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Abstract
Objective—Scintigraphy with [123I]metaio-
dobenzyl guanidine ([123I]MIBG) enables
the quantification of postganglionic sym-
pathetic cardiac innervation. Recently,
myocardial [123I]MIBG scintigraphy has
been found to be useful in distinguishing
Parkinson’s disease, a Lewy body disease,
from other akinetic rigid syndromes.
Some patients initially diagnosed with
dementia of the Alzheimer’s type (DAT)
are discovered to have an alternative
disease such as dementia with Lewy
bodies (DLB), despite the application of
stringent diagnostic criteria. In the
present study, examinations were per-
formed to clarify the usefulness of myo-
cardial [123I]MIBG scintigraphy in
improving the diVerential diagnosis be-
tween patients with DLB and DAT.
Methods—Fourteen patients with DLB
and 14 patients with DAT underwent scin-
tigraphy with [123I]MIBG, combined with
orthostatic tests and cardiac examina-
tions.
Results—In all patients with DLB, the
heart to mediastinum (H/M) ratio of
MIBG uptake was pathologically impaired
in both early and delayed images, inde-
pendently of the duration of disease and
autonomic failure. All patients with DAT
had successful MIBG uptake in the heart
regardless of duration of disease and
autonomic failure. Orthostatic hypoten-
sion was seen in four patients with DAT
and 13 patients with DLB.
Conclusions—[123I]MIBG myocardial
scintigraphy might detect early distur-
bances of the sympathetic nervous system
in DLB and might provide useful diagnos-
tic information to discriminate DLB from
DAT. The distinction between DLB and
DAT may be improved by greater empha-
sis on cardiac sympathetic disturbances.
(J Neurol Neurosurg Psychiatry 2001;71:583–588)
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Dementia of the Alzheimer type (DAT) is
characterised clinically by a progressive decline
in memory and higher cortical functions.1

Neuropsychiatric features including depres-
sion, delusion, agitation, or hallucinations may

emerge in advanced disease stages. About 60%
of patients with DAT also exhibit mild or mod-
erate parkinsonian signs during their illness.2

In recent years, dementia with Lewy bodies
(DLB) has been acknowledged as the second
most common senile degenerative dementia
after DAT.3 Patients are clinically characterised
by a fluctuating intellectual decline combined
with neuropsychiatric features such as depres-
sion, visual hallucinations, delusions, and
hypersensitivity to classic neuroleptic drugs.
Parkinsonian signs or symptoms are present in
most patients and may be associated with pos-
tural instability and falls.4 A recent retrospec-
tive study suggested that DLB and DAT are
clinically diVerent because of the fluctuating
dementia, visual hallucinations, and marked
parkinsonian features in DLB.4 However,
because of overlapping symptoms, the clinical
distinction of patients with DLB and DAT may
be diYcult. Litvan et al have reported that most
cases of misdiagnosis in Lewy body disease
including Parkinson’s disease (PD) and DLB
present themselves with progressive supra-
nuclear palsy (PSP), multiple system atrophy
(MSA), and DAT.5 Although the usefulness of
myocardial [123I]metaiodobenzyl guanidine
([123I]MIBG) scintigraphy in the diVerentiation
of PD from PSP and MSA has recently been
established,6 7 this method has not yet been
shown to be useful in diVerentiating DLB from
DAT.

Metaiodobenzyl guanidine is a physiological
analogue of noradrenaline (norepinephrine)
and is actively transported into noradrenaline
granules of sympathetic nerve terminals by the
noradrenaline transporter.8 [123I]MIBG myo-
cardial scintigraphy can be performed very
safely9 and is used clinically to estimate local
myocardial sympathetic nerve damage in vari-
ous heart diseases,10–13 autonomic nerve distur-
bance in diabetic neuropathy,14 disturbance of
the autonomic nervous system in neurodegen-
erative disease,6 7 15–18 pure autonomic failure,19

and familial amyloidotic polyneuropathy.20

It is of particular interest to distinguish
between DAT and DLB during life, because
accurate clinical diagnosis of the dementias is
critical for proper management and assessment
of prognosis.21–23

Therefore, the aim of this [123I]MIBG
myocardial scintigraphic study was to describe
the sympathetic dysfunction of DLB and to
explore the contribution of the myocardial
accumulation of MIBG to the diVerential diag-
nosis between DAT and DLB.
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Methods
PATIENTS

A consecutive series of patients attending the
Department of neurology were recruited for
this study. In total 28 patients with progressive
dementia, parkinsonian features, and psychiat-
ric symptoms of unknown aetiology and
relevance were studied. Fourteen were consid-
ered to have probable DAT, and others to have
probable DLB. All patients underwent routine
laboratory tests, the mini mental state exam-
ination (MMSE), and other psychometric
tests. There were no findings of non-
degenerative cognitive disorders such as cer-
ebrovascular diseases and intracranial mass
lesions in the MR images of the brain and cer-
ebral blood flow by SPECT. None of the sub-
jects had any history of cardiovascular or
thyroid disease or hyperlipidaemia, and none
had ever used any drugs known to aVect
[123I]MIBG accumulation.24 All were normo-
tensive, and diabetes mellitus was excluded by
testing the urine and blood sugar. No abnor-
malities indicating ischaemic heart disease,
arhythmia, or hypertrophy were seen on ECG,
wall motion studies, or [99mTc]tetrofosmin car-
diac perfusion scan.

The group with probable DAT comprised 14
patients. The inclusion criteria for probable
DAT were those of the National Institute of
Neurological Disease and Stroke/Alzheimer’s
Disease and Related Disorders Association.1

The mean (SD) age was 70.9 (5.1) years for the
10 women and four men, and the mean (SD)
MMSE score was 18.5 (5.9). The mean (SD)
duration of illness was 36.5 (24.2) months.
Clinical data from the time of the MIBG scin-
tigraphy are listed in table 1.

The group with probable DLB comprised 14
patients. The inclusion criteria for DLB were
the clinical criteria of the Consortium on DLB
International Workshop.4 The criteria for DLB
include three core features (fluctuating cogni-
tive functions, recurrent visual hallucinations,
and spontaneous parkinsonism), and two or
more core features are necessary for a diagno-
sis of probable DLB. Exclusion was based on
the exclusion features of the Consortium on
DLB International Workshop criteria.4 The
mean (SD) age was 73.6 (6.6) years for the
nine women and five men, and the mean (SD)
score of the MMSE was 19 (5). The mean
duration of illness was 41.9 (31.1) months.
Clinical data obtained at the time of the MIBG
scintigraphy are listed in table 2. There were no
significant diVerences in the duration of illness,
age, and MMSE score between the DAT and
DLB groups. At the time of examination, five
patients with DLB were on antiparkinsonian
medication, which included levodopa (n=4),
bromocriptine (n=2), and droxidopa (n=1).
Levodopa improved parkinsonism of these four
patients with DLB. All subjects had no family
history of memory disorder. The Hachinski

Table 1 Characteristics of patients with DAT

Case No Age (y) Sex MMSE score

Time from onset of
clinical symptom to
myocardial MIBG
scintigraphy (months) Parkinsonism

Orthostatic
hypotension

l 67 M 24 80 R No
2 71 F 22 84 R No
3 70 F 23 36 R No
4 78 F 12 34 A Yes
5 70 F 4 24 A, R No
6 65 F 18 36 RS No
7 74 M 14 48 R No
8 79 F 15 60 R Yes
9 71 M 23 8 R Yes
10 69 F 24 36 R No
11 71 F 17 15 R No
12 79 F 17 24 A, R Yes
13 63 M 21 20 AS No
14 65 F 25 6 A No

A=akinesia; R=rigidity.

Table 2 Detail of patients with DLB

Case No Age (y) Sex
MMSE
score

Time from
onset of
clinical
symptom to
myocardial
MIBG
scintigraphy
(months)

Cognitive
fluctuation Parkinsonism

Symptomatic
orthostatic
hypotension

Systematized
delusions

Visual
hallucinations

Orthostatic
hypotension

Antiparkinsonian
therapy

1 75 F 22 60 Yes A, R Yes No No No Nil
2 81 M 26 10 Yes A, R No No Yes Yes Nil
3 70 M 23 70 Yes A, R No Yes Yes Yes D
4 64 F 14 46 Yes A, T, R Yes Yes Yes Yes Ld, B
5 76 M 19 40 Yes A Yes No No Yes Nil
6 79 F 22 60 Yes A, R Yes No No Yes Ld
7 79 M 20 6 Yes A, R Yes Yes Yes Yes Nil
8 80 F 4 20 No A, R Yes No Yes Yes Ld
9 79 F 18 36 No A, T, R No Yes Yes Yes Nil
10 70 F 19 84 No A, R Yes No Yes Yes Nil
11 78 F 22 108 Yes A, T, R Yes Yes Yes Yes Ld, B
12 59 F 18 10 Yes R No No Yes Yes Nil
13 69 M 17 13 Yes A, R Yes Yes Yes Yes Nil
14 71 F 21 24 Yes A, R No Yes YesYes Nil

Ld=Levodopa+dopa decarboxylase inhibitor; B=bromocriptine; D=droxidopa; A=akinesia; T=tremor; R=rigidity.
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score25 was less than 5, and the DSM-IV crite-
ria26 were fulfilled for all patients. Informed
consent was obtained from all subjects or their
caregivers before the study, and no adverse
reactions were found in all the patients on
whom [123]I-MIBG myocardial scintigraphy
was performed.

[123
I]MIBG IMAGING

After patients had been in a supine position for
20 minutes, 111MBq [123I]MIBG (Daiichi
Radioisotope Laboratories, Tokyo, Japan) was
injected intravenously. The energy discrimina-
tion was centred on 159 keV with a 20% win-
dow. Early and delayed single photon emission
computed tomography (SPECT) was per-
formed 20 minutes and 3 hours after injection,
respectively. Planar imaging for 2 minutes in
the anterior and left anterior oblique projection

was performed during SPECT automatically.
Planar scans and SPECT and were performed
with a triple head gamma camera equipped
with a low energy, high resolution parallel hole
collimator (GCA9300A/HG, Toshiba, Tokyo,
Japan). The detector system was interfaced to a
dedicated nuclear medicine computer
(GMS5500A, Toshiba). The data acquisition
matrix of planar imaging was 128×128.

RELATIVE MIBG UPTAKE RATIO

Relative organ uptake was determined by
setting the region of interest (ROI) on the
anterior view. The left ventricular ROI was
drawn manually, including the left ventricular
cavity, and a rectangular ROI was set on the
upper mediastinum area (fig 1). Heart to
mediastinum (H/M) ratio was calculated by
dividing the count density of the left ventricu-
lar ROI by that of the mediastinal ROI. The
same ROIs were then applied to the delayed
image to obtain better reproducibility. Back-
ground subtraction was not performed from
any ROI count. Using the H/M ratio, which is
a quantitative standard measure in nuclear
medicine,27 clearly reduces the influence of
technical variables of diVerent cameras and
protocols and allows the comparison of results
among diVerent centres.7 8 The H/M ratio has
often been used as a simple quantitative meas-
ure.27

ORTHOSTATIC TEST

Blood pressure was initially recorded after a 20
minute rest in a supine position, and it was
subsequently recorded for 10 minutes after
standing. A diagnosis of orthostatic hypoten-
sion was made when the systolic blood pressure

Figure 1 Definition of regions of interest (ROIs) on the
anterior planar image.

Figure 2Planar cardiac imaging of [123I]MIBG in a patient with DAT (A) early, (B) delayed, and with DLB (C) early,
(D) delayed.
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fell by 20 mm Hg or more or when the diasto-
lic blood pressure fell by at least 10 mm Hg
within 10 minutes of standing.28

STATISTICAL ANALYSIS

Results are expressed as mean values (SD) and
analyzed by the Student’s t test and one way
analysis of variance (ANOVA). Correlations
were evaluated by Spearman’s rank correlation
test. A p value<0.05 was considered to be sta-
tistically significant. All statistical analyses were
performed using Stat View 5.0 software on a
Macintosh computer.

Results
Reduced cardiac accumulation was seen in
both early and delayed images in patients with
DLB. In patients with DAT, successful cardiac
uptake of MIBG was found both in the early
and delayed images (fig 2).

There were significant diVerences in the
mean value of H/M ratios in both early and
delayed images between patients with DLB
and those with DAT (early H/M ratio :DLB
1.31 (0.17), DAT 2.26 (0.29), delayed H/M
ratio: DLB 1.18 (0.10), DAT 2.22 (0.30); fig
3). There was no correlation between the H/M
ratio and the duration of disease in either the
patients with DAT or those with DLB. In both
patient groups, there were no significant diVer-
ences in the H/M ratio between those with and
without OH.

Thirteen patients had orthostatic hypoten-
sion in the DLB group. In the DAT group, four
patients had orthostatic hypotension, and it
was seen in relatively elderly patients (mean age
of DAT with orthostatic hypotension: 76.8
(3.9), mean age of DAT without orthostatic
hypotension: 68.5 (3.4); p<0.05).

Discussion
Firstly, it is important to note that the cases of
DLB and DAT cited in this study were
clinically diagnosed. Pathologically confirmed
cases would have been ideal. However, the

clinical criteria employed have been validated
against pathologically confirmed cases, and
have been reported to have a positive predictive
value, as well as high sensitivity and
specificity.29–31

In the current study, cardiac uptake of
MIBG was grossly impaired in all patients with
DLB, and this impairment was independent of
the severity and duration of illness. None of the
patients with DAT showed a reduced myocar-
dial MIBG accumulation. This feature of myo-
cardial MIBG accumulation was valuable in
diVerentiating patients with DLB from those
with DAT.

We think that the myocardial [123I]-MIBG
was a more reliable marker than orthostatic
hypotension in distinguishing DLB from DAT.

When the most typical presentation of
DLB—early neuropsychiatric features and
dementia, and mild parkinsonian signs—occur
in patients with DLB, it is easy to discriminate
DLB from DAT. But patients with DLB
presenting with only dementia in the early
stage are diYcult to diVerentiate from those
with DAT.32 33 Lopez et al34 reported that the
diYculty in diVerentiating DLB from DAT was
caused by the character of the Lewy bodies,
which are part of the neuropathological range
of DAT and can sometimes exist without clini-
cal manifestations. The [123I]-MIBG method
may have great potential to become a useful
diagnostic tool, particularly in such patients
with DLB who do not show typical signs and
symptoms.

Non-invasive imaging with radioiodinated
MIBG can assess eVerent adrenergic neuronal
functions in the heart. The MIBG competes
with noreadrenaline for neuronal uptake and is
taken up by a low aYnity non-neuronal mech-
anism.35 Scanning during the first 15–20
minutes postinjection mainly reflects the
greater influx of MIBG into extraneural spaces
in the myocardial tissue, rather than into the
neuronal components. The neuronal accumu-
lation of MIBG reaches its peak 3–4 hours after
injection.36 The second scan displays the
neuronal uptake of MIBG more explicitly.
Therefore, myocardial MIBG uptake was
assessed 20 minutes and 3 hours postinjection
in this study. Denervated myocardium treated
with epicardial phenol and subjected to gangli-
onectomy showed a decrease in tissue nor-
adrenaline and MIBG.37 38 These experimental
findings suggest that MIBG uptake reflects
actual adrenergic neuronal function in the
myocardial tissue in vivo.

These findings underscore the postgangli-
onic pattern of involvement of the autonomic
nervous system in patients with DLB, as
recently reported in several in vivo studies of
Lewy body disease.6 The lack of MIBG
positivity, even in the early images, suggests a
loss or destruction of cardiac sympathetic
nerve endings.38 In the sympathetic nervous
system, Lewy bodies have been found in the
hypothalamus, the intermediolateral cell col-
umns of the spinal cord, the sympathetic
ganglia, and the cardiac plexus39–41 in patients
with Parkinson’s disease. In patients with DLB,
Lewy bodies may also be widely distributed

Figure 3 Distribution of heart to mediastinum uptake
(H/M) ratio of MIBG in patients with DAT and those
with DLB. The box plots show the median values (thick
line), the 25th (lower line of box) and 75th percentiles
(upper line of box); T bars indicate the 10th and 90th
percentiles; small filled boxes represent mean values of the
H/M ratio.
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throughout the central and peripheral nervous
system33 42; it is also important to note that in
patients with Parkinson’s disease, postgangli-
onic damage of the sympathetic nerves may
cause a lack of cardiac MIBG uptake.6 7

According to previous studies.6 16 17 antipar-
kinsonian drugs in clinical use have no eVect on
the MIBG uptake.

Disturbance of the noradrenaline trans-
porter has been reported in cardiac diseases
and diabetic neuropathy14 Takatsu et al showed
a reduction of cardiac [125I]MIBG accumula-
tion in mice treated with 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine (MPTP). It is sus-
pected that MPTP damaged not only the
dopaminergic neurons, but also the postgangli-
onic sympathetic nerves.43 In DLB, it might be
speculated that a disturbance of the noradren-
aline transporter could be a cause of reduced
cardiac uptake of MIBG, as well as in
Parkinson’s disease.17

Our data suggest a strikingly high prevalence
of orthostatic hypotension in patients with
DLB, and orthostatic hypotension seemed
almost as reliable a marker as myocardial
[123I]MIBG scintigraphy. There have been
some reported cases of pathologically estab-
lished DLB with orthostatic hypotension.33

Moreover, syncope due to autonomic dysfunc-
tion is also a feature of DLB.4 In patients with
DLB, postganglionic damage of the sympa-
thetic nerves may mainly cause orthostatic
hypotension as well as a lack of cardiac MIBG
uptake. However, orthostatic hypotension was
influenced by many factors such as age related
changes, diseases, and drugs. Additional stud-
ies with increased sample size are needed to
assess the presence, degree, and mechanisms of
orthostatic hypotension in DLB.

Patients with DAT also experience auto-
nomic disturbances.44 Orthostatic hypotension
is often seen in elderly people and may result
from age related physiological changes.45 This
may be one of possible explanations of
autonomic disturbances of patients with DAT,
because orthostatic hypotension was seen in
relatively elderly patients with DAT in this
study. The lesion responsible for cardiac auto-
nomic dysfunction in DAT is unknown, but a
defective central control of the autonomic
nervous system is a possible explanation. In
fact, pathological lesions and neurochemical
changes have been found in the hypothalamus
and brain stem of patients with DAT.46 47

Regardless of autonomic dysfunction, the
mean value of the H/M ratio in the DAT group
is similar to those found for a group of normal
controls in our former study.6 17 27 The success-
ful MIBG accumulation in patients with DAT
in this study supports the hypothesis that the
cardiac autonomic dysfunction in such patients
might be due to defective central regulation or
age related physiological change, or both.

In conclusion, this study has documented
myocardial imaging with [123I]MIBG in 14
patients with DAT and 14 patients with DLB.
The findings indicated that [123I]MIBG myo-
cardial scintigraphy might detect early distur-
bances of the sympathetic nervous system in
DLB and also give us useful diagnostic

information in diVerentiating DLB from DAT.
Further prospective clinicopathological stud-
ies, including cardiac MIBG scintigraphy, are
needed to confirm this conclusion.

The research was presented in part at the 10th International
Symposium on the Autonomic Nervous System, Hawaii, 31
October–2 November 1999. We thank Drs Yoshihiro Yasukawa,
Kenichi Sakajiri, Kazuo Iwasa, and Hirofumi Miyaji.

1 Mckhann G, Drachman D, Folstein M, et al. Clinical diag-
nosis of Alzheimer’s disease: report of the NINCDS-
ADRDA Work Group under the auspices of Department of
Health and Human Services Task Force on Alzheimer’s
disease. Neurology 1984;34:939–44.

2 Morris JC, Drazner M, Fulling K, et al. Clinical and patho-
logical aspects of parkinsonism in Alzheimer’s disease. A
role for extranigral factors? Arch Neurol 1989;46:651–96.

3 Papka M, Rubio A, SchiVer RB. A review of Lewy body dis-
ease, an emerging concept of cortical dementia. J
Neuropsychiatry Clin Neurosci 1998;10:267–79.

4 Mckeith IG, Galasko D, Kosaka K, et al. Consensus guide-
lines for the clinical and pathological diagnosis of dementia
with Lewy bodies (DLB): report of the consortium on
DLB international workshop. Neurology 1996;47:1113–24.

5 Litvan I, MacIntyre A, Goets CG, et al. Accuracy of the
clinical diagnosis of Lewy body disease, Parkinson disease,
and dementia with Lewy bodies. A clinicopathological
study. Arch Neurol 1998;55:969–78.

6 Yoshita M. DiVerentiation of idiopathic Parkinson’s disease
from striatonigral degeneration and progressive supranu-
clear palsy using iodine-123 metaiodobenzylguanidine
myocardial scintigraphy. J Neurol Sci 1998;155:60–7.

7 Braune S, Reinhardt M, Schnitzer R, et al. Cardiac uptake of
[123I]MIBG separates Parkinson’s disease from multiple
system atrophy. Neurology 1999;53:1020–5.

8 Wieland DM, Brown LE, Rogers WL, et al. Myocardial
imaging with a radioiodinated norepinephrine storage ana-
log. J Nucl Med 1981;22:22–31.

9 Hirosawa K, Tanaka T, Hisada K, et al. Clinical evaluation
of 123I-MIBG for assessment of sympathetic nervous system
in the heart (multi-center clinical trial). Japan Journal of
Nuclear Medicine 1991;28:129–44.

10 Minardo JD, Tuli MM, Moch BH, et al. Scintigraphic and
electrophysiological evidence of canine myocardial sympa-
thetic denervation and reinnervation produced by myocar-
dial infarction or phenol application. Circulation 1988;78:
1008–19.

11 Stanton MS, Tuli MM, Radtke NL, et al. Regional
sympathetic denervation after myocardial infarction in
human detected non-invasively using I-123 metaiodoben-
zylguanidine. J Am Coll Cardiol 1989;14:1519–26.

12 Merlet P, Valette H, Dubois-Randé JL, et al. Prognostic
value of cardiac metaiodobenzylguanidine imaging in
patients with heart failure. J Nucl Med 1992;33:471–7.

13 Gill JS, Hunter GJ, Gane J, et al. Asymmetry of cardiac 123I-
metaiodobenzyl guanidine scans in patients with ventricu-
lar tachycardia and “clinically normal” heart. Br Heart J
1993;69:6–13.

14 Mäntysaari M, Kuikka J, Mustonen J, et al. Non-invasive
detection of cardiac sympathetic nervous dysfunction in
diabetic patients using 123I metaiodobenzyl guanidine.
Diabetes 1992;41:1069–75.

15 Sisson JC, Shapiro B, Meyers I, et al. Metaiodobenzylguani-
dine to map scintigraphically the adrenergic nervous
system in man. J Nucl Med 1987;28:1625–36.

16 Hakusui S, Yasuda T, Yanagi T, et al. A radiological analysis
of heart sympathetic function with meta-[123I] iodobenzyl-
guanidine in neurological patients with autonomic failure.
J Auton Nerv Syst 1994;49:81–4.

17 Yoshita M, Hayashi M, Hirai S. Decreased myocardial accu-
mulation of iodine-123 meta-iodobenzylguanidine in Par-
kinson’s disease. Nucl Med Commun 1998;19:137–42.

18 Druschy A, Platsch G, Feistel H, et al. Decreased
sympathetic innervation in early stage of amyotorophic lat-
eral sclerosis (ALS) by [123I]MIBG-SPECT –a follow up
study [abstract]. Clin Auton Res 1997;7:204.

19 Takano H, Yoshimura N. Markedly decreased cardiac
uptake with 123I-MIBG scintigraphy in a case with pure
autonomic failure. Clin Neurol 1993;33:784–6.

20 Ando Y, Obayashi K, Tanaka Y, et al. Radiolabelled
meta-iodobenzylguanidine in assessment of autonomic
dysfunction. Lancet 1994;343:984–5.

21 Olichney JM, Galasko D, Salmon DP, et al. Cognitive
decline is faster in Lewy body variant than in Alzheimer’s
disease. Neurology 1998;51:351–7.

22 Liberini P, Valerio A, Memo F, et al. Lewy-body dementia
and responsiveness to cholinesterase inhibitors: a paradigm
for heterogeneity of Alzheimer’s disease? Trends Pharmacol
Sci 1996;16:155–60.

23 McKeith IG, Fairbairn A, Perry R, et al. Neuroleptic sensi-
tivity in patients with senile dementia of Lewy body type.
BMJ 1992;305:673–8.

24 Solanki KK, Bomanji J, Moyes J, et al. A pharmacological
guide to medicines which interfere with the biodistribution
of radiolabelled meta-iodobenzylguanidine (MIBG). Nucl
Med Commun 1992;13:513–21.

25 Hachinski VC, IlliV LD, Zilcha IE, et al. Cerebral blood flow
in dementia. Arch Neurol 1975;32:632–7.

26 American Psychiatric Association. DSM-IV: diagnostic and
statistical manual of mental disorders. 4th ed. Washington,
DC: American Psychiatric Association, 1994.

[123I]MIBG scintigraphy in dementia 587

www.jnnp.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.71.5.583 on 1 N

ovem
ber 2001. D

ow
nloaded from

 

http://jnnp.bmj.com/


27 Nakajima K, Taki J, Tonami N, et al. Decreased [123I]MIBG
uptake and increased clearance in various cardiac disease.
Nucl Med Commun 1994;15:317–23.

28 The Consensus Committee of the American Autonomic
Society and the American Academy of Neurology. Consen-
sus statement on the definition of orthostatic hypotension,
pure autonomic failure, and multiple system atrophy. Neu-
rology 1996;46:1470.

29 Burns A, Luthert P, Levy R, et al. Accuracy of clinical diag-
nosis of Alzheimer’s disease. BMJ 1990;301:1026.

30 McKeith IG, Perry EK, Perry RH. Report of the second
dementia with Lewy body international workshop. Diagno-
sis and treatment. Neurology 1999;53:902–5.

31 McKeith IG, Fairbairn AF, Perry RH, et al. The clinical
diagnosis and misdiagnosis of senile dementia of Lewy
body type (SDLT). Br J Psychiatry 1994;165:324–32.

32 Hely MA, Reid WGJ, Halliday GM, et al. DiVuse Lewy
body disease: clinical features in nine cases without
coexistent Alzheimer’s disease. J Neurol Neurosurg Psychia-
try 1996;60:531–8.

33 Kuzuhara S, Yoshimura M. Clinical and neuropathological
aspects of diVuse Lewy body disease in the elderly. Adv
Neurol 1993;60:464–9.

34 Lopez OA, Litvan I, Catt KE, et al. Accuracy of four clinical
diagnosis criteria for the diagnosis of neurodegenerative
dementias. Neurology 1999;53:1292–9.

35 Tobes MC, Jaques S Jr, Wieland DM, et al. EVect of uptake-
one inhibitors on the uptake of norepinephrine and
metaiodobenzylguanidine. J Nucl Med 1985;26:897–907.

36 Gill JS, Hunter GJ, Gane G, et al. Heterogeneity of the
human myocardial sympathetic innervation: in vivo dem-
onstration by iodine-123-labeled metaiodobenzyl-
guanidine scintigraphy. Am Heart J 1993;126:390–8.

37 Dae MW, O’Connell W, Botvinick E, et al. Scintigraphic
assessment of regional cardiac adrenergic innervation. Cir-
culation 1989;79:634–44.

38 Ganguly PK, Beamish RE, Dhalla KS, et al. Norepinephrine
storage, distribution and release in diabetic cardiomyopa-
thy. Am J Physiol 1987;252:E734–9.

39 Langston JW, Forno LS. Hypothalamus in Parkinson’s dis-
ease. Ann Neurol 1978;3:129–33.

40 Jager WADH, Bethlem J. The distribution of Lewy bodies in
the central and autonomic nervous system in idiopathic
paralysis agitans. J Neurol Neurosurg Psychiatry 1960;23:
283–90.

41 Rajput AH, Rozdilsky B. Dysautonomia in parkinsonism: a
clinicopathological study. J Neurol Neurosurg Psychiatry
1976;39:1092–100.

42 Wakabayashi K, Takahashi H. Neuropathology of auto-
nomic nervous system in Parkinson’s disease. Eur Neurol
1997;38(suppl 2):2–7.

43 Takatsu H, Nishida H, Matsuo H, et al. Cardiac sympathetic
denervation from the early stage of Parkinson’s disease:
clinical and experimental studies with radiolabeled MIBG.
J Nucl Med 2000;41:71–7.

44 Algotsson A, Viitane M, Winblad B, et al. Autonomic
dysfunction in Alzheimer’s disease. Acta Neurol Scand
1995;91:14–8.

45 Lipsitz LA. Orthostatic hypotension in the elderly. N Engl J
Med 1989;321:952–7.

46 Ishii T. Distribution of Alzheimer’s neurofibrillary changes
in the brain stem and hypothalamus of senile dementia.
Acta Neuropathol 1966;6:181–7.

47 Yates CM, Ritchie IM, Simpson J. Noradrenaline in
Alzheimer-type dementia and Down’s syndrome. Lancet
1981;ii:39–40.

www.jnnp.com

If you can't find what you are looking for in the Journal of Neurology, Neurosurgery, and Psychiatry you can extend your

search across many of the more than 200 journals available for selection. You can restrict your search to specific subject

areas (eg, clinical medicine, basic research), or select specific journals, or search all available titles.

Cross journal searching

Want to extend your search?

Cross journal searching

588 Yoshita, Taki, Yamada

www.jnnp.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.71.5.583 on 1 N

ovem
ber 2001. D

ow
nloaded from

 

http://jnnp.bmj.com/

