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Abstract

BACKGROUND: Coronavirus disease 2019 (COVID-19) can lead to acute respiratory distress syndrome
(ARDS) but it is unknown whether prone positioning improves outcomes in mechanically ventilated
patients with moderate to severe ARDS due to COVID-19.

METHODS: A cohort study at a New York City hospital at the peak of the early pandemic in the United
States, under crisis conditions. The aim was to determine the benefit of prone positioning in mechanically
ventilated patients with ARDS due to COVID-19. The primary outcome was in-hospital death. Secondary
outcomes included changes in physiologic parameters. Fine-Gray competing risks models with stabilized
inverse probability treatment weighting (sIPTW) were used to determine the effect of prone positioning on
outcomes. In addition, linear mixed effects models (LMM) were used to assess changes in physiology
with prone positioning.

RESULTS: Out of 335 participants who were intubated and mechanically ventilated, 62 underwent prone
positioning, 199 met prone positioning criteria and served as controls and 74 were excluded. The
intervention and control groups were similar at baseline. In multivariate-adjusted competing risks models
with sIPTW, prone positioning was significantly associated with reduced mortality (SHR 0.61, 95% Cl
0.46-0.80, P< 0.005). Using LMM to evaluate the impact of positioning maneuvers on physiological
parameters, the oxygenation-saturation index was significantly improved during days 1-3 (P< 0.01)
whereas oxygenation-saturation index (OSI), oxygenation-index (Ol) and arterial oxygen partial pressure
to fractional inspired oxygen (P,0,:FiO,) were significantly improved during days 4-7 (P< 0.05 for all).

CONCLUSIONS: Prone positioning in patients with moderate to severe ARDS due to COVID-19 is
associated with reduced mortality and improved physiologic parameters. One in-hospital death could be
averted for every eight patients treated. Replicating results and scaling the intervention are important, but
prone positioning may represented an additional therapeutic option in patients with ARDS due to COVID-
19.

Background

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the cause of coronavirus disease 2019
(COVID-19), has had a profound impact on global public health. The ongoing COVID-19 pandemic has
presented numerous clinical management challenges further compounded by overwhelmed health
systems. The initial critical care experience in Hubei province, and more broadly in China, inadequately
informed preparations for what has been seen in Europe and North America.(1) Healthcare providers have
therefore continued to incorporate and evaluate interventions in real-time. In the setting of critical COVID-
19 illness, SARS-CoV-2 infection often results in severe pneumonia and hypoxemia with many patients
developing acute respiratory distress syndrome (ARDS).(2) Hypoxemic respiratory failure with ARDS has
poor outcomes overall and COVID-19 associated ARDS is no exception.(3, 4)

Page 3/22



Several interventions for ARDS have been evaluated over the last two decades. In particular, prone
positioning is one of few therapeutic interventions for patients with severe ARDS that has demonstrated
improved oxygenation and a survival benefit.(5) Awake prone positioning outside of the intensive care
unit (ICU) is safe and may decrease respiratory rate and improve oxygenation with early application
potentially delaying need for intubation in patients with COVID-19.(6-8) In the ICU setting, prone
positioning of patients receiving non-invasive ventilation or high-flow nasal canula, with or without
sedation, may also be beneficial.(8) Physiologically, prone positioning may improve matching of
ventilation and perfusion, but studies have not linked physiologic changes to clinical outcomes,
especially in COVID-19.(9, 10)

The South Bronx is a socioeconomically disadvantaged borough in New York City (NYC) that had the
highest per capita COVID-19 case count in the United States at 2941 per 100,000 residents with very high
hospitalization and death rates.(11, 12) The pressing challenge that COVID-19 brought to NYC
necessitated external support through the United States Departments of Defense and Homeland Security,
re-distribution and up-training of local hospital staff, support from clinical volunteers, and augmentation
through healthcare worker staffing agencies. Given the high volume of critically-ill patients admitted to
the hospital, a multidisciplinary team was assembled to provide prone positioning given the support for
the practice in other populations with ARDS.

We sought to determine if patients on mechanical ventilation with moderate to severe ARDS who
underwent standardized prone positioning had lower mortality and improved within-person physiologic
changes. As we rapidly evaluate drugs and interventions for COVID-19, it is crucial to understand if serial
prone positioning could be a complementary therapeutic intervention for the most critically ill.

Methods
Study design

A cohort design with participants from the peak of hospitalizations for COVID-19 in exposed (prone
positioning) and non-exposed (non-prone-positioning) groups. During the COVID-19 pandemic, much of
the hospital was converted into make-shift intensive care units and virtually all inpatients had confirmed
COVID-19. During this time, a multidisciplinary prone team including personnel from the United States Air
Force Medical and Nursing Corps, the United States Army, civilian contractors, and hospital occupational
and physical therapy was assembled to offer positioning maneuvers which were otherwise rarely done
due to crisis operations. Details of the prone positioning process, including peri-maneuver checklists,
team size and roles, supplies and team schedule are included in Fig. 1. In brief, patients were ideally put
in the prone position in the afternoon allowing at least 16 hours in position before returning to supine
position the following morning. The prone team included a physician, respiratory therapist, registered
nurse, runner, and at least two members to safely support patient movements. The respiratory therapist
served as the default airway expert except when a physician or advanced practice provider was trained in
advanced airway management and, in that case, these providers served as airway expert.
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Setting and participants

Participants were identified from a single level 1 trauma hospital in the South Bronx, New York City, and
were included across all hospital services (medicine, surgery, intensive care). All sequential adult patients
(> 17 years of age) were included if they were intubated, had not undergone prone positioning by others,
met criteria for prone positioning, and had confirmed SARS-CoV-2 infection by real-time real-time reverse
transcription-polymerase chain nasal swab (Bio-Reference Laboratories, Inc., EImwood Park, NJ, USA)
from March 25 through May 2, 2020. The prone team offered positional services for mechanically
ventilated patients who met the following criteria (established a priori): arterial oxygen partial pressure to
fractional inspired oxygen (Pa0,:FiO,) < 150 mm Hg, positive end-expiratory pressure (PEEP) >10 cm of
water and FiO, >0.6. The ultimate decision for initiating and discontinuing positional movements was
made by the primary team overseeing and coordinating care for each patient. Prone positioning was not
mandatory, but was routinely available, 24 hours a day, seven days a week. The study received
institutional review board approval (IRB # 20 - 007).

Measures and outcomes

The primary exposure was positional maneuvers, defined as regular alternation between prone and
supine positioning. The primary outcomes of interest were in-hospital mortality and, among exposed
patients, differences in physiological parameters in prone vs supine position. In the mortality analysis,
every patient had at least 30 days elapse following initiation of, or meeting criteria for, prone positioning.
Follow-up of unexposed controls began when the participant first met prone positioning criteria during the
two weeks after intubation. In the analysis of positioning effects on physiologic parameters among
exposed patients, repeated measures of the oxygenation index (Ol), oxygenation saturation index (0Sl),
Pa0,:FiO, and SpO,:FiO, were compared during periods of prone and supine positioning. Episodes of
positioning separated by more than 48 hours were considered separately. The last physiologic
measurement collected in the intervals between each positional change were used in the analysis. After
the final positioning change, the last measurement collected within 24 hours was used. Confounders for
both analyses were identified based on literature review and directed acyclic graphs. In particular, age,
sex, race, body mass index (BMI), acute physiology and chronic health evaluation (APACHE-II) score and
vasopressor use were the primary confounders by indication. In the mortality analysis, the APACHE-II
score was evaluated at the time of intubation.(13) BMI and age were categorized for ease of
interpretation and clinical utility. The study team obtained the study data through manual electronic
medical record chart abstraction (Epic Systems, Verona, WI, USA).

Statistical analysis

Characteristics of the cohort were summarized using descriptive statistics as appropriate. Fine-Gray
models were used to assess the association between prone positioning and death, accounting for
hospital discharge as a competing risk.(14) Participants remaining in the hospital at the end of follow-up
were censored. The proportional sub-distribution hazards assumption was assessed visually through
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cumulative incidence curves. To minimize confounding by indication, we used standard regression
adjustment as well as a doubly robust approach adding stabilized inverse probability treatment weights
(IPTWs) to the fully adjusted model.(15-17) A sensitivity analysis was done to identify changes in results
by excluding controls that died within 48 hours of intubation. In addition, number needed to treat was
calculated by the inverse of the averaged absolute risk differences at 30 days, for all participants at their
actual and counterfactual values of prone positioning, and in combination with their observed covariate
values.(18)

Linear mixed models (LMMs) were used to assess the association of prone vs supine positioning with
physiologic parameter levels among the exposed. Outcomes were natural log transformed to meet
normality assumptions. The LMMs included nested random effects for participant and positioning
episode, and allowed for autocorrelation of the residuals. In addition to estimating overall positional
effects, we also estimated these effects in days 1-3 and 4-7 of each episode. Pearson correlation
coefficients were also used to characterize degree of agreement for Ol, 0SIl, Pa02:Fi02 and Sp02:FiO2, to
support clinical utility in practice. Analyses were performed in Stata (Version 16, StataCorp, College
Station, TX, USA).

Results

During the study period, 335 individuals were intubated and placed on mechanical ventilation. Sixty-two
underwent prone positioning while 199 who did not undergo positioning changes, but met criteria to do
so, were selected as contemporary controls. Seventy-four individuals were excluded for failing to meeting
prone positioning criteria or for having undergone prone positioning by providers outside of the standard
protocol. A study flow diagram depicts the inclusion and exclusion of participants across groups in Fig. 2.
Overall, study participants were older, male and mostly self-reported Hispanic or Black. The majority of
participants were obese. Diabetes and obstructive lung disease were the most common comorbidities.
Most patients were critically ill and septic on admission with a median APACHE-II score at intubation of
17. Most participants required mechanical ventilation at hospital admission (i.e., intubated in the
emergency room) and almost all patients (85%) received at least some amount of hydroxychloroquine as
was consistent with hospital policy during the time. Most patients ultimately expired within two weeks.
Compared to the control group, the participants who underwent prone positioning were younger (60
versus 66 years old) and were more frequently classified as severe rather than critical on admission to the
hospital. Proportions of sepsis on admission and median APACHE-II scores at the time of intubation were
similar across groups, but the prone positioning intervention group had less ARDS on admission. Full
baseline, demographic and outcome data is summarized in Table 1.
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Table 1

Baseline characteristics, including demographic and clinical presentation and outcomes, for all
participants in the prone positioning intervention and non-prone positioning groups.

Age, years (median, IQR)

Age (years), No. (%)
<41 years

41-60 years
61-80 years

>80 years
Sex, female, No. (%)
Race, No. (%)

Hispanic

Black
Asian
White
Other

Body mass index, kg/m? (median, IQR)

Body mass index, No. (%)
<18.5 kg/m?

18.5-24.9 kg/m?
25-29.9 kg/m?

> 30 kg/m?

Clinical symptoms on presentation, No. (%)
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Overall

n=261
64.0

(55.0-
73.0)

13 (5.0%)
85 (32.6%)

131
(50.2%)

32 (12.3%)
99 (37.9%)

170
(65.1%)

63 (24.1%)
2 (0.8%)

6 (2.3%)
20 (7.7%)
31.0

(27.1-
36.8)

3(1.1%)
33 (12.6%)
78 (29.9%)

147
(56.3%)

Underwent
prone
positioning
n=62

60.0 (54.3-
66.5)

3 (4.8%)
27 (43.5%)
31 (50.0%)

1(1.6%)
20 (32.3%)

38 (61.3%)

12 (19.4%)
0
0
12 (19.4%)

30.9 (28.3-
35.9)

0
5 (8.1%)
19 (30.6%)

38 (61.3%)

Did not
undergo prone
positioning
n=199

66.0 (55.0-
74.5)

10 (5.0%)
58 (29.1%)
100 (50.3%)

31 (15.6%)
79 (39.7%)

132 (66.3%)

51 (25.6%)
2 (1.0%)
6 (3.0%)
8 (4.0%)

31.0 (26.7-
37.2)

3 (1.5%)
28 (14.1%)
59 (29.6%)

109 (54.8%)




Fever

Cough

Shortness of breath

Gl symptoms (diarrhea or vomiting)

Neurological symptoms (altered mental status or
seizures%

Comorbidities, No. (%)

Current smoking

Diabetes

Obstructive lung disease (asthma or COPD)
Congestive heart failure

Autoimmune disease (RA or SLE)

Chronic kidney disease (Stage = 3)
latrogenic immunosuppression

Cancer

Human immunodeficiency virus infection
Renal Transplantation

Charlson Comorbidity Index (median, IQR)

Severity of COVID-19 on admission, No. (%)(13,23)

Moderate
Severe

Critical

APACHE-II score (median, IQR) at intubation
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Overall

159
(60.9%)

190
(72.8%)

220
(84.3%)

36 (13.8%)
55 (21.1%)

14 (5.4%)

127
(48.7%)

54 (20.7%)
19 (7.3%)
15 (5.7%)
29 (11.1%)
6 (2.3%)
17 (6.5%)
5 (1.9%)

3 (1.1%)

3.0 (2.0-
4.0)

11 (4.2%)
86 (33.0%)

163
(62.5%)

17.0
(12.0-
27.0)

Underwent
prone
positioning

41 (66.1%)
54 (87.1%)
54 (87.1%)

12 (19.4%)
5(8.1%)

1(1.6%)
27 (43.5%)

10 (16.1%)
1(1.6%)
3 (4.8%)
4 (6.5%)
1(1.6%)
2 (3.2%)
2 (3.2%)
1(1.6%)

3.0 (1.0-
4.0)

6 (9.7%)
27 (43.5%)
29 (46.8%)

17.5 (12.3-
24.0)

Did not
undergo prone
positioning

118 (59.3%)
136 (68.3%)
166 (83.4%)

24 (12.1%)
50 (25.1%)

13 (6.5%)
100 (50.3%)

44 (22.1%)
18 (9.0%)

12 (6.0%)

25 (12.6%)

5 (2.5%)

15 (7.5%)

3 (1.5%)

2 (1.0%)

3.0 (2.0-5.0)

5 (2.5%)
59 (29.6%)
135 (67.8%)

17.0 (12.0-
28.0)




ARDS on admission
Sepsis on admission by Quick SOFA

Radiological characteristics, No. (%)

Bilateral reticulonodular opacities

Ground-glass opacities

Focal consolidation

Treatment and clinical course, No. (%)
BiPAP prior to mechanical ventilation

Mechanical ventilation on admission
Vasopressor use during hospital course
Acute kidney injury during hospital course

Hemodialysis required during hospital course

Hydroxychloroquine administered

Maneuvers and adjustments

Total maneuvers

Prone positioning

Supine positioning

Head, neck and shoulder adjustments

Maneuvers per participant (median, IQR)

Outcomes (followed minimum of 30 days), no (%)

Expired

Discharged

Ongoing hospitalization

Overall

146
(55.9%)

160
(61.3%)

173
(66.3%)

96 (36.8%)
31 (11.9%)

37 (14.2%)

186
(71.3%)

221
(84.7%)

142
(54.4%)

35 (13.4%)

219
(83.9%)

215
(82.4%)

43 (16.4%)
3(1.1%)

Underwent
prone
positioning

27 (43.5%)

38 (61.3%)

41 (66.1%)
28 (45.2%)
5 (8.1%)

17 (27.4%)
31 (50.0%)
53 (85.5%)
29 (46.8%)

16 (25.8%)
52 (83.9%)

832
199
190
443
4 (2-8)

48 (77.4%)

13 (21.0%)
1(1.6%)

Did not
undergo prone
positioning
119 (59.8%)

122 (61.3%)

132 (66.3%)
68 (34.2%)
26 (13.1%)
20 (10.1%)
155 (77.9%)
168 (84.4%)
113 (56.8%)

19 (9.5%)
167 (83.9%)

167 (83.9%)

30 (15.1%)
2 (2.0%)




Time to death (median, IQR) from admission
Length of stay, days (median, IQR)
Ventilator-free days (median, IQR)

Total extubations

Total re-intubations

Palliative extubations

Tracheostomy

Laboratory values on admission, [reference range and
units] reported as median (IQR), N reported if different
from total

White blood cell count [4.8-10.8 x 10 2 microliter]

Platelet count [150 to 450 per microliter]
Highest d-dimer during hospital course [< =

230 ng/milliliter]

C-reactive protein [0- 0.40 mg/deciliter]

Highest creatinine during hospital course [0.7-
1.20 mg/deciliter]
Lactate [0.5—-2.2 mmol/liter]

Procalcitonin [< = 0.08 ng/milliliter]

Interleukin-6 (0-5.5 pg/milliliter)
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Overall

29 (11.1%)
8 (3.1%)

10 (3.8%)
26 (10.0%)

9.5(6.9-
12.9)

235 (182~
301)

3543
(1163-
11838), n
=218

28.0
(14.8-
100.0), n =
244

3.7 (1.5-
6.9),n=
260

2.1 (1.4-
3.2),n=
223

0.5 (0.2-
1.3),n=
230

19.8 (15.2-
251.3),n=
220

Underwent
prone
positioning

15.3 (12.2-
21.7)

18.1 (13.1-
26.9)

19.0 (16.0-
20.0)

7 (11.3%)
1(1.6%)
2 (3.2%)
13 (21.0%)

9.5(7.1-
12.6)

211.5
(186-283)

3988
(2049.5-
13049.8)

24.1 (14.3-
35.9),n=
61

3.8 (1.1-
6.6)

2.0 (1.5-
3.2),n =56

0.5(0.3-
1.3),n=55

16.1 (15.0-
150.7),n =
57

Did not
undergo prone
positioning

7.2 (4.2-10.9)
8.0 (5.0-14.0)

18.0 (12.0-
22.0)

22 (11.1%)
7 (3.5%)

8 (4.0%)
13 (6.5%)

9.6 (6.8-13.1)

237.0 (181-
303)

3185 (1064~
11739),n =
156

30.8 (15.7-
122.2),n =
183

3.7(1.7-7.1),
n=198

0.5(0.2-1.3),
n=174

32.3 (15.2-
273.5),n=
162




Overall Underwent Did not
prone undergo prone
positioning  positioning

Ferritin [20—250 ng/milliliter] 928.5 871.0 949 (531-
(515- (487- 1670), n =166
1625),n = 1466),n =
225 59

International normalized ratio [0.8 to 1.1] 1.3(1.1- 1.3(1.2- 1.3(1.1-1.4),
1.4),n= 14),n=59 n=181
240

ARDS, acute respiratory distress syndrome; BiPAR, bilevel positive airway pressure; COPD, chronic
obstructive pulmonary disease; Pro-BNP-N-terminal pro b-type natriuretic peptide; RA, rheumatoid
arthritis; SLE, systemic lupus erythematosus

Prone positioning and mortality

Compared to contemporary controls, the prone positioning group had fewer deaths and a longer time to
death in those who expired, in spite of similar length of stay and ventilator-free days. Estimates of the
association between prone positioning and mortality are summarized in Table 2. Unadjusted and
adjusted competing risks analysis showed that exposed patients were at reduced risk of death (SHR 0.51,
95% C10.39-0.66, p<0.005 and SHR 0.57,95% CI 0.42-0.76, p < 0.005, respectively) compared to
unexposed controls. In the doubly-robust analysis adding stabilized IPTWs, inferences were similar (SHR
0.61,95% Cl1 0.46-0.80, p <0.005) and for every eight patients that underwent prone positioning, one in-
hospital death was averted. We found no evidence for violation of the proportional hazards assumption
through visual inspection of cumulative incidence curves (Fig. 3). Covariate effect estimates are available
in Table 3. A sensitivity analysis with removal of controls who died within 48 hours of intubation (N =18)
showed similar results.

Table 2
Association of a prone positioning intervention and time to death by Fine-Gray competing risks
analysis.
Model SHR 95% ClI Pvalue
Unadjusted 0.51 0.39-0.66 <0.005
Multivariate adjusted 0.57 0.42-0.76 <0.005
Stabilized doubly robust IPTW 0.61 0.46-0.80 <0.005
Adjusted models control for age, sex, race, body-mass index, Apache Il score and vasopressor use
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Complete modeling output for Cox regression, with inverse-probability treatment weighting, adjustments,
stabilized weights and accounting for competing risks.

Variable
Prone positioning intervention (yes vs no)
No

Yes

Age

<41 years
41-60 years
61-80 years
>80 years
Sex

Female
Male

Race

White
Hispanic
Black

Asian

Other

Body mass index, No. (%)
<18.5 kg/m?

18.5-24.9 kg/m?
25-29.9 kg/m?

> 30 kg/m?
APACHE-II score

Va sopressor use

SHR

Reference

0.61

Reference
2.68
4.45
7.11

Reference

1.06

Reference
0.33
0.38

*

0.34

Reference

0.85

0.87

1.01

95% Cl

0.46-0.80

0.83-8.59
1.39-14.20
2.13-23.76

0.78-1.44

0.18-0.60
0.20-0.73

*

0.12-0.96

0.53-1.36

0.57-1.33

0.99-1.03

Pvalue

<0.001

0.10
0.01
0.001

0.69

<0.001
0.003

0.04

0.49
0.52

0.26

* Observations were dropped from model due to small N and no variability in treatment (e.g. all within
category were treated or all within category were not treated)




Variable SHR 95% ClI Pvalue
No Reference - -
Yes 1.18 0.76—-1.85 0.46

* Observations were dropped from model due to small N and no variability in treatment (e.g. all within
category were treated or all within category were not treated)

Prone positioning and physiologic parameters

Figure 4 shows the mean trajectories of physiologic parameters over time. Improvements were seen for
days 1-3 in the OSI, P,0,:FiO,, S,0,:FiO, and P,0,. For days 4-7 of prone positioning, improvement
was seen in the P,0,:Fi0,, S,0,:Fi0, and P,0,. Only the Ol failed to show improvement at any time and
OSI did not show improvement for days 4—7. During crisis operations with enhanced infection control
and use of transport ventilators for routine ventilation, it may be difficult to obtain P,0, and mean airway
pressure values and so proxy variables may be helpful. We therefore looked at Pearson correlation
coefficients amongst ratios and indices. Overall, P,0,:FiO, and S,0,:FiO, are moderately correlated (p =
-0.51), and OSl and Ol, and OSl and S,0,:FiO,, are closely correlated (p=0.84 and p = -0.80, respectively).
The correlations did not differ when split into days 1-3 and 4-7. Results are summarized in Fig. 5.

In analyses using LMMs to estimate the association of positioning with physiological indices, 19 of 62
exposed participants contributed more than one episode. In these analyses, prone vs supine positioning
was significantly associated with overall improvement in P,0,:FiO, (Table 4). In models allowing
positioning effects to differ in days 1-3 and 4-7, prone positioning was associated with improved OSI
during days 1-3 (p<0.01) as well as improved 0S|, Ol and P,0,:FiO, during days 4-7 (p<0.05, p<0.01
and p <0.001, respectively). No clear evidence for interaction between positioning and time was found.
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Table 4

Adjusted associations of prone vs supine positioning with physiological parameters by linear mixed

effects models.

Oxygenation Oxygenation saturation = Pa0O2:Fi02 SpO02:Fi02
index index
Number N =59 (85) N=60 () N=59 () N =54 (76)
(maneuvers)
Coefficient Coefficient (95% ClI) Coefficient Coefficient
(95% CI) (95% Cl) (95% CI)
Prone, overall 0.07 (0.01,0.2) 0.04(-0.01, 0.08) 0.10 (0.04, -0.28 (-0.63,
0.17) 0.08)
% improvement 8% 4% 11% 24%
Prone days 1-3 0.1 (-0.1,0.1) 0.08 (0.0,0.1)** 0.05(-0.0,0.1) -0.32) (-0.7,
0.01
% improvement 1% 8% 5% 27%
Prone days 4-7 0.30 (0.1, -0.10 (-0.2,0.0) 0.31 (0.2, -0.03 (-1.0,0.9)
0.5)** 0.5)***
% improvement 38% (9% worsening) 36%*** 3%
-0.08 (-0.2,0.1) 0.09 (-0.0,0.2) -0.8(-0.2,0.1) 0.06 (-0.7,0.8)

Days4-7vs1-
3

Adjusted for age, sex, race, BMI, Apache Il score, and vasopressor use
* P<0.05,* P<0.01, *** P<0.001
FIGURE LEGENDS.

Discussion

We report results from a comprehensive cohort study assessing the potential benefits of prone
positioning in COVID-19 patients with moderate to severe ARDS. We found a nearly 40% reduction in
mortality with prone positioning, an effect that appears sustained on cumulative incidence curves. With
respect to physiologic parameters, there were meaningful changes across all ratios and indices to
suggest that prone positioning is associated with improvements in within-person physiology and that the
benefit may persist beyond three days. Our findings across both analyses were robust to various
adjustments, modifications, sensitivity analyses and nested comparative testing.

Fundamentally, this study has three key findings. First, we demonstrated a mortality benefit with prone
positioning with a number needed to treat of eight. The durability of the finding is important, and ensuring
that it can be replicated in other settings will be essential to justify a recommendation, but we have no
evidence to attribute the survival benefit in the intervention arm to bias. Second, it appears that there is a
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benefit to additional days of prone positioning beyond 3 days. The effect seen with 4-7 days of prone
positioning may be heavily influenced by a smaller group that realized a differential benefit, but 34 of 89
positioning sequences

resulted in at least four days of intervention, representing a relatively large proportion of individuals.
Third, prone positioning resulted in significant changes in physiologic parameters which may support the
underlying hypothesis that prone positioning improves ventilation-perfusion matching.(9, 10) Additionally,
we demonstrated the utility of relatively accessible clinical information in the ICU as reasonable
surrogates to monitor changes in physiology.

Our results are consistent with recent multi-center data suggesting a mortality benefit of prone
positioning in patients with ARDS whether intubated or not.(6—-8, 19, 20) There are recommendations for
prolonged prone positioning of 12—16 hours daily for mechanically ventilated adult patients with COVID-
19 and refractory hypoxemic respiratory failure,(21) but the optimal duration of the intervention, its’
impact on physiologic parameters and details regarding how to organize and structure an intervention
team during a crisis have not been completely evaluated. We acknowledge that prone positioning in
mechanically ventilated patients is a resource-intensive intervention, particularly in overwhelmed
healthcare systems during pandemic conditions. Before adopting prone positioning techniques, staff
education and commitment is paramount. If justified by hospitalized patient volume, we recommend
identifying personnel and assigning them to a dedicated prone team and tailoring readily available
checklists to institutional needs and constraints (Fig. 1).(22)

Some limitations of this study should be noted. First, this is a single center retrospective cohort study in a
resource constrained environment under crisis operations. As a result, although patients had critical care
needs, they were frequently cared for in ad-hoc intensive care units by non-critical care personnel. The
decision to initiate or discontinue the intervention under study was left to the treating primary team
without defining endpoints. We attempted to address any residual confounding through IPTW and no
differences in the

results were noted. If the prone team was consulted and the patient had moderate to severe ARDS and
met criteria for prone positioning, it was felt that they could benefit from the intervention in addition to
lung protective ventilation. Although this was pragmatic for this setting, if prone positioning is
implemented elsewhere, the prone teams could consider establishing an opt-out approach with tailored
entry and exit criteria, normal cadence of evaluation for candidacy for prone positioning and a
mechanism for real-time data capture and quality control assessments. Finally, the

results may not be readily generalizable to all populations, in particular those with milder disease and
those that don't reflect the ethnic diversity seen in the Bronx. The institutional mortality proportion was
high (>75%) and therefore the impact of the intervention may be attenuated in the setting of advanced
interventions (e.g., extracorporeal membrane oxygenation).
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There are also some notable strengths of this work. We were able to collect detailed physiologic data in a
structured manner to systematically evaluate the impact of the intervention. Also, our population has
been gravely understudied in the COVID-19 pandemic and we've been able to contribute significantly to
both describing their clinical course as well as critical care interventions for socioeconomically
marginalized minority populations. Regarding outcome, we were able to include all patients who would
have been eligible for prone positioning as controls creating a sound counterfactual for a
contemporaneous comparison of both exposed and unexposed. Finally, compared to existing literature
for patients with COVID-19, this study provides results for a large intervention group.

Conclusions

In summary, we present data supporting prone positioning as an intervention to prolong survival and
improve physiologic parameters in patients on mechanical ventilation with moderate to severe ARDS due
to COVID-19. The findings should be replicated across institutions, but prone positioning may be an
important consideration for health systems, particularly in the setting of an evolving suite of
complementary interventions in the care of such vulnerable patients.

Abbreviations

ARDS

Acute Respiratory Distress Syndrome; APACHE-II = Acute Physiology And Chronic Health Evaluation; BMI
= Body Mass Index; COVID-19 = Coronavirus Disease 2019; FiO, = Fraction of Inspired Oxygen; ICU =
Intensive Care Unit; IPTWs = Inverse Probability Treatment Weights; LMM = Linear Mixed Models; NYC =
New York City; Ol = Oxygenation Index; OSI = Oxygenation-Saturation Index; PaO, = Partial Pressure of
Arterial Oxygen; PEEP = Positive End-Expiratory Pressure; SARS-Cov-2 = Severe Acute Respiratory
Syndrome Coronavirus 2; sIPTW = Inverse Probability of Treatment Weight; SPO, = Oxygen Saturation

Declarations

e Ethics approval and consent to participate: This study received institutional review board approval
(IRB # 20-007).

e Consent for publication: Not applicable

» Availability of data and materials: de-identified datasets used and/or analysed during the current
study are available from the corresponding author on request.

» Disclosures: The views expressed in this manuscript are those of the authors and do not reflect the
views of the United States Air Force, United States Army or Department of Defense. Otherwise, none.

e Competing interests: The authors declare that they have no competing interests.

e Funding: This work was supported by National Institute of Allergy and Infectious Disease
(K23A1135037 to JDK and KO1AI145572 to PW) and National Institute of General Medical Sciences
(RO1 grant number GM130900 to JDK) of the United States National Institutes of Health.

Page 16/22



Authors' contributions: M.C.S and S.M.B were responsible for concept and design of the study. PD.W.,,
S.M.B, J.D.K. and E.V. analyzed and interpreted the data. M.C.S, LA.S., D.L.J, WA.S,M.C.S,,S.A,
V.P.G., AND V.PM collected data. M.C.S. and S.M.B. performed the literature search and drafted the
manuscript. K.K.C. and S.M.B. provided mentorship. All authors critically reviewed the draft, provided
edits, saw and approved the final report.

Acknowledgements: We would like to acknowledge the Lincoln Hospital COVID-19 research
consortium for supporting various components of data collection (includes Masood Shariff, MD,
John Zhang, PhD, Mohammad Aldiabat, MD, Alex Carlos Jr., MD, Sara Tavarez Rodriguez, MD, Bo Yu,
MD, Astrid Mendez Batres, MD, Marcia Gossai, MD and Elisenda Valdez, MD). We would also like to
thank the NYC hospital system staff, first responders, and healthcare volunteers who came from
across the world, and who all made sacrifices to help our patients during a time of great need.

Authors' information: Not applicable

References

1.

Li R, Rivers C, Tan Q, Murray MB, Toner E, Lipsitch M. Estimated Demand for US Hospital Inpatient
and Intensive Care Unit Beds for Patients With COVID-19 Based on Comparisons With Wuhan and
Guangzhou, China. JAMA Netw open. 2020;3(5):€208297.

. Murthy S, Gomersall CD, Fowler RA. Care for Critically Ill Patients with COVID-19. JAMA - J Am Med

Assoc. 2020 Apr 21;323(15):1499-500.

. Bellani G, Laffey JG, Pham T, Fan E, Brochard L, Esteban A, et al. Epidemiology, patterns of care, and

mortality for patients with acute respiratory distress syndrome in intensive care units in 50 countries.
JAMA - J Am Med Assoc. 2016;315(8):788-800.

4.Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, et al. Clinical course and outcomes of critically ill patients with

SARS-CoV-2 pneumonia in Wuhan, China: a single-centered, retrospective, observational study.
Lancet Respir Med. 2020;8(5):475-81.

. Group PS, C G. J R, JC R. Prone positioning in severe acute respiratory distress syndrome. N Engl J

Med. 368(23):2159-68.

. Caputo ND, Strayer RJ, Levitan R. Early Self-Proning in Awake, Non-intubated Patients in the

Emergency Department: A Single ED'’s Experience During the COVID-19 Pandemic. Kline J, editor.
Acad Emerg Med. 2020 May 12;27(5):375-8.

. Carsetti A, Damia Paciarini A, Marini B, Pantanetti S, Adrario E, Donati A. Prolonged prone position

ventilation for SARS-CoV-2 patients is feasible and effective. Crit Care. 2020;24(1):1-3.

.Ding L, Wang L, Ma W, He H. Efficacy and safety of early prone positioning combined with HFNC or

NIV in moderate to severe ARDS: A multi-center prospective cohort study. Crit Care. 2020 Jan
30;24(1).

. Kallet RH. A comprehensive review of prone position in ARDS. Vol. 60, Respiratory Care. American

Association for Respiratory Care; 2015. p. 1660—-87.

Page 17/22



10. Koulouras V, Papathanakos G, Papathanasiou A, Nakos G. Efficacy of prone position in acute
respiratory distress syndrome patients: A pathophysiology-based review. World J Crit Care Med.
2016;5(2):121.

11. NYC Health. COVID-19: Data. 2020 [Internet]. [cited 2020 May 22]. Available from:
https://www1.nyc.gov/site/doh/covid/covid-19-data.page.

12. COVID-19 Dashboard by the Center for Systems Science and Engineering (CSSE) at Johns Hopkins

University (JHU). 2020 [Internet]. Coronavirus COVID-19 Global Cases by the Johns Hopkins
university. [cited 2020 May 22]. Available from: https://coronavirus.jhu.edu/map.html.

13. Zou X, Li S, Fang M, Hu M, Bian Y, Ling J, et al. Acute Physiology and Chronic Health Evaluation II
Score as a Predictor of Hospital Mortality in Patients of Coronavirus Disease 2019. Crit Care Med.
2020;(6):1-9.

14. Fine JP, Gray RJ. A Proportional Hazards Model for the Subdistribution of a Competing Risk. J Am
Stat Assoc. 1999 Jun;94(446)(1):496-509.

15. Jonsson Funk M, Westreich D, Wiesen C, Stiirmer T, Brookhart M, Davidian M. Doubly Robust
Estimation of Causal Effects. Am J Epidemiol. 2011 Mar;1:173:761-7.

16. Hernan MA, Brumback BA, Robins JM. Estimating the causal effect of zidovudine on CD4 count with
a marginal structural model for repeated measures. Stat Med. 2002;21(12):1689-709.

17. Robins JM, Hernan M, Brumback B. Marginal structural models and causal inference in
epidemiology. Epidemiology. 2000;11(5):550-60.

18. De Lemos ML, Barratt AL, Wyer PC, Guyatt G, Simpson JM. NNT for studies with long-term follow-up
[1] (multiple letters). Cmaj. 2005;172(5):613-5.

19. Elharrar X, Trigui Y, Dols A-M, Touchon F, Martinez S, Prud’homme E, et al. Use of Prone Positioning in
Nonintubated Patients With COVID-19 and Hypoxemic Acute Respiratory Failure. JAMA.

20. Ziehr DR, Alladina J, Petri CR, Maley JH, Moskowitz A, Medoff BD, et al. Respiratory Pathophysiology
of Mechanically Ventilated Patients with COVID-19: A Cohort Study. Am J Respir Crit Care Med.
2020;1-15.

21. COVID-19 Treatment Guidelines Panel. Coronavirus Disease 2019 (COVID-19) Treatment Guidelines.
National Institutes of Health [Internet]. [cited 2020 May 17]. Available from:
https://covid19treatmentguidelines.nih.gov.

22. Oliveira VM, Piekala DM, Deponti GN, Batista DCR, Minossi SD, Chisté M, et al. Safe prone checklist:
Construction and implementation of a tool for performing the prone maneuver. Rev Bras Ter
Intensiva. 2017;29(2):131-41.

23. Aylward B, Liang W. Report of the WHO-China Joint Mission on Coronavirus Disease 2019 (COVID-
19). WHO-China Jt Mission Coronavirus Dis 2019 [Internet]. 2020;2019(February):16-24. Available
from: https://www.who.int/docs/default-source/coronaviruse/who-china-joint-mission-on-covid-19-
final-report.pdf.

Figures

Page 18/22



Figure 1. Prone team members, roles and checklists.

Prone maneuver checklist

Prone team roles

Pre-Maneuver Prone Maneuver

Post-Maneuver

Team size: Although the prone team censisted of as many as 12 members, six members typically

performed an individual patient movement.

Physician or APP (airway expert when RT not available): Consults with primary teams to identify
patients meeting criteria for prong gioning -= places jsupine order set (to include a paralytic,
if needed) -= reviews sedation, paralytic, vital signs and other concerns with prone team RN -»
completes documentation -= informs medical team of any events, abnormal vital signs, displaced ETT
or other concerns,

Respiratory technician (or airway expert): Assesses arway prior fo positioning -= performs
oropharynx, nasal and ETT suclioning -> diagnoses and resolves air leaks -» assesses sultabiity of
ventilator settings for postion change (including need for pre-oxygenation at 100% Fi02) -»
placement and securement of ETT (before and after repositioning) -» determines direction

Support O Gather supples m] F'_eﬂ‘nrm maneuvers as O Place ECG electrodes
Team O = urinary/fecal directed O Reconnect BP cuff
O Apply padding to contact points O rosition arm & legs
O Remove ECG electrodes. O Bedin reverse Trendelenburg
F\_FQ\ O rostion bed padsipilows/sheets O unioad pressure points.
\rQw/ O Adjust bed position and height
Respiratory O Verifies emergency supplies O secure airway O AssessETT depth & position
Therapist O suction ainway as needed O mantain hesd/neck control O Puace foam donut under patients
O AssessETT depth and placement head
66 O tvauateiree vent circuit O Relieve eyeifacemead pressure and
O Determines direction of the turn O suction airway as needed during
Regiswmd Consult with primary RN a Manags Ene placement and Reconnect arterial lines & Vs
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o
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Figure 1

Prone team members, roles and checklists.

oo oo

Assess ventilator readings and VS
Inform primary medical team of
any concerns or adverse events
Fost prone EMR documentation
Final oversight

fo turn the patient and directs the team through positional changes.

RN: Consults with primary RN prior to repositioning; reviews vital signs, access (IV, arterial, tubes)
and actively administered interventions (e.g., medications, tube feeds)-» temporarily arrests all non-

i i 9. feedings, i N icati and fluids to minimize risk forloss ofnes
gl during r igning -= ensures cted tubing is patent and long enough for
repositioning = administers parahytic, when indicated, prior to positional changes — menitors all lines
. coliects post: vital signs and positioning prier to leaving bedside;
notifies bedside RN of changes.

Support Team: Gathers supplies, disconnects manual bleod pressure cuff-= repositions urinary
catheter and fecal management system to caudal end of bed -= applies silicone padding to patient's
knees, shoukders, breasts (females) -= removes & replaces ECG electrodes -> places absorbent
pads, pillows and sheets -> performs postioning changes under direction of airway expert.

Runner: Stationed outside the patient's room to relay items from the prone cart, thersby avoiding
contamination of clean supphes.

Pertinent suppliesimedications: Sponge donuts for head and face protection (sectioned out to
create a recess forthe ET tube and to minimize pressure on the eye), padding for bony prominences,
padding to support arm and hand in swimmer position, two pllows to be placed under the shoulders
and hips, lubricating eye drops with Tegaderm patches to protect eyes while prone; sheets for patient
movement and concurrent linen change,

Maovement schedule: Patients placed in the prone position between 1300 and 1300 allowing for 16
hours in postion. Subsequently, patients were placed supine between 0800 and 1100. There wasa
small subset of prone or supine movements performed by an overnight team, but these were few in
number, due to the small size ofthe night team.

Abbreviations: CVC, central venous catheter, ECG, electrocardiogram; ETT, endotracheal tube;
Fi02, fraction of inspired oxygen; IV, intravenous; RN, Registered Nurse, RT, Respiratory Therapist;
VS, vital signs

Figure 2. Determination of prone positioning groups during intervention

period.

N=1356

All persons under investigation admitted to
hospital from March 25 to May 2, 2020

M = 389 excluded by PCR testing

-N = 349, SARS-CoV-2 negative by PCR

N =967

All PCR-confirmed COVID-19

-N = 40, SARS-CoV-2 inconclusive by PCR

M =632 excluded that were not intubated

N =335

COVID-19 inpatients on ventilators

N =74 excluded:
-N = 51 did not qualify under the prone
positioning criteria®

N =261

Included in analysis

-N = 23 underwent prone positioning by others
outside of protocol

Underwent prone positioning intervention

N =62

Suggested criteria to consider for prone positioning™:
(1) P4O2: FiO2 < 150 mm Hg
(2) FiO, > 60%
(3) PEEP = 10 mmHg

Did not undergo prone positioning intervention

(1) P.O, : FiO2 < 150 mm Hg
(2) FiD, > 60%
(3) PEEP > 10 mm Hg

N =199

Met the following criteria and were eligible for prone positioning™:

1. Determination for prone positioning was uitimately left to disceation of treating cinician; for control group, particpants had o meet prone positioning criteria within the first 14 day's after intubation
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Figure 2

Determination of prone positioning groups during intervention period.

Figure 3. Cumulative incidence curves for participants undergoing
prone positioning versus not.
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Figure 3

Cumulative incidence curves for participants undergoing prone positioning versus not.
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Figure 4. Within-person variability in mean physiologic parameters through prone
positioning across days of the intervention. Hamfuchange Mo change (W)
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Figure 4

Within-person variability in mean physiologic parameters through prone positioning across days of the
intervention.

Figure 5. Pearson correlation of physiologic parameters - -

across prone patients split by duration of maneuvers.
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Figure 5

Pearson correlation of physiologic parameters across prone patients split by duration of maneuvers.
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