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A B S T R A C T   

Introduction: Severe acute respiratory distress syndrome coronavirus disease-2 (SARS-CoV-2) can lead to acute 
hypoxemic respiratory failure (AHRF) with possible multisystemic involvement. Ventilation/perfusion mismatch 
and shunt increase are critical determinants of hypoxemia. Understanding hypoxemia and the mechanisms 
involved in its genesis is essential to determine the optimal therapeutic strategy. High flow nasal oxygen (HFNO) 
and awake prone positioning (APP) in patients with COVID-19 AHRF showed promising benefits. The aim of this 
systematic review was to depict current situation around the combined use of HFNO and APP in patients with 
COVID-19 AHRF. Particularly, to investigate and report the pathophysiological rationale for adopting this 
strategy and to evaluate the (1) criteria for initiation, (2) timing, monitoring and discontinuation, and to assess 
the (3) impact of HFNO/ APP on outcome. 
Methods: We performed a systematic search collecting the articles present in PubMed, Scopus, EMBASE, and 
Cochrane databases with the following keywords: COVID-19 pneumonia, high flow nasal oxygen, awake prone 
position ventilation. 
Results: Thirteen studies displayed inclusion criteria and were included, accounting for 1242 patients who 
received HFNO/ APP. The combination of HFNO/ APP has an encouraging pathophysiological rationale for 
implementing this technique. The recognition of patients who can benefit from HFNO/ APP is difficult and there 
are no validated protocols to start, monitoring, and discontinue HFNO/ APP therapy. The most used method to 
monitor the efficacy and failure of this combined technique are oxygenation indexes, but discontinuation 
techniques are inconsistently and poorly described limiting possible generatability. Finally, this technique pro-
vided no clear benefits on outcome. 
Conclusions: Our systematic search provided positive feedbacks for improving the utilization of this combination 
technique, although we still need further investigation about methods to guide timing, management, and 
discontinuation, and to assess the intervention effect on outcome.   

1. Introduction 

The severe acute respiratory distress syndrome coronavirus disease-2 

(SARS-CoV-2) virus can lead to a disease characterized by multisystemic 
involvement, with acute hypoxemic respiratory failure (AHRF) and/or 
acute respiratory distress syndrome (ARDS) secondary to pneumonia 

Abbreviations: AHRF, acute hypoxemic respiratory failure; APP, awake prone positioning; ARDS, acute respiratory distress syndrome; FiO2, fraction of inspired 
oxygen; HFNO, high flow nasal oxygen; ICU, intensive care unit; MESH, MEdical Subject Heading; PaO2, arterial partial pressure of oxygen; PEEP, SpO2, positive 
end-expiratory pressurePeripheral saturation of oxygen; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; SARS-CoV-2, severe acute 
respiratory distress syndrome coronavirus disease-2; V’/Q’, ventilation-perfusion. 
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being its predominant markers (Berlin et al., 2020). From a patho-
physiological point of view, COVID-19 infection triggers a triad of 
deleterious events: inflammation, coagulation disorders, and dysregu-
lation of the immune response (Robba et al., 2020). At the pulmonary 
level, hypoxemia is due to varied and complex mechanisms, among 
those which stand out: profound changes of the ventilation-perfusion 
(V’/Q’) relationship and the development of intrapulmonary shunt, 
which will appear to a greater or lesser extent, originating evolutionary 
stages quite well differentiated (Berlin et al., 2020; Gattinoni et al., 
2020; Li et al., 2020). Understanding hypoxemia and the mechanisms 
involved in its genesis is essential, since it can determine the most 
optimal and convenient therapeutic strategy. For these reasons, oxygen 
therapy is of vital importance in this patient cohort. In pre-COVID 19 era 
prone positioning showed oxygenation improvement in patients with 
AHRF and reduced mortality in patients with moderate to severe ARDS 
(Guérin et al., 2013). During COVID-19 pandemic, patients complicated 
with severe hypoxemia usually required HFNO with or without combi-
nation of awake prone positioning (APP) (Schmid et al., 2022). 

The aim of this manuscript is to depict current situation around the 
combined use of HFNO and APP in patients with COVID-19 AHRF. 
Particularly, to investigate and report the pathophysiological rationale 
for adopting this strategy and to evaluate the (1) criteria for initiation, 
(2) timing, monitoring and discontinuation, and to assess the (3) effect 
of HFNO/ APP on outcome. 

2. Materials and methods 

This systematic review was reported in accordance with the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA)(Liberati et al., 2009; Page et al., 2021) and the Joanna 
Briggs Institute (JBI) Reviewers’ Manual for Systematic Reviews of 
Literature and New Castle Ottawa Scale (Aromataris and Munn, 2020) 
(Supplementary material [SM] item S1). 

2.1. Search strategy and study selection 

For our purpose, three reviewers (DG, YL, BF) performed a system-
atic search of four databases (PubMed, Scopus, EMBASE, and Cochrane) 
to search and screen for relevant literature. Studies were also identified 
by citation searching from the bibliography of each relevant study. The 
search included MEdical Subject Heading [MESH] terms fitting with 
COVID-19 (coronavirus disease, COVID-19, coronavirus disease 2019, 
SARS-CoV-2, covid, coronavirus) and high flow oxygen (high flow nasal 
cannula, high flow nasal oxygen, high flow) and/ or awake prone 
positioning (prone positioning, prone position, prone) terms. The 
extended list of MeSH terms is reported in the SM item S2. Titles and 
abstracts of all identified studies were independently screened by three 
authors (DG, YL, BF) and retrieved for duplication checking. The full text 
of studies classified as relevant was reviewed by two investigators (DG 
and YL). Disagreement was resolved by a third reviewer (DB). No lan-
guage restriction was applied. We included all the studies from January 
1st, 2020, to September 1st, 2022. The inclusion criteria were as follow: 
(1) study population of adult patients (age 18 years of age or older) 
diagnosed with COVID-19 by positive real-time polymerase chain re-
action assay, (2) studies that described the combined use of HFNO and 
APP as a therapy to improve hypoxemia, and (3) randomized controlled 
trials, observational studies, including case series, case-control studies, 
cohort studies were included. Exclusion criteria were (1) studies which 
reported data on non-invasive ventilatory techniques other than HFNO; 
(2) studies in which was impossible to retrieve individual data/ 
incomplete data/ absent data on HFNO/ APP combined technique from 
mixed patient-cohorts, after consulting the corresponding author asking 
for additional data; (3) studies with < 5 patients; (4) case reports; and 
(5) outside critical care setting. 

2.2. Data extraction and risk-of-bias assessment 

Two reviewers independently extracted data (DG and YL) on the use 
of combined HFNO and APP technique. The following data were 
extracted for each study: study design characteristics (case–control, 
cohort studies, or case series), study information (first author, date of 
publication, publication type, study site), COVID-19 population char-
acteristics (number of patients, complications, survival), patient char-
acteristics (age, country, gender, sample size, severity of COVID-19 
AHRF and/or ARDS, death), and HFNO/ APP characteristics (criteria for 
starting HFNO [i.e., arterial partial pressure of oxygen/ fraction of 
inspired oxygen=PaO2/FiO2], discontinuation of HFNO, follow-up/ 
monitoring of HFNO, type of device for high flow oxygen administra-
tion, duration of prone positioning). When necessary, the corresponding 
authors of the included studies were contacted to obtain missing data 
related to trial demographics, methods, and outcomes. 

For each study, two reviewers (DG and YL) independently assessed 
the risk of bias tool using the modified 8-item Newcastle–Ottawa scale 
(NOS)(Lo et al., 2014) (SM item S3). Disagreements amongst reviewers 
were discussed with a third author until a consensus was reached (DB). 

2.3. Strategy for data synthesis 

Findings from the included studies were reported as narrative and 
tabular synthesis, structured with the aim to assess the characteristics 
and outcomes of critically ill patients with COVID-19 undergoing HFNO 
and APP combination technique. 

3. Results 

The search yielded thirteen relevant studies which fitted with our 
purpose (Ehrmann et al., 2021; Ferrando et al., 2020; Ibarra-Estrada 
et al., 2022; Jouffroy et al., 2021; Kaur et al., 2021; 
Kucukdemirci-Kaya et al., 2022; Péju et al., 2022; Qian et al., 2022; 
Rosén et al., 2021; Tu et al., 2020; Vianello et al., 2021; Xu et al., 2020; 
Yang et al., 2020). The search and selection strategies are shown in  
Fig. 1. Overall, 1242 patients undergoing HFNO/ APP combination 
therapy in ICU setting were included. The risk of bias assessment of 
methodological quality of the studies according to the NOS revealed 
nine studies rated as high quality, four as moderate quality, and zero 
studies rated as low quality. The scoring process is presented in SM Item 
S4. 

The debates put forward and the preliminary data available, make it 
possible to generate hypotheses regarding the use of both techniques 
simultaneously, particularly when combining their effects on respiratory 
physiology, and enhance their benefits. Data on combination therapy 
with HFNO/ APP are presented in Table 1. 

3.1. Criteria and rationale for initiation HFNO/ APP 

The criteria for initiation of HFNO was not reported in three studies. 
Ten studies reported PaO2/FiO2 cut-off compatible with mild-moderate 
ARDS as criteria for HFNO/ APP initiation (Ehrmann et al., 2021; Kaur 
et al., 2021; Kucukdemirci-Kaya et al., 2022; Rosén et al., 2021; Tu et al., 
2020; Xu et al., 2020), one study used the modified Kigali definition of 
mild ARDS as possible alternative to the Berlin definition (Ehrmann 
et al., 2021), three studies reported a cut-off SpO2 < 90–93 % using 
oxygen flow 15 L/min through a non-rebreathing mask for HFNO/ APP 
initiation (Ferrando et al., 2020; Ibarra-Estrada et al., 2020; 
Kucukdemirci-Kaya et al., 2022). 

All the studies did not report a local protocol for initiation and 
management of HFNO/ APP combination technique (Ehrmann et al., 
2021; Ferrando et al., 2020; Ibarra-Estrada et al., 2022; Jouffroy et al., 
2021; Kaur et al., 2021; Kucukdemirci-Kaya et al., 2022; Péju et al., 
2022; Qian et al., 2022; Rosén et al., 2021; Tu et al., 2020; Xu et al., 
2020; Yang et al., 2020). Information on how to start HFNO were 
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provided by seven studies. HFNO was mainly initiated at flow rates 
between 40 and 80 L/min, and tritated to SpO2 between 89 % and 95 % 
(Ehrmann et al., 2021; Kaur et al., 2021; Kucukdemirci-Kaya et al., 
2022; Qian et al., 2022; Rosén et al., 2021; Tu et al., 2020; Vianello 
et al., 2021). Criteria for initiation of APP were not clearly stated nor 
protocolised. 

Delayed intubation and lower intubation rate were the most 
convincing rationale for initiation of HFNO/ APP in COVID-19 AHRF 
(Ferrando et al., 2020; Ibarra-Estrada et al., 2022; Tu et al., 2020; Yang 
et al., 2020), despite some studies did not confirmed this benefit (Kaur 
et al., 2021; Rosén et al., 2021). In the study of Xu et al., no patient 
required invasive mechanical ventilation (Xu et al., 2020). 

3.2. Timing, monitoring, and discontinuation of HFNO/ APP 

Data on timing are heterogenous. Combined HFNO/ APP therapy 

was continued “as long as tolerated” (Ehrmann et al., 2021; 
Ibarra-Estrada et al., 2022; Kaur et al., 2021), “for > 16 h per day” 
(Ferrando et al., 2020; Rosén et al., 2021; Xu et al., 2020), “12 h for 1–2 
times per day”, or in some cases “for shorter periods of time” (2–6 h or 
more than 6 h for 1–5 times per day) (Jouffroy et al., 2021; 
Kucukdemirci-Kaya et al., 2022; Tu et al., 2020; Yang et al., 2020). One 
study did not report the timing of utilization of this technique (Péju 
et al., 2022). 

Criteria for monitoring and discontinuation of HFNO/ APP were not 
clearly reported. However, four studies used the SpO2, ROX index and/ 
or PaO2/FiO2 ratio to assess the efficacy and to discontinue the therapy 
and to predict the risk of HFNO/ APP failure (Kucukdemirci-Kaya et al., 
2022; Rosén et al., 2021). The main criteria for discontinuation of 
HFNO/ APP, were described as: FiO2 ≤ 0.4 with flow ≤ 20 L/min to 
maintain SpO2 > 90 % for 2 h (Ibarra-Estrada et al., 2020), FiO2 ≤ 0.4 
using a flow ≤ 40 L/min (Kaur et al., 2021), hospital discharge, 

Fig. 1. PRISMA flowchart.  
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Table 1 
Studies that investigate the effect of prone position combined with HFNO compared to standard care in patients with COVID-19 pneumonia. HFNO=high flow nasal 
oxygen; APP=awake prone positioning; HR=hazard ratio; PaO2 =arterial partial pressure of oxygen; FiO2 =fraction of inspired oxygen; NA=not available; 
IMV=invasive mechanical ventilation; SpO2 =peripheral saturation of oxygen, OR=Odds Ratio, RR=Relative Risk.  

Reference Country Number of 
patients 

HFNO Onset Parameters of 
HFNO 

APP Timing APP/ HFNO 
discontinuation 

Comments 

(Ehrmann et al. 
(2021) 

Canada 
France 
Ireland 
Mexico 
USA 
Spain 

1121 
(HFNO/ 
APP 564, 
HFNO 
557) 

PaO2/FiO2 ≤ 300 or 
SpO2/FiO2 ≤ 315 

Maximum 
tolerated flow 
setting 
Titrated to 
SaO2 > 90–95 
% 

As long as tollerated/ 
failure 

Hospital discharge, 
intubation (respiratory 
rate >40 breaths min, 
fatigue, respiratory 
acidosis pH<7.25, 
copious tracheal 
secretions, SpO2 <90 % 
with FiO2 >0.8, 
hemodynamic 
instability, deteriorating 
mental status), death, 
improved oxygenation 

Treatment failure 
(intubation or death) 
40 % HFNO/ APP vs 
46 % HFNO (RR 
0.86), HR for 
intubation 0.75, for 
28-day mortality 
0.87. 

(Xu et al., 2020) China 10 PaO2/FiO2 < 300 Flow NA 
SpO2 > 90 % 

> 16 h/day NA None of enrolled 
subject underwent 
IMV 

(Tu et al., 2020) China 9 HFNO > 2 days with 
PaO2/FiO2 < 150 

Initial flow 
rate 50–60 L/ 
min targeted 
to SpO2 > 90 
% 

2 h, 5 times/day Scarce tolerance to APP. Intubation rate 22.2 
%, HFNO/ APP 
significantly 
increased SpO2 and 
PaO2 compared with 
HFNO 

(Ferrando et al., 
2020) 

Spain 1076 (55 
HFNO/ 
APP) 

Admission. 
SpO2 < 93% with 
oxygen 15 L/min. 

NA > 16 h per day NA Intubation rate 40 %. 
HFNO/ APP did not 
reduce risk intubation 
(HR 0.87), but 
increased the time to 
intubation in 
comparison with 
HFNO alone. Similar 
length of ICU stay and 
28-day mortality. 

(Kaur et al., 2021) USA 125 Admission 
PaO2/FiO2 < 240 

Initial flow 
50 L/min 
titrated to 
SaO2 > 90–95 
% 

As long as tollerated FiO2 < 0.4 and HFNO 
flow 40 L/min. 

Early APP lower 
mortality rate (26% 
vs 45%); no difference 
in intubation rate 

(Ibarra-Estrada 
et al., 2022) 

Mexico 430 (216 
HFNO/ 
APP, 214 
HFNO) 

Admission. 
SpO2 < 90 % with 
oxygen mask 15 L/min 

Max flow 
40 L/min, 
FiO2 > 30 % 
Titrated to 
SpO2 90–95 % 

As long as tollerated. 
APP/HFNO success 
defined as 
respiratory rate< 25 
breaths min, 
increased 
ROX> 1.25 after first 
session, APP> 8 h, 
lung ultrasound 
score reduced by 2 or 
more. 

FiO2 ≤ 0.4 with flow 
≤ 20 L/min to maintain 
SpO2 ≥ 90 % for 2 h, 
need for non-invasive 
mechanical ventilation, 
death. 

HFNO/ APP group: 
lower intubation rate 
(30 %) than HFNO 
(43 %) RR= 0.7, 
shorter length of stay 
(11 % vs 13 %) 

(Péju et al., 2022) France, 
Belgium, 
Switzerland 

187 (8 
HFNO/ 
APP) 

According to the severity 
of respiratory failure and 
local protocol. 

NA NA NA Pregnant patients. 
Eight patients APP/ 
HFNO of whom 3 
intubated. 

(Kucukdemirci-Kaya 
et al., 2022) 

Turkey 35 (13 
HFNO/ 
APP) 

Admission. Respiratory 
rate > 30 breaths min 
with SpO2 < 92 % with 
oxygen 15 L/min, and/ 
or PaO2/FiO2 < 150 

Flow 50–80 L/ 
min, titrated to 
SpO2 > 88 % 

12 h for 1–2 times/ 
day 

Death, intubation. 
ROX index and PaO2/ 
FiO2 at 2 h to predict 
intubation risk were 
higher in the treatment 
success group. 

No differences in 
treatment failure 
(intubation, death) 
between APP vs. non 
HFNO/ APP groups 
(OR 0.29), no 
difference in COVID- 
19 phenotype (OR 
0.24). 

(Qian et al. (2022) USA 501 (71 
HFNO/ 
APP) 

Admission, not specified. Oxygen 
therapy 
targeted to 
SpO2 89 % 

Admission 4 h/2 
times day 

NA No clinical benefits on 
outcome of HFNO/ 
APP as compared to 
HFNO alone. 

(Yang et al., 2020) Canada 51 (10 
HFNO/ 
APP) 

Admission, not specified. At provider’s 
discretion 

Daily 
If required FiO2 

> 0.65 

At provider’s discretion 39 % not required 
intubation. 

(Rosén et al., 2021) Sweden 75 (36 APP 
group of 
whom 31 
HFNO/ 

Admission. 
PaO2/ 
FiO2 < 150 mmHg for 
more than 1 h 

Median flow 
50 L/min 

APP 16 h/day Intubation, 
improvement (standard 
facemask with oxygen 
flow rate<5 L/min for 

No differences. 
Intubation 13 patients 
control vs. 12 APP 
group (HR 1.01). 

(continued on next page) 
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intubation, death, need for non-invasive mechanical ventilation, “at 
provider’s discretion”, or “intolerance” (Ehrmann et al., 2021; 
Kucukdemirci-Kaya et al., 2022; Rosén et al., 2021; Tu et al., 2020; Yang 
et al., 2020). 

3.3. Impact of combination HFNO/ APP therapy on outcome 

The use of HFNO/ APP provided not clear benefits on outcome 
(Table 1). Survival benefits were observed in patients who passed the 
HFNO/ APP trial and early application of HFNO/ APP, although some 
other studies did not confirm these benefits (Kaur et al., 2021; Vianello 
et al., 2021). ICU length of stay was reduced in one study (Ibarra-Estrada 
et al., 2020). Therefore, there is still no consensus on the use of this 
technique to provide benefits on intubation rates and timings, ICU 
length of stay and mortality. 

4. Discussion 

To the best of our knowledge, this is the first systematic review 
investigating the use of combined HFNO/ APP in COVID-19 patients 
with AHRF. This combined technique is poorly defined and inconsis-
tently applied in clinical practice, and recommendations on methods to 
start or discontinue HFNO/ APP are lacking. The main findings of our 
systematic search are that (1) the combination of HFNO/ APP has been 
inconsistently adopted during the pandemic but the pathophysiological 
rationale for implementing this technique is encouraging; (2) the 
recognition of patients who can benefit from HFNO/ APP is poorly 
defined and there are no validated protocols to start, monitoring, and 
discontinue HFNO/ APP therapy; (3) the most used method to monitor 
the failure of this combined technique are the PaO2/FiO2, SpO2, and 
ROX index, but methods to assess efficacy and discontinuation tech-
niques are poorly described limiting possible generatability. Finally, (4) 
this technique provided no clear benefits on outcome. Therefore, the 
available literature is insufficient to provide recommendations on the 
applicability of this combined technique or on methods to assess its ef-
ficacy to recognize failure avoiding patients harm (Cammarota et al., 
2021; Li et al., 2022). However, below we discuss the rationale for 
implementing the use of combined HFNO/ APP in patients with 
COVID-19 AHRF. 

4.1. Criteria and rationale for initiation HFNO/ APP combination 
strategy 

Our search did not provide clear criteria and rationale for initiation 
of HFNO/ APP therapy. The recognition of patients at risk of disease 
progression who may benefit from a combined strategy using HFNO/ 

APP is poorly described. However, the literature well-describes how to 
assess the severity of lung injury in patients with COVID-19 AHRF to 
identify those who may require intubation and invasive mechanical 
ventilation. These vary from gas exchange to lung images, scores of 
organ severity, and more recently also the adoption of biological 
markers (Gorman et al., 2022). COVID-19 pneumonia often meets the 
Berlin criteria of ARDS but manifests with peculiar features, which may 
need different treatment strategy according to radiological phenotype 
(Gattinoni et al., 2020; Robba et al., 2020). However, our search found 
that radiological criteria have not been considered to initiate HFNO/ 
APP therapy. Phenotype 1 (L) is characterized by a radiological aspect 
with ground-glass opacities, greater presence of aerated lung tissue, 
higher respiratory system compliance and relatively good respiratory 
mechanics (Gattinoni et al., 2020; Robba et al., 2020). This phenotype is 
typically seen during the initial stages of the disease, where hypoxia is 
driven by the predominance of low V’/Q’ areas (with decreased venti-
lation in poorly aerated lung areas or increased perfusion in normally or 
poorly aerated regions) (Gattinoni et al., 2020; Robba et al., 2020). 
Non-invasive respiratory support may be efficient at this stage, including 
the application of HFNO, continuous positive airway pressure (CPAP), 
or non-invasive mechanical ventilation (NIMV) as first-line therapeutic 
strategy with the use of high fraction of oxygen and low-moderate levels 
of positive end-expiratory pressure (PEEP) (Robba et al., 2021a). 
Phenotype 2 (H) is characterized mostly by non-perfused and poorly 
aerated lung regions with increased shunt, progressive reduction in the 
lung compliance with severe hypoxemia, and greater consolidation of 
lung regions (Gattinoni et al., 2020; Robba et al., 2020). In COVID-19 
AHRF the distribution of perfusion follows a reverse gravitational 
pattern where the most blood volume is distributed mainly to the 
aerated areas (Pelosi et al., 2022). In this case, deterioration of gas ex-
change is frequent, and the patients may need invasive mechanical 
ventilation (Robba et al., 2021a) (Fig. 2). 

Accordingly, our search revealed that HFNO/ APP strategy can avoid 
or delay intubation in patients at risk, but intubation remains a clini-
cians’ decision based on individual patients’ factors (i.e., tiring, work of 
breathing, consolidation burden). The use of HFNO alone demonstrated 
lower intubation rates both in patients with and without COVID-19 
AHRF (Agarwal et al., 2020; Demoule et al., 2020; Ospina-Tascón 
et al., 2021; Peng et al., 2022; Perkins et al., 2022). Additionally, HFNO 
facilitates the management of FiO2 reliably while concurrently modi-
fying the conditions of the gas supplied such as temperature and hu-
midity (Raoof et al., 2020; Suffredini and Allison, 2021). 
Physiologically, higher flows tend to meet inspiratory demands, 
decrease anatomical dead space, lower respiratory rate, and work of 
breathing. Additionally, high flows tend to generate positive pressure in 
the upper airways, thus, decreasing airway resistance and providing 

Table 1 (continued ) 

Reference Country Number of 
patients 

HFNO Onset Parameters of 
HFNO 

APP Timing APP/ HFNO 
discontinuation 

Comments 

APP, 39 
control) 

12 h), clincian 
discretion. 

(Jouffroy et al., 
2021) 

France 40 (37 
HFNO/ 
APP) 

Admission, not specified. NA 3–6 h, 2 times/ day NA No effects on 
intubation (HR 0.96) 
or 28-day mortality 
rates (HR 0.51) 

(Vianello et al., 
2021) 

Italy 93 Admission, not specified. FiO2 0.21–1.0 
flow up to 
60 L/min 
adjusted to 
maintain 
SpO2 > 93 % 

> 2 h, 2 times/ day. Non-invasive ventilation 
started when FiO2 > 0.6 
needed to achieve 
SpO2 > 92%, intubation 
at provider’s discretion. 
APP failure was defined 
as inability to maintain 
APP> 2 h, refusal, 
inadequate cooperation, 
or lack of improvement/ 
deterioration in 
oxygenation. 

Sixteen (17.2 %) 
patients were 
intubated, 27 (29 %) 
escalated to non- 
invasive ventilation, 9 
died (9.7 %). In 
patients who passed 
the HFNO/ APP trial 
(around 50 %), 
survival benefits were 
observed without 
escalation of therapy.  
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PEEP by means of 1 cmH2O for every 10 liters of flow administered. 
Benefits of its use include an increase in the end expiratory volume, 
decrease in the cardiac preload and easier management of secretions 
(Raoof et al., 2020; Suffredini and Allison, 2021). HFNO is a versatile 
device that can be used in every environment in the hospital including 
general wards and emergency rooms especially so when the capacity in 
critical care units is limited, such as the pandemic scenario. However, in 
low-income countries the availability of this device is low (Silva et al., 
2020). The device is generally well tolerated by patients (Raoof et al., 
2020; Suffredini and Allison, 2021), and guidelines and various clinical 
consensuses have recommended its use in clinical practice (Cinesi 
Gómez et al., 2020; Rochwerg et al., 2020). 

In case of respiratory deterioration, a trial of APP may be considered 
before endotracheal intubation (Robba et al., 2021b). The aim is to 
implement HFNO/ APP for 12–16 h per day in 3–4 sessions depending 
on patient’s tolerance without delaying endotracheal intubation and 
mechanical ventilation if this fails or it is not tolerated. Over the last 30 
years, APP has been used to improve oxygenation in ARDS, considered 
now standard of care (Guérin et al., 2020). The mechanisms with which 
it improves oxygenation varies. One theory supports the decrease of 
transpulmonary pressures by homogeneously distributing gravitational 
forces throughout the lung parenchyma rather than affecting only the 
lower lobes and posterior segments, thus, causing alveolar recruitment 
and improved ventilation of the aforementioned areas (Guérin et al., 
2020). Additionally, it decreases the stress index and improves lung 
compliance (Guérin et al., 2020). Prone ventilation only partially 
changes pulmonary perfusion, but rather improves the V’/Q ‘mismatch 
and decreases the shunt component (Guérin et al., 2020). According to 
COVID-19 phenotypes, phenotype 1 in supine position presents a low 
V/Q with anti-gravitational distribution of pulmonary blood flow. In 
prone position, oxygenation can improve due to a partial redistribution 
of pulmonary blood flow that remains anti-gravitational. In phenotype 
2, in supine position, the pulmonary blood flow is anti-gravitationally 
distributed and true shunt is increased, whereas in prone position, the 
partial redistribution of blood flow from dorsal to ventral lung regions 

may improve oxygenation regardless of effective alveolar recruitment. 
This can be also associated with decreased carbon dioxide washout 
(Pelosi et al., 2022). APP can be easily incorporated after the adequate 
training without increasing costs and can be initiated in patients that are 
spontaneously breathing outside the ICU (Guérin et al., 2020). Prior 
studies have demonstrated a clear benefit of APP in improving oxygen 
exchange in non-intubated patients with AHRF of different etiologies 
(Scaravilli et al., 2015). In SARS-CoV-2 pneumonia specifically, the APP 
is feasible and safe under clinical conditions (Jayakumar et al., 2021) 
and data has shown improved oxygenation (Coppo et al., 2020). As a 
result, various national societies and institutions have developed pro-
tocols and recommendations for the use of prone ventilation in 
COVID-19 patients. In conclusion, the available information does not 
detail timing and criteria to initiate APP, duration or when to discon-
tinue, and how to safely combine this rescue strategy with HFNO. 
However, the rationale to implement this strategy is clearly highlighted 
by the literature. SM Item S5 presents a possible flowchart for HFNO/ 
APP initiation. 

4.2. Timing, monitoring and discontinuation of HFNO/ APP 

According to our systematic review, methods to assess timing of 
HFNO/APP were variable and poorly defined. Most studies did not 
report the duration of therapy, some studies applied this therapy for 
more than 16 h, while others for few hours but more than once/day. 
Therefore, there is no univocal information about methods to assess 
patient response to therapy nor to guide management. If the decision to 
use HFNO/ APP is made, the available literature suggest monitoring its 
failure via PaO2/FiO2, SpO2, ROX index (Prakash et al., 2021; Roca 
et al., 2016; Vega et al., 2022) or Single-Breath Counting Test (SBCT) 
evaluation (Longhitano et al., 2021). Prone positioning should be 
carefully monitored for possible hemodynamic instability. Other com-
plications related to prolonged prone positioning have been reported, 
including bleeding of mouth and lips, nose, exit site vascular access, 
endobronchial, eyelid, and medical vascular displacement (Binda et al., 

Fig. 2. COVID-19 phenotypes at CT scan and LUS. A) CT Scan showed pattern type H, aerated lungs with subpleural effusions irregularly distributed. B) Lung 
Ultrasound (LUS) showed irregular and broken pleural lines with multiple B-lines. C) CT scan showed type L pattern, diffuse bilateral confluent patchy ground glass 
with bilateral consolidation; D) LUS showed large zone of consolidation with air bronchograms. 
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2021). Specific criteria based on HFNO parameters were provided by 
Ibarra-Estrada et al. who discontinued HFNO/ APP for FiO2 ≤ 0.4 with 
flow ≤ 20 L/min to maintain SpO2 greater than 90 % for 2 h (Ibar-
ra-Estrada et al., 2020), and Kaur et al. (2021) who discontinued HFNO/ 
APP when achieving a FiO2 ≤ 0.4 using a flow ≤ 40 L/min. Other 
criteria for discontinuation were hospital discharge, intubation, death, 
need for non-invasive mechanical ventilation, “at provider’s discretion”, 
or “intolerance” (Ehrmann et al., 2021; Kucukdemirci-Kaya et al., 2022; 
Rosén et al., 2021; Tu et al., 2020; Yang et al., 2020). Vianello et al. 
(2021) assessed a HFNO/ APP trial in each patient to investigate possible 
failure/ success of HFNO/ APP combination technique. Like timing and 
monitoring, also criteria for discontinuation of HFNO/ APP therapy is 
poorly reported by the literature and needs to be implemented. SM Item 
S5 presents a possible flowchart for HFNO/ APP discontinuation. 

4.3. Impact of HFNO/ APP on outcome 

According to our findings, there is no consensus on the potential 
benefits of HFNO/ APP on outcome. The literature available report 
contrasting findings. Ehrmann et al. (2021) reported no significant 
hazard for mortality. Kaur et al., (2021) found that early HFNO/ APP 
was associated with lower mortality rate in comparison with late HFNO/ 
APP (26 % vs 45 %). Jouffroy et al. (2021) found no significative 
reduction of mortality at 28-days in patients receiving HFNO/ APP 
therapy. In a post-hoc analysis of a randomized controlled trial, Kaur 
et al. evaluated the timing to start the awake prone position therapy. 
This sub-study includes 125 patients and evaluates early APP vs late APP 
(cut-off 24 h), all patients underwent HFNO oxygen therapy. The early 
APP group presented lower mortality (26 % vs 45 %, p = 0.039), despite 
no difference in terms of intubation rate (Kaur et al., 2021). Another 
recent multicentered randomized controlled trial evaluated patients 
with acute respiratory failure due to COVID-19 treated with HFNO ox-
ygen therapy. They were divided in two groups those who underwent 
APP and those who did not. The results confirmed that APP reduces the 
intubation rate (30 % vs 43 %, relative risk [RR] 0.70; CI95 0.54–0.90, 
p = 0.006) and hospital length of stay (11 interquartile range [IQR, 
9–14] vs 13 [IQR, 10–17] days, p = 0.001) (Ibarra-Estrada et al., 2022). 

4.4. Limitations 

This systematic review has some limitations that deserve to be 
addressed. First, the available literature was poor and highly heteroge-
nous limiting the possibility of per-forming a meta-analysis. Second, 
data are insufficient to provide clear recommendations. Third, studies 
including mixed techniques other than HFNO in which individual pa-
tient data were impossible to extract after contacting the corresponding 
author were excluded. 

5. Conclusions 

In conclusion, the combined use of HFNO and APP is a valid and 
promising technique. Both modalities have attractive physiologic and 
noninvasive features that are well tolerated. With the available evi-
dence, our systematic review was unable to provide clear recommen-
dation on criteria for initiation, timing, monitoring, and 
discontinuation, and effect of HFNO/ APP on outcome. Further studies 
are necessary to promptly establish these principles. 
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Ramírez, P.G., Pavlov, I., Gilman, S., Plamondon, P., Roy, R., Jayaraman, D., 
Shahin, J., Ragoshai, R., Kaur, A., Campisi, J., Dahine, J., Perron, S., Achouri, S., 
Racette, R., Kulenkamp, A., Roca, O., Pacheco, A., García-de-Acilu, M., Masclans, J. 
R., Dot, I., Perez, Y., Bodet-Contentin, L., Garot, D., Ehrmann, S., Mercier, E., Salmon 
Gandonnière, C., Morisseau, M., Jouan, Y., Darwiche, W., Legras, A., Guillon, A., 
Tavernier, E., Dequin, P.-F., Tellier, A.-C., Reignier, J., Lascarrou, J.-B., Seguin, A., 
Desmedt, L., Canet, E., Guitton, C., Marnai, R., Callahan, J.-C., Landais, M., 
Chudeau, N., Darreau, C., Tirot, P., Saint Martin, M., Le Moal, C., Nay, M.-A., 
Muller, G., Jacquier, S., Prat, G., Bailly, P., Ferrière, N., Thille, A.W., Frat, J.-P., 
Dellamonica, J., Saccheri, C., Buscot, M., Plantefève, G., Contou, D., Roux, D., 
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