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Myocardial imaging with 123l-metaiodobenzylguanidine (MIBG)
was performed on 35 patients with Parkinson's disease and 24

control subjects to evaluate cardiac sympathetic function in
patients with Parkinson's disease, verify this phenomenon and

examine whether myocardial MIBG uptake and clearance are
correlated with the clinical severity of Parkinson's disease.
Methods: We studied 35 patients with Parkinson'sdisease and

24 control subjects with other central nervous system diseases.
The latter group consisted of 12 subjects with other neurodegen-

erative disorders (4 with spinocerebellar degeneration, 2 with
amyotrophic lateral sclerosis, 3 with progressive supranuclear
palsy and 3 with corticobasal degeneration and 12 patients with
cerebral infarction (CI), 6 with vascular parkinsonism and 6
without it. Early and delayed images of the anterior view were
obtained 15 min and 4 h after injection of 123I-MIBG,respectively.
MIBG uptake was quantified by calculating a heart-to-mediasti
num count (H/M) ratio. Results: The H/M ratio was markedly
reduced in the patients with Parkinson's disease (II to V on the

Hoehn and Yahr scale) compared with the control subjects. None
of the subjects with neurodegenerative diseases showed a
marked decrease in myocardial MIBG uptake nor did any subject
with CI. Conclusion: Our findings indicate that, in Parkinson's

disease, a reduction in myocardial MIBG uptake is a very
common, specific phenomenon that can be used to detect
cardiac autonomie dysfunction to diagnose Parkinson's disease,

particularly in patients without typical signs and symptoms.
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he autonomie nervous system is impaired in patients
with Parkinson's disease and cardiovascular autonomie

failure, e.g., low spine values (7,2) and orthostatic hypoten
sion (3-5) have been described in Parkinson's disease.

Neuropathologic studies (6,7) support major involvement of
the nervous system in Parkinson's disease. The existence

and extent of cardiac autonomie neuron integrity in Parkin
son's disease, however, is not clear. Metaiodobenzylguani-
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dine (MIBG) accumulates specifically in postganglionic
sympathetic neurons in the way that norepinephrine does.
Consequently, the myocardial activity and kinetics of MIBG
may reflect the normal structure and functions of the cardiac
sympathetic nerves (8-10). Rapid clearance of myocardial

MIBG has been reported in patients with such autonomie
neuropathies as familial amyloidotic polyneuropathy (11),
Shy-Drager syndrome (idiopathic orthostatic hypotension)

(12) and diabetes mellitus (13). Myocardial MIBG accumu
lation in Parkinson's disease with orthostatic hypotension is

also reduced (14). We have had a male patient with
Parkinson's disease without orthostatic hypotension who

showed almost complete loss of MIBG uptake in the heart
(75). We therefore used MIBG imaging to evaluate cardiac
sympathetic function in patients with Parkinson's disease, to

verify this phenomenon and to examine whether myocardial
MIBG uptake and clearance are correlated with the clinical
severity of Parkinson's disease.

SUBJECTS AND METHODS

Subjects
We studied 35 patients with idiopathic Parkinson's disease and

24 control subjects with other central nervous system diseases
(CNS-control). The patients with Parkinson's disease included 15

men and 20 women, mean age 69.3 y (48-84 y). Mean disease
duration was 73.2 mo (8-180 mo). In 3 patients, parkinsonian signs

were limited to one side only (Hoehn and Yahr [HY] I) and the
symptoms of these 3 patients are resting tremor and mild rigidity to
one side. Thirty-two patients had bilateral symptoms and at least
two of the cardinal motor symptoms of Parkinson's disease

(akinesia, rigidity and resting tremor). Disability levels on the HY
scale were 3 patients, stage I; 8 patients, stage II; 13 patients, stage
III; 7 patients, stage IV and 4 patients, stage V. Twenty-five patients
with Parkinson's disease had histories of receiving antiparkinso-

nian medications or were under medication at the time of the study.
Ten patients had no history of medication. All patients underwent
detailed medical and neurological examinations that included
blood tests, electrocardiography, echocardiography, brain CT and
MRI. No focal abnormalities were found.

The CNS-control group consisted of 12 subjects with other

neurodegenerative disorders (4 with spinocerebellar degeneration,
2 with amyotrophic lateral sclerosis, 3 with progressive supra-
nuclear palsy, and 3 with cortico-basal degeneration) and 12 with
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cerebral infarction, 6 with vascular parkinsonism and 6 without it.
The subjects with other neurodegenerative diseases included 4 men
and 8 women, mean age 67.8 y (57-77 y). Mean disease duration
was 62.2 mo (24-120 mo). The patients with cerebral infarction
were 4 men and 8 women, mean age 73.9 y (66-89 y). Mean
disease duration was 58.8 mo (38-96 mo). All control subjects

underwent detailed medical and neurological examinations that
included blood tests, electrocardiography, echocardiography, brain
CT and MRI. No abnormalities on electrocardiography and echocar
diography were found. We accepted 6 persons as normal controls
who were suspected of having angina pectoris, but electrocardio
graphy, echocardiography and coronary angiography proved that
they had no cardiac disorders. These normal controls included 3
men and 3 women, mean age 58.8 y (48-69 y).

Methods
While the patient was at rest, 111 MBq (3 mCi) '"I-MIBG were

injected intravenously. Early and delayed images of the anterior
view were obtained 15 min and 4 h after injection, respectively.
Planar scans were made with a gamma camera equipped with a
low-energy, high-resolution, parallel-hole collimator. To analyze

the images, delayed uptake in the heart was divided into three
categories: normal uptake, decreased uptake and no uptake (Fig. 1).
MIBG uptake was quantified by calculating a heart-to-mediastinum

count (H/M) ratio, drawing regions of interest over the mediasti
num (10 X 10 mm) and whole heart on the anterior views of
the thorax. Care was taken to exclude lung or liver from the
myocardial region and to exclude large vessels and lung from the
mediastinum region. To obtain the H/M ratio, average counts per
pixel in the myocardium were divided by average counts per pixel
in the mediastinum. The washout ratio was calculated with the
following formula: (myocardial counts per pixel at 15 min -

myocardial counts per pixel at 4 h) / myocardial counts per pixel at
15 min.

Statistical Analysis
All results were expressed as mean Â±SD and were analyzed by

Student t test. Correlation analysis was performed by linear
regression analysis. Statistical significance was defined as P <
0.05.

RESULTS

Semiquantitative Study
We used delayed images (4-h images) for semiquantita-

tive study. Image quality and data acquisition for all patients
with Parkinson's disease and control subjects were suitable

for quantitative and semiquantitative analysis. Results of the
semiquantitative analysis are shown in Figure 1. Of the 24
CNS-control subjects (patients with neurodegenerative dis

eases or CI), 21, and all 6 normal control subjects, showed a
homogeneous, intense uptake of MIBG, with a slight
decrease toward the apex of the heart, as has been reported in
a normal population (13). Three CNS-control subjects
showed decreased MIBG uptake, but no CNS-control sub

ject showed no uptake. In contrast, 27 of the 35 patients with
Parkinson's disease showed no uptake, 4 decreased and 4

normal uptakes.

Quantitative Analysis
The H/M and washout ratios are shown in Figure 2. The

H/M ratio for Parkinson's disease was significantly lower

(P < 0.001) than the ratio for the CNS-control subjects in

both the early and delayed images. The washout ratio for
Parkinson's disease was significantly higher (P < 0.001)

than that for the CNS-control subjects.

H/M Ratio and Parkinson's Disease Severity
The H/M ratio for the patients with Parkinson's disease

was significantly lower (P < 0.001) than that for the control
subjects; whereas, the H/M ratio for the patients with
Parkinson's disease HY I did not differ markedly from that

for the CNS-control subjects. The H/M ratio for the patients
with Parkinson's disease HY II was significantly lower (P <

0.001) than that for the CNS-control subjects and signifi

cantly higher (P < 0.001 ) than the ratios for the patients with
Parkinson's disease HY III, IV and V. No significant

difference in the H/M ratio was found in patients with
Parkinson's disease HY III, IV and V (Fig. 3).

FIGURE 1. Upper panel: Anterior planar
scans obtained 4 h after injection of 123I-
MIBG. A, B and C indicate normal, de
creased and no uptake, respectively. Lower
panel: Number of Parkinson's disease pa

tients and control subjects with each type of
MIBG uptake.

A normal
uptake

B decreased
uptake

C no uptake

PDCNS-controlnormal

uptake421decreaseduptake43no
uptake270
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FIGURE 2. Heart-to-mediastinum (H/M)

ratio in early (left) and delayed (center)
images and washout ratio (right) in patients
with Parkinson's disease and control sub

jects. Difference between patients with Par
kinson's disease and control subjects is

significant for each item (mean Â±SD).

H/M Ratio and Disease Duration
For the patients with Parkinson's disease there was slight

relationship between the H/M ratio and disease duration
(r = -0.418, P < 0.05) (Fig. 4). The duration of Parkinson's

disease usually was short in patients with a high H/M ratios,
with some exceptions. This suggests that certain patients
have a marked decrease in myocardial MIBG uptake shortly
after the onset of Parkinson's disease.

H/M Ratio and Medication
As shown in Figure 4, 5 unmedicated patients with

Parkinson's disease had low H/M ratios compared with the

control subjects. This indicates that even unmedicated

patients with Parkinson's disease had marked reduction of

myocardial MIBG uptake and that antiparkinson drugs do
not affect myocardial MIBG uptake in patients with Parkin
son's disease.

DISCUSSION

This study clearly shows there was marked reduction in,
or loss of. myocardial MIBG uptake in patients with
Parkinson's disease, except those at stage HY I. and that

there was reduced uptake even in patients with a short
history of Parkinson's disease. Anti-parkinsonian drugs had

no effect on the uptake of MIBG in the myocardium.

H/M
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FIGURE 3. Heart-to-mediastinum (H/M)
ratio and Parkinson's disease (PD) severity.

H/M ratio for patients with HY I stage Parkin
son's disease did not differ significantly from

values for control subjects, but H/M ratio for
patients with HY II stage Parkinson's dis

ease was significantly lower than that for
control subjects and significantly higher than
ratios for patients with HY III, IV and V
Parkinson's disease.
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FIGURE 4. Correlationbetween heart-to-
mediastinum (H/M) ratio and disease dura
tion. Filled circles: unmedicated patients
with Parkinson's disease; open circles,

medicated ones. There is slight inverse
correlation between H/M ratio for patients
with Parkinson's disease and disease dura

tion.Some patients,however,showed marked
reduction of myocardial MIBG uptake
shortly after onset of Parkinson's disease.

Even unmedicated patients with Parkin
son's disease had marked reductions in

myocardial MIBG uptake. Shaded area rep
resents mean Â±2 SD of H/M ratio for
control subjects.
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Noninvasive imaging with radioiodinated MIBG can assess
efferent adrenergic neuronal function in the heart. It com
petes with norepinephrine for neuronal uptake (uptake-1)
and is taken up by a low-affinity non-neuronal mechanism
(uptake-2) (16). Denervated myocardium treated with epicar-

dial phenol and subjected to ganglionectomy showed a
decrease in tissue norepinephrine and MIBG (17). These
experimental findings suggest that MIBG uptake reflects the
actual adrenergic neuronal function in the myocardium in
vivo. In these studies, decreased myocardial MIBG accumu
lation clearly coincided with the denervated areas of the
myocardial sympathetic nerves. Furthermore, radiolabeling
with I23lfacilitates the use of the standard gamma camera in

a clinical setting, as documented by a variety of patient
studies. Even normal subjects show reduced MIBG uptake
at the cardiac apex and septum (13). Decreased accumula
tion of myocardial MIBG has been reported in myocardial
infarction (18), transplanted hearts (19), cardiomyopathy
(20), heart failure (21 ) and familial amyloidotic polyneuropa-
thy (]]). In this study, none of the Parkinson's disease

patients with defective MIBG uptake showed ischemie heart
disease, cardiomyopathy or heart failure in their physical
examinations, chest radiographs, electrocardiograms and
echocardiographs. Various symptoms associated with auto
nomie dysfunction are usually present in the advanced
stages of Parkinson's disease (1-5).

In this study, markedly reduced MIBG uptake was seen
even in patients at stage HY II and in patients without signs
or symptoms of autonomie dysfunction. This indicates that
cardiac sympathetic denervation may occur in the early
stage of Parkinson's disease and that myocardial imaging

with I23I-MIBG is a sensitive method for detecting cardiac
sympathetic denervation in patients with Parkinson's dis

ease.
In Parkinson's disease. Lewy bodies (LBs) are present in

the substantia nigra and locus caeruleus and are distributed
widely throughout the central and peripheral nervous sys
tems (6,7). Wakabayashi et al. (22) and Wakabayashi (23),
who examined the distribution of LBs in the peripheral
autonomie system, found LBs in the cardiac plexuses and
the nerves in the myocardium, which originate in the
paravertebral sympathetic ganglia.

The manner in which myocardial MIBG uptake is mark
edly reduced in patients with Parkinson's disease, even

during the fairly early stages, is unknown. None of the
control subjects with other neurodegenerative diseases and
vascular parkinsonism showed a marked reduction in myo
cardial MIBG uptake. Our findings indicate that reduced
myocardial MIBG uptake is a phenomenon specific to
Parkinson's disease and that it is useful in diagnosing this

condition, particularly in patients who do not show typical
signs and symptoms.

CONCLUSION

This article documented myocardial imaging with 123I-
MIBG in 35 patients with Parkinson's disease and 24 control
subjects. The findings indicate that, in Parkinson's disease, a

reduction in myocardial MIBG uptake is a common, specific
phenomenon that can be used to detect cardiac autonomie
dysfunction to diagnose Parkinson's disease, particularly in

patients without typical signs and symptoms.
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