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Awake Prone Positioning in Non-Intubated Patients With Acute
Hypoxemic Respiratory Failure Due to COVID-19
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BACKGROUND: Awake prone positioning (APP) has been advocated to improve oxygenation and
prevent intubation of patients with acute hypoxemic respiratory failure due to coronavirus disease
2019 (COVID-19). This paper aims to synthesize the available evidence on the efficacy of APP.
METHODS: We performed a systematic review of proportional outcomes from observational stud-
ies to compare intubation rate in patients treated with APP or with standard care. RESULTS: A
total of 46 published and 4 unpublished observational studies that included 2,994 subjects were
included, of which 921 were managed with APP and 870 were managed with usual care. APP was
associated with significant improvement of oxygenation parameters in 381 cases of 19 studies that
reported this outcome. Among the 41 studies assessing intubation rates (870 subjects treated with
APP and 852 subjects treated with usual care), the intubation rate was 27% (95% CI 19-37%) as
compared to 30% (95% CI 20-42%) (P = .71), even when duration of application, use of adjunctive
respiratory assist device (high-flow nasal cannula or noninvasive ventilation), and severity of oxygen-
ation deficit were taken into account. There appeared to be a trend toward improved mortality
when APP was compared with usual care (11% vs 22%), which was not statistically significant.
CONCLUSIONS: APP was associated with improvement of oxygenation but did not reduce the
intubation rate in subjects with acute respiratory failure due to COVID-19. This finding is lim-
ited by the high heterogeneity and the observational nature of included studies. Randomized
controlled clinical studies are needed to definitively assess whether APP could improve key out-
come such as intubation rate and mortality in these patients. Key words: coronavirus disease 2019;
severe acute respiratory syndrome coronavirus 2; ARDS; acute hypoxemic respiratory failure; high-flow
nasal cannula; awake prone positioning; noninvasive ventilation; CPAP. [Respir Care 0;0(0):1-e. © 0
Daedalus Enterprises]

Introduction

The coronavirus disease 2019 (COVID-19) pan-
demic has led to a sudden surge of hospital admissions
for acute hypoxemic respiratory failure. A significant
proportion of patients who are hospitalized for
COVID-19 fulfills the criteria for the ARDS' and
requires prolonged mechanical ventilation. Prone posi-
tioning is one of the few interventions that has been
proven to reduce mortality in intubated and mechani-
cally ventilated patients with moderate to severe
ARDS.>? This effect is likely mediated through a
combination of better lung recruitment, reduced
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ventilation-perfusion mismatch, and prevention of al-
veolar strain and ventilator-induced lung injury by a
more homogenous distribution of pleural pressures
throughout the lung parenchyma.*

Groups worldwide have reported on the use of APP in
acute hypoxemic respiratory failure due to COVID-19 and
showed improvement of oxygenation and reduction of
breathing frequency in populations with varying disease se-
verity.” ! Despite studies reporting outcomes being limited
to case series and cohort studies, awake prone positioning
(APP) has been widely adopted and included in the guide-
lines on management of COVID-19 pneumonia without
any evidence that improvement of surrogate physiological
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end points translates into better clinical outcomes, such as
reduced incidence of intubation or reduced mortality.

The aim of this systematic review of proportional out-
comes from observational studies was to investigate the hy-
pothesis that APP of non-intubated patients with acute
hypoxemic respiratory failure due to COVID-19 results in
reduced intubation rate. The impact of APP on intubation
rate is the primary outcome, and its effects on oxygenation,
mortality, and the tolerability of APP are reported as ex-
ploratory secondary outcomes. We also explored the
impacts of the duration of APP; the severity of the acute
hypoxemic respiratory failure; and the type of respiratory
support, such as conventional oxygen therapy, high-flow
nasal cannula (HFNC), or noninvasive ventilation (NIV),
on respiratory parameters, intubation rate, and mortality.
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Methods

This study was registered on PROSPERO
(CRD42020201947), and the detailed protocol is avail-
able (https://www.crd.york.ac.uk/prospero/display_record.
php?RecordID=201947 Accessed September 28, 2021).
Our findings are presented in conformity with the PRISMA
guidelines."?

Search Strategy and Study Selection

Two investigators (HH and JL) searched the MEDLINE,
Embase, PubMed, Web of Science, Scopus, medRixv,
bioRixv, ClinicalTrials.gov, and Wanfang databases for
studies published from January 1, 2020, to August 15,
2020, with restrictions to English and Chinese languages.
The key words of “prone position*” OR “Pron*” AND
“COVID-19” OR “SARS” OR “coronavirus” AND
“awake” OR “non-intubated” OR “conscious” were utilized
to search literature evaluating APP for subjects with
COVID-19. This enabled the identification of cohorts of
subjects treated with APP. The key words of “nasal high-
flow” OR “HFNC” OR ‘“high-flow nasal cannula” OR
“noninvasive ventilation” OR “NIV”” OR “continuous posi-
tive airway pressure” OR “CPAP” AND “COVID-19” OR
“SARS” OR “coronavirus” were used to identify reports of
subjects treated with either HFNC or NIV/CPAP, without
the use of APP, to be included as a control cohort.
Equivalent key words were used for searches in Chinese.
Searches were supplemented with examination of reference
lists in identified studies and verbal communication with
experts.
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Studies were included if they met the following criteria:
(1) original research reports of COVID-19 subjects and (2)
subjects were treated with APP and/or HFNC or NIV or
conventional oxygen therapy. The exclusion criteria were
(1) languages other than English or Chinese, (2) study pro-
tocols, review articles, abstracts, editorials, (3) research on
newborns or animals, and (4) reports of fewer than 3 cases.

The investigators then independently parsed through the
titles and abstracts of all identified articles and produced a
list of potentially relevant papers. The full texts of these
papers were then reviewed, and a final list of studies to be
included in the meta-analysis was produced. Any disagree-
ments were resolved by consensus.

Data from the articles were extracted by 2 independent
teams (HH and JL, BM, and YP) using a standardized data
extraction form. Extracted data included the authors, year
of study, country, patient characteristics, the type of respira-
tory support, the details of APP intervention, tolerability,
and outcomes. Any disagreements were resolved by con-
sensus in the presence of all 4 investigators.

If the outcomes of intubation rate and mortality were not
reported, or if it was not clear whether the subjects received
APP and for what duration, the corresponding authors were
contacted for clarifications. To enlarge the sample size, and
to assess for the possibility of publication bias, unpublished
data provided by the investigators’ institutions (BM, JAJ,
WZ, DSR) were also included in the meta-analysis. Ethical
approval was obtained at each institution prior to data
collection.

Preplanned Statistical Analyses

The primary outcome was the in-hospital intubation rate.
The proportion of physiological responders to APP and the
in-hospital mortality were reported as secondary outcomes.
In conformity with established custom in the ARDS litera-
ture, responders were defined by an increase of P,o,/Fio,
ratio = 20%.'> When the P.o,/Fro, was not reported, an
increase of S,0,/Fio, 1atio = 20% was considered as a
response given the linear relationship between the 2
ratios.'*'> In-hospital mortality was reported as an explora-
tory secondary outcome, as it is a complex outcome that is
modulated by multiple individual and population-level
confounders.

For dichotomous outcomes, we pooled proportions using
a logit transformation with 95% CI. We assessed statistical
heterogeneity by visual inspection of the forest plots and by
calculating the Q and I* statistics, which were interpreted
according to conventional thresholds. For all analyses, we
implemented random-effects models with inverse variance
weighting, providing that at least 3 studies were available.

Potential sources of heterogeneity or inconsistency
included baseline disease severity in terms of P,o,/Fio, at
the initiation of therapy, duration of APP, the timing of
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Records identified
444

{——| Duplicates excluded: 4

A

Records screened
440

Excluded
314
Irrelevant subject: 295
Language other than
English or Chinese: 8
Invasive ventilation: 11

¥
Full-text articles assessed
126

Excluded
80

Research on animals,
pregnant women, or
children: 8
< 3 subjects: 22
Protocols, editorials,
abstracts, other: 48
Unreported outcomes: 2

¥
Studies included in

quantitative synthesis

46

| Data from 4 unpublished reports |—>
1 ‘ }

Universal awake prone Some awake prone No awake prone
positioning positioning positioning
27 ™ 17
921 subjects 1,203 subjects 870 subjects

Fig. 1. Flow chart. *One paper reported on both subgroups and is
thus counted twice.

APP initiation, and the type of respiratory support (ie, con-
ventional oxygen therapy, HFNC, NIV). We investigated
the distributions of these characteristics across groups and
studies.

We prespecified 3 characteristics in the protocol to be
subject to subgroup analyses on the probability of intuba-
tion and mortality. When the information was available, we
limited the analysis to the studies with P,0,/Fio, < 150 mm
Hg versus = 150 mm Hg and according to respiratory sup-
port devices (HFNC vs CPAP/NIV). The cutoff value of
Pao,/Fio, < 150 mm Hg was based on the previously
described survival benefit when these subjects were man-
aged with intubation, as compared to a noninvasive strategy
with a high chance of failure.'® The third subgroup analysis
was limited to studies in the group of APP, in which we an-
alyzed the relationship between APP duration and the prob-
ability of intubation and mortality. Up to 0.6 statistically
significant interaction tests (P < .05) would be expected on
chance alone.

3

Copyright (C) 2021 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



RESPIRATORY CARE Paper in Press. Published on October 20, 2021 as DOI: 10.4187/respcare.09191

AWwAKE PRONE PosITIONING IN COVID-19

(panunuo))
781 SV AN AN 0T 0'LT 079 €9 wopsury pajun ¢ QAn0adsonRy [0 10 SHIBAUIN €T
¥09 67T an an an an an an an 069 L9 wopsursy payun - 8y oAmdadsonay el XeJI[[EH T
0THe 0961 d/d
an an an an 0T 08T %8°S6 %9°€6 ‘odg 09 8L uredg 67 oAmdadsord e loepeoqel 1T
N an an an N an %S°S6 %16 ‘odg 0°€9 96 eumy) €T aAndadsord ocl®108URZ O
L1 TT¥ an N 0T 0'8C %086 %16 ‘odg 0'¢S IL epeue) /] 2A10AdsoNSY o [€ 10 UOSISAIOS 6]
xw_m 1
ZIPURUId]
0 eee an AN an an an an an an an vsSn 01 aAndadsorq -[EOLIBIIIA Q]
B3R
8¢S T69 an AN an A 0991 0°STT d/d €99 N Ameir €1 aAnoadsonsy  oprefren-fodry L]
an 001 an AN an an 0'L6 0'89 d/d 0€L 08 A o1 aapoadsord el uoiseqg 9
(uudaig)
0 0 AN AN €1e ¥'8C 0'1¢g¢ AN J/d $'6S 79 euy) G aAnoadsonay oJe1esuog I
e 9¢8 g
1'¢61 €6lT  ‘Oe-v
%086 %56 ‘odg
LL 69T an AN an (%4 LLTe L891 d/d 079 L9 A 1 aapoadsord el oMy ]
0 0 ¥n an an an un 0'LST d/d 0'1S 0S eury) QI aanoadsonay Jernx ¢l
0801 069 g
an w an an an an 096 %06 ‘odg 0TS a4 ey 6 aAndadsorq Lernr I
! 3% an 9L an an %0°S6 %88 ‘odg 0L9 7L VSN  6C oAmdadsord v 10 uosdwoyy 11
0L L 08 08 an an an 0°LST d/d 0'6S L8 Amer 61 danodadsoiq Jelommnres  Qf
0 0 AN an 0cT 01T %6°S6 %9°S8 ‘odg 01y 0L uerl QI 2An0adsold ¢ [e 1o wepey3olN 6
001 01 AN AN an AN N %S'16 ‘odg 009 08 arodesurs  QF aanoadsoiq B3N 8
AN €¢ an N an an an 8101 J/d 065 L9 arodesurs ¢ spodar ase) e sueny
GNTN 1
00T 0T VN 09 an an an oy g an an uell QO oAmdadsord TySerg-tuelsojon 9
an - 80T STl ST an 081 0’16 8TL g 1'99 L9 uer] g aapoadsord  gelereleylg ¢
an 0S AN a4 an AN an 9081 d/d $09 001 uer] 9 aanoadsoney  [ejesaidseq ¥
0 0T AN AN 0ce 0'1¢ %086 %¥6 ‘odg 0'9S 0L vsn 0l aAnoadsony e R BLRWEQ ¢
an 9¢ an YL an an %06 %8 ‘odg 065 09 vsn 0S aandadsorq Jepomde) ¢
BT  BTL6 ‘odg
¥°00C T'LTT g
801 43 0S 0S (74 ST 6'68¢ S081 d/d LS 6L Ay 9¢ aanodadsoiq pleeoddoy 1
(s1opuodsoy C:oE?omeH
JUASISId  PIA $10alqng
,%:_M\NEE :e%uwnﬂmw——: wEMMme\wwc«Q &%«M m\\wvwix MMM“\ AM%WM@Q mweo:kwﬂ”w% nEM.:H.“M:D zo%%hmwm»xo :OSMMM%\QO ‘o8e M:B—Z Awwﬂ_\MuW ) Anunod ,Eu%@:m Apmg Jo 2d<y stoyny wed
! ! Jusworoidw] juowsrosdu ouonbor]  Sumiels uoneuslSAxQ  Sunaelg Sunreig :
uoneuds X0 J/d Od/ s
SuruonIsoq AUOIJ A[eMY YA\ SAIPNIS I0J SINSY UIBA] pue SONSLIdORIRYD) JIseg  °[ Q[qe],

RESPIRATORY CARE @ ® ® VOL ® NO @

Copyright (C) 2021 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



RESPIRATORY CARE Paper in Press. Published on October 20, 2021 as DOI: 10.4187/respcare.09191

AWwAKE PRONE PosITIONING IN COVID-19

5 We did not formally assess bias of included studies, as
Se I all of them were observational and inherently highly biased.
g o %% y hughly
= We did not produce a funnel plot, as this method is inaccu-
8 8 o © rate for meta-analyses of proportion studies.'”
£¢ @ &a
Ec
= Post Hoc Comparator Groups
§52 -2
EE55352
gib%gg Z8 5 5 L While collecting data, and before carrying out any analy-
[ ] . . . . .
SES T ses, we realized that only a minority of identified papers
w2, EF reported on pure populations in which either all subjects
S5z S5 P pure pop )
&cé < % § % % % were subjected to APP or none was. We, therefore, decided
RIS ! . . ..
gég g%é to group subjects into 3 groups a priori: (1) APP when all
- o= subjects were proned, (2) some APP when some (at least
ol .
?% £ o 10%) but not all subjects were proned, and (3) no APP when
S i & = = ) P
TE% > =2 & no subjects were proned (< 10%). Papers that focused on
= 3 8 .
= a= APP were classified as APP, regardless of the number or pro-
wBE ortion of subjects that was able to remain in prone position
£8% ¥ 22 p ] p p
(}JE 5% 2 =2 & (PP). We compared subjects treated with APP (group 1) with
=5 those not treated with APP (group 3), and we finally reported
s = C group y rep
= & o ¥ $ad the P value associated with the test for subgroup differences
552 §&E £° sk between group 1 and group 3. All analyses were performed
23 € & ¢al & . group group 5. yses p .
S A e in R version 3.6.3 (R Foundation for Statistical Computing,
=}
o N SN Vienna, Austria) with the help of meta package.
g k= ; < 3.- o [e) ; a ’
E5E | 995 %Lk
& ;‘w — © v?— =W R
3 esults
=}
002 o —n S
S0 Q - o . e . .
§ 52 ; A5 £ $ e = Our search strategy identified 173 publications on the sub-
@ g v ject of APP (Fig. El in the online supplement, see the related
g « o= supplementary materials at http://www.rcjournal.com) and
< N . . . .
£~ o g g 2 271 papers on the subject of noninvasive oxygenation modal-
= o ities (Fig. E2 in the online supplement, see the related supple-
gé Tl c mentary materials at http://www.rcjournal.com) in severe
S 5] . .
S < COVID-19. Thus, a total of 444 potentially relevant publica-
o o _ tions were identified, and 440 were screened for inclusion after
é 538 &4~ _ 8 removal of duplicates (Fig. 1). After full-text review, 46 pub-
g 2 Egs@ag g lished studies””*'"'"*>" and data from 4 unpublished data sets
5 E £ ; 285 5 o E were included in the final review, with a combined 2,994 sub-
2 JE5 8 & jects: 921 treated with APP, 870 treated without APP, and a
D Pt = .]
group of 1,203 in whom a significant proportion was treated
g - =9 with APP (Fig. 1, Table 1, and Tables E1 and E2 in the online
L - .
F= S geT supplement, see the related supplementary materials at http://
s www.rcjournal.com). Clarifications and supplementary materi-
_ ) PP ary
) o <+ 5 8 als were obtained from 18 corresponding authors.
7] 2 o B Z 8
e k3] ZZ 8 09
3; g ,,“2 8 g g Physiological Response to Awake Prone Positioning
= o o <
& = 22 =23 _
5] S 2 9 g
SRR E Nineteen studies (n = 381) reported on the physiological
3 = 5 responses to APP. APP resulted in improved S0, or P,o, in all
2 o < £ @ PO p P02 2
- '_E; 5 a“; 2 ;i 13 studies (n = 271) that reported on changes in oxygenation.
§ 2 £, g, 2 5 Ten studies (n = 198) reported on changes in the
g E == %E oé Pao,/Fio, ratio; of them, 9 (n = 192) reported significant
o | C 2 E g_»%l:f improvement in P,o,/Fjo, ratios with APP. Mean improve-
© g < v E RS ment was greater than our predefined threshold of = 20%
= 8 o g g IS greale P
G 2 sELl in all 7 studies in which changes of P,o,/Fio, ratios were
RESPIRATORY CARE © @ ® VOL @ NO @ 5

Copyright (C) 2021 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE


http://www.rcjournal.com
http://www.rcjournal.com
http://www.rcjournal.com
http://www.rcjournal.com

RESPIRATORY CARE Paper in Press. Published on October 20, 2021 as DOI: 10.4187/respcare.09191

AWwAKE PRONE PosITIONING IN COVID-19

(panunuo))
(%0€) L AIN
(%S€) 8 ONAH
AN an qn AN el 0S 0C an AN (%59) S1 O o¢l® 10 SueZ 0C
[ ‘wniieg
O Uho,*
-WOJSIP [eIUdD) I ONAH
T ured 0's¢ (Ly) L1/8 AN 01 Tl 0T 0T 91 ON o2I® 10 UOSIOA[OS 61
gcl®
an an an an AN an an an an AN 19 ZOpUBUIS]-[EALIR[[IA 81
N an an an an an v ST I'e %001 dVdD PWRH . [e 32 opre[[eD-[[odry LT
an an an AN an an an an N %001 dVdD PWPH o[ 10 TUOIsEq 91
ured pue eoudsA( 09¢ 9 (19 ST/IT an an ¥'9 an an ¥n  (Ouudaig) o [e 10 Suoq Sl
4 oLl ¥N (T6) 9T/¥C AN AN 01 AN (187 %001 dVdD 1PW[PH ¢ 10 oMoy vl
VN JIequnu
Kyorxue ‘paptodoy an an (001 01/01 an an 091 01 AN (%001) DONAH Je1eny €1
(9%001)
qn qn qn (001) 6/6 AN qn qn 0¢C AN urw/ T 09-0S ONJH leleny 4!
YSeu JIBIqAI-UON
AN AN AN AN 0T 0¢ e ON pcI® 10 uosdwoy, I
AN an an (001) S1/S1 AN AN 0¢ 0C AN (%001) S1/ST AIN ,[e 10 unreg 01
an an an (001 01/01 an an AN AN 8 an ¢2[€ 19 WepeysoN 6
MOJWODSIp e 7= U DNAH
-19[YSO[NIsSnN ¢ = U LINJU A
BasneN AN AN (001 01/01 01T 08 an 0s 06 9=UuDN B R 3N 8
AN an AN AN 0'¥01 (a4 0T (187 0L %001 ONAH I8 30 Sueny L
GNTN
AN an qn (08) 01/8 06 an AN qn AN (%001) 0T/0T AIN 30 IySeIg-1ue)so[on 9
(9%£¢€) ¥7/8 ODNAH
01 :ured yoeg 0Tl ¥ (€9) ¥T/S1 AN AN 0¢ AN I (%L9) ¥7/91 O o[® 19 TeLreyg S
(%t¥) 6/t ONAH
AN an (001) 9/9 €8 AN S's AN AN (%99) 6/S O o118 10 saxdsaq 14
%01 1re wooy %0S ON
an an 0 (oo or/o1 AN AN 0T AN [40) %0% ONAH g1[€ 10 BlIRWEQ €
%9L
Jsewr 19yjealqal-uoN
an an L an N N 0T AN 0 %¥T ON ¢[e 30 omnde) T
[ [ysnop %6L dVdD-1PW[PH
G 1IoJwodsIq L0l 6 (6'¢8) 9S/Lt AN AN 0¢ AN S¢ %1 Sew 99eJ-¢0 ;118 30 oddo) I
) (ueTpapy (werpapy (uerpapy cen 1ad (uorssiupy
oo ) o G0 ) e ey (ANDNIHEOMROUN
swolgng QuwiL], [e10], uorneIn( 1e10], Jo uoneing 40 sowLL, P)ddV Jo LIS 01
UOISSTWPY WOL] Sl ],
Suruonisod duold ayemy pajuawe[duwy jeyy, soIpni§ oyl Jnoqy UonBULIOJU] pI[reldd ‘7 QIqeL

RESPIRATORY CARE @ ® ® VOL ® NO @

Copyright (C) 2021 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE

el



RESPIRATORY CARE Paper in Press. Published on October 20, 2021 as DOI: 10.4187/respcare.09191

AWwAKE PRONE PosITIONING IN COVID-19

o
Sg
V:‘S —
EE oo o
25 Sis! 355
2 .
v
P
N
5 2
S |
g;@ ¢ S-S
e 55 S55«
2 Z
A 2
2T —~
S8 %
85 ¢ [~ =2 &
235 |55 555 ¢
aE v ©
9
= —~ ~
= 28 g
=19 = + & =
5 =] a g e &
& 8% 8%
I —
Q=
E =7 |
Ealg ~
EESS | ¢ x -
5<$3 |55 55528
S 5°= < ©
S ©
=
g - @
) 7
5T | xu Sy
8T2% |55 SS55 2
ge== “
= <
[T
ol E ~ i~
s EE v
g<2s | 2o o d
E-‘:%v%) SN Dm:)ﬁ'
Ad< N
- ~
oa‘% o MT
-
LA T oo )
E<y - 2 < w2 g
£ = S
=
g =~
= <>
222 - ~
EeS B %
<= 2 <
<sE0Z | ¥ & -2
ESSHE| P P DT
SET & —
g3 e
%m; < 3]
£2%
=
—~ Q
B Z
g2 2
£0 T S
5'Z e )
(7] - S
°E ~5 =Sz
23 SN SN
@ (=
5C S £ S>3
©® o VHQ\QV
R} A g AR D
23 < <B <2z
s & o o oo o
= O 0 (GRS gen
?("
£ ] o8
£ =3 Soes
] o B o g © o
< < »w A, QO g
< % = LS g
s & s £ 5 £
- o = o O .= E=1
o S = s 5 = g
= < [~ I a
£ BT a0 v
= S
= g
o =%
o
Sl oz o <n 2o |2
g —
(: A a A gF s
2 I
= = &
< A~
= <

RESPIRATORY CARE ® ® ® VOL ® NO @

UR = unreported

ED = emergency department

O, = conventional oxygen therapy

NC = nasal cannula

HFNC = high-flow nasal cannula

NIV
IQR

noninvasive ventilation

interquartile range

reported in sufficient detail. In 3 studies (n = 72), the
improvement of the P,o,/Fio, ratio was sustained even after
the subjects returned to the supine position®'***°; one study
(n = 46) demonstrated sustained improvement in only 50%
of subjects'’; and in another report (n = 26), improvement
of Pao,/Fio, was lost after returning to supine position.*
Reduction of breathing frequency with APP was demon-
strated in 5 studies (n = 90)”'%*+** but not in 2 other studies
(n = 34).>*** Finally, significantly reduced P,co, was dem-
onstrated only in a single small study (7 = 9)*, whereas no
changes in P,co, were observed in a larger report (n = 46)."'

Probability of Intubation With Awake Prone Positioning

Data on intubation rate were available for 870 subjects
treated with APP (23 published studies, » = 717; 2 unpub-
lished studies, n = 153) and for 852 subjects treated with
HENC or CPAP or NIV without APP (16 published studies,
n = 645; 2 unpublished studies, n = 207). In the APP
group, 27% (95% CI 19-37%) required intubation and me-
chanical ventilation, as compared to 30% (95% CI 20—
42%) in the control group (Fig. 2). This difference was not
statistically significant (P = .71). Subgroup analyses, with
stratification according to the duration of APP (< 4 h daily
vs = 4 h daily), the device (HFNC vs CPAP vs NIV), and
the severity of the ARDS (P.0,/Fio,< 150 mm Hg vs
Pa0,/Fio, = 150 mm Hg), did not demonstrate any signifi-
cant difference in intubation rate between subjects who
were treated with APP and those who were not (Fig. 3).

Probability of Death With Awake Prone Positioning

Mortality data were available for 767 subjects treated
with APP (18 published studies, n = 614; 2 unpublished
studies, n = 153) and for 761 subjects treated with HFNC or
CPAP or NIV without APP (12 published studies, n = 554;
2 unpublished studies, n = 207). The mortality rate was 11%
(95% CI 6-20%) in subjects treated with APP, as compared
t0 22% (95% CI 13-36%) in subjects treated with usual care
(Fig. 4). This difference was not statistically significant (P =
.10). Outcomes were highly heterogeneous between studies,
and subgroup analyses did not demonstrate any significant dif-
ferences in mortality across predetermined subgroups (Fig. 5)
and did not identify a subgroup in which APP was associated
with statistically significant reduction of mortality.

Tolerability and Comfort of Awake Prone Positioning

Fifteen studies reported subjects’ tolerability to APP,
varying from 47—100%. Eight papers reported on subjects’
discomfort while in PP, including back pain, dyspnea, and
general discomfort. The daily duration of APP was reported
in 17 papers (n = 366). In 9 papers (n = 201), subjects tol-
erated APP for < 4 h daily. A single paper reported on a
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Study Intubations
No prone positioning

Biez et al 16
Burns et al*’ 0
Duca et al®® 26
Geng et al¥’ 1
He et al*’ 10
Hernandez-Romieu et al* 78
Knights et al* 9
Oranger et al*® 9
Patel et al*® 37
Sivaloganathan et al®’ 20
Vianello et al* 5
Wang et al*® 2
Xia et al® 13
Zucman et al*’ 39
Unpublished data from Duan et al (China) 25
Unpublished data from UChicago Medicine 15
Random effects model

Heterogeneity: ? = 90%, 12 = 0.9432, P < .01

Prone positioning

Bastoni et al?® 6
Burton-Papp et al*® 7
Calligaro et al* 111
Caputo et al® 18
Coppo et al" 18
Damarla et al'® 2
Despres et al'® 3
Dong et al” (Preprint) 0
Elharrar et al® 5
Ferrando et al®*® 22
Golestani-Eraghi et al 2
Huang et al'® 1
Moghadam et al'® 0
Ng et al? 1
Retucci et al.®? 7
Ripoll-Gallardo et al” 9
Sartini et al” 1
Solverson et al*® 7
Thompson et al** 12
Tu et al2® 2
Villarreal-Fernandez et al*® 2
Winearls et al* 1
Xu et al® 0
Unpublished data from the Irish awake proning group 29
Unpublished data from Unity Point Health 43

Random effects model

Heterogeneity: I = 85%, 1> =0.9138, P < .01
Heterogeneity: ? = 88%, 1> =0.9311, P < .01
Test for subgroup differences: x? = 0.14, df =1 (P =.71)

Total Proportion (95% Cl)
30 _— 0.53 (0.34-0.72)
28 [/ 0.00 (0.00-0.12)
78 — 0.33 (0.23-0.45)

8 0.12 (0.00-0.53)
36 e B 0.28 (0.14-0.45)
109 — 0.72 (0.62-0.80)
26 —_— 0.35 (0.17-0.56)
38 —_— 0.24 (0.11-0.40)
104 — 0.36 (0.26-0.46)
38 —_— 0.53 (0.36-0.69)
28 — 0.18 (0.06-0.37)
17 —_— 0.12 (0.01-0.36)
43 — 0.30 (0.17-0.46)
62 — 0.63 (0.50-0.75)
66 — 0.38 (0.26-0.51)
141 - 0.11 (0.06-0.17)
852 0.30 (0.20-0.42)
10 0.60 (0.26-0.88)
20 —a 0.35 (0.15-0.59)
293 = 0.38 (0.32-0.44)
50 — 0.36 (0.23-0.51)
46 —— 0.39 (0.25-0.55)
10 0.20 (0.03-0.56)
6 0.50 (0.12-0.88)
25 [ 0.00 (0.00-0.14)
24 —a— 0.21 (0.07-0.42)
55 — 0.40 (0.27-0.54)
10 0.20 (0.03-0.56)
3 0.33 (0.01-0.91)
10 [¥— 0.00 (0.00-0.31)
10 —— 0.10 (0.00-0.45)
26 —_— 0.27 (0.12-0.48)
13 _— 0.69 (0.39-0.91)
15 - 0.07 (0.00-0.32)
17 —_— 0.41 (0.18-0.67)
25 I 0.48 (0.28-0.69)
9 0.22 (0.03-0.60)

6 0.33 (0.04-0.78)
24 0.04 (0.00-0.21)
10 0.00 (0.00-0.31)
87 —_— 0.33 (0.24-0.44)
66 — 0.65 (0.52-0.76)
870 _— 0.27 (0.19-0.37)

0.2 0.4 0.6 0.8

Proportion of outcome occurrence

Fig. 2. Association between awake prone positioning and intubation in each report and overall. A meta-analysis of pooled proportion demon-
strating the intubation rate for studies describing subjects who did or did not undergo prone positioning.

cohort of 55 subjects who were able to achieve APP for

more than 16 h daily.**

Discussion

Our systematic review of proportional outcomes from
observational studies demonstrated that APP improved

oxygenation but did not show benefit for the frequency of
intubation or mortality in subjects with acute hypoxemic
respiratory failure secondary to COVID-19. The main
strength of our study was that it was the first report focused
on effect of APP on intubation rate with a comparison with
the data from population treated with usual care during the
similar time period within the first wave of pandemic. Our
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Subgroups n Proportions (95% Cl)
Duration

<4h 178 — 0.35 (0.24-0.47)
24h 165 —_— 0.28 (0.15-0.45)
Method

HFENC, no PP 604 —_— 0.34 (0.22-0.48)
HFNC, PP 453 —_— 0.38 (0.26-0.52)
CPAP, no PP 158 — 0.29 (0.18-0.43)
CPAP, PP 73 s E— 0.36 (0.12-0.69)
NIV, no PP 5 —— 0.22 (0.03-0.70)
NIV, PP 7 —— 0.30 (0.15-0.50)
PIF

<150 mm Hg, no PP 441 —_— 0.35 (0.23-0.50)
<150 mm Hg, PP 479 - 0.39 (0.35-0.44)
> 150 mm Hg, no PP 57 0.08 (0.03-0.19)
> 150 mm Hg, PP 192 —_— 0.23 (0.13-0.38)

| I E— E—
0.2 04 06 0.8
Proportion of outcome occurrence

Fig. 3. Association between awake prone positioning and intubation
within subgroups defined by the duration of proning, the type of re-
spiratory support device, and the P4o,/Fio, ratio at enroliment. A
meta-analysis of pooled proportion of intubation for studies report-
ing time spent in prone position (< or > 4 h), oxygen delivery device
(HFNC, CPAP), and degree of hypoxemia (P/F < or > 150 mm Hg)
for studies describing subjects who did not undergo prone position-
ing and studies that reported in subjects who underwent prone
positioning. HFNC = high-flow nasal cannula, PP = prone position,
NIV= noninvasive ventilation, P/F = P0,/F|o, ratio.

study also had a large sample size, with a total of 921 sub-
jects treated with APP.

We found that APP improved oxygenation parameters,
and this improvement was sustained even after subjects
returned to the supine position in 3 studies.*'***> APP was
also associated with reduced breathing frequency, and good
tolerability was reported with the use of various modalities
of respiratory support, including conventional oxygen ther-
apy, HFNC, and CPAP or NIV that was delivered through
either a helmet or full face mask. Improvement in oxygen-
ation with APP can be explained by the correction of venti-
lation-perfusion mismatch,® better lung recruitment, and
reduction of alveolar strain.* However, improvements in
oxygenation do not guarantee better clinical outcomes. For
instance, improvements of P,o,/Fio, ratio do not correlate
with mortality in intubated patients subjected to prone posi-
tioning.”® More physiological and clinical studies are
needed to delineate the relationship between improvement
of oxygenation parameters and clinical outcomes in
patients with COVID-19.

Contrary to previous reports,”** we did not find that
APP reduced intubation rates. Several reasons can be
advanced to explain this lack of efficacy. First, intubation
criteria were not uniformly defined across studies and
involved the treating physician’s subjective judgment.
During the pandemic, the recommended respiratory support
strategies evolved from early aggressive intubation to strat-
egies of respiratory support designed to prevent intuba-
tion.>#+%%62 Second, the timing of APP initiation, either as
an adjunctive (early) or rescue (late) therapy, may influence

RESPIRATORY CARE ® ® ® VOL ® NO @

intubation rate. The use of APP at an early stage (P,0,/Fio,
ratio > 150 mm Hg) may be better tolerated, result in better
oxygenation, and protect patients from self-induced lung
injury and thus prevent further disease progression.®**
However, in our meta-analysis of proportions, we did not
detect a signal of benefit of APP in the subgroup of subjects
with Pyo,/Fio, ratio > 150 mm Hg. Third, the duration of
APP might have a dose-response relationship, and it is pos-
sible that a reduction in the rate of intubations could be
seen only in subjects who were subjected to longer periods
of APP. Our subgroup analyses did not demonstrate signifi-
cantly lower intubation rates for subjects who remained in
PP for longer periods of time, but it could be argued that
our analysis was underpowered, as only 2 studies (n = 65)
reported daily APP periods > 16 h.>*® Fourth, intubation
might be inevitable as the disease progresses, despite initial
and sustained improvement in oxygenation. It has been
argued that intubation rates are lower in patients who expe-
rience sustained improvement in oxygenation after APP,
the so-called responders.> However, this finding has not
been replicated in other retrospective studies'' and could be
the result of simple reverse causality, with patients respond-
ing to APP because of their already favorable clinical
course. Finally, an unknown proportion of subjects with do-
not-intubate orders was included in both groups, which
could have diluted any possible benefit of APP.

We did not demonstrate a signal of reduced mortality
with APP. Given the complex relationship between disease
severity, individual comorbidities, socioeconomic status,
and variable access to quality care during a pandemic, this
finding should be interpreted as exploratory. Due to the ret-
rospective nature of included studies, selection biases are
very likely. The type of respiratory support (conventional
oxygen therapy, HFNC, CPAP/NIV delivered through a
conventional mask vs a helmet) was not balanced between
subjects treated with APP and those who were not.
Analyses with stratification by the type of respiratory sup-
port device did not demonstrate significant subgroup differ-
ences in mortality. These subgroup analyses were severely
limited by the fact that we only included observational stud-
ies in our analysis; had access only to overall group statis-
tics, not individual patient data; and a proportion of
subjects were treated with various devices through the
course of their disease.

Our study has several limitations. First, data were avail-
able only from a group of relatively heterogeneous observa-
tional studies. Significant levels of inclusion bias are also
likely to be present. Without individual patient data, we
could not account for the many uncontrolled differences
between subjects treated with APP and those who received
usual care. Some subjects were subjected to APP in
extremis after failing usual care and could have been sicker
than subjects included in cohorts without APP. Conversely,
in other reports, only subjects who could self-prone were
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Study

No prone positioning

Burns et al* 14
Duca et al*® 58
Geng et al*’ 0
He et al* 10
Hernandez-Romieu et al* 24
Knights et al*® 7
Oranger et al*® 0
Pagano et al* 11
Patel et al*® 15
Sivaloganathan et al®' 3
Vianello et al* 3
Xia et al*® 13
Unpublished data from Duan et al (China) 14
Unpublished data from UChicago Medicine 35

Random effects model
Heterogeneity: 7 = 92%, 12 = 1.3768, P < .01

Prone positioning

Burton-Papp et al*®

Calligaro et al*

Coppo et al"

Damarla et al

Dong et al”® (Preprint)

Ferrando et al*®

Golestani-Eraghi et al®

Moghadam et al?®

Ng et al?

Retucci et al*?

Ripoll-Gallardo et al?

Sartini et al”

Solverson et al®

Thompson et al*

Villarreal-Fernandez et al?®

Winearls et al**

Xu et al®

Zang et al*®

Unpublished data from the Irish awake proning group
Unpublished data from Unity Point Health
Random effects model

Heterogeneity: 7 = 87%, 12 = 1.4291, P < .01
Heterogeneity: 7 = 91%, 12 = 1.5466, P < .01
Test for subgroup differences: x4 = 2.78, df = 1 (P = .10)

-
w

ONOOPROWN-_-NN_ONOOOWUGIOO

-

N

Deaths Total

Proportion (95% CI)

28 —_— 0.50 (0.31-0.69)
78 —== (.74 (0.63-0.84)
8 F— 0.00 (0.00-0.37)
36 — 0.28 (0.14-0.45)
109 —_— 0.22 (0.15-0.31)
26 _— 0.27 (0.12-0.48)
380 E— 0.00 (0.00-0.09)
18 ——=——  0.61(0.36-0.83)
104 — 0.14 (0.08-0.23)
38 0.08 (0.02-0.21)
28— 0.11 (0.02-0.28)
43 —_— 0.30 (0.17-0.46)
66 - 0.21 (0.12-0.33)
141 - 0.25 (0.18-0.33)
761 _ 0.22 (0.13-0.36)
20 E— 0.00 (0.00-0.17)
269 — 0.48 (0.42-0.54)
46 - —=— 0.11 (0.04-0.24)
10 F— 0.00 (0.00-0.31)
25 E— 0.00 (0.00-0.14)
55 - 0.15 (0.06-0.27)
10 0.20 (0.03-0.56)
10 F— 0.00 (0.00-0.31)
10 —s— 0.10 (0.00-0.45)
26 —=— 0.08 (0.01-0.25)
13 0.54 (0.25-0.81)
15 —=— 0.07 (0.00-0.32)
17 @ —=— 0.12 (0.01-0.36)
25 —m— 0.12 (0.03-0.31)
6 F— 0.00 (0.00-0.46)
24 @ —s— 0.17 (0.05-0.37)
10 F— 0.00 (0.00-0.31)
23 —_— 0.43 (0.23-0.66)
87  =— 0.08 (0.03-0.16)
66 0.39 (0.28-0.52)
767 - 0.11 (0.06-0.20)

I T T 1
0.2 0.4 0.6 0.8

Proportion of outcome occurrence

Fig. 4. Association between awake prone positioning and mortality in each report and overall. A meta-analysis of pooled proportion demon-
strating the intubation rate for studies describing subjects who did or did not undergo prone positioning.

treated with APP, and these were likely less sick than those
in the control group. Second, a variety of respiratory support
devices, including helmet CPAP, was used in both groups. It
is not known whether the choice of the device has an impact
on outcomes in patients with severe COVID-19. Third, out-
comes were highly heterogeneous, which likely reflects pop-
ulations with various disease severities, various comorbid
conditions, as well as geographical variations of care for
patients with ARDS.*> Fourth, we included unpublished,
non-peer-reviewed data. However, our findings remained ro-
bust with the exclusion of unpublished data. Fifth, the

10

mortality rate in our studies is lower than reported in other
large cohorts,**® which suggests selection and publication
bias, which would be expected to be in favor of APP. Sixth,
we were not able to control for the use of evidence-based
treatments such as corticosteroids. However, all included
reports finished enrollment before the benefit of corticoste-
roids was demonstrated® and when their use was indeed
actively discouraged. Seventh, only a minority of subjects
were able to tolerate longer periods of APP, and it can be
argued that the duration of APP was not sufficient to gener-
ate a clinically meaningful change in outcomes. However, a
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Subgroups n Proportions (95% CI)
Duration

<4h 124 —_— 0.20 (0.08-0.41)
24h 159 -— 0.12 (0.08-0.19)
Method

HFNC, no PP 495 — 0.23 (0.17-0.29)
HFNC, PP 417 —_— 0.25 (0.12-0.45)
CPAP, no PP 176 —_— 0.44 (0.20-0.70)
CPAP, PP 63 —— 0.22 (0.06-0.56)
NIV, no PP 50 —. 0.28 (0.06-0.71)
NIV, PP 77 —— 0.12 (0.06-0.22)
P/F

<150 mm Hg, no PP 349 _— 0.28 (0.11-0.55)
<150 mm Hg, PP 456 _— 0.18 (0.08-0.34)

>150 mmHg,noPP 58 ———=—
> 150 mm Hg, PP 186 -

0.23 (0.01-0.29)
0.09 (0.06-0.15)

02 04 06 08
Proportion of outcome occurrence

Fig. 5. Association between awake prone positioning and mortality,
within subgroups defined by the duration of proning, the type of re-
spiratory support device, and the P,o,/Fio, at enroliment. A meta-
analysis of pooled proportion of mortality for studies reporting time
spent in prone position (< or > 4 h), oxygen delivery device (HFNC,
CPAP), and degree of hypoxemia (P/F < or > 150 mm Hg) for stud-
ies describing subjects who did not undergo prone positioning and
studies that reported in subjects who underwent prone positioning.
HFNC = high-flow nasal cannula, PP = prone position, NIV = non-
invasive ventilation, P/F = P,0,/F|o, ratio.

physiologically effective but clinically intolerable interven-
tion would remain ineffective overall. Eighth, data for other
important outcomes, such as the number of ventilator-free
days or the ICU length of stay, were not available for analy-
sis. Finally, all included studies were performed during the
initial months of the pandemic. At that time, most groups
were not experienced with APP. We may imagine that APP
would be more effective after the learning period when
patient selection, positioning, monitoring, and duration of
session are more established. Most of these subjects were
infected with the initial virus. The efficacy of APP may be
different in variants, and the effect of APP may be higher as
clinicians gain experience with this technique.

Conclusions

In summary, available evidence from observational stud-
ies suggests that APP improves oxygenation, but these
improvements do not appear to translate into reduced rates
of intubation at the first wave of pandemic real-world prac-
tice. We did not find any obvious signals of harm, and we
did not see any worrisome signal in mortality. The high se-
lectivity of subjects, the inconsistency in the application of
prone positioning in published reports, and the heterogene-
ity of outcomes emphasize the need for randomized con-
trolled trials, as a clinically important benefit cannot be
excluded based on available low-quality data. Given the
promising benefit of APP on intubation, trials should
endeavor to include patients with different disease severity,

RESPIRATORY CARE ® ® ® VOL ® NO @

managed with a uniform strategy of respiratory support,
and with clear criteria for intubation.
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