OBSERVATIONAL STUDY

Hospital Variation in Management and Outcomes
of Acute Respiratory Distress Syndrome Due

to COVID-19

OBJECTIVES: To describe hospital variation in use of “guideline-based care” for
acute respiratory distress syndrome (ARDS) due to COVID-19.

DESIGN: Retrospective, observational study.
SETTING: The Society of Critical Care Medicine's Discovery Viral Infection and
RESPIRATORY ILLNESS UNIVERSAL STUDY COVID-19 REGISTRY.

PATIENTS: Adult patients with ARDS due to COVID-19 between February 15,
2020, and April 12, 2021,

INTERVENTIONS: Hospital-level use of “guideline-based care” for ARDS in-
cluding low-tidal-volume ventilation, plateau pressure less than 30cm H,O, and
prone ventilation for a Pao,/Fio, ratio less than 100.

MEASUREMENTS AND MAIN RESULTS: Among 1,495 adults with COVID-19
ARDS receiving care across 42 hospitals, 50.4% ever received care consistent
with ARDS clinical practice guidelines. After adjusting for patient demographics
and severity of illness, hospital characteristics, and pandemic timing, hospital of
admission contributed to 14% of the risk-adjusted variation in “guideline-based
care!” A patient treated at a randomly selected hospital with higher use of guide-
line-based care had a median odds ratio of 2.0 (95% ClI, 1.1-3.4) for receipt of
“guideline-based care” compared with a patient receiving treatment at a randomly
selected hospital with low use of recommended therapies. Median-adjusted
inhospital mortality was 53% (interquartile range, 47-62%), with a nonsignifi-
cantly decreased risk of mortality for patients admitted to hospitals in the highest
use “guideline-based care” quartile (49%) compared with the lowest use quartile
(60%) (odds ratio, 0.7; 95% ClI, 0.3-1.9; p = 0.49).

CONCLUSIONS: During the first year of the COVID-19 pandemic, only half
of patients received “guideline-based care” for ARDS management, with wide
practice variation across hospitals. Strategies that improve adherence to recom-
mended ARDS management strategies are needed.

KEY WORDS: acute respiratory distress syndrome; COVID-19; low-tidal-volume
ventilation; prone ventilation; severe acute respiratory syndrome coronavirus-2;
Viral Infection and Respiratory lliness Universal Study

uidelines for the medical treatment of severe COVID-19 infection
have evolved over the first years of the pandemic (1), but standards for
the ventilator management of the acute respiratory distress syndrome
(ARDS) that complicates COVID-19 are well-established (2). Unfortunately,
despite cumulative evidence from randomized controlled trials in ARDS dem-
onstrating the mortality benefit of low-tidal-volume ventilation (low Vt) (3),
defined as 4-8 mL/kg predicted body weight, lower inspiratory pressure tar-
gets (plateau pressure [Pplat] less than 30cm H,O) (4), as well as prone ven-
tilation for moderate-severe ARDS (5, 6), adoption of these interventions for
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non-COVID-19 ARDS prior to the COVID-19 pan-
demic was poor (7-11).

During the early months of the COVID-19 pan-
demic, some questioned the applicability of estab-
lished ventilator management strategies for COVID-19
ARDS (“CARDS”) (12), whereas others affirmed the
generalizability of evidence-based critical care to
COVID-19 (13). Recent studies attempting to quantify
the impact of these debates on clinical practice iden-
tify higher rates of adherence to low Vt within a single
health system (14) or country (15) than that seen in
non-COVID-19 ARDS. These data underscore an op-
portunity to identify patient- and hospital-level factors
associated with adoption of use of low Vt, among other
guideline-recommended interventions, and to assess
their impact on patient outcomes.

We sought to characterize international hospital-
level variation in use of ARDS management strategies
with established mortality benefit within the Society of
Critical Care Medicine’s Discovery Viral Infection and
Respiratory Illness Universal Study (VIRUS) COVID-
19 registry and to expand the current literature on
variation in use of ARDS management strategies by

identifying hospital- and patient-level factors associ-
ated with use. We hypothesized that: 1) CARDS man-
agement strategies would vary across hospitals and 2)
better adherence to guideline-recommended venti-
lator management strategies would be associated with
improved CARDS mortality.

MATERIALS AND METHODS
Study Population

We performed a retrospective cohort study of adults
(greater than or equal to 18 yr), hospitalized with con-
firmed COVID-19 infection and receiving invasive
mechanical ventilation for ARDS between February
15,2020, and April 12, 2021, using the VIRUS registry.
ARDS was defined by receipt of mechanical ventila-
tion and a ratio of partial pressure of arterial oxygen
divided by F1o, (Pao,/F10, ratio) less than 300 during
their hospitalization (Fig. 1). Consistent with Berlin
definition of ARDS, all patients included received
greater than or equal to 5cm H,O of positive end-
expiratory pressure. Although nearly 90% of patients
with reported chest radiograph had bilateral infiltrates,

due to high missingness of

Patients with positive COVID-19
assay and from hospitals with >80%
completed outcomes data
n = 27,453 patients
n = 164 hospitals

chest radiograph reporting
(45%), notoriously poor
reliability of chest radio-
graph interpretation for
ARDS determination (16),

> | Excluded:

Adults with COVID-19 who
received mechanical ventilation
n = 4,240 patients (15.4%)

Age < 18 years or missing age (n= 1,163)
v - Qutcomes data missing (n= 670)
Mechanical ventilation not received or not
documented (n= 19,982)

Hospitals with n < 10 patients (n= 246)

and known pathologic
and clinical association of
severe COVID-19 infec-
tion with diffuse alveolar

n = 69 hospitals (42.1%)

damage and ARDS (17),

Excluded:
—

v

PaO2/FiO2 ratio > 300 (n= 642)
PaO2/FiO2 ratio unknown (n=1,577)
Positive end-expiratory pressure < 5cmH20 (n=10)

Berlin criteria of bilateral
opacities on imaging were
not required for study in-

Adults with COVID-19 requiring
mechanical ventilation and with PaO2/FiO2 ratio < 300
n = 2,011 patients (7.3%)

h = 57 hospitals (34.8%)

l

Adults at hospitals with any documentation of
‘guideline-based care’ variables
(low tidal volume, plateau pressure, prone positioning)
n =1,495 (5.4%)
n = 42 hospitals (25.6%)

clusion. Hospitals that
enrolled fewer than 10
total patients in the reg-
istry or completed less
than 80% of outcomes
data for their registry were
excluded to stabilize esti-
mates of ARDS manage-
ment strategies and restrict
data to hospitals engaged

Figure 1. Cohort assembly of adults with acute respiratory distress syndrome due to COVID-19.
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in high-quality data entry.
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Data were collected from day of hospital admission
or the date first available if admission data were miss-
ing. Patients with missing tidal volume, Pplat, or prone
positioning data were excluded from the model assess-
ing variation in use of “guideline-based care”

Outcomes

The primary outcome of interest was hospital-level
variation in use of “guideline-based care” for ARDS
management. “Guideline-based care” was determined
by worst Pao_/F10, (P/F) ratio; among those with a
P/F ratio between 100 and 300, use was defined as re-
ceipt of low Vt of 4-8 cc per kg ideal body weight and
Pplat below 30 cm H,O. For patients with a P/F ratio
less than 100, “guideline-based care” was addition-
ally defined by receipt of prone positioning. Due to
daily data entry into our database, the exact temporal
relationship between patient illness severity and use
of guideline-based ARDS management strategies is
unknown. However, aligning with our primary focus
on hospital-level practice patterns, our analysis cap-
tures whether a patient meeting criteria for ARDS
ever received all the care strategies recommended for
this diagnosis (low Vt, Pplat less than 30, and prone
positioning for P:F less than 100). To address the pos-
sibility of patients dying before having a chance to re-
ceive all aspects of “guideline-based care,” a sensitivity
analysis was performed among patients with greater
than 1 day of mechanical ventilation. Additionally,
to address the possibility that patients receiving ex-
tracorporeal membrane oxygenation (ECMO) may
be more likely to receive low Vt, an additional sen-
sitivity analysis was performed excluding patients
with receipt of ECMO. For our exploratory analyses
of the association of: 1) hospital-level use of “guide-
line-based care” and overall inhospital patient mor-
tality and 2) hospital-level use of “guideline-based
care” and patient discharge status to home, hospitals
were grouped into quartiles of risk-adjusted use of
“guideline-based care” based on the percentage of
patients receiving recommended management strate-
gies at each hospital (0-24%, 25-49%, 50-74%, and
75-100%), due to the nonlinear association of use
with outcomes. Descriptive use of neuromuscular
blockade (i.e., paralytics), inhaled pulmonary vasodi-
lators, and ventilator strategies including airway pres-
sure release ventilation is additionally reported.

Critical Care Explorations

Covariates

We adjusted models for potential confounding vari-
ables including patient characteristics (i.e., patient age,
race, sex, body mass index [BMI], comorbid conditions,
and admission code status), patient severity of illness
(i.e., worst Sequential Organ Failure Assessment score
and P/F ratio during admission), and hospital char-
acteristics (i.e., geographic location where hospital is
located [United States vs international], hospital type
[academic vs nonacademic], ICU type [medical/
COVID vs other], hospital capacity [overcapacity vs
under capacity], and nurse-to-patient staffing ratios
[low vs high]). Due to limitations of anonymity re-
quired for the VIRUS registry, further delineation of
specific countries was not available. Academic hospi-
tals were defined by hospitals at which residents and/
or medical student were the first contact to provide
ICU care. Overcapacity was defined by the number
of COVID-19 patients at any given time outnumber-
ing the number of ICU beds available at the hospital,
and low nurse-to-patient staffing ratios were defined
by greater than two patients per nurse (18, 19). We ad-
ditionally adjusted models for time of admission dur-
ing the pandemic (early [before July 1, 2020] vs later
[after July 1, 2020]) based on the availability of data
from clinical trials for the management of COVID-19.
Mortality assessments were adjusted for corticosteroid
use given the survival benefit of dexamethasone in se-
vere COVID-19 infection (20).

Data Source

The Society of Critical Care Medicine Discovery
VIRUS COVID-19 registry (21, 22) (NCT04323787)
was approved by the Mayo Clinic (20-002610) and
Boston University (H-40009) institutional review
boards with waiver of informed consent due to the
deidentified nature of the registry and the lack of in-
teraction between study personnel, clinicians, and
patients. Following local institutional review board ap-
proval and signed data use agreement, study data were
recorded and managed using the Research Electronic
Data Capture system (REDCap) (23). REDCap is a se-
cure, web-based application designed to support data
capture for research studies, providing: 1) an intuitive
interface for validated data entry, 2) audit trails for
tracking data manipulation and export procedures, 3)
automated export procedures for seamless data
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downloads to common statistical packages, and 4) pro-
cedures for importing data from external sources. The
study was determined to be exempt from Institutional
Review Board. The study is registered on Clinicaltrials.
gov: NCT04323787.

Statistical Analysis

Dichotomous and categorical variables are reported as
counts and percentages. Continuous variables are re-
ported using means with sp or median with interquar-
tile range (IQR) based on the distribution. Trends of use
of ARDS ventilator management strategies, associated
measures of lung compliance, and patient and hospital
characteristics were compared across quartiles of use
of “guideline-based care” using the Cochran-Armitage
test for categorical variables and F test on linear regres-
sion for continuous variables. Multilevel random effects
modeling was performed, with each hospital included as
a random intercept and above covariates as fixed effects,
in order to determine the hospital risk-adjusted rates of
“guideline-based care” for ARDS management. Variation
in use of “guideline-based care” for ARDS management
was described by the model intraclass correlation co-
efficient and the median odds ratio (24). After adjust-
ing for patient- and hospital-level factors, the intraclass
correlation coefficient summarizes the variation in
guideline-based ARDS management attributable to the
hospital itself. When considering an individual receiving
care at a randomly selected hospital with higher versus
lower use of “guideline-based care,” the median odds
ratio represents the median increase in the odds of re-
ceiving “guideline-based ARDS care” at that higher use
hospital. For the exploratory analyses of use of “guideline
based care” on inhospital patient mortality and patient
discharge status to home, hospitals were grouped into
quartiles of risk-adjusted “guideline-based ARDS man-
agement” as the exposure of interest due to the nonlinear
association of use with outcomes and convergence dif-
ficulties with random effects spline-based models.
Missing data were not imputed as they could not be
considered to be missing completely at random. For
missing covariate data due to the lack of entry by par-
ticipating sites, as opposed to pending outcomes data
of patients still hospitalized, complete case analysis was
used to minimize introduction of “incomplete outcome
data bias” (25). All tests were two-sided and conducted
using a significance level of 0.05. Statistical analyses

4 www.ccejournal.org

were conducted using statistical analysis software, SAS
(Version 9.4, Cary, NC).

RESULTS

Patient and Hospital Characteristics

Fourteen hundred and ninety-five mechanically venti-
lated adults with COVID-19 infection and ARDS met
criteria for inclusion in the study (Fig. 1). Over half the
cohort (801; 54%) had severe ARDS as defined by P/F
< 100. Median age was 64 (IQR, 54-72), two-thirds
of patients (67%) were male, 654 (43.7%) were White
and 298 (33.2%) were Black, and median BMI was
29.4 (IQR, 26-35). Patients were managed predomi-
nantly at U.S. hospitals (73%) with an academic affil-
iation (63%), and the majority had a full code status
(93%) (Table 1). Distributions of academic hospital af-
filiation (p = 0.02), nurse-to-patient ratio (p = 0.007),
and hospital capacity strain (p = 0.001) differed across
quartiles of “guideline-based care” (Table 1).

ARDS Ventilator Management Strategies

Among patients cared for at hospitals where “guideline-
based care” variables were reported (hospital n = 42)
(Fig. 1), quartiles of risk-adjusted hospital-level use
of “guideline-based care” were identified, and ARDS
management strategies were compared (Table 2). Low
Vt was used in the management of 79% of patients,
inspiratory Pplat less than 30cm H,O was achieved
for 74% of patients, and more than half of patients
with severe ARDS (62.3%) were managed with prone
positioning. The distribution of use of these “guide-
line-based care” ARDS management strategies dif-
fered significantly across hospital quartiles of use (p <
0.0001; p < 0.0001; p = 0.001, respectively). Nearly half
of patients were managed with adjunctive strategies
including paralytics (56.3%) and inhaled pulmonary
vasodilators (48.3%) with similarly significant differ-
ences across hospital quartiles of use (p < 0.0001 and
p = 0.002, respectively). Use of these adjunctive strat-
egies was lowest at hospitals in the second to lowest
quartile of “guideline-based care” use (Table 2).

Hospital Variation in Use of “Guideline-Based
Care” for ARDS

In a complete case analysis of patients where all “guide-
line-based care” covariates were available (patient

February 2022 « Volume 4 ¢ Number 2
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TABLE 1.

Patient and Hospital Characteristics Stratified by Hospital Quartiles of Use
of Guideline-Based Care?

Qi Q2 Q3 Q4
Characteristics Overall (0-24th %) (25-49th %) (50-74th %) (75-100th %) pP
n (%) 1,495 (100) 383 (25.6) 366 (24.5) 335 (24.5) 411 (27.5)
Patient characteristics
Admission month
March—June, 2020 528 (39.8) 143 (55.4) 92 (25.2) 187 (57.5) 106 (28.0) 0.0002
July 2020-April 2021 799 (60.2) 115 (44.6) 273 (74.8) 138 (42.5) 273 (72.0) 0.0002
Age (yr), median (IQR) 64 (54-72) 65 (53-72) 65 (55-73) 64 (54-71) 63 (53-72) 0.36
Sex
Male 998 (66.8) 260 (68.1) 231 (63.1) 243 (72.5) 264 (64.2) 0.75
Female 496 (33.2) 122 (31.9) 135 (36.9) 92 (27.5) 147 (35.8) 0.75
Intersex <5 <5 <5 <5 <5
Race
White Caucasian 654 (43.7) 134 (35.0) 214 (58.5) 134 (40.0) 172 (41.8) 0.81
Black or African 298 (19.9) 50 (13.1) 67 (18.3) 87 (26.0) 94 (22.9) < 0.0001
American
Asian American 156 (10.4) 57 (14.9) 34 (9.3) 48 ( ) 17 (4.1) < 0.0001
Other 387 (25.9) 142 (37.1) 51 (13.9) 66 (19.7) 128 (31.1) 0.30
Hispanic
Hispanic 287 (19.2) 113 (29.5) 62 (16.9) 44 (13.1) 68 (16.5) < 0.0001
Non-Hispanic 1,208 (80.8) 270 (70.5) 304 (83.1) 291 (86.9) 343 (83.5) < 0.0001
Height (cm), median (IQR)° 170 170 168 170 168 0.66
(162-176) (164-177) (161-175) (163-176) (160-178)
Weight (kg), median (IQR)° 85 (73-99 84 (75-96 85 (73-101 84 (75-97 85 (71-104 0.05
Predicted weight (kg), 64.1 65.9 63.8 65.9 (56.9— 62.0 0.29
median (IQR)° (56.9-70.7) (56.9-71.4) (54.7-70.7) 70.5) (55.2-70.7)
Body mass index (kg/m?), 29.4 29.2 29.5 29.4 29.7 0.06
median (IQR)° (26.0-34.7) (25.8-33.3) (26.0-35.2) (25.4-34.7 (26.3-35.3)
Comorbidities
Coronary artery disease 235 (15.7) 80 (20.9) 78 (21.3) 30 (9.0) 47 (11.4) < 0.0001
Congestive heart failure 184 (12.3) 63 (16.4) 55 (15.0) 27 (8.1) 39 (9.5) 0.0003
Chronic pulmonary 297 (19.9) 19 (5.0) 200 (54.6) 32 (9.6) 46 (11.2) 0.006
disease
Asthma 153 (10.2) 26 (6.8) 72 (19.7) 21 (6.3) 4 (8.3) 0.23
Chronic kidney disease 215 (14.4) 51 (13.3) 77 (21.0) 37 (11.0) 0(12.2) 0.10
Chronic dialysis 6 (2.4) 13 (3.4) 10 (2.7) 5 (1.5) 8 (1.9) 0.12
Diabetes 572 (38.3) 155 (40.5) 149 (40.7) 119 (35.5) 149 (36.3) 0.11
Liver disease 4 (3.6) 4 (1.0) 32 (8.7) 8 (2.4) 0 (2.4) 0.63
HIV/AIDS 5 (1.0) 5 (1.3) 2 (0.5) 5 (1.5) 3 (0.7) 0.69
Current smoker 1(4.2) 12 (3.3) 6 (1.7) 22 (6.6) 1(5.2) 0.03
Former smoker 349 (24.2) 40 (11.0) 129 (37.4) 79 (23.7) 101 (24.9) 0.005
(Continued)
Critical Care Explorations www.ccejournal.org 5
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TABLE 1. (Continued).

Patient and Hospital Characteristics Stratified by Hospital Quartiles of Use

of Guideline-Based Care?

Qi

Overall (0-24th %)

Full code status at 1,397 (93.4) 348 (90.9)
admission
Maximum Sequential 9 (6-11) 9(7-12)
Organ Failure Assessment
score, median (IQR)°
Worst Pao,/Fio, ratio
during admission
<300 145 (9.7) 41 (10.7)
<200 549 (36.7) 165 (43.1)
<100 801 (53.6) 177 (46.2)
Hospital characteristics
Hospital type®
Academic 861 (62.8) 257 (71.6)
ICU type?
Medical or COVID ICU 1,055 (77.0) 359 (100)
Hospital capacity®
Overcapacity 880 (64.2) 245 (68.2)
Nurse staffing level®
Low nurse to patient 370 (27.0) 73 (20.3)
ratio
Hospital site®
United States 1,097 (73.4) 259 (67.6)

Q2 Q3 Q4
(25-49th %) (50-74th %) (75-100th %)
361 (98.6) 320 (95.5) 368 (89.5) 0.16
9 (7-11) 8 (6-11) 9 (6-11) 0.05
25 (6.8) 22 (6.6) 57 (13.9) 0.13
77 (21.0) 133 (39.7) 174 (42.3) 0.14
264 (72.1) 180 (53.7) 180 (43.8) 0.02
105 (32.4) 259 (79.7) 240 (66.3) 0.02
324 (100) 245 (75.4) 127 (35.1) < 0.0001
266 (82.1) 115 (35.4) 254 (70.2) 0.001
58 (17.9) 168 (51.7) 71 (19.6) 0.007
344 (94.0) 154 (46.0) 340 (82.7) 0.72

IGR = interquartile range.

*Guideline-based care = low tidal volume and plateau pressure < 30 for 100 < Pao,/Fio, (P/F) <300 and additionally by prone
positioning for P/F < 100. Academic hospital refers to hospital where resident and/or medical student is the first contact to provide
ICU care, other ICU represents pediatric or mixed ICU, overcapacity refers to number of patients at peak of COVID greater than number

of ICU beds, low nurse to patient ratio represents greater than two patients per nurse, and high nurse to patient ratio represents one to
two patients per nurse and hospital site represents United States vs international hospitals.
bp represents significance of trend from quartile of hospitals with the lowest use of guideline-based care (Q1) up to quartile of hospitals

with highest use of guideline-based care (Q4).

Covariate missingness (% missing, n missing): height (13%, n = 265), weight (13%, n = 258), predicted weight (15%, n = 308), body
mass index (13%, n = 271), and Sequential Organ Failure Assessment (5%, n = 105).

n = 739; hospital n = 31), the rate of “guideline-based
care” for ARDS varied between hospitals with a me-
dian hospital-level rate of (50%; IQR, 45-59%; range,
29-71%) (Fig. 2). After adjusting for patient dem-
ographic, and severity of illness characteristics and
pandemic timing, hospital of admission contributed
to 20% of the risk-adjusted variation in guideline-
based care. The median odds ratio (MOR), which rep-
resents the median increase in the odds of a patient

6 www.ccejournal.org

receiving “guideline-based” ARDS care when treated
at a randomly selected hospital with practice patterns
highly consistent with ARDS guidelines compared
with a hospital with practice patterns less consistent
with guidelines, was 2.4 (95% CI, 1.20-4.67). With the
addition of hospital-level factors including academic
affiliation, bed capacity, and nurse-to-patient staffing
ratios, the contribution of hospital of admission to the
risk-adjusted variation in use guideline-based care

February 2022 « Volume 4 ¢ Number 2
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TABLE 2.

Acute Respiratory Distress Syndrome Management Strategies Stratified by Hospital
Quartiles of Use of Guideline-Based Care?

Qi Q2 Q3 Q4
Overall (0-24th %) (25-49th %) (50-74th %) (75-100th %) P®
Acute respiratory distress 1,495 (100) 383 (25.6) 366 (24.5) 335 (24.5) 411 (27.5)
syndrome management
strategies
Tidal volume, mean (sp)? 7.2 (1.5) 8.1 (2.0) 7.3 (1.2) 6.9 (1.4) 6.8 (1.1) < 0.0001
Plateau pressure 26 (22-30) 29 (24-30) 28 (24-30) 25 (22-29) 24 (20-27) < 0.0001
(cm H,0), median (IQR)°
Positive end-expiratory 11 (8-14) 12 (10-14) 10 (8-14) 12 (10-14) 12 (10-14) 0.05

pressure (cm H,0),
median (IQR)2°

Driving pressure (cm H,0), 15 (6) 16 (6) 17 (5) 14 (5) 13 (6) < 0.0001
mean (sp)°
Static compliance, mean (sp)° 40 (40) 44 (60) 30 (12) 40 (34) 47 (48) 0.007
Ventilator mode, n (%)
Volume control 780 (69.5) 89 (49.7) 209 (70.6) 218 (67.7) 264 (81.0) < 0.0001
Pressure control 129 (11.5) 52 (29.1) 10 (3.4) 58 (18.0) 9 (2.8) 0.001
Pressure support 5(2.2) 10 (5.6) 1 (0.3) (4.3) 0 (0.0) 0.12
Others 157 (14.0) 23 (12.8) 54 (18.2) 28 (8.7) 52 (16.0) 0.04
Airway pressure 9 (6.0) 30 (7.8) 30 (8.2) (4.2) 15 (3.6) 0.002
release ventilation?
Extracorporeal membrane 115 (7.7) 38 (9.9) 20 (5.5) 33 (9.9) 24 (5.8) 0.16
oxygenation, n (%)?
Paralytics, n (%) 841 (56.3) 236 (61.6) 109 (29.8) 2926 (67.5) 270 (65.7) < 0.0001
Inhaled pulmonary 722 (48.3) 209 (54.6) 93 (25.4) 190 (56.7) 230 (56.0) 0.002
vasodilators, n (%)
Prone positioning, n (%) 858 (57.4) 233 (60.8) 164 (44.8) 217 (64.8) 244 (59.4) 0.20
Prone positioning, 499 (62.3) 110 (62.2) 126 (47.7) 141 (78.3) 122 (67.8) 0.001
P:F<100
Low tidal volume 809 (79.0) 85 (53.5) 215 (77.1) 246 (85.4) 263 (88.3) < 0.0001
(4-8 cc/kg), n (%)°
Plateau pressure < 30cm 737 (74.4) 64 (50.7) 181 (67.5) 217 (79.8) 265 (86.9) < 0.0001
H,O, n (%)°
Guideline-based care, 458 (50.4) 19 (14.1) 100 (39.1) 146 (59.8) 193 (70.7) < 0.0001
n (%)

IGR = interquartile range.

“Tidal volume = tidal volume (mL)/predicted weight (kg). Guideline-based care = low tidal volume and plateau pressure

<30 for 100 < Pao,/Fio, (P/F) <300 and additionally by prone positioning for P/F < 100.

bp represents significance of trend from quartile of hospitals with lowest use of guideline-based care (Q1) up to quartile of hospitals
with highest use of guideline-based care (Q4).

Covariate missingness (% missing, n missing): positive end-expiratory pressure (40%, n = 815), driving pressure

(52% missing = n = 1,036), static compliance (562%, n = 1052), low tidal volume (32%, n = 471), plateau pressure (34%, n = 505),
and guideline-based care (39%, n = 587).

Critical Care Explorations www.ccejournal.org 7
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Figure 2. Multivariable-adjusted variation in hospital-level use of guideline-based care for patients with acute respiratory distress
syndrome acute respiratory distress syndrome, defined by receipt of low tidal volume ventilation (4-8-cc/kg ideal body weight) and
plateau pressure below 30cm H,0 for 100 < Pao,/Fio, ratio < 300 and additionally by prone positioning for Pao,/Fio, ratio < 100 with

adjustment for patient and hospital characteristics.

decreased from 20% to 14% with an MOR of 2.0 (95%
CI, 1.15-3.43).

Factors Associated With Use of Guideline-
Based Care

When accounting for both patient- and hospital-level
factors that may explain variation in use of “guideline-
based care,” female sex was associated with a 53%
decreased odds of receiving “guideline-based care”
(OR,0.47;95% CI,0.33-0.68; p <0.0001), and history of
chronic dialysis was associated with an 81% decreased
odds (OR, 0.19; 95% CI, 0.05-0.71; p = 0.01) of “guide-
line-based care” (Table 3). ARDS severity was also sig-
nificantly associated with use of “guideline-based care”
(p < 0.0001). Pplat targets less than 30cm H,O were
least commonly achieved among patients with severe
ARDS where receipt of “guideline based care” was less
likely compared with mild disease (Supplemental
Table 1, http://linksIww.com/CCX/A920; Table 3).
A smoking history was significantly associated with re-
ceipt of guideline-recommended therapies (OR, 1.76;
95% CI, 1.15-2.70; p = 0.01). Designated medical and/
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or COVID-19 ICUs were significantly less likely to use
“guideline-based care” (OR, 0.26; 95% CI, 0.12-0.56;
p = 0.001). Hospital capacity and nurse-to-patient
ratios were not associated with receipt of “guideline-
based care” Compared with the early months of the
pandemic, use of “guideline-based” care was similar in
the later months of the pandemic (OR, 1.2; 95% CI,
0.8-1.9; p = 0.47) (Table 3). Results from sensitivity
analyses among patients receiving mechanical venti-
lation for more than 1 day and excluding those who
received ECMO were unchanged.

Association Between Use of Guideline-Based
ARDS Care and Inhospital Mortality

Unadjusted inhospital mortality was 54%. Median-
adjusted hospital-level mortality was 53% (IQR,
47-62%) with a nonsignificantly decreased risk of
mortality for patients admitted to hospitals in the high-
est use evidence-based care quartile (49%) compared
with the lowest use quartile (60%) (risk-adjusted OR
for Q4 vs QI, 0.7 [95% CI, 0.3-1.5]) (Supplemental
Table 2, http://linksIww.com/CCX/A921). Further
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TABLE 3.

Patient- and Hospital-Level Factors Associated With Use of Guideline-Based Care
for Acute Respiratory Distress Syndrome Due to COVID-19

Guideline-Based Care;?
Patient-Level Variable

Guideline-Based Care;?
Patient- and Hospital-Level

Model Variable Model
Characteristics OR (95% CI) OR (95% CI)
Age 0.99 (0.97-1.00) 0.11 0.99 (0.75-1.85) 0.09
Sex

Male 1.00 (reference) 1.00 (reference)

Female 0.48 (0.33-0.69) < 0.0001 0.47 (0.83-0.68) < 0.0001
Body mass index 0.99 (0.96-1.01) 0.49 0.99 (0.96-1.02) 0.44
Race

White 1.00 (reference) 1.00 (reference)

Black or African American 0.69 (0.41-1.15) 0.35 0.70 (0.41-1.19) 0.20

Asian 0.58 (0.25-1.14) 0.50 (0.23-1.05)

Other 0.95 (0.56-1.63) 1.01 (0.59-1.74)

Ethnicity

Non-Hispanic 1.00 (reference) 1.00 (reference)

Hispanic 1.21 (0.71-2.07) 0.48 1.20 (0.70-2.04) 0.51
Comorbidities

Coronary artery disease 1.29 (0.77-2.15) 0.33 1.32 (0.79-2.20) 0.30

Congestive heart failure 1.13 (0.64-1.98) 0.67 1.19 (0.67-2.09) 0.55

Chronic pulmonary disease 1.15 (0.65-2.00) 0.63 1.20 (0.69-2.10) 0.52

Asthma 1.22 (0.71-2.10) 0.47 1.22 (0.71-2.10) 0.47

Chronic kidney disease 1.30 (0.78-2.15) 0.31 1.33 (0.80-2.21) 0.27

Chronic dialysis 0.20 (0.06-0.74) 0.02 0.19 (0.05-0.71) 0.01

Diabetes mellitus 1.05 (0.73-1.50) 0.80 1.07 (0.74-1.53) 0.73

Liver disease 0.78 (0.35-1.77) 0.56 0.78 (0.34-1.75) 0.54

HIV/AIDS 1.04 (0.22-4.99) 0.96 1.06 (0.22-5.10) 0.94
Tobacco use

Current smoker 0.94 (0.41-2.17) 0.88 0.87 (0.38-2.04) 0.76

Former smoker 1.78 (1.16-2.72) 0.01 1.76 (1.15-2.70) 0.01
Admission code status

Full code 1.41 (0.68-2.92) 0.35 1.49 (0.72-3.12) 0.29
Acute respiratory distress syndrome severity?

P/F <300 1.00 (reference) 1.00 (reference)

P/F <200 1.85 (0.88-3.86) < 0.0001 1.91 (0.91-4.02) < 0.0001

P/F<100 0.69 (0.33-1.43) 0.71 (0.34-1.49)

Maximum Sequential Organ Failure 0.96 (0.90-1.01) 0.12 0.96 (0.90-1.01) 0.13
Assessment score
Admission month
February—June 2020 1.00 (reference)
July 2020—April 2021 1.27 (0.81-1.98) 0.30 1.18 (0.75-1.85) 0.47
(Continued)
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TABLE 3. (Continued).

Patient- and Hospital-Level Factors Associated With Use of Guideline-Based Care
for Acute Respiratory Distress Syndrome Due to COVID-19

Guideline-Based Care;?
Patient-Level Variable
Model

Characteristics

Guideline-Based Care;?
Patient- and Hospital-Level
Variable Model

Hospital location
United States
International

Hospital type®
Nonacademic
Academic

ICU type?
Other ICU
Medical or COVID ICU

Hospital capacity?
Undercapacity
Overcapacity

Nurse staffing level®
Low nurse to patient ratio

High nurse to patient ratio

OR (95% ClI)

OR (95% CI)

1.00 (reference)
0.97 (0.38-2.51)

0.95 0.88 (0.34-2.29) 0.80
1.00 (reference)
2.00 (0.91-4.42) 0.09
1.00 (reference)
0.26 (0.12-0.56) 0.001
1.00 (reference)
1.04 (0.46-2.32) 0.93
1.00 (reference)
1.12 (0.43-2.93) 0.81

OR = odds ratio, P/F = Pao,/Fio, ratio.

Guideline-based care = low tidal volume and plateau pressure < 30 for 100 <P/F <300 and additionally by prone positioning for

P/F < 100. Academic hospital refers to hospital where resident and/or medical student is the first contact to provide ICU care, other
ICU represents pediatric or mixed ICU, overcapacity refers to number of patients at peak of COVID greater than number of ICU beds,
low nurse to patient ratio represents greater than two patients per nurse, and nurse to patient ratio represents one to two patients per

nurse.

adjustment for hospital-level factors (ICU capacity,
nurse-to-patient staffing ratios, and academic affili-
ations) resulted in little change to effect estimates
(risk-adjusted OR for Q4 vs QI, 0.7 [0.3-1.9]). Half of
patients were discharged home (risk-adjusted median
54%; IQR, 45-61%), and receipt of “guideline-based
care” was not significantly associated with discharge to
home (Supplemental Table 3, http://links.lww.com/
CCX/A922).

DISCUSSION

In this multicenter, international study of 1,495 patients
with ARDS due to COVID-19, only half of patients re-
ceived care consistent with ARDS guidelines. Although
the majority of patients received either low Vt, values
of Pplat less than 30 cm H,O, or prone ventilation for
severe ARDS, combined use of these strategies among
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eligible patients was relatively poor. Despite established
guidelines for ARDS management, we identified large
practice variations in hospital-level use of guideline-
recommended ARDS management strategies. After
adjusting for patient characteristics and hospital re-
sources, patients receiving care at a randomly selected
hospital with practice patterns more consistent with
ARDS guidelines had 2.0 times the odds of receiving
these interventions compared with a patient being
treated at a hospital with practice patterns less con-
sistent with ARDS guidelines. Patients treated at hos-
pitals with higher rates of “guideline-based care” had
a nonsignificantly lower odds of mortality. These data
provide important motivation to design strategies to
align ARDS management with guideline recommen-
dations for patients with COVID-19 and underscore
the importance of considering hospital-level resources
when evaluating capacity to adopt guidelines.
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These data presented from patients with COVID-19
add novel information regarding ARDS practice pat-
terns that can be interpreted in the context of prior sur-
veys of intended ARDS practices among patients with
COVID-19 (26) and observational studies of patients
with ARDS prior to the COVID-19 pandemic. Our data
demonstrate encouraging signs of relatively high use of
each guideline-based management strategy for ARDS;
however, variation in combined use of “guideline-based
care” across hospitals highlights room for improve-
ment. Rates of prone ventilation, which was provided
to 62% of patients with severe ARDS, were double pre-
viously reported rates among patients without CARDS
(i.e., 16-33%) (9). This likely reflects clinician aware-
ness of the benefits of prone ventilation early on in the
pandemic, when there were no alternate therapies with
mortality benefit (27). Although overall rates of use of
low Vt and Pplat targets less than 30 cm H,O were high
(78.9% and 74.4%, respectively), one-third of patients
with mild ARDS did not receive low Vt and Pplat tar-
gets less than 30 cm H,O were less likely to be achieved
among patients with severe ARDS. The discordance
in adherence to overall “guideline-based care” among
those with moderate ARDS but not severe disease seen
in our study draws specific attention to patients with
severe disease where adherence to Pplat targets may be
particularly difficult due to poor lung compliance.

Within the highest use quartile of “guideline-based
care, academic affiliations and high nurse-to-patient
staffing ratios (i.e., fewer patients per nurse) may have
impacted adherence to best practices. The negative asso-
ciation between use of “guideline-based care” and med-
ical or COVID ICUs compared with mixed or PICUs may
represent the severity of cases designated to ICUs with
expertise in disease pathophysiology when hospitals
are caring for patients beyond capacity or controversies
as to whether COVID-19 should be managed as tradi-
tional ARDS (28). Poor adoption of “guideline-based
care” among women may be informed by prior studies
demonstrating lower odds of lung-protective ventilation
in women, likely as a result of bias in height assessments
and default tidal volumes (8, 29). Adjunctive therapies
for ARDS management including paralytics and inhaled
pulmonary vasodilators were used nearly as commonly
as evidence-based practices, without predilection for
use at low-performing “guideline-based care” hospitals,
warranting further guidance of efficacy and appropriate
use, specifically within the CARDS population.

Critical Care Explorations

Strengths of this study include evaluation of ARDS
practices for patients with COVID-19 across an inter-
national sample of hospitals. Results should also be
considered in the context of study limitations. First,
P/F ratios used to classify severity of illness represent
the most severe point in a patients” illness. Second,
serial measurements of Pao, and Fio, throughout
a patients’ hospitalization were not available; there-
fore, association of ventilator management with time-
varying ARDS severity may be limited. Additionally,
“guideline-based care” strategies only had to be met
at any time during mechanical ventilation. Daily data
for each strategy were not available, so we are unable
to comment on how frequently strategies were met si-
multaneously or separately. Fourth, categorization of
continuous exposure variable of hospital-guideline
base care into quartiles may lead to loss of information
in the model; however, random effects spline-based
models had convergence difficulties. Fifth, the impact
of conservative versus liberal fluid management strate-
gies on CARDS mortality could not be captured using
this registry. Finally, residual confounding from un-
measured severity of illness may cannot be ruled out.

CONCLUSIONS

During the first year of the COVID-19 pandemic, half
of patients received “guideline-based care” for ARDS
management and use of “guideline-based care” varied
widely across hospitals. Given the significant mortality
risk associated with ARDS, efforts should focus toward
identifying strategies that optimize adherence to care
practices with established survival benefit.
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