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Introduction�
ARDSはCommonであり、相当な罹患率と
関係しており、しばしば致死的であるため、
公衆衛⽣上の重⼤な問題である 

 
にもかかわらず、限られた治療オプション
しかなく、⼈⼯呼吸器管理がその補助的治
療の要となっている 
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Introduction �

⼈⼯呼吸管理は肺障害を起こしうる（VILI） 
 

少しでもVILIを緩和できるような換気戦略や
補助的な処置の研究が⾏われている 
 

ARDSはしばしば⾒落とされ、処置がなされ
ていないことがある 
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このガイドラインの⽬的�
ARDS患者の換気戦略や関連した処置に関す
るエビデンスを分析し、これらの処置に基
づいた治療の推奨を提⽰すること�
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①  4­8ml/kg の低換気量、プラトー圧
≦30cmH2Oの低吸気圧で⼈⼯呼吸器管理
を⾏う（moderate quality） 

②  重症ARDS患者は、12時間以上/⽇の   
腹臥位で管理する(moderate-high quality) 

このガイドラインの要旨①�
Strong Recommendation �

①  中等症から重症のARDS患者においても、
⾼頻度振動換気のルーチン使⽤は控える
(moderate-high quality) 

Strong Recommendation �
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このガイドラインの要旨②�

①  中等症から重症のARDS患者において、 
⾼PEEP管理を⾏う(moderate quality) 

②  中等症から重症のARDS患者において、
Recruitment maneuverを⾏う(Low-
moderate quality) 

Conditional（条件次第）�

重症ARDS患者におけるECMO使⽤に対する
確実な推奨を出すためにはさらなるエビデン
スが必要�

未確定�
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ガイドライン作成の流れ�

•  委員会構成（2013年〜） 
•  機密性合意とCOIマネジメント 
•  臨床疑問（CQ）の制定 
•  ⽂献検索 
•  エビデンスの分析 
•  推奨の作成�
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委員会の構成員�
•  臨床疫学者（Clinical epidemiologist） 
•  臨床試験者（Clinical trialist） 
•  ⽣理学者（physiologist） 
•  ⽅法論学者（methodologist） 
•  ARDSからの⽣存者 

•  これらの構成員はATS、ESICM、SCCMを
代表している 
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⽂献検索�
•  AMSTAR (A Measurement Tool to Assess 

Systematic Reviews) checklist を⽤いた 
•  システマティックレビューの最も古いものか

ら、2016年8⽉までの⽂献を検索 
具体的には下記を検索した 
•  MEDLINE 
•  EMBASE 
•  Cochrane Registry of  Controlled Trials  
•  OvidSP 
•  EBSCOHost 
•  Thomson Reuters   
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Grade approach �
•  EvidenceのまとめはGRADE approachに

従った 
以下を考慮した 
•  Evidenceの質 
•  介⼊による利点・⽋点のバランス 
•  患者の価値観や好みの想定 
•  処置に関係する者(stakeholders)の忍容性 
•  臨床的な実現可能性 
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•  Gradeを下げる要因 
 研究の限界（Risk of  Bias） 
 ⾮⼀貫性 
 ⾮直接性 
 不正確さ 
 出版バイアス 
•  Gradeを上げる要因 
 効果の程度（関連性） 
 交絡因⼦のための過⼩評価 
 容量勾配反応 
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推奨�
•  Strong    → “We recommend 〜 .” 
•  Conditional  → “We suggest 〜.” 

Confidence in effect 
 

High  ­ Moderate ­ Low ­ Very Low�
 
 
�
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Clinical Questions �
「ARDSの患者は低換気・低吸気圧を⽤いた  

 ⼈⼯呼吸器管理を受けるべきか？」�

「ARDSの患者に⾼頻度振動換気を⾏うべき？」�

「ARDSの患者は腹臥位で管理するべきか？」�

「ARDSの患者は⾼PEEPで管理するべきか？」�

「ARDSの患者にリクルートメント・    
マニューバー(RM)を⾏うべきか？」�

「ARDSの患者にECMO管理を⾏うべきか？」�
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Question 1�

4­8ml/kg の低換気量、プラトー圧≦30cmH2O
の低吸気圧で⼈⼯呼吸器管理を⾏う 

（moderate quality） 

Strong Recommendation �

「ARDSの患者は低換気・低吸気圧を⽤いた  
 ⼈⼯呼吸器管理を受けるべきか？」�
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LTV群�
1回換気量4­8ml/kg PBW�

+�
プラトー圧≦30mmH2O�

Usual群 
1回換気量10­15ml/kg �

死亡率（RR：0.87、95% CI:0.70­1.08）、 
圧外傷、無⼈⼯呼吸器期間に有意差なし 

9つのRCT（1629 名の患者）�

どうしてStrong 
Recommendation?? �
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死亡率に有意差有り 
（RR:0.80、95% CI：0.66­0.98）�

さらにLTV＋High PEEP群とLTVのみ群を⽐較�

死亡率に明らかな有意差有り 
（RR:0.58、95% CI：0.41­0.82）�

最初の結果はHigh PEEPと組み合わせた2つの 
研究を除いた7つのRCTを解析したもの 
 

LTV+High PEEPと通常治療を⽐較した2つのRCT
も含めた9つのRCTを解析�
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4­8ml/kg の低換気量、プラトー圧≦30cmH2O
の低吸気圧で⼈⼯呼吸器管理を⾏う 

(moderate quality) 

Strong Recommendation �
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Future research opportunities �
•  ARDS患者における⾃発呼吸の利益と害について

はまだよくわかっていない 
•  ⾃発呼吸は、酸素化を改善し、より均⼀な換気が

⾏え、鎮静の必要量を下げ、⼈⼯呼吸器関連横隔
膜機能不全のリスクを下げる可能性がある 

•  しかし、早期の重症ARDS患者において、⾃発呼
吸を制限することは、VILIのリスクを下げ、死亡
率を低下させるとの報告もある�

Curr Opin Anaesthesiol 2012;25:148–155.�

Yoshida T, et al. Crit Care Med 2012;40:1578–1585.�
Yoshida T, et al. Crit Care Med 2013;41:536–545.�

Papazian L, et al. N Engl J Med 2010;363:1107–1116.�
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Future research opportunities �
•  観察研究では、TVやプラトー圧をより下げ

た⽅が死亡率を改善することが⽰されている
ものの、それを確かめる前向きRCTが必要で
ある 

•  最近では、RCTの個別データを⽤いた解析に
より、driving pressure（プラトー圧ー
PEEP）が、TVやプラトー圧よりも予後規定
因⼦であったという報告があり、こちらも前
向きに確かめられる必要がある�

Needham DM, et al. BMJ 2012;344:e2124.�
Hager DN, et al. Am J Respir Crit Care Med 2005;172:1241–1245.�

Amato MBP, et al. N Engl J Med 2015;372:747–755.�
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当院での⽅針�

•  1回換気量とプラトー圧については当然守
られるべきである 

•  本ガイドラインでは、筋弛緩薬の記載につ
いてはなく、⾃発呼吸の弊害についてはま
だわからないというスタンス 

•  当院では、重症ARDS患者（P/F<150）に
おいては、経肺圧の観点から、⾃発呼吸が
強くTVを制限できない場合、筋弛緩薬を使
⽤する 
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Question 2�
「ARDSの患者は腹臥位で管理するべきか？」�

重症ARDS患者は、12時間以上/⽇の 
腹臥位で管理する 

(moderate-high quality) 

Strong Recommendation �
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8つのRCT（2129名の患者）�

仰臥位と腹臥位で死亡率に差はない！ 
（RR：0.84、95% CI：0.68­1.04） 

どうしてStrong 
Recommendation?? �
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Prespecified subgroup analysis 
 

腹臥位の時間�

ARDSの重症度�

LTV換気�

12時間以上の仰臥位 
で死亡率が改善 
5つのRCT(1002名) 

（RR:0.84、95% CI:0.68­1.04） 

中等症〜重症ARDS 
で死亡率が改善 
5つのRCT(1006名) 

（RR:0.74、95% CI:0.54­0.99） 
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腹臥位の合併症�

不慣れな施設では有害事象のリスクが  
上がる可能性あり 
�

気管チューブの閉塞 
3つのRCT(1594名) 

（RR:1.76、95% CI:1.24­2.50）�

褥瘡 
3つのRCT(1109名) 

（RR:1.22、95% CI:1.06­1.41）�
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話し合い�
•  サブグループ解析であること、単⼀施設の影響が

⼤きいこと、有害事象もあること、鎮静薬使⽤の
増加、体動の制限もあることから⼀部委員は
Strong Recommendationにすることに反対した 

•  しかし、死亡率の改善という優れた結果と褥瘡や
気管チューブ閉塞といった軽度の合併症のバラン
スを考慮し、Strong recommendationとした 

 

•  中等症ARDSに関しては、利点・⽋点のバランス
から 推奨より外された�
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重症ARDS患者は、12時間以上/⽇の 
腹臥位で管理する 

(moderate-high quality) 

Strong Recommendation �
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N Engl J Med 2013;368:2159-68.�

PROSEVA trial�
PaO2/FiO2≦150の重症ARDS�
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28⽇死亡率�

Low tidal strategy+筋弛緩�
＋�

1⽇16時間以上の腹臥位療法�

腹臥位�
16.0%�
仰臥位�
32.8%�

N Engl J Med 2013;368:2159-68.�
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当院での⽅針�

•  当院では、医師、看護師、理学療法⼠で、
腹臥位ワーキンググループを⽴ち上げ、腹
臥位療法を導⼊した 

•  PROSEVA trialのプロトコールに準拠し、重
症ARDS患者（P/F<150）に対しては、積
極的に⻑時間の腹臥位療法を⾏っていく 
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Question 3�
「ARDSの患者に⾼頻度振動換気を⾏うべき？」�

中等症から重症のARDS患者においても、
⾼頻度振動換気のルーチン使⽤は控える 

(moderate-high quality) 

Strong Recommendation �
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6つのRCT（1715名の患者）�

⾼頻度振動換気は死亡率を改善しない！�
（RR:1.14、95% CI:0.88­1.48） 

24時間後の酸素化に 
有意差なし 

5つのRCT(1583名) 
（10mmHg⾼い、95% CI:

­16~27mmHg）�

24時間後のCO2分圧に
有意差なし 

5つのRCT(1591名) 
（1mmHg⾼い、95% CI:­3〜

5mmHg）�

圧損傷に有意差なし 
2つのRCT(673名) 

（RR:1.15、95% CI:0.61­2.17）�
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HFOV群�
273名�

LTV+High PEEP群 
275名�

⼊院中死亡率が有意に上昇した 
47% v.s. 35% 

（RR:1.33、95% CI:1.09­1.64）�
N Engl J Med 2013;368:795–805.  
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中等症から重症のARDS患者においても、
⾼頻度振動換気のルーチン使⽤は控える 

(moderate-high quality) 

Strong Recommendation �
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Question 4�
「ARDSの患者は⾼PEEPで管理するべきか？」�

中等症から重症のARDS患者において、     
⾼PEEP管理を⾏う      (moderate quality) 

Conditional（条件次第）�
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背景：⾼PEEP管理の功罪�

メリット 
 

肺胞リクルートメント 
肺への緊張の軽減 
無気肺損傷を防ぐ 

 

デメリット 
 

呼気終末の肺胞の進展過剰 
肺内シャントの増加 

死腔の増加 
肺⾎管抵抗の上昇 

適切なPEEP Levelはわかっていない 
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8つのRCT（2728名の患者）�
Lower PEEP群でLTVをしていない2つを除
外した6つのRCTでのPrimary Analysis�

High PEEPは死亡率を改善しない 
6つのRCT(2580名) �

（RR:0.91、95% CI:0.80­1.03） 

酸素化(P/F)は上昇する 
6つのRCT(2580名) �

（61mmHg⾼い、95% CI:46­77mmHg） 
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3つの⼤規模RCTのIPDMA�

Higher PEEP群�
1136名�

Lower PEEP群 
1163名�

院内死亡率に有意差なし 
32.9% v.s. 35.2% 

（RR:0.94、95% CI:0.86­1.04）�
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PROTECTING LUNGS FROM VENTI-
lation-induced injury is an im-
portant principle in the man-
agement of patients with acute

lung injury or acute respiratory distress
syndrome (ARDS). Although the criti-
cal care community has generally en-
dorsed lower tidal volumes and inspira-
tory pressures, the optimal level of
positive end-expiratory pressure (PEEP)
remains unestablished.1,2 Experimental
data suggest that PEEP levels exceed-
ing traditional values of 5 to 12 cm H2O
can minimize cyclical alveolar collapse
and corresponding shearing injury to the
lungs in patients with considerable
edema and alveolar collapse.3-5 For pa-
tients with relatively mild acute lung in-

jury, however, potential adverse conse-
quences of higher PEEP levels, including
circulatory depression6 or lung overdis-
tension,7 may outweigh the benefits. Sev-
eral multicenter, randomized trials test-
ing the incremental effect of higher levelsSee also p 883 and Patient Page.

Author Affiliations are listed at the end of this article.
Corresponding Author: Maureen Meade, MD, MSc,
Department of Clinical Epidemiology and Biostatis-
tics, Room 2C12, 1200 Main St W, Hamilton, ON L8N
3Z5, Canada (meadema@hhsc.ca).
Caring for the Critically Ill Patient Section Editor: Derek
C. Angus, MD, MPH, Contributing Editor, JAMA
(angusdc@upmc.edu).

Context Trials comparing higher vs lower levels of positive end-expiratory pressure
(PEEP) in adults with acute lung injury or acute respiratory distress syndrome (ARDS)
have been underpowered to detect small but potentially important effects on mortal-
ity or to explore subgroup differences.

Objectives To evaluate the association of higher vs lower PEEP with patient-
important outcomes in adults with acute lung injury or ARDS who are receiving ven-
tilation with low tidal volumes and to investigate whether these associations differ across
prespecified subgroups.

Data Sources Search of MEDLINE, EMBASE, and Cochrane Central Register of Con-
trolled Trials (1996-January 2010) plus a hand search of conference proceedings (2004-
January 2010).

Study Selection Two reviewers independently screened articles to identify studies
randomly assigning adults with acute lung injury or ARDS to treatment with higher vs
lower PEEP (with low tidal volume ventilation) and also reporting mortality.

Data Extraction Data from 2299 individual patients in 3 trials were analyzed using
uniform outcome definitions. Prespecified effect modifiers were tested using multi-
variable hierarchical regression, adjusting for important prognostic factors and clus-
tering effects.

Results There were 374 hospital deaths in 1136 patients (32.9%) assigned to
treatment with higher PEEP and 409 hospital deaths in 1163 patients (35.2%)
assigned to lower PEEP (adjusted relative risk [RR], 0.94; 95% confidence interval
[CI], 0.86-1.04; P=.25). Treatment effects varied with the presence or absence of
ARDS, defined by a value of 200 mm Hg or less for the ratio of partial pressure of
oxygen to fraction of inspired oxygen concentration (P=.02 for interaction). In
patients with ARDS (n=1892), there were 324 hospital deaths (34.1%) in the
higher PEEP group and 368 (39.1%) in the lower PEEP group (adjusted RR, 0.90;
95% CI, 0.81-1.00; P=.049); in patients without ARDS (n=404), there were 50
hospital deaths (27.2%) in the higher PEEP group and 44 (19.4%) in the lower
PEEP group (adjusted RR, 1.37; 95% CI, 0.98-1.92; P=.07). Rates of pneumotho-
rax and vasopressor use were similar.

Conclusions Treatment with higher vs lower levels of PEEP was not associated with
improved hospital survival. However, higher levels were associated with improved sur-
vival among the subgroup of patients with ARDS.
JAMA. 2010;303(9):865-873 www.jama.com

©2010 American Medical Association. All rights reserved. (Reprinted) JAMA, March 3, 2010—Vol 303, No. 9 865

Downloaded From: http://jama.jamanetwork.com/ by TOKYO BAY MEDICAL CTR, jun kataoka on 04/23/2016
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P/F≦200に限ると�
院内死亡率に有意差あり 

34.1% v.s. 39.1% 
（RR:0.90、95% CI:0.81­1.00）�

IPDMAは従来のメタアナリシスより有⽤ 
→本研究を重視し、Recommendationを作成�
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3つのRCTの詳細�
ALVEOLI 

2004�
LOVS 
2008 �

ExPress 
2008�

対象患者� P/F≦300 
273 vs 276�

P/F≦250 
508 vs 475�

P/F≦300 
382 vs 385�

介⼊� FiO2によって決め
られるhigh PEEP�

FiO2によって決めら
れるhigh PEEP�
プラトー圧≦40�

プラトー圧が28〜30
になるような最⼤
PEEP�

⽐較� FiO2によって決め
られるlow PEEP�

FiO2によって決めら
れるlow PEEP�

酸素化の⽬標が達成
される5〜9のPEEP�

介⼊初⽇
のPEEP�

8.9 vs 14.7 
(p<0.01) �

10.1 vs 15.6 
(p<0.001) �

7.1 vs 14.6 
(p<0.001) �

院内 
死亡率�

24.9% vs 27.5% 
8p=0.48) �

40.4% vs 36.4% 
(p=0.19) �

39.0% vs 35.4% 
(p=0.31) �

⾮⼈⼯ 
呼吸器 

使⽤⽇数
(28⽇間) �

14.5⽇ vs 13.8⽇ 
(p=0.5) �

10⽇ vs 10⽇ 
(p=0.92) �

3⽇ vs 7⽇ (p=0.04) �
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HighervsLowerPositiveEnd-ExpiratoryPressure
in Patients With Acute Lung Injury
and Acute Respiratory Distress Syndrome
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PROTECTING LUNGS FROM VENTI-
lation-induced injury is an im-
portant principle in the man-
agement of patients with acute

lung injury or acute respiratory distress
syndrome (ARDS). Although the criti-
cal care community has generally en-
dorsed lower tidal volumes and inspira-
tory pressures, the optimal level of
positive end-expiratory pressure (PEEP)
remains unestablished.1,2 Experimental
data suggest that PEEP levels exceed-
ing traditional values of 5 to 12 cm H2O
can minimize cyclical alveolar collapse
and corresponding shearing injury to the
lungs in patients with considerable
edema and alveolar collapse.3-5 For pa-
tients with relatively mild acute lung in-

jury, however, potential adverse conse-
quences of higher PEEP levels, including
circulatory depression6 or lung overdis-
tension,7 may outweigh the benefits. Sev-
eral multicenter, randomized trials test-
ing the incremental effect of higher levelsSee also p 883 and Patient Page.
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Corresponding Author: Maureen Meade, MD, MSc,
Department of Clinical Epidemiology and Biostatis-
tics, Room 2C12, 1200 Main St W, Hamilton, ON L8N
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Context Trials comparing higher vs lower levels of positive end-expiratory pressure
(PEEP) in adults with acute lung injury or acute respiratory distress syndrome (ARDS)
have been underpowered to detect small but potentially important effects on mortal-
ity or to explore subgroup differences.

Objectives To evaluate the association of higher vs lower PEEP with patient-
important outcomes in adults with acute lung injury or ARDS who are receiving ven-
tilation with low tidal volumes and to investigate whether these associations differ across
prespecified subgroups.

Data Sources Search of MEDLINE, EMBASE, and Cochrane Central Register of Con-
trolled Trials (1996-January 2010) plus a hand search of conference proceedings (2004-
January 2010).

Study Selection Two reviewers independently screened articles to identify studies
randomly assigning adults with acute lung injury or ARDS to treatment with higher vs
lower PEEP (with low tidal volume ventilation) and also reporting mortality.

Data Extraction Data from 2299 individual patients in 3 trials were analyzed using
uniform outcome definitions. Prespecified effect modifiers were tested using multi-
variable hierarchical regression, adjusting for important prognostic factors and clus-
tering effects.

Results There were 374 hospital deaths in 1136 patients (32.9%) assigned to
treatment with higher PEEP and 409 hospital deaths in 1163 patients (35.2%)
assigned to lower PEEP (adjusted relative risk [RR], 0.94; 95% confidence interval
[CI], 0.86-1.04; P=.25). Treatment effects varied with the presence or absence of
ARDS, defined by a value of 200 mm Hg or less for the ratio of partial pressure of
oxygen to fraction of inspired oxygen concentration (P=.02 for interaction). In
patients with ARDS (n=1892), there were 324 hospital deaths (34.1%) in the
higher PEEP group and 368 (39.1%) in the lower PEEP group (adjusted RR, 0.90;
95% CI, 0.81-1.00; P=.049); in patients without ARDS (n=404), there were 50
hospital deaths (27.2%) in the higher PEEP group and 44 (19.4%) in the lower
PEEP group (adjusted RR, 1.37; 95% CI, 0.98-1.92; P=.07). Rates of pneumotho-
rax and vasopressor use were similar.

Conclusions Treatment with higher vs lower levels of PEEP was not associated with
improved hospital survival. However, higher levels were associated with improved sur-
vival among the subgroup of patients with ARDS.
JAMA. 2010;303(9):865-873 www.jama.com
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中等症から重症のARDS患者において、 
⾼PEEP管理を⾏う        (moderate quality) 

Conditional（条件次第）�
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当院での⽅針�

•  当院でも、中等症以上のARDS患者に対して
プラトー圧 30cmH2O以下の範囲で⾼めの
PEEPを設定する 

•  当院では、⾷道内圧モニタリングを⾏って
おり、特に胸腔内圧が⾼い症例においては、
PEEPの設定の参考とする 
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Background
Survival of patients with acute lung injury or the acute respiratory distress syndrome 
(ARDS) has been improved by ventilation with small tidal volumes and the use of 
positive end-expiratory pressure (PEEP); however, the optimal level of PEEP has been 
difficult to determine. In this pilot study, we estimated transpulmonary pressure 
with the use of esophageal balloon catheters. We reasoned that the use of pleural-
pressure measurements, despite the technical limitations to the accuracy of such 
measurements, would enable us to find a PEEP value that could maintain oxygenation 
while preventing lung injury due to repeated alveolar collapse or overdistention.

Methods
We randomly assigned patients with acute lung injury or ARDS to undergo mechani-
cal ventilation with PEEP adjusted according to measurements of esophageal pressure 
(the esophageal-pressure–guided group) or according to the Acute Respiratory Dis-
tress Syndrome Network standard-of-care recommendations (the control group). 
The primary end point was improvement in oxygenation. The secondary end points 
included respiratory-system compliance and patient outcomes.

Results
The study reached its stopping criterion and was terminated after 61 patients had 
been enrolled. The ratio of the partial pressure of arterial oxygen to the fraction of 
inspired oxygen at 72 hours was 88 mm Hg higher in the esophageal-pressure–
guided group than in the control group (95% confidence interval, 78.1 to 98.3; 
P = 0.002). This effect was persistent over the entire follow-up time (at 24, 48, and 72 
hours; P = 0.001 by repeated-measures analysis of variance). Respiratory-system com-
pliance was also significantly better at 24, 48, and 72 hours in the esophageal-
pressure–guided group (P = 0.01 by repeated-measures analysis of variance).

Conclusions
As compared with the current standard of care, a ventilator strategy using esophageal 
pressures to estimate the transpulmonary pressure significantly improves oxygen-
ation and compliance. Multicenter clinical trials are needed to determine whether this 
approach should be widely adopted. (ClinicalTrials.gov number, NCT00127491.)
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group underwent mechanical ventilation with set-
tings determined by the initial esophageal-pres-
sure measurements. Tidal volume was set at 6 ml 
per kilogram of predicted body weight. The pre-
dicted body weight of male patients was calcu-
lated as 50 + 0.91 × (centimeters of height – 152.4) 
and that of female patients as 45.5 + 0.91 × (centi-
meters of height − 152.4). PEEP levels were set to 
achieve a transpulmonary pressure of 0 to 10 cm 
of water at end expiration, according to a sliding 
scale based on the partial pressure of arterial 
oxygen (PaO2) and the fraction of inspired oxygen 
(FIO2) (Fig. 1). We also limited tidal volume to 
keep transpulmonary pressure at less than 25 cm 
of water at end inspiration, although this limit 
was rarely approached, and tidal volume was 
never reduced for this purpose.

Patients in the control group were treated ac-
cording to the low-tidal-volume strategy reported 
by the ARDSNet study of the National Heart, 
Lung, and Blood Institute.12 This strategy speci-
fies that the tidal volume is set at 6 ml per kilo-
gram of predicted body weight and PEEP is based 
on the patient’s PaO2 and FIO2 (Fig. 1).

In both groups, the goals of mechanical ven-
tilation included a PaO2 of 55 to 120 mm Hg or a 
pulse-oximeter reading of 88 to 98%, an arterial 
pH of 7.30 to 7.45, and a partial pressure of arte-
rial carbon dioxide (PaCO2) of 40 to 60 mm Hg, 
according to the sliding scales in Figure 1. To 
reduce the need for frequent manipulation of the 
ventilator settings, the goals for oxygenation in 
both groups were relaxed from the narrow range 

of PaO2 values in the ARDSNet study (55 to 80 
mm Hg) to a broader range of 55 to 120 mm Hg.

All measurements were repeated 5 minutes 
after the initiation of experimental or control ven-
tilation and again at 24, 48, and 72 hours. Mea-
surements were also performed as needed after 
changes were made to ventilator settings because 
of any clinically significant change in the pa-
tient’s condition.

Therapies other than mechanical ventilation 
were administered by members of the primary 
ICU team, who were unaware of the results of the 
esophageal-pressure measurements. To avert com-
plications, these team members used protocols 
to guide hemodynamic resuscitation,16 sedation, 
weaning from ventilation, and other standard 
interventions related to ventilator care.17 These 
care standards were aggressively applied in both 
groups. After the measurements at 72 hours, the 
results of pressure measurements were made 
available to the caregivers, who were free to use 
or not use them for decisions concerning treat-
ment and ventilator management.

The primary end point of the study was arte-
rial oxygenation, as measured by the ratio of PaO2 
to FIO2 (PaO2:FIO2) 72 hours after randomization. 
The secondary end points included indexes of 
lung mechanics and gas exchange (respiratory-
system compliance and the ratio of physiological 
dead space to tidal volume), as well as outcomes 
of the patients (the number of ventilator-free days 
at 28 days, length of stay in the ICU, and death 
within 28 days and 180 days after treatment).
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Figure 1. Ventilator Settings According to the Protocol.

For the intervention group, keep the partial pressure of arterial oxygen (PaO2) between 55 and 120 mm Hg or keep 
the oxygen saturation, as measured by pulse oximeter, between 88 and 98% by using the ventilator settings in one 
column at a time. Set the positive end-expiratory pressure (PEEP) at such a level that transpulmonary pressure dur-
ing end-expiratory occlusion (PLexp) stays between 0 and 10 cm of water, and keep transpulmonary pressure during 
end-inspiratory occlusion at less than 25 cm of water. For the control group, keep PaO2 between 55 and 120 mm Hg 
(or keep oxygen saturation according to pulse oximeter between 88 and 98%) by using the ventilator settings in one 
column at a time. Set the PEEP and tidal volume at such levels that the airway pressure during end-inspiratory oc-
clusion stays at less than 30 cm of water. In both groups, apply ventilation with either pressure-control ventilation or 
volume-control ventilation with a ratio of inspiratory time to expiratory time between 1:1 and 1:3 to minimize dys-
synchrony between the patient and the ventilator while achieving a tidal volume of 6±2 ml per kilogram of predicted 
body weight and a respiratory rate of 35 breaths per minute or less. Lung-recruitment maneuvers are permitted to 
reverse episodic hypoxemia after suctioning or inadvertent airway disconnection, but not on a routine basis.
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⾷道内圧ガイドによるPEEP設定�
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Question 5�
「ARDSの患者にリクルートメント・    
マニューバー(RM)を⾏うべきか？」�

中等症から重症のARDS患者において、
Recruitment maneuverを⾏う 

(Low-moderate quality) 

Conditional（条件次第）�
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RMの利点・⽋点�

利点 
 

肺内シャント↓ 
肺コンプライアンス↑ 

⽋点 
 

⾎⾏動態の乱れ 
圧損傷�

RMの⽅法に統⼀されたものはない 
予後改善効果も不明 
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6つのRCT（1423名の患者）�

•  5つはHigh PEEPとのCointervention 
•  それを除いた1つのRCTをまず解析 

•  6つ合わせて解析�

死亡率は改善する 
1つのRCT(110名) �

（RR:0.62、95% CI:0.39­0.98） 

死亡率は改善する 
6つのRCT(1423名) �

（RR:0.81、95% CI:0.69­0.95） 

どうしてStrong 
Recommendation 

じゃないの？ 
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P �：FiO2=1.0,PEEP≧10cmH2OでPaO2≦200mmHgの患者�
I �：PEEP40cmH2O 40秒間を8時間毎に施⾏。最初の5⽇�
   間or 5⽇以内でもWeaning基準を満たした時点で終了。�
C �：RMなし�
O �：ICU死亡率�

RM群 
ICU死亡率 32.7% 

コントロール群 
ICU死亡率 52.7%�＞�

但し28⽇死亡率、院内死亡率に有意差なし�
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以下の理由による�
•  low-moderate confidence in the small- 

moderate magnitude of  effects on 
highly valued outcomes  

•  indirectness in the majority of  included 
studies  

•  the low- moderate confidence that 
undesirable outcomes are modest and 
their avoidance is not highly valued.  
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中等症から重症のARDS患者において、
Recruitment maneuverを⾏う 

(Low-moderate quality) 

Conditional（条件次第）�
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Question 6�
「ARDSの患者にECMO管理を⾏うべきか？」�

重症ARDS患者におけるECMO使⽤に対する
確実な推奨を出すためにはさらなるエビデン
スが必要�

未確定�
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ECMO群 
6ヶ⽉⽣存率（障害

なし） 63% 

コントロール群 
6ヶ⽉⽣存率（障害

なし） 47%�
＞�

Limitation 
①複合エンドポイントである 
②ECMO群で24%がECMOが利⽤されていない 
③コントロール群でLTVが標準化されていない 
④ハイボリュームセンターへの移送というCointervention �
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ECMOを⽤いる前に、エビデンスに 
基づいた肺保護換気と早期からの  

原疾患への介⼊を⾏うべき�

ECMOに関するRCTは1本のみ 
⼤きなLimitation有り 

推奨を出すにはエビデンス不⼗分 
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⽇本のガイドラインとの⽐較�
今回のガイドライン� ⽇本のガイドライン�

１回換気量� ４­８ml/kg 6­８ml/kg 

プラトー圧� ≦30cmH2O ≦30cmH2O �

筋弛緩薬� CQの設定なし 使⽤を提案�

腹臥位� 重症例で推奨 
12時間以上 

中〜重症度で推奨 
時間への⾔及なし�

⾼頻度振動換気� ルーチンで推奨しない ⾏わないことを提案�
⾼PEEP管理� 中〜重症で検討� 中〜重症で検討�
RM� 中〜重症で検討� CQの設定なし�
ECMO� さらなる研究が必要� CQの設定なし�

ARDS診療ガイドライン2016より�
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重症度に応じた治療選択�

Intensive Care Med (2012) 38:1573–1582 �
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現在進⾏中の注⽬すべきRCT �
•  ⾷道内圧を⽤いたPEEP設定は、予後を改

善しうるか（EPVent 2 trial） 

•  重症ARDSに対するECMO（EOLIA） 

•  ECCO2Rを⽤いた超肺保護換気(4mL/kg)
（SUPERNOVA trial） 

•  ECCO2Rを⽤いた超肺保護換気(3mL/kg) 
 （REST trial） 

ClinicalTrials.gov NCT02282657�

ClinicalTrials.gov NCT01470703�

ClinicalTrials.gov NCT02654327�

ClinicalTrials.gov NCT01681225�


