failing adult human heart, and there are data
indicating that this decrease is related to
mortality.7–9

The limited availability of cardiac transplan-
tation, with a long waiting list, has increased
the importance of accurate and early prognos-
tic evaluation to identify eligible patients. Pae-
diatric cardiologists need better and more
objective prognostic indicators than clinical
status to determine the indications for heart
transplantation. The value of MIBG imaging in
childhood cardiomyopathy is at present un-
known, and its potential as a prognostic tool
has not yet been explored. In this study we

examined disorders of the neurohormonal sys-
tem using MIBG imaging, and evaluated the
prognostic value of MIBG in childhood
cardiomyopathy.

Methods
STUDY POPULATION

Forty children, 21 boys and 19 girls (mean
(SD) age, 7.0 (5.6) years) entered the study. All
had dilated cardiomyopathy with a hypokinetic
left ventricle on cross sectional echocardio-
graphy (fractional shortening < 30%). None
had a hypertrophic left ventricle. Cardiomy-
opathy was idiopathic in 23 patients and had an
identifiable cause in the remaining 17 (anthra-
cyclin toxicity in seven, mitochondrial respira-
tory chain defect in seven, postarrhythmia in
two, and postischaemia in one). Before enter-
ing the study, all patients had been clinically
stable under medical treatment for at least two
weeks. No patients included in the study were
being treated with drugs known to interact with
MIBG uptake such as tricyclic agents or labe-
tolol.

DATA COLLECTION

All data were obtained over an eight day
period.
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Radiography
The x ray cardiothoracic ratio was calculated
from the maximum cardiac diameter and the
intrathoracic diameter at the level of the right
costocardiac border.10

Echocardiographic data
Echocardiographic measurements were per-
formed using standard procedures.11 End
diastolic and end systolic diameters were
indexed to the body surface area and the frac-
tional shortening was calculated.

MIBG imaging
Patients received an intravenous injection of
17.5–74 Mbq 123I-MIBG (1 Mbq/kg body
weight) (CIS BIO-International, Gif sur
Yvette, France), after a 30 minute resting
period in the supine position. Two 10 minute
static acquisitions of the anterior view of the
chest were completed, starting at 10 minutes
and four hours after the 123I-MIBG injection,
respectively. Cardiac MIBG uptake and release
(washout rate) were measured twice by two
independent observers, each unaware of the
patients’ clinical status. Left ventricular activity
was recorded using a manually drawn region of
interest. Size and positioning were checked on
a postero-anterior chest x ray projection. A 5 ×
5 to 7 × 7 pixel region of interest was placed
over the upper mediastinal area (according to
the patient’s height). The heart to mediastinum
(H/M) activity ratio four hours after the MIBG
injection was computed to quantify cardiac
MIBG uptake, after normalisation for the size
of the region of interest.

MIBG washout rate was defined as per cent
change in activity ([H]) within the left
ventricular region of interest from early to
delayed images as follows: washout rate =
[H]early − [H]delayed/[H]early*100, data
being corrected for physical decay of 123I.

For each patient, the H/M and washout rate
values were taken as the average of the
measurements performed over that patient’s
scintigraphic image by each observer. The
interobserver diVerences for H/M or washout
rate measurements were not significant (less
than 2%). A mean (SD) H/M ratio of 2.06
(0.32) (range 1.72–2.84) and a washout rate
value of 34 (7)% (range 19–42%) were found
in healthy young adults (age 20 (2) years, range
18–24 years) in our laboratory.

PLASMA NORADRENALINE DETERMINATION

Blood samples were obtained after a 30 minute
resting period in the supine position. Plasma
noradrenaline concentrations were determined
by high performance liquid chromatography.

PATIENT MANAGEMENT AND FOLLOW UP

At the time of enrolment in the study, patients’
medical treatment included angiotensin con-
verting enzyme (ACE) inhibitors (90%), diu-
retics (65%), and digitalis (40%). None of the
patients were being treated with â blockers. No
patient was lost to follow up. When clinical
status deteriorated, heart transplantation was
considered.

DATA ANALYSIS

The clinical status of the patients was deter-
mined from their primary physicians and their
medical records. Information about the cir-
cumstances and causes of death was collected.
Analysis of variance was used to compare two
subsets of patients—with events and without
events. The variables tested as prognostic indi-
cators were: cardiac MIBG uptake, plasma
noradrenaline concentration, x ray cardiotho-
racic ratio, echographic end diastolic and end
systolic diameter (both being indexed to body
surface area), and echographic fractional short-
ening. To evaluate these diVerent indices with
respect to the clinical outcome, patients who
underwent transplantation or who died were
included in a single “with events” group
(n = 15), while survivors (n = 25) were in-
cluded in the “without events” group. The
value of variables as predictors of an unfavour-
able outcome was assessed using univariate
and multivariate discriminant analyses. Corre-
lation coeYcients, assuming a linear
regression, were calculated for paired variables.
Data are expressed as mean (SD). The null
hypothesis was rejected for p < 0.05.

Results
CLINICAL AND LABORATORY DATA

The mean follow up period was 12 (10)
months. During follow up, three patients died
from cardiac causes (8%), 12 underwent heart
transplantation (30%), and 25 who did not
receive transplants were alive at the end of the
study (62%).

Laboratory and demographic data on the
whole population are given in table 1. A 19%
decrease in cardiac MIBG uptake (H/M) was
found in the patients in comparison with young
adult controls (p < 0.001). Figure 1 shows two
examples of MIBG imaging obtained in
patients with severe and moderate heart
failure. H/M and x ray cardiothoracic index
were inversely correlated (r = −0.55,
p = 0.0008). H/M and echocardiographic left

Table 1 Clinical and laboratory data in the study
population

Variable
Number of patients or
mean (SD), range

Total population 40
Aetiology

Idiopathic 23
Other causes 17
Anthracyclin 7
Mitochondrial respiratory chain

defect 7
Postarrhythmia 2
Postischaemia 1

Age (years) 7 (6), 3 months to 20
years

Sex (male/female) 21/19
Cardiothoracic index (%) 57 (16)
Indexed end diastolic diameter

(mm/m2) 67 (31), 31–163
Indexed end systolic diameter

(mm/m2) 56 (28), 23–147
Echocardiographic fractional

shortening (%) 17 (6), 8–27
Cardiac MIBG uptake (H/M ratio) 1.67 (0.29), 1.1–2.2
MIBG washout rate (%) 30 (11), 10–62
Plasma noradrenaline (pg/ml) 249 (325)
Follow up period (months) 12 (10), 1–38

H/M ratio, heart to mediastinum activity ratio 4 hours after
MIBG injection.
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ventricular fractional shortening were posi-
tively correlated (r = 0.68, p < 0.0001). H/M
was not related to age.

PREDICTION OF RESPONSE TO MEDICAL

TREATMENT

Data on the two subsets of patients defined as
“without events” and “with events” (death or
transplant) are presented in table 2.

Univariate discriminant analysis showed that
among all continuous variables tested (age,
identifiable cause, cardiac MIBG uptake and
release, plasma noradrenaline concentration,

x ray cardiothoracic ratio, M mode echo-
graphic data), only H/M (p < 0.0001), echo-
graphic fractional shortening (p < 0.001), and
x ray cardiothoracic ratio (p = 0.001) were
predictors of unfavourable outcome. Multivari-
ate discriminant analysis showed that the
cardiac MIBG uptake (p < 0.0001) was the
only independent predictor of unfavourable
outcome.

The value of these indices as predictors of
adverse outcome was examined using multi-
variate life table analysis. Survival curves using
a threshold value of 1.54 for H/M were
obtained (fig 2). These curves show that MIBG
imaging can distinguish between high risk and
low risk patients.

Discussion
Our data show that MIBG scintigraphy, which
explores defects in cardiac sympathetic inner-
vation, is the only independent predictor of
unfavourable outcome in childhood dilated
cardiomyopathy.

CARDIAC ADRENERGIC INNERVATION IN THE

FAILING HEART

Adrenergic nerve function and integrity are
altered in the failing heart. Cardiac stores of
noradrenaline are depleted.12 13 An increase in
noradrenaline release has been found in some
studies and a decrease in others.14 15 Normal
fractional extraction of noradrenaline across
the failing heart has suggested that uptake-1
function is normal in this situation.16

Nevertheless, uptake-1 function has been
reported to be diminished in animal
models,17–19 in tissue obtained from failing
human hearts,20–22 and in ambulatory patients
with heart failure from valvar disease or ischae-
mic and idiopathic end stage cardiomyopa-
thies.23 24 Single photon imaging with MIBG or
positron emission tomography with 11C-
hydroxyephedrine have confirmed this de-
crease in uptake-1 and noradrenaline storage in
the failing human heart.6 7 24

Because uptake-1 is the main mechanism
involved in terminating the action of the
neurotransmitter, its impairment causes an
increase in noradrenaline concentration at the
myocyte membrane. In explanted hearts from
patients with end stage cardiomyopathy, al-
though the global contractile responsiveness to
extrinsic noradrenaline was decreased, the
relative potency of noradrenaline was increased
compared with non-failing hearts, in pro-
portion to the loss of uptake-1 carrier sites.22

Impaired uptake-1 function may therefore
contribute to adverse eVects related to catecho-
lamine overexposure, such as myocyte calcium
overload, arrhythmias, increased myocardial
oxygen consumption, alteration in coronary
artery tone, or â adrenergic desensitisation.
Evidence for such a mechanism of â adrenergic
desensitisation has been reported in a dog
model of isolated right heart failure, in which
the right ventricle showed a selective â
adrenergic downregulation associated with
both noradrenaline tissue depletion and
uptake-1 carrier site reduction.25 Similarly, the

Figure 1 MIBG planar imaging. Cardiac MIBG uptake in two children: one with
moderate heart failure (left panel) and one with severe heart failure (right panel). The
cardiac MIBG uptake was estimated on the scintigraphic image obtained four hours after
the tracer injection, using the activity ratio (H/M) measured within the cardiac and
mediastinal areas.

Table 2 Data grouped according to outcome

Variable Without events (n=25) With events (n=15)

Age (years) 6 (5), 0.4–14 8 (7), 0.5–20
Sex (male) 56% 46%
Identifiable cause 44% 40%
Cardiothoracic index (%) 56 (17), 40–70 67 (6), 55–77
Indexed end diastolic diameter (mm/m2) 62 (23), 31–130 75 (40), 33–163
Indexed end systolic diameter (mm/m2) 50 (21), 23–110 65 (36), 29–147
Echographic fractional shortening (%) 19 (4), 12–27 13 (3), 8–18
Cardiac MIBG uptake (H/M ratio) 1.86 (0.17), 1.58–2.2 1.35 (0.14), 1.1–1.54
MIBG washout rate (%) 31 (10), 11–61 30 (13), 10–62
Noadrenaline concentration (pg/ml) 166 (77) 308 (415)
Follow up period (months) 17 (9), 6–38 5 (3)*, 1–11

Unless specified, values are mean (SD), range.

Figure 2 Survival curves obtained from life table analysis in the patient population when
using cardiac MIBG uptake to estimate prognosis. MIBG imaging allowed a clear cut
distinction to be made between high and low risk subsets when using a threshold ratio of
1.54 for heart to mediastinum activity ratio (H/M). Patients with a low MIBG uptake
(dashed line) have a poor prognosis compared with those with a high uptake (solid line).
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right ventricle from subjects with primary pul-
monary hypertension shows a selective, cham-
ber specific â adrenergic receptor downregula-
tion and a decrease in adrenergic
neurotransmitter content.26 Finally, tritiated
noradrenaline uptake has been found to be
directly proportional to â receptor density in
the left ventricle of patients with end stage
dilated cardiomyopathy.27

Alternatively, it is possible that raised
interstitial noradrenaline concentrations on
their own may alter uptake-1 and neuronal
noradrenaline storage. Chronic noradrenaline
infusion in dogs induces a decrease in nor-
adrenaline uptake associated with lesions of
adrenergic nerve terminals; these are very
similar to those observed in dogs with heart
failure related to rapid ventricular pacing.28

Thus decreased MIBG uptake could be an
indirect consequence of either chronically
increased circulating noradrenaline concentra-
tions or an increase in myocardial noradren-
aline release.

Activation of the sympathetic nervous sys-
tem is a compensatory response involved when
pump failure occurs. For this reason—and
because the assessment of intrinsic contractility
is hindered by the influence of loading
variables—measurement of adrenergic nerve
function may be a better approach than
haemodynamic indices for evaluating heart
failure. This may explain why MIBG imaging
has been found to be more eYcient in predict-
ing prognosis than any of the resting haemody-
namic variables in adult idiopathic cardiomy-
opathy.8 Nevertheless the measurement of
maximum oxygen consumption has been
found to be more potent than MIBG imaging
in a selected population of adults suVering
from dilated cardiomyopathy (either ischaemic
or idiopathic).9 As measurement of maximum
oxygen consumption is impossible in all but the
oldest children, MIBG appears to be a reason-
able alternative method of evaluating the
severity of the disease.

PROGNOSTIC VALUE OF MIBG IMAGING IN

CHILDHOOD DILATED CARDIOMYOPATHY

The natural history in childhood dilated
cardiomyopathy remains unclear. Outcome
ranges from death to complete recovery.
Potential risk factors such as age,29–31

arrhythmias,32–34 and haemodynamic and histo-
logical variables35–39 are controversial in child-
hood cardiomyopathy. Age in our study was not
related to prognosis. Although multiple aetiolo-
gies caused our study cohort to be heterogene-
ous, no relation was found between aetiology
and prognosis. Among non-invasive indicators
such as x ray cardiothoracic ratio and echo-
graphic data, cardiac MIBG uptake was the
only independent predictor of an unfavourable
outcome. An H/M value over 1.54 was associ-
ated with a good prognosis.

MIBG eZux is accelerated in adult patients
with dilated cardiomyopathy, and this is
thought to reflect increased cardiac sympa-
thetic nerve activity. No diVerences in 123I-
MIBG scintigraphy pattern were found among

patients with heart failure caused by cardiomy-
opathy or valve disease with volume or pressure
overload.40 However, our present data and
other data from our laboratory are not in
accordance with those findings, as MIBG
washout was not altered even in patients with
severe disease.9 The diVerences may reflect
aging or diVerent experimental conditions. Our
patients were in hospital during the scinti-
graphic examination and they were given the
MIBG injection only after a 30 minute resting
period, according to the standard recommen-
dations for circulating catecholamine measure-
ments. This may have masked potential
changes in myocardial MIBG clearance that
have previously been observed in adult pa-
tients.40

CLINICAL IMPLICATIONS

Our study shows that impairment of sympa-
thetic innervation and functioning is a major
predictor of the response to medical treatment
in childhood dilated cardiomyopathies, inde-
pendently of the aetiology. This finding, and
the accumulation of evidence indicating that
agents which counteract adrenergic hyperactiv-
ity decrease mortality and morbidity in adult
heart failure, suggest that medical treatment
options such as adding â blocking agents to
ACE inhibitors might be beneficial in child-
hood cardiomyopathy.41–44 Moreover, the
present study suggests that the scintigraphic
detection of alterations to the sympathetic sys-
tem in the myocardium could help in selecting
candidates for heart transplantation.
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