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Abstract

Rationale: There is an urgent need for improved understanding of
the mechanisms and clinical characteristics of acute respiratory
distress syndrome (ARDS) due to coronavirus disease (COVID-19).

Objectives: To compare key demographic and physiologic
parameters, biomarkers, and clinical outcomes of COVID-19
ARDS and ARDS secondary to direct lung injury from other
etiologies of pneumonia.

Methods: We enrolled 27 patients with COVID-19 ARDS in a
prospective, observational cohort study and compared them with
a historical, pre–COVID-19 cohort of patients with viral ARDS
(n 5 14), bacterial ARDS (n 5 21), and ARDS due to culture-
negative pneumonia (n 5 30). We recorded clinical
demographics; measured respiratory mechanical parameters;
collected serial peripheral blood specimens for measurement of
plasma interleukin (IL)-6, IL-8, and IL-10; and followed patients
prospectively for patient-centered outcomes. We conducted
between-group comparisons with nonparametric tests and
analyzed time-to-event outcomes with Kaplan-Meier and Cox
proportional hazards models.

Results: Patients with COVID-19 ARDS had higher body mass
index and were more likely to be Black, or residents of skilled

nursing facilities, compared with those with non–COVID-19
ARDS (P , 0.05). Patients with COVID-19 had lower delivered
minute ventilation compared with bacterial and culture-negative
ARDS (post hoc P , 0.01) but not compared with viral ARDS. We
found no differences in static compliance, hypoxemic indices, or
carbon dioxide clearance between groups. Patients with COVID-19
had lower IL-6 levels compared with bacterial and culture-negative
ARDS at early time points after intubation but no differences in
IL-6 levels compared with viral ARDS. Patients with COVID-19
had longer duration of mechanical ventilation but similar 60-day
mortality in both unadjusted and adjusted analyses.

Conclusions: COVID-19 ARDS bears several similarities to
viral ARDS but demonstrates lower minute ventilation and lower
systemic levels of IL-6 compared with bacterial and culture-
negative ARDS. COVID-19 ARDS was associated with longer
dependence on mechanical ventilation compared with
non–COVID-19 ARDS. Such detectable differences of COVID-19
do not merit deviation from evidence-based management of
ARDS but suggest priorities for clinical research to better
characterize and treat this new clinical entity.
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The coronavirus disease (COVID-19)
pandemic has created formidable challenges
for healthcare systems and the medical
research community globally. Respiratory
infection with the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) can
lead to severe pneumonia and acute
respiratory distress syndrome (ARDS),
requiring support with mechanical ventilation
in 10–20% of hospitalized patients (1, 2).
Whereas ARDS is a heterogeneous clinical
entity resulting from various direct or indirect
pulmonary insults, the severe hypoxemic
respiratory failure of COVID-19 represents a
syndrome caused by a single, novel pathogen,
which has nonetheless led to an
unprecedented (in volume and time
concentration) presentation of hypoxemic
patients admitted to intensive care units
(ICUs) in many areas worldwide.

Intensivists around theworld have been
striving to treat patients with COVID-19while
learning about the potential unique features of
disease caused by this novel pathogen. In
parallel, a vigorous debate has erupted in the
academic literature as well as in both
conventional and socialmedia regarding the
clinical phenotyping and recommended
management strategies for patients with severe
COVID-19 (3–9). A central question revolves
aroundwhether ARDS due to SARS-CoV-2
infection has a unique phenotype that should
alter existing, evidence-basedmanagement
strategies for ARDS, particularly those related
to ventilatormanagement (10, 11). Although
many studies have provided data frompatients
with COVID-19 (1, 4, 6, 12–14), few have
directly compared key variables between
COVID-19 and non–COVID-19ARDS.
Furthermore, prior comparative studies have
focused on single variables such as respiratory
mechanics (15) or biomarker data (16).
Therefore, we sought to characterize key
demographic and physiologic parameters,

biomarkers, and clinical outcomes of
COVID-19ARDS and directly compare them
with awell-characterized research cohort of
patients withARDSwith viral, bacterial, and
culture-negative etiologies of direct lung injury
at two associated academic referralmedical
centers (17).

Methods

Patients
FromApril 4 through September 15, 2020, we
prospectively enrolled hospitalized patients in
ICUs at the University of PittsburghMedical
Center Presbyterian and Shadyside hospitals
with documented SARS-CoV-2 infection into
the University of Pittsburgh ALIR (Acute
Lung Injury Registry) and Biospecimen
Repository (protocol STUDY19050099) (17,
18). Patient enrollment to the ongoing ALIR
study was initiated following institutional
approval and biosafety infrastructure
upgrades for handling biospecimens with
SARS-CoV-2 (19). In this analysis, we
included patients aged 18–90 years that met
ARDS diagnostic criteria based on the Berlin
Definition (20), as determined by consensus
of at least three board-certified intensivists.
Exclusion criteria were preexisting chronic
respiratory failure due to neuromuscular or
neurologic disease, presence of tracheostomy,
inability to obtain consent, prisoner status,
comfort-measures-only status, and blood
hemoglobin,8 g/dl. Written informed
consent was provided by all participants or
their legally authorized representatives.

Historical (Non–COVID-19) ARDS
Control Subjects
For comparisons with COVID-19 ARDS, we
included patients previously enrolled in the
ALIR study (before April 2020) that met
diagnostic criteria for ARDS (20). To ensure

homogeneity of the comparison groups, we
included only patients with ARDS secondary
to direct lung injury from viral, bacterial, or
culture-negative pneumonia based on
available clinical microbiologic workup.We
excluded patients with ARDS attributed to
coinfection with both viral and bacterial lung
pathogens.

Clinical Data Extraction
We collected baseline (day of intubation)
variables for demographics and comorbid
conditions, serial (postintubation Days 1, 6,
11, and 16) data on physiologic parameters
of gas exchange and ventilatory mechanics,
and laboratory test results from the electronic
medical records. We evaluated baseline
severity of illness by calculating modified
Sequential Organ Failure Assessment scores
(not including the neurologic component).
We recorded administered conventional
therapies for gas exchange support often
used in ARDS (e.g., prone positioning or
neuromuscular blockade), as well as
experimental or off-label therapies used
specifically for COVID-19 (e.g.,
hydroxychloroquine or remdesivir). We
followed patients prospectively for duration
of mechanical ventilation, ventilator-free
days by Day 28, and 60-day mortality.

Biomarker Analysis
We collected serial blood samples
(postenrollment Days 1, 5, and 10 when
subjects remained in the ICU), which were
centrifuged for plasma separation and stored
at280�C until conduct of experiments. For
patients with COVID-19, wemeasured
plasma biomarkers with a V-Plex human
biomarker multiplex assay (MesoScale
Diagnostics). We used data on interleukin
(IL)-6, IL-8, and IL-10 levels, which were the
three cytokines available for comparisons in
the historical ARDS samples, previously
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measured with a customized Luminex assay
(R&D Systems) (17). To assess for potential
systematic bias between the assays, we
performed de novo analysis of 14 historical
ARDS samples using theMesoScale platform
(online supplement). To account for
variability of sample acquisition from timing
of intubation, we grouped available samples in
three time intervals after intubation (early
[0–4 d], middle [5–10 d], and late [.10 d])
(17) and performed comparisons between
COVID-19 and non–COVID-19 ARDS
within each time interval.

Statistical Analyses
We compared continuous and categorical
variables between COVID-19 and
non–COVID-19 ARDS categories with
nonparametric tests (Kruskal-Wallis or
Fisher’s tests, as appropriate). Following a
global test for differences between all
comparison groups, we conducted pairwise
comparisons and adjusted post hoc P values
with a conservative Benjamini-Hochberg test
for multiple testing. For serially collected
variables of respiratory mechanics, we
examined for longitudinal evolution with
linear regression models adjusted for time.
For the clinical outcomes of duration of
mechanical ventilation, ventilator-free days,
and 60-day mortality, we built regression
models comparing COVID-19 versus
non–COVID-19 ARDS, adjusted for age,
sex, and nursing home residence before
admission. Similarly, for the time-to-event
outcomes of 60-day survival and liberation
from mechanical ventilation, we constructed
Kaplan-Meier curves and built Cox
proportional hazards models adjusted for
age, sex, and nursing home residence.

Results

Clinical Characteristics of Patients with
COVID-19 and Non–COVID-19 ARDS
We prospectively enrolled 27 patients with
COVID-19 ARDS and compared them with
65 previously enrolled patients with
non–COVID-19 ARDS, including viral
ARDS (n5 14, including 8 cases of
influenza, 3 of rhinovirus, 2 of non–SARS-
COV-2 coronavirus, and 1 of respiratory
syncytial virus), bacterial ARDS (n5 21),
and culture-negative ARDS (i.e., cases with
clinically suspected pneumonia with negative
microbiologic workup, n5 30), as
characterized in Figure E3 in the online
supplement.

Enrollment of patients with COVID-19
occurred in two temporally distinct waves
(with the first wave from April to June 2020
and the second wave from July to September
2020, Figure E4). Notably, 8/27 (29.6%)
patients with COVID-19 were residents of
skilled nursing facilities before hospital
admission, all of whomwere enrolled during
the first wave (April to June 2020) (Table
E1), consistent with the temporo-spatial
epidemiology of the COVID-19 outbreak in
Western Pennsylvania. No other baseline
clinical variables were significantly different
between the first and second waves of
enrolled patients with COVID-19. Overall,
patients with COVID-19 had a similar age
distribution compared with those with
non–COVID-19 ARDS but had higher body
mass index and were more likely to be Black
(Table 1). We did not identify any differences
between patients with COVID-19 and those
with non–COVID-19 ARDS in baseline
comorbidities, including diabetes mellitus,
chronic obstructive pulmonary disease, and
history of immune suppression, or baseline
severity of illness as captured by modified
Sequential Organ Failure Assessment scores.

Patients with COVID-19 ARDS
frequently received rescue maneuvers for gas
exchange, and they were more likely to
undergo prone positioning (70.4%, P,
0.01), continuous neuromuscular blockade
(74.1%, P, 0.01), and extracorporeal
membrane oxygenation (28%, P, 0.01)
compared with patients with non–COVID-
19 ARDS (Table 2). Glucocorticoid
administration in patients with COVID-19
(51.9%) was not significantly higher than
that in patients with non–COVID-19 ARDS
(Table 2); however, glucocorticoid use was
significantly increased during the second
wave (100% vs. 13.3% in the first wave, P,
0.01, Table E1), following the release of the
RECOVERY (Randomised Evaluation of
COVID-19 Therapy) trial results in June
2020 (21). Remdesivir was administered in
about half of patients with COVID-19
(55.5%) but with increased use during
the second wave (90.9%; first wave 33.3%,
P5 0.01). Convalescent plasma was
administered to 10 patients (37.0%) overall,
and hydroxychloroquine to two patients
(7.4%) during the first wave.

Comparison of Gas Exchange and
Respiratory Parameters
The median ratio of arterial oxygen tension/
pressure to fraction of inspired oxygen for
patients with COVID-19 ARDS on the day

of intubation was 120.0 (interquartile range,
72.0–147.5), which was similar in patients
with non–COVID-19 ARDS (Figure 1A). No
difference in applied positive end-expiratory
pressures (PEEP) between COVID-19 and
non–COVID-19 ARDS was found (data not
shown). However, patients with COVID-19
received lower minute ventilation (8.7
[7.0–10.7] L/min) compared with patients
with bacterial (12.0 [9.6–14.0] L/min; P,
0.01) and culture-negative ARDS (11.3
[9.2–13.5] L/min; post hoc P, 0.05) (Figure
1B), without significant differences in CO2

clearance. We found no significant change of
delivered minute ventilation throughout
serial examination of recorded values
(postintubation Days 1, 6, 11, and 16, data
not shown). Thus, patients with COVID-19
ARDS and viral ARDS required less minute
ventilation to clear arterial carbon dioxide
tension/pressure than the bacterial and
culture-negative counterparts, possibly
owing to lower fraction of dead-space
ventilation in viral etiologies of ARDS.

Static compliance of the respiratory
system (calculated as ratio of tidal volume
over the pressure difference between
measured plateau pressure and PEEP) on
the day of intubation was similar in patients
with COVID-19 (33.7 [25.1–45.4] ml/cm
H2O) and non–COVID-19 ARDS (Figure
1C). Notably, patients with COVID-19
ARDS during the first wave of enrollment
had higher baseline compliance than patients
during the second wave (Figure E5), with
significant decrement in longitudinal
measurements of compliance for first-wave
patients (P for trend over time,0.05). When
considering all patients with COVID-19
combined versus those with non–COVID-19
ARDS, we found neither significant
differences between groups in longitudinal
measurements of compliance nor any
evidence for declining compliance during
the course of mechanical ventilation
(Figure E6).

Comparison of Inflammatory Plasma
Biomarker Levels
We analyzed IL-6, IL-8, and IL-10 levels, as
these were the three cytokines available in
both COVID-19 and non–COVID-19 ARDS
groups. To account for differences in time
from intubation to sample collection, we
compared cytokine levels between COVID-19
ARDS and non-COVID-19 ARDS etiologies
at early (0–4 d), middle (5–10 d), and late
(.10 d) time intervals after intubation
(Figure 2). IL-6 levels were markedly lower in
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COVID-19 ARDS (median 18.9 [9.0–30.2]
pg/ml) compared with bacterial (259.4
[142.5–3,317.0] pg/ml, P, 0.0001) and
culture-negative ARDS (134.5 [39.8–414.9]
pg/ml, P, 0.01) groups at the early time
interval (Figure 2A), as well as when all
non–COVID-19 ARDS groups were
combined (P, 0.0001, Figure E7). There
were no significant differences in IL-6 levels at
subsequent time intervals between COVID-
19 and specific etiologies of non–COVID-19
ARDS (Figure 2A). However, we do note

lower IL-6 levels in patients with COVID-19
ARDS compared with the combined
non–COVID-19 ARDS group at the late time
interval (.10 d after intubation, P, 0.05,
Figure E7). Similarly, IL-8 levels were lower in
COVID-19 ARDS (14.1 [8.1–30.3] pg/ml) at
the early time interval compared with
bacterial ARDS (36.8 [22.5–153.1] pg/ml, P5
0.02) without any other significant differences
at later time intervals (Figure 2B). No
significant differences in IL-10 levels between
COVID-19 and non–COVID-19 ARDS

groups were noted (Figures 2C and E7).
Sensitivity analyses for the cytokine
measurement assays showed that the
observed differences in IL-6 levels between
COVID-19 and non–COVID-19 were robust
to adjustments for potential differences from
the two assays used (Online Supplement).

Clinical Outcomes
Unadjusted and adjusted comparisons for
clinical outcomes are provided in Table 3.
Patients with COVID-19 had fewer

Table 1. Clinical characteristics of 27 ICU patients with ARDS due to COVID-19 pneumonia compared with historical patients
with ARDS

COVID-19
(n 5 27)

Viral ARDS
(n 5 14)

Bacterial ARDS
(n 5 21)

Culture-Negative ARDS
(n 5 30)

Age, median (IQR), yr 63 (58–74) 61 (43–73) 57 (35–65) 56 (51–64)
Sex, female, n (%) 13 (48.1) 10 (71.4) 11 (52.4) 15 (50.0)

Race, n (%)
White 18 (66.7) 13 (92.9) 19 (90.5) 30 (100.0)
Black 9 (33.3) 1 (7.1) 2 (9.5) 0 (0.0)

Body mass index, median (IQR), kg/m2 34.0 (29.8–40.2) 29.7 (27.3–34.8) 25.2 (20.8–29.6) 32.3 (26.5–36.4)

H/o chronic disease, n (%)
Diabetes mellitus 13 (48.1) 5 (35.7) 9 (42.9) 9 (30.0)
Chronic renal failure 4 (14.8) 1 (7.1) 4 (19.0) 5 (16.7)
COPD 7 (25.9) 4 (28.6) 5 (23.8) 6 (20.9)
Immune suppression 3 (11.1) 4 (28.6) 5 (23.8) 8 (26.7)

Skilled nursing facility before admission, n (%) 8 (29.6) 0 (0.0) 3 (12.5) 0 (0.0)
Modified SOFA score, median (IQR)* 7.0 (4.0–8.0) 5.5 (4.0–6.0) 8.0 (5.0–10.0) 7.0 (5.0–10.0)

Definition of abbreviations: ARDS 5 acute respiratory distress syndrome; COPD 5 chronic obstructive pulmonary disease; COVID-19 5
coronavirus disease; H/o 5 history of; ICU 5 intensive care unit; IQR 5 interquartile range; SOFA 5 Sequential Organ Failure Assessment.
*Modified SOFA scores were calculated on the day of intubation without including the neurologic score of SOFA, given that all patients were
intubated and mechanically ventilated; therefore, the maximum score is 20.

Table 2. Notable therapies administered to patients with COVID-19 ARDS or historical ARDS control subjects

COVID-19 ARDS
(n 5 27)

Viral ARDS
(n 5 14)

Bacterial ARDS
(n 5 21)

Culture-Negative ARDS
(n 5 30) P Value

Gas exchange rescue
Prone positioning 19 (70.4) 4 (28.6) 1 (4.8) 2 (6.7) ,0.01
Neuromuscular blockade 20 (74.1) 4 (28.6) 6 (28.6) 8 (26.7) ,0.01
Inhaled vasodilators 5 (18.5) 0 (0.0) 2 (9.5) 4 (13.3) 0.37
ECMO 7 (28.0) 0 (0.0) 0 (0.0) 0 (0.0) ,0.01

ARDS supportive care
Therapeutic anticoagulation 10 (37.0) 6 (42.9) 8 (38.1) 10 (33.3) 0.94
Continuous renal replacement therapy 7 (25.9) 3 (21.4) 5 (23.8) 7 (23.3) 0.99
Corticosteroids 14 (51.9) 8 (57.1) 7 (33.3) 9 (30.0) 0.19

COVID-19 therapeutics
Hydroxychloroquine 2 (13.3) N/A N/A N/A N/A
Remdesivir 15 (55.5) N/A N/A N/A N/A
Convalescent plasma 10 (37.0) N/A N/A N/A N/A

Definition of abbreviations: ARDS 5 acute respiratory distress syndrome; COVID-19 5 coronavirus disease; ECMO 5 extracorporeal membrane
oxygenation; N/A 5 not applicable.
Data are shown as n (%).
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ventilator-free days up to Day 28 (median 0
[0–13.0] d) compared with those with
non–COVID-19 ARDS (median 12 [0–23] d,
unadjusted P, 0.05), but the effect of
COVID-19 was not significant following
adjustment for age, sex, and nursing home
residence before admission. There was no
significant difference in 60-day mortality. In
time-to-event analysis for liberation from
mechanical ventilation (Figures 3A and
E8A), COVID-19 ARDS was associated with
slower liberation frommechanical
ventilation after adjustment for age, sex, and
nursing home residence in a Cox
proportional hazards model (adjusted hazard
ratio, 0.48; 95% confidence interval [95% CI],
0.24–0.98; P, 0.05). We found no
significant differences in unadjusted or
adjusted analyses for 60-day survival (Figures
3B and E8B) between COVID-19 and
non–COVID-19 ARDS (adjusted hazard
ratio, 0.71; 95% CI, 0.33–1.56; P5 0.39).

Discussion

Our systematic comparison of patients with
COVID-19 ARDS and patients with ARDS
in the pre–COVID-19 era requiring ICU
admission in our institution revealed
important similarities and dissimilarities
between the syndromes, including
demographics, respiratory physiology
parameters, systemic IL-6 levels, and clinical
outcomes. The first key dissimilarity we

demonstrate is a disproportionate impact of
COVID-19 on Black patients compared with
historical ARDS cohorts. Prior reports have
shown increased rates of hospitalization
among Black patients with COVID-19
compared with non-Black patients in other
major metropolitan regions in the United
States (22, 23). The disproportionate impact
of COVID-19 on Black communities may
result from socioeconomic risk factors
associated with systemic discrimination, such
as higher likelihood of employment in
essential service occupations with increased
risk of infectious exposure (22, 23). We
speculate that the higher proportion of Black
patients with COVID-19 ARDS in our
cohort is reflective of the increased burden of
disease in the local Black community
(https://www.alleghenycounty.us/Health-
Department/Resources/COVID-19/COVID-
19.aspx).

The second key dissimilarity we report
pertains to the decreased levels of IL-6 in
patients with COVID-19 compared with
historical bacterial and culture-negative
ARDS groups. This finding is consistent with
other reports that note significantly increased
levels of IL-6 in patients enrolled in ARDS
clinical trials before COVID-19 compared
with early reports from the COVID-19
pandemic (24). With direct comparisons of
data collected in our institution, we illustrate
a.10-fold lower level of IL-6 in COVID-19
compared with bacterial ARDS, but we note
similar IL-6 levels in COVID-19 and viral

ARDS.We identified a smaller scale
difference in IL-8 levels between COVID-19
and bacterial ARDS at the early time interval
only, and no differences in IL-10 levels. Such
markedly different levels of IL-6 compared
with other etiologies of ARDS are consistent
with accumulating data that have challenged
the earlier concept of an IL-6–related
“cytokine storm” in COVID-19, as well as a
recent clinical trial that showed no benefit for
IL-6 inhibition in hypoxemic patients
(24–27). Our analyses of systemic IL-6 levels
cannot rule out the possibility of IL-
6–mediated mechanisms in lung tissue
microenvironments. The markedly lower IL-
6 levels in the systemic circulation do not
support the plausibility for a generalizable
therapeutic benefit from anti–IL-6 therapies
in most critically ill patients with COVID-19,
but there may be a subgroup with relatively
higher IL-6 inflammation that could benefit
from IL-6 inhibition. Ongoing studies
examining the role of cytokines associated
with ARDS phenotypes can offer further
insight on the most critical pathways
involved in COVID-19 ARDS pathogenesis
(17, 18, 28, 29).

Finally, we note a prolonged duration of
mechanical ventilation during COVID-19
ARDS compared with non–COVID-19
ARDS.We report a median of 13.5 days of
mechanical ventilation, which is similar to
other reports during COVID-19 (12) but is
nearly twice the median ventilator duration
of the LUNG-SAFE (Large observational
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Figure 2. Comparison of select plasma cytokine levels between COVID-19 ARDS and non–COVID-19 ARDS cohorts. Log-transformed plasma
levels of (A) IL-6 (pg/ml), (B) IL-8 (pg/ml), and (C) IL-10 (pg/ml) at early (0–4 d), middle (5–10 d), and late (.10 d) time intervals after intubation
in patients with COVID-19 ARDS (n 5 27 patients) quantified by multiplex assay compared with historical cohorts including ARDS due to viral
pneumonia (n 5 14 patients), bacterial pneumonia (n 5 21 patients), and culture-negative etiology (n 5 30 patients) quantified by prior
multiplex assay. Statistical analysis was by Kruskal-Wallis test with Benjamini-Hochberg post hoc test for multiple comparisons of historical
groups in relation to the COVID-19 group; asterisks represent post hoc statistical relationships. *P , 0.05, **P , 0.01, and ****P , 0.0001.
ARDS 5 acute respiratory distress syndrome; COVID-19 5 coronavirus disease; IL 5 interleukin.
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study to UNderstand the Global impact of
Severe Acute respiratory FailurE) trial (30).
There are multiple potential reasons for the
increased duration of ventilation such as
changes in individual practice patterns to
limit occupational exposures to SARS-CoV-
2, as well as the limited functional baseline of
many patients affected by the first wave of
COVID-19 (8 of 15 of first-wave patients
were nursing home residents). However, we
speculate that prolonged ventilatory
dependence results from the protracted
course of SARS-CoV-2, which is supported
by a report fromNew York City that
quantified a median of 18 days’ duration of
mechanical ventilation (1). We are unaware
of systematic differences in rates of bacterial

coinfection during COVID-19 ARDS
compared with ARDS due to other viral
pathogens that might explain the increased
duration of mechanical ventilation during
COVID-19 ARDS.We describe 60-day
mortality rates similar to other reports of in-
hospital mortality during moderate and
severe ARDS (30).

Despite these key dissimilarities
between COVID-19 and non–COVID-19
ARDS, we note that most clinical parameters
we examined were similar, which should
caution against systematic deviation from
evidence-based management strategies for
ARDS. For example, many have suggested
that COVID-19 ARDS is a separate clinical
phenotype distinct from ARDS in the

pre–COVID-19 era with a characteristic
“low-elastance” ARDS phenotype during
SARS-CoV-2 pneumonia (6, 7). However,
this notion has been rebutted by empiric
demonstration of compliance levels in
patients with COVID-19 that were similar in
distribution to historical values (4, 12). We
describe a baseline static respiratory
compliance of 33.7 ml/cmH2O, which is
similar to compliance values reported for
both non–COVID-19 (31, 32) and COVID-
19 ARDS (4, 6, 12). Interestingly, we found
significant differences in compliance between
patients enrolled during the first and second
waves of the COVID-19 outbreak in our
region, with first-wave patients exhibiting
higher levels of compliance on the day of

Table 3. Clinical outcomes of mechanically ventilated patients with COVID-19 ARDS and historical control subjects

COVID-19
(n 5 27)

Viral ARDS
(n 5 14)

Bacterial ARDS
(n 5 21)

Culture-Negative
ARDS

(n 5 30) P Value*
Adjusted
P Value†

Duration of mechanical ventilation,
median (IQR), d

13.5 (8.0–18.0) 7.5 (2.5–14.8) 8.0 (5.0–25.0) 7.0 (5.3–9.8) 0.06 0.86

VFDs, median (IQR), d 0 (0–13.0) 20.50 (11.8–24.5) 0 (0–20.0) 17.0 (0–21.8) 0.02 0.19
60-d mortality, n (%)‡ 12 (44.4) 3 (21.4) 8 (38.1) 12 (40.0) 0.54 0.84

Definition of abbreviations: ARDS 5 acute respiratory distress syndrome; COVID-19 5 coronavirus disease; IQR 5 interquartile range; VFDs 5
ventilator-free days.
*Unadjusted statistical comparisons between the four groups were performed by Fisher exact test for 60-day mortality and Kruskal-Wallis test for
duration of mechanical ventilation and VFDs.
†Adjusted statistical comparisons between COVID-19 and non–COVID-19 ARDS (viral, bacterial, or culture negative) were performed with
regression models (linear for duration of mechanical ventilation, zero-inflated binomial for VFDs, and logistic for 60-d mortality), adjusted for the
confounding effects of age, sex, and nursing home residence before admission.
‡60-day mortality data did not include one subject with COVID-19 who remained hospitalized at the time of analysis.
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Figure 3. Comparison of time to ventilator liberation and survival at 60 days between COVID-19 and non–COVID-19 ARDS cohorts. Kaplan-Meier
curves of (A) probability of liberation from mechanical ventilation up to 60 days after intubation during COVID-19 ARDS compared with
non–COVID-19 ARDS. A Cox proportional hazards model revealed a hazard ratio of 0.48 (95% confidence interval, 0.24–0.98; P , 0.05) after
adjustment for age, sex, and nursing home residence, and (B) probability of 60-day survival from date of intensive care unit admission during
COVID-19 ARDS compared with non–COVID-19 ARDS. A Cox proportional hazards model revealed a hazard ratio of 0.71 (95% confidence
interval, 0.33–1.56; P 5 0.39) after adjustment for age, sex, and nursing home residence. ARDS 5 acute respiratory distress syndrome;
COVID-19 5 coronavirus disease.
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intubation followed by a significant decline
in longitudinal compliance measurements.
These differences in respiratory mechanics
could result from clinical management
variability during the evolution of the
pandemic. In the first months of the
pandemic, many endorsed early intubation
practices for patients with severe COVID-19,
with the cited rationale of preventing
nosocomial spread of aerosolized SARS-
CoV-2 particles and concern for high clinical
failure rates with noninvasive respiratory
support. With increased recognition of the
physiologic principles governing COVID-19
ARDS and expanding clinical experience,
there has been greater acceptance of
extended trials of noninvasive support
(positive pressure or high-flow oxygen
delivery) with the objective of avoiding
intubation (33, 34). Therefore, the early
reports for recognition of a “low-elastance”/
“high compliance” phenotype of COVID-19
ARDS (6, 7) may be reflective of the evolving
practice patterns or demographics of the
population affected by severe COVID-19.
We further note a recent report that
described elevated compliance and lung gas
volume during COVID-19 ARDS compared
with non–COVID-19 ARDS to support the
novelty of COVID-19 ARDS as a clinical
entity (35). However, in that report, nearly
50% of the “matched” patients with
non–COVID-19 ARDS had indirect lung
injury as the etiology of ARDS. Our analyses
focused exclusively on patients with
pneumonia as the risk factor for ARDS,

which may offer improved rigor and
directness in the comparisons between
COVID-19 and non–COVID-19 ARDS. For
example, we illustrate a requirement for
lower minute ventilation (median 8.7 L/min)
in our patient cohort with COVID-19 ARDS,
similar to other reports (36), but without any
significant difference in the efficiency of
arterial carbon dioxide tension/pressure
clearance compared with non–COVID-19
ARDS. The differences in minute ventilation
were accounted for by higher minute
ventilation administered in patients with
bacterial and culture-negative ARDS,
whereas patients with other viral etiologies of
ARDS in our cohort had similar minute
ventilation requirements as COVID-19
ARDS (10, 30). Overall, we noted more
frequent use of prone positioning and
neuromuscular blockade in COVID-19
ARDS compared with non–COVID-19
ARDS, but we did not have available data
(e.g., provider surveys or large-scale
temporal patterns at our institution) to
understand the reasons for the wider
adoption of these management practices in
COVID-19 ARDS.

Our study has several limitations. First,
we describe small numbers of patients with
COVID-19 ARDS. Furthermore, our report
is limited to two affiliated academic medical
center hospitals, which impacts the
generalizability of the results. However, these
limitations are mitigated by our efforts to
contextualize findings of COVID-19 against
non–COVID-19 ARDS and highlight

important differences and similarities.
Nonetheless, we caution against
overinterpretation of identified different
features of COVID-19 ARDS, as such
observations do not justify deviation
from evidence-based management
practices for ARDS that have emerged
over decades of carefully conducted
clinical trials.

In conclusion, we suggest that
COVID-19 ARDS has important similarities
and differences compared with other
pathogen-mediated etiologies of ARDS in
several key clinical, physiologic, and
biomarker variables. The clinical and
biological heterogeneity within COVID-19
ARDS underscores the importance of further
efforts to identify and therapeutically target
subphenotypes in COVID-19 and related
critical illness (5, 17, 18, 28, 37).�
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