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Artificial Health Intelligence-Making sense of health
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Artificial Health Intelligence-Making sense of health

data

Lalit Garg,

Senior Lecturer, University of Malta, Malta
Honorary Lecturer, University of Liverpool, UK
e-mail: lalit.garg@um.edu.mt
web: http://lalitgarg.info/

Phone: +356-2340-2112
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Research Excellence Funds awarded to four UM
academics

Newspoint > News > Features > 2020 > December > Research Excellence Funds awarded to four UM academics

See More

In Research 08:58, 04 Jan 2021
More funding in support of

the maritime field

Share:
RESEARCH 07:30.07 Jan

Data Science Research Group

RESEARCH 08:57.04 Jan

How do you teach
behavioural economics using
film?

RESEARCH 10:19.22 Dec
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Global health challenges

1. Obesity and Chronic diseases
Aging

Drug resistance, Hospital acquired infections
and medical errors

Global warming and pollution

Health inequality and healthcare finance
Infectious and/or zoonotic diseases and viruses
Stress and sleep aponia

Relationships and social health
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Future healthcare technologies
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Future healthcare technologies

1. Artificial Intelligence In Healthcare: Al/ML
predictive/prescriptive analytics and digital twin

2. Sensors: Smart wearables, cyborg, satellites, wireless
sensor networks and IoTs

3. 5G/6G: Cloud computing, telemedicine and Mobile
health

4. Robotics (computer vision and natural language
processing)

5. Gene editing, genomics, epigenomics proteomics and
metabolomic

Enabler: Globalization and economic growth
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Why Artificial Intelligence in Healthcare?
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Human Intelligence

. . Limited
Knowledge rrll_ ;rr?lljt §|d& Knowledge CL;m;tCei? liicllife[=lale s actions and
collection : Processing PR Decisions feedback/
incorrect & biased learning
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Artificial Intelligence

Unlimited Unlimited : Action &
Knowledge : Knowledge : Intelligent -
- automated : capacity & - reinforcement
collection & correct Processing s Decisions learning
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Cognitive biases
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Forbidden fruit of the
knowledge
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Forbidden fruit of the
knowledge
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Forbidden fruit of the
knowledge
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Our family system: One ot
the most complex systems

Im
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watch
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. Della gave up her most prized possession....her hair. James They bought gifts for each other with the possessions they
Della nor James had enough to exchange gifts. They were very gave up his watch:also a prized possession. They did it for each gave up. Della received combs. James received a band for his
poor. Both were very disappointed. Then, they had an idea. ather. watch. They really love each other.

Create your own at Storyboard That
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Our family system: One of the
most complex systems

Requires
1. Human Behavioural Modelling
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Our family system: One of the
most complex systems

Requires
1. Human Behavioural Modelling

2. Modelling the effect of others’ Behaviour (using
game theory),
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Our family system: One of the
most complex systems

Requires
1. Human Behavioural Modelling

2. Modelling the effect of others’ Behaviour (using
game theory),

3. Modelling of cultural, social, economical,
financial and environmental effects (Big data

analytics),
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Our family system: One of the
most complex systems

Requires
1. Human Behavioural Modelling

2. Modelling the effect of others’ Behaviour (using
game theory),

3. Modelling of cultural, social, economical,
financial and environmental effects (Big data
analytics),

4. Most difficult: modelling spontaneous
(uncorrelated) changes in sentiments,
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Our family system: One of the
most complex systems

Requires
1. Human Behavioural Modelling

2. Modelling the effect of others’ Behaviour (using
game theory),

3. Modelling of cultural, social, economical,
financial and environmental effects (Big data
analytics),

4. Most difficult: modelling spontaneous
(uncorrelated) changes in sentiments,
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Reality vs Perception




Reality vs Perception

Karmange VadhikarastesMaPhaleshu Kadachana..
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Reality vs Perception

Hill Climbing In
Artificial
Intelligence
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Reality vs Perception

Hill Climbing In
Artificial
Intelligence
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Realitv vs Percention
Greedy Algorithm

FROM THIS TO THIS

Source:
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Optimism bias in COVID-19

.P $ > . 4 "

LI

ey

iy
- !

=

- g .. - ’ ) " l ¥ i 2 - .'“b
i . - | = b YL - [N
' . . s b -4 | < & .‘4 _‘?.'v! | v““:; | -
-~ - - —- - -
L T .;-- . ,"‘: =5 ’ \- : ”, & 'k
' w7 / AT O &
4 = | SEENT °
' . ! S an?d ~
| f . N RPN N ¢ A AN ’
' S e T
] \ 2F i N Ao |
Mc’c %

3
|
-

L-Universita
ta' Malta



Pessimism bias in COVID-19

23% migrant workers walked back to
villages during coronavirus lockdown

Despite the hardships some optimism remains as 33 per cent respondents said they wanted to
return to the city they worked in once the lockdown is lifted

¥ BusinessToday.In | August 11, 2020 | Updated 08:41 IST
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Pessimism bias in COVID-19

Coronavirus lockdown: The Indian migrants
dying to get home

By Vikas Pandey
BBC News, Delhi

®© 20 May 2020
Coronavirus pandemic

niversita
Malta




Pessimism bias in COVID-19

Coronavirus: India's pandemic
lockdown turns into a human
tragedy

Soutik Biswas
ndia correspondent
(® 30 March 2020

Coronavirus: Heartbreaking scenes as India lockdown sparks mass migration

%“ f]: ta' Malta
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Pessimism bias in COVID-19

S FINANCIAL EXPRESS HOME INDIANEWS MARKETS STOCKS HEALTH ECONOMY MONEY AUTO INFRA SME BRANDWAGON ussro'(;st"

Covid-19 2.0: Migrant crisis returns! Indian Railways steps
up special services

By: FE Bureau | April 22, 2021 2:30 AM

At present, the Indian Railways is running 1,512 mail/express and festival specials, on an
average per day, up from the 1,490 such services last week.
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Other biases
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Cognitive biases

« Confirmation bias

* Anchoring bias
 Bandwagon effect

« Halo effect

* Availability bias/heuristic

» QOstrich effect

* Recency/serial position effect
* Choice-supportive bias
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Cognitive biases

 Fundamental attribution error
* Qutcome bias

 lllusory correlation bias

* Dunning Kruger effect

* Exponential-growth bias
 Magical Beliefs

* Conspiracy Theory Beliefs

* Overconfidence
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Cognitive biases

* Conformity bias

* Authority bias

* Loss-aversion bias
* False causality bias
* Action bias

« Self-serving bias

* Framing bias

* Ambiguity bias

& L-Universita
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Cognitive biases

« Strategic misrepresentation
* Projection bias

* Pro-innovation bias

e Status-quo bias

* Feature positive effect
 Bounded Rationality

* Certainty Effect

« Cognitive Dissonance

& L-Universita
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Cognitive biases

« Commitment

* Decision Fatigue

* Decoy Effect

* Time Discounting / Present Bias
* Diversification Bias

* Ego Depletion

* Elimination-By-Aspects

* Hot-Cold Empathy Gap
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Cognitive biases

« Commitment

* Decision Fatigue

* Decoy Effect

* Time Discounting / Present Bias
* Diversification Bias

* Ego Depletion

* Elimination-By-Aspects

* Hot-Cold Empathy Gap
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Cognitive biases

Endowment Effect

Fear of Missing Out (FOMO)

Gambler’'s Fallacy (Monte Carlo Fallacy)
 Habit

* Hedonic Adaptation

 Herd Behaviour

* Hindsight Bias (Knew-It-All-Along Effect)
« |KEA Effect

& L-Universita
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Cognitive biases

* Less-Is-Better Effect

* Licensing Effect

* Mental Accounting

* Naive Diversification

* QOver justification Effect
« Pain of paying

« Partitioning
 Peak-End Rule

& L-Universita
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Cognitive biases

* Priming

* Procrastination

« Ratio bias

* Recliprocity

* Regret aversion

* Representativeness heuristic
* Scarcity

« Social proof

& L-Universita
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Cognitive biases

Sunk Cost Fallacy
Zero Price Effect
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Our Economy:
A Complex System
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Our Economy:

A Complex Sys

More demand then supply = More

LCTI

orofit
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A Complex System

More demand then supply = More profit
More profit = More attractive industry
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Our Economy:

A Complex Sys

More demand then supply = More

LCTI

orofit

More profit = More attractive industry

= More players

= More supply than demand
= Less price = Less profit
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Our Economy:

A Complex System

More demand then supply = More profit

More profit = More attractive industry
= More players

= More supply than demand

= Less price = Less profit

= Some will leave the market with loss
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Our Economy:

A Com

plex Sys

More demand then su

oply = More

LCTI

orofit

More profit = More attractive industry
= More players
= More supply than demand
= Less price = Less profit
= Some will leave the market with loss
= More demand than supply
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Our healthcare system:
A complex system

L-Universita
ta' Malta



Our healthcare system:
A complex system
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Tervote 2

Our healthcare system:
A complex system
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Our healthcare system:
A complex system

Private healthcare:
* Some patients want cheap healthcare
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Our healthcare system:
A complex system

Private healthcare:
* Some patients want cheap healthcare

* Some patients want best (luxurious)
healthcare
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Our healthcare system:
A complex system

Private healthcare:
* Some patients want cheap healthcare

* Some patients want best (luxurious)
healthcare

* Health providers want maximum profit
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Our healthcare system:
A complex system

Private healthcare:
* Some patients want cheap healthcare

* Some patients want best (luxurious)
healthcare

* Health providers want maximum profit
* maximum profit = maximum hospital visits
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Our healthcare system:
A complex system

Private healthcare:
* Some patients want cheap healthcare

* Some patients want best (luxurious)
healthcare

* Health providers want maximum profit

* maximum profit = maximum hospital visits
. = maximum readmissions
. + maximum hospital duration of stay
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Our healthcare system:
A complex system

Private healthcare:
* At the time of COVID-19 pandemic:

o
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Our healthcare system:
A complex system

Private healthcare:
* At the time of COVID-19 pandemic:

» Should they make more hospitals and
employ more health professionals?
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Our healthcare system:
A complex system

Private healthcare:
* At the time of COVID-19 pandemic:

» Should they make more hospitals and
employ more health professionals?

« Can they make more hospitals and
employ more health professionals
iInstantly?
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Our healthcare system:
A complex system
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Our healthcare system:
A complex system

Public healthcare:
* Everyone gets the same healthcare

o
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Our healthcare system:
A complex system

Public healthcare:
* Everyone gets the same healthcare
» Health providers want minimum cost
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Our healthcare system:
A complex system

Public healthcare:
* Everyone gets the same healthcare

» Health providers want minimum cost

e MINnIMum cost

= Limited resources
= |least duration in hospitals + minimum admissions
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Our healthcare system:
A complex system

Public healthcare:
* Everyone gets the same healthcare

» Health providers want minimum cost

e MINnIMum cost

= Limited resources
= |east duration in hospitals + waiting list
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Our healthcare system:
A complex system

Public healthcare:
* Everyone gets the same healthcare

» Health providers want minimum cost

e MINnIMum cost

= Limited resources
= more readmissions + waiting list
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Our healthcare system:
A complex system

Public healthcare:
* Everyone gets the same healthcare

» Health providers want minimum cost

e MINnIMum cost

= Limited resources
= more readmissions + waiting list
= longer waiting list
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Our healthcare system:
A complex system
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Our healthcare system:
A complex system

Public healthcare:
* Everyone gets the same healthcare

» Health providers want minimum cost

* Minimum cost
= Limited resources
= longer waiting list
= Poor healthcare
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Our healthcare system:
A complex system

Public healthcare:
* Everyone gets the same healthcare

» Health providers want minimum cost

* Minimum cost
= Limited resources
= longer waiting list
= Poor healthcare
= Public outcry
= Preference
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Our healthcare system:
A complex system
Public healthcare:

+ Evepryone-getsthe-same-healtheare
» Health providers want minimum cost

* Minimum cost
= Limited resources
= longer waiting list
= Poor healthcare
= Public outcry
= Preference
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Our healthcare system:
A complex system

Public healthcare:

* Corruption
» Health providers want minimum cost

* Minimum cost
= Limited resources
= longer waiting list
= Poor healthcare
= Public outcry
= Preference
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Our healthcare system:
A complex system

Public healthcare:
e More resources
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Our healthcare system:
A complex system

Public healthcare:
e More resources = More cost
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Our healthcare system:
A complex system

Public healthcare:

More resources = short waiting lists

o
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Our healthcare system:
A complex system

Public healthcare:
* More resources = short waiting lists
« Short waiting list = longer hospital stay
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Our healthcare system:
A complex system

Public healthcare:

* More resources = short waiting lists

« Short waiting list = longer hospital stay
minimum readmissions
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Our healthcare system:
A complex system

Public healthcare:

* More resources = short waiting lists

« Short waiting list = longer hospital stay
minimum readmissions
more patients
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Our healthcare system:
A complex system

Public healthcare:

 Even more resources = no waiting lists

« Short waiting list = longer hospital stay
minimum readmissions
more patients
underutilization
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Our healthcare system:
A complex system

Public healthcare:

 Even more resources = no waiting lists

« Short waiting list = longer hospital stay
minimum readmissions
more patients
underutilization
misuse
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Our healthcare system:
A complex system

Public healthcare:

 Even more resources = no waiting lists

« Short waiting list = longer hospital stay
minimum readmissions
more patients
underutilization
misuse
more cost
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Our healthcare system:
A complex system

Public healthcare:

Optimum resources = optimum waiting time
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Our healthcare system:
A complex system

Public healthcare:

Optimum resources = optimum waiting time
= Optimum hospital stay
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Our healthcare system:
A complex system

Public healthcare:

Optimum resources = optimum waiting time

= Optimum hospital stay
= minimum readmissions
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Our healthcare system:
A complex system

Public healthcare:

Optimum resources = optimum waiting time
= Optimum hospital stay
= minimum readmissions
= optimum patients’ number
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Our healthcare system:
A complex system

Public healthcare:
* Optimum resources = optimum waiting time
= Optimum hospital stay
= minimum readmissions
= optimum patients’ number
optimum utilization
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Our healthcare system:
A complex system

Public healthcare:

Optimum resources = optimum waiting time
= Optimum hospital stay
= minimum readmissions
= optimum patients’ number
optimum utilization
minimum misuse
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Our healthcare system:
A complex system

Public healthcare:

Optimum resources = optimum waiting time
= Optimum hospital stay
= minimum readmissions
= optimum patients’ number
optimum utilization
minimum misuse
optimum cost
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Our healthcare system:
A complex system

Public healthcare:
* Optimum resources = optimum waiting time

= Optimum hospital stay
= minimum readmissions
= optimum patients’ number
optimum utilization
minimum misuse
optimum cost
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Our healthcare system:
A complex system

Public healthcare:
* Optimum resources = Proper planning

= Continuously adding
resources (If population is
Increasing/changing)

= Resource requirement
forecasting
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Our healthcare system:
A complex system

Public healthcare:
* Optimum resources = Proper planning

= Continuously adding
resources (If population is
Increasing/changing)

= Resource requirement
forecasting
= Admission rate estimation

= Length of stay estimation
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Our healthcare system:
A complex system

Public healthcare:
* At the time of COVID-19 pandemic:

» Should they make more hospitals and
employ more health professionals?

« Can they make more hospitals and
employ more health professionals
iInstantly?
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Our healthcare system:
A complex system

Do we prepare ourselves for such a
pandemic?

Do we keep a hospital bed booked for us?
* Do we keep resources for homecare?

& L-Universita
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Covid-19
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Complex Systems
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Covid-19

We need an efficient mechanism/system for
Acquiring/collecting, analysing, and sharing

Information from different domains of the
complex system for decision making

to fight COVID-19 and monitor the progress.

l.,e. we need Artificial Intelligence In
Healthcare.

i L-Universita
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Covid-19

Covid-19 is not just a medical problem but
It Is also a

1. Social problem

Political problem

Cultural problem

Community problem

Communication problem
Transportation problem

) ] L-Universita
ediTec ta' Malta
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Covid-19

/. Management problem

8. Supply chain problem

9. Administration problem
10.Education problem

11.Financial problem

12.Economical problem
13.Behavioural/ psychological problem

%4.Geological problem ——
) L-Universita
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Some COVID-19 Statistics
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(Case fatality rate of COVID-19 Our World
The case fatality rate (CFR) is the ratio between confirmed deaths and confirmed cases. The CFRcanbe a

poor measure of the mortality risk of the disease. We explain this in detail at
OurWorldInData.org/mortality-risk-covid

in Data
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Source: Johns Hopkins University CSSE COVID-19 Data CCBY
HTTPS://OURWORLDINDATA.ORG/MORTALITY-RISK-COVID
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COVID-19 vaccine doses administered per 100 people, by income group Our World
All doses, including boosters, are counted individually. As the same person may receive more than one dose, the
number of doses can be higher than the number of people in the population.

[ LINEAR | LOG
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in Data
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source: Cfficial data collated by Our World in Data, World Bank OurWaorldinData.org/covid-vaccinations = CC BY
Mote: Country income groups are based on the World Bank classification.
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COVID-19 death rate vs. Population density, Sep 4. 2021
The death rate is the number of total confirmed deaths due to COVID-12 per million people.
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TOTAL CONFIRMED COVID-19 DEATHS PER MILLION VS GDP PER CAPITA, JAN 6, 2021
HTTPS://OURWORLDINDATA.ORG/GRAPHER/TOTAL-CONFIRMED-DEATHS-OF-COVID-19-PER-MILLION-PEOPLE-VS-GDP-PER-CAPITA?YSCALE=LINEAR&TIME=LATEST
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Total confirmed COVID-19 deaths per million vs GDP per Our World
*.“_','.:1[]1’[11. Dec 17, 2021
Due to limited testing and challenges in the attribution of the cause of death, confirmed deaths can be lower

than the true number of deaths. GDP per capita is adjusted for price differences between countries (itis
expressed ininternational dollars).
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Cumulative confirmed COVID-19 cases per million vs. GDP per [SERRERS
capta, Dec 17, 2021
Due to limited testing, the number of confirmed cases is lower than the true number of infections. GDP per
capita is adjusted for price differences between countries (it is expressed ininternational dollars).
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Casc fatality rate of COVID-19 vs. Median age of the Our World
population

The Case Fatality Rate (CFR) is the ratio between confirmed deaths and confirmed cases.
During an outbreak of a pandemic the CFR is a poor measure of the mortality risk of the disease. We explain

this in detail at OurWorldIinData.org/coronavirus
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COVID-19: Deaths per Million
vS. Extreme Povert

EXTREME POVERTY VS TOTAL DEATH PER MILLION
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COVID-19: Deaths per Million
vS. Human Development Index

HUMAN DEVELOPMENT INDEX VS TOTAL DEATHS PER
MILLION
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CASE TITY RATE OF COVID-19 VS. MEDIAN AGE OF THE POPULATION: SOURCE: HTTPS://OURWORLDINDATA.ORG/
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COVID-19: Median Age Vs
Total Deaths Per Million

MEDIAN AGE VS TOTAL DEATH PER MILLION
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CASE TITY RATE OF COVID-19 VS. MEDIAN AGE OF THE POPULATION: SOURCE: HTTPS://OURWORLDINDATA.ORG/




COVID-19: Percentage of 65+
Vs Total Deaths Per Million

PERCENTAGE OF 65+ VS TOTAL DEATH PER MILLION
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COVID-19: Life expectancy Vs
Total Deaths Per Million

LIFE EXPECTANCY VS TOTAL DEATH PER MILLION
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CASE TITY RATE OF COVID-19 VS. MEDIAN AGE OF THE POPULATION: SOURCE: HTTPS://OURWORLDINDATA.ORG/




COVID-19: Diabetes Prevalence
Vs Total Deaths Per Million

DIABETES PREVALENCE VS TOTAL DEATH PER
MILLION
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CASE TITY RATE OF COVID-19 VS. MEDIAN AGE OF THE POPULATION: SOURCE: HTTPS://OURWORLDINDATA.ORG/




COVID-19: Cardiovascular Death
Rate Vs Total Deaths Per Million

CVD DEATH RATE VS TOTAL DEATH PER MILLION
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CASE TITY RATE OF COVID-19 VS. MEDIAN AGE OF THE POPULATION: SOURCE: HTTPS://OURWORLDINDATA.ORG/
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COVID-19: Male Smokers Vs Total
Deaths Per Million

MALE SMOKERS VS TOTAL DEATH PER MILLION
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CASE TITY RATE OF COVID-19 VS. MEDIAN AGE OF THE POPULATION: SOURCE: HTTPS://OURWORLDINDATA.ORG/




COVID-19: Female Smokers Vs
Total Deaths Per Million

FEMALE SMOKERS VS TOTAL DEATH PER MILLION
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COVID-19: Vaccination rate Vs
Total Deaths Per Million

PEOPLE FULLY VACTIONATED VS TOTAL DEATH PER
MILLION
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COVID-19: Fully Vaccination rate
Vs Total Deaths Per Million

PEOPLE FULLY VACTIONATED VS TOTAL DEATH PER
MILLION

3000 4000
Total Death Per Million
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COVID-19: Total Vaccination rate
Vs Total Deaths Per Million

TOTAL VACCINATION VS TOTAL DEATH PER MILLION
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COVID-19: Hospital beds per thousand
Vs Total Deaths Per Million

HOPITAL BEDS PER THOUSAND VS TOTAL DEATH PER
MILLION
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CASE TITY RATE OF COVID-19 VS. MEDIAN AGE OF THE POPULATION: SOURCE: HTTPS://OURWORLDINDATA.ORG/
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Why COVID-19 is dangerous

Low IFR (<1%) and CFR (<2%)

High incubation period (up to 14 days)
High number of asymptomatic cases
Spread by droplets (or airborne)

5. Global supply chain

6. The Aviation sector growth

> W

Global Covid-19 Case Fatality Rates
HTTPS://WWW.CEBM.NET/COVID-19/GLOBAL-COVID-19-CASE-FATALITY-RATES/

WHO (2020):Transmission of SARS-CoV-2: implications for infection prevention precautions
httb%ww.who.int/news—room/commentaries/detaiI/transmission—of—sars—cov—2—imp|ications—for' ToR

revention-precautions
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https://www.cebm.net/covid-19/global-covid-19-case-fatality-rates/
https://www.who.int/news-room/commentaries/detail/transmission-of-sars-cov-2-implications-for-infection-prevention-precautions

Economic impact and suicide

1. 5.2% contraction in global GDP in 2020.

2. Might result into 10-15% increase In
depression, anxiety disorder and suicide
rates

3. Might result in 2-5 million extra suicides In
2021

4. More than 10 million suicides In future
due to COVID-19
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The problem
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Who Is spreading COVID-19

1. Those who do not know COVID-19 exists
2. Those who know but do not believe

3. Those who unknow about protection
measures

4. Those who know but do not

Global Covid-19 Case Fatality Rates
HTTPS://WWW.CEBM.NET/COVID-19/GLOBAL-COVID-19-CASE-FATALITY-RATES/

WHO (2020):Transmission of SARS-CoV-2: implications for infection prevention precautions
httb%ww.who.int/news—room/commentaries/detaiI/transmission—of—sars—cov—2—imp|ications—for i

revention-precautions
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Hospital bed occupancy and
requirements forecasting
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Intelligent Patient Management and Resource
Planning for Complex, Heterogeneous, and
Stochastic Healthcare Systems

Lalit Garg, Member, IEEE, Sally 1. McClean, Maria Barton, Brian J. Meenan, and Ken Fullerton

Abstraci—EfTective resource requirement forecasting is neces-
sary to reduce the escalating cost of care by ensuring optimum
utilization and availability of scarce health resources. Patient hos-
pital length of stay (LOS) and thus resource requirements depend
on many factors including covariates representing patient charac-
teristics such as age, gender, and diagnosis. We therefore propose
the use of such covariates for better hospital capacity planning.
Likewise, estimation of the patient’s expecied destination after
discharge will help in allocating scarce community resources. Also,
probable discharge destination may well affect a patient’s LOS in
hospital. For instance, it might be required to delay the discharge
of a patient so0 as to make appropriate care provision in the
community. A nomber of deterministic models such as ratio-hased
methods have failed to address inherent variability in complex
health processes. To address such complexity, various stochastic
maodels have therefore been proposed. However, such models fail to
consider inherent heterogeneity in patient behavior. Therefore, we
here use a phase-type survival tree for groups of patients that are
homogeneons with respect to LOS distribution, on the basis of co-
variates such as time of admission, gender, and disease diagnosed:
these homogeneous groups of patients can then model patient
flow through a care system following stochastic pathways that are
characterized by the covariates. Our phase-tvpe model is then

provide a stochastic approach to capacity planning across complex
heterogeneous care systems. The approach is illustrated using a
five vear retrospective data of patients admitted to the stroke unit
of the Belfast City Hospital.

Index Terms—Capacity planning, cost, decision-making, fore-
casting, health information management, medical information sys-
tems, operations research, optimal control, prognostics and health
management, stochastic systems.

[. INTRODUCTION

FFECTIVE resource requirement forecasting is neces-
Eﬁ:].l"_'r' to minimize the escalating cost of care by en-
suring optimum utilization and availability of scarce health
resources [1]. Patient hospital length of stay (LOS) and thus
resource requirements depend on many factors including co-
variates representing patient characteristics such as age, gender,
and diagnosis [2]. It is therefore necessary to consider the effect
of such covariates for better capacity planning. Information
about the patient demography helps in making better allocation
of scarce resources. Predicting different treatment outcome,
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A non-homogeneous discrete time Markov model
for admission scheduling and resource planning in a cost
or capacity constrained healthcare system

Lalit Garg - Sally McClean - Brian Meenan -
Peter Millard
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Abstract Healthcare resource planners need to develop
policies that ensure optimal allocation of scarce healthcare
resources. This goal can be achieved by forecasting daily
resource requirements for a given admission policy. If re-
sources are limited, admission should be scheduled according
to the resource availability. Such resource availability or
demand can change with time. We here model patient flow
through the care system as a discrete ime Markov chamn. In
order to have a more realistic representation, a non-
homogeneous model 1s developed which incorporates time-
dependent covanates, namely a patient’s present age and the
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using a historical dataset from the genatric department of a
London hospital.

Keywords Resource management - Admission scheduling -
Non-homogeneous Markov model - Stochastic optimal control
1 Introduction

Admission scheduling [1, 2] and resource planning [3] are
fundamental problems which require complex strategies to
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Phase-Type Survival Trees and Mixed Distribution
Survival Trees for Clustering Patients’ Hospital
Length of Stay
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Abstract. Clinical investigators, health professionals and managers are often interested in devel-
oping criteria for clustering patients into clinically meaningful groups according to their expected
length of stay. In this paper. we propose two novel types of survival trees; phase-tyvpe survival trees
and mixed distribution survival trees, which extend previous work on exponential survival trees.
The trees are nsed to cluster the patients with respect to length of stay where partitioning is based
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Non-homogeneous Markov models for sequential pattern mining of
healtheare data

LALIT GARGT AND SALLY McCLEANT
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Sequential pattern mining has been a popular data mining technique for extracting useful information
from large databases and has successfully been used for numerous industrial and commercial problems.
This paper presents a new mathematical modelling application to healtheare, providing important infor-
mation to health service managers and policy makers to help them identify sequential patterns which
require attention for efficiently managing scarce healthcare resources and developing effective healthcare
management policies. In healthcare, these sequential patterns are analogous to the patient pathways. We
present a non-homogeneous Markov model for identifying not only patient pathways which have high
nrobability but aleo for identifvine pathwavs which incur hich cost or tme. In order 1o have a more
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Hospital bed occupancy and
requirements forecasting

eCollaborative partners: Nanyang Technological University
and Tan Tock Seng Hospital, Singapore.

* Approach: Markov modelling, reinforcement learning

*Data: Tan Tock Seng Hospital, Singapore.
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Hospital bed requirements forecasting
using satellite, weather & air quality
data
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« Life expectancy has increased with improvement in health

services and standard of living.
o Higher demand to the healthcare resources

 Healthcare Challenge is to continue providing the same

quality of care
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* To work with these problems the healthcare system needs :
*  An efficient way to forecast the resources required

To minimize the cost of care while maintaining the quality of

care.
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