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Dear Editor,

Recently, a new definition of Acute Respiratory Distress Syndrome (ARDS) was proposed [1] which
extends and modifies the 2012 Berlin definition [2]. This new global definition integrates pulse oximetry,
utilizing peripheral oxygen saturation (SpO-) as an alternative to blood gas measurement of partial
pressure of oxygen (Pa0O,), and addresses its applicability in non-intubated patients or resource-limited
settings, among other considerations. It aims to rectify limitations identified in expansions that have been
proposed for the Berlin definition [3, 4], aligning with the latest evidence and clinical practices.
Furthermore, the new global definition is designed to be more accessible in environments with
constrained access to diagnostic and therapeutic resources, such as respiratory support devices, chest
radiography and blood gas analysis. Nonetheless, there is a need for evaluation of this definition using

real-world data.

Using the Medical Information Mart for Intensive Care IV (MIMIC-1V) database, we first conducted a
comparative analysis among intubated patients receiving mechanical invasive ventilation with bilateral
infiltrates on chest radiograph and positive end-expiratory pressure (PEEP) > 5. They were split into four
oxygenation categories relating to ARDS severity: no', mild, moderate, and severe. We compared
categorization using PaO,/FiO; ratio as per the Berlin definition, where FiO, denotes fraction of inspired
oxygen, versus using SpO,/FiO; ratio which the new global definition considers in addition to PaO»/FiO,
ratio. We compared clinical characteristics and mortality risk among patients categorized according to
these ratios. Extraction of the Berlin definition from MIMIC-1V followed previous work on the same
database [5] (see the online supplement for further details). We then explored categorization for ARDS in
non-intubated patients receiving supplemental oxygen, as introduced by the new global definition, and

compared with categories from the Berlin definition. A limitation of the study is that high-flow nasal

! The "no" category includes patients who meet the ARDS criteria, except for the requirement of

Pa02/Fi02 < 300mm Hg for the Berlin definition or SpO2/FiO:2 < 315 (if SpO2 < 97%) for the new global
definition.



oxygen, non-invasive ventilation cases and lung ultrasound data (which the new global definition

considers) are not included due to a lack of data in MIMIC-1V.

In the MIMIC-1V database, 2,333 patients had data to verify ARDS criteria with both PaO,/FiO; and
SpO./FiO; ratio available. Figure 1 illustrates the distribution of the categories in intubated patients
according to these two ratios. Despite significant differences in the distribution of the categories (Chi-
square test, p < 107"°)?, the mortality risk within each category is similar across both ratios, indicating that
they are complementary rather than interchangeable. Additional findings in the online supplement
include: (i) category-specific mortality for patients on supplemental oxygen was substantially lower than
for intubated cases; (ii)) SpO»/FiO; ratio’s categorization did not show racial bias of pulse oximetry in a

comparison between Caucasian and African-American patients.
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Figure 1: Distribution of oxygenation categories relating to ARDS severity based on PaO,/FiO:
ratio and SpO»/FiO; ratio in intubated patients

Panel (a) visualises the counts of patients within each category for each ratio. The "no" category includes
patients who meet the ARDS criteria, except for the requirement of PaO2/FiO2 < 300mm Hg or SpO2/FiO2
<315 (if SpO2 £ 97%). Panel (b) presents a heat map of the 30-day hospital mortality rates for combinations of the
two categorizations. For example, in the top right square, 50 patients were simultaneously categorized as “no” based
on PaO»/Fi0: ratio and as having severe ARDS based on SpO»/FiOz ratio. Of these 50 patients, 12 succumbed,
corresponding to a mortality rate of 24%.

2 The result p < 1073 is obtained both when including and when excluding the “no” category for the Chi-square test.
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Data description

We collected data from the Medical Information Mart for Intensive Care (MIMIC)-1V
database version 2.2 [1] in accordance with the ethical standards of the institutional review
board of the Massachusetts Institute of Technology (no. 0403000206) and with the 1964
Helsinki declaration and its later amendments. MIMIC-IV comprises 73,181 ICU admissions
between 2008 and 2019 for 50,920 patients at the Beth Israel Deaconess Medical Centre in
Boston, MA, USA. The database is maintained by the Laboratory for Computational
Physiology at the Massachusetts Institute of Technology. It includes hourly physiologic
readings from bedside monitors, demographics, diagnoses via International Classification of
Diseases, Ninth/Tenth Revision (ICD-9/10) codes and other clinical data, collected during
routine medical care. The database has extensive documentation and public code from a
community of users.

Methodology
We used the following inclusion criteria to subset the MIMIC-IV database:
(a) initiation of invasive mechanical ventilation [2, 3];
(b) apositive end-expiratory pressure (PEEP) > 5;
(c) Evidence of bilateral infiltrates as suggested by:
e chest radiology reports with keywords ‘edema’ or both ‘bilateral’ and
‘infiltrates’ in free-text notes' [2, 4] or
e ARDS evidence based on ICD-9 code (518.82) and ICD-10 codes (J80) [4].
Additionally, as in [3], we excluded patients if:
(1) ICD-9/10 codes indicated that concurrent acute heart failure was present, to rule out
bilateral infiltration due to hydrostatic edema or
(i1) the patients underwent extracorporeal membrane oxygenation (ECMO) during their
ICU stay.

These criteria are shared by the Berlin and the new global definition of acute respiratory
distress syndrome (ARDS). The data extraction described above follows established practice
[2—4]. Note that this use of radiology reports implies the assumption that the reports
accurately record whether bilateral infiltrates are visible in the chest radiographs.

Our investigation focuses on aspects of the new global definition concerning SpO2/FiO2 (as
a surrogate for PaO2/Fi02) and supplemental oxygen, as a result of the scope of data
available in the MIMIC-IV database. Specifically, MIMIC-IV includes a paucity of ARDS
cases involving patients on high-flow nasal oxygen (HFNO) and non-invasive ventilation

! We excluded the patients when negative expressions like ‘no’, ‘without’, ‘there is no’ or
‘there is no evidence’ appear with those keywords.



(NIV). Moreover, lung ultrasound data are absent. The new global definition enables
inclusion of such data, which can lead to additional detection of bilateral infiltrates compared
to using only chest X-ray [5]. As a result, our analysis might underestimate the prevalence of
ARDS under the new global definition.

Figure S1 depicts our process of selecting ICU stays from MIMIC-IV. We only used data
from the first ICU admission during the first hospitalization, as in [2]. Table S1 presents the
count of patients in various ARDS categories based on the PaO,/FiO, and SpO./FiO; ratios .
Here, ‘intubated’ denotes patients classified as ARDS during invasive mechanical ventilation.
Measurements for both ratios were obtained from the MIMIC-IV database, as outlined in the
GitHub repository at https://github.com/MIT-LCP/mimic-iv. These measurements are
calculated by utilizing pairs of FiO2 and PaO; or SpO> values, each pair recorded no more
than 4 hours apart. For the ARDS classification, we used the lowest ratio values measured
within the first 24 hours following intubation as detailed in [2]. Source code for the analyses
can be found at https://github.com/Qianxiaoxie917/ARDS-definitions.

The categories are ‘no’ (PaO2/F10; > 300 mm Hg or SpO»/FiO; > 315, if SpO> < 97%),
‘mild” (200 mm Hg < PaO,/FiO2 < 300 mm Hg or 235 < Sp0»/Fi0; < 315, if Sp02 < 97%),
‘moderate’ (100 mm Hg < PaO»/FiO2 < 200 mm Hg or 148 < SpO2/Fi0O; < 235, if SpO; <
97%), and ‘severe’ (PaO2/FiO2 < 100 mm Hg or SpO2/Fi0; < 148, if SpO2 < 97%) as in [6].
Furthermore, ‘supplemental oxygen’ applies to patients on supplemental oxygen, a
classification unique to the new global definition.

For supplemental oxygen cases, the MIMIC-IV database provides chart values for Fi02. See
for instance ref. [7] which uses these values for patients on supplemental oxygen. We do so
too. Because of the availability of the FiO2 chart values, we do not also estimate FiO2, e.g. as
is sometimes done using oxygen flow rate [6].
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Figure S1: Case inclusion flowchart
Visual representation of how the patients were selected from MIMIC-1V.



Table S1: Patient counts in ARDS categories as defined by the two definitions

ARDS category Total No Mild Moderate Severe
Irﬁ;‘g‘;‘};ﬁg’fﬁjﬁ;ﬁ“ 2774 494 602 1039 639
Inst‘;](’)it/eF‘} é’jﬁi‘io‘:’n 2442 40 352 934 116
Supplemental oxygen: 3166 39 416 1116 1595

Statistical Analysis

For our comparative analysis, we selected the intubated subset that has data available for
ARDS diagnosis based on both the PaO»/FiO2 and SpO»/FiO: ratios, as detailed in the
flowchart. We refer to this subset as the intersection subset (i.e. the subset with n = 2,333 in
Figure S1). In contrast, subsets with data available for only one ratio are referred to as the
separate subsets (i.e. the subsets with n = 2,774 and n = 2,442 in Figure S1). Table S2
outlines the characteristics of patients identified as ARDS, either by one or by both
definitions. This comparison highlights the clinical similarities between ARDS cases defined
using the PaO/FiO; ratio and those defined using the SpO./FiO; ratio, which has also been
observed in [8]. Table S3 illustrates the characteristics of patients with supplemental oxygen
ARDS versus those without ARDS, as per the new global definition. Notably, the number of
patients not diagnosed with ARDS is significantly lower compared to those categorized as
having ARDS.

We analysed mortality rates within ARDS categories, assessing whether the rates differed
between the two ratios. Figure S2 displays the results for: (i) separate subsets, which include
2,774 patients classified based on PaO,/FiO; ratio and 2,442 patients based on SpO/FiO»
ratio ; (i1) the intersection subset of 2,333 patients. We used the Cochran-Mantel-Haenszel
(CMH) test [9] with the different ARDS categories as strata to test for differences in mortality
rates between ratios. The findings do not show highly statistically significant differences in
mortality risk within ARDS categories between the two ratios, with p-values of 0.06 for the
separate subsets and 0.02 for the intersection subset. We also conducted the CMH test on
subsets excluding the “no” category, yielding a p-value of 0.07 for separate subsets (2280
patients for PaO»/FiO: ratio and 2402 for SpO2/FiO; ratio) and a p-value of 0.05 for the
intersecting subset (2050 patients), indicating consistent results. On the other hand, Figure S3
presents a comparison between intubated patients and patients on supplemental oxygen,
categorized based on SpO»/Fi0,, with 2,442 and 3,166 patients, respectively. The findings
indicate that the new global definition tends to overestimate severity in patients receiving
supplemental oxygen compared to those who are intubated.

To investigate potential racial bias in ARDS patients, e.g. due to pulse oximetry and skin
pigmentation [10], we focused on the two largest racial groups in our data set: Caucasian and
African-American. Figure S4 compares the distribution of intubated ARDS categories
between these groups under the new global definition, where no statistically significant
difference was observed (Chi-square test, p = 0.31). Additionally, the mortality rates in these
racial groups were similar, as seen in Figures S5 and S6.



Table S2: Patients characteristic for intubated ARDS

ARDS only
A}ﬁls) eSdOOI;:y based on
ARDS based Pa0,/FiO SpO:/FiO; No ARDS
Patient on both , 2 2 ratio but not | based on both
. . . ratio but not g
characteristics ratios based on based on ratios
(N=2050) | 000, PaO/FiO: | (N=28)
ratio (N =10) ratio
(N = 245)
30-day hospital
mortality, 550 (26.8) 0(0) 49 (20.0) 5(17.9)
n (%)
Mal}f (g;“)de"’ 1248 (60.9) 3 (30) 146 (59.6) 22 (78.6)
0
African-
American, 166 (8.1) 1(10) 24 (9.8) 2(7.1)
n (%)
m‘:gfa;yf;r:;; V| se20 70 (68.5) 67 (64.3) 71 (63.0)
5275 63-77.8 52-80 48-77.5
TOR] [(52-75] | [63-778] [52-80] [48-77.5]
2
n?xiiflkgil Iza)ﬁ) 29‘[6215(2;'_50) 30.94 (33.99) | 26.03(26.93) | 2532 (25.95)
TOR] 33.79] [26.46-34.72] | [22.55-29.98] | [23.70-27.38]
SOFA score, 3(3.5)
median (mean) | 5 (5.8) [3-8] ' 33.7)[1-5] | 3(3.8)[2-5.3]
[1.5-3.8]
[IQR]
Number of
FiO2
15.5 (30.0) 6.5 (8.1) B 16.5 (26.6)
mea§urements, [6-38] [2.3-13] 8 (25.8) [4-27] [7-32.3]
median (mean)
[IQR]
n“fe‘;‘:;“(ﬂ:gi’) 50 (51.0) 32.5 (45) 40 (43.1) 30 (34.5)
40-50 30-50 40-50 30-40
TOR] [40-50] [30-50] [40-50] [30-40]
Number of
measiﬂgnzlen o | 6501255 | 295(363) 33 (104.5) 78 (106.7)
median (mean) | 12471601 [13.3-61] [17-104] [24.8-130.3]
[IQR]
re;.f;‘ (il:(;i’) 98 (97.2) 100 (99.4) 99 (98.9) 99 (98.6)
edian {me [96-99] [98.6-100] [98-100] [97.8-100]
[TQR]
Duration of
ventilation, | 46.5(83.5) 12 (25.5) 23 (67.0) 37.5 (54.7)
median (mean) [18—106] [8-35.5] [13-72] [13.3-73]
[IQR]




Table S3: Patients characteristic for supplemental oxygen ARDS

Patient 3 ~
characteristics ARDS (N =3127) No ARDS (N =39)
30-day hospital
mortality, n (%) 464 (14.8) 5(12.8)
Male gender, n (%) 1718 (54.9) 25 (64.1)
African-American, 217 (6.9) 9 (23.1)

n (%)

Age (years), median
(mean) [IQR]

69 (68.4) [59-80]

69 (66.7) [60-78]

BMI (kg/m?), median
(mean) [IQR]

28.34 (29.60)
[24.49-33.03]

30.50 (29.79)
[26.75-32.39]

SOFA score,
median (mean)

[IQR]

3(3.7)[1-5]

4 (4.3)[2-5]

Number of FiO2
measurements,
median (mean)

[IQR]

3(5.9)[1-7]

1.5 (2.4) [1-2]

Median FiO2,
median (mean)

[IQR]

50 (63.0) [45-80]

30 (31.6) [26-33.8]

Number of SpO2
measurements,
median (mean)

[IQR]

29 (44.6) [14-60]

21 (34.1) [11-49]

Median SpO2,
median (mean)

[IQR]

96 (95.5) [94-97]

96 (96.1) [95-97]

Duration of
ventilation, median
(mean) [IQR]

24 (35.9) [12-48]

20 (27.6) [8.5-37]
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Figure S2: Comparison of mortality rates for intubated ARDS
Panel (a) presents mortality rates in separate subsets: 2,774 patients based on PaO/FiO; ratio
and 2,442 based on SpO»/FiO ratio, with p-value = 0.06 of the CMH test for a difference in
mortality rates. Panel (b) focuses on the intersection subset of 2,333 patients with p-value =

0.02 of the CMH test.
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Figure S3: Comparison of mortality rates for supplemental oxygen ARDS

The comparison is among patients with intubated ARDS (2,774) as classified under the Berlin
definition and those with supplemental oxygen ARDS (3,166) as classified under the new
global definition with p-value < 10" of the CMH test for a difference in mortality rates.
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Figure S4: Distribution of intubated ARDS categories in Caucasian and African-
American patients under the new global definition

The comparison of ARDS category distributions is among the separate subsets: 1,424
Caucasian patients and 199 African-American patients under the new global definitions.
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Figure S5: Comparison of the mortality rates for intubated ARDS among Caucasian
and African-American patients

Panel (a) displays the mortality rates among 1,364 Caucasian patients within the intersection
subset of the two definitions. Panel (b) details the same for 193 African-American patients.
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Figure S6: Comparison of mortality rates for intubated ARDS between Caucasian and
African-American patients with statistical significance

Panel (a) shows the comparison of mortality rates for categories based on PaO»/FiO; ratio
within the separate subsets of the ratios with p value = 0.89 of the CMH test. Panel (b)
presents analogous information for categories based on SpO»/FiO> ratio, with p value = 0.81
of the CMH test for a difference in mortality rates.
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