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ABSTRACT
The SARS- CoV-2 can lead to severe illness with COVID-19. 
Outcomes of patients requiring mechanical ventilation are 
poor. Awake proning in COVID-19 improves oxygenation, 
but on data clinical outcomes is limited. This single- centre 
retrospective study aimed to assess whether successful 
awake proning of patients with COVID-19, requiring 
respiratory support (continuous positive airways pressure 
(CPAP) or high- flow nasal oxygen (HFNO)) on a respiratory 
high- dependency unit (HDU), is associated with improved 
outcomes. HDU care included awake proning by respiratory 
physiotherapists. Of 565 patients admitted with COVID-19, 
71 (12.6%) were managed on the respiratory HDU, 
with 48 of these (67.6%) requiring respiratory support. 
Patients managed with CPAP alone 22/48 (45.8%) were 
significantly less likely to die than patients who required 
transfer onto HFNO 26/48 (54.2%): CPAP mortality 36.4%; 
HFNO mortality 69.2%, (p=0.023); however, multivariate 
analysis demonstrated that increasing age and the inability 
to awake prone were the only independent predictors 
of COVID-19 mortality. The mortality of patients with 
COVID-19 requiring respiratory support is considerable. 
Data from our cohort managed on HDU show that CPAP 
and awake proning are possible in a selected population of 
COVID-19, and may be useful. Further prospective studies 
are required.

BACKGROUND
COVID-19 is an acute respiratory syndrome 
caused by the SARS- CoV-2, which was first 
described in the Wuhan region of China and 
has since become the most serious global 
health crisis in a century.1

Previous studies across the world 
have reported characteristics of patients 
presenting with COVID-19 with high rates 
of mortality and admission to intensive care 
units (ICU).2 3 Worldwide, the mortality rate 

of patients treated with invasive ventilation 
is high.4 5 Use of non- invasive respiratory 
support, such as continuous positive airways 
pressure (CPAP), was recommended to 
reduce the need for invasive ventilation and 
improve outcomes in lung injury associated 
with COVID-19. In addition, in view of the 
benefits of proning in the setting of invasive 
ventilation, ‘awake proning’ was suggested as 
an adjunct to respiratory support in patients 
with COVID-19. Both CPAP and proning may 
be beneficial for patients in two main ways: 
first by recruiting poorly ventilated lung 
units, and second by distributing pulmonary 
blood flow more evenly, thereby improving 
ventilation- perfusion matching.6–8 A number 
of case series studies have suggested improved 
short- term oxygenation with awake proning 
in patients with COVID-19,9–13 including in 
the emergency department.14 15 Small retro-
spective case series with 2 and 10 patients, 
respectively, have suggested that awake 
proning may reduce intubation and improve 
survival,16 17 although these data have signifi-
cant limitations.

In order to deliver enhanced respiratory 
care outside of the intensive care setting 
during the COVID-19 pandemic, a dedicated 
respiratory high- dependency unit (HDU), 
led by respiratory physicians, and supported 
by specialist respiratory nursing and phys-
iotherapy staff, was established in the John 
Radcliffe Hospital, Oxford University Hospi-
tals NHS Foundation Trust (OUHNFT) to 
manage patients requiring or expected to 
require respiratory support beyond that 
deliverable on general medical wards (ie, 
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more than supplemental oxygen), but not requiring or 
not suitable for admission to ICU for invasive ventila-
tion. Respiratory support was defined as CPAP, high- flow 
nasal oxygen (HFNO), or bilevel non- invasive ventilation 
(NIV).

Here, we describe our experience and outcomes for 
the first 48 patients admitted to this respiratory HDU 
requiring additional respiratory support as described 
above.

METHODS
Criteria for admission to the respiratory HDU
Patients were transferred to HDU if there was an 
increasing oxygen requirement, or an absolute oxygen 
requirement of: either FiO2≥40% or ≥8 L/min via mask 
face. Referrals were made from medical wards or directly 
from the emergency department and all transfers were 
approved by a respiratory consultant. Patients were not 
transferred to HDU if they were rapidly deteriorating 
and required immediate ICU admission, or if they were 
deemed to be for ward- based care. Decisions about ceil-
ings of care and escalation to the HDU were made within 
an agreed ethical framework, and on the basis of clinical 
need and suitability for escalation. There was no resource 
limitation.

Respiratory support
Respiratory support was given in a protocolised fashion 
(see online supplemental figure S1), and CPAP was initi-
ated (initial positive pressure support of 6–8 cmH20) 
with supplemental oxygen entrained, aiming for target 
oxygen saturations (SaO2) of 92%–96% (or 88%–92% in 
those with evidence of chronic type 2 respiratory failure). 
Specialist respiratory physiotherapists provided input to 
medical ward rounds and, separately, reviewed patients 
twice daily and attempted awake proning, in which 
patients were encouraged to lie in a prone or semiprone 
position as tolerated for periods of ≥2 hours at least twice 
daily (in line with recent guidance18 19). ‘Successful’ 
proning was defined as at least 2 hours in the prone posi-
tion, twice a day for two consecutive days. Awake proning 
in the HDU was set up and began on the 6 April 2020, 
2 weeks after the first cases in our institution, and in 
response to anecdotal reports of success. Oxygen require-
ment prior to commencement of respiratory support was 
defined as moderate (FiO2 ≤60%) or high (FiO2 >60%).

Data analysis
Summary statistics were used to define the population. 
Logistic regression analysis was used to compare risk of 
death between types of respiratory support adjusting for 
age and clinical frailty score. χ2 tests were used to make 
proportion comparisons between groups (with Yates 
correction used where one cell had an expected count 
<5). Multivariate logistic regression was used to estimate 
the OR for death with CPAP therapy, proning and starting 

respiratory therapy when on moderate oxygen therapy 
with the potential confounders of age and clinical frailty 
score (dichotomised into scores of 1–4 and 5–9).20 Due 
to the low numbers of observations in some cell counts, 
Firth bias- reduced logistic regression was used via R soft-
ware (R Foundation for Statistical Computing, Vienna, 
Austria. URL http://www. R- project. org/) logistic 
package.21

Patient and public involvement
Given the severe nature of the disease, the rapidity of the 
set- up of the respiratory HDU, and the high mortality 
rate, patient and public involvement was not deemed 
suitable for the design, conduct and reporting of this 
retrospective study.

RESULTS
Between 21 March and 2 May 2020, 565 patients were 
admitted (ie, stayed at least one night in hospital) to the 
OUHNFT with confirmed (SARS- CoV-2 PCR positive) or 
a high clinical/radiological suspicion of COVID-19. Of 
all 565 patients, 131 (23.2%) were admitted to either 
ICU or HDU, with 71 (12.6%) managed on the respira-
tory HDU and 60 (10.6%) transferred directly to ICU. 
Fifty- four patients (9.6% of total COVID-19 admissions 
and 76.1% of HDU COVID-19 admissions) required 
non- invasive respiratory support on HDU (CPAP and/or 
HNFO; figure 1).

Figure 1 Flow chart of COVID-19 admitted to Oxford 
University Hospitals NHS Foundation Trust (OUHNFT. 
CPAP, continuous positive airways pressure; HDU, 
high- dependency unit; HFNO, high- flow nasal oxygen; 
ICU, transferred to intensive care unit for intubation and 
ventilation; NIV, (bilevel) non- invasive ventilation.
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Forty- eight (88.9%) of the 54 patients on HDU were 
managed with CPAP initially as per protocol (. The 
other six included three (5.6%) managed directly with 
HFNO for severe hypoxia (SaO2 <84% on 15 L/min 
non- rebreathe mask) and three (5.6%) patients initially 
managed with NIV for hypercapnic respiratory failure 
(pCO2 mean=7.3 kPa). These six patients were excluded 
from subsequent analysis.

Baseline characteristics
Baseline demographics and baseline characteristics 
for the 48 patients are presented in table 1. Median 
age was 69 years (IQR, 54–80) and 36 (66.7%) were 
men. The majority (83.6%) of the patients were white, 
with the remainder being of Asian (9.1%) or Black 
(7.3%) ethnicity. The most common comorbidities 

were hypertension (47.9%), diabetes (35.4%), chronic 
lung disease (31.3%), chronic kidney disease (18.8%) 
and cardiovascular disease (16.7%). The median (IQR) 
number of comorbidities per patient was 2 (1-3) and the 
median (IQR) Clinical Frailty Score22 was 3 (3–4).

The median (IQR) duration of symptoms prior to 
hospitalisation was 6 (3–9) days and patients were trans-
ferred to HDU a median of 1 (0–3) day after admission to 
hospital. Immediately prior to commencement of respi-
ratory support on HDU, 22/48 (45.8%) had moderate 
and 26/48 (54.2%) had high oxygen requirements, as 
defined above.

Management
Of the 48 patients initially managed with CPAP, 26 
(54.2%) required transfer of respiratory support to 

Table 1 Demographics of 48 patients requiring respiratory support on respiratory high- dependency unit managed by 
continuous positive airways pressure (CPAP) initially

CPAP only CPAP to HFNO Overall

Number of patients 22 (45.8%) 26 (54.2%) 48 (100%)

Age (years; median, IQR) 63 (54–77) 73 (57–83) 69 (54–80)

Male 17 (77.3%) 15 (57.7%) 32 (66.7%)

Female 5 (22.7%) 11 (42.3%) 16 (33.3%)

BMI (kg/m2)
(median, IQR)

29.9 (25.5–33.3) 28.3 (26.2–31.8) 29.5 (25.6–33.4)

Comorbidities

Hypertension 11 (50%) 12 (46.2%) 23 (47.9%)

Diabetes 10 (45.5%) 7 (26.9%) 17 (35.4%)

Chronic lung disease: 10 (45.5%) 5 (19.2%) 15 (31.3%)

  - Asthma 3 (13.6%) 3 (11.5%) 6 (12.5%)

  - COPD 5 (22.7%) 1 (3.8%) 6 (12.5%)

  - ILD 2 (9.1%) 1 (3.8%) 3 (6.3%)

CKD 3 (13.6%) 6 (23.1%) 9 (18.8%)

Cardiovascular 4 (18.2%) 4 (15.4%) 8 (16.7%)

Anticoagulated 5 (22.7%) 2 (7.7%) 7 (14.6%)

Immunosuppressed 0 (0%) 6 (23.1%) 6 (12.5%)

Stroke 2 (9.1%) 2 (7.7%) 4 (8.3%)

Autoimmune 0 (0%) 2 (7.7%) 2 (4.2%)

Other 4 (18.2%) 1 (3.8%) 5 (10.4%)

Number of comorbidities median (IQR) 2.5 (1.25–4) 2 (1–3) 2 (1–3)

Clinical Frailty Score median (IQR) 3 (2–3) 4 (3–5) 3 (3–4)

Laboratory findings
Median (IQR)

Lymphocytes (109/L)* 0.7 (0.5–1.1) 0.7 (0.5–0.9) 0.7 (0.5–0.9)

CRP (mg/L) 163.0
(101.3–195.5)

182.5
(142.3–206.5)

172.5
(127.8–199.0)

D dimer (µg/L) 1272.0 (818.3–2132.8) 1377.5 (805.3–2808.0) 1291.5 (793.3–2220.3)

Data presented as number (%) unless otherwise stated.
*Excluding one patient with chronic lymphocytic leukaemia.
BMI, body mass index; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CRP, C- reactive protein; HFNO, high- 
flow nasal oxygen; ILD, interstitial lung disease.
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HFNO. The most common indication was poor tolerance 
of CPAP (21/26, 80.8%), followed by persistent hypoxia 
(5/26, 19.2%).

Awake proning was attempted in 30/48 (62.5%) 
patients. Proning was not attempted in 18 patients: 
7 (38.9%) were deemed too unstable or were being 
managed as end- of- life care, 5 (27.7%) were mobil-
ising independently and able to sit out of bed and 
therefore deemed too well to benefit, 3 (16.7%) were 
admitted prior to commencement of routine proning, 
and 2 (11.1%) were unable to tolerate prone position. 
Successful (full) proning was achieved in 11/30 (36.7%), 
and semiproning in 17 (56.7%) patients. Two (6.7%) 
patients declined proning after initial attempt. Patients 
managed on CPAP alone were more likely to successfully 
prone (9/17, 52.9%), than those needing HFNO (2/13, 
15.4%) although this did not reach statistical significance 
(χ2 1 df=3.0 (Yates), p=0.083).

Outcomes
Outcomes for all patients with COVID-19 on HDU are 
presented in table 2. Of the 48 patients managed on 
CPAP initially, 11 (22.9%) were successfully managed 
with respiratory support in HDU alone and were 
discharged home, 26 (54.2%) patients died with HDU 
as their planned ceiling of care and 11 (22.9%) required 
ICU admission for intubation and invasive ventilation 
(figure 2).

Patients managed on CPAP alone were more likely to be 
discharged home (7/22, 31.8%) than those who required 
transfer onto HFNO (4/26, 15.4%), although this did 
not reach statistical significance (χ2 1 df=1.8, p=0.177). 
Patients managed with CPAP alone were significantly less 
likely to die than patients who required transfer onto 
HFNO (CPAP mortality 8/22, 36.4%; ‘CPAP to HFNO’ 
mortality 18/26, 69.2%; χ2 1 df=5.2, p=0.023).

Achievement of full proning was associated with lower 
mortality than failed or semiproning in the HDU setting 
(full proning mortality 0/11, 0.0%; non- full proning 
mortality 12/19, 63.2%; χ2 1 df=9.1 (Yates), p=0.003). 
Successful proning was significantly associated with 
reduced odds of death (OR 0.06) but with a wide CI 
(95% CI 0.01 to 0.55).

Given the statistically significant associations between 
CPAP, successful proning and mortality, we used multivar-
iate logistic regression to evaluate independent predic-
tors of COVID-19 mortality adjusting for age, clinical 
frailty score and FiO2 requirement at the start of respi-
ratory therapy. The ORs (table 3) for death by age (OR 
1.08 95% CI 1.02 to 1.15, p=0.007) and ability to fully 
prone (OR 0.06, 95% CI 0.00 to 0.80, p=0.031) were inde-
pendently significant.

Of the 11 patients admitted to ICU for intubation and 
ventilation: 6 (54.5%) were successfully extubated and 
eventually discharged home, 3 (27.3%) died in ICU and 
2 (18.2%) remained intubated (as of 19 May 2020).

DISCUSSION
These data represent the first description of patients 
treated for COVID-19 in the UK with non- invasive 
respiratory support in an HDU, and the first dataset 
demonstrating that there appear to be favourable clinical 
outcomes in patients who are able to awake prone. To 
date, there is only one study in the UK,23 describing a 
cohort of 95 patients admitted with COVID-19, of whom 
10 (10.5%) required non- invasive ventilation and 6 
required (6.3%) invasive ventilation.

Compared with large non- UK cohorts, the age of our 
patients was similar (median 65 years)5 24, although lower 
than the UK cohort (median 74 years).23 Most of our 
patients were white but Black and Asian patients were 
over- represented compared with local ethnicity data, 
which is in keeping with other UK data.4 Other patient 
demographics were comparable with existing cohorts, 
showing a male predominance (66.7%), with high 
proportions of obesity (median body mass index 29.5 kg/
m2), hypertension (46.3%) and diabetes (31.5%). The 
rate of chronic respiratory disease (29.6%) was compa-
rable with the first UK cohort (33.0%) but higher than a 
large New York cohort of hospitalised patients (16.1%)5 
and a large ICU cohort from Lombardy (4.0%)3.

Table 2 Outcomes of 48 patients requiring respiratory 
support on respiratory high- dependency unit managed by 
continuous positive airways pressure (CPAP) initially

CPAP only 
(n=22)

CPAP to 
HFNO (n=26)

Overall 
(n=48)

Outcome

  Discharged 7 (31.8%) 4 (15.4%) 11 (22.9%)

  ICU 7 (31.8%) 4 (15.4%) 11 (22.9%)

  Died 8 (36.4%) 18 (69.2%) 26 (54.2%)

HFNO, high flow nasal oxygen; ICU, transferred to intensive care 
unit for intubation and ventilation.

Figure 2 Sankey plot of 48 patients requiring continuous 
positive airways pressure (CPAP): patient management and 
outcomes. HDU, high- dependency unit; HFNO, high- flow 
nasal oxygen.



Hallifax RJ, et al. BMJ Open Resp Res 2020;7:e000678. doi:10.1136/bmjresp-2020-000678 5

Open access

The mortality rate in our patients requiring non- 
invasive respiratory support is similar (54.2%, 26/48) to 
those requiring non- invasive ventilation in the first UK 
cohort (60%, 6/10),23 and one Wuhan cohort of patients 
admitted to ICU (62.9%, 39/62),2 but lower than a 
second Wuhan cohort of patients who required HFNO 
or non- invasive respiratory support (85.1%, 57/67).3 
However, direct comparisons should be treated with 
caution given the lack of specific characteristic data on 
this subset of patients in other cohorts, and high rates of 
missing outcome data in other cohorts. A large cohort of 
patients in an Italian ICU reported an overall mortality of 
21%.24 However, only 12% of patients received mechan-
ical ventilation. The reported mortality of patients who 
are invasively ventilated on ICU is high: between 48% 
and 97%.2 4 5 The precise reasons for the high mortality in 
ventilated patients are unclear, and while this may relate 
to more physiologically compromised patients requiring 
mechanical ventilation, it may be that mechanical venti-
lation itself is associated with worse outcomes. Optimal 
timing for mechanical ventilation is difficult to deter-
mine. While the early acute lung injury seen in COVID-19 
pneumonia appears to be associated with compliant 
lungs and significant hypoxia, some post- intubation 
patients display a more classic acute respiratory distress 
syndrome (ARDS) phenotype with stiff lungs, potentially 
arguing for barotrauma or other deleterious effect of 
mechanical ventilation. It may therefore be argued that 
early mechanical ventilation should only be employed in 
patients with rapid deterioration and impending failure 
to end- organ oxygenate.25 Conversely, delayed intubation 
could mean withholding treatment from some patients 
who may benefit from mechanical ventilation.26

Early in the COVID-19 pandemic, we adopted a strategy 
of avoiding early intubation and ventilation where 

possible, and therefore attempted to prioritise other 
interventions such as non- invasive respiratory support 
and awake proning in a dedicated unit. Our data demon-
strate that 8.5% of the total admitted COVID-19 cases 
required HDU support, and 31.8% patients with high 
oxygen requirements can be managed with CPAP alone 
and survive to discharge. Tolerance of CPAP therapy 
was associated with improved survival, whereas ‘failing’ 
CPAP therapy and requiring transition to either inten-
sive care or HFNO was associated with a poor outcome. 
Interestingly, the majority of those who failed CPAP treat-
ment did so for reasons of tolerance (80.8%) rather than 
oxygen requirement. This might argue for a more aggres-
sive sedation strategy alongside CPAP to enhance tolera-
bility and prolong treatment, but further data are needed 
on whether such a strategy will improve outcomes.

To our knowledge, this study is the first to report 
survival and outcome data from awake proning in 
COVID-19 or any other cause of respiratory failure. While 
randomised data have established the efficacy of early 
and prolonged proning in ventilated patients with severe 
ARDS,27 it is unclear whether the mortality benefits relate 
to improvements in oxygenation, or to other mecha-
nisms such as reduced ventilator- induced lung injury. It 
is therefore unknown whether these benefits will apply 
to awake patients with severe hypoxaemia secondary 
to COVID-19 pneumonia. In this setting, previous case 
series suggest an improvement in oxygen saturations 
with awake proning to date.10 11 14 We adopted a prag-
matic approach to awake proning in all patients, aiming 
for 2 hours prone at least twice daily. These data suggest 
that the majority of patients with high oxygen require-
ments are able to fully prone or semiprone in 97% of 
cases, although full proning was only achieved in 41%. 
Our data demonstrate a significant association between 

Table 3 OR for mortality

OR 95% CI χ2 P value

Age 1.08 1.02 to 1.15 7.22 0.007*

Clinical frailty score

  CFS 1–4 Ref 0.617

  CFS 5–9 1.56 0.27 to 11.09 0.25

Oxygen therapy prior to respiratory support

  Moderate Ref 0.088

  High 4.18 0.81 to 29.70 2.91

Full proning

  Unsuccessful Ref 0.031*

  Successful 0.06 0.00 to 0.80 4.68

CPAP

  Required transfer onto HFNO Ref 0.761

  Required CPAP only 0.76 0.13 to 4.88 0.09

Multivariate logistic regression (Firth bias reduced).
*p<0.05
CFS, clinical frailty score; CPAP, continuous positive airway pressure; HFNO, high flow nasal oxygen.
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full proning and reduced mortality (8% vs 67%). This is 
a potentially important signal, but there are limitations 
to this study. This was a pragmatic study in which all 
patients admitted to our HDU were given a trial of CPAP 
or HFNO and considered for awake proning. These 
included 28 patients in the cohort were not deemed suit-
able for escalation beyond HDU level care (ie, not for 
ICU and intubation). As an observational cohort study, 
the dataset suffers with potential selection bias and lack 
of a control group and, as such, it is not possible to infer 
whether it is the ability to prone fully (which might imply 
lack of other markers of severe disease or comorbidities, 
or a simple marker of functional status) or proning itself 
which is associated with reduced mortality. Nevertheless, 
given the tolerability of awake proning using an expert 
physiotherapy team demonstrated in our study, awake 
proning is clearly achievable in some sick patients with 
respiratory failure. Randomised studies are now urgently 
needed to assess its risks and benefits.

CONCLUSIONS
The mortality of patients with COVID-19 requiring 
respiratory support is considerable. Data from our cohort 
of patients managed on a respiratory HDU providing 
CPAP and respiratory physiotherapy support to enable 
awake proning show an association with successful awake 
proning and improved outcomes in patients receiving 
non- invasive respiratory support.
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