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Introduction
Use of Long Term Ventilation (LTV) benefits patients with a diverse range of conditions
including Duchenne Muscular Dystrophy, Motor Neurone Disease and scoliosis.[1] Patients
with pulmonary disease as well as neuromuscular disease can benefit from LTV. Chronic
Obstructive Pulmonary Disease (COPD) patients treated with LTV experience a reduction in
hospital admissions and the use of LTV in Cystic Fibrosis (CF) patients is increasing. [2,3]
Despite improvements in outcomes, patients receiving LTV are at risk of pneumonia with
Pseudomonas aeruginosa (P. aeruginosa) commonly isolated. [4] Infection with P.
aeruginosa in bronchiectasis, and with P. aeruginosa, Burkholderia cepacia complex and
Mycobacteroides abscessus complex in CF are associated with worse clinical outcomes.
[5,6] Furthermore, oral options for treatment of P. aeruginosa infections are limited,
increasing the likelihood of hospital admissions. These organisms are considered
transmissible between patients and can survive for extended periods within the environment.
[6] In the context of the COVID-19 pandemic, the requirement for respiratory support in an
unprecedented number of patients resulted in intense resource pressures including the re-
distribution of LTV allocated ventilators to the acute wards for treatment. Throughout the
COVID-19 pandemic all forms of assisted ventilation have been considered aerosol
generating, with an associated high risk of transmission of the SARS-CoV-2 virus through
the use of NIV. [7] However, emerging evidence challenges this suggesting assisted
ventilation is not associated with increased aerosol production, and may even reduce aerosol.
[8]
It is recognised that Non-Invasive Ventilation (NIV) equipment can become infected with
potentially pathogenic organisms.[9] However, the only study to investigate the

contamination of NIV machines investigated seven machines from CF patients using



bacterial filters and did not find evidence of contamination with potentially pathogenic
organisms. [10]

NIV machines are reused between patients and cannot be sterilised. In the United Kingdom
(UK) there is a national recommendation that bacterial filters be used between the ventilator
outlet and the NIV circuit tubing, for all patients receiving acute NIV. [11] There is no such
guidance in LTV. Survey data from the Specialists in Long-term Ventilation at Home
(SiLVaH) network suggest that 50% of LTV centres do not use bacterial/viral filters (abstract
presented at European Respiratory Society Respiratory Failure and Mechanical Ventilation
Conference, Berlin, 2020).

Most ventilator circuits used for LTV are single limb circuits. Such circuits require an
intentional leak in the circuit through which exhaled gas can escape to allow exhalation and
avoid re-breathing carbon dioxide (CO.). This can be achieved in one of three ways: Firstly
the use of a vented mask, secondly the use of an exhalation port and, finally the use of an
active exhalation valve circuit. It is assumed that the leak/exhalation device prevents exhaled
gas reaching the ventilator outlet and therefore there is no risk of contaminating the ventilator
and transmitting bacteria or viruses between patients. British Thoracic Society guidance for
acute NIV supports this assumption, stating “In most ventilators used for NIV there is no
airflow from the patient back into the ventilator”. [11]

Irrespective of their underlying disease pathology, patients developing respiratory failure
requiring LTV are living with severe illness; often with multimorbidity and frailty. Given the
increasing prevalence of LTV and the potential implications of bacterial or viral lower
respiratory tract infection or pneumonia in this group of patients; it is critically important that
the risks of contamination of NIV machines and the potential transmission of organisms

between patients are investigated. The first step in the understanding of this is investigation



of gas flow within the NIV circuit. We aimed to assess whether the belief that exhaled gas

does not reach the ventilator during treatment with NIV is valid.

Methods

We investigated whether exhaled gas reached the ventilator outlet using three non-invasive
ventilators and a continuous positive airways pressure (CPAP) machine. The machines used
were:

* VIVO 50 Breas, Gothenburg, Sweden

* NIPPY 3+ Breas, Stratford-upon-Avon, UK

» A40 Philips Respironics, Pennsylvania, USA

» AirSense CPAP machine, ResMed Ltd, NSW 2153, Australia
To establish whether exhaled gas reached the ventilator outlet, we used a side-stream CO-
analyser (Intersurgical, Wokingham, UK) attached to a 23G needle placed into the ventilator
tubing (Armstrong Medical, Coleraine, UK) immediately adjacent to the ventilator outlet
(Figure 1). The deadspace of the tubing was 500ml.
One member of the team (BM) underwent NIVV/CPAP using three different circuit
configurations (except where the device functionality did not allow):
» VVented mask (AirFit F10, ResMed)
» Non-vented mask with an exhalation port (Intersurgical)

« Active exhalation valve (Breas)

The settings used which would reflect standard clinical practice were as follows:
» Vented mask configuration settings: Mode Pressure Control (PC), Inspiratory Positive
Airways Pressure (IPAP) 20 cmH20, Expiratory Positive Airways Pressure (EPAP) 4 cmH20,

Breaths Per Minute (BPM) 12



« Exhalation port configuration settings: Mode PC, IPAP 20 cmH20, EPAP 4 cmH>0, BPM 12
« Active exhalation valve configuration settings: Mode PC, IPAP 20 cmH20, EPAP 0 cmH-0,
BPM 12

» CPAP settings: 8cmH20

In order to establish whether the exhaled CO> was related to tidal volume, we used a Wright’s
respirometer in the circuit with the exhalation port configuration in order to adjust the NIV
pressures above to give a measured exhaled tidal volume between 2000ml and 500ml. We

voluntarily controlled the tidal volume in the CPAP circuit.

Results
In each circuit configuration using each ventilator and CPAP machine, CO was detected at
the ventilator outlet; demonstrating that exhaled gas can reach the ventilator. Figure 1 shows
a typical exhaled CO- trace. In our experiments the exhaled CO- varied between 1.5kPa and
3.7kPa depending upon the circuit and machine used (Table 1). With tidal volumes above

800ml, CO was detected at the ventilator outlet. Below 800ml, no CO» was detected.

Table 1. Exhalation port configuration settings: Mode PC, IPAP 20 cmH20, EPAP 4 cmH20, BPM 12. Active valve circuit
configuration settings: Mode PC, IPAP 20 cmH20, EPAP 0 cmH20, BPM 12. Vented mask configuration settings: Mode
PC, IPAP 20 cmH20, EPAP 4 cmH20, BPM 12. CPAP settings: 8cmH20. No expired CO2 was detected below 800ml tidal
volume in any circuit setup.

Breas Vivo 50 NIPPY 3+ Philips A40 | Resmed

Exhalation port circuit
2.9 3.1 3.2 3.7
(kPa)

1.5 (4 peep)
Active Valve Circuit (kPa) 1.6 (zero peep) -- --
2.1 (zero peep)

Vented Mask (kPa) 2.7 2.8 2.7 3.6




Discussion
We have shown that, contrary to published guidelines, exhaled gas from a patient reaches the
ventilator outlet in all trialled circuit configurations during NIV/CPAP treatment, with
standard clinical settings, when tidal volumes were above 800ml. Although 800ml represents
a relatively high tidal volume, it is well within the clinical range for CPAP and NIV users
especially those with recruitment breaths, a recruitment profile or during coughing.
NIV and CPAP machines are not considered single patient use devices. These findings
therefore demonstrate the potential for contamination of such devices through exhaled air.
This has profound implications for the LTV and sleep medicine community where the use of
bacterial and viral filters is not universal, not least in the context of current risks of COVID-
19 infection to which LTV patients are particularly vulnerable. [7]
If the theoretical risks of contamination are shown to result in machine colonisation and
transmission of bacteria and viruses between patients; the implications for LTV patients are
substantial. There are potential adverse outcomes from transmission of pathogenic bacteria
in patients using LTV, particularly those with chronic lung disease such as CF, non-CF
bronchiectasis and COPD. There is therefore an urgent need within the infection control and
LTV community to investigate whether ventilators are contaminated, including discussion
about practices relating to reuse of ventilators, decontamination of ventilators and routine use
of bacterial filters during treatment with LTV.
This experiment does not prove contamination of the machines from users, nor does it
demonstrate cross-infection. However, it disproves the assumption that exhaled (thus
potentially infected) gases cannot travel down the ventilator tubing and back to the device
outlet. We believe this understanding of the function and workings of the breathing circuit

this is the first step in establishing the risk(s) of device contamination. Further studies



investigating bacterial growth within ventilator devices and circuitry should be undertaken to

help assess the risks of contamination.
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