
急性呼吸不全患者における
適切な酸素濃度目標とは？
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BACKGROUND
Patients with acute hypoxemic respiratory failure in the intensive care unit (ICU) 
are treated with supplemental oxygen, but the benefits and harms of different 
oxygenation targets are unclear. We hypothesized that using a lower target for par-
tial pressure of arterial oxygen (PaO2) would result in lower mortality than using a 
higher target.

METHODS
In this multicenter trial, we randomly assigned 2928 adult patients who had recently 
been admitted to the ICU (!12 hours before randomization) and who were receiv-
ing at least 10 liters of oxygen per minute in an open system or had a fraction of 
inspired oxygen of at least 0.50 in a closed system to receive oxygen therapy target-
ing a PaO2 of either 60 mm Hg (lower-oxygenation group) or 90 mm Hg (higher-
oxygenation group) for a maximum of 90 days. The primary outcome was death 
within 90 days.

RESULTS
At 90 days, 618 of 1441 patients (42.9%) in the lower-oxygenation group and 613 of 
1447 patients (42.4%) in the higher-oxygenation group had died (adjusted risk ratio, 
1.02; 95% confidence interval, 0.94 to 1.11; P = 0.64). At 90 days, there was no signifi-
cant between-group difference in the percentage of days that patients were alive with-
out life support or in the percentage of days they were alive after hospital discharge. 
The percentages of patients who had new episodes of shock, myocardial ischemia, 
ischemic stroke, or intestinal ischemia were similar in the two groups (P = 0.24).

CONCLUSIONS
Among adult patients with acute hypoxemic respiratory failure in the ICU, a lower 
oxygenation target did not result in lower mortality than a higher target at 90 days. 
(Funded by the Innovation Fund Denmark and others; HOT-ICU ClinicalTrials.gov 
number, NCT03174002.)
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for acutely ill adults. In addition to mortality, other dif-
!culties caused by oxygen can include nasal or throat 
irritation and hampered mobility. Doctors !rst used oxy-
gen for medical purposes in the "#th century,$ and its 
use became routine in the early %&th century.' Modern 
guidelines vary in their advice on when to give oxygen 
for acute medical conditions and how much to give (see 
table ").

When to start oxygen—Peripheral capillary oxygen satu-
ration (SpO%) thresholds typically trigger the use of oxygen 
treatment. Thresholds range from SpO% <#&% to <#(% in 
guidelines. Recommendations for starting oxygen in spe-
ci!c groups vary: patients with stroke with SpO% <#(%,# 
and, regardless of SpO%, those experiencing an acute myo-
cardial infarction who feel breathless, are o)ered oxygen.""

When to stop oxygen—Many guidelines do not say how 
much is too much. Healthcare workers may respond to 
this advice by keeping a bu)er between a patient’s SpO% 
and the lower limit (for example, by keeping the SpO% 
close to "&&%). Some guidelines advocate targeting a 
SpO% range. Proposed limits range from #*% for most 
patients, to an upper limit of #%% for patients with risk 
of hypercapnic respiratory failure, such as patients with 
chronic obstructive pulmonary disease."(

The evidence
A recent systematic review and meta-analysis of ran-
domised controlled trials of acutely ill adults quanti!ed 
whether inpatients were at greater risk of death with 
liberal or conservative oxygen therapy." Patients ran-
domised to liberal oxygen therapy were more likely to die 
(risk ratio ".%" (#(% con!dence interval ".&+ to ".,+)). 
The increase in mortality was highest in the trials with the 
greatest increase in SpO%; this suggests a dose-response 
relation and strengthens the inference that excessive 
oxygen is a cause of death. The review included %( ran-
domised controlled trials. Figure % outlines key study and 
participant characteristics. This shows that the results 
apply to a wide variety of patient groups.

Upper limit of oxygen therapy
The panel had moderate certainty that oxygen increases 
mortality when the SpO% is above #$%. Providing supple-
mental oxygen above a SpO% of #$% probably increases 
mortality by around "%. There is probably no di)erence 
in length of hospitalisation or risk of hospital acquired 
infections. Average (median) SpO% was #$% in partici-
pants randomised to none or limited oxygen therapy. The 
evidence was rated down from high to moderate certainty 
for indirectness (uncertain applicability) because the trials 
used varying SpO% thresholds, leaving some uncertainty 
regarding the value above which mortality increases.

Table ! | Current guidance on supplemental oxygen therapy

Organisation Condition
Recommendations
Lower limit Upper limit

AARC, !""!# All patients in acute care facility Provide oxygen if SaO! <$"% No upper limit
AHA/ASA, !"%#$ Ischaemic stroke Provide oxygen to maintain SaO! >$&% No upper limit
EAN, !"%#%" Ischaemic stroke Provide oxygen to maintain normoxia in patients with SaO! <$'%. Routine use of O! is not 

recommended
None mentioned

AHA, !"%(%% Myocardial infarction with ST elevation Provide oxygen in patients with SaO! <$"%, heart failure, or dyspnoea No upper limit
ESC, !"%)%! Myocardial infarction with ST elevation Provide oxygen in patients with hypoxaemia (SaO! <$"% or PaO! <*" mm Hg). Routine oxygen 

not recommended if SaO! +$"%
No upper limit

ESC, !"%'%( Myocardial infarction without ST elevation Provide oxygen blood oxygen saturation <$"% or respiratory distress. No upper limit
BTS, !"%)%& Acute medical conditions Provide oxygen if SaO! <$&% for most acutely ill patients; <##% for patients with hypercapnia $#% for most patients, $!% for 

patients with hypercapnia
TSANZ%' Acute medical conditions Provide oxygen if SpO! <$!% $*% for most patients
AARC=American Association for Respiratory Care; AHA=American Heart Association; ASA=American Stroke Association; EAN=European Academy of Neurology; ESC=European Society of Cardiology; BTS=British 
Thoracic Society; TSANZ=Thoracic Society of Australia and New Zealand.
SaO!=oxygen saturation; PaO!=partial pressure of oxygen; SpO!=peripheral capillary oxygen saturation

HOW THIS RECOMMENDATION WAS CREATED
Our international panel included methodologists, 
a respiratory therapist/technician, a nurse, patient 
partners who have been hospitalised for an acute medical 
condition, pulmonologists, intensivists, internists, an 
anaesthesiologist, a cardiologist, emergency physicians, 
and a surgeon (see appendix ! on bmj.com for details 
of panel members). They decided on the scope of the 
recommendation and the outcomes most important to 
patients. The panel identified three key patient-important 
outcomes: mortality, hospital acquired infections, and 
length of hospitalisation. For two specific populations 
for which there was substantial randomised evidence 
available, the panel noted additional key outcomes: for 
patients with stroke, disability; and for patients with acute 
myocardial infarction, recurrent myocardial infarction, 
revascularisation, and chest pain.

The panel met to discuss the evidence and formulate 
a recommendation. No member had financial conflicts 
of interest; intellectual and professional conflicts 
were minimised and are transparently described 
(appendix " on bmj.com). The panel followed the BMJ 
Rapid Recommendations procedures for creating a 
trustworthy recommendation," including using the GRADE 
approach to critically appraise the evidence and create 
recommendations (appendix # on bmj.com).# The panel 
considered the benefits, as well as any harms and burdens, 
of oxygen therapy, the certainty (quality) of the evidence for 
each outcome, typical and expected variations in patient 
values and preferences, acceptability, and feasibility."" 
Within the GRADE framework, recommendations can be 
either strong or weak (also known as conditional), and for or 
against a specific course of action."#

The panel considered several key practical issues: 
psychological comfort from oxygen, discomfort (such as 
nasal irritation), and feasibility (such as impact on nursing 
resources). The panel was interested in knowing whether 
the impacts of oxygen were different in different medical 
conditions or study populations.
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急性内科疾患における酸素療法の目標はBritish Thoracic Societyで
はSaO2 94〜98%、Thoracic Society of Australia and New Zealandでは
SpO2 92〜96%としているが、明確な根拠はない. American 
Association for Respiratory Careでは記載なし

(Respirology 2015, 20:1182-91)(Thorax 2017, 72:1-90) 
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Overview of recommendations

Applies to:
Patients with
acute stroke 
or myocardial

infarction

!"" ## #$ #% #& #' #( #) #* #! #" $# $$ $%

Recommendation 1
Stop oxygen therapy no higher

than 96% saturation

Recommendation 3
Do not start oxygen therapy 
at or above 93% saturation

Recommendation 2
We suggest not starting oxygen 

therapy between 90-92% saturation

Applies to:
Acutely ill adult 

medical patients 
(with exceptions)

STRONG WEAK

STRONG

Peripheral capillary 
oxygen saturation (SpO2)
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急性内科疾患では、
酸素療法の上限を
SpO2 96%としている
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What is the best way to use oxygen therapy for patients 
with an acute medical illness? A systematic review pub-
lished in the Lancet in April !"#$ found that supplemen-
tal oxygen in inpatients with normal oxygen saturation 
increases mortality.# Its authors concluded that oxygen 
should be administered conservatively, but they did 
not make speci%c recommendations on how to do it. An 
international expert panel used that review to inform this 
guideline. It aims to promptly and transparently translate 
potentially practice-changing evidence to usable recom-
mendations for clinicians and patients.! The panel used 
the GRADE framework and following standards for trust-
worthy guidelines.&

The panel asked;
•'  In acutely ill patients, when should oxygen therapy 

be started? (What is the lower limit of peripheral 
capillary oxygen saturation (SpO!)?)

•'  In acutely ill patients receiving oxygen therapy, how 
much oxygen should be given? (What is the upper 
limit of SpO!?)
The panel makes a strong recommendation for 

maintaining an oxygen saturation of no more than 
()% in acutely ill medical patients (upper limit). The 
panel did not make a recommendation on when to 

start (the lower limit) for all medical patients because 
there was not enough evidence. Instead, the panel 
suggests that patients with acute stroke or myocardial 
infarction and a SpO! *("% not receive supplemental 
oxygen (a weak recommendation if SpO! is ("-(!% 
and a strong recommendation if (&-#""%). Box # 
shows the article and evidence linked to this Rapid 
Recommendation. The infographic provides an 
overview of the key absolute bene%ts and harms, as 
well as the quality of evidence that informed each of 
the recommendations.

The panel was confident that the recommendation 
against letting oxygen saturation rise above ()% applies 
to almost all patients in hospital with a medical problem. 
The recommendation also applies to pre-hospital care. The 
evidence may apply to surgical and obstetric patients, but 
the panel did not review the evidence on postoperative 
healing and infections and therefore decided not to com-
ment on these patients. Similarly, the panel did not review 
the evidence on oxygen therapy in neonates and infants.

Current practice
Supplemental oxygen therapy is widely used in hospi-
tals: !+% or more of patients who visit the emergency 
department receive oxygen., Clinicians o-en give oxy-
gen to many patients presenting with stroke without 
hypoxaemia, and to almost all patients presenting with 
myocardial infarction.+ Until recently, many healthcare 
professionals believed that oxygen had little or no harm 

WHAT YOU NEED TO KNOW

•'  It!is!a!longstanding!cultural!norm!to!provide!
supplemental!oxygen!to!sick!patients!
regardless!of!their!blood!oxygen!saturation

•'  A!recent!systematic!review!and!meta-analysis!
has!shown!that!too!much!supplemental!
oxygen!increases!mortality!for!medical!
patients!in!hospital

•'  For!patients!receiving!oxygen!therapy"!aim!
for!peripheral!capillary!oxygen!saturation!
#SpO$%!of!&'()!#strong!recommendation%

•'  For!patients!with!acute!myocardial!infarction!
or!stroke"!do!not!initiate!oxygen!therapy!
in!patients!with!SpO$!*'+)!#for!*',)!
strong!recommendation"!for!'+-'$)!weak!
recommendation%

•'  A!target!SpO$!range!of!'+-'-)!seems!
reasonable!for!most!patients!and!..-'$)!for!
patients!at!risk!of!hypercapnic!respiratory!
failure/!use!the!minimum!amount!of!oxygen!
necessary

Box ! | Linked resources in this BMJ Rapid 
Recommendations cluster
• Siemieniuk RAC, Chu DK, Kim LH-Y, et al. Oxygen therapy for 

acutely ill medical patients: a clinical practice guideline. 
BMJ !"#$;%&%:k'#&(

 – Summary of the results from the Rapid 
Recommendation process

• Chu DK, Kim LH, Young PJ, et al. Mortality and morbidity in 
acutely ill adults treated with liberal versus conservative 
oxygen therapy (IOTA): a systematic review and meta-
analysis. Lancet !"#$;%(#:#&(%-)"*.

 – Review and meta-analysis of all available randomised 
trials that assessed oxygen therapy for acute illnesses

• MAGICapp (https://app.magicapp.org/public/guideline/
jxQ)OL)

 – Expanded version of the results with multilayered 
recommendations, evidence summaries, and decision 
aids for use on all devices

Oxygen therapy for acutely ill medical 
patients: a clinical practice guideline
Reed A C Siemieniuk,1 Derek K Chu,2 Lisa Ha-Yeon Kim,2 Maria-Rosa Güell-Rous,3  
Waleed Alhazzani,1 2 Paola M Soccal,4 5 Paul J Karanicolas,6 Pauline D Farhoumand,7  
Jillian L K Siemieniuk,8 Imran Satia,2 Elvis M Irusen,9 Marwan M. Refaat,10 J. Stephen Mikita,11 
Maureen Smith,12 Dian N Cohen,13 Per O Vandvik,14 Thomas Agoritsas,1 7 15 Lyubov Lytvyn,1 
Gordon H Guyatt1 2

Full author details can be found at 
the end of the article
Correspondence to:  
R A C Siemieniuk  
reed.siemieniuk@medportal.ca
Cite this as: BMJ "#!$;%&%:k'!&(
doi: !".!!#$/bmj.k%!$&

This BMJ Rapid Recommendation 
article is one of a series that 
provides clinicians with trustworthy 
recommendations for potentially 
practice changing evidence. 
BMJ Rapid Recommendations 
represent a collaborative effort 
between the MAGIC group  
(http://magicproject.org/) and 
The BMJ. A summary is offered 
here and the full version including 
decision aids is on the MAGICapp 
(https://app.magicapp.org), for all 
devices in multilayered formats. 
Those reading and using these 
recommendations should consider 
individual patient circumstances, 
and their values and preferences 
and may want to use consultation 
decision aids in MAGICapp to 
facilitate shared decision making 
with patients. We encourage 
adaptation and contextualisation 
of our recommendations to local or 
other contexts. Those considering 
use or adaptation of content may 
go to MAGICapp to link or extract 
its content or contact The BMJ for 
permission to reuse content in 
this article. Series adviser Rafael 
Perera-Salazar.
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酸素制限群で院内死亡率、
30日死亡率が改善
SpO2 94〜96%を目標とし
た酸素療法の推奨に一石
を投じた
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Mortality and morbidity in acutely ill adults treated with 
liberal versus conservative oxygen therapy (IOTA): 
a systematic review and meta-analysis
Derek K Chu*†, Lisa H-Y Kim*†, Paul J Young, Nima Zamiri, Saleh A Almenawer, Roman Jaeschke, Wojciech Szczeklik, Holger J Schünemann, 
John D Neary, Waleed Alhazzani

Summary
Background Supplemental oxygen is often administered liberally to acutely ill adults, but the credibility of the evidence 
for this practice is unclear. We systematically reviewed the e!cacy and safety of liberal versus conservative oxygen 
therapy in acutely ill adults.

Methods In the Improving Oxygen Therapy in Acute-illness (IOTA) systematic review and meta-analysis, we searched 
the Cochrane Central Register of Controlled Trials, MEDLINE, Embase, HealthSTAR, LILACS, PapersFirst, and the 
WHO International Clinical Trials Registry from inception to Oct 25, 2017, for randomised controlled trials comparing 
liberal and conservative oxygen therapy in acutely ill adults (aged "18 years). Studies limited to patients with chronic 
respiratory diseases or psychiatric disease, patients on extracorporeal life support, or patients treated with hyperbaric 
oxygen therapy or elective surgery were excluded. We screened studies and extracted summary estimates independently 
and in duplicate. We also extracted individual patient-level data from survival curves. The main outcomes were 
mortality (in-hospital, at 30 days, and at longest follow-up) and morbidity (disability at longest follow-up, risk of 
hospital-acquired pneumonia, any hospital-acquired infection, and length of hospital stay) assessed by random-e#ects 
meta-analyses. We assessed quality of evidence using the grading of recommend ations assessment, development, 
and evaluation approach. This study is registered with PROSPERO, number CRD42017065697.

Findings 25 randomised controlled trials enrolled 16 037 patients with sepsis, critical illness, stroke, trauma, myocardial 
infarction, or cardiac arrest, and patients who had emergency surgery. Compared with a conservative oxygen strategy, 
a liberal oxygen strategy (median baseline saturation of peripheral oxygen [SpO$] across trials, 96% [range 94–99%, 
IQR 96–98]) increased mortality in-hospital (relative risk [RR] 1·21, 95% CI 1·03–1·43, I%=0%, high quality), at 30 days 
(RR 1·14, 95% CI 1·01–1·29, I%=0%, high quality), and at longest follow-up (RR 1·10, 95% CI 1·00–1·20, I%=0%, high 
quality). Morbidity outcomes were similar between groups. Findings were robust to trial sequential, subgroup, and 
sensitivity analyses.

Interpretation In acutely ill adults, high-quality evidence shows that liberal oxygen therapy increases mortality without 
improving other patient-important outcomes. Supplemental oxygen might become unfavourable above an SpO$ 
range of 94–96%. These results support the conservative administration of oxygen therapy.

Funding None.

Copyright © 2018 Elsevier Ltd. All rights reserved.

Introduction
Oxygen was first described as a treatment in acute care in 
1885.1 In contemporary clinical practice, supplemental 
oxygen is frequently administered to acutely ill patients—
approximately 34% of patients in ambulances, 25% of 
individuals in emergency rooms,2 and 15% of patients 
admitted to hospital3 in the UK. In these settings, 
50–84% of patients are exposed to excess oxygen and 
hyper oxaemia as a result of e!orts to prevent or reverse 
hypoxaemia.4–6 Further more, many health-care providers 
consider sup plemental oxygen a harmless and potentially 
beneficial therapy, irrespective of the presence or absence 
of hypoxaemia.3,7,8

Although adequate oxygen delivery is essential to treat 
hypoxaemia,9 concerns are increasing about the potential 

deleterious e!ects of excessive oxygen supplementation, 
such as absorption atelectasis, acute lung injury, in-
flammatory cytokine production, central nervous system 
toxicity, reduced cardiac output, and cerebral and coro-
nary vasoconstriction.3,10

Guidelines3,11–17 on the use of supplemental oxygen for 
various acute illnesses in adults are contradictory and 
inconsistent, and no high-quality evidence base exists. 
Moreover, although a number of randomised controlled 
trials comparing liberal versus conservative oxygen for 
various acute conditions have been done, the trial data 
have not been synthesised. Two previous systematic 
reviews18,19 are illustrative: both focused solely on patients 
with critical illness, but did not identify any relevant 
randomised controlled trials, and their meta-analyses of 

Lancet 2018; 391: 1693–705

See Comment page 1640
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Figure !: Mortality outcomes 
with liberal versus 
conservative oxygen therapy
(A) Forest plot of in-hospital 
mortality with superimposed 
summary estimates at 30 days 
and longest follow-up. 
(B) Meta-regression of e!ect 
of increasing SpO" on RR of 
in-hospital mortality. Size of 
data markers indicates their 
weight in the respective 
analysis. n=deaths. N=group 
size. RR=relative risk. 
STEMI=ST-elevation 
myocardial infarction. 
SpO"=peripheral oxygen 
saturation.
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Background
〜急性疾患における酸素療法〜

ICU(medical and surgical)を
対象とした研究は2つ(後
述)のみで、ICU患者を対
象とした場合には、低濃
度酸素管理の有用性のエ
ビデンスはまだ十分に確
立していない
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Mortality and morbidity in acutely ill adults treated with 
liberal versus conservative oxygen therapy (IOTA): 
a systematic review and meta-analysis
Derek K Chu*†, Lisa H-Y Kim*†, Paul J Young, Nima Zamiri, Saleh A Almenawer, Roman Jaeschke, Wojciech Szczeklik, Holger J Schünemann, 
John D Neary, Waleed Alhazzani

Summary
Background Supplemental oxygen is often administered liberally to acutely ill adults, but the credibility of the evidence 
for this practice is unclear. We systematically reviewed the e!cacy and safety of liberal versus conservative oxygen 
therapy in acutely ill adults.

Methods In the Improving Oxygen Therapy in Acute-illness (IOTA) systematic review and meta-analysis, we searched 
the Cochrane Central Register of Controlled Trials, MEDLINE, Embase, HealthSTAR, LILACS, PapersFirst, and the 
WHO International Clinical Trials Registry from inception to Oct 25, 2017, for randomised controlled trials comparing 
liberal and conservative oxygen therapy in acutely ill adults (aged "18 years). Studies limited to patients with chronic 
respiratory diseases or psychiatric disease, patients on extracorporeal life support, or patients treated with hyperbaric 
oxygen therapy or elective surgery were excluded. We screened studies and extracted summary estimates independently 
and in duplicate. We also extracted individual patient-level data from survival curves. The main outcomes were 
mortality (in-hospital, at 30 days, and at longest follow-up) and morbidity (disability at longest follow-up, risk of 
hospital-acquired pneumonia, any hospital-acquired infection, and length of hospital stay) assessed by random-e#ects 
meta-analyses. We assessed quality of evidence using the grading of recommend ations assessment, development, 
and evaluation approach. This study is registered with PROSPERO, number CRD42017065697.

Findings 25 randomised controlled trials enrolled 16 037 patients with sepsis, critical illness, stroke, trauma, myocardial 
infarction, or cardiac arrest, and patients who had emergency surgery. Compared with a conservative oxygen strategy, 
a liberal oxygen strategy (median baseline saturation of peripheral oxygen [SpO$] across trials, 96% [range 94–99%, 
IQR 96–98]) increased mortality in-hospital (relative risk [RR] 1·21, 95% CI 1·03–1·43, I%=0%, high quality), at 30 days 
(RR 1·14, 95% CI 1·01–1·29, I%=0%, high quality), and at longest follow-up (RR 1·10, 95% CI 1·00–1·20, I%=0%, high 
quality). Morbidity outcomes were similar between groups. Findings were robust to trial sequential, subgroup, and 
sensitivity analyses.

Interpretation In acutely ill adults, high-quality evidence shows that liberal oxygen therapy increases mortality without 
improving other patient-important outcomes. Supplemental oxygen might become unfavourable above an SpO$ 
range of 94–96%. These results support the conservative administration of oxygen therapy.

Funding None.

Copyright © 2018 Elsevier Ltd. All rights reserved.

Introduction
Oxygen was first described as a treatment in acute care in 
1885.1 In contemporary clinical practice, supplemental 
oxygen is frequently administered to acutely ill patients—
approximately 34% of patients in ambulances, 25% of 
individuals in emergency rooms,2 and 15% of patients 
admitted to hospital3 in the UK. In these settings, 
50–84% of patients are exposed to excess oxygen and 
hyper oxaemia as a result of e!orts to prevent or reverse 
hypoxaemia.4–6 Further more, many health-care providers 
consider sup plemental oxygen a harmless and potentially 
beneficial therapy, irrespective of the presence or absence 
of hypoxaemia.3,7,8

Although adequate oxygen delivery is essential to treat 
hypoxaemia,9 concerns are increasing about the potential 

deleterious e!ects of excessive oxygen supplementation, 
such as absorption atelectasis, acute lung injury, in-
flammatory cytokine production, central nervous system 
toxicity, reduced cardiac output, and cerebral and coro-
nary vasoconstriction.3,10

Guidelines3,11–17 on the use of supplemental oxygen for 
various acute illnesses in adults are contradictory and 
inconsistent, and no high-quality evidence base exists. 
Moreover, although a number of randomised controlled 
trials comparing liberal versus conservative oxygen for 
various acute conditions have been done, the trial data 
have not been synthesised. Two previous systematic 
reviews18,19 are illustrative: both focused solely on patients 
with critical illness, but did not identify any relevant 
randomised controlled trials, and their meta-analyses of 
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Figure !: Mortality outcomes 
with liberal versus 
conservative oxygen therapy
(A) Forest plot of in-hospital 
mortality with superimposed 
summary estimates at 30 days 
and longest follow-up. 
(B) Meta-regression of e!ect 
of increasing SpO" on RR of 
in-hospital mortality. Size of 
data markers indicates their 
weight in the respective 
analysis. n=deaths. N=group 
size. RR=relative risk. 
STEMI=ST-elevation 
myocardial infarction. 
SpO"=peripheral oxygen 
saturation.
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Background
〜低濃度酸素管理 vs高濃度酸素管理〜

高濃度酸素管理の害

CaO2＝(1.34×Hb×SaO2)＋
(0.003×PaO2)

DO2＝CaO2(動脈血酸素飽和度)×CO

低酸素血症により組織低酸
素症(hypoxia)と臓器障害
死亡率増加

低濃度酸素管理の害

活性化酸素による細胞障害
高酸素血症性血管収縮
吸収性無気肺
二酸化炭素蓄積
下気道(特に肺胞)障害

(N Engl J Med 1983, 13:878-83)
(Eur J Anaesthesiol 17, 2000)
(Anesth Analg 95, 2002)

(Chest 2002, 121:1602-9) 



先行研究① Oxygen ICU trial

P 72時間以上のICU滞在
が予測される患者

I SpO2 94〜98%、PaO2 70
〜100mmHgで管理

C SpO2 97〜100%、PaO2
150mmHg以上許容

O Primary outcome：
90日以内の死亡率

Copyright 2016 American Medical Association. All rights reserved.

Effect of Conservative vs Conventional Oxygen Therapy
on Mortality Among Patients in an Intensive Care Unit
The Oxygen-ICU Randomized Clinical Trial
Massimo Girardis, MD; Stefano Busani, MD; Elisa Damiani, MD; Abele Donati, MD; Laura Rinaldi, MD; Andrea Marudi, MD;
Andrea Morelli, MD; Massimo Antonelli, MD; Mervyn Singer, MD, FRCA

IMPORTANCE Despite suggestions of potential harm from unnecessary oxygen therapy,
critically ill patients spend substantial periods in a hyperoxemic state. A strategy of controlled
arterial oxygenation is thus rational but has not been validated in clinical practice.

OBJECTIVE To assess whether a conservative protocol for oxygen supplementation could
improve outcomes in patients admitted to intensive care units (ICUs).

DESIGN, SETTING, AND PATIENTS Oxygen-ICU was a single-center, open-label, randomized
clinical trial conducted from March 2010 to October 2012 that included all adults admitted
with an expected length of stay of 72 hours or longer to the medical-surgical ICU of Modena
University Hospital, Italy. The originally planned sample size was 660 patients, but the study
was stopped early due to difficulties in enrollment after inclusion of 480 patients.

INTERVENTIONS Patients were randomly assigned to receive oxygen therapy to maintain
PaO2 between 70 and 100 mm Hg or arterial oxyhemoglobin saturation (SpO2) between 94%
and 98% (conservative group) or, according to standard ICU practice, to allow PaO2 values up
to 150 mm Hg or SpO2 values between 97% and 100% (conventional control group).

MAIN OUTCOMES AND MEASURES The primary outcome was ICU mortality. Secondary outcomes
included occurrence of new organ failure and infection 48 hours or more after ICU admission.

RESULTS A total of 434 patients (median age, 64 years; 188 [43.3%] women) received
conventional (n = 218) or conservative (n = 216) oxygen therapy and were included in the
modified intent-to-treat analysis. Daily time-weighted PaO2 averages during the ICU stay were
significantly higher (P < .001) in the conventional group (median PaO2, 102 mm Hg [IQR,
88-116]) vs the conservative group (median PaO2, 87 mm Hg [IQR, 79-97]). Mortality was
lower in the conservative oxygen therapy group. The conservative group had fewer episodes
of shock, liver failure, and bacteremia.

Oxygen Therapy, No. (%)
Absolute Risk Reduction
(95% CI) P Value

Conservative
(n = 216)

Conventional
(n = 218)

Primary outcome

ICU mortality 25 (11.6) 44 (20.2) 0.086 (0.017-0.150) .01

Secondary outcomes

Shock 8 (3.7) 23 (10.6) 0.068 (0.020-0.120) .006

Liver failure 4 (1.9) 14 (6.4) 0.046 (0.008-0.088) .02

Bacteremia 11 (5.1) 22 (10.1) 0.050 (0.000-0.090) .049

CONCLUSIONS AND RELEVANCE Among critically ill patients with an ICU length of stay of 72
hours or longer, a conservative protocol for oxygen therapy vs conventional therapy resulted in
lower ICU mortality. These preliminary findings were based on unplanned early termination of
the trial, and a larger multicenter trial is needed to evaluate the potential benefit of this approach.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT01319643

JAMA. 2016;316(15):1583-1589. doi:10.1001/jama.2016.11993
Published online October 5, 2016.
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limitation
・単施設研究
・P/F比 150以下は除外
・地震のため予定していない中
間解析で有意差を認めたため、
早期中止(660人予定が480人)

(JAMA 2016, 316:1583-1589) 

介入群 対照群

90日
死亡率

11.6% 20.2%

絶対リスク差 0.086
(95%CI、0.017-0.150)



先行研究② ICU ROX trial

P 48時間以上の人工呼吸器
管理を要する患者

I conservative oxygen
SpO2 91〜96%

C usual oxygen
SpO2 91%以上

O Primary outcome：
28日以内のventilation free
day(VFD)
Secondary outcome：
90日死亡率

The new england  
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n engl j med 382;11 nejm.org March 12, 2020 989
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BACKGROUND
Patients who are undergoing mechanical ventilation in the intensive care unit 
(ICU) often receive a high fraction of inspired oxygen (FIO2) and have a high arte-
rial oxygen tension. The conservative use of oxygen may reduce oxygen exposure, 
diminish lung and systemic oxidative injury, and thereby increase the number of 
ventilator-free days (days alive and free from mechanical ventilation).

METHODS
We randomly assigned 1000 adult patients who were anticipated to require me-
chanical ventilation beyond the day after recruitment in the ICU to receive conser-
vative or usual oxygen therapy. In the two groups, the default lower limit for oxygen 
saturation as measured by pulse oximetry (SpO2) was 90%. In the conservative-
oxygen group, the upper limit of the SpO2 alarm was set to sound when the level 
reached 97%, and the FIO2 was decreased to 0.21 if the SpO2 was above the accept-
able lower limit. In the usual-oxygen group, there were no specific measures 
limiting the FIO2 or the SpO2. The primary outcome was the number of ventilator-
free days from randomization until day 28.

RESULTS
The number of ventilator-free days did not differ significantly between the conser-
vative-oxygen group and the usual-oxygen group, with a median duration of 21.3 
days (interquartile range, 0 to 26.3) and 22.1 days (interquartile range, 0 to 26.2), 
respectively, for an absolute difference of !0.3 days (95% confidence interval [CI], 
!2.1 to 1.6; P = 0.80). The conservative-oxygen group spent more time in the ICU 
with an FIO2 of 0.21 than the usual-oxygen group, with a median duration of 29 
hours (interquartile range, 5 to 78) and 1 hour (interquartile range, 0 to 17), respec-
tively (absolute difference, 28 hours; 95% CI, 22 to 34); the conservative-oxygen 
group spent less time with an SpO2 exceeding 96%, with a duration of 27 hours 
(interquartile range, 11 to 63.5) and 49 hours (interquartile range, 22 to 112), re-
spectively (absolute difference, 22 hours; 95% CI, 14 to 30). At 180 days, mortality 
was 35.7% in the conservative-oxygen group and 34.5% in the usual-oxygen group, 
for an unadjusted odds ratio of 1.05 (95% CI, 0.81 to 1.37).

CONCLUSIONS
In adults undergoing mechanical ventilation in the ICU, the use of conservative 
oxygen therapy, as compared with usual oxygen therapy, did not significantly affect 
the number of ventilator-free days. (Funded by the New Zealand Health Research 
Council; ICU-ROX Australian and New Zealand Clinical Trials Registry number, 
ACTRN12615000957594.)

a bs tr ac t

Conservative Oxygen Therapy during Mechanical Ventilation  
in the ICU

The ICU-ROX Investigators and the Australian and New Zealand Intensive Care Society Clinical Trials Group*  

The New England Journal of Medicine 
Downloaded from nejm.org by TSUTOMU MITO on February 12, 2021. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 

(N Engl J Med 2020, 382:989-998) 

介入群 対照群

VFD 21.3 22.1

difference -0.3
(95%CI、-2.1-1.6)
90日
死亡率

34.7% 32.5%

オッズ比 1.10
(95%CI、0.84-1.44)
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ADDITIONAL INFORMATION ON TRIAL TREATMENTS 

Table S8: Separation in oxygen exposure* 

Variable Conservative oxygen 
therapy (n=484) 

Usual oxygen  
therapy (n=481) 

Odds ratio or estimate of difference† 
(95% CI) 

Hours SpO2 ≥97%     
   odds ratio (95% CI) 
Percentage of patient-hours SpO2 ≥97% n/N (%) 25680 / 78574 

(32.7%) 
43597 / 84939  

(51.3%) 0.46 (0.45-0.47) 

   difference in medians† (95% CI) 

Median [IQR] percentage of hours per patient SpO2 ≥97%  
28.1%  

[12.5%-54.5%]; 
(n=483) 

52.2%  
[26.5%-77.4%] 

-24.0 percentage points   (-17.9 percentage points  to -
30.2 percentage points) 

Median [IQR] number of hours per patient SpO2 ≥97% 27 [11-63.5] 49 [22-112] -22 (-14 to -30) 
Hours SpO2 <91%     

   odds ratio (95% CI) 
Percentage of patient-hours SpO2 <91% n/N (%) 4034 / 78574 (5.1%) 2949 / 84939 (3.5%) 1.52(1.49-1.59) 
   difference in medians† (95% CI) 
Median [IQR] percentage of hours per patient SpO2 <91%  1.9% [0.0%-5.0%]; 

(n=483) 0.8% [0.0%-3.6%] 1.1 percentage points  
(0.6 percentage points to 1.6 percentage points) 

Median [IQR] number of hours per patient SpO2 <91% 2 [0-7] 1 [0-5] 1.0 (0.4 to 1.6) 
Hours SpO2 <88%     

   odds ratio (95% CI) 
Percentage of patient-hours SpO2 <88% n/N (%) 917 / 78574 (1.2%) 818 / 84939 (1.0%) 1.22 (1.10 to 1.33) 
   difference in medians† (95% CI) 
median [IQR] percentage of hours per patient SpO2 <88% 0.0% [0.0%-1.1%]; 

(n=483) 0.0% [0.0%-0.7%] 0.0 percentage points 

median [IQR] number of hours per patient SpO2 <88% 0 [0-2] 0 [0-2] 0  
Hours FiO2 0.21      

   odds ratio (95% CI) 
Percentage of patient-hours with an FiO2 of 0.21 n/N (%) 28993 / 79314 

(36.6%) 
7570 / 85703  

(8.8%) 5.91 (5.75 to 6.08) 

   difference in medians† (95% CI) 
median [IQR] percentage of hours per patient with an FiO2 of 0.21  31.3% [5.5%-68.2%]; 

(n=483) 0.8% [0.0%-12.7%] 23.1 percentage points  
(18.6 percentage points to 27.7 percentage points] 

median [IQR] number of hours per patient with an FiO2 of 0.21 29 [5-78] 1 [0-17] 18 (14 to 22) 
* SpO2 hours above and below specified thresholds and hours on an FiO2 of 0.21 were obtained from all values recorded on the ICU flow chart (up to a maximum of one value per hour) up until day 28 post randomization 
including after extubation, even where supplemental oxygen therapy was not being administered.  Odds ratios for the proportion of hours spent at differing oxygen levels were derived using logistic regression with robust 
standard errors clustered at individual patient level.  The widths of the confidence intervals have not been adjusted for multiplicity and the intervals should not be used to infer definite differences between the groups.  Data were 
available for all participants unless otherwise specified. 
† Differences in medians and 95% Cis were calculated using quantile regression.  Usual care is the reference category. 
‡  95% CIs non calculable. 
Abbreviations: CI: confidence interval; FiO2: Fraction of inspired oxygen; IQR: Interquartile range; SpO2: Arterial oxygen saturation measured by peripheral pulse oximetry

limitation
・対照群でのSpO2管理域が介入群と一部重なっており、
conservative oxygen careの結果が出にくかった、または
usual careでの高濃度酸素の害が顕在化しなかった可能
性がある
・主要評価項目がハードアウトカムではない

対照群でSpO2 97%以上の時間が有意に長い
SpO2 91%, SpO2 88%以下の時間が両群で差はない
FiO2 0.21の時間は介入群で有意に長い



先行研究③ LOCO2 trial

P ARDS患者

I PaO2 55〜70mmHg

C PaO2 90〜105mmHg

O Primary outcome：
28日死亡率

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 382;11 nejm.org March 12, 2020 999
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Dr. Capellier at Reanimation Medicale, 
Centre Hospitalier Régional Universitaire 
Besançon, Blvd. Fleming, 25000 Besançon, 
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*A complete list of investigators in the 
LOCO2 trial is provided in the Supple-
mentary Appendix, available at NEJM.org.
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BACKGROUND
In patients with acute respiratory distress syndrome (ARDS), the National Heart, 
Lung, and Blood Institute ARDS Clinical Trials Network recommends a target 
partial pressure of arterial oxygen (PaO2) between 55 and 80 mm Hg. Prospective 
validation of this range in patients with ARDS is lacking. We hypothesized that 
targeting the lower limit of this range would improve outcomes in patients 
with ARDS.

METHODS
In this multicenter, randomized trial, we assigned patients with ARDS to receive 
either conservative oxygen therapy (target PaO2, 55 to 70 mm Hg; oxygen saturation 
as measured by pulse oximetry [SpO2], 88 to 92%) or liberal oxygen therapy (target 
PaO2, 90 to 105 mm Hg; SpO2, !96%) for 7 days. The same mechanical-ventilation 
strategies were used in both groups. The primary outcome was death from any 
cause at 28 days.

RESULTS
After the enrollment of 205 patients, the trial was prematurely stopped by the data 
and safety monitoring board because of safety concerns and a low likelihood of a 
significant difference between the two groups in the primary outcome. Four pa-
tients who did not meet the eligibility criteria were excluded. At day 28, a total of 
34 of 99 patients (34.3%) in the conservative-oxygen group and 27 of 102 patients 
(26.5%) in the liberal-oxygen group had died (difference, 7.8 percentage points; 
95% confidence interval [CI], "4.8 to 20.6). At day 90, 44.4% of the patients in the 
conservative-oxygen group and 30.4% of the patients in the liberal-oxygen group 
had died (difference, 14.0 percentage points; 95% CI, 0.7 to 27.2). Five mesenteric 
ischemic events occurred in the conservative-oxygen group.

CONCLUSIONS
Among patients with ARDS, early exposure to a conservative-oxygenation strategy 
with a PaO2 between 55 and 70 mm Hg did not increase survival at 28 days. 
(Funded by the French Ministry of Health; LOCO2 ClinicalTrials.gov number, 
NCT02713451.)
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limitaiton
・介入群の腸管虚血発症率高く
早期中止(850人予定が205人)
・介入群で目標値を下回る低酸
素血症の発生など(N Engl J Med 2020, 382:999-1008) 

介入群 対照群

28日
死亡率

34.3% 26.5%

difference 7.8
(95%CI、-4.8-20.6)



患者 介入群
目標酸素

対照群
目標酸素

Primary Outcome/死亡
率

CLOSE
(Pilot trial)
2016年

48時間以上の
人工呼吸器管
理を要する患
者

SpO2 88〜
92%

SpO2 96%以上 SpO2、SaO2、PaO2、
FiO2の平均に有意差な
し

Oxygen-ICU
2016年

72時間以上の
ICU滞在
患者

PaO2 70〜
100mmHg

PaO2
150mmHg
以上

ICU死亡率
11.6% vs 20.2%
絶対リスク差
0.086(95%CI
0.017-0.150)

ICU-ROX
2020年

48時間以上の
人工呼吸器管
理を要する患
者

SpO2 91〜
96%

SpO2 91%以上 挿管28日以内のVFD/90
日死亡率
34.7% vs 32.5% オッズ
比 1.10
(95%CI 0.84-1.44)

LOCO2
2020年

ARDS患者 PaO2 55〜
70mmHg

PaO2 90〜
105mmHg

28日死亡率
34.3% vs 26.5%
(difference 7.8、95%CI -
4.8-20.6) 

ICU患者における酸素療法の先行研究(RCT)
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(CHEST 2021, 159:154-173) 

IOTA 後にICU入室患者を対象として行われた
RCTであるICU-ROXを含めたSystematic review
with Meta analysis
(LOCO2は含まれない)

Higher vs Lower Oxygenation Strategies in
Acutely Ill Adults
A Systematic Review With Meta-Analysis and Trial Sequential Analysis

Marija Barbateskovic, PhD; Olav L. Schjørring, MD, PhD; Sara Russo Krauss, MSc;
Christian S. Meyhoff, MD, PhD; Janus C. Jakobsen, MD, PhD; Bodil S. Rasmussen, MD, PhD;
Anders Perner, MD, PhD; and Jørn Wetterslev, MD, PhD

BACKGROUND: Liberal oxygen supplementation is often used in acute illness but has, in some
studies, been associated with harm.

RESEARCH QUESTION: The goal of this study was to assess the bene!ts and harms of higher
vs lower oxygenation strategies in acutely ill adults.

STUDY DESIGN AND METHODS: This study was an updated systematic review with meta-
analysis and Trial Sequential Analysis (TSA) of randomized clinical trials. A clear differen-
tiation (separation) was made between a higher (liberal) oxygenation and a lower (conser-
vative) oxygenation strategy and their effects on all-cause mortality, serious adverse events,
quality of life, lung injury, sepsis, and cardiovascular events at time points closest to 90 days
in acutely ill adults.

RESULTS: The study included 50 randomized clinical trials of 21,014 participants; 36 trials
with a total of 20,166 participants contributed data to the analyses. Meta-analysis and TSAs
showed no difference between higher and lower oxygenation strategies in trials at overall low
risk of bias except for blinding: mortality relative risk (RR), 0.98 (95% CI, 0.89-1.09; TSA-
adjusted CI, 0.86-1.12; low certainty evidence); serious adverse events RR, 0.99 (95% CI,
0.89-1.12; TSA-adjusted CI, 0.83-1.19; low certainty evidence). The corresponding summary
estimates including trials with overall low and high risk of bias showed similar results. No
difference was found between higher and lower oxygenation strategies in meta-analyses and
TSAs regarding quality of life, lung injury, sepsis, and cardiovascular events (very low cer-
tainty evidence).

INTERPRETATION: No evidence was found of bene!cial or harmful effects of higher vs lower
oxygenation strategies in acutely ill adults (low to very low certainty evidence).

CLINICAL TRIAL REGISTRATION: PROSPERO; No.: CRD42017058011; URL: https://www.crd.
york.ac.uk/prospero/. CHEST 2021; 159(1):154-173

KEY WORDS: critical care; meta-analysis; mortality; oxygen; systematic review

ABBREVIATIONS: GRADE = Grading of Recommendations Assess-
ment, Development and Evaluation; I2 = inconsistency statistics;
RCT = randomized clinical trial; RR = relative risk; RRI = relative risk
increase; SAE = serious adverse event; SaO2 = arterial oxygen satura-
tion; SpO2 = peripheral oxygen saturation; TSA = Trial Sequential
Analysis

AFFILIATIONS: From the Copenhagen Trial Unit, Centre for Clinical
Intervention Research, Rigshospitalet (Drs Barbateskovic, Jakobsen,
and Wetterslev; and Ms Krauss), University of Copenhagen, Denmark;
Centre for Research in Intensive Care, Rigshospitalet (Drs
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versity of Copenhagen, Denmark; Department of Anaesthesia
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先行研究④
〜全死亡率とSAE発症率〜

with adjusted CIs were used to control the risk of
random errors due to multiple outcomes, sparse data,
and multiple testing on accumulating data. The risk of
bias of each trial was assessed to evaluate the risk of
systematic errors (bias), and an eight-step procedure was
used to assess if the thresholds for statistical and clinical
signi!cance were crossed.31 We also tested the
robustness of our results in sensitivity analyses.

The review also has several limitations. The primary
limitation was that trials did not use the same
de!nition of a higher vs a lower oxygenation strategy.
Some trials used a !xed FIO2, whereas others used a
targeted oxygenation interval, resulting in a large span
of oxygenation levels achieved in the trials in both
intervention groups. Patients randomized to a high
saturation does not imply that they eventually get
more oxygen supplementation, as patients with “good”
lung function do not need as much oxygen to reach the
same saturation as patients with “bad” lung function.
We therefore conducted subgroup analyses separating
trials in those using FIO2, PaO2, and SaO2/SpO2, and we
found no clear difference in effect between these
subgroups. Targeting speci!c PaO2, SaO2, or SpO2 may
be the right way to discern and compare interventions
of oxygen supplementation, and a standardized
delivery of different FIO2 levels may be a too simplistic
way to apply different levels of oxygen

supplementation, as many patients will not need high
FIO2 levels to reach an acceptable PaO2, SaO2, or SpO2
target and some patients will need higher FIO2 levels to
reach even a low PaO2, SaO2, or SpO2 target. To
summarize all available evidence, however, we believe
it is correct to meta-analyze trials, randomizing
participants to a higher or lower oxygenation strategy,
to be able to explore an eventual signal of a difference
in outcomes of the bene!ts and harms of the two
strategies. Furthermore, the oxygenation targets used
in some trials can be considered to overlap, meaning
that these trials might not be categorized as comparing
truly high vs truly low targets.27,54,55,62,70 Clinical
heterogeneity also included differences in diagnoses
and settings. Nonetheless, statistical heterogeneity
seemed low.

None of the included trials had overall low risk of bias,
and only two trials were fully blinded75,94; this outcome
was not unexpected due to the complexity and
dif!culties of blinding interventions of oxygen
supplementation for participants and personnel, and
possibly for outcome assessors. Inadequate blinding is
therefore a limitation in the included trials, as it is
associated with exaggeration of bene!cial intervention
effects and underestimation of harmful effects.95,96 We
thus cannot rule out a biased effect estimate of the
included trials.

Study or Subgroup
Higher Lower

Events Events WeightTotal Total
Risk Ratio Risk Ratio

M-H, Fixed, 95% CI M-H, Fixed, 95% CI

63
348
294

185
2,567
2,561
5,313

65
161
161

705 387

194
1,275
1,274
2,743

9.3%
31.4%
31.4%
72.0%

0.01 0.1
Favors Higher Favors Lower

1 10 100
Heterogeneity: !2 = 6.01, df = 5 (P = .31); I2 = 17%
Test for overall effect: z = 0.77 (P = .44)

Total events 924 578
Total (95% Cl)

Test for subgroup differences: !2 = 3.08, df = 1 (P = .08), I2 = 67.6%

Overall low risk of bias except for blinding
Meyhoff 2009
Roffe 2017A
Roffe 2017B
Subtotal (95% Cl)
Total events

1.02 [0.77, 1.35]
1.07 [0.90, 1.28]
0.91 [0.76, 1.09]
0.99 [0.89, 1.12]

Heterogeneity: !2 = 1.73, df = 2 (P = .42); I2 = 0%
Test for overall effect: z = 0.10 (P = .92)

185
24
10

217
43

154
414

165
20

6

219 191

217
41

146
404

24.1%
3.0%
0.9%

28.0%

Asfar 2017
Singhal 2013
Zughaft 2013
Subtotal (95% Cl)
Total events
Heterogeneity: !2 = 0.53, df = 2 (P = .77); I2 = 0%
Test for overall effect: z = 2.59 (P = .010)

Overall high risk of bias
1.12 [1.02, 1.23]
1.14 [0.76, 1.73]
1.58 [0.59, 4.24]
1.14 [1.03, 1.26]

5,727 3,147 100.0% 1.03 [0.95, 1.13]

Figure 4 – Forest plot on the proportion of participants with at least one serious adverse event, as reported by trialists, in trials with overall low risk of
bias except for blinding vs trials with overall high risk of bias. Size of squares for risk ratio re!ects weight of trial in pooled analysis. Horizontal bars
represent 95% CI. See Figure 1 legend for expansion of abbreviation.
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Sepsis: Four trials including 1,307 participants reported
on new onset of sepsis following randomization. A total
of 33 of 649 participants (5.1%) in the higher
oxygenation strategy group developed sepsis vs 20 of 658
(3.0%) in the lower oxygenation strategy group (follow-
up ranged from 6 days to 6 months). Meta-analysis
regardless of risk of bias did not yield a statistically
signi!cant difference in the higher vs lower oxygenation
groups (RR, 1.64; 95% CI, 0.96-2.80; I2 ! 0%)

(e-Appendix 1). Because only 2.89% of the required
information size (n ! 45,241) had been reached, TSA-
adjusted CI could not be calculated. The certainty of
evidence was very low (Table 2).

Cardiovascular Events: Sixteen trials including 16,615
participants reported on cardiovascular events. A total of
277 of 9,580 participants (2.9%) in the higher
oxygenation strategy group had a cardiovascular event

Study or Subgroup
Higher Lower

Events Events WeightTotal Total
Risk Ratio Risk Ratio

M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Overall low risk of bias except for blinding

Overall high risk of bias

Ali 2013
Hofmann 2017
ICU-ROX investigators 2019
Jakkula 2018
Meyhoff 2009
Panwar 2016
Roffe 2017A
Roffe 2017B
Subtotal (95% Cl)
Total events

22
73

156
20
15
19

257
236

798

148
3,311

480
59

185
51

2,567
2,561
9,362

20
67

166
18
24
21

123
123

562

141
3,318

479
61

194
52

1,275
1,274
6,794

2.3%
7.5%

18.6%
2.0%
2.6%
2.3%

18.4%
18.4%
72.0%

1.05 [0.60, 1.83]
1.09 [0.79, 1.52]
0.94 [0.78, 1.12]
1.15 [0.68, 1.95]
0.66 [0.36, 1.21]
0.92 [0.57, 1.50]
1.04 [0.85, 1.27]
0.95 [0.78, 1.17]
0.98 [0.89, 1.09]

Heterogeneity: !2 = 3.14, df = 7 (P = .87); I2 = 0%
Test for overall effect: z = 0.35 (P = .72)

Heterogeneity: !2 = 21.36, df = 22 (P = .50); I2 = 0%
Test for overall effect: z = 2.64 (P = .008)

Asfar 2017
Austin 2010
Baekgaard 2019
Bray 2018
Butler 1987B
Girardis 2016
Gomersall 2002
Heidari 2017
Huynh Ky 2017
Khoshnood 2018
Kuisma 2006
Lång 2018
Mazdeh 2015
NCT02378545
Padma 2010
Ranchord 2012
Rawles 1976
Roffe 2010
Sepehrvand 2019
Shi 2017
Singhal 2005
Singhal 2013
Stub 2015
Thomas 2019
Young 2014
Zughaft 2013
Subtotal (95% Cl)
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104
21

2
11

2
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0

0
0

3
4
9
5
6
0
1
9
2
1
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0

8
17
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5
0
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226
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24
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17
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36
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49
14
38
26
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68
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9
9
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9
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7
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3
4
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3
4
2
2
3
3
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0
1
7
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8
4
0
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Heterogeneity: !2 = 30.63, df = 30 (P = .43); I2 = 2%
Test for overall effect: z = 1.05 (P = .29)

Total events 1,102 812
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0.2%
1.6%
0.6%
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0.2%
0.2%
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1.0%
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0.3%
0.2%
0.4%
0.3%
0.2%

0.2%
0.8%
1.4%
0.9%
0.5%

28.0%

2.38 [1.03, 5.46]
1.16 [0.94, 1.43]

1.11 [0.17, 7.09]
0.94 [0.55, 1.63]
0.43 [0.10, 1.88]
1.33 [1.00, 1.78]
0.33 [0.01, 7.65]
0.33 [0.01, 7.92]

Not estimable

Not estimable

Not estimable

0.92 [0.20, 4.32]
1.00 [0.31, 3.23]
0.80 [0.35, 1.81]
1.60 [0.43, 6.01]
1.38 [0.45, 4.28]
0.20 [0.01, 3.92]
0.50 [0.05, 5.39]
2.71 [0.76, 9.73]
0.69 [0.12, 3.83]
0.50 [0.05, 5.17]

0.27 [0.01, 5.70]
2.37 [1.10, 5.13]
0.63 [0.27, 1.49]
1.85 [1.06, 3.25]
1.11 [0.45, 2.75]

1.21 [1.05, 1.38]

Total (95% Cl) 11,037 8,402 100.0% 1.04 [0.96, 1.13]

Test for subgroup differences: !2 = 5.51, df = 1 (P = .02), I2 = 81.8%

Figure 1 – Forest plot on mortality in trials with overall low risk of bias except for blinding vs trials with overall high risk of bias. Size of squares for risk
ratio re!ects weight of trial in pooled analysis. Horizontal bars represent 95% CI. M-H ! Mantel-Haenszel.
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Study or Subgroup
Higher Lower

Events Events WeightTotal Total
Risk Ratio Risk Ratio

M-H, Fixed, 95% CI M-H, Fixed, 95% CI

0.01 0.1
Favors Higher Favors Lower

1 10 100
Test for subgroup differences: !2 = 6.82, df = 7 (P = .45), I2 = 0%

Patients admitted to the ICU
Asfar 2017
Girardis 2016
Gomersall 2002
ICU-ROX investigators 2019
Jakkula 2018
Lång 2018
Mazdeh 2015
Panwar 2016
Subtotal (95% Cl)
Total events

104
80

0
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20
9
5
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217
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17
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59
38
26
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58

1
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217
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1,1131,131

24.5%
16.0%

0.4%
45.2%

4.8%
2.5%
0.8%
5.7%

100.0%

1.16 [0.94, 1.43]
1.33 [1.00, 1.78]
0.33 [0.01, 7.65]
0.94 [0.78, 1.12]
1.15 [0.68, 1.95]
0.80 [0.35, 1.81]
1.60 [0.43, 6.01]
0.92 [0.57, 1.50]
1.06 [0.95, 1.19]

Heterogeneity: !2 = 6.69, df = 7 (P = .46); I2 = 0%
Test for overall effect: z = 1.05 (P = .29)

Heterogeneity: !2 = 8.32, df = 7 (P = .31); I2 = 16%
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Patients randomised prior to hospital admission
Austin 2010
Bray 2018
Hofmann 2017
Khoshnood 2018
Kuisma 2006
Stub 2015
Thomas 2019
Young 2014
Subtotal (95% CI)
Total events

21
11
73

3
4
8

14
5

139

226
24
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218
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7
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3
4
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8
4
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2.6%
3.3%
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6.4%
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2.38 [1.03, 5.46]
0.94 [0.55, 1.63]
1.09 [0.79, 1.52]
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1.00 [0.31, 3.23]
0.63 [0.27, 1.49]
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1.11 [0.45, 2.75]
1.15 [0.92, 1.44]

Patients with any cerebral disease
Ali 2013
Bray 2018
Jakkula 2018
Kuisma 2006
Lång 2018
Mazdeh 2015
Padma 2010
Roffe 2010
Roffe 2017A
Roffe 2017B
Shi 2017
Singhal 2005
Singhal 2013
Thomas 2019
Young 2014
Subtotal (95% CI)
Total events
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1.03 [0.91, 1.17]

Patients with any cardiac disease
Bray 2018
Heidari 2017
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0
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Test for overall effect: z = 1.80 (P = .07)
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Test for overall effect: z = 1.80 (P = .07)
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2.05 [0.94, 4.46]
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Figure 3 – Forest plot on mortality strati!ed accord-
ing to population group. Size of squares for risk ratio
re"ects weight of trial in pooled analysis. Horizontal
bars represent 95% CI. See Figure 1 legend for
expansion of abbreviation.
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ICU入室した患者を対象とした研究では、死亡率に
Higher Oxygen群とLower Oxygen群には差はなかった
ICU-ROXに依存している結果



先行研究④
〜各RCTの対象患者〜

研究 対象患者

Asfar 2017 敗血症、敗血症性ショックの患者

Girardis(Oxygen ICU) ICU入室患者
Gomersall 2002 COPD急性増悪でICU入室した患者

ICU-ROX Investigators ICU入室患者
Jakkula(pilot trial) 2018 院外CPAでICU入室した患者

Lang(pilot trial) 2018 severe TBI
Manzdeh 2015 severe acute stroke

Panwar(pilot trial) ICU入室患者

IOTAでも検証されたOxygen ICU、CLOSE trialとICU-ROX以外は
対象疾患も限定されており、ICU患者というcriteriaとは異な
る. またPilot trialが多いのもlimitation



これまでの知見のまとめ

・低濃度酸素管理による組織酸素代謝障害がある
一方、高濃度酸素管理における害もある
・急性疾患での酸素化の酸素目標値としてSpO2 94
〜96%が一つの目安としてある
・ICU-ROX trialでは酸素制限群での死亡率低下(副
次評価項目)の有意差はなかった
・LOCO2 trialは低濃度酸素管理での腸管虚血発症
数が多くtrialが早期中止. 90日死亡率には有意差は
なかった

依然として急性呼吸不全の
酸素管理の目標に決着はついていない



ICU入室を要する
非ARDSも含めた
急性呼吸不全では、

どのような酸素管理
が望ましいのか？
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BACKGROUND
Patients with acute hypoxemic respiratory failure in the intensive care unit (ICU) 
are treated with supplemental oxygen, but the benefits and harms of different 
oxygenation targets are unclear. We hypothesized that using a lower target for par-
tial pressure of arterial oxygen (PaO2) would result in lower mortality than using a 
higher target.

METHODS
In this multicenter trial, we randomly assigned 2928 adult patients who had recently 
been admitted to the ICU (!12 hours before randomization) and who were receiv-
ing at least 10 liters of oxygen per minute in an open system or had a fraction of 
inspired oxygen of at least 0.50 in a closed system to receive oxygen therapy target-
ing a PaO2 of either 60 mm Hg (lower-oxygenation group) or 90 mm Hg (higher-
oxygenation group) for a maximum of 90 days. The primary outcome was death 
within 90 days.

RESULTS
At 90 days, 618 of 1441 patients (42.9%) in the lower-oxygenation group and 613 of 
1447 patients (42.4%) in the higher-oxygenation group had died (adjusted risk ratio, 
1.02; 95% confidence interval, 0.94 to 1.11; P = 0.64). At 90 days, there was no signifi-
cant between-group difference in the percentage of days that patients were alive with-
out life support or in the percentage of days they were alive after hospital discharge. 
The percentages of patients who had new episodes of shock, myocardial ischemia, 
ischemic stroke, or intestinal ischemia were similar in the two groups (P = 0.24).

CONCLUSIONS
Among adult patients with acute hypoxemic respiratory failure in the ICU, a lower 
oxygenation target did not result in lower mortality than a higher target at 90 days. 
(Funded by the Innovation Fund Denmark and others; HOT-ICU ClinicalTrials.gov 
number, NCT03174002.)
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P 急性呼吸不全でICUに入室した
患者

I lower oxygenation group
(PaO2 60mmHg目標)

C higher oxygenation group
(PaO2 90mmHg目標)

O Primary outcome：
90日以内の死亡率

論文のPICO

筆者の仮説：低濃度酸素管理では高濃度酸素
管理に比べて90日死亡率が5%低下



Method



Method

多国籍、多施設ランダム化比較試験

セッティング：デンマーク、スイス、
フィンランド、オランダ、ノルウェー、
イギリス、アイスランドの35施設のICU

期間：2017年6月〜2020年8月



Inclusion Criteria

・18歳以上の成人
・以下の酸素療法を必要とする
①開放型酸素投与※での10L/分以上の高濃度
酸素
②侵襲的陽圧管理、NPPVでFiO2 0.5L以上
・ICUで24時間以上の酸素療法が見込まれる
・Aラインが挿入されている

※カニュラ、マスク、ベンチュリマスク、リ
ザーバーマスク、HFNC



Exclusion Criteria

・ICU入室後12時間以内にランダム化できなかった
・原因によらず入院前から人工呼吸器管理、在宅酸素療
法を要している
・ブレオマイシンでの治療歴
・臓器移植後
・脳死とされうる状態の可能性
・妊娠
・一酸化炭素中毒、シアン中毒、パラコート中毒
・メトヘモグロビン血症
・鎌状赤血球症
・高圧酸素療法が要すると見込まれる
・国内基準に従った規約で同意が得られない



Method
・ランダム化：web based、permuted block
randomization (varying size) 

・隠蔽化(concealment)：computer generated 
concealed 

・マスキング：患者、治療介入者はマスキン
グされていない.データ解析者はマスキング
されている(90日死亡はregistriesから取得され
るためblind)



Method
〜酸素化の調整〜

・目標PaO2へはFiO2で調整

・FiO2 0.21、FiO2 1.0の場合に限りPa02
が目標値から7.5mmHg以上逸脱するこ
とは許可

・人工呼吸器の設定は主治医判断

Target PaO2



Method
〜動脈血ガスの測定と酸素化モニタ〜

・動脈血ガスの測定回数はプロトコールでは統一し
なかった(本文では少なくとも4回/日の測定すると
仮定と記載あるが、Protocolには記載なし)

・SpO2を継時的に測定して、目標のPaO2に応じた
SpO2を割り出し、SpO2を維持するように指示

時間



Method
〜記録〜

・PaO2は12時間毎に最大値、最小値を記録
同時にPaO2に対応するSaO2、FiO2も記録

・人工呼吸器設定は8時に記録
PEEP、1回換気量、Ppeak(NPPVの場合にはCPAP、
EPAP)

時間8時6時 18時



Outcome

主要評価項目：ランダム化後90日以内の全
死亡

副次評価項目：重篤な有害事象の発症(新規
発症のショック、心筋虚血、脳虚血、腸管
虚血)、alive without life supportの日数(人工
呼吸器、腎代替療法、昇圧薬/循環作動薬)、
90日以内での退院後の生存日数



Statistical Analysis

・サンプルサイズ計算：
対照群の90日死亡率を25%と想定

介入群でprimary outcomeに5%のabsolute risk 
reductionの差(relative riskで20%)があると仮定
検出力90%、α＝0.05
→サンプルサイズは2,928人必要と算出

・ITT解析

(Intensive Care Med 2015, 41:833-45)



Statistical Analysis

・log-link and binomial error distributionを用いた一
般化線形モデルを使用
信頼区間
主要評価項目 95%
副次評価項目 98.75%

・統計手法
ノンパラメトリック検定(van Elteren検定)
両側検定
統計学的有意
主要評価項目 P<0.05
副次評価項目 P<0.0125



Statistical Analysis

主要評価項目について
①Kaplan-Meier plotsを用いた生存時間分析
層化変数を用いて調整したコックス比例ハザード
モデルでの多変量解析
調整因子：施設、COPD、活動性の血液悪性腫瘍

②ロジスティック回帰分析を用いたSecondary
analysis
調整因子：年齢、転移性悪性腫瘍、ICU入室契機、
SOFA score



Interim Analysis

計画されたサンプルサイズの50％(1,464人)
が90日間追跡された後、1回のO-Brien 
Fleming alfa-spending function法を用いた中間
解析が実行

→Primary outcome、Serious adverse 
event(SAE)を解析し、研究継続



Results
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ratory failure and who were receiving at least 10 
liters of oxygen per minute in an open system 
or who had an FIO2 of at least 0.50 in a closed 
system; all the patients had placement of an 
arterial line and were expected to receive sup-
plementary oxygen therapy for at least 24 hours 
in the ICU. With these thresholds of oxygen 

supplementation, we assumed that the PaO2:FIO2 
ratio in all the patients would be below 300. We 
excluded patients who could not undergo ran-
domization within 12 hours after ICU admis-
sion. All additional exclusion criteria are pro-
vided in the Supplementary Appendix, available 
at NEJM.org.

Figure!1.!Screening,!Randomization,!and!Follow-up.

Patients could have more than one reason for being excluded from the trial after screening. A total of 40 patients were 
excluded from the primary analysis after randomization because they or their surrogate did not allow the use of their 
data (17 in the lower-oxygenation group and 17 in the higher-oxygenation group) or the consent for the use of their 
data could not be obtained according to national regulations (3 patients and 1 patient, respectively); 1 patient in each 
group was lost to follow-up. Although 30 patients or surrogates (14 patients and 16 patients, respectively) did not want 
further data to be registered, mortality data were obtained from national registries, and these patients were included 
in the primary analysis; however, data regarding some secondary outcomes were missing. One patient in the lower- 
oxygenation group who had erroneously undergone randomization 5.5 hours after death was excluded from the primary 
analysis, and an additional patient underwent randomization. A supplemental analysis of the primary outcome that 
includes the erroneously randomized patient is provided in Table S9. ICU denotes intensive care unit.

2928 Underwent randomization

4192 Patients were assessed for eligibility

1264 Were excluded
712 Could not undergo randomization 

within 12 hr after ICU admission
295 Had no provision of consent 
125 Received home oxygen supplementation

99 Were withdrawn from active therapy 
or were brain dead

49 Received hyperbaric oxygen treatment
44 Underwent solid-organ transplantation

during hospital admission
28 Were poisoned with carbon monoxide,

cyanide, or paraquat
18 Were receiving long-term mechanical

ventilation
4 Were previously treated with bleomycin
3 Were pregnant
1 Had methemoglobinemia
1 Had sickle cell disease

1462 Were assigned to lower-
oxygenation group

1466 Were assigned to higher-
oxygenation group

19 Were excluded at 90-day
follow-up

18 Had withdrawn or
unobtainable consent  

1 Was lost to follow-up

21 Were excluded at 90-day
follow-up

20 Had withdrawn or 
unobtainable consent 

1 Was lost to follow-up

1441 Were included in the primary analysis 1447 Were included in the primary analysis
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4,192人が評価され
1,264人がexclusion 
criteriaのため除外(ラ
ンダム化割合 69%)
700人程度が12時間
以内のランダム化が
できず除外

追跡率 98%
(脱落率 2%)



患者特性
・平均年齢は70歳、男
性が65%前後

・併存疾患
COPD：19%
活動性血液腫瘍：5%

・ICU admissionは約85%
が内科的疾患
肺炎：57%
脳卒中：1.5%
CPA蘇生後：11%
ARDS：12%

CPA蘇生後が対照群で多
い

n engl j med   nejm.org 4
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Table!1.!Characteristics!of!the!Patients!at!Baseline.*

Characteristic
Lower-Oxygenation!Group!

(N!=!1453)
Higher-Oxygenation!Group!

(N!=!1457)

Median age (IQR) — yr 70 (60–77) 70 (60–77)

Male sex — no. (%) 925 (63.7) 946 (64.9)

Median interval between hospital admission  
and randomization (IQR) — days

1 (0–5) 1 (0–5)

Median interval between ICU admission  
and randomization (IQR) — hr

4 (2–7) 4 (2–7)

Coexisting illness — no. (%)

Ischemic heart disease 205 (14.1) 205 (14.1)

Chronic heart failure 140 (9.6) 146 (10.0)

Active metastatic cancer 65 (4.5) 61 (4.2)

Long-term dialysis 19 (1.3) 28 (1.9)

Chronic obstructive pulmonary disease 277 (19.1) 286 (19.6)

Active hematologic cancer 82 (5.6) 86 (5.9)

Type of admission — no. (%)

Medical 1248 (85.9) 1240 (85.1)

Elective surgery 18 (1.2) 21 (1.4)

Emergency surgery 187 (12.9) 196 (12.9)

Acute illness — no. (%)

Pneumonia 838 (57.7) 836 (57.4)

Multiple trauma 24 (1.7) 29 (2.0)

Hemorrhagic or ischemic stroke 25 (1.7) 22 (1.5)

Traumatic brain injury 9 (0.6) 15 (1.0)

Myocardial infarction 84 (5.8) 99 (6.8)

Intestinal ischemia 27 (1.9) 41 (2.8)

Cardiac arrest 149 (10.3) 186 (12.8)

ARDS 178 (12.3) 195 (13.4)

Invasive ventilation

Patients — no. (%) 834 (57.4) 870 (59.7)

Median tidal volume (IQR) — ml 499 (429–582) 499 (426–561)

Median end-expiratory pressure (IQR) — cm 
of water

9 (7–10) 10 (7–10)

Median peak pressure (IQR) — cm of water 25 (20–29) 25 (21–30)

Noninvasive ventilation or CPAP

Patients — no. (%) 199 (13.7) 176 (12.1)

Median end-expiratory pressure (IQR) — cm 
of water

8 (6–9) 7 (5–8)

Open system — no. (%) 420 (28.9) 411 (28.2)

Median PaO2 (IQR) — mm Hg 77.3 (65.3–93.8) 77.3 (62.3–93.0)

Median SaO2 (IQR) — %† 94 (91–97) 95 (91–97)

Median FIO2 (IQR) — fraction‡ 0.70 (0.55–0.90) 0.70 (0.56–0.85)

Median PaO2:FIO2 ratio (IQR)

In all systems 118.6 (88.8–157.5) 117.5 (90.0–153.8)

In closed systems 125.7 (91.6–165.0) 125.0 (94.7–163.5)
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患者特性
・酸素療法
人工呼吸器：60%
NPPV：15%
開放型：30%

・PaO2
77mmHg

・P/F比
閉鎖型：118前後
開放型：125前後

・呼吸器初期設定
PEEP 9
tidal volume 500ml/回

n engl j med   nejm.org 4

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

Table!1.!Characteristics!of!the!Patients!at!Baseline.*

Characteristic
Lower-Oxygenation!Group!

(N!=!1453)
Higher-Oxygenation!Group!

(N!=!1457)

Median age (IQR) — yr 70 (60–77) 70 (60–77)

Male sex — no. (%) 925 (63.7) 946 (64.9)

Median interval between hospital admission  
and randomization (IQR) — days

1 (0–5) 1 (0–5)

Median interval between ICU admission  
and randomization (IQR) — hr

4 (2–7) 4 (2–7)

Coexisting illness — no. (%)

Ischemic heart disease 205 (14.1) 205 (14.1)

Chronic heart failure 140 (9.6) 146 (10.0)

Active metastatic cancer 65 (4.5) 61 (4.2)

Long-term dialysis 19 (1.3) 28 (1.9)

Chronic obstructive pulmonary disease 277 (19.1) 286 (19.6)

Active hematologic cancer 82 (5.6) 86 (5.9)

Type of admission — no. (%)

Medical 1248 (85.9) 1240 (85.1)

Elective surgery 18 (1.2) 21 (1.4)

Emergency surgery 187 (12.9) 196 (12.9)

Acute illness — no. (%)

Pneumonia 838 (57.7) 836 (57.4)

Multiple trauma 24 (1.7) 29 (2.0)

Hemorrhagic or ischemic stroke 25 (1.7) 22 (1.5)

Traumatic brain injury 9 (0.6) 15 (1.0)

Myocardial infarction 84 (5.8) 99 (6.8)

Intestinal ischemia 27 (1.9) 41 (2.8)

Cardiac arrest 149 (10.3) 186 (12.8)

ARDS 178 (12.3) 195 (13.4)

Invasive ventilation

Patients — no. (%) 834 (57.4) 870 (59.7)

Median tidal volume (IQR) — ml 499 (429–582) 499 (426–561)

Median end-expiratory pressure (IQR) — cm 
of water

9 (7–10) 10 (7–10)

Median peak pressure (IQR) — cm of water 25 (20–29) 25 (21–30)

Noninvasive ventilation or CPAP

Patients — no. (%) 199 (13.7) 176 (12.1)

Median end-expiratory pressure (IQR) — cm 
of water

8 (6–9) 7 (5–8)

Open system — no. (%) 420 (28.9) 411 (28.2)

Median PaO2 (IQR) — mm Hg 77.3 (65.3–93.8) 77.3 (62.3–93.0)

Median SaO2 (IQR) — %† 94 (91–97) 95 (91–97)

Median FIO2 (IQR) — fraction‡ 0.70 (0.55–0.90) 0.70 (0.56–0.85)

Median PaO2:FIO2 ratio (IQR)

In all systems 118.6 (88.8–157.5) 117.5 (90.0–153.8)

In closed systems 125.7 (91.6–165.0) 125.0 (94.7–163.5)

The New England Journal of Medicine 
Downloaded from nejm.org by TSUTOMU MITO on February 12, 2021. For personal use only. No other uses without permission. 

 Copyright © 2021 Massachusetts Medical Society. All rights reserved. 



患者特性

・MAP： 60mmHg
前後

・平均乳酸値：
1.8mmol/L

・カテコラミン使
用は約55%

・ノルアドレナリ
ン平均投与量
0.2μg/kg/min
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Intervention
Patients were randomly assigned in a 1:1 ratio to 
receive oxygen therapy targeting either a PaO2 of 
60 mm Hg (lower-oxygenation group) or a PaO2 
of 90 mm Hg (higher-oxygenation group) until a 
maximum of 90 days after randomization. The 
trial period included any readmissions to the 
ICU. We recorded the lowest and the highest 
PaO2 in predefined 12-hour intervals, along with 
concomitant values of arterial oxygen saturation 
(SaO2) and FIO2. The oxygenation targets were 
achieved by adjustment of the FIO2. In the two 
groups, deviations from the target of more than 
7.5 mm Hg were accepted only in patients who 
had an FIO2 of 0.21 or in those with an FIO2 of 
1.00. The oxygen-supplementation devices and 
ventilator settings were chosen by the clinicians. 
Ventilator settings were registered daily at 8 a.m. 
if either invasive or noninvasive ventilation or 
continuous positive airway pressure was being 
used. A schedule for the sampling of arterial 
blood gases was not mandated in the protocol, 
but we assumed that at least four measurements 
would be performed per day.3 Since such mea-
sures of arterial blood gases were performed at 
varying times during the day, clinicians and 
nurses were instructed to monitor all patients 
with continuous measurement of peripheral oxy-
gen saturation and to identify and maintain the 

saturation level at which the assigned PaO2 was 
measured.

Outcome Measures
The primary outcome was death from any cause 
within 90 days after randomization. The second-
ary outcomes were the number of patients with 
one or more serious adverse events, which were 
defined as a new episode of shock, myocardial 
ischemia, cerebral ischemia, or intestinal isch-
emia; the percentage of days that patients were 
alive without life support, as defined by the ab-
sence of mechanical ventilation, renal-replacement 
therapy, or vasopressor or inotrope infusion; and 
the percentage of days that patients were alive 
after hospital discharge at the 90-day follow-up. 
(Additional details about the outcome measures 
are provided in the Supplementary Appendix.) 
Data regarding outcome measures were obtained 
from the patients’ files by site investigators, who 
were aware of the trial-group assignments; data 
regarding 90-day mortality were also obtained 
from regional and national registries.

Statistical Analyses
We estimated that the enrollment of 2928 patients 
would provide a power of 90% to detect a be-
tween-group difference of 5 percentage points in 
mortality at 90 days after randomization, which 

Characteristic
Lower-Oxygenation!Group!

(N!=!1453)
Higher-Oxygenation!Group!

(N!=!1457)

Median lactate level (IQR) — mmol/liter 1.8 (1.1–3.2) 1.7 (1.1–3.1)

Median lowest mean arterial pressure (IQR)  
— mm Hg§

59 (49–68) 58 (48–69)

Use of inotropes — no. (%) 33 (2.3) 37 (2.5)

Use of vasopressors

Patients — no. (%) 800 (55.1) 791 (54.3)

Median highest dose of norepinephrine (IQR) 
— µg/kg/min

0.20 (0.10–0.40) 0.21 (0.10–0.40)

Median SOFA score (IQR)¶ 9 (8–11) 9 (8–11)

*  All baseline variables were missing for 9 patients in each group. ARDS denotes acute respiratory distress syndrome, 
CPAP continuous positive airway pressure, ICU intensive care unit, IQR interquartile range, and PaO2 partial pressure 
of arterial oxygen.

†  Values for arterial oxygen saturation (SaO2) were not available for 191 patients because this measure was not included 
in blood gas analyses at one trial site.

‡  The fraction of inspired oxygen (FIO2) in open systems was estimated with the use of standardized conversion tables.
§  Listed is lowest median value of the arterial pressure recorded during the 24 hours before randomization.
¶  Scores on the Sequential Organ Failure Assessment (SOFA) range from 0 to 24, with higher scores indicating more se-

vere organ failure. Data were missing for 48 patients in the lower-oxygenation group and for 50 patients in the higher-
oxygenation group.

Table!1.!(Continued.)

The New England Journal of Medicine 
Downloaded from nejm.org by TSUTOMU MITO on February 12, 2021. For personal use only. No other uses without permission. 

 Copyright © 2021 Massachusetts Medical Society. All rights reserved. 



ICUでのその他の治療介入
・両群とも血液ガス測定は平
均6回/日

・人工呼吸器管理は両群とも
PEEP(9前後)、tidal volume(6〜
8ml/kg)

・両群での人工呼吸器管理以
外の治療
腹臥位療法は約5%、ECMOは
約1%、カテコラミン/昇圧薬
使用は80%、RRTは20%、輸血
の割合は約32%
→腹臥位療法、RRT導入、輸
血の割合は対照群で僅かに多
い
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Table S2. ICU interventions.* 

Characteristic 
Lower Oxygenation Group 

(N = 1453) 
Higher Oxygenation Group 

(N = 1457) 

Number of arterial blood gas samples per day 6±2 6±2 

Mechanical ventilation – no. (%) 1288 (88.6) 1311 (90.0) 

   Invasive ventilation – no. (%)† 994 (68.4) 1037 (71.2) 

   Non-invasive ventilation or CPAP – no. (%)† 203 (14.0) 238 (16.3) 

Prone position – no. (%) 71 (4.9) 96 (6.6) 

Inhaled vasodilators – no. ‡ 50 (3.4) 74 (5.1) 

ECMO – no. (%) 13 (0.9) 13 (0.9) 

Vasopressors or inotropes§ 1162 (80.0) 1197 (82.2) 

Renal replacement therapy – no. (%)¶ 281 (19.3) 322 (22.1) 

Red blood cell transfusion – no. (%) 458 (31.5) 496 (34.0) 

   Volume  – mL‖ 600 (300–1250) 735 (300–1509) 

Invasive ventilation   

  End-expiratory pressure – cm  
   of water† 9 (8–11) 8 (7–10) 

   Tidal volume – mL per kg  
   predicted bodyweight†** 7.3 (6.5–8.3) 7.3 (6.4–8.2) 

   Peak pressure – cm of water† 22 (19–26) 22 (18–25) 

Non-invasive ventilation or CPAP   

   End-expiratory pressure 
    – cm of water† 8 (6–9) 8 (6–8) 

* Plus-minus values are means ±SD. Other values are medians with interquartile ranges. ICU 

denotes intensive care unit, CPAP continuous positive airway pressure, ECMO extracorporeal 

membrane oxygenation. All variables were missing in 9 patients in each group.  

† Ventilation parameters registered once daily at 08:00 hours 

‡ Use of inhaled nitric oxide or inhaled epoprostenol. 

§ Continuous infusion of dopamine, norepinephrine, epinephrine, phenylephrine, vasopressin, 

dobutamine, milrinone or levosimendan. 

¶ Any continuous or intermittent use of renal replacement therapy. 

‖ In patients receiving red blood cell transfusion. 

** Predicted body weight was calculated as 50 kg + 0.91 kg/cm x (height—152.4 cm) for males and 

45.5 kg + 0.91 kg/cm x (height—152.4 cm) for females. 
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showed no substantial between-group differences 
regarding positive end-expiratory pressure, peak 
inspiratory pressure, or tidal volume among the 
patients who were undergoing invasive mechan-
ical ventilation or in end-expiratory pressure 
among those who were undergoing noninvasive 
ventilation (Table S2).

Outcomes
At 90 days after randomization, 618 of 1441 
patients (42.9%) in the lower-oxygenation group 
and 613 of 1447 patients (42.4%) in the higher-
oxygenation group had died (risk ratio, 1.02; 
95% confidence interval [CI], 0.94 to 1.11; P = 0.64) 
(Table 2). Results were similar in the analysis 
after adjustment for baseline factors; the hazard 
ratio was similar as well after adjustment for 
stratification variables (Fig. 3). A Bayes factor that 
was substantially higher than 1 supported the 
finding of no effect of the intervention (see the 
Supplementary Appendix). The results of the sub-
group analyses were similar to those in the pri-
mary analysis (Table S3).

At day 90, the percentage of days that patients 
were alive without life support and the percent-
age of days that patients were alive after hospital 
discharge did not differ significantly between the 
two groups (Table 2; absolute numbers and single 
components are provided in Tables S4, S5, and S6). 
Likewise, the number of patients with one or 
more serious adverse events did not differ sig-
nificantly between the two groups (Table 2).

Discussion

In this multicenter, randomized trial involving 
adult patients with acute hypoxemic respiratory 
failure in the ICU, we found that targeting a PaO2 
of 60 mm Hg rather than a PaO2 of 90 mm Hg 
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Figure!2.!Values!for!PaO2,!FIO2,!and!SaO2,!According!!
to!Oxygenation!Strategy.

Shown are the median values of daily means of partial 
pressure of arterial oxygen (PaO2) (Panel A), fraction 
of inspired oxygen (FIO2) (Panel B), and arterial oxygen 
saturation (SaO2) (Panel C) of the trial patients until a 
maximum of 90 days. The daily means were calculated 
from the 12-hour lowest and highest PaO2 with con-
comitant values for FIO2 and SaO2. I bars represent 
 interquartile ranges (IQR). SaO2 values were not avail-
able in blood gas analyses from one site and were 
therefore missing for 191 patients. Data for patients 
according to day are provided in Table S1.
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介入群の酸素化
PaO270.8(66.6-76.5)
SaO2 93(92-94)

対照群の酸素化
PaO2 93.3(87.1-98.7)
SaO2 96(95-97)

介入群は目標 PaO2
(60mmHg)に比べると
やや高い
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from the 12-hour lowest and highest PaO2 with con-
comitant values for FIO2 and SaO2. I bars represent 
 interquartile ranges (IQR). SaO2 values were not avail-
able in blood gas analyses from one site and were 
therefore missing for 191 patients. Data for patients 
according to day are provided in Table S1.
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両群における酸素化
(PaO2、SaO2の比較)
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Figure S1. Highest and lowest PaO2 by treatment group.

 

Patient medians with bars representing interquartile ranges (IQR). PaO2 denotes arterial partial 

pressure of oxygen. The highest and lowest PaO2 values were registered in predefined 12-hour 

intervals in the ICU. A: Highest 12-hour PaO2 values. B: Lowest 12-hour PaO2 values. 

介入群のPaO2
Highest 79(73-88)
lowest 62(59-66)

対照群のPaO2
Highest 109(100-118)
lowest 76(73-88)

両群における酸素
化

(各群のPaO2の最高値、
最低値)



両群における酸素投与量
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stratification variables (Fig. 3). A Bayes factor that 
was substantially higher than 1 supported the 
finding of no effect of the intervention (see the 
Supplementary Appendix). The results of the sub-
group analyses were similar to those in the pri-
mary analysis (Table S3).

At day 90, the percentage of days that patients 
were alive without life support and the percent-
age of days that patients were alive after hospital 
discharge did not differ significantly between the 
two groups (Table 2; absolute numbers and single 
components are provided in Tables S4, S5, and S6). 
Likewise, the number of patients with one or 
more serious adverse events did not differ sig-
nificantly between the two groups (Table 2).

Discussion

In this multicenter, randomized trial involving 
adult patients with acute hypoxemic respiratory 
failure in the ICU, we found that targeting a PaO2 
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comitant values for FIO2 and SaO2. I bars represent 
 interquartile ranges (IQR). SaO2 values were not avail-
able in blood gas analyses from one site and were 
therefore missing for 191 patients. Data for patients 
according to day are provided in Table S1.

The New England Journal of Medicine 
Downloaded from nejm.org by TSUTOMU MITO on February 12, 2021. For personal use only. No other uses without permission. 

 Copyright © 2021 Massachusetts Medical Society. All rights reserved. 

介入群の酸素 FiO2
0.43(0.34-0.54)

対照群の酸素 FiO2 
0.56(0.46-0.71)



Outcome



主要評価項目
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T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

did not result in better values for several key 
outcomes — including mortality, the percentage 
of days alive without life support, the percentage 
of days alive after hospital discharge, and seri-
ous adverse events — at 90 days. Our findings 
lend weight to the utility of conservative oxygen 
therapy in patients with acute hypoxemic respi-
ratory failure, as compared with the results of the 
LOCO2 trial.15 At the same time, the results of 
our trial do not preclude the possibility of clini-
cally important harm or benefit with a lower-
oxygenation strategy in this population or in 
other types of critically ill patients. In the LOCO2 
trial, mesenteric ischemia occurred in five pa-
tients who were assigned to a PaO2 target of 55 to 
70 mm Hg and in no patients assigned to a PaO2 

target of 90 to 105 mm Hg. The overall incidence 
of intestinal ischemia in our trial (2.1%) was 
similar to that in the LOCO2 trial (2.5%).15 The 
LOCO2 trial was stopped early after the inclusion 
of 201 patients with ARDS; at the time, there 
was no significant between-group difference in 
the primary outcome of mortality at day 28, but 
there was significantly higher 90-day mortality 
in the lower-oxygenation group. Although we 
recruited patients with acute hypoxemic respira-
tory failure regardless of the presence of ARDS, 
the baseline PaO2:FIO2 ratios were remarkably simi-
lar to those in the LOCO2 trial.

Notably, we observed a 90-day mortality that 
was twice as high as had been hypothesized on the 
basis of data previously obtained in five Danish 

Table!2.!Primary!and!Secondary!Outcomes.

Outcome
Lower-Oxygenation!

Group
Higher-Oxygenation!

Group

Risk!
Ratio!

(95%!CI)*

Risk!
Difference!
(95%!CI)*

Adjusted!
Odds!Ratio!

(95%!CI) P!Value

Primary!outcome†

Death by day 90 — no./total 
no. (%)

618/1441 (42.9) 613/1447 (42.4)

Adjusted for stratification 
variables‡

1.02 
(0.94 to 1.11)

0.63 
(!2.92 to 4.17)

0.64

Adjusted for stratification 
and baseline variables§

1.06 
(0.90 to 1.24)

0.50

Secondary!outcomes¶

Median percentage of days 
alive without life sup-
port (IQR)

87.8 (0.0–96.7) 84.4 (0.0–96.0) 0.10

Median percentage of days 
alive after hospital dis-
charge (IQR)

55.6 (0.0–85.6) 50.0 (0.0–84.4) 0.67

Serious adverse events — no./
total no. (%)

525/1453 (36.1) 555/1457 (38.1) 0.95 
(0.84 to 1.07)

!1.6 
(!6.0 to 2.8)

0.24

Shock 492/1453 (33.9) 521/1457 (35.8)

Myocardial ischemia 14/1453 (1.0) 8/1457 (0.5)

Ischemic stroke 19/1453 (1.3) 23/1457 (1.6)

Intestinal ischemia 32/1453 (2.2) 29/1457 (2.0)

*  For serious adverse events, relative risk and risk difference are reported with 98.75% confidence intervals that have been adjusted for mul-
tiple comparisons. Risk differences are reported in percentage points.

†  Data regarding the primary outcome were missing for 21 patients in the lower-oxygenation group and for 19 patients in the higher-oxygen-
ation group.

‡  Stratification variables were the trial site and the presence or absence of chronic obstructive pulmonary disease or active hematologic can-
cer.

§  Baseline variables were age, presence or absence of active metastatic cancer, type of admission (medical, elective surgical, or emergency 
surgical), and the SOFA score, which ranges from 0 to 24, with higher scores indicating more severe organ failure.

¶  The percentage of days alive without life support was calculated as the number of days without the use of invasive ventilation, noninvasive 
ventilation, continuous positive airway pressure, vasopressor or inotropic infusion, or renal-replacement therapy, divided by the number of 
days alive within 90 days. The percentage of days alive after hospital discharge was calculated as the number of days alive and discharged 
from the hospital divided by the number of days alive within 90 days. Data were missing for 33 patients in each of the oxygenation groups. 
Absolute numbers and percentages are provided in Tables S6, S7, and S8.
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90日死亡率
618/1,441(42.9%) vs 613/1,447(42.4%)

相対危険度 1.02(95%CI 0.94-1.11)
絶対リスク減少率 0.63(95%CI -2.92-4.17)
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重篤な有害事象の発症
(新規発症のショック、
心筋虚血、脳虚血、腸管
虚血)は525/1,453人
(42.9%) vs 555/1,457人
(42.4％) (risk ration 0.95、
98.75%CI 0.84-1.07)
いずれの有害事象も介入
群、対照群では同程度の
発症率
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Group

Risk!
Ratio!

(95%!CI)*

Risk!
Difference!
(95%!CI)*

Adjusted!
Odds!Ratio!

(95%!CI) P!Value

Primary!outcome†

Death by day 90 — no./total 
no. (%)

618/1441 (42.9) 613/1447 (42.4)

Adjusted for stratification 
variables‡

1.02 
(0.94 to 1.11)

0.63 
(!2.92 to 4.17)

0.64

Adjusted for stratification 
and baseline variables§

1.06 
(0.90 to 1.24)

0.50

Secondary!outcomes¶

Median percentage of days 
alive without life sup-
port (IQR)

87.8 (0.0–96.7) 84.4 (0.0–96.0) 0.10

Median percentage of days 
alive after hospital dis-
charge (IQR)

55.6 (0.0–85.6) 50.0 (0.0–84.4) 0.67

Serious adverse events — no./
total no. (%)

525/1453 (36.1) 555/1457 (38.1) 0.95 
(0.84 to 1.07)

!1.6 
(!6.0 to 2.8)

0.24

Shock 492/1453 (33.9) 521/1457 (35.8)

Myocardial ischemia 14/1453 (1.0) 8/1457 (0.5)

Ischemic stroke 19/1453 (1.3) 23/1457 (1.6)

Intestinal ischemia 32/1453 (2.2) 29/1457 (2.0)

*  For serious adverse events, relative risk and risk difference are reported with 98.75% confidence intervals that have been adjusted for mul-
tiple comparisons. Risk differences are reported in percentage points.

†  Data regarding the primary outcome were missing for 21 patients in the lower-oxygenation group and for 19 patients in the higher-oxygen-
ation group.

‡  Stratification variables were the trial site and the presence or absence of chronic obstructive pulmonary disease or active hematologic can-
cer.

§  Baseline variables were age, presence or absence of active metastatic cancer, type of admission (medical, elective surgical, or emergency 
surgical), and the SOFA score, which ranges from 0 to 24, with higher scores indicating more severe organ failure.

¶  The percentage of days alive without life support was calculated as the number of days without the use of invasive ventilation, noninvasive 
ventilation, continuous positive airway pressure, vasopressor or inotropic infusion, or renal-replacement therapy, divided by the number of 
days alive within 90 days. The percentage of days alive after hospital discharge was calculated as the number of days alive and discharged 
from the hospital divided by the number of days alive within 90 days. Data were missing for 33 patients in each of the oxygenation groups. 
Absolute numbers and percentages are provided in Tables S6, S7, and S8.
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alive without life supportの
日数比(人工呼吸器、腎代
替療法、昇圧薬/循環作動
薬)は87.8% vs 84.4%、90日
以内での退院後の生存日
数比は55.6% vs 50.0%
いずれも有意差はなし



Kaplan-Meier生存曲線
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Oxygenation Targets for Acute Respir atory Failure

ICUs.3 The higher 90-day mortality in our trial 
may have been partially due to differences in the 
types of admissions. Acute medical conditions 
accounted for 85.5% of the admissions in our 
trial and for 37.3% of those in the cited cohort 
study, whereas emergency surgery accounted for 
1.3% and 29.8%, respectively, and elective sur-
gery for 13.2% and 32.6%, respectively. Further-
more, although only 12.8% of our patients were 
recorded as having ARDS at baseline, they had 
more severe hypoxemic respiratory failure than 
anticipated, with PaO2:FIO2 ratios in the range of 
those found in patients with moderate-to-severe 
ARDS. This degree of hypoxemia might also have 
contributed to the higher mortality observed in 
our trial. Accordingly, the present results may 
not be representative of outcomes in a lower-
risk population.

In the ICU-ROX trial,16 not all the patients had 
acute hypoxemic respiratory failure, as illustrat-
ed by a PaO2:FIO2 ratio at baseline that was twice 
as high as that both in our trial and in the LOCO2 
trial, as well as a lower FIO2. The ICU-ROX trial 
showed no significant between-group differences 
in the number of ventilator-free days or in mor-
tality at 90 days and 180 days. However, investi-
gators found a potential benefit of a lower oxy-
genation target in the 164 patients with suspected 
hypoxic–ischemic encephalopathy (relative risk, 
0.73; 95% CI, 0.54 to 0.99). In the 332 patients 
with cardiac arrest in our trial, there was no clear 
between-group difference in 90-day mortality ac-
cording to the randomized oxygenation targets, 
although firm conclusions cannot be drawn 
(Table S3).

The strengths of our trial include the variety 
of ICUs and countries involved and the prag-
matic protocol that called for maintaining rou-
tine practice except for the oxygenation targets, 
while obtaining a clear between-group difference 
in PaO2, SaO2, and FIO2 levels. Limitations must 
also be considered. The oxygenation targets that 
we used in our trial may have differed from 
standard of care in some countries. In a post hoc 
assessment, we found potential differences in 
the treatment effects among the individual ICUs 
(Fig. S4). We tested the two oxygen-therapy strat-
egies by targeting intermittent measurement of 
the PaO2; however, to account for the varying 
sampling schedules, all the patients had continu-
ous monitoring of the peripheral oxygen satura-
tion. Measurement of the PaO2 may allow for more 

accurate maintenance of oxygenation targets 
than other methods, since the peripheral oxygen 
saturation can substantially differ from the SaO2 
under certain conditions24,25 and may be less ac-
curate in Black patients than in White patients.26 
However, targeting the PaO2 is less feasible with-
out placement of an arterial line and without the 
availability of point-of-care blood gas analysis. 
The use of standardized conversion tables for FIO2 
in open systems is another limitation, since the 
oxygen content in the lung varies with the pa-
tient’s breathing patterns among other factors. 
Our evaluation of the between-group difference 
in values for PaO2, FIO2, and SaO2 was limited by 
a diminishing number of patients in the ICU after 
the initial 14 to 21 days.

In a meta-analysis,14 investigators reported the 
possibility that more liberal oxygen therapy in 
acutely ill adults may result in increased mortal-
ity.14 However, an updated systematic review and 
meta-analysis with trial sequential analysis, in-
cluding the ICU-ROX trial16 among others, showed 
neither beneficial nor harmful effects of higher 
versus lower oxygenation strategies.27 Although 
we found no differences in clinical outcomes be-
tween the two oxygenation groups in adults with 

Figure!3.!Kaplan–Meier!Estimates!of!Survival.

Shown are the results of Kaplan–Meier analysis of data regarding survival, 
which were administratively censored at 90 days (adjusted hazard ratio, 
1.04; 95% confidence interval, 0.93 to 1.16). The Cox proportional-hazards 
model was adjusted for the trial site and for the presence or absence of 
chronic obstructive pulmonary disease or active hematologic cancer.
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修正ハザード比
1.04(95%CI、0.93-
1.16)

Cox比例ハザードモ
デルでは施設、
COPD、活動性血液
腫瘍の有無で調整

両群での有意差なし



Subgroup解析

解析前に設定され
ていたショック、
人工呼吸器管理の
有無、type of 
admission、 COPD、
外傷性脳損傷にお
けるsubgroup解析
はいずれも統計学
的な有意差はなし
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Table S3. Primary outcome in the subgroups.* 

Characteristic 

Lower 
Oxygenation 

Group 

Higher 
Oxygenation 

Group 
Risk Ratio 
(95% CI)† 

Risk 
Difference 
(95% CI)† 

Shock, 
no. of events/no. of patients in 
subgroup (%)‡ 

    

   Yes§ 244/427 
(57.1) 

219/412 
(53.2) 

1.07 
(0.95–1.21) 

3.54 
(-3.12–10.20) 

   No¶ 374/1014 
(36.9) 

394/1035 
(38.1) 

0.97 
(0.87–1.08) 

-1.61 
(-5.83–2.60) 

Invasive ventilation, 
no. of events/no. of patients in 
subgroup (%) 

    

   Yes¶ 380/826 
(46.0) 

378/863 
(43.8) 

1.07 
(0.97–1.19) 

2.42 
(-2.26–7.10) 

   No¶ 238/615 
(38.7) 

235/584 
(40.2) 

0.95 
(0.83–1.09) 

-1.32 
(-7.00–4.34) 

Type of admission     

   Medical, 
   no. of events/no. of  
   patients in subgroup (%)‖ 

540/1238 
(43.6) 

536/1233 
(43.5) 

1.02 
(0.93–1.11) 

0.50 
(-3.39–4.394) 

   Elective surgical,  
   no. of events/no. of  
   patients in subgroup (%)** 

6/18 
(33.3) 

4/21 
(19.1) 

1.68 
(0.56–5.06) 

13.21 
(-14.55–40.97) 

   Acute surgical, 
   no. of events/no. of 
   patients in subgroup (%)‡‡ 

72/185 
(38.9) 

73/193 
(37.8) 

1.13 
(0.88–1.45) 

1.89 
(-7.87–11.64) 

COPD, 
no. of events/no. of patients in 
subgroup (%) 

    

   Yes†† 122/277 
(44.0) 

132/285 
(46.3) 

0.98 
(0.82–1.17) 

-2.59 
(-10.70–5.51) 

   No†† 496/1164 
(42.6) 

481/1162 
(41.4) 

1.03 
(0.94–1.13) 

1.16 
(-2.77–5.10) 

Traumatic brain injury, 
no. of events/no. of patients in 
subgroup (%) 

    

   Yes‡‡ 3/8 
(37.5) 

2/14 
(14.3) 

2.63 
(0.55–12.54) 

23.21 
(-15.01–61.44) 

   No‖ 615/1433 
(42.9) 

611/14332 
(42.6) 

1.01 
(0.93–1.10) 

0.35 
(-3.21–3.91) 

Cardiac arrest, no of events/no. 
of patients I subgroup (%)     

   Yes§§ 
96/147 
(65.3) 

111/185 
(60.0) 

1.09 
(0.92–1.28) 

5.58 
(-4.88–16.05) 

   No‖ 522/1294 
(40.3) 

502/1262 
(39.8) 

1.03 
(0.94–1.13) 

0.66 
(-3.07–4.38) 

* COPD denotes chronic obstructive pulmonary disease.  

† Generalized linear model for the risk ratio or the risk difference with a log-link or an identity-link, 

respectively, and a binomial error distribution. 
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Figure S4 Intervention effects on the primary outcome by site. 

 

Forest plot of the oxygenation targets’ effects on the primary outcome of 90-day mortality for each 
site. Presented as log(odds ratios (OR)) with 95% confidence intervals. Analyzed using a logistic 
regression model adjusted for the stratification variables presence or absence of chronic obstructive 
pulmonary disease and presence or absence of active hematological malignancy. Eight of the 
smallest sites are omitted as they had intervention group distributions of outcomes that did not allow 
for calculation of the OR. N denotes patient numbers with available primary outcome. 

各施設の主要評価項
目に対する酸素化目
標のForest plot

施設間に治療効果の
違いが発生している
可能性がある



Discussion

・対照群の死亡率はサンプルサイズ計算で推定
していた25%よりも圧倒的に高い

原因① 死亡率を参照した先行研究とはICU入室
の原因が大幅に異なる
原因② 呼吸不全もmoderate〜severe ARDSに該
当する呼吸不全で、重症度が高い

・本研究の結果は重症化リスクの低い患者には
適応できないかもしれない



本研究 先行研究
①

＠多国籍

先行研究②
＠デンマーク

平均年齢(歳) 70 63 68
急性内科疾患(%) 85 66 37.3

外科疾患(%)
(急性/待機的手術)

12.9/1.3 34/0 29.8/ 32.6 

カテコラミン(%) 55 45 64

人工呼吸器管理(%) 58 55 100

P/F比 120 未記載 未記載

総死亡率(%) 42 26 28.2
(Intensive Care Med 2015, 41:833-45)(Br J Anaesth 2020, 124:420-429) 

サンプルサイズ計算の先行研究との比較



Discussion
〜ICU先行研究との比較〜

ICU ROX
・呼吸不全がない症例も組み入れされており、P/F比
も約240と高い
・サブグループ解析で低酸素性虚血性脳症での有意
差を認めた(相対リスク 0.73、95%CI 0.54-0.99)
→本研究では心肺停止後の患者で死亡率に有意差は
認めていない



Discussion
〜ICU先行研究との比較〜

LOCO2
・腸管虚血の発症率が高いため早期中止となり、
28日死亡率には有意差はなかった
・腸管虚血の発症率は2.5%(低濃度酸素管理では
5%)
→本研究の腸管虚血の発症率とほぼ同じ



Discussion
〜先行研究との比較〜

患者 患者特性 死亡率

Oxygen-ICU
2016年

７２時間以上の
ICU滞在患者

ICU admission
medical 35%
surgical 75%
呼吸不全は約60%

ICU死亡率
11.6% vs 20.2%  絶対リスク
差 0.086
(95%CI 0.017-0.150)

ICU-ROX
2020年

48時間以上の人工
呼吸器管理を要す
る患者

ICU admission
surgical 30%
medical 70%
P/F比 240前後

90日死亡率 34.7% vs 32.5% 
オッズ比 1.10(95%CI 0.84-
1.44)

LOCO2
2020年

ARDS患者 ICU admission
ARDS
P/F比 120前後

28日死亡率 34.3% vs 26.5%
difference  7.8(95%CI -4.8-
20.6) 

HOT-ICU
2021年

急性呼吸不全で
ICUに入室した患
者

ICU admission
medical 85%
P/F比 120前後の呼
吸不全

42.9% vs 42.4
相対危険度 1.02(95%CI 
0.94-1.11)



Strength

・多国籍での多施設研究

・酸素管理以外の日常診療を通常通り行いつつ、
PaO2、SaO2、FiO2に群間差が得られるというプロ
トコールであった



Limitation

・酸素管理目標は国により異なり、今回設定し
た目標酸素がstandard careではない可能性があ
る

・事後解析では施設間で治療効果に潜在的な違
いがある可能性がある

・PaO2間欠測定を補うためにSpO2でのモニタリ
ングを行ったが、SpO2は特定の条件(人種差な
ど)ではSaO2と乖離し得る

・開放型酸素投与の場合には正確なFiO2が不明

(N Engl J Med 2020, 383:2477-8)



筆者の結論

低濃度酸素管理での死亡率低下
はなかったが、低濃度酸素管理
の臨床的な意味合いを否定する
ことにはならない



内的妥当性

ランダム化、隠蔽化がされてい
るか

Yes

Baselineは同等か 心肺停止後のみ
対照群で多い

すべての患者転帰が結果に反映
されているか
(ITT解析を行っているか)

Yes

マスキングされているか No
(研究デザイン上マ
スキングは不可能)

症例数は十分か Yes
脱落率は結果に影響を及ぼすか No



外的妥当性

・medical ICUに注目する結果でsurgical ICUでは該当
しない可能性がある

・地域が欧州のみ



P ICUで人工呼吸器管理を有した
患者

I SpO2が許容下限値より高値の場
合にFiO2を可能な限り速やかに
下げる

C 高SpO2、FiO2を避ける介入は行
わない

O Primary outcome：
90日以内の死亡率

本邦を含む現在進行中の研究(ANZICS)
〜MEGA ROX trial〜



私見

・約700人が12時間以内にランダム化されず除外さ
れており、結果に影響を与えた可能性がある
ICU入室後12時間という除外基準が疑問
(ICU-ROX、LOCO2いずれも設定のない除外基準)

・介入群ではPaO2 60mmHgを目標とした研究であっ
たが、実際にはより高めの管理(PaO2 70mmHg前後)
となり、低濃度酸素管理の効果が出にくかった可能
性がある



私見

・集中治療医の多くが低酸素濃度の管理目標を
好む傾向にあると報告されているが、しかし
LOCO2 trialの結果も鑑みると低酸素発生のモニタ
リングの困難さ、低酸素に起因すると考えられ
る臓器障害の懸念より、過度の低濃度酸素目標
は慎重をきす必要があるかもしれない

・心肺停止後の症例差が結果に影響を及ぼした
可能性がある(本研究での心肺停止後患者の死亡
率は60%以上)

(Acta Anaesthesiol Scand 2018, 62:1443-1451)



私見

・非外傷性のCPA患者で高濃度酸素管理での
死亡率上昇が観察研究で示されている
・ICU-ROXでは低酸素性脳症疑いの患者群で
低濃度酸素管理が有用とされた

(JAMA 2010, 303:2165-71)
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Association Between Arterial Hyperoxia
Following Resuscitation From Cardiac Arrest
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SUDDEN CARDIAC ARREST IS THE
most common lethal conse-
quence of cardiovascular dis-
ease. Even if return of sponta-

neous circulation (ROSC) from cardiac
arrest is achieved, approximately 60%
of patients will not survive to hospital
discharge.1,2 The high mortality is at-
tributed to the postcardiac arrest syn-
drome, which involves global ischemia-
reperfusion injury, myocardial
stunning, and anoxic brain injury.3 The
recent success of therapeutic hypother-
mia for post-ROSC neuroprotection4,5

has increased momentum for investi-
gating post-ROSC factors that can im-
prove outcomes.

In the search for modifiable post-
ROSC factors, the role of supplemen-
tal oxygen, which is often adminis-
tered in high concentrations to patients
after cardiac arrest has come into con-

troversy.6 There is a paradox with oxy-
gen when delivered to the injured brain.
Too little oxygen may potentiate an-

oxic injury. Too much oxygen may in-
crease oxygen free radical production,
possibly triggering cellular injury and
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Context Laboratory investigations suggest that exposure to hyperoxia after resuscita-
tion from cardiac arrest may worsen anoxic brain injury; however, clinical data are lacking.

Objective To test the hypothesis that postresuscitation hyperoxia is associated with
increased mortality.

Design, Setting, and Patients Multicenter cohort study using the Project IMPACT
critical care database of intensive care units (ICUs) at 120 US hospitals between 2001
and 2005. Patient inclusion criteria were age older than 17 years, nontraumatic car-
diac arrest, cardiopulmonary resuscitation within 24 hours prior to ICU arrival, and ar-
terial blood gas analysis performed within 24 hours following ICU arrival. Patients were
divided into 3 groups defined a priori based on PaO2 on the first arterial blood gas
values obtained in the ICU. Hyperoxia was defined as PaO2 of 300 mm Hg or greater;
hypoxia, PaO2 of less than 60 mm Hg (or ratio of PaO2 to fraction of inspired oxygen
!300); and normoxia, not classified as hyperoxia or hypoxia.

Main Outcome Measure In-hospital mortality.

Results Of 6326 patients, 1156 had hyperoxia (18%), 3999 had hypoxia (63%),
and 1171 had normoxia (19%). The hyperoxia group had significantly higher in-
hospital mortality (732/1156 [63%; 95% confidence interval {CI}, 60%-66%]) com-
pared with the normoxia group (532/1171 [45%; 95% CI, 43%-48%]; proportion
difference, 18% [95% CI, 14%-22%]) and the hypoxia group (2297/3999 [57%; 95%
CI, 56%-59%]; proportion difference, 6% [95% CI, 3%-9%]). In a model control-
ling for potential confounders (eg, age, preadmission functional status, comorbid con-
ditions, vital signs, and other physiological indices), hyperoxia exposure had an odds
ratio for death of 1.8 (95% CI, 1.5-2.2).

Conclusion Among patients admitted to the ICU following resuscitation from car-
diac arrest, arterial hyperoxia was independently associated with increased in-hospital
mortality compared with either hypoxia or normoxia.
JAMA. 2010;303(21):2165-2171 www.jama.com
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本研究では有意差が出なかったが、CPA患者の頻
度が少ないことが影響している可能性はある

CPA蘇生患者での酸素管理も一定の見解は得ていない
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ICU患者を対象とした酸素療法のnetwork meta 
analysis(Oxygen ICU trial、ICU ROX trial、LOCO2 trialを
含む) (Eur Respir J 2021, 25)
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Figure Legends 

Figure 1. Classification of oxygenation goals. The conservative goal in the trinary classification 
(A) is further divided into conservative and far-conservative goals in the quadruple classification 
(B). The oxyhemoglobin dissociation curve was based on the equation developed by 
Severinghaus (SaO2 = (23,400 * (PaO2

3 + 150 * PaO2)-1 + 1)-1).[54] PaO2, partial pressure of 
arterial oxygen; SaO2, arterial oxygen saturation 

 

 

  

酸素管理目標をConservative群(PaO2 55〜90mmHg)、
Moderate群(PaO2 90〜150mmHg)、Liberal群(PaO2
150mmHg以上)の3群に分けて、30日死亡率を評価



  

Figure 3. Effects of different oxygenation goal-directed mechanical ventilation management 
methods on 30-day mortality based on the trinary classification. A, network geometry; B, results 
of network meta-analysis; C, SUCRA scores. CrI, credible interval; SUCRA, surface under the 
cumulative ranking curve. 

 
  

Conservative群とLiberal群のhead to head trialはな
いが、3群におけるnetwork meta analysisではい
ずれの群間比較でも統計学的有意差はなかった



結果の解釈、どう適応するか

medical ICUでの重症呼吸不全に対しては
低濃度酸素管理の優越性は示せず、有
害事象も両群には差はなかった

現時点ではPaO2 60mmHg(SpO2 90%)を下
限とするような管理で問題はないだろう

上限についてもPaO2 90mmHg（SpO2 
96%）にしておけば、害を及ぼす過剰な
酸素投与にはならないだろう


