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Rationale
• Each year (before COVID-19) around 20,000 children, 30,0000 

adults in the UK need intensive care
• All these patients are monitored continuously at the bedside
• BUT the wealth of these physiological data are not currently 

used to inform clinical decision making
• Need for multidisciplinary, 

sophisticated modelling
• Ambition to broaden to wealth of

physiological data collected by 
patients and hospitals



• Heart rate
• Blood pressure
• Breathing rate
• Oxygen saturations
• Carbon dioxide levels
• ………



Continuous data generation in ICU patients 
(e.g. every 5 seconds)…

… but only fraction of data used to make treatment 
decisions



Most physiology knowledge developed 
from animal experiments

Some of the Challenges…

Two different blood pressure readings –
note data recording failure or withdrawal

Patient data are noisy with artefacts –
needs clinical interpretation



Some of the Opportunity….

Data Availability:

• GOSH (three ICUs, paediatric, neonatal, cardiac) – 51 beds for babies and children up to 16 years old
• First hospital in Europe to implement a system to record beside monitor data every 5 seconds (2015)
• Access to 5,500 records (admissions Jan 2016 – Dec 2018)
• UCLH – 35 bed adult ICU
• Founding partners of the Critical Care Health Informatics Collaborative – 45,000+ admissions from 11 

adult ICUs at 5 UK teaching hospitals

Opportunity to Impact on Critical Care:

• Early warning signs for patient deterioration
• How to set patient-specific ventilator parameters
• When should you extubate a patient? 
• ……….



• Use real patient data 

• Develop data-driven models of 
human physiology

• Develop an understanding of 
patient physiology during critical 
illness and recovery

• Improve methods for patient 
treatment

• Build an internationally-
recognised, multidisciplinary and 
multisector Hub focused on these 
questions

Our Broad Aims



Work Packages (WPs)
WP1 – statistical learning from clinical 
data

WP2 – iteratively testing and 
improving biomechanical models

WP3 - learning biophysical model 
structure and parameters with neural 
networks

WP4 – multidisciplinary workshops, 
clinical and industry engagement

WP5 – data curation, infrastructure, 
ethics, open-source data and model 
platforms

WP6 – patient and public 
engagement, dissemination
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Output:
ü Better understanding of physiology
ü Predictive tools to inform clinical 

intervention based on individual’s data

Example individual patient data streams from GOSH PICU: 
heart rate, blood pressure (systolic, diastolic, mean), recorded 
every 5 seconds for duration of patient stay. Additional data 
streams include:
o Respiratory rate
o Blood oxygen saturation
o Blood volume
o End tidal carbon dioxide measurement
o Temperature

Example : Learned Lokta-Volterra Equations

Learning Physiology Models



Computational Stats
Objectives include:

• Identify and characterize the most important
parameters from available patient data.

• Design algorithms for efficient parameter
inference within statistical models for
classification and regression.

• Work alongside mathematicians and clinicians to
calibrate their human physiology models, which
are often computationally expensive.

• Develop new calibration algorithms to
accommodate the sequential nature of the
available data.

• Methods development:
• Rare-event simulation

• Bayesian emulation and history matching

• Time series classification and feature selection

Fig. 1. Iterative selection of input configurations for model calibration.

Fig. 2. Model output after calibration (pink) lies within the desired 
range, unlike the  non-calibrated output (yellow).



• Started Jan 2021 
• Hub building - multidisciplinary team meetings, data infrastructure and ethics
• Monthly seminar series – internal and national speakers – all welcome!
• UCL website: https://www.ucl.ac.uk/chimera/
• Twitter: @uclchimera

• Multidisciplinary workshops starting in year 2
• Flexible funding to develop new collaborations, projects, initiatives
• Proactively looking to collaborate – get in touch!

Plans and Activities

https://www.ucl.ac.uk/chimera/
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