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in the assessment of Parkinson’s disease and related disorders:
It can be a specific marker for Lewy body disease

Junichi Taki,* Mitsuhiro YosHiTA,** Masahito YAMADA** and Norihisa ToNaMI*

Departments of *Biotracer Medicine and **Neurology and Neurobiology of Aging,
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Recently, reliable and clear evidence for the usefulness of 123I-MIBG scintigraphy in the diagnosis
of Parkinson’s disease (PD) has been accumulated and it has become increasingly popular as one
of the most accurate means of diagnosing the disease. PD, one of the most common neurodegenerative
disorders, is characterized by resting tremor, rigidity, bradykinesia or akinesia, and postural
instability. The disease is characterized pathologically by distinctive neuronal inclusions called
Lewy bodies in many surviving cells of dopaminergic neurons of the substantia nigra pars compacta
and other specific brain regions. Furthermore Lewy body type degeneration in the cardiac plexus
has been observed in PD. In PD, cardiac MIBG uptake is reduced markedly even in the early disease
stages; therefore, MIBG imaging can be used as an indicator of the presence of PD rather than
disease severity. Other parkinsonian syndromes such as multiple system atrophy, progressive
supranuclear palsy, and corticobasal degeneration demonstrate normal cardiac MIBG uptake or
only mild reduction of MIBG uptake, indicating that MIBG imaging is a powerful method to
differentiate PD from other parkinsonian syndromes. Dementia with Lewy bodies (DLB) also
shows severe reduction of MIBG uptake, whereas Alzheimer’s disease (AD) demonstrates normal
MIBG uptake, permitting differentiation of DLB from AD using MIBG scintigraphy. In pure
autonomic failure, which shares similar pathological findings with PD and is thought to be
associated with diffuse loss of sympathetic terminal innervation, cardiac MIBG uptake also
decreases markedly. Considering all the data together, marked reduction of cardiac MIBG uptake
seems to be a specific marker of Lewy body disease and thus extremely useful in the differentiation
from other diseases with similar symptoms without Lewy bodies.
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Significance of 12’I-MIBG scintigraphy as a pathophysiological indicator

INTRODUCTION

123]_.MIBG scintigraphy has been developed to evaluate
cardiac sympathetic innervation and function and has
been used in a variety of cardiac diseases and disorders,
including atherosclerotic coronary artery disease, vaso-
spastic angina pectoris, various cardiomyopathies, and
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heart failure.!16 Recently the tracer has been applied
to patients with autonomic dysfunction including neuro-
degenerative diseases such as Parkinson’s disease.

Parkinson’s disease (PD) is one of the most common
neurodegenerative disorders and is characterized by rest-
ing tremor, rigidity, bradykinesia or akinesia, and pos-
tural instability. Its onset is usually after the age of 50
years, and there is an increasing age-related prevalence to
at least age 80. Patients with PD often have concomitant
autonomic dysfunctions, including gastrointestinal,
sudomotor, bladder abnormalities, and orthostatic hypo-
tension.

One decade ago, in patients with autonomic failure
associated with various neurological diseases of the
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central and peripheral nervous system, iodine-123-1a-
beled metaiodobenzylguanidine (!2I-MIBG) scintigra-
phy demonstrated depressed myocardial uptake of the
tracer, suggesting cardiac sympathetic dysfunction or
denervation.!”-!8 Subsequently, it was revealed that car-
diac MIBG uptake is significantly depressed in PD in a
disease-specific manner among the PD related disorders.

In this review, we describe the clinical role of 1231-
MIBG in the differential diagnosis of parkinsonian syn-
dromes based on the pathophysiology of PD and its
related diseases and clinical experience with MIBG scin-

tigraphy.

NOREPINEPHRINE AND '2I-MIBG KINETICS
IN THE SYMPATHETIC NERVE SYSTEM

In the sympathetic nerve system, the neurotransmitter,
norepinephrine (noradrenaline) is synthesized from ty-
rosine through several enzymatic steps and stored in the
storage vesicles. Nerve stimulation induces norepineph-
rine release by exocytosis. Receptor stimulation also
regulates norepinephrine release from the nerve terminal.
Angiotensin IT and B-receptors accelerate norepinephrine
release; on the other hand, op-adrenergic receptor stimu-
lation is thought to suppress the exocytosis.!® Most of the
norepinephrine released into the neuromuscular junction
undergoes reuptake via uptake 1 mechanism (sodium and
energy dependent intraneuronal accumulation) and is
restored in the storage vesicle or metabolized by mono-
amine oxidase in the cytosol (Fig. 1).

MIBG, an analogue of the adrenergic blocking agent
guanethidine, has mechanisms of uptake and storage
similar to those of the endogenous neurotransmitter nor-
epinephrine, thereby permitting non-invasive assessment
of the cardiac sympathetic nerve endings.2%26 It is ac-
tively transported into cells by uptake 1 and stored in the
vesicles without catabolism by monoamine oxidase. In
globally denervated canine hearts, non-neuronal MIBG
uptake is observed in early images followed by complete
washout. However, patients receiving heart transplants
show absence of MIBG uptake in early and delayed
images, implying that the non-neuronal uptake mecha-
nism (uptake 2) is not significant in man. 232427

In rat hearts, yohimbine, an ap-adrenergic receptor
antagonist, induced an almost identical increase in rates of
loss of hydrogen-3 noradrenaline and !2I-MIBG. On the
other hand, clonidine, an o-agonist, induced decreases
in the rates of loss of both tracers. Similar findings were
observed in dogs and humans, suggesting that the rate of
loss of MIBG reflects sympathetic tone.2?8 MIBG wash-
out from normal human heart is around 5-15% in 3 to 4
hours, and this rate is consistent with norepinephrine
turnover measured in man invasively.?

These findings suggested that early MIBG uptake
reflects presynaptic sympathetic system integrity and
distribution, and that MIBG washout reflects the presyn-
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Fig.1 Schematic presentation of norepinephrine and MIBG
kinetics in sympathetic nerve ending. DHPG = dihydroxy-
phenylglycol; MAO = monoamine oxidase; NE = norepineph-
rine

aptic functional status or tone of the sympathetic nervous
system in man.

PATHOPHYSIOLOGY OF
PARKINSON’S DISEASE

The etiology of Parkinson’s disease is still unknown.
While several mutations have been shown to be major risk
factors for Parkinson’s disease, the majority of patients
appear to have environmental causes.*

The disease is characterized pathologically by distinc-
tive neuronal inclusions called Lewy bodies in many
surviving cells of dopaminergic neurons of the substantia
nigra pars compacta®®3! and other specific brain regions.
Lewy bodies are rarely found in other degenerative dis-
eases of the central nervous system. Lewy body formation
has been considered to be a marker for neuronal degen-
eration because postmortem studies of patients with PD
show loss of neurons in the sites of predilection for Lewy
bodies. Aggregations of a misfolded protein, o-synuclein,
contribute substantially to the formation of the Lewy
bodies, and PD is established as one of the o-synucleino-
pathies from the molecular pathogenesis point of view.32

It is generally believed that PD is primarily a motor
disease resulting from loss of dopaminergic terminals in
the central nervous system especially in the nigrostriatal
system, with the abnormality sometimes extending out-
side the central nervous system and involving peripheral
autonomic nerves, culminating in autonomic failure. Re-
cently, meticulous pathological studies of the patients
with PD and patients with incidental Lewy body disease
revealed that the neurodegenerative process of the disease
does not occur randomly but, rather, follows a predeter-
mined sequence marked by characteristic changes in
topographical extent.>¥-3% The process begins in the lower
brain stem, in the dorsal motor nucleus of the vagus nerve
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Fig. 2 Example of mediastinal and cardiac region of interest (ROI) on anterior chest MIBG images.
Mediastinal ROI is recommended to be set as a narrow rectangle in the upper mediastinum to minimize

the effect of bilateral lung activity.

(stage 1), and advances to the lower raphe nuclei, gigan-
tocellular reticular nucleus, and locus ceruleus (stage 2).
Then the focus of the pathological change shifts to the
central nucleus of the amygdala, magnocellular nuclei of
the basal forebrain, and substantia nigra (pars compacta)
(stage 3). Until this pathological stage patients are usually
free of symptoms. Further pathological changes involve
the cerebral cortex beginning with the anteromedial tem-
poral mesocortex (stage 4). Around this stage patients
develop clinical symptoms and are diagnosed with PD
clinically. Subsequently, the neocortex becomes affected
in stage 5, with lesions appearing in the high-order sen-
sory association and prefrontal area, followed by the final
stage 6 with involvement of the first order sensory asso-
ciation areas and premotor areas, and occasionally mild
changes in the primary sensory and motor fields.

In PD the entire autonomic nervous system is also
affected, including the hypothalamus, parasympathetic
system (Edinger-Westphal nucleus, salivary nuclei, dor-
sal vagal nucleus and parasympathetic ganglia) and the
sympathetic system (intermediolateral nucleus of the tho-
racic cord and sympathetic ganglia). Furthermore, Lewy
bodies are frequently found in the enteric nervous system
of the alimentary tract, heart (ganglia located in the
interatrial groove, nerve fibers around the coronary arter-
ies and in the myocardium), the pelvic plexus and the
adrenal medulla.36

Interestingly, incidental cases of PD (considered as
preclinical PD) may show involvement of both dorsal
motor nucleus of the vagus nerve and enteric nervous
system.3¢-3” The former is the portion where the first
disease process begins in the central nervous system and
the latter is innervated from the dorsal motor nucleus of
the vagus nerve. This observation raises the question as to
whether the disorder might originate from outside of the
central nervous system, with one hypothesis being that an
unknown neurotropic pathogen enters from the gastroin-
testinal tract into postganglionic enteric neurons and is
transferred to the central nervous system along pregangli-
onic fibers generated from the visceromoter projection
cells of the vagus nerve. However we must await further
research in this field in which etiology and pathophysiol-
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ogy are wholly integrated and focused based on clinical
and pathological pursuits.

The autonomic nerve system of the heart consists of
dual sympathetic (noradrenergic) and parasympathetic
(adrenergic) innervation. Postganglionic sympathetic
nerves are derived from the stellate and middle cervical
ganglia and innervate myocardial cells and coronary
vessels. Preganglionic parasympathetic nerves derived
from the dorsal vagal nucleus form synapses with post-
ganglionic neurons close to and within the heart. Patho-
logical studies revealed that the Lewy body-type degen-
eration in the cardiac plexus is observed in almost all
patients with incidental Lewy body disease as well as in
those with PD,*® and sympathetic nerve fibers were mark-
edly decreased in number in all the patients with PD
regardless of the presence/absence of orthostatic hy-
potension.>% These findings suggest that cardiac sym-
pathetic nerve might be involved already in the preclinical
stage or in early disease stage, consistent with the reduc-
tion of cardiac MIBG uptake from the early stage of PD.

TECHNOLOGICAL ASPECTS OF 'Z[.MIBG
IMAGING

For the ideal imaging of '2*I-MIBG a medium energy
collimator or specially designed low energy collimators
that completely cover the 159 keV photons from !2[
should be used. However, changing the collimator is time
consuming and limits the number of patients that can be
processed in busy nuclear medicine departments, because
most of the usual examinations are performed with *™Tc
labeled radiopharmaceuticals. Accordingly, a consider-
able number of institutions perform '»I-MIBG imaging
using low energy collimators that are usually designed for
9mTc imaging not for 21, 23] has a photopeak of 159
keV, which is higher than that of 141 keV of *™Tc,
resulting in some dgree of image degradation due to septal
penetration of higher energy photons. For the evaluation
of cardiac innervation, the heart to mediastinum ratio (H/
M ratio) is used as the standard index in an anterior planar
image. Since the count density of mediastinal region of
interest (ROI) tends to be higher due to septal penetration
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Fig.3 H/M ratios in patients with Parkinson’s disease (PD) and normal control subjects (Norm) in early
(E) and delayed (D) images from various studies indicated by the first author’s name. In the bottom line,
numbers of patients studied were listed as n = number of normal subjects / number of PD patients. In
all studies H/Ms in PD were significantly lower than those of normal subjects in both early and delayed

images.

from bilateral lung activities of 12I-MIBG, mediastinal
ROI is recommended to be set as a narrower rectangle in
the upper mediastinum to prevent underestimation of H/
M ratio. ROI for the heart should be drawn manually to
cover the whole left ventricle (Fig. 2). Rectangular ROI
on the heart might cause erroneous H/M ratio because
ROI contains lung activity when it is larger and the count
density of the ROI might destabilize when ROI is smaller
depending on its location on the heart. Since the degree of
the underestimation of the H/M ratio depends mainly on
the characteristics of the collimator (thickness of the lead
septum), it is important that the normal value of the H/M
ratio be determined for each gamma camera system.
Approximately, with narrow rectangular upper mediasti-
nal ROI and whole left ventricular ROI, normal H/M ratio
is around 2.0-2.4 on the early image (15-20 min after
MIBG injection) and 2.1-2.6 on the delayed image (3—4
hr after MIBG administration) when a low energy colli-
mator is used, and over 2.6-3.4 when a medium energy
collimator is used.

FINDINGS FROM CLINICAL STUDIES
OF '31-MIBG IMAGING

Severe reduction of cardiac 1>*I-MIBG uptake in patients
with PD
Recently, an appreciable number of '2I-MIBG studies
focused on the evaluation of cardiac sympathetic in-
nervation or function in patients with PD and related
disorders have been performed. The severe reduction of
cardiac MIBG uptake seems obviously to be specific for
PD among related disorders.

In Figure 3, H/M ratios of '2>I-MIBG imagings were
summarized in comparison with those of normal controls.
All reports demonstrated apparently impaired cardiac
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MIBG uptake in both early (15-20 min) and delayed
images (3—4 hr). Although the MIBG uptake abnormality
tends to decrease with disease progression, the abnormal-
ity is apparent in the early stage of the disease (Fig. 4),
indicating that the H/M ratio cannot be used as an index of
the disease severity, but rather is suitable for the diagno-
sis.*!=4> The marked MIBG uptake abnormality in the
early stage of the disease also implies that the cardiac
denervation is an essential attribute rather than extrinsic
abnormality since the cardiac sympathetic denervation
has just started or is almost completed at the onset of
the disease. The MIBG uptake abnormality does not
seem to be related to the presence of autonomic failure
either*! 444647 although two reports showed a more greatly
impaired H/M ratio in PD with orthostatic hypotension. 4349
No relation between the duration of the disease and H/M
ratio was observed in most studies,*/ 4346475051 although
a weak correlation was suggested in two studies.*®-2
Rather, reduction of the H/M ratio seems to depend on the
age at disease onset and age at the examination.*> This
observation is consistent with a PET study with 6-
['®F}fluorodopamine, in which diffuse cardiac loss of the
tracer was found in older patients while localized loss of
the tracer was observed in relatively younger ones.>3
Antiparkinsonian medication does not seem to affect the
H/M ratio.1:46-48.50-52 1y 3 study with whole body !21-
MIBG imaging, the abnormality of MIBG uptake seemed
to be heart selective.*? The high rate of oxidative deami-
nation of norepinephrine in cardiac sympathetic nerves*
might account for the cardioselectivity of sympathetic
denervation in PD, as it has been suggested that the loss of
nigrostriatal dopamine cells results in some way from
oxidative or neurotoxic injury. However, this issue re-
mains to be elucidated, because other organs’ MIBG
uptake in normal subjects is relatively low compared with
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Fig. 4 MIBG images from a 70-year-old patient with Parkinson’s disease in Hoehn and Yahr stage I.
MIBG scintigraphy, performed at 3 months after onset of symptoms, showed marked reduction of
cardiac MIBG uptake in both early and delayed images.
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Fig.5 H/M ratios in patients with Parkinson’s disease (PD), multiple system atrophy (MSA) and normal
control subjects (Norm) in early (E) and delayed (D) images from various studies indicated by the first
author’s name. In the bottom line, numbers of patients studied were listed as n = number of normal
subjects / number of PD patients / number of MSA patients. In all studies H/Ms in PD were significantly
lower than those of normal subjects in both early and delayed images and H/M ratios in MSA was
significantly higher than those of PD. H/M ratios in MSA were similar to normal subjects except for 2
studies labeled with *. In the study labeled with #, the H/M ratio might have been underestimated due
to large mediastinal ROL In the study labeled with $, rectangular cardic ROI was used for the analysis
on anterior projection image of dual isotope SPECT data with *™Tc-sestamibi.

heart, and might result in low detectability of mild sympa-
thetic dysfunction.

Differentiation of PD from multiple system atrophy (MSA),
progressive supranuclear palsy (PSP), and cortiocobasal
degeneration (CBD)

Parkinsonism is characterized clinically as a syndrome
dominated by a disorder of movement including tremor,
rigidity, bradykinesia (slowness of movement), hypoki-
nesia (reduced movement), akinesia (loss of movement)
and postural abnormalities and is a feature of a number of
neurodegenerative diseases, including PD, MSA, PSP,
and CBD. Differential diagnosis of these diseases is
important because of differences in prognosis and therapy.
However, discrimination of these disorders on the basis of
clinical criteria alone is sometimes difficult, especially
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early in the clinical course.’>-%% Pathological study re-
vealed that the accuracy of antemortem diagnosis of PD is
around 80%, with MSA, PSP and Alzheimer’s disease
misdiagnosed as PD most commonly.>’

MSA is clinically characterized by any combination of
parkinsonism, autonomic, cerebellar, or pyramidal signs,
including varying combination and degree of subtypes;
striatonigral degeneration (SND), olivopontocerebellar
atrophy (OPCA), and autonomic involvement (Shy-Drager
syndrome). Pathologically it is characterized by marked
neuronal cell loss, gliosis and glial cytoplasmic inclu-
sions in several central nervous system sites, including the
basal ganglia, pontine nuclei, inferior olives, cerebellar
Purkinje cells, and intermediolateral gray columns of the
spinal cord. In molecular pathogenesis, MSA has been
established as an a-synucleinopathy along with PD and
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Fig. 6 H/M ratios in patients with Parkinson’s disease (PD),
progressive supranuclear palsy (PSP) and normal control sub-
jects (Norm) in early (E) and delayed (D) images from 2 studies
indicated by the first author’s name. In the bottom line, numbers
of patients studied were listed as n = number of normal subjects /
number of PD patients / number of PSP patients. In both studies
H/Ms in PD were significantly lower than those of normal
subjects in both early and delayed images and H/M ratios in PSP
were significantly higher than those of PD. H/M ratios in PSP
were slightly but significantly reduced compared to normal
subjects in one study labeled with *.
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Fig. 7 H/M ratios in patients with Parkinson’s disease (PD),
corticobasal degeneration (CBD) and normal control subjects
(Norm) in early (E) and delayed (D) images from 2 studies indi-
cated by the first author’s name. In the bottom line, numbers of
patients studied were listed as n = number of normal subjects /
number of PD patients / number of CBD patients. In both studies
H/Ms in PD were significantly lower than those of normal
subjects in both early and delayed images and H/M ratios in PSP
were significantly higher than those of PD and similar to those
of normal subjects.

dementia with Lewy bodies. In MSA, central and pregan-
glionic neurons are predominantly affected, while post-
ganglionic sympathetic neurons are usually spared. There-
fore, MIBG uptake might not be impaired. PET study with
18F_fluorodopamine demonstrated that a significant re-
duction of cardiac tracer uptake in patients with pure
autonomic failure and PD with and without sympathetic
neurocirculatory failure. However, the cardiac tracer
uptake in MSA with and without sympathetic neurocir-
culatory failure was similar to that of normal controls, in-
dicating that cardiac sympathetic denervation is not the
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case in MSA.>3 MIBG uptake is also similar to that of nor-
mal controls or reduced but higher than in PD, revealing
the significance of MIBG imaging as a discriminator be-
tween PD and MSA (Fig. 5).42:4447-50.60.61 Mild reduc-
tion of MIBG in MSA in some reports might account
for the mechanism of transsynaptic degeneration of post-
ganglionic nerve.** Postmortem study demonstrated
that postganglionic cardiac sympathetic nerve fibers
(tyrosine hydroxylase immunoreactive nerve fibers) are
markedly decreased in all PD (5/5) but not in all MSA
(4/4), offering substantial evidence of discrepant MIBG
uptake in PD and MSA 3%40

PSP also should be listed as one of the most important
differential diagnoses of PD. PSP is pathologically char-
acterized by widespread neurofibrillary degeneration as-
sociated with system-bound neuronal loss and gliosis in
subcortical areas, particularly affecting the subthalamic
nucleus, substantia nigra, brainstem tegmentum and den-
tate nuclei, with no or little involvement of the cerebral
cortex.5? Although MIBG uptake appeared normal or
showed a mild reduction in PSP, the uptake was appar-
ently higher than that of PD, demonstrating the good
ability of MIBG imaging to differentiate between PD and
PSP (Fig. 6).42%0

CBD is one of the neurodegenerative parkinsonisms
and should be carefully differentiated from PD especially
in its early disease stage.®> Since MIBG uptake in CBD
was similar to that of normal controls, MIBG imaging
could be considered a useful technique for the differentia-
tion between PD and CBD (Fig. 7).4264

Vascular parkinsonism and essential tremor also dem-
onstrated near normal MIBG uptake, indicating that MIBG
imaging can be of great help in differentiating these con-
ditions from PD.#8

Differentiation between dementia with Lewy bodies (DLB)
and Alzheimer’s disease (AD)

Dementia is an increasingly common disorder in the
elderly population. AD is the most common cause of
dementia. DLB is now thought to be the second most
common type of degenerative dementia after AD. The
main differential diagnoses of DLB are AD, vascular
dementia, PD, atypical parkinsonian syndromes such as
PSP, MSA, CBD and Creutzfeldt-Jacob disease.%® The
importance of accurate diagnosis of DLB lies in its phar-
macological management, with good responsiveness to
cholinesterase inhibitors but extreme sensitivity to the
side effects of neuroleptic drugs. Clinical features and
functional brain imaging with MRI have failed to clearly
differentiate between AD and DLB.% Although DLB and
PD are clinically defined syndromes, no formal clinical
criteria have been established and the specificity of a
clinical diagnosis of probable DLB, using consensus
criteria, is generally high (>85%), whereas the sensitivity
of case detection is lower and more variable.%5 Pathologi-
cally, both diseases have Lewy bodies, namely the char-
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Fig. 8 H/M ratios in patients with dementia with Lewy bodies
(DLB), Alzheimer’s disease (AD) and normal control subjects
(Norm) in early (E) and delayed (D) images from 3 studies indi-
cated by the first author’s name. In the bottom line, numbers of
patients studied were listed as n = number of normal subjects /
number of DLB patients / number of AD patients. In all studies
H/Ms in DLB were markedly reduced in both early and delayed
images, but H/M ratios in AD were significantly higher than
those of PD and similar to those of normal subjects.

acteristic pathological feature of Lewy body disease,
while no definite pathological criteria are available that
differentiate the disorders either from each other or from
PD with dementia. Predictably marked MIBG uptake
reduction was also anticipated and observed in DLB.*
Therefore for the differentiation of AD and DLB, MIBG
can be expected as a good predictor. Until now, 3 system-
atic studies investigating MIBG value to differentiate
DLB from AD have been performed.6-%° All revealed
marked cardiac MIBG uptake reduction in DLB in con-
trast to normal uptake in AD without substantial overlap
between the two groups, indicating that MIBG scintigra-
phy is a powerful tool in terms of differential diagnosis of
AD and DLB and might improve the sensitivity in the
detection of DLB (Fig. 8). The MIBG uptake reduction
does not correlate with disease duration 5%

Pure autonomic failure

Pure autonomic failure shares similar pathological find-
ings with PD associated with Lewy bodies in the sustantia
nigra and locus ceruleus®>’ and is thought to be associ-
ated with diffuse loss of sympathetic terminal inner-
vation.*371.72 PET with 6-['8F]flucrodopamine as well
as MIBG studies revealed the loss of cardiac tracer up-
take, indicating cardiac denervation in pure autonomic
failure 3372

CONCLUSIONS

Apparent reduction of cardiac !2I-MIBG uptake is ob-
served in patients with Parkinson’s disease, dementia
with Lewy bodies, and pure autonomic failure. These
three disorders have some overlap in their clinical and
neuropathological features and can be called Lewy body
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disease.”® Considering all the data together, marked car-
diac MIBG uptake reduction seems to be a specific marker
of Lewy body disease making it extremely useful in the
differentiation from other diseases with similar symp-
toms without Lewy bodies. In the differential diagnosis of
PD from other parkinsonian syndromes with or without
autonomic failure, and in the differentiation of DLB from
Alzheimer’s disease in patients with dementia, '2I-MIBG
cardiac imaging can be used as a powerful diagnostic tool
and should gain acceptance as an established examination
technique in daily clinical practice.
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