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BACKGROUND: Although specific interventions previously demonstrated benefit in patients with
ARDS, use of these interventions is inconsistent, and patient mortality remains high. The impact
of variability in center management practices on ARDS mortality rates remains unknown.

RESEARCH QUESTION: What is the impact of treatment variability on mortality in patients
with moderate to severe ARDS in the United States?
STUDY DESIGN AND METHODS: We conducted a multicenter, observational cohort study of
mechanically ventilated adults with ARDS and PaO2 to FIO2 ratio of # 150 with positive end-
expiratory pressure of $ 5 cm H2O, who were admitted to 29 US centers between October 1,
2016, and April 30, 2017. The primary outcome was 28-day in-hospital mortality. Center
variation in ventilator management, adjunctive therapy use, and mortality also were assessed.
RESULTS: A total of 2,466 patients were enrolled. Median baseline PaO2 to FIO2 ratio was 105
(interquartile range, 78.0-129.0). In-hospital 28-day mortality was 40.7%. Initial adherence to
lung protective ventilation (LPV; tidal volume, # 6.5 mL/kg predicted body weight; plateau
pressure, or when unavailable, peak inspiratory pressure, # 30 mm H2O) was 31.4% and
varied between centers (0%-65%), as did rates of adjunctive therapy use (27.1%-96.4%),
methods used (neuromuscular blockade, prone positioning, systemic steroids, pulmonary
vasodilators, and extracorporeal support), and mortality (16.7%-73.3%). Center standardized
mortality ratios (SMRs), calculated using baseline patient-level characteristics to derive ex-
pected mortality rate, ranged from 0.33 to 1.98. Of the treatment-level factors explored, only
center adherence to early LPV was correlated with SMR.
rial blood gas; CHF = congestive heart
al disease; iNO = inhaled nitric oxide;
ation; PBW = predicted body weight;
ry pressure; PVD = pulmonary vasodi-
ortality ratio; SOFA = sequential organ
ssisted breathing; VFD = ventilator-free

ision of Pulmonary, Critical Care and
f Medicine (N. Qadir and S. Y. Chang),
ne, University of California Los Angeles;
l Care and Sleep Medicine, Department

of Medicine (J. M. Liebler), the Keck School of Medicine, University of
Southern California, Los Angeles, CA; the Division of Critical Care
Medicine, Department of Anesthesiology (R. R. Bartz, M. L. Cooter,
and J. Komisarow), Duke University Medical Center, Durham; the
Wake Forest School of Medicine (A. K. Khanna), Winston-Salem, NC;
the Division of Pulmonary and Critical Care Medicine, Department of
Medicine (C. L. Hough and A. Khan), Oregon Health and Science
University, Portland, OR; the Intermountain Medical Center (M. J.
Lanspa), Murray; the Divisions of Cardiothoracic Surgery and Emer-
gency Medicine, Department of Surgery (J. E. Tonna), University of
Utah School of Medicine, Salt Lake City, UT; the Department of

[ 1 6 0 # 4 CHES T OC TO B E R 2 0 2 1 ]

http://crossmark.crossref.org/dialog/?doi=10.1016/j.chest.2021.05.047&domain=pdf


Anesthesia, Critical Care and
speed), Beth Israel Deaconess
Pulmonary and Critical Care
University of Massachusetts M
MA; the Division of Critical C
(J.-T. Chen and M. N. Gon
Einstein College of Medicin
Critical Care and Sleep Medic
zadeh), Donald and Barbara
Northwell, Manhasset; the Div
Care Medicine, Department
University College of Physician
of Pulmonary, Critical Care
Medicine (A. Tiwari), Albany
sion of Pulmonary, Critical C
Medicine (S. Giovanni), Univ
Department of Surgery (D. Go
Center, Cincinnati; the Depa
Duggal), Cleveland Clinic, Cle
Surgery, Department of Surge
Park), University of Michiga
Anderson), St. Joseph Mercy A
Department of Anesthesiolo
Kashyap), Mayo Clinic, Roch
Dries), Regions Medical Cen
Emergency Medicine (J. M. M
Medicine, Tucson; the Depa
Genthon), Mayo Clinic, Scott
Critical Care & Sleep Medicine
Morris), University of Kentuc
the Division of Pulmonary and
Medicine (R. S. Stephens), Joh
icine; the Division of Critical
Baltimore, MD; Division of
Sleep Medicine, Department
Bender), Emory University, A
Medicine (K. E. Schreyer), Te
PA; and the Division of Criti
Clinic, Jacksonville, FL.
*Severe ARDS: Generating Ev
the Acknowledgments.
Drs Qadir and Bartz contribu
authors. Drs Gong and Park c
senior authors.
FUNDING/SUPPORT: The auth
funding was received for this
CORRESPONDENCE TO: Pauli
umich.edu
Copyright � 2021 Published
American College of Chest Ph
DOI: https://doi.org/10.1016/j.c

chestjournal.org
INTERPRETATION: Substantial center-to-center variability exists in ARDS management, sug-
gesting that further opportunities for improving ARDS outcomes exist. Early adherence to
LPV was associated with lower center mortality and may be a surrogate for overall quality of
care processes. Future collaboration is needed to identify additional treatment-level factors
influencing center-level outcomes.
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ARDS is a potentially fatal condition characterized by
acute hypoxemia and bilateral radiographic infiltrates,
with a reported mortality of 36% to 47%.1-5 Specific
interventions in ARDS, including lung protective
ventilation (LPV)6 and prone positioning,7 previously
were demonstrated to improve survival in clinical
trials, but remain underused.1,8-11 Simultaneously,
treatment methods with unclear benefit and potential,
including neuromuscular blockade,12 extracorporeal
membrane oxygenation,13 steroids,14 and pulmonary
vasodilators,15,16 continue to be used in the
management of ARDS. Regional variation in
adoption of different practices for treating patients
with ARDS was described previously.17,18 More
recently, reports of widely variable treatments for
COVID-19-related ARDS have emerged.19 Because of
the complexity of ARDS epidemiologic reporting, it is
unclear if ARDS mortality has changed over
time,5,20-25 and the impact of potential heterogeneity
in ARDS management on patient outcomes remains
unknown.

To understand the patient- and center-level treatment
factors associated with mortality in moderate to severe
ARDS in the United States, we conducted a multicenter
observational study across US institutions. Center
variability in management practices was examined, as
well as the association of this variability with patient
outcomes. We hypothesized that center management
practices would be associated with risk-adjusted 28-day
in-hospital mortality.
Methods
Study Design and Setting
The Severe ARDS: Generating Evidence Study was a multicenter
observational cohort study (ClinicalTrials.gov Identifier: NCT
03021824) conducted in 125 ICUs at 29 academic and community
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Take-home Points

Study Question: What is the impact of treatment
variability on mortality in patients with moderate-to-
severe ARDS in the United States?
Results: In this multicenter observational study of
2,466 adults, considerable center-to-center variation
was seen in the use of early lung protective ventila-
tion (LPV, 0%-65%) as well as adjunctive therapies
(27.1%-96.4%). Center mortality (16.7%-73.3%) and
standardized mortality ratios (SMR, 0.33-1.98) also
varied widely; center adherence to early LPV was
associated with decreased SMR.
Interpretation: Substantial center-to-center vari-
ability exists in ARDS management practices and
mortality. Differences in center adherence to early
LPV are associated with risk-adjusted mortality,
suggesting that real opportunity remains for
improving ARDS outcomes.
hospital centers across the United States from October 1, 2016, through
April 30, 2017. Institutional review board approval was obtained at each
center, and the requirement for informed consent was waived. Study
principal investigators were responsible for ensuring data integrity and
validity and for reviewing that patients met study criteria. A list of
collaborating centers can be viewed in e-Appendix 1.

Participants and Study Design

All consecutive patients 18 years of age or older who were receiving
invasive mechanical ventilation at participating ICUs were followed
up for 5 days for the development of ARDS by Berlin criteria and
a PaO2 to FIO2 ratio of # 150.2 Data subsequently were collected
for 3 days from the time of inclusion, and patients were followed
up for 28 days or until hospital discharge, whichever occurred first.
No exclusion criteria were applied. Study day 1 was defined as the
first day that patients met enrollment criteria. Inclusion criteria
could be met at either the study hospital, if the patient was a
direct admission, or at a referring hospital, if the patient was
transferred to the study hospital. The initial 6-month study period
was extended for 1 additional month to capture ongoing
presentation of seasonal respiratory illness at the clinical sites. The
primary outcome was 28-day in-hospital mortality. Center variation
in ventilator management, adjunctive therapy use, and mortality
also were assessed.

Data Collection

Baseline demographic variables, ARDS risk factors, arterial blood gas
(ABG) analysis, mechanical ventilator settings, and sequential organ
failure assessment (SOFA) scores were collected. Ventilator data and
respiratory parameters also were collected for the first 3 days of
invasive mechanical ventilation and on days when any adjunctive
therapy was initiated. Determination of day 1 adherence to
LPV required both documented tidal volume (VT) ventilation
of # 6.5 mL/kg predicted body weight (PBW) and plateau pressure
of # 30 cm H2O. In cases where plateau pressure was not recorded,
1306 Original Research
the combination of VT < 6.5 mL/kg PBW and peak inspiratory
pressure of # 30 cm H2O was considered LPV. For instances in
which an adjunctive therapy was initiated at a transferring hospital,
the first known date of adjunctive therapy was collected. Outcomes
data that were collected included hospital mortality, liberation from
mechanical ventilation, discharge from the ICU, discharge from the
hospital at 28 days, and SOFA score at day 7. Patients who were
discharged from the hospital alive before study day 28 were assumed
to be alive at that time point. Additionally, whether evidence was
present in the chart of active withdrawal of life-sustaining measures
was documented. The full case report form can be viewed in e-
Appendixes 2 and 3.

Data sources came from the electronic health record at each institution.
In some cases (four centers), data variables were extracted
electronically when feasible. Data were entered into a Research
Electronic Data Capture database housed behind the Duke
University School of Medicine firewall.

Site investigators were required to respond to any queries raised by the
electronic case report form before finalizing individual entries.
Additionally, all entries were screened for outliers, potentially
erroneous data, or missing outcomes. Data that could not be verified
or corrected by site investigators were not included in the final data set.

Statistical Methods

We summarized the baseline characteristics, day 1 ventilator settings,
and 28-day outcomes for the study cohort overall using numbers
and percentages for categorical variables and mean � SD or median
(interquartile range) for continuous variables. We then explored the
use patterns of various adjunctive therapies by summarizing
therapies used in isolation and in combination as well as timing of
treatment initiation.

We explored the univariate relationships between early LPV
adherence and the primary outcome of 28-day in-hospital mortality
via Kaplan-Meier curves and log-rank tests. We used a multivariate
generalized mixed-effect model for 28-day in-hospital mortality,
with fixed terms for baseline variables and random effects for center
to investigate which baseline factors were associated with our
primary outcome. Model adjustment terms were fixed a priori and
included the following: inclusion PaO2 to FIO2 ratio, day 1 SOFA
score, age, sex, day 1 VT > 6.5 mL/kg, risk factor for ARDS, and
comorbidities.

To further explore the variability in mortality rate across centers while
accounting for patient-level factors, we derived and compared
standardized mortality ratios (SMRs). The SMR for a given center
was calculated as the ratio between the observed mortality rate and
the expected mortality rate. Because no appropriate standard
population exists for this type of patient population, we used the
center-wise average of predicted mortality probabilities from a
multivariate logistic regression model, adjusting for the baseline
patient-level characteristics listed above, as the best approximation.
The 95% CI for SMR was calculated using the Byar approximation.

We described center variability visually and descriptively by
summarizing ventilator settings, adjunctive therapy use, and SMR by
center. We then explored the relationship between SMR and center
median day 1 VT, rate of adherence to LPV, PEEP, and rate of
adjunctive therapy use visually and via Pearson correlation. Statistical
analysis was performed using SAS version 9.4 software (SAS, Inc.).
All P values were two-sided, and P < .05 was considered statistically
significant.
[ 1 6 0 # 4 CHES T OC TO B E R 2 0 2 1 ]



Screened
N = 27,656

Chart Review completed and
Entered into RedCap

n = 2,553

n = 25,103
Failed to meet inclusion criteria

n = 87
Inclusion Date outside of Study Window

Inclusion PO2 to FIO2 ratio > 150
Intubation after inclusion date

Patient age < 18
Unknown Discharge or Vital Status

Included in analysis set
n = 2,466

Figure 1 – Flow chart showing patient screening and
enrollment.

TABLE 1 ] Baseline Characteristics (N ¼ 2,466
Patients)

Baseline Characteristic Data

Age, y 57 � 16.3

Sex, male 1,445 (58.6)

Height, m 1.70 � 0.11

Weight, kg 88.15 � 30.1

BMI, kg/m2 30.46 � 9.6

Race or ethnicity

American Indian/Alaskan Native 32 (1.5)

Asian 96 (4.4)

Hispanic or Latino 241 (9.8)

Black 338 (15.4)

Native Hawaiian/Pacific Islander 12 (0.6)

White 1,712 (77.9)

Multiracial 9 (0.4)

Unknown/not reported 267 (10.8)

Transferred from outside hospital 621 (25.2)

Comorbidities

Cirrhosis 240 (9.7)

Hepatic failure 156 (6.3)

ESRD requiring hemodialysis 140 (5.7)

Metastatic carcinoma 142 (5.8)

Lymphoma 56 (2.3)

Leukemia 84 (3.431)

Myeloma 16 (0.7)

AIDS 44 (1.8)

Immunosuppression 454 (18.4)

Chronic lung disease 572 (23.2)

Diabetes mellitus 724 (29.4)

Congestive heart failure 402 (16.3)

Risk factors for ARDS

Sepsis 1,537 (62.3)

Pneumonia 1,541 (62.5)

Shock 1,429 (58)

Aspiration 658 (26.7)

Blood product transfusion 545 (22.1)

Trauma 240 (9.7)

Drug overdose 127 (5.2)

Pancreatitis 82 (3.3)

Othera 226 (9.2)

Unknown 26 (1.1)

Data are presented as No. (%) or mean� SD. ESRD¼ end-stage renal disease.
aIncludes smoke inhalation, near drowning, burn, or other known risk
factors not listed above.
Results

Baseline Characteristics

Of 27,656 patients screened, 2,466 (8.9%) were identified
as having moderate to severe ARDS (Fig 1). Baseline
characteristics are summarized in Table 1. The mean age
was 56.9 � 16.3 years, with 58.6% being men. The
median day 1 PaO2 to FIO2 ratio was 105 (interquartile
range, 78-129), and the most common risk factors for
ARDS development were sepsis (62.3%) and pneumonia
(62.5%). Shock, as defined by the use of vasopressors,
was present in 64.5% of patients. Only 7.1% of patients
were enrolled in concurrent ARDS clinical trials. Center
characteristics are presented in e-Table 1.

Ventilator Management

For the overall cohort, mean day 1 VT was 7 mL/kg PBW
(SD, 1.5 mL/kg PBW), with 56.3% of patients receiving a
VT of > 6.5 mL/kg PBW and 21.7% receiving> 8 mL/kg
PBW (Table 2). Substantial variation among centers was
noted in mean VT (6.2-7.9 mL/kg PBW) as well as initial
rate of adherence to LPV (0-65%) (Fig 2A). Mean day 1
PEEP was 9.2 cmH2O (SD, 3.9 cm H2O). The overall rate
of measurement of the plateau pressure on day 1 was
49.6%, with 85% of recorded values being# 30 mmH2O.
When plateau pressure was not recorded, peak
inspiratory pressure of# 30 cm H2O was used to permit
classifying LPV adherence in > 90% of the remaining
cohort. Overall adherence to LPV in this group was
31.4%, with more than half of the nonadherence to LPV
chestjournal.org
the result of use of VT values of > 6.5 mL/kg PBW.
Characteristics of patients who received LPV on day 1 and
those who did not were similar, with the exception of day
1307
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TABLE 2 ] Clinical Characteristics, Ventilator
Management, and Outcomes (N ¼ 2,466
Patients)

Variable Data

Day 1 clinical characteristics

PaO2 to FIO2 ratio 105 (78-129)

FIO2 80 (60-100)

SOFA score 12 � 4

Vasopressors (infusion lasting
> 1 h)

1,572 (64.5)

Missing 28

PEEP, mm H2O 9 � 4

Missing 92

Plateau pressure, mm H2O 24 (20-28)

Missing 1,223

Peak pressure, mm H2O 29 (24-35)

Missing 243

VT, mL/kg PBW 7 � 1.5

Missing 154

VT > 6.5 mL/kg PBW 1301 (56.3)

VT > 8 mL/kg PBW 502 (21.7)

LPV adherencea 712 (31.4)

Outcomes

Ventilator-free days to day 28b 1 (0-22)

Mechanical ventilation duration (d)c 6 (3-13)

Missing 28

Duration of initial ICU stay, dc 9 (4-16)

Missing 38

Alive day 7 1,890 (76.7)

SOFA score day 7d 9 � 4

Alive and with UAB day 28 1,166 (47.9)

Missing 34

Hospital-free days to day 28b 0 (0-12)

Hospital length of stay, dc 13 (6-25)

Missing 16

28-day hospital mortality 1,003 (40.7)

Data are presented as No. (%), mean � SD or median (interquartile
range). If data are missing present, this is listed below the specific
variable. LPV ¼ lung protective ventilation; PBW ¼ predicted body
weight; PEEP ¼ positive end-expiratory pressure; SOFA ¼ Sequential
Organ Failure Assessment; UAB ¼ unassisted breathing; VT ¼ tidal
volume.
aDefined as VT # 6.5 mL/kg PBW and plateau pressure # 30 mm H2O.
If plateau pressure was missing, peak pressure was used. Either
VT or plateau pressure and peak pressure were missing for 197
patients.
bIf the patient died during the study period, ventilator- and hospital-free
days were set to 0, or else ventilator- or hospital-free days were the dif-
ference between 28 and the duration of invasive mechanical ventilation or
hospitalization.
cStudy follow-up truncated at 28 days after inclusion (durations range, 0-
28 d). Length of stay for patients who died was defined as days from study
inclusion to day of death.
dOnly among those alive and data available on day 7 (n ¼ 1,890).

1308 Original Research
1 VT (7.6 mL/kg PBW vs 5.9 mL/kg PBW; Cohen’s d,
–1.49), day 1 peak pressure (32 cm H2O vs 26 cm H2O;
Cohen’s d, –0.76), day 1 plateau pressure (24 cm H2O
vs 23 cm H2O; Cohen’s d, –0.35), and height (1.68 cm
vs 1.73 cm; Cohen’s d, 0.42) (e-Table 2). Additional
physiologic characteristics are presented in e-Table 3.

Use of Adjunctive Therapies

Adjunctive therapies were used in 57.5% of patients.
Among those receiving adjunctive therapy, systemic
steroids were the most commonly used (41.5%),
followed by neuromuscular blockade (27.4%),
pulmonary vasodilators (11.7%), prone positioning
(5.8%), and extracorporeal membrane oxygenation
(4.5%) (Table 3). Adjunctive therapies were used most
often in combination, and most were initiated before or
within 1 day of ARDS development. Although the
indication for steroid use was not recorded, 71.8% of
patients who received steroids also were noted to have
shock requiring vasopressors, and 30.9% had
immunosuppression listed as a comorbidity. Substantial
center-to-center variation was found in the specific type
and rate of adjunctive therapy use (27.1%-96.4%) (Fig
2B). Twenty-nine different combinations of therapy
were administered during the study period, with
different frequencies at each center.

Patient Outcomes

Overall 28-day in-hospital mortality was 40.7%, with
higher mortality in patients with severe ARDS compared
with those with moderate ARDS (44.4% vs 36.0%; P <

.001, log-rank test). One thousand one hundred eleven
patients (45.1%) were discharged alive from the hospital,
and 352 patients (14.3%) remained hospitalized at day
28 (Table 2). Of those discharged alive from the hospital,
10.4% continued receiving mechanical ventilation,
whereas 89.6% were breathing unassisted at discharge.
Among the patients still hospitalized, 43.3% continued
receiving mechanical ventilation. Life-sustaining
measures were known to be withdrawn or limited for
24.7% of patients. In the multivariate generalized mixed-
effect model, baseline factors found to be associated with
28-day in-hospital mortality were baseline PaO2 to FIO2
ratio, day 1 SOFA score, age, and the following
comorbidities: cirrhosis, hepatic failure, metastatic
carcinoma, and leukemia (Fig 3).
Center Mortality

Mortality varied widely across centers, ranging from
16.7% to 73.3% (Fig 4A). Evaluation of SMRs across
[ 1 6 0 # 4 CHES T OC TO B E R 2 0 2 1 ]
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centers showed that significant variation persisted (0.33-
1.98) after adjustment for baseline factors (Fig 4B). At
the center level, higher SMR correlated with
chestjournal.org
nonadherence with day 1 LPV (Pearson r ¼ 0.52;
95% CI, 0.19-0.74; P ¼ .016, adjusted for multiple
comparisons), but not with any other individual
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TABLE 3 ] Adjunctive Therapy Use

Variable

NMB
(n ¼ 675
[27.4%])

Prone Positioning
(n ¼ 143
[5.8%])

Steroid
(n ¼ 1,015
[41.2%])

PVD
(n ¼ 289
[11.7%])

ECMO
(n ¼ 110
[4.5%])

Individual therapy is the only one given 215 (31.9) 10 (7) 591 (58.2) 36 (12.5) 16 (14.6)

Individual therapy is first used 503 (75.5) 28 (20.4) 751 (74.8) 81 (28.3) 43 (39.1)

No. receiving therapy with known start date 666 137 1004 286 110

Study day of therapy start 1 (1-2) 2 (1-3) 1 (0-2) 1 (1-2) 1 (1-2)

Therapy started before study day 1 90 (13.5) 12 (8.8) 283 (28.2) 54 (18.9) 25 (22.7)

Therapy started by study day 1 429 (64.4) 61 (44.5) 652 (64.9) 175 (61.2) 72 (65.5)

Therapy started by study day 3 572 (85.9) 112 (81.8) 844 (84.1) 238 (83.2) 92 (83.6)

Therapy started by study day 7 629 (94.4) 127 (92.7) 943 (93.9) 257 (89.9) 105 (95.5)

Data are presented as No. (%) or median (interquartile range). ECMO ¼ extracorporeal membrane oxygenation; NMB ¼ neuromuscular blockage; PVD ¼
pulmonary vasodilator.
treatment-level factor, including mean day 1 VT (r ¼
0.27), mean day 1 PEEP (r ¼ 0.08), or rate of adjunctive
therapy use (r ¼ –0.09) (Fig 5). The use of any specific
adjunctive therapy also did not correlate strongly with
SMR (neuromuscular blockade, r ¼ 0.09; prone
positioning, r ¼ 0.28; steroids, r ¼ –0.28; PVD, r ¼ 0.21;
extracorporeal membrane oxygenation, r ¼ 0.16) (e-Fig 1).

The primary comparison of center-level adherence with
day 1 LPV and SMR assumes that LPV adherence was
similar for patients with known or unknown adherence
status at the same site. As a sensitivity analysis, we
examined two extreme scenarios, one in which all patients
missing LPV adherence status were assumed to be
adherent and another in which all were assumed to be
nonadherent. We found the association between day 1
LPV adherence and SMR remained significant whether all
patients with unknown status were assumed to be adherent
(r¼ 0.38; 95%CI, 0.02-0.65;P¼ .042) or nonadherent (r¼
0.49; 95% CI, 0.16-0.73; P ¼ .006). Hence, under all
scenarios examined, an association seems to exist between
center-level day 1 LPV adherence and SMR.
Discussion
To our knowledge, the Severe ARDS: Generating
Evidence Study is the largest US observational cohort
study of patients with moderate to severe ARDS
reported to date. The primary findings of this study
include the following: (1) extensive center-to-center
variability exists in the early use of LPV and adjunctive
therapies in moderate to severe ARDS, with improved,
but imperfect, adherence to early lung protective
strategies; (2) center mortality rates for patients with
moderate to severe ARDS are highly variable; (3) center-
level adherence to early LPV was associated with lower
standardized mortality rates; and (4) the influence of
1310 Original Research
variations in other specific treatment-level factors on
variations in mortality remains unclear. The recent
COVID-19 pandemic has underscored the variation in
care among institutions, with widely disparate reports of
outcomes and responses to therapy.19 However, these
variations in ARDS management are neither unique to
COVID-19 nor new, as our study demonstrated.
Ultimately, variation in center-specific risk-adjusted
performance suggests that real opportunity still exists for
improving ARDS outcomes.

Of ARDS management practices, LPV may be the best
established as a supportive measure that improves
survival,6,26 and has more recently been proposed as a
center-level performance measure in the care of
patients with ARDS.27 Although mean day 1 VT (7 mL/kg
PBW) in the present cohort was lower than that seen in
recent multicenter observational studies (7.2-7.6 mL/kg
PBW),1,28 the rate of initial LPV nonadherence remained
high. Despite the diagnosis of moderate to severe ARDS,
more than half of patients received VT of > 6.5 mL/kg
PBW on day 1, and nearly one-quarter received VT of >
8 mL/kg PBW. As in prior studies, plateau pressures were
measured inconsistently.1,29

The finding that higher adherence to early use of LPV
on a center level was associated with lower SMR suggests
that adherence to LPV may be a surrogate for overall
quality of care processes. A number of clinician-level
factors influencing LPV use have been identified
previously, including underrecognition of ARDS as well
as physicians’ perceptions of LPV,30-32 suggesting that
nonadherence indeed may be correctable, and thus a
target for quality improvement. In the setting of ARDS,
a syndrome with considerable variability in its
management, the use of day 1 LPV adherence as a
metric also could be a pragmatic starting point for
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Variable

Inclusion P:F (per 10 units)
SOFA Score
Age (per 5 y)
Sex (M v F)
Day 1 VT > 6.5
ARDS Reason Sepsis
ARDS Reason Pneumonia
ARDS Reason Aspiration
ARDS Reason Trauma
ARDS Reason Shock
ARDS Reason Drug Overdose
ARDS Reason Blood Product Tx
ARDS Reason Other
History of Cirrhosis
History of Hepatic Failure
History of ESRD
History of Metastatic Carcinoma
History of Lymphoma
History of Leukemia
History of lmmunosupression
History of Chronic Lung Disease
History of Bone Marrow Transpant

OR (95% CI)

0.95 (0.92-0.98)
1.19 (1.15-1.22)
1.15 (1.11-1.19)
1.16 (0.96-1.41)
0.91 (0.74-1.11)
0.97 (0.78-1.21)
0.83 (0.67-1.02)
0.95 (0.76-1.18)
1.25 (0.87-1.81)
1.15 (0.92-1.44)
0.83 (0.51-1.34)
1.05 (0.82-1.36)
0.85 (0.63-1.16)
1.55 (1.09-2.21)
1.89 (1.23-2.91)
0.97 (0.66-1.42)
2.66 (1.78-3.97)
0.83 (0.44-1.56)
1.72 (1.01-2.93)
1.17 (0.88-1.56)
0.99 (0.79-1.25)
1.52 (0.66-3.5)

P value

.001
< .001
< .001
.124
.348
.804
.078
.63
.234
.209
.438
.69
.303
.014
.004
.858
< .001
.559
.045
.285
.96
.326

1 2 3
Adjusted OR

4

Baseline variables associated with 28-d hospital mortality

Figure 3 – Forest plot showing baseline variables associated with 28-day hospital mortality. Results of primary outcome multivariate generalized mixed-
effect model for 28-day hospital mortality, with fixed terms for baseline variables and random effect for center to investigate which baseline factors are
associated with primary outcome. ESRD ¼ end-stage renal disease; F ¼ female; M ¼ male; P:F ¼ PaO2 to FIO2 ratio; SOFA, Sequential Organ Failure
Assessment; Tx ¼ transfusion; VT ¼ tidal volume.
quality assessment and improvement. However, it may
be insufficient, because day 1 LPV may not reflect the
subsequent course of ventilator settings during the
patient’s hospitalization. A study examining detailed
electronic health record data of mechanically ventilated
patients found that, despite a low mean VT in the cohort
(6.8 mL/kg PBW), 40% of patients were exposed to VT

of > 8 mL/kg PBW, and prolonged exposure to high VT

was associated with increased mortality.33

Regarding adjunctive therapy, the overall pattern of use
was similar in the United States to that of a recent
international cohort, with frequent use of systemic
steroids (41.5% vs 19.4%) and neuromuscular blockade
(27.4% vs 25.6%), but low rates of prone positioning
(5.8% vs 7.9%),1 the adjunctive therapy that has most
clearly demonstrated benefit in moderate to severe
ARDS.7 Although underuse of evidence-based therapies in
ARDS has been noted previously,18 the number of
identified combinations and variation in rates of use
within centers implies that clinicians are individualizing
treatment, rather than strictly following institutional
ARDSmanagement protocols. Clinician-level factors such
as expertise with particular methods34 have been found to
influence the use of different adjunctive therapies,
suggesting that rates of their usemay be highlymodifiable.
However, the impact of systems-level barriers, such as
chestjournal.org
staffing ratios and availability of various methods, remain
less well known and warrant further investigation.35

Although variation in center-specific risk-adjusted
performance suggests that the potential for improvement
in ARDS care exists, many questions remain about how
to continue to optimize management in this vulnerable
patient population. Although center-level adherence to
early LPV was found to be correlated strongly with SMR,
no such correlation was found for any individual
adjunctive therapy. Although the extreme heterogeneity
in recorded site practice patterns in this cohort may have
made the impact of any individual adjunctive therapy
difficult to assess, another possibility is that additional
processes may need to be examined to guide
institutional performance improvement. The impact of
other aspects of ventilator management, such as the use
of PEEP, also may warrant further evaluation. Indeed,
the mean PEEP in our cohort was only 9 cm H2O,
despite higher PEEP being associated with decreased
mortality in moderate to severe ARDS.36 Adherence to
supportive measures previously found to be beneficial
may be similarly important, such as conservative fluid
management,37 sedation, and mobilization
practices,38,39 as well as details that may be challenging
to explore, such as clinician time at bedside and
expertise with ventilator management.
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Figure 4 – A, B, Graphs showing variability in center mortality. A,
Twenty-eight-day hospital mortality by center. Unadjusted 28-day
hospital mortality ranged from 16.7% to 73.3%. B, Variation in risk-
adjusted mortality by center. Standardized mortality ratios (SMRs)
varied by center, between 0.33 and 1.98.
Further research clearly is needed before specific,
meaningful recommendations for standardization of
care can be made, but it is important to note that only
7% of patients were enrolled in ARDS-related clinical
trials. This finding warrants further examination,
because nearly 80% of the participating centers were
university hospitals, suggesting that such trials indeed
were accessible. Because ARDS clinical trials involve
adherence to protocolized care, low enrollment may
have been a missed opportunity to reduce
nontherapeutic variability in care. However, if a large
number of patients were not enrolled because of a lack of
eligibility, the generalizability of clinical trial results may
need to be re-evaluated.

This study has several strengths. With 2,466 patients,
it comprises the largest US cohort to date of patients
1312 Original Research
with moderate to severe ARDS. Prior large
observational studies included cohorts of patients with
ARDS in diverse, international health care systems,
limiting generalizability to the US population.1,7,13,40

Because generalizability was an important
consideration in study design, we included a national
group of clinical centers and allowed for the
enrollment of an expansive patient population. Both
academic and community centers were represented, as
were a variety of ICU types, including medical,
surgical, cardiothoracic, and mixed units. By
eschewing exclusion criteria, we were able to
evaluate better the characteristics, treatment, and
mortality of the overall US population, as opposed
to clinical trial cohorts. The success of the
collaborative network also illustrates the potential
to measure and benchmark ARDS care between
centers.

This study has a number of limitations. This study
represents a single 7-month sampling frame , before
the COVID-19 pandemic, without the benefit of
repeated measures at each center. Despite including a
large number of diverse ICUs from around the United
States, site recruitment through the Discovery
Network may have resulted in selection biases with
most centers including academic hospitals that may
not truly reflect the national distribution. Because no
exclusion criteria were applied, a number of patients
in whom life-sustaining care was limited or
withdrawn (24.7%) were included in our cohort.
Withdrawal of life-sustaining support can be
influenced by a patient’s prior wishes, family desires,
or the physician caring for the patient, with the
resulting limitations likely playing a role in ventilator
management and selection of adjunctive therapies.
The a priori selection of variables for the mortality
risk adjustment was based on well-established risk
factors associated with mortality in ARDS, but may
still have omitted important unmeasured
confounders, potentially obscuring findings in the
patient-level analysis. Outcomes also were truncated
at 28 days, and thus were unknown for the patients
with longer hospitalizations (14.3%). Similarly, the
assumption that patients discharged from the hospital
before day 28 were alive is a further limitation.
Additionally, the impact of systems-based factors such
as hospital type, ICU type, staffing models, and ARDS
case volume were not assessed. Other limitations
include the lack of assessment of additional supportive
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measures that may benefit patients with ARDS, such
as sedation practices and fluid management.

Interpretation
The management and mortality of patients with
moderate to severe ARDS remain highly variable at US
hospitals. Early adherence to LPV at a center level was
associated with improved center performance.
Differences in center-specific, risk-adjusted performance
chestjournal.org
suggest that decreasing nontherapeutic variation in care
and identifying appropriate targets for treatment
optimization represent opportunities to reduce
ARDS mortality. Further collaboration is needed
to understand the impact of specific treatment-
level factors on ARDS mortality, to understand
the changes through the COVID-19 pandemic,
and to inform rational decision-making in clinical
care.
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