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ABSTRACT
Background: The ratio of arterial oxygen partial pressure to fraction of inspired oxygen (PaO2/FiO2, hereafter P/F ratio) is a 
key component of the Sequential Organ Failure Assessment (SOFA) score. It reflects the severity of hypoxaemic respiratory fail-
ure. The ongoing revision of the SOFA score requires data-driven cutoffs for P/F ratio as well as rational criteria for respiratory 
support. In this study, we aimed to determine the optimal P/F ratio cutoffs for determining respiratory failure categories in the 
revised SOFA score and examined whether advanced respiratory support should be a prerequisite for the most severe categories.
Methods: We used the database of the intensive care unit of Kuopio University Hospital, Finland, for cutoff derivation and the 
eICU database, a multicenter U.S. intensive care registry, for external validation. We identified cutoffs most discriminative for 
hospital mortality using the log-rank statistic test with the Contal and O'Quigley method. In external validation, these cutoffs 
were compared with those in the current respiratory SOFA score.
Results: Optimal cutoffs were identified as follows: P/F ratio > 40 kPa (normal), 30–40 kPa (mild impairment), 20–30 kPa (mod-
erate impairment), 10–20 kPa (severe impairment), and ≤ 10 kPa (critical impairment). These cutoffs resulted in clear separation 
of the severity categories (chi-square for log-rank statistic 356.9). They outperformed the current respiratory SOFA score cutoffs 
in the validation cohort (AUROC 0.615, 95% CI 0.607–0.622 vs. AUROC 0.610, 95% CI 0.603–0.618, p < 0.001). Advanced res-
piratory support was associated with higher mortality, but its inclusion as a prerequisite improved discrimination only in the 
moderately impaired respiratory function category, not in the severely or critically impaired categories.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.
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Conclusion: P/F ratio cutoffs using 10 kPa (75 mmHg) intervals were identified to be optimal for distinguishing stages of respira-
tory failure severity. The impact of respiratory support on P/F ratio–mortality associations suggests the need to calibrate any P/F 
ratio-based score by support level, but optimal calibration methods require further study.
Editorial Comment: In this study, the cut-off values for the partial pressure of arterial oxygen to the fraction of inspired oxygen 
(P/F ratio) were investigated in a large Finnish intensive care database and validated externally with the US intensive care regis-
try. The aim was to support a revision of the cut-off values for the P/F ratio in the Sequential Organ Failure Assessment (SOFA) 
score. The results showed that incremental changes in the P/F ratio of 10 kPa are better than 13 kPa and emphasize the need for 
critical assessment of the current SOFA score.

1   |   Introduction

Respiratory failure is one of the major reasons for admission to 
the intensive care unit (ICU), either as an isolated impairment 
or as part of the multiorgan failure process. It is among the lead-
ing causes of mortality in ICU patients [1, 2]. A straightforward 
method to estimate the severity of respiratory failure is to measure 
the partial pressure of oxygen in arterial blood, which depends on 
the fraction of oxygen in inhaled gas, the lung gas exchange capac-
ity, airway pressure (especially positive end-expiratory pressure, 
driving pressure, PEEP), and ventilation [3, 4]. The ratio of arterial 
oxygen partial pressure to the fraction of oxygen in inhaled gas 
(PaO2/FiO2 ratio, hereafter P/F ratio) has become an established 
measure for the severity of hypoxaemic respiratory failure.

Due to its simplicity, P/F ratio is widely used in organ failure 
scores, such as the Sequential Organ Failure Assessment (SOFA) 
score [5], Multiple Organ Dysfunction Score (MODS) [6], and 
Logistic Organ Dysfunction Score (LODS) [7]. Along with the 
requirement for PEEP, P/F ratio also forms the basis of the 
Berlin criteria and its proposed 2024 update for acute respiratory 
distress syndrome (ARDS) definition [8, 9].

However, the P/F ratio cutoffs used to differentiate stages of respi-
ratory failure are arbitrary and differ between the scoring systems. 
The cutoff intervals vary from 10 kPa (75 mmHg) in MODS [7] to 
13.3 kPa (100 mmHg) in the ARDS criteria [8] and SOFA score [5], 
while LODS uses a single threshold of 20 kPa (150 mmHg) [7].

Moreover, it remains unclear how to best include mechanical ven-
tilation and other modes of respiratory support into the severity 
definition. The P/F ratio may be dependent on the level of PEEP 
and other measurements of respiratory dynamics, suggesting the 
importance of calibration based on respiratory support.

The SOFA score, the most widely used organ failure score, is cur-
rently being updated after remaining unchanged for three de-
cades [10]. Therefore, reassessing the P/F cutoffs for respiratory 
failure severity scoring is timely. Justifications for revising the 
respiratory SOFA score include: (1) mortality clearly increases 
only at a current respiratory SOFA score of 3 or higher, indicat-
ing poor discrimination at lower scores [11]; and (2) patients on 
room air (FiO2 0.21) must have a PaO2 > 11.2 kPa (84 mmHg) to 
score 0. That high threshold may misclassify especially elderly 
patients without true respiratory dysfunction.

This study was conducted to support the SOFA 2 respiratory 
working group's decision-making as part of the larger SOFA up-
date committee. The primary objective was to establish practical 

data-driven cutoffs for the P/F ratio that more consistently cor-
relate with increasing mortality risk. We also aimed to determine 
whether the need for advanced respiratory support [non-invasive 
ventilation (NIV) or invasive mechanical ventilation (IMV)] adds 
predictive value in addition to the P/F ratio. We planned to derive 
the optimal P/F cutoffs for determining severities of respiratory 
failure using a single-center population with subsequent external 
validation using an extensive multicenter database.

2   |   Methods

We conducted a registry-based study using a single-center cohort 
in the derivation phase and a multicenter database design for ex-
ternal validation. Permission for derivation cohort data use was 
obtained from Kuopio University Hospital (KUH) administra-
tion in Finland (reference number: 478/2021). No interventions 
were performed on the study patients. Following Finnish legis-
lation, the need to obtain individual patient consent was waived.

2.1   |   Study Population and Variables

For the derivation cohort, we included consecutive patients admit-
ted to the mixed medical-surgical ICU at KUH between January 
1, 2013 and July 31, 2018. Patients for scheduled surgery, patients 
admitted solely for potential organ donation, and all readmissions 
were excluded. For cutoff validation, we used the eICU database, 
which includes admissions from different types of ICUs in the 
United States during 2014–2015 and is freely available to registered 
researchers [12]. We included adult patients aged over 18 years who 
were admitted to the ICU, with at least one P/F value recorded and 
data on respiratory support measured during the first 24 h, as well 
as data on vitality status at hospital discharge.

We used the P/F ratio data from the first 24 h after ICU admis-
sion and chose the lowest value recorded during that period. In 
patients with conventional oxygen therapy (COT) such as low-
flow or high-flow nasal cannula (HFNC), we assumed an FiO2 
of 0.3 in cases where the accurate FiO2 was not attainable. This 
assumption was made based on observations that the actual 
FiO2 at the trachea is at least around 0.3 with commonly used 
flow rates of 2–4 L/min in clinical intensive care practice [13].

For the derivation cohort, information describing the level of 
respiratory support was based on logged therapeutic interven-
tion scoring system (TISS-76) parameters or a separate record 
of advanced respiratory support [14]. According to the logic of 
the TISS-76 system, if the patient received different levels of 
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respiratory support during the first 24 h, then the most intensive 
level used was recorded.

2.2   |   Preset Requirements for the Cutoffs

According to the SOFA score framework, we aimed to deter-
mine five severity categories for impairment of respiratory func-
tion (described as normal, and mildly, moderately, severely, and 
critically impaired respiratory function). Preset requirements 
included that we did not require a linear increase in mortality 
across categories. Instead, we searched for cutoffs for the P/F 
ratio that would result in the clearest distinction between sever-
ity categories using the risk of death as a proxy. We decided a 
priori that if the statistical method would provide multiple sets 
of cutoffs with similar associations with the risk of death, we 
would prioritize cutoffs that are easy to remember and use in 
clinical practice.

2.3   |   Statistical Methods

We used death during the hospitalization as the primary 
outcome.

In the cutoff derivation phase, we first determined the distribu-
tion of the P/F ratio for each level of respiratory support: no re-
spiratory support, COT (including use of HFNC), NIV, and IMV. 
The distribution was visualized using kernel density estimation. 
The use of HFNC was not recorded separately in the databases. 
Thus, we analyzed patients on HFNC along with others in the 
COT group.

We then determined the P/F ratio cutoffs for defining differ-
ent levels of respiratory impairment using log-rank survival 
analysis. The goal was to identify cutoffs that would provide 
the most significant separation in mortality between the five 
groups. Thus, we searched for the cutoffs resulting in the high-
est chi-square log-rank statistic, using the Contal and O'Quigley 
method [15]. We used P/F ratio values ranging from the 5th to 
the 95th percentile, in 1% increments, as candidate cutoffs. To 
identify the set of cutoffs yielding the highest log-rank test sta-
tistic, all possible combinations of these candidate cutoffs were 
evaluated. Eventually, we rounded the cutoffs to the nearest 
practical and easily memorable value. We used Kaplan–Meier 
plots with pairwise comparisons between adjacent categories 
to depict separation using the log-rank test (Mantel–Cox). We 
used the cutoffs from the original SOFA score (100 mmHg, i.e., 
13.3 kPa intervals) as the reference for comparison.

Subsequently, we determined whether adding the receipt of ad-
vanced respiratory support (NIV or IMV) as an additional crite-
rion for respiratory impairment levels improves the goodness of 
fit for the P/F cutoff-based criteria. To do this, we assessed the 
impact of including the need for advanced respiratory support 
at the levels of mild to critical, moderate to critical, or severe to 
critical impairment stage. We performed this testing using the 
likelihood ratio test.

We assessed the predictive ability of the cutoffs using the Area 
Under the Receiver Operating Characteristic (AUROC). We 

compared the AUROC results to those obtained using the origi-
nal respiratory SOFA score cutoffs using the DeLong test.

In the validation cohort, we performed further sensitivity anal-
yses to determine whether the cutoffs function differently in 
specific subgroups. The subgroups included patients admitted to 
the ICU for respiratory-related as compared to non-respiratory-
related diagnoses as the admission cause, patients requiring 
advanced respiratory support during the first 24 h in the ICU as 
compared to those not requiring it, and patients in different age 
quartiles.

The differences between categorical variables were assessed 
using the chi-square test.

We performed the statistical analyses using IBM SPSS Statistics, 
version 29, and R version 4.3.2 (packages: KMsurv, survival, 
survMisc, pROC).

3   |   Results

The derivation cohort consisted of 5848 patients. The majority 
of these (63%) were male, and the median age was 62 years. ICU 
mortality in the cohort was 8% and hospital mortality was 13%. 
The more detailed characteristics of study patients are described 
in Table 1.

The distribution of the P/F ratio varied across different levels 
of respiratory support. The median P/F ratio was highest in pa-
tients breathing room air, 49.5 kPa (Interquartile Range [IQR] 
44.6–55.2 kPa). More intensive respiratory support was associ-
ated with lower P/F ratios: the median P/F ratio was 33.6 kPa 
(IQR 28.9–39.3 kPa) in patients treated with COT, and 20.9 kPa 
(IQR 15.3–28.0 kPa) in patients treated with NIV. Patients re-
ceiving IMV had a broader distribution of P/F ratio (median 
28.6 kPa, IQR 20.9–39.0 kPa). The share of patients receiving 
advanced respiratory support with a P/F ratio below 20 kPa was 
26.9%, and below 10 kPa 4.7%, while among patients not receiv-
ing advanced respiratory support, these percentages were 3.2% 
and 0.3%, respectively (Figure 1).

Hospital mortality was 2.4% in patients without any respira-
tory support, 6.5% in those receiving COT, 19.0% in those re-
ceiving NIV, and 19.3% in those treated with IMV (Figure 1). 
In the COT group, the exact FiO2 corresponding to the lowest 
P/F ratio was missing for 84.7% of patients. Of the patients 
receiving advanced respiratory support, 47.7% had a P/F ratio 
below 200, 26.6 kPa, and 11.1% had a ratio below 13 kPa. 
Among those not receiving advanced respiratory support, 
21.7% had a P/F ratio below 26.6 kPa, and 3.1% had a ratio 
below 13.3 kPa.

3.1   |   Definition of P/F Cutoffs

According to the predetermined cutoff requirements, we iden-
tified four optimal P/F cutoff points to define five categories 
of respiratory failure severity. The two sets of cutoffs that 
resulted in the most distinct separation between groups (see 
Table  e1 in the Supporting Information) included a set very 
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TABLE 1    |    The background characteristics of patients in the derivation and validation cohorts.

Characteristic Derivation cohort Validation cohort

Number 5848 38,843

Sex (male) 3665 (62.7%) 21,793 (56.1%)

Age (median, IQR) 62 (51–70) 65 (54–75)

ICU mortality 464 (7.9%) 4953 (12.8%)

Hospital mortality 754 (12.9%) 7187 (18.5%)

Type of ICU admitted

Medical-surgical ICU 5848 (100%) 18,665 (48.1%)

Cardiac/cardiothoracic ICU 0 11,097 (28.5%)

Medical ICU 0 4109 (5.6%)

Surgical ICU 0 2780 (7.2%)

Neuro ICU 0 2192 (5.6%)

Level of respiratory support

None 830 (14.2%) 1531 (3.9%)

Conventional oxygen therapy 1819 (31.1%) 7778 (20.0%)

Non-invasive ventilation 543 (9.3%) 4301 (11.1%)

Invasive mechanical ventilation 2656 (45.4%) 25,233 (65.0%)

Median P/F ratio 32.6 kPa (24.2–42.6 kPa)
245 mmHg (182–320 mmHg)

29.6 kPa (19.5–42.4 kPa)
222 mmHg (146–318 mmHg)

Patient admitted from

Emergency department 3291 (56.3%) 12,960 (33.4%)

Operation theater or post-anesthesia care unit 1276 (21.8%) 7725 (19.9%)

Ward 751 (12.8%) 4538 (11.7%)

Another ICU 67 (1.1%) 36 (0.1%)

Another surveillance unit 160 (2.7%) 747 (1.9%)

Other/unknown 265 (4.5%) 12,838 (33.0%)

Leading cause of admission

Cardiothoracic surgery 359 (6.1%) 7093 (18,2%)

Other cardiovascular cause 531 (9.0%) 4088 (10.5%)

Post cardiac arrest 197 (3.3%) 2600 (6.7%)

Sepsis 298 (5.0%) 5975 (15.3%)

Gastrointestinal 980 (9.9%) 2273 (7.0%)

Drug overdose 182 (3.1%) 1133 (2.9%)

Metabolic/renal 510 (8.7%) 1528 (3.6%)

Neurologic 1285 (21.9%) 3486 (8.9%)

Respiratory 631 (10.7%) 7550 (19.4%)

Trauma 648 (11.0%) 1101 (2.8%)

Other/unknown 306 (5.2%) 1338 (3.4%)

Abbreviations: ICU, intensive care unit, IQR, inter-quartile range; P/F ratio, ratio of arterial oxygen partial pressure to inspired oxygen fraction.
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close to 10 kPa intervals (9.8, 19.7, 29.6, and 39.6 kPa, log-rank 
statistic 354.2) and another one with less practical intervals 
(11.2, 22.2, 33.4, and 44.5 kPa, log-rank statistic 354.7). The 
third-best set of cutoffs was close to the 13.3 kPa (100 mmHg) 
intervals used in the original SOFA score (13.2, 26.2, 39.6, 
52.6 kPa, log-rank statistic 343.6). As decided a priori, out of 
the two best sets of cutoffs with almost equal log-rank statistic 
value, we gave priority to the more practical set. Therefore, 
we chose cutoffs of 10 kPa intervals with convenient rounding 
(Table 2). For rounded values, the chi-square for log-rank sta-
tistic pooled over strata was 356.9.

The grouping cutoffs with 10 kPa intervals resulted in a more 
distinct separation between the groups compared to the origi-
nal SOFA grouping of 13.3 kPa P/F ratio intervals (Figure  2). 
In the log-rank test, the separation was statistically significant 
between all 10 kPa groups, whereas some of the original SOFA 
groups were overlapping (Table 3).

When a 10 kPa cutoff interval was used, patient numbers de-
creased and mortality increased with increasing severity cate-
gory. With the 13.3 kPa cutoff interval, the 26.6–40 kPa category 
had the highest number of patients, and a clear increase in 
mortality was only observed in the two most severe categories 
(Figure 3).

3.2   |   Effect of Respiratory Support

On the admission day, 9.3% of patients were on NIV and 45.4% 
on IMV; that is, 54.7% of patients received advanced respiratory 
support (NIV or IMV). Patients receiving advanced respiratory 
support had higher mortality (19.3%) compared to other patients 
(5.0%) (p < 0.001). Mortality did not differ between patients re-
ceiving IMV (19.3%) or NIV (19.0%) (p = 0.85).

FIGURE 1    |    The distribution of patients by oxygen partial pressure to inspired oxygen fraction (P/F) ratio and the associated hospital mortality in 
the derivation cohort (n = 5848). The cohorts of patients breathing room air with no respiratory support (none), those treated with conventional oxy-
gen therapy (COT), patients receiving non-invasive ventilation (NIV), and those on invasive mechanical ventilation (IMV) are reported in separate 
panels, along with an overall population panel. The distribution, illustrated by the kernel density function, is shown as a grey area, while hospital 
mortality is represented by a red line with a locally estimated scatterplot smoothing (LOESS) curve.

TABLE 2    |    The arterial oxygen partial pressure to inspired oxygen 
fraction (P/F) ratio cutoffs used and the descriptive definitions of the 
categories.

P/F ratio range Respiratory function

P/F ratio > 40 kPa (300 mmHg) Normal function

40 kPa (300 mmHg) ≥ P/F 
ratio > 30 kPa (225 mmHg)

Mild impairment

30 kPa (225 mmHg) ≥ P/F 
ratio > 20 kPa (150 mmHg)

Moderate impairment

20 kPa (150 mmHg) ≥ P/F 
ratio > 10 kPa (75 mmHg)

Severe impairment

10 kPa (75 mmHg) > P/F ratio Critical impairment
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When incorporating the receipt of advanced respiratory sup-
port (NIV or IMV) as a prerequisite for scoring respiratory 
impairment severity levels, the goodness of fit of the cut-
offs improved only when advanced respiratory support was 
required for at least moderate respiratory impairment lev-
els (corresponding to a P/F ratio < 30 kPa, chi-square 12.9, 
p < 0.001). However, adding advanced respiratory support as 
a prerequisite did not improve the goodness of fit for higher 
levels of respiratory impairment. The change was not signif-
icant for severe impairment (P/F ratio 10–20 kPa) (chi-square 
0.55, p = 0.45) or critical impairment (P/F ratio ≤ 10 kPa) (chi-
square 0.003, p = 0.95).

3.3   |   External Validation Cohort

The external validation cohort, extracted from the eICU data-
base, included 38,843 admissions to 285 ICUs across 175 hospi-
tals. The distribution of ICUs by unit type is shown in Table 1. 

A majority of these patients were male (56.1%), and their me-
dian age was 65 years. Most of the patients (65.0%) were sup-
ported with IMV and 11.1% with NIV. The ICU mortality in 
this cohort was 12.8%, while the hospital mortality was 18.5% 
(Table 1).

There was a significant separation in survival between all re-
spiratory impairment categories when the 10 kPa intervals were 
used, except for the distinction between normal and mildly im-
paired respiratory function. When the 13.3 kPa intervals were 
used, there was significant separation between the moderately 
impaired and severely impaired groups, and between the se-
verely impaired and critically impaired respiratory function 
groups (Table 4).

Mortality prediction slightly improved when 10 kPa interval cut-
offs were used (AUROC 0.615, 95% CI 0.607–0.622) compared 
to 13.3 kPa interval cutoffs (AUROC 0.610, 95% CI 0.603–0.618), 
p < 0.001. The 10 kPa intervals outperformed the 13.3 kPa 

FIGURE 2    |    A Kaplan–Meier plot demonstrating the separation in survival between the severity categories of respiratory dysfunction, when cate-
gories were based on 10 kPa (75 mmHg) intervals between arterial oxygen partial pressure and inspired oxygen fraction (P/F) ratio cutoffs (left panel) 
or 13.3 kPa (100 mmHg) intervals between P/F ratio cutoffs (right panel).

TABLE 3    |    The results of the log-rank statistic test for pairwise comparisons of the adjacent categories in the derivation cohort: The chi-square 
estimates and p values.

Pairwise comparisons of respiratory 
function categories: 10 kPa intervals 
between P/F ratio cutoffs Chi square

Pairwise comparisons of respiratory 
function categories: 13.3 kPa 

intervals between P/F ratio cutoffs Chi square

Normal vs. mildly impaired respiratory 
function (> 40 kPa vs. 30–40 kPa)

4.9 (p = 0.03) > 53.3 kPa vs. 40–53.3 kPa 1.5 (p = 0.2)

Mildly vs. moderately impaired respiratory 
function (30–40 kPa vs. 20–30 kPa)

20.6 (p < 0.001) 40–53.3 kPa vs. 26.6–40 kPa 2.9 (p = 0.09)

Moderately vs. severely impaired respiratory 
function (20–30 kPa vs. 10–20 kPa)

44.7 (p < 0.001) 26.6–40 kPa vs. 13.3–26.6 kPa 84.9 (p < 0.001)

Critically vs. severely impaired respiratory 
function (10–20 kPa vs. ≤ 10 kPa)

23.8 (p < 0.001) 13.3–26.6 kPa vs. ≤ 13.3 kPa 41.3 (p < 0.001)
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intervals in patients admitted to the ICU for non-respiratory 
causes, patients requiring and not requiring advanced respiratory 
support, and in two age quartile groups. The 13.3 kPa cutoffs did 
not outperform the 10 kPa cutoffs in any of the sensitivity analysis 
groups (See Figures e1–e3 in the Supporting Information).

4   |   Discussion

In this registry-based study, we established data-based cutoffs 
for the P/F ratio to divide patients into five categories of respi-
ratory function, ranging from normal to critically impaired. 

FIGURE 3    |    The number of patients (left y-axis) categorized in each respiratory impairment category (x-axis) is depicted with red bars for the 
10 kPa (75 mmHg) grouping intervals and turquoise bars for the 13.3 kPa (100 mmHg) grouping intervals. Mortality (right y-axis) in each category is 
shown with lines: The solid line with filled circles represents the 10 kPa grouping intervals, while the dashed line with triangles represents the cur-
rent respiratory 13.3 kPa grouping intervals.

TABLE 4    |    The results of the log-rank statistic test for pairwise comparisons of the adjacent categories in the validation cohort: The chi-square 
estimates and p values.

Pairwise comparisons of respiratory 
function categories: 75 mmHg intervals 
between P/F ratio cutoffs Chi square

Pairwise comparisons 
of respiratory function 

categories: 100 mmHg intervals 
between P/F ratio cutoffs Chi square

Normal vs. mildly impaired respiratory 
function
(> 40 kPa vs. 30–40 kPa)

0.14 (p = 0.90) > 53.3 vs. 40–53.3 kPa 0.85 (p = 0.35)

Mildly vs. moderately impaired respiratory 
function (30–40 kPa vs. 20–30 kPa)

10.4 (p = 0.001) 40–53.3 kPa vs. 26.6–40 kPa 1.3 (p = 0.25)

Moderately vs. severely impaired respiratory 
function (20–30 kPa vs. 10–20 kPa)

224.5 (p < 0.001) 26.6–40 kPa vs. 13.3–26.6 kPa 97.5 (p < 0.001)

Very severely vs. severely impaired 
respiratory function (10–20 kPa vs. ≤ 10 kPa)

547.5 (p < 0.001) 13.3–26.6 kPa vs. ≤ 13.3 kPa 848.7 (p < 0.001)

Abbreviation: P/F ratio, ratio of arterial oxygen partial pressure to inspired oxygen fraction.
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The study was initiated by the respiratory section of the SOFA 
2 working group with the intention of using data-driven deci-
sion support for defining the severity stages of respiratory fail-
ure. We aimed to develop a descriptive scale for the severity of 
respiratory dysfunction, not a predictive model. We searched 
for cutoffs leading to the maximum separation between the se-
verity categories while simultaneously being practical for clin-
ical use. Using cut-offs ranging from 10 to 40 kPa with 10 kPa 
intervals (one of the two equal best sets of cutoffs provided 
by our data-driven approach) resulted in good separation be-
tween the categories in hospital mortality. The cutoffs proved 
to be practical in a large external multicenter ICU population, 
and the AUROC-based prediction ability was more accurate 
compared to the 13.3 kPa intervals used in the SOFA score and 
the ARDS Berlin criteria [8, 9, 16]. A further support for these 
cutoffs is that they can be easily converted into mmHg (10 kPa 
equals 75 mmHg within the accuracy of a standard blood gas 
analysis device). Of note is that the cutoffs generated by the 
data-based approach in this study are identical to those used 
in the MODS score.

The advanced respiratory support (NIV or IMV) need was 
associated with a higher mortality risk, but this risk may 
stem from broader organ impairment rather than just respi-
ratory failure. The hospital mortality of intubated patients 
on IMV plateaued at a level above 10% with P/F between 55 
and 30 kPa, probably reflecting the impact of neurological and 
other conditions requiring airway protection in the absence 
of respiratory dysfunction. However, in patients supported 
with NIV, a lower P/F ratio appeared to be associated with 
higher hospital mortality throughout the range. Including the 
prerequisite of advanced respiratory support for the two most 
severe categories did not improve the separation of the groups 
in terms of mortality.

The SOFA score was introduced in 1996 and has since become 
the most widely used measure of multiorgan failure. Its purpose 
has expanded to use as an outcome measure in interventional 
trials [17] and as part of diagnostic criteria in the SEPSIS-3 defi-
nition [18]. However, there has been growing recognition of its 
outdatedness and a demand for its revision to better align with to-
day's ICU practices [11, 19]. The definitions of the different stages 
of organ failure, including respiratory failure, should ideally be 
based on population data rather than solely on expert opinions.

The primary requirements for measures in organ failure scores 
are that they should be as simple as possible, reflect the func-
tion of the target organ system accurately, and be readily avail-
able in clinical practice [16, 20]. In this regard, the P/F ratio is a 
well-recognized and widely adopted variable, since measuring 
arterial gas samples is common practice in general ICU patients 
and especially in patients with respiratory dysfunction. Our re-
sults indicate that 10 kPa (75 mmHg) categories of P/F ratio de-
scribe the range of respiratory function in intensive care better 
than the 13.3 kPa (100 mmHg) categories used by the SOFA and 
ARDS scores.

Measuring peripheral oxygen saturation (SpO2/FiO2 ratio) has 
been proposed as a “surrogate” for the P/F ratio. Indeed, several 
studies have demonstrated a correlation between the two, and 
there have been suggestions to use SpO2/FiO2 as an alternative 

for assessing disease severity, particularly in settings where 
blood gas analyzers may be unavailable, such as in developing 
regions [21–25]. However, SpO2/FiO2 has numerous drawbacks. 
It is inaccurate in hypoxic and low perfusion states. Moreover, it 
is subject to anemia and movement artifacts [26].

The P/F ratio is well established for measuring the severity of 
respiratory impairment [27, 28]. Nonetheless, numerous studies 
have shown that the P/F ratio is influenced by various factors. It 
is well known that ventilator settings, especially the application 
of PEEP, modify the P/F ratio [3, 4]. An interesting suggestion is 
to add PEEP to the equation by calculating a PaO2/(FiO2*PEEP)-
ratio [29]. Recruitment maneuvers and prone positioning are 
frequently used methods for improving ventilation–perfusion 
matching and thereby oxygenation [4, 30–32]. Gilissen et  al. 
demonstrated that the classification can also be more accurate 
if a PaO2 value, standardized according to Dalton's law based 
on hypercapnia and atmospheric pressure, is used [33]. Feiner 
and Weiskopf evaluated a number of P/F ratio-affecting factors, 
including respiratory quotient and hemoglobin level [28]. We 
acknowledge the limitations and sources of bias related to the 
P/F ratio. However, when selecting measures for organ failure 
scores, it is essential to keep the scoring system as simple as pos-
sible to ensure its practical application.

5   |   Limitations

We acknowledge that the registry-based study design introduces 
significant limitations. Although the cutoffs proved to be prac-
tical in a large external multicenter ICU population, applying 
multiple cutoffs simultaneously in the Contal and O'Quigley 
method may involve a risk of over-optimization. Including 
only patients for whom the P/F ratio was available (for whom 
the arterial gas monitoring was deemed to be necessary) may 
have resulted in a selected patient cohort skewed toward the 
most severely ill individuals. We did not have data on clinical 
interventions that could affect P/F ratio values, such as prone 
positioning and recruitment maneuvers [4, 30]. Additionally, we 
did not have data on the non-respiratory SOFA subscores, and 
therefore, we were unable to assess the magnitude of change in 
the respiratory SOFA score on the full SOFA score. We were un-
able to investigate the significance of trends in respiratory cat-
egories with different P/F ratio cutoffs (delta respiratory SOFA 
score) during the following ICU days, as we only had robustly 
validated data for the first 24 h of the ICU stay.

Data on the extracorporeal membrane oxygenation (ECMO) 
was also missing, but we believe the percentage of patients with 
ECMO was negligible in the cohorts. Moreover, for patients with 
ECMO at ICU admission, the worst P/F ratio was likely recorded 
before cannulation.

The use of HFNC has become justified even in moderate to se-
vere respiratory failure [34–36]. Its use during this study's data 
collection was most probably low, but it is likely that the use has 
considerably increased since then [37]. It could be reasonable to 
categorize HFNC alongside advanced respiratory support tech-
niques such as NIV and IMV. However, we were not reliably able 
to distinguish HFNC-treated patients from other COT patients 
in this study.
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In patients receiving COT, the effective FiO2 depends heavily on 
flow and the patient's minute ventilation [13]. For nearly 85% of 
the patients in the COT group, the exact FiO2 was unknown, 
and FiO2 of 0.3 was approximated. In practice, significant vari-
ation in effective FiO2 was likely among COT patients, and this 
approximation may have considerably affected the P/F ratio 
distribution.

6   |   Conclusion

P/F ratio categories based on cutoffs with 10 kPa (75 mmHg) in-
tervals describe the range of respiratory function in intensive 
care better than the categories based on cutoffs with 13.3 kPa 
(100 mmHg) intervals used by the original SOFA score and 
ARDS definitions. The impact of the level of respiratory support 
on the association of P/F ratio with mortality supports the cali-
bration of any P/F ratio-based score according to the level of re-
spiratory support. The method for optimal calibration requires 
further study.

Author Contributions

A.P. and P.T.P. conceptualized and designed the study. P.T.P. developed 
the analytical methods and protocols in collaboration with A.P. A.P. 
conducted the formal data analysis with assistance from P.T.P., M.R., 
and T.S. A.P. and T.S. contributed to the software coding. A.P. prepared 
the tables and figures and drafted the manuscript. A.P., P.T.P., M.R., and 
J.G.L. provided substantial input on the initial interpretations of the 
results and made the first manuscript revisions. R.M., A.R., and M.S. 
make up the steering group of the SOFA-2 revision committee, while 
A.P., P.T.P., B.R., C.J., C.S., D.C., and G.S.M. form the respiratory sec-
tion under the supervision of J.G.L. All authors reviewed and contrib-
uted to the manuscript, approved the final version, and accepted full 
responsibility for its submission.

Acknowledgments

Open access publishing facilitated by Ita-Suomen yliopisto, as part of 
the Wiley - FinELib agreement.

Ethics Statement

The need to obtain ethics committee review was waived due to the ret-
rospective nature of the study following the Finnish legislation.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The derivation cohort dataset was analyzed with permission from the 
Kuopio University Hospital (KUH) administration in Finland (ref-
erence number: 478/2021). This dataset is not publicly available. The 
validation cohort dataset was extracted from the eICU Collaborative 
Research Database, a large multi-center critical care database made 
available by Philips Healthcare in partnership with the MIT Laboratory 
for Computational Physiology. Access to the eICU data can be requested 
at: https://​eicu-​crd.​mit.​edu/​.

References

1. J. Phua, J. R. Badia, N. K. J. Adhikari, et  al., “Has Mortality From 
Acute Respiratory Distress Syndrome Decreased Over Time?,” 

American Journal of Respiratory and Critical Care Medicine 179, no. 3 
(2009): 220–227.

2. J. Villar, J. Blanco, J. M. Añón, et al., “The ALIEN Study: Incidence 
and Outcome of Acute Respiratory Distress Syndrome in the Era of 
Lung Protective Ventilation,” Intensive Care Medicine 37, no. 12 (2011): 
1932–1941.

3. J. Villar, L. Pérez-Méndez, J. López, et  al., “An Early PEEP/FIO2 
Trial Identifies Different Degrees of Lung Injury in Patients With Acute 
Respiratory Distress Syndrome,” American Journal of Respiratory and 
Critical Care Medicine 176, no. 8 (2007): 795–804.

4. J. Villar, L. Pérez-Méndez, J. Blanco, et al., “A Universal Definition of 
ARDS: The PaO2/FiO2 Ratio Under a Standard Ventilatory Setting - A 
Prospective, Multicenter Validation Study,” Intensive Care Medicine 39, 
no. 4 (2013): 583–592.

5. J. L. Vincent, R. Moreno, J. Takala, et al., “The SOFA (Sepsis-Related 
Organ Failure Assessment) Score to Describe Organ Dysfunction/Fail-
ure,” Intensive Care Medicine 22, no. 7 (1996): 707–710.

6. J. C. Marshall, “The Multiple Organ Dysfunction (MOD) Score,” Sep-
sis (Boston) 1 (1994): 49–52.

7. J. R. Le Gall, J. Klar, S. Lemeshow, et al., “The Logistic Organ Dys-
function System: A New Way to Assess Organ Dysfunction in the Inten-
sive Care Unit,” Journal of the American Medical Association 276, no. 10 
(1996): 802–810.

8. V. M. Ranieri, G. Rubenfield, B. T. Thompson, et al., “Acute Respira-
tory Distress Syndrome: The Berlin Definition,” Journal of the American 
Medical Association 307, no. 23 (2012): 2526–2533.

9. M. A. Matthay, Y. Arabi, A. C. Arroliga, et al., “A New Global Defi-
nition of Acute Respiratory Distress Syndrome,” American Journal of 
Respiratory and Critical Care Medicine 209, no. 1 (2024): 37–47.

10. R. Moreno, A. Rhodes, L. Piquilloud, et al., “The Sequential Organ 
Failure Assessment (SOFA) Score: Has the Time Come for an Update?,” 
Critical Care 27, no. 1 (2023): 15.

11. A. Pölkki, P. T. Pekkarinen, J. Takala, T. Selander, and M. Rein-
ikainen, “Association of Sequential Organ Failure Assessment (SOFA) 
Components With Mortality,” Acta Anaesthesiologica Scandinavica 66, 
no. 6 (2022): 731–741.

12. T. J. Pollard, A. E. W. Johnson, J. D. Raffa, L. A. Celi, R. G. Mark, 
and O. Badawi, “The eICU Collaborative Research Database, a Freely 
Available Multi-Center Database for Critical Care Research,” Scientific 
Data 5 (2018): 5.

13. G. H. Markovitz, J. Colthurst, T. W. Storer, and C. B. Cooper, “Effec-
tive Inspired Oxygen Concentration Measured via Transtracheal and 
Oral Gas Analysis,” Respiratory Care 55, no. 4 (2010): 453–459.

14. D. J. Cullen, J. M. Civetta, B. A. Briggs, and L. C. Ferrara, “Thera-
peutic Intervention Scoring System: A Method for Quantitative Com-
parison of Patient Care,” Critical Care Medicine 2, no. 2 (1974): 57–60.

15. C. Contal and J. O'Quigley, “An Application of Changepoint Meth-
ods in Studying the Effect of Age on Survival in Breast Cancer,” Compu-
tational Statistics and Data Analysis 30, no. 3 (1999): 253–270.

16. R. Moreno, J. L. Vincent, R. Matos, et  al., “The Use of Maximum 
SOFA Score to Quantify Organ Dysfunction/Failure in Intensive Care. 
Results of a Prospective, Multicentre Study. Working Group on Sep-
sis Related Problems of the ESICM,” Intensive Care Medicine 25, no. 7 
(1999): 686–696.

17. S. Lambden, P. F. Laterre, M. M. Levy, and B. Francois, “The SOFA 
Score—Development, Utility and Challenges of Accurate Assessment 
in Clinical Trials,” Critical Care 23, no. 1 (2019): 374.

18. M. Singer, C. S. Deutschman, C. W. Seymour, et  al., “The Third 
International Consensus Definitions for Sepsis and Septic Shock (Sep-
sis-3),” Journal of the American Medical Association 315, no. 8 (February 
2016): 801–810.

 13996576, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aas.70137 by U

niversidade N
ova D

e L
isboa, W

iley O
nline L

ibrary on [25/11/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://eicu-crd.mit.edu/


10 of 10 Acta Anaesthesiologica Scandinavica, 2025

19. K. F. Bachmann, Y. M. Arabi, A. Regli, J. Starkopf, and A. Reintam 
Blaser, “Cardiovascular SOFA Score May Not Reflect Current Practice,” 
Intensive Care Medicine 48, no. 1 (2022): 119–120.

20. J. L. Vincent, A. de Mendonca, F. Cantraine, et al., “Use of the SOFA 
Score to Assess the Incidence of Organ Dysfunction/Failure in Inten-
sive Care Units: Results of a Multicenter, Prospective Study,” Critical 
Care Medicine 26, no. 11 (1998): 1793–1800.

21. N. Bilan, A. Dastranji, and A. Ghalehgolab Behbahani, “Comparison 
of the Spo 2/Fio 2 Ratio and the Pao 2/Fio 2 Ratio in Patients With Acute 
Lung Injury or Acute Respiratory Distress Syndrome,” Journal of Car-
diovascular and Thoracic Research 7, no. 1 (2015): 28–31.

22. A. I. Batchinsky, D. Wendorff, J. Jones, et al., “Noninvasive SpO2/
FiO2 Ratio as Surrogate for PaO2/FiO2 Ratio During Simulated Pro-
longed Field Care and Ground and High-Altitude Evacuation,” Journal 
of Trauma and Acute Care Surgery 89 (2020): S126–S131.

23. C. Sendagire, M. S. Lipnick, S. Kizito, et  al., “Feasibility of the 
Modified Sequential Organ Function Assessment Score in a Resource-
Constrained Setting: A Prospective Observational Study,” BMC Anes-
thesiology 17, no. 1 (2017): 12.

24. S. M. Brown, C. K. Grissom, M. Moss, et al., “Nonlinear Imputation 
of PaO2/FIO2 From SpO2/FIO2 Among Patients With Acute Respira-
tory Distress Syndrome,” Chest 150, no. 2 (2016): 307–313.

25. T. W. Rice, A. P. Wheeler, G. R. Bernard, D. L. Hayden, D. A. Schoen-
feld, and L. B. Ware, “Comparison of the SpO2/FIO2 Ratio and the PaO 
2/FIO2 Ratio in Patients With Acute Lung Injury or ARDS,” Chest 132, 
no. 2 (2007): 410–417.

26. A. Jubran, “Pulse Oximetry,” Critical Care 3, no. 2 (1999): R11–R17.

27. H. D. Covelli, V. J. Nessan, and W. K. Tuttle, “Oxygen Derived Vari-
ables in Acute Respiratory Failure,” Critical Care Medicine 11, no. 8 
(1983): 646–649.

28. J. R. Feiner and R. B. Weiskopf, “Evaluating Pulmonary Function: 
An Assessment of Pao2/Fio2,” Critical Care Medicine 45, no. 1 (2017): 
e40–e48.

29. S. Palanidurai, J. Phua, Y. H. Chan, and A. Mukhopadhyay, “P/FP 
Ratio: Incorporation of PEEP Into the PaO2/FiO2 Ratio for Prognos-
tication and Classification of Acute Respiratory Distress Syndrome,” 
Annals of Intensive Care 11, no. 1 (2021): 124.

30. L. Gattinoni, P. Taccone, E. Carlesso, and J. J. Marini, “Prone Po-
sition in Acute Respiratory Distress Syndrome Rationale, Indications, 
and Limits,” American Journal of Respiratory and Critical Care Medi-
cine 188, no. 11 (2013): 1286–1293.

31. J. Park, H. Y. Lee, J. Lee, and S. M. Lee, “Effect of Prone Position-
ing on Oxygenation and Static Respiratory System Compliance in 
COVID-19 ARDS vs. Non-COVID ARDS,” Respiratory Research 22, no. 
1 (2021): 220.

32. H. Y. Lee, J. Cho, N. Kwak, et  al., “Improved Oxygenation After 
Prone Positioning May be a Predictor of Survival in Patients With Acute 
Respiratory Distress Syndrome*,” Critical Care Medicine 48, no. 12 
(2020): 1729–1736.

33. V. J. H. S. Gilissen, M. V. Koning, and M. Klimek, “The Influence 
of Hypercapnia and Atmospheric Pressure on the pa o 2/F io 2Ratio 
- Pathophysiologic Considerations, a Case Series, and Introduction of a 
Clinical Tool,” Critical Care Medicine 50, no. 4 (2022): 607–613.

34. F. Vargas, M. Saint-Leger, A. Boyer, N. H. Bui, and G. Hilbert, “Phys-
iologic Effects of High-Flow Nasal Cannula Oxygen in Critical Care 
Subjects,” Respiratory Care 60, no. 10 (2015): 1369–1376.

35. R. L. Parke and S. P. McGuinness, “Pressures Delivered by Nasal 
High Flow Oxygen During All Phases of the Respiratory Cycle,” Respi-
ratory Care 58, no. 10 (2013): 1621–1624.

36. T. Mauri, C. Turrini, N. Eronia, et  al., “Physiologic Effects of 
High-Flow Nasal Cannula in Acute Hypoxemic Respiratory Failure,” 

American Journal of Respiratory and Critical Care Medicine 195, no. 9 
(2017): 1207–1215.

37. S. Oczkowski, B. Ergan, L. Bos, et al., “ERS Clinical Practice Guide-
lines: High-Flow Nasal Cannula in Acute Respiratory Failure,” Euro-
pean Respiratory Journal 59, no. 4 (2022): 2101574.

Supporting Information

Additional supporting information can be found online in the 
Supporting Information section. Data S1: aas70137-sup-0001-Supinfo.
pdf. 

 13996576, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aas.70137 by U

niversidade N
ova D

e L
isboa, W

iley O
nline L

ibrary on [25/11/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


	Optimal Cutoffs for the Ratio of Arterial Oxygen Partial Pressure to Inspired Oxygen Fraction in Categorizing Respiratory Impairment Severity in Organ Failure Scores
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Study Population and Variables
	2.2   |   Preset Requirements for the Cutoffs
	2.3   |   Statistical Methods

	3   |   Results
	3.1   |   Definition of P/F Cutoffs
	3.2   |   Effect of Respiratory Support
	3.3   |   External Validation Cohort

	4   |   Discussion
	5   |   Limitations
	6   |   Conclusion
	Author Contributions
	Acknowledgments
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement
	References


