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Abstract:

Background/materials  and  methods:  This  retrospective  cohort  study  was  conducted  in  two

teaching hospitals  over  a  3-month  period  (March  2010---June  2020)  comparing  severe  and criti-

cal COVID-19  patients  admitted  to  Respiratory  Intensive  Care  Unit  for  non-invasive  respiratory

support  (NRS)  and  subjected  to  awake  prone  position  (PP)  with  those  receiving  standard  care

(SC). Primary  outcome  was  endotracheal  intubation  (ETI)  rate.  In-hospital  mortality,  time  to

ETI, tracheostomy,  length  of  RICU and  hospital  stay  served  as secondary  outcomes.  Risk  factors

associated  to  ETI among  PP  patients  were  also  investigated.

Results:  A  total  of  114 patients  were  included,  76  in  the SC  and  38  in the  PP  group.  Unadjusted

Kaplan---Meier  estimates  showed  greater  effect  of PP  compared  to  SC on ETI  rate  (HR  = 0.45

95% CI [0.2−0.9],  p  = 0.02)  even  after  adjustment  for  baseline  confounders  (HR  =  0.59  95%  CI

[0.3−0.94], p  = 0.03).  After  stratification  according  to  non-invasive  respiratory  support,  PP

showed greater  significant  benefit  for  those  on High  Flow  Nasal  Cannulae  (HR  =  0.34  95%  CI

[0.12−0.84], p = 0.04).  Compared  to  SC,  PP  patients  also  showed  a  favorable  difference  in

terms of  days  free  from  respiratory  support,  length  of  RICU  and  hospital  stay  while  mortality

and tracheostomy  rate  were  not  significantly  different.

Conclusions:  Prone  positioning  in awake  and  spontaneously  breathing  Covid-19  patients  is  fea-

sible and  associated  with  a  reduction  of  intubation  rate,  especially  in  those  patients  undergoing

HFNC. Although  our  results  are  intriguing,  further  randomized  controlled  trials  are needed  to

answer  all the  open  questions  remaining  pending  about  the  real  efficacy  of  PP  in this setting.

© 2021  Sociedade  Portuguesa  de Pneumologia.  Published  by  Elsevier  España,  S.L.U.  This  is  an

open access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Background

The  Severe  Acute  Respiratory  Syndrome  CoronaVirus  2
(SARS-CoV-2)  pandemic  infection  has  dramatically  increased
the  number  of  patients  admitted  to  hospital  who  developed
pneumonia  and  acute  respiratory  failure  (ARF)  (COVID-
19  disease)  to  be  treated  with  non-invasive  ventilatory
support.1,2 Although  potentially  beneficial  and safe for
trained  healthcare  operators,3 non-invasive  respiratory  sup-
port  (NRS)  still  presents  high  failure  rates (27---90%),1---6

particularly  in  patients  complicating  with  acute  respiratory
distress  syndrome  (ARDS)  (20---41%).7,8 When  ceiling  of treat-
ment  is  excluded,  upgrade  to endotracheal  intubation  (ETI)
and  mechanical  ventilation  (MV)  may  be  required  to  assist
these  patients,  rapidly  saturating  the  availability  of  inten-
sive  care  unit  (ICU) beds  and  potentially  leading  to  increased
mortality.6

Innovative  approaches  such as  awake  prone  position  (PP)
have  been  therefore  considered  to  improve  the perfor-
mance  of  NIRS  in COVID-19  pneumonia,  in order  to  spare
ICU  resource  utilization  and  to  reduce  mortality.  The  ulti-
mate  guidelines  from  the  European  Society  of Intensive  Care
Medicine  suggest  using  PP  for  at least  12  h  in patients  with
COVID-19  and  moderate  to  severe  ARDS  subjected  to  MV9

with  the  aim  of reducing  lung  ventilation/perfusion  mis-
matching  and  shunt fraction  and to  improve  hypoxemia.10

Evidence  from  non-COVID19  ARDS  patients  have  showed  that
due  to  gravitational  effects  and  anatomical  shape  matching
of  the  lung  to  the  thoracic  cavity,  PP  relieves  the  dependent
lung  regions  from  the compressive  forces  exerted  by  heart
weight,  improves  lung  aeration  from  dorsal  to  ventral  areas,

generates  a  more  uniform  strain  distribution,  and  enhances
lung  perfusion.11,12

To  date,  small  studies  conducted  in  patients  with  ARF
and  assisted  with  non-invasive  ventilation  (NIV)  or  High
Flow  Nasal  Cannulae  (HFNC)  showed  that  PP improves  oxy-
genation  and  reduces the rate  of ETI.13,14 In non-intubated
patients  with  COVID-19  pneumonia,  preliminary  findings
demonstrated  only  physiological  benefits  (increase  in oxy-
genation  or  a  decrease  in  respiratory  rate  and/or  dyspnea)
following  awake  PP  was  associated  to  NRS.15---22

Although  the available  evidence  is  weak and  mainly
reports  physiological  advantages  deriving  from  the PP  strat-
egy  under  MV,  it might  be arguable  that  at least  a selected
subset  of  spontaneously  breathing  COVID-19  patients  are
going  to  obtain  significant  clinical  gains  from  PP.  With  this
retrospective  multicenter  analysis  we  aimed  at investigat-
ing  the potential  clinical  benefits  following  early  awake  PP
under  NRS  in  a  cohort  of  patients  with  severe  and critical
COVID-19  pneumonia.

Materials and methods

Study  setting  and  design

This  retrospective,  multicenter  observational  cohort  study
was  carried  out in the Respiratory  Intensive  Care  Units
(RICUs)  of  the University  Hospitals  of  Modena  (Italy)  and
Bologna  (Italy).  The  study  has  been  approved  by  the  regional
Ethical  Committee  of  Emilia  Romagna  (CE  N.  453/2020  and
715/2020)  and  trial  registered  on  clinicaltrial.gov  (number:
NCT04649658).
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Patients  selection  and  case  definition

All patients  aged  18  ≥  80  year  admitted  to  both  RICUs  for
severe/critical  COVID-19  pneumonia  between  March  1st and
June  1st  2020  were  selected.  SARS-CoV2  infection  was
confirmed  by  PCR  method  with  nasopharyngeal  swab.  COVID-
19-related  pneumonia  was  defined  as  severe  by  the  presence
of  a  respiratory  rate  (RR) ≥30  breaths  per  minute  (bpm),
peripheral  blood  oxygen saturation  (SaO2)  ≤93%,  PaO2/FiO2
ratio  <300  mmHg  breathing  room  air,  and lung  infiltrates
>50%  of  the  lung  filed  early  at  admission,23,24 and  critical
according  to  criteria  of  either  WHO25 and  the  National  Health
Commission  of  China24 for  COVID-19-induced  ARDS  which
aligns  with  the  Berlin  Definition.26

Patients  with  endotracheal  intubation  (ETI)  performed
within  the  first  24-h from  admission,  ceiling  of escalation,
do  not  intubate  (DNI)  order  as  expressed  by  patient’s  will
or  upon  clinical  judgement,  missing  core  data  at medi-
cal  record  analysis  (i.e. clinical  characteristics  at baseline,
pronation  data,  type  and time  of  ventilatory  support,  mor-
tality,  need  for  tracheostomy,  length  of RICU  and  hospital
stay)  were  not  considered  for analysis.

Patients  included  were  then  divided  into  two  groups:  (1)
those  undergoing  awake  PP  maneuvers  (PP)  in  addition  to
standard  care;  (2)  those  performing  standard  care  only  (SC).

Standard  care

Standard  of  care  was  in agreement  with  the Italian  Society  of
Infectious  Diseases’  Guidelines  (SIMIT)27 and  started  shortly
after  admission.  This  included:

-  oxygen  supply  and  (NRS) to  target  SaO2  >  90%;
-  hydroxychloroquine  (400  mg bis  in  die (BID)  on day  1 fol-

lowed  by  200  mg  BID  on  days 2---5  eventually  adjusted  for
creatinine  clearance  estimated  by  a  chronic  kidney  dis-
ease  algorithm);

- azithromycin  (500  mg  daily  for  5 days)  at physician’s
discretion  when  suspecting  a  bacterial  respiratory  super-
infection;

- low  molecular  weight  heparin  for prophylaxis  of deep  vein
thrombosis  according  to  body  weight  and  renal  function
unless  counterndicated.

A  proportion  of patients  received  off-label  treatment
with  Tocilizumab,28,29 a  recombinant  humanized  monoclonal
antibody  of the  IgG1  class  directed  against  both  the  solu-
ble  and  membrane-bound  forms  of the interleukin-6  (IL-6)
receptor.  NRS  were  adopted  using an  inspiratory  fraction  of
delivered  oxygen  (FiO2)  increased  up  to  a target  transcuta-
neous  oxyhemoglobin  saturation  >90%.  Settings  of  each  NRS
have  been  adjusted  by  the attending  physician  based  on  the
continuous  monitoring  of the  cardiorespiratory  parameters
and  included:

-  Non-invasive  ventilation  (NIV)  with  patients  connected
through  a conventional  circuit  with  a  sized  oronasal  mask
(BluestarTM,  KOO Medical  Equipment,  Shanghai,  PRC)  to
a  high-performance  ventilator  (GE  Healthcare  Engstrom
CarestationTM,  GE  Healthcare,  Finland  or  Mindray  Syn-
oVent  E3,  Mindray  Medical,  Italy)  in  pressure  support

pre-set  mode.  Positive  end  expiratory  pressure  (PEEP)
was  initially  set  at  8  cmH2O  and  subsequently  fine-tuned
according  to  clinical  parameters  and  ventilator  wave-
forms.  Pressure  support  (PS)  was  set  at 10  cmH2O,  and
then  progressively  modified,  according  to  tidal  volume,
waveforms,  and  respiratory  drive.

-  High Flow  Nasal  Cannulae  (HFNC)  with  patients  connected
to  a  high  flow  device (OptiflowTMand  AIRVOTM, Fisher  &
PaykelHealthcare  Ltd,  Auckland,  New Zealand)  delivere-
doxygen  through  different  sized  nasal  cannulae.  Flow
delivery  was  initially  set  at 60  L/min  and temperature  at
37 ◦C  then  adjusted  according  to  the  patient’s  tolerance.

- Continuous  Positive  Airway  Pressure  (CPAP)  with  patients
were  connected  through  a helmet  interface  (Helmet
Starmed,  Intersurgical  SpA,  Mirandola,  Italy)  designed  for
pandemics.  PEEP  was  initially  set  at 8 cmH2O  and  subse-
quently  fine-tuned  according  to  clinical  parameter.  This
was  obtained  by  connecting  a blender  system  to  the avail-
able  oxygen  source  to  achieve  adequate  FiO2 levels.

Prone  position  treatment

Once  admitted  to  RICU  a non-randomly  subset  of  patients
enrolled  was  subjected  to  early  awake  PP  in  addition  to  the
standard  care. In particular,  PP  treatment  was  assigned  to
consecutive  patients  in the charge  of two  specific  physi-
cians  when  they  were  on  duty  at  the RICUs  (namely,  RT
in  Modena  and  VC in Bologna),  given  their experience  in
pronation  maneuvers.  Patients  assigned  to all  the  other  doc-
tors  were  instead  submitted  to  standard  care.  PP  treatment
was  started  soon  after  admission.  Patients  eligible  for  PP
were  aged  18---80  years  and  had  been  admitted  to  RICU  with
indication  for NRS  therapy,  whereas  exclusion  criteria  for
pronation  were those  previously  reported  by  Coppo  et  al.19

Thos eligible  were  taught  by  RICU  staff  on  how  to  achieve  PP
and  then  encouraged  to  maintain  pronation  for  at least  3 -h
before  being  helped  back to supine in  bed. However,  they
were  free  to  resume  their  supine  position  or  to  maintain
pronation  at their  own  discretion.  Number  of  daily  PP ses-
sions  varied from  a  minimum  of 1  to a  maximum  of  4 based  on
the  physician’s  judgment  and/or  the  patient’s  preference.

Covariate  variables

Chart  review,  medical  record,  and  archived  data  collec-
tion  wereconductedin  each center.  The  following  variables
were  then  inserted  into  an electronic  database:  demograph-
ics,  relevant  comorbidities,  clinical  characteristics  (arterial
blood  gases-PaO2/PaCO2/pH,  PaO2/FiO2  ratio,  respiratory
rate-RR,  blood  lactate  level,  dyspnea  grade  by  BORG scale,
mean  arterial  pressure-MAP),  laboratory  tests  (blood  count,
renal  function,  C-reactive  protein-CRP,  procalcitonin-PCT,
D-dimer)  on admission,  type  and  duration  of required  NRS,
rate  and  time  of  ETI,  mortality,  need  for  tracheostomy,
length  of  RICU and hospital  stay.  Radiographic  appearance
on  available  computed  tomography  (CT)  scan  performed  on
admission  was  assessed  by  an  expert  radiologist  blinded  to
the  study  purpose.  Radiographic  presentation  of  COVID-19
lung  involvement  was  classified  according  to  the number  of
lobes  involved,  the  presence  of bilateral  abnormalities,  the
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predominant  distribution  (diffuse,  peripheral,  patchy)  and
the  main  pattern  (interstitial  versus  consolidative).

Outcome  variables

Primary  purpose  was  to  evaluate  the impact  of awake  PP
on ETI  rate  in patients  with  severe  and critical  COVID-19
pneumonia  admitted  to  RICU  to  be  assisted  with  NRS.  In
both  hospitals  the decision  as  to  whether  proceed  to  ETI
was  taken  according  to  the best clinical  practice  by  the
attending  staff.  Criteria  for  ETI  included:  (a)  PaO2/FiO2
ratio  unchanged  or  worsened  despite  use  of NRS,  (b)  need  to
protect  airways  due  to  neurological  deterioration  or massive
secretions,  (c)  hemodynamic  instability  or  major electro-
cardiographic  abnormalities,  (d)  unchanged  or  worsened
dyspnea  and  persistence  of  respiratory  distress  despite  NRS
(i.e.  RR  > 35 bpm,  gasping  for  air, psychomotor  agitation
requiring  sedation,  abdominal  paradox).  Secondary  scope
was  to  compare  time  to  ETI,  mortality,  NRS-free-days  (i.e.
days  spent  without  HFNC,  NIV, CPAP,  or  invasive  mechani-
cal  ventilation  at 1-month),  tracheostomy,  length  of  RICU
and hospital  stay  between  PP  and  SC  groups.  Furthermore,
potential  risks  (among  the epidemiological,  clinical  and
radiographic  factors)  associated  to  ETI  were  investigated  in
the  PP  group.

Statistical  analysis

Sample  size  calculation  was  performed  assuming  an  esti-
mated  ETI  rate  of  70%  for  the  study  cohort1,30 and  a
presumed  reduction  by 40%  in those  receiving  pronation
(data  derived  from  an exploratory  analysis  in  30  patients).
Assuming  �  = 0.05, power  80%  and an enrollment  ratio  of  1:2
(proportion  of  patients  subjected  to  pronation  or  to standard
care,  respectively)  a  sample  of  93  patients  was  considered
sufficient  to  confidently  perform  analysis  on  the  primary
outcome.

To  test  whether  baseline  covariates  were  balanced  and
did  not  significantly  affect  treatment  a  post-hoc  propensity
score  was  allocated.  We  ran  logistic  regression  using prone
position  as  the  dependent  variable  with  all  baseline  features
as  covariates.  Propensity  scores  were  obtained  by  calculat-
ing  the  fitted  value  from  the logistic  model  for  each patient
and  then  comparing,  showing  that  allocation  to  treatment
was  not  significantly  affected  by  baseline  condition  (Fig.
S1,  supplementary  material).  Baseline  characteristics  were
compared  in PP  and  SC  groups;  continuous  variables  were
expressed  as  median  and  interquartile  ranges  (IQR)  and  com-
pared  by  t  test  and Wilcoxon-Mann---Whitney  test,  whereas
categorical  variables  were  reported  as  numbers  and per-
centages  (%)  and compared  by  �

2 test  or  Fisher’s  exact  test.
The time  to  ETI analysis  was  performed  with  participants’

follow-up  accrued  from  the date  of  admission  until  ETI.
Time  to ETI  was  compared  using  unweighted  Kaplan---Meier
curves  and  analyzed  through  a cumulative  incidence  func-
tion  model  using  Fine-Grey  competing  risk  model31 with
baseline  fixed  covariates  considering  mortality  as  compet-
ing  risk.  The  effect  of pronation  on  ETI was  shown  by  means
of  unadjusted  and  adjusted  hazard  ratio  (HR)  with  95%CI.
Age,  PaO2/FIO2  ratio,  pH  value  and  respiratory  rate  were
identified  as  4 key confounders,  and then  used  for  adjust-

ment.  In order  to  test  the hypothesis  that the  difference
between  groups  might  vary according  to  the type  of  NRS,
we  formally  included  an interaction  term  in the Fine-Grey
regression  model.  Results  were  then  showed  after  cate-
gorizing  the  population  into  two  strata  using  categorical
separation.  The  association  of the  two  different  treatments
with  pre-specified  secondary  outcomes  was  further  carried
out  through  Fisher’s  exact  test  and  Wilcoxon---Mann---Whitney
test.

In  patients  undergoing  PP  univariate  and multivariate
logistic  regression  were  then  performed  to  detect  predic-
tors  of  ETI  among all  of  the available  factors  recorded  at
admission.

The  time  course  of  PaO2/FiO2 ratio  before and  after
pronation  according  to  ETI  within  the  first  7 days  from  RICU
admission  was  assessed  through  ANOVA  analysis.  Then  a post-
hoc  Bonferroni-Dunn’s  multiple  test  was  used  to  perform  the
pairwise  comparison  of  means  for  each  group.

A two-sided  test of  less  than  0.05  was  considered  sta-
tistically  significant.  Statistics  were  performed  using  SPSS
version  25.0  (IBM  Corp.New  York, NY,  USA)  and Graphpad
prism  version  8.0 (Graphpad  Software,  Inc.  La  Jolla,  Ca,  USA)
unless  otherwise  indicated.

Results

Population

One-hundred-fourteen  patients  were included  1:2  in the
analysis  (38  PP: 76 SC)  among  all those  patients  diagnosed
with  severe  and  critical  COVID-19  and  referred  to  the two
RICUs  over  the  period  considered.  Study  chart  is  shown  in
Fig.  S2  (Supplementary  material).

Epidemiological,  clinical  and  respiratory  characteristics
are presented  in Table  1.  The  vast  majority  of  patients  were
male  (70%)  and  more  than a  third  of  them presented  ARDS
(37%),  while  the  median  PaO2/FIO2  ratio  was  149  (78---232)
mmHg.  Time  from  disease  onset  to  admission  was  compara-
ble  between  the  two  groups  (median  8  [4---12]  days  for  PP
and  9  [4---13]  for  SC,  p = 0.5).

Patients  in the PP group  came  out  significantly  younger
than  in  SC  (61  VS 70  years  old,  p  =  0.03),  while  no  differences
were  observed  in  terms  of  severity  scores,  comorbidities
and  biochemical  markers.  PP  patients  showed  a worse
PaO2/FIO2  ratio,  higher  RR  and  pH value  at baseline.  No
inter-groups  difference  was  observed  in  the received  stan-
dard  treatment,  in either drugs  or  NRS.

No  adverse  events  were reported  when  proning  maneu-
vers  were  applied  to  these  patients.

Outcomes

Overall  ETI  rate  was  32.5%;  7  (18%) and  30  (39.5%)  patients
were  subjected  to  MV  in PP  and  SC  groups  respectively.  Time
to  ETI  did not  differ  between  groups  (5 [3---5] days  and  4
[3---5]  days  for  PP and  SC,  p = 0.7).  Unadjusted  Kaplan---Meier
estimates  (supplementary  Figure  3,  panel  A) and  Cox regres-
sion  analysis  showed  the beneficial  effect  of  PP  compared
with  SC  on  ETI  (HR  =  0.45  95CI  [0.2−0.92], p =  0.02).  After
adjusting  for the key confounders,  results  again  confirmed
the  group  difference  (HR  =  0.59  95CI [0.3−0.94],  p = 0.04);
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Table  1  General  and  clinical  features  of  the  study  population  presented  as  a  whole  and  according  to  prone  position  manoeuvre.

Variable  Overall  Standard  care  (SC)  Prone  position  (PP)  p  value

n = 114  (100)  n  = 76  (67)  n  =  38  (38)

Age,  years  (IQR)  67  (32−80) 70  (33−80)  61  (32−75) 0.03

Male sex,  n  (%)  80  (70)  55  (73)  25  (66)  0.5

Smoker, n  (%)  33  (29)  22  (29)  11  (29)  0.9

BMI, Kg/m2 27.5  (19−37)  28  (20−37)  26  (19−36) 0.3

SAPS II,  score  (IQR)  25  (12−46) 25  (12−41)  27  (14−46) 0.4

APACHE II, score  (IQR)  10  (4−22)  10  (4−20)  11  (4−22)  0.7

SOFA, score  (IQR)  4  (2−7)  4  (2−6)  4 (2−7)  0.8

Time from  disease  onset  to  RICU admission,  days  (IQR) 9  (4−13) 9  (4−13) 8  (4−12)  0.5

ARDS, n  (%) 42  (37) 30  (39) 12  (32) 0.6

Comorbidities

Systemic hypertension,  n  (%)  92  (81)  60  (79)  32  (84)  0.6

COPD, n (%)  17  (15)  11  (15)  6 (16)  0.9

ILD, n  (%)  3  (3)  2  (2) 1 (3)  0.9

Asthma, n  (%)  3  (3)  2  (2) 1 (3)  0.9

Cancer, n (%) 12  (11)  8  (11)  4 (11)  0.9

Ischemic heart  disease,  n (%)  16  (14)  10  (13)  6 (16)  0.8

Type 2  diabetes,  n  (%)  22  (19)  14  (18)  8 (23)  0.6

Arrhythmia,  n  (%)  17  (15)  12  (16)  5 (13)  0.8

Renal failure,  n (%)  10  (9) 8  (10)  2 (6)  0.7

Immunodeficiency,  n  (%)  10  (9) 6  (8) 4 (10)  0.9

Hepatitis, n  (%)  8  (7)  4  (5) 4 (10)  0.4

Charlson index,  score  (IQR)  2  (0−9)  2  (0−9)  2 (0−8)  0.9

Symptoms on  admission

Fever,  n  (%)  110  (96)  74  (98)  36  (94)  0.3

Cough, n  (%)  55  (48)  34  (45)  21  (55)  0.4

Dyspnea, n  (%)  108  (95)  71  (94)  36  (94)  0.9

Fever +  cough,  n  (%)  55  (48)  37  (48)  18  (48)  0.9

Fever +  dyspnea,  n  (%)  106  (93)  70  (92)  36  (94)  0.9

Cough +  dyspnea,  n  (%) 49  (40)  34  (45)  15  (39)  0.7

Fever +  cough  +  dyspnea  (%) 49  (40) 34  (45)  15  (39)  0.7

Physiological  parameters  on RICU  admission

Dyspnea,  BORG  scale  score  (IQR) 5  (1−10) 5  (1−10)  6 (2−10)  0.7

Kelly, score  (IQR) 1  (1−2) 1  (1−2) 1  (1−2)  0.9

Body T, ◦C (IQR) 37.4  (36.0---39.6) 36.9  (36.0---39.2)  37.4  (36---39.6)  0.3

RR, bpm  (IQR) 29  (15−45) 27 (15−40) 34  (18−46) 0.02

HR, bpm  (IQR) 95  (50−140) 96 (51−125) 95  (50−140) 0.7

MAP, mmHg  (IQR)  93  (77−113)  94  (85−113)  91  (77−103)  0.1

pH, value  (IQR)  7.46  (7.30---7.58)  7.45  (7.30---7.56)  7.47  (7.31---7.58)  0.02

PaCO2,  mmHg  (IQR)  32  (20---72)  32  (22---72)  32  (20---62)  0.3

PaO2/FIO2,  mmHg  (IQR)  149  (78---232)  153  (84---232)  141 (73---223)  0.03

HCO3
−, mmol/L  (IQR)  21  (19−28) 21.2  (20.8−28.3)  19.8  (18.7−27.6)  0.1

Lactate, mmol/L  (IQR)  1.4  (1−2)  1.3  (1−2)  1.6  (1−2)  0.9

Non-invasive  support

HFNC,  n (%)  69  (61)  46  (61)  23  (61)  0.9

CPAP, n  (%)  25  (22)  16  (21)  9 (23)  0.9

NIV, n  (%)  19  (17)  13  (17)  6 (16)  0.9

Pharmacological  treatment

Systemic  steroids,  n (%)  80  (70)  55  (73)  25  (66)  0.5

Hydroxychloroquine,  n  (%)  94  (82)  64  (84)  30  (79)  0.8

Azithromycin,  n  (%)  74  (65)  47  (62)  28  (71)  0.3

Heparin (Prophylactic  dose),  n  (%)  57  (50)  35  (46)  22  (58)  0.3

Heparin (Treatment  dose),  n  (%)  46  (40)  33  (43)  13  (34)  0.4

Lopinavir/ritonavir,  n  (%)  26  (23)  17  (22)  9 (24)  0.9

Darunavir/cobicistat,  n  (%)  24  (21)  18  (24)  5 (16)  0.2

Tocilizumab,  n  (%)  41  (36)  29  (38)  12  (32)  0.5

Laboratory tests

185



R.  Tonelli,  L.  Pisani,  L.  Tabbì  et  al.

Table  1  (Continued)

Variable  Overall  Standard  care  (SC)  Prone  position  (PP)  p  value

n =  114  (100) n  =  76  (67)  n  = 38  (38)

White  cells  count,  n*109/L  (IQR)  7.4  (2.1---24.9)  7.5  (2.7---22.2)  6.8  (2.1---24.9)  0.5

Hemoglobin,  g/L  (IQR)  12.5  (5.1---17.4)  13.0  (5.1---17.4)  12.4  (7.3---15.4)  0.3

Lymphocytes,  109/L  (IQR)  1.08  (0.06---20.0)  1.0  (0.1---12.0)  1.3  (0.1---20.0)  0.1

Platelets, 109/L  (IQR)  210  (80---472)  220  (80---472)  179  (116---318)  0.4

C-Reactive Protein,  mg/dL  (IQR) 5.9  (0.1---36.4)  6.1  (0.2---35.4)  4.8  (0.1---36.4)  0.4

D-Dimer,  �g/L  (IQR) 2.16  (0.28---15.0) 1.89  (0.29---15.0) 3.90  (0.28---12.1) 0.1

Albumin, g/L  (IQR) 32  (14---56) 31  (14---45) 32  (23---56) 0.1

LDH, U/L  (IQR) 333  (144---982) 318  (144---964) 355  (179---982) 0.1

BUN, mg/dl  (IQR)  35  (16---132)  35.5  (16.0---132.0)  32.5  (23.0---68.0)  0.3

Creatinine, mg/dl  (IQR)  0.9  (0.3---4.7)  0.92  (0.6---4.7)  0.85  (0.27---2.02)  0.2

Data are presented as number and percentage for dichotomous values or median and interquartile range (IQR) for continuous values.

Abbreviations: IQR = inter quartile range; COPD = chronic obstructive pulmonary disease; ILD = interstitial lung disease; RR = respiratory

rate; HR = heart rate; MAP = mean arterial pressure, ARDS = acute respiratory distress syndrome; APACHE II = acute physiology and chronic

health evaluation II  score; SAPS II = simplified acute physiology score; SOFA = subsequent organ failure assessment score, HFNC = high

flow nasal cannula; CPAP = continuous positive airways pressure; NIV = non-invasive mechanical ventilation; LDH = lactic dehydrogenase;

BUN = blood urea nitrogen.

Table  2  Hazard  ratios  from  fitting  a  Fine-Grey  regression  model.

Unadjusted  and  adjusted  relative  hazards  of  ETI

Unadjusted  HR  (95%CI)  p  value  Adjusted*  HR  (95%CI)  p  value

All  cases

Standard  care  1 1

Prone position  0.45  (0.2−0.9)  0.02  0.59  (0.3−0.94)  0.03

Stratum HFNC

Standard care  1 1

Prone position  0.26  (0.09−0.72)  0.03  0.34  (0.12−0.84)  0.04

Stratum no HFNC

Standard  care  1 1

Prone position  0.55  (0.2−1.3)  0.2  0.6  (0.6−1.81)  0.4

Stratum NIV

Standard care  1 1

Prone position  0.76  (0.17−3.3)  0.7  0.86  (0.35−3.9)  0.8

Stratum no NIV

Standard  care  1 1

Prone position  0.38  (0.17−0.82)  0.03  0.43  (0.27−0.93)  0.04

Stratum CPAP

Standard care  1 1

Prone position  0.59  (0.18−1.92)  0.3  0.81  (0.07−1.4)  0.2

Stratum no CPAP

Standard  care  1 1

Prone position  0.35  (0.15−0.79)  0.03  0.38  (0.2−0.81)  0.03

Data are presented as HR and 95% CI.

Abbreviations: HR = hazard ratio; CI  = confidence interval; ETI = endotracheal intubation, HFNC = high flow  nasal cannula;

CPAP = continuous positive airways pressure; NIV = non-invasive mechanical ventilation.
* Adjusted for age, PaO2/FIO2, pH value and respiratory rate.

however,  the stratified  analyses  showed  that  this  difference
varied  according  to  the  use  of  NRS  even  after  adjusting
confounders  (Table  2).In  particular,  awake  PP  significantly
reduced  the risk  of  ETI  in patients  undergoing  HFNC,  but  not
NIV  or  CPAP.

Tracheostomy  and mortality  rate  were  similar  (p  = 0.4  and
p  = 0.4)  between  PP  and  SC; Kaplan---Meier  curve  analysis  did
not  show any  difference  in  30-day  survival  between  groups
(Fig.  S3,  panel  B).  Number  of  days  free  from  NRS  was  higher
(20  and 15  days  respectively,  p =  0.03),  and  length  of  stay  in
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Table  3  Clinical  outcomes  of  the  study  population  presented  as  a  whole  and  according  to  prone  position  manoeuvre.

Outcome  Cohort  OR p-value

Total Standard  care  Prone  position

n =  114  n  =  76  n  = 38

30  days  mortality,  n  (%)  22  (19)  17  (23)  5  (13)  0.5  (0.2−1.6)  0.4

Respiratory  support  free  days at  day  30,  n  (IQR)  17  (2−24)  15  (2−22)  20  (2−24)  ---  0.03

Tracheostomy, n  (%)  21  (18)  16  (21)  5  (13)  0.6  (0.2−1.8)  0.4

RICU stay,  days  (IQR) 13  (3−26)  15  (3−26)  10  (3−21)  ---  0.02

Hospital stay  days,  n  (%) 23  (3−45) 24  (3−45) 20  (3−41) ---  0.03

The data are  presented as a numbers and percentage value for dichotomic variables and as  median and interquartile ranges for continuous

variables. The statistical significance was  set for p < 0.05.

OR = odds ratio; IQR = interquartile range; RICU = respiratory intensive care unit.

RICU (10  vs  15  days,  p  = 0.02)  and  in hospital  (20 vs  24  days,
p  =  0.03)  were  shorter  in PP  than  in SC  group  at 30-day.  See
the  overall  results  in Table 3.

Risk  analysis  in  PP  group

Table  4  reports  the  results  derived  from  the univariate
and  the  multivariate  analysis  in patients  proned.  In  the
univariate  analysis,  those  patients  proned  and  intubated
were  older,  had  a  higher  prevalence  of  ARDS,  maintained
awake  proning  for  less  time/day,  showed greater  perceived
dyspnea,  mainly  received  NIV,  and  displayed  a diffuse  dis-
tribution  of  lung  CT  scan  abnormalities.  In the  multivariate
analysis,  less  time  spent  when proning,  presence  of  ARDS,
use  of NIV,  and  diffuse  pattern  at chest  CT scan  were  factors
independently  associated  with  ETI.

Interestingly,  the  daily  time  course  of  average  PaO2/FIO2
ratio  before  and after proning  was  considerably  different  in
PP  patients  intubated  compared  with  those  who  were  not
(see  Fig.  S4).

Discussion

In  this  retrospective,  multicenter  observational  study,  we
investigated  the effects  of  early  awake  proning  in COVID-
19  patients  admitted  to  RICUs  for noninvasive  respiratory
support,  compared  with  standard  management  (SC).

The  main  study  findings  were:  (1)  PP  prevents  the need
for  intubation  when compared  to  SC  alone,  even  after
adjustment  for  baseline  confounders,  (2)  the reduction  of
ETI  is  particularly  significant  in subgroup  undergoing  HFNC
compared  with  NIV  or  CPAP,  and  (3)  the duration  of posi-
tioning  as  well  as  the  associated  radiographic  features
consistently  affect  the efficacy  of  PP.

PP  is  a  validated  strategy  in the  treatment  of ARDS
patients,  being  recommended  for  more  than  12  h/day  in
severe  patients.9,33 Several  mechanisms  might  contribute  to
the  benefit  of PP  including  the lung  recruitment  of previously
dependent  regions  from  relief  of  compressive  weight,  the
distribution  of  transpulmonary  pressure  (PTP),  the better
ventilation---perfusion  (V/Q)  matching  and  the  amelioration
of  right  ventricular  function.10

Given  its  beneficial  effects,  some researches  hypothe-
sized  the  use  of  PP also  in patients  with  hypoxemic  acute

respiratory  failure  who  are  breathing  spontaneously.13,14

Although,  there  is  a strong  physiological  rationale  for  pron-
ing  also  in non-intubated  patients,  to  date,  there  is  still  a
paucity  of  high-quality  evidence  in this  area.

Aside  from  case  series  and  case  reports,  results  from
preliminary  prospective  studies  in non-intubated  COVID-19
patients  have  mostly  demonstrated  short-term  physiological
effects  in terms  of  oxygenation  improvement  or  a decrease
in  respiratory  rate  and/or  dyspnea  when  awake  PP  is  associ-
ated  to  NRS.16---20 In  a  prospective  study  on  56  patients  with
SARS-CoV2  pneumonia  treated  with  supplemental  oxygen or
NIV,  Coppo  et  al.21 showed  that  a  trial  of  at least  3  h  of
awake  PP was  effective  in  improving  PaO2/FIO2  ratio.  Inter-
estingly  the increase  in blood  oxygenation  was  maintained
after  resupination  in  half  of patients.  Authors  suggested  that
patients  are  more  likely  to  respond  to  PP if procedure  is
performed  early  after  hospital  admission and in  subjects
with  increased  inflammatory  biomarkers.  No  effect  on clini-
cal  outcomes  (i.e  endotracheal  intubation  or  mortality)  was
found.21

Given  that  patient  assignment  to  PP treatment  did  not
depend  on  the  response  to  a  preliminary  prone  position  test,
it is  arguable  that  the  PP group  consisted  of  both  responders
and  non-responders  according  to  the  definition  of  Coppo
et  al.21 This  might  explain  why  patients  whose  average
PaO2/FIO2  ratio  benefited  the most  from  PP  had  significant
difference  in the rate  of intubation  as  compared  to  those
who  did  not show  any  consistent  improvement  after  proning.
Moreover,  intubated  patients  maintained  prone  position  for
less  time/day  compared  to  PP  patients  who  did  not  undergo
ETI  (3  h  vs  6 h  respectively)  whereas  comparable  values  of
baseline  PCR  and  D-dimer  suggest  a  similar  disease  sever-
ity  and/or  progression.  It  is  worth  noticing  that,  although
not  significant,  systemic  steroid  usage was  associated  with
unfavorable  outcome  in PP  patients.  Since  evidence  on  the
beneficial  effect  of steroids  in patients  with  COVID-19  ARF
has  been emerging,32 our results  may  sound contradictory.
However,  our  data  refer  to  a period  (April---June  2020)  when
evidence  was  lacking  and  the use  of  steroids  was  left  to
physician  judgment  in terms  of molecule,  dosage,  time to
start  treatment  and  duration,  thus  generating  heterogenous
schedules.  Moreover,  the limited  number  of  patients  and
the  unpowered  analysis  does  not  allow  us to  consider  these
results  as  significant.

187



R.  Tonelli,  L.  Pisani,  L.  Tabbì  et  al.

Table  4  General  and  clinical  features  of  the  PP  cohort  according  to  ETI  and  associated  risk.

Variable  No ETI  ETI  Univariate  OR 95%CI  p value  Multivariate  95%CI  p  value

n = 31  (82)  n  = 7 (18)  OR

Age,  years  (IQR)  60  (34−68) 70  (52−75)  1.8  1.4−7.9 0.03

Male sex,  n  (%)  20  (65)  5  (71)  1.4  0.2−7.7 0.9

Smoker, n  (%)  9 (29)  2  (29)  1  0.2−5.5 0.9

BMI, Kg/m2 25.6  (19−31)  27.7  (22−35) 1.5  0.2−8.9 0.6

SAPS II,  score  (IQR)  25  (12−40) 28  (14−46)  1.8  0.3−21 0.4

APACHE II,  score  (IQR)  10  (4−21)  13  (4−22)  1.4  0.4−12 0.5

SOFA, score  (IQR)  4 (2−6)  4  (2−7)  1.2  0.1−15 0.8

ARDS, n  (%) 7  (23) 5  (71) 8.6  1.2−47 0.02  3  1.3−21  0.04

Time from  disease

onset  to  RICU

admission,  days

(IQR)

8  (4−11) 8  (4−12) 1.1  0.2−8 0.8

Prone position

time/day,  hours

(IQR)

6 (1−12)  3  (1−5)  0.4  0.3−0.8 0.02  0.7  0.2−0.9  0.04

Comorbidities

Systemic

hypertension, n  (%)

26  (84)  6  (86)  1.2  0.2−16 0.9

COPD, n (%)  5 (16)  1  (14)  0.9  0.1−6.5 0.9

ILD, n  (%)  1 (4)  0  (0) 0.01  0−40  0.9

Asthma, n  (%)  1 (4)  0  (0) 0.01  0−40  0.9

Cancer,  n  (%)  3 (10)  1  (14)  1.6  0.1−12 0.9

Ischemic heart

disease,  n (%)

5  (16)  1  (14)  0.9  0.1−6.5 0.9

Type 2  diabetes,  n

(%)

7 (23)  1  (14)  0.6  0.04−4.3  0.9

Arrhythmia,  n  (%) 4  (12) 1  (14)  1.2  0.1−9.1 0.9

Renal failure,  n  (%) 1  (3) 1  (14) 5  0.3−97 0.3

Immunodeficiency,

n (%)

3  (10)  1  (14)  1.6  0.1−12 0.9

Hepatitis, n  (%)  3 (10)  1  (14)  1.6  0.1−12 0.9

Charlson index,

score  (IQR)

2  (0−8)  2  (0−8)  1  0.3−6 0.9

Symptoms  on

admission

Fever,  n  (%)  30  (97)  6  (86)  0.3  0.01−4.4  0.3

Cough, n  (%)  16  (52)  5  (71)  2.3  0.4−13 0.4

Dyspnea,  n  (%)  30  (97)  6  (86)  0.3  0.01−4.4  0.4

Fever +  cough,  n  (%)  14  (45)  4  (57)  1.6  0.4−7.2 0.7

Fever +  dyspnea,  n

(%)

30  (97)  6  (86)  0.3  0.01−4.4  0.4

Cough +  dyspnea,  n

(%)

12  (39)  3  (43)  1.2  0.3−5.1 0.9

Fever +  cough  + dyspnea

(%)

12  (39)  3  (43)  1.2  0.3−5.1 0.9

Physiological

parameters  on  RICU

admission

Dyspnea,  BORG  scale

score  (IQR)

5  (2−8)  8  (6−10)  2.7  1.6−18 0.01

Kelly, score  (IQR)  1 (1−2)  1  (1−2)  0.9  0.01−24  0.9

Body T, ◦C  (IQR)  37.5  (36---39.3)  37  (35.7---39.6)  1.2  0.2−19 0.8

RR, bpm  (IQR)  34  (20−45) 32  (18−40)  0.7  0.3−11 0.6

HR, bpm  (IQR)  93  (50−136)  100  (60−140)  1.3  0.1−14 0.7

MAP, mmHg  (IQR)  90  (77−90) 93  (81−103)  1.1  0.01−10  0.9

pH, value  (IQR)  7.48  (7.34---7.58)  7.45  (7.31---7.51)  0.8  0.4−7.9 0.6
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Table  4  (Continued)

Variable  No ETI  ETI Univariate  OR 95%CI  p  value  Multivariate  95%CI  p  value

n = 31  (82) n  = 7 (18)  OR

PaCO2, mmHg  (IQR)  31  (19---58)  34  (20---62)  1.3 0.4−11 0.5

PaO2/FIO2,  mmHg

(IQR)

138  (75---210)  150  (84---226)  1.2 0.3−7.5  0.4

HCO3
−, mmol/L

(IQR)

18.9  (18.7−26)  21.2  (19.5−27.6)  1.3 0.2−9.8  0.7

Lactate, mmol/L

(IQR)

1.6  (1−1.8) 2.1  (0.7−2.2) 1.5  0.4−14 0.4

Non-invasive  support

HFNC,  n (%)  22  (71)  1  (14)  0.1 0.01−0.6  0.01  0.3  0.04−0.6  0.02

CPAP, n  (%)  7  (23)  2  (29)  1.4 0.2−7.2  0.9

NIV, n  (%)  2  (6) 4  (57)  19  2.6−117 0.01  4.5  1.5−41  0.03

Pharmacological

treatment

Systemic steroids,

n  (%)

19  (61)  6  (86)  3.8 0.5−47 0.4

Hydroxychloro-

quine, n

(%)

23  (74)  6  (86)  2.1 0.2−27 0.9

Azithromycin,  n  (%)  22  (62)  6  (86)  2.5 0.3−31 0.6

Heparin

(Prophylactic

dose), n  (%)

18  (58)  4  (57)  0.9 0.2−4.3  0.9

Heparin (Treatment

dose),  n  (%)

10  (32)  3  (43)  1.5 0.3−6.8  0.7

Lopinavir/ritonavir,

n (%)

7  (23)  2  (29)  1.4 0.2−7.2  0.9

Darunavir/cobicistat,

n (%)

4  (24)  1  (16)  1.1 0.1−10 0.9

Tocilizumab,  n  (%) 10  (32) 2  (29) 0.8  0.5 0.9

CT Radiographic

features*

Lobes  involved

1  0  (0) 0  (0) — —  —

2 0  (0) 0  (0) — —  —

3 5  (21)  1  (17)  0.8 0.1−6.5  0.9

4 10  (42)  2  (33)  0.7 0.1−3.8  0.9

5 9  (38)  3  (50)  1.7 0.3−8.2  0.7

Bilateral

involvement

24 (100)  6  (100)  — —  —

Distribution

Diffuse 4  (17)  4  (67)  10  1.5−60 0.03  8  1.3−45  0.04

Peripheral 2  (10)  1  (17)  1.8 0.1−18 0.9

Patchy 18  (75)  1  (17)  0.1 0.1−0.53  0.02  0.3  0.1−0.6  0.02

Pattern

Mainly

interstitial

6 (25)  4  (67)  6 0.99−35 0.1

Mainly

consolidative

18 (75)  2  (33)  0.2 0.03-1  0.1

Pulmonary

embolism

11 (46)  4  (67)  2.4 0.4−14 0.7

Laboratory  tests

White  cells  count,

n*109/L  (IQR)

7.2 (4.6---24.9)  5.3  (2.1---20.1)  0.6 0.2−6.5  0.3

Hemoglobin,  g/L

(IQR)

12  (7.3---14.4)  13.4  (8.3---15.4)  1.4 0.3−10 0.6
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(Continued)

Variable  No  ETI ETI  Univariate  OR 95%CI  p  value  Multivariate  95%CI  p value

n = 31  (82)  n  =  7  (18)  OR

Lymphocytes,  109/L

(IQR)

1.5  (0.1---20.0)  0.9  (0.1---5.0)  0.7  0.1−12  0.8

Platelets,  109/L

(IQR)

175  (130---318)  154  (116---270)  0.5  0.1−7.2  0.7

C-Reactive  Protein,

mg/dL  (IQR)

4  (0.1---26) 6.7  (1.1---36.4) 2.5  0.8−22  0.1

D-Dimer,  �g/L  (IQR)  3.4  (0.28---9)  4.9  (0.56---12.1)  2.1  0.6−18  0.3

Albumin,  g/L  (IQR)  35  (23---56)  29  (23---56)  0.7  0.3−9.4  0.5

LDH, U/L  (IQR)  312  (179---982)  400  (210---1065)  1.4  0.5−5.4  0.6

BUN, mg/dl  (IQR)  35  (24---72.0)  27  (23---60)  0.6  0.1−11  0.8

Creatinine,  mg/dl

(IQR)

0.89  (0.27---2.2)  1.2  (0.47---4.7)  1  1.3−7.6  0.6

Data are presented as number and percentage for dichotomous values or median and interquartile range (IQR) for continuous values.

Abbreviations: IQR = inter quartile range; COPD = chronic obstructive pulmonary disease; ILD = interstitial lung disease; RR = respiratory

rate; HR = heart rate; MAP = mean arterial pressure, ARDS = acute respiratory distress syndrome; APACHE II = acute physiology and chronic

health evaluation II  score; SAPS II = simplified acute physiology score; SOFA = subsequent organ failure assessment score, HFNC = high

flow nasal cannula; CPAP = continuous positive airways pressure; NIV = non-invasive mechanical ventilation; LDH = lactic dehydrogenase;

BUN = blood urea nitrogen.
* CT images available only for 30 patients.

After  stratification  according  to  NRS,  the synergistic  use
of awake-PP  and HFNC  gave  greater  significant  benefit  to
ETI  reduction.  These  results  are  in contrast  to  a  previous
study22 that  demonstrated  that  the  use  of  awake-PP  did  not
reduce  the  intubation  rate  in 199  patients  with  COVID-19
ARF treated  with  HFNC  and was  associated  with  a  delay  in
intubation.  However,  the  28-day  mortality  was  not  affected.
Because  homogenous  lung  aeration  with  PP30 could  result
in  reduced  respiratory  effort  and  lead  to  a  lower  incidence
of  intubation,  we  can speculate  that  a  higher  proportion
of  potentially  recruitable  lung  takes  place  in  early  phases
of  ARDS  compared  with  later  phases.  Interestingly,  patients
with  NIV  support  did  not experience  significant  benefit  from
PP.  Maybe  patients  undergoing  NIV  were  likely  those  with
higher  respiratory  distress,  thus  presumably  expressing  a
more  extended  and inhomogeneous  lung  involvement  (i.e.
advanced  stages  of ARDS).  We  can  further  suppose  that  NIV
may  reduce  compliance  to  prone  position  maintenance  over
time.  Conversely,  in  patients  with  lower  level  of distress  who
benefited  from HFNC,  prone  position  might  result  in  a more
homogeneous  transpulmonary  pressure  distribution  during
spontaneous  breathing,  thus  resulting  in a less  harmful  lung
stretch.  Nonetheless,  this  speculation  remains  to  be  clarified
to  future  studies.

We also  found that  patchy  pattern  on  chest  CT  scan
was  independently  associated  with  NRS  failure.  Endothe-
lial  injury  is  emerging  as  a central  hallmark  of  COVID-19
pathogenesis.  It has  been  demonstrated  that  the  lungs  of
patients  with  COVID-19  display  distinctive  vascular  features,
consisting  of  severe  endothelial  injury  associated  with  intra-
cellular  SARS-CoV-2  virus,  widespread  vascular  thrombosis
with  microangiopathy  and  occlusion  of  alveolar  capillaries
as  well  as significant  new  vessel  growth  (Pulmonary  Vascu-
lar  Endothelitis,  Thrombosis,  and  Angiogenesis  in Covid-19).
All  these  findings  can  contribute  to  further  deterioration  in
V/Q  mismatch  and lung  tissue  damage.  Finally,  in  agree-
ment  with  previously  published  studies,16---22 we  found  that

awake  proning  was  safe,  and  no  adverse  events  occurred  in
PP  group.

This  study  has  some  limitations  which need  to  be
disclosed.  First,  the retrospective  nature  impairs  the gen-
eralizability  of  our  results.  Second,  the different  standard
operating  procedures  across  the two  centers  can  affect
patient  outcomes,  such  as  mortality,  number  of days  free
from  NRS  or  ICU  stay.  Patients  were  encouraged  to  main-
tain  prone  positioning  for  at least  3-h  in both  centers,
however  number  of  daily  PP  sessions  was  based  on  the
physician’s  judgment  and/or  the  patient’s  preference.  At
the  same  time,  the decision  as  to  whether  proceed  to ETI
was  taken  by  the attending  staff, according  to  shared  and
well-defined  ETI criteria.  Notwithstanding,  the presence  of
a  control  group  and  the  identification  of  4  key confounders
(age,  PaO2/FIO2  ratio,  pH  value  and  respiratory  rate),  used
for  analysis  adjustment,  could  considerably  mitigate  these
biases.

In  conclusion,  the  description  of  our  cohort  provides  fur-
ther  evidence  that  early  proning  in awake  and spontaneously
breathing  Covid-19  patients  is feasible  and associated  with
a  reduction  of intubation  rate,  especially  in  those  patients
undergoing  HFNC.

These  intriguing  results  warrant  further  randomized  con-
trolled  trials  to  answer  all  the pending  questions  about  the
real  efficacy  of PP  in this  setting.
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