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Why Predictive Modelling?

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

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
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Patterns in routine data
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10 Million Patient-Years
of Data

Randomised

Development “ Validation

5 Million Patient-Years 5 Million Patient-Years
of Data of Data
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Distribution of Future Utilisation
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Risk Segmentation

The Kaiser pyramid can be divided
into four segments:
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(20 — 100%)

> 80%
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Burden of Future Utilisation is

the Area Under the Curve

(i.e. number of people x cost)

Risk -

(0.5%)

(4.5%)

(15%)
(80%)



Size of Shape is Proportional to
Future Utilisation
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Individuals at very
high risk will use
disproportionately
large amounts of
resources each

(0 - 0.5%) |

(0.5 — 5%)

(5 — 20%)

(20 - 100%

‘

But the bulk
of future
utilisation
for the
population
comes from
the rest of
the top
quintile




NHS Combined Model

%

PATIENTS
TOTAL POPULATION 322518
RISK SEGMENT POPULATION 16172
o 0.5
0 PLEASE SELECT THE RISK SEGMENT YOU WANT TO LOOK AT 0.5 _"Z_‘

UTILISATION RATES PER 1000

6-20%

21-100%

73
AVERAGE AGE

Any IP admissions Emergency IP ad missions OP visits AE wisits
OVERALL RATE 101 57 710 197
RISK SEGMENT RATE 1402 1094 5292 1563
INDEXED RATE(X OVERALL RATE) 13.9 X 19.3 X 7.5 X 7.9 X
GENDER LTC vs. Non-LTC
B MALE LTC
FEMALE W Mon-LTC




Clinical profiles

SEGMEMNT: Moderate risk (6-20%)

0%

45%

30%

Polypharmacy in any One Manth

1tad GRUGS 5to 4 DRUGS 10 + DRAUGS

Key Clinical Quality Gaps

15%
21-100% 0%
LTC Prevalence
40% 60%
30% 450
20% 30%
10% 15%
0% = = 0%

CHD CHF COPD

CONTROLLER  BETABLOCKER LIFID_RX
*Patients with contraindications are excluded



Tackling the

259

20% |

15%

1% of All Patients in Practice

% of Risk Segment in Practice

RISK SEGMENT DISTRIBUTION ACROSS PRACTICES

Inverse Care Law

10% |
o FRACTICEA PRACTICEB PRACTICEC PRACTICED PRACTICEE  PRACTICE F
IP EMERGENCY ADMITS / 1000
PRACTICE A|PRACTICE B|PRACTICE C{PRACTICE D/ PRACTICEE|PRACTICEF| TOTAL |
A T 2777 2650 2556 2294 1978 2334 14589
SLEATIERTS 15660 13751 11676 11154 10917 10747 73905
0 20

;—__ ;# n,.l'ru.

0 [; PLEASE SELECT THE RISK SEGMENT YOU WANT TO LOOK AT
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Developing Business Cases

£5M
Scenario
£4.5M (: | NET SAVINGS
£aM - - ~ £3,030,290
£3.5M S 1 PATIENT
S - - ' POPULATION
£2.5M ] 322518
£2M
£1.5M . - R ] PATIENTS IN
£1M ] RISK SEGMENT
R 16125
£500K -
£0 INTERVENTION COST TOTAL SAVINGS MNET SAVINGS

0 5
[s] ety L%

PLEASE SELECT THE RISK SEGMENT YOU WANT TO LOOK AT

—_—) - £100
T T T I T T T T I '\-.'.
PLEASE SELECT THE INTERVENTIOMN COST PER PATIENT IN RISK SEGMENT PER YEAR
21-100%
—_— Intervention impact rate Estimated cost of admission —
IP Emergency Admissions 6304 mm 0.20  o——— : : . £2,100 :
Intervention impact rate Estimated cost of admission
IP Other Ad missions 3237 p— ——— 0,10  — - - - - : £900 |
Intervention impact rate Estimated cost of visit = :
AE Visits “ _‘\j—l 0.20 I—;\ - - - - ' E250 :.
Intervention impact rate Estimated cost of visit =
OP Visits 56859 r—— — ), 20— — 100 |,
Mote: Utilisation rates are for year following prediction




Virtual Wards
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7 2
e Virtual Ward A

Community Matron
Nursing complement
Health Visitor
Ward Clerk
Pharmacist
Social Worker
Physiotherapist

Occupational Therapist *Specialist nurses

Mental Health Link :
~ >, Voluntary Sector Link ASthma
% *Continence

Heart Failure

/Virtual Ward B% «Palliative care team

Community Matron
Nursing complement

Health Visitor *Alcohol service
Ward Clerk
Pharmacist -
Social Worker *Dietician
Physiotherapist

Occupational Therapist

Mental Health Link
@oluntary Sector Link
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“Bed” Capacity

100 patients per ward

“Daily” Y  “Weekly” “Monthly”

60

Patients Patients Patients

5 (35 = 5) (60 = 20)

=95+/7+3

= 15 patients for discussion each day
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Admission

m Combined Model only
m Memorandum of Understanding
m Consent

m Electronic notes



Initial assessment a
home

Screening
Patient-focused
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Daily Ward Rounds

m 20 minutes

m PCT offices or GP
practice meeting rooms

m Tele-conferencing
facility
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Discharge

m Important due to
Regression to the Mean

S

m Prompted by Risk Score

Average nympey, of emergency bed days

m Twin discharge letters

-2 ~Tinten+1 +2 +3 +4

se
year

(5]
S|
w

m GP Follow-up



Variants

Existing Variants

m Wandsworth — VWGPs

m New York City — BlackBerry Ward Rounds
m Devon — GP based

Planned Variants

m British Columbia — Reactive & Proactive beds
m Shetland — Virtual Hospice

m Toronto — Virtual Discharge Ward

m Machynlleth — Virtual & Real beds



Health Needs Social Care Needs

Diagnoses Client group
Prescriptions Disabilities
Record of Health Record of care
Contacts history

Predictive

FUTURE Mode

Health Service Use

Social Care Use

e @GP visits

e Community care

Residential care
Intensive home
®* Hospital care care

Direct payments
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@ High intensity social care service
Other social care service

@ Social care assessment

A Inpatient - discharge

A Inpatient - admission

A A&E visit

A Outpatient visit

x QP visit

Year /

Year 3



£4.500,000

£4,000,000

£3.500,000

£3,000,000

£2.500,000

£2,0:00,000

£1,500,000

£1,000,000 -

£500,000 A

£0
intervention casts saving net savings

Enter intervention cost per patientin risk segment peryear £100
select risk 0 5

segment H :

rnumber of estimated cost of impact of intervention
evenis avent {percentage)
NHS IP emergency admissions m il ¥ £2,000 (£ | ¥ 10%
IP elective admissions _ o (- £2900 < | » 10%
AE visits [ 0000 < | > £2s50 € | > 20%
CP visits 450000 £ | » £100 < | > 10%
LA Intensive home care weexs | B,.Eml MU - £200 £ | * 15%
Care home weeks Im A0 = ESQO0 (£ | (> 10%




=} welsh Predictive Risk Service - Microsoft Internet Explorer

File Edit View Favarites Tools Help

=10l x|

= Back + = - @ i | @Search [32] Faworites @Media @ | %v S & ﬁ

Address I@ https: }fkrvtendemo, hsw,wales . nhs, uk/PRISMIDef aulk. aspx

My Profile P

My Patients #

Welsh Predictive Risk Service

Tagether with health professionals and data analysis experts,
Infarming Healthcare has developed a weh based information tool —
The YWelsh Predictive Risk Service 0WFRS). WPRS classifies GP
Practice populations accarding ta their risk of emergency hospital
admission.

WPRS is now available to those GP Practices who have agreed to
padicipate in the pilat implementation. Click the 'Sign In' button and
fallaw the 'Sign Up' procedure 1o get started.

The first step is for the GP practice's Caldicott Guardian to 'Sign Up'.
When access is granted, the Caldicott Guardian can approve 'Sign Up'
requests from other memhbers of staff.

Atthis stage, access to the taal is limited to GF practice staff only.
Access by any other groups, for example case managers, is subjectto
agreement with GF practices.

Az part ofthis pilot implementation, Swansea University shall he
seeking opinions based on your experience of using the toal.

Ifyou experience any difficulties in using the web-toaol, please call the
Suppont Teamn at Health Solutions Wales on 02820 502374,

Help Contact Ls Terms of Use

elsh Predictive Risk Service

~| @an | Links

Welcome Mr Trainer :  Sign Qut

WPRS System Messages

Service

’ 050212009
Information

WWPRE is released.

Currently, only IE 7.0 and Windows XP
support full website functionality. For best
results view using IE 7.0.

Further Services

N My User Profile
&

{g);a My local Caldicolt Representatives

@

Sofware Requirements

=

’_ I_ E (= Local intranet

[
4




2 Welsh Predictive Risk Service Sign In - Microsoft Internet Explorer

File Edit View Favorites Tools Help
Ou - O BRG] P fywem @28 B-LE 3
Address @ https: /krytendemao. hsw.wales.nhs.uk/PRISM/SignIn.aspx

elsh Predictive Risk Service

b Go

Links **

Sign in to the Welsh Predictive Risk Service New to Welsh Predictive Risk Service?

| | WPRS is available to users who have registered using their

Username
MNHS Email as a UserlD.

Password | |

Signin | I you want to use WPRS follow the simple steps and sign up
using the button below.

Forgotten your password?

Sign Up Now

Confidential

The Data Protection Act (1998) and Computer Misuse Act (1990) cover data in this system. You must not pass the data to anyone who
does not have a proper business need to use it.

This is a private MHS site used only under authorised access. Unauthorised access to this system or any of the senvices provided is
unlawful under UK law and is considered an offence under the Computer Misuse Act 1990, Unauthorised access attempts to this site

and services provided will be investigated and the offenders prosecuted.

Help  ContactUs  Terms of Use  Software Requirements

@ Done 8 ‘ﬂ Local intranet




=} Patients Counts - Microsoft Internet Explorer

File Edit View Favarites Tools Help

=10l x|

= Back + = - @ i | @Search [32] Faworites @Media @ | %v S & ﬁ

My Profile P My Patients #

Organigation : Dummy

elsh Predictive Risk Service

Address I@ https: fflkrytendemo. hsw,wales .nhs, ulkfPRISM P atient Count, aspx

Welcome Mr Trainer :  Sign Qut

Please select the criteria and press 'Recalculate’

helow:
Age Group |——AII——
Gender | --All--

MNo. of Chronic Conditions |——AII——

L L L

Recalculate |

Help

Contact s

Total : 3499

Lewvel 4: High Risk
{000 %- 050 %)

Lewvel 3: Moderate Risk
{080 %- 500 %)

Level 2: Low Risk
{500 %- 20,00 %)

Level 1: Very Low Risk
(2000 %- 10000 %)

Terms of Use Software Reqguirements

|@ Dane

| @e |unks
-
[~
I_I_E (2 Local intranet 4




{= Define Risk Levels - Windows Internet Explorer

%r - |g, https: ffkrytendemao. hsw, wales.nhs ukfPRISMdefineLevel . aspx V| % | +p (| X | |Live Search ||P |‘|
File Edit Wiew Favorites Tools Help

Links @& | NWDSS (Live] @& | MWDSS (Dev) @& | NWDSS (Demo) @& | NWDSS (Local) Blackboard Academic Suike @ | NHSAR Online

W A IgDeFine Risk Lewels l_‘ ﬁ i @ * |tk Page ~ @Tools -

elsh Predictive Risk Service

My Profile » My Patients

User Administration » Reports #

Define Risk Threshold

Please fill in the new Risk Threshold values:

From: |To:
Level 4: High Risk n.nul % | | %
Level 3: Moderate Risk 0505 | [ soofs
Level 2: Low Risk 500 % | [ 2000] %
Level 1: Very Low Risk 2000/ % | 100.00| %

Savel Set Default | e

Help Contact Us Terms of Use Software Requirements




2} Patient Lists - Microsoft Internet Explorer

File  Edit  Miew Favorites Tools Help

G Back v = - @ ot | @Search [Fel Favorites @Media 8 | %v = = & 'ﬁ
Address I@ https: ffkrytendemo, hsw,wales.nhs,uk/PRISM/PatientList, aspx?Level=4&PatientCount=17 j 6>Go | Links
elsh Predictive Risk Service ™
My Profile ¥ My Patients ¥ Welcome Mr Traiher :  Sign Out
Organisation : Dummy O
| Rsklewel  ageGlwp  Gender  NumberofChromicCondions
‘ 4 - High Risk Al Al all
NHS Hurnber Forename Surnarme Gender Date of Birth Post Code Risk Score
4765904368 LIy PRISM Female 01 Jul 1964 PRY9 15M 99.94 %
GE06231141 JAMES PRISM Male 01 May 1915 PRI3 15M 9419 %
4192178206 RUBY FPRISM Female 01 Apr 1958 FPR33 15 8380 %
6083101141 GRACE PRISM Female 01 Feh 1837 PRA3 15M 2713%
6178301141 RUBY PRISM Female 01 Apr 1925 PRA3 15M 8074 %
G462198041 HARRY PRISM Male 01 Qct1930 PRA3 15M £9.25 %
GREG4T45802 CHLOE PRISM Female 01 Jan 1917 PRA3 15M £6.29 %
612693561 DAMIEL PRISM Male 01 Apr1942 PRA3 15M £4.90 %
455991 8468 CHARLIE PRISM Male 01 May 1958 PRA3 15M £3.05 %
E490268041 HARRY PRISM hiale 01 Sep 1920 FR99 1Sh BO.37 %
B293RES041 OLMIA PRISM Female 01 Mar 1928 FR99 1Sh 50,95 8
B784401141 LILy PRISM Female 01 Jul 1937 FR99 1Sh 5070 %
E163338041 THOMAS PRISM hiale 01 Jun 1910 FR99 1Sh 57.91 %
4210669206 OLIVER PRISM hiale 01 Moy 1957 FR99 1Sh 57.07 %
E394151141 EMILY PRISM Female 01 Feh 1926 FR99 1Sh 55.00 %
B754001141 LILy PRISM Female 01 Aug 1925 FR99 1Sh 54.00 8% | |
E163187041 RUBY PRISM Female 01 Mar 1920 FR99 1Sh 5467 %
Eirst (Page 1 of 1) == Previous Mext ==
Risk score unchanaged since last manth # Risk score increased since last manth Risk score decreased since last manth LI

@ Done l_ |_|E,_ (2 Local intranet Y




Risk History with Risk ¥ariables - Microsoft Internet Explorer

File  Edit  Miew Favorites Tools Help

=101

Back + = - ) 4 | Q) 5earch [ Favorites S Media gl BE-S= i =

Address I@ https: ffkrytendemo, hsw.wales.nhs.uk/PRISM/RiskHistoryy ariable, aspix j ﬁGo | Links

elsh Predictive Risk Service

My Profile » My Patients » Welcome Mr Traiher : Sign Out

€

4765904368 PRISM, LILY 01 Jul 1964 Female PRI9 15M 99.94

Demographic Variables in Risk History

Risk Variahle Value
Age 44
Gender Female
Ceprivation 43,60

GP Variables in Risk History

Hospital Admission Variabhles in Risk History

Outpatient Yariables in Risk History

Chronic Conditions in Risk History

Help Contact Us Terms of Use Software Reguirements

-

i€l [ [ |5 [EE Localintranet




Risk History with Risk Yariables - Microsoft Internet Explorer : 10| x|
File  Edit  Miew Favorites Tools Help |

G Back v = - @ ot | @Search [Fel Favorites @Media gl %v = = & 'i.'g

Address I@ https: ffkrytendemo, hsw.wales.nhs.uk/PRISM/RiskHistoryy ariable, aspix j ﬁGo | Links

-

elsh Predictive Risk Service

My Profile » My Patients » Welcome Mr Traiher : Sign Out

o

4765904368 PRISM, LILY 01 Jul 1964 Female PRI9 15M

Demographic Variables in Risk History

GP Variables in Risk History

Risk Variable Value
Meuraotic, personality and other nonpsychotic disorders Yes
Poisaning Mo
Sprains and strains of joints and adjacent muscles ]
Mental and hehavioural disorders Mo
Gl disorders Tes
Coricosteraid Clinical Use Yeg
Loop Diuretics Yes
Marcotic Analgesics Yes
Other Antidepressant Drugs Yes
Penicillinase Res Penicilling 2
Sulphonamides & Trimethoprim ]
Ulcer-Healing Drugs Yeg
Witamin B Group [ [n]
Palypharrmacy 18
Patient has stated that they are a current srmoker Mo
Murnber of chronic conditions (PRISM model) 1

Hospital Admission Variabhles in Risk History

Outpatient Yariables in Risk History

] [ [ |5 |BE Localintranet 4




Risk History with Risk ¥ariables - Microsoft Internet Explorer

File  Edit  Miew Favorites Tools Help

=101

Back + = - ) 4 | Q) 5earch [ Favorites S Media gl BE-S= i =

Address I@ https: ffkrytendemo, hsw.wales.nhs.uk/PRISM/RiskHistoryy ariable, aspix

elsh Predictive Risk Service

My Profile # Nty Patients # Welcome Mr Trainer :

| Peo Lk

Sign Owut

o

4765904368 PRISM, LILY 01 Jul 1964 Female PRI9 15M

Demographic Variables in Risk History

GP Variables in Risk History

Hospital Admission Yariabhles in Risk History

Risk Variahle

Inpatient admission with diagnosis Cerebral Palsy and other paralytic syndrormes

Inpatient admission with diagnosis Symptams and signs invalving the circulatory and respiratory systermns
Inpatient admission with diagnosis Symptoms and signs involving the digestive systern and abdomen
Inpatient admission with diagnosis Abnormal findings on examination of urine, without diagnosis
Inpatient admission with Alcohol related diagnosis

Emergency admissions in last 12 manths of history period

Mon-emergency admission

Inpatient day & night cases

Value
Mo
Mo
fes
Mo
Mo

Yes

Mo

Outpatient Wariables in Risk History

Chronic Conditions in Risk History

Help  ContactlUs  Terms ofUse  Sofware Reguirements

-

’_ |_|E|_ (2 Local intranet




Risk History with Risk ¥ariables - Microsoft Internet Explorer

File  Edit  Miew Favorites Tools Help

=101

GBack + =~ @) 4 | Q) 5earch [ Favorites S Media gl BE-S= i =

| Peo Lk

Address I@ https: ffkrytendemo, hsw.wales.nhs.uk/PRISM/RiskHistoryy ariable, aspix

elsh Predictive Risk Service

My Profile » My Patients » Welcome Mr Traiher : Sign Out

€

4765904368 PRISM, LILY 01 Jul 1964 Female PRI9 15M

Demographic Variables in Risk History
GP Variables in Risk History
Hospital Admission Variabhles in Risk History

Outpatient Wariables in Risk History

Risk Variahle Value
OF wisit following an ermergency admission Yes
O wisit with referral frorm & GP Yes
OF wisit with outcome - Another appointment given Yes

Chronic Conditions in Risk History

Help Contact Us Terms of Use Software Reguirements

@ ’_ |_|E|_ (2 Local intranet v

-




Risk History with Risk Yariables - Microsoft Internet Explorer 10| x|
File  Edit  Miew Favorites Tools Help |

GBack + =~ @) 4 | Q) 5earch [ Favorites S Media gl BE-S= i =

Address I@ https: ffkrytendemo, hsw.wales.nhs.uk/PRISM/RiskHistoryy ariable, aspix j ﬁGo | Links

-

elsh Predictive Risk Service

My Profile » My Patients » Welcome Mr Traiher : Sign Out

o

4765904368 PRISM, LILY 01 Jul 1964 Female PRI9 15M

Demographic Variables in Risk History
GP Variables in Risk History
Hospital Admission Variabhles in Risk History

Outpatient Wariables in Risk History

Chronic Conditions in Risk History

Risk Variahle Value
Asthma fas
Coronary Heart Disease o
Diabetes Mo
CHF (LTC) Mo
COPD (LTC) Mo
Epilepsy (LTC) Yes

Help  ContactlUs  Terms ofUse  Software Reguirements

@ ’_ |_|E|_ (2 Local intranet v




2} Patient Risk History - Microsoft Internet Explorer =10 x|

File  Edit  Miew Favorites Tools Help i

G Back v = - @ ot | @Search [Fel Favorites @Media gl %v = = & 'ﬁ

Address I@ https: ffkrytendemo, hsw,wales.nhs,ukfPRISM Riskhistory, aspx j ﬁ’Go | Links
[—

elsh Predictive Risk Service

My Profile » My Patients » Welcome Mr Traiher : Sign Out

EGD To:|1 DFIEFind:I ‘

Key

— Rizk Score

Help Contact Us Terms of Use Software Reguirements

@ Done l_ |_|E,_ (2 Local intranet
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Model
predicts:

Details

Examples




Model
predicts:

Cost

Details

Model
predicts
which
patients will
become high-
cost over next
6ori2
months

Examples

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




Model
predicts:

Event

Details

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

Examples

Patient will be
hospitalized

Patient will
have diabetic
ketoacidosis




Model
predicts:

Actionability

Details

Model predicts
which patients
have features
that can
readily be
changed

Examples

Patient has
angina but is
not taking
aspirin
Patient does
not have
pancreatic
cancer
(Ambulatory
Care
Sensitive)




Model
predicts:

Readiness to
engage

Details

Model predicts
which patients
are most likely
to engage in

upstream care

Examples

Patient does
not abuse
alcohol

Patient has no
mental illness

Patient
previously
compliant




Model
predicts:

Receptivity

Details

Model predicts
what mode
and form of
intervention
will be most
successful for
each patient

Examples

Patient prefers
email rather
than telephone

Patient prefers
male voice
rather than
female

Readiness to
change




"
How the output
models are used

21-100%

of predictive

Case Management

Intensive Disease Management

Less Intensive Disease
Management

Wellness Programs

=
-

Potential Misuses
m Dumping
m Cream-skimming

m Skimping




" S
Policy implications: United
Kingdom

m All four Home Nations have invested in national predictive tools
to identify people at risk of unplanned hospital admissions.

m These administrations should now look at investing in new
generations of predictive tools that take account of
Quality gaps
Motivation
Receptivity

m 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.uk




