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Fig. 2 (A-F) Age- and CAG-dependent changes in motor and sensory amplitudes in SBMA. CMAPs and SNAPs in the median (A and B),
ulnar (C and D), tibial (E) and sural (F) nerves in different age groups are shown. The white columns are the mean values of the patients
with a shorter CAG repeat (<47), while the black columns are the mean values of the patients with a longer CAG repeat (>47). The error
bars are SD. The number of patients examined is shown above each column. The young patients with a longer CAG repeat showed
significantly low values of CMAPs compared to those with a shorter CAG repeat. Conversely, young patients with a shorter CAG

repeat showed significantly lower values of SNAPs than those with a longer CAG repeat. Patients more than 49 years old did not show

a significant difference between shorter and longer CAG repeat.

function has been reported (Doyu et al., 1992; Atsuta et al.,
2006), but a CAG size-dependent clinical phenotype has not
been described. This may be because the expansion of CAG
repeat in the AR gene is shorter than that in the causative

genes for DRPLA, SCA7 or HD. Alternatively, as compared
to outstanding motor dysfunction, the clinical manifesta-
tions of sensory nerve impairment are less severe in SBMA
patients, which may result in overlooking the motor and
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Fig. 3 CAG repeat size determines the age at onset in SBMA.
(A) Relation between the CAG repeat size and the age at onset
according to the phenotypes determined by CMAPs and SNAPs,
A longer CAG repeat was closely linked to the motor-dominant
phenotype, and a shorter CAG repeat was closely linked to the
sensory-dominant phenotype. Motor- and sensory-phenotypes
were determined as shown in Fig. |A. (B) Relation between the
CAG repeat size and the age at onset according to the phenotype
determined by using CMAPs and SNAPs in the median nerve.
(C) Relation between the CAG repeat size and the age at onset
according to the phenotype determined by using CMAPs and
SNAPs in the ulnar nerve.

sensory discrepancy. Our present findings in SBMA patients
strongly suggest that the phenotypic diversity determined
by CAG repeat size is a common feature shared by various
polyglutamine diseases.

Although the pathological mechanism by which CAG
repeat size influences clinical phenotype is unknown, a
common molecular basis appears to underlie the hetero-
geneity of clinical presentations in polyglutamine diseases.
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The polyglutamine tract encoded by an expanded CAG
repeat forms a f-sheet structure, leading to conformational
changes and the eventual accumulation of causative
proteins (Perutz er al., 2002; Sakahira et al., 2002). Since
the propensity of aggregation is dependent on CAG repeat
size, the different length of polyglutamine tract may result
in a CAG repeat size-dependent pathology.

The observations that a longer CAG repeat results in the
motor-dominant phenotype, while a shorter CAG leads to
the sensory-dominant presentation, are further reinforced
by results of previous studies on the cell-specific histo-
pathological changes in SBMA. A diffuse loss and atrophy
of anterior horn cells accompanied by a mild gliosis is
characteristic of SBMA (Kennedy et al., 1968; Sobue et al.,
1989), suggesting that the pathology of spinal motor
neurons is neuronopathy. On the other hand, no sub-
stantial neuronal loss in the DRG despite severe axonal loss
in the central and peripheral rami suggests that the
pathology of sensory neurons is distally accentuated
axonopathy, although the primary pathological process
may be present in the perikarya of sensory neurons (Sobue
et al., 1989; Li et al., 1995). Moreover, the accumulation of
mutant AR, a pivotal feature of SBMA pathology, is also
different in motor and sensory neurons (Adachi et al.,
2005). Mutant AR accumulates diffusely in the nucleus of
spinal motor neurons, but cytoplasmic aggregation is
predominant in sensory neurons within the DRG (Adachi
et al., 2005). The extent of diffuse nuclear accumulation of
mutant AR in motor neurons is closely related to CAG
repeat size, providing a molecular basis for the present
observations that patients with a longer CAG repeat show
a greater decrease in CMAPs. On the other hand, the results
of anti-polyglutamine immunohistochemistry in this study
indicate that cytoplasmic aggregation of mutant AR is
more frequent in the patients with a shorter CAG repeat.
Taken together, the differential accumulation pattern of
mutant AR between motor and sensory neurons, and their
differential correlation to CAG repeat size may be the
pathophysiological background for the development of
motor- and sensory-dominant phenotypes.

In conclusion, the results of the present study
are unequivocal electrophysiological phenotypes, motor-
dominant, sensory-dominant and non-dominant, especially
in young patients of SBMA. These features are dependent
on the CAG repeat size within the AR gene, with a longer
CAG repeat size is more closely related to the motor-
dominant phenotype and a shorter CAG repeat size related
to the sensory-dominant phenotype. Our observations shed
light on new roles of CAG repeat size in the clinical
presentation of SBMA.
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Supplementary materials are available at Brain online.
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Fig. 4 Immunohistochemical analyses of mutant androgen receptor (AR) accumulation in the dorsal root ganglion (DRG) and that in the
spinal anterior horn of SBMA patients. (A) Aggregates of mutant AR in the cytoplasm of DRG neurons (black arrows). Scale bar = 100 pm.
(B) Mutant AR accumulates in the motor neuron nuclei (white arrows). Scale bar = 100 pm. (C) Relation between the CAG repeat size and
cytoplasmic aggregations in the primary sensory neuron. Cytoplasmic aggregation tended to be more frequent in the patients with a
shorter CAG repeat. (D) Relation between the CAG repeat size and diffuse nuclear accumulation of mutant AR in the spinal motor
neuron. Panel D is reconstructed from the previous report (Adachi et al., 2005).
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Abstract: We describe a sleep attack, which was induced by
taking excessive levodopa and pergolide, in a 73-year-old
woman with Parkinson’s disease. At the onset of the sleep
attack, her head suddenly sagged and sometimes hit the

table, but she did not notice these symptoms. Her family
noticed that this sleep attack occurred when she began to

speak slowly. Her family recorded this attack with a video
camera. This sleep attack resolved with control of her
medication. This is the first report of video images of a sleep
attack due to excessive levodopa and a dopamine agonist.
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Daytime sleep attacks have been reported in Parkin-
son’s disease (PD) patients on a dopamine agonist or
levodopa (L-dopa) treatment. However, the actual prev-
alence and ultimate significance of sleep attacks in PD
remain controversial.! Some doubt has been expressed
over whether the attack really does occur suddenly and
without heralding symptoms in these patients, and it has
been hypothesized that sleep attack may be preceded by
a sleepiness of which the patients are unaware. Our
knowledge of sleep attack in PD is based mainly on
reports from the patients or their families. No video-
graphic demonstration of this sleep attack has been re-
ported. We report the clinical and videographic findings
of a sleep attack in one PD patient after she took exces-
sive L-dopa and pergolide.

CASE REPORT

A 73-year-old woman was diagnosed as having PD at
age 60 when a tremor at rest and hypokinesia developed
in her right upper limb. Her initial response to levodopa
(carbidopa 10/levodopa 100) 200 mg/day was excellent
but was complicated by response fluctuations later in the
course of the disease. We increased levodopa to 400
mg/day, although the wearing-off phenomenon occurred.
Therefore treatment with pergolide was started when she
was 68-years old, and gradually its dose was increased to

500 wg/day. She developed mild hallucinations such as
seeing a cat or children in the evening. But at the age of
70, severe wearing- off phenomenon appeared, she could
not walk for about 1 hour at 10 am and 3 pm. Pergolide
was gradually increased to 1500 pg/day. However, the
on-period with dyskinesia and the severe off-period con-
tinued. Accordingly, we tried treatment with cabergoline
or selegiline hydrochloride, but we could not continue
these drugs because of severe hallucinations. The on-
period with dyskinesia sometimes appeared because she
frequently took additional levodopa and pergolide with-
out physician approval when she could not move. We
tried to keep her dose of medicines appropriate to her
condition, but she often took excessive levodopa and
pergolide. At the age of 72, she started to have daytime
sleep attacks while watching television and eating meals
several times per week. At the onset of the sleep attacks,
her head would suddenly sag and sometimes hit the table.
On other occasions, she would drop a cup or other items
that she might be holding. Although she did not notice
these symptoms, her family became aware of these sleep
attacks when she began to speak slowly. Her family
recorded this attack using a cellular phone with a video

-6l -

camera. We concluded that this episode was a sleep
attack after viewing the video images, and therefore tried
to better control the doses of her medications (levodopa
and pergolide). Since then these sleep attacks have not
recurred. We believe that these sleep attacks were a side
effect of excessive doses of levodopa and pergolide.
There was no indication of any prior sleep disorder in
terms of the International Classification of Sleep Disor-
ders V. In particular, no anamnestic indications of in-
somnia, restless legs syndrome, narcolepsy, or sleep ap-
nea could be ascertained. Her EEG findings were normal,
and there was no evidence of a sleep stage within 5
minutes or sleep onset REM (SOREM) sleep period. A
brain MRI showed no abnormality for her age. SPECT
with ECD showed no cerebral deficits. A polysomno-
graphic study and multiple sleep latency test (MSLT)
could not be carried out due to her lack of cooperation.
HLA-typing (DR2, DQ1) was negative for narcolepsy.
The Epworth sleepiness scale (ESS) was three points as
scored by the patient but was 15 points on the basis of
information from her family

Video Imaging
Her family noticed that she always acted peculiar
before a sleep attack. Her daughter took a video of two
attacks using a cellular phone with a camera. Thus, these
video images are slightly grainy, but we can clearly see
the nature of these sleep attacks.

Segment 1.

Her family noticed that she spoke in a sleepy tone. She
tried to take a cup, but she could not. She dropped her
head and fell into an approximately 30-second sleep
episode with waggling of her head. She woke up sud-
denly. She did not remember anything of what happened.

Segment 2.

She spoke slowly, then suddenly dropped her head back-
ward. She waggled her face and made a silent gesture with
her mouth. She made a motion with herleft hand on her
face after a few seconds. She woke up suddenly. She did not
remember anything of what happened.

DISCUSSION

This is the first report of capturing shooting a sleep
attack movement on video. Unfortunately, we did not
witness this attack or shoot a video in the hospital be-
cause her doses of drugs were appropriately modified.
The quality of these video images from a cell phone
camera was limited, but nonetheless the images had
captured well the essence of the sleep attacks. Both video
images showed common distinctive features. The patient

Movement Disorders, Vol. 23, No. 2, 2008
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behaved in a sleep-like manner, and then lost her body
tone. She slept for several tens of seconds, but continued
to exhibit some automatic behaviors. She then woke up
suddenly. These attacks were frequently seen after taking
a meal. We concluded that these attacks were not epi-
lepsy, because her EEG findings showed no epileptic
discharge and the sleep attack disappeared after reducing
the dose of levodopa and pergolide.

The report of a polysomnographic study showed that the
REM latency was shorter in such patients than normal2 A
report on MSLT documented its shorter latency. There have
been some reports of a narcolepsy-like phenotype in pa-
tients with Parkinson’s disease.?-5 Her video images resem-
bled narcolepsy clinically, although the sleep attack re-
solved after reducing her medication. Furthermore, no
HLA-typing suggestive of narcolepsy was found.

The role of dopaminergic medications in sleep attack is
not understood. Neither functional imaging of the dopamine
transporter nor dopamine denervation has demonstrated any
correlation between the dopamine system and sleepiness.!
A weak but significant correlation was, however, found
between the daily dose of levodopa, or a levodopa equiva-
lent, and sedation.! The recently discovered neuropeptide
hypocretin is important in maintaining wakefulness and its
deficiency results in narcolepsy/cataplexy.® Some studies
have found that the cerebrospinal fluid hypocretin-1 levels
were normal in PD patients with daytime sleepiness,” but
hypocretin neurotransmission is affected in PD.? 1-methyl-
4-phenyl-1,2,3,6-tetrahydropyridinel -methyl-4-phenyl-
1,2,3,6-tetrahydropyridine-treated mice have increased
amounts of REM sleep.® Hyperdopamine exposure induced
electrophysiological REM activity in the hippocampal area
of mice.!® Furthermore, a D2 dopamine receptor agonist
restored this REM activity.!® Taken together, these data
suggest that this sleep attack phenomenon could be a hy-
persensitivity or a hyperdose reaction to the D2 receptor.

In these patients with sleep attack, the ESS has been
reported to be normal.!*:12 In addition, this patient did not
notice her sleep attack and sleepiness. Thus, information
from a patient’s family is very important for diagnosing a
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We describe the histopathologic features of spinal cord
lesions in 10 cases of progressive supranuclear palsy (PSP)
and review the literature. Histologic examination revealed
atrophy with myelin pallor in the anterior funiculus and
anterolateral funiculus in the cervical and thoracic seg-
ments in eight of the 10 cases, whereas the posterior funicu-
lus was well preserved. The degrees of atrophy of the
anterior funiculus and the anterolateral funiculus corre-
lated with that of the tegmentum of the medulla oblongata.
Myelin pallor of the lateral corticospinal tract was
observed in two of the 10 cases. Microscopic observation of
the spinal white matter, particularly the cervical segment,
revealed a few to several neuropil threads, particularly in
the white matter surrounding the anterior horn after
Gallyas-Braak (GB) staining or AT-8 tan immunostaining.
However, the posterior funiculus was completely preserved
from the presence of argyrophilic or tau-positive struc-
tures. In the spinal gray matter, widespread distribution of
neurons with cytoplasmic inclusions and neuropil threads
was observed, particularly in the medial division of the
anterior horn and intermediate gray matter, especially in
the cervical segment. Globose-type neurofibrillary tangles
and pretangles were found. The distribution of GB- or
AT-8 tau-positive small neurons and neuropil threads
resembled that of the spinal interneurons. In conclusion,
the spinal cord, especially the cervical segment, is con-
stantly involved in the pathologic process of PSP. We
speculate that spinal interneurons and their neuronal pro-
cesses, particularly in the medial division of the anterior
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horn and intermediate gray matter of the cervical segment,
are most severely damaged in the PSP spinal cord.

Key words: neuronal inclusion, neuropil threads, pro-
gressive supranuclear palsy, spinal cord lesion, tract
degeneration.

INTRODUCTION

Progressive supranuclear palsy (PSP) was first described
and defined as a clinicopathologic entity by Steele et al. in
1964.! The neuropathologic features of PSP are neuronal
loss and astrocytosis with neurofibrillary tangles (NFTs),
which are observed mainly in the basal ganglia, brainstem
and cerebellum.'” In addition, abnormal glial cytoskeletal
structures such as glial fibrillary tangles (GFTs), including
tuft-shaped astrocytes and coiled bodies and neuropil
threads, are found around these lesions.?* PSP is considered
a discrete clinicopathologic entity;*® however, the patho-
physiologic mechanisms underlying the lesions are not com-
pletely understood. Although spinal cord abnormalities are
generally considered uncommon in cases of PSP? there have
been some reports of spinal cord lesions in patients with
PSP, and the morphologic changes have been described."”
Three notable studies were recently reported,'™® and the
spinal cord is now considered to be one of the regions
involved in PSP. In the present study, we systematically
examined the spinal cords in 10 cases of PSP using the
Gallyas-Braak (GB) impregnation technique*’ and AT-8
tau immunostaining,'” paying particular attention to the
tract degeneration and neuronal and glial tau pathology.

MATERIALS AND METHODS

Ten autopsy cases of PSP from the Institute for Medical
Science of Aging, Aichi Medical University, were included
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Table 1 Clinical summary of 10 cases of progressive supranuclear palsy

Patient Sex Ageat Ageat Disease  Brain Clinical symptoms and signs
onset  death  duration weight yjia) symptom Gaze  Axial  Nuchal  Other neurologic signs
(years) ~(years)  (years) (&) palsy rigidity dystonia
1 F 74 75 2 1120 Gait disturbance + + + Dementia, frequent falls
2 F 58 62 4 1090 Gait disturbance + + + Akinesia, dementia,
frequent falls
3 F 79 84 4 1090  Gait disturbance + + + Dementia, frequent falls
4 M 76 81 6 1150  Gait disturbance + + + Dementia, frequent falls
5 F 66 72 6 1080  Tremor of legs + + + Dementia, hallucination,.
Frequent falls
6 M 68 75 7 1120  Dysarthria + + + Frequent falls
7 M 61 68 7 1060  Gait disturbance + + + Dementia
8 M 71 78 7 1150 Micrographia + + + Frequent falls
9 F 60 69 9 980  Gait disturbance + + + Frequent falls
10 M 67 78 11 1120 Gait disturbance + + + Tremor, frequent falls

in the present study. All patients had typical clinicopatho-
logic features of PSP in accordance with the National Insti-
tute of Neurological Disorders (NINDS) and Society of
Progressive Supranuclear Palsy (SPSP) and preliminary
NINDS diagnostic criteria.5? Tuft-shaped astrocytes, a
disease-specific hallmark of PSP were also identified in
the cerebral neocortex and the basal ganglia in all patients.
For control, spinal cords were collected from eight autop-
sied patients judged by neuropathologic examination to be
free from neurologic degeneration and who did not have
neurologic signs or symptoms. The PSP patients comprised
five men and five women (mean age at death,
74.2 + 6.6 years; range, 62-84 years), and control subjects
comprised three men and five women (mean age at death,
70.6 + 5.1 years; range, 61-76 years). Mean disease dura-
tion in the PSP patients was 6.3 2.6 years (range,
2-11 years). Clinical data for the PSP patients, arranged in
order of disease duration, are summarized in Table 1.

The entire spinal cord of each patient was fixed in neutral
formalin for several weeks. Segmental blocks including cer-
vical, thoracic and lumbosacral segments were embedded in
paraffin, and 8-um-thick horizontal sections were then pre-
pared. For routine neuropathologic examination, sections
were processed with hematoxylin and eosin (H&E), Kliiver-
Barrera (KB), Holzer, Bodian silver and GB stains. Immu-
nohistochemistry was carried out with antibodies against
phosphorylation-dependent tau (AT-8, mouse monoclonal,
diluted 1:3000; Innogenetics, Ghent, Belgium) and glial
fibrillary acidic protein (GFAP, mouse monoclonal, diluted
1:400; DAKO, Glostrup, Denmark). Antibody binding was
detected by a labeled streptavidin-biotin (LSAB) method
with a DAKO LSAB kit (DAKO). The immunostaining
protocol was as described previously.”

We assessed atrophy, myelin pallor, gliosis, neuronal loss
and the presence of NFTs, GFTs and neuropil threads
semiquantitatively. Spinal cord atrophy and myelin pallor
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were assessed in KB-stained samples. Neuronal loss was
assessed in the HE- or KB-stained samples. Neurons in the
spinal gray matter were classified as large (approximately
>33 um), medium (approximately > 25 — < 33 um) or small
(approximately < 25 um), according to results of a previous
study.! The presence of gliosis was judged from the sec-
tions treated with the H&E and Holzer stains and GFAP
immunostaining, Typical NFTs were identified by Bodian
silver staining. We identified neuronal inclusions, GFTs
such as tuft-shaped astrocytes and coiled bodies, and neu-.
ropil threads in GB-stained and AT-8-tau immunostained
sections. Microscopic fields for at least six different levels
of the cervical segment, 12 levels of the thoracic segment
and six levels of the lumbosacral segment were observed.
Furthermore, we looked for correlation between the
medulla oblongata and the spinal cord by observing the
changes in many sections. The white matter and gray
matter of the spinal cord were subdivided into several
regions as shown in Tables 2-5, and respective lesions
were assessed by semiquantitative analysis. Atrophy of the
medulla oblongata and spinal cord atrophy and myelin
pallor were assessed as severe (+++), moderate (++), mild
(+), very mild (+/-) or none (-). Neuropil threads in the
white and gray matter were evaluated by density as numer-
ous (+++), moderate (++), several (+), a few (+/-) or none
(-) in the respective regions. Neurons with cytoplasmic
inclusions in the gray matter were counted in the respec-
tive regions at each spinal segment and averaged as more
than six positive neurons (+++), 3-6 positive neurons (++),
1-3 positive neurons (+), 0-1 positive neurons (+/~) or no
positive neurons (-). Spearman’s rank correlation coeffi-
cient was calculated to assess the relation between patho-
logic features and between pathologic features and clinical
measures. Statistical analysis was performed with Excel
2000 (Microsoft, Redmond, WA, USA) and the add-in soft-
ware Statcel 2 (OMS, Tokyo, Japan).
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+++, severe; ++, moderate; +, mild; +, very mild; -, none. AF, anterior funiculus includes the anterior corticospinal tract and medial longitudinal fasciculus; ALF, anterolateral funiculus; LCT,

lateral corticospinal tract; PF, posterior funiculus.
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RESULTS

Histologic findings

In eight of the 10 cases, the anterior funiculus and antero-
lateral funiculus of the cervical and thoracic segments in
the KB-stained sections showed atrophy and myelin pallor
(Table 2, Fig. 1). In the anterior funiculus and anterolateral
funiculus of the cervical white matter, the degree of
atrophy correlated with the degree of myelin pallor (in the
anterior funiculus, r,=0.98 and P <0.01; in the anterolat-
eral funiculus, »,=0.98 and P <0.01). The macroscopic
appearances of the posterior funiculus and gray matter
were unremarkable.

Tract degeneration

The degrees of atrophy of the anterior funiculus and the
anterolateral funiculus in the cervical white matter corre-
lated with that of the tegmentum of the medulla oblongata
(between the tegmentum and the anterior funiculus,
r.=0.91 and P<0.01; between the tegmentum and the
anterolateral funiculus, r,=0.98 and P <0.01). Myelin
pallor of the lateral corticospinal tract was seen in two of
the 10 cases (Table 2, Fig. 1).

Neuronal loss and gliosis

Mild gliosis was revealed by H&E staining, Holzer staining
and GFAP immunostaining in the cervical gray matter,
particularly in the medial division of the anterior horn and
intermediate gray matter. Although the number of small
neurons in the medial division of the anterior horn and
intermediate gray matter in the cervical segment appeared
moderately decreased in cases of PSP, the number of large
motor neurons in the anterior horn was relatively normal.
The numbers of neurons in the intermediolateral column,
Clarke’s column and posterior horn were also normal. The
number of neurons of Onufrowicz nucleus was moderately
decreased.

Tau pathology

White matter

In the white matter of the PSP spinal cords, a few to several
neuropil threads and a few coiled bodies were observed in
the anterior funiculus and anterolateral funiculus in all
cases (Fig. 2), whereas tuft-shaped astrocytes were not seen
in the white matter by GB staining or AT-8 tau immun-
ostaining, Detection of neuropil threads in the spinal white
matter by GB staining is summarized in Table 3. Although
the density of neuropil threads varied from case to case,
these structures were observed most frequently in the
white matter surrounding the anterior horn, especially in
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Table 3 Number of neuropil threads detected by Gallyas-Braak staining in the spinal white matter of progressive supranuclear palsy
patients

Patient Cervical segment Thoracic segment Lumbosacral segment
AF ALF LCT PF AF ALF LCT PF AF ALF LCT PF
1 + - - - - - - - - - - -
2 + + - - + - - - - - - -
3 + + - - + - - - £ - - -
4 + £ - - + - - - - - - -
5 + + - - - - - - - - - -
6 + * - - + - - - -~ - - -
7 + + - - - - - - - - -
8 + - - - - - - - - - - -
9 + - - + - - - - - - -
10 + - - - - - - - - - - -

+++, numerous; +, moderate; +, several; +, a few; —, none. AF, anterior funiculus includes the anterior corticospinal tract and medial longitudinal
fasciculus; ALF, anterolateral funiculus; LCT, lateral corticospinal tract; PF, posterior funiculus.

Table 4 Neurons with cytoplasmic inclusions detected by Gallyas-Braak staining in the spinal gray matter of progressive supranuclear
palsy patients

Patient Cervical segment Thoracic segment Lumbosacral segment
AH IGM PH AH IGM PH AH IGM PH
MD LD MD LD
1 * + + : < + + x - - + -
2 * * + + - - - - - * -
3 + + +H+ + t + * * * + *
4 + + + + + + + + + + +
5 + + + + + + + - - + -
6 + + + + + + + + - + -
7 + + + + + + t + + + +
8 + + + + + + + + + + +
9 + + ++ + + + + + - + +
10 + + + + t + + + + + +

+++, more than 6 positive neurons; ++, 3-6 positive neurons; +, 1-3 positive neurons; +, 0-1 positive neurons; -, no positive neuron. AH, anterior
horn; IGM, intermediate gray matter; LD, lateral division; MD, medial division; PH, posterior horn.

Table 5 Number of neuropil threads detected by Gallyas-Braak staining in the spinal gray matter of progressive supranuclear palsy
patients

Patient Cervical segment Thoracic segment Lumbosacral segment
AH IGM PH AH IGM PH AH IGM PH
MD LD MD LD
1 ++ + ++ + ++ ++ + - -~ + -
2 +H+ ++ ++ + + t + - - + -
3 +HH ++ ++ + + +H + + + + +
4 +H+ ++ ++ + + + + + + + +
5 + + + + + + + + + + +
6 + + ++ + + + + + + + -
7 + + + + ++ ++ + + + + +
8 + + + + + + + + + + +
9 + + ++ + + ++ + + t + +
10 + + + + + + + + + + +

+++, numerous; +, moderate; +, several; +, a few; —, none. AH, anterior horn; IGM, intermediate gray matter; LD, lateral division; MD, medial
division; PH, posterior horn.

the medial longitudinal fasciculus and the reticular forma- rolateral funiculus of the cervical white matter, the degree
tion of the anterior funiculus. These findings were more of atrophy did not correlate with the number of neuropil
conspicuous in the cervical segment than in the thora- threads (in the anterior funiculus, r, = —0.28 and P = 0.40;in
columbosacral segment. In the anterior funiculus and ante- the anterolateral funiculus, rs=-0.36 and P =0.28). The

© 2007 Japanese Society of Neuropathology
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posterior funiculus was completely preserved from the
presence of GB- or AT-8 tau-positive structures.

Gray matter

Gallyas-Braak staining and AT-8 tau immunostaining
revealed argyrophilic and tau-positive structures including
GFTs such as tuft-shaped astrocytes and coiled bodies,
numerous neuropil threads and neuronal inclusions in the
spinal gray matter (Fig. 3). Detection of neurons with cyto-
plasmic inclusions and neuropil threads in the spinal gray
matter by GB staining is summarized in Tables 4 and 5,
respectively. Many argyrophilic or tau-positive neuronal

Fig.1 Representative images of the cervical segments from two
patients with progressive supranuclear palsy (PSP). The anterior
and anterolateral funiculus showed atrophy and myelin pallor.
These two cases also showed myelin pallor of the lateral corti-
cospinal tract (a: patient 8, b: patient 9, Kliiver-Barrera staining).
Bar =5 mm.

Fig.2 White matter lesions of the pro-
gressive supranuclear palsy (PSP) spinal
cord. Several neuropil threads are
present in the white matter surrounding
the anterior horn (a: patient 4, Gallyas-
Braak staining; b: patient 7, AT-8 tau
immunostaining). Bars = 100 pm.

© 2007 Japanese Society of Neuropathology
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inclusions were observed, particularly in the small neurons
in the intermediate gray matter, and such inclusions were
relatively sparse in the lateral division of the anterior horn
and posterior horn (Fig.4). These positively stained
neurons were observed more frequently in the cervical
segment than in the thoracolumbosacral segment. Neither
age at onset nor disease duration correlated with the
number of neurons with cytoplasmic inclusions in the cer-
vical intermediate gray matter (between age at onset and
the number of positive neurons, r,=0.50 and P=0.13;
between the disease duration and the number of positive
neurons, r,= 0.44 and P =0.18). Neuronal inclusions were
of the globose type, suggestive of NFTs (Fig. 3a), or showed
diffuse granular accumulation of cytoplasmic tau, sugges-
tive of pretangles (Fig. 3b). A few neuronal inclusions were
seen in the large motor neurons of the anterior horn, inter-
mediolateral column and Clarke’s column, and some large
motor neurons showed filamentous cytoplasmic inclusions
(Fig. 3¢). In contrast to the GB-stained and AT-8-
immunostained sections, the Bodian silver-stained sections
showed a few typical NFTs. The typical NFTs revealed by
Bodian silver staining were of the globose type (Fig. 3d)
and located mainly in the intermediate gray matter and the
basal portion of the posterior horn, but they were not
observed in large motor neurons in the anterior horn.
The number of neuropil threads was much greater in the
gray matter than in the white matter. The density of neu-
ropil threads varied between patients, but the distribution
pattern was relatively uniform and prominent in the medial
division of anterior horn and intermediate gray matter
(Fig. 5). These conditions were observed more frequently
in the cervical segment than in the thoracolumbosacral
segment. In the anterior horn of the cervical segment, neu-
ropil threads were prominent in the medial division, and
they decreased in density toward the lateral division. In the
intermediate gray matter, neuropil threads were prominent
in the lateral portion, and they decreased in density toward
the medial portion. In the posterior horn, neuropil threads
were observed most frequently in the basal portion, and a
few were seen in the substantia gelatinosa and the substan-
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tia spongiosa. Neither age at onset nor disease duration
correlated with the density of neuropil threads in the cer-
vical intermediate gray matter (between age at onset and
the density of neuropil threads, r,=0.56 and P =0.09;
between the disease duration and the density of neuropil
threads, r,=-0.15 and P =0.66). The density of neuropil
threads did not correlate with the number of neurons with
cytoplasmic inclusions in the cervical intermediate gray
matter (in the medial division of the anterior horn, r, = 0.22
and P = 0.50; in the intermediate gray matter, r, = 0.30 and
P =0.36). The distribution of small neurons with cytoplas-
mic inclusions and neuropil threads was similar to that of
spinal interneurons and their processes, particularly in the
cervical segment.

A few tuft-shaped astrocytes were seen in the spinal
gray matter (Fig.3e), but the distribution could not be
assessed because there were so few. A few to several coiled
bodies were seen in the spinal gray matter (Fig. 3f); the
distribution pattern was almost the same as that of neuro-
pil threads, but they were fewer in number than the neu-
ropil threads.

Y Iwasaki et al.

Fig.3 Representative neuronal inclu-
sions and glial inclusions in the progres-
sive supranuclear palsy (PSP) spinal
cord. (a) Globose-type, neurofibrillary
tangle (NFT)-like neuronal inclusions in
intermediate gray matter in the cervical
segment (patient 8, Gallyas-Braak [GB]
staining). (b) Pretangle-like neuronal
inclusion in a large motor neuron in the
anterior horn of the cervical segment
(patient 3, AT-8 tau immunostaining). (c)
Filamentous cytoplasmic inclusions in a
large motor neuron in the anterior horn
of the cervical segment (patient 8, GB
staining). (d) Typical NFT seen in the
basal portion of the posterior horn
(patient 3, Bodian silver staining). (e)
Tuft-shaped astrocyte in the medial divi-
sion of the anterior horn in the cervical
segment (patient 3, GB staining). (f)
Coiled body in the intermediate gray
matter in the cervical segment (patient 3,
GB staining). Bars = 20 pm.

The number of AT-8 tau-positive structures was much
greater than the number of GB-positive argyrophilic struc-
tures. No tau-positive or argyrophilic structures were iden-
tified in any control spinal cord.

DISCUSSION

In the original PSP report by Steele etal' the presence
of NFTs in the two examined spinal cords was briefly
described. Loss of neurons in the anterior horn™%>1% and
the presence of NFTs in the spinal cord have been
described.!™!!!* Kato er al. performed ultrastructural elec-
tron microscopy studies of NFTs in PSP spinal cords and
reported that the NFTs consisted of bundles of straight
fibrils with a diameter of approximately 15 nm* These
NFTs were arranged in bundles of compact parallel arrays
and were found to be essentially identical to the NFTs in
the brain.” The presence of neuropil threads in the spinal
white matter was described only by Umahara eral”
Recently, three notable studies pertaining to PSP spinal
cord lesions were reported.*"® Kikuchi eral. showed

© 2007 Japanese Society of Neuropathology
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Fig. 4 Identification of neurons with
cytoplasmic inclusions in two representa-
tive progressive supranuclear palsy (PSP)
cases. Many argyrophilic or tau-positive
neurons were observed, particularly
among the small neurons in the medial
division of the anterior horn and interme-
diate gray matter, and such neurons were
relatively sparse in the posterior horn
and lateral division of the anterior horn.
(a: patient 8, b: patient 3; al: Gallyas-
Braak staining, bl: AT-8 tau immun-
ostaining, a2 and b2 show the schema of
al and b1, respectively. Asterisks indicate
positively stained neurons; cervical
segment). (AH, anterior hor; IMG, inter-
mediate gray matter; PH, posterior
horn).

by immunohistochemistry that microtubule-associated
protein-2 expression in the cervical segment was signifi-
cantly decreased in the medial division of the anterior
horn, intermediate gray matter and posterior horn but that
there was no significant change in the substantia gelatinosa
or lateral division of the anterior horn."® Scaravilli et al.
investigated the Onufrowicz nucleus in three cases of PSP
and found neuronal loss and the presence of NFTs, glial
inclusions and neuropil threads."” Vitaliani er al. reported
severe neuronal loss throughout the spinal cord in five
cases of PSP

Brainstem lesions have been regarded as the primary
PSP lesions. Murakami eral confirmed correlation
between tract degeneration of the tegmentum of the
medulla oblongata and that of the anterolateral funiculus
of the cervical segment of the PSP spinal cord.” Similar
tract degeneration was observed in the present study, and
atrophy and myelin pallor of the anterior funiculus and
anterolateral funiculus were also observed. Two of the 10
cases showed myelin pallor of the lateral corticospinal
tract, indicating pyramidal tract degeneration in PSP. Inter-
estingly, although the degree of atrophy correlated with the
degree of myelin pallor, the degrees of atrophy and myelin
pallor did not correlate with the number of neuropil
threads in the cervical white matter. We think this discrep-
ancy is due to the fact that tract degeneration seen in
PSP-affected spinal white matter is secondary degenera-
tion due to the tegmental involvement of the brainstem,
particularly in the medulla oblongata. Furthermore,
although a few to several neuropil threads were observed

© 2007 Japanese Society of Neuropathology
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mainly in the anterior funiculus and anterolateral funiculus
in the PSP-affected spinal white matter, argyrophilic- or
tau-positive structures were completely absent in the
posterior funiculus. We speculate that this discrepancy
may reflect centrifugal spread of tau pathology along the
descending fibers or regional susceptibility for tau accumu-
lation in the PSP spinal cord.

The most important finding of the present study was
the identification of widespread neurons with cytoplasmic
inclusions and neuropil threads in the PSP spinal cord,
particularly in the cervical gray matter. Subdivision of the
spinal gray matter according to Rexed’s schema allowed us
to determine that neurons with cytoplasmic inclusions and
neuropil threads were abundant in the Rexed VI, VII and
VIII layers.* Spinal gray matter lesions did not necessarily
coexist with prominent spinal white matter lesions. The
number of neurons with cytoplasmic inclusions and the
density of neuropil threads did not correlate with age at
onset or with disease duration. These neurons, positive for
GB staining or AT-8 tau immunostaining, were mostly
small neurons in the medial division of the anterior horn
and intermediate gray matter and could not be easily
detected by Bodian silver staining. Therefore, we speculate
that most neurons with cytoplasmic inclusions, which were
positive for GB staining and AT-8 tau immunostaining,
were immature pretangles.”””* Although the density of neu-
ropil threads and the number of neurons with cytoplasmic
inclusions in the spinal gray matter varied from case to
case, these features were common to all cases of PSP.
Because no tau-positive structures or argyrophilic struc-
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tures were identified in the eight control spinal cords, our
results indicate that the PSP spinal cord is affected by an
abnormal tau-degenerative alteration. Some authors have
argued that tuft-shaped astrocytes are characteristic of
PSP, but only a few tuft-shaped astrocytes were seen in
some PSP spinal cords in the present study.

The relation between the pathologic features of spinal
cord lesions and clinical signs of PSP is not well under-
stood. In the anterior horn of the cervical segment, passing
from the most medial part to its lateral periphery, motor

-70 -
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Fig. 5 Presence of neuropil threads in
the gray matter lesions. (a) Medial divi-
sion of the anterior horn in the cervical
segment. (b) Lateral division of the ante-
rior horn in the cervical segment. (c)
Medial portion of the intermediate gray
matter in the cervical segment. (d)
Lateral portion of the intermediate gray
matter in the cervical segment. (e) Inter-
mediolateral column in the upper tho-
racic segment. (f) Clarke’s column in the
upper thoracic segment. (g) Basal portion
of the posterior horn in the cervical
segment. (h) Substantia gelatinosa of the
posterior horn in the cervical segment
(patient 3, Gallyas-Braak staining).
Bars =50 pm.

neurons successively innervate muscles of the trunk, shoul-
der, upper arm, forearm and fingers.”® The small neurons,
which are distributed in the intermediate gray matter of
the spinal cord, comprise mainly interneurons.”? It is
noteworthy that the distribution of small neurons with
cytoplasmic inclusions and neuropil threads was well
matched with that of spinal interneurons and their neu-
ronal processes in the cervical segment. The descending
fibers of the extrapyramidal system, such as those of the
rubrospinal tract, tectospinal tract, reticulospinal tract and

© 2007 Japanese Society of Neuropathology
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medial longitudinal fasciculus, synapse with interneurons
that connect to motor neurons of the anterior horn?*% and
the spinal interneurons that mediate between input and
output elements and produce varied reflex behaviors.®
Therefore, we also speculate that these spinal gray matter
lesions, particularly in the medial division of the anterior
horn and intermediate gray matter of the cervical segment,
cause the nuchal dystonia, retrocollis and axial rigidity
characteristic of PSP patients. Similar speculation was
made by Kikuchi er al.'® but Vitaliani ez al. concluded that
this hypothesis could not be supported by their data.’®
Further neuropathologic investigation is needed to eluci-
date the underlying relations between spinal cord lesions
and clinical signs of PSP.

Important findings in the present study include atrophy
and myelin pallor of the anterior funiculus and anterolat-
eral funiculus and the existence of white matter and gray
matter lesions including the presence of GB- and AT-8
tau-positive cytoskeletal structures, particularly in the cer-
vical segment. Widespread spinal cord involvement as seen
in the present study suggests the presence of tract degen-
eration and damage of the spinal interneurons and their
neuronal processes. We emphasize that these spinal cord
lesions, especially in the cervical segment, should be
included in the list of pathologic lesions of PSP.
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Abstract

Objective: Cardiac uptake of [*#]metaiodobenzy] guanidine (MIBG) is reduced in patients with Parkinson’s disease (PD). However, the
cardiac sympathetic abnormality associated with this reduction is unclear. To unmask this abnormality in PD patients we examined the
functional consequences of cardiac beta-receptor activation.

Methods: Cardiovascular responses to stepwise administration of the betal -receptor agonist, dobutamine (DOB), were assessed in 25 PD
patients and 12 age-matched controls. Changes in blood pressure were compared to determine the optimal dose at which to detect denervation
supersensitivity, and cardiac contractility was measured by DOB echocardiography, based on peak aortic flow velocity. The relations of these
cardiovascular responses to the ratio of MIBG uptake into the heart vs. that into the mediastinum (H/M ratio) were analyzed.

Results: At 4 pg/kg/min DOB, systolic blood pressure increased more in PD patients than in controls (PD, 17.5+12.3 mm Hg; control, 7.2+
6.2 mm Hg, p<0.01), suggesting the presence of denervation supersensitivity. At this DOB dose cardiac contractility also increased more in
PD than in controls (PD, 39.0%15.7%; control, 23.5+5.2%, p<0.005) and this hyperdynamic response was significantly correlated with
reduced H/M ratios (early: r=—0.63, p<0.01, delayed: »=-0.66, p<0.01).

Conclusion: Low-dose DOB unmasks cardiac sympathetic denervation in PD patients, and decreased MIBG uptake indicates the presence of
denervation supersensitivity within the heart, resulting in hyperdynamic cardiac contractility in response to a beta 1-stress condition.

© 2007 Elsevier B.V. All rights reserved.

Keywords: Parkinson’s disease; Dobutamine; Denervation supersensitivity; Cardiac sympathetic denervation; Dobutamine echocardiography; MIBG; Cardiac
contractility

muscle is also markedly decreased in PD patients and is
considered to account for the decrease in MIBG uptake [6,7].
Severe abnormal MIBG findings in peripheral vessels were
also found in PD with autonomic failure [8]. However, the

1. Introduction

Since Hakusui first demonstrated cardiac sympathetic
nerve damage in patients with Parkinson’s disease (PD) by

decreased cardiac ['?*I]metaiodobenzyl guanidine (MIBG)
uptake [1], a large number of studies have documented this
phenomenon [2-4]. Uptake of MIBG reflects myocardial
sympathetic nerve function [5]. Histological assessment of
the sympathetic nerve axon population innervating cardiac

* Corresponding author. Tel.: +81 52 744 2385; fax: +81 52 744 2384.
E-mail address: sobueg@med.nagoya-u.ac.jp (G. Sobue).

0022-510X/$ - see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.jns.2007.07.005

cardiac sympathetic abnormality correlated to reduced
MIBG uptake in PD patients has not been clarified.
Echocardiography has demonstrated normal ventricular
systolic function under resting conditions in PD patients [9].

Cardiovascular responses to sympathomimetic agents
have been anecdotally described to be exaggerated in PD
patients [10,11] but it is unclear whether these responses are
due to impaired cardiac sympathetic nerve function or other
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peripheral/central autonomic system abnormalities. Dobuta-
mine (DOB) is a synthetic sympathomimetic amine that
directly stimulates beta-adrenergic receptors, especially
betal-receptors [12,13]. In normal subjects, infusion of
DOB in doses up to 10 pg/kg/min increases cardiac output
and heart rate (HR) but has little effect on blood pressure
(BP) {13,14]. DOB is commonly used in the stress test to
diagnose ischemic heart disease [15,16]. Specifically, low-
dose DOB has been used, because it is safe and convenient to
administer, to identify viable myocardial impairment
[17,18].

In PD patients, various degrees of primary chronic
autonomic failure are seen and some patients with orthostatic
hypotension display evidence of cardiac sympathetic
denervation [19]. Thus, it is clinically important to clarify
how this cardiac denervation correlates with the decreased
MIBG uptake that is commonly seen in PD patients. The
purpose of this study was to assess the cardiovascular
response of betal-adrenergic receptors using low-dose DOB
to detect cardiac denervation supersensitivity and unmask
the cardiac abnormality associated with decreased MIBG
uptake in patients with PD. Echocardiography was per-
formed to evaluate the cardiac response to DOB and verify
the association between this response and the degree of
cardiac MIBG uptake.

2. Subjects and methods
2.1. Subjects

We included 25 patients with PD (10 men, 15 women)
who were referred to the Nagoya University Hospital. PD was
diagnosed according to the United Kingdom Parkinson’s
Disease Society Brain Bank Clinical Diagnosis Criteria [20].
All patients underwent precise neurological examinations
and brain MRIs to exclude diagnoses other than PD. In all
cases, no obvious heart disease, including experience of
anginal pain, or diabetes mellitus was detected and elec-
trocardiographs were all normal. The mean patient age was
65.5+8.1 and the mean duration since the onset of symptoms
was 4.8+3.7 years (range: 1 to 12 years; Table 1). The control
subjects were normal healthy volunteers (5 men, 7 women,
61.1+£14.0 years old) with no history of heart disease,
diabetes mellitus, or intracranial disease and no obvious
abnormalities observed on physical examination. Orthostatic
hypotension was absent during head-up tilt testing in the
control group. Informed consent was obtained from all
participants and the protocol of the study was approved by the

ethics committee of Nagoya University Graduate School of -

Medicine.
2.2. DOB infusion test
Patients abstained from eating and the use of anti-

parkinsonian drugs on the morning of testing. No patient
took other drugs that might influence BP responses, such as
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Table 1
Clinical characteristics
PD Control p value
(n=25) n=12)
Age (years) 65.5 (8.1) 61.1 (14.0) N.S.
Gender (M/F) 10/15 517 N.S.
Disease duration (years) 4.8 (3.7)
Hoehn and Yahr stages I:3; 11:6; 111:8; TV:8
Levodopa (mg/day) 254.8 (190.4)

Values are expressed as mean (£SD). PD=Parkinson’s disease; N.S.=not
significant.

midodorine or droxidopa. The subjects were tested in the
supine position. After resting for at least 5 min, DOB (2 pg/kg/
min; 0.5 ml/min) was administered by continuous intravenous
infusion via a brachial venous cannula using a constant
infusion pump. After 5 min the infusion was increased to 4 pg/
kg/min and continued for another 5 min until: (1) the systolic
BP (SBP) was > 170 mm Hg or the SBP increase was >40 mm
Hg, or (2) the HR >100/min, or (3) there was an increase in the
frequency of arrhythmias, or (4) the development of untoward
side effects. BP and HR were recorded every minute with an
automated sphygmomanometer (BP-508, Nippon Colin,
Tokyo, Japan), designed for autonomic studies, placed on
the upper arm opposite to that used for the DOB infusion. The
electrocardiogram was monitored continuously throughout the
procedure.

2.3. Echocardibgraphic examination

DOB echocardiography of Doppler examinations were
performed using a Hewlett Packard Sonos 1500 ultrasound
system (Andover, MA) with 1.9 MHz (Pedoff) transducers.
The entire exam was performed by a single investigator who
did not know the results of the MIBG scintigraphy. The
aortic flow velocity (AFV) waveform was acquired by
continuous-wave Doppler from the supractavicular fossa and
angled toward the ascending aorta. Peak AFV was used to
evaluate changes in cardiac contractility [21]. Monitoring of
the aortic flow wave using echocardiography was performed
3 min after each incremental DOB infusion. When sharp,
well-defined velocity waveforms were seen on the monitor
and maximal pitch was heard through the integral loud-
speaker, a 5-s recording was “frozen” on-screen and mea-
surements were made directly from the monitor using a built-
in light pen system with dedicated software.

2.4. MIBG scintigraphy

MIBG (111 mBq) was injected intravenously into each
subject. The early image of cardiac uptake was obtained
15 min later and the delayed image was obtained after 3 or
4 h. Regions of interest included the whole heart and
mediastinum in the anterior projection. The ratio of MIBG
uptake by the heart to that in the mediastinum (H/M ratio)
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Table 2
Cardiovascular response to DOB
Baseline DOB dosage
2 pg/kg/min 4 pg/kg/min
PD (n=25)
SBP (mm Hg) 122.1 (13.8) 1253 (16.9)* 139.6 (21.3)****
DBP (mm Hg) 69.6 (10.4) 69.9 (11.9) 729 (12.8)
HR (bpm) 68.9 (10.8) 67.9 (11.4) 72.4 (13.4)**
Controls (n=12)
SBP (mm Hg) 1214 (17.8)  123.7 (184) 128.6 (18.5)**
DBP (mm Hg) 70.2 (9.9) 68.6 (10.0) 674 (8.4)
HR (bpm) 63.7 (8.3) 63.7 (9.8) 68.0 (9.2)***

Values are expressed as mean (+SD). DOB=dobutamine; SBP=systolic
blood pressure; DBP=diastolic blood pressure; HR=heart rate; bpm=beats
per minute. *p<0.05 vs. baseline; **p<0.01 vs. baseline; ***p<0.005 vs.
baseline; and ****p<0.0001 vs. baseline.

was calculated, and ratios from early and delayed images
were evaluated.

2.5. Data analysis and statistics

Data are expressed as means (+SD). For evaluating the
pharmacokinetic actions of DOB, the average values for BP
and HR during the last 3 min of infusion were used for
analysis. However, if the infusion was stopped in the middle
of the protocol, then data from just before discontinuing the
infusion were used for analysis. Supersensitive responses for
the hemodynamic changes were defined as changes greater
than 2 standard deviations from the mean. Tables of fre-
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quency data were examined using Fisher’s exact probability
test. Individual data were analyzed using the Mann-
Whitney’s U test between groups and by Wilcoxon’s signed
rank test within the groups. Relationships with the H/M ratio
were analyzed using Spearman’s correlation coefficient.
Calculations were performed using the statistical software
package StatView (Abacus Concepts, Berkeley, CA). The
level of significance was defined at p<0.05.

3. Results

3.1. Appropriate dose of DOB to detect a supersensitive
response in PD patients '

There were no significant differences in baseline cardio-
vascular measurements between the PD patients and the
control subjects (Table 2). During the 2 pg/kg/min DOB
infusion, the mean SBP increased significantly in the PD
subjects but not in control subjects; no significant changes in
mean diastolic BP (DBP) or HR changes were observed in
either group. During the 4 pg/kg/min DOB infusion, mean
SBP increased another 14.3 mm Hg in the PD subjects but the
increase was only slight in control subjects. No significant
DBP change was seen in either group at this dose. HR
increased in both groups.

All control subjects completed the entire procedure. All
PD patients also completed the procedure, however, six
(24%) had met our withdrawal criteria by the end of the 4 g/
kg/min dose of DOB (1 with SBP >170 mm Hg, 1 with SBP

W
S

o
A
g
=3
W

&o |

=

#

-10 a
-20 control PD
p <0.005

o4}
(=]

[+
(=]

g
o1
o%%o% oo

o

control PD

Fig. 1. Changes in SBP, DBP, HR, and peak AFV after infusion of 4 pg/kg/min DOB in controls and PD patients. (A) The mean change in SBP is significantly
greater in the PD group than in the control group. (B) There was also a significant difference in the DBP change between the PD and control groups. (C) No
difference was seen in the HR change between the groups. (D) The mean percentage change in peak AFV was significantly larger in the PD group than in the
control group. SBP: systolic blood pressure, DBP: diastolic blood pressure, HR: heart rate, DOB: dobutamine, AFV: aortic flow velocity, PD: Parkinson’s

disease. n.s.=not significant.
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