Viruses and ventilators:
How bugs drove the evolution of
ventilators
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Covid Pathology; No V nor Q




Medical Goals

>0xygenation by > FRC/SA Recruitment
>Minute Ventilation by > Tidal Ventilation
<Work of Breathing

Preservation/> of Q and therefore DO?2
>Tolerablility by patient

>Usability by nurses

>Accessibility by populations £$/Low
Tech

<The negatives of PPV, V,P & Bio



Design Goal




Respiratory disease beyond Covid

Even prior to Covid-19, 1.5 million deaths/year from acute pneumonia worldwide
4th commonest cause of death

15% of all children's deaths < Syrs. 800,000+ deaths in children 2017, mainly in LMIC
— 145 countries. A child dies every 50 secs.

65 Million COPD, 3.2 million deaths annually, 3rd commonest cause of death,
relentlessly increasing.

. 334 million with asthma,14%: children, commonest chronic disease of childhood.

Only wealthy countries ( approx. 50) have modem high dependency or intensive care
facilities.

Only wealthy countries have sufficient highly trained medical and nursin? staff to
use the wide range of costly positive pressure respiratory support and ventilator
devices.
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Medic who
saved ives
of millions

The world’s first intensive
care doctor was Dr Bjorn
Ibsen, a 36-year-old
anaesthetist.

When he met Vivi, 12, from
Copenhagen, she was
suffering from acute severe
polio. Dr Ibsen knew that the
so-called iron lung - the last
machine that could save Vivi

- was already in use. He
decided to do something
radical that would change
medicine for ever.

On August 27, 1952 he
took Vivito the operating
theatre, organised an
emergency tracheostomy,
attached the pipe in her
trachea to an inflatable bag
that he then squeezed,







‘One of the doctors with the most hands-on
experience of Covid-19 in the country’

Edward Docx, New Statesman

DIARY OF AN ICU DOCTOR
ON THE FRONTLINE OF
THE COVID CRISIS




Anaesthesia 2020, 75, 16591670 doe:10.111 1 /anae. 15120

Guidelines

Multidisciplinary guidance for safe tracheostomy care
during the COVID-19 pandemic: the NHS National Patient
Safety Improvement Programme (NatPatSIP)

B.A. Mt:Gra'th,I N. Ashby," M. Bird_lall,3 P.Dean,’C. therty,:“ K. Ferg_uson,’" J. Gimblett,”
M. Grocott,” T. Jacob,’ C. Kerawala,'” P. Macnaughton, ' P. Magennis, “ R. Moonesinghe, &,
P.Twose, * S. Wallace'* and A. Higgs'®

1 Corsultant, Department of Intensive Care Medicine, Wythershawe Hospital Manchester University Hospital NHS
Foundation Tr National Tracheostomy Satety Project, Manchester, UK

2 Aszoaate Pre of Nottingham, Nottingham, UK

3 Professar of Lary: C ¢ Londaon, Landon, UK

4 Consultant in Critical Care, Intensiv » Society, Royal Blackburn Teaching Hospital, Lancashire, UK

5 Consultant Paediatric Anaesthetist ester Children’s Hospital, National Tracheostomy Safety
Faediatric Lead, Manch y 3 oundation Trust, Manchester, UK

4 Consultant Anae . Aberdeen Royal Infirmary, Aszsociation of Anaesthetists, Aberdeen, UK

af Anaesthesia and Crtical Care, Royal College of Anaesthetists, University of Southampton, Scuthampton, UK
sultant ENT & Head and Neck surgeon, Lewizham & Greenwich NHS Trust, ENT-UK London, UK

sultant Maxillofacial & Head and Neck Surgeon, The Royal Marsden Hospital, British Association of Head & Neck

gists, Londan, UK

sultant in Intensive Care Medicine at Derniford Hospital, Faculty ofIntensive Care Medicine, Flymouth, UK
12 Consultant Oral and Maxillofacial Surgeon, Aintree University Hospaal, NHS Foundation Trust, Batish Association of Ora
and Maxillofacial Sur s, Liverpool, UX

nAnaesthetics and Crtical Care Medicine, NHS England & NHS Impravement, University College London

4 Chnical Special st Physiotherapist, Assocaton of Chantered Physotherapists in Respiratory Care, Cardiff and Vale
y Health Board, Cardiff, UK
sultant Speech & Language Therapizt, Royal College of Speech & Language Therapists, Manchester University NHS
Foundation Trust
16 Consultantin Anasestheza & Intensive Care Medicine, Wamington & Halton Teaching Hospitals NHS Foundation Trust,
Ddficu’t Airway Society, Warrington, UK

Summary

The COVID1%? pandemic is causing a significant increase in the number of patients requiring relatvely
prolonged invasive mechanical ventilation and an associated surge in patients who need a tracheostomy to
facilitate weaning from respiratory support. In parallel, there has been a global increase in guidance from
professional bodies representing staff whe care for patients with trachecstomies at different points in their acute
hespital journey, rehabilitation and recovery. Of concern are the risks to healthcare staff of infection arising from
tracheostomy insertion and caring for patients with a tracheostomy. Hospitals are also facing extraordinary
demands on critical care services such that many patients who require a tracheostomy will be managed outside
established intensive care or head and neck units and cared for by staff with little tracheostomy expenence
These concemns led NHS England and NHS Improvement to expedite the National Patient Safety Improvement
Programme’s “Safe Tracheostomy Care' workstream as part of the NHS COVID-19 response. Supporting this
workstream, UK stakeholder organisations invelved in tracheostomy care were invited to develop consensus
guidance based on: expert opinon; the best available published literature; and existing multidisciplinary

guidelines. Topics with direct relevance for frontline staff were identified. This consensus guidance includes
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Medical Claims

A Improves oxygenation

A Improves ventilation

A Improves cardiac output

A More efficient gas exchange

A Minimises the likelihood of lung
trauma

A Based on the following operating parameters

A Inspiratory Negative Pressure (INP) support < 35
cmH20

A Negative End Expiratory Pressure (NEEP) < 15
cmH20

A Continuous Negative Extrathoracic Pressure (CNEP)
<15 cmH20

A And the following assumptions

A CNEP is physiologically analogous to Continuous
Positive Airway Pressure (CPAP)

A External NPV + NEEP is analogous to Bi-level
Positive Airway Pressure (BiPAP)



A Intended Use

Exovent-PA is a negative pressure ventilatory device which
provides external ventilation and respiratory support for the
treatment of patients with respiratory distress.

A Intended User

Respiratory Therapist
Respiratory Nurse
Anaesthetist

ICU Doctor

ICU Nurse

ICU Qutreach Team
Ward Nurse
Maintenance Engineer

A Intended Use Environment

For use in hospital, restricted access, High Dependency Units
(HDU) and Intensive Care Units (ICU) where patients are
continuously and closely monitored and receive specialist nursing
and clinical supervision by teams of healthcare professionals.



Use Case

A Disease states & Patient presentation (Indications for Use)
i Patient demographics
A Adult patient population
A 5th to 95th percentile
A Conscious patients only
A Breathing spontaneously
A Able to move independently

i Patient Clinical Picture

A Patient will present with acute or chronic, or acute on-chronic
COPD, Pneumonia, ARDS.

A Patient mobility will range from walking with laboured breathing, to
needing assistance due to confusion due to hypoxia. Patients will
include those that would benefit from CPAP/BiPAP but are unable
to tolerate iIitodos use.

A A suitable patient would tynically he capable of having an
intermission from being in the enclosure, under respiratory
support, If their nealth was stable.
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1 Adventitia
2 Submucosa

3 Smooth muscle

4 Lamina propria

5 Intrapulmonary
bronchus

b Bronchial glands
with excretory duct

7 Hyaline cartilage
plates

8 Terminal bronchiole

9 Pulmonary vein
and artery

10 Terminal bronchiole
with mucosal folds

11 Smooth muscle

12 Respiratory bronchiole
with alveoli

13 Alveolar ducts

14 Serosa:
a. Connective tissue
b. Mesothelium

Lymphatic nodule
and vein

Adventitia
Bronchiole
Mucosal folds

Smooth muscle

Alveolar ducts

Blood vessels

Respiratory
bronchiole

Alveoli opening into
alveolar duct

Alveolar sacs

Trabecula with
blood vessels
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