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nance  of  the  exudative  pattern  in cases  with  >  30  days  of
evolution  were  significant.  We should  also  mention  the high
prevalence  of  microthrombosis  and  how  persistent  the  SARS-
CoV-2  virus  is  in  the  lung  parenchyma  with  high  viral  loads
even  in  patients  with  prolonged  disease.
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Prone position improves
ventilation-perfusion mismatch in
patients with severe acute
respiratory distress syndrome

La posición prono mejora el desajuste
ventilación-perfusión en pacientes con
síndrome de distrés  respiratorio  agudo

Acute  respiratory  distress  syndrome  (ARDS)  is a frequent
condition  in the intensive  care  unit  (ICU).1 It  is  clini-
cally  manifested  by  hypoxemic  respiratory  failure,  airspaces
flooding  by inflammatory  edema,  and  regional  lung  collapse
due  to  ‘‘gas  compression’’  of  the  dependent  lung  regions.2

Hypoxemia  is  due  to  a  ventilation/perfusion  mismatch,
especially  in  a heterogeneously  ventilated  and  perfused
lung.3 Prone  positioning  (PP)  has  shown  to  improve  oxygena-
tion  and  survival  in  selected  ARDS  patients.  In  addition,  PP
has  been  associated  with  recruiting  of  dorsal  lung  regions,
with  a  more  homogeneous  ventilation  and  a reduction  of
pleural  pressure  gradient  contributing  with  an improvement
in  the  ventilation/perfusion  (V/Q)  ratio.4,5

Electrical  Impedance  Tomography  (EIT)  is a  bedside
non-invasive  monitoring  tool  of  ventilation  and  perfusion
distribution.  Several  studies  have  demonstrated  EIT’s  ben-
efits  in  establishing  ventilatory  parameters  and its  role  in
assess  the  lung  perfusion  in ARDS.6 Thus,  in  this  study  we

aimed  to  analyze  PP’s  effects  on  the  distribution  of  pul-
monary  ventilation  and  perfusion  in  patients  with  severe
ARDS  connected  to  mechanical  ventilation  (MV).

These  data  were  presented  preliminary  as  a poster  in
ESICM  2021.7

This  is  an observational  sub-study  of  an already  fin-
ished  clinical  study  (No 170315007)  which  was  conducted
on  patients  admitted  to  the  Intensive  Care  Department  of
the  Hospital  Clínico  UC-Christus  (Santiago,  Chile),  between
November  2019  and  March  2020  and required  EIT  as  part
of  the  ventilatory  multimodal  monitoring  protocol.  Consid-
ering  that  EIT perfusion  measurements  were  indicated  by
attending  physicians  as  an alternative  diagnostic  approach
(i.e.,  thromboembolic  disease),  a waiver  to  use  this data
was  requested  to  the ethical-scientific  committee  of the
Pontificia  Universidad  Católica  de  Chile  (No 210510004).

Patients  with  moderate  to  severe  ARDS  were included.
PP  was  indicated  by  the attendant  physician  according  to
ICU  protocols.  The  distribution  of  pulmonary  ventilation  and
perfusion  was  evaluated  with  EIT  (Enlight  1800,  Timpel,  São
Paulo,  Brazil)  in the supine  position  (SP)  and then  in prone
2  h  after  proning.  Impedance  Ratio  (IR)  and Global  Inhomo-
geneity  (GI)  indices were  obtained  from  the  EIT data,  and
arterial  blood  gases,  hemodynamic  parameters,  and  venti-
latory  mechanics  were  registered  in  each  position.

The  ventilation  and perfusion  maps delivered  by  EIT
were  divided  into  four regions  of  interest  (quadrants),
and  in two  gravitational  regions  (ventral  and  dorsal).  For
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Figure  1  Regional  distribution  of  ventilation  and  perfusion  in the supine  (A)  and  prone  (B)  position.  Solid  lines  are  regression

lines between  ventilation  and  perfusion  at  both  positions.  Distributions  are  expressed  as  a  percentage  of  the  regional  variation

(quadrants).

the  regional  analysis  of  the  V/Q  relationship  we  used the
Pearson  Correlation  Coefficient.  Values  are expressed  as
mean  ±  standard  deviation  (SD).  Comparisons  of  physiologi-
cal  changes  between  SP and  PP were  performed  with  paired
Student’s  t-test,  using  GraphPad  Prism  (GraphPad  Software,
San  Diego,  CA,  USA).  The  level of significance  was  estab-
lished  at  a P-value  ≤  0.05.

Eight  patients  with  pneumonia  (57  ±  11  years,  50%
female)  were  included.  Hemodynamic  parameters  were  sim-
ilar  in both  positions.

During  PP,  we  found  a  significant  increase  in PaO2/FIO2

(206  ± 32  vs.  125  ± 34  mmHg,  p < 0.005)  and  in respira-
tory  system  compliance  (33.8  ±  6 vs.  30.3  ±  6  ml/cmH2O,
p  =  0.02),  associated  to  a  decrease  in driving  pressure
(10.8  ±  2.1 vs.  12.3  ± 2.5  cmH2O,  p = 0.04),  as  compared
to  SP.  PEEP  setting  was  9.4  ± 2.9  cmH2O during  PP,  and
9.2  ± 3.7  cm  H2O during  SP.

We  observed  a redistribution  of  ventilation  (Impedance
ratio)  from  ventral  regions  in SP  to  dorsal  regions  in  PP
in  all  patients  (0.77  ±  0.3  to  2.23  ±  0.9  AU,  p = 0.007).  Such
rearrangements  were associated  with  ventilation  homoge-
nization,  as  indicated  by a decrease  in GI  from  1.24  ±  0.3  to
0.82  ± 0.1  (AU)  (p  =  0.02).

Four  of  the eight  patients  were  subjected  to  pulmonary
perfusion  assessment.  Perfusion  was  predominantly  dorsal
in  both  SP and  PP.  Regional  distribution  of  ventilation  and
perfusion  (quadrants)  exhibited  a positive  linear  correla-
tion  in PP  (R2 = 0.44,  p = 0.005),  but  not in SP  (R2 =  0.056,
p  = 0.37)  (Fig.  1), suggesting  the  optimization  of  the V/Q  mis-
match  with  PP.  In addition,  we  observed  a good correlation
(R2 >  0.9)  between  changes  of PaO2/FiO2,  dorsal  V/Q  ratio,
and  the  change  of  respiratory  system  compliance  (Fig.  2).

This  observational  study  suggests  that  prone  PP  in
mechanically  ventilated  patients  with  ARDS  was  associated
with  a change  in  the  ventilation  distribution  pattern  to  dor-
sal  lung regions;  and  homogenization  of  gas  and  perfusion
distribution,  resulting  in improved  V/Q  ratio.  In  addition,
the  change  of dorsal  V/Q ratio  was  good  correlated  with  the
individual  change  of  oxygenation  and respiratory  mechanics.

The  PP  promoted  a  significant  improvement  in  oxygena-
tion  and  lung  mechanics,  which  is  in line  with  previous
reports.8 The  improved  oxygenation  was  directly  correlated
to  improvements  in the dorsal  V/Q  ratio  (Fig.  2).  Improved
V/Q  could  be explained  by  diversion  of ventilation  to  dorsal
lung  regions,  due  to changes  in the superimposed  pressure
gradient9 in  the  presence  of  a dorsal  dominance  of  perfu-
sion.  These  findings  have  been  previously  demonstrated  in
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Figure  2  Individual  changes  in  dorsal  ventilation/perfusion  ratios  (V/Q,  A)  and  oxygenation  (PaO2/FIO2, B)  and  from  supine  to

prone positioning  in  the  dorsal  lung  regions.  Relationships  between  changes  in PaO2/FIO2 and  V/Q  ratios  of  the dorsal  lung  regions

are represented  in C and  between  changes  in  PaO2/FIO2 and  the  CRS in panel  D.  A  different  color  represents  each  patient.  Changes

in EIT  indices  are shown  in E  and  F.  V:  ventilation:  Q:  perfusion;  PaO2:  arterial  partial  pressure  of  oxygen;  FIO2:  fraction  of  inspired

oxygen, CRS:  Respiratory  system  compliance,  GI:  global  inhomogeneity  index,  AU:  arbitrary  units,  *  =  p  < 0.05.

other  settings,  such healthy  volunteers,  and  experimental
models  of lung  injury.10

In this  small  series  of  patients,  we  observed  that  PP
improved  gas  exchange  and pulmonary  mechanics  through
a  change  in  the distribution  of  ventilation  towards  the dor-
sal  regions  of the lungs  and  promoting  a more  homogeneous
ventilation  distribution.  Analysis  of  V/Q  ratio  through  EIT
could provide  bedside,  real-time,  and individual  information
on  the  effectiveness  of  the prone  maneuver  and  possibly
predict  tolerance  to  position  changes.  New studies  with  a

larger  number  of  patients  are  necessary  to  validate  these
findings.
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Non-invasive mechanical ventilation
or  high-flow oxygen therapy in the
COVID-19 pandemic:
Dead heat broken

Ventilación mecánica no invasiva u
oxigenoterapia de  alto flujo en la  pandemia  de
COVID-19: el  empate se deshizo

Dear  Editor:

During  the  recent COVID-19  pandemic,  non-invasive  respira-
tory  support  has  played  a crucial  role1 in  the management
of  patients  with  acute  hypoxemic  respiratory  failure.

The  best  therapeutic  option  for  these  patients  has  always
been  a  matter  of  discussion.2 Compared  to  traditional  CPAP
based  non-invasive  mechanical  ventilation  or  the  use  of  2
different  levels  of  pressure,  oxygen  therapy  administered
through  high-flow  nasal  cannula  (HFNC)  has  been  gain-
ing  popularity  probably  due  to  how  easy  it is  to  use,  its
high  tolerability,  and the possibility  of applying  it  outside
the  ICU  setting.3 All  these  qualities  made  it an attractive
therapeutic  option  within  the first  difficult  days  of  the pan-
demic.  However,  scientific  evidence  that  backed  its  use
was  insufficient.4 This  triggered  our  former letter  where  we

claimed,  at  least  temporarily,  a tie  in this match between
both  non-invasive  respiratory  supports.

In  our  own  opinion,  the  evidence  generated  by  the
RECOVERY-RS5 trial  has  turned  the tide  in favor  of
non-invasive  mechanical  ventilation  (NIMV).  In  sports  ter-
minology  «tie has  been  undone  at the  overtime».

The  RECOVERY-RS  trial  was  conducted  from  April  6, 2020
through  May 3, 2021  in 48  hospitals  from  the United  King-
dom  and Jersey.  Patients  were randomized  to  receive  CPAP
(N = 380),  high-flow  nasal  oxygen  (N  =  418)  or  conventional
oxygen  therapy  (N  =  475).  To maximize  performance  given
the  harsh  conditions  of the pandemic,  the  study  design
is  a  little  special.  The  study  consists  of  2  parallel  ran-
domized  clinical  trials  that  share  the same  control  group:
in  NIMV  only  capable  hospitals,  patients  were  randomized
to  receive  CPAP  or  conventional  oxygen  therapy.  In HFNC
only  capable  hospitals,  however,  patients  were  random-
ized  to  receive  HFNC  or  conventional  oxygen  therapy.  In
hospitals  with  the  3  ventilation  systems  available,  random-
ization  occurred  among  the 3  groups.  Primary  endpoint  was
a  composite  of  orotracheal  intubation  or  30-day  mortal-
ity.  In the  1273  patients  studied,  the need  for  orotracheal
intubation  or  30-day  mortality  was  significantly  lower  with
CPAP  (137/377  = 36.3%)  compared  to  conventional  oxygen
therapy  (158/356  = 44.4%),  an  absolute  difference  of −8%
(95%CI,  −  from  15%  down  to  ---1%); P  = .03. However,  the dif-
ference  between  HFNC  (184/415  =  44.3%)  and  conventional
oxygen  therapy  (166/368  =  45.1%)  was  not  statistically  sig-
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