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e Charitable Organization founded in 1940
 Formerly a grant-giving organization

e Since 2008 we have been conducting in-house
research and policy analysis

* Promote independent analysis and informed
debate on healthcare policy across the UK
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Outline

e Rationale

e Building a Predictive Model

e NHS Combined Predictive Model
* Predictive Models for Social Care
 Impactability Models
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Why Predictive Modelling?

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

*Getting more for their dollar: a comparison of the NHS with California's Kaiser Permanente BMJ 2002;324:135-143

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

e |naccurate Approaches:
— Clinician referrals

— Threshold approach (e.g. all patients aged >65 with 2+
admissions)




Frequently-admitted patients
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Kaiser Pyramid

The Pyramid
represents the
distribution of
risk across the
population
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[Size of shape is proportional to number of patients]

Small numbers of
people at very high

risk

Large
numbers of
people at low
risk



Patterns in routine data
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Wales

e PRISM model

e \Welsh Predictive Risk
Service

@ elsh Predictive Risk Service
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10 Million Patient-Years
of Data

Randomised

Development “ Validation

5 Million Patient-Years 5 Million Patient-Years
of Data [JIDEIE]

Predictive “
Model
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* Inpatient Validation

* Outpatient
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Distribution of Future Utilisation
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Risk Segmentation

The Kaiser pyramid can be divided
into four segments:

Top three segments
combined make up

Very High \ the top quintile
(0 — 0.5%) ’

High O O
(0.5 — 5%) ‘ L 500 °

Moderate
(5 —20%) Bottom
segment
represents
the bottom
Low four quintiles

combined
\

(20 — 100%)




Burden of Future Utilisation is
the Area Under the Curve

(i.e. number of people x cost)
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N
¢
)
5% High
Moderate
- Low
>
(0.5%)
—>
(4.5%) .
(15%)

(80%)



Size of Shape is Proportional to

/

Future Utilisation

@g
ym \

N

SIZE OF SHAPE IS
PROPORTIONAL

TO FUTURE UTILISATION



Individuals at very
high risk will use
disproportionately
large amounts of
resources each

Very High

(0 — 0.5%) '
N
High
(0.5 - 5%)
- &
Moderate
(5 — 20%)
‘

Low
(20 — 100%

NUMBER OF PATIENTS FUTURE UTILISATION

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 1612
0 0.5
ZaN %
0 [ PLEASE SELECT THE RISK SEGMENT YOU WANT TO LOOK AT ~ 0.5 3
UTILISATION RATES PER 1000
] Any IP admissions | Emergency IP admissions[ OP visits ‘ AE visits
OVERALL RATE | 101 57 710 | 197
RISK SEGMENT RATE _ 1402 1094 5292 1563
INDEXED RATE(X OVERALL RATE) 13.9 X 19.3 X 7.5X 7.9 X
GENDER LTC vs. Non-LTC
\ M MALE LTC
FEMALE M Non-LTC
73

AVERAGE AGE

21-100%




Clinical Profiles

Polypharmacy in any One Month

60%
SEGMENT: Moderate risk (6-20%)
45%
30%
6-20% —
15%
21-100% 0% > + DRUG
1to 4 DRUGS 5 to 9 DRUGS 10 + DRUGS
LTC Prevalence Key Clinical Quality Gaps
40% 60% High Risk Asthma CHD* Diabetes with CHD
30% | 45%
20% | 30%
10% | 15%
0% CHD CHF = COPD DIABETES ASTHMA CC2 or more 0% CONTROLLER BETABLOCKER LIPID_RX

*Patients with contraindications are excluded



Tackling the Inverse Care Law

(€3)

1% of All Patients in Practice 1% of Risk Segment in Practice
RISK SEGMENT DISTRIBUTION ACROSS PRACTICES
25%

20%

21-100% 15%

10%
5% PRACTICEA PRACTICEB PRACTICEC PRACTICED PRACTICEE PRACTICE F
IP EMERGENCY ADMITS / 1000
'PRACTICE A | PRACTICE B| PRACTICE C|PRACTICE D| PRACTICE E PRACTICEF| TOTAL
PATIENTS IN RISK SEGMENT 2777 | 2650 | 2556 | 2294 | 1978 | 2334 | 14589
ALLIRATIENTS 15660 | 13751 | 11676 | 11154 | 10917 | 10747 | 73905
0 20

A Py 0/0
0 [J PLEASE SELECT THE RISK SEGMENT YOU WANT TO LOOK AT ~ 20

.'.



Developing Business Cases

£5M
Scenario
et NET SAVINGS
£am - — | £3,030,290
£3.5M - PATIENT
£3M : POPULATION
£2.5M 322518
£2M
£1.5m - — - B S
a1 Prm—— 16125
E£500K
£0 INTERVENTION COST TOTAL SAVINGS NET SAVINGS
0 5
5 O——b . g

PLEASE SELECT THE RISK SEGMENT YOU WANT TO LOOK AT

6-20% © ~ £100 [}
PLEASE SELECT THE INTERVENTION COST PER PATIENT IN RISK SEGMENT PER YEAR
21-100%

-— Intervention impact rate Estimated cost of admission =
IP Emergency Admissions 6304 | @, 0.20 $, £2,100 ]
Intervention impact rate Estimated cost of admission =
IP Other Admissions 3337 0.10 " £900 ;

Intervention impact rate Estimated cost of visit
AE Visits —— — 0.20 — ) £250 :
. Intervention impact rate Estimated cost of visit —
OP Visits . 56859 q_— 0.20 — ) £100 \;

Note: Utilisation rates are for year following prediction




Health Needs Social Care Needs

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

PAST Predictive

oooooooooooooooooooooooooooooooooooooooooooooooooooo

FUTURE Mode!

Health Service Use Social Care Use

e GPvisits Residential care

e Community care Intensive home

e 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




Choice of Patients
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a Combined Model

0
Low Risk ===

. High Risk
Bl

Social Care Model (age 75+)

NHS Costly Events

No. Combined Model FPatients

Mo. Social Care Model Clients

Overlap Individuals

—_—

Individuals Selected

Intervention Cost

No. of Events I Cost of Each Eventl Total Cost

Effectiveness of Intervention l

Saving =
| Einersency Admit e s .2 £763k =]
Elective Admissions ﬁﬁ 0z £233.2k g_
ARE Visits 5500 £200 £462k | ————— — R 02 =
- =

Costly Social Services (Weeks)

No. of Events | Cost of Each Event Total Cost

Care Home

Effectiveness of Intervention

MNHS Investment

Council Investment

=

"I'n_tans.e Home Care

'.ﬂgg'Sk“IIIIIIIII [ ||||I‘|||| ||||"|I_

. £184K

Pro-Rata Split 1600000
B Emergency Admit
= SAAG0E [— B Elecective Admit Net NHS Savings
200000 I Outpatients
s 400000 B AzE . S ﬁ -
Council B Care Home MNet Council Savings
2% W 0 T Intensive HC ‘ £132.1k ] |
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NetSaving .

Imte rve ntion
Gmoss 5aving

+£551.9k
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Choice

of Patients

No. Combined Model Fatients Overlap Individuals
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Combined Model

97

Low Risk ===

e [

Social Care Model (age 75+

NHS Costly Events

100

No. Social Care Model Clients Individuals Selected

Intervention Cost

| Emergency Admit
Elective Admissions
Outpatie;
ARE Visits

2799

Mo. of Events | Cost of Each Eventl Total Cost

Effectiveness of Intervention

£500

W&IHI|HIII“IIHH

L

Costly Social Services (Weeks)

MHS Investment

Care Home

Ilnlensa Home Care

MNo. of Events

Cost of Each Event

Total Cost

..ﬂ-zz"Ski:IIIIIIIIIIIIIIII_'IIIIIIIII|:-

Effectiveness of Intervention Saving ‘

Council Investment

[ £49.7k

-

Pro-Rata Split

Council v

6%
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500000

0

Intervention Gross Saving Net Saving

B Emergency Admit

B Elecective Admit Net NHS Savings

I Outpatients £47.9k

[] A&E
B Care Home
T Intensive HC

Net Council Savings

‘ £2.3k

|

+£51.2k
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Choice of Patients

100

5 No. Combined Model Fatients Overlap Individuals
Low FEISI‘(| T O N Hngh Risk | 1551 ,
Combined Model 100
2 No. Social Care Model Clients Individuals Selected

Low Risk ===

Social Care Model (age 75+

NHS Costly Events

Intervention Cost

| Emergency Admit
Elective Admissions
Outpatie;
ARE Visits

Mo. of Events | Cost of Each Event| Total Cost

Effectiveness of Intervention

£500

I'I(I‘|IIII|IIIII|IIIII.

L

Costly Social Services (Weeks)

MHS Investment

Care Home

Ilnlensa Home Care

MNo. of Events

455

Cost of Each Event

£250

Total Cost

£113.8k
£208kh|||| {0 T S S o e P ﬂ|||||||“

Effectiveness of Intervention Saving ‘

Council Investment

£45.8k

-

Pro-Rata Split

MNH=

Council ‘

4%
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u

B Emergency Admit
B Elecective Admit
I Outpatients

T A&E

B Care Home

£476.2k

Net Council Savings

|

It ree mtion

Gross Saving

£17.9Kk

MetSaving

T Intensive HC

+£494.2k

© The Nuffield Trust



Model
predicts:

Details

Examples




Model
predicts:

Cost

Details

Model predicts
which patients
will become
high-cost over
next 6 or 12
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




Evaluation of Integrated Car

—

—z— post-ICCS referral

—0— pre-ICCS referral

ICCS refemal

average number of admissions to hospital per

'
I I I I I I I 1 1 1 I L=} 1 1 1 I I I I 1 I I I

1211410 5% § 5§ § 5 4 3 2 4 0 1 2 3 4 5 6 ¥ & 9 10 11 12

mwnths since ICCS referral




Overcoming regression to the
mean using a control group (1)

——|ntervention

0.3 :
| Start of intervention

|

per head per month

00 —r—+—+—"7"—"7—"—"—T7T—7 T e B T —
12 11120 9 8 -7 6 5 4 -3 2 -1 1 2 3 4 5 6 7 8 9 10 11 12

Month

Number of emergency hospital admissions



Overcoming regression to the
mean using a control group (2)

= Control =—Intervention

0.3 :

g  Start of intervention
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Overcoming regression to the
mean using a control group
(3) - Control —Intervention

0.3

Start of intervention

|

per head per month

00 —r—+—+—"7"—"7—"—"—T7T—7 -—_—m -
12 11120 9 8 -7 6 5 4 -3 2 -1 1 2 3 4 5 6 7 8 9 10 11 12

Month

Number of emergency hospital admissions



Overcoming regression to the
mean using a control group (4)

= Control =—Intervention
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