
呼吸器疾患の
吸入療法・吸入指導

大久保内科呼吸器科クリニック

深澤一裕



ＣＯ Ｉ 開示
発表者名： 深澤一裕

講演発表に関連し、開示すべきCO I 関係にある
企業などはありません。



5

　　　●新型コロナウイルス感染症（COVID-19）　診療の手引き・第２版 ●

　これまでにヒトに感染するコロナウイルスは 4種類知られており，感冒の原因の 10 ～
15％を占める病原体として知られていた．また，イヌやネコ，ブタなど動物に感染するコロ
ナウイルスも存在する．2002年中国・広東省に端を発した重症急性呼吸器症候群（SARS）は，
コウモリのコロナウイルスがハクビシンを介してヒトに感染し，ヒト -ヒト感染を起こすこ
とで 8,000 人を超える感染者を出した．また，2012 年にはアラビア半島で中東呼吸器症候
群（MERS）が報告され，ヒトコブラクダからヒトに感染することが判明した．そして 2019
年 12月から中国・湖北省武漢市で発生した原因不明の肺炎は，新型コロナウイルス（SARS-
CoV-2）が原因であることが判明した（図１）．
　SARS-CoV-2 は，SARS やMERS の病原体と同じβコロナウイルスに分類される動物由
来コロナウイルスと判明したが，宿主動物はまだ分かっていない．現在はヒト-ヒト感染によっ
て流行が世界的に広がっている状況である．SARS-CoV-2 による感染症をCOVID-19（感染
症法では新型コロナウイルス感染症）と呼ぶ．

１病原体・臨床像

（国立感染症研究所）

　エンベロープにある突起が王冠（ギリシア語でコロナ）のように見える．SARSの病原体（SARS-CoV-1）と同
様にACE2をレセプターとしてヒトの細胞に侵入する．SARS-CoV-1 と同様に 3日間程度は環境表面で安定と考
えられる．
（van Doremalen N, et al. Aerosol and surface stability of SARS-CoV-2 as compared with SARS-CoV-1. N Engl J Med 2020.）

図１　病原体　SARS-CoV-2　動物由来のコロナウイルス
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一般外来 
<感染防御> 
発症後は約 8 割が軽症で経過する。季節性インフルエンザと比べて死亡リスクが高いことが報告されている。
特に、高齢者や基礎疾患(慢性閉塞性肺疾患・慢性腎臓病・糖尿病・高血圧・脳心血管疾患・肥満)などを持つ
人、妊娠中の人、活動性の悪性腫瘍、免疫不全状態にある人などの重症化リスクが高い。

新型コロナウイルスの感染経路としては主に飛沫感染、接触感染の 2 つの経路が存在する。
飛沫のほか、呼気に含まれるエアロゾルも感染性を有すると考えられ、閉鎖空間において近距離で多くの人と
会話するなどの環境が感染を拡大させる。発症 2 日前から発症後数日間の感染力が最も強い。感染源への
曝露から発症までの潜伏期は 1〜14 日間(平均5 日程度で発症)である。 

①飛沫感染:
感染者の飛沫(くしゃみ、咳、つばなど)と一緒にウイルスが放出され、他の人がそのウイルスを口や鼻などか
ら吸い込んで感染する。
②接触感染:
例えば感染者がくしゃみ・咳・鼻水を手で押さえた後、その手で周りの物に触れると表面はウイルスで汚染され
る 。そこに他の人が触るとウイルスが手に付着し、その手で口や鼻を触ると粘膜から感染する。 
③咳エチケット:
咳・くしゃみをする際に、マスクやティッシュ・ハンカチ、 服の袖を使って、 口や鼻をおさえること。 
④手洗いにあたっての注意:
ドアノブや電車のつり革など不特定多数の人が触る個所に触れることで、自分の手にもウイルスが付着する
可能性がある。帰宅時や調理の前後、食事前など、こまめに手を洗う。
液体石鹸と流水を用いた手洗いができない場合、アルコールを主成分とした手指用消毒薬の使用も有効であ
る。 

飛沫は１～２ｍ程度飛ぶと言われています。目からも感染するので防御が必要です。





アクリル板のパーティション

アルコール手指消毒

ソーシャルディスタンス

待合室でしゃべらないようにお願いする

疑い患者さん用個室

十分な換気



患者がマスクを外す時間を最小限にする。

① 説明用紙を用いて、吸入手技を実演 
手技説明用紙はメーカーさんが配布しているものを利用。

    吸入指導用のトレーナーやホイッスルを使用。

② 指導者の実演は、オンライン動画で代用。
患者さんの飛沫が散らない工夫を 
A. 吸入後の息止め(5秒くらい)の際に、マスクを着用してから

 呼出してもらう。 
B. 洋服の袖口で、ハンカチで、口元を塞いで呼出してもらう。

可能であれば指導している近くで、 他の患者さんを待たせない

拡散した飛沫がすみやかに換気されるようにする

感染対策に留意した吸入指導



ネットの吸⼊指導⽤動画サイト

日本大学医学部内科学系呼吸器内科学分野



吸入手技を正しく行うことができた割合
（海外データ）
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薬剤師による口頭での指導

薬剤師が書面に加えて口頭で吸入指導を行った方が書面のみの指導より
患者さんは正しく吸入手技を行うことができた

Nimmo CJ. et al.: Ann Pharmacother. 27: 922-927, 1993より作図

対象 : 短時間作用性β2刺激薬（pMDI）を1ヵ月以上使用し、初めてタービュヘイラーを使用する患者 16人
方法 : 最初にタービュヘイラーの吸入指導せんを30分間読んでもらった上で患者の吸入手技を評価した。その後、薬剤師が口

頭で吸入指導を行い、吸入手技を再度評価した。吸入手技の評価は9ステップに分けて各ステップ毎に正しく行うことが
できているかどうかを評価した。

検定法 : Student’s t検定



吸入指導が呼吸機能の改善率に与える影響

久保裕一, 東田有智: 喘息. 18: 64-68, 2005

再度
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吸入指導は1人の患者さんに複数回行う必要がある

対象 : 外来通院の喘息患者
方法 : 吸入指導の再教育とピークフロー値の改善を調査
結果 : 再教育時に吸入方法に誤りが認められなかった症例でも、指導後1～2ヵ月後にピークフロー値の改善が認められること

が多く、また、再指導なしでは平均約9ヵ月からピークフロー値の低下が認められた。
（上図は再教育でピークフロー値が回復した典型的な症例）

P
E
F
の

改
善

率



特集 気管支喘息診療の進歩 2014 
日呼吸誌 3(2)，2014 

特集　気管支喘息診療の進歩2014

移していた状況から徐々に低下し，2012 年には 1,874 例
となった．しかし，この喘息死者の 89％以上が 65 歳以
上の高齢者で占められていることからも，高齢者喘息の
重要性が示唆されている2）9）～11）．
2．病　　態
高齢者喘息においても基本病態は若年者の喘息と同様

であるが，過小診断・評価，治療不足になりやすいこと
が問題視されている9）10）．高齢者喘息と若年者の喘息の
違いとして，①生理学的・免疫学的変化，②合併・併存
症［慢性閉塞性肺疾患（COPD），心不全，胃食道逆流，
認知症，骨粗鬆症など］の存在，③心理社会的な側面な
どがあり，さらにこれらの影響で症状感受性の低下や理
解力の低下が認められる．これらが医療者側の認識不足
と相まって，診断や評価，治療を困難にしている．
生理学的変化として，胸郭コンプライアンスの低下や，
呼吸筋の筋力・弾性の低下および肺の気管支に対する牽
引力が低下し，細気管支が狭小化することや，喫煙によ
る影響で末梢気道病変が強いこと，罹病期間が長いと気
道リモデリングが進展しやすいことなどが報告されてい

る．免疫学的変化として，高齢者喘息では長年環境中の
粉塵やタバコ煙などに曝露されることや，加齢による自
然免疫の変化などにより，COPD や非好酸球性喘息と
同様に，好中球性炎症が優位になるとされている．
3．臨 床 像
高齢者喘息の特徴は，呼吸機能の低下，吸入流速の低
下，筋力・視力・聴力の低下，COPD・心不全・逆流性
食道炎などの合併症が多い，末梢気道病変の重要性が高
い，症状の訴えが乏しいこともある，吸入手技が不十分
でガイドラインに沿った治療ができない，薬剤の理解度
が低く，アドヒアランスが保てないなどがあげられる．
高齢者の特徴を理解したうえで，診断，治療が必要であ
る．
4．診　　断
若年者からの喘息の病歴が明らかな場合や，反復性の
呼吸困難発作，喘鳴，咳発作など典型的な喘息症状を反
復する症例では，喘息の診断は容易である．しかし，症
状が軽い場合や合併症が存在する場合には，診断が困難
な症例が存在する．特に高齢者の場合は，COPD，心不

図 3　3ヶ月後の吸入指導の有無による 6ヶ月後の PEFの推移．ICS 投与 3ヶ月後に 2度目の吸入指
導を施行した群と，施行しなかった群に分けて 6ヶ月後に各種デバイスごとに PEFを測定したと
ころ，いずれも施行した群において PEF値が有意に上昇していた．FP：fluticasone propionate，
MF：mometasone furoate．

191高齢者喘息(６５歳以上）
ICS導入3ヶ月後の吸入指導の有無による

6ヶ月後のPEFの推移



各種デバイスの吸入指導と習熟度の関係

Y. Takaku 112 et al. / Respiratory Medicine 123 (2017) 110e115

手技が難しく感じられるデバイスも吸入指導により
多くの患者は習得できる！！



吸入指導連携

処方箋
吸入指導依頼

吸入指導の
フィードバック



2020年度(令和2年度)診療報酬改定

吸入薬指導加算の新設

吸入薬指導加算

Ø 喘息等の患者について、医師の求めなどに応じて、吸入薬の使用方法について、文書での説明に加え、
練習用吸入器を用いた実技指導を行い、その指導内容を医療機関に提供した場合の評価を新設する。

（新） 薬剤服用歴管理指導料吸入薬指導加算30点（3月に1回まで）

［算定要件］

喘息又は慢性閉塞性肺疾患の患者であって吸入薬の投薬が行われている患者に対して、当該患者等の求めに応じて、
① 文書及び練習用吸入器等を用いて吸入手技の指導を行い、患者が正しい手順で吸入薬が使用されているか否かの

確認、
② 保険医療機関に必要な情報を文書により提供

等した場合に算定する
※ 保険医療機関への情報提供は、手帳による情報提供でも差し支えない。

厚生労働省保険局医療課 令和2年度診療報酬改定の概要
https://www.mhlw.go.jp/content/12400000/000608537.pdf

医療機関 薬 局 患 者

吸入指導
（練習用吸入器機等を用いて実施）

❶吸入指導指示

❷フィードバック
（手帳、文書等）

❶患者・家族からの求め
（医師の了解）



当クリニックの
吸入指導依頼箋とフィードバック



吸入療法・吸入指導を成功させるために
知っておいた方がいい基本的なこと

u 病気のこと（気管支喘息、咳喘息、COPD、ACO）

u 吸入薬の種類（薬剤、合剤、デバイス、DPIとpMDI）

u 吸入薬の相加作用

u 薬剤をどこに届かせたいのか

u 薬剤の粒子径で到達部位に差が出る

u 吸入速度で到達部位に差が出る

u 患者さんの疾患によって吸入速度が出せなくなる



気管支喘息（咳喘息）、
COPD、
ACO
疾患について



気管支喘息（以下、喘息）は、

「気道の慢性炎症を本態とし、変動性を持った

気道狭窄（喘鳴、呼吸困難）や咳などの臨床症

状で特徴付けられる疾患」

である。

喘息の定義

一般社団法人日本アレルギー学会 喘息ガイドライン専門部会 監修
喘息予防・管理ガイドライン2018



繰り返し起こる咳

気管支喘息の症状

喘鳴

発作性の呼吸困難
胸苦しさ

咳（夜間、早朝に出現しやすい）

運動、労作時に呼吸困難
（息苦しさ）を感じる

一般社団法人日本アレルギー学会 喘息ガイドライン専門部会 監修：喘息予防・管理ガイドライン2015より

発作性の咳嗽、呼吸困難や喘鳴などは、肺の感染症や腫瘍性疾患、心
不全などの心肺疾患でも起こるが、喘息では夜間、早朝に出現することが
多い。このような発作が無症状期を挟んで反復すること、安静時でも出現
することが喘息の特徴である。安静時には呼吸困難がなくても、運動、労
作時に呼吸困難（息苦しさ）を感じることがある。



正常な気道 気管支喘息患者の気道

気道上皮細胞の
破壊・剥離

気流閉塞（気流制限）

気道過敏性の亢進

平滑筋（筋層）

気道粘液の
分泌亢進

粘膜下腺
過形成

上皮下線維増生

平滑筋肥大

Ep: 気道上皮
ASM: 気管支平滑筋
SBM: 上皮下基底膜
MG: 粘液腺

気管支喘息の病態

病気がみえる vol.4 呼吸器 第1版: p5, 124, 2007改変
Benayoun L. et al.: Am J Respir Crit Care Med. 167: 1360-1368, 2003

気道の慢性炎症



気管支喘息
の吸入指導

u 若い人が多いので理解力は高い。

u 症状が改善すると治療中断しがち。

u 当院ではICSとLABAに加えてLAMAを喘息

に使用することが増えています。

u SABAの使用してもらうタイミングの説明に難
しさを感じています。



治療によって良好なコントロールが得られない

喘息の診断は正しいか

服薬アドヒアランスが良好か
吸入手技が正しいか

増悪因子や合併疾患は
正しく管理されているか

治療のステップアップ
による改善

コントロールが達成・維持されたら3～6ヵ月後に
ステップダウン

他疾患の治療

再指導

禁煙、増悪させ得る薬剤の
変更/中止、

合併症管理の徹底

専門医へ紹介
(治療ステップ4)

Yes

Yes

Yes

Yes

Yes

No

No

No

No

治療ステップ3以上の治療にもかかわらずコントロール不良の場合は専門医への紹介が推奨される。

一般社団法人日本アレルギー学会. 喘息予防・管理ガイドライン2018

喘息長期管理の進め方



■ 以下の1.～2.の全てを満たす

1. 喘鳴を伴わない咳嗽が8週間（3週間）以上持続
聴診上もwheezeを認めない

2. 気管支拡張薬（β刺激薬またはテオフィリン製剤）が有効

■ 参考所見

1） 末梢血・喀痰好酸球増多、呼気中NO濃度高値を認めることがあ
る
（特に後2者は有用）

2） 気道過敏性が亢進している

3） 咳症状にはしばしば季節性や日差があり、夜間～早朝優位のこと
が多い

咳喘息の診断基準

社団法人 日本呼吸器学会 咳嗽に関するガイドライン第2版作成委員会 編集: 咳嗽に関するガイドライン第2版



咳喘息、アトピー咳嗽
典型的気管支喘息への移行

The efficacy of bronchodilator treatment described above
was assessed according to the following criteria:

(1) “Excellent” when cough totally resolved.

(2) “Good” when sleep and daytime quality of life were
improved.

(3) “Fairly good” when severity and frequency of cough were
somewhat decreased.

(4) “Poor” when cough was unchanged.

An assessment of “excellent” or “good” was judged as
effective.

Pulmonary function, cough sensitivity, bronchial reversibility,
and bronchial responsiveness were measured in that order
within 1 month of the first visit (table 2). FVC, FEV1 and flow-
volume curves were measured using a dry wedge spirometer
(Chestac 11, Chest Co Ltd, Tokyo, Japan). Spirometric tests were
performed and evaluated according to ATS criteria.12 The
capsaicin cough threshold (C5) was measured as an index of
cough sensitivity13 14 and PC20 was measured as an index of non-
specific bronchial responsiveness.15 Bronchial reversibility was
determined from spirometric tests performed before and 30
minutes after inhalation of 300 µg salbutamol sulphate follow-
ing intravenous administration of 250 mg aminophylline.

Eleven patients diagnosed with definite atopic cough, 19
with probable atopic cough, 26 with cough variant asthma
treated with BDP, and 11 with cough variant asthma not
treated with BDP had been seen regularly as outpatients; the
onset of typical asthma and recurrence of isolated non-
productive cough were retrospectively determined from their

clinical records. The outcome in other patients who had been
seen by their family doctors or who had discontinued
treatment was assessed by direct telephone interview with
two of the authors (HO, YN). The onset of typical asthma was
defined as wheezing and/or a dyspnoeic attack responding to
inhaled β2 agonists. Cough was considered recurrent when an
isolated non-productive cough lasted for more than 2 weeks
despite upper respiratory infection.

Data analysis
All data except PC20 and C5 were presented as mean (SD)
values. PC20 and C5 data were expressed as geometric mean
(GSEM) values. Differences in the prevalence of outcomes
between groups were determined by χ2 test. Differences in PC20

and C5 between groups were analysed by non-parametric
one-way analysis of variance (ANOVA) using logarithmically
transformed values.

RESULTS
Long term inhaled steroid therapy (BDP 400 µg/day) for con-
trol of cough had been used by two patients with definite
atopic cough and one with probable atopic cough. Thirty five
patients with cough variant asthma had used long term
inhaled BDP therapy (median 400 µg/day, range 200–800;
BDP+ group) and 20 had not (BDP– group).

The median follow up period was 5.3 years (range 1–8.8,
mean (SD) 5.0 (2.4)) in the definite atopic cough group, 4.2
years (range 1–11.5, mean (SD) 4.7 (3.0)) in the probable
atopic cough group, 3.5 years (range 1–11.1, mean (SD) 4.8
(3.4)) in the group with BDP+ cough variant asthma, and 3.9
years (range 1–12.4, mean (SD) 5.2 (4.0)) in the group with
BDP– cough variant asthma.

In patients with cough variant asthma the onset of typical
asthma occurred in two of the 35 patients in the BDP+ group
and in six of the 20 patients in the BDP– group (difference
24.3%, 95% CI 2.8 to 45.8, p<0.02; table 3). In patients with
atopic cough the onset of typical asthma was confirmed in
only one patient in the probable group and in none of the
patients with definite atopic cough. The onset of typical
asthma was thus significantly less prevalent in patients with
atopic cough than in those with cough variant asthma (both
BDP+ and BDP– groups) (difference 13.3%, 95% CI –13.0 to
39.6, p=0.002; table 3). The onset of typical asthma in patients
with definite atopic cough and with probable atopic cough was
significantly less prevalent than in the BDP– group (difference
30.0%, 95% CI 9.9 to 50.1, p=0.0030 and 28.2%, 95% CI 7.8 to
48.6, p<0.0001, respectively), but did not differ from that in
the BDP+ cough variant asthma group.

The same analysis was performed on patients who were
regularly seen at our outpatient clinics. The onset of typical
asthma was not seen in any of the 11 patients with definite

Table 3 Onset of bronchial asthma in a long term follow up of patients with atopic
cough and cough variant asthma

Onset of typical asthma

TotalYes No

Atopic cough
Definite 0 (0.0%)* 24 (100.0%) 24†
Probable 1 (1.7%)** 57 (98.3%) 58
Total 1 (1.2%) 81 (98.8%) 82§

Cough variant asthma
With BDP 2 (5.7%) 33 (94.3%) 35‡
Without BDP 6 (30.0%) 14 (70.6%) 20
Total 8 (14.5%) 47 (85.5%) 55

NS=statistically not significant; BDP=beclomethasone dipropionate.
*p=0.0030, **p<0.0001 v cough variant asthma without BDP; †difference between patients with definite
and probable atopic cough not significant; ‡p=0.014 v cough variant asthma without BDP; §p=0.002 v all
patients with cough variant asthma.

Figure 1 Methacholine bronchial responsiveness (PC20) before
treatment in patients with cough variant asthma with and without
onset of typical asthma. PC20, provocative concentration of
methacholine causing a 20% or greater fall in forced expiratory
volume in 1 second (FEV1), was determined before treatment in 47 of
55 patients with cough variant asthma.

16 Fujimura, Ogawa, Nishizawa, et al
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アトピー咳嗽

咳喘息



咳喘息
の吸入指導

u 若い人が多いので理解力は高い。

u 症状が改善すると治療中断しがち。

u 当院ではICSとLABAに加えてLAMAも効果

があると実感しています。

u 症状改善が確認されれば治療中断が可能
になるので、それまでしっかり治療を継続す

るように指導をお願いいたします。



COPDの定義

タバコ煙を主とする有害物質を長期に吸入曝露することなどにより生ずる

肺疾患であり、呼吸機能検査で気流閉塞を示す。

気流閉塞は末梢気道病変と気腫性病変がさまざまな割合で複合的に関与

し起こる。

臨床的には徐々に進行する労作時の呼吸困難や慢性の咳・痰を示すが、こ

れらの症状に乏しいこともある。

一般社団法人日本呼吸器学会：COPD（慢性閉塞性肺疾患）診断と治療のためのガイドライン第5版、p10



COPDとは?
タバコを長年吸い続けることで、肺癌や心筋梗塞になりやすいといわれていますが、

タバコと一番密接に関係する病気が「COPD（慢性閉塞性肺疾患）」。タバコの煙など

の有害物質を吸い込むことによって、気管支と肺に障害が起こる疾患です。



疾患の理解：COPDの病態

気管支

細気管支気管

肺胞

末梢気道病変

気管支の壁が厚くなったり、粘膜が
腫れるなどして、気管支が狭くなる。
分泌物（痰）が多くて苦しい。

肺気腫病変

弾力がなく
縮まなくなった肺胞

（気腔となる）



COPD
の吸入指導

u 高齢の人が多いので理解力が心配。

u 症状が改善すると治療中断しがち。

u 元々症状が感じにくいので治療導入・継続

が困難になることが多いです。

u ICSの使用はガイドラインに沿って行ってい
ます。（末梢血好酸球数、増悪頻度、増悪重

症度、感染症合併、喫煙状況など）

u 病気が進行すると吸引力が低下してDPIの
使用が困難になる人もいます。





ACOの概念図

喘息の特徴とCOPDの特徴を併せもつ病態を、本手引きでは、
喘息とCOPDのオーバーラップ（Asthma and COPD Overlap：ACO）と呼称する

一般社団法人日本呼吸器学会：喘息とCOPDのオーバーラップ（ACO）診断と治療の手引き2018、p3

喘息 COPD
喘息・COPD

オーバーラップ



Asthma-like Features and Clinical Course of Chronic Obstructive Pulmonary Disease
An Analysis from the Hokkaido COPD Cohort Study

Masaru Suzuki
American Journal of Respiratory and Critical Care Medicine 

Volume 194 Number 11 | December 1 2016

ACOの予後は悪いのか
国内では

degrees, was not generally associated with
worse baseline characteristics and clinical
course. In contrast, a number of previous
reports showed that, compared with patients
with COPD or asthma alone, patients with
both COPD and asthma had a worse clinical
course, such as frequent exacerbations (3,
16–18) and impaired QoL (3, 19). However,
these studies included physician-diagnosed
asthma, self-reported asthma, and/or
typical respiratory symptoms of asthma as
criteria for a diagnosis of ACOS. Therefore,
we speculate that the diagnostic criteria for
ACOS could largely affect clinical
outcomes. On the basis of the results of this
study, the mere presence of asthma-like
features without a previous diagnosis or
respiratory symptoms typical of asthma
does not necessarily indicate a worse
phenotype of COPD. This notion is
particularly important in planning clinical

trials aimed at development of new drugs
for patients with ACOS or COPD with
asthma-like features.

Interestingly, subjects with multiple
asthma-like features had slower lung
function decline and lower 10-year
mortality. The COPD History Assessment
in Spain (CHAIN) study recently showed
better 1-year mortality in patients with
ACOS than in patients with non-ACOS,
findings that are in agreement with our
results. Notably, in the CHAIN study, only
22% of the subjects in the ACOS group had a
previous history of asthma because the
diagnostic criteria for ACOS included
several asthma-like features
(i.e., bronchodilator reversibility, blood
eosinophilia, and high blood total IgE levels
or history of atopy) and did not require
physician-diagnosed asthma (9). This fact
indicated that a large number of subjects
with COPD who were labeled as having
ACOS in the CHAIN study had asthma-
like features alone. Other studies also
showed that patients with COPD
without a diagnosis of asthma but with
bronchodilator reversibility had better all-
cause mortality than those without
bronchodilator reversibility (20, 21). In the
present study, the presence of multiple
asthma-like features was associated with
baseline characteristics of younger age,
higher BMI, better diffusion capacity, and
less emphysema than those with one or no
asthma-like features. This suggests that the
presence of multiple asthma-like features
may be associated with a unique phenotype
of COPD with better clinical presentation
and outcomes.

Another reason for better clinical
outcomes in patients with asthma-like
features may be a better response to
treatment. For example, patients with
COPD with eosinophilic airway
inflammation (sputum eosinophilia) have
been reported to show a better response
to corticosteroid treatment (22–25).
Furthermore, atopic patients with COPD
who were treated with ICS (budesonide)
had fewer respiratory symptoms than those
who did not receive the treatment (26). In
the present study, there was no association
between the number of asthma-like features
present and respiratory medications,
including ICS, although all subjects
received appropriate management and
treatment by respiratory specialists. On the
one hand, of note, treatment with ICS was
significantly associated with earlier

development of COPD exacerbations,
regardless of the number of asthma-like
features, suggesting that ICS were
prescribed for patients prone to COPD
exacerbation in the present cohort. On the
other hand, treatment with ICS was associated
with better mortality in subjects with multiple
asthma-like features, although the sample size
was small. Recently, blood eosinophil count
has been reported as a marker of better
response to ICS in terms of COPD
exacerbation (27, 28) and lung function
decline (29). The results of the present study
are in line with these previous studies.

This study has several limitations. First,
bronchial hyperresponsiveness, which is one
of the important asthmatic features, was not
assessed in this study. Therefore, it would be
difficult to determine the relationship of
bronchodilator reversibility with asthma
phenotype. Bronchial hyperresponsiveness
is a well-known risk factor for the
development of COPD (30) and lung
function decline in COPD (31, 32). In
addition, it was previously reported that
most steroid-naive patients with COPD
without physician-diagnosed asthma
showed significant bronchial
hyperresponsiveness (33). Therefore, it
is not certain whether bronchial
hyperresponsiveness independently and
validly indicates an asthma-like feature in
COPD. Second, sputum eosinophil count
was not assessed. Although sputum
eosinophil count may reflect airway
eosinophilic inflammation more accurately
than blood eosinophil count, the latter has
been reported to be well correlated with
sputum eosinophil count (34). Considering
the difficulty of obtaining induced sputum
samples in clinical practice, blood
eosinophil count would be a more
appropriate biomarker for eosinophilic
airway inflammation. Third, atopy was
defined solely as the presence of specific
IgE, and we did not collect information
about allergic clinical symptoms such as
rhinitis, eczema, and conjunctivitis. Because
atopic persons do not always have allergic
clinical symptoms, analysis with allergic
symptoms may reveal different outcomes.
Fourth, the clinical characteristics of
patients with COPD in this Japanese cohort
may not represent the entire worldwide
population, because Japanese patients have
been reported to have better QoL for a
given level of pulmonary function despite
having a lower BMI and fewer exacerbations
than patients elsewhere (12, 35). Finally, the
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Figure 3. Kaplan–Meier curves for (A)
exacerbation-free survival and (B) all-cause
mortality according to the number of asthma-like
features present. Subjects were divided into two
groups according to the number of asthma-like
features present. NS = not significant.
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ACOの
吸入指導

u 自覚症状が強いため治療コンプライアンス
は良好なことが多い。

u COPDよりも増悪のリスクが高いので正確な
吸入治療が必要。

u 当院では禁忌でなければICS/LABA/LAMA
を治療初期から積極的に使用している。

u 症状改善が得られても治療を継続するよう
に指導をお願いいたします。



薬剤の種類
薬剤、合剤、デバイス



吸入薬は効果と安全性のバランスが優れた薬剤です



喘息・COPD合併患者の病態およびICS、LABA、LAMAの作用

ICS
（吸入ステロイド薬）

LABA
（長時間作用性β2刺激薬）

LAMA
（長時間作用性抗コリン薬）

ICS、LABA、LAMA治療前 治療後

気道粘液過分泌

炎症

気道狭窄

気管支拡張作用2）

平滑筋弛緩作用による

気道粘液分泌抑制作用3）

粘液分泌に関わるM3受容体遮断による

好酸球等炎症細胞への作用による

気道粘液排出促進作用2）

粘液繊毛クリアランス改善による

気管支収縮抑制作用3）

M3受容体遮断による

抗炎症作用1）

1）Jeffery P.: Expert Opin Investig Drugs. 14: 619-632, 2005 2）Rogers FD.: Pulm Phalmacol Ther. 18: 1-8, 2005 3）Matera MG. et al.: Expert Opin Pharmacother. 15: 961-977, 2014 
監修: 昭和大学医学部 内科学講座 呼吸器・アレルギー内科学部門 主任教授 相良博典先生

ICSは気道炎症を抑える。
LABAは気管支を拡張、LAMAは気管支の収縮を抑制し、粘液によるつまりを改善する



吸入ステロイド
ICS

u 喘息のすべての治療ステップでファー
ストチョイスとなる基幹治療薬。

u COPDでもACOでは推奨される

u 気管支の慢性炎症をおさえる。

u 治療の目標である気管支に直接投与
することになるので、少量で強力に治

療できる。

u 通過点である口腔、咽喉頭には副作
用が出ることがある





ステロイド抵抗性対策
禁煙（受動喫煙回避も）、ダイエット、感染予防、抗原回
避、少量のキサンチン

喘息に対するステロイドの作用

好酸球のアポトーシス、遊走抑制
細胞膜安定化
サイトカインの減少
血管透過性の低下
β2レセプター増加作用
分泌抑制

ステロイド抵抗性

喫煙、受動喫煙
肥満
頻回の感染
大量、持続的抗原暴露
Vit D3欠乏



u日本アレルギー学会

u2020年2月14日

新型コロナウイルス感染における気管支喘息患者への対応 Q&A 

（医療従事者向け） 

 

 

（問１）気管支喘息は重症化のリスク因子となりますか？ 

 

（答）気管支喘息患者において、ダニなどのアレルゲンの曝露、気候変動、ウイ

ルス感染症は気管支喘息増悪（発作）のリスク因子であることが知られていま

す。ウイルス感染症では、特に風邪症状や気管支炎を生じる RSウイルス、ライ

ノウイルス、インフルエンザウイルス、パラインフルエンザウイルス、ヒトメタ

ニューモウイルス等が喘息増悪に関連したウイルスであることが知られていま

す。一般的なコロナウイルスでも感冒症状を引き起こすこと、また新型コロナウ

イルス感染症では肺炎を生じていることから、気管支喘息患者が新型コロナウ

イルス感染症に罹患した場合も喘息増悪をきたし、それに伴って呼吸不全が重

症化する危険性が考えられます。 

また、経口ステロイド薬の長期投与は、WHO の勧告(暫定的ガイダンス：

https://www.who.int/docs/default-source/coronaviruse/clinical-

management-of-novel-cov.pdf?sfvrsn=bc7da517_6&download=true) に記載さ

れている通り、ウイルス感染の遷延や二次的細菌感染症などのリスク因子とな

り得るため必要最低限に留め、吸入ステロイド薬の増量や抗体医薬併用などに

よる喘息コントロールをはかるべきです。 

 

 

（問２）気管支喘息患者で感染前にどのような対応が必要ですか？ 

 

（答）気管支喘息の病態は、好酸球を主体とした気道の慢性炎症です。この気道

炎症によって、気道平滑筋の収縮、気道の浮腫、気道分泌亢進等により気流制限

を生じています。そのため、気道炎症が存在する状態でウイルス感染による気管

支炎が生じると、重症化するリスクが高いと考えられます。 

従って、気管支喘息患者では気道炎症を抑えるために、吸入ステロイド薬等の長

期管理薬による日頃からのコントロールが重要です。 

 





吸入ステロイドの副作用
嗄声、咽頭違和感、口内炎、

口腔カンジダ

² 予防は頻回のうがい、正しい吸入手技を指導する。

² うがいを忘れやすい場合は食前に吸入するよう指導。

² 嗄声は声帯筋のステロイド・ミオパチーや周囲軟部組織の変化
で起こるといわれている。

² 目視での吸入手技の確認、最適な吸入スピードを指導。

² 吸入前に水分摂取、吸入後のうがいを頻回に（喉の奥まで）。

² スペーサーの使用。

² 高用量ICS使用例では毎回口腔内を観察し、口腔カンジダ発生
時には早期に治療介入を心がける。

² ICSの減量やデバイス変更で対応する。



長時間作用性
β２刺激薬
LABA
短時間作用性
β２刺激薬
SABA

u 強力な気管支拡張作用を持つ。

u 気道分泌物の排出促進作用有り。

u 即効性短時間作用型と持続作用型がある。

u 動悸、振戦、発汗、低Kなどの副作用有り。

u 筋クランプ→

芍薬甘草湯や生活指導

（保温、安静、飲水）



Once-Daily Bronchodilators for Chronic Obstructive Pulmonary Disease
Indacaterol Versus Tiotropium 

James F. Donohue
Am J Respir Crit Care Med Vol 182. pp 155–162, 2010

placebo were above the level of clinical importance (>1 point)
at all assessments (Table E3). The proportions of patients with
a clinically important improvement from baseline (>1) in TDI
total score (22) followed a similar pattern and were highest with
indacaterol 300 mg (P , 0.001 vs. placebo; P < 0.01 vs.
tiotropium) (Figure 4b; Table E4).

Over the 26-week study, the use of as-needed albuterol was
lower during active treatments than placebo, and lower with
indacaterol than with tiotropium (Table 3). Table 3 also shows
other symptom-based diary data and peak expiratory flow.
SGRQ total scores were decreased (improved) relative to
placebo with both doses of indacaterol at all assessments (P ,
0.01) but not with tiotropium (Table E5). The proportions of
patients with a clinically relevant improvement (>4 points) in
SGRQ total score followed a similar pattern (Table E6). Total
and component health status scores at Week 26 are shown in
Table 4.

Exacerbation-free rates at 6 months are presented in Table
E7. Analysis of time to first COPD exacerbation showed
a reduced risk relative to placebo for indacaterol 150 mg (hazard
ratio 0.69 [95% CI, 0.51–0.94]; P 5 0.019). Numerical reductions
compared with placebo were observed for indacaterol 300 mg
(0.74 [95% CI, 0.55–1.01]; P 5 0.054) and tiotropium (0.76 [95%
CI, 0.56–1.03]; P 5 0.080). Similarly, the rate of exacerbations

relative to placebo was lower for indacaterol 150 mg (rate ratio
0.67 [95% CI, 0.46–0.99]; P 5 0.044) but not for indacaterol
300 mg (0.75 [95% CI, 0.51–1.08]; P 5 0.125) or tiotropium (0.70
[95% CI, 0.48–1.03]; P 5 0.070). Rates of exacerbations per
year were 0.50, 0.53, 0.53, and 0.72 for indacaterol 150 mg,
300 mg, tiotropium, and placebo, respectively. With imputation
for patients discontinuing prematurely, these rates increased to
0.95, 0.86, 0.93, and 1.33, respectively, whereas the rate ratios
of exacerbations versus placebo remained similar but not
statistically significant, at 0.71 (P 5 0.185) for indacaterol
150 mg, 0.65 (P 5 0.108) for indacaterol 300 mg, and 0.69
(P 5 0.157) for tiotropium.

Safety

Table 5 shows adverse events and serious adverse events and
the most common examples of each. Three patients died during
study treatment (a sudden death with indacaterol 150 mg in
a patient diagnosed with cardiac failure, a death due to an
unspecified event secondary to arteriosclerosis, and another due
to severe acute bronchopneumonia with tiotropium); none of
the deaths was considered related to treatment by the in-
vestigators.

Within the classification of cardiac disorders, the incidence
of adverse events was 5.7% of patients for the two indacaterol
doses combined and 5.6% for tiotropium, compared with 3.8%
for placebo; these were serious in 1.7, 1.9, and 1.4% of patients
and led to discontinuation of study treatment in 1.4, 1.0, and
1.4%, respectively. Of the adverse events that might be
regarded as typical of their class, tremor was reported in 0.5%

Figure 3. Serial measurements of (a) FEV1 and (b) FVC from 250 min
to 23 hours 45 minutes post dose measured in subset with 12-hour
serial spirometry at Week 26. Data are least squares means 6 SE.
Treatment differences for FEV1: P , 0.05 for indacaterol (both doses)
and tiotropium versus placebo at all time points; P , 0.05 for
indacaterol 300 mg versus tiotropium at 250, 215, and 5 minutes, 2
hours, 4 hours, and 23 hours 10 minutes. Treatment differences for
FVC: P , 0.05 for indacaterol (both doses) and tiotropium versus
placebo at all time points; P , 0.05 for indacaterol 300 mg versus 150 mg
at 2 hours, 4 hours, 23 hours 10 minutes, and 24 hours 45 minutes.

Figure 4. (a) transition dyspnea index (TDI) total score and (b) the
proportions of patients with a clinically important improvement from
baseline in TDI total score (> 1 point) (intention-to-treat population).
Data for TDI total score are least squares means 6 95% confidence
interval. **P , 0.01 and ***P , 0.001 versus placebo; †P , 0.05, ††P <
0.01, and †††P , 0.001 versus tiotropium.
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COPDに対する
LABA（インダカテロール）の効果



Steroid-sparing effects of fluticasone propionate 100 μg 
and salmeterol 50 μg administered twice daily in a single 
product in patients previously controlled with fluticasone 

propionate 250 μg administered twice daily
William Busse, MD,

J Allergy Clin Immunol 2003;111:57-65. 

60 Busse et al J ALLERGY CLIN IMMUNOL
JANUARY 2003

this compared with 7% of the 277 patients assigned to FP
(P = .264; 90% CI, –0.11, 0.058). Of the 155 FP100/sal-
meterol-treated patients and the 153 FP250-treated
patients who were initially randomized to receive study
medication for a total of 24 weeks, 135 and 131, respec-
tively, remained in the study after 12 weeks of treatment.
Within this cohort, only an additional 1% in each group
were withdrawn over weeks 13 to 24 because of worsen-
ing asthma (P = .156; 90% CI, –0.008, 0.103).

Spirometric data. Table III shows that patients treated
with FP100/salmeterol had improvements from baseline
in FEV1 of 0.07 ± 0.01 L and 0.10 ± 0.02 L at the 12- and
24-week endpoints, respectively; this compared with
–0.03 ± 0.01 L and 0 ± 0.02 L in patients treated with
FP250 at the 12- and 24-week endpoints, respectively (P
< .001). However, the differences between treatments
were within the 90% CIs for equivalence.

Patient-recorded data. Baseline and mean change
from baseline values at endpoint for morning and

evening PEF, percent of symptom-free days, percent of
rescue-free days (24-hour period), and daily albuterol use
are shown in Table III. Patients treated with FP100/sal-
meterol had greater improvements than patients treated
with FP250 (P < .001) in morning PEF (Fig 3); these
improvements began within the first week of initiating
treatment. Similarly, patients treated with FP100/salme-
terol had greater improvements from baseline in evening
PEF at the 12- and 24-week endpoints than patients treat-
ed with FP250 (Table III; P ≤ .039). For both morning
and evening PEF, the differences between treatments
were within the 90% CIs for equivalence.

Both treatments resulted in improvements in symptom
scores and symptom-free days (Table III). Likewise, both
treatments resulted in decreased need for supplemental
albuterol (Fig 4). The differences between treatments for
each of these parameters were within the 90% CIs for
equivalence.

Safety
Adverse events. In general, both treatments were well

tolerated, and the incidence of common and pharmaco-
logically predictable adverse events over both the 12-
week and the 24-week study periods were similar for the
2 treatments. Of the 558 patients who were randomized
to the 12-week portion of the study, 50% and 56% of
patients in the FP100/salmeterol and FP250 treatment
groups, respectively, reported 1 or more adverse events.
Of the 266 patients who continued for an additional 12
weeks, 44% of the FP100/salmeterol-treated patients and
47% of the FP250-treated patients reported 1 or more
adverse events. Upper respiratory tract infection was the
most frequently reported adverse event. Drug-related
adverse events occurred in 4% and 5% of patients treat-
ed with FP100/salmeterol and FP250, respectively, dur-
ing weeks 1 through 12 of double-blind treatment and in
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FIG 2. Kaplan-Meier survival curve reflects asthma stability based on predefined criteria for worsening asth-
ma at 12-week endpoint.

TABLE I. Demographics and baseline characteristics

FP 100 µg/
salmeterol bid FP 250 µg bid

Age (y): mean (range) 38 (12-77) 39 (12-72)
Male/female (%/%) 41/59 43/57
Ethnic origin

White 253 (90%) 243 (88%)
Black 14 (5%) 13 (5%)
Asian 2 (<1%) 5 (2%)
American Hispanic 11 (4%) 16 (6%)
Other 1 (<1%) 0

FEV1 (L): mean (SD) 2.74 (0.67) 2.80 (0.70)
FEV1 percent predicted (SD) 80.5 (9.7) 80.9 (9.4)
Percent reproducibility (SD) 6.9 (6.7) 7.6 (7.4)
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<1% and 3% of patients treated with FP100/salmeterol
and FP250, respectively, during weeks 13 through 24. 

Five patients withdrew from double-blind treatment dur-
ing the study because of adverse events. Two events were
considered by the investigator to be related to the study drug
(FP250 group: candidiasis; intermittent shortness of breath).

Exacerbations. The numbers of patients who experi-
enced asthma exacerbations were similar for the 2
treatment groups. During weeks 1 through 12, 3% and
2% of patients treated with FP100/salmeterol and
FP250, respectively, experienced exacerbations (P =
.820). During weeks 13 through 24, 2% of patients
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FIG 3. Mean change from baseline in AM PEF. Patients treated with FP100/salmeterol had 36.7 ± 3.7 L/min
and 45.2 ± 5.9 L/min improvements from baseline in morning PEF at the 12- and 24-week endpoints, respec-
tively, compared with 18.5 ± 3.6 L/min and 32.5 ± 6.8 L/min, respectively, in patients treated with FP250 (P <
.0001, week 12 endpoint). Baseline AM PEF values were 458.0 L/min for FP100/salmeterol and 457.4 L/min for
FP250. Patients treated with FP100/salmeterol had 36.8 ± 3.7 L/min and 49.4 ± 5.9 L/min improvements from
baseline in evening PEF at the 12- and 24-week endpoints, respectively compared with 20.9 ± 3.7 L/min and
31.3 ± 6.2 L/min in patients treated with FP250 (P = .001, weeks 1-12; P = .039, weeks 1-24).

FIG 4. Reduction in albuterol use from baseline. At the 12-week endpoint, treatment with FP100/salmeterol
resulted in a 0.30 ± 0.07 puffs/24 hours reduction in supplemental albuterol compared with a 0.18 ± 0.06
puffs/24 hours reduction after treatment with FP250 (P = .045). At the 24-week endpoint, treatment with
FP100/salmeterol resulted in a 0.43 ± 0.11 puffs/24 hours reduction in supplemental albuterol use compared
with 0.21 ± 0.07 puffs/24 hours reduction after treatment with FP250 (P = .022).
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気管支喘息に対するLABAの効果
ICSにLABAを加えることで
ICSの量を250→100μgへ減量しても
①症状が悪化せず、

②呼吸機能が改善し、

③SABA使用頻度が減った

①

②

③



terol and formoterol. The results of SMART were similar
to the pooled results from smaller studies.

In SMART, which followed 26 000 participants for 6
months, salmeterol compared with placebo was associated
with a 2-fold increase in life-threatening asthma exacerba-
tions and a 4-fold increase in asthma-related deaths (23).
The trial did not provide data on asthma-related hospital-
izations but reported an increase in all-cause hospitalization
in the salmeterol group (4%) compared with the placebo

group (3%) that approached statistical significance. One
limitation of SMART is that patients with COPD were
not excluded from the trial, and deaths from COPD were
included as asthma-related deaths (23). Of note, 2 of the 3
asthma-related deaths in the placebo group were in patients
older than 60 years of age, with 1 death listed as being due
to COPD. In contrast, only 2 of the 13 asthma-related
deaths in the salmeterol group were in patients older than
60 years of age, with 1 considered to be due to COPD. If

Figure 2. Effect of long-acting !-agonists compared with placebo on odds ratio of hospitalizations for asthma exacerbation.

Figure 3. Effect of long-acting !-agonists compared with placebo on odds ratio of life-threatening asthma exacerbations.

SMART ! Salmeterol Multi-center Asthma Research Trial.
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喘息関連死亡OR ＝3.5 (CI, 1.3 to 9.3; P = 0.013). 
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吸入抗コリン薬
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吸入抗コリン薬の禁忌

【禁忌 （次の患者には投与しないこと）】

（1） 閉塞隅角緑内障の患者
［眼内圧を高め、症状を悪化させるおそれがある。］

（2） 前立腺肥大等による排尿障害のある患者
［更に尿を出にくくすることがある。］

（3） アトロピン及びその類縁物質あるいは本剤の成分に対して
過敏症の既往歴のある患者



Tiotropium in Chronic Obstructive Pulmonary Disease

n engl j med 359;15 www.nejm.org october 9, 2008 1551

for 98% of patients in the tiotropium group and 
97% in the placebo group. During a period of  
4 years plus 30 days (1470 days) included in the 
intention-to-treat analysis, 941 patients died: 
14.9% in the tiotropium group and 16.5% in the 
placebo group (hazard ratio, 0.89; 95% CI, 0.79 
to 1.02) (Fig. 3B). For the 4-year, protocol-defined 
study period up to day 1440, among patients for 
whom vital-status information was available, 921 
patients died: 14.4% in the tiotropium group and 
16.3% in the placebo group (hazard ratio, 0.87; 
95% CI, 0.76 to 0.99).

Adverse Events
Safety was monitored through the collection of 
reports of adverse events, serious adverse events, 
and fatal events while patients were receiving a 
study drug (including the last day of a study drug 
plus 30 days). Adverse events were reported by 
92.6% of the tiotropium group and 92.3% of the 
placebo group. The proportions of serious ad-
verse events were 51.6% in the tiotropium group 
and 50.2% in the placebo group. Fatal events oc-
curred in 381 patients (12.8%) in the tiotropium 
group and 411 (13.7%) in the placebo group 
(hazard ratio, 0.84; 95% CI, 0.73 to 0.97).

In the tiotropium group, as compared with 
the placebo group, the most common adverse 
events were due to lower respiratory causes, in-
cluding COPD exacerbations (64.8% and 66.1%, 
respectively; relative risk, 0.84; 95% CI, 0.79 to 
0.89), pneumonia (14.5% and 13.9%; relative risk, 
0.96; 95% CI, 0.84 to 1.10), and dyspnea (12.2% 
and 14.7%; relative risk, 0.75; 95% CI, 0.65 to 
0.86). Respiratory failure developed in 88 patients 
in the tiotropium group and in 120 in the pla-
cebo group (relative risk, 0.67; 95% CI, 0.51 to 
0.89). Myocardial infarction developed in 67 pa-
tients in the tiotropium group and 85 in the 
placebo group (relative risk, 0.73; 95% CI, 0.53 
to 1.00), and stroke developed in 82 in the 
tiotropium group and 80 in the placebo group 
(relative risk, 0.95; 95% CI, 0.70 to 1.29). Adverse 
events consistent with the known safety profile 
of tiotropium, such as dry mouth and constipa-
tion, were observed.22,23

Serious adverse events reported by more than 
1% of patients in either study group were either 
cardiac or respiratory in nature (Table 4). The 
incidence of such serious adverse events was 
lower in the tiotropium group than in the pla-
cebo group, including a reduced risk of conges-

tive heart failure, COPD exacerbation, dyspnea, 
or respiratory failure. Serious adverse events ac-
cording to organ system and adverse events that 
were reported by more than 3% of patients in 
either of the study groups are provided in Sup-
plementary Appendix 8.
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Figure 3. Kaplan–Meier Estimates of the Probability of COPD Exacerbation 
and Death from Any Cause.

Kaplan–Meier curves show the cumulative incidence estimate of the proba-
bility of COPD exacerbation (Panel A) and of death from any cause at day 
1470 for all patients for whom data were available regarding vital status 
(Panel B). The numbers of patients who continued to receive a study drug 
(including those at 30 days after the last dose) are listed for each time point, 
with the study period truncated at 48 months. All patients who received at 
least one dose of a study drug were included in the analysis. P values were 
calculated with use of the log-rank test.
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COPDに対するLAMAの効果

LAMA（チオトロピウム）は
プラセボとの比較で有意に
増悪を抑制できた



Efficacy and safety of NVA237 versus placebo and tiotropium 
in patients with COPD: the GLOW2 study 

Edward Kerwin
NVA237 ＝ glycopyrronium bromide 
Eur Respir J 2012; 40: 1106–1114

Health status
SGRQ total score at week 52 was significantly improved in
patients receiving NVA237 and tiotropium, with a LSM treat-
ment difference versus placebo of -3.32 (95% CI -5.287– -1.346;
p,0.001) for NVA237 and -2.84 (95% CI -5.105– -0.571; p50.014)
for tiotropium (table 2; online supplement fig. S3). A numeri-
cally higher proportion of patients achieved the MCID in total
score (o4 point reduction) [11] with NVA237 (54.3%) and
tiotropium (59.4%) versus placebo (50.8%). The LSM treatment
differences in SGRQ total score for NVA237 and tiotropium
versus placebo were also significant at weeks 12 and 26 (table 2;
online supplement fig. S3).

Exacerbations and rescue medication
NVA237 50 mg q.d. significantly reduced the risk of exacerba-
tions in terms of time to first moderate or severe exacerbation by
34% compared with placebo (hazard ratio (HR) 0.66, 95% CI
0.520–0.850; p50.001; number needed to treat (NNT) 13.27) over
52 weeks (fig. 5). NVA237 demonstrated results comparable to
tiotropium which provided a 39% risk reduction versus placebo
(HR 0.61, 95% CI 0.456–0.821; p50.001; NNT 10.04). A 34%
reduction was observed in the rate of moderate or severe COPD
exacerbations in the NVA237 group compared to placebo (0.54
versus 0.80 per yr; rate ratio 0.66, 95% CI 0.496–0.869; p50.003).
The effect of tiotropium was not significantly different from
placebo (rate ratio 0.80, 95% CI 0.586–1.105; p50.179).

NVA237 50 mg q.d. and tiotropium 18 mg q.d. were comparable
and were both superior to placebo in reducing moderate
exacerbations requiring systemic corticosteroids (NVA237/
placebo OR 0.61, 95% CI 0.434–0.870; p50.006; tiotropium/
placebo OR 0.62, 95% CI 0.413–0.930; p50.021) and those
requiring treatment with antibiotics (NVA237/placebo OR 0.69,
95% CI 0.495–0.957; p50.026; tiotropium/placebo OR 0.65, 95%
CI 0.438–0.949; p50.026).

The use of rescue medication was significantly lower in patients
receiving NVA237 and tiotropium versus those receiving

placebo, with a between group treatment difference of 0.37
puffs per day (p50.039) and 0.63 puffs per day (p50.003),
respectively (table 2).

Safety
The overall incidence of adverse events was similar across the
three treatment groups (NVA237 76.6%, placebo 76.5%, tiotro-
pium 74.2%; table 3). The most frequently reported adverse
event was COPD worsening, seen with a higher frequency in the
placebo group (43.3%) compared to the NVA237 and tiotropium
groups (36.4 and 33.7%, respectively). Anti-muscarinic side-
effects, such as dry mouth, constipation, urinary retention and
urinary tract infections, occurred with a low frequency in the
NVA237, placebo and tiotropium treatment groups.

Serious adverse events occurred with a lower frequency in the
NVA237 group, compared with the tiotropium and placebo
groups (table 3). COPD exacerbation was the most common
serious adverse event, occurring in 6% of placebo patients,
compared to 4.9% of tiotropium and 3.6% of NVA237 patients.
Atrial fibrillation (AF) occurred more frequently in the NVA237
group compared to placebo (four patients (0.8%) versus 0,
respectively); two of the four patients had a co-existing history
of AF and a third patient had a history of cardiac morbidity;
none of the AF events were suspected to be related to the study
medication. The percentage of patients with newly occurring
or worsening clinically notable QTcF values (QT interval
with Fridericia’s correction) was low across treatment groups
(NVA237 4.4%, tiotropium 5.3% and placebo 6%).

Seven deaths were reported during the treatment and the 30-
day follow-up period; three in the NVA237 group (0.6%) and
two each in the placebo (0.7%) and tiotropium groups (0.7%).
None of the deaths was suspected to be related to the study
medication.

DISCUSSION
Results from the GLOW2 study demonstrated that once-daily
NVA237 50 mg is an efficacious and safe LAMA in patients
with COPD over 52 weeks of treatment, and is comparable to
tiotropium, the current gold standard for the treatment of
COPD. Trough FEV1 at day 1 and at weeks 12 (primary end-
point), 26 and 52 with NVA237 was significantly superior
versus placebo. NVA237 also significantly improved dyspnoea
at week 26 (mean treatment difference in TDI focal score: 0.81;
p50.002), health status at week 52 (mean treatment difference
in SGRQ total score: -3.32; p,0.001), and reduced the risk of
moderate-to-severe COPD exacerbations (p50.001) and the use
of rescue medication (p50.039), versus placebo. NVA237 was
well tolerated, and displayed a safety profile comparable to
placebo and tiotropium.

There is evidence to suggest that patients with COPD struggle
to undertake morning activities; symptoms, particularly dys-
pnoea and activity limitation, are most challenging in the
mornings [12]. In the GLOW2 study, NVA237 provided rapid
bronchodilation following the first dose on day 1; FEV1 from
5 min to 4 h post-dose was significantly higher versus placebo at
day 1 and also at weeks 12, 26 and 52 (p,0.001), and versus
tiotropium at day 1 and week 26 (p,0.05). Further, the rapid
bronchodilation produced by NVA237 was sustained over the
24-h period on day 1 and weeks 12, 26 and 52. A rapid onset of
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significantly lower with NVA237 and comparable to tiotro-
pium, versus placebo, at weeks 12 and 52.

COPD exacerbations reduce patients’ health status [15, 16], and
increase the risk of hospitalisation and death [17, 18], and
treatment costs [19]. Furthermore, an association has been
reported between frequency of exacerbations and increased
rate of lung function decline [20, 21]. Hence, prevention of
exacerbations and reduction of future risk should be a
consideration in the management of COPD [2]. In the GLOW2
study, NVA237 reduced the risk of moderate-to-severe COPD
exacerbations in patients with COPD by 34% versus placebo. The
NNT to avoid one moderate-to-severe exacerbation in patients
with COPD over 52 weeks with NVA237 versus placebo was
13.27; it was comparable to the NNT with tiotropium versus
placebo (10.04). It is noteworthy that in the GLOW2 study, a
majority of the patients (.63%) had moderate COPD, and only a
minority (27%) had a baseline history of exacerbations. This
makes the improvement seen in COPD exacerbations more

significant, since it might indicate that the beneficial effects of
NVA237 on exacerbations could apply across a broad COPD
population, not just patients with severe COPD or a history of
frequent exacerbations. It should be noted that the GLOW2
study was not powered to analyse the rate of exacerbations and
the study population was not enriched by recruiting patients
with frequent exacerbations. Also, the lower baseline exacerba-
tion history in patients in the GLOW2 study compared with the
ECLIPSE study, in which 39% of patients with moderate COPD
and 52% of those with severe COPD had one or more
exacerbations during the past year [22], could potentially be
due to different criteria used for defining exacerbations in the
two studies; in the GLOW2 study pre-defined criteria needed to
be met for an event to be classified as an exacerbation, while the
ECLIPSE study had no such criteria.

The safety profile of NVA237 50 mg q.d. observed in the current
study was consistent with the known safety profile of NVA237
and was comparable to the safety profile of tiotropium. Anti-
muscarinic side-effects, such as dry mouth, constipation,
urinary retention and urinary tract infections, occurred with
a low frequency in all treatment groups. Overall, NVA237
50 mg q.d. was generally well tolerated over a longer treatment
period of 52 weeks.

Tiotropium, being the only once-daily LAMA currently available
for COPD, was an appropriate control for the GLOW2 study
since it provides a degree of validation for characterisation to a
well-studied bronchodilator. However, technical difficulties
make it difficult to blind tiotropium in clinical trials: tiotropium
is a hygroscopic powder that cannot be removed from the
commercial capsules (marked with a logo) for repackaging into
unmarked capsules. A potential limitation of the GLOW2 study
was the inability to blind tiotropium treatment, raising the
possibility of bias in comparing the results for NVA237 with
those of tiotropium.

In open-label study designs, there is a possibility that patients
on unblinded active drugs may report more favourable
outcomes because they expect a benefit; previous experience
with the unblinded comparator may also affect their reporting
of subjective efficacy end-points or adverse effects. In the
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COPDに対するLAMAの効果

LAMA（グリコピロニウムとチオトロピウム）はプラセボとの
比較で有意に呼吸機能を改善し、増悪を抑制できた



気管支喘息に対する
LAMA（チオトロピウム）の効果

Tiotropium in Asthma Poorly Controlled 
with Standard Combination Therapy

Huib A.M. Kerstjens, M.D.
n engl j med 367;13 september 27, 2012 

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e
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exacerbation), corresponding to a reduction of 
21% in risk (hazard ratio, 0.79; 95% confidence 
interval [CI], 0.62 to 1.00; P = 0.03) (Fig. 2C). 
(Since less than 50% of the patients had a severe 

exacerbation, the median time to the first severe 
exacerbation cannot be calculated.)

Key Prespecified Secondary End Points
At week 24, there was significant improvement in 
spirometric measurements among patients in the 
tiotropium group, as compared with those in the 
placebo group (Table 2). In a subgroup of pa-
tients in whom 24-hour spirometry was per-
formed, the improvement in FEV1 was main-
tained over the full day (Fig. S1A and S1B in the 
Supplementary Appendix). Improvements in 
peak FEV1 were sustained over the 48-week peri-
od (Fig. S1C and S1D in the Supplementary Ap-
pendix). There were also significantly greater 
improvements in weekly morning and evening 
PEF values in the tiotropium group; these im-
provements were also sustained over the full trial 
period (Fig. S1E through S1H in the Supplemen-
tary Appendix).

In the tiotropium group, 122 of 453 patients 
(26.9%) had at least 1 severe exacerbation, as 
compared with 149 of 454 patients (32.8%) in 
the placebo group (Table S2 in the Supplemen-
tary Appendix). The total number of severe exac-
erbations per patient-year was significantly low-
er in the tiotropium group than in the placebo 
group (0.53 vs. 0.66, P = 0.046) (Table S2 in the 
Supplementary Appendix). There were 16 patients 
hospitalized for asthma in the tiotropium group, 
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Figure 2. Lung Function and Severe Exacerbations.

The mean changes in lung function from baseline to 
24 weeks, as measured by the forced expiratory volume 
in 1 second (FEV1) for 3 hours after the administration 
of the study and maintenance drugs, are shown for 
 trial 1 (Panel A) and trial 2 (Panel B). The baseline FEV1 
was defined as the measurement obtained at random-
ization (visit 2) before the administration of study and 
maintenance medications. At subsequent visits during 
the study period, this measurement was followed im-
mediately by the administration of maintenance and 
study medications. For Panels A and B, 0 hour denotes 
the first measurement, taken between 7 and 10 a.m., 
which was the trough effect of tiotropium or placebo 
administered 24 hours earlier. Panel C shows the cu-
mulative number of severe exacerbations, with a risk 
reduction of 21% (hazard ratio, 0.79; P = 0.03 in pooled 
analysis). One asterisk indicates P<0.05; two asterisks, 
P<0.01; and three asterisks, P<0.001. The I bars repre-
sent standard errors. Data have been adjusted for treat-
ment, study center, visit, baseline measurement, and 
the interactions between treatment and visit and be-
tween baseline values and visit.
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exacerbation), corresponding to a reduction of 
21% in risk (hazard ratio, 0.79; 95% confidence 
interval [CI], 0.62 to 1.00; P = 0.03) (Fig. 2C). 
(Since less than 50% of the patients had a severe 

exacerbation, the median time to the first severe 
exacerbation cannot be calculated.)

Key Prespecified Secondary End Points
At week 24, there was significant improvement in 
spirometric measurements among patients in the 
tiotropium group, as compared with those in the 
placebo group (Table 2). In a subgroup of pa-
tients in whom 24-hour spirometry was per-
formed, the improvement in FEV1 was main-
tained over the full day (Fig. S1A and S1B in the 
Supplementary Appendix). Improvements in 
peak FEV1 were sustained over the 48-week peri-
od (Fig. S1C and S1D in the Supplementary Ap-
pendix). There were also significantly greater 
improvements in weekly morning and evening 
PEF values in the tiotropium group; these im-
provements were also sustained over the full trial 
period (Fig. S1E through S1H in the Supplemen-
tary Appendix).

In the tiotropium group, 122 of 453 patients 
(26.9%) had at least 1 severe exacerbation, as 
compared with 149 of 454 patients (32.8%) in 
the placebo group (Table S2 in the Supplemen-
tary Appendix). The total number of severe exac-
erbations per patient-year was significantly low-
er in the tiotropium group than in the placebo 
group (0.53 vs. 0.66, P = 0.046) (Table S2 in the 
Supplementary Appendix). There were 16 patients 
hospitalized for asthma in the tiotropium group, 
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Figure 2. Lung Function and Severe Exacerbations.

The mean changes in lung function from baseline to 
24 weeks, as measured by the forced expiratory volume 
in 1 second (FEV1) for 3 hours after the administration 
of the study and maintenance drugs, are shown for 
 trial 1 (Panel A) and trial 2 (Panel B). The baseline FEV1 
was defined as the measurement obtained at random-
ization (visit 2) before the administration of study and 
maintenance medications. At subsequent visits during 
the study period, this measurement was followed im-
mediately by the administration of maintenance and 
study medications. For Panels A and B, 0 hour denotes 
the first measurement, taken between 7 and 10 a.m., 
which was the trough effect of tiotropium or placebo 
administered 24 hours earlier. Panel C shows the cu-
mulative number of severe exacerbations, with a risk 
reduction of 21% (hazard ratio, 0.79; P = 0.03 in pooled 
analysis). One asterisk indicates P<0.05; two asterisks, 
P<0.01; and three asterisks, P<0.001. The I bars repre-
sent standard errors. Data have been adjusted for treat-
ment, study center, visit, baseline measurement, and 
the interactions between treatment and visit and be-
tween baseline values and visit.
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exacerbation), corresponding to a reduction of 
21% in risk (hazard ratio, 0.79; 95% confidence 
interval [CI], 0.62 to 1.00; P = 0.03) (Fig. 2C). 
(Since less than 50% of the patients had a severe 

exacerbation, the median time to the first severe 
exacerbation cannot be calculated.)

Key Prespecified Secondary End Points
At week 24, there was significant improvement in 
spirometric measurements among patients in the 
tiotropium group, as compared with those in the 
placebo group (Table 2). In a subgroup of pa-
tients in whom 24-hour spirometry was per-
formed, the improvement in FEV1 was main-
tained over the full day (Fig. S1A and S1B in the 
Supplementary Appendix). Improvements in 
peak FEV1 were sustained over the 48-week peri-
od (Fig. S1C and S1D in the Supplementary Ap-
pendix). There were also significantly greater 
improvements in weekly morning and evening 
PEF values in the tiotropium group; these im-
provements were also sustained over the full trial 
period (Fig. S1E through S1H in the Supplemen-
tary Appendix).

In the tiotropium group, 122 of 453 patients 
(26.9%) had at least 1 severe exacerbation, as 
compared with 149 of 454 patients (32.8%) in 
the placebo group (Table S2 in the Supplemen-
tary Appendix). The total number of severe exac-
erbations per patient-year was significantly low-
er in the tiotropium group than in the placebo 
group (0.53 vs. 0.66, P = 0.046) (Table S2 in the 
Supplementary Appendix). There were 16 patients 
hospitalized for asthma in the tiotropium group, 
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Figure 2. Lung Function and Severe Exacerbations.

The mean changes in lung function from baseline to 
24 weeks, as measured by the forced expiratory volume 
in 1 second (FEV1) for 3 hours after the administration 
of the study and maintenance drugs, are shown for 
 trial 1 (Panel A) and trial 2 (Panel B). The baseline FEV1 
was defined as the measurement obtained at random-
ization (visit 2) before the administration of study and 
maintenance medications. At subsequent visits during 
the study period, this measurement was followed im-
mediately by the administration of maintenance and 
study medications. For Panels A and B, 0 hour denotes 
the first measurement, taken between 7 and 10 a.m., 
which was the trough effect of tiotropium or placebo 
administered 24 hours earlier. Panel C shows the cu-
mulative number of severe exacerbations, with a risk 
reduction of 21% (hazard ratio, 0.79; P = 0.03 in pooled 
analysis). One asterisk indicates P<0.05; two asterisks, 
P<0.01; and three asterisks, P<0.001. The I bars repre-
sent standard errors. Data have been adjusted for treat-
ment, study center, visit, baseline measurement, and 
the interactions between treatment and visit and be-
tween baseline values and visit.

The New England Journal of Medicine 
Downloaded from nejm.org on July 20, 2014. For personal use only. No other uses without permission. 

 Copyright © 2012 Massachusetts Medical Society. All rights reserved. 

1秒量の改善

重症増悪の抑制



合剤で吸入するメリット
相加作用・アドヒアランス向上



ステロイドとβ2刺激薬の相加的作用

Barnes PJ.: Eur Respir J. 19: 182-191, 2002

ステロイドとβ2刺激薬の間では、ステロイドによるβ2受容体の発現が促進すること
およびβ2刺激薬によるステロイド・受容体複合体の核内移行が促進することが推定される

GR : ステロイド受容体
HSP-90 : ヒートショック蛋白-90
PKA : プロテインキナーゼA
c/EBP-α : CCAAT-エンハンサー結合蛋白質-
α
MAPK : マイトジェン活性化プロテインキナーゼ
GRE : グルココルチコイド応答配列

細胞質

結合準備状態

細胞膜

核内へ移行

核

GR
HSP-90

GRE GRE GRE

抗炎症作用の増強

MAPK

cAMP

ステロイド

G蛋白

β2受容体

β2刺激薬

活性化
c/EBP-α

c/EBP-α

c/EBP-α PKA

気管支拡張作用

β2受容体、G蛋白合成の増加

ATP

アデニル酸
シクラーゼ



抗コリン薬とβ2刺激薬の相加的作用

Roux E. et al.: Gen Pharmacol. 31: 349-356, 1998 

抗コリン薬とβ2刺激薬の間では、抗コリン薬によりM3受容体を介したシグナル経路を抑制することで
β2受容体の活性を増強し、 β2刺激薬によりβ2受容体の活性を増強することで

M3受容体のシグナル経路に対し抑制的に作用することが推定される

PKA : プロテインキナーゼA
PKG : プロテインキナーゼG
PLC : ホスホリパーゼC
DAG : ジアシルグリセロール
PKC : プロテインキナーゼC
IP3 : イノシトール三リン酸

P P

ACh M3受容体

G蛋白細胞質

細胞膜

cAMP

PKA/PKG

PLC

DAG IP3

PKC

収 縮

M2受容体

β2受容体

G蛋白

ATP

アデニル酸

シクラーゼ

β2刺激薬

弛 緩



別々に吸入するより合剤のほうがいい

Enhanced synergy between fluticasone propionate and salmeterol inhaled 
from a single inhaler versus separate inhalers 

Harold S. Nelson, MD 

J Allergy Clin Immunol 2003;112:29-36. 

32 Nelson et al J ALLERGY CLIN IMMUNOL
JULY 2003

for other measures. It is suggested that these results are
due to enhanced synergy of fluticasone propionate and
salmeterol caused by codeposition in the airways after
administration from a single inhaler.

Complementary and synergistic actions
There is growing evidence to show that LABAs and

ICSs have complementary and synergistic efficacy, inter-
acting usefully at the molecular, receptor, and cellular lev-
els. With respect to complementary effects, the 2 classes of
compound have very different modes of action, thereby
targeting different aspects of the disease process: airway
inflammation and smooth muscle dysfunction. LABAs
have long-lasting effects on airway smooth muscle, inhib-
it mast cell mediator release, and reduce mucosa edema.
ICSs have potent anti-inflammatory effects and reduce
bronchial hyperreactivity. LABAs and ICSs in combina-

tion are therefore at least additive by virtue of having com-
plementary modes of action and targeting different aspects
of the underlying disease pathophysiology.14

LABAs and corticosteroids have, however, also been
shown to interact at a receptor level. Corticosteroids
increase β2-adrenergic receptor transcription in the
human lung21 and increase the synthesis of respiratory
mucosal β2-receptors at clinical doses.22 In turn,
LABAs, such as salmeterol, have been shown to prime
the inactive glucocorticoid receptor through a phospho-
rylation mechanism, rendering the receptor more sensi-
tive to steroid-dependent activation.23 Recent in vivo
data showing increased glucocorticoid receptor nuclear
translocation when fluticasone propionate is adminis-
tered in combination with salmeterol further support a
synergistic mechanism of action of fluticasone propi-
onate and salmeterol.24

A
sthm

a, rhinitis,
other respiratory

diseases

A B

FIG 2. A, Odds of achieving a greater than 15 L/min improvement in mean morning PEF (amPEF) with com-
bination therapy compared with concurrent therapy (ITT results). B, Odds of achieving a greater than 30
L/min improvement in morning PEF with combination therapy compared with concurrent therapy (ITT
results).

TABLE III. Percentage of patients with an increase in mean morning PEF from baseline of greater than 15 or greater
than 30 L/min (ITT population)

Concurrent Combination

Subjects with morning Subjects with morning
Study n PEF increase, n (%) n PEF increase, n (%) Difference (%)

>15 L/min
Bateman et al15 121* 87 (72) 121 96 (79) 7
Chapman et al16 191 130 (68) 180 135 (75) 7
Aubier et al17 170 106 (62) 167 115 (69) 7
Van den Berg et al18 132 81 (61) 125 87 (70) 9

>30 L/min
Bateman et al15 121 66 (55) 121 75 (62) 7
Chapman et al16 191 89 (47) 180 100 (56) 9
Aubier et al17 170 75 (44) 167 82 (49) 5
Van den Berg et al18 132 48 (36) 125 63 (50) 14

*Two patients from the ITT population had missing data and could not be included in the analysis.
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図1　患者背景と吸入指導日より初回増悪までの期間．（A）吸入手技の習熟度と増悪イベント．21点未満の症例を実線，21
点の症例を点線で示す．p＝0.559と両群間で有意差なし．（B）吸入手技の習熟度と増悪イベント．18点未満の症例を実
線，18点以上の症例を点線で示す．p＝0.492と両群間で有意差なし．（C）性別と増悪イベント．男性を実線，女性を点線
で示す．p＝0.009と女性で有意に増悪イベントが多い．（D）喫煙指数と増悪イベント．喫煙指数450以上を実線，450未
満を点線で示す．p＝0.035と喫煙指数450未満で有意に増悪イベントが多い．（E）デバイス数と増悪イベント．総デバイ
ス数が1個の群を実線，複数個の群を点線で示す．p＝0.015と複数個のデバイスが処方されている群で有意に増悪イベン
トが多い．

9閉塞性肺疾患への吸入療法に影響する背景因子と予後

気管支喘息および慢性閉塞性肺疾患への吸入療法に 影響を及ぼす因子に関する後方視的解析 
角和 珠妃 飯倉 元保 平嶋 純子 鈴木 学 泉 信有 杉山 温人

日呼吸誌 9(1)，2020 

複数のデバイスで吸入するより合剤の方が増悪率が低い



薬剤の到達目標
薬剤を目標部位に到達させるための工夫



粒子径と薬剤到達部位

中枢から末梢の気道まで到達・沈着しやすいと考えられる粒子径は2～3µmである

Aerosol Consensus Statement: Chest. 100: 1106-1109, 1991
田村弦: Pharma Medica. 27: 133-140, 2009 

Aerosol Consensus Statement

●2～5µm : 気道への到達に適した粒子径

●0.8～3µm : 末梢気道から肺実質への
到達に適した粒子径

●<0.8µm : 呼気として排出

Aerosol Consensus Statement 

からの考察

至適な粒子径

●2～3µm : 中枢から末梢の気道への

到達・沈着に優れる

中枢気道

内径2mm以上

末梢気道

第7～8分岐以降
肺胞道まで

内径2mm未満
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DPI・pMDI
メリット・デメリット



uDPI : dry powder inhaler 

upMDI : pressurized metered-dose inhaler

u患者さんの状態、好みによって⾊々デバイス
は必要です。
uいかに必要な部位に薬剤を正確に届けるか。
uいかに⼝腔内、咽喉頭に残らないように吸⼊
するか。



薬剤 剤形 乳糖
刺激

エタノー
ル刺激

カウ
ンター

合剤 粒子径
μm

投与
回数

投与量
調節幅

フルタイド DPI
pMDI

有
無

無
有

小○
×

× 5.2
2.8

2回 ○

パルミコート DPI 無 無 △
×より

× 2.6 2回 ○

アズマネックス DPI 少 無 ○ × 2.0 2回 ○

キュバール pMDI 無 有 × × 1.1 2回 ○

オルベスコ pMDI 無 有 × × 1.1 1〜２
回

○

アドエア DPI
pMDI

有
無

無
無

小○
小○

○ 4.4
3.1

2回 ×

レルベア DPI 有 無 大○ ○ 4.2 1回 ×

フルティフォーム pMDI 無 少 ○ ○ 2.1 2回 ○

シムビコート DPI 少 無 △ ○ 2.4 2回 ○

特 集 気管⽀喘息診療の進歩 2014 ⽇呼吸誌 3(2)，2014より改編



アレルギー 53(5), 502-507, 2004

安定期喘息患者におけるpMDIとDPIによるサルブタモールの気管支拡張効果の比較

患者さんによってpMDIとDPIで吸入効率に差が出ることがある



1. pMDIは早く､強く吸入してしまうと肺内に届かず口腔・咽喉頭副
作用の原因になる。

2. 吸入前の息吐き時に完全に吐ききってしまうと強く吸い過ぎる原
因になる。

3. 「ほー」と言う時の口、舌の形にすると舌根が低下して口腔内か
ら咽頭までスムースに薬剤が入る。

4. 顎をあげて口腔→咽頭後壁→喉頭までの角度を緩くする。

5. スプレーの向きに注意。
6. 肩の力を抜いて、慌てずに、ゆっくり4-5秒かけて吸いましょうと

声かけする。
7. デバイスの進化でスペーサーのいらないものもある。

pMDI吸入のコツ

藤田医科大学 堀口高彦教授



吸入スピードによ
る肺内薬物沈着
の違い

uThe effect of aerosol 
distribution on airway 
responsiveness to inhaled 
methacholine in patients with 
asthma

uBeth L. Laube, Allergy Clin 
Immunol. 1992 
Feb;89(2):510-8.

514 Laube et al. J. ALLERGY CLIN. IMMUNOL. 
FEBRUARY 1992 

TABLE II. I: 0 ratio 

6 

FIG. 1. Gamma-camera images of anterior lungs and 
trachea of one patient with asthma (No. 9). A, After 
slow inspiration of the radioaerosol. B, After rapid inspi- 
ration of radioaerosol. Left lung appears on right side of 
image and right lung appears on left side of image. Ac- 
tivity in stomach (region located below leftlung) indicates 
aerosol initially deposited in oropharynx and swallowed. 
Aerosol deposition appears most nonuniformly distrib- 
uted with hot spots of focal deposition after rapid inspi- 
ration. 

ception of patient No. 5, the baseline FEV, and FVC 
measurements for the 2 study days were within 
& lo%, indicating stable baseline airway caliber. 

Gamma-camera images are illustrated in Fig. 1, A 
and B, of the anterior chest of one of the patients with 
asthma (No. 9) after slow inspiration and rapid in- 

Target inspiratory 
flow rate 

Pt,No. 60 Llmin 12 Llmin 

1 
2 
3 
4 
5 
6 
7 
8 
9 
x 

SD 

Pt. Patient. 

2.56 1.91 
2.13 1.94 
3.47 1.87 
3.34 1.66 
2.93 2.21 
3.74 1.91 
2.67 1.66 
2.64 2.17 
2.74 1.23 
2.91 1.84 
0.51 0.30 

spiration of the radioaerosol. Qualitatively, aerosol 
distribution within the lungs appeared more hetero- 
geneous, with regional areas of higher label density 
after the rapid inspiratory maneuver than after slow 
inhalation. 

Values for the I:0 ratio for each of the patients 
during rapid and slow inspiration of radioaerosol are 
presented in Table II. During the rapid inspiration 
maneuver, aerosol deposition in the inner zone of the 
right lung was significantly increased with less pen- 
etration of aerosol to the lung periphery compared to 
slow aerosol inspiration. Mean ( ? SD) I: 0 ratio was 
2.91 + 0.5 1 during rapid inspiration compared to 
1.84 + 0.30 during slow inspiration (p < 0.001). 

Values of skew and kurtosis for each of the patients 
during rapid and slow inspiration of radioaerosol are 
presented in Table III. Statistical analysis of skew and 
kurtosis values demonstrated that during the rapid in- 
spiratory maneuver, aerosol-distribution heterogeneity 
on a per pixel basis was significantly enhanced com- 
pared to slow aerosol inspiration. Mean skew and 
kurtosis were 1.12 ? 0.35 and 3.86 ‘-c 1.25, re- 
spectively, during rapid inhalation compared to 
0.74 * 0.36 and 2.64 & 0.77 during slow inspira- 
tion (p < 0.01). 

The quantity of radioaerosol deposited in the lungs 
and trachea during the rapid inspiratory maneuver 
ranged from 2.1 to 9.5 p,l with a mean of 5.1 & 3.0 
~1. During slow inspiration, the deposited quantity 
ranged from 2.2 to 9.5 ~1 with a mean of 5.2 ? 2.3 
~1. Although the amount deposited was reduced in 
619 patients during rapid inspiration compared to slow 
inspiration, mean values were not significantly dif- 
ferent . 

Methacholine PDsO in terms of cumulative breath 

ゆっくり吸入

速く吸入



スペーサー

• スペーサーを使用すると噴霧薬剤の大きな粒子はスペーサー内に
落ちて、小さい粒子を吸入できる。

• スペーサーの中には、1回につき一度だけ噴射する。
• 強く吸い過ぎを防ぐためホイッスル付きのスペーサーがある。
• 週に一度はスペーサーを洗う。
• 静電気帯電と濡れたままでの使用は吸入可能な薬剤が少なくなっ

てしまう。

喘息治療管理料２
別に厚生労働大臣が定める基準を満たす保険医療機関において、入院中の患者以外の喘息の患者（６歳未満又
は65歳以上のものに限る。）であって、吸入ステロイド薬を服用する際に吸入補助器具を必要とするものに 対して、
吸入補助器具を用いた服薬指導等を行った場合に、初回に限り算定す る。



1. DPIは早く､強く吸入して薬剤を自分の力で吸入する必要
がある。

2. デバイスによって必要な吸入力、吸入速度が異なる。
3. タービュヘイラーは薬剤粒子を小さくするのに強く、速く吸

入する必要がある。
4. 添加物に乳糖が使用されているデバイスは吸入後に甘み

を感じて吸入できたことが確認できる。
5. 乳糖添加の薬剤では牛乳に強いアレルギー発作を起こす

人は選択できない。
6. デバイス内に息を吹き込んでしまうと薬剤が湿気を帯びて

吸入できなくなるので注意が必要。

DPI吸入のコツ



吸入練習用器具
ホイッスル
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ると，その流量を維持するが，指定流量を維持している
間の前と後の各々1/6 を除いた中央 2/3 部分における吸
引圧の平均値を自動的に測定した．その後，各指定流量
における吸気抵抗（＝吸引圧/吸引流量）を計算で求め
た．1薬剤につき 3個のデバイスを用い，デバイスごと
に各流量で 10 回，つまり 1薬剤につき各流量で 30 回吸
引圧を測定し，各流量における各デバイスの吸気抵抗を
算出した．
DPIデバイスとしては，LAMAであるチオトロピウム

（tiotropium，スピリーバⓇハンディヘラーⓇ），グリコピ
ロニウム（glycopyrronium，シーブリⓇブリーズヘラーⓇ），
アクリジニウム（acridinium，エクリラⓇジェヌエアⓇ）
を，LABAであるサルメテロール（salmeterol，セレベ
ントⓇディスカスⓇ），インダカテロール（indacaterol，オ
ンブレスⓇブリーズヘラーⓇ），ホルモテロール（formoter-
ol，オーキシスⓇタービュヘイラーⓇ）を，LAMA/LABA
配合剤であるグリコピロニウム/インダカテロール（ウル
ティブロⓇブリーズヘラーⓇ）とウメクリジニウム/ビラン
テロール（umeclidinium/vilanterol，アノーロⓇエリプ
タⓇ）を対象とした．
各デバイスから薬剤を除去し，薬剤のない状態におけ

る吸気抵抗を算出した．なお，ブリーズヘラーとハン
ディヘラーの場合には，薬剤を除去したカプセルを装着
した状態で吸気抵抗を算出した．さらに，ディスカスと
ハンディヘラー，タービュヘイラー用のアダプタをイン
チェックに装着した際の吸気抵抗も同様に算出した．

成　　績

表 1に，各DPIデバイスならびにアダプタを装着した
インチェックの各吸引流量における吸引圧（平均±標準
偏差）を示した．吸引圧を横軸に，吸引流量を縦軸にプ
ロットとすると，吸引流量は放物線様の曲線を示した．1 

L/s の吸引流量を確保するためには，ブリーズヘラーで
は約12 cmH2O，エリプタとディスカスでは約25 cmH2O，
ジェヌエアとタービュヘイラーでは約 37 cmH2O，そし
てハンディヘラーでは約 86 cmH2O の吸引圧が必要であ
り，同じ吸引流量を確保するための吸引圧に大きな差が
存在することが示された．
図 2に各吸引流量におけるすべてのDPI，ならびに各

アダプタを装着したインチェックの吸気抵抗を示した．
図 2に示したように，すべてのデバイスにおいて，吸引
流量が増加するとともに吸気抵抗が増加した．ハンディ
ヘラーが最も高い吸気抵抗を示し，FVSで吸引したにも
かかわらず 2 L/s の吸引流量を発生させることができな
かった．次に吸気抵抗が高いデバイスはジェヌエアと

表 1　DPI デバイスとインチェック用アダプタの各吸引流量における吸引圧＊

吸引流量（L/s）
0.10 0.50 1.0 1.5 2.0

DPI デバイス

吸引圧（cmH2O）

ディスカス 0.38±0.01 6.68±0.35 23.69±0.99 49.44±2.30 80.60±4.74
ブリーズヘラー 0.20±0.02 3.29±0.03 12.40±0.09 26.95±0.21 46.45±0.39
タービュヘイラー 0.41±0.01 10.15±0.31 37.23±0.48 76.36±1.38 117.05±1.96
ハンディヘラー 1.07±0.05 25.04±0.97 85.93±1.16 148.89±2.56 測定不可
ジェヌエア 0.49±0.03 9.95±0.60 37.09±2.48 77.23±6.15 118.97±7.02
エリプタ 0.32±0.04 7.09±0.22 26.54±0.62 55.85±1.28 91.76±2.32
インチェック用アダプタ

吸引圧（cmH2O）
ディスカス 0.26±0.01 4.91±0.08 16.24±1.73 36.72±0.76 53.64±1.33
タービュヘイラー 0.55±0.01 11.92±0.33 37.38±0.60 77.65±1.58 121.00±1.94
ハンディヘラー 1.04±0.02 21.26±0.92 73.40±1.64 134.70±0.75 測定不能

＊mean±SD．

吸
気
抵
抗
（
cm
H
2O
/L
/s
）

図 2　ブリーズヘラーⓇ，エリプタⓇ，ディスカスⓇ，ジェ
ヌエアⓇ，タービュヘイラーⓇ，ハンディヘラーⓇの吸引
流量と吸気抵抗の関係．破線は，同色のデバイス用ア
ダプタを装着したインチェックの関係．
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ドライパウダー吸入器の吸気抵抗 



新規ドライパウダー吸入器の性能 田村 弦 日呼吸誌 4(3)，2015 
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空気動力学的中央粒子径（mass median aerodynamic diameter）



患者さんの基礎疾患により
吸入力が低下します



PEF（呼気）とPIF（吸気）の関連

アレルギー 51(7), 544-551, 2002

患者さんの基礎疾患による呼吸機能低下で吸入力が低下する



吸入指導の進め方

「喘息予防・管理ガイドライン2018」作成委員作成、 喘息予防・管理ガイドライン2018（協和企画）、 p123、 2018.

デバイスの選択と吸入指導

再指導

吸入薬による治療方針の決定

コントロールは良好か？

治療の継続またはステップダウン

YesYes

No

治療のステップアップ

吸入手技は正しいか？
服薬アドヒアランスは良好か？

No



まとめ

u 感染対策に留意しながら安全に､有効な吸入指導をお願いいたします。

u 呼吸器疾患における吸入療法・吸入指導は治療の根幹をなします。

u 気管支喘息、COPD、ACO、それぞれの患者像を理解して指導してい

くことも有効です。

u 薬剤の種類、各種デバイス、DPI、pMDI､それぞれの特性をよく理解し
て指導することが重要です。

u 患者さんが陥りやすい誤解、失敗しやすいポイントを押さえた効率的
な指導を目指しましょう。


