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Feasibility and physiological effects of prone positioning in
non-intubated patients with acute respiratory failure due to
COVID-19 (PRON-COVID): a prospective cohort study

Anna Coppo, Giacomo Bellani, Dario Winterton, Michela Di Pierro, Alessandro Soria, Paola Faverio, Matteo Cairo, Silvia Mori, Grazia Messinesi,
Ernesto Contro, Paolo Bonfanti, Annalisa Benini, Maria Grazia Valsecchi, Laura Antolini, Giuseppe Foti

Summary

Background The COVID-19 pandemic is challenging advanced health systems, which are dealing with an
overwhelming number of patients in need of intensive care for respiratory failure, often requiring intubation. Prone
positioning in intubated patients is known to reduce mortality in moderate-to-severe acute respiratory distress
syndrome. We aimed to investigate feasibility and effect on gas exchange of prone positioning in awake, non-intubated
patients with COVID-19-related pneumonia.

Methods In this prospective, feasibility, cohort study, patients aged 18-75 years with a confirmed diagnosis of COVID-19-
related pneumonia receiving supplemental oxygen or non-invasive continuous positive airway pressure were recruited
from San Gerardo Hospital, Monza, Italy. We collected baseline data on demographics, anthropometrics, arterial blood
gas, and ventilation parameters. After baseline data collection, patients were helped into the prone position, which was
maintained for a minimum duration of 3 h. Clinical data were re-collected 10 min after prone positioning and 1 h after
returning to the supine position. The main study outcome was the variation in oxygenation (partial pressure of oxygen
[PaO,]/fractional concentration of oxygen in inspired air [FiO,]) between baseline and resupination, as an index of
pulmonary recruitment. This study is registered on ClinicalTrials.gov, NCT04365959, and is now complete.

Findings Between March 20 and April 9, 2020, we enrolled 56 patients, of whom 44 (79%) were male; the mean age was
57-4 years (SD 7-4) and the mean BMI was 27-5 kg/m2 (3-7). Prone positioning was feasible (ie, maintained for at
least 3 h) in 47 patients (83-9% [95% CI 71-7 to 92-4]). Oxygenation substantially improved from supine to prone
positioning (PaO,/FiO, ratio 180-5 mm Hg [SD 76-6] in supine position vs 285-5 mm Hg [112-9] in prone position;
p<0-0001). After resupination, improved oxygenation was maintained in 23 patients (50-0% [95% CI 34-9-65-1];
ie, responders); however, this improvement was on average not significant compared with before prone positioning
(PaO,/FiO, ratio 192-9 mm Hg [100- 9] 1 h after resupination; p=0- 29). Patients who maintained increased oxygenation
had increased levels of inflammatory markers (C-reactive protein: 12-7 mg/L [SD 6-9] in responders vs 8-4 mg/L [6-2]
in non-responders; and platelets: 241-1x103/pL [101-9] vs 319-8x103/pL [120- 6]) and shorter time between admission
to hospital and prone positioning (2-7 days [SD 2-1] in responders vs 4-6 days [3-7] in non-responders) than did those
for whom improved oxygenation was not maintained. 13 (28%) of 46 patients were eventually intubated, seven (30%)
of 23 responders and six (26%) of 23 non-responders (p=0-74). Five patients died during follow-up due to underlying
disease, unrelated to study procedure.

Interpretation Prone positioning was feasible and effective in rapidly ameliorating blood oxygenation in awake
patients with COVID-19-related pneumonia requiring oxygen supplementation. The effect was maintained after
resupination in half of the patients. Further studies are warranted to ascertain the potential benefit of this technique
in improving final respiratory and global outcomes.
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Introduction mortality.* Acute respiratory distress syndrome (ARDS)

The COVID-19 pandemic has led to a substantial increase
in the number of patients admitted to hospital with
respiratory failure.! Most of these patients require non-
invasive ventilatory support; however, the failure rate
(ie, worsening of condition or lack of improvement) is
extremely high and intubation is often necessary, rapidly
saturating resources and the availability of intensive care
unit (ICU) beds, potentially leading to increased

is a major complication of COVID-19 that occurs in
20-41% of patients with severe disease.**

Treatment of ARDS requires tracheal intubation and
mechanical ventilation, and patients can benefit from
prone positioning, which has been shown to improve
oxygenation and reduce mortality in non-COVID-19-
related ARDS.° Increase in oxygenation is due to
improved ventilation—perfusion matching in the prone
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Research in context

Evidence before this study

Prone positioning during invasive mechanical ventilation is
known to improve oxygenation and reduce mortality in patients
with severe acute respiratory distress syndrome (ARDS).
Anecdotal evidence and social media interest in the use of prone
positioning in spontaneously breathing, non-intubated patients
undergoing supplemental oxygen therapy have emerged.

We searched PubMed and medRxiv for articles published in
English with no date restrictions on April 20, 2020, and we
repeated our search on May 27, 2020, about the use of prone
positioning in awake patients with ARDS or COVID-19 using
combinations of the terms “prone positioning”, “awake”,
“spontaneously breathing”, “ARDS”, and “COVID". We had no
restrictions on the study type, including case series. In our first
search, we identified five studies (three case series, a retrospective
study, and a small prospective trial) and in our second search we
identified four additional studies in patients with COVID-19.

Added value of this study
To our knowledge, this is the largest prospective study of the
short-term effects of the use of prone positioning in awake,

position, because the dorsal areas (which anatomically
have an increased number of alveolar units’) are no
longer compressed by the weight of the abdominal cavity
and the mediastinum, and can re-open, leading to
recruitment of more gas-exchange-efficient regions.®
The mortality benefit cannot be explained solely by
improved oxygenation and has been linked to decreased
overdistention and cyclic alveolar recruitment-de-
recruitment within tidal breaths, with a decreased risk of
ventilator-induced lung injury.*" Prone positioning is
also a mainstay of treatment in COVID-19-related ARDS
and has been recommended in the Surviving Sepsis
Campaign COVID-19 guidelines.” ™

Some investigators have reported the application of
prone positioning in spontaneously breathing, non-
intubated patients treated with standard oxygen therapy,
continuous positive airway pressure (CPAP), or non-
invasive ventilation.”™ In this setting, prone positioning
seems to improve oxygenation and might decrease
respiratory effort, which could be particularly beneficial
in patients at increased risk of self-induced lung injury.”
Therefore, this position might postpone or avoid tracheal
intubation and its inherent risks (both linked to the
procedure itself and to subsequent superinfections).
A decrease in the need for intubation, and subsequent
admission to ICU, might also prove beneficial in
resource-limited scenarios. At the same time, this
procedure could carry some risks associated with the
change of position (eg, vomiting, thromboembolism) or
delayed intubation.

Although prone positioning had been proposed for
patients with COVID-19 in personal communications®*

spontaneously breathing patients with COVID-19 undergoing
supplemental oxygen therapy. We showed that awake prone
positioning is feasible and improves oxygenation in patients
with respiratory failure due to COVID-19-related pneumonia;
however, this improvement was not maintained when patients
were placed back in the supine position.

Implications of all the available evidence

Our study supports previous reports on the benefit of prone
positioning in awake patients with respiratory failure due to
interstitial confirmed pneumonia. Moreover, it is the first formal
demonstration of the feasibility of this technique in patients
affected by COVID-19. Further studies should be done to assess
the safety and the medium-term and long-term outcomes of
awake prone positioning on respiratory parameters,

use of critical care resources, and survival.

and on social media® at the start of this study, no study
had, to our knowledge, systematically addressed the
safety, feasibility, and efficacy of prone positioning
in awake, non-intubated patients with COVID-19-related
pneumonia. During the review process of this Article,
the use of awake prone positioning in patients with
COVID-19 was reported, suggesting a substantial
improvement in oxygenation and a lack of major side-
effects when patients were moved into prone position.**

Methods

Study design and participants

In this single-centre, prospective, feasibility study, we
enrolled patients over a period of 2 weeks from medical
wards, the emergency department, and the respiratory
high-dependency unit of our hospital (San Gerardo
Hospital, Monza, Italy), which is a large tertiary teaching
hospital. Due to the enormous volume of patients
admitted to hospital and fulfilling inclusion criteria,
consecutive enrolment was impossible.

Patients were eligible for inclusion if they were aged
18-75 years, had been admitted to hospital with a
confirmed diagnosis of COVID-19-related pneumonia
requiring supplemental oxygen or non-invasive CPAP,”
and gave written or witnessed verbal informed consent.
Patients were excluded if they were pregnant, uncollab-
orative or had an altered mental status, had a New York
Heart Association class below II, had increased pro-B-type
natriuretic peptide concentrations (more than twice the
upper normal limit), had chronic obstructive pulmonary
disease requiring home non-invasive ventilation or oxygen
therapy, had contraindications (as decided by the attending
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physician), or had impending intubation (on the basis of
clinical judgment, including clinical and physiological
parameters).

This study received Ethics Committee approval (ASST
Monza, 3345). All patients provided written or verbal
(witnessed by health-care staff unrelated to the trial)
informed consent at the time of enrolment. The study is
reported according to STROBE guidelines.”

Procedures

In all patients, a diagnosis of COVID-19 was made with
RT-PCR using a nasal swab, if a patient was deemed by
their physician to potentially be infected. Once enrolled,
baseline data were collected (timepoint SP1), including
demographic and anthropometric data, a baseline arterial
blood gas measurement (whenever possible, an arterial
line was placed, but some patients received multiple
arterial stabs), and ventilation parameters including
respiratory rate, fractional concentration of oxygen in
inspired air (FiO,) and positive end-expiratory pressure
(PEEP), use of accessory respiratory muscles, and sub-
jective comfort. Subsequently, each patient was helped
into the prone position (figure 1; video) and data were
collected again after approximately 10 min (timepoint
PP1). The patient was then encouraged to maintain the
prone position for at least 3 h before being helped back
into the supine position. Clinical data were collected
again 1 h after resupination (timepoint SP2). Wherever
possible, oxygen delivery interface, FiO,, and PEEP were
not changed between timepoints. Patients were not kept
awake while in the prone position, but allowed to sleep or
rest during that period. If patients asked to resume the
supine position before the 3-h period was complete, the
prone position was considered unfeasible and the reason
was reported. At the end of the 3-h period, patients were
free to resume the supine position or maintain the prone
position at their discretion for up to 8 h in total. Sessions
of prone positioning were allowed in the days after the
first session according to clinicians’ indication and
patients’ preference. During these additional prone
positioning sessions we did not collect data as for the
first session, only the number of sessions they had.

Data were prospectively collected via the hospital’s
electronic health record or with a direct patient visit, as
appropriate. Patients were followed-up until hospital
discharge for occurrence of intubation, time to intubation,
and death.

We did not collect data on any prespecified adverse
events. Comfort was assessed by asking the patient how
they would evaluate their comfort on a scale of “excellent”,
“good”, “acceptable”, or “unacceptable”.

Outcomes

The main study outcome was the change in oxygenation
(arterial partial pressure of oxygen [PaO,]/FiO, ratio)
between timepoints SP1 and SP2, as an index of
pulmonary recruitment.

Figure 1: Prone positioning with a helmet interface to enable continuous positive airway pressure
Example demonstrated by volunteer.

Secondary outcomes were the safety and feasibility of
prone positioning (prone position lasting at least 3 h),
effect of prone positioning on arterial partial pressure of
carbon dioxide (PaCO,) and dyspnoea, and predictors of
response to the prone position (ie, differences between
responders and non-responders). Responders were
defined as patients with an increased PaO,/FiO, ratio
from SP1 to SP2 for the main analysis. Incidence and
time to tracheal intubation were also recorded.

Statistical analysis

We assumed an improvement in PaO,/FiO, ratio from
124 mm Hg (SD 50) at SP1 to 140 mm Hg (61) at SP2"
with a correlation equal to 0-8. This assumption leads to
an SD of paired (individual) differences equal to 37 Thus,
we estimated that enrolling 40 patients would provide the
study with a two-sided significance level of 0-05 and
a power of 80% to detect a difference in PaO,/FiO, ratio
of at least 16 mm Hg. We allowed for the procedure to be
unfeasible in 20% of patients, thus we planned to enrol a
minimum of 48 patients. Given the fast enrolment rate
and the lack of adverse events in our initial sample, we
decided to enlarge the sample size by an additional 15%,
enrolling 56 patients overall.

We describe continuous data using summary indi-
cators to account for different distribution shapes. We
calculated mean (SD) and median (IQR) for continuous
variables, based on their distribution. We describe
discrete variables using frequencies and percentages.
We used data from an independent cohort of patients
admitted in the same hospital during the study period
(STORM study, Spallanzani Institute approval number
84/2020; NCT04424992) to evaluate differences between
enrolled and non-enrolled patients of the hospital. We
first describe data for the whole study sample, and
estimate the probability of feasibility of the procedure
using the 95% CI according to the Clopper—Pearson
method.”” We then describe data for the subset of
patients for whom the procedure was feasible at the
three timepoints SP1, PP1, and SP2 for the variables
assessed repeatedly. We compared distributions of
continuous variables between the three timepoints
using the paired Student’s t test on pairs of timepoints,
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667 potentially eligible patients admitted to study centre
between March 20 and April 9, 2020

—>| 610 did not participate |
A

57 patients were approached and gave informed consent

A

1 met exclusion criterion
(age >75 years)

| 56 enrolled in study |

v v

9 unfeasible prone positioning
5 discomfort
1cough
2 other
1 emergent intubation

47 successful prone positioning

1 excluded
1nodataat SP2

v 3

| 23 responders

| | 23 non-responders

Figure 2: Study profile

Responders were defined as patients with an increased ratio of partial pressure
of oxygen to fractional concentration of oxygen in inspired air between SP1to
SP2 for the main analysis. All other patients who were successfully put in the
prone position were non-responders. SP1=baseline supine position. SP2=1h
after resuming supine position.

considering SP1 versus PP1 and SP1 versus SP2.
We compared proportions of dichotomous variables
between several study timepoints using McNemar’s
test for paired proportions on pairs of timepoints. We
estimated the probability of response using 95% Cls
according to the Clopper-Pearson method. We com-
pared distributions of continuous variables between
subgroups defined by response using the unpaired
Student’s t test. We validated this comparison using
univariate logistic regression models on the binary
outcome defined by the response (ie, response vs no
response), considering the continuous variable as an
explanatory variable. We compared proportions of
dichotomous variables between independent groups
using the ¥2 test. We present the longitudinal trajectory
of the response parameters on the three timepoints
graphically using profile plots in subgroups defined by
the binary response (ie, PaO,/FiO, ratio difference >0).
We investigated the longitudinal trajectory of PaO,/FiO,
for each patient, restricted to the two timepoints SP1
and SP2, using a general linear mixed model with
random intercepts and random slopes under an
independent correlation matrix. The explanatory factors
included in this model in addition to time were the

Analysable population
(n=56)
Age, years 57-4 (7-4)
Sex
Female 12 (21%)
Male 44 (79%)
BMI, kg/m? 275 (37)
Time between symptom onset and 7-8 (4-2)
admission to hospital, days
Time between admission to hospital and 35(31)
prone positioning, days
Comorbidities
Previous myocardial infarction 4(7%)
Congestive heart failure 0
Hypertension 23 (41%)
Vascular disease 3 (5%)
Chronic bronchopulmonary disease 2 (4%)
Gastric or liver disease 3 (5%)
Diabetes 8 (14%)
Moderate-to-severe chronic kidney disease 0
(eGFR <59 mL/min)
Solid malignancy 3 (5%)
Smoking history
Active smoker 1(2%)
Former smoker (<1 year) 1(2%)
Former smoker (=1 year) 20 (36%)
Never smoked 29 (52%)
Not declared 5(9%)
Oxygen delivery interface
Helmet CPAP 44 (79%)
Reservoir mask 9 (16%)
Venturi mask 3(5%)
Data are n (%) or mean (SD). BMI=body-mass index. CPAP=continuous positive
airway pressure. eGFR=estimated glomerular filtration rate.
Table 1: Baseline demographic and clinical characteristics of analysable
population

variables associated to the binary response outcome in
the univariate analysis. Interactions between time and
explanatory factors were also included.

We did several post-hoc sensitivity analyses. We did
sensitivity analyses in which we defined responders as
patients with a 10% and 20% increase in their PaO,/FiO,
ratio, and repeated the main analyses using these
responders. We also did post-hoc sensitivity analyses
excluding patients with a baseline PaO,/FiO, ratio of
more than 300 mmHg, and including patients in whom
prone positioning was not feasible. We did not apply any
corrections for multiple analyses.

From follow-up data, a small additional dataset was
compiled post hoc for some additional analyses requested
during the review process (SP2 response in patients with
unfeasible prone positioning and clinical variables 5 days
after enrolment).

We considered p values of less than 0-05 to be
significant. We did all analyses using STATA software
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SP1 PP1 SP2 SP1vs PP1 SP1vs SP2
Difference (95% Cl) p value Difference (95% Cl)  p value
FiO,, % 68-9 (19-8) 68-9 (19-8) 659 (20-2) 0-0 (0-0 to 0-0) 1.0 3.0(-07t06-8) 011
PEEP, cm H,0 83(23) 83(23) 83(23) 0-1(-0-1t0 0-2) 1.0 02(-01t002) 032
Arterial blood gas
pH 7-46 (0-03) 7-46 (0-04) 7-46 (0-03) 0-0 (0-0 to 0-0) 0-50 0-0 (0-0 to 0-0) 0-08
Pa0, mm Hg 117-1 (47-4) 2004 (110-9) 1214 (69-6) 833(561t0110-4)  <0-0001 43(-132t021-6) 0-60
Pa0,/Fi0, ratio, 1805 (76-6) 2855(112:9)  192:9(100-9) 1049 (70-9t0134-0)  <0-0001  12:3(-10-9t0355) 0-29
mm Hg
PaC0,, mm Hg 353 (4-9) 35-6 (4-5) 355 (4-4) 0-4(-1:3t0 0-6) 0-48 03(-0-9t0 1-4) 0-64
Sao,, % 97-2(2:0) 984 (1-3) 97-1(2-0) 1-2(0-8 to17) <0-0001 01 (-1-0t0 0-4) 035
Sp0,, % 972 (2:8) 982(22) 971 (1-9) 1.0 (0:3t0 2-0) 0-01 0-1(-0-8t0 1-0) 0-87
Respiratory rate, breaths 245 (5-5) 245 (6-9) 23-.9(6:3) 0-1(-1-0to 1-5) 071 -0-6 (-2:0t0 0-8) 0-40
per min
Use of accessory 9 (20%) 7 (15%) 5 (11%) -4-4% (-15-0 to 6-2) 0-32 -87% (-22:7t053) 0:16
respiratory muscles
Dyspnoea 7 (15%) 4(9%) 2 (4%) -65%(-19-8t06:8) 026 -10-9% (-23-8to  0-06
21)
Comfort* 0-23 0-06
Unacceptable 0 0 0
Acceptable 10 (22%) 15 (33%) 4(9%)
Good 23 (50%) 19 (41%) 24 (52%)
Excellent 13 (28%) 12 (26%) 17 (37%)
Data are mean (SD) or n (%), unless otherwise indicated. p values were calculated using Student’s t test for continuous variables and the y? test for categorical variables.
FiO,=fractional concentration of oxygen in inspired air. PaCO,=arterial partial pressure of carbon dioxide. PaO,=arterial partial pressure of oxygen. PEEP=positive end-
expiratory pressure. Sa0,=arterial oxygen saturation of haemoglobin. SP1=baseline supine position. PP1=10 min after prone positioning. SP2=1 h after resuming supine
position. Sp0,=peripheral oxygen saturation of haemoglobin. *A comparative analysis of comfort was done across all categories.
Table 2: Study timepoint analysis among patients who tolerated prone positioning and had available data across the three study timepoints (n=46)

(version 16.0). This study is registered on ClinicalTrials.
gov, NCT04365959.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. The corresponding author had full access to
all the data in the study and had final responsibility for
the decision to submit for publication.

Results

Between March 20 and April 9, 2020, 667 patients with
COVID-19-related pneumonia were admitted to San
Gerardo Hospital. Patients who were approached by the
investigators’ team (AC, GB, DW, MDP, AS, PF, MC,
GM, EC, PB, AB, GF; which always included a senior
doctor in intensive care medicine) were mainly referred
by the medical emergency team (also including an
intensivist) or by the attending clinicians. Due to the
limited resources secondary to the increase in admis-
sions to hospital and the voluntary participation of only
specific wards, 57 patients were approached and provided
consent to participate. One patient was later excluded
because they met an exclusion criterion that had
previously not been considered. Thus, 56 patients were
enrolled in the final cohort (figure 2). When compared

with aggregated data from a simultaneously recorded
registry from the same hospital (appendix 2 p 2), patients
who were enrolled were significantly younger than those
non-enrolled (mean age 67-2 years [SD 10-9] in non-
enrolled vs 57-4 [7-4] in enrolled cohort; p<0-0001;
difference 9-8 years [95% CI 6-8 to 13-6]), but did not
seem to differ in the baseline levels of PaO,/FiO, ratio
(mean ratio 205-8 mm Hg [SD 106-2] in non-enrolled vs
180-5 mm Hg [76-6] in enrolled cohort; p=0-14;
difference 24-7 [95% CI -8-4 to 59-1]) and C-reactive
protein (11-7 [SD 9-4] in non-enrolled vs 11-1 [7-1] in
enrolled cohort; difference 0-6 [-2-4 to 3-7]; p=0-66;
difference 0-6 [95% CI -2-4 to 3-7]).

Table 1 shows the characteristics of the study population
(further details on parameters collected in the emergency
department are in appendix 2 [p 2]). The mean age was
57-4 years (SD 7-4), the mean BMI was 27-5 kg/m2 (3-7),
and 44 (78%) patients were male. Common comorbidities
included hypertension and diabetes, and most patients
were either former smokers or had never smoked. Notably,
baseline blood tests showed an activated inflammatory
response (mean C-reactive protein concentration of
11-1 mg/dL [SD 7.1], procalcitonin concentration of
0-7 ng/mL [SD 1-6], lactate dehydrogenase concentration
of 411-0 U/L [162-2]) and coagulation cascade (mean
D-dimer concentration of 640-9 ng/mL [521-5]; all baseline
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Pa0,/Fi0, ratio (mm Hg)

I 1 1
SP1 PP1 SP2  SP1 PP1 SP2

Timepoint Timepoint

Figure 3: Per-patient trajectory of PaO,/FiO, at the three study timepoints, SP1, PP1, and SP2, for
responders (A) and non-responders (B)

Each line is the trajectory of one patient, with datapoints showing the PaO,/FiO, ratio at the three timepoints.
Responders were defined as patients with an increased PaO,/FiO, ratio between SP1 to SP2 for the main analysis.
All other patients who were successfully put in the prone position were non-responders. PaO,=partial pressure of
oxygen. FiO,=fractional concentration of oxygen in inspired air. SP1=baseline supine position. PP1=10 min after
prone positioning. SP2=1 h after resuming supine position.

clinical characteristics for the full cohort are in appendix 2
[pp 3-4]). Patients were admitted to hospital a mean of
7-8 days (SD 4-2) after symptom onset, and were put into
the prone position a mean of 3-5 days (3-1) after their
admission to hospital. 44 (79%) patients were treated with
helmet CPAP and 12 (21%) with standard oxygen face
mask. Overall, 18 (32%) enrolled patients were eventually
intubated.

Prone positioning was feasible in 47 patients (83-9%
[95% CI71-7 to 92-4)). Prone positioning was unfeasible in
nine patients, reasons for which included discomfort
during positioning (n=5), coughing (n=1), uncooper-
ativeness of the patient (n=1), and decrease in oxygenation
and worsening of respiratory mechanics (n=2, one of
whom required emergent intubation). No differences in
the main clinical features were found between those in
whom prone positioning was feasible and those in whom
it was unfeasible, except for increased concentrations of
transaminases, lactate dehydrogenase, and wurea in
those for whom prone positioning was not feasible
(appendix 2 pp 5-6). Among patients for whom positioning
was feasible, most maintained proning for the initial 3 h
period (median 3 h [IQR 3—4]), and 25 patients maintained
prone positioning for longer than 3 h. No other relevant
side-effects or complications were observed. In the days
after prone positioning, 23 (50% [95% CI 36-65]) of the

46 patients in whom proning was initially feasible had
further prone positioning sessions (up to seven), outside of
the study protocol. In our post-hoc comparison, clinical
variables 5 days after enrolment in patients who received
only one, two to three, or four or more prone positioning
cycles are reported in appendix 2 (p 6). From a descriptive
standpoint, these variables did not show relevant
differences.

Since the number of participants in whom the procedure
was feasible was lower than anticipated, we did a post-hoc
power calculation. The detectable effect size (ratio
between the difference between means and the SD of
paired differences) was equal to 0-49. Considering the
observed SD of paired differences to be equal to 78, the
corresponding detectable difference between means
increased from 18 to 38.

Table 2 shows the arterial blood gas values and
ventilation parameters of the 46 patients (data were
missing for one patient at SP2) who tolerated prone
positioning at the three study timepoints. One patient had
a change in interface between study timepoints (under-
went prone positioning on CPAP, but at the SP2 timepoint
he had nasal cannulae). For all other patients, the interface
and settings were not changed between study timepoints.
Oxygenation improved on average by more than 50%
from SP1to PP1 (difference in PaO,/FiO, ratio 104-9 mm
Hg [95% CI 70-9 to 134-0]), although this improvement
was on average not significant when supine position was
resumed (SP1 vs SP2 difference in PaO,/FiO, ratio 12-3
mm Hg [95% CI -10-9 to 35.5]; table 2, figure 3).
Improvement in oxygenation was maintained in 23 (50%
[95% CI 34-9 to 65-1]) patients, who were categorised as
responders. Prone positioning did not significantly
decrease accessory muscle use (SP1 vs SP2 difference
—8-7% [95% CI —22-7 to 5-2]) or dyspnoea (SP1 vs SP2
difference -10-8% [-23-8 to 2-1]). No difference was
observed in PaCO, or respiratory rate at any timepoint.

The results of our main analysis were also supported by
a post-hoc sensitivity analysis excluding patients (n=4)
with a baseline PaO,/FiO, ratio of more than 300 mm Hg
(appendix 2 pp 7-8) and taking into account patients in
whom prone positioning was not feasible (appendix 2 p 9).

A comparison of baseline clinical and demographic data
and secondary outcomes for the 23 patients who responded
to prone positioning and the 23 patients who did not is
shown in table 3. Outcomes for the overall population are
in appendix 2 (pp 3-5). Responders had significantly lower
platelets and higher C-reactive protein and lactate
dehydrogenase concentrations than did non-responders.
Prone positioning was done significantly earlier in patients
who responded than in those who did not respond
(2-7 days [SD 2-1] vs4-6 days [3 - 7] from hospital admission;
difference 1-9 days [95% CI 0-1to 3-7]). Post-hoc sensitivity
analyses with more restrictive definitions of responders,
and including patients for whom prone positioning was
not feasible, were generally in agreement with the main
analysis (appendix 2 pp 10-17). These results were further
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supported in the mixed model analysis considering the
association between continuous PaO,/FiO, values and
time (appendix 2 p 18). Stepwise increases in platelet
concentrations and time between hospital admission and
prone positioning were not associated with trajectory of
PaO,/FiO, ratio between SP1 and SP2. However, when
considering the role of C-reactive protein, increasing
concentrations were associated with reduced PaO,/FiO, at
SP1, with a significant increase at SP2, further supporting
the role of inflammation in the response to prone
positioning. A similar pattern was observed for lactate
dehydrogenase. The association between the PaO,/FiO,
trajectories and the role of lactate dehydrogenase and
C-reactive protein were supported when considered jointly
in the mixed model.

Finally, incidence of tracheal intubation was not
significantly different between responders and non-
responders (seven [30%] vs six [26%]; p=0-74), occurring
at a median of 2-0 days (IQR 2.0-4-0) after prone
positioning among responders and 2-5 days (1-0-5-0)
after prone positioning among non-responders (p=0-45),
although the study was not adequately powered to detect
these differences.

No adverse events related to the procedure were
recorded. Overall, five deaths occurred in the whole
cohort during follow-up that were not related to the
procedure but to the underlying disease (COVID-19).

Discussion

In this observational prospective study, we investigated the
feasibility and effect of prone positioning in spontaneously
breathing, non-intubated patients with COVID-19-related
pneumonia. We found that prone positioning was safe and
feasible in most patients, and that it substantially improved
physiological measures of oxygenation, although this
effect was lost after reverting to the supine position. We
found that earlier prone positioning and a more activated
inflammatory response were associated with maintenance
of improvement in oxygenation after resupination. Finally,
we showed that patients who responded to prone
positioning had no significant difference in the rate of
intubation compared with non-responders.

Use of prone positioning in awake, spontaneously
breathing patients has been reported before. In 2003,
Valter and colleagues® reported on four patients in whom
awake prone positioning rapidly increased oxygenation
and allowed the avoidance of intubation. Feltracco and
colleagues™*' reported on five recipients of lung transplants
who successfully underwent awake prone positioning with
non-invasive ventilation, with the resolution of refractory
hypoxaemia. However, because these studies were case
series, little evidence can be extrapolated.

Scaravilli and colleagues” did a retrospective study in
2015 on 15 non-intubated patients who overall underwent
43 prone positioning procedures. They found the
procedure to be feasible in 95% of all procedures, and
reported a significant increase in PaO, from before prone

Responders Non-responders  Difference (95% Cl) p value
(n=23) (n=23)
Age, years 585 (7-5) 55:9 (7-0) 2.7(-7-0t017) 022
Sex 1.0
Female 6 (26%) 6 (26%)
Male 17 (74%) 17 (74%)
BMI, kg/m? 273 (3:5) 274 (37) -012 (-2:3t0 2-1) 0-92
Time between symptom 81(4-8) 7-4(43) -07 (-3-4t01.9) 0-58
onset and
admission to hospital, days
Time 2.7 (21) 46 (37) -1.9 (370 0-1) 0-04
between
admission to hospital and
prone positioning, days
Time between symptom 10-8 (4-9) 12.0 (4-3) -11(-3-9 to 1-6) 0-41
onset and prone positioning,
days
Comorbidities
Previous myocardial 1(4%) 1(4%)
infarction
Congestive heart failure 0 0
Hypertension 9 (39%) 9 (39%)
Vascular disease 0 3 (13%)
Chronicbronchopulmonary 1(4%) 0
disease
Gastric or liver disease 1(4%) 1(4%)
Diabetes 4 (17%) 2 (9%)
Moderate-to-severe 0
chronic kidney disease
(eGFR <59 mL/min)
Solid malignancy 1 (4%) 2 (9%)
Smoking history
Active smoker 0 1(4%)
Former smoker (<1 year) 0 1(4%)
Former smoker (=1 year) 9 (39%) 7 (30%)
Never smoked 12 (52%) 13 (57%)
Not declared 2 (9%) 1(4%)
Baseline blood values
Sodium, mmol/L 137~7( -6) 13878 (3-9) -1.1(-3-1t0 0-9) 027
Potassium, mmol/L -9 (0-5) 4-1(0-6) -0-2 (-0-5t0 0-1) 0-21
Chlorine, mmol/L 101- 8 3-3) 100-2 (3:6) -6 (-3-7t0 0-5) 013
Creatinine, mg/dL 0:9 (0-2) -8 (0-2) -0 (0-0to 0-0) 021
Urea, mg/dL 31.0(8-2) 30-3(8-0) -7 (-5-8t0 4-4) 0-78
White blood cells, 10°/pL 77 (3:6) -3(3-0) -3(-2-3t01:6) 0-75
Platelets, 10°/uL 2411 (101-9) 319-8 (120-6) 78 7( 145:0t012:3)  0-02
Haemoglobin, g/dL 12-8 (2:0) 12:4 (1-3) -4 (-1-4t0 0-6) 0-40
Haematocrit, % 37:5(55) 36 5 (4-1) -0 (-3:9t01.9) 050
Bilirubin, mg/dL 0-6 (0-5) 5(03) 0 (-0-3t0 0-1) 0-50
C-reactive protein, mg/L 12.7 (6:9) -4 (6-2) -3(8-3t00-3) 0-03
Procalcitonin, ng/mL -6 (1-1) -4 (0-4) 0-3(-0-9t0 0-4) 0-44
Lactate dehydrogenase, 449.7 (199-0) 3379 (94-1) 111-8 (15-0 to 208-5) 0-02
u/L
Aspartate 497 (26-5) 48.0 (24-4) 17(-187t0152)  0-83
aminotransferase, U/L
Alanine aminotransferase, 49-4 (37-5) 57-7 (37-0) -8:2 (-31-2t0 14-7) 0-47

u/L

(Table 3 continues on next page)
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Responders Non-responders  Difference (95% Cl) p value
(n=23) (n=23)
(Continued from previous page)
International normalised 13(0-6) 1-1(0-1) 0-2 (-0-4to 0-1) 024
ratio
Activated partial 1.1(01) 1.0(0-1) 0-0 (-0-1to 0-0) 0-43
thromboplastin time ratio
D-dimer, ng/mL 576-4 (432-2) 632-9 (431-8) -56-5(-342-4t0229-3) 0-69
Arterial blood gas at SP1
pH 7-46 (0-0) 5(0:0) 0-0 (0-0t0 0-0) 079
Pa0,, mm Hg 1145 (49-1) 119-7 (46-7) -5-2(-33-6t023-3) 0-72
PaCO,, mm Hg 351(5-2) 35-4 (4-6) -03(-3-2t02-6) 0-85
Sa0, % 97-1(2:1) 97-3(1:9) -02 (-1-4t0 1.0) 073
Arterial blood gas at PP1
pH 7:5(0-0) 5 (0-0) 0-0 (0-0to 0-0) 044
Pa0,, mm Hg 2253 (112-6) 1755 (105-8) 49-8(-152t01147)  0-13
PaCO, mm Hg 35-3(5-4) 360 (3-6) -07 (-3-4t02-0) 0-61
Sa0,, % 985 (1-4) 984 (13) 0-2(-1:0t0 0-7) 072
Arterial blood gas at SP2
pH 7:5(0-0) .5 (0-0) 0-0 (0-0t0 0-0) 084
Pa0,, mm Hg 154-0 (84-9) 887 (21:8) 653(28-4t0102:1)  <0-0001
PaCO,, mm Hg 351 (4-5) 36-0(4-3) -1.0(-3:-6t017) 0-47
Sa0, % 97-8 (2-1) 96-4 (1-8) 1.4 (0-2t0 2:6) 003
Secondary outcomes
Tracheal intubation 7 (30-4%) 6 (26:1%) 43 (-30-7t0 21-6) 074
Time to intubation 2(2to4) 2:5(1-0to0 5-0) - 045
Duration of prone 3:5(3-0to 4-0) 3:5(3:0to 4-0) - 0-99
positioning, h
Prone positioning for >3 h 12 (52-2%) 13 (56-5%) -43% (-33-1t024-4) 077
Number of prone 2(1to3) 2(1to3) - 0-94
positioning cycles
More than one prone 12 (52-1%) 11 (47-8%) 43% (-34-0t024-9) 0-76
positioning cycle
Data are mean (SD) or n (%), unless otherwise indicated. Differences are not calculated for data presented as median
(range) or for small proportions. p values were calculated using Student's t test for continuous variables and the 2 test
for categorical variables. BMI=body-mass index. CPAP=continuous positive airway pressure. FiO,=fractional
concentration of oxygen in inspired air. eGFR=estimated glomerular filtration rate. PaCO,=arterial partial pressure of
carbon dioxide. PaO,=arterial partial pressure of oxygen. PEEP=positive end-expiratory pressure. Sa0,=arterial oxygen
saturation of haemoglobin. SP1=baseline supine position. PP1=10 min after prone positioning. SP2=1 h after
resuming supine position. SpO,=peripheral oxygen saturation of haemoglobin.
Table 3: Comparison between responders and non-responders

positioning to after supine repositioning, with PaO,
returning to baseline levels 6 h after repositioning.
However, the study by Scaravilli and colleagues is limited
by its retrospective nature, the variation of ventilatory
interface and settings between procedures, and the small
number of patients contributing to a relatively large
number of prone positioning procedures. By contrast, our
study features a prospective design, in which prone
positioning, ventilation interface and parameters, and
data collection were standardised. Our study supports the
feasibility of prone positioning in spontaneously
breathing awake patients. Our results also show the
absence of a long-lasting improvement in oxygenation,
which is confirmed even when restricting the analysis to
patients with a baseline PaO,/FiO, ratio of less than

300 mm Hg. This finding can be explained by the fact
that prone positioning might not determine stable
recruitment of the dorsal lung regions, as previously
described.” Further supporting good tolerance among
patients who are compliant, prone positioning sessions
were repeated in the days after the initial session (outside
of the study protocol), possibly indicating the presence of
clinical or subjective benefit.

A large study on this topic was a 2020 trial by Ding and
colleagues,” in which the authors assessed the effect of
adding prone positioning to use of high-flow nasal
cannulae and non-invasive ventilation in 20 patients with
moderate-to-severe ARDS. They found that the addition
of prone positioning might have contributed to avoidance
of intubation in 11 of 20 patients, and that the PaO,/FiO,
ratio was significantly higher in patients who avoided
intubation. However, interpretation of these results is
limited by the small sample size and the fact that not all
patients were managed with only some of the four
management strategies. Our results are also in line with
those published on patients with COVID-19, which
became available after our original submission of this
report.”** For example, Caputo and colleagues® applied
prone positioning to patients with COVID-19 in the
emergency department, showing a significant improve-
ment in peripheral oxygen saturation.” Sartini and
colleagues® applied CPAP on medical wards and also
found a significant increase in oxygenation. By contrast
with these reports, Elharrar and colleagues® found that
oxygenation improved during prone positioning in only
six (25%) of 24 participants. The proportion of patients in
whom the oxygenation improvement was maintained
upon supine repositioning in all these studies varied
substantially.

The description of our cohort provides further evidence
that prone positioning in awake and spontaneously
breathing patients is feasible outside of the ICU
environment. Our data suggest that patients are more
likely to respond to prone positioning if this procedure is
done early after admission to hospital and in patients
with increased inflammatory markers (eg, increased
lactate dehydrogenase and C-reactive protein concen-
trations, and decreased platelet counts).*** One of the
possible explanations for this finding is the typically
higher proportion of potentially recruitable lung in early
phases of ARDS compared with later phases.” Another
explanation is persistence of perfusion redistribution,
with improved ventilation—-perfusion matching. Awake
prone positioning did not seem to substantially improve
long-term oxygenation in patients with COVID-19;
however, it might decrease patients’ oxygen requirements
and allow the delay or avoidance of tracheal intubation,
which might prove particularly valuable in scenarios
where ICU bed capacity is reduced. An additional benefit
of the reduction in FiO,, allowed by the improved
oxygenation, is the decrease in the risk of reabsorption
atelectasis. Moreover, even if the study was underpowered
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to assess the effect of clinical outcomes of prone
positioning, we observed a non-significant decrease in
dyspnoea, which is consistent with the hypothesis of a
reduction in self-induced lung injury allowed by prone
positioning and could be investigated as an outcome in
larger studies. Finally, prone positioning could be used as
an additional non-invasive tool in patients with a do-not-
intubate order. Our data, without a control group, do not
allow us to investigate the effect of prone positioning on
the risk of intubation and, given the great variability in
intubation rates reported for patients with COVID-19,”*
making a direct comparison is difficult. At the same time,
the intubation rate in our study (28%) does not seem
worryingly high for a cohort of patients with an average
baseline PaO,/FiO, ratio of 180-5 mm Hg (SD 76-6).

To our knowledge, this study is the largest prospective
trial to analyse prone positioning in awake patients, and
particularly in those with COVID-19-related pneumonia.
This procedure in awake patients with COVID-19 has
been unofficially reported in several personal communic-
ations among clinicians and on social networks.*?
Hence, we believe that a formal assessment of prone
positioning effects in this setting was required. The study
protocol was clear, simple, and well defined, and we
collected high quality, complete data. The external validity
of our study is strengthened by the fact that patients were
enrolled in various clinical settings within the study
centre, each with differently experienced staff and
resource availability.

Our study has several limitations. As stated, the lack of a
control group (and randomisation) does not allow
inference on patient-centred outcomes, such as mortality
or need for tracheal intubation and ICU stay. Furthermore,
enrolment of non-consecutive patients on the basis of
recommendations made by the medical emergency team
might have led to selection bias; however, the enrolled
cohort seemed to be representative of the whole population
of patients admitted to hospital with COVID-19 during the
study period, at least for two crucial parameters, PaO,/FiO,
and C-reactive protein. Also, we did not collect data on
lung morphology and effects of subsequent cycles of
prone positioning that patients might have undergone.
We did not prespecify in our protocol the collection of data
on specific adverse events because we reasoned that the
most likely complications due to prone positioning
(eg, vomiting, nausea, device displacement) would have
been clinically evident. However, none of these adverse
events occurred. Clearly some complications would have
required specific monitoring—eg, a doppler scan for
venous thromboembolism—and as such might have been
missed in our data collection. Additionally, a limitation of
our study is that it is a single-centre study, and so might
not be generalisable. Most patients were receiving CPAP,
which is a standard of care in our institution, while high-
flow oxygen is not available and non-invasive ventilation is
limited to a few high-dependency units. Finally, the
inclusion of patients both on CPAP and on conventional

oxygen therapy might have diluted the effects of prone
positioning on patients’ oxygenation because those on
CPAP might have more severe illness, while CPAP might
also correct hypoxaemia more than standard oxygen
delivery. Further studies exploring the effect of prone
positioning on the delay and avoidance of intubation,
need for ICU, duration of weaning from oxygen support,
duration of hospital stay, and respiratory-related mortality
are urgently warranted.

In summary, we found that prone positioning in
awake, spontaneously breathing patients is feasible
outside of the critical care environment in most patients.
We observed improvement in oxygenation during prone
positioning, which was maintained upon resupination
by half of the patients for at least 1 h, and non-significant
decrease in dyspnoea. With minimal patient discomfort,
prone positioning was found to be a useful and patient-
engaging technique to ameliorate blood gas parameters
in the short term in patients with COVID-19-related
pneumonia.
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