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Abstract 

Background Hypoinflammatory and hyperinflammatory phenotypes have been identified in both Acute Respiratory 
Distress Syndrome (ARDS) and sepsis. Attributable mortality of ARDS in each phenotype of sepsis is yet to be deter-
mined. We aimed to estimate the population attributable fraction of death from ARDS  (PAFARDS) in hypoinflammatory 
and hyperinflammatory sepsis, and to determine the primary cause of death within each phenotype.

Methods We studied 1737 patients with sepsis from two prospective cohorts. Patients were previously assigned 
to the hyperinflammatory or hypoinflammatory phenotype using latent class analysis. The  PAFARDS in patients 
with sepsis was estimated separately in the hypo and hyperinflammatory phenotypes. Organ dysfunction, severe 
comorbidities, and withdrawal of life support were abstracted from the medical record in a subset of patients 
from the EARLI cohort who died (n = 130/179). Primary cause of death was defined as the organ system that most 
directly contributed to death or withdrawal of life support.

Results The  PAFARDS was 19% (95%CI 10,28%) in hypoinflammatory sepsis and, 14% (95%CI 6,20%) in hyperinflamma-
tory sepsis. Cause of death differed between the two phenotypes (p < 0.001). Respiratory failure was the most com-
mon cause of death in hypoinflammatory sepsis, whereas circulatory shock was the most common cause in hyperin-
flammatory sepsis. Death with severe underlying comorbidities was more frequent in hypoinflammatory sepsis (81% 
vs. 67%, p = 0.004).

Conclusions The  PAFARDS is modest in both phenotypes whereas primary cause of death among patients with sep-
sis differed substantially by phenotype. This study identifies challenges in powering future clinical trials to detect 
changes in mortality outcomes among patients with sepsis and ARDS.
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Background
Acute respiratory distress syndrome (ARDS) is char-
acterized by mortality of 35–45% [1] and considerable 
heterogeneity, contributing to the current challenge of 
developing effective treatment [2]. Two molecular pheno-
types of ARDS, hypo- and hyperinflammatory, have been 
identified based largely on plasma levels of biomarkers 
reflecting inflammation, epithelial and endothelial injury 
and coagulation abnormalities [2–4]. Specifically, the 
hyperinflammatory phenotype, which represents about 
one-third of ARDS cases, is associated with high levels of 
inflammatory biomarkers, increased use of vasopressors, 
and higher mortality rates [2–4]. In contrast, the hypo-
inflammatory phenotype, representing approximately 
two-thirds of ARDS cases, is associated with lower lev-
els of inflammatory biomarkers and reduced mortality 
rates [2–4]. These phenotypes have also been identified 
in sepsis, with similar characteristics, prognosis and dif-
ferential response to activated protein C, suggesting this 
schema captures phenotypes of critical illness overall and 
not only ARDS [5, 6].

The attributable fraction and population attributable 
fraction are epidemiological tools useful for estimat-
ing the potential impact of an exposure on an outcome. 
Population attributable fraction describes the reduction 
in the rate of the outcome if the exposure could be com-
pletely removed, assuming the exposure is causal. These 
metrics have been used in other fields to inform feasi-
bility and design of trials [7]; for example, if population 
 AFARDS is low, sample size requirements for clinical tri-
als in ARDS with primary outcome of mortality will be 
quite high [8]. The attributable fraction of death from 
sepsis-associated ARDS  (AFARDS) is the proportion of 
deaths attributable to ARDS among all deaths in patients 
who developed sepsis-associated ARDS. The popula-
tion  AFARDS  (PAFARDS) in this context is the proportion 
of deaths that would be prevented following elimination 
of ARDS in patients with sepsis [9]. In a previous study, 
Auriemma et al. reported the  PAFARDS to be 16% and 18% 
in two independent cohorts of septic adults, with mortal-
ity mainly driven by severe ARDS (P/F ratio < 100) [10]. 
However, this study encompassed both hypo- and hyper-
inflammatory phenotypes and used sepsis patients with-
out ARDS as the reference population. More recently, 
Saha et al. estimated the attributable mortality of ARDS 
phenotypes using a completely different reference popu-
lation (either critically ill patients without acute respira-
tory failure or patients with a unilateral radiographic 
infiltrate), and without estimating the  PAFARDS [11]. The 
 PAFARDS for hyper- and hypoinflammatory phenotypes 
using a referent population of sepsis patients remains 
unknown. Moreover, whether causes of death differ in 
sepsis based on molecular phenotypes is also unknown 

and may inform the proportions of mortality that may be 
modifiable in each phenotype. In this study, we aimed to 
(1) estimate 60 days in hospital  PAFARDS in patients with 
hypo-inflammatory versus hyperinflammatory sepsis, 
and (2) to determine causes of death in hypo-inflamma-
tory versus hyper-inflammatory sepsis to further contex-
tualize our  PAFARDS analyses.

Methods
Participants
We studied patients from two prospectively enrolled 
cohorts of critically ill adults: (1) the Early Assessment 
of Renal and Lung Injury (EARLI) study, which enrolls 
adults admitted from the emergency department to the 
intensive care unit (ICU) at either an academic medical 
center or safety net hospital in San Francisco, Califor-
nia, and (2) the Validating Acute Lung Injury markers for 
Diagnosis (VALID) study which enrolls critically ill adults 
from an academic medical center in Nashville, Tennessee.

Sepsis and ARDS definition
We selected patients admitted to the ICU for sepsis 
[12]. Because data collection started prior to publica-
tion of the Sepsis 3 definition [13], sepsis was defined 
as documented or suspected infection in the presence 
of two or more characteristics of the systemic inflam-
matory response syndrome within the first two days of 
ICU admission [12]. Presence or absence of sepsis, and 
pulmonary or non-pulmonary origin of sepsis if pre-
sent, was meticulously assessed by a participating study 
physician using all the data available from the patient’s 
hospitalization. Patients were defined as having ARDS if 
they met Berlin criteria for ARDS on at least one of the 
first five hospital days for EARLI and between ICU days 
one through four in VALID [14]. Day one was defined 
as the admission date in the emergency department in 
EARLI, whereas it was defined as the day of ICU admis-
sion in VALID. Development of ARDS was adjudicated 
by at least two study physicians and by review of all chest 
radiographs during the first 5  days of enrollment, using 
criteria set forth by the AECC or Berlin criteria [14, 15]. 
When patients met chest radiograph and oxygenation cri-
teria for ARDS, then the medical record was thoroughly 
reviewed for any evidence of a primary or contributory 
cardiogenic cause of pulmonary edema. We additionally 
identified patients who were not receiving mechanical 
ventilation but who met the American-European Con-
sensus Conference (AECC) criteria for acute lung injury 
(ALI) during the same time frame [15]. Further infor-
mation on exclusions criteria is provided in Additional 
file 1: E-methods. Latent class assignments for included 
patients were determined in a previous study [6]. Briefly, 
latent class analysis (LCA) is a statistical technique that 
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uses mixture modelling to find the best fitting model for a 
set of data, based on the hypothesis that the data contain 
several unobserved groups or classes [16].

EARLI was approved by the University of Califor-
nia, San Francisco Institutional Review Board (IRB) and 
VALID by the Vanderbilt IRB. Consent was obtained 
from patients or their surrogates when possible, as previ-
ously described [10].

Determination of the cause of the death
We determined cause of death in patients who died in 
the EARLI cohort for whom electronic health records 
(EHR) were available. Patients’ data were reviewed by 
one trained intensivist who did not participate in ARDS 
adjudication and was blinded to ARDS and phenotype 
status. Rigorous inspection of the temporal relationship 
of laboratory data, imaging data, hemodynamic, respira-
tory parameters and physician’s notes, using a stand-
ardized case ascertainment template (Additional file  1: 
E-methods) [17], was carried out to define cause of death. 
If determination of cause was challenging, adjudication 
was done with a second trained intensivist (CSC). 25% 
of randomly patients were assessed by a third intensivist 
(AZ) to determine inter-rater reliability.

For each patient, we reviewed the medical record for 
evidence of dysfunction of eight organ systems dur-
ing the 72 h prior to death (Additional file 1: Table E1). 
We classified organ dysfunction as severe or irreversible 
using modified definitions from prior studies (Additional 
file 1: Table E1) [17, 18]. The primary cause of death was 
defined as the organ system that most directly contrib-
uted to death or withdrawal of life support (Additional 
file 1: Figure E1). Further information regarding determi-
nation of cause of death is provided in the E-methods.

Statistical analysis
Sample size estimation is provided in the E-meth-
ods (Additional file 1: E-methods) and was used to sup-
port the decision to combine EARLI and VALID for 
most analyses. Pearson’s chi square and Wilcoxon rank 
sum test were used to compare baseline variables strati-
fied by phenotypes of sepsis. The primary outcome was 
in-hospital 60-day mortality.  AFARDS and  PAFARDS were 
estimated within each phenotype separately; specifically, 
the mortality of hypoinflammatory sepsis with ARDS 
was compared to the mortality of hypoinflammatory 
sepsis without ARDS, without considering hyperinflam-
matory patients, and vice versa. To estimate the  AFARDS 
and the  PAFARDS within each phenotype of sepsis, we 
used methods outlined previously [9, 10, 19]. Estimates 
were based on indirect standardization, which com-
putes the weighted average of stratum-specific estimates 
in the reference population, using weights from the 

study population [10, 19]. Strata were defined by modi-
fied APACHE II quartiles; the oxygenation component 
of APACHE II was removed for this analysis. We also 
conducted multiple sensitivity analyses, one of which 
involved a matching approach using propensity scores, 
for which we used a directed acyclic graph to determine 
the variables to include in the model (Additional file  1: 
Figure E2). Details of the sensitivity analysis are provided 
in the E-methods  (Additional file  1: E-methods). Pear-
son’s Chi Square was used to compare cause of death 
between patients with hypoinflammatory vs hyperin-
flammatory sepsis and with or without ARDS. A p-value 
less than 0.05 was considered statistically significant. 
Analyses were performed using the STDRATE procedure 
in SAS (Version 3.81) for the calculation of  AFARDS and 
the  PAFARDS using strata method and using R (Version 
4.2.2) for all other analysis.

Results
Patient characteristics
Overall, 1737 patients were included, 675 from EARLI 
and 1062 from VALID (Fig.  1). Patients from EARLI 
were significantly older (Median: 66  years, IQR [55,78] 
vs. 58  years, IQR [47,67], p < 0.001), more frequently 
required vasopressors (58% vs. 47%, p < 0.001), and less 
frequently required invasive mechanical ventilation (45% 
vs. 61%, p < 0.001) (Additional file 1: Table E2) compared 
to patients from VALID. The proportion of patients who 
developed ARDS within five days of enrollment was 
also higher in EARLI (47% vs. 37%, p < 0.001). In-hos-
pital overall mortality was similar in both cohorts (27% 
vs. 25%, p = 0.5) and also comparable within the ARDS 
subgroup in both cohorts (37% vs. 34%, p = 0.5). In both 
cohorts, more than 85% patients who developed ARDS 
did so on day 1 or day 2 of study enrollment (Additional 
file 1: Figure E3A).

Considering both cohorts together, 1168 patients (67%) 
were allocated to the hypoinflammatory group, and 440 
of these (37%) developed ARDS during their study obser-
vation period (Table 1, Additional file 1: Figure E4). Age 
and sex were similar between patients developing ARDS 
and those who did not, whereas proportion requiring 
vasopressors, pulmonary sepsis, modified APACHE II 
and in-hospital mortality were higher in those who devel-
oped ARDS (Table  1). Albumin levels and hematocrit 
were similar in patients who developed ARDS and those 
who did not, whereas patients without ARDS received 
more fluids in the emergency department (Table  1). 
Among hypoinflammatory patients who died, 41 (20%) 
died before the end of the ARDS ascertainment time 
frame (5  days) without having developed ARDS (Addi-
tional file 1: Figure E3B).
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In the combined cohorts, 569 patients (33%) were allo-
cated to the hyperinflammatory phenotype, and 272 of 
these (48%) developed ARDS in the five days following 
their ICU admission (Table 1 and Additional file 1: Figure 
E4). As in the hypoinflammatory phenotype, proportion 
of pulmonary sepsis, modified APACHE II and in-hos-
pital mortality were higher in patients who developed 
ARDS. The proportion of patients requiring vasopressors 
was similar between those who developed ARDS and 
those who did not. Albumin levels were slightly lower in 

patients who developed ARDS, while the volume of flu-
ids received in the emergency department and hemato-
crit did not differ (Table  1). Among hyperinflammatory 
patients who died, 55 (23%) died before the end of the 
ARDS ascertainment time frame (5 days) without having 
developed ARDS (Additional file 1: Figure E3B).

AFARDS and population AFARDS
In hypoinflammatory sepsis, the  AFARDS was 36% (95%CI: 
24,45%), and the  PAFARDS was 19% (95%CI: 10,28%) 

Table 1 Characteristics of combined cohort of EARLI and VALID patients on admission stratified by Phenotype and presence of ARDS

*Median (IQR); n (%)
† Wilcoxon rank sum test; Pearson’s Chi-squared test
‡ At the time of ARDS onset
§ For survivors only

Hypoinflammatory
n = 1168

Hyperinflammatory
n = 569

ARDS
n = 440*

No ARDS
n = 728*

p-value† ARDS
n = 272*

No ARDS
n = 297*

p-value†

Age (years) 60 (48, 73) 61 (50, 71) 0.7 59 (51, 70) 61 (51, 69)  > 0.9

Male 251 (57%) 422 (58%) 0.7 148 (54%) 156 (53%) 0.7

SAPS II 50 (36, 64) 43 (32, 56)  < 0.001 66 (52, 82) 54 (42, 69)  < 0.001

Modified APACHE II 24 (19, 30) 22 (17, 27)  < 0.001 30 (24, 37) 27 (22, 33)  < 0.001

Diabetes 127 (29%) 237 (33%) 0.2 64 (24%) 78 (26%) 0.5

Congestive heart failure 91 (21%) 114 (16%) 0.027 46 (17%) 44 (15%) 0.5

Coronary artery disease 51 (12%) 114 (16%) 0.053 25 (9%) 43 (14%) 0.052

Stroke 43 (10%) 75 (10%) 0.8 15 (6%) 17 (6%)  > 0.9

Chronic liver disease 17 (4%) 48 (7%) 0.049 60 (22%) 61 (21%) 0.7

Chronic kidney disease 83 (19%) 148 (20%) 0.5 31 (11%) 73 (25%)  < 0.001

Pulmonary sepsis 343 (78%) 321 (44%)  < 0.001 150 (55%) 75 (25%)  < 0.001

Vasopressors 190 (43%) 267 (37%) 0.027 209 (77%) 218 (73%) 0.3

Fluid administration in Emergency 
Department (L)

2.6 (1.3, 4.6) 3.0 (1.6, 5.0) 0.010 3.5 (2.0, 5.4) 3.5 (2.0, 6.2) 0.2

Albumin (g/L) 2.7 (2.2, 3.1) 2.7 (2.3, 3.1) 0.4 2.3 (1.8, 2.7) 2.4 (2.0, 2.8) 0.028

Hematocrit (%) 31 (27, 35) 30 (26, 35) 0.7 26 (23, 31) 26 (23, 31) 0.6

Creatinine (mg/L) 1.28 (0.87, 2.23) 1.34 (0.88, 2.35) 0.5 1.72 (1.06, 2.64) 2.34 (1.34, 4.00)  < 0.001

Bicarbonate (mmol/L) 23.0 (20.0, 26.0) 23.0 (20.0, 26.0) 0.6 18.0 (15.0, 21.0) 19.0 (16.0, 22.0) 0.009

Protein C  (%) 67 (40, 99) 71 (50, 98) 0.034 39 (25, 65) 36 (22, 55) 0.025

IL-6 (pg/mL) 49 (18, 135) 29 (12, 99)  < 0.001 919 (185, 4,968) 239 (65, 1,070)  < 0.001

IL-8 (pg/mL) 12 (6, 25) 13 (7, 27) 0.2 213 (61, 1,260) 97 (26, 344)  < 0.001

Invasive Mechanical ventilation 289 (66%) 340 (47%)  < 0.001 195 (72%) 126 (42%)  < 0.001

PaO2/FiO2 (mmHg) 127 (75, 194) 209 (134, 330)  < 0.001 126 (75, 183) 233 (139, 353)  < 0.001

SpO2/FiO2 148 (96, 213) 239 (158, 329)  < 0.001 153 (96, 223) 240 (155, 332)  < 0.001

ARDS severity‡

 Mild 105 (24%) – – 58 (21%) – –

 Moderate 172 (39%) – – 109(40%) – –

 Severe 163 (37%) – – 105 (39%) – –

ICU stay of length (days) § 6 (4, 10) 4 (2, 6)  < 0.001 8 (5, 16) 5 (3, 8)  < 0.001

Ventilation length (days) § 3 (0, 7) 0 (0, 3)  < 0.001 5 (0, 10) 0 (0, 3)  < 0.001

In hospital mortality to 60 days 108 (25%) 95 (13%)  < 0.001 143 (53%) 101 (34%)  < 0.001
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(Fig. 2). This finding indicates that eliminating ARDS in 
hypoinflammatory sepsis would provide a relative mor-
tality reduction of 19%. Sensitivity analyses excluding 
older patients, those with intermediate probability of 
phenotype membership, and using propensity scores 
did not meaningfully alter the results (Additional file  1: 
Tables E3 and E4).

In hyperinflammatory sepsis, the  AFARDS was 23% 
(95%CI: 14,31%) and the  PAFARDS was 14% (95% CI: 
1,23%), indicating that eliminating ARDS would provide 
a relative mortality reduction of 14% in hyperinflamma-
tory sepsis (Fig.  2). Similar to hypoinflammatory sepsis, 
sensitivity analyses did not meaningfully alter the results 
(Additional file 1: Tables E3 and E4).

Cause of death
Among the 179 patients who died in EARLI, 49 (27%) 
were excluded from analysis because no electronic medi-
cal record data was available to determine cause of death 
(mainly patients enrolled from 2008 to 2011). Of the 130 
studied, 54 were hypoinflammatory and 76 were hyperin-
flammatory. Inter-rater reliability for cause of death was 
excellent (Kappa = 0.94, p < 0.001).

Cause of death differed by phenotype (p < 0.001) (Addi-
tional file 1: Figs. 3A-B and E5; Table 2). In hypoinflam-
matory sepsis, patients died mainly from respiratory 
failure (59%) (Fig.  3A), which was primarily character-
ized by failure to wean from respiratory support rather 

than refractory hypoxemia (Additional file 1: Figure E6). 
In contrast, patients who died in the hyperinflammatory 
group died mainly from circulatory failure (63%) (Fig. 3A 
and Additional file 1: Figure E7). When considering only 
patients who developed ARDS, these proportions and 
differences remained similar (Fig.  3B). Among patients 
who died, 53% of patients with hypoinflammatory sep-
sis died in the ICU versus 73% in the hyperinflammatory 
phenotype (p = 0.018). Underlying severe comorbidities 
were present in most patients but were more pronounced 
in hypoinflammatory sepsis: 33% of hyperinflamma-
tory sepsis patients who died had no underlying severe 
comorbidities, versus 19% in hypoinflammatory sepsis 
(p = 0.004) (Table  2; Additional file  1: Figure E5). In the 
overall sepsis population and in the ARDS subgroup, 
modified SOFA score collected on day of death or day 
of withdrawal of life support was significantly lower in 
patients with hypoinflammatory sepsis compared to 
patients with hyperinflammatory sepsis (Table  2 and 
Additional file  1: Table  E5). Further details comparing 
cause of death of patients who developed ARDS and 
those who did not in each phenotype are provided in the 
Additional file 1.

Discussion
To our knowledge, this study estimates for the first time 
the  AFARDS and  PAFARDS in inflammatory phenotypes 
of sepsis. While the  PAFARDS was relatively similar in 

Fig. 1 Flow chart of the study
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hyper- and hypo-inflammatory sepsis, cause of death 
differed substantially between the phenotypes. Death 
in hypoinflammatory sepsis was mainly driven by res-
piratory causes, most commonly failure to wean from 

respiratory support, and death in hyperinflammatory 
sepsis was mainly driven by circulatory failure/shock.

Our analyses of cause of death in each phenotype 
identified several patterns of interest. First, we found 
that patients in the hyperinflammatory phenotype died 

Fig. 2 A Estimation with 95% confidence interval and sensitivity analysis of the population attributable fraction of death from ARDS in each 
phenotype of sepsis. B Estimation with 95% confidence interval and sensitivity analysis of the attributable fraction of death from ARDS in each 
phenotype of sepsis. ARDS Acute respiratory distress syndrome, LCA Latent class analysis



Page 7 of 11Evrard et al. Critical Care          (2024) 28:164  

mainly because of circulatory failure (refractory shock). 
We could not determine if circulatory failure was caused 
directly by effects of sepsis on the peripheral vasculature 
(e.g. vasoplegia, hypovolemia) or by pulmonary vascular 

dysfunction leading to right ventricular failure, which 
is frequently present in patients who die from ARDS 
[20–22], or a combination of the two. Second, we found 
that patients with hypoinflammatory sepsis died mainly 

Table 2 Characteristics of EARLI patients collected from the day of the death or of withdrawal of care, and cause of the death stratified 
by phenotype

*Median (IQR); n (%)
† Wilcoxon rank sum test; Pearson’s Chi-squared test
‡ Score without neurological component

Overall sepsis (N = 130) ARDS subgroup (N = 85)

Hypoinflammatory, 
N = 54*

Hyperinflammatory, 
N = 76*

p-value† Hypoinflammatory, 
N = 30*

Hyperinflammatory, 
N = 55*

p-value†

Full code on admission 32 (59%) 59 (79%) 0.053 17 (57%) 44 (81%) 0.016

Withdrawal of life support 38 (76%) 50 (70%) 0.5 22 (79%) 39 (75%) 0.7

Modified SOFA score‡ 5 (3, 9) 12 (9, 15)  < 0.001 6 (4, 8) 13 (11, 15.0)  < 0.001

Multiorgan failure n(%) 34 (71%) 64 (86%) 0.034 18 (75%) 47 (89%) 0.2

Main organ failure involved in the death  < 0.001  < 0.001

 Circulatory failure 15 (28%) 48 (63%) 6 (20%) 37 (67%)

 Respiratory failure 32 (59%) 11 (14%) 20 (67%) 9 (16%)

 Other 7 (13%) 17 (22%) 4 (13%) 9 (16%)

Main severe comorbidities 0.004 0.042

 No underlying severe comor-
bidities

10 (19%) 25 (33%) 8 (27%) 22 (40%)

 Elderly 15 (28%) 12 (16%) 8 (27%) 10 (18%)

 Severe lung disease 10 (19%) 2 (3%) 6 (20%) 1 (2%)

 Advanced malignancy 14 (26%) 23 (30%) 5 (17%) 13 (24%)

 Other severe 5 (9%) 14 (18%) 3 (10%) 9 (16%)

Time to death (days) 8 (5, 14) 6 (2, 13) 0.10 7 (4, 12) 6 (2, 13) 0.3

Fig. 3 A Barplot showing the comparison of the cause of death between hypoinflammatory and hyperinflammatory sepsis in EARLI overall 
population. B Barplot showing the comparison of the cause of death between hypoinflammatory and hyperinflammatory sepsis in the subgroup 
of patients who developed ARDS. ARDS Acute respiratory distress syndrome, CNS Central nervous system, GI Gastro-intestinal
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because of respiratory failure, regardless of the pres-
ence of ARDS. Respiratory failure in these cases was not 
driven by irreversible hypoxemia but by failure to wean 
from ventilatory or oxygenation support. Third, more 
than 80% of patients with hypoinflammatory sepsis who 
died had severe comorbidities which contributed to the 
decision to withdraw or not escalate life support. Thus, 
deaths in hypoinflammatory sepsis may reflect at least 
in part a population with severe comorbidities that limit 
functional recovery from critical illness. Numerous stud-
ies have reported that patients with ARDS frequently die 
because of extrapulmonary organ failure [17, 18, 23], but 
to our knowledge, the finding that patients with hypoin-
flammatory sepsis died mainly because of failure to wean 
from respiratory support is novel.

The  PAFARDS can be defined as the proportion of death 
over a specified time that would be prevented follow-
ing elimination of the exposure (i.e., ARDS) in the sepsis 
population, assuming the exposure is causal [9]. Follow-
ing this definition, 19% of deaths could be avoided during 
hospitalization if ARDS were eliminated in hypoinflam-
matory sepsis, and 14% of deaths in hyperinflammatory 
sepsis. Surprisingly, the  AFARDS and  PAFARDS seemed 
relatively similar and perhaps even lower in hyperinflam-
matory sepsis compared to hypoinflammatory sepsis. 
One possible explanation for this finding is that in hyper-
inflammatory sepsis, the lung is only one of many failing 
organs; thus, treating respiratory failure is less likely to 
eliminate risk of death. Another explanation could be that 
more patients with hyperinflammatory sepsis die before 
they can develop ARDS. However, as ARDS occurred 
mainly in the first 48 h, and because only a small propor-
tion of patients died without ARDS within the five first 
days, this explanation seems less likely. As a result of this 
low  PAFARDS, therapies that target lung-specific pathways 
in hyperinflammatory sepsis may require dramatic effi-
cacy to identify a mortality benefit, while therapies that 
have less organ-specific effects may be more fruitful [8, 
10].

The  AFARDS and  PAFARDS in hypoinflammatory sepsis 
were modestly higher, with a lower prevalence of multi-
system organ failure, which might imply that ARDS plays 
a larger role in short-term mortality in this phenotype. 
However, the proportion of hypoinflammatory patients 
who died with a high burden of severe comorbidities was 
very high. If confirmed by other studies, these findings 
may limit the utility of mortality as an endpoint for future 
studies in hypoinflammatory sepsis, especially when 
severe comorbidities persist and contribute to a short life 
expectancy. Using severe comorbidities as a surrogate 
for frailty, we speculate that the modifiable proportion of 
death in this phenotype may be lower. It is important to 

emphasize that we did not explore other important end-
points such as morbidity, quality of life and other patient-
centered outcomes, or the financial impact of ARDS in 
patients who survived [24]. Taken together, these findings 
highlight challenges to achieving mortality reduction 
in ARDS clinical trials. Designs for future trials in both 
phenotypes should take account of these findings, which 
could indicate that a large number of patients would need 
to be treated in order to identify a survival benefit, or that 
the trial population must be more strictly selected [7, 10, 
23]. Cooperative multinational trials may be required in 
order to generate studies adequately powered for mortal-
ity endpoints.

With recent data suggesting that hypoinflammatory 
and hyperinflammatory phenotypes are generalizable to 
sepsis [5, 6], we chose to study the  AFARDS and  PAFARDS 
within each sepsis phenotype. This approach considers 
ARDS as a complication of each phenotype of sepsis, 
rather than considering each phenotype of ARDS as a 
complication of overall sepsis or more broadly of criti-
cal illness. Analyses that assess the PAF of hyperinflam-
matory ARDS and hypoinflammatory ARDS relative to 
an unselected control group (i.e., unselected patients, or 
ventilated controls) will likely find quite different results. 
In a previous study, Saha et  al. estimated the attribut-
able fraction of mortality from hyperinflammatory ARDS 
using a different control population (either critically ill 
patients without acute respiratory failure or patients with 
a unilateral radiographic infiltrate) [11]. In contrast with 
our results, they found that the AF of death from hyper-
inflammatory ARDS was higher than from hypoinflam-
matory ARDS. The observed difference may be explained 
by the presence of both inflammatory phenotypes within 
their control population.

This study has several strengths. First unlike some 
prior studies [11], phenotypes were assigned by LCA, a 
robust method [16] with consistent and well-replicated 
findings [2, 5, 25–27]. Moreover, sensitivity analysis pro-
vided similar results, even when using another approach 
(propensity scoring) to estimate attributable mortality. 
Second, we strictly followed established methodological 
guidelines for estimation and interpretation of  PAFARDS 
[28]. Third, it included two large, diverse prospective 
cohorts from distinct centers which provide a generaliza-
ble population with external validity to estimate  PAFARDS. 
Fourth, all patients were meticulously assessed for both 
sepsis and ARDS. Fifth, inter-rater reliability for cause of 
death was excellent.

This study also has limitations. First, we only explored 
cause of death in EARLI, and some patients had missing 
data due to timing of EHR implementation. Second, we 
used the Sepsis-2 criteria to define sepsis, since studies 
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started before the Sepsis-3 definition. However, as we 
enrolled only critically ill patients, it is unlikely that our 
patients would not fulfill the more recent criteria for 
sepsis [13]. Third, we were not able to assess if LCA 
class assignment changed over time, although a previ-
ous analysis showed that ARDS phenotypes were stable 
over the first 3 days [29]. Fourth, while the high burden of 
comorbidities in hypoinflammatory patients may imply a 
higher prevalence of frailty, we do not have formal meas-
ures of frailty, which might shed further light on causes 
of death in patients with multi-comorbidity [30]. Fifth, 
we assumed that no ARDS patients were misclassified 
for the analysis. However, our systematic prospective 
approach to determine presence of ARDS by at least two 
specialists limits the risk of classification bias, and we 
explicitly excluded patients whose ARDS diagnosis was 
unclear or equivocal in one cohort. Sixth, we did not treat 
ARDS as a time-varying exposure, which could theoreti-
cally lead to an overestimation of the population  AFARDS 
[31, 32]. However, this potential bias is limited by the fact 
that the vast majority of ARDS occurred on Day 1 or 2 of 
study enrollment. Finally, we focused here only on sepsis 
patients admitted in ICU, and findings may not be gener-
alizable to patients with other risk factors for ARDS.

Conclusion
This study provides important new findings about 
 PAFARDS in each inflammatory phenotype of sepsis. The 
 PAFARDS was modest (< 20%) in both phenotypes and 
relatively similar. Patients with ARDS in hypoinflamma-
tory sepsis died primarily from respiratory failure with a 
high burden of severe comorbidities contributing to deci-
sions around end-of-life. Conversely, patients with ARDS 
in hyperinflammatory sepsis died primarily from circula-
tory failure. These findings suggest that identifying effec-
tive therapies to reduce mortality from sepsis-induced 
ARDS may be challenging in both phenotypes but for 
different reasons—namely, the higher prevalence of mul-
tiorgan failure in hyperinflammatory sepsis which may 
decrease the impact of treating only one organ, and the 
burden of comorbidities which may impact short-term 
prognosis for patients with hypoinflammatory sepsis.
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