NARRATIVE REVIEW

Understanding Causes of Death in Patients
With Acute Respiratory Distress Syndrome:

A Narrative Review

OBIJECTIVES: To provide a comprehensive summary of the published data on
cause of death in patients with acute respiratory distress syndrome (ARDS).

DATA SOURCES: PubMed (January 2015 to April 2024), bibliographies of rele-
vant articles, and ARDS Network and Prevention & Early Treatment of Acute Lung
Injury (PETAL) network websites.

STUDY SELECTION: Observational studies and clinical trials that reported on
cause of death in greater than or equal to 30 patients with ARDS, not obtained
from death certificates. Animal studies, case reports, review articles, study proto-
cols, and studies in pediatrics were excluded.

DATA EXTRACTION: Causes of death among ARDS patients who died were
extracted and tabulated along with other pertinent study characteristics.

DATA SYNTHESIS: We identified 15 observational studies (nine non-COVID
ARDS, five COVID-related ARDS:; one both) and five clinical trials (all non-COVID
ARDS). Mutually exclusive prespecified categories were used for recording the
cause of death in only eight studies although studies differed in the categories
included and their definitions. When multiple organ failure was a predetermined
category, it was the most common cause of death recorded (~50% of deaths),
followed by respiratory causes with proportions varying from 16% to 42%
depending on nomenclature (e.g., refractory hypoxemia, pulmonary causes) and
definitions. However, the largest observational study in non-COVID ARDS (964
deaths), did not include multiple organ failure as a predetermined category, and
found that pulmonary failure (42%) and cardiac failure (37%) were the most com-
mon causes of death. In COVID-related ARDS observational studies, pulmonary
reasons were the most reported cause of death (up to 88%).

CONCLUSIONS: Few studies have reported cause of death in patients with
ARDS. In those that do, cause of death categories and definitions used are heter-
ogeneous. Further research is needed to see whether a more rigorous and unified
approach to assigning and reporting cause of death in ARDS would help iden-
tify more relevant endpoints for the assessment of targeted treatments in clinical
trials.

KEYWORDS: critical care; death; mortality; respiratory distress syndrome;
review

characterized by acute refractory hypoxemia with bilateral infiltrates
on chest imaging as a result of diffuse lung inflammation and pulmo-
nary edema (1, 2). Pathophysiology of the condition is complex but ultimately
involves injury to both layers of the alveolar-capillary barrier resulting in im-
paired gas exchange (1, 2). Causes of ARDS are either direct lung injury, such
as pneumonia (most common) or gastric aspiration, or indirect lung injury,

Q cute respiratory distress syndrome (ARDS) is a clinical syndrome
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Question: We aimed to review published data on
causes of death in acute respiratory distress syn-
drome (ARDS).

Findings: Of 20 studies, only eight used mutually
exclusive prespecified categories; those included
(and definitions) differed between studies. When
multiple organ failure was a predetermined cat-
egory, it was the most common cause of death
(~50% in non-COVD ARDS), when not, pulmonary
failure (42%) and cardiac failure (37%) were the
most common causes.

Meanings: A more rigorous and unified approach
to reporting cause of death in ARDS could poten-
tially better guide the selection of clinical trial end-
points, especially in the development of targeted
treatments.

. J

such as nonpulmonary sepsis (most frequent) or major
trauma (1, 2). In around 8% of patients, the causes of
ARDS are not immediately recognizable (3). The con-
dition is commonly seen in the ICU as shown in the
global international Lung Safe study where 10.4% of
patients admitted to ICU fulfilled ARDS criteria (3).
Specific pharmacotherapies for ARDS are lacking,
with patient management focused on providing best
supportive care through incremental respiratory sup-
port to increase blood oxygen levels—high-flow nasal
oxygen, noninvasive respiratory support, and invasive
mechanical ventilation, conservative fluid manage-
ment, corticosteroids, and prone positioning (4, 5).
Despite best supportive care, the condition continues
to carry significant morbidity, and an approximately
40% in-hospital mortality rate (3, 6).

Due to the complexity of assigning cause of death
for critically ill patients, all-cause mortality is most
often the primary endpoint in the assessment of ARDS
interventions, including within the clinical develop-
ment of pharmaceutical treatments (7-9). Clinical
trials have thus far been unsuccessful in demonstrat-
ing efficacy for ARDS treatments. Identifying death
primarily due to a respiratory cause could help sup-
port the assessment of efficacy of interventions target-
ing lung function. Few studies have been designed to
identify the cause of death in ARDS, but data on this
topic have been reported in studies that had a broader
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aim. Identification and synthesis of these data could
inform a better understanding of the most common
cause(s) of death, and how they are recorded/catego-
rized. Therefore, we sought to provide a comprehen-
sive summary of the published data by conducting a
narrative analysis and review.

MATERIALS AND METHODS

We performed a search of the MEDLINE database to
identify original articles (either prospective/retrospec-
tive observational studies or clinical trials) that re-
ported on cause of death in patients with ARDS (eFig.
1A, http://links.Iww.com/CCX/B392). We combined
keywords for ARDS with those relating to death or
clinical outcomes (see the eMethods for the search
string, http://links.lww.com/CCX/B392), restricting to
studies published in the English language from January
1, 2015, to April 12, 2024 (the date of the search) and
with an available abstract. During screening of article
titles and abstracts, we disregarded animal studies, case
reports, review articles, study protocols, clinical guide-
lines, and studies in pediatrics (where ARDS is defined
used the specific pediatric ARDS [Pediatric Acute Lung
Injury Consensus Conference] criteria as opposed to
the Berlin/American-European Consensus Conference
criteria used in adults) (10). For the remaining arti-
cles retrieved, we obtained the whole publication and
searched for the terms “death,” “died,” and “mortality”
anywhere in the article. We retained studies where
cause of death was reported in greater than or equal to
30 patients and not obtained from death certificates.
The accuracy of death certificates for specific cause of
death is known to be unreliable in many cases (11); for
example, cardiac arrest is the ultimate cause of death in
many disease states. However, investigators developing
targeted treatments would have interest in the preced-
ing dysfunction that led to cardiac arrest; for example,
the sustained need for high levels of oxygen supple-
mentation and mechanical ventilation. For this present
analysis, we therefore assumed data from death cer-
tificates alone would not provide sufficient granularity
for our purposes. Further, bibliographies of relevant
publications were scanned to identify further arti-
cles on the topic, including those published pre-2015
if deemed particularly relevant. As it became apparent
that the search largely retrieved articles from observa-
tional studies, we performed an additional search of
PubMed (eFig. 1B, http://links.lww.com/CCX/B392),
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specifically designed to capture relevant data (if avail-
able) from clinical trials. To maximize sensitivity, we
combined the keywords for ARDS with the keyword
“trial” (eMethods, http://links.lww.com/CCX/B392),
applying the same inclusion and exclusion criteria, and
searches for “death” keywords in the whole publication,
as undertaken following the initial database search.
Additionally, publications listed on the ARDS Network
(ARDSNet) (12) and Prevention & Early Treatment
of Acute Lung Injury (PETAL) network (13) websites
(back to 2010) were obtained and screened for any fur-
ther relevant articles. Due to the more limited number
of clinical trials with data on this topic, we included
studies that reported on cause of death in at least ten
patients (as compared with the 30 for observational
studies); however, we excluded those where cause of
death was not reported for all patients who died.

RESULTS

From over 900 articles retrieved from the initial da-
tabase search and 185 retrieved from the additional
search, 20 were deemed relevant (15 observational
studies and five clinical trials) and included in this
review (eFig. 1, A and B, http://links.lww.com/CCX/
B392). Only two cohort studies (one prospective
and one retrospective study) were designed specif-
ically to categorize cause of death in patients with
ARDS as the study objective (14, 15). Another inves-
tigation focused on death in patients with ARDS but
was a secondary analysis from three prospective obser-
vational studies not designed to evaluate cause of death
specifically (16). The remaining studies were designed
to answer other research questions in ARDS research,
with cause of death briefly reported in either the main
results of the article or in the supplement.

Non-COVID ARDS

Observational Studies. Causes of death reported from
observational studies of patients with non-COVID
ARDS are summarized in eTable 1 (http://links.lww.
com/CCX/B392) for large-sized studies (> 100 deaths)
and eTable 2 (http://linksIww.com/CCX/B392) for
moderate-sized studies (30 to < 100 deaths). Further
study details can be found in eTables 3 and 4 (http://
links.Iww.com/CCX/B392). Mutually exclusive pre-
specified categories (between five and nine) were used
for recording the cause of death in six (four large and
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two moderate in size) studies (eTable 5, http://links.
Iww.com/CCX/B392) (15-19). In the largest of these,
the international multicenter Large observational
study to UNderstand the Global impact of Severe
Acute respiratory FailurE (LUNGSAFE) study (18),
the most common factors leading to death among 964
of 2813 ARDS patients who died in the ICU, across
all regions, were respiratory failure (42%) and cardio-
vascular failure (37%). Notably, multiple organ failure
(MOF) refractory hypoxemia and sepsis were not in-
cluded among the prespecified categories. Instead,
categories were based on the organ system deemed
as the most pertinent in contributing to death in the
ICU (e.g., “pulmonary;” “neurologic,” and “cardiac”).
In comparison, in the prospective studies by Villar
et al (16) and Gacouin et al (17), which reported on
778 and 572 ARDS deaths, respectively, MOF (a pre-
defined category) was the most commonly recorded
cause of death, accounting for around 50% of deaths
in both studies (16, 17). In these two studies, pulmo-
nary causes accounted for 16-23% of deaths captured
by the category “refractory hypoxemia” (16, 17). In the
largest retrospective study—one of the two studies spe-
cifically designed to evaluate cause of death in ARDS—
Ketcham et al (15), used prespecified categories based
on the organ system deemed responsible for death
(similar to those used by Stapleton et al [14]), although
they also included sepsis (using a different defini-
tion to Stapleton et al [14]) but not MOF as a distinct
option (Table 1). Twenty-eight percent of deaths in
this study were categorized as due to pulmonary dys-
function, and 29% were due to sepsis (which was not a
category included in LUNGSAFE or the Gacouin et al
[17] study). In comparison, sepsis accounted for 17%
of deaths (independent of MOF) in the study by Villar
et al (15, 16). It is also of note that unlike the other
large observational studies, Gacouin et al (17) desig-
nated “withdrawal of life support/end of life decision”
(6% of ARDS deaths) as a cause of death category.

In moderately-sized studies (eTable 2, http://links.
Iww.com/CCX/B392), MOF was the most commonly
recorded cause of death, ranging from 26% to 89%
depending on the categories used and whether these
were mutually exclusive (14, 20-23). Among these, the
prospective study by Stapleton et al (14)—the only other
study designed specifically to evaluate cause of death in
ARDS—used nine prespecified categories based on the
organ system deemed responsible for death, although
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TABLE 1.

Study Characteristics and Reported Causes of Death in Ketcham et al (15) and Stapleton
et al (14)

Ketcham et al (15) Stapleton et al (14)
(Retrospective Cohort Study) (Prospective Cohort Study)
Study design Retrospective cohort study Prospective cohort study
Setting, time Five ICUs within a single center; January 2016 to Single level | trauma center; 1998
period December 2017
ARDS patients  Patients with ARDS (number NR; median age 62 yr; who 205 patients with ARDS (median age 48 yr;
experienced in-hospital death were identified using a identified via daily ICU surveillance)
query tool of patients’ EHR)
ARDS definition Berlin criteria American-European Consensus Conference
criteria
Deaths 1272 30
Data collection  Data regarding causes and circumstances of death were Review of medical charts, rigorous inspection
method collected from the patients’ EHR using a structured of temporal relationships of laboratory data,
abstraction form and allocated to one of the prespeci- hemodynamic and respiratory parameters,
fied categories and nursing and physician notes to identify
one of the prespecified categories
Data EHR data were reviewed by one of five internal Three critical care physicians individually
abstractors medicine-trained physicians who did not participate in abstracted data from patients’ medical
the adjudication of ARDS and were blinded to adju- charts following daily ICU surveillance. One
dicated ARDS status (excellent inter-rater reliability physician further reviewed the charts of six
was demonstrated on an initial test set of ten charts). patients initially reviewed by one of the other
Cause of death was documented by checking a tick physicians
box against one of the prespecified categories®
Causes of death Categories based on patient assessment in the 72 hr Categorized as due to the presenting injury/
(prespecified before death: illness or ARDS risk factor progression, as-
categories sociated with conditions preceding ARDS
used) onset:
Sepsis®: 29% Sepsis with multiple organ failure?: 30%
Pulmonary*: 28% Respiratory failure: 13%
Neurologic®: 17% CNS: 29%
Cardiac®: 10% Cardiac: 8%
Hepatic®: 6% Hepatic: 7%
Gastrointestinal®: 4% Gastrointestinal: 3%
Hemorrhagic®: 4% Hemorrhagic: 4%
Other®: 2% Renal: 5%

ARDS = acute respiratory distress syndrome, EHR = electronic health record, NR = not reported.

2Eighty-two percent died while receiving substantial respiratory support.

Sepsis-3 definition.

“Primary syndrome or organ system that was considered as most directly contributing to death or withdrawal of life support.

dSepsis with multiple organ failure was defined as sepsis syndrome in combination with two other severe organ system dysfunctions.
Sepsis syndrome could be present without any direct evidence of infection (ie, it could be reflective of a systemic inflammatory state
from any cause).

they also included sepsis with MOF (but not MOF or  (eTable 6, http://links.Iww.com/CCX/B392). In the
sepsis separately) as a separate option (Table 1). largest trial, which included patients with moderate-

Clinical Trials. None of the five clinical trials to-severe ARDS, of whom 107 died, 64% of deaths
mentioned that cause of death had been prespecified  were related to underlying disease, 34% were directly
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related to ARDS, with the remaining deaths classed
as due to unknown cause (similar percentages were
reported for patients with focal or nonfocal ARDS)
(24). In a trial of 277 patients with moderate-to-severe
ARDS, of whom 69 died, multisystem organ failure
(51%), irreversible shock (16%), and refractory hy-
poxemia (16%) were the most frequently recorded
causes of death (25). MOF (with sepsis) was similarly
the most frequently cause of death in two smaller trials
(26) and was mentioned as a reported cause of death
in another small trial where the numbers of deaths
from each cause were not stated (27).

COVID-Related ARDS

Causes of death reported from observational stud-
ies of patients with COVID-related ARDS (n = 6) are
summarized in eTable 7 (http://links.lww.com/CCX/
B392). Prespecified categories (between four and nine)
for recording cause of death were used in four of the
six studies, being mutually exclusive in three (eTable
5, http://links.lww.com/CCX/B392). Among these
six studies, the largest were two prospective studies
conducted by Estenssoro et al (28, 29) in Argentina,
who reported the most common cause of death to be
refractory hypoxemia (43-47% of patients) (28, 29),
and septic shock (31% of patients) (28). Irreversible
respiratory failure was the reported cause of death in
four smaller studies (one prospective, two retrospec-
tive, and one ambispective) with estimates of 50%
(“refractory hypoxemia”) (23), 16% (“irretractable
respiratory failure”) (30), 65% (“refractory respira-
tory failure and persistent hypoxemia [Pao,/F10,] <
100”) (31), and 88% (“irreversible respiratory failure
during extracorporeal membrane oxygenation result-
ing in palliation”) (32).

Evaluation of the Evidence

Because only two of the 20 studies included in this re-
view were designed specifically to describe causes of
death in ARDS and hence included details on their
methodology, it was not possible to systematically cri-
tique the methods used in each study and thereby eval-
uate the strength of the evidence provided. However,
further details of the Ketcham et al (15) and Stapleton
et al (14) studies are shown in Table 1. In both stud-
ies, experts in the field used standardized methods to
collect details relating to cause of death from patients’
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records and assign cause to a predetermined cate-
gory, along with a level of validation (from a second
reviewer). Stapleton et al (14) also used a prospective
design, which minimizes biases related to secondary
data collection. However, the sample sizes were small
in both—notably smaller than some other studies in-
cluded in this review. In terms of external validity, both
are limited in being conducted from a single center in
the United States, especially the Stapleton et al (14)
study, which was set in a trauma center, with the lat-
est data collected more than 2 decades ago when clin-
ical practice may have differed to the present day. The
patients studied (median age 48 yr) are unlikely to be
representative of the broad range of ARDS patients
that would be drawn from wider populations in terms
of demographic/clinical characteristics and, poten-
tially, cause of death.

DISCUSSION

To our knowledge, our narrative literature provides
the first comprehensive summary of causes of death
in patients with ARDS. We found that few studies
reported the cause of death and that those that did
differed in the categories used, whether these were
prespecified and how they were defined. Only two
studies (both observational cohort studies), with study
periods 2 decades apart were designed specifically to
evaluate cause of death in ARDS patients and thereby
reported sufficient methodological details for critique;
both were limited in terms of the generalizability of
their findings. Very few clinical trials were identified
for inclusion.

In most studies of non-COVID-related ARDS, the
most commonly reported cause of death was MOF
when this was a predetermined category, accounting
for approximately 50% of deaths. In the large interna-
tional LUNGSAFE study, respiratory failure was the
most recorded cause of death (42%), followed by car-
diac failure (42%), likely because the category of MOF
was unavailable (18). Among patients with COVID-
related ARDS, death from respiratory causes—refrac-
tory hypoxemia/respiratory failure—were the most
reported, followed by sepsis.

Heterogeneity seen in the categories used for cause
of death was particularly notable for MOF and pulmo-
nary reasons. In some studies, MOF was a distinct cat-
egory but was an either/or category with sepsis/shock
in others (14, 21, 22). When it came to respiratory
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failure. Stapleton et al (14) defined refractory hypox-
emia as insupportable respiratory failure. In the study
by Gacouin et al (17), refractory hypoxemia was de-
fined as the inability to obtain an oxygen saturation
of at least 92% in patients who received mechanical
ventilation with F1o, set at 90% or more (Gacouin A,
personal communication, August 11, 2023), and in the
study by Villar et al (16), it was defined as hypoxemia
due to unresolved ARDS without further explanation.
Such differences in the definitions of ARDS death cat-
egories between studies likely explains the wide range
of proportion of death due to respiratory failure re-
ported across studies from 13% (14) to 23% (16), and
more than 40% when categorized as “pulmonary cause
of death” (18). As pointed out in the secondary anal-
ysis of unpublished data from seven ARDSNet studies
by Bosch et al (33), if the proportion of ARDS patients
who die of refractory respiratory failure is low, the fea-
sibility of enriching ARDS clinical trials for interven-
tions targeting oxygenation is low and would require
very large sample sizes. This could explain, in part,
why finding effective treatments has been elusive thus
far. In their analysis, which focused on identifying the
rate of death due to irreversible respiratory failure (de-
fined as Pao,/F10, < 40 mm Hg within 24 hr of death),
the overall mortality rate due to irreversible hypoxemic
respiratory failure was 1.1% (95% CI, 0.8-1.4%). The
authors concluded that large pragmatic trial designs
would be needed to achieve the necessary power with
such low rates of respiratory failure attributable death
and suggest that investigators could, instead, consider
testing therapies that do not specifically target oxy-
genation. However, as found in several studies in our
literature review, if other criteria are used to define
death caused by respiratory failure or due to pulmo-
nary failure, close to 50% of patients are considered to
die of this cause. Although most of these patients most
likely do not have the severity of respiratory failure as
defined by Bosch et al (33) and in other studies, these
patients are unable to be liberated from mechanical
ventilation often due to an inability to adequately de-
crease supplemental oxygen levels.

There is no question that multiple organs are affected
in the syndrome of acute respiratory failure (ARDS).
In terms of aiding drug development, however, it is
important to understand what ultimately caused a pa-
tient to succumb to their illness and/or the relative
contribution of pulmonary vs. other morbidities and
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at what stage of disease). All-cause mortality reported
in most clinical trials represents a heterogeneous pool
of death causes that include those not potentially mod-
ifiable by a therapy with a lung-specific mechanism of
action (e.g., death due to stroke, myocardial infarction,
internal bleeding, etc.) Several pulmonary endpoints
have been proposed to assist drug developers in dem-
onstrating proof concept in phase 2 studies in patients
with ARDS, which typically have a modest sample size.
One such endpoint is ventilator-free survival (VES) at
day 28 (The European Medicines Agency has also sug-
gested that VES could potentially have a role in support
of marketing approval for ARDS therapies) (34). We
believe that an endpoint of “death due to lung organ
failure” or clearly defined “refractory hypoxemia”
could help support efficacy assessment of therapies
that would ameliorate or prevent lung injury in ARDS.
However, scientific and clinical community-based
consensus is needed on these terms, for example, using
Delphi methodologies among relevant stakehold-
ers (35) and trials that examine these outcomes using
these standards. Although a recent article (36) reports
that among patients with sepsis, ARDS likely explained
a high proportion of mortality (high attributable mor-
tality fraction in those with co-existent ARDS), it is
still unclear what the predominant “cause” of mortality
is among patients with ARDS (i.e., refractory hypox-
emia, ventilator dependence, MOF, etc.) and how this
varies among patients with/without sepsis.

As mentioned, only two studies in this review were
specifically designed to evaluate cause of death in
ARDS, which differed in their approach, and with lim-
ited generalizability to patients dying with ARDS in
current clinical practice. More studies designed with
this objective, with an expert-based consensus on cat-
egories and definitions of cause of death are needed.
Additionally, researchers in the ARDS field should
consider cause of death as an outcome of interest wher-
ever this is operationally feasible, with transparency on
how, and by whom, the data were captured. Further,
to minimize bias, we would encourage cause of death
data to be collected prospectively, in real-time, by res-
piratory/critical care physicians or trained researchers.

CONCLUSIONS

Few studies have reported cause of death in patients
with ARDS. In those that do, cause of death categories
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and definitions used are heterogeneous leading to dispa-
rate results. Further research is needed to see whether a
more rigorous, standardized, and transparent approach
to assigning and reporting the cause of death in ARDS,
in particular, death due to respiratory failure, would
better guide clinical trial endpoint selection and, ulti-
mately, the development of targeted treatments.

1 EpiMed Communications, Abingdon, United Kingdom.

2 Research & Development, Bayer AG, Berlin, Germany.

3 Integrated Evidence Generation, Bayer AG, Berlin, Germany.
4 New Product Portfolio, Bayer AG, Berlin, Germany.

Supplemental digital content is available for this article. Direct
URL citations appear in the printed text and are provided in the
HTML and PDF versions of this article on the journal’s website
(http://journals.lww.com/ccejournal).

Mrs. Bromley was involved in methodology, investigation, writ-
ing—original draft, writing—review & editing, visualization, pro-
Ject administration, and funding acquisition. Dr. Shakery was
involved in conceptualization and writing—review & editing. Dr.
Vora was involved in conceptualization, methodology, investiga-
tion, writing—review & editing, project administration, and funding
acquisition. Drs. Atabaki, Reimer, and McDermott were involved
in conceptualization and writing—review & editing. Dr. Hajizadeh
was involved in conceptualization, methodology, investigation,
writing—review & editing, supervision, and project administration.

This work was supported by Bayer AG.

Mrs. Bromley has received consultancy fees from Bayer AG. Dr.
Shakery is an employee of Bayer and holds shares in Bayer.
Dr. Vora is an employee of Bayer. Dr. Atabaki is an employee of
Bayer. Dr. Reimer is an employee of Bayer. Dr. McDermott was
an employee of Bayer AG at the time the study was carried out
and is currently an employee of AbbVie. Dr. Hajizadeh is an em-
ployee of Bayer.

For information regarding this article, E-mail: susan.bromley@
epimed.co.uk

REFERENCES

1. Gorman EA, O'Kane CM, McAuley DF: Acute respira-
tory distress syndrome in adults: Diagnosis, outcomes,
long-term sequelae, and management. Lancet 2022;
400:11567-1170

2. Bos LDJ, Ware LB: Acute respiratory distress syndrome:
Causes, pathophysiology, and phenotypes. Lancet 2022;
400:1145-11566

3. Bellani G, Laffey JG, Pham T, et al; LUNG SAFE Investigators:
Epidemiology, patterns of care, and mortality for patients with
acute respiratory distress syndrome in intensive care units in
50 countries. JAMA 2016; 315:788-800

4. Meyer NJ, Gattinoni L, Calfee CS: Acute respiratory distress
syndrome. Lancet 2021; 398:622-637

5. Kassirian S, Taneja R, Mehta S: Diagnosis and management

of acute respiratory distress syndrome in a time of COVID-19.
Diagnostics (Basel) 2020; 10:1053

Critical Care Explorations

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

Rubenfeld GD, Caldwell E, Peabody E, et al: Incidence
and outcomes of acute lung injury. N Engl J Med 2005;
353:1685-1693

Brower RG, Lanken PN, MacIntyre N, et al; National Heart,
Lung, and Blood Institute ARDS Clinical Trials Network: Higher
versus lower positive end-expiratory pressures in patients with
the acute respiratory distress syndrome. N Engl J Med 2004;
351:327-336

Brower RG, Matthay MA, Morris A, et al; Acute Respiratory
Distress Syndrome Network: Ventilation with lower tidal vol-
umes as compared with traditional tidal volumes for acute lung
injury and the acute respiratory distress syndrome. N Engl J
Med 2000; 342:1301-1308

European Medicines Agency: Guideline on Clinical
Investigation of Medicinal Products in the Treatment of
Patients With Acute Respiratory Distress Syndrome. EMEA/
CPMP/EWP/504/97 Rev 1.2006. Available at: https://www.
ema.europa.eu/en/documents/scientific-guideline/guideline-
clinical-investigation-medicinal-products-treatment-patients-
acute-respiratory-distress_en.pdf. Accessed September 11,
2023

Yehya N, Smith L, Thomas NJ, et al; Second Pediatric Acute
Lung Injury Consensus Conference (PALICC-2) of the
Pediatric Acute Lung Injury and Sepsis Investigators (PALISI)
Network: Definition, incidence, and epidemiology of pediatric
acute respiratory distress syndrome: From the second pedi-
atric acute lung injury consensus conference. Pediatr Crit Care
Med 2023; 24(12 Suppl 2):5S87-S98

CentersforDisease Controland Prevention. 1997.National Vital
Statistics System: Possible Solutions to Common Problems in
Death Certification. Available at: https://www.cdc.gov/nchs/
nvss/writing-cod-statements/death_certification_problems.
htm. Accessed August 2, 2023

NHLBI ARDS Network. Publications. Available at: http://
www.ardsnet.org/. Accessed April 30, 2023

PETAL Network. Bibliography. Available at: https://petalnet.
org/. Accessed April 19, 2024

Stapleton RD, Wang BM, Hudson LD, et al: Causes and timing
of death in patients with ARDS. Chest 2005; 128:525-532

Ketcham SW, Sedhai YR, Miller HC, et al: Causes and charac-
teristics of death in patients with acute hypoxemic respiratory
failure and acute respiratory distress syndrome: A retrospec-
tive cohort study. Crit Care 2020; 24:391

Villar J, Martinez D, Mosteiro F, et al; Stratification and Outcome
of Acute Respiratory Distress Syndrome (STANDARDS)
Network: Is overall mortality the right composite endpoint in
clinical trials of acute respiratory distress syndrome? Crit Care
Med 2018; 46:892-899

Gacouin A, Lesouhaitier M, Reizine F, et al: Short-term sur-
vival of acute respiratory distress syndrome patients due to
influenza virus infection alone: A cohort study. ERJ Open Res
2020; 6:00687-2020

Laffey JG, Madotto F Bellani G, et al; LUNG SAFE
Investigators: Geo-economic variations in epidemiology, pat-
terns of care, and outcomes in patients with acute respiratory
distress syndrome: Insights from the LUNG SAFE prospective
cohort study. Lancet Respir Med 2017, 5:627-638

Duan EH, Adhikari NKJ, D'Aragon F, et al; Canadian Critical
Care Trials Group: Management of acute respiratory distress

www.ccejournal.org 7


http://journals.lww.com/ccejournal
mailto:susan.bromley@epimed.co.uk
mailto:susan.bromley@epimed.co.uk
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-clinical-investigation-medicinal-products-treatment-patients-acute-respiratory-distress_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-clinical-investigation-medicinal-products-treatment-patients-acute-respiratory-distress_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-clinical-investigation-medicinal-products-treatment-patients-acute-respiratory-distress_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-clinical-investigation-medicinal-products-treatment-patients-acute-respiratory-distress_en.pdf
https://www.cdc.gov/nchs/nvss/writing-cod-statements/death_certification_problems.htm
https://www.cdc.gov/nchs/nvss/writing-cod-statements/death_certification_problems.htm
https://www.cdc.gov/nchs/nvss/writing-cod-statements/death_certification_problems.htm
http://www.ardsnet.org/
http://www.ardsnet.org/
https://petalnet.org/
https://petalnet.org/

Bromley et al

20.

21.

22,

23.

24,

25.

26.

7.

syndrome and refractory hypoxemia. A multicenter observa-
tional study. Ann Am Thorac Soc 2017; 14:1818-1826

Al-Thani H, Al-Hassani A, El-Menyar A, et al: Outcome of
post-traumatic acute respiratory distress syndrome in young
patients requiring extracorporeal membrane oxygenation
(ECMO). Sci Rep 2022; 12:10609

Wu MY, Chang YS, Huang CC, et al: The impacts of baseline
ventilator parameters on hospital mortality in acute respiratory
distress syndrome treated with venovenous extracorporeal
membrane oxygenation: A retrospective cohort study. BMC
Pulm Med 2017; 17:181

Gerard L, Bidoul T, Castanares-Zapatero D, et al: Open
lung biopsy in nonresolving acute respiratory distress syn-
drome commonly identifies corticosteroid-sensitive patholo-
gies, associated with better outcome. Crit Care Med 2018;
46:907-914

Maamar A, Guillot P, Joussellin V, et al: Moderate-to-severe
ARDS: COVID-19 patients compared to influenza patients
for ventilator parameters and mortality. ERJ Open Res 2023;
9:00554-2022

Constantin JM, Jabaudon M, Lefrant JY, et al; AZUREA
Network: Personalised mechanical ventilation tailored to lung
morphology versus low positive end-expiratory pressure for
patients with acute respiratory distress syndrome in France
(the LIVE study): A multicentre, single-blind, randomised con-
trolled trial. Lancet Respir Med 2019; 7:870-880

Villar J, Ferrando C, Martinez D, et al; dexamethasone in ARDS
network: Dexamethasone treatment for the acute respiratory
distress syndrome: A multicentre, randomised controlled trial.
Lancet Respir Med 2020; 8:267-276

McAuley DF, Cross LM, Hamid U, et al: Keratinocyte
growth factor for the treatment of the acute respiratory
distress syndrome (KARE): A randomised, double-blind,
placebo-controlled phase 2 trial. Lancet Respir Med 2017;
5:484-491

Abdelaal Ahmed Mahmoud A, Mahmoud HE, Mahran MA, et
al: Streptokinase versus unfractionated heparin nebulization
in patients with severe acute respiratory distress syndrome
(ARDS): A randomized controlled trial with observational con-
trols. J Cardiothorac Vasc Anesth 2020; 34:436—-443

www.ccejournal.org

28.

29,

30.

31.

32.

33.

34.

35.

36.

Estenssoro E, Loudet Cl, Rios FG, et al; SATI-COVID-19 Study
Group: Clinical characteristics and outcomes of invasively ven-
tilated patients with COVID-19 in Argentina (SATICOVID):
A prospective, multicentre cohort study. Lancet Respir Med
2021;9:989-998

Estenssoro E, Loudet Cl, Dubin A, et al; SATI-COVID-19 Study
Group: Clinical characteristics, respiratory management, and
determinants of oxygenation in COVID-19 ARDS: A prospec-
tive cohort study. J Crit Care 2022; 71:154021

Daviet F, Guilloux P, Hraiech S, et al: Impact of obesity on sur-
vival in COVID-19 ARDS patients receiving ECMO: Results
from an ambispective observational cohort. Ann Intensive Care
2021; 11:157

Pestafia D, Villar L, Gomez-Rojo M, et al: Respiratory me-
chanics in late COVID-19 ARDS—a restrictive pattern is
strongly associated with death. A cohort study. Anaesthesiol
Intensive Ther 2022; 54:295-301

Raasveld SJ, Taccone FS, Broman LM, et al: Outcomes of ex-
tracorporeal membrane oxygenation in COVID-19-induced
acute respiratory distress syndrome: An inverse probability
weighted analysis. Crit Care Explor 2022; 4:¢0770

Bosch NA, Lee MM, LeSieur MN, et al: Death due to irrevers-
ible hypoxemic respiratory failure in ARDSnet clinical trials. J
Crit Care 2022; 67:85-87

European Medicines Agency: Concept Paper on Revision of
the Guideline on Clinical Investigation of Medicinal Products
in the Treatment of Patients With Acute Respiratory Distress
Syndrome. EMA/CHMP/175067/2023  Rheumatology/
Immunology Working Party (RIWP) Committee for Medicinal
Products for Human Use (CHMP). 2023. Available at:
www.ema.europa.eu/en/documents/scientific-guideline/
concept-paper-revision-guideline-clinical-investigation-me-
dicinal-products-treatment-patients-acute-respiratory-dis-
tress-syndrome_en.pdf. Accessed September 11, 2023

Nasa P, Jain R, Juneja D: Delphi methodology in healthcare
research: How to decide its appropriateness. World J Methodol
2021;11:116-129

Auriemma CL, Zhuo H, Delucchi K; et al: Acute respiratory
distress syndrome-attributable mortality in critically ill patients
with sepsis. Intensive Care Med 2020; 46:1222-1231

September 2024 ¢ Volume 6 * Number 9


www.ema.europa.eu/en/documents/scientific-guideline/concept-paper-revision-guideline-clinical-investigation-medicinal-products-treatment-patients-acute-respiratory-distress-syndrome_en.pdf
www.ema.europa.eu/en/documents/scientific-guideline/concept-paper-revision-guideline-clinical-investigation-medicinal-products-treatment-patients-acute-respiratory-distress-syndrome_en.pdf
www.ema.europa.eu/en/documents/scientific-guideline/concept-paper-revision-guideline-clinical-investigation-medicinal-products-treatment-patients-acute-respiratory-distress-syndrome_en.pdf
www.ema.europa.eu/en/documents/scientific-guideline/concept-paper-revision-guideline-clinical-investigation-medicinal-products-treatment-patients-acute-respiratory-distress-syndrome_en.pdf

