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Two presenters will be assigned to choose and present summaries of their papers. Ideally the 
two papers will represent similar topics but contrasting research methodologies. The focus 
remains on critical appraisal of the research and manuscript, more than on the actual contents 
of the article.  Each presenter will then lead an open discussion about the article, based around 
the guidelines below. The object is to open up the appraisal to wide discussion involving all 
participants. 
 
GENERAL 
 
1. Title of paper: Does it seem like an important problem? Does it reflect the 

purpose/results? 
2. Authors, institution and country of origin 
 
INTRODUCTION 
 
1. What is the problem being addressed? 
2. What is the current state of knowledge of the problem studied? 
3. What is the hypothesis being tested? 
4. How does testing the hypothesis help solve the stated problem? 
 
METHODOLOGY 
 
1. Study design:   

a) Clinical trial vs. systematic review/meta-analysis 
b) Prospective vs. retrospective 
c) Observational vs. Experimental 
d) Randomized or not 
e) Blinded or not 

 
2. Population studied: a) Human, animal, other 

b) Justification 
c) Control groups: experimental vs. historical 
d) Is the sample size/power calculated, and how? 
e) Is the population similar to your own practice? 
f) Single vs. multi-centre 

 
3. Is the study ethically sound? 

a) Clinical equipoise 
b) Does treatment meet standard of care (esp controls)? 
c) Appropriate consent and institutional ethics approval 

 
4. Exclusions: what groups are excluded and why? 
 
5. Experimental protocol 

a) Is it designed to test the hypothesis? 



b) Is it detailed enough to be reproducible? 
c) Is the methodology validated? 
d) Are the drugs/equipment used detailed? 
e) How does the randomization take place? 

 
6. What are the primary endpoints?   
7. Is power sufficient to justify secondary endpoints? 
8. Is the protocol clinically relevant? 
9. Data collection and analysis 
10. Statistical analysis: Is it appropriate?  Are results  
 
 
RESULTS 
 
1. Are the groups comparable? 
2. Were any subjects/data eliminated? 
3. Analyzed by intent to treat? 
4. Are adequate details of results provided? - data, graphs, tables 
 
DISCUSSION 
 
1. What is the main conclusion of the study? 
2. Do the results support this conclusion? 
3. Do the results address the stated purpose/hypothesis of the study? 
4. How do the authors explain the results obtained? 
5. Are there any alternative interpretations to the data? 
6. Are the results clinically as well statistically relevant? 
7. How do the results compare with those of previous studies? 
8. What do the results add to the existing literature? 
9. What are the limitations of the methods or analysis used? 
10. What are the unanswered questions for future work? 
 
APPLICABILITY OF THE PAPER 
 
1. Have you learned something important from reading this paper? 
2. Will the results of this study alter your clinical practice? 
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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 efficacy 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-effects 
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 [SpO₂] across trials, 96% [range 94–99%, 
IQR 96–98]) increased mortality in-hospital (relative risk [RR] 1·21, 95% CI 1·03–1·43, I²=0%, high quality), at 30 days 
(RR 1·14, 95% CI 1·01–1·29, I²=0%, high quality), and at longest follow-up (RR 1·10, 95% CI 1·00–1·20, I²=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 SpO₂ 
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 efforts 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 effects 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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observational data were limited by considerable hetero-
geneity and risk of bias. Thus, the primary objective of 
our study was to systematically review randomised 
controlled trials investigating the efficacy and safety of 
liberal versus conservative oxygen therapy in acutely 
ill adults.

Methods
Search strategy and selection criteria
For this 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, without language restrictions, 
for randomised controlled trials that com pared the use of 
liberal and conservation oxygen therapies in acutely ill 
adults. Full search terms and search strategy are provided 
in the appendix. Database searches were supplemented 
by screening the refer ence lists of relevant studies and 

reviews. We also contacted authors for unpublished data, 
and in all instances of missing or unclear data. We also 
translated non-English records.

Studies were included if they were randomised 
controlled trials comparing liberal and conservative 
oxygenation strategies in acutely ill adults (aged ≥18 years), 
and reported an outcome of interest. Patients were defined 
as acutely ill if they had any condition requiring non-
elective hospital admission and the potential to be exposed 
to supplemental oxygen. We defined critical illness as 
admission to an intensive care unit. The treatment arm 
with the higher oxygen target, measured by any one of the 
following: fraction of inspired oxygen (FiO₂), arterial 
partial pressure of oxygen (PaO₂), arterial oxygen sat-
uration (measured by blood analysis), or peripheral 
oxygen saturation (measured by a pulse oximeter [SpO₂]) 
was defined as the liberal arm, and the arm with the lower 
oxygen target (including room air) was defined as the 
conservative arm.

See Online for appendix

Research in context

Evidence before this study
Supplemental oxygen is administered to millions of acutely 
unwell patients around the world every day. Although oxygen 
can save the lives of patients with severe hypoxaemia, 
mechanistic and observational studies suggest that excessive 
oxygen exposure is common in current clinical practice and 
could have adverse consequences.

We searched MEDLINE, Embase, CENTRAL and the WHO 
International Clinical Trials Registry, without language 
restrictions, from inception to Oct 25, 2017, for randomised 
controlled trials comparing liberal versus conservative oxygen 
therapy in acutely ill adults. We excluded studies limited to 
patients with chronic respiratory diseases or psychiatric 
disease, patients on extracorporeal life support, and patients 
treated with hyperbaric oxygen therapy. Specifically, previous 
meta-analyses of observational studies in critically ill patients 
suggested an association between hyperoxia and increased 
in-hospital mortality after cardiac arrest, traumatic brain 
injury, and stroke, but were limited by inconsistency, risk of 
bias, and the absence of randomised controlled trials. 
Meta-analyses of randomised controlled trials comparing 
liberal versus conservative oxygen therapy in the acute 
myocardial infarction (four trials) and perioperative settings 
(eight trials) yielded low-quality overall estimates for 
mortality because of inconsistency and imprecision. We also 
identified one systematic review of randomised controlled 
trials assessing normobaric oxygen therapy for stroke, but this 
study is at the protocol stage. No studies have systematically 
reviewed all the available randomised controlled trials for 
these various conditions.

Added value of this study
This systematic review and meta-analysis of more than 
16 000 patients across a broad range of acute illnesses is the 

first study to provide high-quality evidence that excessive 
supplemental oxygen can be life-threatening. To the best of 
our knowledge, this is the most comprehensive systematic 
review on this topic to date. We found high-quality evidence 
that liberal oxygen therapy increased the relative risk of 
in-hospital mortality and mortality at 30 days and at longest 
follow-up, without any significant improvement in other 
patient-important outcomes, such as disability, risk of 
hospital-acquired pneumonia, risk of hospital-acquired 
infections, or length of hospital stay. These findings are 
distinct from the widespread view that liberal oxygen therapy 
for acute illnesses is harmless.

Implications of all the available evidence
Our findings have several potential implications for 
health-care providers, policy makers, and researchers. 
In view of the paucity of robust evidence and comprehensive 
knowledge syntheses, practice guidelines and medical 
directives on oxygen therapy for acute illnesses have been 
inconsistent. Our results provide much needed clarification, 
reporting high-quality evidence that a liberal oxygen 
strategy increases mortality among a broad range of 
acute illnesses. Moreover, the dose-response relationship 
between oxygen saturation and mortality risk highlights 
the need to implement upper limits of acceptable oxygen 
saturation for safe oxygen supplementation in patients 
under the care of emergency personnel, nurses, allied 
health, and clinicians. Future research is required to 
identify the precise oxygen strategies that maximise 
benefit and minimise harm. In view of the global burden 
of disease and the routine use of oxygen worldwide, the 
findings of this meta-analysis have immediate and 
important implications.
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We excluded studies including patients younger than 
18 years and patients who were pregnant, and studies 
limited to patients with chronic respiratory diseases, 
psychiatric disease, patients on extracorporeal life 
support, and patients treated with hyperbaric oxygen 
therapy or elective surgery. Observational and preclinical 
studies, and studies solely comparing different oxygen 
delivery modalities (eg, nasal prongs vs facemask), were 
also excluded.

Two reviewers (DKC and LH-YK), independently 
and in duplicate, screened titles and abstracts using 
a pre-piloted standardised data form (Covidence; 
Veritas Health Innovation, Melbourne, VIC, Australia). 
Disagreements about inclusion were resolved through 
consensus.

This study is reported in accordance with the Cochrane 
Handbook for Systematic Reviews of Interventions,20 and 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses statement.21 The study protocol is 
available online.

Data analysis
Two reviewers (DKC and LH-YK) extracted data 
independently and in duplicate using a pre-piloted 
standardised data-form through Covidence (Veritas Health 
Innovation, Melbourne, VIC, Australia). We considered 
publications reporting on the same trial at different follow-
up timepoints as a single trial for all analyses. We used 
DigitizeIt software (Braunschweig, Germany) to extract 
patient-level mortality data from survival curves.

Outcomes of interest20 were mortality (in-hospital, at 
30 days, and at the longest follow-up), and morbidity 
(disability measured by the modified Rankin Scale at 
longest follow-up, risk of hospital-acquired pneumonia, 
risk of any hospital-acquired infection, and hospital 
length of stay).

Analyses for all outcomes were done on an intention-to-
treat basis, and included all patients who were randomly 
assigned to any treatment arm.22 Summary measures 
were pooled using DerSimonian and Laird random-
effects models, with the estimate of heterogeneity being 
taken from the Mantel-Haenszel model. For dichotomous 
outcomes, we calculated the relative risk (RR) with 
95% CI. For continuous outcomes, the mean difference 
with 95% CI was calculated. For ordinal outcomes, shift 
analysis using proportional odds models calculated odds 
ratio (OR) and 95% CI per trial, after validating 
proportionality assumptions.

We calculated absolute risks by multiplying the RR and 
its 95% CI with the baseline risk. We used two data 
sources to estimate baseline risk:23 the pooled proportion 
of participants who had an event in the control arm in 
our meta-analysis24 and disease-specific estimates from 
observational studies.25–31 In view of the potential 
imprecision of calculated pooled risk estimates secondary 
to a wide range of included acute illnesses, disease-
specific baseline risks were also used.23

Sensitivity analyses to test the robustness of the 
findings included the following: worst-case or various 
plausible scenarios for missing participants,32 dis-
regarding ex cluded participants or participants lost to 
follow-up post-randomisation,32 reweighing trials using 
fixed-effect meta-analysis, excluding unpublished trials, 
excluding trials with early termination for apparent 
benefit or harm, adjusting for trials terminated early by 
reducing their effect size,33,34 and using the more 
conservative Knapp-Hartung-Sidik-Jonkman random-
effects meta-analytic method.35 To compare meta-
analysis of aggregate mortality outcome data with 
patient-level time-to-event data, we digitised Kaplan-
Meier curves and extracted patient-level data,36 validated 
proportional hazards assumptions, fitted a shared 
frailty Cox regression model with the study as a 
random-effects variable, and report hazard ratio (HR) 
with 95% CI.

We used a modified Cochrane Risk of Bias assessment 
tool37,38 to examine eligible studies and reviewers (DKC 
and LH-YK) classified studies at high risk of bias if at 
least one domain was high risk. To evaluate the quality 
(certainty) of evidence for each outcome, we used the 
Grading of Recommendations, Assessment, Develop-
ment and Evaluation approach,23 using optimal infor-
mation size as an objective measure of imprecision. 
Trial sequential analysis accounts for multiple testing, 
and evaluates the reliability of a meta-analysis by 

For the study protocol see 
http://www.crd.york.ac.uk/
PROSPERO/display_record.
php?ID=CRD42017065697

Figure 1: Study selection

1784 records identified through systematic search

634 duplicates removed

67 selected for full-text review

41 records excluded
13 included incorrect patient population

7 duplicates
8 trial records and results not available 

or study ongoing
5 incorrect intervention
4 wrong outcomes
2 incorrect study design
1 editorial, commentary, or review 

article
1 randomisation unit by fracture, rather 

than patient

26 records
(25 randomised controlled trials included in 
analyses)

1150 records identified through screening

1083 records excluded

http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42017065697
http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42017065697
http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42017065697
http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42017065697
http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42017065697
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Setting Country Intervention assignments Participants Liberal 
group, mean 
baseline 
SpO₂* (%)

Conservative 
group mean 
baseline 
SpO₂* (%) 

Liberal 
group 
FiO₂*

Conser-
vative 
group 
FiO₂

Delivery 
method

Intended 
duration, 
h

Sample 
size, n

Mean 
age, 
years

Men, 
n (%)*

Women, 
n (%)*

Follow-up 
duration

Ali et al (2014)44,66†‡ Stroke UK 0·30 0·21 NP 72 301 72·3 
(11·6)

141 (47%) 160 (53%) 6 months 96·1% (1·9) 96·1% (2·0)

Asfar et al (2017)45†‡ Septic shock France 1·00 § IMV 24 442 67·0¶ 282 (64%) 160 (36%) 90 days 99·0% (3·0) 97·0% (3·0)

Butler et al (1987)46* Limb 
ischaemia

UK 0·28 0·21 FM 48 39 69·0¶ 24 (62%) 15 (38%) 1 year ·· ··

Girardis et al (2016)47*†‡ Critical care Italy 0·39 0·36 IMV 144 480 64·0¶ 272 (57%) 208 (43%) 60 days ·· ··

Hofmann et al (2017)48† Myocardial 
infarction

Sweden 0·50 0·21 FM 12 6629 68·0 
(11·8)||

4606 (69%) 2023 (31%) 1 year 97·0% (2·2)|| 97·0% (2·2)||

Khoshnood et al 
(2015)49†‡

Myocardial 
infarction

Sweden 0·74 0·21 FM 1 160 66·0¶ 106 (66%) 54 (34%) 6 months 98·0% (1·7) 97·7% (1·6)

Kuisma et al (2006)50†‡ Cardiac 
arrest

Finland 1·00 0·33 IMV 1 32 63·1¶ 26 (81%) 6 (19%) In-hospital ·· ··

NCT00414726†‡ Stroke USA 1·00 0·21 FM 8 85 73·7 
(14·0)

41 (48%) 44 (52%) 3 months ·· ··

Mazdeh et al (2015)51† Stroke Iran 0·50 0·21 FM 12 52 ·· 28 (54%) 24 (46%) 6 months ·· ··

NCT02687217 Acute 
appendicitis

India 0·50 0·21 FM 3 60 ·· 46 (77%) 14 (23%) 14 days ·· ··

Padma et al (2010)52† Stroke India 0·55 0·21 FM 12 40 55·8 
(13·2)

·· ·· 3 months ·· ··

Panwar et al (2016)53 Critical care Australia, 
New 
Zealand, 
France

0·36 0·26 IMV 90 104 62·4¶ 65 (62%) 39 (38%) 90 days 96·0% (3·0) 95·0% (3·0)

NCT02378545†‡ Sepsis UK 1·00 0·21 FM 4 50 64·2¶ 20 (40%) 30 (60%) 90 days 94·8% (2·8) 94·7% (3·8)

Ranchord et al (2012)54†‡ Myocardial 
infarction

New 
Zealand, 
UK

0·50 ** FM 6 148 61·1 101 (68%) 47 (32%) 30 days ·· ··

Rawles et al (1976)55* Myocardial 
infarction

UK 0·50 0·21 FM 24 200 55·8¶ 160 (80%) 40 (20%) In-hospital ·· ··

Rønning et al (1999)56 Stroke Norway 0·30 0·21 NP 24 550 76·4¶ 292 (53%) 258 (47%) 1 year ·· ··

Schietroma et al 
(2016)57*†‡

Perforated 
viscus

Italy 0·80 0·30 IMV 7 239 58·1¶ 105 (44%) 134 (56%) 15 days ·· ··

Singhal et al (2005)58* Stroke USA 1·00 0·21 FM 8 16 68·5¶ 7 (44%) 9 (56%) 3 months ·· ··

Roffe et al (2017)59†‡ Stroke UK 0·30 0·21 NP 72 5336 72·0 
(13·0)

2932 (55%) 2404 (45%) 90 days 96·6% (1·7) 96·7% (1·7)

Stub et al (2012)60†‡ Myocardial 
infarction

Australia 0·21 FM 1 624 63·0 
(13·3)¶

482 (77%) 142 (23%) 6 months 98·0% (1·5)|| 98·0% (1·5)||

Ukholkina et al (2005)61†‡ Myocardial 
infarction

Russia 0·38 0·21 NP 3 137 54·6 ¶ 115 (84%) 22 (16%) In-hospital 94·0% (5·3) 93·4% (6·2)

Young et al (2014)62†‡ Cardiac 
arrest

New 
Zealand

1·00 †† IMV 72 17 66·2 
(17·1)

16 (94%) 1 (6%) 8 months 95·8% (3·1)|| ‡‡

Bickel et al (2011)63* Acute 
appendicitis

Israel 0·80 0·30 IMV 3 210 28·1¶ 152 (72%) 58 (28%) 14 days ·· ··

Taher et al (2016)64 Traumatic 
brain injury

Iran 0·80 0·50 IMV 6 68 42·7¶ 48 (70%) 20 (30%) 6 months ·· ··

Shi et al (2017)65†‡ Stroke China 0·69 0·21 FM 4 18 59·8¶ 13 (72%) 5 (28%) In-hospital ·· ··

Data are n (%), mean (SD), or mean percentage (SD), unless stated otherwise. FiO₂=fraction of inspired oxygen. SpO₂=arterial saturation of peripheral oxygen. NP=nasal prongs. IMV=invasive mechanical ventilation. 
FM=face mask. *Estimated values. †Received responses from investigators. ‡Received clarification or unpublished data included from investigators. §Titrated to SaO₂ 88–95%. ¶Mean of both treatment groups groups, 
thus the SD for the entire study population was not available. ||Median. **Titrated to SpO₂ 93–96%. ††Titrated to SaO₂ 90–94%. ‡‡Not reliably recorded.

Table: Characteristics of included studies
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Figure 2: 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 effect 
of increasing SpO₂ 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. 
SpO₂=peripheral oxygen 
saturation.

pinteraction=0·97
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Cardiac arrest
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Myocardial infarction
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Cardiac arrest
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In-hospital mortality, overall  (I2=0%, p=0·020)
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RR (95% CI)

1·21 (1·03–1·43)
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Anticipated absolute effects (per 1000 individuals) Evidence 
quality

Overall findingsRelative 
effect
(95% CI)

Participants,
n

Outcome of interest Population
baseline risk

Conservative
oxygen therapy

Liberal oxygen
therapy (95% Cl)

Risk difference
(95% Cl)

In-hospital mortality
(n=19)

15 071 RR 1·21
 (1·03–1·43)

Study population of 
included trials

51* 62  
(53 to 73)

11 more 
(two to 22 more)

Stroke 6930 83  
(71 to 99)

14 more 
(two to 30 more)

Sepsis 8929 108 
(92 to 127) 

19 more 
(three to 38 more) 

Critical illness 19031 230 
(196 to 272)

40 more 
(six to 82 more)  

Emergency surgery 3825 46 
(39 to 55) 

8 more 
(one to 17 more)  

Acute coronary 
syndrome (all)

4928 59 
(50 to 70) 
 

10 more 
(one to 21 more) 

High†‡§

30-day mortality
(n=14)

15 053 RR 1·14
(1·01–1·28) 

Study population of 
included trials

97* 111 
(98 to 124) 

14 more  
(one to 27 more) 

Stroke 12630 144 
(127 to 161) 

18 more 
(one to 35 more) 

Sepsis 12529 143 
(126 to 160) 

18 more 
(one to 35 more)  

Critical illness 16431 187 
(166 to 210) 

23 more 
(two to 46 more) 
 

Emergency surgery 5726 65 
(58 to 73)

8 more 
(one to 16 more) 
  

Acute coronary 
syndrome (all)

6728 76 
(68 to 86) 

9 more 
(one to 19 more) 

High†‡§¶

Mortality at longest 
follow-up (n=23)

Probability of 
patients’ mRS score 
increasing by one 
(n=5) 

15 754

5523

RR 1·10
(1·00–1·20) 

OR 1·02
(0·93–1·12)

OR 0·94
(0·62–1·41)

Study population of 
included trials

118* 130 
(118 to 142) 

12 more  
(zero to 24 more) 

Stroke 23630 260 
(236 to 283) 

24 more 
(zero to 47 more) 

Sepsis 23029 253 
(230 to 276) 

23 more 
(zero to 46 more)  

Critical illness 21731 239 
(217 to 260) 

22 more 
(zero to 43 more)

Emergency surgery 11027 121 
(110 to 132)

11 more 
(zero to 22 more) 
  

Acute coronary 
syndrome (all)

Low risk of bias 
estimate 

Overall estimate

9128

NA NA NA

100 
(91 to 109) 

9 more 
(zero to 18 more) 

High†‡§

Moderate||**††

Liberal oxygen therapy increases 
mortality.
This effect decreases over time after 
exposure.
For every 1% increase in SpO₂, the 
relative risk of in-hospital mortality is 
associated with a 25% increase.

For every 1% increase in SpO₂, the 
relative risk of mortality at longest 
follow-up is associated with a 17% 
increase.

Overall, these results are consistent 
with a sensitivity analysis using 
patient-level survival (time-to-event) 
data: 1 year mortality HR 1·11 (95% CI 
1·00–1·24).

Liberal oxygen therapy does not 
reduce the risk of worsening 
disability after acute stroke. 

Proportion of 
patients with mRS 
score>2 
(n=5) 

5840 RR 1·00
(0·92–1·09) 

Study population of 
included trials

524  524 
(482 to 571) 

0 fewer 
(42 fewer to 
47 more) 

High§ Liberal oxygen therapy does not 
reduce the risk of worsening 
disability after acute stroke.  

Proportion of 
patients with mRS 
score >4
(n=4) 

5772 RR 1·00
(0·87–1·15) 

Study population of 
included trials

213 213 
(185 to 245) 

0 fewer  
(28 fewer to 
32 more)  

High§ Liberal oxygen therapy does not 
reduce the risk of worsening 
disability after acute stroke.   

Assuming a baseline risk of the 
included trials, the mean number 
needed to harm resulting in one 
death using a liberal approach is 
approximately 71 (95% CI 37–1000).

(Figure 3 continues on next page)
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examining for sufficient data to avoid type I (false-
positive) and type II (false-negative) errors. Trial 
sequential analysis was done using TSA software 
(version 0.9.5.9 Beta;39 Copenhagen Trial Unit, 
Copenhagen, Denmark), Lan-DeMets implemen tation 
of the O’Brien-Fleming monitoring boundaries,40 adjust-
ment for heterogeneity, and an optimal information size 
set to a two-sided alpha of 0·05, beta 0·80, relative risk 
reduction of 20%, and the pooled control-group event 
rate across the included studies.

Prespecified subgroup analyses for the main outcomes 
included stratification by study population, risk of bias, 
oxygen delivery method, and dose and duration of oxygen 
exposure. Subgroup analyses of the dose and duration 
of oxygen exposure was by random effects univariate 
meta-regression using restricted maximum likelihood, 
with statistical significance calculated using 10 000 Monte-
Carlo random permutations.41 We also stratified on the 
basis of whether trials excluded patients with baseline 
hypoxaemia or not.

We calculated heterogeneity between studies using χ² 
(threshold p=0·10), which was quantified using the 
I² statistic. For unclarified missing data, we did case 
analyses, including worst, complete-case, and most 
plausible scenarios.32 Because all analyses were in-
sensitive to varied assumptions, we present primary 
analyses using intention to treat. Missing data were 
accounted for using the event rate of the control group 
for each study, a conservative and plausible assumption.32 
In some instances, we estimated mean values and SDs 
from medians and IQR,20 in-hospital mortality from 
length of stay, and SpO₂ from PaO₂.42 Publication bias 
was assessed visually by inspecting funnel plots and 
statistically by the Egger test.43

We did all statistical analyses using STATA (version 14.3; 
College Station, TX, USA) and RevMan (version 5.3; 
The Nordic Cochrane Centre, Copenhagen, Denmark). 
GRADEpro GDT (McMaster University, Hamilton, ON, 
Canada) was used to create the summary of findings 
table. Unless otherwise specified, a two-sided p value of 

Figure 3: Summary of findings comparing liberal oxygen therapy with conservative oxygen therapy for acutely-ill adults
Risk in the intervention group is based on the assumed risk in the comparison group and the relative effect of the intervention. Quality of evidence was assessed according to the grading of 
recommendations assessment, development, and evaulation approach (high quality, moderate quality, low quality, and very low quality). RR=risk ratio. SpO₂=arterial saturation of peripheral 
oxygen. HR=hazard ratio. mRS=modified Rankin scale. OR=odds ratio. NA=not applicable. *Meta-analysed across included studies as baseline risk. †Although the lower limit of the 95% CI was 
between 1 and 1·03 (ie, no effect to very small harm), we did not rate down for imprecision because the clinical decision would not change when the most likely effect and upper CI are 
considered. ‡Meta-regression showed a dose-response relationship between increases in oxygen saturation and mortality. The effect of liberal oxygen therapy on mortality was also 
time-dependent (waning in effect size after exposure). §Trial sequential analysis confirmed that the required information size was met. ¶Visual inspection of funnel plots suggested the 
absence of some small studies reporting increased mortality with liberal oxygen supplementation at 30 days, but this was not substantiated by Egger’s test. ||We did not rate down for risk of 
bias. **We did not rate down for inconsistency because heterogeneity was explained by the studies at high risk of bias (ie, one study of traumatic brain injury was compared with the other four 
trials in stroke). ††Rated down by one level for imprecision because the 95% CI included both important benefit and harm. ‡‡Down rated for risk of bias because both trials were terminated 
early for apparent benefit, with very few events per trial (20 and 92 events). §§Rated down for imprecision (did not meet optimal information size). ¶¶Although the treatment effect was 
potentially large (RR 0·50), the limitations identified in the other domains decreased the confidence in this estimate and therefore, we did not rate up for large effect.||||Down rated for 
inconsistency as a result of widely variable point estimates with little to no overlap in confidence intervals, combined with high statistical heterogeneity (I²=58%), which was not explained 
by subgroup analyses.

Hospital-acquired 
infections in patients 
admitted for 
emergency surgery
(n=2) 
 

449 RR 0·50
(0·36–0·69) 

Study population of 
included trials, 
surgical diagnoses

321  161 
(115 to 221) 

160 fewer 
(205 fewer to 
99 fewer)  

Low‡‡§§¶¶

Hospital-acquired 
infections in patients 
admitted with 
medical diagnoses 
 (n=7) 

7283 RR 1·04
(0·93–1·16) 
 

Study population of 
included trials, 
medical diagnoses

127  132 
(118 to 147) 
 

5 more  
(nine fewer to 
20 more) 

High§ Liberal oxygen therapy does not reduce 
the risk of hospital-acquired infection 
among patients with medical 
conditions. 

Uncertain if liberal oxygen therapy 
reduces infection after urgent or 
emergent surgery. Future trials are 
likely to considerably change the 
estimates presented.   

Hospital-acquired 
pneumonia (n=4)
 

1785 RR 1·00
(0·74–1·35)  

Study population of 
included trials

86 86 
(63 to 116) 

0 fewer 
(22 fewer to 
30 more) 

Moderate†† Liberal oxygen therapy might not 
reduce hospital-acquired pneumonia, 
but trial sequential analysis suggests 
that this is not yet definitive. 

Length of hospital 
stay (n=12)
 

2448 ...  Study population of 
included trials

The mean 
length of stay 
in hospital was 
10·5 days 

... Mean difference 
0·25 days fewer
(0·68 fewer to 
0·18 more) 

Low††|||| Whether liberal oxygen therapy 
reduces length of stay in hospital 
remains unclear. Future trials will likely 
considerably change the estimates 
presented. 

Anticipated absolute effects (per 1000 individuals) Evidence 
quality

Overall findingsRelative 
effect
(95% CI)

Participants,
n

Outcome of interest Population
baseline risk

Conservative
oxygen therapy

Liberal oxygen
therapy (95% Cl)

Risk difference
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0·05 or less was considered to indicate a statistically 
significant difference.

This study is registered with PROSPERO, number 
CRD42017065697.

Role of the funding source
There was no funding source for this study. The 
corresponding author had full access to all the data in the 
study and had final responsibility for the decision to 
submit for publication.

Results
Our search strategy identified 1784 records. Once duplicates 
had been removed, 1150 unique records were screened, of 
which 67 full-texts were assessed for eligibility. This process 
yielded 25 randomised controlled trials, reported in 
26 publications44–66 (figure 1). 23 requests for unpublished 
results or data clarification (no contact information was 
available for two randomised con trolled trials), yielded 
17 responses with 14 data items reporting on 14 trials, 
including three unpublished trials (NCT00414726, 
NCT02687217, and NCT02378545). We considered two 
publications44,66 reporting on the same trial at two different 
follow-up timepoints as a single trial for all analyses. We 
excluded one trial67 because the randomisation unit was 
per fracture—ie, patients could be randomly assigned 
multiple times to different treatment groups by being 
randomly assigned at the time of each fracture repair—
rather than per individual patient, and individual-patient 
data were not available upon request.

The trials included 16 037 patients (median 137 patients, 
range 16–6629 patients; IQR 50–301) with critical 
illness,45,47,53 trauma,64 sepsis (NCT02378545),45 stroke 
(NCT00414726),44,51,52,56,58,65 myocardial infarction,48,49,54,55,60,61 or 
cardiac arrest,50,62 and patients who had emergency surgery 
(NCT02687217)46,57,63 (table). 43% of patients with critical 
illness and sepsis were admitted to hospital for a surgical 
diagnosis. 12 of 25 trials (n=13 389) excluded patients with 
hypoxaemia at baseline, whereas all other trials only 
excluded patients if baseline hypoxamia was severe (ie, 
ratio of PaO₂ to fraction of inspired oxygen [FiO₂] <100). 
Across the included trials, the median age of participants 
was 64 years (range 28–76 years; IQR 59–68), of whom 
64% (range 40–94%; IQR 54–73) were men and 36% were 
women (range 6–60%; IQR 27–46). Median follow-up 
duration across studies was 3 months (range 14 days 
to 12 months; IQR 2–6 months). Liberal oxygen 
supplementation constituted a median FiO₂ of 0·52 
(range 0·28–1·00; IQR 0·39–0·85) for a median duration 
of 8 h (range 1–144 h; IQR 4–24) compared with 
conservative supplementation (median FiO₂ 0·21, 
range 0·21–0·50; IQR 0·21–0·25). Room air or oxygen 
were delivered by nasal prongs in four trials,44,56,61,66 
facemask in 13 trials (NCT00414726),46,48,49,51–55,58,60,65 and 

Favours more
oxygen

Favours less
oxygen

Overall  (I2=62%, p=0·67)

pinteraction <0·0001

Bickel et al (2011)63

Subtotal  (I2=0%, p<0·0001)

Schietroma et al (2016)57

Roffe et al (2017)59

Surgical

Girardis et al (2016)47

NCT00414726

NCT02378545

Ali et al (2014)44,66

Subtotal  (I2=0%, p=0·51)

Asfar et al (2017)45
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Figure 4: Morbidity outcomes with liberal versus conservative oxygen therapy
(A) Forest plot of disability. The data used to calculate the number of events per 
trial are shown in the appendix. (B) Shift analysis of the probability of patients’ 
scores increasing by one on the modified Rankin Scale. Numbers in coloured 
boxes indicate number of patients in each category. (C) Forest plot of 
hospital-acquired infections. Size of data markers indicates weight in analysis. 
OR=odds ratio. n=number of events. N=group size. RR=relative risk.
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invasive mechanical ventilation in eight trials.45,47,50,53,57,62–64 
In ten studies (NCT02378545)44,45,48,49,53,59–62,66 reporting SpO₂, 
the median baseline SpO₂ was 96·4% (range 94·0–99·0%; 
IQR 95·8–97·8) in the liberal group and 96·7% 
(range 93·4–98·0%; IQR 95·0–97·0) in the conservative 
group. 18 trials were deemed to be at low risk of bias 
and seven were at high risk of bias (appendix) because 
of early termination as a result of interim analyses 
showing apparent benefit or harm (NCT00414726),45,57,58,63 
quasi-randomisation,56 or missing outcome data.64

Mortality data were available from 23 trials (n=15 754).44–62,65 
A liberal oxygen strategy increased the risk of death 
compared with a conservative strategy in hospital 
(19 randomised controlled trials, n=15 071, RR 1·21 [95% CI 
1·03–1·43], p=0·020, I²=0, high quality), at 30 days 
(14 randomised controlled trials, n=15 053, RR 1·14 
[1·01–1·28], p=0·033, I²=0, high quality), and at longest 
reported follow-up (median 3 months; 23 randomised 
controlled trials, n=15 755, RR 1·10 [1·00–1·20], p=0·044, 
I²=0, high quality; figure 2; appendix). Meta-regression 
showed that as SpO₂ increased, liberal oxygen therapy was 
associated with a higher RR of in-hospital mortality 
(14 randomised controlled trials, slope 1·25 [95% CI 
1·00–1·57], p=0·0080, figure 2B) and a higher RR of 
mortality at longest follow-up (15 randomised controlled 
trials, slope 1·17 [1·01–1·36], p=0·0052; appendix). No 
statistically significant association was identified between 
SpO₂ and 30-day mortality (nine randomised controlled 
trials, slope 1·08 [95% CI 0·89–1·35], p=0·25) or FiO₂ and 
mortality at any timepoint (slope 1·11–1·80, p=0·28–0·81; 
appendix). Subgroup analyses revealed no signifi cant 
interactions with study settings (intensive care unit 
RR 1·20 [95% CI 0·93–1·55] vs non-intensive care unit 
RR 1·24 [0·97–1·59], pinteraction=0·86), risk of bias, delivery 
method (invasive mechanical ventilation RR 1·22 [95% CI 
0·95–1·56] vs non-invasive mechanical ventilation RR 1·21 
[0·97–1·51], pinteraction=0·95), duration of oxygen exposure, 
or whether trials excluded patients with hypoxaemia 
at baseline (appendix) for the main outcome. Visual 
inspection of funnel plots suggested the absence of some 
small studies reporting increased mortality with liberal 
oxygen supplementation at 30 days, but this was not 
supported by the Egger test (p=0·55; appendix). The 
magnitude of absolute risk increase in mortality with 
liberal oxygen therapy varied across the study populations 
(figure 3). Using the pooled proportion of individuals who 
had an event across the included trials as the estimate of 
baseline risk, liberal oxygen supple mentation increased 
the absolute risk of in-hospital mortality by 1·1% 
(95% CI 0·2–2·2), 30-day mortality by 1·4% (0·1–2·7), and 
mortality at longest-follow-up by 1·2% (0–2·4, figure 3).

Disability was reported in participants with stroke 
(NCT00414726)44,51,59 or traumatic brain injury.64 Two 
randomised controlled trials were at high risk of bias 
because outcome data was incomplete,64 or the trials 
had early termination as a result of interim analyses 
showing apparent benefit or harm (NCT00414726). 

Ordered logistic regression showed no significant between-
group differences at 3 to 6 months (five randomised 
controlled trials, n=5536, OR 0·94, [95% CI 0·62–1·41], 
p=0·75, I²=67%, low quality), with hetero geneity explained 
by the two studies at high risk of bias (three low risk of 
bias randomised controlled trials, n=5384, OR 1·02 
[0·93–1·12], p=0·72, I²=0%, high quality, figure 4A). 
Dichotomisation of the modified Rankin Scale at cutoffs of 
2, 3, or 4 also showed no meaningful differences between 
the groups (figure 4B; appendix). Interaction tests revealed 
no subgroup differences (appendix).

The risk of hospital-acquired infect ions (NCT00414726, 
NCT02378545)44,45,47,57,59,60,63 were not statistically different 
between groups (nine randomised controlled trials, 
n=7732, RR 0·95 [95% CI 0·74–1·21], p=0·67, I²=62%, 
moderate quality; figure 4C). Heterogeneity was ex-
plainable by admission type (pinteraction<0·0001); patients 
who had emergency surgery had fewer hospital-acquired 
infections when treated with liberal oxygen therapy 
(two randomised controlled trials,57,63 n=449, RR 0·50 
[95% CI 0·36–0·69], p<0·0001, low quality) than patients 
treated with conservative therapy. This effect was not 
seen in patients admitted with medical diagnoses (seven 
randomised controlled trials, n=7283, RR 1·04 
[95% CI 0·94–1·16], p=0·51, high quality). Both trials in 
emergency surgery57,63 were at high risk of bias.

No significant between-group differences were identi-
fied in the risk of hospital-acquired pneumonia45,47,57,60 
(four randomised controlled trials, n=1785, RR 1·00 
[95% CI 0·74–1·35], p=0·71, I²=0, moderate quality), or 
length of hospital stay (NCT00414726, NCT02687217, 
and NCT02378545)47,53,55–57,60,62–64 (12 randomised controlled 
trials, n=2448, mean difference –0·25 days [95% CI –0·68 

Figure 5: Kaplan-Meier analysis of cumulative survival for liberal versus conservative oxygen therapy
We extracted patient-level data from eight randomised controlled trials with various follow-up durations for this 
analysis: in the study by Panwar and colleagues53 patient follow-up was 60 days, in the study by Ali and coworkers44 
patients were followed up for 6 months, and in the studies by Hofmann and colleagues48 and Rønning and 
coworkers56 patients were followed up for 1 year. In all other studies, patient follow-up was 90 days. HR=hazard ratio. 
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to 0·18], p=0·26, I²=58%, low quality; appendix). No 
subgroup differences were identified for hospital-
acquired pneumonia or length of hospital stay (appendix).

For mortality outcomes, trial sequential analysis 
confirmed that the required information size was met 
(appendix). Trial sequential analysis confirmed futility 
of the intervention for disability, and hospital-acquired 
infections in the medical subgroup. Trial sequential 
analysis showed that the required information size was 
not reached to conclusively determine the effect of the 
intervention on hospital-acquired pneumonia, length of 
hospital stay, and hospital-acquired infections in the 
surgical subgroup.

Sensitivity analyses did not change the overall findings 
(appendix). Mortality analyses were consistent with a 
sensitivity analysis using survival data to 1 year (eight 
randomised controlled trials,44,45,47,48,53,56,59,62 n=13 843, HR 1·11 
[95% CI 1·00–1·24], p=0·050, figure 5).

Discussion
This systematic review and meta-analysis of more than 
16 000 acutely ill adults provides high-quality evidence 
that liberal supplemental oxygen is harmful. Patients 
treated liberally with oxygen had a dose-dependent 
increased risk of short-term and long-term mortality, 
but no significant difference in disability, hospital-
acquired pneumonia, or length of hospital stay. We found 
high-quality evidence that liberal oxygen did not reduce 
the risk of hospital-acquired infections in patients 
admitted to hospital with medical diagnoses, and low-
quality evidence that it might reduce infections in patients 
admitted for emergency surgery.

Our systematic review and meta-analysis demonstrates a 
biologically plausible association between liberal oxygen 
therapy and increased mortality. Animal and human 
mechanistic studies3,10 have shown that excessive oxygen 
(ie, hyperoxia) can promote vasoconstriction, inflam-
mation, and oxidative stress on pulmonary, cardiovascular, 
and neurological systems. The sigmoidal shape of the 
oxyhaemoglobin dissociation curve indicates that even 
small changes in SpO₂ could be harmful because they lead 
to large increases in PaO₂.3 Individual randomised 
controlled trials have suggested an increased risk of 
respiratory failure,68 new shock episodes,47 recurrent 
myocardial infarction, arrhythmia,60 and other cardio-
vascular adverse events (NCT00414726) as potential 
mechanisms of harm with liberal oxygen therapy. In 
clinical practice, liberal oxygen therapy might de-
crease vigilance and delay recognition of deteriorating 
patients because excessive supplemental oxygen might 
lead to falsely reassuring SpO₂ values.3,11 Overall, our 
find ings are consistent with meta-analyses of observational 
studies18,19 demonstrating an increased mortality risk in 
critic ally ill adults with liberal oxygen strategies, and 
with meta-analyses of randomised controlled trials69,70 
showing increased mortality risk with 100% oxygen 
supplementation during neonatal resuscitation. Additional 

research is required to determine the mechanisms of 
harm with liberal oxygen therapy.

Establishing the optimum range of oxygen saturation 
that minimises the competing risks of hypoxaemia and 
hyperoxaemia in acutely ill patients is important. However, 
the notion that an upper threshold of oxygen saturation 
exists whereby the risk-benefit ratio of supplemental 
oxygen becomes unfavourable is absent from many 
guidelines.12–17 Our data supports the existence of such a 
threshold. Across the trials included in our study, the 
baseline median SpO₂ in the liberal oxygen arm was 
96·4% (range 94·0–99·0%). When this group was exposed 
to liberal oxygenation, an increase in mortality risk was 
observed, which was dose-dependent on the magnitude of 
increase in SpO₂. Our data provide exploratory evidence 
suggesting that this threshold spans the SpO₂ range of 
94% to 96% (ie, the lower 95% CI limit and median 
baseline SpO₂ in the liberal oxygen groups). These data 
support the 2015 Thoracic Society of Australia and New 
Zealand’s recommendations11 for oxygen titration to a 
maximum SpO₂ of 96%. More broadly, our findings 
parallel other fields of study in which overly aggressive 
treatment of physiological parameters promotes harm—
eg, in transfusion thresholds71 and in glucose management 
in patients who are critically ill.72 Future research is 
required to precisely define the oxygen therapy strategies 
that maximise benefits and minimise harms.

Although hyperoxia has been proposed to have potential 
benefits by rescuing threatened neurons after brain injury 
or in the ischaemic penumbra of stroke,73,74 we did not 
observe an improvement in disability with liberal use of 
oxygen. Trial sequential analysis showed the required 
information size was met to confirm futility of liberal 
oxygen therapy for these outcomes. However, since trial 
sequential analysis was primarily driven by a single large 
randomised controlled trial,59 we cannot exclude a small 
beneficial effect of liberal oxygen therapy.

Hyperoxia has also been proposed to decrease surgical-
site infections by promoting the release of reactive oxygen 
species from neutrophils at incision sites.75 The Centers 
for Disease Control16 and WHO17 strongly recommend 
administration of increased FiO₂ during surgery and in 
the immediate postoperative period to reduce the risk of 
surgical-site infections, on the basis of moderate-quality 
evidence and primarily studies of elective or mixed acuity 
(elective and non-elective) surgery. Consistent with this, 
we observed a subgroup effect whereby liberal oxygen 
therapy was associated with low-quality evidence of a 
decreased risk of infection among patients admitted to 
hospital for emergency surgery, but not for patients 
admitted with medical diagnoses. Our data raise questions 
regarding the optimum balance between benefit and risk 
of hyper oxygenation in surgical settings. The findings 
of the largest surgical-site infections trial, PROXI,68,76 
are illustrative. This Danish multicentre trial randomly 
assigned 1400 patients requiring acute or elective 
laparotomy to liberal versus conservative oxygen therapy 
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and found similar rates of surgical-site infections (RR 0·95 
[95% CI 0·77–1·18]) between the groups, but an increase 
in mortality with liberal oxygen therapy at 30 days68 
(RR 1·54 [0·84–2·68]) and after a median follow-up of 
2·3 years76 (RR 1·27 [1·03–1·56]); however, PROXI’s 
elective surgery population precluded it from our analysis. 
Overall, these findings show that high-quality estimates of 
the effect of liberal oxygen therapy in patients who have 
surgery, especially emergency surgeries, are urgently 
needed to clarify how the potential benefits of a reduction 
in surgical-site infections balance against the potential 
harms of an increased risk of mortality.

Strengths of our systematic review include its compre-
hensive and up-to-date search, which included three 
unpublished trials, broad eligibility criteria that en-
hance generalisability, and methodological rigour. Our 
analyses of mortality outcomes included more than 
15 000 partici pants, were consistent across trials, had low 
risk of bias overall, were robust despite multiple sensitivity 
analyses, and were supported by patient-level survival 
data, trial sequential analysis, and meta-regression.

Limitations of this review include the variation in study 
settings and definitions of liberal and conservative oxygen 
therapy. For example, some trials used a fixed dose of 
oxygen (eg, FiO₂ 1·0), whereas others titrated oxygen 
saturation to a particular target (eg >96%). Although 
these differences might have contributed to imprecision 
in the estimates of mortality, there was consistency across 
other trial characteristics, treatment effect point estimates 
(I²=0), and subgroups. Indeed, despite variable follow-up 
durations, mortality outcomes were consistent whether 
analysed as dichotomous outcomes or time-to-event 
survival data. Furthermore, variability in the intervention 
enabled us to identify a dose-response relationship 
whereby increasingly liberal oxygen therapy was 
associated with increasing mortality risk. Although this 
finding lends confidence to our principal outcomes and 
provides strong support for the need to establish upper 
thresholds of safe oxygen therapy, it is important to note 
that the estimates of the dose-response are derived from 
trial-level summary estimates, rather than patient-level 
data. Thus, the meta-regression point estimates should 
be considered as qualitative and exploratory, rather than 
definitive estimates of the dose-response relationship. 
Most included trials reported all-cause mortality, but not 
cause-specific mortality or uniform morbidity outcomes. 
Consequently, trial sequential analysis indicated that the 
information size was sufficient for all-cause mortality. 
However, because only a small number of studies 
reported cause-specific mortality or uniform morbidity 
outcomes, we were unable to identify the precise 
mechanisms of harm of hyperoxia. Although some 
included trials were termi nated early on the basis of 
interim statistical analyses for apparent benefit or harm, 
our estimates are robust for multiple reasons:33,34 non-
truncated randomised controlled trials outnumbered 
truncated randomised controlled trials and the funnel 

plots were symmetrical, no substantial differences34 
were identfied between truncated and non-truncated 
randomised controlled trials (ratio of RRs were greater 
than 0·7 with no subgroup effect), and our conclusions 
were not materially altered despite multiple sensitivity 
analyses in which these trials were excluded, down-
weighted, or had their effect size penalised.34 Although we 
did not observe statistically significant heterogeneity in 
pre-specified subgroup pairs, some subgroups were 
relatively small and we cannot fully exclude the possibility 
of subgroup differences.

This systematic review and meta-analysis provides 
high-quality evidence that hyperoxia is life-threatening. 
This is a distinct viewpoint from the current notion that 
at worst, liberal oxygen is not beneficial for acute 
illnesses.77 Although the increased mortality risk with 
liberal oxygen therapy was too small to be conclusively 
detected in any single randomised controlled trial 
included in our systematic review, as a whole, the mean 
number needed to harm resulting in one death using a 
liberal approach is approximately 71 (95% CI 37–1000). 
The magnitude of this effect is of major global public 
health importance78 in view of the ubiquitous use of 
oxygen in acutely ill adults.
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ABSTRACT

Background: About one in four patients suffers from postop-
erative nausea and vomiting. Fortunately, risk scores have been
developed to better manage this outcome in hospitalized pa-

tients, but there is currently no risk score for postdischarge nau-
sea and vomiting (PDNV) in ambulatory surgical patients.
Methods: We conducted a prospective multicenter study of
2,170 adults undergoing general anesthesia at ambulatory
surgery centers in the United States from 2007 to 2008.
PDNV was assessed from discharge until the end of the sec-
ond postoperative day. Logistic regression analysis was ap-
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What We Already Know about This Topic

• Postoperative nausea and vomiting (PONV) can be predicted
with a simplified risk score; however, there is no simple model
to predict post-discharge nausea and vomiting (PDNV)

What This Article Tells Us That Is New

• Depending on the number of the following factors, i.e., female
gender, age �50 yr, a history of nausea or vomiting, and
opioid administration or nausea in the postanesthesia care
unit, the patient’s risk for PDNV can be predicted as 10%,
20%, 30%, 50%, 60%, or 80%
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plied to a development dataset and the area under the re-
ceiver operating characteristic curve was calculated in a
validation dataset.
Results: The overall incidence of PDNV was 37%. Logistic
regression analysis of the development dataset (n � 1,913)
identified five independent predictors (odds ratio; 95% CI):
female gender (1.54; 1.22 to 1.94), age less than 50 yr (2.17;
1.75 to 2.69), history of nausea and/or vomiting after previ-
ous anesthesia (1.50; 1.19 to 1.88), opioid administration in
the postanesthesia care unit (1.93; 1.53 to 2.43), and nausea
in the postanesthesia care unit (3.14; 2.44–4.04). In the
validation dataset (n � 257), zero, one, two, three, four, and
five of these factors were associated with a PDNV incidence
of 7%, 20%, 28%, 53%, 60%, and 89%, respectively, and an
area under the receiver operating characteristic curve of 0.72
(0.69 to 0.73).
Conclusions: PDNV affects a substantial number of pa-
tients after ambulatory surgery. We developed and validated
a simplified risk score to identify patients who would benefit
from long-acting prophylactic antiemetics at discharge from
the ambulatory care center.

A MONG the millions of patients undergoing surgery
with general anesthesia each year, many suffer from

postoperative nausea, vomiting, or both (PONV).1–3 Se-
vere nausea can be so draining and debilitating that pa-
tients have rated it as more serious than postoperative
pain.4 Vomiting increases the risk of pulmonary aspira-
tion of gastric contents and suture dehiscence, and may
even lead to esophageal rupture, subcutaneous emphy-
sema, and bilateral pneumothoraces.5–7 In addition,
PONV can delay patient discharge from the postanesthe-
sia care unit (PACU), and it is a leading cause of unex-
pected hospital admission after ambulatory surgery.8 As a
result, PONV has a considerable economic impact on the
U.S. healthcare system.9 Current consensus guidelines
recommend that the use of prophylactic antiemetics be
tailored to the patient’s risk of developing PONV.10,11

The patient’s risk of developing PONV can be esti-
mated using a predictive model like our simplified PONV
risk score (also known as the Apfel score), which was
developed in European inpatients undergoing balanced
inhalational anesthesia. According to this score, the risk
factors (female gender, history of motion sickness and/or
PONV, nonsmoking, and use of postoperative opioids)
are each assigned a value of 1, and the incidence of PONV

associated with 1, 2, 3, and 4 risk factors is 10%, 21%,
39%, 61%, and 79%, respectively.12

Ambulatory surgery procedures are generally less invasive
and less extensive than inpatient procedures. Consequently,
they entail less exposure to emetogenic inhalational anesthet-
ics and perioperatively administered opioids,13 which may
lead to a lower incidence of nausea and/or vomiting in the
PACU. However, nausea and vomiting may also occur
after the ambulatory patient has left the hospital. This
postdischarge nausea and/or vomiting (PDNV) may be
particularly hazardous for ambulatory surgery patients be-
cause they no longer have immediate access to fast-onset
intravenous antiemetic rescue medication, and they may
be unable to tolerate oral medication. In fact, a U.S. study
of 154 patients undergoing ambulatory surgery under
general anesthesia reported that 35% of patients were sig-
nificantly distressed by PDNV.14

With more than 60% of surgeries in the United States
now performed on an ambulatory basis, accounting for mil-
lions of procedures with general anesthesia annually, the true
incidence and risk factors of PDNV warrant closer scru-
tiny.15 We sought to measure the incidence of PONV
among ambulatory surgery patients during two distinct pe-
riods: in the PACU and outpatient facility before discharge,
an outcome we defined as PONV, and after discharge, an
outcome we defined as PDNV. It should be noted that both
Phases I and II are included in our definition of the PACU
period. In addition, we sought to characterize risk factors
and/or protective factors, and develop, simplify, and validate
a risk score for PDNV that would help clinicians tailor pro-
phylactic regimens to at-risk patients before they are dis-
charged from the hospital.

Materials and Methods

Participants
With the approval of the local institutional review boards of
12 ambulatory surgery centers in the United States (Medical
College of Georgia, Augusta, GA; Brigham & Women’s
Hospital, Boston, MA; University of Virginia, Charlottes-
ville, VA; St. Luke’s Episcopal Hospital, Houston, TX; The
University of Texas MD Anderson Center, Houston, TX;
University of Kansas Medical Center, Kansas City, KS; Uni-
versity of Kentucky, Lexington, KY; Loma Linda University,
Loma Linda, CA; University of Louisville, Louisville, KY;
University of California – San Francisco (UCSF) Ambula-
tory Surgery Center, San Francisco, CA; UCSF Medical
Center at Mt. Zion, San Francisco, CA; Mayo Clinic Scotts-
dale, Scottsdale, AZ), 2,493 adult patients scheduled for an
elective outpatient surgical procedure during general anes-
thesia requiring tracheal intubation or a laryngeal mask air-
way gave their written informed consent to participate in this
prospective cohort study from July 16, 2007, to August 28,
2008. Of those patients, 180 were excluded before surgery
because they no longer met the eligibility criteria (e.g., be-
cause of cancellation of surgery or conversion from planned
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general anesthesia to sedation); 75 patients were admitted to
the center overnight (e.g., because they had obstructive sleep
apnea or they lived too far away to go home late in the
evening); 16 had medical complications (e.g., they remained
intubated and ventilated overnight); and 52 patients could
not be reached for postoperative follow-up. This analysis is
based on data from the 2,170 patients who completed the
study.

Protocol
After informed consent was obtained, relevant preoperative,
intraoperative, and postoperative data were collected on
standardized forms by trained study personnel. As partici-
pants in a cohort study, all patients received standard of care
(including use of prophylactic antiemetics perioperatively
and postdischarge) according to the patients’ local clinical
care teams. The patients’ experience of nausea and/or vom-
iting was assessed 30, 60, and 120 min after surgery by
trained study personnel. At discharge from the hospital, all
patients were instructed to enter their experiences of nausea
and/or vomiting into a standardized diary. Information en-
tered into the diary was obtained during a telephone inter-
view on the afternoon or evening of the first and second days
following surgery, i.e., at least 24 and 48 h after emergence
from anesthesia.

Outcome Measures and Endpoints
Nausea was measured using the clinically standard, 11-point
verbal rating scale, for which 0 represents “no nausea” and 10
represents “worst nausea imaginable.” Vomiting was quanti-
fied as the number of emetic episodes occurring at least 1 min
apart during a given time interval. Severe nausea was defined
as nausea of 7 or greater on the verbal rating scale, and severe
vomiting was defined as three or more emetic episodes dur-
ing a given time interval. Retching was recorded separately
but included with vomiting in the analysis because it involves
the same reflex, the only difference being that no gastric
content is expelled.

The primary outcome was the proportion of patients with
nausea and/or vomiting and/or retching after discharge from
the hospital until 48 h after emergence from anesthesia
(PDNV). Secondary outcomes were the: (A) proportion of
patients with vomiting and/or retching after discharge from
the hospital; (B) proportion of patients with nausea after
discharge from the hospital; (C) proportion of patients with
postoperative nausea and/or vomiting and/or retching in the
PACU (PONV); (D) severity of nausea before and after dis-
charge from the hospital; and (E) severity of vomiting before
and after discharge from the hospital.

Statistical Analysis
Sample Size Estimation. We expected about 20% of pa-
tients to develop PDNV, and the odds ratios (ORs) of risk
factors to be in the range of about 2.0.12,16 To have 80%
power at a two-sided P of 0.05 would require 1,486 pa-

tients.17 However, after adjustment for a multiple correla-
tion coefficient of R2 � 0.25 with other covariates, a total of
1,982 patients would be required.17 We planned to enroll
approximately 2,000 patients and, in order to account for
some patients not completing the study, we planned to ob-
tain consent from about 20% more patients, for a total of
approximately 2,400 patients.
Analysis. After all data were verified and the database was
locked, the following steps were taken:

1. Raw incidences and unadjusted ORs according to out-
comes and time intervals were calculated.

2. We used data from all but the highest enrolling non-
UCSF center as our development cohort. Logistic regres-
sion analyses were applied to identify independent pre-
dictors for nausea and vomiting for both time intervals,
i.e., in the PACU and postdischarge. We investigated a
wide range of independent predictors, primarily those
that have been shown to be associated with PONV as well
as others that have been suspected to influence nausea
and/or vomiting: patient-specific variables (female gen-
der, young age, nonsmoking, history of PONV, history of
motion sickness, concomitant medications, preexisting
diseases); intraoperative variables (use of volatile anesthet-
ics, type and dose of narcotics, supplemental electrolyte
infusion, antibiotics, duration of anesthesia, type of sur-
gery, antiemetics including use of glucocorticoids); and
postoperative variables (postoperative type and dose of
narcotics, incidence of nausea and/or vomiting in the
PACU, crystalloid infusion, time and type of first drink
and first food intake, time and length of ride home, home
activities, and postoperative pain). All narcotic doses were
converted to morphine equivalent units.18

3. In stepwise forward logistic regression analysis, coeffi-
cients of statistically significant independent predictors
were calculated and used in the development of a predic-
tive model for PONV in the PACU and for PDNV in
ambulatory patients. In our analysis, we used an inclusion
threshold of less than 0.05 and an exclusion threshold of
more than 0.1, using a forward conditional test for re-
moval. Subsequently, the area under the receiver operat-
ing characteristic curve (ROC-AUC) was determined.

4. Next, a simplified risk score was developed by assigning
one point to each of the identified independent predic-
tors. We tested the hypothesis that there would be less
than a 0.05 absolute difference between the ROC-AUC
of the simplified score and that of the coefficient-based
prediction model developed in the previous step. It is
important to note that the 0.05 absolute difference was
chosen as a threshold of clinical relevance, not statistical
significance.

5. To validate the simplified score, we determined the
ROC-AUC with the data of the highest-enrolling non-
UCSF center, and defined a valid score as having an
ROC-AUC within 0.05 of that for the development
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Table 1. Patient Characteristics, Anesthesia, and Surgery

Patient Characteristics
Total Population

(No. 2,170): Overall
Development Dataset
(No. 1,913): Evaluation

Validation Dataset
(No. 257): Validation

Age (years) 49.5 � 15.4 (2,169) 50.2 � 15.4 (1,913) 44.8 � 14.6 (256)
Females 64.7 (1,404/2,170) 65.9 (1,260/1,913) 56.0 (144/257)
Ethnicity

Caucasian 73.5 (1,595/2,170) 73.6 (1,408/1,913) 72.8 (187/257)
African-American 9.6 (209/2,170) 9.7 (185/1,913) 9.3 (24/257)
Latino 5.1 (111/2,170) 5.5 (106/1,913) 1.9 (5/257)
Asian 3.2 (69/2,170) 3.6 (69/1,913) 0.0 (0/257)
Other 8.6 (186/2,170) 7.6 (145/1,913) 16.0 (41/257)

BMI (kg/m2) 28.3 � 6.9 (2,157) 28.3 � 6.8 (1,913) 28.5 � 7.2 (256)
Nonsmoker 84.8 (1,840/2,170) 85.3 (1,631/1,913) 81.3 (209/257)
History of PONV 29.3 (636/2,170) 29.5 (565/1,913) 27.6 (71/257)
History of motion sickness 25.3 (550/2,170) 25.1 (481/1,913) 26.8 (69/257)
History of migraine 23.4 (508/2,169) 22.2 (425/1,912) 32.3 (83/257)

with nausea 15.6 (338/2,169) 14.6 (279/1,912) 23.0 (59/257)
ASA status 2.0 � 0.63 (2,169) 2.0 � 0.62 (1,912) 1.8 � 0.63 (257)
Drinks per week 2.5 � 5.0 (2045) 2.5 � 5.1 (1,796) 2.2 � 3.6 (249)
Anesthesia

Inhalational Agents
Sevoflurane 66.4 (1,386/2,088) 60.8 (1,164/1,842) 86.4 (222/246)
Desflurane 32.3 (674/2,088) 34.1 (652/1,842) 8.6 (22/246)
Isoflurane 1.3 (28/2,088) 1.4 (26/1,842) 0.8 (2/246)

Opioid Analgesics 95.4 (2071/2,170) 95.9 (1,835/1,913) 91.8 (236/257)
Morphine equivalences (mg) 15.1 � 10.9 (2,071) 16.3 � 10.8 (1,835) 14.3 � 8.8 (236)
Fentanyl (mcg) 141 � 96 (1,981) 146.4 � 95 (1,789) 103.5 � 92 (192)

Prophylactic Antiemetics
Serotonin antagonists 77.4 (1,680/2,170) 77.7 (1,487/1,913) 75.9 (195/257)
Dexamethasone 48.0 (1,041/2,170) 45.6 (872/1,913) 65.8 (169/257)
Dopamine antagonists 12.9 (280/2,170) 13.4 (256/1,913) 8.6 (22/257)
Histamine antagonists 2.5 (55/2,170) 2.7 (51/1,913) 1.6 (4/257)

Surgery Overall Development Validation

Procedure
Breast surgery 10.3 (223/2,170) 10.7 (204/1,913) 7.4 (19/257)
Cholecystectomy 4.4 (96/2,170) 5.0 (96/1,913) 0.0 (0/257)
Hernia 4.2 (90/2,170) 4.7 (89/1,913) 0.4 (1/257)
Gynecologic 11.0 (238/2,170) 12.1 (231/1,913) 2.7 (7/257)
Dilatation & curettage 8.4 (183/2,170) 9.1 (174/1,913) 3.5 (9/257)
Cystoscopy 6.0 (131/2,170) 6.8 (131/1,913) 0.0 (0/257)
Prostate 3.6 (78/2,170) 4.1 (78/1,913) 0.0 (0/257)
ENT 8.6 (186/2,170) 8.7 (167/1,913) 7.4 (19/257)
Orthopedic 6.1 (132/2,170) 5.5 (106/1,913) 10.1 (26/257)
Knee arthroscopy 10.7 (231/2,170) 8.1 (154/1,913) 30.0 (77/257)
Upper extremity 6.5 (141/2,170) 5.0 (96/1,913) 17.5 (45/257)
General 20.3 (441/2,170) 20.2 (387/1,913) 21.0 (54/257)

Surgical Approach
Arthroscopy 14.1 (305/2,170) 10.5 (200/1,913) 40.9 (105/257)
Endoscopy 20.8 (451/2,170) 22.7 (434/1,913) 6.6 (17/257)
Laparoscopy 13.2 (287/2,170) 14.8 (284/1,913) 1.2 (3/257)
Conventional 51.9 (1,127/2,170) 52.0 (995/1,913) 51.4 (132/257)

OR time (hours) 1.67 � 0.86 (2,169) 1.66 (1,912) 1.79 (257)
Duration of surgery (hours) 1.10 � 0.76 (2,168) 1.03 (1,911) 1.26 (257)
Postanesthesia Care Unit

Opioids 63.3 (1,374/2,170) 62.7 (1,200/1,913) 67.7 (174/257)
Morphine equivalence (mg) 9.4 � 11.4 (1,374) 9.25 � 11.4 (1,200) 10.14 � 11.1 (174)
Fentanyl (mcg) 35.2 � 53.4 (901) 32.7 � 52.0 (739) 54.4 � 59.6 (162)

Antiemetics
Serotonin antagonists 9.4 (203/2,170) 9.4 (179/1,913) 9.3 (24/257)
Dexamethasone 0.6 (12/2,170) 0.6 (11/1,913) 0.4 (1/257)
Dopamine antagonists 3.3 (71/2,170) 3.6 (69/1,913) 0.8 (2/257)
Histamine antagonists 9.3 (202/2,170) 9.1 (175/1,913) 10.5 (27/257)
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dataset. Furthermore, we plotted corresponding inci-
dences for any nausea, moderate, severe nausea, and for
any vomiting and severe vomiting.

6. In addition, to explore whether the use of a new simpli-
fied PDNV risk score could significantly improve the
clinician’s ability to predict PDNV compared with estab-
lished PONV risk scores, we determined the ROC-AUC
of the highest-enrolling non-UCSF center for both the
simplified PDNV score and the simplified PONV score.
We defined an absolute difference of 0.05 as a clinically
relevant improvement in prediction.

Analyses were conducted using SPSS version 19 (SPSS
Inc., Chicago, IL) and STATA Intercooled version 10 (Stata-
Corp LP, College Station, TX).

Results
The average age of outpatients studied was 49.5 yr;
64.7% were women, 84.8% were nonsmokers, and 29.3%
had a history of PONV (table 1). The four largest surgical
groups were general surgery (20.3%), gynecological sur-
gery (11.0%), knee arthroscopy (10.7%), and breast sur-
gery (10.3%), together accounting for more than 50% of

all surgeries conducted. Although none of the centers used
propofol-based total intravenous anesthesia, some pa-
tients received propofol doses of 100 – 400 mg (n � 752)
and more than 400 mg (n � 130) as an additional infusion
or as boluses. Among all patients, 66.4% received sevoflu-
rane and 77.4% received a prophylactic serotonin antag-
onist; all but two patients who received a prophylactic
serotonin antagonist received ondansetron. Furthermore,
749 patients (34.5%) and 262 (12.1%) received two and
three intraoperative antiemetics, respectively.

1. In the PACU, 19.9% of patients had nausea, 3.9% had
vomiting, and 20.7% had nausea and/or vomiting (fig.
1, table 2). After discharge, 36.6% had nausea, 11.9%
had vomiting, 37.1% had nausea and/or vomiting,
13.3% had severe nausea, and 5.0% had severe vomit-
ing (fig. 1).

2. In the development dataset (n � 1,913), stepwise forward
logistic regression analysis showed that female gender, age
less than 50 yr, history of PONV, duration of surgery
more than 1 h, 125 or more mcg fentanyl, ondansetron,
arthroscopy, laparoscopy, and opioids administered in
the PACU were statistically significant independent pre-

nausea
19.9%

severe 
nausea 
3.6%

vomiting 
3.9%

a sv

all patients 
n=2170

all patients
n=2170

severe 
nausea 
13.3%

nausea 
36.6% 

vomiting 
11.9%

severe 
vomiting 

5.0%

A  Post-anesthesia Care Unit B  Post-discharge

Fig. 1. Percentage of patients who experienced nausea and/or vomiting (A) in the postanesthesia care unit and (B) postdis-
charge. The incidence of severe vomiting (SV) in the postansesthesia care unit was 0.2%.

Table 1. Continued

Surgery Overall Development Validation

Prophylactic Antiemetics 4.3 (93/2,170) 4.6 (88/1,913) 1.9 (5/257)
Rescue Antiemetics 13.5 (293/2,170) 13.4 (256/1,913) 14.4 (37/257)
Length of PACU stay (h:min) (95% CI)

No PONV 2:20 �2:17–2:23� 2:23 �2:19–2:26� 2:03 �1:56–2:09�
Nausea only 2:56 �2:48–3:03� 3:00 �2:52–3:09� 2:24 �2:12–2:37�
Vomiting 3:18 �3:02–3:34� 3:31 �3:15–3:46� 2:46 �1:03–4:29�
PONV 3:02 �2:55–3:09� 3:06 �2:59–3:14� 2:26 �2:14–2:38�

Values are percentages or means with standard deviations unless specified otherwise.
ASA � American Society of Anesthesiologists; BMI � body mass index; ENT � ears, nose, and throat; OR � operating room; PACU �
postanesthesia care unit; PONV � postoperative nausea and/or vomiting.
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dictors for nausea and/or vomiting in the PACU (table 3,
fig. 2). After discharge, i.e., for PDNV, statistically signif-
icant independent predictors were female gender, age less
than 50 yr, history of PONV, opioids in the PACU, and
nausea in the PACU, but not nonsmoking status or on-
dansetron (table 4). Risk factors (e.g., history of motion
sickness or migraine, American Society of Anesthesiolo-
gists physical status, drinking status, adjuvant peripheral

nerve block) that were not statistically significant are not
listed in tables 3 and 4.

3. During the stepwise forward logistic regression analysis,
five factors were shown to predict the patient’s risk of
PDNV. According to this analysis, the patient’s risk for
PDNV could be estimated by p�1/(1�e�z), in
which P is the probability that PDNV will occur and
z � 0.43 (if female) � 0.77 (if age less than 50 yrs) �

Table 2. Percentage of Patients in Each Time Interval Who Experienced Nausea and/or Vomiting

Postanesthesia
Care Unit

Day
Postsurgery

Postoperative
Day 1

Postoperative
Day 2 Nausea Vomiting

Nausea and/
or Vomiting

PACU 19.9 3.9 20.7
DPS 28.8 8.5 28.8

POD1 18.3 3.9 18.4
POD2 12.4 2.1 12.5

Day of Surgery 38.0 10.8 38.7
Postoperative period until POD1 42.1 13.1 42.8

Postoperative period until POD2 44.1 14.2 44.8
Postdischarge until POD1 34.1 10.8 34.4

Postdischarge until POD2 36.6 11.9 37.1

DPS � day postsurgery; PACU � postanesthesia care unit; POD1 � postoperative day 1; POD2 � postoperative day 2.

Table 3. Incidences with Bivariate and Multivariate Odds Ratios for Factors that Potentially Influence PONV in the
PACU in the Development Dataset (Patients, No. 1,913)

Variables
Incidence

(%)
Unadjusted OR

(95% CI)
Adjusted OR

(95% CI) P Value

Patient
characteristics

Gender, female/male 25.2/12.1 2.45 (1.88–3.20) 2.19 (1.63–2.95) �0.001
Age, younger than 50/50 yr or

older
27.2/14.4 2.22 (1.77–2.80) 1.79 (1.39–2.30) �0.001

History of PONV, yes/no 27.4/18.0 1.73 (1.37–2.18) 1.43 (1.11–1.84) 0.006
Non-smoking, yes/no 21.2/18.1 1.22 (0.88–1.69) —

Intraoperative
variables

Surgery, 1 h or more/Less than
1 h

27.0/16.4 1.89 (1.51–2.37) 1.83 (1.41–2.38) �0.001

Fentanyl, 125 mcg or more/Less
than 125 mcg

25.0/15.7 1.79 (1.42–2.26) 1.48 (1.13–1.92) 0.004

Ondansetron, yes/no 20.8/20.7 1.01 (0.77–1.31) 0.70 (0.52–0.94) 0.017
Glucocorticoids, yes/no 23.2/18.6 1.32 (1.06–1.65) —

Surgery Breast 16.7 0.82 (0.52–1.28) —
Cholecystectomy 40.6 2.80 (1.74–4.52) —
Cystoscopy 9.2 0.41 (0.22–0.79) —
Dilatation & Curettage 19.5 0.99 (0.63–1.56) —
ENT 22.2 1.17 (0.75–1.81) —
Other gynecologic 26.8 1.50 (1.02–2.20) —
Hernia 19.1 0.97 (0.54–1.73) —
Knee arthroscopy 26.0 1.44 (0.93–2.23) —
Other orthopedic 17.0 0.84 (0.48–1.47) —
Prostate 7.7 0.34 (0.14–0.81) —
Upper extremity 22.9 1.22 (0.71–2.08) —
General surgery 19.6 1.00 (Reference) —

Approach Arthroscopic 26.0 1.72 (1.20–2.45) 1.97 (1.33–2.91) 0.001
Endoscopic 15.7 0.91 (0.67–1.24) 1.13 (0.81–1.58) 0.47
Laparoscopic 38.0 3.00 (2.24–4.01) 2.39 (1.72–3.34) �0.001
Conventional 17.0 1.00 (Reference) —

Postoperative Opioids in PACU (yes/no) 25.4/12.9 2.30 (1.78–2.97) 1.51 (1.14–2.01) 0.005

Adjusted odds ratios for variables that were not statistically significant, and thus not included in the model, are indicated by a dash.
5-HT3 � 5-hydroxytryptamine type 3; ENT � ears, nose, and throat; OR � odds ratio; PACU � postanesthesia care unit; PONV �
postoperative nausea and/or vomiting.
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0.41 (if history of PONV) � 0.66 (if opioids were
needed in the PACU) � 1.14 (if nauseated in the
PACU) � 2.42. The prediction model based on these
coefficients had an ROC-AUC (95% CI) of 0.737
(0.715 to 0.759; fig. 3).

4. A simplified risk score in which each factor counted as
one point led to an ROC-AUC of 0.706 (0.681 to 0.730;
fig. 3). The absolute difference between 0.737 and 0.706
was less than the predefined clinically relevant absolute
difference of 0.05. Furthermore, the ROC-AUC of the
simplified PONV score – which was previously devel-
oped for inpatients in Europe – was only 0.630 (0.603 to
0.656). According to this simplified PDNV score, when
zero, one, two, three, four, or five of these five risk factors
was present, the associated PDNV incidences were 10.9%,
18.3%, 30.5%, 48.7%, 58.5%, or 79.7%, respectively. In
addition, when patients were grouped according to their
predicted risk into six groups based on the five predictors, the
calibration plot of the predicted and actual incidences of
PDNV resulted in a calibration line having a slope of 0.942
and an intercept of 0.006 (fig. 4A).

5. In the validation cohort (n � 257), when patients were
grouped according to their predicted risk into six groups,
the calibration plot of the predicted and actual incidences
of PDNV resulted in a calibration line having a slope of
1.075 and an intercept of negative 0.044 (fig. 4B). The
ROC-AUC of the simplified risk score was 0.721 (0.657
to 0.785; fig. 5) in the validation cohort. Figure 6 displays
the incidences for any nausea, moderate, severe nausea,
and for any vomiting and severe vomiting. Note that the
ROC-AUC of the smaller validation dataset was higher
than the ROC-AUC of the development dataset, and that
the incidences differ somewhat from the PDNV inci-
dences of the development dataset listed in point 4, which
reflects typical random variation.

6. The ROC-AUC of the simplified PONV score in the
validation cohort was 0.674 (0.607 to 0.741; fig. 5). With
a sample size of 257, the validation cohort was too small
to detect whether there was a statistically significant dif-
ference between the ROC-AUCs of the simplified PDNV
score and the simplified PONV score. However, there
was an absolute difference of 0.047 between the ROC-

Fig. 2. Adjusted odds ratios (OR) from multiple logistic regression analysis for nausea and/or vomiting in the postanesthesia
care unit (PACU) and postdischarge in the evaluation dataset. ENT � ears, nose, and throat; N2O � nitrous oxide; PONV �
postoperative nausea and vomiting.
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AUCs of the two risk scores, which was very close to our
0.05 threshold for clinical relevance.

Discussion
In this large, multicenter cohort study, 37.1% of patients had
PDNV, 13.3% had severe nausea, 11.9% had vomiting, and
5% had severe vomiting. These incidences were significantly
higher than expected, especially given the patient and surgery
profile of ambulatory procedures, as well as the relatively low
incidence of PONV in the PACU (fig. 1, table 2). Consid-
ering that about one third of the approximately 35 million
ambulatory surgeries performed in the United States annu-
ally use general anesthesia,15 these findings translate into
approximately 4.3 million patients experiencing PDNV ev-
ery year.

The high incidence shown in our study is almost identical
to the 35% incidence reported in a study of 154 ambulatory
surgery patients conducted in the United States more than a
decade ago.14 Although the incidence of PDNV in a Cana-

dian study was only 9.1%,19 several factors may have con-
tributed to this relatively low incidence. For example, PONV
is triggered primarily by inhalational anesthetics and opioids
used for general anesthesia,13 and it is well-known that using
a peripheral regional nerve block instead of general anesthesia
significantly reduces the likelihood of PONV.20 Although all
patients enrolled in our study underwent general anesthesia,
about half of the patients in the Canadian study received a
regional nerve block or monitored anesthesia care. Further-
more, in the Canadian study, many patients who did receive
general anesthesia underwent very brief procedures like dila-
tion and curettage, and therefore received only intravenous
propofol for maintenance instead of inhalational anesthetics.

The incidence and severity of PDNV after ambulatory
surgery with general anesthesia appears to have been greatly
underestimated, most likely because PONV in the PACU is
less frequent and rarely severe for outpatients compared to
inpatients. In our study, only 3.6% of outpatients had severe
nausea and 0.2% had severe vomiting in the PACU, com-

Table 4. Incidences with Unadjusted and Adjusted Odds Ratios with 95% CIs for Variables that Potentially Influence
PDNV in the Development Dataset

Variables Incidence (%)
Unadjusted OR

(95% CI)
Adjusted OR

(95% CI)
P

Value

Patient
characteristics

Gender, female/male 42.6/26.0 2.11 (1.72–2.60) 1.54 (1.22–1.94) �0.001
Age, younger than 50/50 yr

or older
46.9/27.1 2.38 (1.97–2.88) 2.17 (1.75–2.69) �0.001

History of PONV, yes/no 46.7/32.9 1.79 (1.47–2.19) 1.50 (1.19–1.88) �0.001
Non-smoking, yes/no 36.6/39.0 0.90 (0.70–1.17) —

Intraoperative
variables

Surgery, 1 h or more/Less
than 1 h

38.6/35.8 1.13 (0.93–1.36) —

Fentanyl, 125 mcg or more/
Less than 125 mcg

41.2/31.8 1.51 (1.25–1.82) —

Ondansetron, yes/no 38.2/32.6 1.28 (1.02–1.60) —
Glucocorticoids, yes/no 37.8/36.2 1.07 (0.89–1.29) —

Surgery Breast 35.9 0.57 (0.36–0.91) —
Cholecystectomy 65.6 1.31 (0.78–2.18) —
Cystoscopy 27.5 0.81 (0.46–1.43) —
Dilatation & Curettage 37.9 0.75 (0.46–1.23) —
ENT 34.7 2.56 (1.43–4.60) —
Other gynecologic 42.9 0.51 (0.29–0.89) —
Hernia 31.5 0.82 (0.49–1.36) —
Knee arthroscopy 49.4 0.71 (0.43–1.19) —
Other orthopedic 37.7 1.01 (0.62–1.63 —
Prostate 14.1 0.22 (0.10–0.47) —
Upper extremity 42.7 0.62 (0.34–1.13) —
General surgery 30.0 1.00 (Reference) —

Approach Arthroscopic 47.5 0.48 (0.37–0.63) —
Endoscopic 28.3 0.83 (0.58–1.19) —
Laparoscopic 52.1 0.36 (0.27–0.50) —
Conventional 34.3 1.00 (Reference) —

Postoperative Opioids in PACU (yes/no) 44.4/24.4 2.48 (2.02–3.04) 1.93 (1.53–2.43) �0.001
Nausea in PACU (yes/no) 62.5/30.5 3.79 (3.00–4.79) 3.14 (2.44–4.04) �0.001
Vomiting in PACU (yes/no) 63.8/35.8 3.16 (1.98–5.03) —
Rescue in PACU (yes/no) 62.1/33.1 3.32 (2.53–4.36) —
Opioids post discharge (y/n) 42.9/27.0 2.04 (1.67–2.49) —

Adjusted odds ratios for variables that were not statistically significant, and thus not included in the model, are indicated by a dash.
5-HT3 � 5-hydroxytryptamine type 3; ENT � ears, nose, and throat; OR � odds ratio; PACU � postanesthesia care unit; PDNV �
postdischarge nausea and/or vomiting PONV � postoperative nausea and/or vomiting.

A Novel and Simplified Risk Score for PDNV

Anesthesiology 2012; 117:475– 86 Apfel et al.482

Downloaded From: http://anesthesiology.pubs.asahq.org/pdfaccess.ashx?url=/data/journals/jasa/931123/ on 10/05/2018



pared with 13.3% who had severe nausea and 5.0% who had
severe vomiting postdischarge (fig. 1). Indeed, despite the
high incidence of PDNV, only 4.4% of patients in our study
received antiemetic prophylaxis acting long enough to pre-
vent PDNV before they were discharged from the ambula-
tory care center – regardless of their risk for PDNV.

Risk Factors and Independent Predictors
Risk Factors for Nausea and/or Vomiting in the PACU. The
risk factors for PONV in the PACU identified in this cohort
study are consistent with those previously reported for inpa-
tients.12,16,21,22 Patient-specific independent predictors were
female gender, age less than 50 yr, and history of PONV.
Anesthesia- and surgery-specific factors were higher doses of
intraoperative and postoperative opioids, duration of surgery
more than 1 h, and a laparoscopic surgical approach. Al-
though cholecystectomies were associated with the highest
incidence of PONV in the PACU (table 2), the multivariable
analysis suggests that this was because of the predominantly
laparoscopic approach, so that type of surgery no longer
reached statistical significance (table 3, fig. 2).
Risk Factors for Postdischarge Nausea and/or Vomiting.
Although the patient-specific risk factors of female gender,
age less than 50 yr, and history of PONV were predictors for
both PONV in the PACU and PDNV, nonsmoking status
was not an independent predictor for PDNV. The lower
incidence of PONV in the PACU in smokers is probably
not because of an acute antiemetic effect of nicotine. In
fact, the use of the nicotine patch has been shown to
increase, not prevent, nausea23; its use has never been
associated with a reduced incidence of PONV.24 Instead,
smokers may have adapted to nicotine-induced and
�-aminobutyric acid-mediated increases of intrasynaptic
dopamine release, and are thus likely to have relatively
lower dopamine levels immediately after surgery. Similar

to the antiemetic effect of dopamine receptor antagonists
like metoclopramide,25 reduced dopaminergic stimula-
tion may have protective effects that disappear after pa-
tients are discharged and resume smoking.

Another difference between risk factors for PONV in the
PACU and PDNV is that surgical approach was not statisti-
cally significant for PDNV. Considering that this statistical
significance observed for PONV in the PACU came primar-
ily from the increased incidence after laparoscopy, it is pos-
sible that increased arterial carbon dioxide and HCO3 levels
associated with laparoscopy may equilibrate in the PACU, so
that this emetogenic effect is no longer relevant after patients
are discharged.

The main difference between risk factors for PONV and
PDNV was that patients who experienced nausea in the
PACU had a 3-fold increased risk for PDNV.
Antiemetics. Contrary to previous thoughts,26 ondansetron
is equally efficacious against nausea as it is against vomiting,
with an OR of 0.6827,28 similar to the 0.70 OR in this mul-
ticenter study. However, intraoperatively administered on-
dansetron did not reduce the risk of PDNV (fig. 2), most
likely because of its short plasma half-life of about 3 h. In fact,

Fig. 3. Receiver operating characteristic curves of the coef-
ficient-based postdischarge nausea and/or vomiting (PDNV)
prediction model, simplified PDNV risk score, and simplified
postoperative nausea and vomiting (PONV) risk score12 in the
development dataset.

Fig. 4. Calibration plot of the predicted and actual incidences
of postdischarge nausea and vomiting (PDNV) with 95% CI in
(A) the development dataset and (B) the validation dataset.
The predicted risk is based on the analysis of 1,913 patients
in the development dataset, and applied to the incidences of
257 patients in the evaluation dataset. The circle area of the
data points is proportional to the sample size of each risk
classification group.
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patients who received ondansetron had a somewhat higher
risk for PDNV, which almost looks like a rebound effect (fig.
2). Almost half of all patients received intraoperative dexa-
methasone (table 1). Glucocorticoids did not appear to re-
duce PONV in the PACU but significantly reduced PDNV
(fig. 2).

Several studies have reported that propofol has an anti-
emetic effect at subhypnotic doses.29–31 However, Scuderi et
al. were unable to demonstrate such effects at similar concen-
trations,32 and Hvarfner et al. suggest that the antiemetic
effect of propofol is detectable only with concurrent seda-
tion,33 in which case the effect is similar to that of lorazepam.
Furthermore, given the short half-life of propofol, and the
similarity between total intravenous anesthesia and inhala-
tional anesthesia in the late postoperative period,13 total in-
travenous anesthesia does not appear to be a substitute for an
effective antiemetic for PDNV.

Prediction Model for PDNV
The five statistically significant independent risk factors for
PDNV were female gender, age less than 50 yr, history of
PONV, opioids administered in the PACU, and nausea in
the PACU. We used the coefficients of these factors to create
a prediction model for PDNV with an acceptable discrimi-
nating power of an ROC-AUC curve of 0.74. However, for
practical purposes, simplifying the calculation to one point
for every risk factor present permits a risk prediction with an
ROC-AUC curve of 0.72, which we consider clinically sim-
ilar to that of the more complex calculation. To make the
prediction model even simpler to remember, the incidence of
PDNV was approximately 10%, 20%, 30%, 50%, 60%, or
80% when zero, one, two, three, four, or five of the indepen-
dent risk factors were present, respectively. It is interesting
that – even though the risk factors for nausea and for vomit-
ing apparently were not identical – those factors also give a
rough estimate of patients’ risk for vomiting or severe nausea
after being discharged home, which is about one third of
their risk for PDNV in general. Moreover, the risk for severe
vomiting after discharge can be estimated to be about half the
risk for severe nausea or vomiting in general. Thus, the risk
for severe vomiting is about one sixth of the risk for PDNV in
general.

Because the size of the validation cohort was only 257
patients, future studies conducted by independent investiga-
tors at other centers will be needed to confirm the value of
our newly developed PDNV score. However, considering
that this simplified score was based on data from 12 centers
across the United States, and that the ROC-AUC of the
validation cohort was quite similar to that of the develop-
ment cohort, it is fair to assume that this score will have a
reasonable degree of external validity in other centers. Fur-
thermore, because the absolute difference between the ROC-
AUCs of the simplified PONV and PDNV scores was about
0.05, we believe that the use of a new risk score specific to
outpatients is warranted, even though the validation cohort
was not actually sufficiently powered to detect a statistically
significant difference between the two simplified scores.
However, a difference would not be surprising given that our
simplified PONV score was developed in European inpa-
tients for PONV through 24 h, whereas our PDNV score
was developed in U.S. outpatients for PDNV through 48 h.
Because of differences in length of the procedure, exposure to
anesthetics, patient mobility and access to cigarettes, some of
the predictors – likely the triggers – are different for PONV
and PDNV.

Based on the results from the validation cohort, the use of
our simplified PDNV risk score is useful to identify at-risk
patients who are likely to benefit from long-acting prophy-
lactic antiemetics like dexamethasone, aprepitant, palonose-
tron, and transdermal scopolamine, either alone or in com-
bination. However, the efficacy of these agents for PDNV
needs to be confirmed in future studies.

Fig. 5. Receiver operating characteristic curves of the estab-
lished simplified postoperative nausea and vomiting (PONV)
risk score and the new simplified postdischarge nausea and
vomiting (PDNV) risk score in the validation dataset.

Fig. 6. Relationship between the simplified postdischarge
nausea and vomiting (PDNV) risk score and the incidence of
PDNV in the validation dataset.
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Conclusions

PDNV is a common and sometimes severe adverse outcome
for ambulatory patients. By identifying the five most impor-
tant independent predictors – female gender, age less than 50
yr, history of PONV, opioids administered in the PACU,
and nausea in the PACU – we developed a new risk score for
estimating the individual patient’s risk of PDNV. The inci-
dence of PDNV is approximately 10%, 20%, 30%, 50%,
60%, or 80% when zero, one, two, three, four, or five of these
predictors are present, respectively. Clinicians whose patients
undergo general anesthesia for ambulatory surgery might
find this information useful when making decisions about
the need for prophylactic antiemetics before patients are
discharged from the hospital.
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