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Abstract
Introduction: Severe acute hypoxemic respiratory failure (AHRF) in COVID-19 pneumonia is associated
with a high mortality rate, resulting in mounting pressures on intensive care units worldwide. Different
oxygenation management protocols are used in different centres. Most centres switch patients who fail
to oxygenate adequately using conventional oxygen therapy (COT) methods to non-invasive positive
pressure ventilation (NIPPV), usually continuous positive airway pressure (CPAP). Other centres resort to
invasive mechanical ventilation (IMV) directly, without a trial of NIPPV. In this trial, we aim to compare the
e�cacy of different approaches in managing COVID-related AHRF, and ascertain if CPAP therapy reduces
the need for IMV.

Methods: We carried out a retrospective cohort study on patients with laboratory-con�rmed COVID-19 at
three university hospitals in Essex, United Kingdom. We included all patients with signi�cant AHRF
(de�ned as needing oxygen therapy FiO2 more than 0.4 to maintain an oxygen saturation of 92%) who

were deemed eligible for IMV escalation during a 3-month period (1st March to 31st May 2020).

Results: Out of 174 patients who met the criteria, 84 patients received CPAP (Group 1). Half needed
intubation (n=42). 90 patients did not have a CPAP trial (Group 2). 76.6% needed intubation (n=69). No
difference was found between the two groups in demographic criteria or disease severity. Our results
show a signi�cant difference in 60-day mortality between group 1 and 2 (25% versus 37.8%, p=0.02). COT
as standalone therapy for COVID-19 patients (group 2) was associated with a trend of more increased
risk of intubation and an increased relative risk of death (RR 2.14, 95% CI 1.39 to 3.29). This corresponds
to a number needed to treat (NNT) of 3.74 (95% CI 2.47 to 7.73). Patients in group 1 who failed CPAP trial
and required intubation did not have an increased risk of mortality when compared to group 2 patients
who required intubation.

Conclusion: Our results support introducing CPAP rather than escalating FiO2 in cases refractory to COT.
Our study suggests CPAP can be safely used to treat patients with AHRF. Clinical trials are needed to
guide recommendations for optimum timing and selection of patients most likely to bene�t.

Key Messages
 What is the key question?

Would CPAP therapy provide any extra bene�t when given to COVID 19 severely hypoxemic patients
rather than escalating FiO2 using the conventional oxygen therapy?

What is the bottom line?

CPAP reduced need for intubation and reduced mortality when given early to COVID 19 severely
hypoxemic patients even in patients who subsequently needed intubation after prolonged CPAP therapy

Why read on?
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COVID 19 pneumonia represents a challenging disease, where the role of CPAP needs more clari�cations.
This paper represent a huge experience gained during the �rst wave of COVID 19 pandemic across 3 UK
hospitals which could add to our understanding and management plans of CPAP therapy in such
patients.

Introduction
The COVID-19 pandemic has caused a huge rise in patients presenting with Acute Hypoxemic Respiratory
Failure (AHRF) and mounting pressures on the Intensive Care Units (ICU) across the globe. There is a
signi�cant surge in reports from around the world, describing different oxygenation management
protocols in different centres. However, there is still variation in the management of COVID-19 related
AHRF as evidence by the heterogeneity of protocols in different centres, even within the same country.
Most centres switch patients who fail to oxygenate adequately using conventional oxygen therapy (COT)
methods (e.g. Venturi Mask or Non Rebreathing Mask (NRM)) to Non-Invasive Positive Pressure
Ventilation (NIPPV) usually Continuous Positive Airway Pressure (CPAP), High �ow nasal Oxygen (HFNO),
or in the minority of patients with CO2 retention, Bi Level Positive Airway Pressure (BiPAP). Other centres
resort to Invasive Mechanical Ventilation (IMV) directly without a trial of NIPPV. Reducing the risk of
Aerosol Generated Procedures (AGP) related infection is one of the reasoning behind the latter approach.
Marini and Gattinoni strongly support early IMV to avoid progression of the mild disease to a more severe
lung injury secondary to the spontaneous vigorous inspiratory efforts leading to patient self-induced lung
injury (P-SILI). (1) Others argued that P-SILI should not be used as a justi�cation for pre-emptive IMV, with
all its documented complications, without giving the patient a trial of CPAP / BiPAP. (2)

The timing of the endotracheal intubation (ETI) and the location for initiation of IMV vary widely. While
some centres will have their severely hypoxemic patients moved to ICU, in others patients are intubated in
wards prior to being moved to the ICU.  Increasingly, new data to support the use of CPAP/ BiPAP prior to
initiation of IMV is being published.

We present in this retrospective study the data collected from three University Hospitals in Essex, United
Kingdom comparing different approaches of management of COVID related AHRF. Our aim was to
ascertain if CPAP therapy would reduce the need for ETI.

Methods
Inclusion criteria: All adult patients (≥18 years) with con�rmed laboratory COVID-19 and signi�cant AHRF
de�ned as needing oxygen therapy (FiO2 more than 0.4) to maintain an oxygen saturation of 92%, and

who were deemed eligible for escalation for IMV during a 3-month period (1st of March to 31st of May
2020) from three University hospitals in UK. Patient data and outcomes were retrospectively extracted
from patient records.

Data were collected retrospectively and anonymously and no patient consent was required.
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Exclusion Criteria: Patients with limits of care which included do not intubate (DNI) order as per the
treating physician.

Statistical analysis: Qualitative and quantitative variables were summarized with frequencies (absolute
and relative, percentage) and central tendency (means and medians) and variability (standard deviations,
SD, and interquartile ranges, IQR) indicators, depending on their parametric distribution. Student t test as
well as Chi-Square test were used for quantitative and qualitative variables. Kaplan-Meier survival
analysis using Log rank test compared 60-days mortality between the CPAP versus non-CPAP groups
using R software (“survminer” package).

Results
Patients requiring CPAP were treated in either negative pressure or rooms with adequate air changes with
non-invasive monitoring. Health care workers caring for patients used full personal protective equipment
(PPE) as per Public Health England advice. Non vented masks were used. All patients were treated in the
respiratory wards (acute respiratory care areas) and managed by the respiratory medical and nursing
team with input from the critical care outreach team. CPAP was initiated at pressures of 5-8 cm H2O and
increased up to 10-12 cm H2O depending on patient comfort and treatment response. In one of the three
sites in the trust, CPAP was not used and patients who did not respond were triaged to IMV directly.

174 patients met the above inclusion criteria. They were subsequently divided into two groups:

Group 1: Patients who received CPAP treatment (n=84)

Group 2: Patients who did not have a CPAP trial (n=90)

Clinical details and outcomes are shown in table 1. The outcome of the whole cohort of patients is shown
in �gure 1. There was a signi�cant 60-days mortality difference between group 1 and 2 (25% versus
37.8%, p=0.02). Twenty-one patients in group 1 died, including one before invasive mechanical ventilation
after suffering a pulmonary embolism.

Table 1: Characteristics of the 2 groups of patients
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  Cohort

(n=174)

  Total Group 1

(n=84)

Group 2

(n=90)

p-value

Demographics n(%)        

Age (mean± SD) 59.3±12.3 59.6±11.1 59.1±13.3 .805

Male (%) 128 (73.5%) 58(69%) 70(77.7%) .057

Co-morbidities (%)        

Hypertension
77 (44.3%) 36(42.9%) 41(45.6%) .720

Diabetes Mellitus
41 (23.6%) 24(28.6%) 17(18.9%) .133

Ischemic heart disease
41 (23.6%) 16(19%) 25(27.8%) .668

Malignancy
7 (4%) 3(3.6%) 4(4.4%) 1

CKD
8 (4.5%) 6(8.5%) 2(3.4%) .294

COPD
43(24.7%) 22(26.2%) 21(23.3%) .662

No co-morbid illness
75(43.1%) 41(48.8%) 34(37.8%) .142

Baseline respiratory variables (mean±SD)        

SaO2 (%) 93.8 ±4 93.7±3.8 94.0±4.5 .746

PaO2 (kPa) 10.29±5.61 10.14(4.42) 10.62(7.62) .671

FiO2 74.5±26.1 68.8±25.9 86.9±22.0 <.001*

P/F ratio 113 ±63 118.5±55.5 101.2±76.1 .170

S/F ratio 140 ±49 142.2±51 135 ±44 .483

Outcome        

Total duration on oxygen therapy (hours) 52.6±71.4 37.6±44.7 74.4±94.2 .007*

Intubation (n,%) 111 (63.8) 42 (50) 69 (76.6) .866

Mortality after ETI (n,% of intubated patients) 54 (31.0) 20 (48) 34 (49.2) .07
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Overall Mortality (n,%) 55 (31.6) 21 (25) 34 (37.8) .02*

Total LoS 16.8±14.9 18.0±13.2 15.7±16.3 .315

Data are presented as n (%) or mean±SD, unless otherwise stated. Statistical signi�cance at p<0.05;
*Signi�cant results, COPD: chronic obstructive pulmonary disease, CKD: Chronic kidney disease, LoS:
Length of stay.

Discussion
In this retrospective study, we compared COVID-19 patients who had CPAP prior to IMV with those who
were directly treated with IMV after receiving only conventional oxygen therapy (COT). Mortality in
patients who were invasively ventilated was not different in both groups (Table 1). However, the overall
mortality was signi�cantly less in the CPAP group (25% vs 37.8%, p=0.02). There was no baseline
difference in the patient demographics and severity of illness. Our analysis shows that COT as
standalone therapy for COVID-19 patients (group 2) was associated with a trend of more intubation a
relative risk of death of 2.14 which was statistically signi�cant (95 % CI 1.39 to 3.29). This corresponds to
a number needed to expose (NNE) of 3.74 (95% CI 2.47 to 7.73) (i.e. 4 patients would have to receive
CPAP (instead of only oxygen therapy) to reduce mortality by one).

CPAP trial failure is not associated with increased mortality when compared to patients who needed ETI
without a CPAP trial as the mortality in both these groups who went on to have IMV was similar (Table 1).
Our study though small, suggests CPAP can be safely used to treat patients with AHRF and adds to a
number of studies recently published with similar results. An Italian group was able to show in a
prospective multicentric work (n=157) that helmet CPAP can help to avoid intubation in nearly half of
COVID-19 patients (27).  A single centre before-after French study (n=52) showed CPAP to be signi�cantly
associated with reduced need for intubation in COVID-19 patients (11).

Our results support introducing CPAP rather than escalating FiO2 in refractory to COT cases. The
exposure to high FiO2 is known to be associated with harm in the form of impaired lung function and
resorption atelectasis (22). Some subgroup of patients can bene�t from CPAP and avoid ETI with all its
associated adverse effects.

Frat et al compared NIV to COT and HFNO in AHRF and concluded no difference in the rate of ETI (13).
The underlying mechanism can be the lung injurious vigorous spontaneous breathing, a phenomenon
known as P-SILI (patient self-in�icted lung injury). P-SILI is more probable when a vigorous respiratory
effort is superimposed on severe ARDS adding insult to injury (9). On the other hand, an increase in
transpulmonary pressure and tidal volume after CPAP can theoretically lead to a higher regional lung
stress and strain especially in non-homogenous ARDS lungs (10). To note that both P-SILI and
diaphragmatic injury are possible after prolonged and strenuous breathing even without any respiratory
support (e.g. CPAP) (8,10). In fact, considering atelectasis as a risk factor for P-SILI, lung recruitment by
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CPAP, better oxygenation (hence reduced hypoxic drive) and more homogenous distribution of ventilation
may reduce the risk of P-SILI in CPAP treated patients. (8,14,15)

The added risk of infection transmission boosted the early views leaning to avoid CPAP in COVID-19
patients. While It is di�cult to con�rm the risk associated with every AGP, the role of NIV remains without
strong evidence (16). The distance of droplet transmission is �ow dependent and can be greater with
CPAP masks. However, even Oxygen face masks can be associated with infection transmission (16-18).
HFNO associated risk is less clear but considering its high �ow rates it can be associated with signi�cant
risk. One Italian group, and despite PPE, showed that 11% of the staff caring for COVID-19 patients in
respiratory units acquired COVID-19 (30). In general, healthcare workers (HCWs) constitute 3.8-10% of
COVID-19 patients (16,24). Paradoxically, CPAP can counterbalance its harm by avoiding ETI which is one
of the most established AGP (16).

In our observation in patients showing less respiratory distress and appropriate respiratory drive may be
less liable to P-SILI and can bene�t most from CPAP. Gattinoni et al described CARDS phenotypes
including patients presenting with nearly normal lung compliance which means the need for less CPAP
pressure (25).

In the middle of such strain on critical care resources, we can show the successful application of CPAP
out of the ICU by respiratory teams in dedicated pulmonary units, a �nding con�rmed earlier by Oranger
and Franco et al (11,30). With the increased strain on ICU resources during the COVID-19 surge, CPAP and
NIV became successfully used as a bridge either to recovery or ETI (5-7). CPAP therapy can help save
both ICU and wards resources by a combination of its applicability pre-ICU, avoiding ETI and overall
shorter LOS. However, the early detection of the subgroup of patients indicated for ETI remains the mostly
challenging when managing AHRF in COVID-19 patients.

Our studies have many limitations: It is a retrospective small sample study and not randomised. However,
we think it can add along with other works to the cumulative knowledge about CARDS. We mainly used
one CPAP interface (face mask) and cannot report on others especially Helmet which showed bene�t in
other works (26,27). Our work shows that CPAP trial is warranted in COVID-19 patients presenting with
AHRF under close monitoring. This trial can be safely applied in out of ICU respiratory units by a trained
team.

We also believe that CPAP could be a valuable tool in low resourced settings and also it is included in
WHO COVID 19 clinical guidance (28). Clinical trials are needed to guide recommendations for optimum
timing and selection of patients who most likely to bene�t.

We still await the results of randomised control trial to compare CPAP, HFNO and standard oxygen or the
IMV (29). Until such robust data are published, our observation suggest that CPAP has a role in
management of type 1 respiratory failure due to COVID 19.

Declarations



Page 9/13

Con�ict of Interest

Authors document no con�ict of interest.

Ethics

The study is registered and approved under the registration numbers 20007, date 20/03/2020 Mid and
South Essex Hospitals NHS trust. Patients consent waived as retrospective anonymous data.

References
1-            Marini JJ, Gattinoni L. Management of COVID-19 respiratory distress. JAMA. 2020.
https://doi.org/10.1001/jama.2020.6825.).

2-           Martin J. Tobin, Franco Laghi and Amal Jubran: Caution about early intubation and mechanical
ventilation in COVID-19. Annals of Intensive Care volume 10, Article number: 78 (2020)

3-           Letter regarding the Use of Continuous Positive Airway Pressure (CPAP) for COVID-19 positive
patients. https://www.�cm.ac.uk/news-events-education/news/letter-regarding-use-continuous-positive-
airway-pressure-cpap-covid-19

(accessed 12 September 2020)

4-           COVID-19 position statement: CPAP for COVID-19-related respiratory failure.
https://www.sign.ac.uk/media/1634/sg_cpap_guidance.pdf((Accessed 12th of September 2020).

5-           Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospitalized patients with 2019 novel
coronavirus-infected pneumonia in Wuhan, China. JAMA. 2020;323(11):1061–9.

6-           Grasselli G, Zangrillo A, Zanella A, et al. Baseline characteristics and outcomes of 1591 patients
infected with SARS-CoV-2 admitted to ICUs of the Lombardy region, Italy JAMA. 2020;323(16):1574–81.

7-           Auld SC, Caridi-Scheible M, Blum JM, et al. ICU and ventilator mortality among critically ill adults
with coronavirus disease 2019. Crit Care Med. 2020;https://doi.org/10.1097/CCM.0000000000004457.

8-           Cruces P et al. A physiological approach to understand the role of respiratory effort in the
progression of lung injury in SARS-CoV-2 infection

9-           Yoshida T, Amato MBP, Kavanagh BP, Fujino Y. Impact of spontaneous breathing during
mechanical ventilation in acute respiratory distress syndrome. Curr Opin Crit Care. 2019 Apr;25(2):192-
198. doi: 10.1097/MCC.0000000000000597. PMID: 30720482.

10-         Yoshida T, Fujino Y, Amato MB, Kavanagh BP. Fifty Years of Research in ARDS. Spontaneous
Breathing during Mechanical Ventilation. Risks, Mechanisms, and Management. Am J Respir Crit Care
Med. 2017 Apr 15;195(8):985-992. doi: 10.1164/rccm.201604-0748CP. PMID: 27786562.



Page 10/13

11-          Oranger M, Gonzalez-Bermejo J, Dacosta-Noble P, et al. Continuous positive airway pressure to
avoid intubation in SARS-CoV-2 pneumonia: a two-period retrospective case-control study. The European
Respiratory Journal. 2020 Aug;56(2). DOI: 10.1183/13993003.01692-2020.

12-         Noeman-Ahmed Y, Gokaraju S, Powrie DJ, Amran DA, El Sayed I, Roshdy A. Predictors of CPAP
outcome in hospitalized COVID-19 patients. Respirology. 2020 Dec;25(12):1316-1319. doi:
10.1111/resp.13964. Epub 2020 Nov 2. PMID: 33140491.

13-         Frat JP, Thille AW, Mercat A, Girault C, Ragot S, Perbet S, Prat G, Boulain T, Morawiec E, Cottereau
A, Devaquet J, Nseir S, Razazi K, Mira JP, Argaud L, Chakarian JC, Ricard JD, Wittebole X, Chevalier S,
Herbland A, Fartoukh M, Constantin JM, Tonnelier JM, Pierrot M, Mathonnet A, Béduneau G, Delétage-
Métreau C, Richard JC, Brochard L, Robert R; FLORALI Study Group; REVA Network. High-�ow oxygen
through nasal cannula in acute hypoxemic respiratory failure. N Engl J Med. 2015 Jun 4;372(23):2185-
96. doi: 10.1056/NEJMoa1503326. Epub 2015 May 17. PMID: 25981908.

14-         Cressoni M, Cadringher P, Chiurazzi C, et al. Lung inhomogeneity in patients with acute
respiratory distress syndrome. Am J Respir Crit Care Med. 2014;189(2):149–58.

15-         Derosa S. Reabsorption atelectasis in a porcine model of ARDS: regional and temporal effects of
airway closure, oxygen, and distending pressure. J Appl Physiol. 2013;115(10):1464–73.

16-         Harding H, Broom A, Broom J. Aerosol-generating procedures and infective risk to healthcare
workers from SARS-CoV-2: the limits of the evidence. J Hosp Infect. 2020 Aug;105(4):717-725. doi:
10.1016/j.jhin.2020.05.037. Epub 2020 Jun 1. PMID: 32497651; PMCID: PMC7263217.

17-         Loeb M, McGeer A, Henry B, Ofner M, Rose D, Hlywka T, et al. SARS among critical care nurses,
Toronto. Emerg Infect Dis 2004;10:251e5. https://doi.org/10.3201/eid1002.030838.

18-         Yu IT, Xie ZH, Tsoi KK, Chiu YL, Lok SW, Tang XP, et al. Why did outbreaks of severe acute
respiratory syndrome occur in some hospital wards but not in others? Clin Infect Dis 2007;44:1017e25.

19-         Hill NS, Garpestad E. The Bumpy Road for Noninvasive Ventilation in Acute Respiratory Distress
Syndrome. Coming to an End? American Journal of Respiratory and Critical Care Medicine. 2017
Jan;195(1):9-10. DOI: 10.1164/rccm.201610-2138ed.

20-        Antonelli M, Conti G, Esquinas A, Montini L, Maggiore SM, Bello G,Rocco M, Maviglia R, Pennisi
MA, Gonzalez-Diaz G,et al. A multiple-center survey on the use in clinical practice of noninvasive
ventilationas a�rst-line intervention for acute respiratory distress syndrome.Crit Care Med2007;35:18–25.

21-         Delclaux C, L'Her E, Alberti C, Mancebo J, Abroug F, Conti G, et al. Treatment of acute hypoxemic
nonhypercapnic respiratory insu�ciency with continuous positive airway pressure delivered by a face
mask: a randomized controlled trial. JAMA. 2000;284:2352–60.



Page 11/13

22-         Rachmale S, Li G, Wilson G, Malinchoc M, Gajic O. Practice of excessive F(IO(2)) and effect on
pulmonary outcomes in mechanically ventilated patients with acute lung injury. Respir Care. 2012
Nov;57(11):1887-93. doi: 10.4187/respcare.01696.

23-         Kamo, T., Tasaka, S., Suzuki, T. et al. Prognostic values of the Berlin de�nition criteria, blood
lactate level, and �broproliferative changes on high-resolution computed tomography in ARDS patients.
BMC Pulm Med 19, 37 (2019). https://doi.org/10.1186/s12890-019-0803-0

24-        Wang Y, Wang Y, Chen Y, Qin Q. Unique epidemiological and clinical features of the emerging
2019 novel coronavirus pneumonia (COVID-19) implicate special control measures. J Med Virol
2020;92:568e76. https://doi.org/10.1002/jmv.25748.

25-         Gattinoni L, Camporota L, Marini JJ. COVID-19 phenotypes: leading or misleading? Eur Respir J.
2020 Aug 27;56(2):2002195. doi: 10.1183/13993003.02195-2020. PMID: 32616591; PMCID:
PMC7331647.

26-        Patel BK, Wolfe KS, Pohlman AS, Hall JB, Kress JP. Effect of Noninvasive Ventilation Delivered by
Helmet vs Face Mask on the Rate of Endotracheal Intubation in Patients With Acute Respiratory Distress
Syndrome: A Randomized Clinical Trial. JAMA. 2016 Jun 14;315(22):2435-41. doi:
10.1001/jama.2016.6338. PMID: 27179847; PMCID: PMC4967560.

27-         Aliberti S, Radovanovic D, Billi F, Sotgiu G, Costanzo M, Pilocane T, Saderi L, Gramegna A,
Rovellini A, Perotto L, Monzani V, Santus P, Blasi F. Helmet CPAP treatment in patients with COVID-19
pneumonia: a multicenter, cohort study. Eur Respir J. 2020 Aug 3:2001935. doi:
10.1183/13993003.01935-2020.

28-         www.who.int/publications/i/item/clinical-management-of-covid-19

29-        ISRCTN16912075 https://doi.org/10.1186/ISRCTN16912075 RECOVERY Respiratory Support:
Respiratory Strategies in patients with coronavirus COVID-19 – CPAP, high-�ow nasal oxygen, and
standard care

30- Franco C, Facciolongo N, Tonelli R, Dongilli R, Vianello A, Pisani L, Scala R, Malerba M, Carlucci A,
Negri EA, Spoladore G, Arcaro G, Tillio PA, Lastoria C, Schi�no G, Tabbì L, Guidelli L, Guaraldi G, Ranieri
VM, Clini E, Nava S. Feasibility and clinical impact of out-of-ICU noninvasive respiratory support in
patients with COVID-19-related pneumonia. Eur Respir J. 2020 Nov 5;56(5):2002130. doi:
10.1183/13993003.02130-2020. PMID: 32747398; PMCID: PMC7397952

Figures

http://www.who.int/publications/i/item/clinical-management-of-covid-19
https://doi.org/10.1186/ISRCTN16912075


Page 12/13

Figure 1

Outcome of the 2 studied groups

Figure 2
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Kaplan Meier curve showing 60 days mortality for the 2 studied groups 60-days cumulative proportion
surviving is 52.4% for patients on CPAP Compared to 33.9% for patients on Oxygen, Log Rank (Mantel-
Cox) X2=5.38, p=.020


