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ベルリン定義からみたARDSの病態と呼吸管理
――機能的予後の改善を目指して――

慶應義塾大学医学部呼吸器内科

田坂　定智

要　旨　急性呼吸不全の原因疾患は肺炎，肺血栓塞栓症，喘息発作など多様であるが，中でも急性呼吸窮迫症候群（acute 
respiratory distress syndrome; ARDS）は重篤で難治性の病態として知られている．ARDSについては，2012年
にベルリン定義が提唱され，①急性発症，②胸部画像上の両側性陰影，③左心不全のみで病態を説明できないこと，④低
酸素血症の4項目で診断される．また陽圧換気下での低酸素血症の程度により軽症，中等症，重症に分類されるが，こ
の重症度と予後との関連については明らかになっていない．ARDSでは，一回換気量を低く設定し，呼気終末陽圧によ
り肺胞の虚脱・再開放を防ぐ肺保護戦略が提唱されている．また腹臥位換気や軽症例では非侵襲的陽圧換気（NPPV）の
有効性が示されている．近年ARDS患者の生命予後が改善するに伴い，機能的予後が問題となっている．ARDSからの
回復後も健康関連QOLは低く，運動機能や認知機能の低下もみられるため，理学療法の介入効果などについて検討が必
要である．
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は じ め に

　急性呼吸窮迫症候群（acute respiratory distress syn-

drome; ARDS）は重症肺炎や敗血症，胃内容物の誤嚥な
どに続発して発症する非心原性肺水腫であり，高度な低
酸素血症を呈する重篤な病態である．これまで ARDSに
対してさまざまな治療法が試みられてきたが，とくに薬
物療法では大規模臨床試験で生命予後を改善することが
示されたものはない．比較的小規模な臨床試験では有効
性が示されても，その後の多施設共同の無作為化試験で
有効性が否定されることも多く，その要因として1994年
に発表された診断基準（AECC基準）の曖昧さが指摘さ
れてきた．このため2011年秋にベルリンで開催された欧

州集中治療医学会で新たな定義の素案が示され，2012年
に JAMA誌上に最終版が掲載された．この定義はベルリ
ン定義（Berlin definition）と呼ばれ，その妥当性や有用
性について検証が進められている．

ベルリン定義

　ベルリン定義では，①急性発症，②胸部画像上の両側
性陰影，③左心不全のみで病態を説明できないこと，④
低酸素血症の 4項目で ARDSを診断する（表 1）1）．まず
以前の診断基準では曖昧であった急性発症の定義が，明
らかな誘因または呼吸器症状の出現または悪化から 1週
間以内として明確化された．胸部画像所見としては，
AECC基準では胸部 X線で両側性の浸潤影を認めるとさ

表 1　ARDSの新しい診断基準（ベルリン定義）1)

急性発症 明らかな誘因または呼吸器症状の出現または悪化から 1週間以内

胸部画像 両側性陰影（bilateral opacities）
（単純Ｘ線／ CT） 　（胸水，無気肺，結節のみでは説明できない）

肺水腫の原因 心不全や輸液過量のみでは説明できない
　（可能なら心エコーなどの客観的評価が必要）

酸素化障害
　軽　症　　200 mmHg＜PaO2/FIO2≦300 mmHg（PEEP/CPAP≧5 cmH2O）
　中等症　　100 mmHg＜PaO2/FIO2≦200 mmHg（PEEP≧5 cmH2O）
　重　症　　PaO2/FIO2≦100 mmHg（PEEP≧5 cmH2O）



★VILI (ventilator-induced lung injury)
のkeyとなる4つの〝trauma〟

Atelectrauma：
LIP以下の圧では末梢気道と肺胞の虚脱が増
え、再膨張するときに剪断⼒がかかる。
Volutrauma：
UIPより圧がかかると肺胞が過伸展される。
Barotrauma：
圧によってマクロなエアリーク(気胸/縦隔
気腫/⽪下気腫 etc...)が起きる。
Biotrauma：
原疾患やatelectrauma/volutraumaにより⽣
じたサイトカインストームによる肺傷害。



⽬次

①tidal volume

②driving pressure（駆動圧、ΔP）

③transpulmonary pressure（経肺圧）

④肺傷害／横隔膜傷害について
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Abstract

Alveolar overdistention and cyclic reopening of collapsed alveoli have been implicated in the lung
damage found in animals submitted to artificial ventilation. To test whether these phenomena are
impairing the recovery of patients with acute respiratory distress syndrome (ARDS) submitted to
conventional mechanical ventilation (MV), we evaluated the impact of a new ventilatory strategy
directed at minimizing "cyclic parenchymal stretch." After receiving pre-established levels of
hemodynamic, infectious, and general care, 28 patients with early ARDS were randomly assigned to
receive either MV based on a new approach (NA, consisting of maintenance of end-expiratory
pressures above the lower inflection point of the P x V curve, VT < 6 ml/kg, peak pressures < 40 cm
H2O, permissive hypercapnia, and stepwise utilization of pressure-limited modes) or a conventional
approach (C = conventional volume-cycled ventilation, VT = 12 ml/kg, minimum PEEP guided by
FIO2 and hemodynamics and normal PaCO2 levels). Fifteen patients were selected to receive NA,
exhibiting a better evolution of the PaO2/FIO2 ratio (p < 0.0001) and of compliance (p = 0.0018),
requiring shorter periods under FIO2 > 50% (p = 0.001) and a lower FIO2 at the day of death (p =
0.0002). After correcting for baseline imbalances in APACHE II, we observed a higher weaning rate
in NA (p = 0.014) but not a significantly improved survival (overall mortality: 5/15 in NA versus 7/13
in C, p = 0.45). We concluded that the NA ventilatory strategy can markedly improve the lung
function in patients with ARDS, increasing the chances of early weaning and lung recovery during
mechanical ventilation.
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VENTILATION WITH LOWER TIDAL VOLUMES AS COMPARED WITH 
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BSTRACT

 

Background

 

Traditional approaches to mechanical
ventilation use tidal volumes of 10 to 15 ml per kilo-
gram of body weight and may cause stretch-induced
lung injury in patients with acute lung injury and the
acute respiratory distress syndrome. We therefore
conducted a trial to determine whether ventilation
with lower tidal volumes would improve the clinical
outcomes in these patients.

 

Methods

 

Patients with acute lung injury and the
acute respiratory distress syndrome were enrolled in
a multicenter, randomized trial. The trial compared
traditional ventilation treatment, which involved an
initial tidal volume of 12 ml per kilogram of predicted
body weight and an airway pressure measured after
a 0.5-second pause at the end of inspiration (plateau
pressure) of 50 cm of water or less, with ventilation
with a lower tidal volume, which involved an initial
tidal volume of 6 ml per kilogram of predicted body
weight and a plateau pressure of 30 cm of water or
less. The first primary outcome was death before a
patient was discharged home and was breathing
without assistance. The second primary outcome
was the number of days without ventilator use from
day 1 to day 28.

 

Results

 

The trial was stopped after the enrollment
of 861 patients because mortality was lower in the
group treated with lower tidal volumes than in the
group treated with traditional tidal volumes (31.0 per-
cent vs. 39.8 percent, P=0.007), and the number of
days without ventilator use during the first 28 days
after randomization was greater in this group (mean
[±SD], 12±11 vs. 10±11; P=0.007). The mean tidal
volumes on days 1 to 3 were 6.2±0.8 and 11.8±0.8 ml
per kilogram of predicted body weight (P<0.001), re-
spectively, and the mean plateau pressures were
25±6 and 33±8 cm of water (P<0.001), respectively.

 

Conclusions

 

In patients with acute lung injury and
the acute respiratory distress syndrome, mechanical
ventilation with a lower tidal volume than is tradition-
ally used results in decreased mortality and increas-
es the number of days without ventilator use. (N Engl
J Med 2000;342:1301-8.)
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*Members of the Acute Respiratory Distress Syndrome (ARDS) Net-
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HE mortality rate from acute lung injury
and the acute respiratory distress syndrome
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is approximately 40 to 50 percent.

 

2-4

 

 Al-
though substantial progress has been made

in elucidating the mechanisms of acute lung injury,

 

5

 

there has been little progress in developing effective
treatments.

Traditional approaches to mechanical ventilation
use tidal volumes of 10 to 15 ml per kilogram of body
weight.

 

6

 

 These volumes are larger than those in nor-
mal subjects at rest (range, 7 to 8 ml per kilogram),
but they are frequently necessary to achieve normal
values for the partial pressure of arterial carbon diox-
ide and pH. Since atelectasis and edema reduce aer-
ated lung volumes in patients with acute lung injury
and the acute respiratory distress syndrome,

 

7,8

 

 inspir-
atory airway pressures are often high, suggesting the
presence of excessive distention, or “stretch,” of the
aerated lung. In animals, ventilation with the use of
large tidal volumes caused the disruption of pulmo-
nary epithelium and endothelium, lung inflammation,
atelectasis, hypoxemia, and the release of inflamma-
tory mediators.

 

9-14

 

 The release of inflammatory me-
diators could increase lung inflammation and cause in-
jury to other organs.

 

10,15

 

 Thus, the traditional approach
to mechanical ventilation may exacerbate or perpet-
uate lung injury in patients with acute lung injury and
the acute respiratory distress syndrome and increase
the risk of nonpulmonary organ or system failure.

T
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“ARMA study”
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in four hours before the ventilator settings were changed on day 0.
Physiologic and radiographic data, medication use, and use of oth-
er investigational treatments were recorded between 6 and 10 a.m.
on days 1, 2, 3, 4, 7, 14, 21, and 28. Data were transmitted weekly
to the network coordinating center. Patients were followed until
day 180 or until they were breathing on their own at home.

 

Assessment of Compliance

 

Randomly selected ventilator and blood gas variables were an-
alyzed for compatibility with the protocol. Quarterly reports of
these data from each of the 10 centers were used by investigators
to assess compliance.

 

Statistical Analysis

 

The first primary outcome was death before a patient was dis-
charged home and was breathing without assistance. Patients who
were in other types of health care facilities at 180 days were con-
sidered to have been discharged from the hospital and to be breath-
ing without assistance. The second primary outcome was ventila-
tor-free days, defined as the number of days from day 1 to day 28
on which a patient breathed without assistance, if the period of
unassisted breathing lasted at least 48 consecutive hours. A differ-

ence in ventilator-free days could reflect a difference in mortality,
ventilator days among survivors, or both. Other outcomes were
the number of days without organ or system failure and the oc-
currence of barotrauma, defined as any new pneumothorax, pneu-
momediastinum, or subcutaneous emphysema, or a pneumatocele
that was more than 2 cm in diameter. Interim analyses were con-
ducted by an independent data and safety monitoring board after
the enrollment of each successive group of approximately 200 pa-
tients. Stopping boundaries (with a two-sided 

 

a

 

 level of 0.05) were
designed to allow early termination of the study if the use of lower
tidal volumes was found to be either efficacious

 

31

 

 or ineffective.

 

32

 

The comparison of traditional with lower tidal volumes was
one of two trials conducted simultaneously in the same patients
in a factorial experimental design. Ketoconazole was compared with
placebo in the first 234 patients, and lisofylline was compared with
placebo in the last 194 patients; no drugs were assessed in the
middle 433 patients.

We used Student’s t-test or Fisher’s exact test to compare base-
line variables. We used analysis of covariance to compare log-trans-
formed plasma interleukin-6 values. We used Wilcoxon’s test to
compare the day 0 and day 3 plasma interleukin-6 concentrations,
ventilator-free days, and organ-failure–free days, which had skewed
distributions. We used the 180-day cumulative incidence of mor-

 

*PaO

 

2

 

 denotes partial pressure of arterial oxygen, SpO

 

2

 

 oxyhemoglobin saturation measured by
pulse oximetry, FiO

 

2

 

 fraction of inspired oxygen, and PEEP positive end-expiratory pressure.
†Subsequent adjustments in tidal volume were made to maintain a plateau pressure of «50 cm of

water in the group receiving traditional tidal volumes and «30 cm of water in the group receiving
lower tidal volumes. 

‡Further increases in PEEP, to 34 cm of water, were allowed but were not required.
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Ventilator mode Volume assist–control Volume assist–control
Initial tidal volume (ml/kg of predicted body 

weight)†
12 6

Plateau pressure (cm of water) «50 «30
Ventilator rate setting needed to achieve a pH 

goal of 7.3 to 7.45 (breaths/min)
6–35 6–35

Ratio of the duration of inspiration to the 
duration of expiration

1:1–1:3 1:1–1:3

Oxygenation goal PaO

 

2

 

, 55–80 mm Hg, 
or SpO

 

2

 

, 88–95%
PaO

 

2

 

, 55–80 mm Hg, 
or SpO

 

2

 

, 88–95%
Allowable combinations of FiO

 

2

 

 and PEEP 
(cm of water)‡

0.3 and 5
0.4 and 5
0.4 and 8
0.5 and 8
0.5 and 10
0.6 and 10
0.7 and 10
0.7 and 12
0.7 and 14
0.8 and 14
0.9 and 14
0.9 and 16
0.9 and 18
1.0 and 18
1.0 and 20
1.0 and 22
1.0 and 24

0.3 and 5
0.4 and 5
0.4 and 8
0.5 and 8
0.5 and 10
0.6 and 10
0.7 and 10
0.7 and 12
0.7 and 14
0.8 and 14
0.9 and 14
0.9 and 16
0.9 and 18
1.0 and 18
1.0 and 20
1.0 and 22
1.0 and 24

Weaning By pressure support; re-
quired by protocol 
when FiO

 

2

 

«0.4

By pressure support; re-
quired by protocol 
when FiO

 

2

 

«0.4
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肺保護換気戦略
肺保護換気戦略とは，人工呼吸器関連肺障害

（ventilator-associated lung injury：VALI)4)の発

症を防ぐための人工呼吸器設定のことである．具

体的には，肺胞の過伸展を防止するための低容量

換気（一回換気量とプラトー圧の制限）と虚脱を防

止するための適切な PEEP を設定する必要があ

る．

1．一回換気量設定
低容量換気の有用性について，これまでの研

究5)から国内のARDSガイドラインでは 6～8 mL/

kg6)，米国/欧州ガイドラインでは 4～8mL/kg7)を

推奨している．なお，一回換気量の計算は実体重

ではなく，Devine の式（表 2）で計算される予測体
重を使用する．当院では導入時より 6～8 mL/kg

で行うプロトコルを使用している．

この際，プラトー圧を定期的に確認する．プラ

トー圧とは，吸気終末に回路内の気流が一時的に

停止した状態における気道内圧のことで，肺が膨

らんだ際の肺胞内圧を示している．6 mL/kg でも

プラトー圧が 30 cmH2Oを超えている場合は，pH

が許容する範囲である限り，さらに一回換気量を

漸減していく．

2．換気回数設定
肺保護換気戦略において一回換気量を6 mL/kg

に設定するため，分時換気量を増やすためには換

気回数を増やすこととなる．初期設定としては 35

回/分以下とする8)．CO2貯留による呼吸性アシ

ドーシスが進む場合は permissive hypercapnia と

して pH 7.2 前後まで許容することになるが，許容

すべきPaCO2の上限値や pHの下限値とそれらの

根拠も明確ではない．なお，CO2貯留による悪影

響として，脳血流の増大により脳圧亢進をきたす

可能性があり，頭蓋内圧亢進がある場合は推奨さ

れない．当院では目標 pH を 7.2 以上として動脈

血液ガス分析を確認しながら換気回数を調整して

いる．

3．FIO2/PEEP 設定
人工呼吸管理が必要な中等症～重症 ARDS は

FIO2を 1.0 で開始する．しかし，長時間の高濃度

酸素投与は有害であるため，PaO2が 55～88

mmHgに維持するようにFIO2を漸減していく．

肺胞虚脱を防ぐために適切なPEEP 設定が必要

であるが，higher PEEPと lower PEEP のどちら

が最適かはいまだ結論に至っていない．ARDS 患

者における両群を比較した 3 つの randomized

controlled trial（RCT)9-11)では死亡率には有意差

を認めなかった．しかし，上記 3研究をまとめたメ

タアナリシスのサブグループ解析で，P/F ≦ 200

の中等症以上の患者では higher PEEP 群の死亡

率の低下を示した12)．これを受けて国内・米国/欧

州ガイドラインともに中等症以上のARDSに対し

ては，プラトー圧が 30 cmH2O 以下となる範囲お

よび循環動態に影響を与えない範囲での higher

PEEP を推奨している．実際の設定としては

ARDS network が推奨する PEEP/FIO2対応表

(表 3）を参考にすればよい．当院では目標 SpO2
を 88～92％として，対応表を参考に PEEP と

FIO2を調整している．

4．その他の管理
原疾患の治療，適切な人工呼吸管理を行ってい

てもP/F ＜ 150となるような中等症～重症ARDS

には，筋弛緩薬の使用や腹臥位療法を考慮する．

それぞれにメリット，デメリットがあり，詳しい適

男性：50＋0.91 ×（身長[cm]－152.4）
女性：45.5＋0.91 ×（身長[cm]－152.4）

Predicted body weight（Devineの式）

P：Patient with ALI or ARDS
I：tidal volume 6ml/kg, Pplat<30cmH2O
C：tidal volume 12ml/kg, Pplat<50cmH2O
O：院内死亡率
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with traditional tidal volumes. These results are con-
sistent with the results of experiments in animals9-14

and observational studies in humans.16,17

These benefits occurred despite the higher require-
ments for positive end-expiratory pressure and frac-
tion of inspired oxygen and the lower ratio of partial
pressure of arterial oxygen to fraction of inspired ox-
ygen in the group treated with lower tidal volumes

on days 1 and 3. These results, coupled with the great-
er reductions in plasma interleukin-6 concentrations,
suggest that the group treated with lower tidal vol-
umes had less lung inflammation.35 The greater re-
ductions in plasma interleukin-6 concentrations may
also reflect a reduced systemic inflammatory response
to lung injury, which could contribute to the higher
number of days without organ or system failure and
the lower mortality in the group treated with lower
tidal volumes.15

Several factors could explain the difference in re-
sults between our trial and other trials of ventilation
using lower tidal volumes in patients with acute lung
injury and the acute respiratory distress syndrome.22-24

First, our study had a greater difference in tidal vol-
umes between groups. In one earlier trial, the tradi-
tional tidal volume was equivalent to approximately
12.2 ml per kilogram of predicted body weight and
the lower tidal volume was equivalent to approximate-
ly 8.1 ml per kilogram of predicted body weight.23

In a second study, the traditional and lower tidal vol-
umes were approximately 10.3 and 7.1 ml per kilo-
gram of dry body weight (calculated as the measured
weight minus the estimated weight gain from fluid
retention), respectively.22 In the present trial, meas-
ured weight exceeded predicted body weight by ap-
proximately 20 percent. Assuming a similar difference,
and assuming that half the difference was dry weight
in excess of predicted body weight, tidal volumes in
the second trial would have been approximately 11.3
and 7.8 ml per kilogram of predicted body weight.
Therefore, the traditional tidal volume of 11.8 ml
per kilogram of predicted body weight in our study
was similar to the values in the previous two trials.

Figure 1. Probability of Survival and of Being Discharged Home
and Breathing without Assistance during the First 180 Days af-
ter Randomization in Patients with Acute Lung Injury and the
Acute Respiratory Distress Syndrome.
The status at 180 days or at the end of the study was known for
all but nine patients. Data on these 9 patients and on 22 addi-
tional patients who were hospitalized at the time of the fourth
interim analysis were censored.
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Figure 2. Mean (+SE) Mortality Rate among 257 Patients with
Acute Lung Injury and the Acute Respiratory Distress Syndrome
Who Were Assigned to Receive Traditional Tidal Volumes and
260 Such Patients Who Were Assigned to Receive Lower Tidal
Volumes, According to the Quartile of Static Compliance of the
Respiratory System before Randomization.
The interaction between the study group and the quartile of
static compliance at base line was not significant (P=0.49).
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*Plus–minus values are means ±SD. The number of ventilator-free days
is the mean number of days from day 1 to day 28 on which the patient had
been breathing without assistance for at least 48 consecutive hours. Baro-
trauma was defined as any new pneumothorax, pneumomediastinum, or
subcutaneous emphysema, or a pneumatocele that was more than 2 cm in
diameter. Organ and system failures were defined as described in the Meth-
ods section.

TABLE 4. MAIN OUTCOME VARIABLES.*

VARIABLE

GROUP 
RECEIVING 

LOWER TIDAL
VOLUMES

GROUP 
RECEIVING 

TRADITIONAL
TIDAL VOLUMES P VALUE

Death before discharge home 
and breathing without 
assistance (%)

31.0 39.8 0.007

Breathing without assistance 
by day 28 (%)

65.7 55.0 <0.001

No. of ventilator-free days, 
days 1 to 28

12±11 10±11 0.007

Barotrauma, days 1 to 28 (%) 10 11 0.43
No. of days without failure 

of nonpulmonary organs 
or systems, days 1 to 28

15±11 12±11 0.006
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“baby lung“ 「硬い肺」？？

ARDS患者において背側優位の虚脱し
た肺胞は換気に関与しない

⬇

換気に関与する正常な肺胞領域は減少

⬇

正常な肺胞領域はコンプライアンスが
保たれている ＝「硬くない！」



updated literature searches and
evidence synthesis, finalizing the
recommendations, and responding to
peer review.

Formulating Clinical Questions
The panel agreed on six specific questions
pertinent to the ventilatory management of
critically ill adults with ARDS. The panel
identified outcomes of interest for each
question a priori and rated their relative
importance (from the perspective of a
patient with ARDS) from “not important”
to “critical” as per the GRADE framework (9).
An example of a critical outcome is
mortality. Ranking outcomes by their
relative importance focuses attention on
those that are most relevant to patients and
helps to address potential disagreements in
decision-making.

Literature Search
A medical librarian (E.U.) helped to
develop a search strategy for each of the
guideline questions, using controlled
vocabulary terms and text words to
update existing systematic reviews
(10–15). We evaluated existing
systematic reviews using the AMSTAR (A
Measurement Tool to Assess Systematic
Reviews) checklist (16). We searched
MEDLINE, EMBASE, Cochrane Registry
of Controlled Trials, Database of
Abstracts of Reviews of Effects (OvidSP),
CINAHL (EBSCOHost), and Web of Science
(Thomson Reuters) from the date of the last
systematic review to August 2016, without
language restrictions. Panel members were
also asked to highlight any additional studies
not identified by the search.

Evidence Review and Development of
Clinical Recommendations
Two independent reviewers (A.J.W., E.C.G.,
C.L.H., L.M., and L.D.S.) screened titles and
abstracts to identify randomized trials or
systematic reviews for each full review; they
also evaluated the full text of articles deemed
potentially relevant by any reviewer.
Disagreements were resolved by consensus.
Data were abstracted in duplicate, using
customized and pretested data abstraction
forms. We used the Cochrane Collaboration
risk of bias instrument to assess random
sequence generation, allocation
concealment, blinding of personnel,
blinding of outcome assessment, incomplete
outcome data, and selective reporting (17).

Evidence summaries for each question
were prepared by the Working Group (E.F.,
A.J.W., E.C.G., C.L.H., L.M., L.D.S., M.O.M.,
N.K.J.A., H.W., and E.U.), following the
GRADE approach (18) and using the
GRADEpro Guideline Development Tool
online software (available at www.
guidelinedevelopment.org). All panel
members reviewed the summaries of
evidence, and corrections were made when
appropriate.

The Working Group pooled results
from randomized trials with comparable
patients, intervention, and outcomes. In
some randomized controlled trials (RCTs),
multiple ventilatory interventions were
bundled together in the experimental group
(e.g., lower tidal volume [LTV] ventilation,
higher positive end-expiratory pressure
[PEEP], recruitment maneuvers [RMs]). We
addressed this by limiting our primary
analyses for each PICO (Population,
Intervention, Comparator, and Outcome)
question to RCTs without important
cointerventions. All metaanalyses were
performed using random-effects models in
RevMan 5.2 (Cochrane Collaboration,
Oxford, UK). Binary outcomes are
presented as risk ratios and continuous
outcomes as weighted mean differences,
both with 95% confidence intervals (CIs).
All data fulfilling the a priori inclusion
criteria were included. Pooled analyses
presented in this document may differ from
other published metaanalyses due to
differences in study selection criteria. The
confidence in effect estimates for each
outcome of interest was assessed using the
GRADE approach (19). Randomized trials
begin as high-quality evidence and can be
rated down on the basis of risk of bias,
inconsistency, indirectness, imprecision, or
publication bias. The quality can be rated
up on the basis of large effect size and
dose–response relationship. The overall
confidence in effect estimates for each
outcome was categorized as high, moderate,
low, or very low.

The panel developed recommendations
on the basis of the GRADE evidence profiles
for each recommendation. The panel used the
GRADE decision framework to discuss and
evaluate each recommendation on the basis
of: the quality of evidence, the balance of
desirable and undesirable consequences of an
intervention, assumptions about values and
preferences of patients, acceptability of the
intervention to stakeholders, and clinical
feasibility. All recommendations and their

strength were decided by consensus.
In deliberating the strength of the
recommendations, the committee weighed
the GRADE evidence profiles and additional
evidence, including published study-level and
individual patient data metaanalyses, as well
as pertinent physiological studies, to reach
our final recommendations. Ultimately,
guideline panels must use judgment in
integrating these factors to make a strong
or conditional recommendation for or
against an intervention. The committee
agreed on the final wording and further
qualifications of recommendations (e.g.,
subgroup considerations, justifications,
implementation considerations).

Recommendations are either “strong”
or “conditional” according to the GRADE
approach (20). We used the GRADE
phrases “we recommend” for strong
recommendations and “we suggest” for
conditional recommendations.
Recommendations of similar strength
should not be interpreted as equivalent
recommendations; instead, each
recommendation’s strength is the net result
of multiple factors described earlier. As a
result, there may be different reasons that
two recommendations are rated with the
same strength (for example, one may be
conditional because it is based on very low
confidence in the effect estimates, whereas
another could be conditional because it is
unclear that potential benefits outweigh the
risks for every patient).

Manuscript Preparation
The writing committee (E.F., L.D.S., E.C.G.,
C.L.H., L.M., N.K.J.A., and A.J.W.) drafted
the guideline document for subsequent
electronic review by the entire panel. The
entire panel had the opportunity to correct
factual or interpretive errors. The final
approved version was submitted to each
cosponsoring professional society for review.

Recommendations for
Specific Treatment
Questions

Question 1: Should Patients with
ARDS Receive Mechanical
Ventilation Using LTVs and Inspiratory
Pressures?

Background. Supportive care with
mechanical ventilation remains the
cornerstone of ARDS management.
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However, mechanical ventilation itself can
cause and potentiate lung injury and may
contribute to nonpulmonary organ failure
and mortality in patients with ARDS. This
insight led to the design and evaluation of
ventilatory strategies aimed at mitigating
VILI.

Summary of the evidence. Mechanical
ventilation strategies that limit tidal volumes
(4–8 ml/kg predicted body weight [PBW]:
males = 501 0.91[height (cm)2152.4] kg
and females = 45.51 0.91[height (cm)2
152.4] kg) and inspiratory pressures
(plateau pressure, 30 cm H2O, defined as
the pressure obtained after a 0.5-s
inspiratory pause) have been compared
with traditional strategies (with tidal
volumes 10–15 ml/kg PBW) in nine RCTs
including 1,629 patients (21–28). Mean
(6SD) tidal volume in the LTV group was
6.86 1.2 ml/kg PBW, compared with
11.46 1.1 ml/kg PBW in the traditional
group. Our primary analysis excluded
RCTs for which the LTV strategy was
combined with the additional strategy of
higher PEEP, but these trials were included
in a stratified sensitivity analysis (21, 22).
Mortality was not significantly different for
patients receiving an LTV compared with
traditional strategies (seven studies, 1,481
patients; risk ratio [RR], 0.87; 95% CI,
0.70–1.08; moderate confidence). There
were also no significant differences in
barotrauma (three studies, 1,029 patients;
RR, 0.96; 95% CI, 0.67–1.37; low
confidence) or ventilator-free days (VFDs)
(two studies, 977 patients; 0.03 more VFDs;
95% CI, 25.88 to 5.95; low confidence)
between groups. Meta-regression showed a
significant inverse association between
larger tidal volume gradient (i.e., difference
in tidal volume between LTV and control
groups) and the relative risk of mortality
associated with LTV (P = 0.002); trials with
larger tidal volume gradients showed lower
mortality risk with LTV. Sensitivity analysis
that also included trials of a protocolized
LTV/high PEEP cointervention showed
significantly reduced mortality with LTV
(nine studies, 1,629 patients; RR, 0.80; 95%
CI, 0.66–0.98). Compared with trials
without a high PEEP cointervention,
LTV/high PEEP was associated with a
greater mortality benefit (RR, 0.58; 95% CI,
0.41–0.82; P = 0.05 for interaction).

Recommendation. We recommend that
adult patients with ARDS receive
mechanical ventilation with strategies that
limit tidal volumes (4–8 ml/kg PBW) and

inspiratory pressures (plateau
pressure, 30 cm H2O) (strong
recommendation, moderate confidence in
effect estimates).

Justification and implementation
considerations. Although our primary
analysis showed no significant difference
in mortality, the boundary of the CI
consistent with the largest plausible effect
(29) suggests that LTV might reduce the
relative risk of death by as much as 30%.
Furthermore, secondary analyses that
included meta-regression and a
sensitivity analysis including all trials
(nine studies, 1,629 patients) supported a
clinically important benefit to LTV. The
meta-regression of tidal volume gradient
between experimental and control
groups in each RCT versus mortality
confirmed a dose–response relationship
to the effect of LTVs (30, 31). The initial
tidal volume should be set at 6 ml/kg
PBW and can be increased up to 8 ml/kg
PBW if the patient is double triggering or
if inspiratory airway pressure decreases
below PEEP (25). The strong
recommendation for LTVs therefore
comes from moderate confidence in the
magnitude of effects on highly valued
outcomes (e.g., mortality), supplemented
by our secondary analyses, and moderate
confidence that undesirable outcomes are
modest and their avoidance is not highly
valued.

Future research opportunities. The
balance of potential benefits and harms of
spontaneous breathing in patients with
ARDS is unknown. It has been suggested
that benefits might include improved
oxygenation, more homogenous aeration,
reduced sedative requirements, and lower
risk for ventilator-induced diaphragmatic
dysfunction (32). However, it may not
always be possible to achieve strict
control of tidal volumes and inspiratory
pressures in spontaneously breathing
patients with ARDS. Moreover, some
studies have suggested that abrogating
early spontaneous breathing in patients
with severe ARDS may limit the risk for
VILI and decrease mortality (33–35).
This issue is a common and challenging
problem in the management of ARDS.
To resolve this, RCTs of spontaneous
breathing under partially assisted
ventilation versus strictly controlled
mechanical ventilation in patients with
ARDS are needed. In addition, RCTs are
needed to determine whether further

reductions in tidal volume (for example,
targets lower than 6 ml/kg PBW or lower
limits, 4 ml/kg PBW) or inspiratory
plateau pressure are associated with
greater improvements in patient-
important outcomes (30, 36). Finally, a
recent observational study based on
individual patient data from multiple
RCTs demonstrated that driving pressure
(DP = plateau pressure – PEEP) is a better
predictor of outcome in ARDS than
either tidal volume or plateau pressure
(37). Future studies are needed to
evaluate whether ventilatory strategies
targeting reduced DP are more
efficacious than those targeting tidal
volume or plateau pressure.

Question 2: Should Patients
with ARDS Receive Prone
Positioning?

Background. Mechanical ventilation in
the prone position has been evaluated as a
strategy to enhance oxygenation and lung
recruitment in ARDS. The mechanisms
by which prone positioning may benefit
patients with ARDS undergoing
mechanical ventilation include
improving ventilation–perfusion
matching, increasing end-expiratory
lung volume, and decreasing VILI by
more uniform distribution of tidal
volume through lung recruitment and
alterations in chest wall mechanics (38).
Early trials demonstrated increased
oxygenation (39, 40), but this did not
translate into reduced mortality.
However, post hoc analyses of subgroups
with more severe lung injury (e.g., more
severe hypoxemia) suggested benefit to
prone positioning (41).

Summary of the evidence. Prone
positioning has been evaluated in eight
RCTs, including 2,129 patients (39, 40,
42–47). There was no significant difference
in mortality for patients in the prone versus
supine groups (eight studies, 2,129 patients;
RR, 0.84; 95% CI, 0.68–1.04; moderate
confidence). However, in prespecified
subgroup analyses (based on proning
duration, ARDS severity, concomitant LTV
ventilation), prone positioning reduced
mortality in trials with prone duration
greater than 12 h/d (five studies, 1,002
patients; RR, 0.74; 95% CI, 0.56–0.99; high
confidence) and patients with moderate or
severe ARDS (five studies, 1,006 patients;
RR, 0.74; 95% CI, 0.54–0.99; moderate

AMERICAN THORACIC SOCIETY DOCUMENTS

1256 American Journal of Respiratory and Critical Care Medicine Volume 195 Number 9 | May 1 2017

 

However, mechanical ventilation itself can
cause and potentiate lung injury and may
contribute to nonpulmonary organ failure
and mortality in patients with ARDS. This
insight led to the design and evaluation of
ventilatory strategies aimed at mitigating
VILI.

Summary of the evidence. Mechanical
ventilation strategies that limit tidal volumes
(4–8 ml/kg predicted body weight [PBW]:
males = 501 0.91[height (cm)2152.4] kg
and females = 45.51 0.91[height (cm)2
152.4] kg) and inspiratory pressures
(plateau pressure, 30 cm H2O, defined as
the pressure obtained after a 0.5-s
inspiratory pause) have been compared
with traditional strategies (with tidal
volumes 10–15 ml/kg PBW) in nine RCTs
including 1,629 patients (21–28). Mean
(6SD) tidal volume in the LTV group was
6.86 1.2 ml/kg PBW, compared with
11.46 1.1 ml/kg PBW in the traditional
group. Our primary analysis excluded
RCTs for which the LTV strategy was
combined with the additional strategy of
higher PEEP, but these trials were included
in a stratified sensitivity analysis (21, 22).
Mortality was not significantly different for
patients receiving an LTV compared with
traditional strategies (seven studies, 1,481
patients; risk ratio [RR], 0.87; 95% CI,
0.70–1.08; moderate confidence). There
were also no significant differences in
barotrauma (three studies, 1,029 patients;
RR, 0.96; 95% CI, 0.67–1.37; low
confidence) or ventilator-free days (VFDs)
(two studies, 977 patients; 0.03 more VFDs;
95% CI, 25.88 to 5.95; low confidence)
between groups. Meta-regression showed a
significant inverse association between
larger tidal volume gradient (i.e., difference
in tidal volume between LTV and control
groups) and the relative risk of mortality
associated with LTV (P = 0.002); trials with
larger tidal volume gradients showed lower
mortality risk with LTV. Sensitivity analysis
that also included trials of a protocolized
LTV/high PEEP cointervention showed
significantly reduced mortality with LTV
(nine studies, 1,629 patients; RR, 0.80; 95%
CI, 0.66–0.98). Compared with trials
without a high PEEP cointervention,
LTV/high PEEP was associated with a
greater mortality benefit (RR, 0.58; 95% CI,
0.41–0.82; P = 0.05 for interaction).

Recommendation. We recommend that
adult patients with ARDS receive
mechanical ventilation with strategies that
limit tidal volumes (4–8 ml/kg PBW) and

inspiratory pressures (plateau
pressure, 30 cm H2O) (strong
recommendation, moderate confidence in
effect estimates).

Justification and implementation
considerations. Although our primary
analysis showed no significant difference
in mortality, the boundary of the CI
consistent with the largest plausible effect
(29) suggests that LTV might reduce the
relative risk of death by as much as 30%.
Furthermore, secondary analyses that
included meta-regression and a
sensitivity analysis including all trials
(nine studies, 1,629 patients) supported a
clinically important benefit to LTV. The
meta-regression of tidal volume gradient
between experimental and control
groups in each RCT versus mortality
confirmed a dose–response relationship
to the effect of LTVs (30, 31). The initial
tidal volume should be set at 6 ml/kg
PBW and can be increased up to 8 ml/kg
PBW if the patient is double triggering or
if inspiratory airway pressure decreases
below PEEP (25). The strong
recommendation for LTVs therefore
comes from moderate confidence in the
magnitude of effects on highly valued
outcomes (e.g., mortality), supplemented
by our secondary analyses, and moderate
confidence that undesirable outcomes are
modest and their avoidance is not highly
valued.

Future research opportunities. The
balance of potential benefits and harms of
spontaneous breathing in patients with
ARDS is unknown. It has been suggested
that benefits might include improved
oxygenation, more homogenous aeration,
reduced sedative requirements, and lower
risk for ventilator-induced diaphragmatic
dysfunction (32). However, it may not
always be possible to achieve strict
control of tidal volumes and inspiratory
pressures in spontaneously breathing
patients with ARDS. Moreover, some
studies have suggested that abrogating
early spontaneous breathing in patients
with severe ARDS may limit the risk for
VILI and decrease mortality (33–35).
This issue is a common and challenging
problem in the management of ARDS.
To resolve this, RCTs of spontaneous
breathing under partially assisted
ventilation versus strictly controlled
mechanical ventilation in patients with
ARDS are needed. In addition, RCTs are
needed to determine whether further

reductions in tidal volume (for example,
targets lower than 6 ml/kg PBW or lower
limits, 4 ml/kg PBW) or inspiratory
plateau pressure are associated with
greater improvements in patient-
important outcomes (30, 36). Finally, a
recent observational study based on
individual patient data from multiple
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targeting reduced DP are more
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the prone position has been evaluated as a
strategy to enhance oxygenation and lung
recruitment in ARDS. The mechanisms
by which prone positioning may benefit
patients with ARDS undergoing
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matching, increasing end-expiratory
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Early trials demonstrated increased
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with more severe lung injury (e.g., more
severe hypoxemia) suggested benefit to
prone positioning (41).

Summary of the evidence. Prone
positioning has been evaluated in eight
RCTs, including 2,129 patients (39, 40,
42–47). There was no significant difference
in mortality for patients in the prone versus
supine groups (eight studies, 2,129 patients;
RR, 0.84; 95% CI, 0.68–1.04; moderate
confidence). However, in prespecified
subgroup analyses (based on proning
duration, ARDS severity, concomitant LTV
ventilation), prone positioning reduced
mortality in trials with prone duration
greater than 12 h/d (five studies, 1,002
patients; RR, 0.74; 95% CI, 0.56–0.99; high
confidence) and patients with moderate or
severe ARDS (five studies, 1,006 patients;
RR, 0.74; 95% CI, 0.54–0.99; moderate

AMERICAN THORACIC SOCIETY DOCUMENTS

1256 American Journal of Respiratory and Critical Care Medicine Volume 195 Number 9 | May 1 2017

 

AMERICAN THORACIC SOCIETY
DOCUMENTS

An Official American Thoracic Society/European Society of Intensive
Care Medicine/Society of Critical Care Medicine Clinical Practice
Guideline: Mechanical Ventilation in Adult Patients with Acute
Respiratory Distress Syndrome
Eddy Fan, Lorenzo Del Sorbo, Ewan C. Goligher, Carol L. Hodgson, Laveena Munshi, Allan J. Walkey,
Neill K. J. Adhikari, Marcelo B. P. Amato, Richard Branson, Roy G. Brower, Niall D. Ferguson, Ognjen Gajic,
Luciano Gattinoni, Dean Hess, Jordi Mancebo, Maureen O. Meade, Daniel F. McAuley, Antonio Pesenti,
V. Marco Ranieri, Gordon D. Rubenfeld, Eileen Rubin, Maureen Seckel, Arthur S. Slutsky, Daniel Talmor,
B. Taylor Thompson, Hannah Wunsch, Elizabeth Uleryk, Jan Brozek, and Laurent J. Brochard; on behalf of the
American Thoracic Society, European Society of Intensive Care Medicine, and Society of Critical Care Medicine

THIS OFFICIAL CLINICAL PRACTICE GUIDELINE OF THE AMERICAN THORACIC SOCIETY (ATS), EUROPEAN SOCIETY OF INTENSIVE CARE MEDICINE (ESICM), AND

SOCIETY OF CRITICAL CARE MEDICINE (SCCM) WAS APPROVED BY THE ATS, ESICM, AND SCCM, MARCH 2017

Background: This document provides evidence-based
clinical practice guidelines on the use of mechanical ventilation
in adult patients with acute respiratory distress syndrome (ARDS).

Methods: A multidisciplinary panel conducted systematic reviews
and metaanalyses of the relevant research and applied Grading of
Recommendations, Assessment, Development, and Evaluation
methodology for clinical recommendations.

Results: For all patients with ARDS, the recommendation is strong for
mechanical ventilation using lower tidal volumes (4–8 ml/kg predicted
bodyweight) and lower inspiratory pressures (plateau pressure, 30 cm
H2O) (moderate confidence in effect estimates). For patients with severe
ARDS, the recommendation is strong for prone positioning for more

than 12 h/d (moderate confidence in effect estimates). For patients with
moderateor severeARDS, the recommendation is strongagainst routine
use of high-frequency oscillatory ventilation (high confidence in effect
estimates) and conditional for higher positive end-expiratory pressure
(moderate confidence in effect estimates) and recruitment maneuvers
(low confidence in effect estimates). Additional evidence is necessary to
make a definitive recommendation for or against the use of
extracorporeal membrane oxygenation in patients with severe ARDS.

Conclusions: The panel formulated and provided the rationale for
recommendations on selected ventilatory interventions for adult
patients with ARDS. Clinicians managing patients with ARDS should
personalize decisions for their patients, particularly regarding the
conditional recommendations in this guideline.
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BACKGROUND
Mechanical-ventilation strategies that use lower end-inspiratory (plateau) airway 
pressures, lower tidal volumes (VT), and higher positive end-expiratory pressures 
(PEEPs) can improve survival in patients with the acute respiratory distress syndrome 
(ARDS), but the relative importance of each of these components is uncertain. 
Because respiratory-system compliance (CRS) is strongly related to the volume of 
aerated remaining functional lung during disease (termed functional lung size), 
we hypothesized that driving pressure (∆P = VT/CRS), in which VT is intrinsically nor-
malized to functional lung size (instead of predicted lung size in healthy persons), 
would be an index more strongly associated with survival than VT or PEEP in patients 
who are not actively breathing.

METHODS
Using a statistical tool known as multilevel mediation analysis to analyze individual 
data from 3562 patients with ARDS enrolled in nine previously reported randomized 
trials, we examined ∆P as an independent variable associated with survival. In the 
mediation analysis, we estimated the isolated effects of changes in ∆P resulting 
from randomized ventilator settings while minimizing confounding due to the 
baseline severity of lung disease.

RESULTS
Among ventilation variables, ∆P was most strongly associated with survival. A 1-SD 
increment in ∆P (approximately 7 cm of water) was associated with increased 
mortality (relative risk, 1.41; 95% confidence interval [CI], 1.31 to 1.51; P<0.001), 
even in patients receiving “protective” plateau pressures and VT (relative risk, 1.36; 
95% CI, 1.17 to 1.58; P<0.001). Individual changes in VT or PEEP after randomiza-
tion were not independently associated with survival; they were associated only if 
they were among the changes that led to reductions in ∆P (mediation effects of ∆P, 
P = 0.004 and P = 0.001, respectively).

CONCLUSIONS
We found that ∆P was the ventilation variable that best stratified risk. Decreases 
in ∆P owing to changes in ventilator settings were strongly associated with increased 
survival. (Funded by Fundação de Amparo e Pesquisa do Estado de São Paulo and 
others.)

A BS TR AC T

Driving Pressure and Survival in the Acute 
Respiratory Distress Syndrome

Marcelo B.P. Amato, M.D., Maureen O. Meade, M.D., Arthur S. Slutsky, M.D., 
Laurent Brochard, M.D., Eduardo L.V. Costa, M.D., David A. Schoenfeld, Ph.D., 
Thomas E. Stewart, M.D., Matthias Briel, M.D., Daniel Talmor, M.D., M.P.H., 

Alain Mercat, M.D., Jean-Christophe M. Richard, M.D., 
Carlos R.R. Carvalho, M.D., and Roy G. Brower, M.D.

Special Article

The New England Journal of Medicine 
Downloaded from nejm.org on November 24, 2022. For personal use only. No other uses without permission. 

 Copyright © 2015 Massachusetts Medical Society. All rights reserved. 

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 372;8 nejm.org February 19, 2015 747

From the Cardio-Pulmonary Depart-
ment, Pulmonary Division, Heart Insti-
tute (Incor), University of São Paulo 
(M.B.P.A., E.L.V.C., C.R.R.C.), and the 
Research and Education Institute, Hospi-
tal Sirio-Libanês (E.L.V.C.) — both in São 
Paulo; the Departments of Clinical Epide-
miology and Biostatistics and Medicine, 
McMaster University, Hamilton, ON 
(M.O.M., T.E.S., M.B.), and the Keenan 
Research Centre for Biomedical Science, 
St. Michael’s Hospital (A.S.S., L.B.), and 
the Interdepartmental Division of Critical 
Care Medicine and Department of Medi-
cine, University of Toronto (A.S.S., L.B.), 
Toronto — all in Canada; the Massachu-
setts General Hospital Biostatistics Cen-
ter, Harvard Medical School (D.A.S.), 
and Department of Anesthesia, Critical 
Care, and Pain Medicine, Beth Israel 
Deaconess Medical Center and Harvard 
Medical School (D.T.) — both in Boston; 
the Basel Institute for Clinical Epidemiol-
ogy and Biostatistics, University Hospi-
tal Basel, Basel, Switzerland (M.B.); the  
Department of Intensive Care and Hyper-
baric Medicine, Angers University Hospi-
tal, Angers (A.M.), the Emergency De-
partment, General Hospital of Annecy, 
Annecy (J.-C.M.R.), and INSERM UMR 
955, Creteil ( J.-C.M.R.) — all in France; 
and the Division of Pulmonary and Criti-
cal Care Medicine, Johns Hopkins Uni-
versity School of Medicine, Baltimore 
(R.G.B.). Address reprint requests to Dr. 
Amato at Faculdade de Medicina, Univer-
sidade de São Paulo., Av. Dr. Arnaldo 
455, sala 2144 (2nd Fl.), 01246-903, São 
Paulo, Brazil, or at  amato . marcelo . bp@ 
 gmail . com.

N Engl J Med 2015;372:747-55.
DOI: 10.1056/NEJMsa1410639
Copyright © 2015 Massachusetts Medical Society.

BACKGROUND
Mechanical-ventilation strategies that use lower end-inspiratory (plateau) airway 
pressures, lower tidal volumes (VT), and higher positive end-expiratory pressures 
(PEEPs) can improve survival in patients with the acute respiratory distress syndrome 
(ARDS), but the relative importance of each of these components is uncertain. 
Because respiratory-system compliance (CRS) is strongly related to the volume of 
aerated remaining functional lung during disease (termed functional lung size), 
we hypothesized that driving pressure (∆P = VT/CRS), in which VT is intrinsically nor-
malized to functional lung size (instead of predicted lung size in healthy persons), 
would be an index more strongly associated with survival than VT or PEEP in patients 
who are not actively breathing.

METHODS
Using a statistical tool known as multilevel mediation analysis to analyze individual 
data from 3562 patients with ARDS enrolled in nine previously reported randomized 
trials, we examined ∆P as an independent variable associated with survival. In the 
mediation analysis, we estimated the isolated effects of changes in ∆P resulting 
from randomized ventilator settings while minimizing confounding due to the 
baseline severity of lung disease.

RESULTS
Among ventilation variables, ∆P was most strongly associated with survival. A 1-SD 
increment in ∆P (approximately 7 cm of water) was associated with increased 
mortality (relative risk, 1.41; 95% confidence interval [CI], 1.31 to 1.51; P<0.001), 
even in patients receiving “protective” plateau pressures and VT (relative risk, 1.36; 
95% CI, 1.17 to 1.58; P<0.001). Individual changes in VT or PEEP after randomiza-
tion were not independently associated with survival; they were associated only if 
they were among the changes that led to reductions in ∆P (mediation effects of ∆P, 
P = 0.004 and P = 0.001, respectively).

CONCLUSIONS
We found that ∆P was the ventilation variable that best stratified risk. Decreases 
in ∆P owing to changes in ventilator settings were strongly associated with increased 
survival. (Funded by Fundação de Amparo e Pesquisa do Estado de São Paulo and 
others.)

A BS TR AC T

Driving Pressure and Survival in the Acute 
Respiratory Distress Syndrome

Marcelo B.P. Amato, M.D., Maureen O. Meade, M.D., Arthur S. Slutsky, M.D., 
Laurent Brochard, M.D., Eduardo L.V. Costa, M.D., David A. Schoenfeld, Ph.D., 
Thomas E. Stewart, M.D., Matthias Briel, M.D., Daniel Talmor, M.D., M.P.H., 

Alain Mercat, M.D., Jean-Christophe M. Richard, M.D., 
Carlos R.R. Carvalho, M.D., and Roy G. Brower, M.D.

Special Article

The New England Journal of Medicine 
Downloaded from nejm.org on November 24, 2022. For personal use only. No other uses without permission. 

 Copyright © 2015 Massachusetts Medical Society. All rights reserved. 



予測体重に基づくLung protection：VT／PBW（mL／kg）

ARDSの重症度によっては、正常な肺胞領域を過⼤評価して
いる可能性がある。（先ほどの“baby lung“ の観点）
肺コンプライアンス（CL）は正常な肺胞領域を反映する。

コンプライアンスを反映させたLung protectionの指標を！



★ driving pressure（＝駆動圧, ΔP）の概念）

ΔP ＝ Pplat ー PEEP
＝ VT／CRS（cmH2O）750 VOL.30 NO.8 2019

barotrauma，volutraumaは，ともに VALI/
VILI発症の原因として吸気時の状態に着目し
た概念である．一方，呼気時の状態に着目し，
高い PEEPと低い PEEPで換気を行った動物
実験では，低 PEEP群で肺傷害が生じること
が示された．この機序として換気に伴って肺胞
が拡張─虚脱を繰り返すことが原因と推定さ
れ，atelectraumaの概念が提唱された 2）．

 2

肺保護換気戦略の始まり

barotrauma/volutrauma，atelectrauma の
研究から導かれる肺傷害の予防は，barotrau-

ma/volutraumaを防ぐために一回換気量を少
なくし，プラトー圧を低く抑え，atelectrauma
を防ぐために PEEPを高く設定することであ
る．しかし，これらを織り込んだ人工呼吸器設
定では，分時換気量の低下は避けられず，高二
酸化炭素血症と呼吸性アシドーシスを招きやす
い．換気・酸素化の最適化を重視していた当時
は，日常臨床では 10～12 mL/kg程度の大き
な一回換気量が用いられるのが通例であった．
そのようななか，1995年に Amatoらは，

ARDS患者の人工呼吸管理において，高い
PEEP，6 mL/kg 未 満 の 一 回 換 気 量，40 
cmH2O未満の最高気道内圧，高二酸化炭素血
症の許容（permissive hypercapnia）という新
しいアプローチと，従来通りの管理〔12 mL/

①プラトー圧
従量式換気における吸気ポーズ相終末の気道内圧のこと．気流がないので，気道抵抗で生じる圧を含まない，肺

胞を拡張させるのに必要な気道内圧で，吸気時の肺胞内圧と等しいとされる（図 1a）．従圧式換気では，設定され
た吸気圧が吸気時の肺胞内圧に相当する（図 1b）．ただし，吸気相終末に気流が０になっていない場合は，肺胞内
圧が吸気圧に達していないので，吸気圧は肺胞内圧を反映しない．
②駆動圧
肺の拡張─収縮サイクルにおける，肺胞内圧の変化の大きさのこと．従量式換気では「プラトー圧－PEEP」，従

圧式換気では「吸気圧－PEEP」で求める（図 1）．

気道内圧

駆動圧

ピーク圧

プラトー圧

PEEP

0

気道内圧

駆動圧

吸気圧

PEEP

0

a）従量式換気 b）従圧式換気

図 1　従量式および従圧式換気での気道内圧波形と各種の圧

肺保護換気戦略にかかわる気道内圧

予測体重に基づく指標
＝ VT／PBW（mL／kg）

CRS ＝ CL ＋ CCW （RS ＝ respiratory system,  L ＝ lung,  CW ＝ chest wall）
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Driving Pressure and Survival in ARDS

VT and survival or between VT and barotrauma 
only when we scaled VT to individual CRS values 
(∆P = VT/CRS) (Fig. S5 in the Supplementary Ap-
pendix). This scaling has a strong physiological 
basis. In patients with ARDS, CRS is directly re-
lated to functional lung size (the volume of aer-
ated lung available for tidal ventilation).17,18 These 
observations suggest that the aerated lung in a 
patient with ARDS is not “stiff” but is small, 
with nearly normal specific compliance (compli-
ance per unit of lung volume) in preserved areas.

The rationale underlying our mediation anal-
ysis was that ∆P was the surrogate for cyclic 
lung strain that was most accessible and easiest 
to calculate27; ∆P is defined as the amount of 
cyclic parenchymal deformation imposed on 
ventilated, preserved lung units. We also postu-
lated that cyclic strain predicts lung injury better 
than VT. Implicitly, we hypothesized that the 
functional lung size during disease is better 
quantified by CRS than by predicted body weight. 
Under such conditions, especially when CRS var-
ies considerably among patients, cyclic strain, 
ventilator-induced lung injury, and survival 
should all be correlated with ∆P rather than 
with VT.

Although this mediation analysis cannot es-
tablish causality, experimental studies provide a 
plausible link between ∆P and ventilator-induced 
lung injury. Many studies suggest that cell and 
tissue damage are more closely related to the 
amplitude of cyclic stretch than to the maximal 
level of stretch — that is, lung tissue can undergo 
sustained stretching without damage.5,7,8,27-30

Our study has a number of limitations. First, 
our conclusions are valid only for ventilation in 
which the patient is not making respiratory ef-
forts. It is difficult to interpret ∆P in actively 
breathing patients. Second, we studied a rela-
tively narrow range of variables. Thus, extrapola-
tions to patients with plateau pressures greater 
than 40 cm of water, PEEPs less than 5 cm of 
water, or respiratory rates greater than 35 breaths 
per minute are not warranted. Finally, we did not 
directly estimate the cyclic gradient of pressures 
across the lung (transpulmonary ∆P), which is 
the probable effector of parenchymal injury. Be-
cause a large fraction of ∆P is typically applied 
to inflate the lung in patients with severe ARDS, 
∆P was probably a reasonable surrogate for trans-
pulmonary ∆P. However, this approach may not 

be relevant to patients with extremely low chest-
wall compliances.22,31

The Acute Respiratory Distress Syndrome 
Network (ARDSNet) trial2 is often viewed as 
showing that low VT values per se decrease mor-
tality from ARDS. However, our analyses sug-
gest that the efficacy of this strategy is also 
critically dependent on other components of the 
lung-protective bundle (e.g., plateau-pressure lim-
itation, respiratory-rate modification, and hyper-
capnia). For example, when low VT values were 
introduced into the lung, improved survival was 
observed only when large changes in ∆P (the 
dependent variable during volume control) were 
avoided.

Our findings might also explain why studies 
of higher PEEPs did not show consistent survival 
benefits4,10-12; PEEP increments might be protec-
tive only when the increased PEEP values result 
in a change in lung mechanics so that the same 
V

T
 can be delivered with a lower ∆P. This hypoth-

Figure 2. Relative Risk of Death in the Hospital versus ∆P in the Combined 
Cohort after Multivariate Adjustment.

The combined cohort (with 1249 death events) was partitioned into 15 
quantiles of ∆P, and the relative risk for each quantile was calculated in 
relation to the mean risk of the combined population (assumed to be 1). 
The mean risk and 95% confidence intervals (error bars) for each percen-
tile were calculated after multivariate adjustment at the patient level (Cox 
proportional-hazards model) for the five covariates (trial, age, risk of death 
according to APACHE or SAPS, arterial pH at entry, and PaO2:FIO2 at entry) 
specified in model 1. The gray zone represents the 95% confidence interval 
for the Cox regression (dashed line) across the whole population when ∆P 
is considered as a continuous variable.
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ΔPの低下が⽣存の改善と
強い関連
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adjusted for the effect of underlying lung disease 
on the mechanical characteristics of the lung, 
that ∆P was a critical mediator of the benefits of 
various interventions. Our analyses indicated 
that reductions in VT or increases in PEEP driven 

by random treatment-group assignment were ben-
eficial only if associated with decreases in ∆P. 
No other ventilation variable had such a mediat-
ing effect.

We identified the striking correlations between 

Figure 1. Relative Risk of Death in the Hospital across Relevant Subsamples after Multivariate Adjustment — Survival Effect of  
Ventilation Pressures.

Using double stratification procedures (obtaining subgroups of patients with matched mean levels for one variable but very different 
mean levels for another ranking variable; see Section III.3 in the Supplementary Appendix for details), we partitioned our data set into 
five distinct subsamples (each including approximately 600 patients with the acute respiratory distress syndrome [ARDS]) and calculat-
ed the relative risk (adjusted mortality) for each subsample in comparison with the mean risk in the combined population. The upper 
stacked-bar diagrams illustrate the mean values for positive end-expiratory pressure (PEEP), plateau pressure, and driving pressure (∆P) 
observed in each subsample. The error bars represent 1 standard deviation. Each resampling (A, B, and C) produced subsamples with 
similar mean values for one ventilator variable but very distinct values for the two other variables. At the bottom, the respective relative 
risks for death in the hospital are shown, calculated for each subsample after multivariate adjustment (at the patient level) for the five 
covariates (trial, age, risk of death according to the Acute Physiology and Chronic Health Evaluation [APACHE] or Simplified Acute Physi-
ology Score [SAPS], arterial pH at entry, and PaO2:FIO2 at entry) specified in model 1. Error bars represent 95% confidence intervals. A 
relative risk of 1 represents the mean risk of the pooled population, which had an adjusted survival rate of 68% at 60 days. Note that a 
lower survival rate was observed among patients with higher ∆P and higher survival was observed among patients with lower ∆P, inde-
pendent of concomitant variations in PEEP and plateau pressure.
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PEEPが⼀定の場合はΔPが⼤
きいほど死亡率が上昇。

Pplatが上昇してもΔPが⼀定
の場合は死亡率は上昇せず。

Pplatが⼀定でもΔPが低下し
ている場合は死亡率が低下。





★ ΔP(駆動圧)の問題点

・ΔPに関するデータは⾃発呼吸がない患者から得たもの。
⬇

・吸気努⼒がある患者では呼吸筋収縮による胸腔内圧(陰圧)の
増⼤を考慮する必要がある。

⬇
・ΔPのみでの評価はCRSを過⼤評価してしまう可能性がある。

観察不⼗分だと「肺保護的ではない」換気を許容しかねない。



⽬次

①tidal volume

②driving pressure（駆動圧、ΔP）

③transpulmonary pressure（経肺圧）

④肺傷害／横隔膜傷害について



★ 経肺圧の概念

PL ＝ Paw − Ppl

Pplを直接測定するのは侵襲的なの
で代⽤としてPesを測定する。
PL ＝ Paw − Pes

PL : 経肺圧
(transpulmonary pressure)

Paw : 気道内圧
Ppl : 胸腔内圧
Pes : ⾷道内圧





severe ARDS (P/F＜150) に対し筋弛緩薬
を使⽤した多施設⼆重盲検RCT

急性期の48hのみ筋弛緩薬使⽤
⇨・90⽇間⽣存率の改善

・VFDの増加

予後改善傾向の要因として、
・経肺圧の厳格なコントロール
・Pendelluft現象の予防
が関与していた可能性が考えられた。



★ Pendelluft現象
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このとき肺胞内の空気が腹側から背側へ移動。
・腹側肺：虚脱による atelectrauma
・背側肺：虚脱→過伸展 による atelectrauma＋volutrauma
⇨さらなる肺障害
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経肺圧の値の安全域については知られていないが、管理⽬標として提案
されるのは、

★吸気終末 ≦ 20〜25 cmH2O（⽣理学的範囲の上限とされる値）

★呼気終末 ≧ 0 cmH2O（肺胞や気道のcollapseを避ける）





★ ⾷道内圧測定の問題点

① 胸腔内圧は重⼒の影響により上部ほど低くなる。
体位・腹部膨満・周囲臓器による圧迫などの影響もある。

⬇
胸腔内圧は肺の部位によって異なる。
⾷道内圧は⼀部の胸腔内圧を反映しているに過ぎない。

② ⾷道バルーンへの空気充填量が適切でないと値を過⼤／
過⼩評価してしまう。



RCTs of HFOV (56, 57) may provide
additional data on this indication.

Question 4: Should Patients with
ARDS Receive Higher, as Compared
with Lower, PEEP?

Background. Although higher PEEP may
improve alveolar recruitment, reduce lung
stress and strain, and prevent atelectrauma
in some patients with ARDS, potential risks
include injury from end-inspiratory alveolar
overdistention, increased intrapulmonary
shunt, increased dead space, and higher
pulmonary vascular resistance leading to cor
pulmonale.

Summary of the evidence. Higher
versus lower PEEP strategies were evaluated
in eight RCTs, including 2,728 patients (21,
22, 59–64). Mean6 SD PEEP was 15.16
3.6 versus 9.16 2.7 cm H2O in the higher
and lower PEEP groups on Day 1,
respectively. Our primary analysis excluded
two trials that did not use LTV in the lower
PEEP control groups (21, 22). There was no
significant difference in mortality for
patients receiving higher versus lower PEEP
(six studies, 2,580 patients; RR, 0.91; 95%
CI, 0.80–1.03; moderate confidence)
(59–64). Higher PEEP strategies were not
associated with significant differences in
barotrauma, new organ failure, or VFDs as
compared with a lower PEEP strategy
(moderate confidence). Oxygenation
(PaO2

/FIO2
ratio) was significantly higher in

patients randomized to higher PEEP
(61 mm Hg higher; 95% CI, 46–77 mm
Hg). However, for our recommendation, we
also considered evidence from an IPDMA
of three large RCTs of higher versus lower
PEEP (65). In this study, patients with
moderate or severe ARDS (PaO2

/FIO2
< 200)

randomized to higher PEEP had
significantly lower mortality (adjusted RR,
0.90; 95% CI, 0.81–1.00), with no
significant effect among patients with mild
ARDS (adjusted RR, 1.29; 95% CI,
0.91–1.83; P = 0.02 for comparison with
moderate/severe ARDS subgroup).

Recommendation. We suggest that adult
patients with moderate or severe ARDS receive
higher rather than lower levels of PEEP
(conditional recommendation, moderate
confidence in effect estimates).

Justification and implementation
considerations. Given the important
advantages of an IPDMA over conventional
metaanalysis (66), this recommendation is
based primarily on the results of the

IPDMA of higher versus lower PEEP trials,
supporting a statistically significant
reduction in mortality in patients with
moderate or severe ARDS (65). Because the
IPDMA combined multiple different
strategies, the recommendation for higher
PEEP in moderate or severe ARDS is
difficult to operationalize. A reasonable
starting point would be to implement a
higher PEEP strategy that was used in
large RCTs included in the IPDMA
(i.e., ALVEOLI [Assessment of Low Tidal
Volume and Elevated End-Expiratory
Volume to Obviate Lung Injury] [59], LOV
[Lung Open Ventilation] Study [60],
ExPRESS [Expiratory Pressure] [61]).
Importantly, changes in PEEP will influence
inspiratory plateau pressure, and clinicians
should consider the risks and benefits for the
individual patient of increasing PEEP when
plateau pressure is greater than or equal to
30 cm H2O. In conjunction with the findings
from our study-level metaanalysis, this
conditional recommendation comes from
moderate confidence in the small magnitude
of effects on highly valued outcomes (e.g.,
mortality) and moderate confidence that any
effects on undesirable outcomes are small
and that avoidance of these undesirable
outcomes is not highly valued.

Future research opportunities. The best
method to set PEEP in patients with ARDS
remains uncertain. Given the lack of
consistent efficacy when PEEP is adjusted
according to oxygenation (59, 60), other
methods based on lung mechanics or
imaging have been proposed and require
evaluation in future studies (67).
Individualizing PEEP titration by targeting
the transpulmonary plateau pressure is an
alternative strategy. A pilot RCT using
transpulmonary pressure–guided PEEP
selection yielded promising results (62),
and a larger-scale multicenter RCT is
currently underway (EPVent2, ClinicalTrials.
gov NCT01681225). Developing and
validating simple tools to assess lung
recruitability, such as the oxygenation
response to PEEP (68, 69), may help to
identify patients with ARDS who are most
likely to benefit from higher PEEP and could
be used to enrich the study population of
future RCTs of higher PEEP strategies (32).

Question 5: Should Patients with
ARDS Receive RMs?

Background. Patients with ARDS have
dependent atelectasis due in part to

increased lung weight from interstitial and
alveolar edema (70). Atelectasis exacerbates
lung injury during mechanical ventilation
by reducing the size of the lung available for
tidal ventilation (22) and by amplifying
stress at the interface between atelectatic
and aerated lung and in alveolar units
subjected to cyclic tidal recruitment and
derecruitment (23). Both higher PEEP and
lung RMs (70–72) can reduce atelectasis
and increase end-expiratory lung volume.
RMs involve transient elevations in applied
airway pressures intended to open
(“recruit”) collapsed lung and increase the
number of alveolar units participating in
tidal ventilation (73). A variety of
maneuvers have been described, including
prolonged high continuous positive airway
pressure (30–40 cm H2O), progressive
incremental increases in PEEP at constant
driving pressure (63), and high driving
pressures (74). RMs are usually associated
with short-term physiological benefits,
including reduced intrapulmonary
shunt and increased pulmonary
compliance (72, 73), but may be
associated with complications, including
hemodynamic compromise and
barotrauma (74).

Summary of the evidence. RMs were
evaluated in six RCTs, including 1,423
patients (21, 60, 63, 64, 75, 76). The type of
RM varied widely among trials, and our
primary analysis excluded five trials that
used higher PEEP as a cointervention with
RMs (21, 60, 63, 64, 75). In the only trial
without cointervention, RMs were
significantly associated with lower mortality
(one study, 110 patients; RR, 0.62; 95% CI,
0.39–0.98; low confidence) (76). When
considering all six RCTs, RMs were
significantly associated with lower mortality
(six studies, 1,423 patients; RR, 0.81; 95%
CI, 0.69–0.95; moderate confidence). There
was no evidence of heterogeneity (P = 0.21)
despite a higher PEEP cointervention used
in five of six trials. RMs were also associated
with higher oxygenation (PaO2

/FIO2
ratio) at

24 hours (six studies, 1,400 patients; 52 mm
Hg higher; 95% CI, 23–81; low confidence)
and reduced the need for rescue therapy
(two studies, 1,003 patients; RR, 0.64; 95%
CI, 0.35–0.93; moderate confidence). RMs
were not significantly associated with
barotrauma (four studies, 1,293 patients;
RR, 0.84; 95% CI, 0.46–1.55; low
confidence) and rates of hemodynamic
compromise (three studies, 330 patients;
RR, 1.30; 95% CI, 0.92–1.83).
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Background: This document provides evidence-based
clinical practice guidelines on the use of mechanical ventilation
in adult patients with acute respiratory distress syndrome (ARDS).

Methods: A multidisciplinary panel conducted systematic reviews
and metaanalyses of the relevant research and applied Grading of
Recommendations, Assessment, Development, and Evaluation
methodology for clinical recommendations.

Results: For all patients with ARDS, the recommendation is strong for
mechanical ventilation using lower tidal volumes (4–8 ml/kg predicted
bodyweight) and lower inspiratory pressures (plateau pressure, 30 cm
H2O) (moderate confidence in effect estimates). For patients with severe
ARDS, the recommendation is strong for prone positioning for more

than 12 h/d (moderate confidence in effect estimates). For patients with
moderateor severeARDS, the recommendation is strongagainst routine
use of high-frequency oscillatory ventilation (high confidence in effect
estimates) and conditional for higher positive end-expiratory pressure
(moderate confidence in effect estimates) and recruitment maneuvers
(low confidence in effect estimates). Additional evidence is necessary to
make a definitive recommendation for or against the use of
extracorporeal membrane oxygenation in patients with severe ARDS.

Conclusions: The panel formulated and provided the rationale for
recommendations on selected ventilatory interventions for adult
patients with ARDS. Clinicians managing patients with ARDS should
personalize decisions for their patients, particularly regarding the
conditional recommendations in this guideline.
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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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⬆ ARDS Network の「lower PEEP／FiO2」表に従う

⬇ 呼気時経肺圧を0以上にする

P/F：⾷道内圧群 280±126 ＞ Control群 191±71
CRS：⾷道内圧群 45±14ml/cmH2O ＞ Control群 35±9ml/cmH2O

PEEP：⾷道内圧群 17±6cmH2O ＞ Control群 10±4cmH2O
呼気終末経肺圧：⾷道内圧群 0.1±2.6cmH2O vs Control群 -2.0±4.7cmH2O

Pplat：28±7cmH2O vs 25±6cmH2O
吸気終末経肺圧：7.4±4.4cmH2O vs 6.7±4.9cmH2O

28⽇死亡率は⾷道内圧群で良い傾向だが、サンプルサイズ少ない かつ 単施設研究

（⾷道内圧群）



JAMA. 2019; 321(9): 846-857.

“EPVent2 study”

・中等症〜重症のARDS患者（P/F ≦200mmHg、発症36h以内）
・アメリカ／カナダの14病院、200名による RCT
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in four hours before the ventilator settings were changed on day 0.
Physiologic and radiographic data, medication use, and use of oth-
er investigational treatments were recorded between 6 and 10 a.m.
on days 1, 2, 3, 4, 7, 14, 21, and 28. Data were transmitted weekly
to the network coordinating center. Patients were followed until
day 180 or until they were breathing on their own at home.

 

Assessment of Compliance

 

Randomly selected ventilator and blood gas variables were an-
alyzed for compatibility with the protocol. Quarterly reports of
these data from each of the 10 centers were used by investigators
to assess compliance.

 

Statistical Analysis

 

The first primary outcome was death before a patient was dis-
charged home and was breathing without assistance. Patients who
were in other types of health care facilities at 180 days were con-
sidered to have been discharged from the hospital and to be breath-
ing without assistance. The second primary outcome was ventila-
tor-free days, defined as the number of days from day 1 to day 28
on which a patient breathed without assistance, if the period of
unassisted breathing lasted at least 48 consecutive hours. A differ-

ence in ventilator-free days could reflect a difference in mortality,
ventilator days among survivors, or both. Other outcomes were
the number of days without organ or system failure and the oc-
currence of barotrauma, defined as any new pneumothorax, pneu-
momediastinum, or subcutaneous emphysema, or a pneumatocele
that was more than 2 cm in diameter. Interim analyses were con-
ducted by an independent data and safety monitoring board after
the enrollment of each successive group of approximately 200 pa-
tients. Stopping boundaries (with a two-sided 
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 level of 0.05) were
designed to allow early termination of the study if the use of lower
tidal volumes was found to be either efficacious
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 or ineffective.
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The comparison of traditional with lower tidal volumes was
one of two trials conducted simultaneously in the same patients
in a factorial experimental design. Ketoconazole was compared with
placebo in the first 234 patients, and lisofylline was compared with
placebo in the last 194 patients; no drugs were assessed in the
middle 433 patients.

We used Student’s t-test or Fisher’s exact test to compare base-
line variables. We used analysis of covariance to compare log-trans-
formed plasma interleukin-6 values. We used Wilcoxon’s test to
compare the day 0 and day 3 plasma interleukin-6 concentrations,
ventilator-free days, and organ-failure–free days, which had skewed
distributions. We used the 180-day cumulative incidence of mor-
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 denotes partial pressure of arterial oxygen, SpO

 

2

 

 oxyhemoglobin saturation measured by
pulse oximetry, FiO
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 fraction of inspired oxygen, and PEEP positive end-expiratory pressure.
†Subsequent adjustments in tidal volume were made to maintain a plateau pressure of «50 cm of

water in the group receiving traditional tidal volumes and «30 cm of water in the group receiving
lower tidal volumes. 

‡Further increases in PEEP, to 34 cm of water, were allowed but were not required.
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Ventilator mode Volume assist–control Volume assist–control
Initial tidal volume (ml/kg of predicted body 

weight)†
12 6

Plateau pressure (cm of water) «50 «30
Ventilator rate setting needed to achieve a pH 

goal of 7.3 to 7.45 (breaths/min)
6–35 6–35

Ratio of the duration of inspiration to the 
duration of expiration

1:1–1:3 1:1–1:3

Oxygenation goal PaO

 

2

 

, 55–80 mm Hg, 
or SpO

 

2

 

, 88–95%
PaO

 

2

 

, 55–80 mm Hg, 
or SpO

 

2

 

, 88–95%
Allowable combinations of FiO

 

2

 

 and PEEP 
(cm of water)‡

0.3 and 5
0.4 and 5
0.4 and 8
0.5 and 8
0.5 and 10
0.6 and 10
0.7 and 10
0.7 and 12
0.7 and 14
0.8 and 14
0.9 and 14
0.9 and 16
0.9 and 18
1.0 and 18
1.0 and 20
1.0 and 22
1.0 and 24

0.3 and 5
0.4 and 5
0.4 and 8
0.5 and 8
0.5 and 10
0.6 and 10
0.7 and 10
0.7 and 12
0.7 and 14
0.8 and 14
0.9 and 14
0.9 and 16
0.9 and 18
1.0 and 18
1.0 and 20
1.0 and 22
1.0 and 24

Weaning By pressure support; re-
quired by protocol 
when FiO

 

2

 

«0.4

By pressure support; re-
quired by protocol 
when FiO

 

2

 

«0.4
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ARDS Network の
「lower PEEP／FiO2」
より high PEEP 設定の

プロトコル

酸素化⽬標が達成できる最も低い
FiO2／呼気終末経肺圧 に設定





死亡(⽣存期間)と28⽇VFD について優劣を⽐較したスコア ➡ 有意差なし

28⽇死亡率、60⽇死亡率、1年死亡率、28⽇VFD、ICU滞在⽇数、28⽇⼊院⽇数、60⽇⼊院⽇数
➡ 有意差なし





⽬次

①tidal volume

②driving pressure（駆動圧、ΔP）

③transpulmonary pressure（経肺圧）

④肺傷害／横隔膜傷害について



★肺傷害＋横隔膜傷害

VILI ＝ ventilator-induced lung injury（⼈⼯呼吸器関連肺傷害）

P-SILI ＝ patient self-inflicted lung injury（⾃発呼吸関連肺傷害）

Diaphragm injury（横隔膜傷害）
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🔶Lung-protective ventilation

➡tidal volume、driving pressure、経肺圧・・・

🔶Diaphragm-protective ventilation

➡横隔膜活動を最適化するためには、吸気努⼒の適切な

モニタリング⽅法が必要だが・・・



★transdiaphragmatic pressure
(横隔膜が作り出す圧)

Pdi ＝ Pab − Ppl

＝ Pga − Pes

Pdi:  経横隔膜圧
Ppl: 胸腔内圧
Pab: 腹腔内圧
Pes: ⾷道内圧
Pga: 胃内圧



ΔPdi = inspiratory swing  in Pdi （Pdi ＝ Pga − Pes）

① to prevent overassistance myotrauma

ΔPdi ＞ 3-5cmH2O

② to prevent underassistance myotrauma

ΔPdi < 10-15cmH2O

Am J Respir Crit Care Med. 2020 Oct 1; 202(7): 950-961



★まとめと私⾒

・ARDS管理に使⽤可能なモニタリングとして、今回、tidal volume／
driving pressure／経肺圧／経横隔膜圧を挙げた。
・定量化できるメリットは⼤きい⼀⽅、得られる数値の信頼性が技術的
要因に影響されることや、数値の解釈を誤ると病態を増悪させかねない
ことに留意する必要がある。
・「横隔膜保護より肺保護を優先」するスタンスで良いが、横隔膜保護
も達成できるよう、患者をよく観察し介⼊する必要がある。


