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Abstract
Background: Proning improves oxygenation and outcome in intubated patients with acute respiratory distress
syndrome (ARDS). Awake self proning position (SPP) may lead to clinical improvement in COVID-19 cases with
severe hypoxemia. We describe our experience of the impact of awake SPP with high �ow nasal oxygen
(HFNO) in COVID-19 patients on oxygenation and survival.

Methods: A retrospective study of patients with moderate to severe ARDS due to COVID-19 pneumonia treated
with SPP-HFNO admitted from May to July 2020 to ICU. The primary outcomes were avoidance of invasive or
non-invasive ventilation or death. The secondary outcomes were improvement of oxygenation (SpO2),
reduction in respiratory rate (RR), and/or reduction in heart rate (HR) after at least 30 minutes of SPP-HFNO.

Results: A total of 110 ICU patients received SPP-HFNO and full data was available on 71 patients. The median
age was 55 years with male predominance at 86%. The success group had lower APACHE II score (12.47 vs.
16.97, p<0.001), lower ICU-LOS (6.21 vs 13.19, p<0.001), higher pre and post SpO2 (90.64 vs 88.42, p=0.015
and 96.09 vs 93.22, p<0.001), and lower pre HR (91.03 vs. 99.08, p=0.04). The survival rate was much higher in
HFNO & SPP successful group (97% vs. 51%, p<0.001). The signi�cant covariates in the success group were
lower APACHE II score (HR=0.91), lower WBC (HR=0.88), lower post-SPP RR (HR=1.40), and treatment with
convalescent plasma (HR=2.33).

Conclusion: Awake SPP-HFNO in patients with moderate to severe COVID-19 pneumonia is associated with
improved oxygenation, reduced intubation rate, and improved survival.

Background
COVID-19 is a new disease arising from the novel SARS-CoV-2. It caught the world by surprise to reach
pandemic threshold levels in no time. During the pandemic, the healthcare systems worldwide were faced with
unprecedented challenges of rapid consumption of resources and high disease infectivity. Patients rapidly
became critically ill and died from an illness that did not �t with any existing model, and for which there has
been no existing treatment [1]. Sick patients �ooded the hospitals, and a substantial proportion was rapidly
progressing into acute respiratory failure that required mechanical ventilation and ICU admission. In a
signi�cant proportion of these patients, severe hypoxemic respiratory failure and acute respiratory distress
syndrome (ARDS) occurred, yet with a stable clinical condition. This combination of signs and symptoms has
been called “happy hypoxia” [2].

Health care systems have been exploring therapeutic and oxygenation support strategies in an attempt to
conserve medical resources and minimize pressure on diminishing intensive care services. One such modality
is prone positioning. It is a ventilatory support strategy that improved oxygenation levels and mortality in
mechanically ventilated patients with acute ARDS [3]. Based on prior literature with other causes of ARDS,
prone ventilation in unconscious patients is labor-intensive and is associated with various complications [4]. It
was thus speculated that prone ventilation is done on awake patients to improve oxygenation, prevent or delay
intubation and minimize complications as well. The prone positioning in patients with ARDS favors lung
recruitment by improving ventilation-perfusion (V/Q) mismatch [5]. The homogeneous distribution of
ventilation minimizes the risk of ventilator-induced lung injury, barotrauma, atelectasis, and mortality [6]
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Recent case reports and series showed that early use of awake self-proning position (SPP) with oxygen therapy
can be used successfully in non-COVID-19 ARDS to prevent intubation [7]. Mechanism of action behind
improved oxygenation involves reducing ventilation/perfusion (V/Q) mismatch and making lung perfusion
more uniform [6]. Experts extrapolated the use of awake SPP to patients with COVID-19 pneumonia and severe
hypoxemic respiratory failure and showed improved oxygenation, prevention of intubation, and improved
outcome [7–9].

More information is needed about the utility, timing, effectiveness, and outcome predictors of awake SPP-
HFNO in the treatment of critical COVID-19 pneumonia. Our study aims at exploring the outcome of moderate
to severe COVID-19 pneumonia patients who underwent early awake SPP-HFNO. The primary outcome is to
determine the success rate of SPP-HFNO de�ned as the avoidance of non-invasive or invasive ventilation
and/or death. The secondary outcome is the e�cacy of SPP-HFNO on oxygenation, heart rate, and respiratory
rate after at least 30 min of initiation of treatment.

Methods

Study design:
This is a retrospective study of all patients with COVID-19 pneumonia who underwent treatment with SPP-
HFNO in the ICU at King Fahad Medical City (KFMC) in Riyadh, Saudi Arabia from May to July 2020. The study
was approved by the ethics committee at KFMC.

Outcomes:
The primary outcomes for the e�cacy of SPP-HFNO were the rate of avoidance of invasive or non-invasive
ventilation and/or death. The SPP-HFNO intervention was labeled as a success if patients survived and
avoided invasive or non-invasive ventilation; otherwise, it was labeled as a failure. The secondary outcomes
were improvement of oxygen saturation determined by pulse oximetry (SpO2), reduction in respiratory rate (RR),
and/or reduction in heart rate (HR) after at least 30 minutes of SPP-HFNO.

Data collection:
The following information was collected from the medical records on all patients included in the study: Patient
characteristics (age, sex, BMI, APACHE II score, source of admission whether from the emergency department
(ED) or hospital ward, ICU length of stay (ICU LOS), total hospital length of stay (TOTLOS), and survival), 2)
Laboratory evaluation (WBC, platelet count, Bun, creatinine, ALT, LDH, ferritin, D-Dimer, and CRP), 3) Physiologic
parameters (HFNO & SPP time, maximum FiO2 on HFNO, maximum �ow of HFNO, SpO2, RR, and, HR before
and after HFNO &SPP), 4) Comorbidities (diabetes, hypertension, cancer, cardiac, CNS, pulmonary, and kidney
diseases), 5) COVID-19 treatment (antiviral, azithromycin, corticosteroids, statins, anticoagulation, Tocilizumab,
and convalescent plasma exchange).

Statistical analysis:
Descriptive statistics for quantitative variables was carried out by calculating the mean, standard deviation,
median, quartiles, minimum and maximum. The analysis of qualitative variables was carried out by calculating
the number and percentage of occurrences of each value. The comparison of values of qualitative variables in
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groups was done by using Fisher’s exact test. The quantitative variables comparison of the values in two
groups was performed using Welch's two-sample t-test. The signi�cance level of P values < 0.05 was assumed
in the analysis. All statistical analysis was carried out in the R program, version 1.4.1103.

Regression analysis models:
The primary dependent variable was the success of SPP-HFNO. Cox proportional hazards model was used to
determine the association between the success of SPP-HFNO in COVID-19 pneumonia and the covariates in the
5 different categories i.e., demographics, laboratory evaluation, physiologic parameters, comorbidities, and
treatment.

Results
A total of 110 patients received awake SPP-HFNO in the ICU during the study period. Thirty-nine patients were
excluded for incomplete records leaving 71 patients who form the basis of this study.

General Characteristics:
The median age was 55 years with male predominance at 86% (Figure-1). The SPP-HFNO success group had
statistically signi�cant lower APACHE II score (12.47 ± 3.34 vs. 16.97 ± 8.14, p < 0.003) and ICU LOS (6.21 ± 4.63
vs. 13.19 ± 9.44, p < 0.001). However, the total hospital stay was comparable between the 2 groups (18.12 ± 
13.00 vs. 20.62 ± 11.10, p = 0.388) with much better survival in the population whom SPP-HFNO intervention
was successful (97% vs. 51%, p < 0.001). The most common comorbidities were diabetes (54%) and
hypertension (45%). There were no statistically signi�cant differences between the SPP-HFNO success and
failure groups in the frequency of comorbidities (Table-1).

Laboratory Evaluation:
The SPP-HFNO success group had a statistically signi�cantly higher platelets count (288 ± 122 vs. 237 ± 84).
Otherwise, the laboratory tests of both groups were comparable including COVID-19 in�ammatory markers
namely LDH, ferritin, D-Dimer, and CRP (Table-2).

Physiologic Parameters:
The Physiologic parameters of the COVID-19 patients who received SPP-HFNO are presented in table-3. The
SPP-HFNO success group had statistically signi�cantly higher time in days spent on HFNO and SPP (5.03 ± 
2.84 vs. 3.38 ± 3.11, p = 0.022 and 5.26 ± 2.99 vs. 3.35 ± 2.93, p = 0.008 respectively), higher pre and post SPP-
HFNO SpO2 (90.64 ± 4.11 vs. 88.42 ± 3.16, p = 0.015 and 96.09 ± 2.07 vs. 93.22 ± 4.03, p < 0.001 respectively),
and lower pre SPP-HFNO HR (91.03 ± 18.24 vs. 99.08 ± 12.97, p = 0.04) (Table-3).

Treatment:
More patients received convalescent plasma transfusion in the success group when compared to the failure
group (44% vs. 13%, p = 0.007). All other treatment modalities were similar (Table-4).

Cox Proportional Hazards Model:
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The hazard ratios of the success of the SPP-HFNO, as the dependent variable, and the covariates of the general
characteristics, laboratory tests, physiologic parameters, comorbidities, and treatment are presented in Figs. 2
to 6 respectively. The signi�cant covariates in the success group were lower APACHE II score (HR = 0.91, C.I:
0.82-1.0, p = 0.045), lower WBC (HR = 0.88, C.I: 0.80–0.95, p = 0.005), higher D-Dimer (HR = 1.01, C.I: 1.00-1.03,
p = 0.057), higher post-SPP RR (HR = 1.40, C.I: 1.05–1.87, p = 0.022), and treatment with convalescent plasma
transfusion (HR = 2.33, C.I: 1.03–5.3, p = 0.043).

Discussion
Our study showed a success rate of awake SPP-HFNO in COVID-19 patients of 48%. We believe this
intervention is worth trying since it is a simple technique to correct hypoxemia thus avoiding the need for
intubation with few side effects. In a cohort of 56 patients with COVID-19, proning was feasible in 84% with
substantial improvement of oxygenation [11]. The addition of non-invasive ventilation (NIV), in the form of
applying continuous positive airway pressure of 10 cm H2O and 60% FiO2, to prone position to COVID-19
patients outside of ICU resulted in improvement in oxygenation and respiratory rate [12]. The early application
of SPP-HFNO avoided intubation in 7 out of 20 patients with moderate ARDS and baseline SpO2 > 95% [7].

The main challenge in SPP-HFNO is patient fatigue and delaying invasive mechanical ventilation. In a
prospective, multicenter study of COVID-19 patients receiving HFNO therapy, there were no effects of SPP on
intubation rate or mortality [13]. In our study, patients were monitored in the ICU and the average time spent on
SPP-HFNO was 5.26 days in the success group versus 3.38 days in the failure group. Furthermore, the mortality
rate in the SPP-HFNO success group was 3% versus 49% in those who required intubation and mechanical
ventilation.

There have been several attempts to investigate predictors of failure of NIV and/or HFNO in patients with
COVID-19 pneumonia such as HACOR score [14] and ROX index [15]. More recently a machine learning
algorithm based on vital signs, laboratory values, and demographic data outperformed the ROX index in
predicting the need for intubation in COVID-19 patients [16]. The baseline physiologic parameters (i.e. RR, HR,
SpO2) in our cohort were comparable except for statistically signi�cant lower HR in the success group (91 vs.
98 bpm, p = 0.04). Those who responded to SPP-HFNO therapy had statistically signi�cant improvement in
their SpO2 (96% vs. 93%, p < 0.001), and lower RR (HR = 1.40, CI: 1.05–1.87, p = 0.022). Similar �ndings
showing improvements in SpO2 and RR have been reported previously [11, 12].

Multiple blood tests were shown to be associated with independent risk for poor ICU outcomes in COVID-19
patients. Elevated white blood cell count and neutrophils and low lymphocyte count are directly proportional to
the severity of COVID-19 [17]. Moreover, elevated biomarkers of in�ammation in COVID-19 namely: D-dimer,
CRP, LDH, and ferritin, are independently associated with higher ICU admission, invasive ventilatory support,
and death [18]. In our study, the SPP-HFNO successful group had lower WBC and is a predictor of outcome (HR 
= 0.88, CI: 0.80–0.95, p = 0.005). The biomarkers of in�ammation, except for D-Dimer, were more elevated in the
SPP-HFNO failure group but did not reach statistical signi�cance. We found the D-dimer was more elevated in
the SPP-HFNO successful group, but with a wide range, and was not statistically signi�cant. The hazard ratio
for D-Dimer was mildly elevated with a marginal p-value (HR = 1.01, CI: 1.00-1.03, p = 0.057).
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The APACHE-II score was designed to measure the severity of disease in patients admitted to the ICU and to
predict mortality [19]. In our cohort of patients, APACHE-II was a signi�cant covariate in the success group (HR 
= 0.91, CI: 0.82-1.0, p = 0.045), indicating an improved survival of 9% with every 1.0-point decrease in the
APACHE II score. Studies have shown that the APACHE-II score accurately predicts the severity of illness in
patients with COVID-19 disease admitted to ICU [20, 21].

Advanced age and obesity were previously reported as predictors of poor outcomes in COVID-19 patients, but
this association was lacking in our study. A meta-analysis showed that age is an important indicator for
predicting the severity and outcome of COVID-19, with a relative risk of 3.59 (95% CI: 1.87–6.90, p < 0.001) [22].
Although an association between severity of COVID-19 disease and comorbidities has been reported [23], this
relationship was not revealed in our cohort of patients. Diabetes and hypertension are very common
comorbidities in the Saudi population [24]. In addition, our cohort of patients was too small to detect
association with other comorbidities like cancer. Regarding the treatment modalities and the predictability of
successful SPP-HFNO in COVID-19 patients, treatment with convalescent plasma was associated with better
outcomes in our study (HR = 2.33, CI: 1.03–5.3, p = 0.043). Initial reports on treatment with convalescent
plasma for severe COVID-19 pneumonia showed promising results [25]; however, a recent randomized trial
failed to demonstrate signi�cant improvement in mortality [26].

A major limitation of this study is being retrospective with no control arm to compare. Second, the
unavailability of complete data on 39 out of 110 patients. Third, measures of symptoms of dyspnea or comfort
after prone positioning were not collected.

Conclusion
Our study showed that awake SPP-HFNO in patients with moderate to severe COVID-19 pneumonia is
associated with improved oxygenation, reduced intubation rate, and improved survival. We identi�ed several
predictors of success of SPP-HFNO including lower WBC, lower APACHE II score, lower RR post SPP-HFNO, and
treatment with convalescent plasma.
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Tables
Table-1: General characteristics of the COVID-19 patients who received awake SPP-HFNO 

Characteristics All (N=71) Success
(N=34)

Fail (N=37) p-value

Age (Mean ± SD) 56.11 ±
12.02

56.12 ± 10.02 56.11 ± 13.74 0.9973

Male (N, %) (61) 86% (32) 94% (29) 78% 0.0875

BMI (Mean ± SD) 29.08 ± 5.59 28.31 ± 4.46 29.80 ± 6.44 0.2566

APACHE II (Mean ± SD) 14.82 ± 6.76 12.47 ± 3.34 16.97 ± 8.14 0.0033

ED Source (N, %) (N=38) 53% (N=21) 62% (N=17) 46% 0.2356

Survival (N, %) (N=52) 73% (N=33) 97% (N=19) 51% < 0.001

ICU length of stay (Mean ± SD) 9.84 ± 8.27 6.21 ± 4.63 13.19 ± 9.44 < 0.001

Total length of stay (Mean ± SD) 19.42 ±
12.03

18.12 ± 13.00   20.62 ±
11.10

0.388

Comorbidities Diabetes mellitus (N, %) N=38, 54% N=17, 50% N=21, 57% 0.6377

Hypertension (N, %) N=32, 45% N=17, 50% N=15, 40% 0.479

Cardiac disease (N, %) N=13, 18% N= 4, 12% N=9, 24% 0.225

Liver disease (N, %) N=0, 0% N=0, 0% N=0, 0% NA

Neurologic disease (N,
%)

N=4, 6% N=0, 0% N=4, 11% 0.116

Cancer (N, %) N=3, 4% N=1, 3% N=2, 5% 1

Pulmonary disease (N,
%)

N=7, 9% N=2, 6% N=5, 11% 0.432

Kidney disease (N, %) N=9, 13% N=3, 9% N=6, 16% 0.482

Table-2: Laboratory evaluation of the COVID-19 patients who received awake SPP-HFNO
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Characteristics All (N=71) 

(Mean ± SD)

Success (N=34)

(Mean ± SD)

Fail (N=37)

(Mean ± SD)

p-value

WBC 14.47 ± 7.17 12.82 ± 4.72 15.96 ± 8.72 0.062

Hemoglobin 14.18 ± 1.96 14.45 ± 1.52 13.91 ± 2.31 0.249

Platelets 261 ± 106 288 ± 122 237 ± 84 0.049

INR 1.23 ± 0.27 1.24 ± 0.25 1.22 ± 0.29 0.825

BUN 10.03 ± 6.85 9.29 ± 5.78 10.69 ± 7.81 0.389

Creatinine 104.2 ± 71.49 88.82 ± 30.07 118.2 ± 90.97 0.079

ALT 111.62 ± 106.70 125.10 ± 122.28 98.92 ± 91.69 0.314

AST 95.32 ± 60.19 96.65 ± 56.57 94.11 ± 64.87 0.861

LDH 992.90 ± 1999.19 753.70 ± 204.79 1213 ± 2762.12 0.320

Ferritin 2537.30 ± 6613.82 1916.60 ± 2148.14 3108 ± 8951.35 0.437

D-Dimer 7.52 ± 20.80 11.58 ± 28.26 3.78 ± 8.90 0.132

Lactate 2.75 ± 1.55 2.63 ± 1.22 2.85 ± 1.81 0.563

CRP 119.96 ± 80.43 112.41 ± 72.19 126.90 ± 88.76 0.452

 Table-3: Physiologic parameters of the COVID-19 patients who received awake SPP-HFNO
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Characteristics All (N=71)

(Mean ± SD)

Success (N=34)

(Mean ± SD)

Fail (N=37)

(Mean ± SD)

p-value

HFNO Time 4.17 ± 3.08 5.03 ± 2.84 3.38 ± 3.11 0.022

SPP Time 4.27 ± 3.09 5.26 ± 2.99 3.35 ± 2.93 0.008

FiO2 Max 92.61 ± 14.38 86.67 ± 18.27 98.06 ± 6.24 0.001

Flow Max 43.33 ± 6.84 42.73 ± 8.49 43.89 ± 4.94 0.495

Pre SpO2 89.48 ± 3.76 90.64 ± 4.11 88.42 ± 3.16 0.015

Post SpO2 94.59 ± 3.50 96.09 ± 2.07 93.22 ± 4.03 < 0.001

Diff SpO2 5.03 ± 3.72 5.45 ± 3.62 4.64 ± 3.86 0.369

Pre RR 32.03 ± 7.43 31.82 ± 7.10 32.22 ± 7.91 0.824

Post RR 28.29 ± 7.25 27.18 ± 7.26 29.31 ± 7.30 0.230

Diff RR - 3.85 ± 6.48 - 4.88 ± 6.63 - 2.92 ± 19.17 0.215

Pre HR 95.23 ± 16.00 91.03 ± 18.24 99.08 ± 12.97 0.040

Post HR 88.88 ± 18.53 85.27 ± 16.85 92.19 ± 19.85 0.122

Diff HR -6.54 ± 15.30 -5.97 ± 10.13 -7.06 ± 19.17 0.767

Table-4: Treatment of the COVID-19 patients who received awake SPP-HFNO

Treatment All (N=71)

(N, %)

Success (N=34)

(N, %)

Fail (N=37)

(N, %)

p-
value

HCQ N=4, 6% N=2, 6% N=2, 5% 1

Azithromycin N=52, 73% N=28, 82% N=24, 65% 0.114

Dexamethasone N=30, 42% N=11, 32% N=19, 51% 0.149

Methylprednisolone N=47 66% N=26, 76% N=21, 57% 0.131

Favipiravir N=27, 30% N=13, 38% N=14, 38% 1

Tocilizumab N=37, 52% N=19, 56% N=18, 49% 0.637

Convalescent
Plasma

N=20, 28% N=15, 44% N=5, 13% 0.007

Statins N=28, 39% N=14, 41% N=14, 38% 0.812

Anticoagulation Full=16,Mod=53,Low=2 Full=7,Mod=25,Low=2 Full=9,Mod=28,Low=0 0.510

Figures
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Figure 1

Age distribution of the COVID-19 patients who received awake SPP-HFNO

Figure 2

The Hazard ratio for the general characteristics of the COVID-19 patients who received awake SPP-HFNO
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Figure 3

The Hazard ratio for the laboratory tests of the COVID-19 patients who received awake SPP-HFNO

Figure 4
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The Hazard ratio for the physiologic parameters of the COVID-19 patients who received awake SPP-HFNO

Figure 5

The Hazard ratio for the comorbidities of the COVID-19 patients who received awake SPP-HFNO
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Figure 6

The Hazard ratio for the treatment of the COVID-19 patients who received awake SPP-HFNO 


