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BACKGROUND: The oxygenation ratio (ie, PaO2 /FIO2) remains the most commonly used index

for assessing oxygenation and disease severity in patients with acute ARDS. However, the oxy-

genation ratio does not account for mechanical ventilation settings. We hypothesized that the ox-

ygenation factor (ie, oxygenation ratio/mean airway pressure) is superior to the oxygenation

ratio in reflecting oxygenation in patients with ARDS and results in a different classification of

ARDS severity. METHODS: In 150 subjects with ARDS (50 severe, 50 moderate, and 50 mild),

arterial blood gas, mean airway pressure, static lung compliance, driving pressure, and mechani-

cal power were obtained. The oxygenation ratio and the oxygenation factor were then calculated.

Receiver operating characteristic curves were constructed for oxygenation ratio and oxygenation

factor at lung compliance > 40 mL/cm H2O, driving pressure < 15 cm H2O, and mechanical

power < 17 J/min, thresholds that are known to predict survival in patients with ARDS.

Subjects were reclassified for ARDS severity on the basis of the oxygenation factor and com-

pared to classification on the basis of the oxygenation ratio. RESULTS: Areas under the receiver

operating characteristic curves for the oxygenation factor were significantly higher than for the

oxygenation ratio. Reclassification of ARDS severity using the oxygenation factor did not affect

subjects classified as having severe ARDS per the oxygenation ratio. However, 52% of subjects

with moderate ARDS per the oxygenation ratio criteria were reclassified as either severe (25

subjects) or mild ARDS (1 subject) on the basis of oxygenation factor criteria. Also, 54% of sub-

jects with mild ARDS per the oxygenation ratio criteria were reclassified as severe (4 subjects),

moderate (21 subjects), or non-ARDS (2 subjects) on the basis of oxygenation factor criteria.

CONCLUSIONS: The oxygenation factor was a superior ARDS oxygenation index compared to

the oxygenation ratio and should be considered as a substitute criteria for classification of the se-

verity of ARDS. (ClinicalTrials.gov registration NCT03946189.) Key words: acute respiratory dis-
tress syndrome; oxygenation ratio; oxygenation index; mechanical ventilation; mean airway pressure;
driving pressure; mechanical power. [Respir Care 0;0(0):1–�. © 0 Daedalus Enterprises]

Introduction

The oxygenation ratio, defined as PaO2
/FIO2

, was first

described by Horovitz et al1 in 1974, and since then it has

remained the most commonly used index for the assessment

of oxygenation status in patients with respiratory distress/fail-

ure.2,3 The oxygenation ratio has also been used consistently

to assess the effectiveness of different ventilatory support

Dr El-Khatib, Dr Ayoub, and Mr Fakih are affiliated with the Department

of Anesthesiology, American University of Beirut, Beirut, Lebanon. Dr

Bouakl is affiliated with the Department of Internal Medicine, American

University of Beirut, Beirut, Lebanon. Mr Chatburn is affiliated with the

Respiratory Institute, Cleveland Clinic, Cleveland, Ohio. Drs Farhat,

Msheik, and Hallal are affiliated with the Department of Surgery,

American University of Beirut, Beirut, Lebanon.

Drs El-Khatib and Bouakl are co-first authors.

Mr Chatburn discloses relationships with IngMar Medical and Vyaire

Medical. The remaining authors have no conflicts to disclose.

Correspondence: Ali H Hallal MD FRCS FACS, Department of Surgery,

American University of Beirut, Beirut, PO Box 11-0236, 1107 2020,

Lebanon. E-mail: ah05@aub.edu.lb.

DOI: 10.4187/respcare.07669

RESPIRATORY CARE � � � VOL � NO � 1

RESPIRATORY CARE Paper in Press. Published on July 21, 2020, as DOI: 10.4187/respcare.07669

Copyright (C) 2020 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE

mailto:ah05@aub.edu.lb


interventions (eg, use of PEEP, prone positioning, recruitment

maneuvers) in patients with ARDS.4-6

In 2011, the Berlin definition for ARDS was devel-

oped and recommended the use of oxygenation ratio as

the sole variable for differentiation of mild (oxygenation

ratio > 200 mm Hg and # 300 mm Hg), moderate (oxy-

genation ratio > 100 mm Hg and # 200 mm Hg), or

severe ARDS (oxygenation ratio # 100 mm Hg).7

However, the Berlin definition of ARDS did not elabo-

rate on several important mechanical ventilation settings

and only indicated that the PEEP had to be $ 5 cm H2O

for all 3 severity categories of ARDS.7

Villar et al8 stated that the stratification of severity of

ARDS subjects as proposed by the Berlin criteria is useless

for assessing severity of lung injury and could be harmful

for enrolling subjects into clinical trials. Furthermore, Villar

et al9,10 reported in 2 separate studies that the same subjects

in a certain ARDS severity category can be reclassified to

another ARDS severity category by adequate consideration

of the mechanical ventilation settings. Hernu et al11 could

not validate the Berlin definition of ARDS, stating that nei-

ther stratification by severity nor by oxygenation ratio at

study entry was independently associated with mortality.

Thille et al12 reported that the Berlin definition did not corre-

late with the presence of diffuse alveolar damage in > 50%

of subjects categorized as having moderate or severe

ARDS.

In light of the above findings, the oxygenation ratio

index might not be a sensitive and accurate indicator of the

severity of the lung disease or the oxygenation status, and it

could be reasonably argued that 2 patients with exactly the

same oxygenation ratios but different levels of mechanical

support (ie, one patient with a mean airway pressure (Paw)

of 10 cm H2O vs another patient with a Paw of 20 cm H2O)

should not be classified as having the same severity of oxy-

genation and ARDS. A recent national survey of > 400

multidisciplinary critical care providers proposed a consen-

sus for defining severe and refractory hypoxemia as either

an oxygenation ratio < 100 cm H2O or PaO2
< 60 mm Hg

and FIO2
> 0.7 for 1 h with PEEP$ 15 cm H2O rather than

any PEEP $ 5 cm H2O.
13 As such, current data available

from several studies support the need for a superior and

standardized method or index for the evaluation of oxygen-

ation status and severity of the disease in patients with

ARDS rather than providing only 3 ranges for oxygenation

ratio and stating that PEEP should be$ 5 cm H2O for all 3

of these ranges.8-13

We previously described the oxygenation index as

OF ¼ OR

Paw
¼ PaO2

FIO2 � Paw

where OF is the oxygenation factor and OR is the oxygen-

ation ratio.14 The oxygenation factor, which normalizes the

oxygenation ratio to Paw, takes into consideration important

mechanical ventilatory support variables such as PEEP,

inspiratory:expiratory ratio, and tidal volume (VT) or inspira-

tory pressure.15 Our study showed that the oxygenation factor

was more reliable than oxygenation ratio in reflecting intra-

pulmonary shunt in subjects undergoing coronary artery

bypass grafting and with no underlying lung disease.14 In

patients with ARDS, the oxygenation factor could be a better

discriminator than oxygenation ratio for reflecting oxygen-

ation status and severity of ARDS simply because the oxy-

genation factor incorporates an index of the level of

ventilatory support (ie, Paw), whereas the oxygenation ratio

does not.

The aim of this study was to compare the diagnostic

decision-making quality of the oxygenation factor to

that of the oxygenation ratio when used with 3 impor-

tant predictors of mortality in patients with ARDS:

static compliance,16 driving pressure,17 and mechanical

power.18 We hypothesized that the oxygenation factor is

superior to the oxygenation ratio in differentiating

patients with ARDS around critical thresholds of lung

compliance, driving pressure, and mechanical power. A

secondary hypothesis was that the distribution of

patients classified as having mild, moderate, or severe

ARDS on the basis of the oxygenation ratio would differ

from the classification made on the basis of the oxygen-

ation factor.

QUICK LOOK

Current knowledge

The oxygenation ratio, which is the ratio of PaO2
to FIO2

,

is the most commonly used indicator for oxygenation in

patients with ARDS. It is also an important component

of the Berlin definition for ARDS, and its value is con-

sidered the main differentiator between mild, moderate,

or severe ARDS. However, the oxygenation ratio does

not account for mechanical ventilation settings. We

hypothesized that the oxygenation factor (ie, oxygen-

ation ratio/mean airway pressure) is superior to the oxy-

genation ratio in reflecting oxygenation in patients with

ARDS and results in a different level of ARDS severity

classification.

What this paper contributes to our knowledge

When the oxygenation ratio was normalized to the

mean airway pressure, which is a major indicator of

mechanical ventilation settings, the resulting oxygen-

ation factor provided a stronger reflection of major

ARDS mortality indicators such as mechanical power,

driving pressure, and static lung compliance than the

oxygenation ratio.

OXYGENATION FACTOR AND OXYGENATION RATIO IN ARDS

2 RESPIRATORY CARE � � � VOL � NO �

RESPIRATORY CARE Paper in Press. Published on July 21, 2020, as DOI: 10.4187/respcare.07669

Copyright (C) 2020 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



Methods

Study Design and Population

We included 150 hemodynamically stable subjects of

both genders,> 18 y old and receiving invasive mechanical

ventilation in the ICU for respiratory distress/failure (ie, 50

subjects with oxygenation ratio # 100 mm Hg, 50 subjects

with oxygenation ratio > 100 mm Hg but # 200 mm Hg,

and 50 subjects with oxygenation ratio > 200 mm Hg but

# 300 mm Hg) in this study (Fig. 1). Enrollment was not

consecutive, and subjects were included based on their

PaO2
/FIO2

values. Once 50 subjects of a certain category of

ARDS severity were obtained, enrollment stopped for that

category. Patients from whom arterial blood samples could

not be obtained for arterial blood gas analysis and patients

with no adequate and reliable pulse oximetry measure-

ments were excluded from the study. We also excluded

patients receiving extracorporeal membrane oxygenation

or patients who were placed in the prone position. All

subjects were monitored with continuous electrocardiog-

raphy, blood pressure, and pulse oximetry. All subjects

were ventilated with a lung-protective strategy with me-

chanical ventilation settings selected and applied by the

medical team in charge of the medical care of the subjects,

with no interference from the research team.

After intubation and initiation of invasive mechanical

ventilation, a period of 2–6 h was allowed for the subject to

achieve steady state on the mechanical ventilator before any

data collection. During this time, the subjects were not dis-

turbed by nursing procedures and were not disconnected

from the ventilator for any reason. After the stabilization pe-

riod, arterial blood samples were collected on all subjects

using the same model of syringe (Pre-set Vacutainer

System, Beckton-Dickinson, Plymouth, United Kingdom).

Arterial blood samples were immediately subjected to

duplicate blood gas analysis in 2 separate blood gas

machines (RAPIDPoint 500, Siemens Healthcare

Diagnostics, Newark, Delaware) and the average PaO2

value from the duplicate measurements was used for

further calculations.

Basic demographic variables including age, height,

weight, gender, and primary disease were collected. The

ventilatory support parameters, namely mode of ventila-

tion, breathing frequency, VT, plateau pressure (Pplat),

inspiratory time, expiratory time, PEEP, and Paw, which

are readily available from the mechanical ventilator, were

collected when the arterial blood samples were obtained.

Additionally, the driving pressure (DP; measured as Pplat
minus total PEEP, where total PEEP ¼ set PEEP + auto-

PEEP), the static lung compliance (measured as VT/DP),
and the mechanical power (determined as described previ-

ously19,20) were also collected for all subjects. This study

was approved by the Institutional Review Board at the

American University of Beirut, and informed written con-

sent was obtained from the subjects’ legal guardians.

Study Measurements

For each subject the oxygenation ratio was calculated as

PaO2
/FIO2

, and the oxygenation factor was calculated as

PaO2
/(FIO2

� Paw). The receiver operating characteristic

curves were created to describe the predictive performances

of the oxygenation ratio and the oxygenation factor when

using a threshold of 15 cm H2O for the driving pressure,17 a

threshold of 17 J/min for the mechanical power,18 and a

threshold of 40 mL/cm H2O for the static respiratory sys-

tem compliance.16 These thresholds have been shown to

best differentiate between survival and death of patients

with ARDS receiving mechanical ventilation.16-18

Furthermore, new criteria based on the oxygenation factor

were created by (1) identifying the mean values for oxygen-

ation factor that corresponded to the classification ranges

based on the oxygenation ratio, then (2) creating range cutoff

values by adding 2 standard deviations to the mean oxygen-

ation factor values. Subsequently, all subjects originally

stratified for ARDS severity based on the oxygenation ratio

criteria were reclassified for ARDS severity based on the ox-

ygenation factor criteria. Then the percentages of subjects

who were reclassified from one ARDS category to another

using the new oxygenation factor criteria were calculated.

Statistical Analysis

Normally distributed continuous variables were summar-

ized as means6 SD, and non-normally distributed variables

were summarized with medians and 25–75% interquartile

range (IQR). Analysis of variance was used for the

Mechanically ventilated
Patients with ARDS in the ICU

150

Excluded
0

Mild ARDS
200 < P/F ≤ 300

50

Moderate ARDS
100 < P/F ≤ 200

50

Severe ARDS
P/F ≤ 100

50

Not included
in analysis

0

Not included
in analysis

0

Not included
in analysis

0

Analyzed
50

Analyzed
50

Analyzed
50

Fig. 1. Flow chart.
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comparison of continuous data. Areas under the curves were

determined for all receiver operating characteristic curves.

Sample size determination was based on a power analysis

considering a type-1 error of 5%, a type-2 error of 20% (ie,

power of 80%), a historical area under the curve of 0.62 for

the oxygenation ratio, and an expected area under the curve

of 0.8 for the oxygenation factor and indicated that $ 148

subjects were needed. We elected to include 150 subjects.

SPSS software (IBM, Armonk, New York) was used for

data analysis. STATA 14 software (StataCorp, College

Station, Texas) was used to compare the areas under the re-

ceiver operating characteristic curves for a statistical com-

parison between any 2 receiver operating characteristic

curves. Statistical significance was considered at P< .05.

Results

Subject demographics and ventilator support parameters

are presented in Table 1. All subjects were ventilated with

adaptive pressure ventilation continuous mandatory ventila-

tion (G5 Ventilator, Hamilton Medical AG, Switzerland).

This ventilation mode is classified as pressure control

continuous mandatory ventilation, which is the same classi-

fication as pressure-regulated volume control on other ven-

tilators.21 None of the subjects had auto-PEEP. Subjects

with an oxygenation ratio < 100 mm Hg had the lowest re-

spiratory system compliance, the highest breathing fre-

quency, the highest FIO2
requirements, the highest PEEP,

the highest Paw, and subsequently the lowest oxygenation

factor and the highest Pplat, DP, and mechanical power

(P< .05) (Table 1).

As shown in T2,F2Table 2 and Figure 2, the areas under the

curve for the oxygenation factor using respiratory system

compliance, driving pressure, and the mechanical power

cutoff thresholds of 40 mL/cm H2O, 15 cm H2O, and

17 J/min, respectively, were significantly higher than the

corresponding areas under the curve for the oxygenation

ratio compliance (Fig. 2A vs Fig. 2D), driving pressure

(Fig. 2B vs Fig. 2E), and mechanical power thresholds

(Fig. 2C vs Fig. 2F) (Table 2).

The areas under the curve of the receiver operating char-

acteristic curves for the oxygenation ratio and both the re-

spiratory system compliance (0.601, 95% CI 0.504–0.698)

and the driving pressure (0.616, 95% CI 0.526–0.706) were

of similar predictive values. However, the area under the re-

ceiver operating characteristic curve of the oxygenation ra-

tio and the mechanical power (0.877, 95% CI 0.821–0.933)

was higher than the areas under the curve for oxygenation

ratio and respiratory system compliance as well as for oxy-

genation ratio and driving pressure (Table 2).

Also, the area under the receiver operating characteristic

curves for the oxygenation factor and both the respiratory

system compliance (0.688, 95% CI 0.592–0.784) and driv-

ing pressure (0.698, 95% CI 0.614–0.781) were of similar

predictive values. However, the area under the receiver

operating characteristic curve of the oxygenation factor and

the mechanical power (0.970, 95% CI 0.947–0.993) was

higher than the areas under the curve for the oxygenation

factor and respiratory system compliance as well as for ox-

ygenation factor and driving pressure (Table 2).

The range of values for the oxygenation factor was

33 mm Hg/cm H2O (minimum of 1 mm Hg/cm H2O and a

Table 1. Subject Demographics and Ventilatory Support Parameters

Oxygenation Ratio
P

# 100 mm Hg > 100 and # 200 mm Hg > 200 and # 300 mm Hg

Age, y 60 6 20 63 6 22 64 6 21 .18

Gender (male/female) 21/29 32/18* 28/22 .09

Body mass index, kg/m2 28 6 5 28 6 4 27 6 4 .71

VT, mL 432 6 72 457 6 81 465 6 56 .06

VT/ideal body weight, mL/kg 7.3 6 1.1 7.1 6 .9 7.7 6 .9† .008

Oxygenation ratio, mm Hg 78 6 15 150 6 27* 251 6 31*† < .001

Oxygenation factor, mm Hg/cm H2O 4.3 6 2.5 10.6 6 4.8 20.3 6 6.4*† < .001

Breathing frequency, breaths/min 24 6 2 19 6 3* 17 6 4*† < .001

FIO2
, % 89 6 14 66 6 21* 47 6 14*† < .001

PEEP, cm H2O 9 6 3 8 6 3 6 6 2*† < .001

Paw, cm H2O 22 6 9 17 6 8* 14 6 6* < .001

Pplat, cm H2O 29 6 7 25 6 8* 21 6 6*† < .001

DP, cm H2O 20 6 7 17 6 7* 15 6 5* .001

Mechanical power, J/min 33 6 10 24 6 9* 18 6 8*† < .001

Compliance, mL/cm H2O 25 6 10 32 6 15* 34 6 15* .001

Data are presented as mean 6 SD. Oxygenation Ratio # 100 mm Hg: n ¼ 50; 100 < and # 200 mm Hg: n ¼ 50; 200 < and # 300 mm Hg: n ¼ 50; * P < .05 versus oxygenation ratio # 100 mm Hg;

†P < .05 versus oxygenation factor > 100 mm Hg and # 200 mm Hg; VT ¼ tidal volume; Paw ¼ mean airway pressure; Pplat ¼ plateau pressure; DP ¼ driving pressure
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maximum of 34 mm Hg/cm H2O). An oxygenation factor

based criteria for ARDS with 3 categories (ie, severe, mod-

erate, and mild) and equal ranges for the oxygenation factor

suggests that an oxygenation factor # 10 mm Hg/cm H2O

indicates severe ARDS, an oxygenation factor > 10 mm

Hg/cm H2O and # 20 mm Hg/cm H2O indicates moderate

ARDS, and an oxygenation factor > 20 mm Hg/cm H2O

and# 30 mmHg/cm H2O indicates mild ARDS (Table 3).

Figure 3 shows the reclassification of ARDS severity in

subjects based on the oxygenation factor criteria. Forty-

nine subjects (98%) who were classified as severe ARDS

based on the oxygenation ratio criteria remained as severe

Table 2. Area Under the Receiver Operating Characteristic Curves

Oxygenation Ratio Oxygenation Factor P

Lung compliance at cutoff threshold of 40 mL/cm H2O 0.601 (0.504–0.698) 0.688 (0.592–0.784) < .001

Driving pressure at a cutoff threshold of 15 cm H2O 0.616 (0.526–0.706) 0.698 (0.614–0.781) < .001

Mechanical power at a cutoff threshold of 17 J/min 0.877 (0.821–0.933) 0.970 (0.947–0.993) < .001

Data are presented as area under the receiver operating characteristic curve (95% CI). Oxygenation Ratio: n ¼ 150; Oxygenation Factor: n ¼ 150.
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Fig. 2. Receiver operating characteristic curves for the oxygenation ratio (PaO2
/FIO2

) and (A) compliance, (B) driving pressure, and (C) mechani-
cal power; and for the oxygenation factor (PaO2

/(FIO2
� Paw)) and (D) compliance, (E) driving pressure, and (F) mechanical power. Paw ¼ mean

airway pressure; AUC¼ area under the curve.
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ARDS, whereas 1 subject (2%) was reclassified as moder-

ate ARDS on the basis of the oxygenation factor criteria.

Twenty-five subjects (50%) and 1 subject (2%) who were

classified as moderate ARDS as per the oxygenation ratio

criteria were reclassified as severe and mild ARDS, respec-

tively, on the basis of the oxygenation factor criteria. Also,

4 subjects (8%), 21 subjects (42%), and 2 subjects (4%),

who were classified as mild ARDS based on the oxygen-

ation ratio criteria were reclassified as severe, moderate,

and non-ARDS, respectively, as per the oxygenation factor

criteria (Fig. 3).

Discussion

Our results indicate that the oxygenation factor, calcu-

lated as PaO2
/(FIO2

� Paw), is superior to the oxygenation

ratio (ie, PaO2
/FIO2

) in reflecting a mechanical power thresh-

old of 17 J/min, but not for respiratory system compliance

and driving pressure in subjects with ARDS. These results

also indicate that the classification of ARDS severity might

differ substantially with a classification criterion based on

the oxygenation factor rather than the oxygenation ratio.

A major implication of this study is that perhaps the

Berlin definition for ARDS should be revisited with the use

of the oxygenation factor rather than the oxygenation ratio,

both for determining oxygenation status and as the basis for

stratifying the severity of patients with ARDS (ie, mild,

moderate, severe). Previous studies have indicated that, in

subjects with ARDS under specific ventilator settings,

using the oxygenation ratio resulted in unreliable classifica-

tion of lung injury and outcome.22,23 Therefore, the oxygen-

ation factor, by incorporating the ventilator settings into the

oxygenation ratio, may be a more precise metric for classi-

fying the oxygenation status and possibly the levels of lung

injury in patients with ARDS. Paw is an appropriate modi-

fier for the oxygenation ratio because it reflects most of the

mechanical ventilation parameters and settings (ie, PEEP,

inspiratory time, expiratory time, VT, or peak alveolar

pressure).15,24

It is conceivable that appreciable changes in the oxygen-

ation ratio will occur typically as a direct result of certain

manipulations in the mechanical ventilation settings (eg,

changes in PEEP, inspiratory:expiratory ratio, driving

pressure, mechanical power), even when the patient’s

Table 3. Classifications of ARDS Severity Based on Oxygenation Ratio and Oxygenation Factor

Severe ARDS Moderate ARDS Mild ARDS No ARDS

Oxygenation ratio, mm Hg Classification ranges # 100 > 100 and # 200 > 200 and # 300 > 300

Oxygenation factor, mm Hg/cm H2O Mean 4.3 10.6 20.3 NA

SD 2.5 4.8 6.4 NA

Mean + 2SD 9.3 20.2 33.1 NA

Classification ranges # 10 > 10 and # 20 > 20 and # 30 > 30

Classification based on OR 

OR ≤100 mm Hg: Severe ARDS
100 mm Hg< OR ≤200 mm Hg: Moderate ARDS
200 mm Hg< OR ≤300 mm Hg: Mild ARDS
OR ˃300 mm Hg: No ARDS

Classification based on OF 

OF ≤10 mm Hg/cm H2O: Severe ARDS
10 mm Hg/cm H2O< OF ≤20 mm Hg/cm H2O: Moderate ARDS
20 mm Hg/cm H2O< OF ≤30 mm Hg/cm H2O: Mild ARDS
OR ˃30 mm Hg/cm H2O: No ARDS

Severe ARDS
(n = 50)

Moderate ARDS
(n = 50)

Mild ARDS
(n = 50)

Severe
ARDS

(n = 49)

Moderate
ARDS
(n = 1)

Mild
ARDS
(n = 1)

Mild
ARDS

(n = 23)

No
ARDS
(n = 2)

Moderate
ARDS

(n = 24)

Moderate
ARDS

(n = 21)

Severe
ARDS

(n = 25)

Severe
ARDS
(n = 4)

Fig. 3. Reclassification of subjects on the basis of the oxygenation factor. OR¼ oxygenation ratio; OF¼ oxygenation factor.

OXYGENATION FACTOR AND OXYGENATION RATIO IN ARDS

6 RESPIRATORY CARE � � � VOL � NO �

RESPIRATORY CARE Paper in Press. Published on July 21, 2020, as DOI: 10.4187/respcare.07669

Copyright (C) 2020 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



underlying condition has not changed.25-27 This leads to

imprecision in classifying the severity of ARDS for any

particular patient, and thus makes comparison of patient

groups more uncertain. Therefore, the PEEP level at which

the oxygenation ratio is measured should be carefully speci-

fied when determining oxygenation status and diagnostic

criteria for ARDS, and not just kept vague as indicated in

the Berlin definition of ARDS (ie, any PEEP level $ 5 cm

H2O).
7

When comparing the oxygenation factor and oxygen-

ation ratio indices, we used important physiological and

mechanical ventilation metrics such as static lung compli-

ance, driving pressure, and mechanical power. Recent stud-

ies have shown the utility of such metrics in predicting

mortality in patients with ARDS. Bellani et al16 reported

that higher driving pressure and lower respiratory system

compliance were associated with increased mortality in 154

subjects with ARDS. Toufen Junior et al28 reported that

higher driving pressure was associated with worse long-

term pulmonary function and structure in subjects with

ARDS, even when the subjects were ventilated with a pro-

tective lung-ventilation strategy (ie, VT of 4–8 mL/kg of

ideal body weight and Pplat # 30 cm H2O). In critically ill

subjects receiving invasive ventilation for $ 48 h, Serpa

Neto et al18 noted that, even at low VT, high mechanical

power was independently associated with higher ICU mor-

tality, 30-d mortality, ventilator-free days, and length of

ICU and hospital stay. There was also a consistent increase

in the risk of death with mechanical power > 17 J/min.18

Parhar et al29 and Gattinoni et al30 suggested that mechani-

cal power should guide our approach to mechanical ventila-

tion, and it is only when a safe mechanical power cannot be

achieved that other unconventional means of support, such

as extracorporeal membrane oxygenation, should be

pursued.

In this study, the predictive performances of both the

oxygenation ratio and the oxygenation factor were higher

and enhanced with the mechanical power at a threshold of

17 J/min compared to the driving pressure at a threshold of

15 cm H2O and compared to the static compliance at

40 mL/cm H2O, as reflected by the greater area under the

receiver operating characteristic curve. This supports the

hypothesis that mechanical power is a superior metric of

the lung’s oxygenation status and possibly of the severity

of lung diseases compared to driving pressure or static lung

compliance, as well as a better indicator of outcomes from

mechanical ventilation, and that mechanical power should

be considered as the most significant guiding factor for safe

and efficient mechanical ventilation, with appropriate

caveats.29-31 On the other hand, we found no differences in

the predictive performance of the oxygenation ratio or the

oxygenation factor indices with the driving pressure at a

threshold of 15 cm H2O compared to static compliance at

40 mL/cm H2O. This is not surprising because, from a

mathematical point of view, the static compliance is noth-

ing but the ratio of VT (usually normalized to ideal body

weight) to the driving pressure (assuming no auto-PEEP),

whereas mechanical power incorporates not only the driv-

ing pressure but also other important ventilatory support pa-

rameters such as the breathing frequency, the inspiratory:

expiratory ratio, and the airway resistance.20

Our results suggest that patients with ARDS and severe

hypoxemia (ie, oxygenation ratio # 100 mm Hg) should

be considered to have severe ARDS regardless of the me-

chanical ventilation settings, given that using the oxygen-

ation factor instead of the oxygenation ratio did not have

any impact on the reclassification of these patients.

However, patients with moderate ARDS (ie, oxygenation

ratio > 100 mm Hg and # 200 mm Hg) or mild ARDS

(oxygenation ratio > 200 mm Hg and # 300 mm Hg)

should be classified based on the extent of ventilatory sup-

port they are receiving as reflected by Paw. Our results

indicate that a significant percentage of patients (ie, 50%)

who are classified as having moderate ARDS using the

oxygenation ratio might in fact have severe ARDS accord-

ing to the oxygenation factor criteria. Similarly, a signifi-

cant percentage of patients (ie, 50%) who are classified as

having mild ARDS using the oxygenation ratio might

have either severe or moderate ARDS using the oxygen-

ation factor. These findings can explain the conflicting

results reported in patients classified as having moderate

ARDS with an oxygenation ratio of 100–200 mm Hg or

having mild ARDS with an oxygenation ratio of 200–

300 mm Hg who respond differently to the same form of

interventions, such as prone positioning, high PEEP, or

recruitment maneuvers.32-35

The major limitation of this study is that mortality out-

comes are not available to make better connections to mor-

tality for the 2 indices; without correlation to mortality, it

will be difficult to interpret the clinical importance of hav-

ing a different severity classification using the oxygenation

factor. However, our study was not designed to follow

patients until the end of their medical stay, whether in the

ICU or the hospital, which is why mortality data is not

available. Another limitation is that subjects were identified

and included in the study within hours of being in respira-

tory distress or failure and receiving mechanical ventila-

tion, and they exited the study immediately after initial data

collection. Furthermore, it is only logical to establish the

utility of the new index, oxygenation factor, before con-

ducting studies that consider mortality as the main out-

come. Needless to say, future studies using the new index

focusing on mortality as the main outcome are needed.

Finally, this study enrolled only subjects who were intuba-

ted and receiving invasive mechanical ventilation.

However, with the widespread availability and advance-

ments in noninvasive ventilation and high-flow nasal can-

nula oxygen therapy, many patients with mild or moderate
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ARDS can be managed with these modalities. Sub-

sequently, the use of the oxygenation factor will be limited

in these patients due to the inability to determine Paw during

noninvasive ventilation and high-flow nasal cannula oxy-

gen therapy.

Conclusions

Our findings suggest that the oxygenation factor that nor-

malizes the oxygen ratio with Paw (ie, oxygenation factor¼
oxygenation ratio/Paw ¼ PaO2

/(FIO2
� Paw) might be a

superior index to use in patients with ARDS, particularly

when assessing the oxygenation status and the classifying

the severity of ARDS. Subsequently, the Berlin definition

for ARDS, which relies on the PaO2
/FIO2

ratio (and does not

consider specific ventilatory support settings except for

PEEP $ 5 cm H2O) might not provide sufficient precision

in classifying ARDS and may need to be revised.

ACKNOWLEDGMENTS

The authors are thankful for the help provided by Mr. Marwan Alawiyeh.

REFERENCES

1. Horovitz JH, Carrico CJ, Shires GT. Pulmonary response to major

injury. Arch Surg 1974;108(3):349-355.

2. Feiner JR, Weiskopf RB. Evaluating pulmonary function: an assess-

ment of PaO2
/FIO2

. Crit Care Med 2017;45(1):e40-e48.

3. Villar J, Ambrós A, Soler JA, Martı́nez D, Ferrando C, Solano R, et al.

Age, PaO2
/FIO2

, and plateau pressure score: a proposal for a simple out-

come score in patients with the acute respiratory distress syndrome.

Crit Care Med 2016;44(7):1361-1369.

4. Chen W, Janz DR, Shaver CM, Bernard GR, Bastarache JA, Ware LB.

Clinical characteristics and outcomes are similar in ARDS diagnosed

by oxygen saturation/FiO2 ratio compared with PaO2
/FIO2

ratio. Chest

2015;148(6):1477-1483.

5. Brown SM, Duggal A, Hou PC, Tidswell M, Khan A, Exline M, et al.

Nonlinear imputation of PaO2
/FIO2

from SpO2
/FIO2

among mechanically

ventilated patients in the ICU: a prospective, observational study. Crit

Care Med 2017;45(8):1317-1324.

6. Roncon-Albuquerque R Jr, Ferreira-Coimbra J, Vilares-Morgado R,

Figueiredo P, Paiva JA. PaO2
/FIO2

deterioration during stable extracor-

poreal membrane oxygenation associates with protracted recovery and

increased mortality in severe acute respiratory distress syndrome. Ann

Thorac Surg 2016;102(6):1878-1885.

7. Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson ND, Caldwell

E, Fan E, et al. Acute respiratory distress syndrome: the Berlin defini-

tion. JAMA 2012;307(23):2526-2533.
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