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深部脳刺激（deep	brain	 stimulation;	DBS）は，パー

キンソン病，本態性振戦，ジストニアの治療法として

FDA（米国食品医薬品局）により認可されている。症例

報告および症例集積研究では，有意な精神医学的副作

用も報告されている。今回のメタアナリシスの目的は，

DBSのリスクとベネフィットを明らかにし，精神医学領

域における有用性を評価することである。1996年1月

1日～2005年12月30日の間に発表された文献を，

PubMed，EBSCO，PsycInfo のデータベースを用いて

2006年1月に検索した。DBSに関するすべての論文

をレビューし，有害事象を報告する論文については体系

的な手法（structured	instrument）でさらに詳細に検討

した。初回の検索で検出された論文は2,667件で，こ

のうち808件がメタアナリシスの選択基準を満たした。

特に運動機能を評価した研究のうち，DBS後にある程

度の改善が認められたのは98.2％であった。報告され

た副作用の大部分は，DBS機器または手技に関連して

いた（例：感染，リードの破損）。DBSによるうつ病の

発生率は2～4％，躁病は0.9～1.7％，情動の変化

は0.1～0.2％，自殺念慮／自殺未遂は0.3～0.7％で，

自殺完遂率は0.16～ 0.32％であった。結論として，

DBSはパーキンソン病，ジストニア，本態性振戦に有

効な治療法であり，症例報告では大うつ病と強迫性障害

（obsessive-compulsive	disorder;	OCD）に対する有効

性も示唆されている。DBSの有害事象として報告され

ているうつ病，認知障害，躁病，行動変化の発生率は低

いが，特に視床および淡蒼球内節（globus	pallidus	

internus;	GPi）を刺激するDBSを受けた患者で自殺率

が高い。このような高い自殺率を考慮すると，DBS手

術前に，あらかじめ患者の自殺リスクをスクリーニング

しておく必要がある。さらに，術後も患者の自殺行動に

ついても慎重に監視すべきである。

深部脳刺激（deep brain stimulation; DBS）は，電極を

脳内に埋め込み，電流を流す治療法である。1997年に

FDA（米国食品医薬品局）によりパーキンソン病患者へ

の使用が認可されてから，DBSは本態性振戦，ジストニア，

群発性頭痛，慢性疼痛の治療に用いられてきた 1-4。DBS

の正確な作用機序は不明であるが，電場によって脳に「可

逆性変化」が誘導されて効果を発揮すると考えられてい

る。電極の埋め込みによって破壊される組織量はごくわ

ずかであり，いわゆる「微小梗塞（microinfarct）」を引き

起こすにすぎない。したがって，DBSは可逆的かつ術後

の調節が可能であるという点において，従来の破壊術

（lesion-producing surgery）よりも優れている。

DBSの使用経験が増え，症例集積研究や症例報告で躁

および抑うつ症状の誘発が報告されるにつれ 5-10，DBS

の精神医学的な影響が次第に注目されるようになった。

例えば，ある患者では脳刺激を onにした数秒後に重度の

抑うつ症状が現れ，offに切り替えた数分後に正常に戻っ

たことが報告されている 11。このような精度の高い気分



3

A. Schrag et al.

変調作用を利用すれば，感情状態に関与する神経ネット

ワークの局在部位を特定でき，また，感情障害の治療に

もDBSを活用できる可能性がある。こうした治療法とし

ての可能性に注目し，Maybergらは治療抵抗性のうつ病

患者を対象に DBSの有用性を検討し，6例中 4例で良好

な結果が得られたことを報告している 12。これに加え，

DBSは不安および治療抵抗性の強迫性障害（obsessive-

compulsive disorder; OCD）を緩和することも明らかにさ

れている 14。現在，様々な精神障害において DBSの有用

性が検討されている。

一方，パーキンソン病患者では，DBS後に運動能力

が完全に回復したにもかかわらず，精神医学的症状が発

現して生活の質（quality of life; QOL）が低下した症例も

報告されている 15。こうした報告を受け，精神障害患者

に対する DBS使用への関心は薄れてきている。特に懸

念されるのは，DBS後に良好なアウトカムが得られたに

もかかわらず，自殺をする患者が報告されている点であ

る 16-18。

DBS治療を受けた患者の認知機能の変化についても研

究が行われてきた。様々な認知障害が報告されているも

のの，大部分の研究では，言語流暢性の悪化を除き，認

知機能の変化はほとんど認められていない 19-21。

DBSによる精神医学的な副作用が報告され，また，精

神障害の治療法として DBSが提案されているにもかかわ

らず，DBS後の精神医学的な副作用の発生率はほとんど

明らかにされていない。以前に行われたメタアナリシス

では，電極の埋め込み位置，副作用，適応症が限定され

ており 22-26，Temelら 25もパーキンソン病患者における

DBSの精神医学的な副作用を報告している。今回の研究

は，精神医学的な副作用を扱うという点では同じである

が，すべての適応症に対するDBSの有効性はもちろん，

神経学的および身体的な副作用についても検討する。本

稿では，過去 10年間に発表された DBSに関する研究を

対象に，精神医学的および身体的な副作用のメタアナリ

シスを行い，あらゆる疾患領域および適応症で報告され

た改善率について報告する。

	方　法

2006年 1月に PubMedにて検索を行った。この際， 

「深部脳刺激（deep brain stimulation）」という用語を含

む文献，または「刺激（stimulation）」という用語と「視

床下核（subthalamic nucleus）」もしくは「淡蒼球（globus 

pallidus）」という用語を含む文献を検索した。同じ検

索用語を用いて他の 2つのデータベース，PsycInfoと

FIG. 1. Summary of literature search and review procedure.
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Parkinson’s disease developed psychiatric symptoms
that impaired quality of life despite recovering full motor
potential.15 Of particular concern are reports of patients
with DBS committing suicide despite positive surgical
outcomes.16–18

Cognitive changes have also been investigated in pa-
tients treated with DBS. While a range of cognitive
deficits have been reported, most studies have found
little change in cognition with the exception of verbal
fluency.19–21

In spite of these reports of DBS-induced psychiatric
side effects and its proposed use as a treatment for
psychiatric disorders, little is known about the preva-
lence of psychiatric side effects following DBS. Previous
meta-analyses have focused on specific implantation

sites, side effects, or indications.22–26 Temel et al.25 also
report on psychiatric side effects of DBS in Parkinson’s
disease. Our study is similar in that we address psychi-
atric side effects; however, we also examine neurological
and somatic side effects as well as efficacy of treatment
for all indications of DBS. This article reports on a
meta-analysis of psychiatric and somatic side effects in
DBS studies published within the past 10 years, and
includes reported rates of improvement in all sectors and
for all indications.

METHOD

In January 2006, we searched the PubMed using the
query “‘deep brain stimulation’ OR (stimulation AND
(‘subthalamic nucleus’ OR ‘globus pallidus’)).” We aug-
mented these results by searching two other databases,
PsycInfo and EBSCO’s Academic Search Premier, using
the same search terms. We excluded articles published
prior to 1996, as there were few human trials of DBS at
that time.

The initial searches yielded 2,667 citations (1,872
from PubMed and 795 from the other databases). After
removing duplicate citations (by comparing titles, au-
thors, and publication details), 2,095 unique references
remained. One reviewer (PD) screened these articles by
examining titles and abstracts, and excluding articles that
did not meet criteria for review (nonhuman trials, edito-
rials and commentaries, letters with no new data, meta-
analyses and reviews of previous literature, and articles
in languages other than English). Articles for which the
full text of the article could not be obtained via the Johns
Hopkins University electronic library were excluded.
The above screening process yielded a total of 808 arti-
cles. Figure 1 summarizes the search and review proce-
dure, and Table 1 shows the number of articles meeting
criteria for review by year of publication. As can be seen
in Table 1, the number of articles increased each year as

FIG. 1. Summary of literature search and review procedure.

TABLE 1. Articles eligible for review, by year of
publication

Year Articles published* Eligible for review

1996 30 4 (13%)
1997 81 16 (20%)
1998 90 28 (31%)
1999 140 46 (33%)
2000 168 53 (32%)
2001 198 76 (38%)
2002 268 105 (39%)
2003 337 115 (34%)
2004 395 148 (37%)
2005 388 217 (56%)

*Unique article citations retrieved using search strategy described in
the text.
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EBSCO’s Academic Search Premierでも検索を行った。

1996年以前に発表された論文は，DBSに関する臨床試験

が非常に少ないため除外した。

初回の検索では 2,667件の文献が検出された（1,872件

はPubMed，795件は他のデータベース）。重複する文献（論

文のタイトル，著者，書誌事項を比較）を削除したところ，

2,095件が残った。1名のレビュー担当者（PD）が論文の

タイトルと要約を調査し，基準を満たさない論文（非臨

床試験，論説・解説，新規データのない投稿，既発表論

文を対象としたメタアナリシス・総説，英語以外の論文）

を除外した。Johns Hopkins大学電子図書館で全文を入手

できなかった論文は除外した。このような選別過程を経

て検討対象となったのは計 808件である。検索およびレ

ビューの手順の要約は Figure 1に，基準を満たした出版

年別の論文数は Table 1に示す。論文数の増加（Table 1）

と同様に，DBSの適応症例数も年々増加傾向にある

（Figure 2）。

各論文において以下の情報を収集した：研究データ（患

者数，性別，手術の適応症，両側 DBSまたは一側 DBS），

アウトカム評価項目〔Unified Parkinson Disease Rating 

Scale（UPDRS），うつ病評価尺度，ADL（日常生活動作

能力）評価尺度等でのスコアの変化〕，手術の副作用（DBS

機器および手技に関連する副作用，身体的および精神医

学的な副作用）。

DBS機器／手技に関連する有害事象と身体的な有害事

象については，何らかの有害事象が報告された研究の件

数を分母として検討した。精神医学的な有害事象につい

ては 2種類の分母，すなわち，1つは何らかの有害事象

が報告されたすべての研究を，もう 1つは特に精神医学

的な有害事象に言及した論文を分母として使用した。こ

のように 2種類の分母を使用したため，精神医学的な有

害事象の発生率については範囲で報告する。

	結　果

計 808件の論文が選択基準を満たしたが，英語で臨床

所見が報告され，かつ全文を入手できた論文は 546件の

みであった。これらの論文の対象患者数は10,339例であっ

た。いくつかの研究では同一または重複する患者が報告

されていたため，実際の患者数はこれよりやや少ないと

考えられるが，正確な患者数は判断できなかった。患者

の性別が報告されている 279件の研究では，男性は 3,896

例（62.6％），女性は 2,324例（37.4％）であった。残りの

267件の論文は性別が記載されていなかった。患者の平

均年齢は 53.7歳〔標準偏差（SD）＝ 13.3〕で，診断から

DBS施行までの平均期間は 13.7年（SD＝ 5.4）であった。

1つ以上の有害事象が報告されたのは 237件（43.6％）で，

そのうち 120件（50％）では精神医学的な有害事象が認

められた。DBSの適応症は，パーキンソン病が 357件

（65.4％），本態性振戦が 64件（11.7％），ジストニアが 54

件（9.9％），その他の運動障害が 55件（10.1％）であった。

残りの 3％は，頭痛，慢性疼痛，てんかん，OCD，うつ

病の患者を対象としていた。また，患者自身を比較対照

とした研究は 280件（51.3％）で，非無作為化対照群（例：

DBSの候補であったが拒否した患者）との比較研究は 36

件（6.6％）であった。

臨床試験 303件（55.5％），症例集積研究 72件（13.2％），

症例報告 130件（23.8％）をレビューした。23件（4.2％）

は多施設共同研究で，残りは単一施設研究または詳細不

明であった。これらのうち，米国の研究は 137件（25.1％）

で，続いてフランス（80件，14.7％），ドイツ（61件，

11.2％），イタリア（51件，9.3％），カナダ（42件，7.7％）

の順に多かった。DBSの電極埋め込み前後に検査を行っ

ていたのは 330件（60.4％）であった。手術部位は，視

床（subthalamic nucleus; STN）（289件，52.9％），淡蒼球

内節（globus pallidus interna; GPi）（112件，20.5％），視

床中間腹側核（ventral intermediate nucleus of the thalamus; 

VIM）（47件，8.6％），特定不能の視床（37件，6.8％），

内包前脚（7件，1.3％）で，疾患の種類に応じて様々な

部位が刺激されていた（例：パーキンソン病では視床腹

部と淡蒼球）。両側DBSを受けた患者は 5,921例（81.4％），

一側 DBSは 1,348例（18.5％）であった。

運動症状を評価した研究のうち，ある程度の臨床的改

FIG. 2. Number of indications for DBS by year.
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善は 400件（98.2％）で認められたが，5件（1.2％）で

は変化がなかった（Table 2）。ADLスコアに関しては，

改善が 105件（96.5％）で報告されたが，3件（2.7％）

では変化がなく，1件（1.6％）では悪化した。薬物療法

については，102件（92％）で薬物療法の必要性が低下

したが，残りの 9件（8％）では変化がみられなかった。

UPDRS Part I（精神機能，行動および気分；MBM）に

対するDBSの効果は様々であった。10件（55.5％）の研

究ではMBMスコアが改善したが，6件（33％）では悪

化し， 2件（11％）では変化がなかった。QOLを評価し

た 19件の研究のうち 18件（95％）で改善が報告されたが，

1件（5％）では改善しなかった。ジスキネジアについて

検討した 37件のすべての研究で改善が報告され，その

ほとんどは DBS後のレボドパ（L -ドパ）投与量の減量に

よる改善であった。慢性疼痛に関しては，26件（84％）

で疼痛スコアが改善したが，2件（6.4％）では悪化し，3

件（9.6％）では変化がなかった。Table 2に示したように，

今回のメタアナリシスでは多くの研究で統計学的な検出

力が不足していたため，研究結果の統計学的有意性につ

いては評価できなかった。

精神医学的な症状を前向きに検討したアウトカムの報

告を Table 2に示す。抑うつ症状を主要評価項目として検

討した研究は 3件あり，残りの 34件では副次的評価項目

として検討されていた。抑うつ症状を評価した研究のう

ち，31件（83.3％）で改善，1件（2.7％）で悪化が報告

され，5件（14％）では変化が認められなかった。OCD

の評価尺度については，8件（89％）でスコアの改善が

みられたが，1件（11％）では変化がなかった。副次的

評価項目として不安症状を評価した 6件の研究すべてに

おいて，改善を示す結果が得られた。また，認知機能の

アウトカムを評価した 23件の研究のうち，7件（31％）

で認知機能が改善したが，3件（12％）では悪化し，13

件（57％）では変化が認められなかった。

報告された有害事象の大部分は，電極の埋め込み手技

または DBS機器の機能に関連していた。Table 3に示す

ように，最も一般的な有害事象は感染であり，次いでリー

ドの破損が多かった。最も一般的にみられた身体的な副

作用は，Table 4に示すように言語障害，体重増加，motor 

fluctuationであった。有害事象による死亡率は 0.02％で

あった。

精神医学的な有害事象を Table 5に示す。最も多くみら

(6.4%) revealed worse scales and 3 studies (9.6%) did
not report a change in pain measures. As seen in Table 2,
many studies included in this meta-analysis were under
powered and hence could not comment on any statisti-
cally significant results.

Table 2 also reports outcomes when psychiatric symp-
toms were examined prospectively. Depression was the
primary indicator of treatment in 3 studies whereas the
remaining 34 studies evaluated depression as a second-
ary measure. Of the studies evaluating depressive symp-
toms, 31 (83.3%) reported an improvement, 1 (2.7%)
reported a worsening of depressive symptoms, and 5
(14%) observed no change. Scores on obsessive–com-
pulsive rating scales improved in 8 studies (89%) while
1 study (11%) did not detect a difference. All 6 studies
that measured anxiety as a secondary measure yielded
positive results. Finally, of the 23 studies in which cog-
nitive outcomes were assessed, cognition was improved
in 7 studies (31%), worse in 3 studies (12%), and re-
mained unchanged in 13 studies (57%).

Most reported adverse events were related to the sur-
gical implantation procedure or the function of the DBS
device. Table 3 shows that infection was the most com-
mon adverse event followed by lead fracture. As shown
in Table 4, the most common somatic side effects were

speech disturbance, weight gain, and motor fluctuations.
Death occurred in 0.02% of patients.

Table 5 lists adverse psychiatric events. The most
common was postoperative delirium followed by depres-
sion and mania/hypomania. Affective changes were gen-
erally noted when the stimulator was turned on. The rate
of suicidal ideation and suicide attempts was 0.3–0.7%
and the rate of completed suicide was 0.16–0.32% fol-
lowing surgery.

Those patients that expressed suicidality (defined as
suicidal ideation, suicide attempt, or completed suicide)
had an average age of 47 years (SD 13.7) at the time
of surgery. The average age of onset of disease for this
population was 28.5 years (SD 12) and the average
duration of illness was 20.6 years (SD 13.2). Most
patients underwent DBS for the treatment of Parkinson’s
disease (26, 81%); 4 had dystonia (12.5%), 1 had essen-
tial tremor (3%), and another had OCD (3%). Of those
studies that specified gender, 8 patients were male (80%)
and 2 were female (20%). Twenty-six patients (81%)
were implanted in the STN, 4 (12.5%) had GPi implants,
and 1 (3%) had a VIM implant, and the last patient

TABLE 2. Outcome measures

Outcome measure
No. of studies reporting
outcome measure (%)

Significant
improvement (%)

Nonsignificant/nonpowered
improvement (%)

No change
(%)

Worsening
(%)

Motor 405 (74) 168 (41) 232 (57) 5 (1.2) 0
ADL 109 (20) 63 (58) 42 (38.5) 3 (2.7) 1 (0.9)
Medication 111 (20) 37 (33) 65 (58) 9 (8) 0
Depression 37 (7) 11 (30) 20 (54) 5 (14) 1 (2.7)
Pain 31 (5) 6 (19) 20 (65) 3 (9.6) 2 (6.4)
Cognition 23 (4) 3 (13) 4 (18) 13 (57) 3 (12)
QOL 19 (3) 9 (47) 9 (47) 1 (5) 0
MBM 18 (3) 1 (5.5) 9 (50) 2 (11) 6 (33)
OCD 9 (2) 2 (22) 6 (67) 1 (11) 0
Anxiety 6 (1) 4 (67) 2 (33) 0 0

TABLE 3. Device-related adverse events (n 6,573)

Adverse event No. of AE’s % of AE’s

Infection 1049 16
Explantation 983 15
Lead fracture 968 14.70
Erosion 920 14
Other 186 2.80
Battery failure 141 2.10
IC hemorrhage 135 2
Misplacement 65 1
Post-op lead migration 47 0.70

TABLE 4. Somatic adverse events (n 6,573)

Adverse event No. of AE’s % of AE’s

Speech disturbance 313 4.80
Weight gain 243 3.70
Other 201 3
Abnormal sensation 198 3
Motor 121 1.80
Gait disturbance 79 1.20
Balance/dizziness 49 0.70
Dyskinesia 44 0.70
Oculomotor 49 0.70
Seizure 33 0.50
Headache 31 0.47
Dysphagia 13 0.19
Death 4 0.06
GI side effects 3 0.04
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(6.4%) revealed worse scales and 3 studies (9.6%) did
not report a change in pain measures. As seen in Table 2,
many studies included in this meta-analysis were under
powered and hence could not comment on any statisti-
cally significant results.

Table 2 also reports outcomes when psychiatric symp-
toms were examined prospectively. Depression was the
primary indicator of treatment in 3 studies whereas the
remaining 34 studies evaluated depression as a second-
ary measure. Of the studies evaluating depressive symp-
toms, 31 (83.3%) reported an improvement, 1 (2.7%)
reported a worsening of depressive symptoms, and 5
(14%) observed no change. Scores on obsessive–com-
pulsive rating scales improved in 8 studies (89%) while
1 study (11%) did not detect a difference. All 6 studies
that measured anxiety as a secondary measure yielded
positive results. Finally, of the 23 studies in which cog-
nitive outcomes were assessed, cognition was improved
in 7 studies (31%), worse in 3 studies (12%), and re-
mained unchanged in 13 studies (57%).

Most reported adverse events were related to the sur-
gical implantation procedure or the function of the DBS
device. Table 3 shows that infection was the most com-
mon adverse event followed by lead fracture. As shown
in Table 4, the most common somatic side effects were

speech disturbance, weight gain, and motor fluctuations.
Death occurred in 0.02% of patients.

Table 5 lists adverse psychiatric events. The most
common was postoperative delirium followed by depres-
sion and mania/hypomania. Affective changes were gen-
erally noted when the stimulator was turned on. The rate
of suicidal ideation and suicide attempts was 0.3–0.7%
and the rate of completed suicide was 0.16–0.32% fol-
lowing surgery.

Those patients that expressed suicidality (defined as
suicidal ideation, suicide attempt, or completed suicide)
had an average age of 47 years (SD 13.7) at the time
of surgery. The average age of onset of disease for this
population was 28.5 years (SD 12) and the average
duration of illness was 20.6 years (SD 13.2). Most
patients underwent DBS for the treatment of Parkinson’s
disease (26, 81%); 4 had dystonia (12.5%), 1 had essen-
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were implanted in the STN, 4 (12.5%) had GPi implants,
and 1 (3%) had a VIM implant, and the last patient
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精神医学・神経精神医学的な有害事象

れたのは術後のせん妄で，次いでうつ病および躁病 /軽

躁病であった。一般的に感情の変化は脳刺激を onにした

際に認められた。DBS後の自殺念慮および自殺未遂の発

生率は 0.3～ 0.7％で，自殺完遂率は 0.16～ 0.32％であっ

た。

自殺傾向（自殺念慮，自殺未遂，または自殺完遂）が

みられた患者の手術時の平均年齢は 47歳（SD＝ 13.7）

であり，発症時の平均年齢は 28.5歳（SD＝ 12），平均罹

病期間は 20.6年（SD＝ 13.2）であった。また，大部分

の患者（26例，81％）がパーキンソン病の治療目的で

DBSを受けており，ジストニアは 4例（12.5％），本態性

振戦は 1例（3％），OCDは 1例（3％）であった。患者

の性別が特定されている研究では，男性 8例（80％），女

性 2例（20％）であった。電極の埋め込み位置は，STN

が 26例（81％），GPiが 4例（12.5％），VIMが 1例（3％），

内包前脚が 1例（3％）であった。6例にうつ病の既往歴

があり，双極性障害と不安障害の既往を各 1例に認めた。

また，1例の患者は以前に自殺未遂の経験があり，3例に

は自殺念慮が認められた。自殺傾向を示した患者の内訳

は，自殺完遂が 11例，自殺未遂が 12例，自殺念慮が 8

例であった。電極埋め込み後にうつ病を発症した患者は

12例，軽躁病は 1例，不安障害は１例であった。興味深

いことに，これらの研究で報告された DBS後の臨床的ア

ウトカムのうち，4件（80％）は良好であったが，1件（20％）

は不良であった。また，電極埋め込みから自殺傾向発現

までの平均期間が 2.4年であった点も注目に値する。

電極の埋め込み位置によって有害事象の発生率が異な

るケースもあった。例えば，STNに電極を埋め込まれた

患者の体重増加率は 10％で，他の位置に埋め込まれた患

者よりも高かった（GPiと比較した場合 p＜ 0.001）（Figure 

3）。自殺完遂率は，視床に電極が埋め込まれた患者群で

最も高かった（5.4％）。自殺完遂率は低かったものの，自

殺念慮が報告された7件中5件はSTNが刺激されていた。

このほか，埋め込み位置による副作用の発生に統計学的

有意差はみられなかった。

	考　察

DBSは特定の運動障害に有効な治療法であり，98.2％

の患者で運動機能の改善が認められた。重要なことは，

この運動機能の改善によって ADLおよび QOLスコアが

改善し，薬物投与量が減量できたことである。薬物療法

では用量関連の有害事象が高率に発生するため，用量の

減量は重要な意味をもつ。このように，DBSは患者の症

状と全般的な QOLを有意に改善することができる。

DBSによる有害事象の発生率は比較的低いものの，感

染およびリードの不具合が発生した場合には深刻な結果

が予測される。また，頭蓋内出血および自殺念慮／自殺

完遂は，直接患者の生命を脅かす。自殺率の 1つの目安

として，米国人の自殺率は年間約 0.02％で一定している

ことが報告されている 27。また，パーキンソン病患者の

自殺率は健常人集団の 1/10程度と推定されている 28。し

たがって，DBS施行患者における 0.16～ 0.32％という自

殺率は全米の自殺率よりも高い。また，DBSを受ける患

者の大部分がパーキンソン病であり，自殺率は健常人集

団の 1/10であることから考えると 28，前述の自殺率は有

意に高い。ただし，全米の平均自殺率は年間発生率であり，

received an anterior limb of the internal capsule implant
(3%). Six patients reported premorbid depression, 1 pa-
tient had bipolar disorder, and 1 patient had an anxiety
disorder. One patient had made a prior suicide attempt
and 3 had previously experienced suicidal ideations. Of
these patients, 11 committed suicide, 12 attempted sui-
cide, and 8 expressed suicidal ideation. Twelve patients
had depression after implantation, one became hypo-
manic, and another had an anxiety disorder. Interest-
ingly, of those studies reporting clinical outcomes of
DBS, 4 (80%) had successful outcomes whereas 1 (20%)
had an unfavorable outcome. Also of note is that the
mean time difference between implantation and the de-
velopment of suicidality was 2.4 years.

In some cases, adverse events varied by site. For
example, the 10% rate of weight gain in STN patients
exceeded the rate at other surgery sites (P 0.001, when
compared to GPi) (Fig. 3). The rate of completed suicide
was highest in the thalamus group (5.4%). Despite hav-
ing a lower completed suicide rate, 5 of the 7 studies
reporting suicidal ideation were in studies in which pa-
tients received STN stimulation. Besides the aforemen-
tioned side effects, there were no statistically significant
differences in side effects across all implantation sites.

DISCUSSION

DBS is an efficacious treatment for certain movement
disorders and led to motor improvement rates in 98.2%
of individuals. Importantly, this motor improvement is
paralleled by improvement in ADL and quality of life
scores and the use of lower doses of medication, which is

important because these drugs have significant rates of
dose-related adverse events. Thus DBS can significantly
improve patients’ symptom burden and overall quality of
life.

Although adverse events are relatively infrequent in
DBS, infection and lead failures are serious and intra-
cranial hemorrhage and suicidal ideation/completed sui-
cide are life threatening. As one benchmark, the rate of
suicide within the United States has remained fairly
constant at about 0.02% per year.27 Moreover, the rate of
suicide in Parkinson’s disease has been estimated to be
10 times lower than the normal population.28 Thus the
suicide rate of 0.16–0.32% in DBS is high in relation to
the national suicide rate. Since the majority of those
undergoing DBS have Parkinson’s disease and the sui-
cide rate is 10 times lower in this population,28 the
aforementioned suicide rate appears to be significantly
increased. However, the suicide rate in this study may be
falsely elevated when comparing it to the national aver-
age, which is an annual rate. The average time from
implantation to suicidality in this study was 2.4 years;
thus, the elevated suicide rate of 0.16–0.32% is not an
annual rate and may exaggerate the risk. Nonetheless, the
annual suicide rate would likely be above the national
average and would surely surpass the suicide rate re-
ported in patients with Parkinson’s disease.

The reason for this high suicide rate is not evident
from the data but these findings are of particular note
given the apparent reduction in depressive symptomatol-
ogy that is described. This could be explained by an
activating effect or perhaps the result of an improvement
in mood without the elimination of suicidal thinking.
Improved functioning could also decrease the need for
caregivers and may leave the patient with less monitor-
ing. However, the possible relationship between suicide
and implantation in the thalamus and GPi raises the
possibility of a direct or specific induction. Nevertheless,
the relative rarity of these events makes this unlikely to

TABLE 5. Psychiatric adverse events (n � 6,573 and
3,435a)

Adverse event No. of AE’s % of AE’s

Delirium/confusion 271 4–8
Depression 138 2–4
Other 134 2–3.9
Mania/hypomania 59 0.9–1.7
Dementia/cognitive decline 47 0.7–1.4
Psychosis 40 0.6–1.2
Suicidality 23 0.3–0.7
Anxiety 21 0.3–0.6
Apathy 21 0.3–0.6
Behavioral change 16 0.2–0.5
Hypersexuality 19 0.2–0.5
Exec function 16 0.2–0.5
Memory 19 0.2–0.5
Completed suicide 11 0.16–0.32
Psychiatric NOS 12 0.2–0.3
Emotional change 7 0.1–0.2
Language 1 0.01–0.03

aTwo denominators were used, one for studies reporting any adverse
events, and another for those specifically reporting psychiatric adverse
events.

FIG. 3. Side effect of weight gain by DBS site.
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FIG. 3. Side effect of weight gain by DBS site.

12

10

8

6

4

2

0

Site of DBS

%
 o

f 
g
ro

u
p
 w

it
h
 w

e
ig

h
t 

g
a
in

STN

GPI
Other



7

A. Schrag et al.

本研究とは単位が異なるため，DBS後の自殺率が実際よ

りも高く解釈されている可能性がある。すなわち，本研

究の電極埋め込みから自殺傾向発現までの平均期間は 2.4

年であり，0.16～ 0.32％という高い自殺率は年間発生率

ではないため，自殺リスクが誇張されているかもしれな

い。しかし，このような事情を考慮して年間発生率で自

殺率を算出したとしても，全米平均を上回る可能性は依

然として高く，一般のパーキンソン病患者で報告されて

いる自殺率を確実に上回ると考えられる。

DBS後の自殺率が高い原因をデータから解明すること

はできない。しかし，自殺率が高い一方で，患者の抑う

つ症状は DBS後に軽減されており，これらの所見は特に

注目される。このような矛盾は，DBSの脳活性化作用，

あるいは自殺念慮が消失しないまま気分が改善したこと

で説明できる。また，運動機能の改善によって介護の必

要性が軽減し，患者が監視不十分な状態に置かれた可能

性も考えられる。しかし，視床および GPiへの電極埋め

込みが自殺と関連している可能性もあることから，DBS

によって直接的または特異的に自殺が誘発されている可

能性も懸念される。ただし，DBS後に自殺傾向が認めら

れるのは比較的稀であるため，DBSが唯一または重大な

自殺原因であるとは考えにくい。本研究のデータをもと

に自殺傾向または自殺完遂とDBSとの関連性について確

定的なことは言えないが，DBS後に自殺傾向および自殺

完遂が多くみられることから，DBSの適用が考慮される

患者では全例で手術前に自殺リスクをスクリーニングす

べきであると考えられる。自殺未遂の既往あるいは自殺

傾向のある患者では，少なくともうつ病の有無を慎重に

評価し，より綿密な経過観察を行う必要がある。本研究

において，自殺傾向を示した患者は，発症時および手術

時年齢が若く，罹病期間が長かった。DBS施行前に患者

をスクリーニングする際には，これらの危険因子を念頭

におく必要がある。自殺に関するスクリーニングおよび

監視を実施することで，おそらく自殺率は低下すると考

えられる。今後，さらなる研究によって，自殺傾向と

DBSとの関連性をより明らかにし，DBS施行患者におけ

る自殺の危険因子を同定する必要がある。

STNを標的とするDBSでは有害事象として体重増加

が多くみられる。本研究の分析では，STNに電極を埋め

込まれた患者集団の 10％に体重増加が認められており，

STN刺激（または電極留置）と体重増加との関連が示唆

される。これは運動症状およびジストニアの抑制による

と考えられる。しかし，電極の埋め込み位置が GPiであっ

た場合には，統計学的に有意な体重増加は認められなかっ

た。したがって，患者が肥満で，臨床的に適切と判断さ

れた場合には，手術部位を再検討すべきであろう。DBS

と体重増加との関連性については今後の研究課題である。

また患者に対しては，体重管理，食事と運動の重要性に

ついて適切な教育を行うべきである。

今回のメタアナリシスでは，DBSの認知機能への影響

に関する研究も確認した。言語流暢性の悪化は例外であ

るが，DBS後に認知機能が変化することは稀である 20,29。

認知機能に関するアウトカムを検討した研究の 57％では

認知機能の変化は認められず，31％の研究では改善が報

告されている。一部の研究では，運動速度の上昇 30また

は薬物投与量の減量により，認知機能のわずかな改善が

認められている。

患者の気分に関するデータを報告した研究の 83.3％で

改善が認められ，今回のレビューでは抑うつ症状の治療

に DBSが有効である可能性が確認された。しかし，多く

の研究では DBS後の患者の気分が報告されていないた

め，慎重に解釈する必要がある。難治性うつ病の治療に

DBSを用いた小規模の症例集積研究が発表されており 12，

現在，Medtronic社が支援する臨床試験が進行中である。

しかし，DBSの侵襲性を考慮すると，おそらく難治例を

除き，DBSはうつ病の治療選択肢とはなり得ないと考え

られる。不安障害および OCDの治療でも同様の有効性

が得られるかどうかは，まだ不明である。DBSの適応症

を拡大し，精神障害の治療にも使用するためには，事前

の臨床試験が必要であることはいうまでもない。

本研究の結果を解釈する際には，メタアナリシスとい

う評価方法に一定の限界があることを考慮しなければな

らない。本研究はメタアナリシスであるため，我々が得

たデータは既発表データの質と量に依存している。英語

で記載されていない論文や電子データを入手できなかっ

た論文は，本レビューの対象外とされた。アウトカムの

評価はカテゴリー変数（例：改善あり，改善なし）で行っ

たが，効果量（effect size）は各研究が均質でないため評

価できなかった。副作用の評価は電極の埋め込み位置で

分類して行ったが，アウトカムの評価は埋め込み位置で

分類していないため，埋め込み位置によってアウトカム

の評価が異なる可能性がある。また，メタアナリシスの

対象に症例報告（130件，23.8％）を含めた結果，自殺と

いった稀な副作用の検出においてバイアスが生じた可能
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性がある。さらに，本分析では副作用を検討した論文が

比較的少なかったため，今回の研究に限界があることは

否定できない。各研究で報告された有害事象には，一過

性および永続性の副作用が含まれると考えられ，結果と

してデータに誤差が生じた可能性もある。

	結　論

DBSが，ある種の薬物療法に抵抗性の運動障害に有効

なことは明らかである。DBSにより神経疾患の運動症状

が改善すれば，ADLおよび QOLも改善される。DBSに

よる有害事象は比較的少ないが，DBS後には自殺念慮お

よび自殺完遂の高いリスクが認められるため 31，電極の

埋め込み前には自殺リスクのスクリーニングを行い，手

術後には自殺傾向の有無を監視する必要がある。うつ病，

OCD，不安障害といった難治性精神疾患の治療としての

DBSの有用性については，依然として不明である。DBS

に関する論文の発表数は年々増加している。この一因と

して DBSの対象となる疾患数の増加が挙げられるが，大

部分は適用外使用であり，特に精神科ではその傾向が顕

著である。これらの結果から，精神障害に対するDBSの

使用については楽観視されるが，日常臨床において DBS

を使用するためには，さらに有効性と安全性に関する臨

床試験を行う必要があると考える。

be the sole or primary genesis. While the relationship
between suicidality, completed suicides, and DBS cannot
be determined conclusively from these data, the high
rates of suicidality and completed suicides suggest that
all individuals being considered for DBS be screened for
suicide risk prior to the procedure. Those patients with a
history of suicide attempts or suicidality should be care-
fully evaluated for the presence of depression at the
minimum and may deserve closer follow up. In this
study, patients who experienced suicidality tended to
have younger age of onset, be younger at time of surgery,
and have longer illness duration. These risk factors
should be noted when prescreening patients for DBS.
With these screening and monitoring measures in place,
perhaps the suicide rate will decline. Further studies
should be conducted to better elucidate the relationship
between suicidality and DBS as well as to potentially
identify certain risk factors for suicide in this population.

Weight gain is a common adverse event in DBS of
STN. This analysis suggests a relationship to STN stim-
ulation (or electrode placement) as 10% of this popula-
tion gained weight. This may be due to decreased move-
ments and dystonia; however, statistically significant
weight gain was not detected when the GPi was the
implantation site. Perhaps the surgical site could be re-
considered in overweight patients if deemed clinically
appropriate. The relationship between DBS and weight
gain merits further study. In the meantime, patients
should be properly educated about weight management
and the importance of diet and exercise.

This meta-analysis confirms the reports of other stud-
ies of the cognitive effects of DBS, that change in post-
operative cognition is uncommon except for diminished
verbal fluency.20,29 Fifty-seven percent of studies exam-
ining cognitive outcomes showed no cognitive change
and 31% reported improvement. The slight improvement
detected in some studies could be due to increased motor
speed30 or decrease in medications.

This review confirms the potential of DBS for treating
depressive symptoms since 83.3% of studies reporting
data on mood found an improvement. However, given
the large number of studies that did not report on post-
DBS mood, this finding must be interpreted with caution.
While a small case series of DBS for the treatment of
refractory depression has been published,12 and a clinical
trial sponsored by Medtronic is currently underway, the
invasiveness of the surgery may preclude it from becom-
ing a viable option for treating depression except perhaps
in intractable cases. Whether similar efficacy will be
found in treatment of anxiety disorders and OCD re-
mains to be demonstrated. Clearly, clinical trials are

needed prior to expanding the use of DBS to the treat-
ment of psychiatric disorders.

These findings must be considered in light of the
limitations of the method used to determine them. Be-
cause this study was a meta-analysis, our data is depen-
dent upon the quality and quantity of previously pub-
lished data. Studies not available in the English language
or not electronically available were not reviewed. More-
over, outcomes were measured as categorical variables
(i.e., improvement, no improvement) and effect sizes
were not measured as the studies were too heteroge-
neous. Although side effects were categorized by im-
plantation site, outcome measures were not separated by
site. Because of this outcome measures of a particular
site could possibly be different. The inclusion of case
reports (130, 23.8%) may have resulted in a bias of
detecting rare side effects such as suicide. Also, our
analysis of the relatively few papers that address side
effects restricts our study. Reported adverse events likely
include transient and permanent effects, which may re-
sult in misguided data.

CONCLUSIONS

DBS is a surgical procedure that shows clear efficacy
for certain types of medication resistant movement dis-
orders. By improving the motor aspects of neurological
diseases, DBS also improves ADL and quality of life.
While DBS causes relatively few adverse events, screen-
ing for suicide risk prior to implantation is recommended
due to the elevated risks of suicidal ideation and com-
pleted suicide,31 and patients should be monitored for
signs of suicidality following the procedure. It remains to
be seen whether or not DBS will prove useful in the
treatment of refractory psychiatric illnesses such as de-
pression, OCD, and anxiety disorders. The progressive
increase in the number of publications about DBS is
partly explained by the increasing number of disorders
for which it is being used, most of which are off-label;
particularly in the psychiatric setting. Our findings are
optimistic regarding the use of DBS for psychiatric dis-
orders; however, there is a need for further clinical trials
to assess its efficacy and safety before it should be
offered in routine clinical care.
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パーキンソン病のnonmotor	 fluctuationに対す
る長期視床下核刺激療法の効果
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Parkinson’s Disease

＊Tatiana Witjas, MD, Elsa Kaphan, MD, Jean Régis, MD, PhD, Elisabeth Jouve, ScM, André Ali Chérif, MD, Jean-
Claude Péragut, MD, and Jean Philippe Azulay, MD, PhD

＊Department of Clinical Neurosciences, University Hospital Timone, Marseille, France

Movement Disorders Vol. 22, No. 12, 2007, pp. 1729-1734

Key Word 	 パーキンソン病，nonmotor	fluctuation，STN刺激，非運動症状

本研究では，パーキンソン病（Parkinson’s	disease;	

PD）患者の視床下核（subthalamic	nucleus;	STN）に

深部脳刺激（deep	 brain	 stimulation;	DBS）療法を長

期間実施し，nonmotor	fluctuation（NMF）のアウトカ

ムを評価した。STNに対する長期刺激療法は，運動合

併症を伴う進行期PDの治療に有効であることが確認さ

れている。NMFも運動障害を伴うものの，DBS後の

NMFのアウトカムはまだ明らかにされていない。PD患

者40例に両側STN	DBSを1年間実施した。DBS実

施前と1年後に，定型的な質問票を用いてNMFに関す

る聞き取り調査を行った。1年間にわたるDBS施行後，

Unified	Parkinson’s	Disease	Rating	Scale（UPDRS）

Part	ⅠⅠⅠ（運動）およびUPDRS	Part		ⅠⅤ	A（ジスキネジア）
のスコアは，それぞれ67.4％および76.3％改善した。

また，motor	 fluctuation（MF）は59％軽減し，13例

の患者でMFの消失が報告された。DBS施行後，各患

者で報告されたNMFの総数も減少した（患者1人あた

り平均件数は術前が15.6 件，術後が6.6件）。術前，

NMFの大半は「off」期間に発生していたが，術後は患

者の運動機能の状態との間に関連性を認めなかった。

NMFの改善の程度は，症状のカテゴリーによって異なっ

た。STN	DBSは疼痛／感覚障害の変動に対して最も効

果が高く（84.2％），自律神経症状および認知障害も著

明に改善した（＞60％）。術後のNMFで最も高頻度に

認められたのは精神症状であった。大量発汗やアカシ

ジアなど，生活障害度が強い一部の症状にはSTN	DBS

がきわめて有効であった。本研究から，STN	DBSは

NMFを軽減すると結論付けられる。STN	DBSは感覚

障害，自律神経症状，認知障害に高い効果を示す一方，

精神症状への効果は低いと考えられる。

視床下核（subthalamic nucleus; STN）を標的とする深

部脳刺激（deep brain stimulation; DBS）は 1993年に臨床

診療に導入され，運動障害を伴うパーキンソン病

（Parkinson’s disease; PD）患者への有効性が確認されてき

た 1。本治療法は，PD患者の基本的な運動徴侯を劇的に

改善し，ドパミン作動薬の減量を可能にする 2。また，

DBSによりジスキネジアやmotor fluctuation（MF）も軽

減される 3。PD患者のMFはよく知られているが，これ

以外にも非運動症状の fluctuationが存在する。こういっ

た nonmotor fluctuation（NMF）は，MFと関連したり，ド

パミン作動薬の投与で改善する場合がある 4-6。NMFの

症状は，自律神経症状，精神症状，感覚障害のカテゴリー

に細分化される。NMFは高頻度に発生し，日常生活に支

障を来たすことから，MFそのものよりも強い生活障害を

もたらす可能性がある 6。NMFはMFと同様，ドパミン

作動薬の投与で軽減されるのが一般的である 7。NMFへ

の STN DBSの効果に関する研究は非常に興味深く，特

に PDの非運動症状に対する長期 STN DBSの効果につ

いて，多くの議論がなされている。また，長期 STN DBS

による認知機能低下の問題についても，今なお一貫した

見解は得られていない 8-10。うつ病，自殺リスク，無感情，

依存症，衝動性強迫性障害（impulsive compulsive 
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disorders）等，DBS後の精神機能障害は，いくつかの論

文で報告されているが，アウトカムについては一定の見

解が得られていない 11-15。一般的に，重度の運動合併症

を伴う患者は，STN DBSを実施する候補であると考えら

れている。本研究では，両側 STN DBSを受けた患者に

おいて，NMFのアウトカムを評価し，長期 STN DBSが

すべての NMF症状に有効か否かを検討した。

	対象および方法

本試験の対象は連続した PD患者 40例である。これら

の患者は 2000年 6月～ 2003年 9月，両側 STN DBSの

実施が決定されていた。1名の神経内科医（TW）が，術

前・術後に全患者を前向きに評価した。対象は STN DBS

の実施基準を満たし，言語の障害や重度の構音障害のな

い患者とした。すべての患者から本試験手順に関し，文

書によるインフォームドコンセントを取得した。

術前および術後 12ヵ月にすべての患者を評価した。

術前には，「薬効 off」期間と最良状態の「薬効 on」期

間において，Unified Parkinson’s Disease Rating Scale

（UPDRS）Part IIIのスコアを含め，すべての UPDRSを評

価した。認知機能と気分の評価には，Mini Mental State 

Examination（MMSE），Mattis Dementia Rating Scale，

BREF scale，Beck Depression Inventoryを使用した。NMF

の評価は，既報の構造化質問票 6を用いた聞き取り調査

により行った。調査の際には，NMFの様々な症状（自律

神経症状：26項目，精神症状：21項目，感覚障害：7項目）

について質問した。質問では，NMFの各症状が「on」期

間，「off」期間，ジスキネジアと連動するか否か，また，

運動機能の状態との関連の有無を各患者に尋ねた。例え

ば，過去数ヵ月間に一過性不安エピソードを日中経験し

たかどうかを質問し，回答が「はい」の場合，不安症状

が運動機能の状態に関連したかどうか確認した。「on」期

間，「off」期間，ジスキネジアの定義については，事前に

正確な内容を各患者に説明した。聞き取り調査の最後に，

MFおよび NMFによる生活動作の障害の程度を，スコア

0（なし）～ 4（非常に重篤）で患者に採点させた。質問

票による聞き取り調査は，患者の負担を考慮して「on」

期間に実施した（術前：薬効「on」期間，手術 12ヵ月後：

DBS「on」＋薬効「on」期間）。1年間の STN DBS後，

すべての UPDRSを評価し，神経心理学的検査も行った。

UPDRS part IIIのスコアは，DBS「off」＋薬効「off」，

DBS「on」＋薬効「off」，DBS「off」＋薬効「on」，DBS

「on」＋薬効「on」の 4条件で評価した。術前・術後の

各 NMF症状の発現頻度を患者群全体で求め，割合（％）

で示した。統計解析にはWilcoxonの符号付き順位検定

を用いて，各患者の術前・術後の相対差を求めた。また，

Spearman順位検定を用いて量的変数間の相関性を検討し

た。p＜ 0.05の場合，統計学的に有意と判断した。

	結　果

本研究は患者 40例（男性 30例，女性 10例，平均 59

± 8歳）を対象に実施した。平均罹病期間は 12.4± 4.5

PATIENTS AND METHODS

Forty-patients with Parkinson’s disease, who were
consecutively selected for bilateral STN DBS between
June 2000 and September 2003, took part in this study.
All the patients were assessed prospectively before and
after surgery by the same neurologist (TW). Patients
were included if they met the established criteria for STN
DBS and no language barrier or severe dysarthria were
present. All patients gave their written informed consent
to the procedure.
All patients were examined both preoperatively and 12

mo after surgery. Prior to surgery, they underwent a
complete UPDRS evaluation with a motor score
(UPDRS III) which was determined under “off drug”
conditions and under the best “on drug” conditions.
MMSE, Mattis Dementia Rating Scale, BREF scale and
Beck Depression Inventory were used to assess cognitive
functions and mood state. To assess NMF, each patient
was interviewed using a previously described structured
questionnaire.6 The interview included questions about
various NMF (26 dysautonomic, 21 mental and seven
sensory NMF). For each NMF, the patients were asked
whether the fluctuating manifestations seemed to coin-
cide with the “on”, “off” or dyskinetic state, or whether
it did not depend on the motor state. Patients were asked,
for instance, whether they had experienced any transient
episodes of anxiety during the day in the course of the
previous months and if so, whether this fluctuating anx-
iety seemed to depend on the motor state. Prior to these
questions, the exact meaning of “on”, “off” and dyski-
netic state was defined with the patient. At the end of the
questionnaire, the patients were asked to grade the level
of disability in each group (motor and nonmotor fluctu-

ations) on a scale ranging from 0 (no discomfort) to 4
(maximum disability). The questionnaire was adminis-
trated during the “on” state for the sake of the patients’
comfort (on drug condition preoperatively and under
on-stimulation and on-drug conditions 12 mo after sur-
gery), After 1 yr of STN stimulation, complete UPDRS
and neuropsychological tests were carried out. The motor
score (UPDRS III) was assessed under four conditions:
off-stimulation and off-drug, on-stimulation and off-
drug, off-stimulation and on-drug, and on-stimulation
and on-drug. The frequency of each nonmotor fluctuating
symptom in the group of patients as a whole was deter-
mined before and after surgery and expressed as a per-
centage. Statistical analysis was performed using a Wil-
coxon signed rank test to determine the relative
difference between the preoperative and postoperative
states in each patient. A Spearman rank test was per-
formed to determine whether there existed any correla-
tions between the quantitative variables. A p value of
0.05 was taken to be the statistical significance threshold.

RESULTS

Forty-patients (30 men and 10 women, mean age 59
8 years) were included in the present study. The mean
disease duration was 12.4 4.5 yr. Table 1 gives the
main results of the UPDRS and neuropsychological tests
before and after surgery. The DBS parameters at 1 yr
were: mean voltage (range): 3 V (1.5–3.6), mean fre-
quency: 145 Hz, (130–185), pulse width: 70 s (60–90).
One-year after continuous HF stimulation, the motor
score (UPDRS III) improved by 67% and dyskinesia
decreased by 76% (UPDRS IV A) (Table 1). Postoper-
atively, the “off” states had disappeared in thirteen

TABLE 1. Effects of bilateral subthalamic nucleus stimulation on UPDRS score and neuropsychological evaluation

Preoperative Postoperative* Improvement (%) P value

UPDRS II off 23.7 � 6.2 13.3 � 7.5 44 �0.001
UPDRS II on 8.8 � 5.2 4.7 � 4.1 46 0.002
UPDRS III off 38 � 10.2 12.4 � 6.8 67.4 �0.001
UPDRS III on 11.8 � 5.8 6.9 � 14.5 41.4 �0.001
UPDRS IV A 5.6 � 2.5 1.3 � 1.4 76.3 �0.001
UPDRS IV B 3.8 � 1.4 1.5 � 1.1 59 �0.001
Hoehn &Yahr off 3.6 � 4.6 2.8 � 1 24 �0.001
Hoehn &Yahr on 2.1 � 0.7 1.6 � 0.1 23 0.016
Schwab & England off 45.3 � 17.1 63.7 � 18.6 41 �0.001
Schwab & England on 82.3 � 11.3 90 � 7.7 8.5 0.007
Mattis Dementia Rating Scale (144) 137.4� 4.4 136 � 7.7 �0.7 ns
Beck Depression Inventory (63) 8.1 � 5.9 6.4 � 6.2 20 ns
LEDD (mg/d) 1091.9 � 374.8 460.2 � 299.1 58 �0.001
DA (mg/d) 180.6 � 152 72.9 � 96 59.6 �0.001
Levodopa (mg/d) 845.6 � 390 386 � 259.9 54 �0.001

Plus–minus values are means � SD.
LEDD, Levodopa-Equivalent of Daily Dose16; DA, dopamine agonists: bromocriptine equivalent dose; ns, non significant.
*After 1 year of chronic stimulation; postoperative “off” condition � on-stimulation and off-drug condition.
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年であった。Table 1に，術前・術後の UPDRSおよび神

経心理学的検査の主要結果を示す。術後 1年時点の DBS

は，平均電圧（範囲）3 V（1.5～ 3.6 V），平均周波数 145 

Hz（130～ 185Hz），パルス幅 70 µs（60～ 90 µs）で実施

されていた。持続的な高周波数（high frequency; HF）刺

激療法を 1年間行った結果，UPDRS Part IIIのスコアは

67％，UPDRS Part IV A（ジスキネジア）のスコアは 76％

改善した（Table 1）。術後，13例（32.5％）の患者で「off」

期間が消失し，他の患者でもエピソードを伴う「off」期

間が有意に短縮した〔UPDRS Part IV B1（症状の日内変

動）：日中の時間の 26％未満〕。54種類の非運動症状の中

から様々な NMFが報告されたが，患者 1人あたりの平

均件数は，術前の 15.6件から術後は 6.6件に減少した（p

＜ 0.001）（Table 2）。術前，大部分の NMF（82％）は「off」

期間に発生していたが，多幸症と活動亢進（多動）は常

に「on」期間に認められた。患者の報告によると，術前

にMFの併発が認められた NMFの大半（65％）は術後

に運動機能状態との関連性がなくなったが，その一方で

日中なお fluctuationがみられた。術前，最も高頻度に報

告された症状は，自律神経症状および精神症状であった

（患者 1人あたりの平均件数は自律神経症状が 6.2件，精

神症状が 5.4件）。術後，最も高頻度に報告された症状は

精神症状であった（患者群全体で発生した全 NMFの

51％）。術後，自律神経症状および認知障害は著しく減少

したが（p＜ 0.001），最も大きく減少したのは疼痛／感覚

障害であった（p＜ 0.001）（Table 2）。

術前の「off」期間におけるNMFの症状として最も多かっ

たのは大量発汗で，40例中 35例で認められたが，1年間

の長期 STN DBS後，発汗エピソードはわずか 1例での

み報告された。術前に 2番目に多く認められた NMFは

アカシジアあるいは不穏状態（restlessness）であったが（40

例中 27例），術後は 2例（5％）でのみ報告された。思考

緩慢は術前 18例（45％）で報告されたが，長期 STN 

DBS後はわずか 3例（7.5％）であった。疲労に関する

fluctuationは，術前・術後ともに高い頻度で報告された（術

前 67.5％，術後 40％）。不安（42％）および易刺激性（32.5％）

も，術前（それぞれ 57％および 42.5％）と術後（それぞ

れ 42％および 32.5％）の双方で高頻度に報告された。た

だし，術後，これらの症状が「off」期間に認められた患

者は 5％にすぎなかった。「on」期間の活動亢進（多動）

は術前には患者の 37.5％で報告されたが，このうち 80％

が術後に消失した。STN DBS実施前後の NMFの変化を

Figure 1に示す。術前，生活障害度の最も強い fluctuation

を患者に尋ねたところ，33例（82.5％）はMFと回答し

た（生活動作スコア 3～ 4）。7例は，NMFによる生活障

害度が最も強いと回答した（自律神経症状：3例，精神

症状：2例，感覚障害：1例，認知障害：1例）。1年間の

長期 STN DBS後，MFによる生活動作の障害を報告した

患者は 7例のみで，症状のスコアは低下していた（1～ 2

のスコア低下）。精神症状による不快感を報告した患者は

12例であったが，生活動作スコアはやはり術前より低下

(32.5%) patients and the others showed a significant
decrease in the duration of their “off” state episodes
(UPDRS IV B1: less than 26% of the day). The mean
number of different types of NMF reported by the pa-
tients out of the 54 nonmotor symptoms decreased from
a mean number of 15.6 nonmotor fluctuating symptoms
per patient preoperatively to 6.6 postoperatively (P
0.001) (Table 2). Prior to surgery, most of the NMF
(82%) occurred during the “off” state while euphoria and
hyperactivity always occurred during the “on” state. Af-
ter surgery, patients reported that most of the NMF
(65%) that have been identified before surgery because
they occurred during motor fluctuations were no longer
dependent on the motor state but that they still fluctuate
during the day. Dysautonomic and psychic fluctuations
were the symptoms most frequently reported preopera-
tively (mean number of dysautonomic fluctuations re-
ported: 6.2/patient and psychic fluctuations: 5.4/patient).
After surgery, psychic fluctuations were the most fre-
quently reported symptoms (51% of all the NMF occur-
ring in the whole population). The number of dysauto-
nomic or cognitive fluctuations was remarkably reduced
after surgery (P 0.001), but the greatest reduction
observed was in the sensory pain fluctuations (P
0.001) (Table 2).
Before surgery, 35 patients complained of drenching

sweats occurring during the “off” period, which were the
most frequent nonmotor fluctuating symptoms. After 1 yr
of chronic STN stimulation, only one patient reported a
few episodes of sweating. Akathisia or restlessness,
which was the second most frequent NMF occurring
before surgery (27/40), was reported by only 2 patients
(5%) after surgery. Slowness of thinking was reported by
18 patients (45%) before surgery and by only three
(7.5%) under chronic stimulation. Fluctuating fatigue
was frequently reported both prior to and after surgery
(67.5% before/40% after). Anxiety (42%) and irritability
(32.5%) were also frequently reported to occur both
before (57 and 42.5%, respectively) and after surgery (42
and 32.5%, respectively), but these symptoms were cor-
related postoperatively with the “off” state in only 5% of
the patients. Hyperactivity, a symptom associated with

the “on” state, was report by 37.5% of the patients before
surgery and disappeared in 80% postoperatively. The
evolution of the most frequent NMF before and after
STN DBS is presented in Figure 1. In response to the
question as to the most disabling type of fluctuations, 33
patients (82.5%) answered that motor fluctuations caused
the greatest discomfort before surgery (disability score
ranging from 3 to 4). Seven patients felt NMF to be the
most incapacitating (dysautonomic fluctuations: 3 pa-
tients, psychic: 2 patients, pain: 1 patient and cognitive
fluctuations: 1 patient). After 1 yr of continuous stimu-
lation, only 7 patients stated that the MF were disabling,
and gave these symptoms lower scores (ranging from 1
to 2). Psychic fluctuations were reported to cause dis-
comfort by 12 patients, but the disability score was again
lower than prior to surgery (mean score: 1.6).
The decrease in the total number of nonmotor symp-

toms occurring after surgery was not correlated with age
or with the disease duration or with any of the other
characteristics of the population. No correlations were
found to exist between the improvement in the motor

TABLE 2. Effects of chronic subthalamic stimulation on NMF

Preoperative Postoperative Reduction (%) P value

Total (54) 15.63 � 5.7 6.57 � 3.9 58 �0.001
Pain/sensory (7) 1.7 � 0.7 0.3 � 0.5 84.2 �0.001
Cognitive (4) 1.7� 1.1 0.5 � 0.7 70.5 �0.001
Dysautonomic (26) 6.2 � 3.5 2.3 � 1.9 63 �0.001
Psychic (17) 5.4 � 2.7 3.8 � 1.9 29.6 0.003

Plus-minus values are means � SD. The mean number of NMF (total and for each category of nonmotor fluctuations) reported by patients before
and after surgery.

FIG. 1. Effects of bilateral subthalamic stimulation on the most
frequent NMF. Ordinate expresses the percentage of patients who
reported these NMF before and after surgery. Pre, preoperative non-
motor symptom; Post, postoperative non motor symptom.
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FIG. 1. Effects of bilateral subthalamic stimulation on the most
frequent NMF. Ordinate expresses the percentage of patients who
reported these NMF before and after surgery. Pre, preoperative non-
motor symptom; Post, postoperative non motor symptom.
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していた（平均スコアの差は 1.6）。

術後，非運動症状の総数は減少したが，年齢や罹病期

間といった患者特性との相関は認められなかった。運動

スコアの改善やドパミン作動薬の減量は，NMF総数の減

少と相関しなかった（p＞ 0.1）。

術後，患者 13例でMFの完全な消失が報告された

（UPDRS Part IV Bのスコア＝ 0）。MFが完全に消失した

患者群のうち，4例でドパミン作動薬の投与を完全に中

止できた。これらの患者群では，MFが持続した患者群

に比べ NMFも有意に大きく改善した（p＜ 0.001）。術後

にMFが消失した患者群では精神症状のみがみられ，術

後に最も多く報告された NMF症状は疲労であった（13

例中 8例）。倦怠感（weariness）および不安症状を報告し

た患者は半数に満たなかった（それぞれ 46％および

38％）。ドパミン作動薬の投与を中止できた 4例のうち，

3例で倦怠感が，2例で不安症状が報告された。

	考　察

高頻度による STN DBSを 1年間実施した結果，すべ

ての患者で改善が認められたが，その程度は様々であっ

た。運動スコア，日常生活動作，ジスキネジアの改善に

ついては，これまでに公表されている大部分のデータと

同等の結果であった 1,17-20。報告された症状の総数をみる

限り，長期 STN DBSによりNMFはかなり軽減された。

電極の埋め込み前に質問票による調査を行ったが，その

結果は我々の以前の研究とほぼ同じであった（MFを伴

う患者 50例を STN DBSの実施に関係なく選択）6。本研

究および以前の我々の研究のいずれにおいても，最もよ

くみられた NMFは大量発汗，不安，疲労，アカシジア，

思考緩慢であった。

1年間の STN DBS後，NMFの総数は減少した。また，

術前の「off」期間に発生していた非運動症状の大半は消

失したか，運動機能の状態との関連性が認められなくなっ

た。MFとNMFとの相関性が消失した一因として，術後，

「off」期間の症状が比較的軽度となり，特徴的な症状が少

なくなったこと，また，特定の運動機能の状態とNMFと

の関連付けが困難になったことが考えられる。実際のとこ

ろ，STN DBSは，「薬効 off期間」における身体能力障害

の緩和により，MFを軽減することが報告されている 21。

興味深いことに，各患者が報告した非運動症状数の減

少度は NMFの種類によって異なった。術後，患者が報

告した症状のうち，最も大きく減少したのは感覚障害で

あった。PD患者の疼痛には複雑な特徴がみられる 22。疼

痛の fluctuationは「off」期間のエピソードとしてとらえ

られるが，「off」期間にみられる疼痛性ジストニアのよう

に，運動に由来する場合もある 23。STN DBSはどちらの

疼痛にも有効であるが，本研究では「off」期間のジスト

ニアとは関連しない疼痛のみを解析対象とした。術前の

聞き取り調査では認知障害は「off」期間に認められてい

たが，長期 STN DBS後，特に精神緩慢の発生頻度が低

下した。他の研究では，脳刺激を「on」および「off」に

して行った認知機能検査において，STN DBSにより，精

神運動能力と作業記憶が改善されることが示されてい 

る 24-26。これまでの研究では，長期STN DBSの結果として，

特に言語流暢性や選択的注意能力が悪化する可能性が報

告されている 8,27。しかし，本研究では認知障害に対する

有効性が認められており，これまでの研究とは異なる結

果であった。認知障害の改善と神経心理学的検査による

客観的指標の変化（術後も不変）との間に相関性は認め

られなかった。長期 STN DBS後にみられた自律神経症

状の改善の程度は，特定の症状で特に顕著であった。大

量発汗は患者を最も衰弱させ生活の質を下げるNMFの 1

つであるが，術前には 87％を上回る患者で報告されてい

る 6,28。DBS後は 1例の患者でわずかな発汗エピソードが

認められただけで，他の患者では完全に消失した（Figure 

1）。いくつかの論文では，脳刺激時に一過性の同側性発

汗と散瞳が報告されている 29。この作用は，不確帯の下

行交感神経線維が刺激されたことによるもので，通常，

数時間ないし数日後には消失する。本研究で認められた

大量発汗の軽減効果は，おそらく別の機序によるものと

考えられる。これらの症状は「off」期間および／または

ジスキネジアと関連することから，大量発汗の軽減は，

STN DBSによる運動合併症の改善によるものと考えられ

る。

精神症状については，他の種類の NMFと同じような

術後変化が認められず，術後の非運動症状として最も頻

度が高かった。疲労の報告頻度は術後，低くなったものの，

最もよくみられる非運動愁訴の 1つであった。ただし，

疲労は症状群であるため，その評価は難しい。身体的な

疲労に関するある研究では，フィンガータッピングや

force generation performanceで評価した生理的疲労と，

PD患者が質問票に回答した疲労症状との間に相関関係

は認められなかった 30。ここで注意すべき点は，STN 



14

nonmotor	fluctuation に対する視床下核刺激療法

DBS下ではドパミン作動性の取り込みが大きく低下する

ため，無感情が増強される可能性のあることである 31。

患者は，このような自発性や活動性の低下の原因は疲労

にあると考えることが多い。易刺激性や不安症状は，長

期 STN DBSの前後を問わず，高頻度に報告されている。

Iowa Scales of Personality Changeを用いた他の研究では，

特に術前に不安が認められた患者において，術後，易刺

激性と不安症状が増大する可能性が示唆されている 11。

Addiction Research Center Inventoryのスコアを評価した研

究では，ドパミン補充療法と STN DBSを併用すると，ア

ンフェタミン様の向精神作用が生じることが示されてい

る 32。STN DBS後にMFが消失した患者 13例でも，疲労，

倦怠感，不安といった非運動症状の fluctuationが報告さ

れている。他の論文でも指摘されているように，気分症

状や不安症状は，MFがまったくない場合でも生じう 

る 33。

本研究では，NMFの様々なカテゴリーにおいて，STN 

DBSの効果に差がみられたが，この点については，異な

る制御機序の存在によってある程度説明できる。通常，

NMFは運動機能の状態に依存して発現し，「off」期間と

の関連が認められる場合，術前のドパミン系作動薬の投

与が有効である。今回，STN DBS後にみられた感覚障害，

認知障害，自律神経症状の改善は，おそらく「純粋な」

ドパミン作動性経路を介した運動機能の改善によるもの

と考えられる。精神症状は STN DBSによる改善度が比

較的低く，この差については，いくつかの仮説を立てる

ことができる。まず，本研究では構造化質問票を用いて

おり，患者の主観に依存しているという欠点がある。こ

れが前述の差に結びついた可能性がある。また，精神症

状は，他の種類の NMFよりも特異性が低く，これが原因

で差が生じた可能性もある。さらに，STN DBSで制御さ

れないと思われる辺縁系のドパミン作動系（腹側被蓋野）

により精神症状が生じていることも考えられる 34。実際の

ところ，DBSの解剖学的標的として最適なのは STNの運

動制御に関する領域であり，辺縁系ではない。考えられ

る説明として，辺縁系の STN領域に拡散した電流の副作

用により，精神症状が発生した可能性が挙げられる。

本研究の結果，STN DBSによりNMFが大きく改善す

ることが明らかになった。しかし，この改善効果は，

NMFのカテゴリーによって異なった。有痛性，自律神経

症状，認知障害については，長期 STN DBS後，著明な

軽減が認められた。一方，精神症状では，異なる反応パター

ンが示唆された。興味深いことに，STN DBSは大量発汗，

アカシジア，思考緩慢など，生活動作に非常に大きな影

響を及ぼす NMFに対し，きわめて高い効果を示した。

進行期PD患者の治療にSTN DBSを推奨する根拠として，

NMFの中でも特に感覚障害，自律神経症状，認知障害へ

の効果は考慮に値する。
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surgery.11 Evaluation of the scores of the Addiction
Research Center Inventory have shown that STN DBS
associated with dopamine replacement therapy has am-
phetamine-like psychotropic effects.32 The group of 13
patients without any motor fluctuations after STN DBS
still reported some nonmotor fluctuating symptoms such
as fatigue, lassitude, and anxiety. As other authors have
noted, mood and anxiety fluctuations can occur without
any motor fluctuations.33

The differences observed here between the responses
of various categories of NMF to STN DBS might be
partly explained by the existence of different mecha-
nisms of regulation. NMF usually depend on the motor
state and respond to dopaminergic treatment before sur-
gery when they are associated with off periods. The
improvement in the sensory, cognitive and dysautonomic
fluctuations observed here after STN DBS was probably
due to the improvement in the motor state through a
“pure” dopaminergic pathway. Psychic fluctuations are
less responsive to STN DBS, and several hypotheses can
be put forward to explain these discrepancies. They
might be due to the shortcomings of the study based on
a structured questionnaire, which might give subjective
results. They might also be attributable to the fact that
fluctuating psychic symptoms are less specific than fluc-
tuations of other kinds. Discrepancies might also result
from the fact that psychic fluctuations probably depend
on a limbic dopaminergic system (tegmento-ventral
area), which might not be the system modulated by STN
DBS.34 In fact, the optimized choice for anatomical
target is the motor part of the STN and not on the limbic
area. Another possible explanation is that the psychic
symptoms reported by patients might be due to side
effects induced by the current spread into limbic STN
areas.
The findings obtained in this study show that NMF

respond most satisfactorily to STN DBS. However, the
results were not equal to all categories of NMF. Painful,
dysautonomic and cognitive fluctuations showed a re-
markable decrease after chronic stimulation. Psychic
fluctuations seem to show a different response pattern.
Interestingly, STN DBS was found to have remarkably
strong effects on some of the most incapacitating types
of NMF, such as drenching sweats, akathisia and slow-
ness of thinking. The presence of NMF, particularly
those of the sensory, dysautonomic and cognitive kinds,
should be considered as possible arguments for recom-
mending STN stimulation to treat advanced PD patients.

Acknowledgments: We thank Dr. Jessica Anderson Blanc
for revising the English manuscript.
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surgery.11 Evaluation of the scores of the Addiction
Research Center Inventory have shown that STN DBS
associated with dopamine replacement therapy has am-
phetamine-like psychotropic effects.32 The group of 13
patients without any motor fluctuations after STN DBS
still reported some nonmotor fluctuating symptoms such
as fatigue, lassitude, and anxiety. As other authors have
noted, mood and anxiety fluctuations can occur without
any motor fluctuations.33

The differences observed here between the responses
of various categories of NMF to STN DBS might be
partly explained by the existence of different mecha-
nisms of regulation. NMF usually depend on the motor
state and respond to dopaminergic treatment before sur-
gery when they are associated with off periods. The
improvement in the sensory, cognitive and dysautonomic
fluctuations observed here after STN DBS was probably
due to the improvement in the motor state through a
“pure” dopaminergic pathway. Psychic fluctuations are
less responsive to STN DBS, and several hypotheses can
be put forward to explain these discrepancies. They
might be due to the shortcomings of the study based on
a structured questionnaire, which might give subjective
results. They might also be attributable to the fact that
fluctuating psychic symptoms are less specific than fluc-
tuations of other kinds. Discrepancies might also result
from the fact that psychic fluctuations probably depend
on a limbic dopaminergic system (tegmento-ventral
area), which might not be the system modulated by STN
DBS.34 In fact, the optimized choice for anatomical
target is the motor part of the STN and not on the limbic
area. Another possible explanation is that the psychic
symptoms reported by patients might be due to side
effects induced by the current spread into limbic STN
areas.
The findings obtained in this study show that NMF

respond most satisfactorily to STN DBS. However, the
results were not equal to all categories of NMF. Painful,
dysautonomic and cognitive fluctuations showed a re-
markable decrease after chronic stimulation. Psychic
fluctuations seem to show a different response pattern.
Interestingly, STN DBS was found to have remarkably
strong effects on some of the most incapacitating types
of NMF, such as drenching sweats, akathisia and slow-
ness of thinking. The presence of NMF, particularly
those of the sensory, dysautonomic and cognitive kinds,
should be considered as possible arguments for recom-
mending STN stimulation to treat advanced PD patients.
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surgery.11 Evaluation of the scores of the Addiction
Research Center Inventory have shown that STN DBS
associated with dopamine replacement therapy has am-
phetamine-like psychotropic effects.32 The group of 13
patients without any motor fluctuations after STN DBS
still reported some nonmotor fluctuating symptoms such
as fatigue, lassitude, and anxiety. As other authors have
noted, mood and anxiety fluctuations can occur without
any motor fluctuations.33

The differences observed here between the responses
of various categories of NMF to STN DBS might be
partly explained by the existence of different mecha-
nisms of regulation. NMF usually depend on the motor
state and respond to dopaminergic treatment before sur-
gery when they are associated with off periods. The
improvement in the sensory, cognitive and dysautonomic
fluctuations observed here after STN DBS was probably
due to the improvement in the motor state through a
“pure” dopaminergic pathway. Psychic fluctuations are
less responsive to STN DBS, and several hypotheses can
be put forward to explain these discrepancies. They
might be due to the shortcomings of the study based on
a structured questionnaire, which might give subjective
results. They might also be attributable to the fact that
fluctuating psychic symptoms are less specific than fluc-
tuations of other kinds. Discrepancies might also result
from the fact that psychic fluctuations probably depend
on a limbic dopaminergic system (tegmento-ventral
area), which might not be the system modulated by STN
DBS.34 In fact, the optimized choice for anatomical
target is the motor part of the STN and not on the limbic
area. Another possible explanation is that the psychic
symptoms reported by patients might be due to side
effects induced by the current spread into limbic STN
areas.
The findings obtained in this study show that NMF

respond most satisfactorily to STN DBS. However, the
results were not equal to all categories of NMF. Painful,
dysautonomic and cognitive fluctuations showed a re-
markable decrease after chronic stimulation. Psychic
fluctuations seem to show a different response pattern.
Interestingly, STN DBS was found to have remarkably
strong effects on some of the most incapacitating types
of NMF, such as drenching sweats, akathisia and slow-
ness of thinking. The presence of NMF, particularly
those of the sensory, dysautonomic and cognitive kinds,
should be considered as possible arguments for recom-
mending STN stimulation to treat advanced PD patients.
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Key Word 	 パーキンソン病睡眠評価尺度（Parkinson’s	disease	sleep	scale;	PDSS），睡眠障害，治療の合併症，う
つ病，日中の眠気

日本人のパーキンソン病（Parkinson’s	disease;	PD）

患者にみられる睡眠障害の寄与因子を評価するため，

半定型的な質問票を用いて多施設共同の横断的研究

を行った。本研究では，パーキンソン病睡眠評価尺度

（Parkinson’s	disease	sleep	scale;	PDSS，日本語版）

を使用した。すべてのデータは，質問票を用いた聞き取

り調査と神経内科医の理学的検査により収集した。本研

究は，2005年4月～2005年12月，関東地方の8つ

の大学病院と関連施設で，PD患者188例（男性85例，

女性103例）と対照被験者144例（男性64例，女性

80例）を対象に実施した。ステップワイズ回帰分析の

結果，PDにおける睡眠障害の有意な危険因子は，治療

の合併症，うつ病，年齢，罹病期間であった。PDSSの

合計スコアをHoehn	 and	 Yahr（HY）分類別に比較し

たところ，HY病期	Ⅰ	と	ⅠⅤ，HY病期	ⅠⅠ	と	ⅠⅤ，HY病期	
ⅠⅠⅠ	と	ⅠⅤ	の間に有意差が認められた（Bonferroni 検定）。
本研究の結果から，日本人のPD患者にみられる睡眠障

害の有意な決定因子として，治療の合併症（ジスキネジ

ア，wearing-off 現象，on-off 現象），抑うつ状態，病

期が考えられた。PD患者では，運動機能の悪化に並行

して，睡眠 -覚醒メカニズムに関与する神経伝達物質の

減少およびニューロンの変性が進行すると推測される。

日本人のパーキンソン病患者にみられる睡眠障害の特性：	
パーキンソン病睡眠評価尺度を用いた研究
Characteristics of Sleep Disturbances in Japanese Patients with Parkinson’s Disease. A Study Using 
Parkinson’s Disease Sleep Scale

＊Keisuke Suzuki, MD, Yasuyuki Okuma, MD, PhD, Nobutaka Hattori, MD, PhD, Satoshi Kamei, MD, PhD, Fumihito Yoshii, MD, PhD, Hiroya 

Utsumi, MD, PhD, Yasuo Iwasaki, MD, PhD, Mutsumi Iijima, MD, PhD, Tomoyuki Miyamoto, MD, PhD, Masayuki Miyamoto, MD, PhD, and 

Koichi Hirata, MD, PhD

＊Department of Neurology, Dokkyo Medical University, Tochigi, Japan
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FIG. 4. Profiles of mean Parkinson’s disease sleep scale (PDSS)
scores of each item according to Hoehn & Yahr (H&Y) stage. There
were highly significant differences between H&Y Stage 4 and H&Y
Stages 1 to 3 for Items 3, 6, 11, and 15. *P 0.05, **P 0.01
(one-way analysis of variance).

補　　遺
　パーキンソン病睡眠評価尺度（Parkinson’s	disease	 sleep	 scale）
（Chaudhuri ら 13）
	 1.	夜間の睡眠の質は総合的にみてどうですか。
	 2.	寝つきが悪いですか。
	 3.	睡眠途中に何度も目が醒めてしまいますか。
	 4.	夜間に手足がじっとしていられなくて睡眠が妨げられることがあ

りますか。
	 5.	寝床の中で落ち着かない気分になることがありますか。
	 6.	夜間睡眠中に怖い夢に悩まされますか。
	 7.	夜間に怖い幻覚に悩まされること（他人からは「ない」と言われる

ものを見たり聞いたりすること）がありますか。
	 8.	夜間，トイレに起きますか。
	 9.	「off」現象のために動くことができず，失禁してしまうことがあり

ますか。
10.	夜間の睡眠中，手足のしびれ感や痛みのために目が覚めることがあ

りますか。
11.	夜間の睡眠中，手足に痛みを伴う筋痙攣がありますか。
12.	痛みのある手または足の異常姿勢で，早朝に目が覚めることがあり

ますか。
13.	目が覚めたときに震えることがありますか。
14.	朝起床後も，疲れや眠気を感じることがありますか。
15.	日中，知らないうちに眠ってしまうことがありますか。

回　答
　質問1：非常に悪い＝0，非常に良い＝10
　質問 2～ 14：常にそうである＝0，まったくない＝10
　質問 15：頻繁にある＝0，まったくない＝10
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Key Word 	 パーキンソン病，レボドパ（L-ドパ）療法，悪性黒色腫，悪性黒色腫以外の皮膚癌

デンマークの病院で診断を受けた14,088例のパーキ

ンソン病患者を対象に大規模な追跡調査を実施したと

ころ，悪性黒色腫の発生率は一般集団よりも2倍高い

ことが明らかになった。悪性黒色腫患者45例，悪性黒

色腫以外の皮膚癌患者97例，対照被験者172例を対

象とするコホート内症例対照研究を行い，レボドパ（L—

ドパ）療法により皮膚癌のリスクが上昇するという仮説

について検証した。診断と治療に関する情報は診療録

から収集した。特発性パーキンソン病のprobable 例と

診断された患者サブグループでは，悪性黒色腫のリス

クが他の患者よりも4～ 5倍高く，有意な上昇が認め

られた。悪性黒色腫のオッズ比は L—ドパの累積投与

量1,000	gあたり1.0（95％信頼区間：0.8～1.3）で，

L—ドパは悪性黒色腫のリスクに影響を及ぼしてはいな

い。本研究の結果，病院で治療を受けたパーキンソン

病患者では悪性黒色腫の高い発生率が認められるが，

このリスクは特発性パーキンソン病患者に限定され，L—

ドパ療法とは無関係であると結論付けられる。

レボドパ療法と悪性黒色腫のリスク
Treatment with Levodopa and Risk for Malignant Melanoma

＊Jorgen H. Olsen, DMSc, Karina Tangerud, BSc, Lene Wermuth, MD, PhD, Kirsten Frederiksen, PhD, and Soren Friis, MD

＊Institute of Cancer Epidemiology, Danish Cancer Society, Copenhagen, Denmark

noma skin cancer among patients with idiopathic Parkin-
son’s disease were 1.0 in the model with adjustment for
year of birth and sex and 1.1 in the fully adjusted model
(Table 3); there was no indication of an association
between idiopathic Parkinson’s disease and basal-cell
carcinoma (OR, 1.0; 95% CI, 0.4–2.2) or squamous cell
carcinoma (1.3; 0.6–2.8).

Among the 284 patients (90%) for whom detailed
information on treatment with levodopa was available,
the mean cumulative intake prior to the date of diagnosis
of cancer (cases) or the index date (controls) was 1,495
g (range, 33–6,194 g) among patients with malignant
melanoma, 1,313 g (11–13 533 g) among patients with
nonmelanoma skin cancer, and 1,307 g (0–7,375 g)
among control patients. The point estimates for the rel-
ative risks for malignant melanoma and nonmelanoma
skin cancer per 1,000 g cumulative dose of levodopa
were 1.0 (95% CI, 0.8–1.3) and 1.1 (0.9–1.3), respec-
tively. Adjustment for the effect of idiopathic Parkin-
son’s disease was included in this analysis. The equiva-
lent risk estimates adjusted only for age and sex were 1.1
and 0.9, respectively (not shown). The lack of an asso-
ciation between levodopa treatment and risk for malig-
nant melanoma was supported by an absence of elevated
risks among subjects in the highest tertile of cumulative
levodopa intake compared with that of the middle tertile.
Similarly, no association was detected between nonmela-
noma skin cancer and levodopa treatment (Table 3), or

with basal-cell carcinoma or squamous-cell carcinoma,
separately.

We also analyzed the relative risk estimates for ma-
lignant melanoma and nonmelanoma skin cancer in sub-
groups of patients who had a history of treatment with an
anticholinergic, dopamine agonist, monoamine oxi-
dase-B inhibitor, or catechol-O-methyltransferase inhib-
itor drug, or had ever been treated with any of these
drugs. No significant associations were observed. These
analyses were not mutually adjusted and were not ad-
justed for the effects of levodopa treatment.

DISCUSSION

This population-based study of more than 14,000 pa-
tients notified to the Danish Hospital Register with a
diagnosis of Parkinson’s disease extended the follow-up
of our earlier cohort study by 3 years and included a
nested case–control study of the relationship between
Parkinson’s disease and use of levodopa. In the cohort
analysis, we saw a 20% increase in the risk for nonmela-
noma skin cancer and an almost twofold increase in the
risk for malignant melanoma, in line with our previous
findings1,12 and with case reports of malignant melanoma
in patients being treated for Parkinson’s disease.5 There
is no obvious explanation for the increased risk for skin
cancer in general and for malignant melanoma in partic-
ular. The increased relative risk for skin cancer was so
marked and was based on so large numbers (328 non-

TABLE 3. Relative risk (OR) and 95% confidence interval (CI) of malignant melanoma and nonmelanoma skin cancer in
patients notified with Parkinson’s disease by degree of diagnostic verification and type of treatment; unmatched analysis

Verification of disease and type of treatment Controls (n)

Malignant melanoma Nonmelanoma skin

n OR 95% CI N OR 95% CI

Verification of IPD
Questionable IPD and other 65 6 1 38 1
Probable IPDa 107 39 4.0 1.6–10 59 1.0 0.6–1.7
Probable IPDb 107 39 4.6 1.8–11 59 1.1 0.6–1.8

Levodopa
Cumulative dose (g)c

�600 68 14 0.7 0.3–1.6 30 0.5 0.2–1.0
600–1369 35 14 1 26 1
�1370 52 14 0.5 0.2–1.3 31 1.0 0.5–2.0
per 1000 g 155 42 1.0 0.8–1.3 87 1.1 0.9–1.3

Other treatmentsa

Unexposed to specific drug 67 14 1 40 1
Anticholinergics 135 7 0.9 0.3–2.1 19 1.3 0.7–2.5
Dopamine agonists 123 14 1.4 0.7–2.8 21 1.1 0.6–2.0
Monoamine oxidase-B inhibitors 114 15 1.2 0.6–2.4 19 0.7 0.4–1.4
Catechol-O-methyltransferase inhibitors 160 3 2.4 0.5–11 2 0.9 0.2–4.8
Anyd 88 28 1.5 0.8–3.1 47 1.2 0.7–2.0

aAdjusted for age and sex.
bAdjusted for year of birth, sex, age at diagnosis of Parkinson’s disease.
cAdjusted for year of birth, sex, age at diagnosis of Parkinson’s disease, and likelihood of IPD.
dIncludes one patient with malignant melanoma and five with nonmelanoma skin cancer who were treated with amantadine.
IPD, idiopathic Parkinson’s disease.
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小血管病変（small	 vessel	 disease;	 SVD）が脳血管性

パーキンソニズム（vascular	 parkinsonism;	 VP）発症

の原因であることは多くのエビデンスによって裏付けら

れている。本研究では［123I］FP-CIT	SPECT（single	

photon	 emission	 computed	 tomography）を用いて，

VP患者のシナプス前部のドパミン作動性機能がパーキ

ンソン病（Parkinson’s	disease;	PD）患者と同じかど

うか，また，VP患者のパーキンソン症状の重症度とレ

ボドパ（L-ドパ）への反応性がシナプス前部のドパミ

ン作動性機能障害と相関するかどうか検討した。臨床

基準を満たす VP患者13例を対象に［123I］FP-CIT	

SPECT を実施した。VP患者の大脳基底核における

［123I］FP-CIT の平均取り込み量は健常対照群よりも有

意に低かったが，asymmetry	 index（AI）には有意差

がなかった。VP患者とPD患者の比較では，平均AIの

みが VP患者群で有意に低かった。パーキンソニズムの

発症が潜行性のVP患者（VPi）と急性のVP患者（VPa）

との間で，各測定項目に有意差は認められなかった。

VP患者の両側大脳基底核で観察されたFP-CIT 取り込

み量の低下は，Unified	Parkinson’s	Disease	Rating	

Scale（UPDRS）Part	ⅠⅠⅠ（運動）のスコアと有意に相関
したが，L-ドパ投与後の同スコアの平均低下率（％）と

の相関は認められなかった。本研究の結果，大部分の

VP患者ではシナプス前部のドパミン作動性機能が低下

していると考えられる。VP患者の大脳基底核におけ

るFP-CIT 取り込みには，左右対称性がみられる。この

所見はVPとPDの鑑別診断に有用であり，VPの臨床

診断基準として活用できると考えられる。

脳血管性パーキンソニズムとパーキンソン病を対象とした
［123I］FP-CIT	SPECT試験

[123I] FP-CIT Spect Study in Vascular Parkinsonism and Parkinson’s Disease

＊, ＊＊, ＊＊＊Jan Zijlmans, MD, PhD, Andrew Evans, MD, Flavia Fontes, MD, Regina Katzenschlager, MD, Svetoslav Gacinovic, MSc, Andrew J Lees, 
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Abstract

pletely and bradykinesia improved importantly after his
first L-dopa dose ever. The other responder was a 78
years old woman who noticed a sudden onset of lower
body parkinsonism dominated by shuffling gait. When
challenging her with L-dopa her parkinsonism had be-
come more generalized with only little action tremor. All
features improved importantly after L-dopa, including
her gait, consistent with the descriptions in her case notes
where the response was noted to be good. Both respond-
ers showed striatal lesions on MRI. The descriptions of
L-dopa responses in case notes complemented well the
responses observed after the acute L-dopa challenges. In
one of the two challenged responders, a good response
was described in the case notes, in the other L-dopa was
not tried before. In all others in whom an uncertain, poor
or transient response was noted the response after chal-
lenge had turned out negative.

123I-FP-CIT SPECT

Mean BG BP% (right and left averaged) was signifi-
cantly lower in both VPa and VPi groups compared to
healthy controls (Table 2). In contrast, caudate/putamen
ratios and ratios between caudate and posterior putamen
(all right and left averaged) were significantly higher in
both VPa and VPi groups compared to healthy controls
(Table 2). The asymmetry index was not significantly
different between these groups. In contrast, compared to
the PD group, only the mean asymmetry index was
significantly lower in both VP groups (Table 2, see also
Fig. 1), and none of the other parameters was signifi-
cantly different. None of the parameters measured was
significantly different between VPi and VPa groups.
Although some VPa patients showed a “punched out”
FP-CIT uptake in the putamen or globus pallidus corre-

TABLE 1. Clinical characteristics of all VP subjects

Group
no.

Age
(yr) Sex

Disease
duration

(yr) Onset
UPDRS
part 3

MMSE
� 24

L-dopa
challenge

(%) MRI-scan

1 70 M 6 Insidious 61s
� �5 WMC

2 66 F 3 Insidious 24s
� 21 WMC, R-PO, L�R:

P,CN,GP,T
3 81 F 10 Insidious 13s

� 0 WMC
4 67 M 11 Acute 30a

� 0 WMC, R: P,GP,PO
5 76 F 4 Insidious 4s

� �5 WMC
6 56 M 2 Acute 5a

� 60 L: P
7 78 F 10 Acute 27s

� 52 WMC, PO, L�R:
P,CN,GP

8 76 M 7 Insidious 26s
� 19 WMC

9 77 M 5 Insidious 60s
� 0 WMC, L�R: P

10 89 M 18 Acute 26s
� 15 WMC, R�L: GP, Mes.

11 67 F 3 Insidious 35a
� �5 WMC, L: GP

12 82 M 4 Acute 11s 0 WMC, R�L: GP
13 79 F 3 Acute 13s

� 0 WMC, R: GP, SN

Group data are shown as mean � S.D. UPDRS-3 reflects the motor sub-score of the Unified Parkinson’s disease rating scale while “off”. MMSE:
mini-mental state examination.16 s: signs were symmetrical. a: signs were asymmetrical. WMC: diffuse confluent white matter changes, mainly located
in the watershed areas (periventricularly and deep white matter). P: lacunar infarction in the putamen; CN: in the caudate nucleus; GP: in the Globus
Pallidus; T: in the thalamus; PO: in the pons; Mes.: in mesencephalon (near red nucleus); SN: substantia nigra; L: left; R: right.

TABLE 2. Striatal binding potential index, subregional ratios, and asymmetry in VP patients, controls, and PD patients (Mann-
Whitney U test comparison between two independent samples)

Number
Total striatal
BP% R, mean

Total striatal
BP% L, mean

Total striatal
BP% R L,

mean
Caudate/putamen

ratio, mean

Caudate/post
putamen ratio,

mean AI, mean

VPi 7 26.6 (4.4–51) 28 (9.4–62) 27.3 (6.9–56.5) 1.47{ (1.22–1.63) 1.85# (1.39–2.56) 6.6* (1–18.2)
VPa 6 24.8 (7–53.9) 26.4 (13.9–50.1) 25.6 (16.1–52.0) 1.47{{ (1.33–1.76) 1.79## (1.45–2.24) 10.9} (1.8–28.79)
PD 14 20.9(8.4–44.6) 22.6 (2.4–53.8) 22.2 (5.4–49.2) 1.60 (1.25–2.1) 1.97 (1.43–3.03) 35.3 (3.8–111.9)
Normal 14 69.4 (48.5–91.5) 68.5 (52.2–97.3) 69 (51.7–94.4) 1.18 (1.02–1.46) 1.39 (1.22–1.91) 5.3 (0.4–11.6)

Values in parentheses are in ranges.
VPi versus PD: *Only the asymmetry index is significantly different (2 tailed test) P 0.002.
VPa versus PD: }Only the asymmetry index is significantly different (2 tailed test) P 0.021.
VPi versus Normal: BP% R L; P 0.001, { Caudate/putamen ratio: P 0.004, # Caudate/post putamen ratio: P 0.006.
VPa versus Normal: BP% R L: P 0.001, {{ Caudate/putamen ratio: P 0.004, # # Caudate/post putamen ratio: P 0.007.
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pletely and bradykinesia improved importantly after his
first L-dopa dose ever. The other responder was a 78
years old woman who noticed a sudden onset of lower
body parkinsonism dominated by shuffling gait. When
challenging her with L-dopa her parkinsonism had be-
come more generalized with only little action tremor. All
features improved importantly after L-dopa, including
her gait, consistent with the descriptions in her case notes
where the response was noted to be good. Both respond-
ers showed striatal lesions on MRI. The descriptions of
L-dopa responses in case notes complemented well the
responses observed after the acute L-dopa challenges. In
one of the two challenged responders, a good response
was described in the case notes, in the other L-dopa was
not tried before. In all others in whom an uncertain, poor
or transient response was noted the response after chal-
lenge had turned out negative.

123I-FP-CIT SPECT

Mean BG BP% (right and left averaged) was signifi-
cantly lower in both VPa and VPi groups compared to
healthy controls (Table 2). In contrast, caudate/putamen
ratios and ratios between caudate and posterior putamen
(all right and left averaged) were significantly higher in
both VPa and VPi groups compared to healthy controls
(Table 2). The asymmetry index was not significantly
different between these groups. In contrast, compared to
the PD group, only the mean asymmetry index was
significantly lower in both VP groups (Table 2, see also
Fig. 1), and none of the other parameters was signifi-
cantly different. None of the parameters measured was
significantly different between VPi and VPa groups.
Although some VPa patients showed a “punched out”
FP-CIT uptake in the putamen or globus pallidus corre-

TABLE 1. Clinical characteristics of all VP subjects

Group
no.

Age
(yr) Sex

Disease
duration

(yr) Onset
UPDRS
part 3

MMSE
24

L-dopa
challenge

(%) MRI-scan

1 70 M 6 Insidious 61s 5 WMC
2 66 F 3 Insidious 24s 21 WMC, R-PO, L R:

P,CN,GP,T
3 81 F 10 Insidious 13s 0 WMC
4 67 M 11 Acute 30a 0 WMC, R: P,GP,PO
5 76 F 4 Insidious 4s 5 WMC
6 56 M 2 Acute 5a 60 L: P
7 78 F 10 Acute 27s 52 WMC, PO, L R:

P,CN,GP
8 76 M 7 Insidious 26s 19 WMC
9 77 M 5 Insidious 60s 0 WMC, L R: P
10 89 M 18 Acute 26s 15 WMC, R L: GP, Mes.
11 67 F 3 Insidious 35a 5 WMC, L: GP
12 82 M 4 Acute 11s 0 WMC, R L: GP
13 79 F 3 Acute 13s 0 WMC, R: GP, SN

Group data are shown as mean S.D. UPDRS-3 reflects the motor sub-score of the Unified Parkinson’s disease rating scale while “off”. MMSE:
mini-mental state examination.16 s: signs were symmetrical. a: signs were asymmetrical. WMC: diffuse confluent white matter changes, mainly located
in the watershed areas (periventricularly and deep white matter). P: lacunar infarction in the putamen; CN: in the caudate nucleus; GP: in the Globus
Pallidus; T: in the thalamus; PO: in the pons; Mes.: in mesencephalon (near red nucleus); SN: substantia nigra; L: left; R: right.

TABLE 2. Striatal binding potential index, subregional ratios, and asymmetry in VP patients, controls, and PD patients (Mann-
Whitney U test comparison between two independent samples)

Number
Total striatal
BP% R, mean

Total striatal
BP% L, mean

Total striatal
BP% R�L,

mean
Caudate/putamen

ratio, mean

Caudate/post
putamen ratio,

mean AI, mean

VPi 7 26.6 (4.4–51) 28 (9.4–62) 27.3 (6.9–56.5) 1.47{ (1.22–1.63) 1.85# (1.39–2.56) 6.6* (1–18.2)
VPa 6 24.8 (7–53.9) 26.4 (13.9–50.1) 25.6 (16.1–52.0) 1.47{{ (1.33–1.76) 1.79## (1.45–2.24) 10.9} (1.8–28.79)
PD 14 20.9(8.4–44.6) 22.6 (2.4–53.8) 22.2 (5.4–49.2) 1.60 (1.25–2.1) 1.97 (1.43–3.03) 35.3 (3.8–111.9)
Normal 14 69.4 (48.5–91.5) 68.5 (52.2–97.3) 69 (51.7–94.4) 1.18 (1.02–1.46) 1.39 (1.22–1.91) 5.3 (0.4–11.6)

Values in parentheses are in ranges.
VPi versus PD: *Only the asymmetry index is significantly different (2 tailed test) P � 0.002.
VPa versus PD: }Only the asymmetry index is significantly different (2 tailed test) P � 0.021.
VPi versus Normal: BP% R � L; P � 0.001, { Caudate/putamen ratio: P � 0.004, # Caudate/post putamen ratio: P � 0.006.
VPa versus Normal: BP% R � L: P � 0.001, {{ Caudate/putamen ratio: P � 0.004, # # Caudate/post putamen ratio: P � 0.007.
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本研究の目的は，パーキンソン病（Parkinson’s	

disease;	PD）における軽度認知障害（mild	 cognitive	

impairment;	MCI）（PD-MCI）の特徴を明らかにするこ

とである。PD-MCIは，アルツハイマー病（Alzheimer’

s	disease;	AD）の前駆症状であるMCIと類似すると考

えられている。我々は脳バンクに登録されたPD患者

86例を，認知機能正常（PD-CogNL）群，PD-MCI群，

DSM-IV 基準のPDによる認知症（PD-D）群に分類した。

PD-MCIは，患者に認知症がなく，神経心理学的検査に

おいて，認知機能に関する1領域以上で標準偏差1.5

以上の障害がみられる場合と定義した。PD患者86例

のうち，21％がPD-MCI群，62％がPD-CogNL群，

17％がPD-D群に分類された。PD-MCI群のPD罹病

期間およびMini	Mental	 State	Examination（MMSE）

スコアの平均値はPD-CogNL群とPD-D群の中間にあ

り，両群との間に有意差が認められた。PD-MCI群で最

も高頻度にみられた認知障害は前頭葉／遂行機能不全

で，次に記憶欠損が多かった。PD-MCIの特徴として，

複数の領域にわたる障害よりも，単一領域で異常が認め

られることが多かった。PD-CogNLとPD-Dの間には

軽度の臨床症状を伴う認知障害の段階があり，ADの前

駆症状としてみられるMCIと同様の基準が適用できる。

PD-MCIの基準を明確化することで，PDの認知障害に

関する詳細な研究が可能となり，これまでよりも早期に

治療が開始できると考えられる。

パーキンソン病における軽度認知障害の定義
Defining Mild Cognitive Impairment in Parkinson’s Disease

＊John N. Caviness, MD, Erika Driver-Dunckley, MD, Donald J. Connor, PhD, PhD, Marwan N. Sabbagh, MD, Joseph G. Hentz, MS, Brie 

Noble, BS, Virgilio Gerald H. Evidente, MD, Holly A. Shill, MD, and Charles H. Adler, MD, PhD

＊Department of Neurology, Mayo Clinic, Scottsdale, Arizona
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domain) to show a 1.5 SD or greater abnormality, the
number of PD-MCI cases doubled to 36. This comprises
42% of our total PD population and 51% of the non-
demented PD subjects.

DISCUSSION

Our results show that a stage of clinical cognitive
impairment in PD can be defined between PD-CogNL
and PD-D that may be characterized as PD-MCI. By
using literature based normative values for the tests and
applying criteria along the lines of Petersen30 to our
sample, we found the percentage of PD-MCI was 21% of
our PD group. The PD-MCI group had significantly
different values for PD duration and MMSE score that
were intermediate between those of the PD-CogNL and
PD-D groups. Qualitatively, within the PD-MCI group,
single domain dysfunction was more common than dys-
function of multiple domains. Frontal/executive dysfunc-
tion was the most common single domain PD-MCI type,
followed by amnestic deficit. Using the current Petersen
criteria, this would translate into non-memory single
domain MCI being most common. Within the PD-MCI
multiple domain group, frontal/executive function was
still the most commonly impaired domain. This study
suggests PD-MCI is heterogeneous and differs from the
pattern most commonly seen in the MCI of AD. This was

not unexpected given the differences in neuropathology
of the two disorders. Our study is a cross-sectional sam-
ple and so we do not presently know how many PD-MCI
subjects will convert to PD-D over time. However, lon-
gitudinal assessment will determine the dementia risk of
the PD-MCI subjects as well as what outcomes are seen
among the various subtypes of PD-MCI. Nevertheless,
our findings are consistent with reports that have shown
a correlation between dementia development and frontal/
executive dysfunction as well as amnestic deficit in
PD.4,5,7 Similar to our results, Janvin et al. found large
proportions of PD-MCI to have multiple domain dys-
functions as well as a single domain frontal/executive
dysfunction.6 There have been inconsistencies in the
literature with regard to visuospatial and language func-
tion testing. In this study, we rarely found language
testing dysfunction meeting our criteria and never found
visuospatial dysfunction defined as such. The reasons for
these differences in the literature are unknown, but could
stem from different types of PD populations, analytic
methods used, different instruments in the test batteries,
or how thresholds for dysfunction were set.

Quantitatively, there were numerous statistically sig-
nificant differences seen between the PD-MCI group and
both PD-CogNL and PD-D groups among the neuropsy-

TABLE 2. General characteristics of the three groups

PD-CogNL (N � 53) PD-MCI (N � 18) PD-D (N � 15)

Age at Baseline (y) 75.2 (8.5) 74.6 (8.8) 79.9 (7.3)
Age at PD Onset (y) 70.0 (11.2) 65.1 (12.1) 63.5 (9.4)
Education (y) 15.3 (2.9) 14.6 (2.5) 15.6 (2.8)
PD Duration (y) 5.4 (4.2)** 9.2 (5.0) 16.8 (6.6)**
UPDRS Motor 17.5 (9.5)* 24.9 (16.2) 36.1 (11.7)*
Levodopa Equivalents (mg) 479 (392) 621 (363) 647 (314)
MMSE 28.7 (1.2)*** 26.8 (2.1) 17.7 (6.9)***

The values are mean (SD). Asterisks refer to significant comparisons to the PD-MCI group: *P � 0.05;
**P � 0.01; ***P � 0.001.

TABLE 3. Neuropsychological test results of the three groups

PD-CogNL (N 53) PD-MCI (N 18) PD-D (N 15)

AVLT-Total Learning 44.2 (11.5)* 34.3 (8.6) 21.9 (11.7)*
AVLT-Delayed Recall 8.7 (3.6)** 5.3 (3.6) 0.20 (0.63)**
COWA 37.0 (10.5) 30.9 (11.1) 18.3 (8.3)
Animal Fluency 17.2 (4.5) 14.1 (4.3) 6.8 (2.2)
JLO 22.8 (4.9) 21.8 (1.7) –
Stroop Interference 4.5 (7.7)* 11.4 (5.7) 7.5 (5.2)
CLOCK (CDT) 9.27 (0.94)** 8.13 (1.2) 5.8 (2.3)*
Trails B 110.6 (49.2)*** 214.3 (92.6) 247.7 (58.9)

The values are mean (SD). Asterisks refer to significant comparisons to the PD-MCI group: *P 0.05;
**P 0.01; ***P 0.001.

AVLT, auditory verbal learning test; COWAT, controlled oral word association test; JLO, judgment
of line orientation test.
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Parkinson’s Disease–Dementia (PD-D).

DSM-IV criteria for dementia were used: abnormali-
ties in memory and one other domain of cognition,
functional decline related to cognitive deficit(s), and
preservation of consciousness.31 Abnormal performance
in any cognitive domain was determined by a consistent
pattern of impaired performance on neuropsychological
measures that load on that cognitive domain. Addition-
ally, these subjects did not meet clinical criteria for
dementia with Lewy bodies.32

Statistical Analysis

Statistical analyses were conducted on the individual
neuropsychological test instrument results for descriptive
purposes only, as the cognitive category classifications
were dependent on these instrument results. For this
study, the primary comparisons of interests were be-
tween the PD-MCI group and the PD-CogNL group.
Comparisons of PD-MCI group versus the PD-D group
were made only if the comparison of PD-MCI versus
PD-CogNL was significant for the given measure. We
used the two-sample t-test for comparisons of mean
neuropsychological test scores, and the Pearson chi-
square test for comparisons of the percentage of patients
who endorsed each subjective history inquiry. We used
the Fisher exact test instead of the Pearson chi-square
test when the minimum expected cell count was less than
5. We accounted for multiple comparisons by using the
Hommel method. Difference were interpreted as signif-
icant by at least P 0.05.

RESULTS

General Characteristics

Eighty-six subjects fulfilled PD criteria and had base-
line consensus cognitive evaluations between 6/1/2000
and 6/1/2005. The relative proportions of the three
groups are shown in Figure 1a. There were 53 (62%)
subjects categorized as PD-CogNL, 18 (21%) as PD-
MCI, and 15 (17%) as PD-D. Table 2 shows the general
characteristics of the three groups. There were no signif-
icant mean differences among groups for age at cognitive
assessment, age of PD onset, years of education, and
levodopa equivalent dosage. There were significant dif-
ferences among three groups for years of PD duration,
UPDRS motor score, and MMSE score. In all of these
differences, the PD-MCI mean values were intermediate
between PD-CogNL and PD-D groups.

MCI Characteristics

Of the 18 PD-MCI cases, 12 (67%) had a single
domain presentation and 6 (33%) had multiple domains

affected. The classification of the PD-MCI cases by
cognitive domain pattern dysfunction is shown in Figure
1b. Frontal/executive function was the most common
domain dysfunction observed in both single domain and
multiple domain PD-MCI groups. Amnestic deficit
(within both single and multiple domains) was also com-
mon. Language dysfunction (by itself or in combination)
was only rarely seen. The domains of visuospatial skill
and attention did not reach the threshold of dysfunction
in any case of the PD-MCI group.

Neuropsychological Test Battery

Table 3 shows mean values of the individual tests for
the three groups. The PD-MCI group showed significant
mean differences in battery subtest scores from both the
PD-CogNL and PD-D group for the AVLT total learn-
ing, delayed recall, and CDT. The PD-MCI was also
impaired compared to the PD-CogNL group for the cal-
culated Stroop interference score and Trails B test. In the
JLO test, the PD-MCI group was not different from the
PD-CogNL group. As only one PD-D subject could
cooperate with the JLO, PD-D comparisons for JLO
were not made.

Subjective History Inquiry

Table 4 shows percentage “yes” responses for the
individual questions for the three groups. Of the ten
items from the questionnaire, only delusions showed a
significant difference between PD-MCI and PD-CogNL
groups.

Single Test Abnormality Criterion

By using the PD-MCI criteria mentioned earlier, but
only requiring a single neuropsychological test (as op-
posed to consistent deficits across a single cognitive

FIG. 1. Pie chart shows the relative proportion of PD-CogNL, PD-
MCI, and PD-D in the PD sample (a). The relative proportion of
PD-MCI types by cognitive domain classification is shown (b).
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臨床論文では，本態性振戦（essential	 tremor;	ET）と

パーキンソン病（Parkinson’s	disease;	PD）との関連

性が示唆されている。また，最近の病理学研究では，ET

患者でレビー小体の出現が報告されている。一部のET

患者はレビー小体病であると仮定すると，ET 患者に

パーキンソニズムが発生した場合，レビー小体のない

パーキンソニズムよりも，レビー小体が出現するPD

を発症している可能性が高いと推測される。本研究で

は，PD患者とパーキンソン・プラス症候群（Parkinson-

plus	syndrome）患者を対象に，ETの診断率を比較し

た。Neurological	 Institute	 of	New	 York（NI）の診療

録を後ろ向きにレビューした。PD患者210例とパー

キンソン・プラス症候群患者210例を比較したところ，

検査時に運動時振戦が認められたのはPD患者の方が

多かった〔119例（56.7％）対70例（33.3％），p＜

0.001〕。PD患者はパーキンソン・プラス症候群患者

に比べ，すでにETの診断を受けている者が多く〔7.1％

対2.4％，オッズ比（OR）：3.16，95％信頼区間（CI）：

1.13～8.85，p ＝0.02〕，またNIの神経内科医にET

と診断される者も多かった（5.3％対 0.0％，OR：

12.85，95％CI：1.66～99.8，p ＝0.001）。PD患

者では，パーキンソン・プラス症候群患者よりも3～

13倍多くETと診断されていた。以上のデータから，

ETとPDとの関連性が確認され，また，ETとレビー小

体病が関連する可能性も示唆される。

パーキンソン病およびパーキンソン・プラス症候群に伴う	
本態性振戦の有病率
Prevalence of Essential Tremor in Patients with Parkinson’s Disease vs.  
Parkinson-Plus Syndromes

＊Elan D. Louis, MD, MSc and Steven J. Frucht, MD

＊Gertrude H. Sergievsky Center, College of Physicians and Surgeons, Columbia University, New York, New York, USA
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were compared to age-stratified published data from the
population of Washington-Heights in northern Manhat-
tan16; the prevalence of ET among PD patients was
higher than the prevalence of ET observed among resi-
dents of Washington-Heights (P 0.05).

Fifteen (75%) of 20 patients with a diagnosis of ET
prior to the NI evaluation (including 13 [86.7%] of 15
PD patients and 2 [40%] of 5 Parkinson-plus syndrome
patients) had been diagnosed with PD by a neurologist
rather than a primary care doctor. In these 20 patients, the
mean duration of ET was 5.7 5.0 years and the mean
duration of PD or Parkinson-plus syndrome was 2.9
4.6 years. In eighteen (90%) of 20 patients, the complaint
of action tremor had preceded the diagnosis of PD or
Parkinson-plus syndrome, and in 14 (70%, including 11
with PD and 3 with Parkinson-plus syndrome), the ET
diagnosis preceded that of PD or Parkinson-plus
syndrome.

The 20 patients with a prior diagnosis of ET were
compared to the 400 patients without a prior diagnosis of
ET. There were no differences in age, gender or Hoehn
and Yahr score. A larger proportion of patients with a
prior diagnosis of ET had a family history of ET, PD, or
other tremor type (10 [50%] vs. 43 [10.8%], P 0.001).

Diagnosis of ET Assigned During the Initial
NI Evaluation

A larger proportion of PD than Parkinson-plus syn-
drome patients had kinetic tremor on examination (119
[56.7% vs. 70 [33.3%], P 0.001, Table 2). The
proportion of PD patients that had a diagnosis of ET
assigned by an NI neurologist was nearly 13-fold
higher than the proportion of Parkinson-plus syn-
drome patients that had a diagnosis of ET assigned by
an NI neurologist (11 [5.3%] vs. 0 (0.0%), OR
12.85, 95% CI 1.66–99.8, P 0.001, Table 2).
Adjusting for age and gender in a logistic regression
model did not change the results. These data are also
presented in an age-stratified format (Table 3). The 11
diagnoses of ET were assigned by five of the seven NI
neurologists, indicating that these diagnoses had not
been assigned by a single (possibly biased) neurolo-
gist. The mean UPDRS kinetic tremor score was sig-
nificantly higher in the 11 patients with ET than in the
409 patients without ET (2.2 1.2 vs. 0.5 0.7, P
0.001), as was the mean postural tremor score (0.9 0.8
vs. 0.04 0.2, P 0.006). The mean UPDRS kinetic
tremor score was significantly lower in 210 Parkinson-

TABLE 2. History of tremor and ET in PD patients vs. patients with Parkinson-plus syndromes

PD (N 210)
Parkinson-plus syndromes

(N 210) Significance (P)

Had had a complaint of action tremor prior to the
initial NI evaluation 27 (12.9) 15 (7.1) 0.05

Diagnosis of ET prior to the initial NI evaluation 15 (7.1) 5 (2.4) 0.02
Presence of kinetic tremor on examination 119 (56.7) 70 (33.3) 0.001
Diagnosis of ET (with PD or Parkinson-plus syndrome)

assigned during the initial NI evaluation 11 (5.3) 0 (0.0) 0.001

Values are numbers (percentages).

TABLE 1. PD patients vs. patients with Parkinson-plus syndromes: demographic and clinical
comparisons

PD (N � 210)
Parkinson-plus syndromes

(N � 210) Significance (P)

Age (years) 66.6 � 11.4 69.4 � 9.3 0.007
Gender (male) 139 (66.2) 101 (48.1) �0.001
Family history of tremor 0.002

None 172 (81.9) 195 (92.9)
ET 9 (4.3) 2 (1.0)
ET and PD/parkinsonism 4 (1.9) 0 (0)
PD 18 (8.6) 11 (5.2)
Other type of parkinsonism 0 (0) 2 (1.0)
Tremor type unknown 5 (2.4) 0 (0)
Family history unknown 2 (1.0) 0 (0)

Hoehn and Yahr score 2.1 � 0.9 3.1 � 1.0 �0.001
Presence of rest tremor on examination 136 (64.8) 46 (21.9) �0.001

Values are mean � SD or numbers (percentages).
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ハンチントン病類縁疾患2型（Huntington’s	disease	

like-2;	HDL-2）と呼ばれる神経変性疾患は最近報告

された常染色体優性遺伝性疾患で，ハンチントン病

（Huntington’s	disease;	HD）とよく似た特徴を有する。

HDL-2患者の神経病理学的所見については，一例報告

で述べられているにすぎない。本研究では，分子診断で

確認された新規患者2例の臨床症状と病理学的所見を

報告し，既報の症例および HD 患者と比較する。

HDL-2 患者 2例の診療録をレビューし，免疫ペルオ

キシダーゼ染色を含む標準的な神経病理学的検査によ

り患者の脳を調べた。また，ポリメラーゼ連鎖反応

（PCR）によりリピート長を調べ，各患者の診断を確定

した。症例1は強迫神経症の疑いがあり，症例2はう

つ病と視力低下を有していた。2例とも筋緊張亢進と

歯車様固縮を発現していたが，舞踏アテトーゼ運動

（choreoathetosis）はみられなかった。尾状核および被

殻では，特に背側と外側に広範な神経変性が認められ

た。これに加え，症例1では側頭葉外側皮質，前頭葉

外側皮質，眼窩前頭皮質の萎縮，症例2では後頭葉皮

質および頭頂葉皮質に著明な神経変性が認められた。

いずれの患者も小脳や脳幹に有意な変化はみられな

かったが，ユビキチン免疫反応性の神経核内封入体

（neuronal	intranuclear	inclusion;	NII）は2例ともに認

められた。本研究でレビューしたHDL-2患者には，パー

キンソン症候群を伴う前頭葉機能の有意な抑制，舞踏

病様運動の欠如，アフリカ系人種という特徴があった。

病理学的にHDL-2患者でみられる新線条体への影響は

HDと類似しているが，少なくとも一部のHDL-2症例

においては，後頭葉を含む大脳皮質局所病変の程度が

HDとは異なると考えられる。

ハンチントン病類縁疾患2型（HDL-2）の神経病理学的所見
Huntington’s Disease Like-2 Neuropathology

＊Penny E. Greenstein, MD, Jean-Paul G. Vonsattel, MD, Russell L. Margolis, MD, PhD, and Jeffrey T. Joseph, MD, PhD

＊Department of Neurology, Beth Israel Deaconess Medical Center, Boston, Massachusetts, USA

FIG. 1. Family tree for Case 2. The proband is indicated with an
arrow. The dotted lines indicate no legal marriage. The gray shade
indicates family members with presumed involvement based on family
reporting but not on direct observation or genetic testing. (Abbrevia-
tions: Dx, age at diagnosis; CAG, number of CAG/CTG repeats).

Dx 22: 59 CAG

Dx 34: 52 CAG

Dx 41
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Abstract

missure showed mild shrinkage while the atrophy was
mild to moderate in the hippocampus (Fig. 2E).

Microscopically, the caudate nucleus showed marked
(3–4 of 4) neuronal depletion and gliosis (Fig. 3B),
which decreased in severity ventrally and to a lesser
degree from posterior to anterior (Fig. 3A). The nucleus
accumbens had undergone only mild neuron loss and
gliosis (Fig. 3C). The putamen showed a dorsal to ventral
and lateral to medial decreasing gradient of injury, rang-
ing from moderately severe to moderate. The white mat-
ter tracts in the external segment of the globus pallidus
had degenerated in a dorsal (moderately severe) to ven-
tral (mild to moderate) gradient (Fig. 3D). Large globus
pallidus neurons were remarkably spared. The globus
pallidus internus showed mild gliosis without neuron
loss. The cortical pathology showed regional and focal
(within one region) variation. Neuron loss occurred in
Layer V and VI in one region of the inferior parietal
lobule but spared the same layers in an immediately
adjacent region. Brodmann areas 17 and 18 showed a
moderate loss of large neurons in Layers V and VI,
rarefaction of the neuropil, and a concomitant loss of
myelinated axons in the underlying white matter (Fig.
3E). The pars compacta of the substantia nigra and the

locus ceruleus showed mild neuron loss and gliosis. Sites
lacking demonstrable pathology included the red nu-
cleus, subthalamic nucleus, oculomotor complex, dentate
nucleus, cerebellar cortex, basis pontis, medullary struc-
tures, and spinal cord.

Antiubiquitin antibodies bound scattered, neuronal in-
tranuclear inclusions (NII) in many areas of the brain,
including in a few of the remaining large neurons in the
caudate nucleus. Their greatest distribution was in neu-
rons near sites of neurodegeneration. For example, while
the nucleus accumbens was relatively spared, compared
to the head of the caudate nucleus, this site contained
frequent NIIs (accumbens: 39 per five high power fields;
caudate nucleus: 2 per five high power fields). Also,

FIG. 2. Case 1: Gross Pathology. Panels A through C show a serial set
of half-coronal sections through the central brain. The lateral ventricle
is moderately dilated and the head of the caudate nucleus is flat (Panel
A, arrow). In Panel B, the external segment of the globus pallidus is
dark rather than pale (arrow). While the putamen is small, it is less
involved than the caudate nucleus (Panels B and C). The third ventricle
is also moderately dilated (Panel C, arrow). In Panel D, the inferior
surface of the cortex is gnarled, especially in the orbitofrontal areas
(arrows), indicative of tissue loss. Panel E shows the cavum vergae (cv)
plus the greater atrophy of the inferior thalamus and hypothalamus. The
hippocampus is mildly to moderately shrunken (arrow).

FIG. 3. Case 1 Histology. Panel A is a low-magnification view of the
head of the caudate nucleus. It shows a gradient of decreasing spon-
giosis from the ventricular surface to the internal capsule (arrow). In a
representative region from the central area of the caudate nucleus body
(Panel B), neurons are rare (arrow) and the background is spongiotic
with many reactive astrocytes (arrowheads). In contrast, Panel C shows
that the accumbens at the same magnification is relatively spared; the
neuropil is relatively uniform and mildly gliotic. The low-magnifica-
tion view of the putamen (P) and globus pallidus (GP) in Panel D is
assembled from an overlapping series of higher-magnification images.
The internal segment of the globus pallidus (GPi) is nearly normal. The
external segment (GPe) has fewer myelinated fibers dorsally (d), com-
pared to ventrally (v). As demonstrated by pencillary fiber density, the
putamen (P) also shows greater involvement dorsally (d) than ventrally
(v). Panel E is a low magnificent view of Brodmann area 18, adjacent
to the primary visual cortex. The deeper layers of this cortex (Layers
v–vi) show a moderate loss of neuropil, compared to the more mild
changes in superficial Layers (i–iii) or with less involved areas of
cortex elsewhere. Although it showed few degenerative changes, the
parahippocampal neurons contained frequent ubiquitin-immunoreac-
tive neuronal intranuclear inclusions (arrows). (Panels A–E: H&E/LFB
stain; Panel F: ubiquitin immunoperoxidase stain).
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周波数を5	Hzとし，安静時運動閾値（resting	motor	

threshold;	RMT）以上の強度で反復経頭蓋磁気刺激

（repetitive	 transcranial	magnetic	 stimulation;	 rTMS）

を実施した場合，運動誘発電位（motor-evoked	

potential;	MEP）の振幅は徐々に増大し，刺激終了後も

効果は持続する。このような現象は，大脳皮質介在ニュー

ロンの興奮が短期的に亢進することで発生する。本研究

では，上肢ジストニア患者と健常者に5	Hzの rTMSを

実施し，磁気刺激中のMEPの振幅増大と，刺激終了後

の効果持続が同様に認められるか否かを検討した。被

験者を安静状態におき，一次運動野にRMTの120%

の強度で 5回，10回，20回の反復刺激を加えた。

rTMS後，conditioning-test	 paradigmを用いて様々な

時間間隔（0.5～10秒）でRMTの120％の強度で単

発の test 刺激と，単発のconditioning刺激を加えた。

また，周波数を1	Hzとし，RMTを超える強度に設定し

た rTMSも実施した。反復刺激中およびテスト刺激中に

MEPの振幅を測定した。対照実験では尺骨神経を刺激

し，筋単収縮による求心性インプットがMEP振幅に及

ぼす影響を検討した。本研究では，患者および健常者

において5	Hzの反復刺激中のMEP振幅は有意に増大

し，5	Hzの rTMS終了後もMEPに対する効果が持続

したが，その程度および持続時間は健常者よりも上肢ジ

ストニア患者で顕著であった。1	Hzの rTMSでは，刺

激中および刺激後もMEPの振幅に変化はみられなかっ

た。尺骨神経を刺激した場合，test 刺激時にMEPの振

幅の変化は認められなかった。結論として，上肢ジスト

ニア患者にRMTを超える強度で5	Hzの rTMSを行う

と増大したMEPの回復過程に異常がみられたことから，

大脳皮質の短期可塑性における異常パターンが示唆さ

れる。

ジストニア患者の大脳皮質にみられる短期可塑性：	
反復経頭蓋磁気刺激に関する研究
Short-Term Cortical Plasticity in Patients with Dystonia: A Study with  
Repetitive Transcranial Magnetic Stimulation

＊Francesca Gilio, MD, Antonio Suppa, MD, Matteo Bologna, MD, Cinzia Lorenzano, MD, Giovanni Fabbrini, MD, and Alfredo Berardelli, MD

＊Department of Neurological Sciences and Neuromed Institute (IRCCS), University of Rome “La Sapienza”, Rome, Italy
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FIG. 3. Effects of suprathreshold 5 Hz-
rTMS (trains of 5, 10, and 20 stimuli)
and a single stimulus on the amplitude of
test MEPs at different ISIs in dystonic
patients (continuous line) and healthy
subjects (dashed line). Each point corre-
sponds to the mean MEP test amplitude
expressed as percentage of the uncondi-
tioned responses. Vertical bars denote
means SE. Note that 5 Hz-rTMS trains
elicited after-effects on the MEP ampli-
tude more pronounced in patients than in
healthy subjects.
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Key Word 	 年齢，深部脳刺激，視床下核

本研究では，パーキンソン病（Parkinson’s	disease;	

PD）患者において，視床下核の深部脳刺激（subtha-

lamic	nucleus	deep	brain	stimulation;	STN-DBS）療

法後の臨床症状，認知機能，生活の質に関するアウト

カムに患者の年齢が影響するかどうか検討した。術前，

および術後12ヵ月，24ヵ月の時点で，PD患者の運

動機能〔Unified	Parkinson’s	Disease	Rating	Scale

（UPDRS）〕，気分，認知機能，生活の質〔Parkinson’s	

Disease	Questionnaire-39（PDQ-39）〕を評価し，有

害事象も記録した。回帰分析を用いて，これらの術後

の評価項目の結果と年齢との相関関係を検討した。脳

出血のリスクはノンパラメトリック検定で評価した。本

研究には 45 例の患者（平均年齢：60±9 歳，範囲：

40～73 歳）を登録した。術後12ヵ月の時点で，

UPDRSおよび PDQ-39のスコアの改善と年齢との間

に有意な相関は認められなかった。術後24ヵ月の時

点では，PDQ-39 の 3つのサブスケール〔運動機能

（mobility），日常生活動作（activities	of	daily	life），認

知機能（cognition）〕の改善と年齢との間に有意な負の

相関が認められた。認知障害は年齢と相関しなかったが，

無感情とうつ病は，年齢との間に正の相関が認められた。

脳出血のリスクには患者の年齢が影響した。進行期PD

の高齢患者において，STN-DBSは有効な治療法である。

高齢患者が感じる生活の質を正確に評価し，実際の出

血リスクを明らかにするには，より大規模かつ長期間の

追跡調査が必要である。

深部脳刺激のアウトカムにパーキンソン病患者の年齢は	
影響するか？
Does Ageing Influence Deep Brain Stimulation Outcomes in Parkinson’s Disease?

＊Fabienne Ory-Magne, MD, Christine Brefel-Courbon, MD, Marion Simonetta-Moreau, MD, PhD, Nelly Fabre, MD, Jean Albert Lotterie, MD, 

Patrick Chaynes, MD, PhD, Isabelle Berry, MD, PhD, Yves Lazorthes, MD, PhD, and Olivier Rascol, MD, PhD

＊Department of Neurology, University Hospital CHU, Toulouse, France
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were rare (n 5), we realized a nonparametric test
(Mann and Whitney nonparametric test).
The significance threshold was set to 0.05 for two-

sided tests. All statistical analyses were performed using
Statview software.

RESULTS

Effects of STN-DBS on Clinical Status

The mean age at the time of surgery was 60.1 8.7
(SD) years old (range, 40–73). The mean duration of PD
at the time of surgery was 13.5 3.6 years (range,
6–23). The age distribution of the population is de-
scribed in Figure 1. Before surgery the mean improve-
ment of UPDRS Part III after levodopa challenge was
60% 14%. The mean Hoehn and Yahr score Off
medication was 3.6 0.8 and the mean daily levodopa
equivalent dose was 1466 665 mg/day.
All patients had 24 months’ follow-up except for 6

deceased patients. Two patients experienced cerebral
bleeding and died. Four patients died from reasons un-

likely to be causally linked to PD or DBS (1 tongue
cancer, 1 car crash, 1 myocardial infarction, and 1 from
unknown cause).
After surgery, STN stimulation improved the UPDRS

Part III score both On and Off medication (Table 1).
The combination of STN stimulation with levodopa
challenge produced marked motor improvement of the
UPDRS Part III score with respect to the preoperative
Off drug score (69% at 12 months and 67% at 24 months,
Table 1). The axial subscore was improved (77% at 12
months and 71% at 24 months). The LED was decreased
(by 59% at 12 and 24 months) and levodopa-related
complications (UPDRS Part IV) were also decreased (by
73% at 12 months and 63% at 24 months) (Table 1).
At 12 and 24 months, several quality of life dimensions

were improved (Table 2) and cognitive scores remained
unchanged, in comparison with the preoperative state, at the
end of the follow-up (Table 2). No relevant change in the
MADRS score was observed after surgery.

Effect of Age on Clinical Outcomes after STN-DBS

No significant correlation was found between age at the
time of the surgery and improvement of the UPDRS Part II,
UPDRS Part III, axial subscore, the evolution of levodopa
equivalent doses, or the stimulation intensity settings.
Although there was no significant correlation with

UPDRS Part IVA (dyskinesias), we found a significant
positive correlation with UPDRS Part IVB (motor fluc-
tuations) (R2 0.20, P 0.006 at 12 months; R2 0.09
and P 0.03 at 24 months) (Fig. 2B). The older the
patients, the greater the improvement of UPDRS Part
IVB (motor fluctuations).

Effect of Age on Quality of Life after STN-DBS

There was no significant correlation between PDQ-39
subscales and age within the first year after the DBS
procedure.

FIG. 1. Age distribution at time of the surgery.

TABLE 1. Results of the assessments before, and 12 and 24 months after STN DBS

Before surgery,
N � 45

After surgery, on stimulation

12 months,
N � 43

24 months,
N � 39

UPDRS II 14.2 (8.2) 9.2 (5.4) 11.7 (5.7)
UPDRS III On Drug 18.1 (8.2) 13.8 (9.4) 14.4 (9.2)
UPDRS III Off Drug 44.7 (14.5) 21.2 (12) 22.1 (12.0)
Axial subscore On Drug 2.6 (2.1) 1.7 (1.7) 2.1 (1.9)
Axial subscore Off Drug 7.4 (3.5) 2.6 (2.7) 3.2 (2.9)
UPDRS IV 10.2 (4.9) 2.6 (2.5) 3.8 (3.3)
Subscale IVA dyskinesias 5.1 (2.9) 0.9 (1.2) 1.7 (2.3)
Subscale IVB motor fluctuations 3.7 (1.5) 0.7 (1.0) 1.0 (1.4)
Levodopa equivalent doses (mg/day) 1466 (665) 595 (437) 602 (458)

Value are means (SD)
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Twenty-four months after surgery, we noticed a sig-
nificant negative correlation between the evolution of
three dimensions of PDQ 39 (mobility, activities of daily
living (ADL), and cognition) and age (R2 0.3, P
0.001 for mobility, R2 0.1, P 0.03 for ADL, and R2

0.2, P 0.004 for cognition) (Fig. 2A). The older the
PD patients, the smaller their improvement in quality of
life.

Effect of Age on the Evolution of Cognition and
Mood after STN-DBS

There was no significant correlation between change
in cognitive tests and age. At the end of the follow-up, 3
patients (56, 58, and 68 years old) were considered as
having dementia.
Two years after the procedure, there was a significant

negative correlation between age and the variation of the
MADRS (R2 0.16, P 0.02) (Fig. 2C). The older
patients were more depressed.

Effect of Age on the Occurrence of Adverse Events
During and after STN-DBS

During the surgical procedure, 10 patients suffered
from drowsiness and 13 were not able to cooperate
during the macrostimulation, especially for the investi-
gation of local side effects by the high frequency stim-
ulation. Although statistical analysis did not disclose any
significant correlation between the occurrence of confu-
sion or agitation during the surgical procedure and age,

there was a tendency towards a positive correlation be-
tween drowsiness and age (R2 0.1, P 0.05).
Four patients had symptomatic cerebral bleeding: 2

patients (71 and 69 years old) died and 2 other patients
(70 and 71 years old) had transient neurological symp-
toms with full recovery (Table 3). We found a significant
statistical difference between the occurrence of a cere-
bral bleeding and age (Mann and Whitney test, P
0.003). Only the elderly PD patients’ experienced symp-
tomatic hemorrhage.
During postoperative follow-up, 23 patients experi-

enced apathy. A significant correlation between apathy
and age was observed (R2 0.1, P 0.01). The older
patients were more frequently apathetic. We did not
observe any significant correlation between other post-
operative adverse events and the age of PD patients.

DISCUSSION

This study investigated whether age could be consid-
ered as a predictive factor of clinical outcome in PD
patients treated by STN-DBS.
The selection of our patients for surgical treatment

was based on classic criteria except for age, which was
not considered as a strong selection criterion here. More
than a third of the PD population included was more than
65-years-old, so we report one of the largest series of
elderly PD patients treated by STN-DBS.
In the present study, the efficacy of the STN-DBS was

similar to that reported for other large groups of PD

TABLE 2. Quality of life, neuropsychological tests and mood test before, and 12 and 24
months after surgery

Before surgery,
N � 45

After surgery

12 months,
N � 43

24 months,
N � 39

Quality of life
Mobility 58.5 (2.6) 31.7 (22.9) 38.2 (25.5)
ADL 52.1 (19.8) 27.4 (19.7) 31.5 (21.8)
Emotional well-being 43.1 (18.9) 27.7 (21.3) 32.1 (26.2)
Stigma 44.0 (26.8) 20.6 (24.1) 25.5 (26.0)
Social support 18.7 (22.2) 13.8 (18.3) 18.8 (21.4)
Cognition 34.6 (13.3) 25.1 (17.8) 29.9 (19.4)
Communication 39.7 (19.9) 30.5 (21.3) 36.3 (24.2)
Bodily discomfort 55.6 (20.9) 30.9 (22.1) 37.8 (23.4)

Neuropsychological tests
G&B total/48 45.8 (2.9) 46.1 (4.7) 46.8 (1.5)
TMT A (sec) 65.7 (44.2) 57.8 (34.7) 71.1 (60.2)
TMT B (sec) 186.3 (168) 200.5 (161.6) 187.1 (141.4)
Stroop color (no.) 84.1 (27) 80.7 (25.4) 83.1 (25.4)
Fluency (no.) 16.9 (7.9) 15.2 (8.0) 15.7 (5.9)

Mood tests
MADRS 11.0 (7.0) 8.3 (6.1) 10.5 (8.3)

Values are means (SD).
TMT: trail making test; G&B: Grobber and Buschke; MADRS: Montgomery-Asberg Depression Rating

Scale; ADL: activities of daily living

1460 F. ORY-MAGNE ET AL.
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Key Word 	 レストレスレッグス，病態生理，脊髄，ドパミン，オピエート

レストレスレッグス症候群（restless	 legs	 syndrome;	

RLS）の病態生理は，主に神経画像所見と神経生理学的

データに基づいて解釈されている。近い将来，遺伝学の

進歩によって未解決の問題が解明されることが期待さ

れるものの，現時点では，治療効果の検討を通じて

RLSを理解せざるを得ない。RLSの病態生理として，

ドパミン作動系の機能障害（おそらく線条体および／ま

たは脊髄のドパミン受容体の変化）や，ドパミン作動系

の一部である視床下部に局在するA11ニューロン群の

機能障害が想定されている。これらのニューロンは脊髄

神経の興奮を制御する役割をもち，この機構に変化が生

じると，脳幹では主に下肢の求心性線維の感覚処理が

障害を受ける。このような神経生理学的な興奮の変化は，

疼痛閾値の測定，H反射検査，定量的感覚検査等，様々

な方法で評価できる。

レストレスレッグス症候群の病態生理
Pathophysiological Concepts of Restless Legs Syndrome

＊Walter Paulus, MD, Pascal Dowling, MPhil, Roselyne Rijsman, MD, PhD, Karin Stiasny-Kolster, MD, Claudia Trenkwalder, MD, and Al de 

Weerd, MD, PhD

＊Department of Clinical Neurophysiology, University of Göttingen, Göttingen, Germany



29

Movement Disorders Vol. 22, No. 10, 2007, pp. 1430-1435

Key Word 	 パーキンソン病，Iowa	gambling	task，神経精神医学，衝動性障害，認知

パーキンソン病（Parkinson’s	disease;	PD）では，脳

内報酬系の機能障害に伴う衝動制御障害（impulse	

control	 disorder;	 ICD）が報告されている。PD患者に

おいて，辺縁系機能障害の臨床マーカーと人口統計学的

特性や認知機能状態との関連性はまだ明らかにされて

いない。本研究では，ICDの既往歴のない非認知症PD

患者の代表的サンプルにおいて，辺縁系機能障害と認

知障害との関連性を検討した。評価には，意思決定能力

に関する risk-taking	 test と包括的な神経心理学的検査

を用いた。非認知症PD患者35例と対照被験者31例

（PD患者群と年齢，性別，学歴が一致）を対象とする

前向き比較対照試験において，Iowa	gambling	task（IGT）

を用いて意思決定能力を検討し，認知機能全般はMattis	

Dementia	Rating	Scale（MDRS）と言語流暢度，遂行

能力はStroop	Color	Word	Naming	 Test と数唱検査，

記憶能力はRey	Auditory	Verbal	Learning	Test で評価

した。PD患者群では，対照群に比べ IGTの結果は有意

に不良であった。ドパミン系作動薬治療を含む人口統計

学的変数や，レボドパ（L-ドパ）の運動機能改善効果（安

定あるいは変動）と IGTの結果との関係は明らかでは

なかった。また，IGTの結果は遂行能力と無関係であっ

た。これに対し，記憶能力および認知機能全般は，IGT

の結果と逆相関を示し，MDRSと記憶能力のスコアが

良好な患者では，IGTの結果が有意に不良であった。今

回の結果から，非認知症PD患者には辺縁系の機能障害

が潜在することが確認された。また，意思決定能力の障

害は遂行能力の障害とは無関係であるが，認知機能が

良好な患者ほど危険な行為を行いやすいと考えられる。

パーキンソン病患者の意思決定能力と認知障害に関する	
比較対照試験
Controlled Study of Decision-Making and Cognitive Impairment in Parkinson’s Disease

＊Javier Pagonabarraga, MD, Carmen García-Sánchez, PhD, Gisela Llebaria, PhD, Berta Pascual-Sedano, MD, PhD, Alexandre Gironell, MD, 

PhD, and Jaime Kulisevsky, MD, PhD

＊Movement Disorders Unit, Neurology Department, Sant Pau Hospital, Autonomous University of Barcelona, Barcelona, Spain

FIG. 1. Impaired decision-making in the PD group, as shown by lower
mean total IGT score ( 10.8 19 vs. 6.1 17; t, P 0.0001) versus
controls (CG). PD patients significantly chose the high-risky decks, that
offer immediate rewards but result in long-term overall loss.
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FIG. 2. Defective reward-related reinforcement learning in (B) PD
patients, who failed to progressively choose the most advantageous
decks in each block of 20 trials, compared to (A) controls (CG), who
showed a normal pattern of learning through the performance of the
IGT. (C D) advantageous decks; (A B) disadvantageous decks.
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Key Word 	 パーキンソン病，日中過眠，突発性睡眠，危険因子，Epworth	Sleepiness	Scale

フランス国内のパーキンソン病（Parkinson’s	dis	ease;	

PD）外来患者において，日中過眠（excessive	day	time	

sleepiness;	 EDS）や自動車運転中の居眠りおよび突発

性睡眠（sudden	onset	of	sleep	episodes;	SOOS）が

どの程度みられるかを検討した。神経内科の開業医およ

び勤務医に対し，認知症のないPD患者の連続した10

症例を全国標本調査に登録するよう要請した。患者はい

ずれもEpworth	Sleepiness	Scale（ESS）と，運転中

の居眠りおよびSOOSの頻度に関する質問票への回答

を完了した。患者の臨床および人口統計学的データを収

集した。PD患者1,625例で調査を実施した。調査の

結果，EDS（ESSスコア≧10）は29％の患者に認め

られた。一方，運転中の居眠りが多いと回答した患者は，

わずか 0.8％であり，運転中にまったく予期しない

SOOSを経験した患者は0.5％であった。EDSの危険

因子は，性別が男性であること，日常生活動作能力の

低下，1日あたりのレボドパ（L-ドパ）換算用量が高い

ことであった。運転中のSOOSの危険因子は，ESSス

コア≧10，性別が男性であること，Hoehn	 and	 Yahr

分類の重症度が比較的軽いことであった。EDSは外来

のPD患者に多くみられ，自動車運転中の居眠りおよび

SOOSの重要な危険因子である。

パーキンソン病患者の日中過眠に関する	
フランスの全国調査
A Nationwide Survey of Excessive Daytime Sleepiness in Parkinson’s Disease in France

＊Imad Ghorayeb, MD, PhD, Anderson Loundou, PhD, Pascal Auquier, MD, Yves Dauvilliers, MD, PhD, Bernard Bioulac, MD, PhD, and 

François Tison, MD, PhD

＊Service d’Explorations Fonctionnelles du Système Nerveux, Hôpital Pellegrin, Bordeaux, France

The chi-square test was used to test for associations
between qualitative or categorical variables. To identify
the potential factors that were associated with an ESS
score 10, we used multiple logistic regression analysis
and generated odds ratios and their 95% confidence
intervals. To investigate possible interactions between
two factors, we included the corresponding product
terms in the modeling process. Calibration of the logistic
model was assessed using the Hosmer-Lemeshow good-
ness-of-fit test. To test for differences between two
groups of ESS score ( 10 vs. 10) with a continuous
variable, we used the Student’s t-test.

RESULTS

Sample Description

Of the 2,037 individuals approached, 412 (20.23%)
were excluded on the basis of inclusion criteria and/or
because of incomplete ESS. A total of 1,625 patients
completed the questionnaire and were included for fur-
ther analysis. There were 699 women and 923 men with

a mean age of 69.5 9.3 years. Details of main demo-
graphic characteristics are shown in Table 2.

Prevalence of EDS

The mean ESS score for the whole population was 7.1
4.7 and the prevalence of EDS (ESS 10) was 29%.

Of these 29%, 82.6% declared having a major daytime
problem with sleepiness compared to 54.2% in the total
sample (n 881 patients, mean ESS score 9.14
4.56). Sixty-five percent of male patients had an ESS
score 10 compared to 35% of women (P 0.001). The
mean ESS scores did not significantly differ between
patients on psychotropic drugs (one or more) and those
without (mean ESS score 7.2 4.97 vs. 7.1 4.6,
P 0.74). Patient treatment groups and corresponding
mean levodopa equivalent dosages and mean ESS scores
are shown in Table 3. Scoring 10 on the ESS was not
correlated with the use of any dopamine agonist (DA)
either used alone or in combination with levodopa, and
mean ESS scores were not statistically different between
patients on any DA monotherapy (Table 3).

Based on multiple logistic regression analysis, male
gender (P 0.001, OR, 1.7; 95% CI, 1.29–2.25), dis-
ability for activity of daily living (P 0.02, OR, 0.98;
95% CI, 0.97–0.99) and the daily levodopa equivalent
dosage (P 0.04, OR, 1; CI, 1–1.05) were independent
predictive factors of an ESS score 10. At the initial
step, the model with only intercept produces a-2 Log
likelihood value of 1541.8 and at the final step, the model
with all factors gives a-2 Log likelihood value of 1298.7.
The model chi-square was 243.1 (df 12, P 0.0001).

Dozing and SOS Episodes While Driving

Of the 1,625 patients, 865 (53.2%) were regular driv-
ers. Their mean ESS score was not significantly different
from that of nondrivers (6.9 4.6 vs. 7.4 4.9) and
27.7% of the drivers had an ESS score 10. Although 27

TABLE 2. Demographic and clinical characteristics of the
1,625 patients with Parkinson’s disease

Mean SD or n
(%)

Age (yr) 69.5 9.3
Male/female 923 (57)/699 (43)
Disease duration (yr) 6.1 4.6
Hoehn and Yahr score 2 0.8
Schwab and England score 82 12.5
MMSE score 28 1.7
Patients on 1 psychotropic drugs 458 (28.2)
Patients on levodopa monotherapy 404 (24.9)
Patients on dopamine agonist monotherapy 172 (10.6)
Patients on levodopa and dopamine agonist 548 (33.7)
Patients on other combinations 496 (30.5)
Antiparkinsonian treatment duration (months) 49 45
Mean daily levodopa dose equivalents (mg) 585 348

TABLE 3. Patient distribution within the different treatment groups and the corresponding levodopa equivalent and mean
Epworth sleepiness scale score

Population
study

Levodopa
alone

DA alone* Levodopa and DA**

Piribedil Ropinirole Pergolide Bromocriptine

Levodopa
�

piribedil

Levodopa
�

ropinirole

Levodopa
�

pergolide
Levodopa �

bromocriptine

Number of patients 1625 404 73 65 31 3 179 180 110 35
DA mean dose (mg) 154.3 7.7 2.3 45 142.9 8.8 2.4 27
Levodopa mean dose (mg) 455.5 436.2 507.7 569.3 503.6
Levodopa equivalent mean

dose (mg) 585 455.5 308.6 128.3 230 450 722 654.4 809.3 773.6
Mean ESS score 7.1 6.7 6.5 6.6 6.6 5.3 7.6 7 7.9 7.5

*172 patients received DA alone, and the mean ESS score was 6.6.
**548 patients received levodopa and DA; levodopa mean dose was 712.2 mg; the mean ESS score was 7.5.
DA, dopamine agonist; ESS, Epworth sleepiness scale.
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individuals (3.1%) had traffic accidents (TA), their mean
ESS score was not significantly different from that of
drivers without TA (7.3 5.2 vs. 6.9 4.5), nor were
their demographic characteristics. Of the 27 individuals
with traffic accidents, 19 had an ESS score 10 includ-
ing 1 who admitted SOS and 8 had an ESS score 10
including 2 who admitted SOS and 3 who admitted
dozing while driving.

While driving, 16% of the patients admitted a slight-
to-high chance of dozing but only 0.8% admitted a high
chance (Table 4, A). Based on multiple logistic regres-
sion analysis, an ESS score 10 (P 0.001, OR, 5.84;
95% CI, 3.79–9.02) and male gender (P 0.008, OR,
1.83; 95% CI, 1.17–2.87) were predictive factors for a
positive response (1, 2, or 3).

Sudden onset of sleep episodes while driving were
reported by 11.2% of the drivers but only 0.5% admitted
having experienced these episodes always in an unpre-
dictable fashion (Table 4, B). Based on multiple logistic
regression analysis, an ESS score 10 (P 0.001, OR,
5.7; 95% CI, 3.41–9.54), male gender (P 0.001, OR,
2.47; 95% CI, 1.42–4.27) and Hoehn and Yahr score
(P 0.02, OR, 0.61; 95% CI, 0.4–0.93) were predictive
factors for a positive response (1, 2, or 3).

DISCUSSION

Excessive Daytime Sleepiness in PD

In the present face-to-face survey, 29% of the patients
with PD scored 10 on the ESS. Only two studies using
the same ESS cut-off yielded almost similar results (33%
and 33.5%).5,14 Although there is insufficient rationale to
dichotomize patients with PD into normal vs. sleepy,
using any particular cut-off point, an ESS score 10 is
widely taken to be indicative of EDS in patients with
sleep disorders, whereas it averages 6 in healthy con-
trols.15 This ESS cut-off has also been adopted by the
majority of recent surveys on EDS in PD, which unex-
pectedly yielded different EDS prevalence and risk pre-
dictors.2,3,5,6,14,16 One explanation is that in PD, EDS is
caused by multiple factors, some of which are disease-

dependent17 while others are related to distinctive intrin-
sic individual features such as sleepiness self-perception
and tolerance. This may in part be responsible for the low
correlation between the ESS and the multiple sleep la-
tency tests (MSLT) that was observed long before these
EDS evaluation methods were applied to PD.13,18,19 In
our cohort, perceived daytime sleepiness inconvenience
was in agreement with the cut-off we used, as a large
majority of patients with an ESS score 10 (83%) ad-
mitted sleepiness to be a major problem during daytime.
Furthermore, the mean ESS score of patients with PD
who admitted to the inconvenience of daytime sleepiness
approached 10. This relatively strong association with
the results of a single direct questionnaire item regarding
how much of a problem sleepiness is for the patient has
been reported before6,13,20 and underlines the ability of an
ESS score 10 to discriminate, at least in our sample,
between patients according to their perception of patho-
logical sleepiness.

As for disease-dependent factors, our results are in
part in accordance with those in previous sur-
veys.1,3,8,17,21–23 However, if we consider only studies
with an ESS 10 as a primary outcome,2,3,5,6,14,16 our
results are rather in disagreement with findings of sur-
veys that specifically investigated predictors of
EDS.5,14,16 As our data are derived from the largest
patient sample reported in a survey on EDS in PD using
an ESS score cut-off 10, the associations whether
significant or not cannot be attributed to inadequate
power, as was the case elsewhere.14 In our study, reduced
activity of daily living scores but not Hoehn and Yahr
staging predicted an ESS score 10. The fact that we
purposely excluded severely disabled patients may ac-
count for this finding. This result may also reflect the
lack of linearity of the Hoehn and Yahr scale, which does
not encompass all components of PD disability,24 partic-
ularly in an epidemiological setting by contrast to the
Schwab and England activity of daily living scale which
best reflects the impact of the disease on patients as it

TABLE 4. Number and percentage distribution of drivers as a function of chance of sleepiness (A) and sudden onset of sleep
(SOS) episode (B)

A. Dozing while driving (item 9) B. SOS while driving (item 9)

Chance of dozing
Number of

drivers
Percentage
of drivers SOS episodes while driving

Number of
drivers

Percentage
of drivers

0 (never) 712 84% 0 (never) 745 88.9%
1 (slight chance) 101 11.9% 1 (occasionally unpredictable) 81 9.7%
2 (moderate chance) 28 3.3% 2 (often unpredictable) 8 1%
3 (high chance) 7 0.8% 3 (always unpredictable) 4 0.5%
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Key Word 	 ビックリ病（hyperekplexia），グリシン受容体，GLRA1

クルド人家系において，劣性遺伝形式をとる重度のビッ

クリ病（hyperekplexia）の原因となる遺伝子変異が新

たに同定された。本稿では，この新たに発見された，グ

リシン受容体GLRA1サブユニットのM1膜貫通領域に

おけるY228C突然変異について報告する。

劣性遺伝形式をとるビックリ病（hyperekplexia）の家系で	
発見されたGLRA1変異
A Novel GLRA1 Mutation in a Recessive Hyperekplexia Pedigree

＊Rob J. Forsyth, PhD, FRCPCH, Artemis D. Gika, PhD, MRCPCH, Ieke Ginjaar, PhD, and Marina A.J. Tijssen, MD, PhD

＊Sir James Spence Institute, Royal Victoria Infirmary, Newcastle University, Newcastle upon Tyne NE1 4LP, United Kingdom

FIG. 1. Electropherogram of GLRA1 sequence.
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Key Word 	 パーキンソン病，嗅覚欠損，CC-SIT，嗅溝

嗅覚欠損（olfactory	 deficit）はパーキンソン病

（Parkinson’s	disease;	PD）患者に高い頻度で認めら

れる。本研究では，PD 患者の嗅覚欠損について調査

し，疾患の重症度や嗅溝の深さとの相関性を検討し

た。PD 患者群 59 例と健常対照群 25 例を対象に，

crosscultural	smell	 identification	 test（CC-SIT）によ

る嗅覚識別検査を実施した。PD患者42例と対照被験

者8例では，両眼球後部のレベルでこれに垂直な面を

通る脳MRI画像で嗅溝の深さを測定した。PD患者の

CC-SIT スコアは，健常対照群のスコアよりも有意に低

かった（p ＜0.001）。しかし，罹病期間，Hoehn	&	

Yahr（HY）病期，UPDRS	Part	ⅠⅠⅠ（運動）のスコア，
両側の嗅溝の深さと，CC-SIT スコアとの間に相関関係

は認められなかった（p＞0.05）。本研究の結果，韓国

人PD患者の嗅覚欠損を検出する上で，CC-SITが有用

であることが裏付けられた。疾患の重症度または嗅溝の

深さと嗅覚欠損との間に相関関係が認められなかったこ

とから，嗅覚の消失は運動徴侯の出現に先行し，嗅溝の

障害を直接の原因としない可能性が示唆される。

パーキンソン病患者の嗅覚機能と嗅溝の深さに関する解析
Analysis of Olfactory Function and the Depth of Olfactory Sulcus in  
Patients with Parkinson’s Disease

＊Ji Youn Kim, MD, Won Yong Lee, MD, PhD, Eun Joo Chung, MD, and Hun-Jong Dhong, MD

＊Department of Neurology, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

consent. The severity of parkinsonism was evaluated
based on the Part III scores of UPDRS and Hoehn and
Yahr (H-Y) stage during the off state. Specifically, we
calculated the subscores of the right and left limb motor
scores (items of resting and action tremor, rigidity, finger
taps, hand grips, pronation and supination, and leg agil-
ity) separately to investigate any correlation with the
depth of the olfactory sulcus. To exclude the other sec-
ondary causes of olfaction insult, careful history taking
and physical examination, including viewing inside the
nose with a microscope, were done for all participants.
As a result, five PD patients were excluded from this
study because they had rhinitis, paranasal sinusitis or a
history of heavy smoking.

Olfactory Testing

The odor identification test was conducted using the
12-item CC-SIT,2 which is a standardized, four-alterna-
tive forced-choice test in which twelve different odorants
are given in the form of “scratch and sniff” microcap-
sules fixed and positioned on strips attached in a testing
booklet. After the raw scores were calculated, the results
were categorized as normosmic, hyposmic, or anosmia
based on the number of correctly identified odorants. If
one or none of the 12 items were incorrectly identified
(Score 11 or 12), it was defined as normosmia. Scores of
6–10 were categorized as hyposmia and score of 5 and
under were classified as anosmia. The threshold for odor
detection is the lowest concentration of olfactory stimu-
lus required for the perception of a smell. Increasing
dilutions of butanol were administered in our study. Both
olfactometric tests were executed by a trained technician
working in the department of otorhinolaryngology.

Depth of Olfactory Sulcus

Forty-two PD patients and 8 controls underwent brain
MRI including a coronal view with a thin section of
T2-weighted image being obtained around the eyeball.
The olfactory sulci were measured in the plane of the
posterior tangent through the eyeballs, as described by
Hummel et al.,4 after the smell test (Fig. 1). All of the
scans were independently calculated by two experienced
neurologists (Kim and Chung) who were blinded to the
results of the olfactometric tests.

Statistics

Statistical analyses were performed with the SPSS
(version 12.0) program for windows (SPSS, Chicago,
IL); P 0.05 was accepted as statistically significant.
Demographics of PD group and controls were presented
as mean standard deviation (SD). The frequency of
olfactory deficit of two groups was compared with Pear-

son’s 2 test. The results of olfactory function test were
tested by means of Mann-Whitney test and the correla-
tions between those and clinical findings were analyzed
by Spearman’s correlation or partial correlation adjusted
by age.

RESULTS

The number, gender, mean ages, and mean UPDRS
Part III scores of subjects are summarized in Table 1.
The frequency of olfactory deficit including hyposmia or
anosmia in the PD patients was significantly higher than
that in the healthy control group (P 0.004, Pearson 2).
None of the normal controls were categorized as anos-
mic. On the other hand, only 8 out of the 59 PD patients
could differentiate the odors normally (Table 1). Hypos-
mia and anosmia were detected in 41 and 10 patients
with PD, respectively (Fig. 2A). The mean CC-SIT score
of the PD patients was significantly lower than that of the
normal controls (P 0.001, Mann-Whitney test). The
odor detection sensitivity of the PD patients was signif-
icantly lower than that of the normal subjects (P
0.001, Mann-Whitney test, Table 1, Fig. 2B). There was
no specific odor item in the CC-SIT, which was more
frequently misidentified by the PD patients. Though the
CC-SIT score decreased with increasing age of the PD
patients ( 0.30, P 0.02), it did not correlate with
the disease duration, H-Y stage, or the score of the
UPDRS Part III. Expectably, the threshold for odor de-

FIG. 1. Coronal view brain MRI in the plane of the posterior tangent
through the eyeballs shows the olfactory sulcus (white arrows) and the
olfactory bulb (black arrows) in the PD patient.
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tection was highly correlated with the UPSIT score (r
0.48, P 0.001, adjusted by age) and did not show any
correlation with the severity of the parkinsonian symp-
toms or disease duration (P 0.05, correlation analysis
adjusted by age).

The depths of the bilateral olfactory sulcus measured
from the coronal view MRI were not different between
the PD patients and control groups (P 0.50 and 0.44
for right and left olfactory sulcus, respectively, Table 1).
They were correlated with neither the olfactory function,
including the CC-SIT or threshold test, nor with the
clinical findings such as the disease duration and UPDRS
motor score of the contralateral limb.

DISCUSSION

Our study confirms that olfactory loss in terms of both
odor identification by CC-SIT and the sensitivity of
detection is among the major signs of PD, as was also
found in previous studies.1,6,7 However, no definite evi-
dence of a correlation between olfactory deficit and dis-
ease duration or severity has been found. This result may
suggest that olfactory loss occurs before the development
of motor signs, progresses gradually and persists

throughout the duration of the disease. Several clinical
studies supported this hypothesis in which dopamine
transporter SPECT imaging proved that early or preclin-
ical PD patients already had olfactory deficit.8–10

Although the anterior olfactory nucleus was found to
be atrophic in PD patients11 and, recently, the -synucle-
opathy-associated neuropathological process of PD was
reported to start in the extranigral structures, including
the olfactory bulb and related portions of the anterior
olfactory nucleus,12 we failed to identify any consistent
relationship between the structural appearance shown in
conventional MRI and the olfactory functions. This re-
sult is concordant with the study of the Mueller group
comparing the volume of the olfactory bulb between PD
patients and healthy controls.13 Other sensitive MR
markers such as diffusion-weighted imaging (DWI) and
the trace of diffusion tensor [Trace (D)] provided in the
recent study revealing the structural disintegration of the
olfactory tract are expected to give us more sensitive
information about degenerative structural change.14

In conclusion, our study confirms that CC-SIT is a
helpful test in detecting the olfactory deficit in Korean

TABLE 1. The results of the Smell Test Including the CC-SIT and Threshold Test Using Butanol and the
Depths of the Bilateral Olfactory Sulcus Measured from the Coronal View Brain MRI

Control
(n � 25)

PD
(n � 59)

H-Y Stage I
(n � 21)

H-Y Stage II
(n � 21)

H-Y Stage III
(n � 17)

Sex (M/F) 10/15 37/22 15/6 14/7 8/9
Age 59.9 � 11.6 63.4 � 12.1 60.5 � 13.9 67.2 � 9.8 62.4 � 11.5
Mean UPDRS III (Rt/Lt) NA 7.4/7.0 4.1/3.1 7.1/7.7 12.7/11.3
CC-SIT score (Mean � SD) 10.3 � 1.3 7.3 �2.6 7.7�1.8 7.4�2.5 6.7�3.3
Normosmia (n) 14 (56.0%) 8 (13.6%) 2 3 3
Hyposmia (n) 11 (44.0 %) 41 (69.5%) 18 14 9
Anosmia (n) 0 (0.0 %) 10 (16.9 %) 1 4 5
Threshold 5.3 � 0.5 4.4 � 0.9 4.8 � 0.5 4.3 � 1.0 4.0 � 1.0

(n � 8) (n � 42) (n � 13) (n � 15) (n � 14)

Sex (M/F) 3/5 21/21 9/4 10/5 7/7
Age (years) 62.0 � 14.1 62.5 � 11.6 61.3 � 13.0 68.3 � 13.6 63.3 � 13.0
Mean depth of olfactory

sulcus (Rt/Lt) (mm) 7.0/8.0 7.6/7.6 7.8/8.1 7.6/7.7 7.4/7.2

NA: not applicable in this case.

FIG. 2. Graphs showing the frequencies
of olfactory deficit in the PD and control
groups (A) and the difference of the CC-
SIT scores and odor detection sensitivity
between the PD and control groups (B);
*P 0.001 compared to the normal con-
trols, Mann-Whitney test.
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Key Word 	 ドパミン作動性，コリン作動性，進行性核上性麻痺，大脳基底核

進行性核上性麻痺（progressive	 supranuclear	 palsy;	

PSP）は進行性の神経変性疾患である。パーキンソン

病（Parkinson’s	disease;	PD）やレビー小体型認知症

（dementia	with	 Lewy	bodies;	DLB）とは異なり，

PSP 患者にドパミン系作動薬およびコリン系作動薬

による補充療法を行っても，期待される効果は得られ

ていない。このような相違が生じる神経化学的な原因

は不明である。本研究では，PSP 患者および対照被

験者の脳において，大脳基底核のドパミン受容体およ

びコリン受容体を測定した。病理学的に診断された

PSP 患者（15 例）と対照被験者（32 例）の線条体

および淡蒼球において，ドパミン作動性〔ドパミント

ランスポーター（125I-PE2I）およびドパミンD2受容体

（125I-epidepride）〕およびコリン作動性〔ニコチンα4β2

受容体（125I-5IA85380）およびムスカリンM1受容体

（3H-ピレンゼピン）〕のパラメータをオートラジオグラ

フィで測定した。PSP患者の線条体および淡蒼球では，

ドパミントランスポーターおよびニコチンα4β2受容体

（125I-5IA85380結合）が著明に減少しており，黒質線

条体ニューロンの脱落と一致する所見が認められた。対

照群と比較した場合，PSP患者の線条体ではドパミン

D2受容体が尾状核で増加しており，ムスカリンM1受

容体には有意差が認められなかった。本研究の結果，

PSPにドパミン系作動薬およびコリン系作動薬の補充

療法が奏効しない原因は解明できなかったが，PSP患

者では，ドパミンD2受容体／ムスカリンM1受容体を

もつ線条体からの投射ニューロンが比較的保たれてい

ることが示唆された。

進行性核上性麻痺における大脳基底核のコリン作動性	
およびドパミン作動性機能
Basal Ganglia Cholinergic and Dopaminergic Function in Progressive Supranuclear Palsy

＊Naomi M. Warren, MD, Margaret A. Piggott, PhD, Elizabeth Greally, BSc, Michelle Lake, BSc, Andrew J. Lees, MD, and David J. Burn, MD

＊Institute for Ageing and Heath, University of Newcastle upon Tyne, Newcastle upon Tyne, United Kingdom
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France. Slides were prewashed for 5 minutes at 4°C in
phosphate buffer (10.14 mM NaH2PO4, 1.76 mM
KH2PO4, 137 mM NaCl, 2.7 mM KCl, pH 7.4) and
incubated in the same buffer for 90 minutes at 22°C
containing 15 pM [125I]PE2I. Nonspecific binding was
determined with 10 M GBR12909 and was less than
10% of total binding. Sections were washed thrice, for 3
minutes each in ice cold buffer, dipped in water, dried,
and opposed to film for 4 days.
For nicotinic 4 2 receptors, 5[125I]-A-85380 binding

was used (specific activity 2,200 Ci/mmol, supplied by
Sally Pimlott, Radiopharmaceutical Research & Devel-
opment, Western Infirmary, Glasgow). Sections were
prewashed in Tris HCl pH 7.4 buffer, containing 120
mM NaCl, 5 mM KCl, 2.5 mM CaCl2, 1 mM MgCl2 for
20 minutes at 22°C. For total binding, sections were
incubated in the same buffer with 22 pM 5-[125I]-A-
85380 for 4 hours at room temperature. Epibatidine (1
M) was added to evaluate nonspecific binding, which
was less than 20% of total binding. After incubation,
sections were washed twice for 10 minutes each in the
same buffer at 4°C and dipped into distilled water at 4°C.
Sections were air dried and opposed to film for 2 days.
[3H]Pirenzepine, to label muscarinic M1 receptors,

was supplied by NEN (Hounslow, UK), specific activity
79.3 Ci/mmol. Slides were prewashed in 22 mM Hepes
pH 7.5 for 10 min, and incubated with 3 nM [3H]piren-
zepine for 1 hour, both at 22°C. Nonspecific binding
( 10% of total binding) was determined by the addition
of 2 M atropine. Sections were washed thrice for 3
minutes each at 4°C, dipped in water, dried and opposed
to film for 3 weeks.

[3H] pirenzepine sections were opposed to tritium-
sensitive Hyperfilm (Amersham) while other ligands
[125I] were opposed to Kodak Biomax MR film
(PerkinElmer), for the required time at 4°C.

Developing and Analysis

Films were developed after warming to room temper-
ature (2 hours) before development using 500 milliliters
of D19 for 5 minutes, stopped using 500 milliliters of 1%
aqueous acetic acid for 1 minute, fixed using 500 milli-
liters of 25% Unifix for 6 minutes and washed for 20
minutes in running water. Films were dried and binding
was assessed in striatal and pallidal areas using the
MCID M5 image analysis system (Imaging Research,
Interfocus, UK). Receptor binding was quantified against
the appropriate microscale standards (3H or 125I, Am-
ersham) to give binding in 10 15 mol/mg. Specific bind-
ing was calculated by subtraction of nonspecific binding
from mean total binding.

Statistical Analysis

Statistical analysis was performed using MINITAB
(version 13). For neurochemical data, results were com-
pared between PSP and controls. To normalize the data,
it was logged for all statistical analyses and antilogged
for presentation (except standard deviations). Descriptive
data is presented as geometric means, standard devia-
tions, and ratios of means with 95% confidence intervals.
T-tests were used to compare groups. Regression analy-
sis was used to explore potential associations between
clinical variables, demographic and neurochemical data.

TABLE 2. Pathology and disease duration

Case

Caudate Putamen GPi GPe
Disease

duration (yr)N loss NFT N loss NFT N loss NFT N loss NFT

1 0 xx 0 xx xx xx 0 4
2 0 xx 0 x/0 xxx 0 xxx 0 10
3 0 xx xx xx xxx xx 14
4 0 0 xx xx 11
5 xxx xx xxx xx 4
6 5
7 0 x 0 x xxx xxx xxx xxx 7
8 xx xx xxx xxx 5
9 x xx 0 xx x xxx x xxx 5
10 0 xx x xx 0 xxx 0 xxx 3
11 x xx 0 xx xx xx xx xx 8
12 0 0 xxx 0 xxx 4
13 0 x 0 x x 0 x 7
14 0 x 0 x x 0 x 4
15 0 x 0 x/0 xxx 0 xxx 0 2

Blank spaces indicate data not available.
N, neuronal; 0, none or minimal; x, mild; xx, moderate; xxx, severely affected.
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RESULTS

The neurochemical data for PSP and controls are pre-
sented in detail in Table 3 and illustrated in Figure 1.

Dopamine Transporter

PE2I binding, reflecting the density of the DaT, was
significantly lower in the PSP group compared with that
in controls in caudate ( 75%, P 0.001), putamen
( 80%, P 0.001), GPe ( 50%, P 0.001), and GPi
( 85%, P 0.05). The pallidum has fewer dopaminer-
gic terminals and this was reflected in the lower absolute
values.

Nicotinic 4 2 Receptors
125I 5IA85380 binding to nicotinic 4 2 receptors

displayed a similar pattern to DaT binding, with reduc-

tions in the striatum and pallidum in PSP compared with
that in controls, although not as marked. Caudate binding
was reduced by 27% and the GPi by 62% but did not
reach statistical significance (P 0.07). Nicotinic bind-
ing in the putamen was reduced by 37% (P 0.001) and
GPe by 36% (P 0.01).

D2 Receptors

In the striatum and pallidum, there was an overall
tendency towards higher D2 receptor binding in PSP
which reached significance in the caudate (P 0.05).

M1 Receptors

There was no significant difference in striatal or pal-
lidal pirenzepine binding to M1 receptors between PSP
and controls.

Effects of Demographic and Clinical Variables

There was no significant difference between mean age
and PM delay between groups. Using regression analy-
sis, the effect of age, PM delay, smoking, and disease
duration on receptor binding was assessed. No correla-
tions were found, with the exception of DaT binding in
the striatum, which decreased with increasing disease
duration in the caudate (P 0.03) and putamen (P
0.02). M1 binding in the GPi increased with PM delay
(P 0.01) but this finding was not replicated in any
other brain area or with any other ligand. The number of
PSP patients taking different dopaminergic and cholin-

TABLE 3. Striatal and pallidal results for PSP and controls

Controls, mean (SD) PSP, mean (SD)
Ratio of geometric means
and 95% CI, mean (SD)

PE2I (DaT)
Caudate 4.8 (0.1) 1.2 (0.4) 3.8 (2.7, 5.3)***
Putamen 5.1 (0.1) 1.0 (0.4) 5.0 (2.9, 8.6)***
GPe 0.4 (0.6) 0.2 (0.4) 2.5 (1.1, 5.8)*
GPi 0.7 (0.3) 0.1 (0.3) 4.9 (2.1, 11.4)**

125I 5IA85380 (nicotinic)
Caudate 3.0 (0.3) 2.2 (0.2) 1.4 (1.0, 2.0)
Putamen 3.5 (0.2) 2.2 (0.2) 1.6 (1.3, 2.1)***
GPe 1.4 (0.2) 0.9 (0.2) 1.6 (1.1, 2.2)**
GPi 1.3 (0.3) 0.5 (0.5) 2.6 (0.9, 7.7)

Epidepride (D2)
Caudate 15.6 (0.1) 19.9 (0.1) 0.8 (0.7, 0.9)*
Putamen 16.6 (0.1) 18.6 (0.1) 0.9 (0.8, 1.1)
GPe 10.6 (0.2) 11.8 (0.3) 0.9 (0.3, 1.3)
GPi 5.4 (0.2) 8.4 (0.2) 0.6 (0.4, 1.0)

Pirenzepine (M1)
Caudate 975.0 (0.2) 861.0 (0.3) 1.1 (0.8, 1.6)
Putamen 875.0 (0.2) 781.6 (0.3) 1.1 (0.8, 1.6)
GPe 97.1 (0.4) 137.7 (0.4) 0.7 (0.4, 1.3)
GPi 74.8 (0.6) 114.3 (0.5) 0.7 (0.2, 1.8)

Values expressed as �10�16 mol/mg, using geometric means.
*P � 0.05, **P � 0.01, ***P � 0.001.
GPi/e, Globus pallidus interna/externa.

FIG. 1. Autoradiographic results in PSP patients and controls.
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本研究では，ミネソタ州オルムステッド郡在住のパーキ

ンソン病（Parkinson’s	 disease;	 PD）患者162例の

一親等血縁者981例，ならびに同地域を代表する対照

被験者147例の一親等血縁者838例を対象に，歴史

的コホート試験（historical	 cohort	 study）を行った。

また，Mayo	Clinic に紹介されたPD患者411例の一

親等血縁者2,684例についても検討した。これらの血

縁者を対象に，直接または代理人を介した振戦の聞き取

り調査およびスクリーニングを行い，振戦が認められた

場合には，本態性振戦（essential	 tremor;	ET）の診断

を確認するため，検査を実施するか，診療録のコピーを

入手した。また，ETの情報は診療録リンケージシステ

ムからも入手した（家系研究法）。オルムステッド郡の

地域集団サンプルでは，ETのリスクは66歳以下でPD

を発症した患者の血縁者で有意に高かった［発症年齢

の第1三分位についてハザード比（HR）＝ 2.24，

95％信頼区間（CI）＝1.26 ～ 3.98，p ＝ 0.006］。

Mayo	Clinic に紹介されたサンプルでは，若年で発症し

たPD患者の血縁者ほどETのリスクが高かった（線形

傾向，p＝0.001）。同サンプルにおいて，振戦優位型

または混合型のPD患者の血縁者では，無動・固縮型

PD患者の血縁者よりもETのリスクが高く，女性より

も男性でETのリスクが高かった。これらの知見から，

PDとETには共通する家族性感受性因子が関与すると

考えられる。

パーキンソン病患者の一親等血縁者は	
本態性振戦のリスクが高い
Increased Risk of Essential Tremor in First-Degree Relatives of Patients with Parkinson’s Disease

＊,＊＊Walter A. Rocca, MD, MPH, James H. Bower, MD, J. Eric Ahlskog, PhD, MD, Alexis Elbaz, MD, PhD, Brandon R. Grossardt, MS, Shannon K. 

McDonnell, MS, Daniel J. Schaid, PhD, and Demetrius M. Maraganore, MD

＊Division of Epidemiology, Department of Health Sciences Research, Mayo Clinic College of Medicine, Rochester, Minnesota, USA
＊＊Department of Neurology, Mayo Clinic College of Medicine, Rochester, Minnesota, USA
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Abstract

TABLE 4. Risk of essential tremor among first-degree relatives of patients with Parkinson’s disease referred to the Mayo Clinic
(comparisons across strata defined by clinical characteristics)

Clinical characteristic
Number of relatives

at risk
Number with

ET (%) HR (95% CI) P value

Analyses for all relatives
Onset �67 yr (oldest)a 1,079 59 (5.5%) 1.00 (reference) –
Onset 58–67 yr (middle) 878 47 (5.4%) 1.08 (0.74–1.59) 0.68
Onset �57 yr (youngest) 727 53 (7.3%) 1.96 (1.35–2.86) 0.0004

Women relatives of PD patientsb 1,316 61 (4.6%) 1.00 (reference) –
Men relatives of PD patients 1,368 98 (7.2%) 1.92 (1.39–2.65)c �0.0001

Other first symptom 1,112 53 (4.8%) 1.00 (reference) –
Tremor as first symptom 1,544 101 (6.5%) 1.45 (1.04–2.03)d 0.03

Akinetic-rigid 839 29 (3.5%) 1.00 (reference) –
Tremor-predominant or mixed 1,838 130 (7.1%) 2.15 (1.44–3.21)e 0.0002

Analyses for relatives of PD patients with onset �57 yr
Women relatives of PD patients 359 19 (5.3%) 1.00 (reference) –
Men relatives of PD patients 368 34 (9.2%) 1.84 (1.05–3.24) 0.03

Other first symptom 322 24 (7.5%) 1.00 (reference) –
Tremor as first symptom 390 25 (6.4%) 0.93 (0.53–1.63) 0.81

Akinetic-rigid 193 10 (5.2%) 1.00 (reference) –
Tremor-predominant or mixed 527 43 (8.2%) 1.59 (0.80–3.17) 0.18

aBecause an adequate group of controls was not available for the referral PD patients, we compared the risk of ET in first-degree relatives of patients
with PD onset in the middle and youngest tertiles with the risk in relatives of patients with PD onset in the oldest tertile (reference). Tertiles are
presented from the oldest to the youngest to keep the reference on top. Because referral patients were younger than population-based patients, the age
cut-offs in Table 4 are different from the age cut-offs in Table 3. A test for linear trend of the log HRs across age tertiles was significant (P � 0.001).

bFathers had an increased risk of ET compared to mothers of PD patients (HR � 1.94; 95% CI � 1.24–3.03; P � 0.004). Brothers had an increased
risk of ET compared to sisters of PD patients (HR � 2.17; 95% CI � 1.27–3.71; P � 0.005). However, sons did not have an increased risk of ET
compared to daughters of PD patients (HR � 1.16; 95% CI � 0.46–2.93; P � 0.76).

cResults were consistent in a sensitivity analysis excluding the 85 relatives who developed PD or parkinsonism (HR � 2.10; 95% CI � 1.45–3.04;
P � 0.0001; 37 relatives belonging to 35 distinct families developed ET 5 or more years before developing PD or parkinsonism), and after excluding
the 97 cases of ET reported only at proxy interview (HR � 1.94; 95% CI � 1.15–3.26; P � 0.01).

dResults were consistent in a sensitivity analysis excluding the 85 relatives who developed PD or parkinsonism (HR � 1.57; 95% CI � 1.07–2.29;
P � 0.02), and after excluding the 97 cases of ET reported only at proxy interview (HR � 1.51; 95% CI � 0.89–2.58; P � 0.13).

eResults were consistent in a sensitivity analysis excluding the 85 relatives who developed PD or parkinsonism (HR � 2.09; 95% CI � 1.32–3.28;
P � 0.002), and after excluding the 97 cases of ET reported only at proxy interview (HR � 1.80; 95% CI � 0.98–3.31; P � 0.06).

FIG. 1. Cumulative incidence of essential tremor (ET) among first-degree relatives of Parkinson’s disease (PD) patients with and without tremor as
the first symptom (A); with the tremor-predominant or mixed form versus the akinetic-rigid form of PD (B); and in men versus women (C) (referral
sample).
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FIG. 1. Cumulative incidence of essential tremor (ET) among first-degree relatives of Parkinson’s disease (PD) patients with and without tremor as
the first symptom (A); with the tremor-predominant or mixed form versus the akinetic-rigid form of PD (B); and in men versus women (C) (referral
sample).
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運動時のタイミング制御には大脳基底核が関与するこ

とが報告されているが，パーキンソン病（Parkinson’s	

disease;	PD）患者にみられるタイミング制御の障害に

ついては，十分に理解されていない。本研究では，歩行

のタイミングを知らせるキュー（きっかけ）刺激が，時

空間的な歩行制御およびその変動性に及ぼす影響を評

価し，歩行タイミングへのドパミン作動性治療の効果を

検討した。試験当日朝，薬物投与なし（薬物off）のPD

患者19例，試験当日朝，投薬あり（薬物on）のPD患

者24例，対照被験者30例を対象とした。被験者はコ

ンピュータと連動したカーペット上を歩いた。その際，

4種類の速度（自分のペースで歩いた速度，60歩／分，

80歩／分，100歩／分）に無作為に割り付け，メトロ

ノームで歩行速度をコントロールした。試験の結果，外

部キュー刺激で歩行タイミングを変化させた場合，「薬

物on」のPD患者は，「薬物off」のPD患者や健常被

験者に比べ，タイミング制御が不良であった。我々の知

る限り，本研究はこういった知見を示した初めてのもの

である。「薬物on」のPD患者では1歩ごとのタイミン

グの変動が大きく，歩行に関する時間的指標（平均値）

に障害がみられたことから，同患者群は（「薬物off」の

PD患者群とは対照的に），健常被験者と同じようには

歩行できないことが明らかになった。ただし，この知見

は外部キュー刺激を用いた場合に観察されたものであ

り，被験者が自分のペースで歩いた場合には認められな

かった。以前の研究結果と同様に，PD患者にみられる

歩行速度の低下には歩幅の減少が関与しており，片足ま

たは両足の接地時間の要素は関係しなかった。興味深

いことに，健常被験者ではキューの速度が速くなるほど

歩幅が大きくなったが，両PD患者群ではキューの速度

に関係なく歩幅は一定であった。PD患者と健常被験者

では，1歩ごとの変動性に差がみられたことから（例：

片足接地時間，両足接地時間），歩行の時間的要素の制

御に大脳基底核が特異的に関与していることが示唆さ

れる。

パーキンソン病患者の歩行タイミング制御と変動性に対する	
ドパミン作動系の影響
Dopaminergic Modulation of Timing Control and Variability in the Gait of Parkinson’s Disease

＊Quincy J. Almeida, PhD, James S. Frank, PhD, Eric A. Roy, PhD, Aftab E. Patla, PhD, and Mandar S. Jog, MD

＊Movement Disorders Research & Rehabilitation Centre, Department of Kinesiology & Physical Education, Faculty of Science, Wilfrid Laurier Univer-
sity, Waterloo, Ontario, Canada

treatment while temporal characteristics remain un-
changed,2,5 thus suggesting that the basal ganglia are
involved in scaling movement amplitude.6 Proponents of
this view have concluded that scaling of movement am-
plitude may be processed through the basal ganglia/
supplementary motor–premotor cortex loop, while
movement rhythmicity is controlled by other neural
structures such as the brainstem, spinal cord and
cerebellum.
Recent imaging research has implicated the basal gan-

glia, and specifically the putamen in the neural network
involved in timing control during movement.7,8 Interest-
ingly, the nigrostriatal projections to the putamen are
involved in the loop producing motor dysfunction in PD.
These projections are part of a feedback loop between
motor cortex, striatum, pallidum, thalamus, and supple-
mentary motor cortex (SMA),9 and are likely involved in
the internal regulation of well-practiced, repetitive move-
ments.10 This parallel circuit may play a vital role in
integrating sources of sensory feedback to internally
guide movement. Thus, individuals with PD might be
expected to have a dysfunctional timing network and
hence demonstrate measurable deficits in temporal vari-
ability of gait when integrating an auditory timing met-
ronome, but not in tasks involving a self-selection of
pace. Schaafsma et al. and Hausdorff et al. have identi-
fied a relationship between step time variability and
falls11 and freezing12 and hence this may be an important
safety consideration for individuals with PD.
Our recent upper limb research has revealed timing

deficits during repetitive, coordinated movements in PD,
when participants were required to integrate a timing
cue.13 To advance the work of Hausdorff et al.,12,14 the
current study examined spatial stride-to-stride variability
characteristics in addition to temporal variability during
self-paced and externally paced gait, while also compar-
ing individuals with PD (while ON and OFF their dopa-
minergic medication). Thus, the overall objective was to
evaluate how individuals with PD modulate spatial and
temporal components of gait in self-paced, and tempo-
rally-cued conditions using an auditory stimulus, and
further to determine whether this modulation is depen-
dent on dopaminergic system involvement.

METHODS

Subjects

Three separate groups of participants were recruited
(43 patients and 30 healthy controls) to participate in the
study (Table 1 describes the groups). Participants in the
experimental group (patient group) were diagnosed to
have idiopathic PD by a movement disorder expert, but

not suffer from severe dyskinesias, freezing or postural
instability that would limit their ability to walk the re-
quired distances for the experiment. Specifically, 50 PD
patients who were being treated with carbidopa/levodopa
therapy (and no other CNS medications), and self-re-
ported a definite response to medication (without motor
fluctuations or sudden “OFF” periods) were recruited
from the Movement Disorders Clinic at London Health
Sciences Centre, Canada while they were attending a
regularly scheduled appointment with their neurologist
(MSJ). As part of scheduling of their medical appoint-
ment, the booking assistant contacted 25 patients who
were asked to arrive without taking their morning med-
ications, while the other 25 participants were scheduled
to arrive one hour after taking their dopaminergic med-
ications. This was done in a random fashion, such that
every other patient who was scheduled for an appoint-
ment was asked to refrain from taking morning medica-
tion (OFF group). Hence participants were classified into
two groups; “ON” or “OFF” medication based on when
they had last taken their anti-Parkinsonian medications.
Medication state was further confirmed by assessment on
the Unified Parkinson’s Disease Rating Scale (UPDRS)
by a certified clinician (Table 1). The “ON” group had an
average duration of disease of 8.4 years (SD 3.1
years), average duration of levodopa therapy of 6.7 years
(SD 3.1 years), and were using an average levodopa
dose of 837.5 mg/day (SD 304.6 mg/day). Two par-
ticipants in the “ON” group experienced nondisabling
dyskinesia. The “OFF” group had an average duration of
disease of 7.8 years (SD 2.9 years), average duration
of levodopa therapy of 6.0 years (SD 2.2 years), and
were using an average levodopa dose of 844.7 mg/day
(SD 330.9 mg/day). Four participants in the “OFF”
group reported normally experiencing nondisabling dys-
kinesia (which was not observed during testing). Because
of patient appointment cancellations, 6 patients in the
OFF group and 1 patient in the ON group were unable to

TABLE 1. Demographic characteristics of the control and
PD groups

PD OFF PD ON
Healthy
control

Sample size 19 24 30
Age 67.4 (10.1) 69.7 (7.4) 64.1 (8.5)
UPDRS Motor Score 28.0 (5.8) 18.8 (4.1) NA
Average hours since
last dose of
medications
(respectively)

12.5 (1.8) 1.25 (0.3) NA

Values represent means with SDs in parentheses, except where
specified otherwise.

1736 ALMEIDA ET AL.
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FIG. 1. Externally-paced stride velocity for healthy participants, PD
OFF and ON.
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病的賭博（pathological	 gambling;	PG）は，パーキン

ソン病（Parkinson’s	disease;	PD）治療の合併症とし

て報告されている。本研究では，既発表の文献にみら

れるすべてのPG症例を対象に，本合併症の有病率と危

険因子，PGとドパミンアゴニスト（dopamine	agonist;	

DA）投与との関連性，PGとドパミン調節異常症候群

（dopamine	dysregulation	 syndrome;	DDS）との関連

性を検討した。一般集団におけるPGの有病率は約1％

であるが，前向き研究ではDAを投与されているPD患

者の有病率は2.3～ 8％と報告されている。一般集団

と同様に，PGを有するPD患者は若年，男性，精神疾

患併存例であることが多い。大多数の患者がDAを投

与されており，極量以上の投与例も多くみられる。DA

経口製剤の種類によって，PGの発生率に有意差はみら

れなかった。レボドパ（L-ドパ）単剤投与でPGを併

発することは稀であるが，L-ドパは大部分のPG症例

で併用投与されているため，脳内報酬系が交差感作性

（cross-sensitization）をもつ可能性が示唆される。PG

はDDSとともに認められる場合もあるが，単独で発生

することが多い。PGの場合，DDSとは対照的に，抗

パーキンソン病治療薬の増量や自己調節は通常みられ

ない。DAを投与されているPD患者では，一般集団よ

りも高頻度にPGが発生するが，その特徴と危険因子

はほぼ同じである。PGの多くはDA経口製剤と関係し

ている。また，PGは単独で発生する場合が多く，L-ド

パやアポモルフィン皮下投与時に典型的にみられるよ

うなDDSを併発しない場合もある。

パーキンソン病患者の病的賭博：危険因子およびドパミン調節
異常症候群との相違点―既発表の症例報告に関する解析
Pathological Gambling in Parkinson’s Disease: Risk Factors and Differences from Dopamine Dys-
regulation. An Analysis of Published Case Series

＊, ＊＊David A. Gallagher, MRCP, Sean S. O’Sullivan, MRCPI, Andrew H. Evans, FRACP, Andrew J. Lees, MD, FRCP, and Anette Schrag, MD, 

PhD

＊Department of Clinical Neurosciences, Royal Free & University College Medical School, London, United Kingdom
＊＊Institute of Neurology, University College London, London, United Kingdom

proved after switching to an alternative dopamine ago-
nist (in 6 cases from pramipexole to ropinirole). In pa-
tients who responded to dopaminergic dose reduction, 9
needed concomitant psychotherapy and 5 antidepressant
prescription. One responded to stopping selegiline. Over-
all 22 (30.6%) had psychiatric input, of whom 17 had
counseling/psychotherapy, 10 were prescribed antide-
pressants, and 3 an atypical neuroleptic. One patient did
not respond to psychotherapy and SSRI, ultimately com-
mitting suicide.7 Ten patients required subthalamic nu-
cleus (STN) stimulation because dopaminergic medica-
tion reduction was not tolerated or unsuccessful (N 9),
there was no response to behavioral therapy (N 4), no
response to SSRI (N 2) or clozapine (N 1). PG
resolved spontaneously in one person. Of the remainder,
there was no response to treatment in one (decrease in
both L-dopa and pramipexole25), no attempted treatment
intervention in three22,28,31 and no information on man-
agement in 5 patients.

DISCUSSION

Limitions of Analysis

There are certain major caveats in this type of review
that limit generalization of results. These include lack of
robust selection criteria and therefore over-reliance on
case studies rather than systemic analyses. This is likely

to result in selection bias for young male PD patients,
who are felt most likely to exhibit PG. In addition,
retrospective identification of mood disorders, substance
misuse, and previous gambling may be biased in case
control studies, and underestimated in studies where
these behaviors are not actively sought. Only large pro-
spective studies can overcome these limitations.

Risk Factors of Pathological Gambling in
Parkinson’s Disease

PG occurs as a rare side effect of treatment of PD in up
to 8% of patients on DA. This prevalence is considerably
higher than that in the general population, where the
prevalence of PG is around 1%.14 Patients are predomi-
nantly male and young. Psychiatric comorbidity was
often present but as many studies were retrospective, it is
not clear whether this is a predisposing factor or conse-
quence of the condition. These findings are consistent
with population-based observations that link PG to
younger age, male gender, and high rates of psychiatric
problems.36 However substance misuse appears to be a
less frequent risk factor in PD patients compared with
PG in the general population. The majority of patients
have no history of gambling or substance misuse. This
may however be an underestimate as the majority of

TABLE 1. Characteristics of patients with pathological gambling (PG) compared with a representative sample of patients with
dopamine dysregulation syndrome (DDS)a

Patients with pathological gambling (PG)
Patients with
dopamine

dysregulation
syndrome

(DDS); Evans
et al.35

(Previously
unpublished

data)

Statistical
comparison

between
patients

with DDS
and non-
DDS PG
groupTotal No DDS DDS

Statistical
comparison of
PG patients
with and

without DDS

Number (N) 177 50 13 – 25 –
Sex (males) 118/156 (75.6%) 35/50 (70%) 10/13 (76.9%) NS 19/25 (76.0%) NS
Age (years) 57.3 (�9.9) 56.2 (�9.3) 61.5 (�7.5) P � 0.04 55.4 (�8.1) NS
PD onset (years) 49.5 (�10.3) 49.9 (�8.9) 53.0 (�8.1) NS 42.4 (�8.7) NS
Duration (years) 7.8 (�4.9) 6.3 (�3.8) 8.5 (�3.4) P � 0.05 13.1 (�5.9) P � 0.0001
All dopamine agonists(DA) (N) 174/177 (98.3%) 50/50 (100%) 12/13 (92.3%) P � 0.05 20/25 (80.0%) P � 0.001
All non-ergot DA (N) 120/177 (67.8%) 42/50 (84%) 5/13 (38.5%) P � 0.0008 1/25 (4%) P � 0.0001
Pramipexole (N) 78/177 (44.1%) 24/50 (48%) 2/13 (15.4%) P � 0.03 0 P � 0.0001
Ropinirole (N) 42/177 (23.7%) 18/50 (36%) 3/13 (23.1%) NS 1/25 (4%) P � 0.003
All ergot DA (N) 53/177 (30.0%) 8/50 (16%) 7/13 (53.8%) P � 0.004 7/25 (28%) P � 0.004
Apomorphine (N) 0 0 0 NS 14/25 (56%) P � 0.0001
Levodopa (N) 110/130 (84.6%) 36/50 (72%) 12/13 (92.3%) NS 25/25 (100%) P � 0.003
Total levodopa equivalent daily

dose (LEDD) (mg) 909.2 (�621.1) 710.4 (�424.2) 1581.7 (�857.5) P � 0.003 1,993 (�833) P � 0.0001
DA LEDD (mg) 308.9 (�146.6) 307.0 (�105.9) 361.2 (�224.9) NS 706 (�309) P � 0.0001
� history (N) 45/70 (64.3%) 19/33 (57.6%) 9/13 (69.2%) NS 20/25 (80%) NS
Depression (N) 38/91 (41.8%) 12/33 (36.4%) 9/13 (69.2%) P � 0.04 12/25 (48%) NS

aFigures given as mean (�SD).
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パーキンソン病（Parkinson’s	disease;	PD）とパーキ

ンソン型多系統萎縮症（parkinson	 variant	 of	multiple	

system	 atrophy;	MSA-P）の鑑別診断では，基底核の

MRI 拡散強調画像（diffusion	weighted	magnetic	

resonance	 imaging;	DWI）とMIBG心筋シンチグラ

フィーの有用性が報告されている。ただし，パーキンソ

ニズムと自律神経障害がみられる患者では，両者の診断

上の有用性は直接比較されていない。本研究では，年

齢と重症度が一致するPD患者9例とMSA-P患者9

例について検討した。被殻における拡散テンソルトレー

ス値を求めた。心臓におけるMIBGの集積は，心筋と

上縦隔に関心領域を設定し，心筋／上縦隔（H/M）比

で定量した。また，患者全例でtilt	table	testを実施した。

H/M比は，正常対照群よりもPD患者群で有意に低かっ

たものの，H/M比の範囲は両群間で大きく重複してい

た。Passive	 tilt	 table	 test では，血圧変化について，

PD患者群とMSA-P患者群に有意差は認められなかっ

た。PDとMSA-Pの鑑別診断において，MIBGシンチ

グラフィーとDWI を比較すると，感度は55.6％対

100％，特異度は88.8％対100％，ROC（受信者動作

特性）曲線下面積は0.802対1.000であった。本研

究のデータから，PDとMSA-Pの鑑別診断において，

DWIは tilt	 table	 test およびMIBGシンチグラフィーよ

りも優れることが示唆される。

PDとMSA-Pの鑑別には拡散強調画像が最も有効：	
tilt	table	test およびMIBG心筋シンチグラフィーとの比較
Diffusion Weighted Imaging Best Discriminates PD from MSA-P: A Comparison with Tilt Table 
Testing and Heart MIBG Scintigraphy

＊Martin Köllensperger, MD, Klaus Seppi, MD, Claudia Liener, MD, Sylvia Boesch, MD, Dirk Heute, MD, Katherina J. Mair, MD, Joerg Mueller, 

MD, Martin Sawires, MD, Christoph Scherfler, MD, Michael F. Schocke, MD, Eveline DonnemilIer, MD, Irene Virgolini, MD, Gregor K. Wen-

ning, MD, PhD, and Werner Poewe, MD

＊Clinical Department of Neurology, Innsbruck Medical University, Anichstraβ e 35, A-6020 Innsbruck, Austria

patients. Late H/M ratio was reduced in 8 of 9 PD
patients, but also in 4 of 9 MSA-P patients compared to
healthy controls.

One-way ANOVA followed by post hoc Bonferroni
correction revealed significantly decreased H/M ratios in
PD patients compared to normal controls (early H/M
ratio: P 0.001; late H/M ratio: P 0.007) but not to
MSA-P patients (early H/M ratio: P 0.058; late H/M
ratio: P 0.061). There was considerable overlap be-
tween both groups (Fig. 1). For diagnostic sensitivity and
specificity refer to Table 2.

DWI MRI

Mean putaminal Trace(D) values were 0.75 0.02 for
controls, 0.73 0.03 for PD patients, and 0.96 0.13
for MSA-P patients.

One-way ANOVA followed by post hoc Bonferroni
correction revealed significantly elevated putaminal
Trace(D) values in patients with MSA compared to nor-
mal controls (P 0.001) and to PD patients (P 0.001).
There was no significant difference in putaminal diffu-
sivity between PD and control group (P 1.000). There
was no overlap of Trace(D) values of MSA-P patients
with those of PD and normal control group (Fig. 1). For
diagnostic sensitivity and specificity refer to Table 2.

DISCUSSION

In the present study, we have for the first time directly
compared the diagnostic properties (sensitivity, specific-
ity, AUC) of two routinely available neuroimaging meth-
ods, DWI and [123I]MIBG scintigraphy, with tilt table
testing in the differential diagnosis of MSA-P and PD.
Our data suggest that DWI is superior to both tilt table
testing and MIBG scintigraphy in discriminating MSA-P
and PD. Our study included patients with clinically es-
tablished disease. The diagnostic role of DWI in early or
suspected MSA-P remains to be established and to this

end a prospective study by the European MSA Study
Group (www.emsa-sg.org) has been launched.

To avoid a bias towards autonomic failure in MSA
patients, only patients with a history of autonomic symp-
toms were included. Therefore, we cannot exclude the
possibility that some of our patients with PD and auto-
nomic dysfunction may develop MSA-P in the future.
However, autonomic dysfunction was not a cardinal fea-
ture in any of our PD patients, instead autonomic symp-
toms developed several years after disease onset. All
patients strictly fulfilled diagnostic criteria for probable
MSA19 or PD18 at the time of the study. Since the
diagnosis was not autopsy proven the diagnostic yield of
the methods used has been compared to the clinical
diagnosis based on validated diagnostic criteria. Cardio-
vascular function tests have been reported to discrimi-
nate MSA-P from PD.3,4,25 However, basing the clinical
diagnosis on criteria other than autonomic dysfunction,
both cardiovascular and sudomotor function tests, failed
to discriminate patients groups.5 We found no significant
differences of the blood pressure response to passive tilt
between the two patient groups, orthostatic hypotension
was observed in similar frequency and severity in both
groups, suggesting a similar pattern of cardiovascular
dysautonomia in PD and MSA-P.5,26 In a recent study,
differences in cardiovascular autonomic function were
observed between MSA and PD patients; however, the
latter had no clinical evidence of autonomic dysfunc-
tion.3 Dopaminergic replacement therapy may have con-
tributed to orthostatic hypotension in our patients,27,28

despite the 12 h withdrawal period which may be too
short to exclude any potential effects of dopamine ago-
nists on orthostatic hypotension; however, L-dopa equiv-
alent dose was similar in both patient groups.

Since postganglionic involvement of the autonomic
nervous system predominates in PD, whereas in MSA-P
the autonomic nervous system is mainly affected in its
preganglionic structures,29 [123I]MIBG scintigraphy of
postganglionic cardiac sympathetic neurons might be of

FIG. 1. Plot of putaminal Trace (D), 15 min H/M ratio and 4 h H/M
ratio of MSA-P and PD patients and NC. H/M ratio, heart/mediastinum
ratio MSA-P, parkinson variant of multiple system atrophy; PD, Par-
kinson’s disease; NC, normal controls; Trace (D), trace of diffusion
tensor.

TABLE 2. Sensitivity, specificity, and area under the curve
of tilt table testing, MIBG H/M ratio, and putaminal trace(D)

values for the differential diagnosis of MSA-P from PD

OH tilt
table

MIBG H/M ratio
DWI

putaminal
trace(D)

15
min 4 h

Sensitivity (%) 55.6 44.4 55.6 100
Specificity (%) 55.6 88.8 88.8 100
AUC 0.563 0.778 0.802 1.000

OH, orthostatic hypotension (blood pressure drop � 20 mm Hg
systolic and/or �10 mm Hg diastolic); MIBG, 123I-metaiodobenzyl-
guanidin; H/M ratio, heart/mediastinum ratio; Trace(D), trace of dif-
fusion tensor; AUC, area under the curve.
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FIG. 1. Plot of putaminal Trace (D), 15 min H/M ratio and 4 h H/M
ratio of MSA-P and PD patients and NC. H/M ratio, heart/mediastinum
ratio MSA-P, parkinson variant of multiple system atrophy; PD, Par-
kinson’s disease; NC, normal controls; Trace (D), trace of diffusion
tensor.

1.2

1.1

1.0

0.9

0.8

0.7

0.6
MSA PD NC MSA PD NC MSA PD NC

2.5

2.0

1.5

1.0

0.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

DWI

p
u

ta
m

in
a
l T

ra
c
e
 (

D
)

MIBG 15 min MIBG 4h

H
/M

 R
a
ti

o

H
/M

 R
a
ti

o



0711-0432_Movement1-3　表2/3　1/15‐KT



0711-0432_Movement1-3　表1/4　1/15‐KT


