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Abstract:
Background Despite the controversy regarding its clinical utility, the PaO2/FIO2 ratio has been used to de-

fine the severity of acute respiratory distress syndrome (ARDS). This systematic review and meta-analysis

(SRMA) details summary estimates of the predictive performance of PaO2/FIO2 ratio in predicting mortality

in patients with ARDS.

Methods To clarify the integrated diagnostic accuracy, we included studies in which the study population

comprised patients with ARDS in any clinical setting, included adult patients (�18 years old), and evaluated

mortality. The MEDLINE and Cochrane Central Registry of Controlled Trials databases were searched for ar-

ticles in English. We performed SRMA on the accuracy of the diagnostic prognostic tests using the Quality

Assessment of Diagnostic Accuracy Studies-2 tool to evaluate the risk of bias. We obtained summary point

estimates of sensitivity and specificity and calculated the area under the receiver operating characteristic

(AUROC) curve of the summary receiver operating characteristic curve with 95% confidence intervals (CIs).

Results Twenty-eight trials with 38270 patients were included in the quality assessment. Most of the stud-

ies were conducted in intensive-care units. Overall, the risk of bias is high. For PaO2/FIO2 of 100 and 200 the

pooled sensitivity, specificity, and AUROC were 44.8% (95% CI, 38.1%-51.7%), 70.6% (95% CI, 65.9%-

74.9%), 0.60 (0.58-0.64) and 83.9% (95% CI, 78.9%-87.8%), 26.1% (95% CI, 20.8%-32.1%), 0.64 (0.60-

0.69), respectively.

Conclusion The PaO2/FIO2 ratio alone did not have impressive prediction accuracy for mortality in patients

with ARDS and might not be able to be used solely as a clinical prognostic tool.
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Introduction

Acute respiratory distress syndrome (ARDS) is a condi-

tion of acute lung injury related to inflammation and is

characterized by high pulmonary vascular permeability and a

high amount of extrapulmonary water (1). To evaluate the

severity of ARDS, the PaO2/FIO2 ratio is commonly used in

the clinical setting according to the Berlin definition, re-

ported in 2012 (2). Although the classification of severity is

not the same as the prognostic power of mortality, the asso-

ciation between the severity of the Berlin definition and the

prognosis has been evaluated in several studies (3-5). In the

Large Observational Study to Understand the Global Impact

of Severe Acute Respiratory Failure study, the 28-day sur-

vival decreased with increasing severity of illness stratified

according to the Berlin definition (3).

Recently, a retrospective study conducted in Japan also

suggested an association between PaO2/FIO2 and the 30-day

mortality (4). However, another study showed that the sever-

ity of respiratory failure was not associated with patient

mortality (6). The original study of the Berlin definition re-

ported that PaO2/FIO2 had a poor predictive value for mor-

tality, with an area under the receiver operating characteris-

tic (AUROC) curve of 0.577 (95% confidence interval [CI],

0.561-0.593) (2).

Although the clinical utility of PaO2/FIO2 remains contro-

versial, to our knowledge, its predictive accuracy for mortal-

ity has not been systematically reviewed. Determining the

integrated prognostic accuracy between the PaO2/FIO2 ratio

and the prognosis in patients with ARDS may be useful for

stratifying patients and allocating appropriate medical re-

sources in emergency medicine and intensive-care settings.

The primary objective of this study was to obtain sum-

mary estimates of predictive performance, including sensitiv-

ity and specificity, and the AUROC curve of the summary

receiver operating characteristic curve with 95% CIs among

studies on PaO2/FIO2 for the prediction of any type of mor-

tality in patients diagnosed with ARDS.

Materials and Methods

We performed a systematic review and meta-analysis

(SRMA) of studies on the accuracy of prognostic tests. We

adhered to the methodological standards outlined in the

Handbook for Diagnostic Test Accuracy (DTA) Reviews of

Cochrane (7) and used the Preferred Reporting Items for Di-

agnostic Test Accuracy Studies (PRISMA-DTA) (8) to report

our findings. The review protocol was predefined, and a post

hoc analysis was referred to in this study Although the pro-

tocol has not been published or registered, the study outline

was prospectively registered in the University Hospital

Medical Information Network Clinical Trials Registry

(UMIN:000041058). The need for ethical approval and pa-

tient consent for the analysis and publication was waived

owing to the nature of the SRMA. The whole method in this

study was based on the preprint version of our study (See

“Ethics approval and consent to participate” in Declara-

tions).

Study eligibility criteria

The study population included patients with ARDS in any

setting, including the emergency department, general hospi-

tal ward, and intensive-care unit (ICU). The index test was

the PaO2/FIO2 ratio or the oxygenation index. We included

studies on adult patients (aged �18 years) and evaluated

their mortality rates. The reference standard for this study

was the mortality rate reported for each study. We included

all abstracts and full-text articles in English that described

retrospective and prospective observational studies and ran-

domized and quasi-randomized controlled trials. We ex-

cluded case reports, case series, animal studies, and pediatric

studies. For studies that used the same database, we only in-

cluded those with more patients.

Data source and search method

We searched two electronic databases (MEDLINE and

Cochrane Central Register of Controlled Trials) for studies

published before June 19, 2020. The search was performed

using the following terms: “respiratory distress syndrome,”

“adult,” and “acute lung injury.” acute lung injury. The de-

tails of the search strategy are reported in the Supplementary

Material. In the first phase, study data were collected using

Rayyan QCRI (9). Titles was imported into Rayyan QCRI

directly from MEDLINE and the Cochrane Central Register

of Controlled Trials, and duplicates were removed. In the

first phase, two paired reviewers (S. Yoshimura and Y.S.; S.

Yoshitake and K.H.) independently screened the titles and

abstracts of all identified studies. Disagreements were re-

solved by consensus, and no third-party adjudication was

necessary. In the second phase, three paired reviewers (S.

Yoshimura and Y. S.; S. Yoshitake and K.H.; Y.O. and T.T.)

independently applied the eligibility criteria to the full text

of the selected articles from the first phase and reported the

reasons for exclusion. Disagreements were resolved by dis-

cussion with a third reviewer. We needed a 2×2 table of true

positive (TP), false positive (FP), true negative (TN), and

false negative (FN) results extracted from the original article

or calculated from other available information from each

study in the meta-analysis. We contacted the authors for 2×2

table counts if we were unable to obtain relevant values

from the reported data. Studies were excluded if the corre-

sponding author did not respond after our contact attempts.

Data extraction and quality assessments

We used a predefined data collection form for the study

characteristics and outcome data, which were tested in at

least three studies in the review. Three pairs (S. Yoshimura

and Y.S.; S. Yoshitake and K.H.; Y.O. and T.T.) extracted

data on the study characteristics from the included studies.

We extracted information regarding the following study

characteristics: author information, year of publication, study
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design, eligibility criteria, number of patients included, mean

or median age, threshold used for patient stratification by

PaO2/FIO2, and mortality.

The shortest outcome was selected if the study had re-

ported several outcomes. We also extracted or calculated the

predictive accuracy parameters, TP, FP, TN, and FN. Two

investigators evaluated the risk of bias using the Quality As-

sessment of Diagnostic Accuracy Studies-2 (QUADAS-2)

tool (10), which is widely accepted and includes four do-

mains of risk of bias and three domains of applicability.

Data synthesis and statistical analyses

•Primary analyses
We represented the results of individual studies by plot-

ting sensitivity and specificity estimates with 95% CIs on

forest plots and visually assessing heterogeneity. To pool the

results, we applied a bivariate model and obtained summary

point estimates of sensitivity and specificity with 95% CIs.

We also presented a summary of the receiver-operating char-

acteristic (SROC) curve and evaluated the area under the

SROC curve and Higgins I-squared as ad hoc analyses.

•Sensitivity analyses
Sensitivity analyses were performed as post hoc analyses

to evaluate the robustness of the results. First, we performed

a sensitivity analysis by the year of publication for studies

published after the Berlin definition was established. Sec-

ond, we performed the same analysis as the primary analysis

between studies that used the Berlin definition as the inclu-

sion criteria for patients with ARDS. We planned a sub-

group analysis based on the etiology of ARDS but could not

perform this analysis because each study included various

etiologies, and we could not obtain individualized data on

the etiology.

All analyses were performed using the Review Manager

5.3 software program (Cochrane Collaboration, London,

UK), RStudio Version 1.4.1106, and the Meta-DTA Meta-

Analysis application (11).

Results

Search results

In total, 4055 studies were included. Twenty-eight studies

(2, 4, 5, 12-36) and 38270 patients met the eligibility crite-

ria and were included in the quality assessment (Fig. 1).

Study characteristics

Of the included studies, 27 were cohort studies (non-

randomized studies), and the remaining were randomized

controlled trials. No case-control studies were included. The

median sample size for all included studies was 401 patients

(interquartile range: 193-988 patients). Most study settings

were in the ICU. The patient characteristics, country, index

test definitions, reference standards used in each study, and

outcomes are summarized in Table 1. The PaO2/FIO2 ratio

was evaluated on the day of the ARDS diagnosis in the 24

studies. The other evaluation of PaO2/FIO2 was performed 1

day after the day of the diagnosis (1 study), 24 h after the

day of the ARDS diagnosis (2 studies), and 3 days after

ARDS diagnosis (1 study). Regarding outcome measures, 16

studies analyzed in-hospital mortality, 6 studies evaluated

the ICU mortality, 2 studies evaluated the 28-day mortality,

4 studies evaluated the 30-day mortality, 2 evaluated the 60-

day mortality, 2 evaluated the mortality (undefined), 1 as-

sessed the 90-day mortality, and 1 evaluated the 100-day

mortality.

Quality assessments

The quality assessment using the QUADAS-2 criteria is

shown in Fig. 2. One study (3.6%) had an unclear risk of

bias in patient selection because it included only patients

with a PaO2/FIO2 ratio <173. One study (3.6%) had a high

risk of bias in patient selection because it excluded patients

without data on mean airway pressure or PaO2/FIO2.

Five studies (17.9%) had an unclear risk of bias in the in-

dex test because it was unknown whether the reference stan-

dard was blinded when the assessors interpreted the index

test or whether the cutoff of the index test was prespecified.

Twenty-four studies (85.7%) had an unclear risk of bias in

the reference standard, because it was unclear whether the

reference standard was interpreted when the results of the

index test were blinded. The details of the assessment of the

risk of bias are shown in Fig. 2. The overall risk of bias in

the included studies was high because 1 study had a high

risk of bias and 24 had an unknown risk of bias.

Results of synthesis

•Primary analyses
The pooled sensitivity of PaO2/FIO2 across all included

studies for a PaO2/FIO2 ratio of 100 was 44.8% (95% CI,

38.1%-51.7%), and the specificity was 70.6% (95% CI,

65.9%-74.9%). The pooled sensitivity of PaO2/FIO2 across

all included studies for a PaO2/FIO2 of 200 was 83.9% (95%

CI, 78.9-87.8%), and the specificity was 26.1% (95% CI,

20.8%-32.1%). Forest plots of the sensitivity and specificity

of each cutoff PaO2/FIO2 are shown in Fig. 3 (PaO2/FIO2 =

100) and Fig. 4 (PaO2/FIO2 = 200). The SROC curves, bi-

variate summary points of specificity and sensitivity, and

95% confidence regions for the PaO2/FIO2 ratio are shown

in Figs. 5 and 6. The AUROC with the 95% CI of a PaO2/

FIO2 of 100 was 0.60 (0.58-0.64), whereas the AUROC with

the 95% CI of a PaO2/FIO2 of 200 was 0.64 (0.60-0.69).

The Higgins I-squared values were 14.0% for PaO2/FIO2 100

and 27.1% for PaO2/FIO2 200.

•Sensitivity analyses
Table 2 shows the results of sensitivity and subgroup

analyses. We performed sensitivity analyses by publication

year for studies published after the Berlin definition was es-

tablished. In this analysis, the sensitivity for a PaO2/FIO2 of

100 was 45.0% (95% CI, 37.9%-52.3%), and the specificity

was 70.7% (95% CI, 65.9%-75.1%). The AUROC with the

95% CI was 0.60 (95% CI, 0.57-0.63). The sensitivity for a
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Figure　1.　Flow diagram of the literature selection process.

Of the 28 studies included in the qualitative synthesis, one study is excluded because 2 by 2 table  

available only for oxygenation index26, and the six studies were excluded from the meta-analysis 

because they did not use the PaO2/FIO2 cut-off threshold as the Berlin definition 12,13, 15, 23, 24, 32. Of 

the 21 studies for meta-analysis, one study included only PaO2/FIO2 100 as cut off 16, two study 

included only PaO2/FIO2 200 as cut off 14, 17, 20. Because two studies were from same registry of LUNG 

SAFE22, 31, we included the study which had lager number of patients for meta-analysis.
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Sc
re
en
in
g

In
cl
ud
ed

El
ig
ib
ili
ty

Id
en
tif
ic
at
io
n
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(n = 4,055 )

Records after duplicates removed 

(n =  3,726)

Duplication

(n = 329 )

Full-text articles assessed for eligibility

(n = 331) Full-text articles excluded, 

with reasons

(n =  303 )

Non-English language 

(n = 1)

Different purpose or study 

type (n = 117)

Alternative case control 

design

(n = 3)

Different population

(n = 5)

Alternative outcome 

(n = 23)

2x2 table unavailable

(n = 125)

N<100 

(n = 23)

Studies included in qualitative synthesis

(n = 28)

Studies included in 

quantitative synthesis and 

meta-analysis

(n = 21)

Articles excluded by 

title and abstract 

(n = 3,395 )

Table.　Sensitivity and Subgroup Analysis.

Sensitivity Specificity AUROC

The studies published after Berline definition, % (95%CI)

P/F ratio 100 45.0 (37.9-52.3) 70.7 (65.9-75.1) 0.60 (0.57-0.63)

P/F ratio 200 82.6 (77.0-87.1) 27.8 (22.6-35.0) 0.65 (0.60-0.70)

The studies which used Berlin definition as the inclusion criteria in 

each study

P/F ratio 100 44.1 (36.8-51.7) 71.1 (66.0-75.7) 0.59 (0.57-0.62)

P/F ratio 200 82.3 (76.3-87.1) 28.5 (22.0-36.1) 0.64 (0.60-0.69)

AUROC: area under the receiveroperating characteristic, CI: confidence interval, P/F: PaO2/FiO2, ICU: intensive care unit

PaO2/FIO2 ratio of 200 was 82.6% (95% CI, 77.0%-87.1%),

and the specificity was 27.8% (95% CI, 21.6%-35.0%). The

AUROC with the 95% CI was 0.65 (95% CI, 0.60-0.70). We

also conducted a subgroup analysis of the studies that used

the Berlin definition as the inclusion criterion. Forest plots

and SROC curves, together with bivariate summary points

of specificity and sensitivity, and their 95% confidence re-

gions for PaO2/FIO2 are shown in the supplementary mate-

rial.
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Figure　2.　The assessment of the risk of bias for individual studies.

Discussion

Key observations

We conducted an SRMA to evaluate the prognostic value

of the PaO2/FIO2 ratio in predicting mortality in adult pa-

tients with ARDS. The risk of bias was high among the in-

cluded studies.

With a PaO2/FIO2 cutoff of 100, the sensitivity to predict

mortality was 45.0%, and the specificity was 70.7%. With a

PaO2/FIO2 cutoff of 200, the sensitivity to predict mortality

was 82.6%, while the specificity was 27.8%. The results

showed that PaO2/FIO2 alone with a cutoff of PaO2/FIO2 100

and 200 was not sufficient to predict mortality among

ARDS patients with a low area under the SROC for PaO2/

FIO2 ratios of 100 and 200 (an AUC 0.5 is no better than

chance for a diagnostic test (37)).

Strength of the study compared to previous studies

This extensive literature review provides the best available

assessment of the prognostic accuracy of PaO2/FIO2. An ex-
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Figure　3.　Forest plots show the sensitivity and specificity of the PaO2/FIO2 (cutoff of 100) in the 18 
included studies.

Figure　4.　Forest plots showing the sensitivity and specificity of the PaO2/FIO2 (cutoff of 200) in the 
20 included studies.

tensive search of PubMed and Cochrane databases did not

reveal any existing systematic reviews or meta-analyses on

the prognostic accuracy of PaO2/FIO2. To our knowledge,

this is the first report on the prognostic value of the PaO2/

FIO2 ratio in patients with ARDS.

Study implications

This extensive literature review provides the best available

evidence for the prognostic accuracy of PaO2/FIO2. This

study revealed that the prognostic accuracy of PaO2/FIO2 is

not acceptable in clinical settings. Although the classifica-

tion of severity is not the same as the prognostic power of

mortality, several studies have investigated the prognostic

accuracy or association between PaO2/FiO2 ratio and prog-

nostic outcomes. For example, a previous study showed that

neither stratification by severity nor PaO2/FiO2 at study entry

was independently associated with mortality (5). However,

another study showed that the Berlin definition of severity

classification with a PaO2/FiO2 of 100 is useful to identify

patients with severe ARDS at high risk of death but may be

less useful to differentiate between mild (PaO2/FiO2, 200-

300) and moderate disease (PaO2/FiO2, 100-200) (4). The

present study provides summarized and integrated results,

including these studies (4, 5), and concluded that the PaO2/

FIO2 might not be useful solely as a prognostic factor in the

clinical setting.

Future direction of study area

The varying background characteristics and heterogeneity

of patients with ARDS in this study may have influenced

the results; therefore, it will be necessary to evaluate the

heterogeneity of these backgrounds in future studies. In the
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Figure　5.　Summary of the receiver-operating characteristic (SROC) curve with summary point 
estimates of sensitivity and specificity along with 95% confidence intervals (CIs) for a PaO2/FIO2 of 
100. Black plot (with dotted circle): Represents the pooled estimate of sensitivity and specificity with 
its 95% CI. White plots: Show the individual sensitivity and specificity values reported from each 
study. Solid line: Depicts the SROC curve, summarizing the diagnostic accuracy across the included 
studies. Plot size: The size of each plot reflects the sample size of the respective study, meaning that 
larger circles correspond to studies with more participants, indicating their relative weight in the 
analysis.

present study, a PaO2/FIO2 of 100 as the cutoff for death

was neither sensitive nor highly specific, findings that were

the same as in the subgroup analysis that focused on studies

that used the Berlin definition for the inclusion of each

study. This may be because the background diseases in

ARDS in this study varied, and their heterogeneity may

have affected the results. For example, in a study of ARDS

after influenza infection (33), the sensitivity and specificity

were 72% and 45%, respectively, for a PaO2/FIO2 ratio of

100, values that were lower than those of other studies, and

it is possible that the variation of the primary disease in

each study affected the results. As another example, the me-

dian (interquartile range) SOFA score in the entire patient

population in the study by Fujishima et al (35). was 9.0

(7.0-13.0), while that in the study by Song et al (36). was

4.98 (4.65-5.30). The severity of ARDS in the patients in-

cluded in the individual studies differed, suggesting that dif-

ferences in background disease and severity of the disease

may have affected the results because it influences the spec-

trum bias. Finally, the current review did not include the lit-

erature on ARDS with coronavirus disease 2019 (COVID-

19), so more research concerning the performance of PaO2/

FIO2 in patients with COVID-19 is required.

Limitations

Several limitations associated with the present study war-

rant mention. First, we did not assess the heterogeneity of

the prognostic accuracy of the PaO2/FIO2 ratio within the

study according to the primary causes of ARDS. The pri-

mary cause of ARDS varied among studies included in this

meta-analysis. Furthermore, some studies have not described

the primary causes. Second, several interventions included in

the study may have affected mortality; however, this study

did not focus on the investigation of causality but rather on

the prediction or diagnostic accuracy of PaO2/FIO2. Third,

we searched only for MEDLINE and the Cochrane Central

Register of Controlled Trials and did not search for gray lit-

erature and did not search or non-English literature because
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Figure　6.　Summary of the receiver-operating characteristic (SROC) curve with summary point 
estimates of sensitivity and specificity with 95% confidence intervals (CIs) for a PaO2/FIO2 of 200. 
Black plot (with dotted circle): Represents the pooled estimate of sensitivity and specificity with its 
95% CI. White plots: Show the individual sensitivity and specificity values reported from each study. 
Solid line: Depicts the SROC curve, summarizing the diagnostic accuracy across the included studies. 
Plot size: The size of each plot reflects the sample size of the respective study, meaning that larger 
circles correspond to studies with more participants, indicating their relative weight in the analysis.

of our limited recourse to databases; therefore, there may

have been an omission in the selected literature. Fourth, this

study focused on the PaO2/FIO2 ratio as the sole prognostic

indicator. Although the PaO2/FIO2 ratio is a convenient and

rapid measure with consistency and objectivity across differ-

ent settings, it does not account for other prognostic factors

that might provide a more comprehensive predictive model.

The inclusion of additional factors such as patient-specific

characteristics or other clinical indicators might be able to

enhance the predictive power of future analyses. This will

be the subject of further investigation in subsequent studies.

Finally, the current study was conducted simultaneously

with the analysis in clinical question (CQ) 3 of the ARDS

Clinical Practice Guideline 2021 (38) and reflects the dis-

cussions involved in guideline development, yet it differs in

several key aspects. First, the previous study included the

same cohorts as the two studies (22, 31), but these cohorts

were identical. In the present study, to avoid population

overlap, only the newest and largest cohorts (31) were in-

cluded. Second, a study (39) previously included in the

guideline (38) was excluded from this analysis because the

correct cutoff point was P/F 150, not P/F 100, as it was

rounded to in the previous study. Consequently, the total

number of studies included in the analysis decreased from

23 to 21. In addition, an analysis of an SROC curve was

added to this study to make the results more visually under-

standable.

Conclusions

In conclusion, our SRMA found that PaO2/FIO2 does not

have impressive prognostic accuracy for mortality. Based on

our findings, PaO2/FIO2 may not be able to solely be used as

a prognostic tool for mortality in clinical settings.
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