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ABSTRACT
Objective  To evaluate the role of continuous positive 
air pressure (CPAP) in the management of respiratory 
failure associated with COVID-19 infection. Early clinical 
management with limited use of CPAP (3% of patients) 
was compared with a later clinical management strategy 
which had a higher proportion of CPAP use (15%).
Design  Retrospective case-controlled service evaluation 
for a single UK National Health Service (NHS) Trust during 
March–June 2020 designed and conducted solely to 
estimate the effects of current care.
Setting  The acute inpatient unit in Wrightington, Wigan 
and Leigh Teaching Hospitals NHS Foundation Trust, a 
medium-sized English NHS Trust.
Participants  206 patients with antigen confirmed 
COVID-19 disease and severe acute respiratory syndrome 
admitted between 17 March 2020 and 3 April 2020 for 
the early group (controls), and between 10 April 2020 
and 11 May 2020 for the late group (cases). Follow-up 
for all cases was until 11 June by which time all patients 
had a final outcome of death or discharge. Both groups 
were composed of 103 patients. Cases and controls were 
matched by age and sex.
Outcome measure  The outcome measure was the 
proportion of patients surviving at time t (time from 
the positive result of COVID-19 test to discharge/death 
date). The predictors were CPAP intervention, intubation, 
residence in care homes and comorbidities (renal, 
pulmonary, cardiac, hypertension and diabetes). A stratified 
Cox proportional hazard for clustered data (via generalised 
estimating equations) and model selection algorithms 
were employed to identify the effect of CPAP on patients’ 
survival and the effect on gas exchange as measured 
by alveolar arterial (A-a) gradient and timing of CPAP 
treatment on CPAP patients’ survival.
Results  CPAP was found to be significantly (HR 0.38, 
95% CI 0.36 to 0.40) associated with lower risk of death 
in patients with hospital stay equal to, or below 7 days. 
However, for longer hospitalisation CPAP was found to be 
associated with increased risk of death (HR 1.72, 95% CI 
1.40 to 2.12). When CPAP was initiated within 4 days of 
hospital admission, the survival probability was above 73% 
(95% CI 53% to 99%). In addition, lower A-a gradient was 
associated with lower risk of death in CPAP patients (HR 
1.011, 95% CI 1.010 to 1.013). The selected model (best 
fit) was stratified by sex and clustered by case/control 
groups. The predictors were age, intubation, hypertension 

and the residency from care homes, which were found 
to be statistically significantly associated with patient’s 
death/discharge.
Conclusions  CPAP is a simple and cost-effective 
intervention. It has been established for care of other 
respiratory disorders but not for COVID-19 respiratory 
failure. This evaluation establishes that CPAP as a 
potentially viable treatment option for this group of patients 
during the first days of hospital admission. As yet there 
is limited availability of quantitative research on CPAP 
use for COVID-19. Whist this work is hampered by both 
the relatively small sample size and retrospective design 
(which reduced the ability to control potential confounders), 
it represents evidence of the significant benefit of early 
CPAP intervention. This evaluation should stimulate further 
research questions and larger study designs on the 
potential benefit of CPAP for COVID-19 infections. Globally, 
this potentially beneficial low cost and low intensity 
therapy could have added significance economically for 
healthcare provision in less developed countries.

BACKGROUND
COVID-19 was first reported in late 2019 
and declared a pandemic on 12 March 
2020.1 2 Prior to the COVID-19 pandemic 
several trials had explored the effectiveness 
of continuous positive air pressure (CPAP) 
in acute respiratory failure (ARF) providing 
evidence that CPAP had a role in improving 
important outcomes including progression 
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to intubation, length of stay in intensive care unit (ICU) 
and/or hospital,3–5 although conflicting information 
emerged (eg, a recent study found that Helmet CPAP 
treatment failed in up to 44% of patients with moderate-
to-severe hypoxaemic ARF due to COVID-19 pneumonia,6 
while not accounting for the timing of the CPAP interven-
tion). However, at the beginning of the pandemic, inter-
national guidelines, including those from WHO, did not 
address the use of CPAP in COVID-19 patients, focusing 
instead on high-flow nasal oxygen (HFNO), non-invasive 
ventilation (NIV) and invasive mechanical ventilation 
once patients are intubated. In contrast, the UK National 
Institute for Health and Care Excellence guidance was 
revised on the 6 April recommending the use of CPAP 
although acknowledging the lack of evidence for effi-
cacy.7 The principle concern regarding the application of 
CPAP guidelines centred around fears about within-ward 
virus contamination rather than concerns over efficacy.

The mixed information about respiratory interventions 
formed at the beginning of the COVID-19 pandemic 
had a substantial effect on the management of patients 
in Wrightington Wigan and Leigh Teaching Hospitals 
National Health Service Trust in the UK (hereafter the 
Trust), a medium-sized organisation caring for a popu-
lation of 330 000 people. Initially care of patients with 
respiratory failure was with early intubation and venti-
lation within the Intensive Care Unit. Concerns about 
infection control had limited plans for use of CPAP and 
HFNO therapies. However, as experience evolved and 
poor outcomes from ventilation became known, there 
was a greater preparedness to consider the use of CPAP. 
Consequently, in Mid-March, an NIV Team was set up 
and preparation was made to commence the use of CPAP.

There were concerns about ventilators and ICU bed 
availability. Intensive Care equipment became difficult to 
procure and CPAP machines were difficult to source. The 
Trust had a large stock of CPAP machines intended for 
sleep apnoea patients. These machines are designed to 
deliver air rather than an air/oxygen mix. Adjustments 
were made to provide microbial filtration to the exhala-
tion port to make the machines safe to use. Protocols for 
CPAP delivery, ward preparation and PPE were developed 
and are detailed within the online supplemental file 1.

International evidence, although qualitative, started 
to emerge indicating that CPAP and HFNO treatments 
were promising.8 9 Data from retrospective studies 
in China and Italy suggested that COVID-19 patients 
who were hypoxaemic responded well to positive end-
expiratory pressure, indicating a crucial role for NIV as 
a therapeutic and stopgap measure to prevent intuba-
tion.10 11 The emergence of this evidence, aligned with 
growing confidence in the use of CPAP within WWL, led 
to a significant change in practice that is, CPAP was used 
earlier in the presentation of COVID-19-associated respi-
ratory failure. The effect of early CPAP on mortality of 
COVID-19 patients in the Trust was audited during the 
first months of the UK pandemic.12 In this audit, early 
CPAP therapy, where CPAP is given within 48 hours of 

admission, and late CPAP, where CPAP is given after 
48 hours were compared (although for a small sample 
size n=36). The earlier interventional use of CPAP was as 
a consequence of growing clinician confidence to begin 
CPAP therapy earlier and as by perceived improvement in 
patient responsiveness to the treatment. The study iden-
tified that those patients who commenced CPAP therapy 
earlier had better clinical outcomes (lower mortality) 
than those patients commencing CPAP after 2 days.12

In this present work, we have carried out a retrospec-
tive case–control study (within an NHS Trust service eval-
uation) to evaluate the differences in terms of mortality 
between patients admitted at the start of the pandemic to 
those admitted later when clinical expertise with CPAP 
had progressed and use had increased. Interventions 
(CPAP and intubation), alveolar arterial (A-a) gradient, 
comorbidities, residency in care homes, sex and age were 
included in the analyses. This service evaluation (Local 
ID: RD62) followed the Trust governance procedures and 
aimed to demonstrate and share the impact of emergent 
clinical expertise and service developments on patient 
outcomes. Due to the paucity of quantitative studies on 
the effect of CPAP on COVID-19 patient outcome, we also 
hope to encourage other service evaluations or research 
studies on the same question which could to further vali-
date our findings on a larger scale.

METHODS
Study design
A retrospective case–control study within a service eval-
uation was undertaken. Data for all 504–19 confirmed 
patients hospitalised between 17 March and 18 May 
2020 were used. The requirement to age and sex match 
patients meant that the final sample size is determined by 
the limitations placed by the matching process.

Patients admitted to the Trust were diagnosed with 
COVID-19 using PCR testing from nasal and oral swabs 
from the 14 March 2020. The first confirmed case was 
in 17 March 2020. Clinical data were collected on all 
positive patients to include age, sex, comorbidities, resi-
dency in care homes and clinical presentation within the 
Electronic Patient Record system. Retrospective identi-
fication, with randomisation, of cases and controls was 
carried out the 18 May 2020.

Patients were selected for CPAP by clinicians according 
to the unit protocol at the time. The CPAP machines 
were ResMed Airsense devices. These are designed 
to deliver CPAP as air using a pump within the CPAP 
machine. Oxygen was delivered at 10–15 L/min through 
the face mask via a port in the face mask. This delivers an 
estimated 50%–70% fractional inspired oxygen varying 
according to oxygen flow and CPAP pressure.

The retrospective case–control study identified all 
COVID-19 patients admitted in the first 3 weeks of the 
epidemic (17 March–3 April 2020) creating a cohort of 
103 patients (control group). Within the control cohort 
only three patients had received CPAP therapy. During 
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the period between 3 and 10 April, there was a clinical 
change in the provision of CPAP with the development 
of ward-based CPAP service and new protocols to support 
the early use of CPAP. The control cohorts were matched 
by age and sex with 103 cases randomly selected from the 
last 250 patients (10 April–11 May 2020) without knowl-
edge of their outcome. Age matching was approximate 
with average age difference in the matches of 0.27 years 
(SD±1.12 years). For each of the 206 patients, the major 
comorbidities were identified and grouped in five cate-
gories: pulmonary, renal, cardiac, hypertension and 
diabetic. Pulmonary diagnosis was divided into three 
subcategories: Asthma, Bronchiectasis and Emphysema. 
CPAP, gas/exchange diffusion and intubation are the 
interventions included for this study. Gas exchange/
diffusion was assessed using an A-a gradient. This is a 
measure of the difference between alveolar and arterial 
oxygen as measured by the concentration of oxygen deliv-
ered and the arterial partial pressure of oxygen whereby 
an elevated value is indicative of an alveolar level respira-
tory illness. Finally, a binary variable (yes, no) describing 
residence in care homes was added. The outcome was 
identified as the proportion of patients surviving at time 
t from the COVID-19 result date, with an end point of 
11 June 2020. A summary of the baseline characteristics 
of enrolled patients of both the early (n=103) and late 
cohort (n=103) is provided in table 1.

There has been no public involvement in this study.

Statistical analysis
The statistical analysis was performed by employing a 
stratified Cox proportional hazards model for clustered 
data (SCPHC) within a model selection algorithm (ie, 
several models are compared and ranked by Akaike infor-
mation criterion (AIC) corrected for small sample size 
AIC.13 Despite accounting for all the variables which are 
believed to be clinically important, this does not guar-
antee to provide the best model fitting (some variables 
may be just redundant in the model). For this reason, we 
conducted a model selection analysis by testing all the 
possible combinations of predictors with different strat-
ification and clustering. This was designed to allow for 
identification of the effect of CPAP intervention within 
the best fitting model. The AIC is recommended for 
small sample size and when the number of parameters 
among the compared models are different. The model 
with the lowest AIC value is usually considered to be the 
best data fitting model.14 Due to computational issues 
(all possible combinations of 25 variables produces more 
than 33 million models) and due to the small sample size, 
we restricted the model selection to bivariate interaction 
terms only (ie, excluded interactions between three or 
more predictors).

The outcome was the proportion of patients surviving 
at time t, which is the time calculated from the date of 
COVID-19 test result and censored at 11 June 2020. The 
predictors were CPAP intervention (yes/no: coded 1/0), 

intubated (yes/no: coded 1/0), A-a gradient (continuous 
variable), Age (continuous variable), pulmonary comor-
bidity (yes/no: coded 1/0), renal comorbidity (yes/no: 
coded 1/0), cardiac comorbidity (yes/no: coded 1/0), 
diabetic comorbidity (yes/no: coded 1/0) and hyper-
tension comorbidity (yes/no: coded 1/0). Within the 
pulmonary comorbidity domain, we identified asthma 
(yes/no: coded 1/0), emphysema (yes/no: coded 1/0) 
and bronchiectasis (yes/no: coded 1/0). Residency in 
care homes was also included (yes/no: coded 1/0). We 
stratified the Cox proportional hazard model (which 
allows for non-proportional hazard in the predictors) 

Table 1  Baseline characteristics of the patients in the case 
and control groups

Early group 
(controls) 
n=103

Late group 
(cases) n=103

CPAP (count) 3 (1 survived 
and two died)

15 (8 survived 
and seven died)

Mean A-a gradient at the start of 
CPAP

40.89 40.83

Mean A-a gradient at the end of 
CPAP

33.90 31.94

Mean A-a difference start/end 19.53 7.03

Median O2 for CPAP patients (kPa) NA 9.4

Median CO2 for CPAP patients 
(kPa)

NA 4.8

Median FiO2 for CPAP patients NA 56.5

Intubated (count) 15 7

Average stay in hospital (until 
discharged) (days)*

8 12

Mean time in hospital until death 
(days)

9.2 7

Average age (years) 70.5 70.3

Average age at death (years) 74.9 76.1

Sex (count) 66 M / 37F 66 M / 37F

Deaths (count) 41 (34M/7F) 46 (35M/11F)

From care homes (count) 21 39

Diabetic (count) 23 35

Pulmonary (count) 35 22

With asthma 14 10

With emphysema 20 9

With bronchiectasis 3 5

Cardiac (count) 36 27

Renal (count) 10 7

Hypertension (count) 36 36

 �

Average no of comorbidities per 
patient

1.37 1.23

A-A stands for alveolar–arterial gradient a measure of gas/
exchange diffusion. Values of O2, CO2 and FiO2 for early group 
not reported since they were available for only one patient.
*Since confirmation of COVID-19.
CPAP, continuous positive air pressure; Fio2, fractional inspired 
oxygen; ICU, Intensive Care Unit; NA, not available.
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with candidate variables for stratification as sex (male/
female: coded 0/1), Age above 60 (below 60/above 60: 
coded 0/1), number of comorbidities (taking values 
from 0 to 4, the maximum number of comorbidities 
experienced by a single patient). Finally, we included 
the difference in management (early group: control vs 
late group: cases) by clustering the data by group (case/
control: coded 1/0). The result is a marginal propor-
tional hazard model fitted via generalised estimating 
equation method, which accounts for correlation within 
the cluster and within response, and HRs are adjusted to 
account for these correlations. Each predictor was tested 
for non-proportionality via Schoenfeld proportional 
hazard test.15

As described above, the cases and controls referred to 
clinical management, and therefore, cases and controls 
were not ‘CPAP versus non-CPAP patients’ but the group 
of patients hospitalised before and after the manage-
ment decision to increase the use of CPAP treatment on 
COVID-19 patients.

Additional analyses were performed on only the CPAP 
patients. First, the Cox proportional hazard model 
was applied on the survival of the CPAP patients with 
A-a gradient as additional predictor (as three predic-
tors: starting A-a gradient, ending A-a gradient and 
their differences). Finally, the Kaplan-Meier plot of the 
CPAP patients survival probability versus the time when 
the CPAP was initiated since hospital admission was 
calculated.

All statistical analyses are performed in R-cran soft-
ware (V.3.6.2) with packages survival (stratified CPH for 

clustered data, survival probability estimation and propor-
tional hazard test), survMisc (for adjusted r-square), 
MuMIn (model selection and averaging) and AICcmo-
davg (for AIC calculation for CPH models).

RESULTS
Despite an apparent increase in the number of deaths 
in the late group, the lower survival time and the longer 
discharge time demonstrated that more severe cases were 
admitted later in the epidemic (table  1). The average 
age at death was similar in the two groups (difference 
of 1.2 years) and above 70 years old. Most were men, 
while the increase in female deaths in the late group is 
not statistically significant (p=0.6 for two sample test for 
equality of proportions with continuity correction). The 
significant decrease in the A-a gradient in the patients 
who have had CPAP is indicative of the profound physio-
logical improvement in diffusion after CPAP application 
which results in improved ventilation and consequently 
survival.

Finally, an increase in patients from care homes was 
recorded later in the outbreak (20% in the controls-
early group, and 38% in the cases-later group) (table 1). 
This finding echoes the increasing national concern for 
care home residents during the pandemic and has led to 
marked revisions of policy which was originally published 
on 2 April 2020 and recently revised.16

In terms of comorbidities, figure  1 shows the differ-
ences in mortality as proportion of people died with a 
specific comorbidity or a combination of these in the 

Figure 1  Proportion of deaths per comorbidity (diagonal elements) and their combinations (off-diagonal elements) in the 
early group (left) and later group (right). The ** symbol indicates that the proportions of that comorbidity or combination of 
comorbidities between early and late group is statistically significant (p<0.05 for two sample test for equality of proportions 
with continuity correction). Bronchiectasis not included due to the low numbers. A, asthma, C, cardiac; CH, patient from care 
homes; D, diabetes; E, emphysema; HTN, hypertension; R, renal;
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two groups. There are several changes between the early 
and late group, but only three are statistically significant: 
diabetes, increasing from 19% to 43% of deaths in the 
early and late group, respectively; patients coming from 
care homes, increasing from 27% to 52%; and those 
coming from care homes with hypertension, increasing 
from 8% to 26%. Interestingly, pulmonary comorbidities, 
such as asthma and emphysema had similar low propor-
tions of death rates between the two groups (figure 1).

Although the mortality in patients treated with CPAP is 
lower in the late group, the number of CPAP patients in 
the early group is too small for a direct comparison. The 
effect of CPAP was then evaluated by modelling the data 
with an SCPHC.

We have compared and ranked 8 388 608 models. The 
best model for lowest AIC and largest Akaike weight 
included CPAP, sex stratified, age, intubation, hyperten-
sion and residency in care homes. The data were clus-
tered by group (early or late). This model showed a fail in 
the assumption of proportionality by the CPAP variable 
(p=0.0128) (figure 2).

To correct for the non-proportionality, we have strat-
ified the model by CPAP and time, considering a set of 
different time lags (below/above 2, 3, 4, …, 15 days). As 
a reminder of context, time is the time spent in hospital 
by a COVID-19 patient starting on the result day of the 
COVID-19 test and ending with death or discharge of the 
patient. The best fit was obtained with a stratification of 
CPAP in two strata: below or equal to 7 days and above 
7 days of time t (p=0.44 for the proportional hazard test). 
Based on this stratification we named CPAP applied to 
patients with short stay in the hospital, that is 7 days or 
less, as ‘early CPAP’; and CPAP applied to patients with 
long stay in the hospital, that is, more than 7 days, as ‘late 
CPAP’.

From the selected model it is shown that CPAP adopted 
in patients with short hospitalisation (within a week from 
the time of the COVID-19 test results) is associated with 
a decreased risk of death, although where the CPAP is 
adopted in patients with longer hospitalisation (more 
than a week) is associated with increased death rate 
(table  2). Intubation, age, hypertension, residency in 
care homes are associated with increased risk of death 
while the interaction between hypertension and intuba-
tion is associated with lower risk of death.

The model with CPAP has a larger log likelihood than 
the same model without CPAP, for example, with age, 
intubation, hypertension and care homes as predictors 
and sex as strata (anova test, p<0.0001), showing the 
improvement in model fitting when stratified CPAP is 
included as predictor. The overall r-squared was 0.3.

The extreme (highest and lowest) predicted survival 
probabilities for a set of predictor combinations are 
provided in table  3 (full Table in online supplemental 
file 2). It is shown that CPAP with hospital stay of 7 days 
or less for a female patient at her 60 without hyperten-
sion and not resident in care home increases survival by 
10% compared with the same patient who did not receive 
CPAP.

The gas/exchange diffusion (A-a gradient) (table 1) at 
the start of the CPAP is available for all the CPAP patients. 
The survival of the CPAP patients was found to increase 
with higher A-a gradient at the start of the CPAP (HR 
1.011; 95% CI 1.010 to 1.013). In figure 3 is reported the 
Kaplan-Meier survival curve of CPAP patients based on 
the time of CPAP from the day of hospital admission.

Figure  3 shows that when CPAP is commenced at 
4 days or fewer from admission to hospital the survival 
probabilities are above 73% (95% CI 53% to 99%) with 
a maximum of 87% for 1 day (95% CI 73% to 100%). 
There is a sharp decrease from 4 to 5 days with survival 
probability down to 55%.

Finally, we also compared the CI of the coefficients of 
the predictors in the selected model with the confidence 

Figure 2  Proportional hazard test. The plot shows the 
Schoenfeld residuals which are not independent on time, as 
evident from the smoothing spline (continuous line). Dashed 
line represents the 95% CI around the spline. CPAP, 
continuous positive air pressure.

Table 2  Summary results for the stratified mixed effect 
Cox proportional hazards model

Variable Reference HR 95% CI

Age 1.03 1.02 to 1.04

Hypertension 0 1.72 1.46 to 2.01

Intubated 0 2.86 1.29 to 6.36

From care home 0 1.96 1.01 to 3.80

CPAP stratified by 
time ≤7 days

0.38 0.36 to 0.40

CPAP stratified by 
time >7 days

1.72 1.40 to 2.12

Interaction 
hypertension and 
intubated

0:0 0.23 0.11 to 0.45

CPAP, continuous positive air pressure.

https://dx.doi.org/10.1136/bmjresp-2020-000692
https://dx.doi.org/10.1136/bmjresp-2020-000692
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intervals of the predictors of an averaged model (consid-
ering the top 5% models produced during model explo-
ration) as described in literature.14 The model averaging 
using all the possible combinations of predictors and 
strata confirmed the results shown in table  2 but with 
wider, confidence intervals (table 4). In averaging all the 
models an additional four predictor interactions became 
important: emphysema, asthma, renal and diabetic 
comorbidities. It is important to note that the signifi-
cance of these predictors in the averaged model but not 
in the best fitting model is an indication of a weak (but 
significant) effect of this variables, that therefore cannot 
be excluded in future analyses.

DISCUSSION
This evaluation describes how the clinical teams caring 
for COVID-19 patients altered their strategy by intro-
ducing the use of CPAP during the outbreak and with 
growing confidence identified that earlier use may 
produce improvement in outcome. At the start of the 
pandemic, CPAP was considered to be a rescue treat-
ment. It was considered that it might stop some patients 
needing ventilation in an ICU. As clinical expertise 
developed, enhanced by clinical knowledge derived 
from CT scanning, the teams reformed their strategy by 
using CPAP earlier in the management pathway. This 
was underpinned by knowledge that early non-invasive 
ventilator pressure support with oxygen therapy augment 
recruitment, potentially preventing high pressure 
induced lung injury, reabsorption atelectasis and conse-
quently reducing the tissue stress, vascular flow and fluid 
leakage.17 These pathophysiological changes if prevented 

Table 3  Extreme predicted survival probabilities for 256 possible combinations of the variables

CPAP Age Sex Hypertension
From care 
home Intubated Time Group

Survival 
probabilities

Yes 60 Female No No No ≤7 days Early 0.91

Yes 60 Female No No No ≤7 days Late 0.91

Yes 60 Female Yes No Yes ≤7 days Early 0.89

Yes 60 Female Yes No Yes ≤7 days Late 0.89

…See online supplemental files for values in between…

No 80 Male No Yes Yes ≤7 days Early 0.00

No 80 Male No Yes Yes ≤7 days Late 0.00

Yes 80 Male No Yes Yes >7 days Early 0.00

Yes 80 Male No Yes Yes >7 days Late 0.00

Only the top four and bottom four are shown. We considered only two ages 60 and 80 years online supplemental file 2.
CPAP, continuous positive air pressure.

Figure 3  Survival probability of CPAP patients. The days 
refer to the time the CPAP is performed since hospital 
admission. therefore, performing the CPAP in the first days 
of hospital admission is associated with large survival 
probabilities. CPAP, continuous positive air pressure.

Table 4  95% CIs for the HRs of the predictors of the 
averaged model

Predictors (or interactions) 2.50% 97.50%

Age 1.01 1.05

CPAP stratified by time >7 days 1.19 3.77

Emphysema:intubated 1.21 3.42

From care home:asthma 1.60 21.53

Hyperthension 1.08 2.29

Intubated 1.04 5.44

CPAP stratified by time ≤7 days 0.21 0.51

Diabetic:asthma 0.16 0.87

Emphysema:renal 0.17 0.78

From care home:diabetic 0.13 0.79

Hyperthension:intubated 0.10 0.60

Only significant HRs are shown. Full table available in online 
supplemental file 3.
COPD, Chronic Obstructive Pulmonary Disease; CPAP, continuous 
positive air pressure.

https://dx.doi.org/10.1136/bmjresp-2020-000692
https://dx.doi.org/10.1136/bmjresp-2020-000692
https://dx.doi.org/10.1136/bmjresp-2020-000692
https://dx.doi.org/10.1136/bmjresp-2020-000692
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early ensure the work of breathing remains low obviating 
the need for invasive ventilation in some cases.

It is this divergence in strategy which is pivotal in 
understanding the significance of the findings from this 
evaluation. Use of CPAP early in the course of a patient’s 
admission is associated with reduced mortality, whereas 
use of CPAP with patients with long stay in hospital is 
associated with increased mortality as confirmed by the 
results of both the analysis of the full cohort of patients 
(SCPHC model) and the CPAP patients only (Kaplan-
Meier survival curve). It is the advocation of earlier CPAP 
use to help to prevent further clinical deterioration that 
is the strategy that this evaluation suggests. To date there 
remains a paucity of emergent evidence for efficacy of 
CPAP for treating COVID-19. Encouragingly, within the 
UK (April 2020) a positive case series review of 24 patients 
who received CPAP treatment, demonstrated that 58% of 
patients avoided mechanical ventilation and that there 
was a remarkable 79% survival rate.18 Additionally, bene-
ficial CPAP impact on prognosis has been demonstrated 
where non-responders had a double increase in mortality 
when compared with responders.19 On reflection and as 
evidence emerges, our experiences in developing care 
pathways in the treatment of COVID-19 have potentially 
been mirrored throughout the UK and internation-
ally.20 21

While there are limitations to the present evaluation, 
the work summarises early clinically based interventions 
delivered with ‘best endeavours’. It establishes the clin-
ical view that CPAP has the potential to be an effective 
treatment option although the development of further 
strategies and studies in the future is needed. While these 
findings support the use of CPAP as only few other studies 
have reported, the other factors linked to mortality have 
been previously established in the literature (age in 
particular).22

Although the role of CPAP is the most significant clin-
ical outcome from this work, residency in care homes 
is the most statistically significant risk factor. COVID-19 
infections early in the Wigan outbreak included rela-
tively few patients from care homes, but this increased 
as the pandemic evolved. The impact of COVID-19 on 
care home residents has received significant media atten-
tion during the pandemic and continues to be a concern. 
Since the beginning of the COVID-19 pandemic (between 
the period 2 March and 1 May 2020, registered up to the 
9 May 2020) there were 45 899 deaths of care home resi-
dents (wherever the death occurred); of these 12 526 
involved COVID-19, which is 27.3% of all deaths of care 
home residents. Of deaths involving COVID-19 among 
care home residents, 72.2% (9,039 deaths) occurred 
within a care home, and 27.5% (3444 deaths) occurred 
within a hospital. Of all deaths in hospital from 2 March 
2020 involving COVID-19, 14.6% were accounted for by 
care home residents.23 These figures could, therefore, 
suggest that the inability of care homes to shield vulner-
able residents could have contributed to the growing 
admission and death rate documented in this study. 

Significant policy changes are now published and have 
been recently revised emphasising enhanced protection, 
testing and shielding for vulnerable residents living in a 
care home setting.16

Other studies have demonstrated the importance of 
comorbidities in the COVID-19 associated mortality 
rate. We chose to include pulmonary, renal, cardiac, 
diabetic and hypertension co-morbidity within the 
analysis as emerging data demonstrated the increase 
risks for people with COVID-19.22 24–28 Cardiometa-
bolic diseases, including diabetes, hypertension and 
cardiovascular disease have been shown to be more 
common that chronic pulmonary disease in COVID-19 
patients and shown to correlate with increased disease 
severity.25 Diabetes is also now known to be a risk factor 
for rapid progression and worse prognosis and could 
lead to rapid deterioration.28 Hypertension alone is 
also associated with composite poorer outcomes which 
include mortality and may increase the risk of devel-
oping more severe COVID-19 and the need for ventila-
tion27 (although a recent analyses on more than 10,000 
COVID-19 deaths, found hypertension as protective 
factor.22

The prevalence of patients with COPD has been 
found to be low but it has been found elsewhere that 
those with severe disease have a much worse prognosis29 
and the severity of the respiratory disease significantly 
affects both outcome and recovery.30 COPD patients are 
generally older potentially have multiple comorbidities 
which may explain poorer outcomes. The limitation of 
invasive mechanical ventilation options in patients with 
multimorbid medical conditions may also add to higher 
mortality. Asthma on the other hand is a disease gener-
ally affecting the younger population with the mainstay 
of treatment being inhaled steroids. Potentially this 
provides an immune-protective effect in patients affected 
with COVID-19 contributing to better outcomes,31 as it 
was found in the average model of this analysis

The analysis within this evaluation in terms of comor-
bidities has shown differences in mortality due to specific 
comorbidity or within combinations which is not unex-
pected. There are, however, comorbidities interactions 
that provided protection instead of risk (results from the 
averaged model in table 4), and therefore, are in need 
of more investigation. Those who improved on CPAP 
also had a lower mean A-a gradient as severe hypoxia 
was corrected on commencing the CPAP early which in 
turn facilitates improved ventilation. The most important 
factor in CPAP survival was the initial A-a gradient, with 
lower values associated to increase in survival which is 
a novel finding itself and that will need further studies. 
The early use of CPAP potentially reduces lung damage 
during the worst of the COVID-19 infection and allows 
the patient to recover from the inflammatory effects. Late 
use, however, functions as a rescue treatment, and while 
it improves the A-a ratio does not prevent lung damage 
thus leading to additional inflammation and a reduction 
in survival chances.
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Because of the emerging COVID-19 crisis, the Trust 
was prepared to develop new modalities of treatment 
and models of delivery in exceptionally rapid timescales. 
These are reflective of the overwhelming nature of the 
outbreak but are also relevant to other countries as the 
outbreak continues to evolve. Whist the Northern Hemi-
sphere was initially subjected to the largest outbreaks 
during early 2020, the Southern Hemisphere has proven 
to have the larger outbreaks during the middle of 2020 
as the seasons change and winter arrived in the South.32 
Healthcare in much of the Southern Hemisphere has 
lower investment and Intensive Care facilities are less 
well established. They were more likely to be over-
whelmed.33 The need for a low cost, simple respiratory 
support measure is likely to prove even more important 
as the Pandemic continues to evolve. There are emerging 
calls from scientists for evidence on the role of CPAP in 
COVID-19,15 to which this study potentially provides part 
of the answer.

This study is a step towards the ascertainment of the 
validity of CPAP as an effective treatment. There are inev-
itable caveats in that the numbers are small and the study 
design is based around an evolving picture of treatment 
during the crisis of an outbreak (see the Limitations 
section). Further work can be planned more carefully in 
areas where there is an emerging outbreak. Randomised 
controlled trials would help to establish the relative bene-
fits of CPAP against other treatment options. Results are 
still awaited from the RECOVERY RS study in the UK 
which compares the effectiveness of three ventilation 
methods; CPAP, HFNO and standard care (oxygen deliv-
ered via a normal face mask/tubes).

It is likely that treatment of COVID-19-associated respi-
ratory failure will be necessary for the foreseeable future. 
Planning the response to that needs to establish the 
most effective, efficient treatment options and is a global 
priority.

CONCLUSION AND CALL FOR FURTHER STUDIES
Treatment of COVID-19 has been based on anecdotal 
experience and pre-existing experience of other condi-
tions. The use of CPAP has been advocated, but evidence 
for its benefit in COVID-19 pneumonia was lacking. 
This work builds on a previous audit12 showing a posi-
tive outcome (reduced mortality) in COVID-19 patients 
when treated with CPAP in the early days after hospital-
isation. Due to the size of the Trust we were not able to 
further validate these findings on a larger sample size, 
and therefore, we hope that this work will inspire other 
groups and researchers to quantitatively evaluate the use 
of CPAP for COVID-19 pneumonia. As described above, 
this work can be especially valuable in low economic 
settings where ICU free spaces are a rarity and economic 
solutions are preferred; but also in modified settings. We 
would suggest that non-invasive early intervention using 
CPAP can be a key control strategy until an effective 
vaccine or drug therapy is found.

Limitations of this study
Readers need to take particular care in the interpreta-
tion of the HRs and survival probabilities of this work and 
their translation to evidence. In fact they are affected by 
small sample size (18 CPAP on 206 patients) and a rela-
tive low amount of variance explained by the model. To 
encompass these important limitations, we have applied 
robust statistics (stratified and clustered models; aver-
aging millions of models to establish which variables are 
really important) that allowed an effective analyses of a 
small data set (18 CPAP cases). Therefore although some 
confidence intervals remain large, the directionality of 
the effects/associations is shown robust (CPAP within a 
week of admittance decreases risk of death) since most 
of the models we have tested found this significant asso-
ciation.

During the outbreak, there were other changes in 
management of patients notably with the opportunity to 
be involved in the national RECOVERY trial (https://
www.​recoverytrial.​net). This afforded patients the oppor-
tunity to receive medications beyond standard care. 
There were also changes in the management of anticoag-
ulation during the time period. Finally, not all the poten-
tial predictors were included, such as ethnicity, other 
therapies and so forth.
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