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ABSTRACT

Background: The ratio of arterial oxygen partial pressure to fraction of inspired oxygen (PaO,/FiO,, 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>40kPa (normal), 30-40kPa (mild impairment), 20-30kPa (mod-
erate impairment), 10-20kPa (severe impairment), and < 10kPa (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.
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provided the original work is properly cited.
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Conclusion: P/F ratio cutoffs using 10kPa (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 10kPa are better than 13kPa 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
(Pa0,/FiO, 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 10kPa (75mmHg) in MODS [7] to
13.3kPa (100mmHg) in the ARDS criteria [8] and SOFA score [5],
while LODS uses a single threshold of 20kPa (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 (FiO, 0.21) must have a PaO, >11.2kPa (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 FiO,
of 0.3 in cases where the accurate FiO, was not attainable. This
assumption was made based on observations that the actual
FiO, 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 (100mmHg, i.e.,
13.3kPa 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 24h 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 62years. 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, 49.5kPa (Interquartile Range [IQR]
44.6-55.2kPa). More intensive respiratory support was associ-
ated with lower P/F ratios: the median P/F ratio was 33.6kPa
(IQR 28.9-39.3kPa) in patients treated with COT, and 20.9kPa
(IQR 15.3-28.0kPa) in patients treated with NIV. Patients re-
ceiving IMV had a broader distribution of P/F ratio (median
28.6kPa, IQR 20.9-39.0kPa). The share of patients receiving
advanced respiratory support with a P/F ratio below 20kPa was
26.9%, and below 10kPa 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 FiO, 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, 26.6kPa, and 11.1% had a ratio below 13kPa.
Among those not receiving advanced respiratory support,
21.7% had a P/F ratio below 26.6kPa, and 3.1% had a ratio
below 13.3kPa.

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 el in the Supporting Information) included a set very
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TABLE1 | 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 32.6kPa (24.2-42.6kPa) 29.6kPa (19.5-42.4kPa)
245mmHg (182-320mmHg) 222mmHg (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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FIGURE1 | 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.

close to 10kPa 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 44.5kPa, log-rank statistic 354.7). The
third-best set of cutoffs was close to the 13.3kPa (100 mmHg)
intervals used in the original SOFA score (13.2, 26.2, 39.6,
52.6kPa, 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 10kPa intervals resulted in a more
distinct separation between the groups compared to the origi-
nal SOFA grouping of 13.3kPa P/F ratio intervals (Figure 2).
In the log-rank test, the separation was statistically significant
between all 10kPa groups, whereas some of the original SOFA
groups were overlapping (Table 3).

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

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>40kPa (300 mmHg) Normal function

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

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

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

10kPa (75mmHg) > P/F ratio Critical impairment

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).
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FIGURE2 | A Kaplan-Meier plot demonstrating the separation in survival between the severity categories of respiratory dysfunction, when cate-

gories were based on 10kPa (75 mmHg) intervals between arterial oxygen partial pressure and inspired oxygen fraction (P/F) ratio cutoffs (left panel)

or 13.3kPa (100mmHg) 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: 10kPa intervals

Pairwise comparisons of respiratory
function categories: 13.3kPa

between P/F ratio cutoffs Chi square intervals between P/F ratio cutoffs Chi square
Normal vs. mildly impaired respiratory 4.9 (p=0.03) > 53.3kPavs. 40-53.3kPa 1.5(p=0.2)
function (>40kPa vs. 30-40kPa)

Mildly vs. moderately impaired respiratory 20.6 (p<0.001) 40-53.3kPavs. 26.6-40kPa 2.9 (p=0.09)
function (30-40kPa vs. 20-30kPa)

Moderately vs. severely impaired respiratory ~ 44.7 (p <0.001) 26.6-40kPa vs. 13.3-26.6kPa 84.9 (p<0.001)

function (20-30kPa vs. 10-20kPa)

Critically vs. severely impaired respiratory
function (10-20kPa vs. <10kPa)

23.8 (p<0.001)

13.3-26.6kPa vs. <13.3kPa 41.3 (p<0.001)

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<30kPa, 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 10-20kPa) (chi-square
0.55, p=10.45) or critical impairment (P/F ratio <10kPa) (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 65years. 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 10kPa intervals were
used, except for the distinction between normal and mildly im-
paired respiratory function. When the 13.3kPa 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 10kPa interval cut-
offs were used (AUROC 0.615, 95% CI 0.607-0.622) compared
to 13.3kPa interval cutoffs (AUROC 0.610, 95% CI 0.603-0.618),
p<0.001. The 10kPa intervals outperformed the 13.3kPa
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FIGURE 3 | The number of patients (left y-axis) categorized in each respiratory impairment category (x-axis) is depicted with red bars for the

10kPa (75mmHg) grouping intervals and turquoise bars for the 13.3kPa (100mmHg) grouping intervals. Mortality (right y-axis) in each category is

shown with lines: The solid line with filled circles represents the 10kPa grouping intervals, while the dashed line with triangles represents the cur-

rent respiratory 13.3kPa 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
(>40kPavs. 30-40kPa)

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

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

Very severely vs. severely impaired
respiratory function (10-20kPa vs. <10kPa)

0.14 (p=0.90)

10.4 (p=0.001)

224.5 (p<0.001)

547.5 (p<0.001)

>53.3 vs. 40-53.3kPa 0.85 (p=0.35)

40-53.3kPa vs. 26.6-40kPa 1.3(p=0.25)
26.6-40kPa vs. 13.3-26.6kPa 97.5 (p<0.001)
13.3-26.6kPa vs. <13.3kPa 848.7 (p<0.001)

Abbreviation: P/F ratio, ratio of arterial oxygen partial pressure to inspired oxygen fraction.

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 13.3kPa cutoffs did
not outperform the 10kPa cutoffs in any of the sensitivity analysis
groups (See Figures el-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.
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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 10kPa
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 13.3kPa 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 75mmHg 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 30kPa, 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 10kPa (75 mmHg) categories of P/F ratio de-
scribe the range of respiratory function in intensive care better
than the 13.3kPa (100 mmHg) categories used by the SOFA and
ARDS scores.

Measuring peripheral oxygen saturation (SpO,/FiO, 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 SpO,/FiO, 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, SpO,/FiO, 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 PaO,/(FiO,*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 PaO, 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 FiO, depends heavily on
flow and the patient's minute ventilation [13]. For nearly 85% of
the patients in the COT group, the exact FiO, 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 10kPa (75 mmHg) in-
tervals describe the range of respiratory function in intensive
care better than the categories based on cutoffs with 13.3kPa
(100mmHg) 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.
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