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Abstract 

Background: Prone positioning has traditionally been implemented in the ICU as a last resort measure to 

treat ventilator-induced lung injury (VILI) and acute respiratory distress syndrome (ARDS). With the 

COVID-19 pandemic, awake prone positioning (APP) in non-intubated patients emerged as an 

intervention on general medical wards to prevent respiratory decompensation and transfer to the ICU 

as these patients frequently developed acute hypoxemic respiratory failure (AHRF) and ARDS. Methods: 

A critical analysis of a local community APP protocol was performed with updated recommendations 

from a comprehensive review of literature and feedback from stakeholders. Results: Early initiation and 

longer duration of APP is associated with improved patient outcomes, with periods of 30 minutes to 2 

hours having immediate improvement on oxygenation and periods of >8 hours reducing intubation and 

mortality rates. Few adverse side effects have been identified. Barriers to implementation include 

adequate equipment and staffing resources, consideration of relative and absolute contraindications, 

and awareness of APP as an existent, nurse-initiated protocol. Conclusion: APP is a non-invasive, 

feasible, nurse-driven intervention that may be applied in both ICU and non-ICU settings to decrease the 

risk  of respiratory decompensation. APP may be considered outside of the context of the COVID-19 

pandemic in cases of future respiratory illnesses in which physiological effects of APP may have similar 

outcomes. 

 

 Keywords: Awake prone positioning (APP), COVID-19, acute respiratory distress syndrome 

(ARDS), acute hypoxemic respiratory failure (AHRF), high flow nasal cannula (HFNC), non-invasive 

ventilation (NIV), intensive care unit (ICU) 
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Critical Analysis of an Awake Prone Positioning Protocol at a Community Hospital 

 Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), spread globally during the 

pandemic, resulting in mild to severe symptoms of Coronavirus disease 2019 (COVID-19) with 

complications of acute hypoxemic respiratory failure (AHRF) and acute respiratory distress syndrome 

(ARDS). As of April 1, 2023, the national prevalence of COVID-19 reached approximately 104 million 

cases, 6 million hospitalizations, and 1.1 million deaths (Centers for Disease Control and Prevention 

[CDC], 2023a). In Washington state, the first state to identify the virus in the United States, there have 

been 1.9 million reported cases resulting in more than 83 thousand hospitalizations and 16 thousand 

deaths (Washington State Department of Health, 2023).  

The severity of COVID-19 led to high intubation and mortality rates - often overwhelming the 

capacity for care in intensive care units (ICU) and subsequently leading to higher patient acuity in 

general hospital wards (Douin et al., 2020). Risk factors and interventions were identified and 

implemented rapidly as patients presented with ranging levels of disease severity. Individuals with 

comorbidities such as advancing age, cancer, chronic kidney disease, chronic liver disease, chronic lung 

disease, diabetes, cardiovascular disease, and immunocompromised states were identified as risk 

factors for developing severe disease (CDC, 2023b).  

Prior to the COVID-19 pandemic, morbidity and mortality from cases of ARDS were nonetheless 

high. ICU and hospital mortality rates were estimated to be 42.7% and 47.8% in the ICU and the general 

hospital setting respectively (Villar et al., 2011). Approximately 190 thousand cases of ARDS were 

estimated in the United States each year (Rubenfeld et al., 2005). The majority of these patients (85%) 

required mechanical ventilation (Bellani et al., 2016). Up to 10% of admitted ICU patients and up to 23% 

of patients who were mechanically ventilated met criteria for ARDS (Rubenfeld et al., 2005). Despite the 

significant morbidity and mortality of ARDS, clinical recognition ranged from 51.3% (95% CI [47.5-55.0]) 
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in mild to 78.5% (95% CI, [74.8-81.8]) in severe cases, while prone positioning (a non-invasive 

intervention shown to improve treatment of ARDS) was only used in 16.3% (95% CI, [13.7-19.2]) of 

patients with severe forms (Bellani et al., 2016).  With the pandemic, high patient acuity and lack of bed 

capacity resulted in the need for a novel approach to the care of patients at extreme risk of ARDS with 

awake prone positioning (APP) as an intervention to reduce the risk of respiratory decompensation. 

Non-Cardiac Pulmonary Edema (ARDS) Pathophysiology 

A direct or indirect lung insult, such as pneumonia or sepsis, initiates the exudative phase of 

ARDS with release of neutrophils and proinflammatory cytokines resulting in progressive alveolar-

capillary damage, accumulation of protein-rich fluid in the alveolar spaces, and malfunctioning 

pneumocytes with diminished surfactant production resulting in the collapse of alveoli. The 

fibroproliferative phase presents with early fibrotic changes and thickening of damaged alveolar 

capillaries progressing to increased collagen deposition, ventilation-perfusion (V/Q) mismatching, and 

diminished lung compliance (Walkey et al., 2012).  

The Berlin criteria for diagnosis includes acute onset, bilateral non-cardiogenic lung infiltrates on 

chest radiography or computed tomography, and a PaO2/FiO2 (P/F ratio) <300 mmHg with positive end-

expiratory pressure (PEEP) >5 (ARDS Definition Taskforce et al., 2012). Increasing severity is inversely 

correlated to the PaO2/FiO2 ratio. The Kigali modification of identifying ARDS in resource-limited settings 

includes ultrasonography over radiography for identification of infiltrates and an SpO2/FiO2 <315 

without a PEEP requirement (Riviello et al., 2016). When applying SpO2/FiO2 ratios to assess 

improvement in oxygenation, arterial blood gases should be used to correlate SpO2 readings as they may 

be overestimated in patients with darker skin which can lead to ethnic disparities (Fawzy et al., 2022). 
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COVID-19 Pathophysiology 

A valuable hypothesis presented by Gattinoni et al. (2020) proposed the severity of COVID-19 

patterns being affected by “(1) the severity of the infection, the host response, physiological reserve and 

comorbidities, (2) the ventilatory responsiveness of the patient to hypoxemia, and (3) the time elapsed 

between the onset of the disease and the observation in the hospital” (p. 1099). Gattinoni et al. (2020) 

proposed two phenotypes of COVID-19 based on the progressive course of the disease from an atypical 

presentation of ARDS with a highly compliant state, no V/Q mismatch, and low lung recruitability to a 

more typical presentation with decreased lung compliance, a V/Q mismatch, and high lung recruitability: 

Type L and Type H respectively.  

The physiology of these two phenotypes may illuminate the efficacy of prone positioning at 

different time points of COVID-19. In type L, for example, the focus may be on reversing hypoxemia and 

relieving dyspnea by increasing the fraction of inspired oxygen (FiO2) through conventional oxygen 

therapy or noninvasive ventilation (NIV) instead of recruitment maneuvers, which would be futile at this 

point, whereas in type H, recruitment maneuvers such as mechanical ventilation and use of prone 

positioning could improve the V/Q mismatch. 

Physiology of Prone Positioning for ARDS 

 Prone positioning has been utilized in ICUs as early as the 1970s for the prevention of ventilator-

induced lung injury (VILI) and treatment of ARDS (Piehl & Brown, 1976). Physiologically, prone 

positioning improves the V/Q mismatch (Henderson et al., 2013). As pressure is relieved from the dorsal 

surfaces of the lungs and trans-pulmonary pressures become more homogenous, dorsal alveoli are 

recruited and ventilation is more evenly distributed to functional lung spaces with minimal change in 

perfusion (Guérin et al., 2020). Clearance of secretions may further enhance ventilation and 

oxygenation. 
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Awake Prone Positioning (APP) Definition 

Improved mortality rates were identified in mechanically ventilated patients with severe ARDS 

undergoing traditional prone positioning for at least 16 hrs (Guérin et al., 2013). With the emergence of 

COVID-19, a trend in prone positioning in non-intubated patients in the emergency department and 

general medical floors appeared and was defined as awake prone positioning (APP) (Touchon et al., 

2021). Limited evidence exists on the benefits of APP with regard to escalation of oxygen therapy, 

transfers to higher levels of care, intubation and mortality rates, and length of hospital stay as well as a 

lack in standardized protocols of initiation, duration, and termination of therapy. 

Lung Ultrasound Score and ROX Index 

 Various lung ultrasound score (LUS) calculations exist to determine lung aeration and 

extravascular lung water reflecting high density tissue. The most common scoring system ranges from 0 

to 36 with higher scores indicative of poor aeration and greater consolidation (Mojoli et al., 2019). The 

score is calculated in six regions of the hemithorax based off ultrasound findings of 1) A or B-lines and 2) 

tissue-like pattern (representing consolidation) and is strongly correlated to tissue density findings on 

computed tomography and extravascular lung water assessed by transpulmonary thermodilution. LUS 

has been used in prediction of extubation distress and monitoring of conditions such as ventilator-

associated pneumonia and ARDS. Findings such as multiple anterior diffuse B lines with lung sliding can 

be 97% sensitive and 95% specific for pulmonary edema (Lichtenstein & Mezière, 2008). However, 

ultrasound is operator-dependent and requires training. 

 The ROX index is another score in the management of pneumonia and ARDS that predicts failure 

of high flow nasal cannula (HFNC) treatment in patients with COVID-19 AHRF (Prakash et al., 2021). It is 

calculated by dividing the SpO2/FiO2 by the respiratory rate. Lower scores are indicative of higher risk of 

intubation with sensitivity of 0.70 (95% CI, 0.59–0.80) and specificity of 0.79 (95% CI, 0.67–0.88) 
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Research Question 

 Given ongoing limited resources and a predicted healthcare workforce shortage, research begs 

the question of how healthcare personnel can learn from this historical event to prevent respiratory 

decompensation in patients with future respiratory illnesses in general medical wards. The aim of the 

project is to critically appraise an existing protocol of APP in non-intubated patients in non-ICU settings 

at a local community hospital through a comprehensive literature review of current evidence 

supplemented with feedback from stakeholders. 

Theoretical Framework 

 The theoretical framework used for this project is Stetler’s Model of Evidence-Based Practice to 

guide the translation of research into clinical practice (Christenbery, 2018). The initial step involves 

preparation, identifying the purpose of the research, considering influential factors, and searching and 

sorting through the research. This step includes identifying the appropriate key terms used to guide 

research and obtain relevant literature that will answer the question addressed by the project. The step 

of validation is key in assessing evidence for level of quality, which involves verifying credibility, 

evaluating levels of evidence based on study design, addressing methodological strengths and 

weaknesses of studies, and considering potential clinical practice implications versus statistical 

significance. Some studies may have high statistical significance but may not be applicable in a clinical 

setting whereas others may have low statistical significance but a lack of adverse outcomes leading to 

potential for clinical impact.  

Next, the comparative evaluation and decision-making steps involve an overall synthesis of 

literature with comparisons and differences amongst studies in order to draw final conclusions. Last of 

all, translation into clinical practice focuses on how research will be implemented at an individual, 

group, and organizational level and disseminated to appropriate audiences and stakeholders, with 

emphasis on those involved in the care of patients and education of staff. The outcomes and the degree 
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to which change in practice is implemented is the final evaluation of the project. This will rely on the 

organization’s interest in accepting or rejecting the updated protocol. 
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Review of Relevant Literature 

A search was conducted through PubMed, CINAHL, and Cochrane databases with focus on 

relevant literature from 2017 to April 2023 with the key term: APP. Reference lists of meta-analyses 

were reviewed. APP studies in most recent years have centered specifically around patients with COVID-

19 combined with ARDS or AHRF. A table of identified articles was created with identified research 

design, sample size, inclusion and exclusion criteria, final outcomes and conclusions of studies for 

processing and evaluating the strengths of the studies. 

Systematic Reviews & Meta-Analyses 

Overall, meta-analyses had great heterogeneity amongst studies in terms of outcomes 

measured, duration of prone positioning, and uses with various modes of oxygen delivery. Common 

clinical outcome measurements included intubation and mortality rates, while measures of oxygenation 

and ventilation included PaO2, PaO2/FiO2 ratio, SpO2, and respiratory rates. Meta-analysis 

interpretations were limited by small sample sizes and scarcity of randomized control trials (RCTs) 

compared to large numbers of observational cohort studies. Most studies recommended the need for 

additional large-scale RCTs.  

In sum, significant improvements in oxygenation were identified in APP groups compared to 

standard care. Studies showed mixed results in intubation and mortality rates with either significant or 

no change. No change is, however, meaningful to note as not contributing to worse intubation rates or 

harm. Furthermore, improvement in the work of breathing and inspiratory effort results in a reduced 

risk of patient self-inflicted lung injury (Damiani et al., 2022). Overall, intubation should not be delayed 

in clinically deteriorating patients and non-responders to therapy. 

Several meta-analyses were identified in 2021 identifying significant improvements in 

oxygenation in terms of PaO2/FiO2 and SpO2 (Chua et al., 2021; Pavlov et al., 2021; Pb et al., 2021; Tan et 

al., 2021). Pb et al. (2021) identified an average mean difference of PaO2/FiO2 51.29 mmHg (95% CI 
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[13.91-88.67]), PaO2 27.94 mmHg (95% CI [15.2-40.69]), and SpO2 5.39% (95% CI [1.53-9.25]) amongst 

studies and differences in timing of initiation of APP between responders (2.7 days) versus non-

responders to therapy (4.6 days) in a study by Coppo et al. (2020), indicating need for early 

implementation of APP.  

Chua et al. (2021) and Tan et al. (2021) identified similar findings with improvements of 

PaO2/FiO2 and SpO2. Chua et al. (2021) analyzed combined APP and traditional prone positioning (TPP) in 

mechanically ventilated patients in a meta-analysis identifying 35 cohort studies which showed an 

associated lower incidence of mortality but no significance in intubation rates. Tan et al. (2021), on the 

other hand, identified reduced respiratory rates and lower intubation and mortality rates particularly 

with longer duration of APP (>5 hrs/day).  

As the COVID-19 pandemic progressed and the role of APP became more evident in 2022, 

increased numbers of meta-analyses regarding oxygenation, mortality, and intubation were published 

but continued to consist of a greater portion of observational studies. Like Tan et al. (2021), Ashra et al. 

(2022) compared APP and TPP in patients with COVID-19 ARDS. Statistically significant improvements in 

PaO2/FiO2, SpO2, and PaO2 were identified in both groups without significant difference between the 

two groups, exhibiting equal effectiveness of APP compared to TPP. Improvement in PaO2/FiO2 was 

further confirmed by Fazzini et al. (2022) and Kollias et al. (2022) who estimated a 50-60 mmHg 

improvement on average. Patients with higher body mass index and longer duration of APP per day (>12 

hours) were associated with larger standardized mean differences of PaO2/FiO2 with prone positioning 

(Ashra et al., 2022). Longer APP durations were associated with greater treatment success (Schmid et 

al., 2022). However, median tolerance of positions tended to settle at approximately 4 hrs in some cases 

(Fazzini et al., 2022).  

Overall, evidence tends to show possible reductions in mortality rates, particularly in sub-

analyses of observational studies with less significant findings coming from RCTs (Beran et al., 2022; 
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Fazzini et al., 2022; Kang et al., 2022; Li et al., 2022). Significant reductions occurred particularly in 

patients receiving oxygen via HFNC or NIV or patients in the ICU with no significant reduction in patients 

in non-ICU settings or receiving conventional oxygen therapy (Li et al., 2022; Siddiquie et al., 2023). 

Reductions in intubation rates were confirmed by Kang et al. (2022) and Weatherhald et al. (2022) but 

discounted by Fazzini et al. (2022) who identified no significant change. Beran et al. (2022) identified a 

significant reduction in a sub-group analysis of RCTs. Explanations for different conclusions come from 

lack of randomization in trials, low power sizes, and low adherence to prone positioning. 

 Although most meta-analyses consisted of a mix of observational and RCT studies, two meta-

analyses focused on RCTs solely. Chong et al. (2022) analyzed three studies with patients on HFNC and 

NIV and five with patients requiring supplemental oxygen and non-rebreather. The analysis revealed 

that the APP group had less invasive mechanical ventilation requirement (26.5% vs. 30.9%; OR 0.77; 

P=0.03) than the standard care group with greater benefit in groups requiring HFNC and NIV (32.5% vs. 

39.1%; OR 0.75; P=0.02). All-cause hospital mortality, hospital and ICU length of stay, and adverse 

events were comparable. A meta-analysis of 10 RCTs by Huang et al. (2022) further distinguished 

reduced intubation rates in patients who were older (≥60 years), obese, came from a high mortality risk 

population (>20%), received HFNC or NIV, had lower beginning SpO2/FiO2 (<150 mmHg), or had 

undergone longer durations of APP (≥8 hrs). 

 The most recent meta-analysis by Godoy et al. (2023) identified varying recommendations for 

duration of APP being as long as tolerated (Ehrmann et al., 2021; Ibarra-Estrada, Li et al., 2022; Kaur et 

al., 2021), > 16 hrs per day (Ferrando et al., 2020; Rosén et al., 2021; Xu et al., 2020), 12 hrs for 1–2 

times per day, or 2–6 hrs or more than 6 hrs for 1–5 times per day (Jouffroy et al., 2021; Kucukdemirci-

Kaya et al., 2022; Tu et al., 2020; Yang et al., 2020). The decision to discontinue therapy may be based 

off clinical judgment according to improvements in FiO2, PaO2/FiO2, SpO2, ROX index (predictive value 

for HFNC failure and intubation risk), and general respiratory status (Godoy et al., 2023). 
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 Few side effects were noted during the APP intervention. Back pain was noted as the most 

common side effect (Fazzini et al., 2022; Pb et al., 2022) with additional mild complications such as 

pressure injury, central venous or arterial line dislodgment, vomiting, bloating, and general discomfort 

(Fusi et al., 2023; Li et al., 2022). Overall, APP was found to be feasible with no differences in significant 

adverse events identified between groups receiving APP versus standard care (Chilkoti et al., 2022; Kang 

et al., 2022).  

 Caveats to why conventional oxygen or general ward settings have seen varied outcomes 

compared to TPP in the ICU were addressed in a narrative review by Long & Gottlieb (2022). Several 

hypotheses included higher patient to nurse ratios, less intensive monitoring, lower disease severity, 

and lower adherence to APP with insufficient sample sizes as well as lack of data on modified prone 

positions to enhance adherence. Modified positions, such as Rodin’s thinker, Dolphin, and Reverse 

Trendelenberg, as shown in Figure A1, could promote comfort and further improve patient outcomes 

(Chen et al., 2022). 

Clinical Trials 

In an international meta-trial including Canada, France, Ireland, Mexico, the United States, and 

Spain, Ehrmann et al. (2021) investigated the effect of APP in adults requiring HFNC for AHRF due to 

COVID-19. The primary outcome of treatment failure (defined as intubation or death) within 28 days 

was 40% and 46% in the APP and standard care group respectively with HR 0.75 (0.62-0.91) for 

intubation. Patients in the APP group were more likely to be weaned from HFNC. SpO2/FiO2, respiratory 

rates, and the ROX index all significantly improved during the first APP session. Although the study was 

not designed to measure duration of APP, a mean duration of 5 hrs and longer was reported in 

association with lower treatment failure rates. Mortality and the risk of adverse events such as skin 

breakdown, vomiting, and central or arterial line dislodgement was similar among the groups with 

feasibility and lack of adverse outcomes confirmed by Jayakumar et al. (2021). 
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An RCT of 430 patients with COVID-19-induced AHRF requiring HFNC identified lower intubation 

rates (30% vs 43%, RR 0.70; CI 95% [0.54-0.90], P = 0.006) and a shorter length of hospital stay (11 [IQR, 

9-14] vs. 13 [IQR, 10-17] days, P = 0.001) in the APP group (Ibarra-Estrada, Li et al., 2022). In a sub-group 

analysis, longer duration of APP (>8 hours/day), an increase in ROX index >1.25 after the first APP 

session, and a decrease in the lung ultrasound score ≥ 2 within the first 3 days, indicating improvement 

in aeration, were identified as factors significantly associated with lower intubation rates. Patients who 

received early APP (defined as within 24 hrs of initiation of HFNC) as compared to after 24 hrs, had a 

significantly lower mortality rate (26% vs. 45%, p = 0.039) without a significant difference in intubation 

rate in supplementary studies (Kaur et al., 2021; Agarwal & Martin, 2022). Alhazzani et al. (2021) failed 

to establish any statistically significant impact on intubation but recommended not to exclude the 

potential effect on clinical impact given a small decrease in intubation rates in the APP group. Predictors 

of treatment failure in a separate study included daily duration of APP <7.7 hrs, respiratory rate at 

enrollment ≥25, and a decrease in respiratory rate <3 after the first session of APP (Ibarra-Estrada, 

Vargas-Obieta et al., 2022). 

Taylor et al. (2021) studied 40 patients with oxygen requirements of 3 liters or greater. The 

median SaO2/FiO2 ratio after a 48-hour period was 253 (95% CI [197–267]) in the APP group versus 216 

(95% CI [95–303]) in the control. Barriers to the trial included low adherence to prone positioning, large 

differences between physician-recommended and patient-tolerated prone durations, and diffusion of 

prone positioning into the control group. 

Several studies identified benefits with shorter periods of APP. Mirza et al. (2022) assessed 

patients with HFNC receiving APP for at least 30 minutes. Identified predictors of treatment success 

included higher SpO2/FIO2 and ROX index before APP and a lower risk of intubation identified with 

SpO2/FiO2 >150. Othman et al. (2022) further confirmed improvement in oxygenation parameters of 
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SpO2, PaO2/FiO2, ROX index, PaO2, and SaO2 values after 1 hr of APP with use of nonrebreather or CPAP 

in 82 patients equally distributed between standard and APP care. 

Two studies identified no significant benefits with APP durations of 4 hrs. In a study of 257 of 

502 patients assigned to APP, total 4 hr duration of 2hr APP cycles failed to improve survival or need for 

mechanical ventilation in patients requiring oxygen by nasal cannula or face mask (Gopalakrishnan et al., 

2022). In a non-randomized trial of 501 patients equally distributed between control and APP groups 

with a median of 4.2 hrs (IQR, 1.8‐6.7 hrs) spent in APP, patients showed worse clinical outcomes 

according to increased FiO2 needs and discharge vs death with theories of APP improving oxygenation 

but obscuring progression of disease and delaying treatment (Qian et al., 2022). 

Additional RCTs lacked significance. Intubation rates, mortality, or length of stay at the 30-day 

mark showed no difference by Rosén et al. (2021). In this study, APP was discouraged in the control 

group. However, an APP duration of 3.4 hrs overlapped into the control group as compared to 9 hrs in 

the APP group and only 6% of the prone group reached the target goal of 16 hrs. Fralick et al. (2022) 

studied 248 patients requiring up to 0.5 FiO2. Mortality, intubation, and worsening respiratory failure 

defined as the need for >0.6 FiO2 were defined as primary outcomes. As the study by Rosén et al., 

research was stopped given futility and no significant differences in outcomes identified. In this study, 

the median time spent in prone position in the first 72 hrs was 6 hrs (ranging 1.5-12.8).  

Observational Studies 

 Two studies showed improvement in dorsal lung function. A longer duration of APP was 

associated with a reduction in dorsal LUS score and therefore greater lung aeration and treatment 

success (Ibarra-Estrada, Gamero-Rodríguez et al., 2022). Dos Santos Rocha et al. (2022) confirmed 

increased ventilatory distribution in dorsal lung fields in those receiving APP and mechanical ventilation 

but not NIV with improvements in oxygenation in both groups. 
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Several studies showed immediate improvement in oxygenation after short periods of prone 

positioning. Two studies were conducted in the emergency department, one of which showed an 

increase in SpO2/FiO2 by a median of 5 (IQR, 0-15) after patients maintained APP for 30 minutes without 

significant change in respiratory rate with similar findings in additional studies (Dubosh et al., 2021; 

Wendt et al., 2021). This shows immediate benefit in oxygenation in patients with mild to moderate 

respiratory distress requiring supplementation with nasal cannula or nonrebreather when APP is started 

early. In those who maintained APP for at least 1 hr TID, improvements in oxygenation and clinical 

outcomes occurred regardless of the extent of lung parenchymal damage with SpO2/FiO2 >165 being 

predictive of being responsive to therapy and having a decreased risk of therapy failure and risk for 

intubation (Silva Junior et al., 2021). 

Some observational studies have shown improvement in oxygen parameters of non-intubated 

patients after 1 hr (Bastoni et al., 2020; Thompson et al., 2020). Solverson et al. (2021) noted 

improvement in oxygen saturation of 17 patients with a median APP duration of 75 (30-480) minutes. 

Other studies have shown improvement in oxygenation with an average duration of 3 hrs of APP 

(Cherian et al.; 2021, Coppo et al, 2020; Elharrar et al., 2020). Coppo et al. (2020) identified that 50% of 

patients maintained oxygen improvement 1 hr after resupination though not significantly compared to 

original supine position with similar findings by Elharrar et al. (2020). Those who maintained 

oxygenation had elevated levels of C-reactive protein and shorter time between admission and prone 

positioning (2.7 days [SD 2.1] in responders vs 4.6 days [3.7] in non-responders). Improvement in 

inflammatory markers and the ROX index in patients with mild to moderate ARDS predicted success of 

treatment and decreased risk of intubation (Cherian et al., 2021). 

In 41 patients, Oliveira et al. (2021) identified responders and non-responders according to a 

20% increase in the PaO2/FiO2 before and after 2 hrs of APP with responders showing increase SpO2, 

PaO2/FiO2, decreased respiratory rates, lower rates of intubation at the 48 hr mark accompanied by 
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fewer days of ventilation, shorter lengths of stay in the ICU, and lower mortality rates. APP 

for ≥6 hrs/day reduced the risk of endotracheal intubation, and exposure ≥ 8 hrs/day reduced the risk of 

hospital mortality according to Esperatti et al. (2022). In a separate study, a group with an average of 6 

hrs APP had less risk of intubation compared to a group with 3 hrs with greater effect in those receiving 

NIV compared to HFNC (Tonelli et al., 2022). When APP was initiated within 1-2 days from admission for 

a median duration of 6 hrs per day, improvements in oxygen requirements and PaO2/FiO2 occurred after 

3-5 days of APP in moderate to severe ARDS (Khanum et al., 2021).  

In a study of 50 patients with mild to moderate ARDS with various modes of oxygen delivery 

who sustained a mean duration of APP for 8.5 hrs, the PaO2/FiO2 ratio increased and sustained 1 hr after 

re-supination without any adverse events (Aisa et al., 2022). A similar study by Sryma et al. (2021) of 45 

patients with median duration of 7.5 hrs with a minimum 2 hr per session showed decreased need for 

mechanical ventilation and statistical improvement in the ROX index with NIV. In patients undergoing 

APP, a threshold ROX index ≤11.8 signified risk for intubation within 48 hrs of admission (Downing et al., 

2021). This was supplemented by a study showing improvement in inspiratory effort and oxygenation in 

patients with NIV undergoing APP for a median of 4 hrs (Bianchi et al., 2023).  

Singh et al. (2020) noted significant continuous improvement in PaO2/FiO2 over the course of 10 

days with a target time of 10-12 hrs APP daily with no significance after 10 days to discharge. In a small 

study of 7 patients with a median duration of 10 hrs of APP, Taboada et al. (2021) confirmed a 

significant increase in SaO2 and PaO2/FiO2 during APP and a maintained, but not significantly different, 

increase in PaO2/FiO2 after re-supination. 

 Simioli et al. (2021) evaluated the effects of early prone positioning in patients with severe ARDS 

in which APP was initiated within 12 hrs of hospital admission, with 18 of 29 patients tolerating a total 

duration of 10 hrs or more while alternating position every 2 hrs. In these patients, the PaO2/FiO2 during 

APP increased significantly compared with noncompliant controls (288 vs. 202; p=0.0002), the duration 
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of respiratory failure was significantly shorter (14 vs. 21 days; P=0.002), and the number of days to 

recover from respiratory failure inversely correlated with improved PaO2/FiO2 ratios after APP rather 

than being corresponsive to beginning PaO2/FiO2 prior to APP (Simioli et al., 2021). A study regarding 

early APP in patients with nonrebreather who maintained APP >12hrs/day showed improvements in 

oxygenation after 24 hrs, lower short-term mortality and intubation requirements in the APP group with 

no significant changes in length of ICU stay or ventilator-free days (Altinay et al., 2022).  

 The largest retrospective, multi-center study of 827 patients with a median of time to initiation 

of APP 15.5 (8–48) hrs and median time spent in APP 12 (8–24) hrs during the hospital stay identified 

APP as a protective factor for preventing mechanical ventilation after multivariable adjustment and use 

of low flow, high flow, and non-rebreather oxygen delivery (Perez-Nieto et al., 2022). Limitations of this 

study include unclear comparison to daily time spent in APP in contrast to total APP during the hospital 

stay in this study. In a prospective, multicenter study, Ferrando et al. (2020) found no significant 

contribution of APP in HFNC to intubation or mortality rates. Two studies confirmed no effect on 

intubation rates (Jouffroy et al., 2021; Padrão et al., 2020). 

Summary of Evidence 

Overall, evidence points to improved oxygenation, intubation and mortality rates, and possible 

decreases in length of hospital and ICU stay. Durations of 30 minutes to two hours of APP may improve 

immediate oxygenation needs, while durations of eight hours may decrease the need for mechanical 

ventilation and improve mortality rates. If patients are unable to tolerate the position, alternative 

positions could be trialed and shorter periods of 30 minutes to two hours could at least improve 

immediate oxygenation needs. Recommendations for timing of initiation is sparce but is advised early, 

approximately within 24-48 hrs of admission or the initiation of HFNC or NIV. Indices such as an 

SpO2/FiO2 <150 or ROX index ≤11.8 may assist in identifying those at greater risk of treatment failure 

and risk of intubation. The most significant contraindications to APP include spinal instability, 
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hemodynamic instability, or respiratory distress with impending need for intubation. The most frequent 

side effect of APP is back pain.  

Much of research shows benefits in patients using HFNC or NIV and ICU environments in 

comparison to conventional oxygen therapy and general medical wards and in those who APP is initiated 

early with longer periods of duration. Given limited power sizes and lack of large-scale RCTs, more 

research is needed to this regard. Gaps in clinical practice reflect the gaps in research given the relatively 

new application of prone positioning to non-ICU environments and lack of standardized protocols. 
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Methods 

 This is a non-experimental project involving the critical appraisal of a clinical practice guideline. 

The purpose is to improve the standardization of the APP protocol in non-ICU settings with objectives of 

performing a comprehensive literature review to identify the most current evidence regarding initiation, 

duration, and termination of prone positioning as well as indications and contraindications. 

No patients were involved in the project. Healthcare providers such as physicians, advanced 

practice providers, nurses, and respiratory therapists, were invited to participate in a voluntary video 

meeting focus group for feedback on the updated protocol. The invitation was sent several days in 

advance with an additional reminder sent the day of the meeting. Two meeting sessions lasted one hour 

in length, one in the morning and one in the evening. The project was approved by the hospital and 

reviewed by the Seattle University Institutional Review Board (IRB) and determined to be exempt by the 

IRB as it is non-human subject research. 

Setting 

The APP protocol is currently implemented in non-intubated adults with AHRF. For the purposes 

of understanding the applicability of prone positioning from the ICU to the non-ICU setting, healthcare 

personnel from various departments were invited for the focus group. Participation in the meeting was 

voluntary. An e-mail with a Zoom invitation link, a fact sheet to stimulate conversation, and a consent 

form explaining the purposes and voluntary participation was sent to all providers, nurses, and 

respiratory therapists in the hospital (excluding emergency nurses, pediatrics and labor and delivery). 

Participants 

One participant attended the focus group. A small sample size could have resulted in sampling 

or selection bias and lack of generalizability to the perspectives of all healthcare providers. The 

department lists included hospitalist and intensivist groups and nurses in medical-surgical, oncology, 

orthopedic and neurosurgery, cardiac rehabilitation, progressive care, and intensive care units.  
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Data Collection & Evaluation 

 Following the synthesis and evaluation of evidence, adjustments were made to the APP 

protocol. The updated protocol, a consent form, fact sheet to promote discussion, and a request to e-

mail a response if unable to attend the meetings was e-mailed to healthcare personnel along with Zoom 

links to the meetings. Information from the meetings was recorded, transcribed into a written 

document, and deleted post-completion of the project. The conversation was initiated with general 

feedback and thoughts about the protocol, experiences with APP, its applicability, and barriers. Content 

of the transcribed document was analyzed by thematic analysis with a second analyzer to ensure 

agreement on themes. After additional adjustments and feedback from stakeholders, the updated 

protocol and potential barriers to implementation were presented to the Nursing Shared Practice 

Council for further review and the head of the hospitalist team for further revision and decision to 

accept the changes. 
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Results 

 One participant, a manager of the oncology department, attended the video meeting for an in-

depth discussion of the protocol. Risks to the patient were identified as a theme with ambiguity 

regarding absolute and relative contraindications. A case was examined with a provider requesting APP 

in a patient with running tube feeds. Ultimately, a decision was made not to prone the patient due to 

aspiration risk. Ideas regarding bolus tube feeds over continuous tube feeds or alternative positions such 

as reverse Trendelenburg or the dolphin position to maintain elevation of the head of the bed and 

decrease the risk of aspiration were discussed. Additional concerns brought up included risk of skin 

breakdown, fall risk, patients sliding out of bed, and positioning and adequate padding when using 

specialty air mattresses to prevent occlusion of the face.  

A separate theme of resources was identified: need for closer monitoring including equipment 

and staff resources. All patients would require monitoring with pulse oximetry. A centralized pulse 

oximeter supervised by telemetry monitor technicians opposed to a regular continuous pulse oximeter 

not observed by telemetry technicians would be selected based off nursing judgement on stability of 

oxygenation status and level of monitoring required. Resource barriers in terms of staff was brought up 

if the protocol was applied to a patient who was unable to self-prone and required assistance, which 

commonly includes a majority of patients in the hospital setting who lack strength and mobility. In this 

scenario, the manager of the floor confirmed it would be reasonable to adjust patient-nurse ratios to 

meet the acuity of the patients. A final theme identified included lack of awareness including nurses 

being unaware of the protocol or that the protocol could be nurse-initiated without a provider order. 
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Discussion 

 The current protocol was critically appraised and evaluated according to current evidence from 

a comprehensive literature review of APP. Specific topics addressed in the updated protocol include 

time to initiation, duration, and termination of APP as well as alternative positions if patients are unable 

to tolerate the recommended flat position, inclusion and exclusion criteria, and suggestions for 

managing side effects of the intervention. 

 The existing APP protocol had no recommendations specifying when to initiate or terminate APP 

therapy. Recommendations were added to start APP early within a 24-48 hr period and to terminate 

therapy and contact the provider if the patient showed no improvement in oxygenation or worsening 

signs of respiratory distress. A duration of 30 minutes to two hours was proposed in the original 

protocol but revised as a duration to improve immediate oxygenation needs with an ideal duration of at 

least 8 and up to 16 hrs to reduce the risk of intubation. A waiting period of at least 30 minutes was 

added for bolus tube feeds in addition to the pre-existing waiting period after meals to decrease the risk 

of aspiration or nausea and vomiting. A recommendation to pre-medicate a patient as needed for 

nausea or pain was added to increase comfort and tolerance. Contraindications were classified as 

absolute and relative with guidance to contact the provider for further discussion regarding the risks and 

benefits to a patient with a relative contraindication and an order for APP. An image of alternative 

positions and updated resources were added to the references section. 

 Recommendations to sustain this project include increasing awareness of APP being a nurse-

initiated intervention, stimulating discussion between nurses and providers, and increasing education of 

both staff and patients regarding its effects. With future growth in APP research, the Stetler Model of 

evidence-based practice can continue to inform the cycle of evaluating and applying new 

recommendations of APP to clinical practice with respect to initiation and duration of APP, and 

management of barriers. 
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 A limited number of participants in the focus group resulted in an incomplete and potentially 

biased understanding of the experiences and barriers of staff. It was reported that the e-mail sent was 

diverted to a less important section of the mailbox and could have been missed. It is also acknowledged 

that work schedules and lack of incentive to attend the meetings could have contributed to poor 

attendance. Reflecting on this project, attendance could have been increased by prone positioning 

information and reminders about the meeting being dispersed at huddle reports for nurses during shift 

change. Building trust and engagement by being part of the hospitalist or intensivist team would likely 

have stimulated discussion more readily amongst providers. Meeting with department managers to set 

up an educational presentation regarding APP with offered continuing education credits could have 

encouraged participation, improved staff awareness regarding the protocol, and improved the quantity 

and quality of feedback for analysis. 

 In conclusion, given the healthcare system’s needs for increasing efficiency while working with 

limited resources of staff and bed capacity, APP may be used as a non-invasive, feasible, nurse-driven 

intervention to prevent respiratory decompensation in patients in the non-ICU setting as well as non-

intubated patients in the ICU. Although the research cannot be generalizable, it is important to consider 

the use of APP in future respiratory illnesses outside of COVID-19 whether it is influenza, respiratory 

syncytial virus, or viral or bacterial pneumonias in which the physiological effects of APP may have 

similar outcomes. 

 

  



RUNNING HEAD: CRITICAL ANALYSIS OF AN AWAKE PRONE POSITIONING PROTOCOL 26 

References 

Agarwal, A., & Martin, G. S. (2022). In COVID-19 acute hypoxemia, awake prone positioning vs. usual 

care did not reduce intubation at 30 d. Annals of Internal Medicine, 175(9), JC99. 

https://doi.org/10.7326/J22-0068 

Aisa, T., Hassan, T., Khan, E., Algrni, K., & Malik, M. A. (2022). Efficacy and feasibility of awake proning in 

patients with COVID-19-related acute hypoxemic respiratory failure: An observational, 

prospective study. Irish Journal of Medical Science, 1–5. Advance online publication. 

https://doi.org/10.1007/s11845-022-03009-7 

Alhazzani, W., Parhar, K., Weatherald, J., Al Duhailib, Z., Alshahrani, M., Al-Fares, A., Buabbas, S., 

Cherian, S. V., Munshi, L., Fan, E., Al-Hameed, F., Chalabi, J., Rahmatullah, A. A., Duan, E., Tsang, 

J., Lewis, K., Lauzier, F., Centofanti, J., Rochwerg, B., Culgin, S., … COVI-PRONE Trial Investigators 

and the Saudi Critical Care Trials Group (2022). Effect of awake prone positioning on 

endotracheal intubation in patients with COVID-19 and acute respiratory failure: A randomized 

clinical trial. JAMA, 327(21), 2104–2113. https://doi.org/10.1001/jama.2022.7993 

Altinay, M., Sayan, I., Turk, H. S., Cinar, A. S., Sayın, P., Yucel, T., Islamoglu, S., Ozkan, M. T., & Cetiner, I. 

(2022). Effect of early awake prone positioning application on prognosis in patients with acute 

respiratory failure due to COVID-19 pneumonia: A retrospective observational study. Brazilian 

Journal of Anesthesiology (Elsevier), 72(2), 194–199. 

https://doi.org/10.1016/j.bjane.2021.07.029 

ARDS Definition Task Force, Ranieri, V. M., Rubenfeld, G. D., Thompson, B. T., Ferguson, N. D., Caldwell, 

E., Fan, E., Camporota, L., & Slutsky, A. S. (2012). Acute respiratory distress syndrome: The Berlin 

Definition. JAMA, 307(23), 2526–2533. https://doi.org/10.1001/jama.2012.5669 

Ashra, F., Chen, R., Kang, X. L., Chiang, K. J., Pien, L. C., Jen, H. J., Liu, D., Hsiao, S. S., & Chou, K. R. (2022). 

Effectiveness of prone position in acute respiratory distress syndrome and moderating factors of 

https://doi.org/10.7326/J22-0068
https://doi.org/10.1007/s11845-022-03009-7
https://doi.org/10.1001/jama.2022.7993


RUNNING HEAD: CRITICAL ANALYSIS OF AN AWAKE PRONE POSITIONING PROTOCOL 27 

obesity class and treatment durations for COVID-19 patients: A meta-analysis. Intensive & 

Critical Care Nursing, 72, 103257. https://doi.org/10.1016/j.iccn.2022.103257 

Bastoni, D., Poggiali, E., Vercelli, A., Demichele, E., Tinelli, V., Iannicelli, T., & Magnacavallo, A. (2020). 

Prone positioning in patients treated with non-invasive ventilation for COVID-19 pneumonia in 

an Italian emergency department. Emergency Medicine Journal: EMJ, 37(9), 565–566. 

Bellani, G., Laffey, J. G., Pham, T., Fan, E., Brochard, L., Esteban, A., Gattinoni, L., van Haren, F., Larsson, 

A., McAuley, D. F., Ranieri, M., Rubenfeld, G., Thompson, B. T., Wrigge, H., Slutsky, A. S., Pesenti, 

A., LUNG SAFE Investigators, & ESICM Trials Group (2016). Epidemiology, patterns of care, and 

mortality for patients with acute respiratory distress syndrome in intensive care units in 50 

countries. JAMA, 315(8), 788–800. https://doi.org/10.1001/jama.2016.0291 

Beran, A., Mhanna, M., Srour, O., Ayesh, H., Sajdeya, O., Ghazaleh, S., Mhanna, A., Ghazaleh, D., 

Khokher, W., Maqsood, A., & Assaly, R. (2022). Effect of prone positioning on clinical outcomes 

of non-intubated subjects with COVID-19. Respiratory Care, 67(4), 471–479. 

https://doi.org/10.4187/respcare.09362 

Bianchi, I. M., Zacchetti, L., Punzi, V., Raimondi, F., Novelli, L., Brivio, M., Grazioli, L. S., Mojoli, F., Di 

Marco, F., & Lorini, L. F. (2023). Combined effect of awake prone position and noninvasive 

ventilation on respiratory effort and gas exchange in severe COVID-19-related 

pneumonia. Respiratory Care, 68(4), 524–526. https://doi-

org.proxy.seattleu.edu/10.4187/respcare.10474 

Centers for Disease Control and Prevention. (2023a). CDC COVID data tracker. Retrieved April 22, 2023, 

from https://covid.cdc.gov/COVID-data-tracker/#datatracker-home  

Centers for Disease Control and Prevention. (2023b). People with certain medical conditions. Retrieved 

April 22, 2023, from https://www.cdc.gov/coronavirus/2019-ncov/need-extra-

precautions/people-with-medical-conditions.html 

https://doi.org/10.1016/j.iccn.2022.103257
https://doi.org/10.1001/jama.2016.0291
https://doi.org/10.4187/respcare.09362
https://doi-org.proxy.seattleu.edu/10.4187/respcare.10474
https://doi-org.proxy.seattleu.edu/10.4187/respcare.10474
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html


RUNNING HEAD: CRITICAL ANALYSIS OF AN AWAKE PRONE POSITIONING PROTOCOL 28 

Chen, L., Zhang, Y., Li, Y., Song, C., Lin, F., & Pan, P. (2022). The application of awake-prone positioning 

among non-intubated patients with COVID-19-related ARDS: A narrative review. Frontiers in 

Medicine, 9, 817689. https://doi.org/10.3389/fmed.2022.817689 

Cherian, S. V., Li, C., Roche, B., Reyes, S. A., Karanth, S., Lal, A. P., Aisenberg, G. M., & Estrada-Y-Martin, 

R. M. (2021). Predictive factors for success of awake proning in hypoxemic respiratory failure 

secondary to COVID-19: A retrospective cohort study. Respiratory Medicine, 181, 106379. 

https://doi.org/10.1016/j.rmed.2021.106379 

Chilkoti, G. T., Mohta, M., Ahmad, Z., & Saxena, A. K. (2022). Awake prone-positioning in patients on 

non-invasive ventilation for management of SARS-CoV-2 pneumonia: A systematic 

review. Advances in Respiratory Medicine, 90(4), 362–375. 

https://doi.org/10.3390/arm90040046 

Chong, W. H., Saha, B. K., & Tan, C. K. (2022). Clinical outcomes of routine awake prone positioning in 

COVID-19 patients: A systematic review and meta-analysis of randomized controlled 

trials. Prague Medical Report, 123(3), 140–165. https://doi.org/10.14712/23362936.2022.14 

Christenbery, T. L. (2018). Evidence-based practice in nursing: Foundations, skills, and roles. Springer 

Publishing Company.  

Chua, E. X., Zahir, S., Ng, K. T., Teoh, W. Y., Hasan, M. S., Ruslan, S., & Abosamak, M. F. (2021). Effect of 

prone versus supine position in COVID-19 patients: A systematic review and meta-

analysis. Journal of Clinical Anesthesia, 74, 110406. 

https://doi.org/10.1016/j.jclinane.2021.110406 

Coppo, A., Bellani, G., Winterton, D., Di Pierro, M., Soria, A., Faverio, P., Cairo, M., Mori, S., Messinesi, 

G., Contro, E., Bonfanti, P., Benini, A., Valsecchi, M. G., Antolini, L., & Foti, G. (2020). Feasibility 

and physiological effects of prone positioning in non-intubated patients with acute respiratory 

https://doi.org/10.3389/fmed.2022.817689
https://doi.org/10.1016/j.rmed.2021.106379
https://doi.org/10.14712/23362936.2022.14
https://doi.org/10.1016/j.jclinane.2021.110406


RUNNING HEAD: CRITICAL ANALYSIS OF AN AWAKE PRONE POSITIONING PROTOCOL 29 

failure due to COVID-19 (PRON-COVID): A prospective cohort study. The Lancet. Respiratory 

Medicine, 8(8), 765–774. https://doi.org/10.1016/S2213-2600(20)30268-X 

Damiani F, Basoalto R, Bachmann M, Jalil Y, Acuna V, Diaz G, Mella J, Garcia P, Moya E, Villarroel G, 

Retamal Montes JA, Bugedo G, & Bruhn A. (2022). Impact of awake prone positioning on 

inspiratory effort and work of breathing. A physiological study in healthy subjects. American 

Journal of Respiratory and Critical Care Medicine, 205(1) 

Dos Santos Rocha, A., Diaper, J., Balogh, A. L., Marti, C., Grosgurin, O., Habre, W., Peták, F., & Südy, R. 

(2022). Effect of body position on the redistribution of regional lung aeration during invasive and 

non-invasive ventilation of COVID-19 patients. Scientific Reports, 12(1), 11085. 

https://doi.org/10.1038/s41598-022-15122-9 

Douin, D. J., Ward, M. J., Lindsell, C. J., Howell, M. P., Hough, C. L., Exline, M. C., Gong, M. N., Aboodi, M. 

S., Tenforde, M. W., Feldstein, L. R., Stubblefield, W. B., Steingrub, J. S., Prekker, M. E., Brown, S. 

M., Peltan, I. D., Khan, A., Files, D. C., Gibbs, K. W., Rice, T. W., Casey, J. D., … Ginde, A. A. (2021). 

ICU bed utilization during the Coronavirus Disease 2019 pandemic in a multistate analysis-March 

to June 2020. Critical Care Explorations, 3(3), e0361. 

https://doi.org/10.1097/CCE.0000000000000361 

Downing, J., Cardona, S., Alfalasi, R., Shadman, S., Dhahri, A., Paudel, R., Buchongo, P., Schwartz, B., & 

Tran, Q. K. (2021). Predictors of intubation in COVID-19 patients undergoing awake proning in 

the emergency department. American Journal of Emergency Medicine, 49, 276–286. https://doi-

org.proxy.seattleu.edu/10.1016/j.ajem.2021.06.010 

Dubosh, N. M., Wong, M. L., Grossestreuer, A. V., Loo, Y. K., Sanchez, L. D., Chiu, D., Leventhal, E. L., Ilg, 

A., & Donnino, M. W. (2021). Early, awake proning in emergency department patients with 

COVID-19. The American Journal of Emergency Medicine, 46, 640–645. 

https://doi.org/10.1016/j.ajem.2020.11.074 

https://doi.org/10.1016/S2213-2600(20)30268-X
https://doi.org/10.1038/s41598-022-15122-9
https://doi.org/10.1097/CCE.0000000000000361
https://doi-org.proxy.seattleu.edu/10.1016/j.ajem.2021.06.010
https://doi-org.proxy.seattleu.edu/10.1016/j.ajem.2021.06.010
https://doi.org/10.1016/j.ajem.2020.11.074


RUNNING HEAD: CRITICAL ANALYSIS OF AN AWAKE PRONE POSITIONING PROTOCOL 30 

Ehrmann, S., Li, J., Ibarra-Estrada, M., Perez, Y., Pavlov, I., McNicholas, B., Roca, O., Mirza, S., Vines, D., 

Garcia-Salcido, R., Aguirre-Avalos, G., Trump, M. W., Nay, M. A., Dellamonica, J., Nseir, S., Mogri, 

I., Cosgrave, D., Jayaraman, D., Masclans, J. R., Laffey, J. G., … Awake Prone Positioning Meta-

Trial Group (2021). Awake prone positioning for COVID-19 acute hypoxaemic respiratory failure: 

A randomised, controlled, multinational, open-label meta-trial. The Lancet. Respiratory 

Medicine, 9(12), 1387–1395. https://doi.org/10.1016/S2213-2600(21)00356-8 

Elharrar, X., Trigui, Y., Dols, A.-M., Touchon, F., Martinez, S., Prud’homme, E., & Papazian, L. (2020). Use 

of prone positioning in nonintubated patients with COVID-19 and hypoxemic acute respiratory 

failure. JAMA: Journal of the American Medical Association, 323(2), 2336–2338. https://doi-

org.proxy.seattleu.edu/10.1001/jama.2020.8255 

Esperatti, M., Busico, M., Fuentes, N. A., Gallardo, A., Osatnik, J., Vitali, A., Wasinger, E. G., Olmos, M., 

Quintana, J., Saavedra, S. N., Lagazio, A. I., Andrada, F. J., Kakisu, H., Romano, N. E., Matarrese, 

A., Mogadouro, M. A., Mast, G., Moreno, C. N., Niquin, G. D. R., Barbaresi, V., … Argentine 

Collaborative Group on High Flow and Prone Positioning (2022). Impact of exposure time in 

awake prone positioning on clinical outcomes of patients with COVID-19-related acute 

respiratory failure treated with high-flow nasal oxygen: A multicenter cohort study. Critical Care 

(London, England), 26(1), 16. https://doi.org/10.1186/s13054-021-03881-2 

Fawzy, A., Wu, T. D., Wang, K., Robinson, M. L., Farha, J., Bradke, A., Golden, S. H., Xu, Y., & Garibaldi, B. 

T. (2022). Racial and ethnic discrepancy in pulse oximetry and delayed identification of 

treatment eligibility among patients with COVID-19. JAMA Internal Medicine, 182(7), 730–738. 

https://doi.org/10.1001/jamainternmed.2022.1906 

Fazzini, B., Page, A., Pearse, R., & Puthucheary, Z. (2022). Prone positioning for non-intubated 

spontaneously breathing patients with acute hypoxaemic respiratory failure: A systematic 

https://doi.org/10.1016/S2213-2600(21)00356-8
https://doi-org.proxy.seattleu.edu/10.1001/jama.2020.8255
https://doi-org.proxy.seattleu.edu/10.1001/jama.2020.8255
https://doi.org/10.1186/s13054-021-03881-2


RUNNING HEAD: CRITICAL ANALYSIS OF AN AWAKE PRONE POSITIONING PROTOCOL 31 

review and meta-analysis. British Journal of Anaesthesia, 128(2), 352–362. 

https://doi.org/10.1016/j.bja.2021.09.031 

Ferrando, C., Mellado-Artigas, R., Gea, A., Arruti, E., Aldecoa, C., Adalia, R., Ramasco, F., Monedero, P., 

Maseda, E., Tamayo, G., Hernández-Sanz, M. L., Mercadal, J., Martín-Grande, A., Kacmarek, R. 

M., Villar, J., Suárez-Sipmann, F., & COVID-19 Spanish ICU Network (2020). Awake prone 

positioning does not reduce the risk of intubation in COVID-19 treated with high-flow nasal 

oxygen therapy: A multicenter, adjusted cohort study. Critical Care (London, England), 24(1), 

597. https://doi.org/10.1186/s13054-020-03314-6 

Fralick, M., Colacci, M., Munshi, L., Venus, K., Fidler, L., Hussein, H., Britto, K., Fowler, R., da Costa, B. R., 

Dhalla, I., Dunbar-Yaffe, R., Branfield Day, L., MacMillan, T. E., Zipursky, J., Carpenter, T., Tang, 

T., Cooke, A., Hensel, R., Bregger, M., Gordon, A., … COVID Prone Study Investigators (2022). 

Prone positioning of patients with moderate hypoxaemia due to covid-19: Multicentre 

pragmatic randomised trial (COVID-PRONE). BMJ (Clinical Research Ed.), 376, e068585. 

https://doi.org/10.1136/bmj-2021-068585 

Fusi, C., Bulleri, E., Villa, M., Pisani, L., El Aoufy, K., Lucchini, A., & Bambi, S. (2023). Awake prone 

positioning in nonintubated patients with acute hypoxemic respiratory failure. Critical Care 

Nurse, 43(1), 31–41. https://doi.org/10.4037/ccn2023209 

Gattinoni, L., Chiumello, D., Caironi, P., Busana, M., Romitti, F., Brazzi, L., & Camporota, L. (2020). COVID-

19 pneumonia: Different respiratory treatments for different phenotypes?. Intensive Care 

Medicine, 46(6), 1099–1102. https://doi.org/10.1007/s00134-020-06033-2 

Godoy, D. A., Longhitano, Y., Fazzini, B., Robba, C., & Battaglini, D. (2023). High flow nasal oxygen and 

awake prone positioning - Two allies against COVID-19: A systematic review. Respiratory 

Physiology & Neurobiology, 310, 104015. https://doi.org/10.1016/j.resp.2023.104015 

https://doi.org/10.1016/j.bja.2021.09.031
https://doi.org/10.1186/s13054-020-03314-6
https://doi.org/10.1136/bmj-2021-068585
https://doi.org/10.4037/ccn2023209
https://doi.org/10.1007/s00134-020-06033-2
https://doi.org/10.1016/j.resp.2023.104015


RUNNING HEAD: CRITICAL ANALYSIS OF AN AWAKE PRONE POSITIONING PROTOCOL 32 

Gopalakrishnan, M., Khichar, S., Saurabh, S., Vijayvergia, P., Thangaraju, K., Tripathi, S., Devarakonda, H. 

V., Kumar, A., Kumar, P. S., & Garg, M. K. (2022). Effectiveness of early awake self proning 

strategy in non-intubated patients with COVID-19 hypoxemia: An open-labelled randomized 

clinical trial from Jodhpur, India. Monaldi Archives for Chest Disease. https://doi-

org.proxy.seattleu.edu/10.4081/monaldi.2022.2431 

Guérin, C., Albert, R. K., Beitler, J., Gattinoni, L., Jaber, S., Marini, J. J., Munshi, L., Papazian, L., Pesenti, 

A., Vieillard-Baron, A., & Mancebo, J. (2020). Prone position in ARDS patients: why, when, how 

and for whom. Intensive Care Medicine, 46(12), 2385–2396. https://doi.org/10.1007/s00134-

020-06306-w 

Guérin, C., Reignier, J., Richard, J. C., Beuret, P., Gacouin, A., Boulain, T., Mercier, E., Badet, M., Mercat, 

A., Baudin, O., Clavel, M., Chatellier, D., Jaber, S., Rosselli, S., Mancebo, J., Sirodot, M., Hilbert, 

G., Bengler, C., Richecoeur, J., Gainnier, M., … PROSEVA Study Group (2013). Prone positioning 

in severe acute respiratory distress syndrome. The New England Journal of Medicine, 368(23), 

2159–2168. https://doi.org/10.1056/NEJMoa1214103 

Henderson, A. C., Sá, R. C., Theilmann, R. J., Buxton, R. B., Prisk, G. K., & Hopkins, S. R. (2013). The 

gravitational distribution of ventilation-perfusion ratio is more uniform in prone than supine 

posture in the normal human lung. Journal of Applied Physiology (Bethesda, Md.:1985), 115(3), 

313–324. https://doi.org/10.1152/japplphysiol.01531.2012 

Huang, H. B., Yao, Y., Zhu, Y. B., & Du, B. (2022). Awake prone positioning for patients with COVID-19 

pneumonia in intensive care unit: A systematic review and meta-analysis. Frontiers in 

Medicine, 9, 984446. https://doi.org/10.3389/fmed.2022.984446 

Ibarra-Estrada, M., Gamero-Rodríguez, M. J., García-de-Acilu, M., Roca, O., Sandoval-Plascencia, L., 

Aguirre-Avalos, G., García-Salcido, R., Aguirre-Díaz, S. A., Vines, D. L., Mirza, S., Kaur, R., Weiss, 

T., Guerin, C., & Li, J. (2022). Lung ultrasound response to awake prone positioning predicts the 

https://doi-org.proxy.seattleu.edu/10.4081/monaldi.2022.2431
https://doi-org.proxy.seattleu.edu/10.4081/monaldi.2022.2431
https://doi.org/10.1056/NEJMoa1214103
https://doi.org/10.1152/japplphysiol.01531.2012
https://doi.org/10.3389/fmed.2022.984446


RUNNING HEAD: CRITICAL ANALYSIS OF AN AWAKE PRONE POSITIONING PROTOCOL 33 

need for intubation in patients with COVID-19 induced acute hypoxemic respiratory failure: an 

observational study. Critical Care (London, England), 26(1), 189. 

https://doi.org/10.1186/s13054-022-04064-3 

Ibarra-Estrada, M., Li, J., Pavlov, I., Perez, Y., Roca, O., Tavernier, E., McNicholas, B., Vines, D., Marín-

Rosales, M., Vargas-Obieta, A., García-Salcido, R., Aguirre-Díaz, S. A., López-Pulgarín, J. A., 

Chávez-Peña, Q., Mijangos-Méndez, J. C., Aguirre-Avalos, G., Ehrmann, S., & Laffey, J. G. (2022). 

Factors for success of awake prone positioning in patients with COVID-19-induced acute 

hypoxemic respiratory failure: Analysis of a randomized controlled trial. Critical Care (London, 

England), 26(1), 84. https://doi.org/10.1186/s13054-022-03950-0 

Ibarra-Estrada, M., Vargas-Obieta, A., Marin-Rosales, M., Aguirre-Díaz, S., García-Salcido, R., López-

Pulgarín, J., Chavez-Peña, Q., Mijangos-Méndez, J., & Aguirre-Avalos, G. (2022). 19: Prone 

positioning in awake patients with COVID-19-associated respiratory failure: The Procarf 

trial. Critical Care Medicine, 50, 10. https://doi-

org.proxy.seattleu.edu/10.1097/01.ccm.0000806544.31055.86 

Jayakumar, D., Ramachandran Dnb, P., Rabindrarajan Dnb, E., Vijayaraghavan Md, B. K. T., Ramakrishnan 

Ab, N., & Venkataraman Ab, R. (2021). Standard care versus awake prone position in adult 

nonintubated patients with acute hypoxemic respiratory failure secondary to COVID-19 

infection-A multicenter feasibility randomized controlled trial. Journal of Intensive Care 

Medicine, 36(8), 918–924. https://doi.org/10.1177/08850666211014480 

Jouffroy, R., Darmon, M., Isnard, F., Geri, G., Beurton, A., Fartoukh, M., Tudesq, J. J., Nemlaghi, S., 

Demoule, A., Azoulay, E., & Vieillard-Baron, A. (2021). Impact of prone position in non-intubated 

spontaneously breathing patients admitted to the ICU for severe acute respiratory failure due to 

COVID-19. Journal of Critical Care, 64, 199–204. https://doi.org/10.1016/j.jcrc.2021.04.014 

https://doi.org/10.1186/s13054-022-04064-3
https://doi.org/10.1186/s13054-022-03950-0
https://doi-org.proxy.seattleu.edu/10.1097/01.ccm.0000806544.31055.86
https://doi-org.proxy.seattleu.edu/10.1097/01.ccm.0000806544.31055.86
https://doi.org/10.1177/08850666211014480


RUNNING HEAD: CRITICAL ANALYSIS OF AN AWAKE PRONE POSITIONING PROTOCOL 34 

Kang, H., Gu, X., & Tong, Z. (2022). Effect of awake prone positioning in non-Intubated COVID-19 

patients with acute hypoxemic respiratory failure: A systematic review and meta-

analysis. Journal of Intensive Care Medicine, 37(11), 1493–1503. 

https://doi.org/10.1177/08850666221121593 

Kaur, R., Vines, D. L., Mirza, S., Elshafei, A., Jackson, J. A., Harnois, L. J., Weiss, T., Scott, J. B., Trump, M. 

W., Mogri, I., Cerda, F., Alolaiwat, A. A., Miller, A. R., Klein, A. M., Oetting, T. W., Morris, L., 

Heckart, S., Capouch, L., He, H., & Li, J. (2021). Early versus late awake prone positioning in non-

intubated patients with COVID-19. Critical Care (London, England), 25(1), 340. 

https://doi.org/10.1186/s13054-021-03761-9 

Khanum, I., Samar, F., Fatimah, Y., Safia, A., Adil, A., Kiren, H., Nasir, N., Faisal, M., & Bushra, J. (2021). 

Role of awake prone positioning in patients with moderate-to-severe COVID-19: An experience 

from a developing country. Monaldi Archives for Chest Disease, 91(2), 

10.4081/monaldi.2021.1561. https://doi.org/10.4081/monaldi.2021.1561 

Kollias, A., Kyriakoulis, K. G., Rapti, V., Trontzas, I. P., Nitsotolis, T., Syrigos, K., Poulakou, G., & PROPCOR 

CONSORTIUM-7 INVESTIGATORS (2022). Prone positioning in patients with COVID-19: Analysis 

of multicenter registry data and meta-analysis of aggregate data. In Vivo (Athens, Greece), 36(1), 

361–370. https://doi.org/10.21873/invivo.12711 

Kucukdemirci-Kaya, P., Kilic, I., Kaya, M., & Kelebek-Girgin, N. (2022). Role and limitations of high-flow 

nasal oxygen therapy in COVID-19 patients: An observational study. Nigerian Journal of Clinical 

Practice, 25(7), 1088–1093. https://doi.org/10.4103/njcp.njcp_1646_21 

Li, J., Luo, J., Pavlov, I., Perez, Y., Tan, W., Roca, O., Tavernier, E., Kharat, A., McNicholas, B., Ibarra-

Estrada, M., Vines, D. L., Bosch, N. A., Rampon, G., Simpson, S. Q., Walkey, A. J., Fralick, M., 

Verma, A., Razak, F., Harris, T., Laffey, J. G., … Awake Prone Positioning Meta-Analysis Group 

(2022). Awake prone positioning for non-intubated patients with COVID-19-related acute 

https://doi.org/10.1177/08850666221121593
https://doi.org/10.1186/s13054-021-03761-9
https://doi.org/10.4081/monaldi.2021.1561
https://doi.org/10.21873/invivo.12711


RUNNING HEAD: CRITICAL ANALYSIS OF AN AWAKE PRONE POSITIONING PROTOCOL 35 

hypoxaemic respiratory failure: A systematic review and meta-analysis. The Lancet. Respiratory 

Medicine, 10(6), 573–583. https://doi.org/10.1016/S2213-2600(22)00043-1 

Lichtenstein, D. A., & Mezière, G. A. (2008). Relevance of lung ultrasound in the diagnosis of acute 

respiratory failure: The BLUE protocol. Chest, 134(1), 117–125. 

https://doi.org/10.1378/chest.07-2800 

Long, B., & Gottlieb, M. (2022). Awake prone positioning for nonintubated patients with COVID-19 and 

acute hypoxemic respiratory failure. American Family Physician, 106(2), 131A–131B. 

Mirza, S. H., Kaur, R., Vines, D., Elshafei, A. A., Scott, J. B., Trump, M. W., Jackson, J. A., Mogri, I., Morris, 

L., & Jie Li. (2022). Predictors of treatment success in awake prone positioning for non-intubated 

COVID-19 patients with acute hypoxemic respiratory failure. Respiratory Care, 67(9), 1168–

1172. https://doi-org.proxy.seattleu.edu/10.4187/respcare.09905 

Mojoli, F., Bouhemad, B., Mongodi, S., & Lichtenstein, D. (2019). Lung ultrasound for critically ill 

patients. American Journal of Respiratory and Critical Care Medicine, 199(6), 701–714. 

https://doi.org/10.1164/rccm.201802-0236CI 

Oliveira, V. M., Barcellos, R. A., Piekala, D. M., Moretti, M. M., Welter, D. I., Candaten, A. E., Cioato, S. G., 

Machado, K. C., & Deponti, G. N. (2021). Response to awake prone position in nonintubated 

individuals with COVID-19. Respiratory Care. https://doi.org/10.4187/respcare.08982 

Padrão, E. M. H., Valente, F. S., Besen, B. A. M. P., Rahhal, H., Mesquita, P. S., Alencar, J. C. G., Costa, M. 

G. P., Wanderley, A. P. B., Emerenciano, D. L., Bortoleto, F. M., Fortes, J. C. L., Marques, B., 

Souza, S. F. B., Marchini, J. F. M., Neto, R. A. B., Souza, H. P., & Hiestand, B. (2020). Awake prone 

positioning in COVID‐19 hypoxemic respiratory failure: Exploratory findings in a single‐center 

retrospective cohort study. Academic Emergency Medicine, 27(12), 1249–1259. https://doi-

org.proxy.seattleu.edu/10.1111/acem.14160 

https://doi.org/10.1016/S2213-2600(22)00043-1
https://doi-org.proxy.seattleu.edu/10.4187/respcare.09905
https://doi.org/10.1164/rccm.201802-0236CI
https://doi.org/10.4187/respcare.08982


RUNNING HEAD: CRITICAL ANALYSIS OF AN AWAKE PRONE POSITIONING PROTOCOL 36 

Pavlov, I., He, H., McNicholas, B., Perez, Y., Tavernier, E., Trump, M. W., Jackson, J. A., Zhang, W., Rubin, 

D. S., Spiegel, T., Hung, A., Estrada, M. Á. I., Roca, O., Vines, D. L., Cosgrave, D., Mirza, S., Laffey, 

J. G., Rice, T. W., Ehrmann, S., & Li, J. (2021). Awake prone positioning in non-intubated patients 

with acute hypoxemic respiratory failure due to COVID-19. Respiratory Care. 

https://doi.org/10.4187/respcare.09191 

Perez-Nieto, O. R., Escarraman-Martinez, D., Guerrero-Gutierrez, M. A., Zamarron-Lopez, E. I., Mancilla-

Galindo, J., Kammar-García, A., Martinez-Camacho, M. A., Deloya-Tomás, E., Sanchez-Díaz, J. S., 

Macías-García, L. A., Soriano-Orozco, R., Cruz-Sánchez, G., Salmeron-Gonzalez, J. D., Toledo-

Rivera, M. A., Mata-Maqueda, I., Morgado-Villaseñor, L. A., Martinez-Mazariegos, J. J., Flores 

Ramirez, R., Medina-Estrada, J. L., Ñamendys-Silva, S. A., … APRONOX Group (2022). Awake 

prone positioning and oxygen therapy in patients with COVID-19: The APRONOX study. The 

European Respiratory Journal, 59(2), 2100265. https://doi.org/10.1183/13993003.00265-2021 

Pb, S., Mittal, S., Madan, K., Mohan, A., Tiwari, P., Hadda, V., Pandey, R. M., & Guleria, R. (2021). Awake 

prone positioning in non-intubated patients for the management of hypoxemia in COVID-19: A 

systematic review and meta-analysis. Monaldi Archives for Chest Disease = Archivio Monaldi Per 

Le Malattie del Torace, 91(2), 10.4081/monaldi.2021.1623. 

https://doi.org/10.4081/monaldi.2021.1623 

Piehl, M. A., & Brown, R. S. (1976). Use of extreme position changes in acute respiratory failure. Critical 

Care Medicine, 4(1), 13–14. https://doi.org/10.1097/00003246-197601000-00003 

Prakash, J., Bhattacharya, P. K., Yadav, A. K., Kumar, A., Tudu, L. C., & Prasad, K. (2021). ROX index as a 

good predictor of high flow nasal cannula failure in COVID-19 patients with acute hypoxemic 

respiratory failure: A systematic review and meta-analysis. Journal of Critical Care, 66, 102–108. 

https://doi.org/10.1016/j.jcrc.2021.08.012 

https://doi.org/10.4187/respcare.09191
https://doi.org/10.1183/13993003.00265-2021
https://doi.org/10.1097/00003246-197601000-00003


RUNNING HEAD: CRITICAL ANALYSIS OF AN AWAKE PRONE POSITIONING PROTOCOL 37 

Qian, E. T., Gatto, C. L., Amusina, O., Dear, M. L., Hiser, W., Buie, R., Kripalani, S., Harrell, F. E., Jr, 

Freundlich, R. E., Gao, Y., Gong, W., Hennessy, C., Grooms, J., Mattingly, M., Bellam, S. K., Burke, 

J., Zakaria, A., Vasilevskis, E. E., Billings, F. T., 4th, Pulley, J. M., … Vanderbilt Learning Healthcare 

System Platform Investigators (2022). Assessment of awake prone positioning in hospitalized 

adults with COVID-19: A nonrandomized controlled trial. JAMA Internal Medicine, 182(6), 612–

621. https://doi-org.proxy.seattleu.edu/10.1001/jamainternmed.2022.1070 

Riviello, E. D., Kiviri, W., Twagirumugabe, T., Mueller, A., Banner-Goodspeed, V. M., Officer, L., Novack, 

V., Mutumwinka, M., Talmor, D. S., & Fowler, R. A. (2016). Hospital incidence and outcomes of 

the Acute Respiratory Distress Syndrome using the Kigali Modification of the Berlin 

Definition. American Journal of Respiratory and Critical Care Medicine, 193(1), 52–59. 

https://doi.org/10.1164/rccm.201503-0584OC 

Rosén, J., von Oelreich, E., Fors, D., Jonsson Fagerlund, M., Taxbro, K., Skorup, P., Eby, L., Campoccia 

Jalde, F., Johansson, N., Bergström, G., Frykholm, P., & PROFLO Study Group (2021). Awake 

prone positioning in patients with hypoxemic respiratory failure due to COVID-19: The PROFLO 

multicenter randomized clinical trial. Critical Care (London, England), 25(1), 209. 

https://doi.org/10.1186/s13054-021-03602-9 

Rubenfeld, G. D., Caldwell, E., Peabody, E., Weaver, J., Martin, D. P., Neff, M., Stern, E. J., & Hudson, L. D. 

(2005). Incidence and outcomes of acute lung injury. The New England Journal of 

Medicine, 353(16), 1685–1693. https://doi.org/10.1056/NEJMoa050333 

Schmid, B., Griesel, M., Fischer, A. L., Romero, C. S., Metzendorf, M. I., Weibel, S., & Fichtner, F. (2022). 

Awake prone positioning, high-flow nasal oxygen and non-invasive ventilation as non-invasive 

respiratory strategies in COVID-19 acute respiratory failure: A systematic review and meta-

analysis. Journal of Clinical Medicine, 11(2), 391. https://doi.org/10.3390/jcm11020391 

https://doi-org.proxy.seattleu.edu/10.1001/jamainternmed.2022.1070
https://doi.org/10.1056/NEJMoa050333
https://doi.org/10.3390/jcm11020391


RUNNING HEAD: CRITICAL ANALYSIS OF AN AWAKE PRONE POSITIONING PROTOCOL 38 

Silva Junior, J. M., Treml, R. E., Golinelli, P. C., Segundo, M. R. M. G., Menezes, P. F. L., Umada, J. D. A., 

Alves, A. P. S., Nabeshima, R. P., Carvalho, A. D. S., Pereira, T. S., & Sponton, E. S. (2021). 

Response of patients with acute respiratory failure caused by COVID-19 to awake-prone position 

outside the intensive care unit based on pulmonary involvement. Clinics (Sao Paulo, Brazil), 76, 

e3368. https://doi.org/10.6061/clinics/2021/e3368 

Siddiquie, A., Ochani, S., Cheema, H. A., Shahid, A., Sukaina, M., Adnan, A., Haider, R., & Szakmany, T. 

(2023). 958: Awake prone positioning for patients with COVID-19 and acute respiratory failure: A 

meta-analysis. Critical Care Medicine, 51, 472. https://doi-

org.proxy.seattleu.edu/10.1097/01.ccm.0000909560.54344.b2 

Simioli, F., Annunziata, A., Langella, G., Martino, M., Musella, S., & Fiorentino, G. (2021). Early prone 

positioning and non-invasive ventilation in a critical COVID-19 subset. A single centre experience 

in southern Italy. Turkish Thoracic Journal, 22(1), 57–61. 

https://doi.org/10.5152/TurkThoracJ.2021.20158 

Singh, P., Jain, P., & Deewan, H. (2020). Awake prone positioning in COVID-19 patients. Indian Journal of 

Critical Care Medicine: Peer-Reviewed, Official Publication of Indian Society of Critical Care 

Medicine, 24(10), 914–918. https://doi.org/10.5005/jp-journals-10071-23546 

Solverson, K., Weatherald, J., & Parhar, K. K. S. (2021). Tolerability and safety of awake prone positioning 

COVID-19 patients with severe hypoxemic respiratory failure. Canadian Journal of 

Anaesthesia, 68(1), 64–70. https://doi.org/10.1007/s12630-020-01787-1 

Sryma, P. B., Mittal, S., Mohan, A., Madan, K., Tiwari, P., Bhatnagar, S., Trikha, A., Dosi, R., Bhopale, S., 

Viswanath, R., Hadda, V., Guleria, R., & Baldwa, B. (2021). Effect of proning in patients with 

COVID-19 acute hypoxemic respiratory failure receiving noninvasive oxygen therapy. Lung India: 

Official Organ of Indian Chest Society, 38(Supplement), S6–S10. 

https://doi.org/10.4103/lungindia.lungindia_794_20 

https://doi.org/10.6061/clinics/2021/e3368
https://doi-org.proxy.seattleu.edu/10.1097/01.ccm.0000909560.54344.b2
https://doi-org.proxy.seattleu.edu/10.1097/01.ccm.0000909560.54344.b2
https://doi.org/10.5152/TurkThoracJ.2021.20158
https://doi.org/10.5005/jp-journals-10071-23546
https://doi.org/10.1007/s12630-020-01787-1
https://doi.org/10.4103/lungindia.lungindia_794_20


RUNNING HEAD: CRITICAL ANALYSIS OF AN AWAKE PRONE POSITIONING PROTOCOL 39 

Taboada, M., González, M., Álvarez, A., González, I., García, J., Eiras, M., Vieito, M. D., Naveira, A., Otero, 

P., Campaña, O., Muniategui, I., Tubio, A., Costa, J., Selas, S., Cariñena, A., Martínez, A., Veiras, 

S., Aneiros, F., Caruezo, V., Baluja, A., … Alvarez, J. (2021). Effectiveness of prone positioning in 

nonintubated intensive care unit patients with moderate to severe acute respiratory distress 

syndrome by Coronavirus Disease 2019. Anesthesia and Analgesia, 132(1), 25–30. 

https://doi.org/10.1213/ANE.0000000000005239 

Tan, W., Xu, D. Y., Xu, M. J., Wang, Z. F., Dai, B., Li, L. L., Zhao, H. W., Wang, W., & Kang, J. (2021). The 

efficacy and tolerance of prone positioning in non-intubation patients with acute hypoxemic 

respiratory failure and ARDS: A meta-analysis. Therapeutic Advances in Respiratory Disease, 15, 

17534666211009407. https://doi.org/10.1177/17534666211009407 

Taylor, S. P., Bundy, H., Smith, W. M., Skavroneck, S., Taylor, B., & Kowalkowski, M. A. (2021). Awake 

prone positioning strategy for nonintubated hypoxic patients with COVID-19: A pilot trial with 

embedded implementation evaluation. Annals of the American Thoracic Society, 18(8), 1360–

1368. https://doi.org/10.1513/AnnalsATS.202009-1164OC 

Thompson, A. E., Ranard, B. L., Wei, Y., & Jelic, S. (2020). Prone positioning in awake, nonintubated 

patients with COVID-19 hypoxemic respiratory failure. JAMA Internal Medicine, 180(11), 1537–

1539. https://doi.org/10.1001/jamainternmed.2020.3030 

Tonelli, R., Pisani, L., Tabbì, L., Comellini, V., Prediletto, I., Fantini, R., Marchioni, A., Andrisani, D., Gozzi, 

F., Bruzzi, G., Manicardi, L., Busani, S., Mussini, C., Castaniere, I., Bassi, I., Carpano, M., 

Tagariello, F., Corsi, G., d'Amico, R., Girardis, M., … Clini, E. (2022). Early awake proning in critical 

and severe COVID-19 patients undergoing noninvasive respiratory support: A retrospective 

multicenter cohort study. Pulmonology, 28(3), 181–192. https://doi-

org.proxy.seattleu.edu/10.1016/j.pulmoe.2021.03.002 

https://doi.org/10.1213/ANE.0000000000005239
https://doi.org/10.1177/17534666211009407
https://doi.org/10.1513/AnnalsATS.202009-1164OC
https://doi.org/10.1001/jamainternmed.2020.3030
https://doi-org.proxy.seattleu.edu/10.1016/j.pulmoe.2021.03.002
https://doi-org.proxy.seattleu.edu/10.1016/j.pulmoe.2021.03.002


RUNNING HEAD: CRITICAL ANALYSIS OF AN AWAKE PRONE POSITIONING PROTOCOL 40 

Touchon, F., Trigui, Y., Prud'homme, E., Lefebvre, L., Giraud, A., Dols, A. M., Martinez, S., Bernardi, M., 

Begne, C., Granier, P., Chanez, P., Forel, J. M., Papazian, L., & Elharrar, X. (2021). Awake prone 

positioning for hypoxaemic respiratory failure: Past, COVID-19 and perspectives. European 

Respiratory Review: An Official Journal of the European Respiratory Society, 30(160), 210022. 

https://doi.org/10.1183/16000617.0022-2021 

Tu, G. W., Liao, Y. X., Li, Q. Y., Dong, H., Yang, L. Y., Zhang, X. Y., Fu, S. Z., & Wang, R. L. (2020). Prone 

positioning in high-flow nasal cannula for COVID-19 patients with severe hypoxemia: a pilot 

study. Annals of Translational Medicine, 8(9), 598. https://doi.org/10.21037/atm-20-3005 

Villar, J., Blanco, J., Añón, J. M., Santos-Bouza, A., Blanch, L., Ambrós, A., Gandía, F., Carriedo, D., 

Mosteiro, F., Basaldúa, S., Fernández, R. L., Kacmarek, R. M., & ALIEN Network (2011). The ALIEN 

study: Incidence and outcome of acute respiratory distress syndrome in the era of lung 

protective ventilation. Intensive Care Medicine, 37(12), 1932–1941. 

https://doi.org/10.1007/s00134-011-2380-4 

Washington State Department of Health. (2023). Covid-19 data dashboard. Washington State 

Department of Health. Retrieved April 1, 2023, from https://doh.wa.gov/emergencies/covid-

19/data-dashboard  

Walkey, A. J., Summer, R., Ho, V., & Alkana, P. (2012). Acute respiratory distress syndrome: 

epidemiology and management approaches. Clinical Epidemiology, 4, 159–169. 

https://doi.org/10.2147/CLEP.S28800 

Weatherald, J., Parhar, K. K. S., Al Duhailib, Z., Chu, D. K., Granholm, A., Solverson, K., Lewis, K., Møller, 

M. H., Alshahrani, M., Belley-Cote, E., Loroff, N., Qian, E. T., Gatto, C. L., Rice, T. W., Niven, D., 

Stelfox, H. T., Fiest, K., Cook, D., Arabi, Y. M., & Alhazzani, W. (2022). Efficacy of awake prone 

positioning in patients with covid-19 related hypoxemic respiratory failure: systematic review 

https://doi.org/10.1183/16000617.0022-2021
https://doi.org/10.21037/atm-20-3005
https://doi.org/10.1007/s00134-011-2380-4
https://doh.wa.gov/emergencies/covid-19/data-dashboard
https://doh.wa.gov/emergencies/covid-19/data-dashboard


RUNNING HEAD: CRITICAL ANALYSIS OF AN AWAKE PRONE POSITIONING PROTOCOL 41 

and meta-analysis of randomized trials. BMJ (Clinical Research Ed.), 379, e071966. 

https://doi.org/10.1136/bmj-2022-071966 

Wendt, C., Mobus, K., Weiner, D., Eskin, B., & Allegra, J. R. (2021). Prone positioning of patients with 

coronavirus disease 2019 who are nonintubated in hypoxic respiratory distress: Single-site 

retrospective health records review. Journal of Emergency Nursing, 47(2), 279. https://doi-

org.proxy.seattleu.edu/10.1016/j.jen.2020.12.006 

Xu, Q., Wang, T., Qin, X., Jie, Y., Zha, L., & Lu, W. (2020). Early awake prone position combined with high-

flow nasal oxygen therapy in severe COVID-19: A case series. Critical Care (London, 

England), 24(1), 250. https://doi.org/10.1186/s13054-020-02991-7 

Yang S.S., Lipes J., Dial S., Schwartz B., Laporta D., Wong E., Baldry C., Warshawsky P., McMillan P., 

Hornstein D., de Marchie M., Jayaraman D. (2020) Outcomes and clinical practice in patients 

with COVID-19 admitted to the intensive care unit in Montréal, Canada: A descriptive analysis. C 

Open8:E788–E795. doi: 10.9778/cmajo.20200159 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1136/bmj-2022-071966
https://doi-org.proxy.seattleu.edu/10.1016/j.jen.2020.12.006
https://doi-org.proxy.seattleu.edu/10.1016/j.jen.2020.12.006
https://doi.org/10.1186/s13054-020-02991-7


RUNNING HEAD: CRITICAL ANALYSIS OF AN AWAKE PRONE POSITIONING PROTOCOL 42 

 

 

 

 

 

 

Appendix A 

Figure A1 

Alternative positions if patients are unable to tolerate prone positioning (Chen et al., 2022) 

 

“Reprinted from Frontiers in Medicine, Vol 9, Chen, L., Zhang, Y., Li, Y., Song, C., Lin, F., Pan, P. (2022). 

The application of awake-prone positioning among non-intubated patients with COVID-19-related ARDS: 

A narrative review. Pages 1-9 (2022) with permission from Frontiers in Medicine.” 
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Figure A2 

Original prone positioning protocol in non-intubated adult patients 

Procedure : Self-Proning (non-intubated adult patients) 
 

  

NOTE: The electronic version of this document or form is the latest and only acceptable version. 

You are responsible to ensure any printing of this document is identical to the e-version. 

  

  

  

Scope: 

This procedure applies to non-intubated adult inpatients at EvergreenHealth Kirkland.  For 
intubated patients or the ICU setting, see Proning procedure. 

Policy Statement: 

Patients with Covid-19 experiencing oxygenation compromise are often admitted to medical 
units.  Early self-proning is a viable, nurse-driven option to improve oxygenation, prevent transfer 
to intensive care, and decrease need for invasive mechanical ventilation. 

Procedures: 

Begin by identifying whether the patient meets the inclusion criteria for self- proning.  See 
inclusion and exclusion criteria below. 

Inclusion Exclusion 

Alert, awake and cooperative  Patient intubated  

Able to reposition independently from supine to prone and prone to 
supine  

Spinal Issues (Instability , vertebral compression 
fractures, etc.)  

>30 minutes from last meal  Severe Reflux or Patient nauseated/vomiting 

Respiration Rate <40  Pregnancy  

Hemodynamically Stable as evidenced by: 

  
Documented aspiration risk  

HR: 50-120 

  

Tube Feeds running 

  

BP: 90-180 Surgical and/or trauma precautions  

https://www.lucidoc.com/cgi/doc-gw.pl?ref=everg5:29539
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Patient Preparation:  Ensure patient meets criteria (above) to self-prone. 

1. Verify patient has not eaten within the last 30 minutes. 

2. Explain the procedure and purpose of proning to the patient.  Goal is minimum of 30 minutes 
to maximum of 2 hours twice daily. 

3. Assess patient for actual or potential skin breakdown; pad bony prominences (such as 
shoulder, knees, iliac crest) with foam dressings if indicated. 

4. Evaluate patient’s ability to turn head side to side:  in prone position, patient will be asked to 
turn head to best ROM side. 

5. Remove fitted sheet:  place flat sheet under patient’s shoulders and bed pad at their hips. 

6. Take vital signs.  

7. If on telemetry, remove EKG electrodes from chest and place on back, matching the right and 
left leads to the patient's right and left sides. Avoid placing the leads over bony areas such as 
the scapula and the spinal cord.  

Inclusion Exclusion 

  

MAP:≥65 

  
Morbid Obesity (BMI >45)  

No new arrhythmia on EKG  
Recent Pacemaker Implantation (within the last 
4 weeks)  

  New arrhythmia on EKG  

  Chest Tube present  
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1. Remove stat lock from urinary catheter (if applicable). 

2. Correctly position all tubes, taking into account the direction of the turn.  Adjust IV pump 
position close to head of bed and verify the tubing has enough length to comfortably turn. 

3. Place patient on continuous pulse oximetry if not already in place. 

Procedure for Manual Pronation 

1. Verify correct position of tubes to assure they will accommodate the turn. 

2. Instruct the patient to raise arm with IV (if applicable) over their head. 

3. Have patient roll over to prone position:  adjust gown and tubing for comfort and safety. 

4. Assist patient to assume swimmer’s pose or position with both arms above head (one side 
slightly off the bed, adjust with pillows and position to avoid traction on the brachial plexus 
(the region from neck to shoulder) and lift the diaphragm off bed.  Assist patient to best 
position of comfort.  Assure able to breathe comfortably and change own position if needed. 
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1. Assure the patient has ready access to the call light to call for assistance if needed during 
proned time. 

2. Assess patient’s response, noting if they have any respiratory distress.  If patient does not 
tolerate: assist them to supine position, raise Head of Bed (HOB).  Notify provider and 
document. 

  

References: 
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1523.  doi:10.1001/jamainternmed.2020.3818.   

Powers, J., Chubinski, S., Kadenko-Monirian, M., Schultz, S., Lung, C., & Carman, T. (2021). Self 
Proning in Non-Intubated Patients with COVID 19: A Strategy to Avoid 
Intubation. MedSurg Nursing, 30(2), 77–82. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.thelancet.com/action/showPdf?pii=S2213-2600%2820%2930268-X
https://www.thelancet.com/action/showPdf?pii=S2213-2600%2820%2930268-X
https://www.thelancet.com/action/showPdf?pii=S2213-2600%2820%2930268-X


RUNNING HEAD: CRITICAL ANALYSIS OF AN AWAKE PRONE POSITIONING PROTOCOL 48 

Figure A3 

Updated prone positioning protocol in adult non-intubated patients 

Procedure : Awake Prone Positioning (Non-Intubated Adult Patients 
Requiring Supplemental Oxygen) 

 

  

NOTE: The electronic version of this document or form is the latest and only acceptable version. 

You are responsible to ensure any printing of this document is identical to the e-version. 

  

  

Scope: 

This procedure applies to non-intubated adult inpatients at EvergreenHealth Kirkland. For 
intubated patients or the ICU setting, see Proning procedure. 

Policy Statement: 

Patients with COVID-19 experiencing oxygenation compromise are often admitted to medical 
units.  Early self-proning is a feasible, nurse-driven option to improve oxygenation, prevent 
transfer to intensive care, and decrease need for invasive mechanical ventilation. Positioning may 
be considered in other viral or bacterial pneumonias. 

Procedures: 

Begin by identifying whether the patient meets the inclusion criteria for self- proning.  See 
inclusion and exclusion criteria below. 

 Inclusion Exclusion 

Alert, awake and cooperative  Absolute 

Able to reposition independently from supine to prone and prone to 
supine  

Confused/combative 

Respiration Rate <35  Hemodynamically unstable 

Hemodynamically Stable as evidenced by: 

 

Severe respiratory distress eg RR>35, accessory muscle 
use  

HR: 50-120 

 
Spinal Instability (eg vertebral compression fractures) 

 BP: 90-180 

 
Relative (Contact provider if risks outweigh benefits) 

 MAP:≥65 

 
Severe reflux or nausea/vomiting 

https://www.lucidoc.com/cgi/doc-gw.pl?ref=everg5:29539
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 Inclusion Exclusion 

>30 minutes from last meal or last bolus tube feed Documented aspiration risk 

 Tube feeds running 

 Recent pacemaker implantation (within last 4 weeks)  

  Chest tube present  

  Pregnancy (2nd trimester or more) 

 Morbid obesity (BMI>45) 

Patient Preparation:  Ensure patient meets criteria (above) to self-prone. 

8. Explain the procedure and purpose of prone positioning to the patient. Goal is to increase 
oxygenation to 92-96% (or 88-92% for CO2-retaining patients). Improvements in oxygenation 
may occur with 30 minutes to 2 hours of duration. However, best benefit to reduce risk of 
intubation is achieved with 8-16 hours per day, as long as tolerated, and with early initiation 
(within 1-2 days of admission or initiation of advanced respiratory therapy such as high flow 
nasal cannula or non-invasive ventilation).  

9. Assess patient for actual or potential skin breakdown; pad bony prominences (such as 
shoulder, knees, iliac crest) with foam dressings if indicated. 

10. Evaluate patient’s ability to turn head side to side:  in prone position, patient will be asked to 
turn head to best ROM side. 

11. Premedicate for nausea or pain as needed. 

12. Remove fitted sheet:  place flat sheet under patient’s shoulders and bed pad at their hips. 

13. If on telemetry, remove EKG electrodes from chest and place on back, matching the right and 
left leads to the patient's right and left sides. Avoid placing the leads over bony areas such as 
the scapula and the spinal cord. Refer to Figure 1. 

14. Remove stat lock from urinary catheter (if applicable). 
15. Correctly position all tubes, taking into account the direction of the turn.  Adjust IV pump 

position close to head of bed and verify the tubing has enough length to comfortably turn. 
16. Place patient on continuous pulse oximetry if not already in place.  

Procedure for Manual Pronation 

5. Verify correct position of tubes to assure they will accommodate the turn. 

6. Instruct the patient to raise arm with IV (if applicable) over their head. 

7. Have patient roll over to prone position:  adjust gown and tubing for comfort and safety. 

8. Assist patient to assume swimmer’s pose or position with both arms above head (one side 
slightly off the bed, adjust with pillows and position to avoid traction on the brachial plexus 
(the region from neck to shoulder) and lift the diaphragm off bed. Assist patient to best 
position of comfort. Assure able to breathe comfortably and change own position if needed. 
Consider alternative positions (Figure 2). 

9. Assure the patient has ready access to the call light to call for assistance. 

10. Monitor oxygen saturation and respiratory status. If oxygen desaturation, use of accessary 
muscles, or other signs of respiratory distress, ensure oxygen is connected, stop prone 
positioning, return to supine with HOB elevated, and notify provider. If the patient responds 
to the maneuver as evidenced by improved oxygenation, may continue prone positioning for 
several days or until oxygen therapy needs are decreased to satisfactory level by provider. 
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“Reprinted from Frontiers in Medicine, Vol 9, Chen, L., Zhang, Y., Li, Y., Song, C., Lin, F., Pan, P. (2022). 

The application of awake-prone positioning among non-intubated patients with COVID-19-related ARDS: 

A narrative review. Pages 1-9 (2022) with permission from Frontiers in Medicine.” 

  

Figure 1: Prone positioning and placement of EKG leads. 

Figure 2: Alternative positions to assist with comfort and tolerance if patient unable to tolerate 

traditional prone position. Chen et al. 2022 



RUNNING HEAD: CRITICAL ANALYSIS OF AN AWAKE PRONE POSITIONING PROTOCOL 51 

 

References: 

Bamford, P., Bentley, A., Dean, J., Whitmore, D., & Wilson-Baig, N. (2020). ICS guidance of the prone 
positioning for the conscious COVID patient 2020. https:// emcrit.org/wp-
content/uploads/2020/ 04/2020-04-12-Guidance-for-consciousproning.pdf 

Chen, L., Zhang, Y., Li, Y., Song, C., Lin, F., & Pan, P. (2022). The application of awake-prone positioning 
among non-intubated patients with COVID-19-related ARDS: A narrative review. Frontiers in 
Medicine, 9, 817689. https://doi.org/10.3389/fmed.2022.817689 

Coppo, A., Giacomo, B., et al. (2020).  Feasibility and physiological effects of prone positioning in non-
intubated patients with acute respiratory failure due to covid-19:  A prospective cohort 
study, The Lancet.com/respiratory, Vol 8, August 2020, 765-774. 

Ehrmann, S., Li, J., Ibarra-Estrada, M., Perez, Y., Pavlov, I., McNicholas, B., Roca, O., Mirza, S., Vines, D., 
Garcia-Salcido, R., Aguirre-Avalos, G., Trump, M. W., Nay, M. A., Dellamonica, J., Nseir, S., 
Mogri, I., Cosgrave, D., Jayaraman, D., Masclans, J. R., Laffey, J. G., … Awake Prone Positioning 
Meta-Trial Group (2021). Awake prone positioning for COVID-19 acute hypoxaemic 
respiratory failure: A randomised, controlled, multinational, open-label meta-trial. The Lancet. 
Respiratory Medicine, 9(12), 1387–1395. https://doi.org/10.1016/S2213-2600(21)00356-8 

Esperatti, M., Busico, M., Fuentes, N. A., Gallardo, A., Osatnik, J., Vitali, A., Wasinger, E. G., Olmos, M., 
Quintana, J., Saavedra, S. N., Lagazio, A. I., Andrada, F. J., Kakisu, H., Romano, N. E., 
Matarrese, A., Mogadouro, M. A., Mast, G., Moreno, C. N., Niquin, G. D. R., Barbaresi, V., … 
Argentine Collaborative Group on High Flow and Prone Positioning (2022). Impact of exposure 
time in awake prone positioning on clinical outcomes of patients with COVID-19-related acute 
respiratory failure treated with high-flow nasal oxygen: A multicenter cohort study. Critical 
Care (London, England), 26(1), 16. https://doi.org/10.1186/s13054-021-03881-2 

Ibarra-Estrada, M., Li, J., Pavlov, I., Perez, Y., Roca, O., Tavernier, E., McNicholas, B., Vines, D., Marín-
Rosales, M., Vargas-Obieta, A., García-Salcido, R., Aguirre-Díaz, S. A., López-Pulgarín, J. A., 
Chávez-Peña, Q., Mijangos-Méndez, J. C., Aguirre-Avalos, G., Ehrmann, S., & Laffey, J. G. 
(2022). Factors for success of awake prone positioning in patients with COVID-19-induced 
acute hypoxemic respiratory failure: Analysis of a randomized controlled trial. Critical Care 
(London, England), 26(1), 84. https://doi.org/10.1186/s13054-022-03950-0 

Kang, H., Gu, X., & Tong, Z. (2022). Effect of awake prone positioning in non-Intubated COVID-19 
patients with acute hypoxemic respiratory failure: A systematic review and meta-analysis. 
Journal of Intensive Care Medicine, 37(11), 1493–1503. 
https://doi.org/10.1177/08850666221121593 

Li, J., Luo, J., Pavlov, I., Perez, Y., Tan, W., Roca, O., Tavernier, E., Kharat, A., McNicholas, B., Ibarra-
Estrada, M., Vines, D. L., Bosch, N. A., Rampon, G., Simpson, S. Q., Walkey, A. J., Fralick, M., 
Verma, A., Razak, F., Harris, T., Laffey, J. G., … Awake Prone Positioning Meta-Analysis Group 
(2022). Awake prone positioning for non-intubated patients with COVID-19-related acute 
hypoxaemic respiratory failure: A systematic review and meta-analysis. The Lancet. 
Respiratory Medicine, 10(6), 573–583. https://doi.org/10.1016/S2213-2600(22)00043-1 

Nguyen, H. N., Trohman, R.G., Huang, H.D. (2020).  Influence of prone positioning on 
electrocardiogram in a patient with Covid-19, JAMA Intern Med. 2020; 180(11):1521-
1523.  doi:10.1001/jamainternmed.2020.3818.   

Powers, J., Chubinski, S., Kadenko-Monirian, M., Schultz, S., Lung, C., & Carman, T. (2021). Self proning 
in non-Intubated patients with COVID 19: A strategy to avoid intubation. MedSurg 
Nursing, 30(2), 77–82. 



RUNNING HEAD: CRITICAL ANALYSIS OF AN AWAKE PRONE POSITIONING PROTOCOL 52 

Table A1 

Meta-analyses 

Citation Sample Size Duration of APP or 
Recommendation 

Outcomes 

Ashra et al. 2022 15 studies Varied 
30 min to 18 hrs 

PaO2/FiO2 
standardized mean 
difference 1.10 (95%CI 
0.60‐1.59) 
 
SpO2 standardized 
mean difference 3.39 
(95% CI 1.30‐5.48) 
 
PaO2 standardized 
mean difference 0.77 
(95% CI 0.19‐1.35).  
 
Patients with higher 
body mass index and 
longer duration/day 
associated with larger 
standardized mean 
difference effect sizes 

Beran et al. 2022 14 studies Varied Decreased mortality 
(RR 0.68 [95% CI 0.51‐
0.90]; P = .008, I2 = 
52%) 
 
Reduced intubation in 
sub‐group analysis of 
RCTs (RR 0.83 [95% CI 
0.72‐0.97]; P = .02, I2 = 
0%) 

Chua et al. 2021 35 studies Varied 
30min to >16hrs 

Improved PaO₂/FiO₂ 
(Mean difference, MD 
52.15, 95% CI 37.08 to 
67.22; p < 0.00001)  
 
Improved SpO₂ (MD 
4.17, 95% CI 2.53 to 
5.81) 
 
Reduced mortality (OR 
0.44, 95% CI 0.24 to 
0.80; p = 0.007).  
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No significant 
difference intubation 
rate (OR 1.20, 95% CI 
0.77 to 1.86) 

Citation Sample Size Duration of APP or 
Recommendation 

Outcomes 

Fazzini et al. 2022 14 studies Varied 
Median 3 hrs (2‐16) 
Recommend 
>4hrs 

Improved PaO2/FiO2 
(mean difference ‐
23.10; 95% CI: ‐34.80 
to 11.39; P=0.0001; 
I2=26%) 
 
Reduced mortality [OR] 
0.51; 95% CI: 0.32‐0.80 
 
Unchanged intubation 
rate 

Kang et al. 2022 22 studies Varied 
Recommend >8 hrs 

Decreased intubation 
(OR 0.64; 95% CI 0.48‐
0.83; P = .001), 
particularly with daily 
median duration APP > 
8 h and receiving high 
flow nasal cannula 
(HFNC) or non‐invasive 
ventilation (NIV) 

Kollias et al. 2022 23 studies Varied Mean PaO2/FiO2 
difference 50.4±64.3 
mmHg, p<0.01 
 
Similar in awake 
(58.7±72.1 mmHg) 
versus intubated 
patients (44.1±57.5 
mmHg, p=NS) 

Li et al. 2022 29 studies Varied Reduced intubation (RR 
0·84 [95% CI 0·72‐
0·97]) 
 
Further reduction in 
advanced respiratory 
support and ICU 
 
Reduced mortality in 
observational studies 
(RR 0·56 [95% CI 0·48–
0·65] 



RUNNING HEAD: CRITICAL ANALYSIS OF AN AWAKE PRONE POSITIONING PROTOCOL 54 

Citation Sample Size Duration of APP or 
Recommendation 

Outcomes 

Pb et al. 2021 16 studies Varied 
Most 2‐3 hrs 

Improved PaO2/ FiO2 
(51.29 95% CI 13.91‐
88.67) 
 
PaO2 (27.92 95% CI 
15.2‐40.69) 
SpO2 (5.39 95% CI 
1.53‐9.25) 
 
Respiratory rate ‐0.83 
95% CI ‐3.02 to 1.37) 
 
Time to initiation in 
responders 2.7 days vs 
non‐responders 4.6 
days 

Schmid et al. 2022 5 RCTs Varied Reduced intubation (RR 
0.83, 0.71‐0.96) 
 
Little or no effect on 
mortality (RR: 1.08, 
0.51‐2.31). 

Siddiquie et al. 2023 11 RCTs Varied Reduced intubation (RR 
0.84, 95% CI: 0.74‐0.95) 
greater with advanced 
respiratory support and 
ICU 

Tan et al. 2021 16 studies Varied 
Recommend >5h 
improved intubation 
and mortality 

Increased PaO2/FiO2 
[mean difference (MD) 
= 47.89, 95% CI: 28.12‐
67.66 
 
SpO2 (MD = 4.58, 95% 
CI: 1.35‐7.80) 
 
Reduced respiratory 
rate (MD = ‐5.01, 95% 
CI: ‐8.49 to ‐1.52, p = 
0.005, I2 = 85%) 
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Table A2 

Randomized Control Trials 

Citation Sample Size Duration of APP or 
Recommendation 

Outcomes 

Ehrmann et al. 2021 N=1126 Median daily APP 5hrs 
(IQR 1·6–8·8) 
 
Recommend >8hrs 

Reduced intubation HR 
0·75 (0·62‐0·91) 
 
Reduced mortality HR 
0·87 (0·68‐1·11) 

Ibarra‐Estrada, Li et al. 
2022 

N=430 Recommend >8hrs Reduced intubation 
rate (30% vs 43%, 
relative risk [RR] 0.70; 
CI95 0.54‐0.90, P = 
0.006)  
 
Shorter hospital length 
of stay (11 interquartile 
range [IQR, 9‐14] vs 13 
[IQR, 10‐17] days, P = 
0.001) 

Ibarra‐Estrada, Vargas‐
Obieta et al., 2022 

N=430 Mean duration 9.4 hrs 
(5.6‐12.9)  
 
Median of 6 days (3.7‐
9.0) 
 
Treatment failure <7.7h 

Best predictors of 
treatment failure: daily 
duration of APP < 7.7h 
(AUROC 0.96, p=< 
0.001), respiratory rate 
at enrollment ≥25 bpm 
(AUROC 0.93, p=< 
0.001), D‐dimer 
>1.4 mg/dL (AUROC 
0.82, p=< 0.001), and a 
decrease in respiratory 
rate < 3 bpm after the 
first session of APP 
(AUROC 0.79, p=< 
0.001) 

Taylor et al., 2021 N=40 Varied 
12–16 hours 
recommended by 
physicians 
 
Patients only able to 
tolerate 10 to 120 
minutes per day  

SaO2/FiO2 ratio after a 
48‐hour period was 
253 (95% CI [197–267]) 
in the APP group versus 
216 (95% CI [95–303]) 
in the control 
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Table A3 

Observational Studies 

Citation Sample Size Duration of APP or 
Recommendation 

Outcomes 

Aisa et al. 2022 N=50 Mean duration 8.5 hrs Mild‐mod ARDS 
PaO2/FiO2 85 (SD 
13.76) to 124 (SD 
34.08) in prone 
position with 
substantial increase in 
mean PFR 1‐h post 
proning to 138 (SD 
28.01) 

Altinay et al. 2022 N=48 >12 hrs Mask therapy 
APP group 
SpO2: 95%, median 
PaO2: 82 mmHg  
 
Non‐APP group 
SpO2: 90%  
PaO2: 66 mmHg 

Cherian et al. 2021 N=59 At least 3 hrs Improved ROX and 
inflammatory markers, 
Reduced risk of 
intubation in mild‐mod 
ARDS 

Coppo et al. 2020 N=56 At least 3 hrs PaO2/FiO2 180·5 mm 
Hg [SD 76·6] in supine 
position vs 285·5 mm 
Hg [112·9] in prone 
position; p<0·0001 
 
Maintained in 50% 
after re‐supination 
 
Shorter time between 
admission to hospital 
and prone positioning 
(2·7 days [SD 2·1] in 
responders vs 4·6 days 
[3·7] in non‐
responders) 

Dubosh et al. 2021 N=22 30 min Emergency setting 
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SpO2/FiO2 ratio 
increased by a median 
of 5 (IQR: 0‐15) 

Citation Sample Size Duration of APP or 
Recommendation 

Outcomes 

Esperatti et al. 2022 N=335 Recommend >6 hrs APP for ≥ 6 h/day 
reduced endotracheal 
intubation 
APP ≥ 8 h/d reduced 
mortality 

Oliveira et al. 2021 N=41 2 hrs Responders (20% 
increase in PaO2/FiO2 
after intervention) 
showed increased 
SpO2 (P < .001), PaO2 
(P < .001), and PaO2 
/FIO2 ratios (P < .001) 
with the maneuver and 
reduced breathing 
frequency. Responders 
had shorter lengths of 
stay in the ICU (P < 
.001) and hospital (P < 
.003), lower intubation 
rates at 48 h (P < .012), 
fewer days of 
ventilation (P < .02), 
and lower mortality (P 
< .001) 

Silva Junior et al. 2021 N=48 At least 1 hr three 
times daily 

Emergency setting 
SpO2/FiO2 >165 
predictive of decreased 
risk of intubation 

Simioli et al. 2021 N=29 At least 10 hrs 
alternating every 2 hrs 

Severe ARDS 
PaO2/FiO2 (288 vs. 
202; p=0.0002) with 
APP 
 
Shorter duration of 
respiratory failure (14 
vs. 21 days; p=0.002) 

Thompson et al. (2020) N=29 1 hr Spo2 increased 1% to 
34% (median [SE], 7% 
[1.2%]; 95% CI, 4.6%‐
9.4%) 
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SpO2>95% after 1 hour 
PP associated with 
decreased intubation 
rate 
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Appendix B 

Figure B1 

Seattle University IRB Exemption
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Figure B2 

Hospital Approval 
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