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Overview

The Particular Problems of 
Critical Care

Why mechanistic models?

What can be done?

What about AI!



The particular problems 
of critical care

• Mechanical ventilation is the most 
important therapeutic intervention 
for patients with respiratory failure

• 100k ICU admissions undergo 
mechanical ventilation per year in the 
UK, with average daily cost of £1600

• Clinician workload is directly linked to 
patient outcomes. 1.7 human errors 
per patient per day, high mortality 
rates (30-40%)



Why mechanistic models?

Arduous to conduct 
clinical research 

Still difficult to “look 
inside” the lung

Demand for more 
personalised 
treatment strategies

Animal models not 
replicating complex 
pathophysiology of 
respiratory diseases

Strong interest from 
Funding Agencies 
and Industry



Cardiopulmonary 
simulator

• More than 25 years of continuous 
development 

• A computational simulator that includes 
representations of multiple, interacting 
organ systems

• Multiple (100’s), independent, viscoelastic, 
gas-exchanging alveolar compartments 
allow heterogeneous distributions of 
pulmonary ventilation and perfusion

• Every component based on well accepted 
physiological principles – no black boxes
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Many things!

 Modelling drug delivery and effect

 Investigating guidelines and 
treatment strategies

 Help in better understanding of the 
disease/Pathophysiology

 Personalised treatment

 Automated mechanical ventilation

 …

What can be done?



40 

80 

120

160

P
a

O
2

(m
m

H
g

)

Patient 1

Patient 2

Patient 3

20

30

40

50

60

P
a
C

O
2

(m
m

H
g

)

Systemic Application
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Inhalation with Deep Breath at Rest
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Inhalation with Deep Breath under Exercise
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Inhalation with Normal Breath

Exercise Exercise
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AI & 
Mechanistic 
Models



AI & 
Mechanistic 
Models
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Thank You!

“All models are wrong, but some are useful”

George E. P. Box
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