Int J Clin Exp Pathol 2014;7(4):1714-1723
www.ijcep.com /ISSN:1936-2625/1JCEP1401108

Original Article

Alpha-synuclein immunohistochemistry of
gastrointestinal and biliary surgical specimens
for diagnosis of Lewy body disease

Shinji Ito®, Masaki Takao?, Hiroyuki Hatsuta'®, Kazutomi Kanemaru?, Tomio Arai®, Yuko Saito*, Masashi
Fukayama®, Shigeo Murayama??

Departments of *Neuropathology, 2Neurology, 3Pathology, Tokyo Metropolitan Geriatric Hospital and Institute of
Gerontology, Tokyo, Japan; “Department of Laboratory Medicine, National Center for Neurology and Psychiatry,
Tokyo, Japan; *Department of Pathology, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan

Received January 28, 2014; Accepted March 2, 2014; Epub March 15, 2014; Published April 1, 2014

Abstract: In Lewy body disease, Lewy pathology (LP: the accumulation of a-synuclein in neuronal perikarya and pro-
cesses as Lewy bodies and Lewy neurites and dots, respectively) is observed in the central and peripheral nervous
systems. Previous autopsy or biopsy studies of individuals with Lewy body diseases (LBDs) indicated that LP could
be observed in the peripheral nerves of the gastrointestinal (Gl) systems. The aim of this study is to clarify whether
examination of Gl and biliary surgical specimens would be useful for diagnosing LBD. We analyzed eight patients
diagnosed clinically with LBD and with medical histories of Gl or biliary surgery at our hospital. LP was identified by
using a-synuclein immunohistochemistry in Gl and biliary surgical specimens obtained before, at or after the clini-
cal onset of LBD. LP was frequently observed in Auerbach’s plexus, Meissner’s plexus and the subserosal nerve
fascicles within the Gl and biliary surgical specimens. LP was observed in the specimens obtained 7 years before
the onset of LBD. Our approach does not require any invasive procedures for patients. The immunohistochemical
analysis of anti- a-synuclein antibody to archival Gl or biliary surgical specimens from patients with clinically sus-
pected LBD may contribute to clinical diagnosis of LBD.
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Introduction eral nervous systems. It is generally accepted
that the presence of LP in the peripheral auto-
nomic nervous system is associated with signs
of autonomic failure in LBD patients, such as
orthostatic hypotension and dysmotility of the
gastrointestinal (Gl) tract [6-11]. Therefore,
biopsy analyses of the peripheral autonomic
nervous system may help to diagnose LBD. In a
recent biopsy study of subjects with PD, a spe-
cific microdissection technique showed that LP
was present in the colonic mucosa and submu-
cosa [12]. However, this technique is difficult to
apply in routine surgical histopathology and it is
still difficult to confirm the diagnosis of LBD
pathologically by using biopsy materials [12-

The presence of Lewy pathology (LP: the accu-
mulation of a-synuclein in neuronal perikarya
and processes as Lewy bodies (LBs) and Lewy
neurites (LNs), respectively) is important for the
diagnosis of Lewy body diseases (LBDs) such
as Parkinson’s disease (PD), Parkinson’s dis-
ease with dementia (PDD), dementia with LBs
(DLB), and pure autonomic failure. LBD is clini-
cally diagnosed on the basis of the patient’s
neurological presentation [1], biochemical exa-
mination [2], and imaging findings [3]. However,
the definitive diagnosis of LBD is made only by
postmortem study.

LP is usually observed in the brainstem, basal
ganglia, limbic system and cerebral neocortex
of LBD individuals [4, 5]. LP is also present in
the sympathetic and parasympathetic periph-

16]. Because these biopsy studies were per-
formed on the colon and skin, it might be diffi-
cult to obtain enough tissue materials to iden-
tify LP in the nerve fibers.
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In contrast to use biopsy analyses, Minguez-
Castellanos et al. suggested that abdominopel-
vic surgical specimens might be useful to iden-
tify LP for the diagnosis of LBDs [17]. Our study
therefore focused on the usefulness of the Gl
and biliary surgical specimens for diagnosis of
LBDs. We investigated the presence of LP in
surgical specimens obtained from patients with
Gl or biliary disorders using conventional and
immunohistochemical staining.

Materials and methods
Tissue source

We selected eight patients who had been clini-
cally diagnosed with LBD (six DLB patients and
two PDD patients) and who had undergone sur-
gery for Gl or biliary problems at Tokyo Metro-
politan Geriatric Hospital and Institute of Ger-
ontology between 2007 and 2011 (Table 1).
Two patients had medical histories of Gl or bili-
ary surgery before they were clinically diag-
nosed with LBD. The other six were diagnosed
with LBD before their Gl or biliary surgery.

We also analyzed surgical specimens of Gl and
biliary systems from 10 autopsy subjects who
had no LP in the central and peripheral nervous
systems (Table 2). LP from these autopsy sub-
jects had also been analyzed in our published
paper [18].

Informed consent was obtained from the
patient or the patient’s relatives at the time of
surgery or autopsy. The study protocol was
approved by the ethical committee of the Tokyo
Metropolitan Geriatric Hospital and Institute of
Gerontology.

Clinical information

Clinical information, including the presence or
absence of parkinsonism and dementia, as
well as other clinical symptoms, Hoehn and
Yahr stage and Mini-Mental State Examination
was obtained from medical charts. Diagnoses
of DLB and PDD were confirmed in accordance
with the third report of the DLB consortium
[19]. PDD was differentiated from DLB by apply-
ing the “12-month” rule mentioned in the
Consensus Guidelines of the consortium on
DLB international workshop [1].

Histology

LP was analyzed in archival paraffin blocks
stored at our department of pathology. All
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materials had therefore been prepared by using
the same methodology, namely fixation in 20%
buffered formalin for at least 24 h and then
embedding in paraffin. The total numbers and
anatomic sites of the archival paraffin blocks
that were available for study were listed in
Table 3 (since LP was not detected in case 7
and 8, we avoided listing both patients in Table
3). Six-micron-thick sections were cut and
stained with H&E and immunohistochemical
methods.

Under microscopic examination, we identified
and analyzed nerve fibers in Meissner’s submu-
cosal nerve plexus, Auerbach’s myenteric nerve
plexus and the subserosal nerve fascicles.

Immunohistochemistry

The following antibodies were used: phosphory-
lated a-synuclein (pSyn#64, monoclonal [20],
and PSer129, polyclonal; both kind gifts from
Dr. T Iwatsubo [21], pSyn#64 was available
from Wako, Osaka, Japan), phosphorylated
neurofilament (SMI31, monoclonal; Sternberger
Immunochemicals, Bethesda, MA, USA), and
tyrosine hydroxylase (anti-tyrosine hydroxylase,
monoclonal; Calbiochem-Novabiochem Corpo-
ration, Darmstadt, Germany). Immunohisto-
chemistry was performed with a Ventana
BenchMark GX autostainer (Ventana Medical
Systems, Tucson, AZ, USA) and an [-View
Universal DAB Detection Kit (Roche, Basel,
Switzerland) in accordance with the manufac-
turer's instructions. Sections were counter-
stained with hematoxylin.

We considered immunoreactivity for pSyn#64
in rounded and intracellular clear dots, intracy-
toplasmic inclusions, and threads in the nerve
fibers to be a positive indicator of LP. However,
one drawback with pSyn#64 is that intracyto-
plasmic granules of mast cells and perivascular
small particles may be immunoreactive. If we
suspect nonspecific immunoreactive deposits
in pSyn#64 immunohistochemistry, we evalu-
ated the results by additionally using polyclonal
PSer129 antibody, with which no nonspecific
immunoreactivity is detected. Therefore, the
immunohistochemistry results were routinely
based on those of pSyn#64 antibody unless
otherwise specified (e.g. Figure 1H, 1l).

Frequencies of LP-positive blocks

We obtained two slides from each archival sur-
gical block for H&E staining and immunohisto-
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Table 1. Lewy pathology in surgical specimens from eight LBD patients

Surgical specimens

. Age at diagnosis Hoehn
Patient . ) ) ) ) Age at surgery )
Diagnosis  (years) mean, Gender MMSE & Yahr Parkinsonism  Autonomic symptoms . . Pathological Lewy
No. 83+4.0 [SD] stage (years)/Age at Surgical site diagnosis athology
B diagnosis of LBD P
1 DLB 85 M 10 \" Postural instability Syncope, dysuria, 71/78 Stomach Adenocarcinoma + (LBs, LNs)
oligohidrosis
2 PDD 76 M 17 " Bradykinesia Constipation, 72/74 Gallbladder Chronic cholecystitis + (LNs)
tremor postural orthostatic hypotension
instability

3 DLB 86 M 17 Vv Bradykinesia Constipation 86/86 Small intestine Strangulated ileus,  + (LBs, LNs)

postural instability intussusception with
submucosal tumor

4 DLB 84 F 0 Vv Bradykinesia Constipation, 84/84 Terminal ileum Ischemic colitis + (LNs)
postural instability ~ orthostatic hypotension to sigmoid colon

5 DLB 86 F 16 1] Postural instability Oligohidrosis, 86/86 Stomach Adenocarcinoma + (LNs)

orthostatic hypotension

6 PDD 77 F 22 I\ Bradykinesia Constipation T7/77 Stomach Adenocarcinoma + (LBs, LNs)
postural instability

7 DLB 85 M 14 n Bradykinesia Constipation 85/85 Sigmoid colon Adenocarcinoma -
postural instability

tremor

8 DLB 82 M 25 I\ Bradykinesia Syncope, oligohidrosis 88/85 Duodenum Duodenal ulcer, -

postural instability Gallbladder amyloidosis,

chronic cholecystitis

LBD, Lewy body disease; DLB, dementia with Lewy bodies; PDD, Parkinson’s disease with dementia; M, male; F, female; MMSE, Mini-Mental State Examination; LBs, Lewy bodies; LNs, Lewy neurites.

Table 2. Clinical and pathological data on 10 autopsy subjects

Age (years) Surgical specimens

Patient mean, Parkin- Autopsy diagnosis (No Lewy pathology was found in the central Age at death .
Gender MMSE ) . ' o Pathological Lewy
No. 82+6.8 sonism nervous system or peripheral autonomic nervous system.) (years)/Age at  Surgical site . .
diagnosis pathology
[SD] surgery

1 76 M 30 - Lung cancer 76/75 Stomach Adenocarcinoma -
2 88 F 24 - Rupture of abdominal aortic aneurysm 88/88 Stomach Adenocarcinoma -
3 75 M 25 + Progressive supranuclear palsy, pneumonia 75/75 Small intestine  Perforation, ulcer -
4 83 M 30 - Systemic amyloidosis 83/83 Stomach Adenocarcinoma -
5 69 M 28 - Recurrence of rectal cancer, multiple metastasis 69/65 Rectum Adenocarcinoma -
6 86 F 24 - Acute exacerbation of chronic subdural hematoma, cerebral herniation 86/84 Sigmoid colon Adenocarcinoma -
7 91 F 8 - Lung cancer, pneumonia, dementia with grains 91/83 Stomach Adenocarcinoma -
8 79 M N/A - Malignant lymphoma, invasive pulmonary aspergillosis, lung cancer 79/79 Descending colon Adenocarcinoma -
9 86 F 9 - Alzheimer’s disease, dementia with grains, pneumonia, primary biliary cirrhosis 86/77 Ascending colon  Adenocarcinoma -
10 83 F N/A N/A Diffuse alveolar damage 83/83 Sigmoid colon Diverticulitis -

MMSE, Mini-Mental State Examination; M, male; F, female; N/A, not available; +, present; -, absent.
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Table 3. Frequency of Lewy pathology in each nerve fiber area of the gastrointestinal and biliary surgi-

cal specimens

Patient Total number

Number of blocks having Lewy pathology/Total number of blocks

No. of blocks  Meissner’s plexuses Auerbach’s plexuses Subserosal nerve fascicles Total

1 6 6/6 (100%) 6/6 (100%) 6/6 (100%) 6/6 (100%)
2 2 . 1/2 (50%) 1/2 (50%)
3 13 11/13 (85%) 13/13 (100%) 7/13 (54%) 13/13 (100%)
4 21 T 8/21 (38%) 10/21 (48%) 13/21 (62%)
5 8 3/8 (38%) 5/8 (63%) 3/8 (38%) 5/8 (63%)
6 10 4/10 (40%) 10/10 (100%) 7/10 (70%) 10/10 (100%)
Total 60 24/371 (65%) 42/58" (72%) 34/60 (57%) 48/60 (80%)

“: Meissner’s and Auerbach’s plexuses were absent in the gallbladder in patient 2. T: Meissner’s plexuses were not identified in
the terminal ileum to sigmoid colon in patient 4 because of severe submucosal ischemia with inflammatory cells infiltration.

chemistry. In addition, some sections were
inappropriate for identifying nerve fibers bec-
ause of the subjects’ disease conditions. In
fact, when the sections were heavily infiltrated
or where normal cells were replaced by tumor
cells, inflammatory cells or necrotic lesions, it
was difficult to detect nerve fibers in the Gl
mucosa and submucosa. Therefore, we expect-
ed that analyzing all blocks prepared from each
subject would increase the possibility of identi-
fying LP. We counted the number of blocks in
which LP was found in the nerve fibers and cal-
culated the proportion of LP-positive blocks.

Statistical analysis

Statistical analysis was performed with Fisher’s
exact test for comparison of categorical data. A
P-value lower than 0.05 was considered statis-
tically as significant.

Results
Clinical information

Clinical information on each individual with LBD
is summarized in Table 1. Besides parkinson-
ism, the individuals showed dysfunctions of the
autonomic nervous system. Cognitive impair-
ment was evident in all patients.

Six out of eight LBD patients were clinically
diagnosed with DLB and the other two were
diagnosed with PDD on the basis of the
Consensus Guidelines [1]. There were no neu-
rological signs or symptoms at the time of sur-
gery in patients 1 and 2. Patients 3 to 7 were
known to have DLB or PDD at the time of sur-
gery. Patient 8 was diagnosed with LBD 3 years
after undergoing abdominal surgery.

1717

Histology of surgical specimens

Six out of eight LBD patients (75%; patients 1 to
6) had a-synuclein-immunoreactive LP in their
surgical specimens (Table 1). LBs were identi-
fied in patients 1, 3 and 6 with H&E staining
(Figure 1A, 1B, 1J). There was no LP in patients
7 and 8.

We observed a-synuclein-immunoreactive LNs
and small oval-shaped dots along the axons of
the nerve fibers in patients 1 to 6 (Figure 1C,
1F-1, 1K and 1L). In patient 1, a Lewy body-like
hyaline body was observed in a ganglion cell of
Meissner’s submucosal plexus (Figure 1A and
1B). The body was immunoreactive for o-sy-
nuclein (Figure 1C) and SMI-31 (Figure 1D). In
addition, the nerve fibers observed in patient 1
showed dot-like positivity for tyrosine hydroxy-
lase (Figure 1E). LP was observed in Meissner’s
submucosal plexus (Figure 1C), in Auerbach’s
myenteric plexus (Figure 1F) and in the subse-
rosal nerve fascicles (Figure 1G) in each of the
six patients. Patient 1 had LP in Meissner’s and
Auerbach’s plexuses and in the subserosal
nerve fibers of stomach tissue that had been
resected because of his stomach cancer 7
years before the onset of DLB, who also suf-
fered from severe autonomic dysfunction.
Patient 2 had LP in the gallbladder, which had
been resected because of chronic cholecystitis
2 years before the onset of PDD. In patients 3
to 7, the surgery and the diagnosis of LBD had
occurred simultaneously. Although the surgical
specimens were obtained from patient 8 three
years after the diagnosis of DLB, no LP was
found in the duodenum or gallbladder.

No LP was present in the surgical specimens of
Gl or biliary systems from 10 autopsy subjects
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Figure 1. Photomicrographs of Lewy pathology in surgical specimens of Lewy body disease. See Table 1 for the
clinical details of the patients. A-E: Photomicrographs from patient 1. F-I: Photomicrographs from patient 3. J-L: Pho-
tomicrographs from patient 6. A: Section of the stomach; mucosa (m), muscularis mucosae (mm), submucosa (sm)
and muscularis propria (mp). Rectangle corresponds to panel B, including Meissner’s submucosal nerve plexus. B:
An oval-shaped hyaline structure formed in the plexus. C: The hyaline structure shows reactivity against monoclonal
phosphorylated a-synuclein antibody (pSyn#64). D: The hyaline structure also shows reactivity against phosphory-
lated neurofilament (SMI31) antibody. In addition, the structure is apparently located in an SMI31-immunoreactive
ganglion cell. E: The plexus shows punctate anti-tyrosine hydroxylase immunoreactivity. F: pSyn#64-immunoreactive
neurites and small deposits in Auerbach’s myenteric nerve plexus in the small intestine. G: pSyn#64-immunore-
active long neurites in a subserosal nerve fascicle of the small intestine. H: pSyn#64-immunoreactive small de-
posits in Auerbach’s myenteric nerve plexus of the small intestine. I: A short and small polyclonal phosphorylated
a-synuclein (PSer129)-immunoreactive neurite (arrowhead) in the same plexus as shown in H. J: Arrowheads indi-
cate round hyaline bodies (Lewy bodies) in Auerbach’s myenteric nerve plexus of the surgically removed stomach.
K: A small pSyn#64 immunoreactive deposit in Auerbach’s myenteric nerve plexus of the stomach (arrowhead). L: A
PSer129 immunoreactive round region in the same plexus as shown in K (arrowhead). A: Scale bar = 500 um; B-L:
Scale bar =50 uym. A, B, J: Hematoxylin and eosin staining. D: SMI31; E: Tyrosine hydroxylase; C, F, G, H, K: pSyn#64;
I, L: PSer129.
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who had no LP in the central and peripheral
nervous systems (Table 2).

Frequencies of LP-positive blocks

The numbers and proportions of blocks in
which a-synuclein-immunoreactive deposits
were present in each patient are shown in Table
3. In three patients (1, 3 and 6), LP was identi-
fied in all available blocks. The percentage of
LP-positive blocks was 50% in patient 2, 62% in
patient 4 and 63% in patient 5. The distribu-
tions of LP in each layer of the Gl and biliary
tracts are summarized in Table 3. We focus
here on the six LBD patients in whose surgical
specimens we found LP. From these six
patients, a total of 60 blocks were available. LP
was identified in 48 blocks (80%). In patient 4,
there was no Meissner’s plexus in the terminal
ileum to sigmoid colon because of severe isch-
emic colitis, and in patient 2, this plexus was
absent in the gallbladder, so across all six
patients, the available number of blocks that
included Meissner’s plexus was reduced to 37.
Auerbach’s plexus and subserosal nerve fasci-
cles were identified in 58 and 60 blocks,
respectively. LP was seen in 24/37 (65%)
blocks with Meissner’s plexus, 42/58 (72%)
blocks with Auerbach’s plexus, and 34/60
(57%) blocks with subserosal nerve fascicles.

There were no statistical differences in the per-
centage occurrences of LP among the three
nerve regions.

Discussion

Our study yielded three important results:

1. LP was identified by using a-synuclein immu-
nohistochemistry in Gl and biliary surgical
specimens obtained before or at the same time
as the clinical onset of LBD.

2. LP was frequently observed in Auerbach’s
plexus, Meissner’s plexus and the subserosal
nerve fascicles within the Gl and biliary surgical
specimens.

3. LP could be observed even if the specimens
had been obtained 7 years before the onset of
LBD.

Many researchers have reported that LP is
detectable at various anatomic sites in LBD
patients [7, 8, 22-30]. In addition, ideal biopsy
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sites have been intensely investigated in order
to reach a diagnosis of LBD [12-16, 27, 31-33].
Minguez-Castellanos et al., studying surgical
specimens, found o-synuclein aggregates in
26% of vesicoprostatic organs and 4% of diges-
tive tracts [17]. A recent autopsy study revealed
the presence of LP in multiple organs in indi-
viduals with LBD [22]. The same authors sug-
gested that there was a rostrocaudal gradient
of LP in the Gl tract, i.e., the lower esophagus
had the greatest LP involvement (33%) and the
colon and rectum the lowest (6%). Moreover, LP
is less likely to be detected in the Gl tract than
in organs such as the submandibular glands
[22, 25] and heart [29]. Kupsky et al. found LBs
in the surgically resected megacolon of a
patient with PD [34]. Sunwoo et al. reported
that patients with postoperative delirium after
total gastrectomy had a higher frequency of
phosphorylated a-synuclein pathology in their
gastric surgical specimens than those without
[35]. However, information about LP in surgical
specimens of Gl and biliary tracts obtained for
reasons not related to parkinsonism is not
enough. Our results suggest that whatever the
surgical specimen it must be analyzed by using
a-synuclein immunohistochemistry in patients
with suspected parkinsonism.

The tissue condition of collected Gl and biliary
specimens may affect the detection of LP. We
found LP in Meissner’s plexus, Auerbach’s plex-
us and the subserosal nerve fascicles (Table
3). Because the mucosa and submucosa are
vulnerable to the effects of tumor invasion,
ischemia and inflammation, we recommend
analyzing the subserosal nerve fascicles for LP
observation besides Meissner’'sand Auerbach’s
plexuses. One previous autopsy analysis rev-
ealed LP more frequently in Auerbach’s plexus
than in the other nerve plexuses of the Gl tract
[36]. Another investigator found LP less fre-
quently in the nerve fibers of the serosa than in
those of Meissner’'s and Auerbach’s plexuses
[37]. However, we found no significant differ-
ences in the frequency of LP among Meissner’s
plexus, Auerbach’s plexus and the subserosal
nerve fascicles of the Gl tract. In general, there
is more abundant mesenteric adipose tissue in
the lower Gl tract than in the upper Gl tract, and
it is easy to find nerve fascicles in subserosal
adipose tissue.

We found no LP in the mucosal layer of any
patients. Pouclet and Lebouvier et al. found
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that three out of nine PD patients had LNs in
the colonic mucosa with their microdissection
technique [12]. This discrepancy may be asso-
ciated with differences in the methodology
used to observe the nerve fibers. In fact, their
methodology is difficult to apply to surgical
specimens obtained for other medical reasons.
The Gastro 2009 International Working Group
for GI neuromuscular pathology reported that
tangential sections are rarely employed in diag-
nostic histopathologic practice and have no
well-established benefit except when examina-
tion of larger areas of a plexus is needed [38].
Because surgical pathologists usually cut surgi-
cal specimens of the Gl tract vertically against
the mucosal surface, they can evaluate only
small numbers of mucosal nerve fibers.
However, this method makes it easy to observe
Auerbach’s plexus because of the abundance
of its autonomic nerve fibers and ganglion cells
in the muscularis propria. Because most Gl and
biliary surgical specimens contain muscularis
propria, we were more easily able to observe
any LP present in Gl and biliary surgical speci-
mens than could other authors in biopsy
specimens.

It is important to know when LP in surgical
specimens has developed in relation to the
time of clinical onset of LBD. Shannon et al.
reported that biopsied colonic materials
obtained from three patients 2 to 5 years
before the first motor PD signs revealed
a-synuclein-immunoreactive deposits in nerve
fibers [16]. Recently, Hilton et al. reported that
a gastric biopsy taken 8 years before diagnosis
showed occasional linear deposits of phos-
phorylated «-synuclein [31]. In six of our
patients (75%) with LP, the surgical specimens
were obtained 7, 2 or O years before the onset
of LBD. Thus, it is possible to detect LP in surgi-
cal specimens obtained several years before
the onset of LBD.

Many investigators have reported a correlation
between severity of autonomic dysfunctions
and LP in the Gl tract [9, 10, 17, 24, 30, 39]. Our
results confirmed these previous studies. In
fact, our six patients whose surgical specimens
had LP showed autonomic dysfunction. Con-
stipation was a particularly common clinical
presentation in these patients.

Our study had some limitations. We had no
chance to analyze the appropriate surgical
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specimens from individuals who were neuro-
pathologically diagnosed as LBD. In addition,
we could not obtain autopsies of two deceased
individuals of the present study. Further stud-
ies are needed to verify and broaden our
results.

On the basis of our results, we would like to
emphasize the following approaches to support
the diagnosis of LBD using surgical speci-
mens:

1) Obtain a surgical history.

2) If surgical specimens are available, stain
them by using a-synuclein immunohistoche-
mistry.

3) All available blocks must be considered for
immunohistochemical analysis.

4) In particular, Auerbach’s and Meissner’s
plexuses and the subserosal nerve fascicles
must be intensely investigated to detect small
a-synuclein-immunoreactive deposits.

In conclusion, we demonstrated the clinical
usefulness of surgical specimens for finding LP
by using o-synuclein immunohistochemistry.
Detection of LP in Gl and biliary surgical speci-
mens may help us to support a clinical diagno-
sis of LBD. Our methodology does not require
any invasive procedures for patients. Further
analyses may enable early medical intervention
in individuals with LBD.
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