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IMPORTANCE: Use of prone positioning in patients with acute respiratory dis-
tress syndrome (ARDS) from COVID-19 may be greater than in patients treated 
for ARDS before the pandemic. However, the magnitude of this increase, sources 
of practice variation, and the extent to which use adheres to guidelines is unknown.

OBJECTIVES: To compare prone positioning practices in patients with COVID-
19 ARDS versus ARDS treated before the pandemic.

DESIGN, SETTING, AND PARTICIPANTS: We conducted a multicenter ret-
rospective cohort study of mechanically ventilated patients with early moderate-
to-severe ARDS from COVID-19 (2020–2021) or ARDS from non-COVID-19 
pneumonia (2018–2019) across 19 ICUs at five hospitals in Maryland.

MAIN OUTCOMES AND MEASURES: The primary outcome was initiation of 
prolonged prone positioning (≥ 16 hr) within 48 hours of meeting oxygenation cri-
teria. Comparisons were made between cohorts and within subgroups including 
academic versus community hospitals, and medical versus nonmedical ICUs. 
Other outcomes of interest included time to proning initiation, duration of prone 
sessions and temporal trends in proning frequency.

RESULTS: Proning was initiated within 48 hours in 227 of 389 patients (58.4%) 
with COVID-19 and 11 of 123 patients (8.9%) with historic ARDS (49.4% ab-
solute increase [95% CI for % increase, 41.7–57.1%]). Comparing COVID-19 
to historic ARDS, increases in proning were similar in academic and community 
settings but were larger in medical versus nonmedical ICUs. Proning was initiated 
earlier in COVID-19 versus historic ARDS (median hours (hr) from oxygenation 
criteria, 12.9 vs 30.6; p = 0.002) and proning sessions were longer (median hr, 
43.0 vs 28.0; p = 0.01). Proning frequency increased rapidly at the beginning of 
the pandemic and was sustained.

CONCLUSIONS AND RELEVANCE: We observed greater overall use of prone 
positioning, along with shorter time to initiation and longer proning sessions in 
ARDS from COVID-19 versus historic ARDS. This rapid practice change can 
serve as a model for implementing evidence-based practices in critical care.

KEY WORDS: adult; COVID-19; implementation science; intensive care units; 
prone position; respiratory distress syndrome

Early prone positioning has been shown to reduce mortality in patients 
with moderate-to-severe acute respiratory distress syndrome (ARDS) 
in a randomized controlled trial (1) and meta-analyses (2, 3), and is 

recommended in patients with ARDS by multiple guidelines (4, 5). However, 
prior to the COVID-19 pandemic, large multinational studies showed that 
proning was only used in 6–14% of patients with ARDS overall and in 16–33% 
of those with severe ARDS (6–9). Reasons for low adoption have included 
under-recognition of ARDS by clinicians (10, 11), a view of proning as rescue 
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therapy (7, 12), clinician preference for other adjunc-
tive interventions (12), and a presumption that pron-
ing is labor intensive (12, 13).

During the COVID-19 pandemic, some studies 
suggested that 25–62% of patients with COVID-19-
associated ARDS were managed with prone positioning 
(14–19). However, whether this greater use of proning 
was concordant with evidence-based recommenda-
tions (i.e., proning sessions of at least 12–16 consecutive 
hours (hr) in early moderate-to-severe ARDS) (1, 4)  
is unknown. Furthermore, use has varied with a range 
of 5–80% of patients proned in different settings (20). 
Understanding how proning practices have changed in 
patients with COVID-19 ARDS compared with histor-
ical ARDS could help to identify ongoing sources of 
practice variability and guide interventions to further 
expand and sustain use of this life-saving therapy (21, 
22).

We compared proning practice patterns in patients 
with COVID-19 ARDS to patients with ARDS from 
pneumonia treated prior to the pandemic. We deter-
mined the frequency of guideline-concordant proning 
in both cohorts, in subgroups where use of proning 
may be variable, and examined temporal changes in 
proning frequency. Furthermore, we evaluated dif-
ferences in proning practices such as time to pron-
ing initiation and proning duration. We hypothesized 
that prone positioning was used earlier and more fre-
quently in ARDS due to COVID-19 than in ARDS be-
fore the pandemic.

METHODS

Study Design and Population

In a multicenter retrospective observational study, we 
compared the use prone positioning in adult patients 
receiving mechanical ventilation (MV) for moderate-
to-severe ARDS from COVID-19 (March 2020–March 
2021) to a historical control group of patients with 
ARDS from non-COVID-19 pneumonia (January 
2018–December 2019). Patients were included if they 
were: 1) admitted to one of five regional hospitals (two 
academic and three community) in the Johns Hopkins 
Health System (JHHS), 2) were greater than 18 years 
old, 3) met Berlin criteria for ARDS (23) in the set-
ting of a primary admitting diagnosis of pneumonia 
based on International Classification of Diseases, 10th 
Revision (ICD-10) coding, or were being treated 

for COVID-19 ARDS, 4) met criteria for proning 
(Pao2/Fio2 < 150 mm Hg, Fio2 > 0.6, and positive end-
expiratory pressure [PEEP] > 5 cm H2O), and 5) were 
within 72 hours of starting MV (Appendix A, http://
links.lww.com/CCX/A990). Exclusion criteria were: 1) 
cardiac arrest prior to or concurrent with starting MV, 
2) chronic MV, 3) tracheostomy as the first documented 
airway, 4) less than 48 hours of MV from time of eli-
gibility (i.e., deceased, discharged or liberated from 
MV within 48 hr), 5) presence of a condition in which 
proning is relatively contraindicated (i.e., elevated in-
tracranial pressure, spinal injury, open abdomen, fresh 
sternotomy), and 6) initiation of MV outside JHHS 
unless transfer to JHHS was directly from an outside 
hospital emergency department. In patients meeting 
oxygenation criteria, a structured manual chart review 
was conducted to independently verify that ARDS cri-
teria were met by review of clinical and imaging data 
and that no exclusion criteria were present.

The institutional review boards (IRBs) at the JHHS 
hospitals acknowledged this protocol as secondary re-
search exempt from further human subjects review 
(IRB00280745).

Outcomes

The primary outcome was initiation of prone position-
ing for at least 16 consecutive hours within 48 hours 
of meeting eligibility criteria. This primary outcome 
was chosen to reflect the protocol of a well-recognized 
randomized controlled trial of prone positioning (1). 
Secondary outcomes were initiation of prolonged pro-
ning (≥ 16 consecutive hr) within earlier timeframes 
(6, 12, and 24 hr after meeting eligibility), as well as 
ever receiving proning during the first episode of MV. 
Among those proned, other outcomes of interest were 
time to proning initiation as a continuous variable, and 
duration and number of proning sessions during MV.

Data Collection and Definitions

Data were extracted from the Johns Hopkins Precision 
Medicine Analytics Platform, which contains com-
prehensive electronic health record (EHR) data for 
patients treated across the JHHS (24). Patient char-
acteristics included demographics (age, self-reported 
race, and gender), clinical parameters (height, weight, 
vital signs, and laboratories for Sequential Organ 
Failure Assessment [SOFA] scoring), and the Charlson 
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comorbidity score derived from ICD-10 codes (25, 
26). MV parameters and select treatments (i.e., vaso-
pressors, neuromuscular blockade, and continuous 
renal replacement therapy) were extracted from 
clinical flow sheets and medication administration 
records. A baseline nonrespiratory SOFA score was 
calculated using the highest (worst) subscores meas-
ured within 12 hours of meeting eligibility, with the 
measurement window expanded to within 24 hours of 
eligibility if data were missing in the 12-hour window 
(27). The CNS SOFA subscore was defined using either 
Richmond Agitation-Sedation Scale scores or Glasgow 
Coma Scores using previously validated methods (28). 
The treating ICU was defined as the ICU where the pa-
tient was located 48 hours after meeting oxygenation 
criteria. Within the two academic hospitals, ICUs were 
further categorized as medical (MICU) if they prima-
rily care for general nonsurgical or nonsubspecialty 
ICU populations and non-MICU if they included sur-
gical, mixed, or specialty care (e.g., coronary care units, 
neurologic ICUs). Patient outcomes (vital status at dis-
charge, discharge disposition) were extracted from the 
EHR data. Ventilator-free days (VFDs) at day 28 were 
calculated with death (censored at day 28) considered 
as zero VFDs (29). The initiation, timing, and duration 
of proning were determined from EHR documenta-
tion of patient position and were validated against a 
structured manual chart review of all included patients 
(Appendix B, http://links.lww.com/CCX/A990). The 
liver SOFA subscore, defined by total bilirubin, was 
missing in 35 patients and imputed as zero (normal). 
Missing data were otherwise minimal (< 1.6% for any 
variable), no further missing data were imputed, and 
complete-case data were used in adjusted analyses. For 
detailed data definitions and frequency of missingness, 
see Table E1 (http://links.lww.com/CCX/A990).

Statistical Analysis

Comparisons of demographics and baseline clinical 
characteristics were performed using Mann-Whitney 
U tests or chi-square and Fisher exact tests for contin-
uous and categorical variables, as appropriate.

For the primary outcome, the absolute percent dif-
ference in the frequency of proning within 48 hours 
between the COVID-19 and historic cohorts was 
calculated and a 95% CI for this difference was con-
structed using standard errors from negative binomial 

regressions accounting for clustering of patients within 
the same ICUs. We then repeated these calculations 
for secondary outcomes and prespecified subgroups. 
Subgroups included ARDS severity (moderate or se-
vere), hospital type (academic or community), ICU 
type (MICU or non-MICU), body mass index (BMI) 
(< 30 [kg/m2], 30–49, 50+), and vasopressor use (yes 
or no). Differences within subgroups were assessed by 
including an interaction term for subgroup and period 
(COVID or historic) in the negative binomial models.

Time from eligibility to initiation of first proning 
as a continuous variable and duration and number of 
proning sessions were compared using Mann-Whitney 
U tests. Kaplan-Meier curves were constructed to visu-
alize the cumulative probability of and time to proning 
within the first 48 hours of study eligibility. To deter-
mine whether results were influenced by our definition 
of proning (≥ 16 consecutive hr), we performed two 
sensitivity analyses in which we defined proning as re-
maining in the prone position for greater than 12 or 10 
consecutive hours, respectively.

We compared the relative rates of proning in 
COVID-19 versus historic ARDS using unadjusted and 
multivariable log-linear Poisson regression based on 
generalized estimating equations (GEEs) with robust se 
estimation and an exchangeable correlation structure 
to account for clustering within ICUs. Adjusted mod-
els included the following covariates identified a priori: 
age, sex, race, BMI, weighted Charlson comorbidity 
score, nonrespiratory SOFA score, ARDS severity, pla-
teau pressure, PEEP, Fio2, number of qualifying arterial 
blood gases (ABGs) in the first 24 hours of eligibility, 
academic hospital status, and vasopressor or neuro-
muscular blockade use. Interpretation of model coeffi-
cients takes the form of rate ratios (RRs) with 95% CIs.

Temporal trends in proning were evaluated by plot-
ting the frequency of proning over time. Changes 
in proning frequency over time prior to the pan-
demic, at the beginning of the pandemic and during 
the COVID-19 study period were analyzed using an 
interrupted time series approach with GEE-based 
Poisson regression (30). For these analyses, patients 
were grouped in 3-month intervals by hospital ad-
mission date. Results of these models are presented 
as RRs with corresponding 95% CIs. A p value of less 
than 0.05 was considered statistically significant. All 
analyses were performed using the R statistical envi-
ronment (Version 3.6.3; R Foundation for Statistical 
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Computing, Vienna, Austria) and Stata Version 17.0 
(StataCorp LLC, College Station, TX).

RESULTS

Participant Characteristics

Across 19 ICUs, 389 patients with COVID-19 ARDS 
and 123 patients with historic ARDS were included 
(Fig. 1). Baseline characteristics and clinical out-
comes are presented in Table 1. Patients with COVID-
19 were more likely to be male, non-White and had 
higher BMIs and lower Charlson comorbidity and 
nonrespiratory SOFA scores. COVID-19 patients had 
a longer duration of time from admission to meeting 
eligibility and more qualifying ABGs in the 24 hours 
after eligibility but otherwise had similar ARDS se-
verity compared with historic ARDS. COVID-19 
patients were more likely to receive vasopressors 
and neuromuscular blockade and were treated with 

higher initial PEEP and lower tidal volumes per 
predicted body weight. The COVID-19 cohort had 
longer hospital stay, MV duration, and fewer VFDs 
at day 28 compared with the historic cohort but had 
similar inhospital mortality.

Comparison of Proning Frequency and Practice

Among patients with COVID-19, 58.4% were proned 
within 48 hours of meeting eligibility compared with 
8.9% of the historic cohort (absolute difference, 49.4%; 
95% CI, 41.7–57.1) (Table 2). Proning initiation within 
earlier time frames (24, 12, 6 hr) was also greater in the 
COVID-19 versus historic ARDS patients.

Among subgroups, absolute increases in proning 
within 48 hours were similar in moderate and severe 
ARDS, between academic and community hospitals 
(Table 2 and Fig. 2) and across BMI categories. There 
was a greater absolute increase in proning in those 
not receiving versus receiving vasopressor infusions 

Figure 1. Study population. We identified 471 COVID-19 and 377 historic acute respiratory distress syndrome (ARDS) patients who 
met initial oxygenation and ventilation criteria. After manual chart review, we excluded those without ARDS as defined by Berlin criteria 
and those with ARDS but other exclusion factors. The final study population consisted of 389 COVID-19 and 123 historic ARDS 
patients. ED = emergency department, ICP = intracranial pressure, MV = mechanical ventilation.
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TABLE 1. 
Characteristics of Mechanically Ventilated Acute Respiratory Distress Syndrome Patients 
by Cohort

Patient Characteristics
COVID-19  
(n = 389)

Historic ARDS  
(n = 123)

Demographics

 Age (yr) 64 (54–72) 62 (51–70)
 Female 154 (40) 62 (50)
 Race/ethnicity
  White 110 (28) 69 (56)
  Black 157 (40) 38 (31)
  Asian 26 (7) 9 (7)
  Hispanic 77 (20) 3 (2)
  American Indian 1 (0) 0 (0)
  Other 18 (5) 4 (3)
Clinical/treatment characteristics
 Body mass index (kg/m2) 32 (27–38) 28 (24–35)
 Charlson comorbidity score 1 (0–2) 2 (1–4)
 Treated at academic hospital 278 (71) 82 (67)
 Treated in medical ICUa 226 (81) 60 (73)
 Early hospital transferb 52 (13) 0 (0)
 Time to O2 criteria (hr) 58 (21–119) 32 (7–73)
 Nonrespiratory Sequential Organ Failure Assessment scorec 8 (7–9) 9 (7–10)
 Vasopressor infusion, 1st 48 hrd 339 (87) 94 (76)
 Neuromuscular blocker infusion, 1st 48 hrd 169 (43) 31 (25)
 Continuous renal replacement therapy before or during eligibility 32 (8) 13 (11)
Respiratory variables at eligibility
 Eligible arterial blood gases in 1st 24 hr 4 (2–6) 2 (1–5)
 Pao2/Fio2 (mm Hg) 99 (77–122) 93 (70–124)
 Severe ARDS (Pao2/Fio2 < 100 mm Hg) 196 (51) 68 (55)
 Fio2 (mm Hg) 1.0 (0.8–1.0) 1.0 (0.7–1.0)
 Paco2 (mm Hg) 45 (39–51) 45 (40–54)
 Positive end-expiratory pressure (cm H2O) 10 (10–14) 10 (5–12)
 Tidal volume (mL/kg of ideal body weight) 6.1 (5.9–6.7) 6.3 (6.0–7.2)
 Plateau pressure (cm H2O)e 25 (22–28) 26 (22–29)
Patient outcomes
 Hospital length of stay (d) 25 (16–39) 16 (10–27)
 Duration of mechanical ventilation (d) 13 (8–24) 7 (4–13)
 Inhospital mortality 149 (38) 53 (43)
 Ventilator-free days at day 28f 0 (0–17) 8 (0–22)
 Received extracorporeal membrane oxygenation 13 (3) 2 (2)

 Discharged home 105 (27) 26 (21)

ARDS = acute respiratory distress syndrome.
aAssessed in subgroup treated an academic center (n = 278 for COVID-19; n = 82 for historic ARDS).
bEarly hospital transfers defined as transfer between Johns Hopkins Medicine hospitals during 1st 48 hr of eligibility.
cCalculated as sum of highest subscores in the 24-hr period before or after eligibility.
dInfusion during proning eligibility period.
ePlateau pressure extracted as the recorded value closest to eligibility.
fVentilator-free days defined as number of days free of mechanical ventilation at day 28, with those that died before day 28 given 0 d.
Data are presented as median (interquartile range) or n (%).
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during the first 48 hours of eligibility (p < 0.001). In 
academic hospitals, the absolute increase in proning 
was greater in MICUs versus non-MICUs (p < 0.001).

After adjusting for prespecified covariates, the rela-
tive rate of proning within 48 hours was increased in 
the COVID-19 versus the historic cohort (adjusted RR, 
5.14; 95% CI, 3.34–7.90) and was not substantially dif-
ferent from the unadjusted estimate (Table E2, http://
links.lww.com/CCX/A990). Relative increases were 

also seen for initiation of prone positioning within 24 
hours and within 12 hours. Zero patients in the histor-
ical cohort were proned within 6 hours.

Time from eligibility to initiating proning was 
shorter in the COVID-19 versus historic group (me-
dian hr [interquartile range (IQR)], 12.7 [4.2–36.8] 
vs 30.6 [17.5–126.4]; p = 0.002). In addition, COVID-
19 patients had longer proning sessions (median hr 
[IQR], 43.0 [28.3–60.3] vs 28.0 [21.5–42.0]; p = 0.01) 

TABLE 2. 
Use of Prone Positioning in COVID-19 and Historic Cohorts, Overall and in Subgroups

Outcome COVID-19, n = 389 Historic, n = 123 Absolute Difference 

Primary n (%) n (%) % (95% CI)a,b

 Proned within 48 hr 227 (58.4) 11 (8.9) 49.4 (41.7–57.1)

Secondary

 Ever proned 284 (73.0) 18 (14.6) 58.4 (48.7–68.0)

 Proned within 24 hr 190 (48.8) 8 (6.5) 42.3 (33.9–50.8)

 Proned within 12 hr 134 (34.5) 3 (2.4) 32.0 (23.6–40.5)

 Proned within 6 hr 86 (22.1) 0 (0) 22.1 (17.2–27.0)

Subgroup

 Proned within 48 hr n/N (%) n/N (%) % (95% CI)c

  Acute respiratory distress syndrome severity

   Moderate, P/F 100–150 100/193 (51.8) 4/55 (7.3) 44.5 (35.1–54.0)

   Severe, P/F < 100 127/196 (64.8) 7/68 (10.3) 54.5 (43.7–65.3)

  Hospital setting

   Academic 170/278 (61.2) 9/82 (11.0) 50.2 (41.2–59.1)

   Community 57/111 (51.4) 2/41 (4.9) 46.4 (34.6–58.3)

  ICU typed

   Non-MICU 20/52 (38.5) 0/22 (0) 38.5 (30.5–46.4)e

   MICU 150/226 (66.4) 9/60 (15.0) 51.4 (45.1–57.6)e

  Body mass index (kg/m2)

   < 30 80/166 (48.2) 8/72 (11.1) 37.1 (24.5–49.6)

   ≥ 30 and < 50 139/206 (67.5) 2/43 (4.7) 62.8 (51.2–74.5)

   ≥ 50 8/16 (50.0) 1/8 (12.5) 37.5 (7.2–67.9)

  Hemodynamics

   No vasopressors 28/50 (56.0) 0/29 (0) 56.0 (40.6–71.4)e

   On vasopressors 199/339 (58.7) 11/94 (11.7) 47.0 (38.7–55.3)e

MICU = medical ICUs, P/F = Pao2/Fio2.
a95% CIs calculated accounting for clustering by individual ICU.
bp < 0.05 for all COVID vs historic comparisons of proning proportions.
cStatistical difference in rates between subgroups assessed in clustered negative binomial regression with an interaction term between 
COVID status and subgroup.
dEvaluated in subgroup of patients treated in academic hospitals.
eInteraction term p significant at the p < 0.05 level.
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and more proning sessions (median [IQR], 2 [1–3] 
vs 1 [1–1]; p = 0.003) compared with historic ARDS.

Temporal Trends and Sensitivity Analysis

Unadjusted rates of proning binned in 3-month 
intervals are plotted in Figure 3 and show an ab-
rupt increase in proning at the beginning of the 
pandemic followed by sustained rates of use. There 
were no significant temporal trends in the fre-
quency of proning initiation within 48 hours prior 
to or during the COVID-19 pandemic (Table E3, 
http://links.lww.com/CCX/A990). During the pan-
demic, there were small increases in the frequency 
of secondary proning outcomes over time (p-trend 
< 0.05 for “ever prone,” proned within 24 hr and 
proned within 6 hr).

In sensitivity analyses comparing definitions of 
prolonged proning of greater than 12 or greater 
than 10 versus greater than 16 consecutive hours, 
an additional 10 and 13 patients met the primary 
outcome, respectively. This led to minor differences 
in proning frequencies (Tables E4 and E5, http://

links.lww.com/CCX/
A990), but the changes 
between the COVID-
19 and historic periods 
remained similar.

DISCUSSION

In this retrospective co-
hort study of adults with 
moderate-to-severe ARDS 
requiring MV, we identified 
a 49.4% absolute increase 
in early prone positioning 
in patients with COVID-
19 ARDS compared with 
historical controls. Similar 
increases in prone posi-
tioning were observed in 
academic and community 
hospitals and in patients 
with moderate and se-
vere ARDS, while greater 
increases in use were 
observed in MICUs com-
pared with non-MICUs. 

Time to proning initiation was significantly shorter and 
median duration of proning sessions was significantly 
longer in the COVID-19 versus historic ARDS cohorts.

The rates of prone positioning found in our study 
align with previous reports of proning in COVID-
19 (15–17, 20) and non-COVID-19 ARDS (6–10). 
Our study adds to previous findings by showing that 
the greater use of proning observed in COVID-19 
ARDS consisted of evidence-based proning practice 
and comprised earlier and more prolonged proning. 
Unlike prior studies showing large variation in pro-
ning use among U.S. hospitals (9, 20), we observed 
consistently higher use across all included hospitals. 
However, we did find greater increases in proning in 
MICUs versus non-MICUs, which may reflect specific 
expertise in caring for patients with ARDS. In regard 
to other subgroups, the largest absolute percentage in-
crease in proning was in patients with obesity (62.8%), 
which is notable as obesity has been identified as a bar-
rier to prone positioning (12). Further work to under-
stand sources of proning practice variation within and 
across health systems is needed to fully understand 

Figure 2. Initiation of prone positioning within 48 hr by hospital type. The cumulative probability of 
initiating a prone positioning session of greater than 16 hr is shown for the first 48 hr after meeting 
eligibility and stratified by academic versus community hospital setting. For this analysis, in patients 
in whom prone positioning was initiated prior to meeting eligibility criteria, the time of proning 
initiation was considered to be right at the beginning of the eligibility period.
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the current implementation challenges for prone 
positioning.

Proning practice has changed rapidly, whereas incor-
porating evidence-based therapy into practice typically 
takes more than a decade (9, 21). This rapid implemen-
tation may serve as a model for understanding how to 
further increase and sustain the use of proning and 
other evidence-based practices in critical care. There 
are several potential contributors to this rapid practice 
change. First, early in the pandemic, there were few 
therapeutic interventions for patients with COVID-19  
and many patients exhibited profound hypoxemia. 
Prone positioning typically improved oxygenation, 
which may have provided immediate positive feedback 
to clinicians and influenced them in continuing to use 
proning in other patients (31). Second, the large influx 
of patients with severe ARDS highlighted the limited 
therapeutic options for COVID-19 ARDS specifically, 
and perhaps ARDS more generally. Although response 
to this uncertainty was variable throughout the critical 
care community, this led some to call for a refocusing 

on best practices (32, 33). Third, COVID-19 ARDS 
may be more clinically homogeneous than ARDS from 
other causes (34). This may lead to increased clinician 
recognition of ARDS, whereas under-recognition of 
this syndrome has been a barrier to use of best prac-
tices (10, 11).

In our health system, several factors may have influ-
enced the use of proning. Patients with COVID-19 
were often treated in units dedicated to COVID-19 
care. In these units, staff rapidly accumulated expe-
rience in treating patients with ARDS, and this may 
have reinforced adherence to evidence-based practices 
through developing team expertise and comfort with 
ARDS therapies. In addition, locally developed guid-
ance for treating critically ill patients with COVID-19 
included a recommendation for proning. This guide-
line and links to proning-specific instructional vid-
eos were made available to all hospitals in our system. 
While some hospitals in the health system did develop 
proning teams (35), they were only available in two of 
the five hospitals and were not available consistently 

Figure 3. The frequency of prone positioning by study quarter in the COVID-19 and historic study periods. The rates of prone positioning 
per study quarter (3 mo periods starting on January of 2018) are shown. The demarcation between the historic and COVID-19 periods 
are noted with a vertical black line. The unadjusted frequency of proning initiation within various time frames (assessed from the time of 
meeting oxygenation criteria) are shown.
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throughout the COVID-19 study period. Given the 
sustained increases in proning observed, these teams 
are unlikely to fully explain greater proning use. 
Although community and academic hospitals in our 
system do share an EHR (including a proning-specific 
order), practices in each hospital are otherwise inde-
pendent and faculty are not shared between the com-
munity and academic sites.

There are several implications and future lines of 
inquiry that stem from this work. For one, the signif-
icantly earlier and longer application of prone posi-
tioning in this study may be of interest to researchers 
and clinicians. If the beneficial mechanism of proning 
is a more homogenous distribution of transpulmonary 
pressures leading to decreases in lung stress and strain, 
earlier and longer proning (a larger dose) could fur-
ther improve outcomes (36). While potential benefits 
of earlier (1, 2, 31, 37) and longer proning (38) have 
been suggested, the incremental benefit of earlier in-
itiation and/or sessions greater than 16 hours is un-
clear (39). Further studies of the tradeoffs between 
the cumulative impact of adverse effects (e.g., pressure 
wounds, facial/laryngeal edema, and increased use of 
sedation), which are likely to increase as proning ses-
sions are extended and incremental physiologic ben-
efits are needed (40, 41). In addition, whether proning 
should be a top priority very early after MV initiation 
(with very early proning in competition with further 
diagnostics/procedures/ventilator optimization/time 
to resolve) is unclear.

Given the sustained increases in proning use across 
the multiple settings in our study, we expect that pron-
ing for COVID-19 ARDS has become firmly embedded 
in ICU practice. Additional studies, including those 
using qualitative and survey methods, are needed to 
understand the potentially complex mechanisms be-
hind this rapid practice change. An understanding of 
these factors would inform the design of proning im-
plementation interventions. Such interventions could 
target institutions where rates of proning remain 
low, or aim to sustain higher proning rates for both 
COVID-19 and non-COVID-19 ARDS in institutions 
with high frequency of proning. Potential interven-
tions may include decision support to help clinicians 
recognize early ARDS, protocols and tools to facilitate 
proning when indicated, and multidisciplinary team 
training.

There are several limitations to this study. First, our 
study was conducted in one health system, which may 
limit generalizability. However, the system is large, 
demographically diverse, and includes both academic 
and community hospitals. Second, although access to 
comprehensive EHR data allowed for detailed data 
collection, these data are recorded for clinical pur-
poses and may be subject to error in charting and/or 
extraction. Third, our analysis was limited to ARDS 
from COVID-19 or non-COVID pneumonia. Proning 
practice patterns for ARDS of other etiologies (e.g., 
trauma or nonpulmonary sepsis) may be different. 
Last, we did not describe proning practice in concur-
rent non-COVID ARDS patients (i.e., ARDS without 
COVID treated during COVID era). It is possible that 
the increases in proning that we did observe primarily 
represent our health system’s approach to COVID-19 
ARDS and do not generalize to ARDS from other eti-
ologies. This is an area for further study, as significant 
implementation work may still be required in non-
COVID-19 ARDS.

CONCLUSIONS

This study highlights a rapid increase in the use of 
prone positioning among patients with COVID-19 
ARDS compared with ARDS from pneumonia in the 
2 years prior to the pandemic. Further study is needed 
to understand the context, mechanisms, and sustainers 
underlying the implementation of this rapid change.
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