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Goals

= Improve upon the financial risk model as a
predictor of individuals with unanticipated
hospitalizations by calibrating a model
specifically to hospitalization outcomes

= Enhance the role of predictive modeling in
prioritizing high opportunity patients for
care management

May 2010 Copyright 2010 The Johns Hopkins University 2



The Jnhns Hopkins University’s

¢ 2010 ACG Internatlonal MAY 10-12 =

Tucson, Arizona

RlSk Adjustment Conference L

Financial Risk Model
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Hospitalization Typology

Unanticipated, no external cause
CHF, COPD, joint replacement

Unanticipated, external cause
injury and poisoning

Anticipated, scheduled and unscheduled

C-section, elective surgery, childbirth,
transplants
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Target Outcomes

» Acute care hospitalization
- excluding childbirth and injury

- 2 prediction periods: 6 and 12 months

» Intensive care hospitalization (ICu/CCU)
» Extensive length of stay (12+ days cumulative)
» Injury-related acute care hospitalization
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Hospltallzatlon Risk Factors: Morbidity

Risk Factor Data Segments | Data Elements goipltallzatmn

Dx morbidity

groups Inpatient and ICD codes Medium to Moderate to
ACGs and EDCs Outpatient low high
RoCelfel(eliyy Pharmacy Drug codes High to low Moderate 0
groups high
HosDom Inpatient and :
conditions Outpatient JeIDGoREs Low Al
Frailty marker Inpatle_n Ll ICD codes Low Moderate
Outpatient
:3:;1: \ P l 77 / (Rx morbidity groups)

Special Population Markers

(Hospital Deminant
Conditions and Frailty)

Disease Markers ——"
(EDCs)

|

Resource Use
(Optional cost percentiles)
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Hospitalization Risk Factors: Utilization

Risk Factor Data Segments | Data Elements g:’sip'tal'zat'on

Inpatient Place of service,

hospitalizations I Revenue codes MOEEIR O g1
MENII7 Inpatient Procedure codes  Low High
procedures

E_mergency room Outpatient ER NSV GO, Medium to low Moderate to high
visits Procedure codes

Outpatient visits Outpatient Place of service  High to low Low to high
Dialysis services  Outpatient Procedure codes Low High

Nursing services Outpatient Procedure codes  Low High

Drug count Pharmacy Drug codes Low Moderate
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Combining Hospitalization Risk Factors
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Patient’s Probability of Hospitalization

Risk Factor

Characteristic

Demographics 65 year old female 0.252
Risk of Hospitalization Hospital Dominant Condition — ICD 0.258
Diabetes Type 2 diabetes with complication — ICD | 0.142
Hypoglycemic (non-insulin) drug — NDC | _ 096
Peptic Disease Peptic ulcer — ICD 0.084
Peptic disease drug — NDC 0.003
Chronic Liver Disease Chronic liver disease — ICD 0.027
Psychosocial Anti-anxiety drug marker — NDC 0.056
All other co-morbidities ICD and NDC 0.118
Previous Utilization 1 Hospitalization, 22 outpatient visits and | 0.379
total expenditure in 76" — 90" percentile
Sum of Weights 1.223
1/(1+exp(-2.603+sum weights)) [ = Probability of Hospitalization 0.201

May 2010
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Options for Data
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Input and Hospital Risk
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Patient File

> inpatient hospitalizations

> emergency room visits
> outpatient visits
> dialysis services
> nursing services

> major procedures
O “Business rules” for
including visit counts and

service markers in the
patient file

May 2010

Medical Service File

= Place of service codes
= Revenue codes

= Procedure codes

N
Software generates

these visit counts and

utilization markers!

U “Coding Standards”
include CMS place of
service codes, revenue
codes, HCPCS and AMA
CPT procedure codes

Copyright 2010 The Johns Hopkins University

Hospital Risk
Model Variants

Dx-PM
with Cost

DxRx-PM
with Cost

DxRx-PM
no cost

Dx-PM
no cost

0 “Best” model selection
is based on ICD, Drug
codes and cost data input

11
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“Multi-faceted Addition to ACG Toolkit"

» five hospital risk scores

» two time horizons: 6 and 12 months
» based on ACG predictive modeling framework
» uses previous hospitalizations and HosDom

» uses new data inputs: procedures / place of
service / revenue center codes

- counts of previous hospitalization, emergency room,
outpatient visits in patient file are optional

- prior cost and pharmacy inputs are optional
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High Scores

Hospitalized

Individuals
with High
Scores

True and False Positives

True
Positives

May 2010

Concepts for an Empiric Evaluation of Hospital Risk Scores
Positive Predictive Value (PPV)

Sensitivity

Hospitalized

Hospitalized
Individuals
with High

Scores

ROC Curve
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Hospital Risk Scores in a Population with Multiple

m at0<=10 Chronic Conditions
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603,525 patients with 3 or more chronic conditions
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How the Hospital Risk Model performs
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Sensitivity and PPV Trade-off ROC Curve and Area

45 65 ROC Curve
¢ 62 43 ‘ 10
41 @ | ©0
40 458 40 W
¢ 55 3& [ | -3
© 52 36 05
35 $ 50 5 351 - 50
3 47 33|
& 1. - 45
30 pe)
s 25 26 8837 32 &
g 23 . <
] 21 | ) @ 4
a 20 19 W [l Sens
17 @ - 25  ePPV
1
5 15 - L 20 o
128
10 10 - 15
7 . - 10 0o T T T T T T
5 - 00 02 04 06 08 10
1 Mo 1- Specificity
0 0 Asyimptotic 95% Confidence
0 5 10 15 20 Interval
. . Asyrmptotic
probability_ip_hosp_top% @ Std. Errora Sig.b Lower Bound | Upper Bound
\ .?zy .01 000 720 723
May 2010 Copyright 2010 The Johns Hopkins University 16



Multiple Hospitalization Models: PPV, Sensitivity, Area ROC

Category i Top 5% Top 5% Positive Sensitivity Area
Prob.Hosp. Prob.Hosp. Predictive under
Range Average Value ROC curve

JIeti Inpatient 264 to 374 36.7% 17.6% .728

injury, Hosp.

non- 6mo.

- ------

Hospital risk scores in a population with multiple chronic conditions.
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Overlap between Hospital Risk Groups

Inpatient | ICU/CCU Extended days | Injury-related

90.8% 60.1% 74.7% 57.8%
100% 61.1% 72.8% 59.1%
ICU/CCU 100% 60.2% 50.2%
Extended days 100% 67.4%

Top 5% Hospital risk scores in a population with multiple chronic conditions.
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Applications

v Using hospital risk scores to prioritize high

opportunity patients for care management

v Enhancing care management reports

O Provider profiling

O Evaluation of care management initiatives

May 2010 Copyright 2010 The Johns Hopkins University 19
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Actual High Cost in
Predicted High Hospital Risk Prediction Year

Not Actual High Cost,
Predicted High Financial Risk Not Predicted High Risk
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Identifying High Cost Patients

I T P [T CT

Hospital only 15,035 11.8 6.0% $23 709
D+E Financial AND Hospital 15,141 37.0 18.5% $67,343
F+G Financial only 15,035 29.3 14.6% $50,917
D+E+F+G Financial (top 5%) 30,176 33.1 33.1% $59,159
A+B+D+E Hospital (top 5%) 30,176 245 24.5% $45,602

A+B+D+E+F+G  Financial OR Hospital 45,211 26.1 39.1% S47,370

Actual High Cost in
Predicted High Hospital Risk Prediction Yea

Not Actual High Cost,
Predicted High Financial Risk Not Predicted High Risk
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Care Management Opportunities
High

Opportunity to
manage multi-morbid
patients with lower risk
of hospitalization

Opportunity to reduce
hospitalization and
financial loss for high-
risk patients

Financial
Risk
" Opportunity to reduce
h OFEoréunltlgs e g hospitalization for
ealth e uca.tlon an patients with lower
RiEsEnten financial risk
Low
1 Hospital igh
O Risk 9
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Hgh | e — Financial Risk (high 5%) -and- Hospital Risk (high 5%)
; 7 Oppertunity to Dppartunity to reduce™, Risks and Outcomes low--low  high--low low--high  high--high
/o Mt hospitatzaton and e
[ n:mw::{mrw": Tk ina:cu'l m‘?; ':_“qh_ J Financial risk score, mean 3221 15053 7.469 18.013
: Z of hospitakration / risk patenis Hospitol risk score, mean 0128 0.267 0479 0.551
Financial | o ——— % Hospitalization 14.8%  346%  459% 54.6%
Risk % Hospitalization in 6 months 87%  235%  31.3%  407%
B —— Opportunity ta reduce % ICLYCCL hospitalization 5.0% 13.3%  17.8% 24.6%
Uprcrtaies e hespialization for
heatth oc—.m-::rm and patierts with ket % Extended hosp (12+ days) 1.8% §.5% 10.3% 18.4%
1] prevenhon ek
Low et % Injury hospitalization 13%  31%  55%  58%
; : Total cost, mean £10841 5509417 523709  S67.343
Hospital Inpatient cost, mean £3483 514692 511,409 £26012
Low = —=  High
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Patient Profile with

P

Age 50 Gender M

FCPId Product

Resource Utilization Band 5 Local Weight 1453
Model Prior Costs

DxRx-PM - total cost- stringent dx -=> total cost Total Cost § 287 852
DxRx-FM - rx cost - stringent dx - rx cost Fx Cost FE213

Predictive Values

Coordination of Care

Probability High Total Cost 0.95 Chronic Condition Count g
Predicted Total Cost Range =§75,000 #Unigue Providers Seen B
Frobahility High Rx Cost 0.86 # Specialty Types Seen 3
Fredicted Rx Cost Range $5 ,000-%10,000 Mo Generalist Seen M
High Risk Unexpected Pharmacy M % Misits Provided By Majority Source of Care 25
Frailty Flag b
Utilization ikelihood of Hospitalization
Clutpatient Visits 24 Hospital Doaminant Count
ER ‘isits & Frobability Hospital Admission (B mos) 0.38
Inpatient Admissions 0 Probability Hospital Admission (12 mos) 0Bz
Major Frocedure Perfarmed b Probability ICU/CCL Admission 0.43
Dialysis Service b Frobability Injury-related Admission 043
Mursing Service M Probability Long-term Admission (12 + days) 0.09
Copyright 2010 The Johns Hopkins University 24
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Summary

= Care management helps to improve the quality and outcomes of
care, while reducing costs for patients with complex health needs.

= The best screening tools for prioritizing high opportunity patients for
care management programs are still evolving.

= Prior hospitalization is a good predictor of future hospitalization.

= Clinically based “predictive hospitalization models” provide a better
screening tool than prior hospitalization information alone.

= |Improvements to the accuracy of predictive hospitalization models
will help to reduce unneeded, ineffective, and missed care
management opportunities.
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