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BMJ in paper* in 2002 showed Kaiser Permanente in 
California seemed to provide higher quality
healthcare than the NHS at a lower cost

Kaiser identify high risk people in their population and 
manage them intensively to prevent admissions

Why Predictive Modelling?

manage them intensively to prevent admissions

Inaccurate Identification:

Clinician referrals 

Referral criteria (e.g. all patients aged >65 with 2+ admissions)

*Feachem et al (2002) Getting more for their dollar: a comparison of the NHS with California's Kaiser Permanente 

BMJ 2002;324:135-143



Frequently-admitted patients
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Risk Pyramid
Small numbers of 

people at very high 

risk

Large 

numbers of 

people at low 

risk

Size of shape is proportional to number of patients

R
is
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Inpatient 
data

A&E data GP 
Practice 

data
Social 

Services 

data

Patterns in routine data

Outpatient 

data
PARR

Combined 

Model

Census 

data



J7KA42

J7KA42

J7KA42

J7KA42

J7KA42

Encrypted, 

linked data

131178

131178

131178

131178

���� Inpatient

���� Outpatient

���� A&E

���� GP

Name, Address, DOB

Name, Address, DOB

Name, Address, DOB

Name, Address, DOB

J7KA42 76.4

131178 76.4

Decrypted data 

with risk score 

attached



10 Million Patient-Years 

of Data

5 Million Patient-Years 

of Data

5 Million Patient-Years 

of Data

Development Validation

Randomised

of Data of Data

Predictive 

Model
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Validation 

Sample

���� Inpatient

���� Outpatient

���� A&E

���� GP

True 

Positive

False 

Negative

85H3D

6445JX

233UMB

RF02UH

85H3D

6445JX

233UMB

RF02UH

85H3D

6445JX

233UMB

RF02UH

False 
Positive

True 

Negative

2001 2002 2003
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Using the Model
���� Inpatient

���� Outpatient

���� A&E

���� GP

85H3D

6445JX

233UMB

RF02UH

85H3D

6445JX

233UMB

RF02UH

2007 2008 2009



Distribution of Future Utilisation
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Very High
(0 – 0.5%)

High
(0.5 – 5%)

Risk Segmentation
The Kaiser pyramid can be divided 

into four segments:

20%

Top three segments 

combined make up 

the top quintile

Moderate
(5 – 20%)

Low
(20 – 100%)

20%

80%

Bottom 

segment 

represents 

the bottom 

four quintiles 

combined



Burden of Future Utilisation is 

the Area Under the Curve
(i.e. number of people x cost)

Very High

R
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k
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Low

Moderate

(4.5%)

(0.5%)

(80%)
(15%)

High



Size of Shape is Proportional to 

Future Utilisation

SIZE OF SHAPE IS 

PROPORTIONAL 

TO FUTURE UTILISATION



Very High
(0 – 0.5%)

High
(0.5 – 5%)

Individuals at very 

high risk will use 

disproportionately 

large amounts of 

resources each
But the bulk 

of future 

utilisation 

for the 

population 

comes from 

the rest of 

the top 

quintile

Moderate
(5 – 20%)

Low
(20 – 100%)

NUMBER OF PATIENTS FUTURE UTILISATION



NHS Combined Model



Clinical profiles



Tackling the Inverse Care Law



Developing Business Cases



Virtual WardsVirtual Wards

�Multidisciplinary team who meet daily

�Single set of notes�Single set of notes

�Ward clerk and one telephone number





Virtual Ward A
Community Matron

Nursing complement

Health Visitor

Ward Clerk

Pharmacist

Social Worker

Physiotherapist

Occupational Therapist

Mental Health Link

Voluntary Sector Link

Specialist Staff

•Specialist nurses

•Asthma

•Continence

•Heart Failure

GP Practice 1

GP Practice 2

GP Practice 3

Virtual  Ward B
Community Matron

Nursing complement

Health Visitor

Ward Clerk

Pharmacist

Social Worker

Physiotherapist

Occupational Therapist 

Mental Health Link

Voluntary Sector Link

•Heart Failure

•Palliative care team

•Alcohol service

•Dietician

GP Practice 5

GP Practice 
4

GP Practice 6

GP Practice 7

GP Practice 8



“Weekly”

35

“Monthly”

60

100 patients per ward

“Daily”

5

“Bed” Capacity

35

Patients

60
Patients

5 (35 ÷ 5) (60 ÷ 20)

=  5 + 7 + 3

= 15 patients for discussion each day

5
Patients



Admission

� Combined Model only

� Memorandum of Understanding

Consent� Consent

� Electronic notes



Initial assessment at 

homehome

Screening

Patient-focused



Daily Ward Rounds

� 20 minutes

� PCT offices or GP � PCT offices or GP 

practice meeting rooms

� Tele-conferencing 

facility



Discharge

� Important due to 

Regression to the Mean
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� Prompted by Risk Score

� Twin discharge letters

� GP Follow-up
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Variants
Existing Variants

� Wandsworth – VWGPs

� New York City – BlackBerry Ward Rounds

� Devon – GP based� Devon – GP based

Planned Variants

� British Columbia – Reactive & Proactive beds

� Shetland – Virtual Hospice

� Toronto – Virtual Discharge Ward

� Machynlleth – Virtual & Real beds



 

Health Needs 

• Diagnoses 

• Prescriptions 

• Record of Health 

Contacts 

Social Care Needs 

• Client group 

• Disabilities 

• Record of care 

history 

Predictive 

Model 

PAST 

FUTURE 

Health Service Use 

• GP visits 

• Community care  

• Hospital care 

Social Care Use 

• Residential care 

• Intensive home 

care 

• Direct payments 

FUTURE 
 





























Model 
predicts:

Details

Trend

Examples



Model 
predicts:

Cost

Details Model 
predicts 
which 
patients will 
become high-

Trend

become high-
cost over next 
6 or 12 
months

Examples Low-cost 
patient this 
year will 
become high-
cost next year



Model 
predicts:

Cost Event

Details Model 
predicts 
which 
patients will 
become high-

Model predicts 
which patients 
will have an 
event that can 
be avoided

Trend

become high-
cost over next 
6 or 12 
months

be avoided

Examples Low-cost 
patient this 
year will 
become high-
cost next year

Patient will be 
hospitalized

Patient will 
have diabetic 
ketoacidosis



Model 
predicts:

Cost Event Actionability

Details Model 
predicts 
which 
patients will 
become high-

Model predicts 
which patients 
will have an 
event that can 
be avoided

Model predicts 
which patients 
have features 
that can 
readily be 

Trend

become high-
cost over next 
6 or 12 
months

be avoided readily be 
changed

Examples Low-cost 
patient this 
year will 
become high-
cost next year

Patient will be 
hospitalized

Patient will 
have diabetic 
ketoacidosis

Patient has 
angina but is 
not taking 
aspirin

Patient does 
not have 
pancreatic 
cancer 
(Ambulatory 
Care 
Sensitive)



Model 
predicts:

Cost Event Actionability Readiness to 
engage

Details Model 
predicts 
which 
patients will 
become high-

Model predicts 
which patients 
will have an 
event that can 
be avoided

Model predicts 
which patients 
have features 
that can 
readily be 

Model predicts 
which patients 
are most likely 
to engage in 
upstream care

Trend

become high-
cost over next 
6 or 12 
months

be avoided readily be 
changed

upstream care

Examples Low-cost 
patient this 
year will 
become high-
cost next year

Patient will be 
hospitalized

Patient will 
have diabetic 
ketoacidosis

Patient has 
angina but is 
not taking 
aspirin

Patient does 
not have 
pancreatic 
cancer 
(Ambulatory 
Care 
Sensitive)

Patient does 
not abuse 
alcohol

Patient has no 
mental illness

Patient 
previously 
compliant 



Model 
predicts:

Cost Event Actionability Readiness to 
engage

Receptivity

Details Model 
predicts 
which 
patients will 
become high-

Model predicts 
which patients 
will have an 
event that can 
be avoided

Model predicts 
which patients 
have features 
that can 
readily be 

Model predicts 
which patients 
are most likely 
to engage in 
upstream care

Model predicts 
what mode 
and form of 
intervention 
will be most 

Trend

become high-
cost over next 
6 or 12 
months

be avoided readily be 
changed

upstream care will be most 
successful for 
each patient

Examples Low-cost 
patient this 
year will 
become high-
cost next year

Patient will be 
hospitalized

Patient will 
have diabetic 
ketoacidosis

Patient has 
angina but is 
not taking 
aspirin

Patient does 
not have 
pancreatic 
cancer 
(Ambulatory 
Care 
Sensitive)

Patient does 
not abuse 
alcohol

Patient has no 
mental illness

Patient 
previously 
compliant 

Patient prefers 
email rather 
than telephone

Patient prefers 
male voice 
rather than 
female

Readiness to 
change



How the output of predictive 

models are used
� Case Management

� Intensive Disease     Management

� Less Intensive Disease 
Management

� Wellness Programs

Potential Misuses

� Dumping

� Cream-skimming

� Skimping



Policy implications: United 

Kingdom
� All four Home Nations have invested in national predictive tools 

to identify people at risk of unplanned hospital admissions.  

� These administrations should now look at investing in new 
generations of predictive tools that take account of 

� Quality gaps � Quality gaps 

� Motivation

� Receptivity

� There are serious implications for tackling healthcare 
inequalities here: the most disadvantaged in society are 
typically the least likely to be motivated and the most difficult 
to engage.  



geraint.lewis@nuffieldtrust.org.uk

www.nuffieldtrust.org.ukwww.nuffieldtrust.org.uk


