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COPD is one of the most common causes of death worldwide (1) and the World
Health Organization (WHO) estimates that 64 million people have COPD worldwide
(2). An acute exacerbation of COPD, marked by worsening respiratory symptoms that
are often triggered by infections, environmental factors, or air pollution, can result in
hospitalisation, a higher risk of mortality, and long-term deterioration of health (3). It
has been observed that the respiratory rate changes before and during an
exacerbation (4). Monitoring subtle changes in respiratory rate to identify early signs
of clinical deterioration in COPD patients may allow timely community interventions
and reduce disease burden. PneumoWave DC Mobile is a monitoring device intended
to capture and store chest motion data continuously over a period of time for
retrospective analysis and is registered with UKCA as a Class 1 device (5). The aim
of the study was to validate the ability of the PneumoWave DC Mobile device to
accurately detect a range of physiological-relevant respiratory rates in an in vitro adult
manikin model.

A PneumoWave DC Biosensor was placed on the upper left side of an adult manikin
chest, approximately 6cm down from the centre of the left collarbone (SimMan ALS,
Laerdal, UK operated via Laerdal patient software). Respiratory rates ranging from
10 to 30 breaths per minute (BPM) were captured for 3 mins at each setting (n=5)
and exported as a CSV file to MATLAB (version R2023a, MathWorks Inc., USA) for
visualisation and analysis. Additional experiments exploring sensor(s) chest location
and manikin body posture (45°, 90° or 180°) were undertaken.
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Figure 1. /n vitro manikin model to evaluate the performance of a PneumoWave
DC Mobile device.
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Figure 4. Manual Average Visual Count from PneumoWave DC Mobile biosensor
versus ventilator respiratory rate setting for a manikin wearing two sensors on the
left and right side of the chest.

Manual Average Visual Count + Standard Deviation (SD) versus
Respiratory Rate (BPM) for PneumoWave DC Mobile device
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Figure 2. Manual Average Visual Count from PneumoWave DC Mobile biosensor
versus ventilator respiratory rate setting (range 10 — 30BPM) with manikin posture

of 180°.
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Figure 3. Manual Average Visual Count from PneumoWave DC Mobile biosensor

versus ventilator respiratory rate setting with manikin posture of 45°, 90° or 180°.

The study validate the suitability of the PneumoWave DC Mobile device for
monitoring simulated chest movement in an /n vitro manikin, with an
accurate estimation of respiratory rates over a physiologically relevant
range (10-30 bpm). The device exhibited commendable accuracy
regardless of sensor chest location and/or the posture of the manikin.
Only counting whole respiratory waves during the manual measurement
process was recognised to introduce small artifacts into the results (see
Figures 2 — 4). Software that allows continual measurements would have
further improved the accuracy of the results. Future research will recruit
human volunteers to further evaluate device performance and usability.
This study positively highlights the potential of PneumoWave DC Mobile as
an effective and low-cost option for COPD monitoring and to aid clinical
decision-making processes.
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Figure 5. Typical breathing waveform captured by Pneumowave biosensor

1. WHO (2022) Available at: https://www.who.int/news-room/fact-sheets/detail/chronic-obstructive-
pulmonary-disease-(copd).

2. Singh, D. et al. (2019) 'Global Strategy for the Diagnosis, Management, and Prevention of
Chronic Obstructive Lung Disease: the GOLD science committee report 2019'. Eur Respir J, 53 (5),
PP.

3. Hoogendoorn, M., Hoogenveen, R. T., Rutten-van Molken, M. P., Vestbo, J. & Feenstra, T. L.
2011. Case Fatality Of COPD Exacerbations: A Meta-analysis And Statistical Modelling Approach.
Eur Respir J, 37, 508-15.

4. Rubio, N., Parker, R. A., Drost, E. M., Pinnock, H., Weir, C. J., Hanley, J., Mantoani, L. C.,
Macnee, W., Mckinstry, B. & Rabinovich, R. A. 2017. Home Monitoring Of Breathing Rate In People
With Chronic Obstructive Pulmonary Disease: Observational Study Of Feasibility, Acceptability, And
Change After Exacerbation. Int J Chron Obstruct Pulmon Dis, 12, 1221-1231.

5. PneumoWave. Altair medical achieves FDA breakthrough status. 2020 [cited 2023 February];
Available from: https://pneumowave.com/altair-medical-achieves-fda-breakthrough-status/.

ACKNOWLEDGEMENTS:

This research project is supported by funding from the Republic of Turkiye and
conducted in partnership with Pneumowave company, highlighting the collaborative
efforts between academia and industry in advancing respiratory health technology.

University of

Strathclyde

Glasgow NEUM



https://www.who.int/news-room/fact-sheets/detail/chronic-obstructive-pulmonary-disease-(copd
https://www.who.int/news-room/fact-sheets/detail/chronic-obstructive-pulmonary-disease-(copd

