Delivering oxygen-enriched CPAP respiratory support using a
non-invasive ventilation device
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The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2, otherwise known as coronavirus
(COVID-19)) pandemic has placed a rapid increase in demand on healthcare providers (HCPs) to
provide respiratory support for patients with moderate to acute symptoms [1]. HCPs do not have
sufficient ventilator provision to meet this surge in demand. Emerging clinical reports indicate that
Continuous Positive Airway Pressure (CPAP) non-invasive ventilation can help patients with moderate
symptoms avoid the need for invasive ventilation in intensive care [2-3], a change to the early
impression that early intubation was indicated. Regulatory authorities such as the UK MHRA and US
FDA have produced guidance to support rapid development, manufacture and approval of new
ventilation systems which can be produced at scale [4]. However, the strains placed by the COVID-19
pandemic on international supply-chains may limit manufacturing capabilities. Here we report our
team’s investigation to adapt existing non-invasive ventilators (NIV) capable of delivering CPAP for use
with oxygen to deliver enriched ventilation of 40%+ FiO2. Our intention is to maximise use of existing
resources available to HCPs, as NIV and sleep apnoea (CPAP) machines are widely available, in order
to deliver therapeutic benefit and potentially avoid the need for positive pressure ventilation.
The Nippy 3+ (BREAS Medical) was selected due to its robustness and widespread availability in the
locality. In CPAP mode, the system generates 3-20 cmH20 (0.3-2.0kPa) using an internal centrifugal fan
to pressurise atmospheric air. This offers the possibility to entrain O2 either at the system’s low
pressure air inlet, or in the pressurised air-stream near the ventilation mask as shown in Figure 1.
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Figure 1. Provision of oxygen-enriched air during CPAP ventilation

We modified a standard Nippy 3+ system to allow entrainment of oxygen at the intake port and
evaluated the efficacy of these two approaches. The system was configured to operate at a pressure
of 10 cm H2O with 5L/min oxygen flow, combined with a model lung operating at 30 bpm with tidal
volume of 0.28L. An oxygen meter was used to measure the effective FiO2 inhaled by the patient. Our
results showed that entrainment of oxygen at the low pressure intake brought only modest increases
in FiO2 (ca. 35%) in comparison to entrainment near the mask which achieved significantly higher FiO2
(ca. 50%). The difference in performance can be attributed to the single-arm breathing circuit in which
air-flow is reversed during the expiration phase and part of the air column is vented to atmosphere.
This results in losses of oxygen when entraining at the air intake, but entrainment near the patient
benefits from the pressurised air-column created between the patient and HEPA filter, which acts as
a ‘buffer’ to preserve oxygen and avoid losses. Although this testing model precludes gas exchange, it

is representative of the relative performance of these two configurations and suggests that relatively
low flow-rates of oxygen can be used to obtain therapeutic FiO2 levels. The FiO2 can be readily altered
by altering the oxygen flow-rate with reference to idealised dilution levels (e.g. 45% FiO2 for Air:O2 at
20:5l/min, or 60% FiO2 for Air:O2 at 20:8l/min). However, the ultimate FiO2 delivered by this system
varies with respiratory function and is not explicitly controlled by the system. Rather it requires
external monitoring by a suitably qualified healthcare professional based upon the patient’s SpO2
level and vital signs.
In conclusion, positive pressure ventilators can provide an effective means to deliver CPAP with
oxygen-enriched air for therapeutic intervention using standard equipment and fittings, whilst
minimising the oxygen demands on hospital infrastructure when treating large numbers of patients.
This enables rapid deployment to provide flexible treatment pathways which reduce the burden on
ICU for HCPs that are facing surges in demand on ventilation during the COVID-19 pandemic.
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