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臨床症候群としての純粋無動症は，進行性核上性麻痺

（progressive supranuclear palsy; PSP）を合併するこ

とが非常に多く，歩行開始困難や歩行時・書字時・発語

時の「すくみ現象（freezing）」を特徴とする。同様の

症候群は，原発性進行性すくみ足（primary progressive 

freezing gait），原発性歩行開始障害（primary gait 

ignition failure）という名称でも報告されている。我々は，

臨床症候群としてのすくみ足を伴う純粋無動症（pure 

akinesia with gait freezing; PAGF）において，PSPの

異常タウ蛋白蓄積（PSP-異常タウ蛋白蓄積）が特異的

にみられるかどうか検討した。Queen Square Brain 

Bank（QSBB）に登録されている749例の患者のうち，

PAGFの診断基準〔発症が緩徐な歩行または発語のすく

み現象があること，四肢固縮および振戦を伴わないこと，

レボドパ（L—ドパ）への反応が持続しないこと，発症5

年以内に認知症もしくは眼筋麻痺がみられないこと〕を

満たしたのはわずか7例であった。これらの症例につ

いて詳細な病理学的検査を実施したところ，6例が

PSP，1例がパーキンソン病（Parkinson’s disease; 

PD）であった。したがって，PAGF患者でPSP-異常

タウ蛋白蓄積がみられる割合（陽性適中度）は86％で

あった。PSPの症例では血管病変やPDの合併を示す

所見はなく，PSP-異常タウ蛋白蓄積スコアの中央値は

3であり，異常タウ蛋白の蓄積は比較的軽度であった。

臨床症候群としてのPAGFにおけるPSP-異常タウ蛋

白蓄積は，きわめて特異的である。PAGFは，PSP-異

常タウ蛋白蓄積がみられる病態として比較的稀であり，

高頻度にみられる「古典的」PSPの臨床型（すなわち

Richardson病）に比べると異常タウ蛋白の蓄積は軽度

である。

1974年，Imaiは，それまで認識されていなかった臨床

症候群を，レボドパ（L —ドパ）不応性純粋無動症〔pure 

akinesia without response to levodopa (L-dopa)〕という名称

で報告した 1。それらの症例は，矛盾性運動（paradoxical 

kinesia）を伴う歩行時・書字時・発語時のすくみ現象を

特徴とした。四肢固縮と安静時振戦がない点も特徴的で

あった。また，患者の眼球運動は正常で，認知障害のな

いことも報告された 2。Imaiが報告した純粋無動症は， 

L —ドパにはほとんど反応しない点でパーキンソン病

（Parkinson’s disease; PD）とは鑑別可能であり 3，現象的

にはL —ドパ開発以前の時代にPetrenが報告した「trepidant 

abasia」と類似している 4。Imaiの報告以降，同じ臨床像

について，Petren歩行 5，（孤発性）歩行開始障害〔(isolated) 

gait ignition failure〕6，原発性進行性すくみ足（primary 

progressive freezing gait）7などの異なる名称で同様の報

告が多数発表されてきた。また，近年，一部の報告では

早期歩行障害ばかりが強調され，他のパーキンソン症候

群の症状や認知症のないことは比較的軽視されている 8,9。
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このように純粋無動症の臨床定義にはばらつきがみられ，

臨床・病理学的関連性の解釈においても混乱が生じてい

る。

Petrenは患者に病理学的検査を実施し，びまん性動脈

硬化が歩行障害の原因であると考えた 4。当時，Brissaud10

は「小刻み歩行（demarche à petits pas）」と血栓性脳軟化

症との臨床的・病理学的な関連性を指摘しており，Petren

の結論にはある程度の意義が認められた。最近になって，

PAGFは進行性核上性麻痺（progressive supranuclear 

palsy; PSP）の異常タウ蛋白蓄積（PSP-異常タウ蛋白蓄積）

と関連付けられるようになり 11-14，既発表の剖検症例でも

PSPに一致する病理像が最も一般的な所見であっ 

た 2,13,15-18。PAGFに PSP-異常タウ蛋白蓄積が特異的にみ

られるかどうかは不明である。最近，PSPの各種サブタ

イプの臨床的・病理学的相違に関する研究が進歩してお

り 19-21，本研究では，Imaiが報告した純粋無動症と PSP-

異常タウ蛋白蓄積との関連性を検討することとした。ま

た，過去および現在の知見を統合して検討するために，「す

くみ足を伴う純粋無動症（pure akinesia with gait freezing; 

PAGF）」という疾患名にて診断基準をまとめ，用語を再

分類することを提案する。

	対象および方法

対象
Queen Square Brain Bank（QSBB）の大規模アーカイブ

に登録され，神経変性疾患と病理診断された 886例の臨

床症例記録を用いて，後向き解析を行った。そのうち

749例で本研究対象として十分な臨床情報と信頼性の高

い一次病理診断が得られた〔レビー小体を伴うパーキン

ソン症候群：470例，PSP：125例，多系統萎縮症：84例，

血管性パーキンソン症候群（vascular Parkinsonism; VP）：

25例，アルツハイマー病：9例，大脳皮質基底核変性症：

9例，脳炎後パーキンソン症候群：5例，本態性振戦：5例，

ハンチントン病：5例，その他：12例〕。これらの症例は，

上記疾患の診断で広く受け入れられている病理学的基 

準 22-27を満たしていた。患者はいずれも生前，病院専門

医〔神経内科医または老年内科医（geriatrician）〕による

評価を受けていた。これらの症例の一部は，すでに

QSBB登録患者を用いた臨床的・病理学的レビューの対

象となっている 19,28-31。なお，QSBBにおける臨床記録と

病理検体の保管，ならびに同バンクの利用については，

London Multi-Centre Research Ethics Committeeより包括

的な倫理的承認を得ている。

データ収集
749例のすべての病歴を著者の 1人（DRW）が系統的

にレビューした。このレビューは，家庭医による様々な

症例記録や家庭医と病院専門医間で交わされたすべての

文書を対象とした。純粋無動症患者は，Imaiの基準 11を

修正した以下の基準に従って選択した。すなわち，発症

が緩徐な歩行または発語のすくみ現象（ある境目を越え

たり動作を開始する際の突然の停止あるいは躊躇）の病

歴があること，四肢固縮および振戦を伴わないこと，L —

ドパに対する反応が持続しないこと，発症 5年以内に認

知症もしくは眼筋麻痺がみられないこと，画像検査で血

管性疾患やビンスワンガー病が除外できることを基準と

した（Table 1）。PAGFの基準を一部だけ満たす患者の臨

床的特徴を，基準をすべて満たす患者のものと比較した。

本症候群の自然史を明らかにするため，全 PAGF患者の

半数以上に認められた臨床的特徴を時間軸上にプロット

した。発病から各臨床的特徴が発現するまでの平均時間

を計算し，全罹病期間に対するパーセンテージで示した。

病理検体
PAGF患者の免疫組織学的検査

PAGFと特定された患者では，通常検査用の脳組織標

本ブロックを用いた詳細な再検査を行うとともに，タウ

蛋白，α -シヌクレイン（1:50, Vector Laboratories），Aβ

（1:100, Dako）の免疫組織化学検査も通常法で実施した。

異常タウ蛋白の定量的評価は，PSPと病理診断された

PAGF（PSP-PAGF）患者 6例を対象に行い，最近発表さ

sociations of “demarche à petits pas” with thrombotic
encephalomalacia by Brissaud.10 More recently this syn-
drome has been associated with progressive supranuclear
palsy (PSP)-tau pathology,11–14 and in the handful of
published autopsy cases pathology compatible with PSP
has been the commonest finding.2,13,15–18 The specificity
of this clinical syndrome for PSP-tau pathology is not
known. In light of the recent advances in the clinical and
pathological distinction of PSP subtypes,19–21 we sought
to examine the relationship between Imai’s pure akinesia
and PSP-tau pathology. Diagnostic criteria and a reclas-
sification of the nomenclature is proposed to incorporate
previous observations with the current findings, under
the label of “pure akinesia with gait freezing” (PAGF).

PATIENTS AND METHODS

Patients

A retrospective analysis was performed using the clin-
ical case-notes from 886 cases of pathologically diag-
nosed neurodegenerative disease from the larger QSBB
archive collection. From this 749 had sufficient clinical
information and a definitive primary pathological diag-
nosis for inclusion in the study (Lewy body Parkinson-
ism, n � 470; PSP, n � 125; multiple system atrophy,
n � 84; vascular Parkinsonism (VP), n � 25; Alzhei-
mer’s disease, n � 9; corticobasal degeneration, n � 9;
post-encephalitic Parkinsonism, n � 5; essential tremor,
n � 5; Huntington’s disease, n � 5; other, n � 12). The
cases met the widely accepted pathological criteria for
the diagnosis of these conditions.22–27 All patients had
been assessed during life by a hospital specialist (neu-
rologist or geriatrician). Some of these cases have been
included in previous clinical and pathological reviews
from the QSBB.19,28–31 The retention of and access to
clinical records and pathological material at the Queen
Square Brain Bank have generic ethical approval from
the London Multi-Centre Research Ethics Committee.

Data Collection

A systematic chart review was performed in all 749
cases by DRW, which included the comprehensive case
notes of the family doctor and all correspondence be-
tween the family doctor and the hospital specialist. Pa-
tients with pure akinesia were selected according to the
following criteria, modified from Imai11: history of freez-
ing (sudden stopping or hesitation, when passing a verge
or initiating movement) of gait or speech of gradual
onset; absent limb rigidity and tremor; no sustained re-
sponse to L-dopa; no dementia or ophthalmoplegia in the
first 5 years of disease; and vascular disease or
Binswanger’s disease excluded by imaging (Table 1).

The clinical features in patients who satisfied some but
not all of the criteria for PAGF were compared to those
who satisfied all criteria. To illustrate the natural history
of the syndrome, clinical features that were present in
more than half of all PAGF patients were plotted on a
time line. The mean time from disease onset to the onset
of that clinical feature was calculated and expressed as a
percentage of total disease duration.

Pathological Material

Immunohistological Procedures in Patients with
PAGF

In patients identified with PAGF detailed reexamina-
tion of brain tissue was performed using routine blocks
and in addition extra tau, �-synuclein (1:50 Vector lab-
oratories), and A� (1:100, Dako) immunohistochemistry
following standard methods. Tau pathology quantitative
assessment was carried out in six cases of PSP-PAGF by
three raters (DRW, JH, and TR) blinded to the clinical
diagnosis following recently published methods for grad-
ing severity of PSP-tau pathology.20 In three cases, tissue
blocks from the caudate or subthalamic nucleus were
missing so a PSP-tau score could not be established.
Tissue was also examined in a standardized way for
evidence of amyloid plaques and tau pathology associ-
ated with pathological ageing, Alzheimer’s disease, ar-
gyrophilic grain disease. The frontal cortex, striatum, and
pontine base were examined for vascular pathology
(small vessel atherosclerosis, lipohyalinosis, microaneu-
rysm, and arteriolosclerosis) and its sequelae (lacunes;
perivascular rarefaction; diffuse white matter attenuation
(Binswanger’s type). Vascular pathology was graded as
mild (occasional vessels affected), moderate (a signifi-
cant proportion of the small vessels affected; little or no
sequelae noted), or severe (a significant proportion of the
small vessels affected; obvious sequelae). The presence

TABLE 1. Proposed diagnostic criteria for pure akinesia
with gait freezing

Present
Gradual onset
Early freezing of gait or speech

Absent
Sustained response to levodopa
Tremor
Imaging changes suggestive of lacunar infarcts or
subcortical white matter ischaemia suggestive of
Binswanger’s disease

Absent in first 5 years
Limb rigidity
Dementia
Supranuclear ophthalmoplegia
History of acute focal neurological events due to stroke

2236 D.R. WILLIAMS ET AL.
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れた PSP-異常タウ蛋白蓄積の重症度評価法 20に従って

判定者 3名（DRW，JH，TR）が盲検下で臨床診断した。

3例では，尾状核または視床下核（subthalamic nucleus; 

STN）の組織標本ブロックがなかったため，PSP-異常タ

ウ蛋白蓄積スコアは判定できなかった。病的老化，アル

ツハイマー病，嗜銀顆粒疾患（argyrophilic grain disease）

に伴うアミロイド斑や異常タウ蛋白の有無を調べるため，

標準化した方法で組織をさらに検査した。血管病変（小

血管アテローム硬化症，脂肪硝子変性，微小動脈瘤，動

脈硬化症）とその後遺症（ラクナ梗塞，血管周囲菲薄化，

ビンスワンガー型びまん性白質脳症）について，前頭葉

皮質，線条体，橋底部を検査した。血管病変は，軽度（一

部の血管に病変がみられる），中等度（小血管のかなりの

部分に病変がみられるが，後遺症はほとんどない），重度

（小血管のかなりの部分に病変がみられ，明らかな後遺症

がある）に分類した。疾患に関連する脳幹部のレビー小

体の病理変化の有無は，α -シヌクレイン免疫組織化学

法で検討した。

	結　果

病理所見
今回提案した PAGFの臨床基準を満たしたのは 7例（う

ち男性 5例）であった。一次病理診断が PSPであったの

は 6例であり，残りの 1例ではレビー小体の病理変化が

認められた。PSPと病理診断された 1例は，通常の銀染

色では神経原線維変化（neurofibrillary tangle）が粗であっ

たため，それまでは淡蒼球黒質ルイ体萎縮症

（pallidonigroluysian atrophy; PNLA）に分類されていた。

しかし，その後の免疫組織化学解析にて，ニューロンお

よびグリアに PSPの典型的な病理所見が確認された。

PSP-異常タウ蛋白蓄積のある患者において，血管性疾患，

PD，あるいはアルツハイマー病の合併を示唆する病理学

的特徴は認められなかった。これらの症例でみられる病

理学的変化の分布は，古典的 PSPとしては非定型的であ

り，橋底部および歯状核の病変は比較的少なかった

（Figure 1）28。十分な病理検体を利用できた患者 3例では，

最も軽度を 1，最も重度を 12として PSP-異常タウ蛋白

蓄積を評価した場合 20，同スコアの中央値は3であった〔症

例 1：罹病期間 13年，スコア 3，症例 2：罹病期間 16年，

スコア 2，症例 3：罹病期間 12年，スコア 6（追加資料

参照※）〕。Steel-Richardson-Olszewski disease（RD, 進行性

核上性麻痺の別名）の PSP-異常タウ蛋白蓄積スコアの中

央値は 5であり，進行性核上性麻痺によるパーキンソン

症候群（progressive supranuclear palsy-parkinsonism; 

PSP-P）の同スコアは 3であることがすでに報告されてい

る 20。レビー小体に病理変化のある患者では，内側側頭

葉に Braak and Braak stage IIに相当する加齢関連の神経

原線維変化も認められた。また，この患者では，橋底部，

STN，線条体，視床，黒質のニューロンとグリアの一部に，

AT8および RD4染色陽性，RD3染色陰性のタウ封入体

がみられたが，PSPと診断するには数が不十分であった。

臨床所見
PAGFに分類された患者の平均発症年齢は 61歳（範囲：

44～ 78歳），平均罹病期間は 13年（範囲：5～ 21年）

であった。これらの患者の自然史と臨床的特徴の漸進的

変化について Figure 2に概略を示した。小字症，発声不

全または歩行緩慢といった特徴は全例にみられた。記録

によると，すくみ足は緩徐に発症し，非特異的な歩行障

害や小刻み歩行（short steppage）に続いて発現すること

が多かった。背部痛と項部固縮も初期の特徴として報告

されている。大部分の患者で罹病期間の後半に車椅子が

必要となり，発症から平均 9年後に眼球運動異常が出現

していた。

PSPと病理診断された PAGF症例 6例のうち，3例の

of associated Lewy body pathology in the brainstem was
assessed using �-synuclein immunohistochemistry.

RESULTS

Pathological Findings

Seven cases (5 men), fulfilled proposed clinical crite-
ria for PAGF. The primary pathological diagnosis was
PSP in six and Lewy body pathology in the other. One
patient with a pathological diagnosis of PSP had previ-
ously been classified pallidonigroluysian atrophy
(PNLA) because of sparse neurofibrillary tangles on rou-
tine silver staining, but subsequent immunohistochemi-
cal analysis revealed typical PSP neuronal and glial
pathology. In the patients with PSP-tau pathology, there
were no additional pathological features suggestive of
coexistent vascular disease, PD, or Alzheimer’s disease.
The distribution of pathology in these cases was atypical
for classic PSP, with relative sparing of the pontine base
and dentate nucleus (illustrated in Fig. 1).28 In the three
cases with sufficient pathological material, the median
PSP-tau score was 3 (case 1 disease duration 13 years,
PSP-tau score 3; case 2 disease duration 16 years, PSP-
tau score 2; case 3 disease duration 12 years, PSP-tau
score 6 [supplemental material]), where 1 is least severe
and 12 is most severe.20 The median PSP-tau score in RD
has previously been shown to be 5, and in PSP-P it was
3.20 In the patient with Lewy body pathology, there were
coexistent age-related tangles in the medial temporal
lobe structures, corresponding to Braak and Braak stage
II. There were also occasional neuronal and glial tau
inclusions in the pontine base, STN, striatum, thalamus,
and substantia nigra, but insufficient in number to diag-
nose PSP, which stained positive with AT8 and RD4 but
not RD3.

Clinical Findings

The mean age at disease onset for patients classified
PAGF was 61 years (range 44–78) and mean disease
duration was 13 years (range 5–21). A sketch of the
natural history and evolution of clinical features in these
patients is summarized in Fig. 2. In all cases, patients
presented with features of micrographia, hypophonia, or
slowness of gait. Gait freezing was recorded as gradual
in onset, often following nonspecific gait disturbance and
short steppage. Back pain and nuchal rigidity were also
reported as early features. Most patients were wheelchair
dependent in the second half of their disease, and eye
movement abnormalities occurred after a mean of 9
years after disease onset.

Of the six PAGF cases with a pathological diagnosis
of PSP, three had been clinically diagnosed as PSP, a
mean of 11 years after disease onset, and three had an in
correct final clinical diagnosis of PD. Five of the cases
had been classified as PSP-P in our previous report, using
clinical features identified by factor analysis.19 In the
patient without PSP pathology a preceding head injury
and alcohol dependence may have influenced the clinical
syndrome that included late dementia (see supplemental
material).

In these patients, the clinical descriptions of walking
difficulties varied, and could not be clearly distinguished
from the gait disorder classically associated with “lower
half Parkinsonism.”32 However, other patients in the
QSBB who presented with gait disturbance or had freez-
ing later in their disease differed from PAGF by the
presence of exclusion criteria. Four patients with isolated
vascular disease presented with slowing of gait together
with bradykinesia and nine others developed shuffling
gait within the first 2 years of disease, but coexistent

FIG. 1. Microphotographic illustrations of differences in �-load be-
tween case 2, a patient with PSP-PAGF (A, C, E) and a patient with RS
of 7 years duration (B, D, F). (A and B) subthalamic nucleus, (C and
D) posterior frontal cortex, (E and F) cerebellar dentate nucleus tau
immunohistochemistry (AT8 antibody). Bar on A represents 30 �m on
all panels.

FIG. 2. Natural history of PSP-PAGF, summarized clinical features
from six patients showing mean time from disease onset (expressed as
percentage of total disease duration, x) to onset of clinical feature (y).
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of associated Lewy body pathology in the brainstem was
assessed using �-synuclein immunohistochemistry.

RESULTS

Pathological Findings

Seven cases (5 men), fulfilled proposed clinical crite-
ria for PAGF. The primary pathological diagnosis was
PSP in six and Lewy body pathology in the other. One
patient with a pathological diagnosis of PSP had previ-
ously been classified pallidonigroluysian atrophy
(PNLA) because of sparse neurofibrillary tangles on rou-
tine silver staining, but subsequent immunohistochemi-
cal analysis revealed typical PSP neuronal and glial
pathology. In the patients with PSP-tau pathology, there
were no additional pathological features suggestive of
coexistent vascular disease, PD, or Alzheimer’s disease.
The distribution of pathology in these cases was atypical
for classic PSP, with relative sparing of the pontine base
and dentate nucleus (illustrated in Fig. 1).28 In the three
cases with sufficient pathological material, the median
PSP-tau score was 3 (case 1 disease duration 13 years,
PSP-tau score 3; case 2 disease duration 16 years, PSP-
tau score 2; case 3 disease duration 12 years, PSP-tau
score 6 [supplemental material]), where 1 is least severe
and 12 is most severe.20 The median PSP-tau score in RD
has previously been shown to be 5, and in PSP-P it was
3.20 In the patient with Lewy body pathology, there were
coexistent age-related tangles in the medial temporal
lobe structures, corresponding to Braak and Braak stage
II. There were also occasional neuronal and glial tau
inclusions in the pontine base, STN, striatum, thalamus,
and substantia nigra, but insufficient in number to diag-
nose PSP, which stained positive with AT8 and RD4 but
not RD3.

Clinical Findings

The mean age at disease onset for patients classified
PAGF was 61 years (range 44–78) and mean disease
duration was 13 years (range 5–21). A sketch of the
natural history and evolution of clinical features in these
patients is summarized in Fig. 2. In all cases, patients
presented with features of micrographia, hypophonia, or
slowness of gait. Gait freezing was recorded as gradual
in onset, often following nonspecific gait disturbance and
short steppage. Back pain and nuchal rigidity were also
reported as early features. Most patients were wheelchair
dependent in the second half of their disease, and eye
movement abnormalities occurred after a mean of 9
years after disease onset.

Of the six PAGF cases with a pathological diagnosis
of PSP, three had been clinically diagnosed as PSP, a
mean of 11 years after disease onset, and three had an in
correct final clinical diagnosis of PD. Five of the cases
had been classified as PSP-P in our previous report, using
clinical features identified by factor analysis.19 In the
patient without PSP pathology a preceding head injury
and alcohol dependence may have influenced the clinical
syndrome that included late dementia (see supplemental
material).

In these patients, the clinical descriptions of walking
difficulties varied, and could not be clearly distinguished
from the gait disorder classically associated with “lower
half Parkinsonism.”32 However, other patients in the
QSBB who presented with gait disturbance or had freez-
ing later in their disease differed from PAGF by the
presence of exclusion criteria. Four patients with isolated
vascular disease presented with slowing of gait together
with bradykinesia and nine others developed shuffling
gait within the first 2 years of disease, but coexistent

FIG. 1. Microphotographic illustrations of differences in �-load be-
tween case 2, a patient with PSP-PAGF (A, C, E) and a patient with RS
of 7 years duration (B, D, F). (A and B) subthalamic nucleus, (C and
D) posterior frontal cortex, (E and F) cerebellar dentate nucleus tau
immunohistochemistry (AT8 antibody). Bar on A represents 30 �m on
all panels.

FIG. 2. Natural history of PSP-PAGF, summarized clinical features
from six patients showing mean time from disease onset (expressed as
percentage of total disease duration, x) to onset of clinical feature (y).

PURE AKINESIA WITH GAIT FREEZING 2237

Movement Disorders, Vol. 22, No. 15, 2007

カラー原図をモノクロで掲載しております。



5

D.R. Williams et al.

臨床診断は PSPであったが（発症後平均 11年の時点），

3例の最終的な臨床診断は PDであった。これらの症例

のうち 5例は，因子分析で特定された臨床的特徴から，

我々の既報告 19では PSP-Pに分類された。PSPの病理所

見がない患者では，先行する頭部外傷やアルコール依存

症が，晩発性認知症などの臨床症候群の発症を促進した

可能性がある（追加資料参照）。

今回対象とした患者では，歩行困難に関する臨床的な

記載にばらつきがあり，従来の「下半身パーキンソン症

候群（lower half Parkinsonism）」に伴う歩行障害 32と明確

に区別することはできなかった。しかし，罹病期間の後

半に歩行障害やすくみ現象が認められたその他の QSBB

登録患者は，本研究の除外基準に合致したため，PAGF

から除外された。孤発性血管病変がみられた 4例では動

作緩慢とともに歩行緩慢が認められ，別の 9例では発症

後 2年以内に引きずり歩行（shuffling gait）が発生したが，

振戦，固縮，認知症あるいは急性脳卒中の病歴も認めら

れたため，これらの患者は PAGF患者群から除外された。

さらに，血管病変とレビー小体の病理変化がともに認め

られた患者 10例では歩行緩慢とすくみ現象がみられた

が，振戦，固縮および L —ドパ製剤の効果が認められたた

めに除外されている。歩行障害を示し，孤発性レビー小

体病がみられた患者では，1例を除いた全例で振戦，固縮，

認知機能障害，または L —ドパ製剤への反応（歩行改善な

ど）が認められたため，PAGFとは分類されなかった。

Table 2に，病理学的に診断されるPDや血管性下半身パー

キンソン症候群による歩行開始障害およびすくみ現象が

みられる患者と PAGF患者とを鑑別するための，臨床的

特徴の違いを要約する。

症例報告
症例1－病理診断：PSP

68歳女性。腰痛ならびに不安定感を伴う進行性歩行困

難がみられ，近医を受診した。腰痛と臀部痛の急性増悪

がみられ，3年後に変性腰椎椎間板疾患と診断された。

歩行障害は増悪し，翌年には歩行開始が著しく困難になっ

たが，歩行をいったん開始するとスムーズに歩くことが

できた。筋緊張の亢進は認められず，振戦もなかった。

認知機能および眼球運動は正常であった。発症の 4年後

に L —ドパが投与され，持続的ではないが軽度の改善が得

られた。しかし，その翌年までには，1日用量 1,500 mg

の L —ドパ／カルビドパにも反応しなくなり，発語も弱く

なった。歩行障害の発現から 5年後，精神活動も緩慢と

なり，歩行杖による支持が必要となった。検査では，上

下方向への衝動性眼球運動の緩徐化が認められたが，核

上性注視麻痺はみられなかった。しかし，その後の 2年

間で眼球運動の範囲は徐々に小さくなり，嚥下困難も発

現した。歩行は非常に不安定となり，2人の介助者がい

なければ歩行できなくなった。せん妄や幻視はなく，記

憶機能も正常であった。79歳時の再検査では，眼瞼痙攣

と左右・上下方向の注視制限が認められた。前頭葉徴候

（frontal lobe release sign）や，錐体路徴候，小脳徴候はみ

られなかった。2年後の死亡時には，患者は養護施設に

入所しており，ほとんどの日常生活動作に介護を要して

いた。

症例2－病理診断：PSP

44歳女性。特に夜間に発現する大腿部痛が 9ヵ月間持

続した後，整形外科医に紹介された。その後の 2年間に，

顔面の無感覚ならびに腕振り低下を伴う歩行緩慢が発現

した。検査では著明な頸部固縮が認められたが，四肢の

FIG. 2. Natural history of PSP-PAGF, summarized clinical features
from six patients showing mean time from disease onset (expressed as
percentage of total disease duration, x) to onset of clinical feature (y).
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tremor, rigidity, dementia, or a history of an acute stroke
excluded these patients from inclusion in the PAGF
group. Ten further patients with combined vascular and
Lewy body pathology, presented with slowing of gait
and freezing but were excluded because of tremor, rigid-
ity and response to L-dopa medications. All but one
patient with isolated Lewy body disease who presented
with gait disturbance were not classified as PAGF be-
cause of coexistent tremor, rigidity, cognitive dysfunc-
tion, or response to L-dopa medications, including im-
provement of gait. Table 2 summarizes the clinical
differences distinguishing the patients classified as
PAGF from those with gait ignition failure and freezing
associated with pathological PD and vascular-related
lower half Parkinsonism.

Illustrative Case Histories

Case 1—Pathological Diagnosis: PSP

This 68-year-old woman presented to her local doctor
with low back pain and progressive difficulties walking
because of feelings of unsteadiness. Degenerative lumbar
disc disease was diagnosed 3 years later, after she expe-
rienced an acute exacerbation of lumbar and buttock
pain. Her gait disturbance deteriorated, and the following
year, she was found to have marked difficulty initiating
walking, but she was able to walk fluently once she had
got started. Her tone was not increased and there was no
tremor. Cognition and eye movements were normal.
There was a mild, unsustained improvement when L-
dopa was tried 4 years after disease onset. However, by
the following year, there was no response to a daily dose
of 1500 mg of L-dopa/carbidopa, and she had a quiet
speech. After 5 years of gait disturbance she slowed up
mentally and required a walking stick for support. Ex-
amination revealed a slowing of vertical saccadic eye
movements but no supranuclear gaze palsy. Over the
next 2 years, however, there was gradual deterioration in
the range of her eye movements, and she developed

swallowing difficulties. Her gait became so unsteady that
she was unable to walk without two people supporting
her. There was neither delirium nor visual hallucinations
and her memory was normal. When reexamined at 79
years of age, she had blepharospasm and gaze limitation
in the horizontal and vertical planes. There were no
frontal lobe release, pyramidal, or cerebellar signs. When
she died 2 years later, she was resident in a nursing home
and was dependent on others for most activities of daily
living.

Case 2—Pathological Diagnosis: PSP

A 44-year-old woman was referred to an orthopedic
surgeon following a 9 month history of thigh aching,
particularly at night. Over the next 2 years she developed
facial impassivity and slowness of gait with decreased
arm swing. Examination revealed marked neck rigidity
but normal tone in the limbs and there was no rest
tremor. Anticholinergic medications were ineffective. In
the following year, she developed some dystonic postur-
ing of the left foot on and after walking. L-Dopa/carbi-
dopa 220 mg was started without improvement. She
became increasingly unsteady, and she developed a spe-
cific difficulty in initiating walking, but was able to walk
with normal stride length once started. By the time she
was 50, she was falling frequently, and experienced gait
freezing when walking through doorways. Amantadine
200 mg daily had no effect. The following year, she
developed hypophonia, hypomimia, and micrographia
but no other signs of Parkinsonism in the arms. She
continued to fall frequently and 11 years after disease
onset she was confined to a wheelchair when venturing
out of doors and used a single point stick indoors. Her
cognition was unaffected, and apart from handwriting
difficulties upper limb function was normal. She devel-
oped pyramidal signs and by 57 years of age had bleph-
arospasm and some restriction of her vertical gaze. Oc-
ular motility deteriorated over the next 2 years until
voluntary eye movements became impossible. Finally,
she developed laryngeal dystonia, stridor, and dysphagia
and died suddenly from presumed respiratory failure at
the age of 60.

DISCUSSION

In agreement with previous observations, we have
found that pure akinesia is an uncommon presentation of
PSP that can be distinguished clinically from RD and
PSP-P. We have been able to demonstrate that diagnostic
criteria for PAGF, applied retrospectively, are able to
reliably predict underlying PSP-tau pathology rather than
vascular or Lewy body pathology that are often confused
with PSP in this context. Furthermore, the underlying

TABLE 2. Additional supportive features for distinguishing
PAGF from PD and VP

PAGF Fast micrographia
Rapid hypophonia

PD Associated rigidity
Rest tremor
Response to levodopa
Visual hallucinations

VP Leg rigidity
Tremor
Early cognitive dysfunction
Pyramidal signs
History of acute stroke
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すくみ足（gait freezing）を伴う純粋無動症

筋緊張は正常であり，安静時振戦も認められなかった。

抗コリン薬は無効であった。翌年，歩行時および歩行後

に左足のジストニア姿勢が認められるようになった。L —

ドパ／カルビドパ 220 mgを投与開始したが，改善しな

かった。患者は次第に不安定となり，特に歩行開始が困

難であったが，いったん歩き出すと正常の歩幅で歩行で

きた。50歳時には，患者はしばしば転倒するようになり，

戸口を通過する際にはすくみ足がみられた。アマンタジ

ン 1日 200 mg投与は無効であった。その翌年には発声

不全，表情減少，小字症が認められたが，両上肢には他

のいかなるパーキンソン症候群の症状も認められなかっ

た。患者は依然として転倒することが多く，発症から 11

年後には，外出時の車椅子使用を余儀なくされ，屋内で

は一点支持杖を使用するようになった。認知機能に問題

はなく，書字困難を除けば上肢機能は正常であった。錐

体路徴候が発現し，57歳までに眼瞼痙攣と上下方向の注

視に一部制限が認められるようになった。その後の 2年

間で眼球運動は増悪し，随意眼球運動が不可能となった。

最後には喉頭ジストニア，喘鳴，嚥下障害が発現して 60

歳で突然死したが，呼吸不全によると推定される。

	考　察

従来の観察結果と同様に，本研究においても純粋無動

症は PSPの稀な病態であり，RDおよび PSP-Pとの識別

は臨床的に可能であった。PAGFの診断基準を後向きに

適用した場合，このような状況下で PSPと混同されやす

い血管病変またはレビー小体の病理変化を除外して，疾

患の基礎にある PSP-異常タウ蛋白蓄積を高い信頼度で

予測することが可能である。さらに，PAGFの基礎にある

異常タウ蛋白蓄積は，典型的な RDよりも一貫して軽度

であり，他の PSP臨床型との識別がきわめて重要である

と考えられる。PAGF患者コホートに共通する臨床的特

徴として特筆すべきは，歩行開始困難，すくみ足へと緩

やかに進行する歩行不安定，歩行緩慢であり，書字困難

や発語困難も合併していた。本研究では，患者 749例か

らなる脳バンクコホートを検討した結果，Imai1による最

初の報告以降，他の研究者により報告された小規模症例

集積研究と同様の臨床病歴をもつ 7例が特定された。最

近の多くの報告では，同様の症例が歩行開始障害あるい

は原発性進行性すくみ足として紹介されている 6,11,12,15,33。

ここでは，本症候群に顕著な臨床的特徴を包括的にまと

める統一用語として「PAGF」を提唱したい。

今回特定した 7例中 6例において，PAGFの発症原因

は PSP-異常タウ蛋白蓄積のみであったと考えられる。い

ずれの症例でも，血管性あるいはアルツハイマー型神経

原線維変化などの別の病変を示す有意な所見はみられな

かった。下半身パーキンソン症候群の病因については 1

世紀以上にわたり血管病変との関連が指摘されており 10，

同症候群はパーキンソン症候群全体の約 4％を占めてい

る。しかし，下半身パーキンソン症候群と血管病変との

臨床・病理学的な相関性は限定的で，VPの臨床診断は

不正確であることが多い 34-38。今回の研究では，基礎疾

患として血管病変を有する多くの患者において，早期の

すくみ足，小刻み歩行（marche à petits pas），小字症，発

声不全が認められた。しかし，これらの患者は，振戦，

認知症，四肢固縮の存在や，ドパミン系作動薬の持続的

な効果によって PAGFとの鑑別が可能であった。血管病

変を有する症例で，今回提案した PAGFの基準を満たし

た患者はいなかった。

脳バンク登録患者集団を対象とした本研究には確認バ

イアス（ascertainment bias）があるため 39，ここで特定し

た PAGF患者の発現率は，一般集団の PSP患者における

本サブタイプの発現率を反映していない可能性がある。

本研究は後向き研究であり，結果の解釈には制限がある

が，本コホートのデータをもとに，PSPの病理学的特徴

を伴う PAGFの自然史の概要を示すことは可能であろう

（Figure 2）。今回認められた歩行緩慢，書字変化，あるい

は比較的稀な発語変化は，高頻度にみられる早期の臨床

的特徴としてすでに報告されている 13。その他，早期の

愁訴として，歩行不安定，書字の乱れ，やや不明瞭な発

語などがみられた。疾患の進行に伴い，歩行開始障害，

すくみ現象，早口の吃音，「淡蒼球性」小字症（早書きも

みられる）を伴う発声不全が生じるが，これらが専門医

への紹介のきっかけとなることも多かった。一部の患者

では体幹の固縮と背部痛が発現し，後期には不安定膀胱

も認められた。核上性注視不全麻痺と眼瞼痙攣は一部の

症例で疾患の後期に認められた。他の報告と同様に，患

者が死亡するのは発症から 10年以上経過後であり，一部

の患者ではそれ以前に上肢の動作緩慢や嚥下障害が発現

している 4,6,7,12,13。

今回の研究で PSPと病理診断された患者では，発症後

2年以内に認知機能障害，眼球運動異常，転倒がみられ

ないことを指標とすることで，PSP-PAGFと RDとの鑑別
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が可能であった。我々の既報告では，因子分析により，

PSP-PAGF患者を PSP-Pと同じグループに分類してい 

た 19。現在我々が得ている感触では，臨床的な定義によ

り PSP-PAGFと PSP-Pとを区別することが可能であると

考えられる。ただし，PSP-Pと同じく，PSP-PAGFの罹病

期間は RDよりも長く，異常タウ蛋白蓄積の程度は RD

よりも軽いようである 19。

病巣に関する画像研究では，淡蒼球および前頭皮質と

無動症との関連が示されてきた 40-45。また，病理学的研

究では淡蒼球と黒質の異常が一貫して認められており，

ほとんどの症例では視床下核にも病変が認められてい 

る 15,17,18,46-48。さらに多くの二次性純粋無動症患者では，

その原因として淡蒼球の構造変化が指摘されている 49,50。

RDと比較すると，PSP-PAGF患者の異常タウ蛋白蓄積は

軽度であるが，罹病期間は明らかに長い 19。別のある研

究によると，PAGFでは，典型的な PSPに比べ，歯状核

と橋核が比較的正常に保たれていることが報告されてい

る 51。PSP-PAGF症例で PSP-異常タウ蛋白蓄積の分布が

限定的となる病因的機序は不明であるが，PAGFや PSP-P

といった臨床型により層別化することで，保護的ないし

疾患修飾的な作用因子を特定できる可能性が高まると考

えられる。

今回提案したPAGFの基準では Imaiの主張を取り入れ，

四肢固縮と安静時振戦がみられないことを診断の要件と

し，また，L —ドパが実質的かつ持続的に有効であれば本

症候群は除外されるという点を強調しているが，後者に

ついては他の研究者も報告している 1,9,11,13,52。本症候群に

よって PSP-異常タウ蛋白蓄積が予測される陽性適中度

は，早期のすくみ足あるいは歩行開始障害の有無に関わ

らず，上記の絶対的除外基準を追加することで改善され

るであろう 8,9,13。二次性純粋無動症の原因としては他に

も稀な疾患が多数報告されており，PSP患者での変化が

知られている脳領域が関与する。尾状核，淡蒼球および

視床の肉腫 50，両側淡蒼球を冒す原発性中枢神経系リン

パ 腫 49，褐 色 細 胞 腫 53，遺 伝 的 に 証 明 され た

Hallervorden-Spatz症候群 54では，PAGFと類似する症状

が報告されているが，これらの症例では，疾患進行速度

および画像上の特徴から PSP-異常タウ蛋白蓄積は除外さ

れると考えられる。

今回の所見は，PAGFと PSPとの関連を指摘するこれ

までの研究結果を支持するものである。本症候群の患者

の基礎には PSP-異常タウ蛋白蓄積がある可能性がきわめ

て高いが，蓄積程度は比較的軽い。PSP-異常タウ蛋白蓄

積に関する高い特異性を考えれば，RD，PSP-P，大脳皮

質基底核症候群と並び，PAGFも 4リピートタウオパチー

（4-repeat tauopathy）を示唆する独立した臨床症候群とみ

なす必要がある。これらの臨床疾患群の間では PSP-異常

タウ蛋白蓄積の程度と分布が異なることから，病因病理

学的機序が異なる可能性がある。これらの関連性をさら

に検討するためには，今回提案した絶対的除外基準を取

り入れた診断基準を用いて前向き研究を実施する必要が

ある。
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PSP-tau pathology. Given the high specificity for PSP-
tau pathology, PAGF should be considered as a distinc-
tive clinical syndrome suggestive of a primary, 4-repeat
tauopathy along with RD, PSP-P, and corticobasal syn-
drome. The differences in the severity and distribution of
PSP-tau pathology between these clinical groups raise
the possibility of different etiopathogenetic mechanisms
affecting these patients. To further examine these rela-
tionships, prospective studies using the proposed diag-
nostic criteria, including the absolute exclusion criteria,
are needed.
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PSP-tau pathology. Given the high specificity for PSP-
tau pathology, PAGF should be considered as a distinc-
tive clinical syndrome suggestive of a primary, 4-repeat
tauopathy along with RD, PSP-P, and corticobasal syn-
drome. The differences in the severity and distribution of
PSP-tau pathology between these clinical groups raise
the possibility of different etiopathogenetic mechanisms
affecting these patients. To further examine these rela-
tionships, prospective studies using the proposed diag-
nostic criteria, including the absolute exclusion criteria,
are needed.
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パーキンソン症候群を主体とする多系統萎縮症（multiple 

system atrophy predominantly presenting with 

Parkinsonism; MSA-P）において，被殻と尾状核が局

所解剖学的および区域化された領域としてどのように関

与するかについては，未だ十分に解明されていない。本

研究では，カルビンジン（calbindin; CALB）とカルシ

ニューリン（calcineurin; CaN）を線条体の中型有棘

ニューロンの神経化学的マーカーとして用いて，免疫組

織化学的検討を行った。MSA-Pで最も顕著な病変がみ

られる尾側・背外側被殻では，CALB陽性の中型有棘

ニューロンは著しく減少していたが，CaN陽性ニュー

ロンはモザイク状パターンを示しながら比較的保たれて

いた。MSAで比較的病変が少ない背側尾状核では，残

存するCALB陽性ニューロンに区域化された分布が認

められ，その分布はメチオニン（Met）-エンケファリ

ン免疫染色で示されるストリオソーム領域と一致してい

た。今回の結果から，MSA-Pでは，神経変性に対する

線条体の中型有棘ニューロンの感受性にコンパートメン

トによる差があることが示唆された。

多系統萎縮症（multiple system atrophy; MSA）は，成

人の脳にみられる散発性かつ進行性の神経変性疾患であ

る（Reference 1を参照）。MSAでパーキンソン症候群を

主体とする症状がみられる場合は，通常，パーキンソン

型多系統萎縮症（multiple system atrophy of Parkinsonian 

type; MSA-P）または線条体黒質変性症と分類される 2,3。

MSA-Pに伴うパーキンソン症候群は，進行性の無動およ

び筋固縮，ならびにレボドパ（L —ドパ）療法への低反応

性を特徴とする 1,2。パーキンソン症候群患者の 3～ 7％

はMSAである 4。MSA-P患者の大脳基底核には，顕著

な神経病理学的所見として，線条体ニューロンと黒質ド

パミン作動性ニューロンに進行性の変性がみられる 1,5-8。

主要な病理所見として，α -シヌクレインを含む希突起

膠細胞（oligodendroglia）の細胞質封入体 9-11と線条体の

神経変性がみられるが，後者の発現機序は依然として不

明である。

ヒトの新線条体は，マトリックスとストリオソームとい

う相補的かつ機能の異なる 2つのコンパートメントに分

けられるが 12,13，両者は神経伝達物質との相互作用も入出

力系も異なる。ハンチントン病（Huntington’s disease; 

HD）14-19や X染色体性ジストニア・パーキンソン症候群

（X-linked dystonia-Parkinsonism; XDP; DYT3）20などのヒ

ト遺伝性変性障害では，これらの線条体コンパートメン

トが関与して，線条体投射ニューロンの脱落に相違が生

じている可能性がある。本研究により，MSA-P患者の線

条体病変部において，マトリックス・コンパートメント

の中型有棘ニューロンには選択的脱落がみられるが，ス

トリオソームの中型有棘ニューロンは比較的保たれてい

ることが明らかになった。今回の結果から，MSA-Pにお

ける神経変性に対する脆弱性は，コンパートメントによっ
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て異なることが示唆された。

	対象および方法

剖検材料および組織の調製
臨床・病理学的にMSA-Pと診断された女性患者 5例

から，剖検時に脳組織を入手した。患者の年齢は 59～

72歳であった。神経学的に健常な被験者（対照）5例（年

齢：57～ 69歳）の剖検脳も入手して検討した。MSA-P

の神経病理学的 grade8は，いずれの患者も grade Ⅲの線

条体黒質変性症であった。ホルマリン固定脳から切り出

した多数の組織片をパラフィン包埋し，6 µm切片をヘマ

トキシリン・エオジン，Nisslおよび Klüver-Barreraの各

染色法で神経病理学的に検討した。

免疫組織化学検査
免疫組織化学検査は既報 21にしたがって実施した。簡

単に説明すると，通常法による脱パラフィン，再水和，

内因性ペルオキシダーゼ活性ブロックを行ったのち，す

べての切片に対してマイクロ波による抗原回復処理を

行った。スライドガラス上の切片を 0.01 Mのクエン酸ナ

トリウム緩衝液（pH 6.0）に浸漬し，700 Wの電子レンジ

により最大出力で 15分間処理した 22。一次抗体は，アフィ

ニティ精製したウサギ抗カルシニューリン（calcineurin; 

CaN）ポリクローナル抗体（以前に性質が特定され，他

の研究でも使用されている 5,6,20），ウサギ抗カルビンジン

（calbindin; CALB）ポリクローナル抗体（Chemicon, 

Temecula, CA），ウサギ抗メチオニン（Met）-エンケファ

リン（MEnk）ポリクローナル抗体（Chemicon）を用いた。

切片は 3％ウシ血清アルブミンを含むリン酸緩衝食塩水

（pH 7.2）中で 1時間固定したのち，一次抗体を含む 3％

ウシ血清アルブミン－リン酸緩衝食塩水中で室温にて 1

晩培養した。結合抗体の可視化には Elite ABC Kit（Vector, 

Burlingame, CA）を用い，ジアミノベンジジンで発色した。

デジタル画像，形態計測および統計解析
切片は Olympus BX51顕微鏡（Olympus, Tokyo, Japan）

で観察し，MetaMorphソフトウェア（Molecular Devices, 

Tokyo, Japan）を用いてデジタル画像を得た。これらの画

像を Adobe Photoshop Elements 2.0に取り込み，明るさ，

コントラスト，鮮明度を調整してデジタル処理した。被

殻 1 mm× 1 mm視野内の CALB陽性細胞（CALB+細胞）

数と CaN陽性細胞（CaN+細胞）数を計測・算定して，

細胞密度を決定した。MSA-P患者 5例，健常対照被験者

5例から無作為に 20視野を選択して検討した。統計解析

には両側 Student t検定を使用し，p値 0.05未満を統計学

的有意とした。

	結　果

正常な線条体では，CALBを免疫染色するとモザイク

状パターンがみられ，ストリオソームの染まりは弱く，ス

トリオソーム外のマトリックス・コンパートメントは強く

染色された 23,24。また，CaNはヒト剖検材料のストリオソー

ムおよびマトリックス・コンパートメントの中型有棘

ニューロンに関するマーカーであるが 6,16,20，CaNに対す

る免疫反応は健常対照被験者では線条体全体に均一に分

布していた（Figure 1B）。

MSA-P患者の被殻病変は主に尾側・背外側領域に存

在し 1,6,8，CALB（Figure 1C）および CaN（Figure 1D）に

対する免疫反応は著明に低かった。興味深いことに，

CALBとCaNに対する免疫反応性には領域内の分布に差

がみられた。連続切片を解析したところ，CALB免疫反

応性を欠く被殻病変部（Figure 2A）には，残存する CaN

標識にモザイク状パターンがみられ（Figure 2B），CaN

が少ない領域（CaN-poor-zone; CaN-PZ）が CaNに富む

領域（CaN-rich-zone; CaN-RZ）の周囲を取り囲んでいた。

鏡検の結果，被殻病変部では CALB+ニューロンが大きく

減少しており（Figure 2C），CaN-RZは多くの CaN+ニュー

ロンを含むのに対し（Figure 2D），CaN-PZはほとんど

CaN+ニューロンを含まないことが確認された（Figure 

2E）。形態計測による解析（Figure 3参照）では，対照試

料（n＝ 20）の背外側被殻では CALB+細胞が 228± 45

個 /mm2存在していたが，MSA-P患者の試料では 7± 5

個 /mm2であった（p＜ 0.001）。また，対照被験者の背外

側被殻では CaN+細胞は 251± 36個 /mm2であったが（n

＝ 20），MSA-P患者の CaN-RZおよび CaN-PZではそれ

ぞれ 182± 36個 /mm2（n＝ 20，p＜ 0.001）および 9±

7個 /mm2（n＝ 20，p＜ 0.001）であった。

MSA-Pで比較的病変が少ない背側尾状核 1,6,8では，

CALBに対する免疫反応性が著明に低かった（Figure 4A

および 1C）。興味深いことに，残存する CALB標識はモ

ザイク状のパターンで区域化された分布を示し，CALB

免疫反応性の低い領域に CALB+細胞 patchが散在してい
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た（Figure 4Aおよび 1C）。CALB+細胞 patchには相当数

の CALB+細胞が含まれていたが（Figure 4B），CALBの

免疫反応性が低い領域ではこれらの細胞が脱落していた

（Figure 4C）。これに対して，CaN標識では少数の CaN+

細胞 patchが観察された程度で（Figure 4D），CaN+ニュー

ロンはほぼ均一に分布する傾向が認められた（Figure 3）。

CALB+細胞 patchが，ストリオソームまたはマトリック

スのいずれのコンパートメントに由来するかを確かめる

ため，ヒト剖検材料中ストリオソームの優れた標識マー

カーであるMEnk25に対する抗体を用いて免疫染色を行っ

た。隣接する複数の切片（Figure 4G-J）を解析した結果，

CALB+細胞 patchの分布はMEnk+細胞 patchの分布とほ

ぼ完全に一致していた。これらの所見から，ストリオソー

ム内の CALB陽性の中型有棘ニューロンはモザイク状パ

ターンを示しながら比較的保たれていたのに対し，マト

リックス・コンパートメント内ではこれらのニューロンが

大きく減少していたことが明らかになった。

	考　察

本研究で，我々はMSA-P患者の新線条体病変には局

所解剖学的かつ区域化された特有のパターンがあること

DISCUSSION

In this study, we found specific topographic and com-
partmental patterns of involvement of the neostriatum in
MSA-P patients, which leads to a hypothesis of temporal
sequence for the progression of the striatal pathology
(see Fig. 5). During the early stage, CALB� neurons in
the matrix compartment degenerate although CaN� neu-
rons are relatively spared. Subsequently, CaN� neurons
in the matrix compartment are lost; sparing of striosomes
results in a mosaic pattern. At the advanced stage, further

extensive involvement results in severe neuronal loss in
both the matrix compartment and the striosomes.

The cell type-specific loss of striatal neurons has
been documented following acute metabolic insult
(e.g., ischemia/hypoxia)26-28 and in slowly progressive
neurodegenerative disorders such as HD14,27 and
XDP.20 In the latter diseases, the preferential loss of
medium spiny neurons with relative sparing of cho-
linergic interneurons has been reported.14,20,29 We rep-
licated this cell type-specific loss of putaminal neurons

FIG. 1. The striatum stained for CALB and CaN.
CALB immunostaining of the striatum from a healthy
control (A) and an MSA-P patient (C). The asterisk
indicates an example of the striosome. CaN-staining of
the striatum from a healthy control (B) and an MSA-P
patient (D). Putaminal- and caudate nucleus lesions in
an MSA-P patient are surrounded by solid- and dotted
squares, respectively. Put, putamen; CN, caudate nu-
cleus; D, dorsal; M, medial; V, ventral; L, lateral. Scale
bar (A–D) � 5 mm.
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を見出し，線条体病変の進行には時間的な一連の流れが

あるとの仮説を立てるに至った（Figure 5参照）。すなわち，

早期には，マトリックス・コンパートメントの CALB+

ニューロンが変性するものの，CaN+ニューロンは比較的

保たれている。その後，マトリックス・コンパートメント

の CaN+ニューロンは脱落するが，ストリオソームはまだ

保たれているため，モザイク状のパターンが認められる。

進行期には病変がさらに拡大し，マトリックス・コンパー

トメントとストリオソームの両者で高度のニューロン脱

落が生じる。

細胞型に特異的な線条体ニューロンの脱落は，急性代

also in MSA-P.21 The early and relatively selective
loss of enkephalin-containing striatopallidal medium
spiny neurons, i.e., the indirect pathway neurons,30 has
been suggested to cause hyperkinesias such as chorea
in HD.31 Our findings show that in both the putamen
and caudate nucleus of MSA-P patients, the loss of
CALB� neurons preceded that of CaN� neurons. This
indicates that in MSA-P, medium spiny neurons exhibit
different levels of vulnerability to neurodegeneration, as
shown in HD. However, it is unlikely that in MSA-P there

FIG. 2. Immunostaining of the putaminal lesion in MSA-P. (A, B)
Serial section analysis on CALB-(A) and CaN-staining (B) of a portion
of the putaminal lesion shown in Figures 1C and D, respectively.
CALB staining is severely depleted (A) but CaN-staining is relatively
spared showing a mosaic pattern produced by CaN-rich zones sur-
rounded by CaN-poor zones (B). The asterisk indicates an example of
the corresponding area. (C–E) Microscopic findings on the putaminal
lesion. (C) CALB-staining. The inset in C is a high-power image of
residual CALB� neurons. (D, E) CaN-staining. The CaN-rich-(D) and
CaN-poor (E) zones are shown. The inset in E is a high-power image
of residual CaN� neurons. V, vessel. Scale bar (A, B) � 500 �m: Scale
bar (C–E) � 100 �m: Scale bar (insets in C, E) � 50 �m.
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FIG. 4. Serial-section analysis of the caudate nucleus lesion in
MSA-P. (A–C) CALB staining of the dorsal caudate nucleus. CALB
staining is compartmentally distributed, resulting in a mosaic pattern
produced by CALB� patches interspersed with poorly stained inter-
patch areas (A). There is a significant number of CALB� cells (B) in
the CALB� patches, but not in the interpatch area (C). (D–F) CaN
staining of the dorsal caudate nucleus. There are some indications of
CaN� patches (D; an example is indicated by the asterisk). However,
microscopic observation shows no apparent difference in number of
CaN� neurons between the patch (E) and the interpatch area (F). (G–J)
Correspondence between CALB� patches and MEnk� striosomes.
(G,H) The striatum stained for CALB (G) and MEnk (H). Caudate
nucleus lesions are indicated by solid squares. Note that the CALB�

patches (arrows) correspond with the striosomes visualized by MEnk-
labeling (arrows). (I, J) Corresponding patches stained for CALB (I)
and MEnk (J) are indicated by arrows. Scale bar (A, D) � 1 mm: Scale
bar (B, C, E, F) � 100 �m: Scale bar (G, H) � 5 mm: Scale bar (I, J) �
400 �m.
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in HD.31 Our findings show that in both the putamen
and caudate nucleus of MSA-P patients, the loss of
CALB� neurons preceded that of CaN� neurons. This
indicates that in MSA-P, medium spiny neurons exhibit
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shown in HD. However, it is unlikely that in MSA-P there

FIG. 2. Immunostaining of the putaminal lesion in MSA-P. (A, B)
Serial section analysis on CALB-(A) and CaN-staining (B) of a portion
of the putaminal lesion shown in Figures 1C and D, respectively.
CALB staining is severely depleted (A) but CaN-staining is relatively
spared showing a mosaic pattern produced by CaN-rich zones sur-
rounded by CaN-poor zones (B). The asterisk indicates an example of
the corresponding area. (C–E) Microscopic findings on the putaminal
lesion. (C) CALB-staining. The inset in C is a high-power image of
residual CALB� neurons. (D, E) CaN-staining. The CaN-rich-(D) and
CaN-poor (E) zones are shown. The inset in E is a high-power image
of residual CaN� neurons. V, vessel. Scale bar (A, B) � 500 �m: Scale
bar (C–E) � 100 �m: Scale bar (insets in C, E) � 50 �m.

C
aN

+
ce

ll 
d

en
si

ty
 (

co
u

n
ts

/m
m

2 )

C
A

L
B

+
ce

ll 
d

en
si

ty
 (

co
u

n
ts

/m
m

2 )

200

100

300

0
Con MSA

300

200

100

0
Con PZRZ

MSA

FIG. 3. Cell density of CALB� and CaN� neurons in the dorsolateral
putamen. Left: When compared with the controls (Con) (open column),
CALB� neurons were severely depleted in patients with MSA-P
(MSA) (striped column). Right: When compared with the controls,
CaN� neurons were relatively spared in the CaN-rich zone (RZ)
(striped column), but were severely reduced in the CaN-poor zone (PZ)
(solid column) in MSA patients.

A

B

C

E

H

J

I

F

D

G

*

FIG. 4. Serial-section analysis of the caudate nucleus lesion in
MSA-P. (A–C) CALB staining of the dorsal caudate nucleus. CALB
staining is compartmentally distributed, resulting in a mosaic pattern
produced by CALB� patches interspersed with poorly stained inter-
patch areas (A). There is a significant number of CALB� cells (B) in
the CALB� patches, but not in the interpatch area (C). (D–F) CaN
staining of the dorsal caudate nucleus. There are some indications of
CaN� patches (D; an example is indicated by the asterisk). However,
microscopic observation shows no apparent difference in number of
CaN� neurons between the patch (E) and the interpatch area (F). (G–J)
Correspondence between CALB� patches and MEnk� striosomes.
(G,H) The striatum stained for CALB (G) and MEnk (H). Caudate
nucleus lesions are indicated by solid squares. Note that the CALB�

patches (arrows) correspond with the striosomes visualized by MEnk-
labeling (arrows). (I, J) Corresponding patches stained for CALB (I)
and MEnk (J) are indicated by arrows. Scale bar (A, D) � 1 mm: Scale
bar (B, C, E, F) � 100 �m: Scale bar (G, H) � 5 mm: Scale bar (I, J) �
400 �m.
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MSA-P. (A–C) CALB staining of the dorsal caudate nucleus. CALB
staining is compartmentally distributed, resulting in a mosaic pattern
produced by CALB� patches interspersed with poorly stained inter-
patch areas (A). There is a significant number of CALB� cells (B) in
the CALB� patches, but not in the interpatch area (C). (D–F) CaN
staining of the dorsal caudate nucleus. There are some indications of
CaN� patches (D; an example is indicated by the asterisk). However,
microscopic observation shows no apparent difference in number of
CaN� neurons between the patch (E) and the interpatch area (F). (G–J)
Correspondence between CALB� patches and MEnk� striosomes.
(G,H) The striatum stained for CALB (G) and MEnk (H). Caudate
nucleus lesions are indicated by solid squares. Note that the CALB�

patches (arrows) correspond with the striosomes visualized by MEnk-
labeling (arrows). (I, J) Corresponding patches stained for CALB (I)
and MEnk (J) are indicated by arrows. Scale bar (A, D) � 1 mm: Scale
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謝関連障害（虚血／低酸素症など）後 26-28や，HD14,27と

XDP20のように緩徐に進行する神経変性疾患において報

告されている。後者の疾患では，中型有棘ニューロンが

選択的に脱落し，コリン作動性の介在ニューロンは比較

的保たれていると報告されている 14,20,29。我々は，MSA-P

においても，被殻ニューロンの細胞型特異的な脱落が生

じることを観察している 21。エンケファリンを含む線条体

淡蒼球の中型有棘ニューロン，すなわち間接経路のニュー

ロン 30が早期かつ比較的選択性に脱落することで，HD

における舞踏病のような多動が生じることが示唆されて

いる 31。今回の知見から，MSA-P患者の被殻および尾状

核のいずれにおいても，CALB+ニューロンの脱落が

CaN+ニューロンの脱落に先行することが明らかになっ

た。このことから，MSA-Pでは，HDで示されたように，

中型有棘ニューロンの神経変性に対する脆弱性が一定で

ないことは明らかである。ただし，大部分のMSA-P患者

では，多動ではなく寡動症状（例えば，L —ドパが無効な

パーキンソン症候群）がみられるため，MSA-Pの場合，

脱落の主体が直接経路ではなく間接経路のニューロンで

ある可能性は考えにくい 1,7。

線条体を原因とする疾患のうち，コンパートメントに

よってニューロン脱落に差があることが示唆されている

ヒト遺伝性変性疾患は 2つある。すなわち，HD14-18と

XDP19である。HDでは広範な研究が行われており，スト

リオソーム・コンパートメントよりもマトリックス・コン

パートメントで顕著な病変がみられる可能性が示されて

いるが 14-17，一部の症例ではストリオソームで大規模な神

経細胞の脱落が生じていた 18,19。最近のある報告では，コ

ンパートメントによる脆弱性の差が，HD患者の各サブ

セットにおける総体的症状の違いと相関することが示唆

されている 19。以前，我々は XDP患者においてストリオ

ソームの早期かつ優先的な細胞脱落を認めており，線条

体コンパートメントとその投射における障害の不均一性

がジストニアの基礎にある可能性が示唆された 20。さら

に，動物モデルでは，脳の低酸素症／虚血にストリオソー

ムが相対的に大きく関与することが明らかにされてい 

る 32。

本研究では，MSA-P患者の背外側被殻において，

CALB+ニューロンはほぼ完全に脱落していたが，CaN+

ニューロンは比較的保たれており，区域化されたモザイ

ク状パターンが認められた。今回の観察結果より，

MSA-P患者の線条体病変部では，CALB+細胞を含むマ

トリックス・コンパートメントが選択的に脱落しても，ス

トリオソームは保たれる可能性がある。この仮説は，背

側尾状核において，マトリックス・コンパートメントで

は CALB+ニューロンが大きく減少していたが，CaN+

ニューロンは比較的保たれていたという所見で裏付けら

れる。このように，MSA-Pの線条体では，マトリックス・

コンパートメントが優先的に障害されると考えられる。L —

ドパ療法に対するパーキンソン症候群の反応性は，被殻

のニューロン脱落程度に依存すると考えられるた 

め 1,7,33，今回の知見から，臨床・病理学的には，マトリッ

クス・コンパートメントならびにマトリックスからの投射

が進行性の障害を受けた結果，「外黒質型（extranigral 

form）」パーキンソン症候群が発現する可能性が示唆され

た。

MSAの基礎にある病因的機序としては一般に，グリア

細胞質封入体を伴う希突起膠細胞（oligodendroglia）の病

理学的変化が推定されている 9,10。しかし，トランスジェ

ニックマウスにおいて，MSA様神経病変の全スペクトラ

ムを誘発するには，α -シヌクレインの過剰発現だけで

なく 3-ニトロプロピオン酸によるミトコンドリア阻害が

必要であったことが報告されており，MSAに特異的な病

理組織学的所見の成立には，ニューロンとグリアの両因

子が重要な役割を果たすことが示されている 34。今回の

知見は，MSAのニューロン病変を理解する上で新たな洞

察を可能とするものである。MSAの病因を理解するには，

線条体コンパートメントにおける中型有棘ニューロンの

脆弱性の差をコントロールする，ニューロン因子を特定

することがきわめて重要であろう。

is a predominant loss of indirect rather than direct pathway
neurons because most MSA-P patients manifest hypoki-
netic symptoms (e.g., L-dopa-unresponsive Parkinsonism)
rather than hyperkinesias.1,7

Among the striatal disorders, there are two human
heredodegenerative diseases in which a compartmental
difference in neuronal loss has been suggested, i.e.,
HD14-18 and XDP.19 Extensive research in HD indicates
that the matrix compartment may have a greater pathol-
ogy than the striosome compartments,14-17 but that in
some cases major loss of striosomes occurred.18,19 A
recent report suggests that the compartmental vulnera-
bility is correlated with different symptomatology in
subsets of HD patients.19 In patients with XDP, we
identified the early and predominant loss of striosomes,
suggesting that the disproportionate involvement of the
striatal compartments and their projections may underlie
the genesis of dystonia.20 In addition, an animal model
disclosed the relative involvement of the striosomes in
cerebral hypoxia/ischemia.32

Our study showed that in the dorsolateral putamen of
MSA-P patients, almost all CALB� neurons were lost
while CaN� neurons were relatively spared showing a
compartmentalized, mosaic-like appearance. This obser-
vation raises the possibility that in the striatal lesions of
MSA-P patients, the matrix compartment that contains
CALB� cells may be lost preferentially while striosomes
are spared. Our hypothesis is supported by the finding
that in the dorsal caudate nucleus, where CaN� neurons
were relatively spared while CALB� neurons were se-
verely depleted in the matrix compartment. Thus, in the
MSA-P striatum, the matrix compartment appears to be
predominantly involved. Clinicopathologically, our find-
ings suggest that the progressive involvement of the
matrix compartment and matrix-based projections may
result in the development of the “extranigral form” of

Parkinsonism, as the responsiveness of Parkinsonism to
L-dopa therapy is thought to depend on the severity of
neuronal loss in the putamen.1,7,33

It is generally thought that the presumptive pathogenic
mechanism underlying MSA is oligodendroglial pathol-
ogy associated with glial cytoplasmic inclusions.9,10

However, it has been reported that in transgenic mice,
not only �-synuclein overexpression but also mitochon-
drial inhibition by 3-nitro-propionic acid was required
for the induction of a full spectrum of MSA-like neuro-
pathology, indicating that both neuronal and glial factors
are important for creating the MSA-specific histopathol-
ogy.34 Our findings yield new insights for an understand-
ing of the neuronal pathology of MSA, suggesting that
the identification of the neuronal factors that control the
differential vulnerability of medium spiny neurons in the
striatal compartments may be crucial in the pathogenesis
of MSA.
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disclosed the relative involvement of the striosomes in
cerebral hypoxia/ischemia.32

Our study showed that in the dorsolateral putamen of
MSA-P patients, almost all CALB� neurons were lost
while CaN� neurons were relatively spared showing a
compartmentalized, mosaic-like appearance. This obser-
vation raises the possibility that in the striatal lesions of
MSA-P patients, the matrix compartment that contains
CALB� cells may be lost preferentially while striosomes
are spared. Our hypothesis is supported by the finding
that in the dorsal caudate nucleus, where CaN� neurons
were relatively spared while CALB� neurons were se-
verely depleted in the matrix compartment. Thus, in the
MSA-P striatum, the matrix compartment appears to be
predominantly involved. Clinicopathologically, our find-
ings suggest that the progressive involvement of the
matrix compartment and matrix-based projections may
result in the development of the “extranigral form” of

Parkinsonism, as the responsiveness of Parkinsonism to
L-dopa therapy is thought to depend on the severity of
neuronal loss in the putamen.1,7,33

It is generally thought that the presumptive pathogenic
mechanism underlying MSA is oligodendroglial pathol-
ogy associated with glial cytoplasmic inclusions.9,10

However, it has been reported that in transgenic mice,
not only �-synuclein overexpression but also mitochon-
drial inhibition by 3-nitro-propionic acid was required
for the induction of a full spectrum of MSA-like neuro-
pathology, indicating that both neuronal and glial factors
are important for creating the MSA-specific histopathol-
ogy.34 Our findings yield new insights for an understand-
ing of the neuronal pathology of MSA, suggesting that
the identification of the neuronal factors that control the
differential vulnerability of medium spiny neurons in the
striatal compartments may be crucial in the pathogenesis
of MSA.
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Key Word 	 パーキンソン病，レストレスレッグス症候群，生活の質，パーキンソン病睡眠評価尺度（Parkinson’s 
Disease Sleep Scale; PDSS）

本研究の目的は，パーキンソン病（Parkinson’s 

Disease; PD）患者におけるレストレスレッグス症候群

（restless legs syndrome; RLS）の発現率を調査し，

RLSを伴う患者と伴わない患者との臨床的相違点を検

討することである。PDと診断された患者114例を対

象に横断的研究を実施した。RLSを伴う患者では，同

症候群の程度をInternational Restless Legs Syndrome 

Study Group Rating Scale （IRLS）を用いて評価した。

RLS を伴う患者と伴わない患者の臨床的特徴を	

Unified Parkinson’s Disease Rating Scale（UPDRS）

Part Ⅰ～ⅠⅤ，および生活の質はParkinson’s Disease 
Questionnaire （PDQ-39），睡眠関連症状はパーキンソ

ン病睡眠評価尺度（Parkinson’s Disease Sleep Scale; 

PDSS），日中過眠はEpworth Sleepiness Scale（ESS）

の特異的尺度を用いて比較した。PDと診断された計

114例の患者のうち，25例（21.9％）がRLSの診断

基準を満たした。RLSは女性に多くみられた（68％）。

RLSを伴う患者では，PDSS〔RLSを伴うPD患者：

102.4 ±15.1，RLS を伴わない PD患者：113.2±

16.4; p ＝0.005〕と，PDQ-39の身体不快感〔RLS

を伴うPD患者：6.1±3.4，RLSを伴わないPD患者：

3.8± 2.6; p ＝ 0.002〕のスコアが不良であった。

PDSSの各サブスケールを解析したところ，項目4（夜

間のRLSによる睡眠障害）と項目10（手足のしびれ感

や痛みによる睡眠障害）で両群間に有意差が認められ（p

＜0.001），項目5（寝床の中での落ち着かない気分）（p

＝0.01）と項目11（睡眠中の筋痙攣）（p ＝0.02）で

も程度はやや低いものの有意差が認められた。RLSを

伴う患者群では日中過眠の発現頻度が増加することは

なかった。その他の変数では両群間に差は認められな

かった。RLSはPD患者では高い頻度で認められるが，

RLSによる明らかな生活の質の低下や日中過眠の増加

は認められない。PD患者集団におけるRLSの診断基

準については，さらに妥当性を検証すべきであると考え

る。

パーキンソン病におけるレストレスレッグス症候群
Restless Legs Syndrome in Parkinson’s Disease

＊Juan C. Gómez-Esteban, MD, Juan J. Zarranz, MD, PhD, Beatriz Tijero, MD, Fernando Velasco, MD, Joseba Barcena, MD, Idoia Rouco, MD, 
Elena Lezcano, MD, PhD, María C. Lachen, MD, Amaia Jauregui, and Amaia Ugarte, MD
＊Neurology Service, Movement Disorders Unit, Hospital Cruces, Baracaldo, Vizcaya Department of Neurosciences, University of the Basque Country 
(UPV/EHU), Spain

FIG 1. Mean scores in the dimensions of the PDQ-39 between the two
groups (Parkinson’s patients with and without RLS). Significant dif-
ferences are seen in the dimension bodily discomfort (P 0.002).
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purposes of the study and verbal informed consent was
required for inclusion. Patients presenting atypical Par-
kinsonism or cognitive impairment were excluded from
the study.

The following RLS diagnostic criteria were assessed
in all the patients16: (1) Need to move the legs with or
without sensory alterations; (2) Worsening at rest or with
diminished activity; (3) Improvement with movement;
and (4) Worsening at night and in the evening (circadian
rhythm). Those patients strictly meeting the four diag-
nostic criteria were administered the International Rest-
less Legs Syndrome Study Group Rating Scale (IRLS).17

In addition, cognitive status (Unified Parkinson’s Dis-
ease Rating Scale, UPDRS I), activities of daily living
(UPDRS II), quality of life (Parkinson’s Disease Ques-
tionnaire, PDQ-39), motor condition (UPDRS III), the
complications of dopaminergic drugs (UPDRS IV), sleep
symptoms (Parkinson’s Disease Sleep Scale, PDSS) and
diurnal hypersomnia (Epworth Sleepiness Scale) were
evaluated.

The following data were recorded: age, sex, years of
disease, treatment, and dosage of dopaminergic drugs,
and family history of PD and RLS. The levodopa
equivalent dose was calculated in patients taking do-
paminergic agonists (100 mg of standard L-DOPA

equivalent to: 133 mg of controlled release L-DOPA, 5
mg of ropirinole, 1 mg of pramipexol, 1 mg of per-
golide, 1 mg of lisuride, 10 mg of bromocriptine, 1 mg
of cabergoline)18

Statistical Analysis

Calculations were made of the mean, standard devia-
tion (SD), and 95% confidence interval (95%CI) for all
the quantitative variables. In the case of the qualitative
variables, the results were expressed as proportions.
Sample normal distribution and homogeneity of variance
were established by means of the Kolmogorov–Smirnoff
and Levene tests, respectively. Parametric tests were
used for the comparison of means (Student t-test for
independent data). Bivariate correlations were estab-
lished (Pearson correlation coefficient) between the dif-
ferent scores of the relevant scales and subscales. Using
the bodily discomfort dimension of the PDQ-39 as de-
pendent variable, a stepwise linear regression model was
established with all those variables seen to exhibit a
significant correlation to the aforesaid dimension (P �
0.001).

The SPSS 13.0 statistical package for Microsoft Win-
dows (SPSS© Chicago, IL) and G-STAT 2.0 (GSK©
Madrid, Spain) were used throughout.

RESULTS

Twenty-five patients (21.9%) out of a total of 114
subjects diagnosed with PD met the RLS diagnostic
criteria. There were 17 women (68%) and 8 men (32%)
(Table 1). This distribution is similar to that found
among the patients with idiopathic RLS (Table 1). Of the
twenty-five patients believed to have RLS, only five
reported a positive family history of RLS (20%). There
were no significant differences in the age of PD patients
regardless of the presence or absence of RLS (RLS�:
69.8 � 8.8 years vs RLS�: 68.4 � 9.7 years).

Overall, an analysis was performed of the scores ob-
tained with 105 patients, since 9 were lost due to tech-
nical reasons. There were no significant differences in
the years of evolution of the disease or in the duration of
treatment with LD (Table 1). There was a tendency to
administer more LD in monotherapy to the group of
patients with RLS, though the differences were not sig-
nificant (P � 0.1). Likewise, there were no differences in
L-DOPA dosage and LD equivalent dose in the patients
receiving treatment with dopaminergic agonists (DA) in
either group. Eight patients had undergone surgery (bi-
lateral subthalamic nucleus deep brain stimulation, STN-
DBS), and none of these presented RLS.

Although there were differences in nocturnal sleep
quality between the PD patients with and without RLS
when examining the PDSS scores (PD-RLS�: 102.4 �
15.1 vs PD-RLS�: 113.2 � 16.4) (P � 0.005), there was
no increased incidence of diurnal hypersomnia in the

TABLE 1. Scores corresponding to the different scales
(figures in parentheses represent SD) in the two groups of
patients (PD patients with RLS (�) and without RLS (�))

PD RLS� PD RLS�

Age 69.8 (8.8) 68.4 (9.7)
Women/Men 17/8b 38/51b

Duration of PD (years) 7.1 (4.4) 8.9(9.6)
Treatment with LD (years) 4.7 (4.2) 5.9 (6.4)
No treatment 0.0% 6.8%
LD monotherapy 34.6% 28.4%
DA monotherapy 11.5% 11.4%
LD � DA 53.8% 53.4%
LD doses (mg) 575.2 (405.1) 437.9 (370.9)
Doses equivalent of DA (mg) 131.8 (154.2) 96.9 (122.1)
IRLS 16.1 (6.7) —
PDSS 102.4 (15.1)a 113.2 (16.4)a

EPWORTH 7.8 (4.1) 8.3 (4.3)
UPDRS I 3.6 (2.5) 2.8 (2.5)
UPDRS II 12.3 (4.6) 12.2 (6.4)
UPDRS III 22.6 (10.4) 23.7 (11.0)
UPDRS IV 5.0 (4.1) 3.6 (3.2)
PDQ-39 43.1 (18.5) 39.1 (19.9)

aP � 0.01 (t de student)
bP � 0.05 year
LD: levodopa; DA: Dopamin agonist.
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Key Word 	 心臓弁異常，カベルゴリン，ペルゴリド，パーキンソン病，メタアナリシス

麦角系ドパミンアゴニスト（ergot-derivative dopamine 

agonist；Ergot-DA）による治療を受けているパーキン

ソン病（Parkinson’s disease；PD）患者では，セロト

ニン受容体が刺激されて心臓弁膜症を発症する例のあ

ることが報告されている。本解析の目的は，最近発表さ

れた研究結果から心臓弁膜症の発生頻度を推定し，そ

の臨床的関連性を検討することである。Medlineにて，

ドパミンアゴニストまたは対照薬を投与された患者を対

象に心エコー法で心臓弁の変化を比較した横断的研究

を検索した。重度心臓弁膜症の発生頻度は，PD患者の

心臓弁の変化を検討した観察研究から推定した。Ergot-

DA 投与患者 477例，非麦角系ドパミンアゴニスト

（non-Ergot-DA）投与患者127例，対照患者364例

を含む横断的研究7件の結果を解析した。中等度～重

度の心臓弁の変化は，Ergot-DA 投与患者の26％，

non-Ergot-DA投与患者の10％，対照患者の10％に

認められた。横断的研究，観察研究のいずれにおいても，

重度心臓弁膜症の発生頻度は1％未満であった。Ergot-

DA投与患者では中等度の心臓弁の変化が高率に認めら

れたことから，これらの患者では慎重な観察が必要であ

ると考えられる。今回行ったメタアナリシスでは，重度

心臓弁膜症の発生頻度は1％未満であった。

ドパミンアゴニストによる治療を受けている 
パーキンソン病患者の心臓弁異常に関するメタアナリシス
Meta-Analysis of Heart Valve Abnormalities in Parkinson’s Disease Patients Treated with Dopamine 
Agonists

＊Gregor Simonis, MD, Joerg T. Fuhrmann, and Ruth H. Strasser, MD
＊Department of Medicine/Cardiology, Heart Center, University of Technology, Dresden, Germany

FIG. 1. Incidence of moderate or severe valvulopathy in patients being treated with Ergot-DA compared to controls (A) or compared to patients (B)
being treated with non-Ergot-DA. Numbers in brackets refer to the reference list.

A: Studies comparing Ergot-derivative Dopamine agonists with controls

B: Studies comparing Ergot-derivative Dopamine agonists with non-Ergot-derivative Dopamone agonists

Study Ergot-DA Controls RR(random) Weight RR(random)
or sub-category n/N n/N 95%Cl % 95%Cl

Study Ergot-DA Non Ergot-DA RR(random) Weight RR(random)
or sub-category n/N n/N 95%Cl % 95%Cl

Waller (9) 13/55 9/63  22.31 1.65 [0.77, 3.57]
Yamamoto(10) 30/82 15/85  31.30 3.07 [1.21, 3.56]
Peraita(12) 15/42 6/49  19.69 2.92 [1.24, 6,84]
Kim (11) 5/58 0/20  2.65 3.92 [0.23, 67.81]
Zenettini(13) 29/113 5/90  18.16 4.62 [1.86, 11.45]
VanCamp(4) 15/78 0/19  2.80 7.85 [0.49, 125.63]
Junghanns(14) 19/49 0/38   2.79 30.42 [1.90, 488.24]

Total(95% Cl) 477  364  100.00 2.77 [01.72, 4.47]
Total events: 126(Ergot-DA), 35(Comtrols)
Test for heterogenelty: Chi2 = 8.50, df = 6(P=0.20), l2 = 29.4%
Test for overall effect: Z = 4.20(P< 0.0001)

Peraita(12) 15/42 9/33  35.43 1.31 [0.66, 2.61]
Yamamoto(10) 30/82 4/16  33.50 1.46 [0.60, 3.58]
Zenettini(13) 29/113 0/42  15.54 22.25 [1.39, 356.25]
Junghanns(14) 19/49 0/36  15.53 28.86 [1.80, 462.76]

Total(95% Cl) 286  127  100.00 3.41 [0.83, 14.02]
Total events: 96(Ergot-DA), 13(Non-Erfot-DA)
Test for heterogenelty: Chi2 = 13.04, df = 3(P=0.005), l2 = 77.0%
Test for overall effect: Z = 1.70(P< 0.09)

  0.01      0.1          1           10         100
Favours Ergot-DA        Favoura Controls  

  0.01      0.1          1           10         100
Favours Ergot-DA        Favoura Non-Ergpt-DA  
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Key Word 	 脆弱 X関連振戦／運動失調症候群，振戦，運動失調，FMR1，脆弱 X症候群

脆 弱 X 関 連 振 戦 ／ 運 動 失 調 症 候 群（fragile 

X-associated tremor/ataxia syndrome; FXTAS）は，

動作時振戦と小脳性歩行運動失調を中核的特徴とする

神経変性障害である。高頻度にみられる合併所見として，

パーキンソン症候群，実行機能障害と認知症，神経障害，

自律神経障害がある。MRI 検査では，ほとんどの

FXTAS患者の中小脳脚（middle cerebellar peduncles; 

MCP）にT2信号強度の増加が認められる（MCP徴侯）。

同様の信号の変化は深部および上衣下の大脳白質にも

認められ，広汎な皮質・皮質下萎縮も存在する。

FXTASの主な神経病理学的特徴として，脳および脳幹

部に広く分布する神経細胞内および星状細胞内の核内

封入体が挙げられる。FXTASは，脆弱 X精神遅滞1

（fragile X mental retardation 1; FMR1）遺伝子の

CGGトリヌクレオチドの中等度伸長（55～200回の

リピート，前変異状態の範囲）を原因とし，同遺伝子の

伸長が完全変異範囲（200回以上のCGGリピート）と

なった場合には脆弱X症候群が生じる。疾患の発現機

序にはFMR1 mRNA自体の過剰発現と毒性が関与する。

FXTASはごく最近になって発見されたため，現状では

十分診断されていないものの，男性では神経変性を引き

起こす最も一般的な単一遺伝子疾患の1つであると考

えられる。本論文では，FXTASの臨床像，X線所見，

病理学的特徴，ならびに罹患率と治療法について，入手

可能な情報をレビューする。また，FXTASのDNA検

査を実施すべき患者の見分け方，FXTAS確定診断後の

遺伝カウンセリングに関する指針など，臨床医に役立つ

ガイドラインも提供する。

脆弱 X 関連振戦／運動失調症候群：臨床像，遺伝的特徴，検
査法に関するガイドライン
Fragile X-Associated Tremor/Ataxia Syndrome: Clinical Features, Genetics, and Testing Guidelines

＊,＊＊,＊＊＊Elizabeth Berry-Kravis, MD, PhD, Liane Abrams, MS, CGC, Sarah M. Coffey, MPH, Deborah A. Hall, MD, Claudia Greco, MD, Louise W. 
Gane, MS, Jim Grigsby, PhD, James A. Bourgeois, OD, MD, Brenda Finucane, MS, CGC, Sebastien Jacquemont, MD, James A. Brunberg, MD, 
Lin Zhang, MD, PhD, Janet Lin, MD, Flora Tassone, PhD, Paul J. Hagerman, MD, PhD, Randi J. Hagerman, MD, and Maureen A. Leehey, MD
＊Department of Pediatrics, Rush University Medical Center, Chicago, Illinois
＊＊Department of Neurological Sciences, Rush University Medical Center, Chicago, Illinois
＊＊＊Department of Biochemistry, Rush University Medical Center, Chicago, Ilinois

FIG. 3. Graphs of the relative levels of FMR1 mRNA and protein
(FMRP) as a function of the number of CGG repeats, and the associated
clinical phenotypes. FXTAS and POF are largely confined to the
premutation range, and are thought to occur through an RNA toxic
gain-of-function due to excess FMR1 mRNA; however, occasional
patients with full mutation alleles continue to express mRNA and are at
risk of developing FXTAS. By contrast, fragile X syndrome is caused
by reduced/absent FMRP, due to silencing of the FMR1 gene in the full
mutation range, and is generally confined to the full mutation range.
Features of the fragile X syndrome spectrum may occur in the upper
premutation range due to reduced protein production. Dashed lines for
mRNA levels in the full mutation range reflect variations in degree of
silencing; dashed lines for FMRP levels represent reductions due to
both lowered mRNA levels and intrinsic reductions in translational
efficiency. [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]
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FIG. 3. Graphs of the relative levels of FMR1 mRNA and protein
(FMRP) as a function of the number of CGG repeats, and the associated
clinical phenotypes. FXTAS and POF are largely confined to the
premutation range, and are thought to occur through an RNA toxic
gain-of-function due to excess FMR1 mRNA; however, occasional
patients with full mutation alleles continue to express mRNA and are at
risk of developing FXTAS. By contrast, fragile X syndrome is caused
by reduced/absent FMRP, due to silencing of the FMR1 gene in the full
mutation range, and is generally confined to the full mutation range.
Features of the fragile X syndrome spectrum may occur in the upper
premutation range due to reduced protein production. Dashed lines for
mRNA levels in the full mutation range reflect variations in degree of
silencing; dashed lines for FMRP levels represent reductions due to
both lowered mRNA levels and intrinsic reductions in translational
efficiency. [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]
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Key Word 	 心因性振戦，反応時間，二重課題干渉，パーキンソン病，本態性振戦

心因性振戦（psychogenic tremor; PT）と随意的に振

戦を模倣した動きとを外見だけで区別するのは困難であ

る。ボランティアの健常被験者に2つの課題を与えた

場合，同時に2つを行うことは難しく，この原因は二重

課題干渉（dual task interference）という現象にある

と考えられている。したがって，一方の手で行う律動的

な随意運動は，もう一方の手で急速なバリスティック運

動を遂行する際の障害となると考えられる。健常被験者

に律動的な運動をさせた場合と同様，PT患者も二重課

題干渉の影響を受けるはずであり，このような課題によ

りPT患者と他の種類の振戦患者とを区別できるという

仮説を立てた。PT患者6例と，主に一側性の振戦を示

すパーキンソン病（Parkinson’s disease; PD）患者9例，

本態性振戦（essential tremor; ET）患者11例，振戦

を模倣する健常ボランティア（normal volunteer; NV）

10例を対象に検討した。被験者には，2つの異なる状

況下，すなわち安静時（SRT at rest; rSRT）および片

方の手に振戦がある状態（SRT during contralateral 

hand tremor; tSRT）の時に，もう一方の手で視覚的な

指示シグナルに対する単純反応時間課題（simple 

reaction time task; SRT）を遂行させた。PT患者群お

よびNV群の反応時間は rSRTよりも tSRTのほうが有

意に長かった（両群ともp ＜0.01）。しかし，PD患者

群とET患者群では，rSRTと tSRTの間に有意差は認

められなかった。片方の手による tSRTと rSRTとを比

べた際にみられる反応時間の遅れは，振戦様振動性運

動が反応時間に影響することを示唆している。この影響

は二重課題干渉の概念と矛盾せず，NVあるいはPT患

者でみられるが，PD患者やET患者ではみられない。

これらの観察所見は，心因性運動障害の評価に有用な

役割を果たすと考えられる。

心因性振戦における二重課題干渉（dual task interference）
Dual Task Interference in Psychogenic Tremor

＊, ＊＊Hatice Kumru, MD, Maaike Begeman, MD Eduardo Tolosa, MD, and Josep Valls-Sole, MD,
＊Institute Guttmann, Badalona, Barcelona, Spain
＊＊Unitat d’EMG, Servei de Neurologia, Hospital Clinic, Centro de Investigación Biomédica August Pi i Sunyer (IDIBAPS), Facultad de Medicina, 
Universitat de Barcelona, Barcelona, Spain

4

FIG. 1. Graphs from the left side show
selected recordings from a representative
PT patient, reacting with the right hand
in rSRT (left upper) and in tSRT trials
(left bottom). Graphs from the right side
show similar recordings from a patient
with essential tremor. rSRT: Reaction
time at rest; tSRT: Reaction time while
trembling with the contralateral hand. IS:
Imperative signal.
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Key Word 	 良性遺伝性舞踏病（BHC），TITF-1，レビュー，脳・甲状腺・肺症候群

良性遺伝性舞踏病（benign hereditary chorea; BHC）は，

認知症を伴わない非進行性の舞踏運動を臨床的特徴と

する常染色体優性遺伝性疾患としてとらえられてきた。

しかし，BHCが独立した疾患単位か否かについては議

論のあるところである。診断はもっぱら臨床基準に基づ

くが，「非定型的な」特徴を示す患者や家族も多く，最

近まで診断を確定するための検査法もなかった。2002

年以降，甲状腺転写因子（thyroid transcription factor; 

TITF-1）遺伝子の変異が，一部のBHC症例の原因とし

て特定されている。また，BHCの臨床スペクトラムが

拡大されて甲状腺および肺の異常も含まれるようにな

り，疾患の発現機序として遺伝子のハプロ不全とタンパ

ク産生低下が推定されている。本レビューでは，BHC

の歴史的な変遷と現在までに得られている知見を要約

する。

良性遺伝性舞踏病の再検討：理解への道のり
Benign Hereditary Chorea Revisited: A Journey to Understanding

＊Galit Kleiner-Fisman, MD and Anthony E. Lang, MD
＊Morton and Gloria Shulman Movement Disorders Center, Toronto Western Hospital, University of Toronto, Toronto, Ontario, Canada
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FIG. 2. MRI findings in 2 patients identified with TITF-1 mutations
compared to normal brain where there is clear distinction of the
caudate, putamen, and the lateral and medial GP. Reprinted from Krude
et al. (Ref. 20) with permission.
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Importantly, mutations in the TITF-1 gene may not be
the only cause of BHC as at least four clinically diag-
nosed BHC-families (admittedly with atypical features)
have failed to show linkage to chromosome 14 or have
shown linkage but no mutation has been found.33 This
suggests that other genes or regulatory elements on chro-
mosome 14 or elsewhere might be of importance, and
that BHC is both phenotypically and genotypically het-
erogeneous. Genotyping of these 4 families has not yet
been further characterized because of insufficiency of
genetic material (P. Heutink, personal communication).

A variation of BHC with a proposed designation
“BHC 2” has recently been reported. The locus has been
identified and maps to chromosome 8q22.2–q22.3.34

However, it is important to note that though this is a
dominantly inherited chorea, it is adult-onset and there-
fore is likely a different entity.

CLINICAL SPECTRUM OF NEUROLOGICAL
SYMPTOMS IN GENE-POSITIVE CASES

The clinical spectrum of gene-positive cases of BHC
is detailed in Table 2. Whereas in the era prior to gene
identification, BHC was believed to be a condition de-
fined purely as a nonprogressive chorea, recent closer
scrutiny has revealed that even the gene-positive cases
with the classical BHC phenotype (as opposed to the
expanded phenotype of Brain-Thyroid-Lung Syndrome),
may have other neurological findings. These include
ataxic diplegia,1 dysarthria, intention tremor,23 spasticity,
subnormal intelligence and learning disabilities,19 devel-
opmental delay,19,29 Babinski signs and increased re-
flexes, slow saccadic eye movements, gait difficulties33

and in one report, no neurological findings when exam-
ined in adulthood despite the presence of the genetic
mutation.1

CLINICAL MANAGEMENT

Manifestation of chorea in affected individuals even
within the same family, demonstrating identical muta-
tions appears to be variable, with some family members
affected to a greater extent than others. As such, not all
affected individuals require symptomatic treatment, es-
pecially since the manifestations become milder with
time and in some cases are minimal by adulthood. In
more severely affected individuals with chorea interfer-
ing in activities of daily living, there has been limited
pharmacological success though a recent report has sug-
gested that levodopa had significantly improved the
movements in 2 siblings with mutations in the TITF-1
gene.8

ROLE OF TITF-1 IN BRAIN DEVELOPMENT

In adult human tissue, TITF-1 is exclusively expressed
in the thyroid and the lung. However, TITF-1 is one of
the earliest genes to be expressed in the developing brain.
It is essential for the differentiation of the striatum. By
the 11 somite stage of development, there is evidence of
TITF-1 expression in the rostrobasal telencephalon in
progenitor and postmitotic cells.39 The rostrobasal telen-
cephalon eventually develops into numerous structures
including the medial ganglionic eminence (MGE), a pre-
cursor of the globus pallidus. TITF-1 mediates the mi-
gration of certain striatal interneurons from the MGE to
the lateral ganglionic eminence (LGE; the precursor of
the striatum), and then to the cortex.40 Given its critical
role in brain development, TITF-1 was recognized as an
excellent candidate gene for BHC.

TITF-1 NULL MICE/RECENT IMAGING

TITF-1 follows a complex pattern of expression dur-
ing mouse embryogenesis that includes transcription in
the forebrain, thyroid, and developing lungs.41 TITF-1
homozygous knockout mice die at birth and have defects
that include absence of the thyroid gland, lung hypopla-
sia, and the transformation of pallidum to striatum.42 The
lack of a normal MGE results in the loss of cholinergic
neurons in the striatum, which normally originate in the
pallidum and migrate to the striatum40 (Fig. 1).

Though early case studies of BHC patients reported no
imaging abnormalities, the 2 first patients with TITF-1
mutations identified through congenital hypothyroid
screening were found to have MRI brain abnormalities.20

Both patients had cystic masses in the posterior part of
the sella turcica. Additionally, patient 2 also had abnor-

TABLE 1. Clinical features of the classic BHC phenotype
prior to gene testing

Age of onset Early infancy
Around 1 yr of age
Late childhood and adolescence

Chorea
Body part Face, tongue, neck, torso, limb
Clinical course Stabilization during adolescence,

possible reduction of
movements in adulthood

Exacerbating features Stress, excitement
Penetrance Variable; some family members

with subtle movements, others
severely disabled
compromising ADLs

Cognitive function Generally normal; one report of
minimally lower IQ scores in
affected family members

No cognitive decline/dementia
Congenital hypothyroidism None
Pulmonary abnormalities None

ADLs, activities of daily living.

BENIGN HEREDITARY CHOREA 2301
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TABLE 2. All mutations identified in TITF-1 to date with phenotypic correlation

Reference

Number of
affected

individuals Mutation
Transmission

mode

Phenotype

Classic
BHC

Brain-
thyroid-lung
syndrome Neurological

Thyroid
dysfunction

Pulmonary
alteration

31 1 Heterozygous deletion of
14q13-21: includes
TITF-1 and PAX-9
genes

De novo No Yes Developmental
delay, choreaa

CH Respiratory distress
at birth

35 2 Heterozygous deletion of
chromosome 14q12-
13.3

AD No Yes Hypotonia,
developmental
delay

CH Severe; recurrent
acute respiratory
distress

1,33 36 Heterozygous mutation
(�G713T)

AD Yes No Chorea-all: Delayed
walking (34/36),
cognitive deficits
(3/13b),
pyramidal signs
(7/36), tandem
gait difficulty
(26/36), slow
saccades (20/36)

1 family
member
with CH

–

1,33 31 Heterozygous mutation
(�C727A)

AD Yes No Chorea-all: Delayed
walking (13/31),
cognitive deficit
(4/31), pyramidal
signs (2/31),
Tandem gait
difficulty (7/31)

– –

1 3 Heterozygous deletion
(�G908) (frameshift
mutation)

AD Yes No Chorea – –

1,36 2 1.2-Mb heterozygous
deletion of Chr
14q13.1 (complete
allele loss)

AD Yes No Chorea – –

37 1 Heterozygous mutation
(frameshift) (255insG)

De novo No Yes Chorea, hypotonia,
delayed motor
development

CH Respiratory distress
requiring
mechanical
ventilation 1st 2
weeks of life

29 5 Heterozygous point
mutation (�2A�G
splice acceptor site;
intron 2)

AD Yes No Chorea – –

20 1 Heterozygous interstitial
deletion of 14q11.2-
q13.3 (includes entire
gene)

NA No Yes Chorea, hypotonia
in infancy

CH Respiratory distress,
frequent
pulmonary
infections

20 1 Heterozygous missense
mutation (G2626T)

De novo No Yes Chorea, hypotonia
in infancy

CH Respiratory distress,
pulmonary
infections

20 1 Heterozygous nonsense
mutation (2595insGG)

De novo No Yes Chorea, hypotonia
in infancy

CH Few pulmonary
infections

20 1 Heterozygous nonsense
mutation (C2519A)

NA No Yes Chorea, hypotonia
in infancy

CH –

20 1 Heterozygous nonsense
mutation (C1302A)

NA No Yes Hypotonia CH Respiratory distress

38 4 Heterozygous point
mutation (2A � G
splice of intron 2)

AD No Yes Global
developmental
delay, ataxia,
dysarthria,
chorea

CH Neonatal respiratory
distress;
pulmonary
infections

30 1 Heterozygous insertion
mutation (859-
860insC)

De novo No Yes Global
developmental
delay, hypotonia,
mental
retardation,
chorea

CH Neonatal respiratory
distress;
pulmonary
alveolar
proteinosis;
fibrotic lung
disease; and
frequent
pulmonary
infections

aPersonal communication, K. Devrient.
bNumber affected vs. number examined for that sign.
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既報の論文では，パーキンソン病における認知症

（Parkinson’s disease dementia; PD-D）の臨床的特徴

が説明されるとともに，「PD-D の疑い（probable 

PD-D）」および「PD-Dがほぼ確実（possible PD-D）」

の臨床診断基準が提案されている。本論文の主な目的は，

PD-Dの実際的な診断手順を示すことと，想定される臨

床場面および評価に携わる医師の専門知識に応じた2

段階（Level Ⅰ ,   ⅠⅠ ）の臨床ガイドラインを提案するこ
とである。Level Ⅰの主な対象は神経心理学的手法に関
する専門知識のない医師で，あまり時間を要さずに簡便

かつ実用的な検査法を必要とする場合に用いる。Level 

Ⅰは単独での使用，またはLevel  ⅠⅠ との併用が可能であ

る。Level   ⅠⅠ は，臨床モニタリング，臨床研究あるいは
薬理学的治験において，PD-D患者の認知症のパターン

と重症度を特定する必要がある場合に適している。

Level   ⅠⅠ で挙げた検査法は，Level Ⅰの評価を完了して
もPD-Dの診断が不確定あるいはあいまいな場合にも

使用できる。いくつかの検査法はPD-Dの臨床診断に

関してエビデンスに基づく基準がないため，我々は入手

可能な文献とTask Force 全体の経験を踏まえ，実用的

かつ明確な勧告を作成した。ただし，今後の研究を通じ，

一部の検査法では妥当性をさらに検証するとともに，本

稿で勧告したカットオフ値を修正する必要が生じると考

えられる。

パーキンソン病における認知症の診断手順： 
Movement Disorder Society Task Force の勧告
Diagnostic Procedures for Parkinson’s Disease Dementia: Recommendations from the Movement 
Disorder Society Task Force

＊Bruno Dubois, MD, David Burn, MD, Christopher Goetz, MD, Dag Aarsland, MD, PhD, Richard G. Brown, PhD, Gerald A. Broe, HB, BS, 
Dennis Dickson, MD, Charles Duyckaerts, MD, PhD, Jefferey Cummings, MD, Serge Gauthier, MD, Amos Korczyn, MD, MSc, Andrew Lees, 
FRCP, Richard Levy, MD, PhD, Irene Litvan, MD, Yoshikuni Mizuno, MD, Ian G. McKeith, MD, C. Warren Olanow, MD, Werner Poewe, MD, 
Cristina Sampaio, MD, PhD, Eduardo Tolosa, MD, and Murat Emre, MD
＊INSERM-UPMC UMRS 610, Federation of Neurology, AP-HP, Salpêtrière Hospital; Université Paris6, Paris, France

mend that appropriate tests be performed (e.g., B12, TSH
and CT or MRI brain scan in subjects with several
vascular risk factors).

If the time interval between the development of motor
and cognitive symptoms is not known, it will be unclear
whether the patient has DLB or PD-D. Care-giver inter-
view and/or review of the medical records are therefore
essential to establish the correct temporal sequence as
accurately as possible. In practice, if dementia develops
in the context of established PD, a diagnosis of PD-D is
warranted; if the symptoms of dementia develop prior to
or within the same year of concurrence of motor features,
a diagnosis of DLB would be justified.17

In PD, delirium and iatrogenic effects of anticholin-
ergics, dopaminergic drugs, benzodiazepines or other
agents need to be excluded. Similarly, treatable causes of
dementia or confusion, such as infection, dehydration,
vitamin deficiency, or endocrinologic disturbances, need
to be ruled out for diagnostic clarity. Generally speaking,
an absence of depression is required for the diagnosis of
dementia. In PD, depression is frequent and should not
be a priori an exclusionary criterion for the diagnosis of
dementia. However, as it may aggravate cognitive
changes, it should be documented and we suggest that, in
case of major depression, antidepressant treatment
should be tried before determining the existence of a
dementia.
Test proposed: Geriatric Depression Scale18—The

short version of the GDS (GDS-15) was recently shown
to be a good screening instrument for depression in PD
because it is brief and can be self-administered, with test
characteristics comparable to the Hamilton Dementia
Rating Scale.19 It can be combined with NPI in patients
with more severe dementia.16

Cutoff proposed: A cutoff � 4 has acceptable dis-
criminant validity for the depression in PD. In case of
major depression, the diagnosis of PD-D should not be
made and should be reconsidered after antidepressant
treatment.

Table 1 summarizes the algorithm and the proposed
instruments for establishing the diagnosis of PD-D at
Level I. These tests are widely available and require no
specific expertise in neuropsychology. For the diagnosis
of possible PD-D, see Ref 1. Table 2 proposes a simple
diagnostic rating sheet that can be useful for checking the
presence of the diagnostic features of PD-D.

LEVEL II TESTING

Once the diagnosis of PD-D is established, it may be
important to specify its pattern and severity, either for
clinical monitoring, research studies or pharmacological
trials. Level II tests provide a more detailed series of
assessments that will allow characterization of the com-
ponents of PD-D and the monitoring of elements that
may be responsive to interventions. As the patient has
already been diagnosed as having dementia, these inves-
tigations are qualitative and have no diagnostic cutoff
scores. The same Level II assessments may also be
utilized when the diagnosis of PD-D remains uncertain
or equivocal at the end of Level I process, for example
where the cognitive deficits are patchy and relatively
mild or when depression is present. In these cases, ad-
ditional neuropsychological investigation is needed to
complement the simple assessments described above for
Level I, and help bring the clinician closer to a firm
diagnosis. The Level II evaluation assesses four do-
mains: global cognitive efficiency; subcortico-frontal

TABLE 1. Algorithm for diagnosing PD-D at Level I

1 A diagnosis of Parkinson’s disease based on the Queen’s
Square Brain Bank criteria for PD2

2 PD developed prior to the onset of dementia
3 MMSE3 below 26
4 Cognitive deficits severe enough to impact daily living

(Caregiver interview or Pill Questionnaire)
5 Impairment in at least two of the following tests:

Months reversed9 or Seven backward3

Lexical fluency10 or Clock drawing14

MMSE Pentagons3

3-Word recall3

The presence of one of the following behavioral symptoms: apathy
or depressed mood or delusions16 or excessive daytime sleepiness
may support the diagnosis of probable PD-D.
The presence of major depression or delirium or any other
abnormality which may by itself cause significant cognitive
impairment makes the diagnosis uncertain.

TABLE 2. Diagnostic rating sheet for probable PD-D,
recommended by the Movement Disorder

Task Force

YES NO

1. Parkinson’s disease □ □
2. Parkinson’s disease developed before dementia □ □
3. MMSE �26 □ □
4. Dementia has Impact on ADLs □ □
5. Impaired cognition (For Yes, at least of 2 of 4 tests

below are abnormal) □ □
Mark which Tests are abnormal
□ Months reversed or Sevens backwards
□ Lexical fluency or clock drawing
□ MMSE pentagons
□ 3-word recall

6. Absence of Major Depression □ □
7. Absence of delirium □ □
8. Absence of other abnormalities that obscure diagnosis □ □

Probable PD-D (items 1–8 must all be YES) □ □

DIAGNOSTIC PROCEDURES FOR PD DEMENTIA 2317
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特発性頭頸部ジストニア（idiopathic cranial-cervical 

dystonia; ICCD）は，眼輪筋，顔面，口顎部および頸部

筋群に症状がみられる成人発症型のジストニア症候群

である。ICCD患者は内科的治療が困難な場合が多い。

淡蒼球内節（globus pallidus internus; GPi）への深部

脳刺激（deep brain stimulation; DBS）は，特発性全

身性ジストニアの治療にきわめて有効であるが，ICCD

に対するGPi DBSの効果についてはあまり知られてい

ない。本論文では，連続する ICCD患者を対象にGPi 

DBSの効果を評価した予備的研究の結果を報告する。

患者 6 例を対象に，感覚運動領域の両側 GPi に	

DBSリードを埋め込む定位脳手術を施行した。術前お

よび術後 6ヵ月の時点で，Burke-Fahn-Marsden 

dystonia rating scale（BFMDRS）とToronto western 

spasmodic torticollis rating scale（TWSTRS）により

患者を評価した。術後6ヵ月時には，BFMDRSの総合

運動スコアに平均72％の改善が認められた（p ＜

0.028，Wilcoxonの符号付き順位検定）。BFMDRSの

生活動作の平均スコアは改善傾向にあった（p ＜0.06）。

TWSTRSの総合スコアは54％改善した（p ＜0.043）。

4例の患者ではDBSによってジストニアは改善したが，

以前ジストニア症状がみられなかった身体部位に軽度

の運動機能低下が認められた。本患者集団においてGPi 

DBSは有効であったが，ジストニア症状のない身体部

位に及ぼすGPi DBSの影響については，今後さらに検

討する必要がある。

頭頸部ジストニア（Meige 症候群）患者に対する 
淡蒼球深部脳刺激療法
Pallidal Deep Brain Stimulation in Patients with Cranial–Cervical Dystonia (Meige Syndrome)

＊, ＊＊Jill L. Ostrem, MD, William J. Marks, Jr., MD, Monica M. Volz, MS, RN, Susan L. Heath, MS, RN, and Philip A. Starr, MD, PhD
＊Department of Neurology, University of California, San Francisco, California, USA
＊＊Parkinson’s Disease Research, Education, and Clinical Center (PADRECC), San Francisco Veterans Affairs Medical Center, San Francisco, Califor-
nia, USA

FIG. 1. Mean ( SD) score for the relevant subscores (eyes, mouth,
speech and swallowing, and neck) of the movement subscale of the
Burke–Fahn–Marsden dystonia rating scale before and at 6 months
after surgery.
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FIG. 2. Mean ( SD) scores for the subscales (severity, disability, and
pain) of the Toronto western spasmodic tortocollis rating scale before
and at 6 months after surgery.
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臨床的に診断が確定されないパーキンソン症候群

（clinically uncertain parkinsonian syndrome; CUPS）

患者の精密検査において，ドパミントランスポーター

（dopamine transporter; DAT）を標的とするSPECT

が重要な役割を果たすことは，すでに報告した通りであ

る。CUPS Study の結果，CUPS患者集団を正確に診

断する上でDAT SCAN（123I-Ioflupane）SPECTが有

用であることが裏付けられた。本論文ではCUPS Study

の 2年間の追跡調査結果を報告する。この追跡調査の

目的は，DAT SCAN SPECTの結果の妥当性を検証す

ること，また，診断が確定できなかった患者に2回目の

SPECTを行うことで診断上の不確定要素を減らすこと

ができるかどうかを評価することである。追跡調査が可

能であったのは118例中85例（72％）であった。85

例中8例は，神経内科医による臨床診断が確定できな

かった（診断不確定例）。診断が確定した患者77例中

69例（90％）では，追跡調査時の臨床診断と2年前

のDAT SCAN SPECTの結果とが一致した。追跡調査

時の臨床診断が2年前の検査結果による診断と異なる

場合（8例），もしくは臨床診断が確定できなかった場

合（8例）には2回目のSPECTを実施した。臨床診断

がDAT SCAN SPECT画像所見と一致しなかった8例

中6例（2例は拒否）では，2回目のSPECTにより4

例で最終的な臨床診断が支持された。臨床診断が確定

できなかった患者8例中7例（87.5％）では，追跡調

査時のDAT SCAN SPECTが診断確定に有効であった。

DAT SCAN SPECTの画像所見は，2年後の追跡調査

時の臨床診断と高い確率で一致する。2年後の追跡調

査時に2回目のSPECTを実施することで，長期の経過

観察後もなお残る診断上の不確定要素を減らすことが

できる。

臨床的に診断が確定されないパーキンソン症候群患者における
DAT SCAN（123I-Ioflupane）SPECT の診断精度： 
非盲検試験における 2 年間の追跡調査
Accuracy of DaTSCAN (123I-Ioflupane) SPECT in Diagnosis of Patients with Clinically Uncertain 
Parkinsonism: 2-Year Follow-Up of an Open-Label Study

＊Eduardo Tolosa, MD, Thierry Vander Borght, MD, PhD, and Emilio Moreno, MD, PhD, on behalf  of  the DaTSCAN Clinically Uncertain Par-
kinsonian Syndromes Study Group
＊Parkinson’s Disease and Movement Disorders Unit, Neurology Service, Institut Clínic de Neurociències, Hospital Clínic de Barcelona, Institut 
d’Investigacions Biomèdiques August Pi i Sunyer, Universitat de Barcelona, Spain
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Abstract

1). Seven patients had died and 26 were lost at follow-up,
including those from the center that declined to partici-
pate. Patients characteristics at baseline are listed in
Table 1. There were no significant differences between
patients who were and were not followed up in terms of
demographics, diagnosis, and clinical characteristics;
however, a higher proportion of patients with unilateral
symptoms were followed-up.

Diagnosis

In 77 of 85 patients, a clinical diagnosis was estab-
lished at follow-up (Fig. 1 and Table 2). This diagno-
sis agreed with that suggested by the initial DaTSCAN
SPECT result in 69 patients, with an overall rate of

agreement of 90% (95% CI: 80.6%; 95.4%), negative
predictive value of 96% (95% CI: 78.9%; 99.9%), and
positive predictive value of 87% (95% CI: 74.7%;
94.5%). The rate of agreement was higher when the
final diagnosis was presynaptic PS (97%) than when it
was non-presynaptic PS (77%). In 8 individuals, the
diagnosis remained inconclusive because of mild signs
or symptoms, lack of progression over time, and little
or no response to levodopa. In 8 patients, the diagnosis
at follow-up and that suggested by the initial
DaTSCAN image differed: one diagnosis of presyn-
aptic PS with normal DAT images and seven diag-
noses of non-presynaptic PS with abnormal DAT
images.

FIG. 1. Patients flow through the study.

TABLE 1. Population characteristics at inclusion in the core study and differentiated according to their inclusion or not in the
follow-up study

Core study Follow-up
Lost to

follow-up

Total number 118 85 33
Gender Male 59 (50%) 43 (51%) 16

Female 59 (50%) 42 (49%) 17
Race Oriental/Asian 1 1 0

Black 1 0 1
Caucasian 116 (98%) 84 (99%) 32 (97%)

Age (Yrs) Mean � SD 65.5 � 11.2 64.7 � 12.0 67.4 � 8.9
Weight (kg) Mean � SD 71.7 � 14.9 73.1 � 15.0 68.4 � 14.2
BMI (kg/m2) Mean � SD 26.3 � 4.7 26.7 � 4.8 25.2 � 4.6
Symptoms Unilateral 73 (62%) 59 (69%)a 14

Symmetrical 45 (38%) 26 (31%)a 19
Bradykinesia Definite/possible 81 (69%) 56 (66%) 25

None 37 (31%) 29 (34%) 8
Tremor Definite/possible 87 (74%) 67 (79%) 20

None 31 (26%) 18 (21%) 13
Rigidity Definite/possible 74 (63%) 53 (62%) 21

None 44 (37%) 32 (38%) 12
Postural instability Definite/possible 43 (36%) 27 (32%) 16

None 75 (64%) 58 (68%) 17
Diagnosis after initial

DaTSCAN SPECT
Presynaptic PS 63 (53%) 45 (53%) 18
Non-presynaptic PS 33 (28%) 23 (27%) 10
Inconclusive 22 (19%) 17 (20%) 5

All differences are non-statistically significant except those with aP � 0.05.
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特発性 REM睡眠行動障害（REM sleep behavior 

disorder; RBD）と推定された患者では，その多くがα

-シヌクレイノパチー，パーキンソン病，多系統萎縮症

などの神経変性疾患でみられる発症早期の臨床像を示

している可能性が高い。これらの患者の早期発見は，長

期前向き研究および将来の神経保護に関する研究のた

めに臨床的意義がある。患者の早期発見を目的として，

我々はRBDの臨床的特徴に関する10項目の患者自己

評価式質問票（最高合計得点13点）を開発し，その妥

当性を検証した。開発したRBDスクリーニング質問票

（RBD screening questionnaire; RBDSQ）を，睡眠ポ

リグラフィ（polysomnography; PSG）で確認された

RBD患者54例（うち男性29例，平均年齢：53.7±

15.8歳）と，病歴およびPSGでRBDが除外された対

照被験者160例〔うち男性81例，平均年齢：50.8±

15.5歳，対照群1（PSGあり）〕，無選択の健常被験者

133例〔うち男性58例，平均年齢：46.9±12.3歳，

対照群2（PSGなし）〕に適用した。対照群1の大部分

の被験者（153例）では，RBD以外の睡眠・覚醒障害

が認められた。RBD患者群の平均RBDSQスコアは9.5

±2.8点であったのに対し，対照群1では4.6±3.0

点であった（p ＜0.0001）。RBDSQスコア5点以上

を検査結果が陽性とみなすと，感度は0.96，特異度は

0.56であった。RBDSQは，鑑別診断が最も困難な睡

眠時遊行症やてんかん患者に関する判別力は低かった。

対照群 2の平均 RBDSQスコア（2.02±1.78）は

RBD群よりも有意に低く（p＜0.0005），特異度は0.92

であった。RBDSQの感度は高く，スクリーニング手段

として特に有用であると考えられる。

REM 睡眠行動障害のスクリーニングを目的とした質問票： 
新たな診断法
The REM Sleep Behavior Disorder Screening Questionnaire—A New Diagnostic Instrument

＊Karin Stiasny-Kolster, MD, Geert Mayer, MD, Sylvia Schäfer, MD, Jens Carsten Möller, MD, Monika Heinzel-Gutenbrunner, PhD, and Wolf-
gang H. Oertel, MD
＊Department of Neurology, Center of Nervous Diseases, Philipps-University, Marburg, Germany
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Abstract

There is no solid data on the prevalence of RBD. Data
predominantly derived from surveys report the preva-
lence of RBD to be as high as 0.8% in the general
population.8,9 The idiopathic form of RBD has a male
preponderance and usually emerges after the age of 50,
although any age group can be affected.1 Besides other
forms, symptomatic RBD can be associated with narco-
lepsy,10–12 which is characterized by the degeneration of
hypothalamic hypocretin-containing neurons.13,14 In this
subgroup, patients are frequently younger and more often
female. In addition, RBD is frequently associated with
other neurodegenerative disorders, in particular the
�-synucleinopathies: Parkinson’s disease (PD), dementia
with Lewy bodies (DLB), and multiple system atrophy
(MSA).15 Even more important, evidence is growing that
RBD precedes the first motor symptoms of neurodegen-
erative disorders characterized by parkinsonism by years
or even decades, and that RBD might present an early
stage in the development of neurodegenerative disorders.
Thus, to identify clinical RBD as early as possible ap-
pears to be useful for early diagnosis, clinical trials with

a potentially neuroprotective substance, and also for ep-
idemiological studies. To meet the need for an easily
applicable diagnostic screening tool, we developed a
short RBD screening questionnaire (RBDSQ). Data on
the validation of the RBDSQ are presented as compared
to polysomnographically confirmed diagnosis of RBD.

PATIENTS AND METHODS

A questionnaire was developed assessing the most prom-
inent clinical features of RBD (see Table 1) according to the
International Classification on Sleep Disorders.1 It was ap-
plied to patients with RBD and control subjects, in whom
RBD was excluded by history and polysomnography (PSG;
control group 1). Subjects assigned to the control group
were patients referred to our sleep center because of sleep-
wake complaints, i.e., insomnia or hypersomnia, frequently
with the suspicion of RLS, narcolepsy, or sleep related
breathing disorders. Patients with subclinical RBD, who
only present with PSG findings typical of RBD but without
a clinical history of RBD, were excluded from the study.
Since the sleep center has a particular expertise in narco-

TABLE 1. RBD Screening Questionnaire

Question Answer

English
1. I sometimes have very vivid dreams. yes/no
2. My dreams frequently have an aggressive or action-packed content. yes/no
3. The dream contents mostly match my nocturnal behaviour. yes/no
4. I know that my arms or legs move when I sleep. yes/no
5. It thereby happened that I (almost) hurt my bed partner or myself. yes/no
6. I have or had the following phenomena during my dreams:
6.1. speaking, shouting, swearing, laughing loudly yes/no
6.2. sudden limb movements, “fights” yes/no
6.3. gestures, complex movements, that are useless during sleep, e.g., to wave, to salute, to frighten mosquitoes,

falls off the bed
yes/no

6.4. things that fell down around the bed, e.g., bedside lamp, book, glasses yes/no
7. It happens that my movements awake me. yes/no
8. After awakening I mostly remember the content of my dreams well. yes/no
9. My sleep is frequently disturbed. yes/no

10. I have/had a disease of the nervous system (e.g., stroke, head trauma, parkinsonism, RLS, narcolepsy,
depression, epilepsy, inflammatory disease of the brain), which?

yes/no

German
1. Ich habe teilweise sehr lebhafte Träume. ja/nein
2. Meine Träume haben des öfteren aggressiven oder aktionsgeladenen Inhalt. ja/nein
3. Die Trauminhalte stimmen meist mit meinem nächtlichen Verhalten überein. ja/nein
4. Mir ist bekannt, dass ich meine Arme oder Beine im Schlaf bewege. ja/nein
5. Es ist dabei vorgekommen, dass ich meinen Partner oder mich selbst (beinahe) verletzt habe. ja/nein
6. Bei mir treten oder traten während des Träumens folgende Erscheinungen auf:
6.1. laut Sprechen, Schreien, Schimpfen, Lachen ja/nein
6.2. plötzliche Bewegungen der Gliedma�en,„Kämpfen“ ja/nein
6.3. Gesten, Bewegungsabläufe, die im Schlaf sinnlos sind wie z.B. winken, salutieren, Mücken verscheuchen,

Stürze aus dem Bett
ja/nein

6.4. um das Bett herum umgefallene Gegenstände wie z.B. Nachttischlampe, Buch, Brille ja/nein
7. Es kommt vor, dass ich durch meine eigenen Bewegungen wach werde. ja/nein
8. Nach dem Erwachen kann ich mich an den Inhalt meiner Träume meist gut erinnern. ja/nein
9. Mein Schlaf ist häufiger gestört. ja/nein

10. Bei mir liegt/lag eine Erkrankung des Nervensystems vor (z.B. Schlaganfall, Gehirnerschütterung, Parkinson,
RLS, Narkolepsie, Depression, Epilepsie, entzündliche Erkrankung des Gehirns), welche?

ja/nein
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0.38, and compared with the minimum possible score of
0.5, the difference was highly significant (P � 0.0005).

There was no correlation between the RBDSQ score
and the duration of RBD (Spearman � � 0.07, P � 0.62).
Within control group 1, there was a significant correla-
tion for the PLMI (Spearman � � 0.29, P � 0.001),
PLMS index (Spearman � � 0.30, P � 0.001) and the
PLMW index (Spearman � � 0.34, P � 0.0001). PLM
parameters did not correlate with the RBDSQ score
within the RBD group.

Single item analysis revealed the highest specificity
for items 6.3 (complex movements during sleep), 6.4
(things that fell down around the bed), and 5 (injury of
the patient or bed partner) when compared with the entire
control group 1 (Table 3). Cronbach’s alpha for the entire
RBDSQ was 0.885. Furthermore, the answer patterns of
control subgroups with n � 3 patients are displayed in
Figure 2.

The mean RBDSQ score in control group 2 was 2.0 �
1.8 (range 0–9) points and markedly lower than in con-
trol group 1. Differences in the RBDSQ score between
control group 2 and the RBD group were thus highly
significant (P � 0.0005). Based on this control sample,
the RBDSQ revealed a specificity of 92% when using a
cut-off value of 5.

DISCUSSION

This study evaluated the diagnostic value of a newly
developed screening questionnaire for RBD. Using a
cut-off value of five points on the RBDSQ as a discrim-
inatory variable, the questionnaire revealed a sensitivity
of 96% and a specificity of 56%, correctly diagnosing
66% of subjects with sleep disorders. When investigating
the usefulness of the RBDSQ in an unselected control
group from the general population, i.e., those who did
not present to a sleep center, the specificity was consid-
erably higher with 92%, leading to the correct diagnosis

in 93%. The sensitivity of a diagnostic interview for
RBD is probably high.1 However, for a definite diagnos-
tic decision, a polysomnography is required predomi-
nantly to definitely rule out differential diagnoses such as
sleep-related epileptic seizures, non-REM parasomnias
(e.g., sleepwalking), obstructive sleep apnea (OSA), or
nocturnal periodic leg movements (PLM).1,20 In addition,
it is impossible to detect patients with subclinical RBD,
who present only with PSG findings typical of RBD but
without a clinical history of RBD.3Eisensehr et al.21

investigated the diagnostic value of a specialized clinical
interview for diagnosis of RBD according to the ICSD
criteria22 and compared it to PSG-supported RBD diag-
nosis in a population of sleep-disordered patients similar
to our control group 1, including patients with sleep
apnea syndrome, RLS, PLMD, and narcolepsy and to a
smaller extent patients with epilepsy and sleepwalking.
The sensitivity of interviews for the clinical diagnosis of
RBD compared with PSG results was 100%, and the
specificity was also excellent (99.6%). The very high
specificity might be due to the fact that these interviews
were performed from experts not only in sleep medicine
but also in movement disorders and epilepsy. Compared
with expert interviews, the RBDSQ revealed a similarly
high sensitivity of 96% but a lower specificity of 56%.
The lower specificity might be due to the fact that most
of our control patients suffered from sleep disturbances
or neurologic disorders that are known to be associated
with PLM, e.g., RLS, PLMD, narcolepsy, and OSA. This
selection bias predisposed to positive answers in items
that are related either to limb movements such as items 4,
5, 6.2, and 7 or to the presence of sleep and/or neurologic
disorders such as items 9 and 10, leading to higher
RBDSQ total scores and thus to a lower specificity. In
contrast, the RBDSQ had an excellent specificity when
RBD was assessed in a nonselected control group of the
general population.

There is growing evidence that RBD precedes the first
motor symptoms of the neurodegenerative disorders in
parkinsonism by years or even decades. Schenck and
coworkers first reported that 11 of 29 (38%) patients with
RBD initially considered to be idiopathic developed PD
after a mean interval of 13 years (range 10–29).23 A
further follow-up seven years later showed that even
65% developed parkinsonism, dementia, or both dis-
eases.24 A recent retrospective longitudinal study con-
firmed that 45% of 44 patients with assumed idio-
pathic RBD developed a neurodegenerative disease
10.7 years after reported RBD onset.25 In the mean-
time, the hypothesis that RBD is an early manifesta-
tion of a neurodegenerative disorder has been sup-
ported by various studies showing neurobiologic

TABLE 3. Sensitivity and specificity of single RBDSQ items

RBDSQ
item

Sensitivity
(%)

Specificity
(%) Item-test correlation

1 94.4 47.1 0.636 (P � 0.0005)
2 83.0 71.9 0.730 (P � 0.0005)
3 80.0 75.2 0.732 (P � 0.0005)
4 88.7 57.4 0.719 (P � 0.0005)
5 68.5 85.3 0.693 (P � 0.0005)
6.1 90.7 62.5 0.752 (P � 0.0005)
6.2 82.7 59.2 0.739 (P � 0.0005)
6.3 56.0 91.1 0.635 (P � 0.0005)
6.4 49.1 88.4 0.627 (P � 0.0005)
7 71.7 49.3 0.527 (P � 0.0005)
8 74.1 42.2 0.366 (P � 0.0005)
9 81.1 23.9 0.343 (P � 0.0005)

10 56.6 56.3 0.367 (P � 0.0005)

2390 K. STIASNY-KOLSTER ET AL.
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本研究の目的は，幻覚を伴うまたは伴わないパーキンソ

ン病（Parkinson’s disease; PD）患者において，認知

障害の進行度を評価することである。PD患者36例を，

初回評価から2年後に，前頭葉機能検査（Frontal 

Assessment Battery；FAB）を含む神経心理学的検査，

ならびに認知機能全般，機能的自律性，行動障害の各評

価尺度を用いて再評価した。このうち，9例では初回評

価と2年後の追跡調査の両時点で幻覚がみられ，12例

では追跡調査中に幻覚が発現し，15例では試験期間を

通じて幻覚は認めなかった。これら3群の患者は，い

ずれも認知能力は有意に低下していたが，追跡調査時の

評価では，幻覚のあるPD患者は幻覚のない患者に比べ，

音声的および文意的言語流暢度検査，即時自由想起検

査，FABの go/no-go課題のスコアが有意に低かった。

さらに，幻覚のある患者にみられる無感情（apathy）

の所見は，幻覚のない患者よりも重度であった。初回評

価時に認められた音声的言語流暢度の低下〔オッズ比

（odds ratio; OR）：13.5，95％CI：1.34～135.98，

p ＝0.027）〕は，2年後の幻覚発現に関する唯一の独

立した予測因子であった。一方，幻覚（OR：10.1，

95％ CI：1.94～ 51.54，p ＝0.006）と音声的言語

流暢度の低下（OR：6.1，95％CI：1.04～35.03，p

＝0.045）は，広汎性認知障害の独立した予測因子で

あった。結論として，PD患者の幻覚の発現は言語流暢

度スコアの低下によって予測でき，認知症の発現は幻覚

と音声的言語流暢度の低下によって予測できると考えら

れる。

幻覚を伴うまたは伴わないパーキンソン病患者を対象とした 
神経心理学的縦断研究
A Neuropsychological Longitudinal Study in Parkinson’s Patients With and Without Hallucinations

＊, ＊＊Gabriella Santangelo, PhD, Luigi Trojano, MD, Carmine Vitale, MD, PhD, Marta Ianniciello, MD, Marianna Amboni, MD, Dario Grossi, 
MD, and Paolo Barone, MD, PhD
＊Dipartimento di Scienze Neurologiche, Università di Napoli Federico II, Naples, Italy
＊＊Laboratorio di Neuropsicologia, Dipartimento di Psicologia, Seconda Università Studi di Napoli, Naples, Italy

CDR scores. The analysis of the NPI subscales showed
that three groups differed significantly for frequency and
severity of hallucinations, as expected, and for apathy;
Scheffè post hoc comparisons showed that H�H� and

H�H� patients had higher hallucinations scores, as ex-
pected, and higher apathy scores than H�H� patients.

The multivariate analysis on the six neuropsycholog-
ical tests administered at baseline and at follow-up (Ta-

TABLE 2. Demographic, clinical, and neuropsychological features (mean � SD) at follow-up evaluation in patients who never
experienced hallucinations (H�H�), patients with hallucinations only at follow-up (H�H�), patients with hallucinations at

baseline and at follow-up (H�H�)

Parameter

H�H�

patients
(n � 15)

H�H�

patients
(n � 12)

H�H�

patients
(n � 9) F P

Age 70.1 � 8.6 67.7 � 9.9 72.1 � 9 0.594 0.558
Education 10.3 � 4.3 8.7 � 5.4 11.7 � 4.7 0.964 0.392
Disease duration 6.2 � 2.9 9.4 � 4.6 10.5 � 5 1.304 0.285
Hoehn and Yahr stage 2 � 0.5 3 � 1.4 2.8 � 0.9 3.259 0.530
UPDRS motor score 19 � 9.8 31.4 � 18.3 25.8 � 11.6 2.322 0.116
L-dopa daily dose 499.2 � 298.7 544.4 � 479.2 844.8 � 359.9 2.745 0.081
MMSE 26.2 � 2.7 25 � 4.2 23.3 � 6.2 1.270 0.294
Phonological fluency 29.7 � 14.1 20.2 � 10.8 18.3 � 13a 5.348 0.010
Semantic fluency 15.6 � 5.6 11.3 � 5.6 9.5 � 5.3 3.54 0.041
RCPM 22.5 � 8.2 21 � 7.3 17.5 � 7.3 2.373 0.109
Immediate recall 26.1 � 7.2 21 � 5.4 18.3 � 10.9 3.595 0.039
Delayed recall 4.7 � 3.3 3.6 � 2.5 3 � 1.9 1.769 0.187
FAB—Total score 12.4 � 3 9.7 � 3.5 10 � 4 4.768 0.436
FAB—Similarities task 1 � 1 1 � 0.7 1.7 � 1 1.768 0.186
FAB—Phonological fluency 2.4 � 0.7 2 � 0.7 1.6 � 1.1 2.817 0.074
FAB—Motor series 2.3 � 0.9 1.4 � 1.2 1.7 � 1.2 2.482 0.099
FAB—Conflicting instructions 2.1 � 1 1.2 � 1.3 1.7 � 1.3 1.627 0.212
FAB—Go-no go task 1.6 � 1.1 1.1 � 0.9 0.4 � 0.5a 4.344 0.021
FAB—Prehension behavior 3 � 0 3 � 0 3 � 0 – –

aSignificantly different from H�H�.
UPDRS, Unified Parkinson’s Disease Rating Scale; MMSE, Mini Mental State Examination; RCPM, Raven’s 47 Colored Progressive Matrices;

FAB, Frontal Assessment Battery.

TABLE 3. Behavioral characteristics (mean � SD) at follow-up in patients without hallucinations at baseline and at follow-up
(H�H�), patients with hallucinations only at follow-up (H�H�), and patients with hallucinations at baseline and at follow-up

(H�H�)

H�H� H�H� H�H� F P

HAM-D 10 � 5.9 16.3 � 8.2 16.7 � 9.8 2.662 0.086
CDR 0.4 � 0.6 1.05 � 0.7 1.3 � 1 3.857 0.032
ADL (lost functions) 1.3 � 1.3 2.6 � 2.1 2.6 � 2.3 1.807 0.181
IADL (lost functions) 1.4 � 2.1 2.6 � 2.3 3.2 � 2.9 1.222 0.309
NPI—Caregiver distress score 11.7 � 9.9 20.9 � 15.1 20.2 � 14.2 2.290 0.119
NPI—Total score 20.5 � 19.9 40.8 � 32.7 43.6 � 33.9 2.799 0.077
NPI—Delusions 0.5 � 1.6 2.1 � 4.1 1.1 � 2.3 1.006 0.377
NPI—Hallucinations 0 � 0 3.4 � 4a 2.9 � 4.6a 4.236 0.023
NPI—Agitation/aggression 1.5 � 3.2 3.7 � 4.2 2.3 � 4.1 1.071 0.355
NPI—Depression or dysphoria 3.5 � 3.7 4.8 � 5.3 4.7 � 4.7 0.315 0.732
NPI—Anxiety 3.4 � 4.5 3 � 4.1 5 � 5.6 0.492 0.616
NPI—Elation or euphoria 0 � 0 1 � 1.9 1.3 � 4 1.146 0.331
NPI—Apathy or indifference 0.8 � 2.4 6 � 6a 6.7 � 5.6a 6.078 0.006
NPI—Disinhibition 2.1 � 3.7 2.7 � 4.8 3 � 5.2 0.141 0.869
NPI—�rritability or lability 2.5 � 3.5 2.5 � 4.2 4.2 � 4.5 0.623 0.543
NPI—Motor disturbances 0.6 � 2.3 2.3 � 4.8 2.9 � 5.2 1.051 0.361
NPI—Night-time behavior 4.5 � 4.7 7.1 � 5.1 6.6 � 4.5 1.038 0.366
NPI—Appetite and eating 1.7 � 3.5 2.4 � 4.2 3.8 � 5.3 0.689 0.509

aSignificantly different from H�H�.
HAM-D, Hamilton Depression Scale; CDR, Clinical Dementia Rating Scale; ADL, Activities of Daily Living; IADL, Instrumental Activities of

Daily Living; NPI, Neuropsychiatric Inventory.
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本研究の目的は，進行期パーキンソン病（Parkinson’s 

disease; PD）患者に淡蒼球内節への深部脳刺激（deep 

brain stimulation of the globus pallidus interna; GPi-

DBS）を行い，生活の質（quality of life; QOL）の変化

を評価するとともに，PDの運動症状の変化との関連性

を明らかにすることである。患者11例（年齢54～

69歳，女性2例）にGPi-DBS（一側4例，両側7例）

を施行した。アウトカム評価項目は，Parkinson’s 

Disease Questionnaire-39（PDQ-39）によるPD特

異的QOL（平均で術後8ヵ月時）ならびに標準的な運

動機能評価とした。Off 期の Unified Parkinson’s 

Disease Rating Scale（UPDRS）Part ⅠⅠⅠ （運動）スコ
アは43±8％（平均± SEM）低下した。ジスキネジ

アの重症度は，異常不随意運動の尺度（abnormal 

involuntary movement scale）で80±3％，UPDRS 

Part ⅠⅤ A（ジスキネジア）では58±8％低下した。
PDQ-39 Summary Index（SI）で評価したQOLは30

±5％改善し，可動性，日常生活動作，身体不快感，情

緒安定性，コミュニケーション，認知の各サブスケール

で有意な改善が認められた。両側DBSおよび一側DBS

を受けた患者群では，ともにPDQ-39 SIに同等の改善

が認められた。QOLの改善はジスキネジアの軽減と強

く相関していたが，UPDRSスコアの低下や手術時年齢

とは相関していなかった。GPi-DBSにより進行期PD

患者のQOLは著しく改善することが明らかになった。

その効果は多岐にわたり，PDの運動症状が直接影響し

ないQOL領域も改善された。GPi-DBSによるQOLの

改善には，ジスキネジアの軽減が重要な役割を果たす。

淡蒼球内節刺激療法により進行期パーキンソン病患者の運動 
および非運動機能における生活の質が改善される
Globus Pallidus Stimulation Improves Both Motor and Nonmotor Aspects of Quality of Life in 
Advanced Parkinson’s Disease

＊Julian P. Rodrigues, MD, Susan E. Walters, BAppSci (Physio), Peter Watson, MD, Rick Stell, MD, and Frank L. Mastaglia, MD
＊Centre for Neuromuscular and Neurological Disorders, Australian Neuromuscular Research Institute, University of Western Australia, Nedlands, 
Western Australia, Australia

FIG. 1. QOL change (mean SEM) for 11 GPi DBS patients assessed at mean 8 months post surgery (*P 0.05, **P 0.01, ADL, activities of
daily living).
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Key Word 	 転倒，予測，感度，特異度，パーキンソン病，メタアナリシス，UPDRS

頻回の転倒は，パーキンソン病（Parkinson’s disease; 

PD）でみられる機能障害の1つである。本研究では，

大規模なサンプルサイズにおいて3ヵ月間の前向き追

跡調査中の転倒発生率を推定するとともに，PD患者の

転倒の予測因子を特定し（転倒歴のない患者群でも解

析を反復），疾患重症度の上昇に伴う転倒リスクを検討

した。PD患者（473例）の転倒に関する6つの前向

き研究をプールし，多くの研究で共通して検討された変

数について，転倒予測能力を評価した。3ヵ月間の転倒

発生率は46％（95％信頼区間：38～54％）であった。

興味深いことに，転倒歴のない患者でも転倒発生率は

21％（95％信頼区間：12～35％）に達した。転倒に

関する最も優れた予測因子は，前年の2回以上の転倒

歴であった（感度 68％，特異度 81％）。Unified 

Parkinson’s Disease Rating Scale（UPDRS）スコア

が高いほど転倒のリスクは増大し，UPDRSスコアが

25～ 35の場合，転倒の危険性は約60％であった。

ただし，UPDRSスコアがこれ以上であっても転倒リス

クは同じであり，PDが末期へと進行するにしたがって

リスクが漸減する傾向がみられた。本研究の結果から，

PD患者では転倒の発生頻度が高いことが確認され，わ

ずか3ヵ月という短期間にほぼ50％の患者が転倒を経

験していた。転倒の最も強力な予測因子は前年の複数

回の転倒歴であったが，転倒歴のまったくない患者でも，

将来の転倒に関して高いリスクが認められた。疾患の重

症度は転倒の優れた予測因子ではなかったが，その原因

として，重症度と転倒との間にみられる複雑なU字型

の相関性が考えられる。したがって，患者にとって最初

の転倒を未然に予測することは依然として困難であり，

新たな予測法を開発する必要がある。

パーキンソン病患者の転倒に関する 6 つの前向き研究の 
メタアナリシス
A Meta-Analysis of Six Prospective Studies of Falling in Parkinson’s Disease

＊Ruth M. Pickering, RM, BSc, MSc, PhD, CStat, Yvette A.M. Grimbergen, YAM, MD, Una Rigney, BSc, MSc, Ann Ashburn, PhD, MPhil, FCSP, 
Gordon Mazibrada, MD, Brian Wood, MBChB, MD, FRCP, Peggy Gray, RN, BScN, Graham Kerr, BSC, MPhEd, PhD, and Bastiaan R. Bloem, 
MD, PhD
＊Public Health Sciences and Medical Statistics, University of Southampton, Southampton, United Kingdom
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Abstract

proportions of subjects with injurious falls, and the find-
ings were remarkably comparable (24% in the Leiden
study, and 27% in the London study). The third study
(Ottawa) merely reported the number of falls that were
associated with injuries, and this proportion was very
high (78%).
The single most important predictor of subsequent

falling was the reported number of falls in the previous
year (Table 3). Number of previous falls was also the

only variable to provide independent predictive power
(P � 0.000) that was not explained by the two disease
severity measures (Hoehn and Yahr stage and
UPDRS).
Of the two severity measures, the Hoehn and Yahr

stage contributed most to predicting falling in the three-
month follow-up. Hoehn and Yahr stage was associated
with large increases in risk in the uncontrolled model
which were reduced to borderline nonsignificance (P �

TABLE 2. Summary statistics and numbers missing in each study and combined.
Figures are number (%) unless stated otherwise

VARIABLE
Ottawa
(n � 118)

Leiden
(n � 59)

Southampton
(n � 63)

North
Tyneside
(n � 109)

Brisbane
(n � 56)

London
(n � 68)

Overall
(n � 473)

Subsequent faller in 3 mo
Yes 70 (59%) 21 (36%) 22 (38%) 49 (46%) 23 (44%) 28 (41%) 213 (46%)
No 48 (41%) 38 (64%) 35 (61%) 58 (54%) 29 (56%) 40 (59%) 248 (54%)
Missing 6 2 4 12

Subsequent injurious faller
in 3 mo

Yes (92 falls
amongst
the 118)

14 (24%) 18 (27%)
No 45 (76%) 50 (74%)
Missing 63 109 56

Age in years
Mean (SD) 71 (10) 61 (10) 71 (8) 75 (8) 65 (9) 64 (9) 69 (10)
Min to max 43 to 90 39 to 80 46 to 87 54 to 92 46 to 84 35 to 81 35 to 92
Missing 2 2

Sex
Male 73 (62%) 38 (64%) 33 (52%) 52 (48%) 35 (63%) 42 (62%) 273 (58%)
Female 45 (38%) 21 (36%) 30 (48%) 57 (52%) 21 (38%) 26 (38%) 200 (42%)

Hoehn and Yahr stage
Mean (median) 2.6 (2.5) 2.3 (2.5) 2.8 (3.0) 2.0 (2.0) 2.7 (3.0) 2.5 (2.5) 2.4 (2.5)
Min to max 1 to 4 1 to 4 1 to 4 1 to 4 1.5 to 4 1 to 5 1 to 5
Missing 12 1 13

UPDRS
Mean (median) 33.3 (33.0) 31.9 (30.5) 38.4 (38.0) 29.3 (29.0) 20.1 (20.0) 23.8 (21.5) 30.1 (29.0)
Min to max 2.5 to 64 7 to 64 4 to 74 6 to 58 8 to 41.5 2 to 69 2 to 74
Missing 12 1 3 13 4 33

Reported number of falls
in previous year

Mean (median) 1.3 (0) 2.8 (1) 11.0 (1) 6.3 (1)
Min to max 0 to 20 0 to 20 0 to 500 0 to 500
Missing 118 56 68 231

Reported falls in the
previous year

Yes 23 (39%) 40 (64%) 68 (62%) 131 (57%)
No 36 (61%) 23 (36%) 41 (38%) 100 (43%)
Missing 118 56 68 242

Reported repeat falls in
the previous year

Yes 11 (19%) 29 (46%) 53 (49%) 93 (40%)
No 48 (81%) 34 (54%) 56 (51%) 138 (60%)
Missing 118 56 68 242

Reported near falls in the
previous year

Yes 47 (75%) 50 (74%) 97 (131%)
No 16 (25%) 18 (26%) 34 (26%)
Missing 118 59 109 56 342

Fear of falling
Yes 27 (46%) 23 (36%) 39 (58%) 89 (47%)
No 32 (54%) 40 (64%) 28 (42%) 100 (53%)
Missing 118 109 56 1 284
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previous repeat falling is lower. Figures combined over
these three studies show only moderately high sensitivity
(68%), although specificity was high (81%). Figures
from the Ottawa study were based on falling in the
previous 3 months, and higher sensitivity would be an-
ticipated had falls over the previous year been reported.
Specificity in the Ottawa study was high (88%), and this
would be likely to drop were fall histories over a longer
period to be used. A Hoehn and Yahr stage of more than
two showed only moderately high sensitivity and speci-
ficity. Prediction from the combined score mirrored that
from two or more previous falls in the studies separately
and combined. Moderately high sensitivity and specific-
ity for fear of falling is also shown.
For the subgroup reporting no falls in the previous

year, a reported fear of falling showed only moderate
sensitivity (50%) and higher specificity (71%), while
sensitivity was somewhat higher (54%) for Hoehn and
Yahr stage greater than 2.0, with a specificity of 69%.
Figure 2a shows the relationship between risk of sub-

sequent falling and the UPDRS. The curve starts at low
levels of risk for UPDRS close to zero, and then in-
creases to a risk of about 60% chance of falling in 3
months for UPDRS values above 50. The curve shows a
tendency for the risk of falling to drop with increasing
UPDRS over values of 50, but the observed decrease is
slight and is estimated from only few cases. In Table 3
including a quadratic term in UPDRS which would allow
the risk of subsequent falling to decrease after an initial
rise with UPDRS showed no additional predictive power
over the linear term (P � 0.223), indicating that any
decrease at high values of UPDRS is not important in
explaining falling. Figure 2b shows the relation between
risk of falling and UPDRS for the subgroup reporting no
falls in the previous year. The risk of falls is much lower
when compared to the entire group, and a tendency for

risk of falling to decrease with increasing UPDRS over
35 to 40 can be detected.
We also calculated the odds ratios of individual items

of the UPDRS as predictors of falling, for the group as a
whole (data not shown). Except for resting tremor, all
items were associated with risk of falling when con-
trolled only for study. Speech, gait, and postural stability

TABLE 4. Performance of various predictors of falling at 3 mo in each study and overall. Figures are number (%)

Predictor

Ottawa* Leiden Southampton North Tyneside Brisbane** London Overall

Sens Spec Sens Spec Sens Spec Sens Spec Sens Spec Sens Spec Sens Spec

2 or more previous falls 39/70
(56%)

42/48
(88%)

8/21
(38%)

35/38
(92%)

19/22
(86%)

30/35
(86%)

35/49
(71%)

41/58
(72%)

Na Na Na Na 62/92a
(68%)

106/131a
(81%)

1 or more previous falls 51/70
(73%)

36/48
(75%)

12/21
(57%)

27/38
(71%)

21/22
(95%)

22/35
(63%)

38/49
(78%)

29/58
(50%)

13/23
(57%)

26/29
(90%)

Na Na 71/92a
(77%)

78/131a
(60%)

Hoehn and Yahr �2 54/70
(77%)

20/48
(42%)

16/21
(75%)

24/38
(63%)

20/22
(91%)

18/35
(57%)

26/49
(53%)

40/58
(69%)

13/16
(81%)

9/27
(33%)

24/28
(86%)

24/39
(62%)

86/120
(72%)

106/171
(62%)

Optimal cut point for
combined score

Na Na 11/20
(55%)

35/38
(92%)

17/20
(85%)

25/34
(74%)

36/49
(73%)

43/58
(74%)

Na Na Na Na 64/89
(72%)

103/130
(79%)

Fear of falling Na Na 14/21
(67%)

25/38
(66%)

12/22
(54%)

28/35
(80%)

Na Na Na Na 22/28
(79%)

22/39
(56%)

48/71
(68%)

75/112b
(67%)

*Previous falls and near falls in the Ottawa study over 3 mo.
**Previous falls and near falls in the Brisbane study over 6 mo, only the presence of falls not the number was available.
aCombined over Leiden, Southampton, and North Tyneside.
bCombined over Leiden, Southampton, and London

FIG. 2. Lowess smoothed curves of risk of falling in 3 months for
increasing UPDRS: (a) all patients; (b) patients reporting no falls in the
previous year. Points plotted with symbol (�) and subject to jittering.
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Key Word 	 α - シヌクレイン，多系統萎縮症，ミクログリアの活性化，トランスジェニックマウス，神経変性

希突起膠細胞（oligodendroglia）内のα-シヌクレイン

封入体形成と中脳ドパミン作動性ニューロンの脱落を特

徴とするトランスジェニックマウスを用い，多系統萎縮

症（multiple system atrophy; MSA）におけるミクログ

リア活性化の役割を病理組織学的解析および形態計測

により検討した。本研究では，iNOSの発現上昇に伴う

黒質緻密部（substantia nigra pars compacta; SNc）

における早期かつ進行性のミクログリア活性化と，これ

に対応するドパミン作動性ニューロンの脱落が認められ

た。早期のミノサイクリン長期投与によってミクログリ

アの活性化を抑制すると，SNcのドパミン作動性ニュー

ロンが保護された。この結果から，希突起膠細胞

（oligodendroglia）のα-シヌクレイン過剰発現により，

一酸化窒素ストレス（nitrosive stress）に関連する神経

炎症が誘発され，これがMSAにおける神経変性の一因

となっている可能性が高いと考えられる。さらに，トラ

ンスジェニックマウスとMSA患者の脳では toll 様受容

体4に対する免疫反応性が亢進しており，MSAにおけ

るシグナル伝達経路が示唆された。Toll 様受容体4の

シグナル伝達経路は神経保護療法の標的となる可能性

があり，今後のさらなる研究が必要と考える。

希突起膠細胞（oligodendroglia）のα - シヌクレイノパチー
による神経変性にはミクログリアの活性化が関与する： 
多系統萎縮症との関連性
Microglial Activation Mediates Neurodegeneration Related to Oligodendroglial α -Synucleinopathy: 
Implications for Multiple System Atrophy

＊Nadia Stefanova MD, PhD, Markus Reindl PhD, Manuela Neumann MD, Philipp J. Kahle PhD, Werner Poewe MD, and Gregor K. Wenning 
MD, PhD
＊Clinical Neurobiology Unit, Neurodegeneration Research Laboratory, Department of Neurology, Innsbruck Medical University, Innsbruck, Austria
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FIG. 1. Microglia demonstrated by
CD11b-immunohistochemistry (brown,
counterstaining with cresyl violet) in the
SNc of 2 months old transgenic (a) and
C57Bl/6 (b) and 8 months old transgenic
(c) and C57Bl/6 (d) mice indicating mi-
croglial activation in older transgenic but
not C57Bl/6 animals. (e) Age-related
changes of microglia numbers in SN of
transgenic and control C57Bl/6 mice
ageing 2, 4, and 8 months; (f) Age-re-
lated changes of microglia numbers in
the striatum of transgenic and control
C57Bl/6 mice ageing 2, 4, and 8 months.
Data present means SEM. **P 0.01,
***P 0.001 (tg vs. same age control);
& P 0.05, &&& P 0.001. Bar, 100
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Key Word 	 予後，パーキンソン病，運動障害，身体能力障害，生活の質

本総説の目的は，パーキンソン病（Parkinson’s 

disease; PD）の経過に関する研究を総括し，運動障害，

身体能力障害，生活の質の変化に関する予測因子を特

定することである。文献は，使用言語を英語，フランス

語，ドイツ語，スペイン語およびオランダ語に限定し，

MEDLINE，EMBASE，CINAHL，Web of Scienceにて

検索した。研究報告は，PD患者を被験者とし，アウト

カムの評価項目に運動障害，身体能力障害，または生活

の質が含まれ，少なくとも6ヵ月以上追跡調査したも

のを選択した。すべての研究を，試験方法の質をスコア

化して評価した。データはbest evidence synthesis 法

で抽出・要約した。論文名と抄録を検討した1,535件

の文献のうち，今回の選択基準を満たしたのは27件で

あった。各研究で使用されたアウトカムの評価項目は多

岐にわたり，試験対象集団も均一でなかったため，運動

障害と身体能力障害の進行度スコアを定量的に集計す

るメタアナリシスは実施できなかった。将来の運動障害

に関する予後因子としては，限定的なエビデンスではあ

るが，ベースライン時のUnified Parkinson’s Disease 

Rating Scale-Motor Examination（UPDRS-ME）低値，

認知症，SE Scale（UPDRS-ME）＜70％が認められた。

身体能力障害の進行に関する予後因子として強力なエ

ビデンスが認められたのは，発症時に高齢であることと

姿勢保持反射障害／歩行障害（postural instability/gait 

difficulty; PIGD）スコア高値であり，さらに動作緩慢ス

コア高値，非振戦優位型サブタイプ，ベースライン時の

対称性障害，抑うつが限定的なエビデンスとして認めら

れた。本研究によって運動障害および身体能力障害の

予後因子が特定された。PDの予後に関する過去の論文

では，最近の研究にみられるような高水準の試験方法

が用いられていない。今後，疾患早期の同じ段階にある

PD患者集団において，長期間の追跡調査を行う前向き

コホート研究が必要である。

パーキンソン病の進行に関する予後因子：総説
Prognostic Factors for the Progression of Parkinson’s Disease: A Systematic Review

＊Bart Post, MD, Maruschka P. Merkus, PhD, Rob J. de Haan, PhD, and Johannes D. Speelman, MD, PhD, on behalf  of  the CARPA Study Group
＊Department of Neurology, Academic Medical Centre, Amsterdam, The Netherlands

for measuring quality of life in PD. One study32 observed
a decline in quality of life during 4 years of follow-up
when measured with the Notthingham Health Profile
(higher score is lower quality of life; proportion with
more than 30% increase in score � 58.6%). The other
study34 reported no significant change in quality of life
between 0 and 4 years of follow-up in a cohort with early
PD as measured with EuroQol. No prognostic factors
were identified in both studies.

Levels of Evidence of the Identified Prognostic
Factors

Because of heterogeneity in study characteristics and
methodological quality, a qualitative synthesis of the
prognostic factors was performed (Table 5). Limited
evidence consists for dementia, SE � 70% and lower

initial UPDRS-ME scores as prognostic factor for a
higher rate of progression of impairment. Furthermore,
there is conflicting evidence on age at entry into the
study, age at onset and longer disease duration at base-
line as prognostic factors for progression of motor im-
pairment. Strong evidence was found for higher age at
onset and higher PIGD-score at baseline as prognostic
factors for more rapid progression of disability in PD.
Limited evidence consists for higher baseline bradykine-
sia-score, non-tremor dominant subtype at onset, sym-
metrical disease onset, and depression as prognostic fac-
tor of more rapid progression of disability. There is still
conflicting evidence on whether sex is a prognostic fac-
tor for the progression of disability in PD. No evidence is
reported on prognostic factors for the progression of
quality of life in PD.

TABLE 3. Results of observational studies on the course of perceived quality of life and its prognostic factors in patients with
Parkinson’s disease

Study Outcome measure Results Prognostic factors

Karlsen, 2000 (32) NHP NHP proportion with more than 30%
increase in score � 58.6%; mean
change score 56.0 (SD 110.8)

The authors could not identify any
factors that could predict
change in decreased QoL as
measured by the increased NHP
scores

Marras, 2004 (34) EQ-5D and VAS from EuroQol No significant change in QoL
between 0 and 4 yr of follow-up

Treatment regimen or motor
complications are not related to
lower QoL; dyskinesias in the
first two yr of treatment (and
follow-up) are associated with
better QoL scores (even when
corrected for difference in
UPDRS-scores); this correlation
disappears in the last 2 yr of
follow-up.

Grey cells mean high quality study.
NHP, Notthingham health profile; SD, standard deviation; QoL, Quality of Life; UPDRS, Unified Parkinson’s Disease Rating Scale.

TABLE 4. Evidence on prognostic factors in Parkinson’s disease

Prognostic factors Motor impairment Disability

Higher age at onset Conflicting evidence Strong evidence
Older age at baseline Conflicting evidence
Non-tremor dominant subtype at onset Limited evidence
Lower UPDRS-ME scores at baseline Limited evidence
Longer disease duration at baseline Conflicting evidence
Dementia Limited evidence
SE � 70% Limited evidence
PIGD-score Strong evidence
Bradykinesia-score Limited evidence
Symmetrical disease at baseline Limited evidence
Sex Conflicting evidence
Depression Limited evidence

Empty cells mean there is no evidence available.
The outcome measure quality of life was left out because no prognostic factor good be identified.
UPDRS-ME, Unified Parkinson’s Disease Rating Scale-Motor Examination; SE, Schwab and England disability scale; PIGD-score, postural

instability/gait difficulty-score.

1848 B. POST ET AL.
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Key Word 	 PD，非運動症状，UPDRS，質問票，生活の質

通常，パーキンソン病（Parkinson’s disease; PD）患

者は非運動症状（non-motor symptoms; NMS）を伴い，

NMSにより患者の生活の質は有意に低下する。しかし，

現在のところ，NMSの進行度や治療効果を評価するた

めの妥当性が検証された臨床的尺度はない。そこで，著

者らはPD患者のNMSに関する30項目の評価尺度

（Non-Motor Symptoms Scale; NMSS）を新たに開発

した。NMSSは，心血管系，睡眠／疲労，気分／認知，

知覚障害，注意／記憶，消化器系，尿路系，性機能，そ

の他の9領域から構成される。本研究ではこのNMSS

の測定特性を解析した。あらゆる病期のPD患者242

例のデータを欧州，米国，日本の各施設から収集した。

患者の平均年齢は67.2±11歳，罹病期間は6.4±6年，

男性の割合は57.3％であった。NMSSの平均スコアは

56.5±40.7（範囲：0～243）で，NMSがないと申

告した患者は1例のみであった。NMSSでは解析に必

要なデータがほぼ完全に得られ（99.2％），総スコアに

は床効果も天井効果もみられなかった。NMSSの大部

分の領域において，各質問項目の分類に関するscaling 

assumption（「その他」を除く全領域で多特性解析の

scaling success rateが 95％を上回った）と内部整合

性（Cronbachのα係数の平均値：0.61）は良好であっ

た。因子分析では，演繹的に設定した9領域からなる

質問票の構成が支持され（分散の63％が9因子によっ

て説明可能），一部の患者を対象とした再テスト法によ

る再現性の検討では，「心血管系」〔級内相関係数

（intraclass correlation coefficient; ICC）＝0.45〕を

除くすべての領域で良好な結果（ICC＞0.80）が得ら

れた。NMSSの妥当性を検討したところ，運動症状の

重症度および疾患の進行度に関する指標との相関性は

あまり高くなかったが，別のNMS評価尺度（NMSQuest）

や健康関連の生活の質に関する尺度（Parkinson’s 

Disease Questionnaire-8; PDQ-8）とは高い相関性が

認められた（いずれもSpearman r ＝0.70）。結論とし

て，NMSSは，最近妥当性が確認された非運動症状の

質問票とともに，病期を問わずPD患者のNMSの発現

頻度および重症度の評価に使用できる。

パーキンソン病の非運動症状に関する新規評価尺度の 
測定特性：国際予備試験の結果
The Metric Properties of a Novel Non-Motor Symptoms Scale for Parkinson’s Disease: Results from 
an International Pilot Study

＊, ＊＊, ＊＊＊Kallol Ray Chaudhuri, Pablo Martinez-Martin, Richard G. Brown, Kapil Sethi,6 Fabrizio Stocchi, Per Odin, William Ondo, Kazuo Abe, 
Graeme MacPhee, Doug MacMahon, Paolo Barone, Martin Rabey, Alison Forbes, Kieran Breen, Susanne Tluk, Yogini Naidu, Warren Olanow, 
Adrian J. Williams, Sue Thomas, David Rye, Yoshio Tsuboi, Annette Hand, and Anthony H.V. Schapira4
＊National Parkinson Foundation Centre of Excellence, Kings College Hospital, London, United Kingdom
＊＊Department of Neurology, University Hospital Lewisham, London, United Kingdom
＊＊＊Kings College, Institute of Psychiatry, London, United Kingdom

fatigue, mood state, and attention/memory; therefore,
the overall correlation with the applied measures for
these constructs, we felt, are likely to be weak (rS �
0.30). Finally, it was expected a high correlation of
the NMSS score with the number of positive
NMSQuest responses and PDQ-8 score (rS � 0.60)
while the association of the NMS with age, age at
diagnosis, and comorbidity could be weak to moder-
ate (rS � 0.40).10,32 High correlations (coefficients
0.40 or higher) were expected between the corre-
sponding domains of the NMSS (score) and
NMSQuest (number of positive responses).29

The discriminative validity was explored by the
comparison of the NMSS scores broken down by
severity level based on HY staging (mild � stages
1–2.5; moderate � stage 3; severe � stages 4 and 5
(Kruskal–Wallis test).

6. Precision of the scale domains (ability of the instru-
ment to detect small differences) was determined by
means of the standard error of measurement (SEM).30

RESULTS

The total number of patients recruited were 242 across
centers in the UK, Italy, Germany, USA, and Japan. Five
cases were excluded because of missing data on the
NMSS.

The age ranged between 35 and 88 years (67.2 � 11.1
years) while the duration of PD ranged from “just diag-
nosed,” 0 to 45 years (6.4 � 6.1years). Fifty-seven
percentage of patients were males, and most were clus-
tered around HY stages 2–3 (stage 2� 19%; 2.5� 17%;
3� 32.5%) although patients in stage 1 (9.3%) and stage
5 (2.1%) were also included. Twenty-four patients had
untreated PD at the time of assessment (age, 63.4 � 13
years; duration of PD, 3.0 � 4.5 years). The descriptive
statistics of the applied measures are shown in Table 1.
The mean NMSS score was 56.5 � 40.7 (median: 46;

interquartile rank: 25–81.5) with a range from 0 to 243
of a possible maximum of 360. Maximum score (stan-
dardized to percentage on the maximum possible score)
was recorded for six domains: sleep (3 patients); mood
(2); perceptual disorders (1); attention/memory (4); uri-
nary (4); and sexual function (5). Only one patient de-
clared no NMS while another one scored a maximum of
243.
The overall floor and ceiling effect of the total NMSS

score were 0.42% under the upper standard limit of 15%.
Skewness was 1.17 (exceeding the limit �1 by a bor-
derline 0.17 factor only). Both the exception of sleep
significant proportions (17–66%) reported no problems
in the other domains.
The multitrait scaling reached a success, and probable

success rate was higher than 95% for all domains (Table
2), except the miscellaneous domain (47% success rate),
which contained wide ranging, unrelated questions from
diplopia to weight change. Twenty three of the 26 items
(88.5%) contained in eight domains (not including mis-
cellaneous) of the NMSS gained item-total correlation
coefficients higher than the criterion 0.30 (Table 3). The
dimension Gastrointestinal showed the weakest scaling
assumptions by both methods.
Four domains (mood/cognition, attention/memory,

urinary, and sexual function) showed Cronbach’s �-co-
efficient higher than the criterion 0.70 (0.71, urinary, to

TABLE 1. Score distribution of the applied measures and
non-motor symptoms scale

Measures Mean SD Min. Max.

UPDRS- section 3 17.43 8.16 2 47
UPDRS- section 4 3.37 3.31 0 16
CIRS-G index 1.85 0.60 1 4
FAB-total 15.00 2.71 3 18
PDQ-8 29.82 18.81 0 93.7
Fatigue-VAS 63.00 21.26 0 100
HADS-anxiety 8.70 5.00 0 21
HADS-depression 8.12 4.80 0 21
NMS questionnaire 10.47 5.01 0 27

NMS scale
Cardiovascular 2.04 3.60 0 21
Sleep/fatigue 12.60 10.35 0 48
Mood/cognition 9.94 13.13 0 72
Perceptual problems 1.71 4.03 0 36
Attention/memory 6.50 8.19 0 36
Gastrointestinal 5.44 5.85 0 26
Urinary 7.66 7.96 0 36
Sexual function 3.67 6.02 0 24
Miscellaneous 6.66 7.44 0 36
Total NMSS 56.46 40.66 0 243

SD, Standard deviation; Min., Minimum; Max, Maximum; UPDRS,
Unified Parkinson’s Disease Rating Scale; VAS, Visual analogue scale;
CIRS-G, Cumulative Illness Rating Scale-Geriatrics; HADS, Hospital
Anxiety and Depression Scale; FAB, Frontal assessment battery;
PDQ-8, Parkinson’s Disease Questionnaire- 8 items; NMS, Non-Motor
Symptoms; NMSS, Non-Motor Symptoms Scale.

TABLE 2. Multitrait scaling results

Domain
Number of
correlations* Success

Probable
success Failure

Succes
rate
(%)

Cardiovascular 16 16 0 0 100
Sleep/fatigue 32 22 9 1 97
Mood 48 48 0 0 100
Perceptual problems 24 23 1 0 100
Attention/memory 24 24 0 0 100
Gastrointestinal 24 8 15 1 96
Urinary 24 23 1 0 100
Sexual Function 16 16 0 0 100
Miscellany 32 4 11 17 47

*Discounting item-own domain correlations.
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0.85, mood). Two other, sleep and perceptual problems
reached values around 0.60 and the rest were under the
limit. Mean Cronbach’s � was 0.61. Item homogeneity
analysis showed that all domains exceeded the accepted
standard 0.30 (IH � 0.35–0.57), except sleep/fatigue (IH
� 0.29), gastrointestinal (IH � 0.18), and miscellany (IH
� 0.11).
Factor analysis identified nine factors that explained

63% of the variance and corresponded approximately to
the a priori defined domains. Factor 1 was composed of
six items included in mood/cognition domain; factor 2,
of three items of perceptual problems dimension; factor
3, of three urinary domain items; and factor 4, of two
items of cardiovascular. Factor 5 included three items

(restless legs, difficulty falling asleep, and fatigue) of the
four-item domain sleep/fatigue. Factor 6 was formed by
the sexual function items plus weight change (miscella-
neous). Factor 7 included constipation and excessive
sweating. Swallowing was the only item loading on
factor 8. Items comprising factor 9 were coincident with
the items of attention/memory.
Twenty-three of the 30 NMSS items (76.7%) showed

ICC higher than the standard 0.70 (Table 3). All dimen-
sions gained ICC values higher than 0.80, except cardio-
vascular (ICC � 0.45).
NMSS score was not significantly associated with age

and only a weak association was found with age at
diagnosis (rS � �0.16, P � 0.05) and duration of disease
(rS � 0.23, P � 0.001). Correlation of the NMSS score
with measures related to PD (HY, UPDRS-Parts 3 and 4)
resulted low to moderate (rS � 0.33–0.49, P � 0.0001).
As a whole, they were also low with VAS of fatigue,
comorbidity index, HADS, and FAB (rS � 0.23–0.31;
P � 0.001–P � 0.0001) and high with NMS Quest and
PDQ-8 (both, rS � 0.70, P � 0.0001) (Table 4).
The correlation of NMSS domains with independent

measures of related constructs resulted as follows: sleep/
fatigue with UPDRS-Part 4, rS � 0.51; sleep/fatigue with
fatigue VAS, rS � �0.26; mood/cognition with HADS-
anxiety and depression, rS � 0.31 and 0.35, respectively;
mood/cognition with FAB, rS � �0.28; and attention/
memory with FAB, rS � �0.24.
As foreseen, convergent validity between correspond-

ing domains contained in the NMSS and NMSQuest
reached values of 0.44 (NMSS-mood/cognition with

TABLE 4. Convergent validity of the Non-Motor
Symptoms Scale

Variable Spearman r*

Hoehn and Yahr staging 0.33
UPDRS- section 3 0.35
UPDRS- section 4 0.49
UPDRS4-dysk & flct. 0.43
UPDRS4-other compl. 0.45

Fatigue-VAS �0.30
CIRS-G index 0.27
HADS-anx 0.23a

HADS-dep 0.28
FAB-total 0.31
NMSQ-total 0.70
PDQ-8 0.70

*All, P � 0.0001, except aP � 0.001.
UPDRS, Unified Parkinson’s Disease Rating Scale; Dysk & Flct,

Dyskinesias and fluctuations; Other compl, Other complications; VAS,
Visual analog scale; CIRS-G, Cumulative Illness Rating Scale-Geriat-
rics; HADS, Hospital Anxiety and Depression Scale; FAB, Frontal
assessment battery; NMSQ, Non-Motor Symptoms Questionnaire;
PDQ-8, Parkinson’s Disease Questionnaire- 8 items.

TABLE 3. Item-total correlation and test–retest
of the Non-Motor Symptoms Scale

Non-Motor Symptoms Scale
Item-total
correlation*

Test–retest
(ICC)

Cardiovascular 0.45
Light-headedness 0.46 0.53
Fainting 0.49

Sleep/fatigue 0.92
Daytime sleep 0.32 0.85
Fatigue 0.47 0.95
Difficulty falling asleep 0.36 0.87
Restless legs 0.47 0.74

Mood/cognition 0.96
Lost interest in surroundings 0.65 1.00
Lack motivation 0.68 0.50
Feel nervous 0.61 0.88
Seem sad 0.62 0.90
Flat mood 0.62 0.62
Difficulty experiencing pleasure 0.65 0.82

Perceptual problems 0.83
Hallucinations 0.37 0.77
Delusions 0.44 0.86
Double vision 0.42 0.31

Attention/memory 0.94
Concentration 0.54 0.94
Forget things or events 0.73 0.93
Forget to do things 0.66 0.87

Gastrointestinal 0.84
Saliva 0.23 0.96
Swallowing 0.24 0.60
Constipation 0.21 0.99

Urinary 0.83
Urgency 0.51 0.68
Frequency 0.58 0.64
Nocturia 0.51 0.94

Sexual dysfunction 0.94
Interest in sex 0.65 0.78
Problems having sex 1.00

Miscellaneous 0.65
Pains 0.17 0.63
Taste or smell 0.30 0.95
Weight change 0.10 0.78
Excessive sweating 0.15 0.83

*In domains with two items, interitem correlation.
ICC, Intraclass correlation coefficient.
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原発性側索硬化症（primary lateral sclerosis; PLS）は

上位運動ニューロン型の運動ニューロン疾患であり，わ

ずかな運動機能低下（motor weakness）を伴う脊髄性

ないし球性の進行性痙縮を特徴とする。PLS患者では

パーキンソン症候群に類似する臨床的特徴が稀にみら

れ，非定型パーキンソン症候群の1つとして誤診され

る場合がある。本稿では，レボドパ（L—ドパ）不応性非

定型パーキンソン症候群（4例）あるいは原発性進行性

多発性硬化症（1例）との診断で当院に紹介され，その

後，PLSに一致する特徴が認められた患者5例につい

て報告する。患者の発症時の年齢は49～67歳であっ

た。患者4例の最初の愁訴は一側肢の動作緩慢または

動作のぎこちなさであり，1例では球症状であった。反

復フィンガー／フットタッピング検査では5例すべて

で緩慢な動作が認められたが，疲労や振幅の減衰はみ

られなかった。反射亢進を伴う痙縮，下顎反射亢進，趾

伸筋足底反応は最終的にすべての患者で認められた。3

例では前角細胞の病変徴候が認められた。患者全例で

早期の歩行障害と転倒がみられ，いずれの患者もドパミ

ン系作動薬に反応しなかった。2例でSPECTによりド

パミントランスポーター（dopamine transporter; DaT）

の密度を調べたが，結果は正常であった。他の特徴とし

て，情動不安定（5例）と前頭皮質下系が関与する認知

障害（1例）がみられた。結論として，これらの症例は

PLS患者のサブグループを形成しており，錐体路障害

による動作緩慢が誤って無動と判断され，同様に痙縮が

固縮として解釈される結果，非定型パーキンソン症候群

と誤診される可能性がある。しかしながら，反復フィン

ガー／フットタッピング検査では疲労や振幅の減衰は認

められず，この所見がPLS患者と真の非定型パーキン

ソン症候群の患者とを鑑別する上で役立つと考えられ

る。

非定型パーキンソン症候群に類似する原発性側索硬化症
Primary Lateral Sclerosis Mimicking Atypical Parkinsonism

＊, ＊＊Ibrahim M. Norlinah, MB, Kailash P. Bhatia, MD, Karen Østergaard, MD, Robin Howard, PhD, Gennarina Arabia, MD, and Niall P. Quinn, 
MD
＊Sobell Department of Motor Neuroscience and Movement Disorders, Institute of Neurology, London, United Kingdom
＊＊Neurology Unit, Department of Medicine, Universiti Kebangsaan Malaysia, Kuala Lumpur, Malaysia
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Abstract

progressively and was referred to us to exclude a para-
neoplastic disorder. Examination revealed prominent gait
apraxia with narrow-based short steps and profound pos-
tural instability. Eye movements and speech were normal
with pathologically brisk jaw jerk. Axial rigidity was
noted and she walked with a stooped posture. The deep
tendon reflexes were all brisk with extensor plantar re-
sponses. Repeated finger tapping was slow, but with no
fatiguing or decrement. A whole body FDG-PET scan
was normal. A trial of levodopa, up to 600 mg/day, was
of no benefit. At last follow up, 5 years after onset, she
had pseudobulbar speech and spasticity of her left arm
and both legs. A repeat EMG showed denervation and
reinnervation in the leg muscles in keeping with anterior
horn cell involvement.

Case 5

A 64-year-old man presented with a 2-year history of
impaired dexterity of the right hand. He subsequently
had frequent falls, initially because of tripping, but later
due to impaired balance and unsteadiness, and developed
a permanent limp. An initial diagnosis of Parkinson’s
disease was made in another center and a trial of pergol-
ide 6 mg/day was of no benefit. Initial MRI brain scans
done a year apart were unremarkable. The patient sub-
sequently developed urinary urgency and impairment of
erections, without other autonomic symptoms. A diag-
nosis of MSA was considered. Walking became more
difficult with start hesitation. He subsequently developed
dysphagia and mild dysarthria. There was no intellectual
impairment.

Examining the patient 2 years after onset revealed a
hemiplegic gait, with dragging of the right leg. Eye

movements were normal with good facial expression.
The jaw jerk was increased; there was no tongue wasting
or fasciculation. There was slowing of repeated finger
tapping, without fatiguing or decrement. The reflexes
were pathologically brisk on the right with bilaterally
extensor plantars. There was some wasting of the su-
praspinati bilaterally with some fasciculations. Sensation
was normal. EMG showed features of denervation and
reinnervation in keeping with anterior horn cell disease.
The patient died recently of his illness 6 years after onset.
No autopsy was obtained.

Auxiliary Investigations (see also Table 2)

Routine blood tests were normal. All cases had nega-
tive serology for HTLV-1, HIV, and syphilis. Chest
X-ray and screening for tumor markers was negative in
all cases. All patients had normal cerebrospinal fluid test
results with negative oligloclonal bands. Case 2 was
negative for mutations in the SCA 2, 3, and 6 genes and
Case 3 was negative for SCAs 1, 2, 3, 6, and 7. No cases
were tested for HSP mutations.

DISCUSSION

We have described five cases of probable PLS who
had all been diagnosed with atypical parkinsonian syn-
dromes or PPMS in other centers. However, subsequent
assessment revealed features more in keeping with PLS
as proposed by Pringle et al.4 (Table 3).

Their mean onset age varied from 49 to 67 years,
similar to that described by other authors.1–6 All cases
were given a trial of levodopa/dopaminergic medications
with no useful response. The time taken to make the
correct diagnosis varied between 1 and 5 years. Other

TABLE 1. Clinical features

Case 1 2 3 4 5

Sex/onset age (yr) F/54 M/51 F/49 F/67 M/64
Onset site L arm/leg R arm/leg Bulbar/L arm L leg R hand
Pseudobulbar affect � � � � �
Spasticity � � � � �
Hyper-reflexia � � � � �
Weakness � � � � �
Wasting � � � � �
Fasciculations � � � � �
Slow movements � � � � �
True akinesia � � � � �
Axial rigidity � � � � �
Postural instability � � � � n.k.
Freezing � � � � �
Gait apraxia � � � � �
Falls � � � � �
Cognitive impairment � � � n.k. �
Levodopa/DA response � � � n.k. �

M, male; F, female; �, present; �, absent; n.k., not known.
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authors have reported diagnostic delay varying between
2 and 28 years.5 In all but one patient (Case 3) the disease
involved only one limb initially, with ipsilateral spread,
before involving the contralateral limbs. Prominent spas-
ticity with hyperreflexia and brisk jaw jerk were eventu-
ally seen in all. No patient had eye movement abnormal-
ities. Emotional lability was a striking feature in all
patients. Motor weakness, when present, was mild and
only two patients (Cases 1 and 5) developed muscle
wasting and fasciculations, later in the disease course.
Gait difficulties with/without postural instability were
observed in all patients, and most required some form of
walking aid early. Disease duration varied between 4 and
6 years, with four patients still alive. Case 1 died after
four years, and Case 5 after six years of disease onset.

The diagnosis of PLS may pose a considerable chal-
lenge to clinicians, especially early in the disease. The
diagnostic criteria of Pringle et al.4 are mainly used,
although more recently newer diagnostic criteria incor-
porating cortical motor conduction time, magnetic reso-
nance spectroscopy (MRS) and diffusion tensor imaging
abnormalities were proposed.8 The diagnosis of PLS in
our patients was made on the basis of the clinical picture
of a progressive, otherwise unexplained, upper motor
neuron syndrome, supported by relevant negative inves-
tigations and, in Case 3, evidence of pure corticospinal

involvement on MRI, and in Cases 2 and three of abnor-
mal findings on cortical magnetic stimulation. Although
Case 2 had some minor deep white matter ischemic
changes on brain MRI, this was unlikely to be the cause
of the patient’s condition, given the progression and the
lack of stepwise deterioration. Most of these patients
(Cases 1, 3, and 4) were also seen and reviewed by an
expert in motor neuron disease (RH) who also consid-
ered that they had ALS or PLS.

The main clinical feature causing diagnostic confusion
was slowness of movement. Progressive motor difficul-
ties of the most affected limb(s) were the most frequent
initial complaint. Repetitive finger-thumb tapping move-
ments in these patients were slow. The striking asymme-
try of disease onset, with spread from arm to ipsilateral
leg, also resembled the typical early evolution of a par-
kinsonian syndrome. Crucially, however, despite the
marked slowing of alternating movements, there was no
fatiguing or decrement on repeated finger-tapping in any
of the patients (video illustration Cases 1 and 2). This
important finding serves to discriminate true extrapyra-
midal akinesia from other types of “bradykinesia.”9,10

Furthermore, DaT SPECT scans done in Cases 2 and 3
were normal, excluding a nigrostriatal lesion as a
cause.11

Frequent falls were a feature in all cases, and occurred
early (after 6–12 months) in Cases 2 and 3. All patients
had persistently normal eye movements, making progres-
sive supranuclear palsy unlikely. Falls in PLS may be
due to the combination of pyramidal weakness and spas-
ticity, with or without additional postural instability.
Furthermore, gait freezing, apraxia, and ignition failure
seen in one patient (Case 4) may suggest some degree of
frontal lobe involvement.

In Case 1, a diagnosis of MSA was considered, on the
basis of the presence of apparent akinesia and rigidity,

TABLE 2. Investigations

Case 1 2 3 4 5

MRI Brain N Minor deep wm ischaemic
changes

Focal hyperintensities
of corticospinal
tracts

Two small non-specific
white matter lesions

N

MRI cervical spine N n.d. Mild spondylitic
changes

N n.k.

DaT SPECT scan n.d. N N n.d. n.d.
NCS N Mild axonal sensory

neuropathy
N N N

EMG Active and chronic partial
denervation

N N Denervation and
reinnervation

Deneveration and
reinnervation

CMCT n.d. Prolonged latencies to
arms and legs

Absent to both arms
and legs

n.d. n.d.

CSF N N N N N

Deg, degenerative; N, normal; n.d., not done; n.k., not known; wm, white matter.

TABLE 3. Evolution of diagnosis

Cases Diagnosis

1 PD 3 MSA 3 PLS 3 ALS
2 AP 3 PLS
3 MSA 3 PLS
4 PPMS 3 PLS 3 ALS
5 AP/MSA 3 PLS 3 ALS

PD, Parkinson’s disease; AP, atypical parkinsonism; EPS, extrapy-
ramidal syndrome; PPMS, primary progressive multiple sclerosis.
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パーキンソン病（Parkinson’s Disease; PD）患者は不

安定感を訴えることが多い。この不安定感は，姿勢調節

の変化，姿勢反射の消失，体幹の無動と固縮，すくみ現

象および／または体位性低血圧など，様々な神経機能

障害を原因として生じうる。一部の症例ではこれらの症

状は依然として解明されておらず，稀に不安定感の原因

として立位時の振戦が報告されている症例がある。この

病態を解明するために，立位時の振戦による原因不明の

不安定感がみられるPD患者で，著者らの施設で6年

間診療している連続症例11例について検討した。すべ

ての患者を対象に，表面筋電図ポリグラフ記録を用いて

詳細な臨床的・電気生理学的検査を行った。患者4例

では速い（13～18 Hz）立位時振戦がみられ，1例で

は中等度（8～9 Hz）の立位時振戦が，3例では遅い（4

～6 Hz）立位時振戦がみられた。残りの3例では立位

時のミオクローヌスを認めたが，この症状がこれまで

PD患者で報告されたことはない。速い振戦を伴う患者

はクロナゼパム投与により改善した。遅い振戦およびミ

オクローヌスを伴う患者はレボドパ（L—ドパ）投与によ

り改善し，クロナゼパム追加投与によってさらなる改善

をみた例もあった。本研究の観察結果から，PD患者に

おける原因不明の不安定感を診断・治療する上で，神

経生理学的検査が有用であることが示された。

立位時のミオクローヌスと振戦：パーキンソン病患者の 
不安定感の原因として十分に認識されていない
Myoclonus or Tremor in Orthostatism: An Under-Recognized Cause of Unsteadiness in Parkinson’s 
Disease

＊Smaranda Leu-Semenescu, MD, Emmanuel Roze, MD, Marie Vidailhet, MD, André-Pierre Legrand, PhD, Jean-Marc Trocello, MD, Vaérie 
Cochen, MD, Sophie Sangla, MD, and Emmanuelle Apartis, MD, PhD
＊Department of Neurology, Saint-Antoine Hospital, AP-HP, Paris, France
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PATIENTS AND METHODS

Selection of the Patients

The patients were seen at our Movement Disorders Unit
between 2000 and 2005. The inclusion criteria were as
follows: (1) a firm diagnosis of PD, according to United
Kingdom Brain Bank criteria10; (2) a feeling of unsteadi-
ness while standing, in the “best on” state; (3) specific
abnormal orthostatic neurophysiological findings. The ex-
clusion criteria were as follows: (1) a UPDRS motor score
�15 and an axial score �5 in the best on state; (2) abnor-
mal postural reflexes; (3) abnormal postural stability (pull
test score �1 in the best on state); (4) symptomatic postural
hypotension proven by careful measurements of orthostatic
blood pressure11; (5) freezing, and (6) sensory, cerebellar,
or vestibular dysfunction.

Clinical Evaluation of the Parkinsonian Syndrome
and Orthostatic Tremor

The clinical characteristics of the patients are summa-
rized in Table 1. Motor disability was assessed by using
Part III of the Unified Parkinson’s Disease Rating
Scale.12 The axial subscore includes speech, neck rigid-
ity, rising from a chair, posture, and postural stability.
The patients were asked whether they felt tremor. Phys-
ical examination focused on the perception of tremor,
vibrations or jerks on visual inspection or palpation, and
the perception of lower limb muscle stiffness when
standing.

Therapeutic Interventions and Responses

In all patients the daily levodopa dose was first in-
creased (�50 to 200 mg) to obtain a maximal improve-
ment of the unsteadiness. The patients were asked to
evaluate the subjective response of their unsteadiness
while at the maximal effect of levodopa (0, none; 1,
mild; 2, marked; 3, total improvement). Once the effect
of levodopa on unsteadiness was optimal, clonazepam
was added and the response was reassessed with the
same subjective questions.

Recording and Analysis of Orthostatic and Rest
Tremor

All the patients were recorded in the “levodopa best
on” state (except for the untreated Patient 11), in which
they all still experienced unsteadiness.

Surface multichannel EMG recordings were made
with a Viking 4 device (Nicolet Biomedical) using
bipolar silver/silver chloride electrodes placed 2 to 4
cm apart over the muscle bellies. The electrode im-
pedances were set to below 10 M�. EMG signals were
bandpass filtered at 20 to 10 kHz.

The lower limb muscles were systematically re-
corded, from the right and left vastus lateralis and
tibialis anterior muscles, with a strictly symmetrical
disposition. The patients were observed when supine
and counting down, sitting, sitting with extended legs,
standing up, standing still, and imitating walk. Resting
limb tremor was also recorded in the upper and/or
lower limbs when present. The tremor parameters

TABLE 1. Clinical data and drugs OT response

Patient:
age*/
gender

Duration of
PD (yr)/

Daily dopa
dose

equivalent*

Age at
OT

onset
(yr)

PD before
unsteadiness;

laps (yr) Unsteadiness*

Feeling
of

tremor-
shaking*

Tremor-jerks/
legs stiffness,
at physical

examination*

Unsteadiness
improvement

when
walking*

UPDRS
(on) total
score/axial

score*

OT
clonazepam
response/
dose**

OT
L-Dopa/DA

agonists
response**

Fast OT 1: 72/F 5/600 72 yes, 4 3 yes yes/yes no 11/4 2/0.4 0
2: 77/F 6/300 76 yes, 5 3 no yes/yes yes 7/4 2/0.4 0
3: 79/M 10/600 78 yes, 9 2 no yes/yes yes 7/3 2/0.4 0
4: 75/F 5/400 74 yes, 4 3 no no/yes yes 11/4 na/0.4 0
m: 75.7 m: 75 m: 9/3.76

Intermediate OT 5: 76/F 9/450 68 yes, 8 2 no yes/no yes 11/2 1/0.7 0
Slow OT 6: 85/F 0.5/300 85 no, 0 2 no yes/yes no 7/0 1/0.3 2

7: 57/F 0.5/300 57 no, 0 2 no yes/no no (falls) 14/1 1/1 1
8: 54/F 6/600 48 no, 0 3 no yes/no na 6/1 2/0.5 1
m: 65.2 m: 63.3 m: 9/0.66

Orthostatic
myoclonus 9: 75/M 8/600 75 no, 0 3 no yes/yes yes 9/1 2/0.5 1

10: 67/M 3/300 67 no, 0 2 no no/no no 1/1 1/0.4 1
11: 33/M 5/0 28 no, 0 3 yes no/yes yes 8/1 2/0.6 na
m: 57.6 m: 56.6 m: 6/1

Drugs response: 0, none; 1, mild; 2, marked; 3, total improvement.
Unsteadiness: 1, mild; 2, moderate; 3, severe.
*At the time of electrophysiological examination.
**Clinical evaluation.
na, data not available; m, mean value.
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evaluated in this study are summarized in Table 2. The
frequency of tremor when standing was estimated by
visual inspection of the number of bursts per second
and by FFT analysis when available. Power spectrum
analysis followed by EMG-EMG right/left coherence
study of the orthostatic lower limb EMG activity was
obtained for 6 of the 11 patients. For this purpose,
analog multichannel signals obtained from the Nicolet
Viking IV device were digitized (1000Hz sampling
rate) with a PCI-6024E card (National Instruments)
before analysis with MATLAB software. Coherence
between right and left lower limb tremor was esti-
mated as recommended by Halliday.13

RESULTS

We identified 11 consecutive patients who met the
inclusion criteria. The electrophysiological characteris-
tics of the patients define four different groups (see
below). Clinical and neurophysiological findings are
shown in Tables 1 and 2. Representative recordings are
shown in Figure 1. Electrophysiological criteria identi-
fied fast orthostatic tremor in 4 cases, slow orthostatic
tremor in 3 cases, and an intermediate orthostatic tremor
in one case. In the other 3 cases the electrophysiological
data strongly suggested orthostatic myoclonus (OM).

Fast-OT patients were defined by the high frequency
(13–18 Hz) of orthostatic tremor, composed of short
(25–40 ms) bilateral synchronous rhythmic bursts. In
three of the four patients for whom it was available,

coherence analysis confirmed this constant right/left tem-
poral link, with a high amplitude of the coherency peak
at the tremor frequency (Fig. 1A, Patient 2).

Slow-OT patients were characterized by low-fre-
quency (4–6 Hz) unilateral or bilateral regular lower
limb tremor occurring during stance, with longer bursts
(70–120 ms) than in fast OT (Fig. 1B, Patient 8).

In only one case (Patient 5), we observed orthostatic
bilateral lower limb tremor at a slightly higher frequency
(7.5–9 Hz), and this was defined as intermediate OT.

Orthostatic myoclonus differed from slow and inter-
mediate OT by the shorter bursts (range 30–70 ms), the
higher frequency in rhythmic epochs (9.5–15 Hz), and
the occurrence of irregular nonrhythmic bursts. To dis-
tinguish orthostatic myoclonus from fast OT, we used (1)
the longer bursts (up to 60–70 ms in the 3 patients), (2)
a weaker or inconsistent rhythmic pattern and, when
rhythmic, (3) a lower frequency, and (4) the lack or
transience of right/left burst synchrony. When possible
(in 2 of the 3 patients concerned), this latter criterion was
confirmed by coherence analysis, which showed no sig-
nificant peak. In particular, Patient 11 (Fig. 1C) had the
most rhythmic pattern and displayed a component of
high frequency with slight overlap on fast OT rhythms.
Nevertheless, coherence analysis failed to demonstrate a
significant peak. Moreover, two distinct nonharmonic
frequencies were recorded simultaneously in both
lower limbs. None of these 3 patients had lower limb

TABLE 2. Electrophysiological parameters of tremor and myoclonus

Patient

OT and OM characteristics Rest tremor characteristics

Frequency
(Hz) Regularity

Bursts length
(ms) Symmetry

r/l bursts
synchrony R/L Coherence Location**

Frequency
(Hz)

Bursts
length
(ms)

Fast OT 1 18.0 ��� 25 � �� na no – –
2 16.0 ��� 30 � �� 0.99/16 Hz LLl 5.5 110
3 13.5 �� 40 � �� 0.95/13.5 � Hz no – –
4 17.0 �� 35 � �� 0.8/17 Hz no – –

Intermediate
OT 5 7.5–9.0 � 80–100 � � na UL r & l 6.8 100

Slow OT 6 5.0 � 110–120 � � na UL l 6 80
7 5.0–6.0 �� 80–100 r only ne ne UL l na na
8 4.3–5.0 � 90–120 � R/L alternance 0.59/4.8 Hz UL l na na

Orthostatic
myoclonus 9 9.0–11.5* �/� 30–70 � � no UL r na na

10 10.0* �/� 55–60 � �/� na no � �
11 11–15* �/� 30–60 � � no no � �

Frequency: * when rhythmic epochs.
Regularity (evaluation on visual inspection): �/�: possible but inconstant; �, almost constant; ��, permanent; ��� permanent and hyper

rhythmic.
na: non available, ne: non-evaluable due to unilateral tremor
r, right; l, left
UL, upper limb; LL, lower limb
Location **: rest tremor location on clinical examination during the following of the disease and/or at the time of electrophysiological examination.
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側方屈曲を伴う体幹ジストニア（lateral axial dystonia; 

LAD）は，パーキンソン病（Parkinson’s disease; PD）

患者において以前から報告されているが，他の神経疾

患のLADに比べると治療法に関する見解は一致してい

ない。PD 患者の LAD に対するボツリヌス毒素

（botulinum toxin; BTX）の有効性を検討するため，

BTXとプラセボを用いた盲検クロスオーバー試験を実

施した。内服治療が奏効しなかったLAD患者9例を無

作為に2群に割り付け，まず4例にBTX，5例にプラ

セボを投与した。最初の投与から3ヵ月後に各群の投

与薬剤を入れ替えてBTXまたはプラセボを投与した。

ベースライン時，BTX 注射後2週，4週，3ヵ月の追

跡調査時点において，Trunk Dystonia Disability Scale

（TDDS），Visual Analogue Scale（VAS），角度計によ

る側方屈曲の測定により各患者を評価した。各患者の受

診時にはビデオ撮影した。プラセボ群の患者では投与

による効果は得られなかった。BTX治療は6例で有効

であった。自覚症状が改善したと報告した1例では，

VASスコアの改善とTDDSスコアの軽度改善が認めら

れたが，屈曲度は改善していなかった。2例ではいかな

る改善も報告されなかった。4例は，本クロスオーバー

試験終了後も2年間BTX治療を継続することを選択し

た。本試験の結果，BTXはパーキンソン症候群患者の

LADの治療法となりうることが示された。

パーキンソン症候群患者の側方屈曲を伴う体幹ジストニアに 
対するボツリヌス毒素治療
Botulinum Toxin Treatment of Lateral Axial Dystonia in Parkinsonism

＊, ＊＊Laura Bonanni, MD, PhD, Astrid Thomas, MD, PhD, Sara Varanese, MD, Vincenzo Scorrano, MD, and Marco Onofrj, MD
＊Neurophysiopathology, University G. D’Annunzio of Chieti-Pescara, Italy
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FIG. 2. Points of injection in the paraspinous muscles. Patient 7 at the
goniometer (baseline).
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