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ffects of prone and lateral position
n  non-intubated patients with 2019
ovel  Coronavirus (COVID-19)
neumonia

o  the  Editor:

echanical  ventilation  in  the  prone  position  is  a  validated
trategy  of  invasive  ventilator  support  in  the  treatment  of
cute  respiratory  distress  syndrome  (ARDS).1 Given  its  ben-
ficial  effects,  there  has  been  some  research  into  the  use
f  prone  positioning  also  in  non-intubated  patients  with
RDS2,3 and  in  patients  with  COVID-19  to  avoid  intubation,4,5

therapy.  Respiratory  rate  rapidly  decreased  (from  22  to  16
breaths/min)  and  ABG  showed  a  significant  improvement
of  oxygenation  (P/F  ratio  of  202  and  211  after  2  and  12  h
respectively)  (Table  1).  Therefore,  we  scheduled  at  least
two  sessions  lasting  6  h  of  lateral  position  throughout  the
day  and  overnight.  He  was  transferred  to  the  ward  8  days
after  ICU  admission  and  discharged  at  home  after  28  days.

The  last  patient  was  admitted  to  the  ED  after  6  days  of
fever,  asthenia  and  dyspnoea.  On  admission,  ABG  was  nor-
mal,  but  lung  ultrasound  documented  signs  suggestive  of
interstitial-alveolar  pneumonia  and  a  HRCT  confirmed  bilat-
eral  GGO  associated  with  initial  peripheral  consolidations.
The  patient’s  condition  deteriorated  and  she  was  trans-
ferred  to  our  RICU,  where  HFNC  therapy  was  started  (Flow
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to  pneumonia.2 Recently,  Ding3 reported  a  reduction  in  intu-
bation  rate  in  patients  with  moderate  to  severe  ARDS  when
treated  with  combined  prone  positioning  and  NIV  or  HFNC.

Recent  studies8---13 showed  that  prone  positioning  may
improve  gas  exchange  in  COVID-19  patients  during  oxygen
therapy  and  non  invasive  support  (  HFNC  or  NIV).  How-
ever,  no  information  about  the  radiological  pattern  has  been
provided.  In  contrast,  our  cases  showed  that  the  distribu-
tion  of  parenchymal  lesions  could  be  a  valid  criterion  to
ut  few  studies2,3,6,7 have  assessed  its  efficacy  and  pos-
ible  effects  during  SARS  Cov-2  pandemic.8---13 The  use  of
tandard  oxygen  and  High  Flow  Nasal  Cannula  (HFNC)  in
efractory  hypoxemia  due  to  SARS  CoV-2  is  controversial  and
any  International  Guidelines,  while  suggesting  a  brief  trial,

aise  concerns  about  the  potential  risk  of  unduly  delayed
ntubation.  We  describe  the  physiological  changes  and  clin-
cal  outcome  of  three  patients  suffering  from  severe  Acute
espiratory  Failure  (ARF)  due  to  COVID-19  undergoing  tri-
ls  using  semi-recumbent,  prone  and  lateral  position  during
tandard  oxygen  and  HFNC.  All  patients  tested  positive  on
everse  transcription-polymerase  chain  reaction  (RT-PCR)
n  throat  swabs;  comorbidities  and  administered  drugs  are
eported  in  Table  1.

A  74  year-old  woman  was  admitted  on  March  19th,  after
0  days  of  fever.  On  the  24th  she  was  transferred  to  our  Res-
iratory  Intensive  Care  Unit  (RICU)  due  to  worsening  of  her
espiratory  conditions.  On  arrival,  she  was  haemodynami-
ally  stable,  her  respiratory  rate  was  18/min  in  a  reservoir
xygen  mask  at  15  l/min;  ABG  testing  showed  a severe
mpairment  of  gas  exchange  (PaO2/FiO2  87;  PaO2  69  mmHg,
aCO2  33  mmHg,  pH  7.49,  HCO3-  27,8  mmol/L).  We  initiated
on-invasive  ventilation  (NIV)  with  helmet  interface  (PSV:  PS
2  cmH2O,  PEEP  10  cmH2O,  FiO2  80%),  without  improve-
ent  of  gas  exchange  (PaO2/FiO2  80).  A  high  resolution
T-scan  (HRCT)  showed  bilateral  consolidations  with  ground-
lass  opacities  (GGO),  mainly  in  the  posterior  dependent
ones.  Based  on  this  radiological  picture  we  pronated  the
atient  whilst  administering  oxygen-therapy  with  reservoir
ask.  An  almost  immediate  increase  of  SpO2  was  observed

Fig.  1).  At  2  h  the  PaO2/FiO2  had  increased  to  203  mmHg
nd  this  trend  was  maintained  after  12  h  of  prone  positioning
Table  1).  She  improved  slowly  with  a  schedule  of  pronation
f  two  sessions  lasting  6  h  throughout  the  day  and  overnight
nd  was  discharged  home  on  April  29th.

The  second  case  was  a  71-year-old  man,  admitted  to
he  Emergency  Department  (ED)  with  fever  and  progres-
ively  worsening  dry  cough  for  one  week.  On  admission,
BG  showed  ARF  (PaO2/FiO2  261,  PaO2  55  mmHg,  PaCO2
1  mmHg,  pH  7.45,  HCO3-24  mmol/l).  Clinical  conditions
nd  gas  exchange  rapidly  worsened  (ABG  48  h  after  admis-
ion:  PaO2/FiO2  186,  PaO2  65  mmHg,  PaCO2  33  mmHg,  pH
.43,  HCO3-  25,6  mmol/L)  and  on  day  6  since  admission  he
as  referred  to  our  RICU,  where  HFNC  therapy  was  set  (Flow

0  L/min,  FiO2  50%).  The  HRCT  scan  showed  parenchymal
nvolvement  of  the  left  lung,  with  relative  sparing  of  the
ight  one.  A  spontaneous  breathing  trial  was  performed  plac-
ng  the  patient  on  the  right  lateral  decubitus  during  HFNC
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16
5  L/min,  FiO2  60%).  A  novel  CT  scan  showed  a  relative  spar-
ng  of  the  left  lung,  therefore  she  was  placed  in  left  lateral
ecubitus.  Changes  in  oxygenation  as  well  as  in  respiratory
attern  are  summarized  in  Table  1. Two  sessions  lasting  6  h
f  lateral  position  throughout  the  day  and  overnight  deter-
ined  a  stable  improvement  of  gas  exchange  and  prevented
echanical  ventilation.  She  was  discharged  home  after  21
ays  from  hospital  admission.

Our  findings  indicate  that  this  strategy  is  feasible  and
 useful  option  in  the  management  of  acute  respiratory
ailure  due  to  this  disease.  In  fact,  patient  recumbency
n  accordance  with  imaging  to  adjust  V/Q  was  associated
ith  a  significant  improvement  of  oxygenation  and  breath-

ng  pattern,  with  good  tolerance.  In  addition,  we  found
o  significant  hemodynamic  adverse  effects.  The  physio-
ogic  rationale  for  prone  positioning  and  lateral  decubitus
n  non-intubated  patients  is  strong:  firstly,  redistribution
f  V/Q  ratio  due  to  the  gravity-induced  increase  of  blood
ow  to  spared  regions  of  the  lung,  which  becom  bet-
er  ventilated14; secondly,  lung  recruitment  of  previously
ependent  regions  occurs  as  ‘‘oedema’’  flows  away  from
nti  gravitational  alveoli.14 Similarly,  positioning  patients
ith  unilateral  pleuro-parenchimal  disease  with  the  normal

ung  down,  especially  in  the  absence  of  pleural  pain,  can
ffect  gas  exchange.15,16 Thirdly,  the  increase  in  oxygena-
ion  should  also  ameliorate  hypoxemic  vasoconstriction,
educing  pulmonary  vascular  resistance  and  improving  right
entricular  function.17 In  addition,  in  the  prone  position  we
ay  obtain  a  relief  from  the  weight  of  the  mediastinum  and

 decrease  in  overdistension  of  the  healthy  areas,  thanks
o  the  distribution  of  trans-pulmonary  pressure.  In  fact,
ecruitment  of  the  dorsal  lung,  which  has  a  higher  degree  of
erfusion  in  either  position,  reduces  shunt.18,19 A  retrospec-
ive  study  including  15  patients  showed  a  beneficial  effect
f  prone  position  during  NIV  in  patients  with  severe  ARF  due
elect  patient  for  spontaneously  breathing  trial  in  prone
ositioning  and  lateral  decubitus.  Chest  x-ray  could  be
seful  to  support  diagnosis,  especially  during  Sars-cov  2  pan-
emic:  sensitivity  values  range  from  57%  to  89%.20 However,
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Table  1  Demographic,  clinical  characteristics,  laborator

Demographics
Age-yr  

Sex 

Initial findings
Medical  history  

Symptoms at  disease  onset  

Pharmacological
treatment

(dosages are  shown  for  drugs  initiated  during  RICU  stay

Imaging features
Thoracic  HRCT  scan  

Days from  Hospital
admission  to
prone/lateral
decubitus

[10pt]

 CT-scan  findings  at  respiratory  intensive  care  unit  admission,  

Patient  1  Patient  2  

74  71  

Female  Male  

Dyslipidemia,
hypothyroidism,
carotid  atheroma

Hypertension,  

venous  thromb

Fever  Fever,  cough  

Hydroxychloroquine,
piperacillin-
tazobactam,
azithromycin,
enoxaparin,
tocilizumab  162  mg
x2  s.c.,
methylprednisolone
1,6  mg/kg

Hydroxychloro
enoxaparin,
ceftriaxone,
tocilizumab  16
x2  s.c.,
methylprednis
1 mg/kg

GGO,  bilateral
pulmonary  infiltrates,
mainly  in  the
posterior  dependent
zones

GGO  and
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prevalent  on  th
lug
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Table  1  (Continued)

ABGs  Patient  1  Patient  2  Patient  3

PRE  During  NIV  PP/LD  after  12h  PRE  During  HFNC  During  PP/LD  PRE  During  HFNC  During  PP/LD

pH  7,49  7,48  7,47  7,42  7,45  7,43  7.48  7,49  7,45
PaCO2 (mmHg)  32  31  35  42  39  40  33  30  35
PaO2 (mmHg)  66  62  162  80  76  80  62  70  109
PaO2/FiO2 83  80  203  160  158  211  115  116  205
HCO3- (mmol/L)  26  26  27  27  27  26  26  26  25
Vital Parameters

PRE  PP/LD  after  2h  After  12h  PRE  PP/LD  after  2h  After  12h  PRE  PP/LD  after  2h  After  12h

RR  (breaths  per  minute)  25  20  26  22  16  18  21  22  20
Heart rate  (bpm)  87  72  80  74  60  65  68  64  65
Mean Arterial  Pressure  (mmHg)  97  113  107  108  97  103  88  87  96

RICU, Respiratory Intensive Care Unit; GGO, ground-glass opacities; s.c., sub cutaneous; NIV, non invasive mechanical ventilation; HFNC, High Flow Nasal Cannula; PP, prone position; LD,
lateral decubitus.
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Figure  1  Pulse  oximetry  pleth  waveform  of  the  same  patient  during  supine  and  prone  position.

Chest-x-ray  can  not  detect  spared  lung  areas:  exclusive  dor-
sal  lung  areas  involvement  can  not  be  detected  without
latero-lateral  projection,  not  usually  performed  in  criti-
cal  setting,  requiring  orthostatic  posture.  As  observed  by
Marini,4 COVID-19  pneumonia  appears  to  include  an  impor-
tant  vascular  insult  that  potentially  mandates  a  different
approach  from  that  usually  applied  for  ARDS.  Our  patients,
despite  very  poor  oxygenation  and  extensive  parenchymal
lesions,  recovered  without  needing  either  NIV  or  intubation,
and  such  a  result  would  not,  probably,  have  been  possible  in
a  ‘‘traditional’’  ARDS.  All  healthcare  workers  exposed  used
personal  protective  equipment  (PPE).21 Interestingly,  in  all
3  cases  reported  we  observed  that  PaCO2  did  not  change,
indicating  that  the  change  in  PaO2  was  not  a  consequence
of  a  change  in  alveolar  ventilation,  supporting  the  theory  of
a  beneficial  effect  on  V/Q  ratio.  However,  we  do  not  recom-
mend  delaying  intubation  or  attempting  this  approach  in  a
setting  without  intensive  monitoring,  which  is  necessary  to
quickly  upgrade  ventilatory  support  in  non-responders.

To  conclude,  we  have  demonstrated  that  preferential
decubitus  on  the  least  affected  areas  of  the  lung,  either
in  prone  or  lateral  position,  in  awake  and  spontaneously
breathing,  non-intubated  patients  with  ARF  due  to  COVID-
19  pneumonia  is  feasible,  well  tolerated  and  is  associated
with  a  significant  benefit  on  oxygenation.  Further  studies
are  warranted  to  confirm  our  results.
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earing of medical mask over the
igh-flow nasal cannula for safer
xygen therapy in the COVID-19 era

o  the  Editor

he  emergence  of  severe  acute  respiratory  syndrome-
oronavirus-2  (SARS-CoV-2)  and  its  associated  respiratory
isease,  coronavirus  disease  2019  (COVID-19),  has  imposed
ocial  and  medical  burdens  worldwide.  Up  to  12%  of  patients
ith  SARS-CoV-2  infection  required  intensive  care  unit
dmission.  Among  them,  60-70%  had  acute  hypoxic  respi-
atory  failure.1

High-flow  nasal  cannula  (HFNC)  oxygen  therapy  is  the
enerally  prescribed  respiratory  therapy  for  acute  hypoxic
espiratory  failure.  This  therapy  might  help  limit  the  need
or  invasive  mechanical  ventilation  (IMV)  and  prevent  the
ccurrence  of  associated  adverse  events  such  as  ventilator-
ssociated  pneumonia  in  COVID-19  patients.2 However,
dministration  of  HFNC  oxygen  therapy  in  COVID-19  patients
emains  controversial,  owing  to  uncertainties  regarding  the
otential  risk  of  viral  transmission  to  healthcare  work-
rs,  as  this  therapy  is  considered  as  an  aerosol-generating
rocedure.3 Indeed,  IMV  can  be  selected  when  low-flow  oxy-
en  therapy  through  a  nasal  canula  fails  and  a  shortage
f  ventilators  is  a  medical  and  social  problem  in  regions
articularly  hard-hit  by  this  pandemic.  Therefore,  a  safe
nd  effective  respiratory  management  for  COVID-19  patients
hould  be  urgently  established.

Recent  practical  recommendations  for  COVID-19  patients
ndicate  the  use  of  a  medical  mask  over  the  HFNC  device  to
imit  particle  dispersion  due  to  exhaled  gas  flow.4,5 These
ecommendations  are  partially  supported  by  two  previ-
Abbreviations: CFD, computational fluid dynamic; COVID-19,
oronavirus disease 2019; HFNC, high-flow nasal cannula; IMV, inva-
ive mechanical ventilation; SARS-CoV-2, severe acute respiratory
yndrome-coronavirus-2.

m
e
c
o

17
9  May  2020

ttps://doi.org/10.1016/j.pulmoe.2020.10.015
531-0437/ © 2020 Published by Elsevier España, S.L.U. on behalf
f Sociedade Portuguesa de Pneumologia. This is an open access
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us  experimental  studies  that  indirectly  examined  exhaled
reath  by  visualizing  airflow  movement  using  smoke6 and
omputational  fluid  dynamic  (CFD)  simulation.7 However,
o  the  best  of  our  knowledge,  there  is  no  direct  evidence
hat  this  strategy  could  reduce  the  risk  of  SARS-CoV-2  trans-
ission  to  healthcare  workers  in  clinical  settings  due  to

he  technical  difficulty  in  direct  visualization  of  particle
ispersion.  Here  we  present  an  experimental  trial  with  a
ovel  fine  particle  visualization  system,  which  allowed  eval-
ating  whether  particle  dispersion  from  coughing  while  on
FNC  oxygen  could  be  suppressed  by  an  appropriately  placed
edical  mask.
We ran  six  scenarios  with  a  healthy  volunteer  with  nasal

annula  at  3  L/min  and  21%  fraction  of  inspired  oxygen  (room
ir)  delivered  at  40  L/min  37◦C  via  HFNC  (AIRVOTM 2  device
ith  an  OptiflowTM nasal  interface  [Fisher  &  Paykel,  Auck-

and,  New  Zealand]).  The  volunteer  was  in  a  sitting  position
seat  height:  45  cm),  and  the  evaluation  was  performed
ith  and  without  wearing  a  standard  medical  mask.  Particle
ispersion  was  visualized  by  a  video  camera  set  at  29.97
rames  per  second  (Eye  Scope).  This  system  used  a  light
mitting  diode  (wavelength  400-410  nm;  Parallel  Eye  D),
hich  permitted  a  visualization  of  particle  ≥1  �m  in  diam-
ter.  Images  obtained  were  reconstructed  as  videos  using
ommercial  software  (Particle  Eye).  Equipment  described
bove  depended  on  Shin  Nippon  Air  Technologies  (Tokyo,
apan).

First,  we  identified  exhaled  particles  dispersed  from
oughing  in  the  absence  of  either  nasal  cannula,  HFNC,
r  a  mask,  which  reached  a  horizontal  distance  of  57  cm
Fig.  1A  and  supplemental  video  A).  Second,  exhaled  par-
icles  were  dispersed  from  coughing  in  a  similar  fashion
hen  using  nasal  cannula  (Fig.  1B  and  supplemental  video
)  and  HFNC  (Fig.  1C  and  supplemental  video  C),  which
eached  a  horizontal  distance  of  62  cm  and  59  cm,  respec-
ively.  Notably,  when  the  volunteer  wore  a  standard  medical

ask,  no  exhaled  particles  were  detected  from  coughing

ither  without  (Fig.  1D  and  supplemental  video  D)  or  with
oncurrent  nasal  cannula  (Fig.  1E  and  supplemental  video  E)
r  HFNC  therapy  (Fig.  1F  and  supplemental  video  F).
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