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INTRODUCTION

Iodine-123 labeled metaiodobenzylguanidine (MIBG)
scintigraphy has been used for the evaluation of various
cardiac diseases. The movement of MIBG in the human
body has been reported to be similar to that of norepineph-
rine, thus allowing evaluation of cardiac sympathetic
nerve activity by MIBG scintigraphy. MIBG uptake was
reported to indicate presynaptic distribution of sympa-
thetic nerves.

In patients with autonomic failure associated with
various neurological diseases of the central and peripheral

nervous system, MIBG scintigraphy has demonstrated
reduced myocardial uptake of tracer, suggesting cardiac
sympathetic dysfunction or denervation.1 Recently, de-
creased cardiac MIBG uptake was reported in Parkinson’s
disease and this contributed to the differential diagnosis
between Parkinson’s disease and other forms of parkin-
sonism such as multiple system atrophy.2–6 Although the
sympathetic nervous system exists in organs other than
the cardiac system, MIBG scintigraphy of other parts of
the body had seldom been evaluated. Goldstein et al.
reported that 6-[18F]fluorodopamine-derived radioactiv-
ity was less not only in the myocardium but also in the
thyroid and renal cortex of patients with Parkinson’s
disease,7 although decreased MIBG uptake of the thyroid
has not been demonstrated.

This study investigated MIBG uptake of the thyroid in
Parkinson’s disease and evaluated whether differences in
the thyroid uptake were seen between Parkinson’s dis-
ease, multiple system atrophy and controls.
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MATERIALS AND METHODS

Subjects
MIBG scintigraphy was performed in patients diagnosed
as having Parkinson’s disease or multiple system atrophy
who were admitted to our hospital. All patients with
Parkinson’s disease fulfilled the UK Parkinson’s Disease
Society Brain Bank criteria for idiopathic Parkinson’s
disease,8 and dopaminergic treatment was effective for
parkinsonian symptoms in all patients. The clinical diag-
nosis of multiple system atrophy was based on the prob-
able multiple system atrophy diagnostic criteria proposed
by Gilman et al.9 Twenty-six patients with Parkinson’s
disease and 11 patients with multiple system atrophy (7
striatonigral degeneration and 4 olivopontocerebellar
atrophy) were examined in this study. Fully informed
consent was obtained, and all patients agreed to undergo
MIBG scintigraphy and participate in this study. Electro-
cardiography, chest roentgenography, ultrasonic cardiog-
raphy and blood examinations including thyroid function
were also performed, and none of the patients showed any
abnormality on these examinations. Brain MRI including
T2 and T2* sequence and 123I-IMP-SPECT were obtained
and used for differential diagnosis. Fourteen controls
were also included in this study. None of the controls
subjects had abnormalities on general and neurological
examinations including autonomic dysfunction. Case
profiles are presented in Table 1. The severity of
Parkinson’s disease was classified on the basis of the
criteria established by Hoehn-Yahr10 and that of multiple

Table 1   Summary of clinical findings

Control MSA PD p values

n 14 11 26
Age 68.2 ± 14.3 64.3 ± 9.8 68.5 ± 7.2 NS
Sex (male/female) 5/9 6/5 11/15 NS
Disease duration (year) not applicable 3.8 ± 1.6 7.4 ± 7.3 NS
Hoeh-Yahr stage not applicable 3.5 ± 0.5 3.5 ± 0.9 NS
Orthostatic hypotension not applicable   6 11 NS
Constipation not applicable   8 21 NS
Urinary symptom not applicable   6   9 NS
TSH (µU/ml) 1.61 ± 0.23 1.49 ± 0.26 1.55 ± 0.17 NS
fT3 (pg/ml) 2.64 ± 0.14 2.42 ± 0.15 2.28 ± 0.10 NS
fT4 (ng/dl) 1.01 ± 0.05 0.99 ± 0.06 0.99 ± 0.04 NS

NS: not significant. Data of age, disease duration and Hoehn-Yahr stage are expressed as the mean value ± SD.

Table 2   Summary of ANOVA between controls, multiple system atrophy (MSA) and Parkinson’s disease (PD)

Control NSA PD p values

Thyroid uptake on early images (T/M) 1.56 ± 0.23 1.34 ± 0.22 1.18 ± 0.20 <0.0001
Thyroid uptake on late images (T/M) 2.23 ± 0.64 1.97 ± 0.60 1.70 ± 0.58 0.034
Cardiac uptake on early images (H/M) 2.68 ± 0.48 2.45 ± 0.22 1.64 ± 0.32 <0.0001
Cardiac uptake on late images (H/M) 2.63 ± 0.61 2.61 ± 0.39 1.44 ± 0.35 <0.0001

Data are expressed as the mean value ± SD.

Fig. 1   Establishment of ROIs.

system atrophy was also classified by the same criteria. To
compare the three groups, we used ANOVA. If a variable
was not applicable to the control, we used unpaired t-test
for disease duration and Hoehn-Yahr stage and Mann-
Whitney U test for the presence of autonomic symptoms
for comparisons of the two patient groups. Significance
was set at p < 0.05. Gender and age distributions did not
differ between the three groups. Hoehn-Yahr stage and
frequencies of orthostatic hypotension, urinary symp-
toms (urinary retention or incontinence) and constipation
did not differ between Parkinson’s disease and multiple
system atrophy. In this study, we simply defined orthostat-
ic hypotension as a reduction in systolic blood pressure
by more than 20 mmHg after standing up.11
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MIBG scintigraphy
MIBG scintigraphy was performed in a fasted and drug-
free state. None of the patients had ingested any medica-
tions that were reported to influence MIBG metabolism.
Planar images were taken 15 minutes (early images) and
3 hours (late images) after intravenous injection of 111
MBq 123I-MIBG. We analyzed these images and created
regions of interest (ROI) as shown in Figure 1. M refers to
average counts of the mediastinum, H refers to those of
the heart, T those of the thyroid. It is common practice in
scintigraphic analysis to normalize a data set to a refer-
ence region. We measured the ratios of H/M and T/M on
both early and late images.

RESULTS

The results are shown in Table 2 and Figures 2, 3. We
performed ANOVA and Post-hoc analysis using JMP
version 5.1 (SAS Institute Inc.). Post-hoc analysis was

performed by Fisher’s PLSD (Protected Least Significant
Difference). All data were expressed as the mean value ±
SD. Significance of differences was recognized at p <
0.05. As a result, T/M on early images decreased signif-
icantly in Parkinson’s disease compared to controls
(p < 0.0001) and multiple system atrophy (p = 0.018).
T/M on early images decreased significantly also in mul-
tiple system atrophy compared to controls (p = 0.027). On
late images, T/M differed significantly only between
Parkinson’s disease and controls (p = 0.010). H/M de-
creased significantly in Parkinson’s disease compared to
controls and multiple system atrophy on both early and
late images (p < 0.0001).

DISCUSSION

In Parkinson’s disease the entire autonomic nervous sys-
tem is affected, including the hypothalamus, parasympa-
thetic system (Edinger-Westphal nucleus, salivary nuclei,

Fig. 2   Distribution of thyroid MIBG uptake in controls,
multiple system atrophy (MSA) and Parkinson’s disease (PD).
*: p < 0.05, **: p < 0.01

Fig. 3   Distribution of cardiac MIBG uptake in controls,
multiple system atrophy (MSA) and Parkinson’s disease (PD).
*: p < 0.05, **: p < 0.01



Annals of Nuclear Medicine228 Hideaki Matsui, Fukashi Udaka, Masaya Oda, et al

dorsal vagal nucleus and parasympathetic ganglia) and
sympathetic system (intermediolateral nucleus of the tho-
racic cord and sympathetic ganglia).12 Lewy bodies are
found in the enteric nervous system of the alimentary
tract, the heart, the pelvic plexus and the adrenal me-
dulla.12

MIBG is a substance similar to norepinephrine and has
been studied mainly with regard to its cardiac uptake.
There are various mechanisms of MIBG uptake. Uptake
1 is specific to sympathetic nerves, while uptake 2 is a
non-specific, non-neuronal uptake such as that by cardiac
cells other than sympathetic nerve. Other mechanisms of
uptake include passive diffusion.12

In globally denervated canine hearts, non-neuronal
MIBG uptake is observed in early images followed by
complete washout. However, patients receiving heart
transplants showed an absence of MIBG uptake in early
and delayed images, implying that the non-neuronal
uptake mechanism (uptake 2) is not significant in
humans.13–15 In rat heart, yohimbine induced an almost
identical increase in the rates of loss of hydrogen-3
noradrenaline and 125I-MIBG, while clonidine induced
decreases in the rates of loss for both tracers. Similar
findings were observed in dogs and humans, suggesting
that the rate of loss on MIBG reflects sympathetic tone in
heart.16,17 In the lung however, MIBG uptake does not
seem to represent pulmonary sympathetic nervous activ-
ity because reserpine-treated rats showed increased lung
MIBG uptake while heart MIBG uptake decreased.18

MIBG is stored mainly in norepinephrine vesicles.
MIBG is quickly washed out in non-neuronal uptake and
almost disappears after 4 hours. In contrast, MIBG clear-
ance in neuronal uptake is low. Therefore, late images of
cardiac MIBG are more significant for the evaluation of
the sympathetic nervous system.19,20

In Parkinson’s disease compared with control and
multiple system atrophy, the H/M ratio was significantly
decreased on both early and late images as previously
reported.2–6 A possible mechanism contributing to the
changes in MIBG uptake is thought to be (a) loss of
cardiac sympathetic nerve endings or (b) sympathetic
dysfunction such as a decline in MIBG reuptake or a
reduction in uptake or increased release by storage vesicles.
Pathological studies indicated that Lewy bodies are often
present in the hypothalamus, nucleus intermediolateralis
and sympathetic ganglion.21–23 However, in multiple sys-
tem atrophy, preganglionic sympathetic nervous fibers
are often involved.24 Differences in lesions cause a de-
crease in MIBG uptake in Parkinson’s disease compared
with that in multiple system atrophy. Although sympa-
thetic nerves are distributed not only in the heart, but also
the lung, thyroid, extremities, liver and other organs, there
were no significant differences reported in MIBG uptake
in organs other than the heart.

Taki et al. studied the MIBG uptake in lung, parotid
glands, thyroid, liver, thigh and legs in Parkinson’s dis-

ease and multiple system atrophy and reported that there
were no significant differences among the control,
Parkinson’s disease and multiple system atrophy except
for decreased uptake in the legs in patients with multiple
system atrophy compared with that in the controls.2 In this
study we set the mediastinum MIBG uptake as a refer-
ence, because there are few sympathetic nerves. How-
ever, Taki et al. set the head MIBG uptake as a reference
for the thyroid uptake evaluation. This may have caused
the differences between Taki’s study and our study.
Furthermore, the patients in our study were in a more
advanced stage than those in Taki’s study, which also may
explain the differences.

Goldstein et al. reported that 6-[18F]fluorodopamine-
derived radioactivity was less not in the myocardium but
also in the thyroid and renal cortex of patients with
Parkinson’s disease.7 Since 6-[18F]fluorodopamine is a
catecholamine handled in the heart in a manner similar to
the way in which norepinephrine is handled,25 positron
emission tomography (PET) scanning may allow func-
tional and anatomic assessment of sympathetic cardiac
innervation.26 Our study was the first to demonstrate
decreased MIBG uptake of the thyroid in Parkinson’s
disease. In this point, our study matched the PET study of
Goldstein et al. These results demonstrated that sympa-
thetic nervous denervation occurred not only in the heart
but also in the thyroid. We also demonstrated decreased
MIBG uptake of the thyroid only on early image in
multiple system atrophy and this may also due to sympa-
thetic denervation. On late image there was no significant
difference of the thyroid uptake between controls and
multiple system atrophy, but this might be due to the
relatively small sample size.

Unfortunately, 123I-MIBG movement in the thyroid is
still not understood. A little free 123I does not combine
with MIBG. The rate of free 123I is about 3.7% and that of
123I-MIBG is 96.3% at injection, and at 37°C the free 123I
increses up to 4.5% after 5 hours in vitro. There are no in
vivo data. Such free 123I can not be ignored. However,
because there is probably no difference in the uptake of
free 123I and the non-neuronal MIBG uptake including
passive diffusion between the three groups, we believe
differences in the thyroid uptake are due to the sympa-
thetic denervation in Parkinson’s disease and multiple
system atrophy. Because there was some overlap in the
thyroid uptake between the three groups in this study, the
clinical implication may less important than the cardiac
uptake. Furthermore, because the participants did not
manifest any cardiac symptoms, thyroid symptoms or
thyroid dysfunction, MIBG uptake in the thyroid may
have no direct connection with clinical symptoms. How-
ever, this study is important because MIBG uptake de-
crease in Parkinson’s disease was thought to be
cardioselective to date. We believe that cardiac MIBG
uptake is most sensitive to the sympathetic denervation in
Parkinson’s disease but other organs may also disclose
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sympathetic denervation by MIBG scintigraphy to a lesser
degree than the heart. There may be regions other than the
heart and thyroid that disclosed decreased MIBG uptake
or 6-[18F]fluorodopamin uptake. Further studies are
needed.

Limitations of the study
The diagnosis was carefully determined based on clinical
findings but not pathological findings. We did not perform
myocardial perfusion imaging such as thallium scintigra-
phy because none of the patients had either cardiac disease
or risk factors for cardiac disease, and our main aim was
not demonstration of the difference in cardiac uptake but
examination of MIBG uptake in the thyroid.
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