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Highlights

* Granular valuation of the incremental cost of Medicare beneficiary hospital
readmissions (top 26 condition categories targeted in this study)

= Apply a previously unused approach (causal inference & machine learning)
in the valuation

= Compare machine learning (ensemble models) in valuation to the
traditional unadjusted or parametric model estimation methods

= We observe that the incremental cost of a schizophrenia readmission was
undervalued by over S3000 in the parametric model
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Introduction

" Risk adjustment in health plan payment aims to redistribute funds
according to the likely cost of enrollees

= Plans with costlier enrollees should receive larger payments than plans
with less expensive enrollees (lezzoni, 1997)

= Similarly, readmission risk varies in the Medicare population (Jencks, 2009;
Bradford, 2017; Joynt, 2011)

" However, valuation of the cost of hospital readmissions has largely been
estimated in an “all-cause” manner

* Where they are by condition, they are unadjusted (Weiss & Jiang, 2021) or
estimated from adjusted parametric models (Carey & Stefos, 2015)
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Introduction (continued)

" Hospital readmissions remains a major target in CMS’s cost reduction
agenda

= |[n CMS’s 12t SOW, QIN-QIOs were required to report savings from 30-day
readmissions and other measures

= All QIN-QIOs were presented with a single “all-cause” estimate as the cost
of a hospital readmission

" This rate multiplied by number of readmissions avoided (expected minus
actual) by the QIN-QIO yielded savings
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Unadjusted estimates from Weiss & Jiang, 2021

Figure 1 a. Average readmission cost by payer

Average Cost of Readmissions
20 $5,000 210,000 515,000 $20,000

wrpayers | 1520
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Medicaid | 1100
prvate | $15.400
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Mo Chargef $10,300

Source: Weiss & Jiang (2021).

b. Top 5 most expensive readmissions conditions

Table 3. Top five principal diagnoses with the highest average cost of 30-day all-cause adult hospital readmissions, by expected payer, 2018

30-day readmissions

- . . . L. Number of index Percent of total payer-specific
Principal diagnosis at index admission P L.
admissions Aggregate cost, % readmission costs
Rank Average cost, $ e
hillions
Medicare 13,533,200 15,500 35,500 100.0
Chronic rheumatic heart disease 16,100 1 25,800 87 0.2
IC?rlnpllcatlon of transplanted organs or tissue, 27,100 2 24,200 180 0.5
initial encounter
Nonrheumatic and unspecified valve disorders 26,000 3 22,500 359 1.0
Diseases of white blood cells 13,100 4 21,800 79 0.2
Aortic; peripheral; and visceral artery aneurysms 45,000 5 21,200 121 0.3

Adult hospital readmissions by expected payer. Analysis of Nationwide Readmissions Database (NRD), 2018.
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A Condition-Specific ML Framework (Rose, 2018)

= An experiment where one randomly samples a unit from the population
and measure baseline features, medical conditions, and total payment
from index and readmission periods

= We are interested in estimating how much more, on average, Medicare
patients with 26 common index diagnoses cost when they are readmitted
within 30 days of discharge (compared to similar not readmitted)

= Baseline controls include patient age, sex, race, state, length of stay, and up
to 25 diagnoses (binary flags)

" The outcome variable is CMS’s total payment to the provider during the
index and readmission periods
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Targeted Maximum Likelihood Estimation (TMLE) 1

" Targeted Maximum Likelihood Estimation (TMLE) is a causal inference
framework used to estimate a statistical quantity of interest

" |t allows the use of machine learning (ML) models in the process
= ML places minimal assumptions on the distribution of the data
= An ML approach known as “superlearning” is commonly used in TMLE

= Superlearning combines several models to make predictions, and is
theoretically as-good-as or better than any of the individual models

" |n this study, our ensemble models were generalized linear model,
boosting, lasso, and neural network CMS 2024
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Targeted Maximum Likelihood Estimation (TMLE) 2

" Let B denote baseline variables

" M is a vector of medical condition categories

= A denotes the current medical condition category under consideration

= M~ represents the vector M that excludes the variable A

= Yis the outcome, the total medical cost paid

" Ris a binary readmission indicator (i.e., R = 1 implies readmitted, O otherwise)

= We assume a nonparametric model and define the parameter of interest as:
O=Eyy-l[ENA=1,R=1W M) —EYNA=1,R=0W ,M)]

= This represents the effect of readmitted (R = 1) versus not readmitted (R = 0) for

condition category A, adjusting for baseline variables and comorbiditi%ﬁls -
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Data

= Medicare FFS claims, 2021 - 2022

= All inpatient beneficiaries in Pennsylvania and West Virginia
= 933,255 observations (117,010 excluded)

= 18.7% readmission rate

* Median index length of stay of 4 days

= 9,971 unique primary diagnosis codes (recoded to 87 hierarchical condition
categories (HCCs))
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Readmission
= A 30-day readmission occurs when the beneficiary’s “index” inpatient discharge is followed by

an inpatient admission having an admission date within 30 days of the index inpatient discharge
date

= DENOMINATOR
* Medicare Fee-for-Service (FFS) Part A beneficiaries with Part A coverage for any days of the
reporting time period
= NUMERATOR

30-day readmissions among beneficiaries contributing to the denominator

* |Inclusions

» Readmissions within 30 days of index inpatient discharge that occurred during the
period in short-term hospitals, critical access hospitals, and inpatient psychiatric
hospitals and units

* Exclusions
a Principal/first-listed diagnosis of COVID-19
4 Principal diagnosis of Sepsis or Transplant Complication with COVID-19 s 2024
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Figure 1. Characteristics of hospitalized beneficiaries
(N = 816,245)
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Figure 2. Percent of hospitalized beneficiaries by hierarchical condition
category (N = 434,665)
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Figure 3. TMLE estimates of incremental costs of hospital readmission for

index condition categories 1 - 13

[ ]
Incremental Costs
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Figure 4. TMLE estimates of incremental costs of hospital readmission for
index condition categories 14 - 26

Incremental Costs
Machine learning effect estimates by index diagnosis category
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Figure 5. Difference in cost estimates from linear regression versus
TMLE models

Linear Regression (LR) versus TMLE
Difference in effect estimates between LR and TMLE (LR minus TMLE)
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A General Approach to Return on Investment Valuation

= Savings on avoiding readmissions:

@ =Ewmu-[EW\A=1L,R=1,W,M") —E(Y\A=1,R=0,W,M")]

= Savings on avoiding ED Superutilizers

@=Ewu-[E\S=1L,W,M™) —EY\S=0,W,M")]

= Savings on avoiding Adverse Drug Events

®=Eyu-[EY\E=1,W,M~) —E(Y\E=0,W,M)]
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Conclusion

" There appears to be a need for a more robust approaching to the valuation
of the incremental cost of hospital readmissions

" Current methods may not be capturing the true estimate (i.e., unbiased)

" Thus cost or return on investment valuations related to hospital
readmissions may be understated or overstated

" Perhaps unsurprisingly, we note that the average incremental cost of a
schizophrenia readmission was undervalued by over $3000 in the
parametric model

= Previous literature demonstrated that mental health and substance use
disorders are substantially undercompensated in the current Marketplace
risk adjustment system (McGuire 2016; Montz et al. 2016)
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Appendix:
ICD-10 to HCC classification

ICD-10-CM codes HCC category description ‘

B20, B97.35, 221

A02.1, A20.7, A22.7, A26.7, A32.7, A39.2-A39.4, A40.-, Ad1.-, A42.7, A48.3, A54.86, B0O.7, B37.7,
P36.-, R57.1, R57.8, R65.1-, R65.2-, T81.12XA

A07.2, A31.0, A31.2, B25.-, B37.1, B37.7, B37.81, B44.0-B44.7, B44.89, B44.9, B45.-, BA6.-, BA8.4,
B48.8, B58.2, B58.3, B59

C77.0-C77.2, C77.4-C77.8, C78.-, C79.00-C79.72, C79.89, C79.9, C78B.-, C80.0, C91.0-,
£92.00-C92.02, C92.40-C92.A2, C93.0-, C94.00-C94.22, C94.40-C94.42, C95.0-

C15.-, C16.-, C17.-, C22. -, C23, C24.-, C25.-, C33, C34.-, C38.4, C45.-, CA8.-, C90.00-C90.22,
£92.10-C92.32, C92.9-, C92.Z-, C93.10-C93.92, C93.Z-, C94.30-C94.32, C94.80-C94.82

C40.-, CA1.-, C46.-, CA7.-, C49.-, C56.-, C57.00-C57.4, C58, C70.-, C71.-, C72.-, C74.-, C75.1-C75.3,
C77.3, C77.9, C79.2, C79.81, C79.82, C81.-, C82.-, C83.-, C84.-, C85.-, C86.-, C88.2-C88.9, C90.3-,

C91.-, C95.10-C95.92, C96.-

Incremental Cost of Medicare Beneficiary Hospital Readmissions

HIV/AIDS

Septicemia, sepsis and
systemic inflammatory
response syndrome/shock

Opportunistic infections

Metastatic cancer and acute
leukemia

Lung and other severe
cancers

Lymphoma and other cancers
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Partnership for Community Health — El Paso, Texas Community
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Facilitated Conversation: Coordination of Care Barriers

= Creative Brainstorming | /
a Discharge follow-up to ensure primary care physician follow-up \
a» Communication — find the right contact \ /
» Medication reconciliation
— S
 Transfer of information between providers
s Downstream access to electronic medical records
4 Streamline education and make it consistent —
» Nurse-to-nurse handoff
o N 4
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Multi-Voting: Coordination of Care Barriers

Top results:
= Need nurse-to-nurse handoff

= Need transfer of information between providers

Identified transfer of information between providers as the main barrier
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El Paso Nurse-to-Nurse Handoff Affinity Team: Leadership
Organizing Actions

= WE, THE EL PASO NURSE-TO-NURSE HANDOFF AFFINITY TEAM...
= Are organizing with the El Paso community providers...
= To improve patient care coordination

= By having a nurse-to-nurse handoff report at transitions
of care to improve the communication standard
developed within this group of providers

" In order to reduce avoidable readmissions by 6% and
adverse drug events by 2%

= By the end of December 2018

Resource: Originally adapted from a report by Ella Auchincloss, ReThink Health;

CMS 2024
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https://tmfnetworks.org/link?u=39bf5f

Partnership for Community Health — El Paso, Texas Community
Readmission Data

Baseline 30-day Readmission Rate Current 30-day Readmission Rate

+38.8%
Relative Improvement Rate
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El Paso Nurse-to-Nurse Handoff Affinity Team: Action Steps

Affinity * The El Paso Nurse-to-Nurse Handoff Affinity Team meeting
Team was held monthly using Re-Think Health and Leadership and
Meetings Organizing in Action.

11| * The TMF Quality Innovation Network provided TA to
Assistance help the affinity team review care transition
(TA) information and make needed updates.

QD (el « The affinity team created the Nurse-to-Nurse
Handoff/Transfer Report.

* The Joint Commission released 8 Tips for High-
quality Hand-offs. Scan the QR code to download it.
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Refining the Nurse-to-Nurse Handoff/Transfer Report

Testing

Barriers

Solutions
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Nurse-to-Nurse Handoff/Transfer Report

MNurse to Nurse Handoff/Transfer Report

When transterring a patient, this checklist can be used between a patient’s current and receiving caregiver. If the facility's pracess is
‘to send information electranically, this sheet can be used as a cheddist for the electronic form. Note: The essential iterns to sand,

according to The koint Commission, are in red.

Receiving Murse

Jituation

Patient Name:

Reparting Nurs act Numsber

Receiving Nurse Contact Nurmber

OB Date:
Faciity Msme: Uit Attending Physizisn
Conauitants Dates of Hospitalization

Influsnes Vaccing Received O Yes © Mo Date

Ader

Prsumesoces] O Yes o Mo Date

# Precent iness

Dineharg

Chooe Mode of Discharge Transportation to Home/SNF/LTAC: © Self S Caraghee

age = Male o Fernale

£ Mech Valve £ Low EF

Hest BT INR Oue

' O Anainty O Asticosgulant/Ressan

Diseharge Brpician

Ambulance

Language _ Comemunication Needs _

APl S DVT/PE

Current Courmadin Dose Last PT INR Result

Fhnsician Ordering PT INRs

Mistory of: © Arthritis © Asthrea O CVA © Alcheimer's © CAD O Cancer: Type T CHF

C Chronic Pein O £0RD © CKD O Defib

C Dialyss.

stor O Dementis O Depression O Disbetes O Fall Risk O GERDND Hypertension

Days Time Place:

Cath Type:

Swrgical History

Post Op: Swrgkcal Location

& Ostecporosis o Pacemaker © Selrures 5 Liver Disease

Surgeon

Patient Mama

A
| Hssasament

Advanced Dire

(RS SPRENEEY S

Gl

Bhana

Source: TMF Quality Innovation Network, Nurse to Nurse Handoff/Transfer Request,
retrieved online at https://tmfnetworks.org/link?u=fc977a on 2/7/2024

lecommendations

DOB
e s e -
02 Sat O/ Weight _ Pain Rating O Pain S2e
C Pain Med/Last Daie Pain R Sent? 0 Yed CNG  Pharmady
List Blood Soger Besuts _ e _Cardin: Bhythm _ __ Current Edeens Status A
Hemiglegia ©Yei S NS Side AMected Luhg Soundi

© Bisdder imcontinence  Foley. O Yes O Mo Cath meertion Dme: _ o Bowel incominence

= Odtomy  Dade of Last BM £ Bl Sonateili 5 Normal & Hyiel 5 Hype

Migansl Seatus: O Alent 1D Dianented © K1 0 K2 0 X3 O Agnated O Ferpethul © Comatase

et _ Conisteny © Fluid Restriction

Eate o belf = Winth Avcitance © Difficulty Swaliowing = Aupirstion Breceutiont

Tubé Feeding Product etfevery Petsuifd ) Salemm Sump © Easfecd
CG-Tube CHTube Dute Inserted * Free Wister Boka €C every houry
Infection: © MRSA D E-Cob O C-Df O VREA © Wep € Staph O VEE O WiV T Other

isoistion Precaution: S ves © Mo EMCC © POC Mesturenents

€ Porte Cath Accevsed Date. Asdibiotie/Dose /Durstion End Date _

Lt Dese Time Given: _ 2 Mook O CVLTRN O Y 8 M5 0 1P Drsin 0 Pennase Dein

Shin Caid & NG Shn Broakdown T Pridiune Uiier: Sage _ abaln _

£ 1™ Pressure Uloer Sage Location £ Wound Care Onders

= Wound Ve B mmfrg S ermittent S Continusut © Foam Color

Dt Lart Wownd Vac Drewueg Changed Dichange Condtion

£ Sert Wound Care Orders B Sent Last Wound Care Wobte € Supplies: | |

DM Needed & Mospits’ Bed £ Bariptric Bad S W/C & Walker © Sosttion Setup © Nebulaer £ Vestilstor Lettengy

Wipte: 0 AL D IMV O C-Pap Rate ™ L i
PELR = BPup Sestegs Cinygen Lizers/hiin £ Masal Camnuly
© Math = Trach Trach Sae O ST Tube DV Company

Pending Follow-Up Anpaintmenti Dute/Tire Phician _

Pending Follow U Appsintements DateTime Fersician

Pending Follow-Up Appointments Date, Tive Phpsician

Pending Lab and Tedt Besufti
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Care Coordination during the Pandemic — El Paso Community

AA A

Cuality Innovation Metwork

El Paso COVID-19 Capabilities Assessment

In an effort to support and help facilitate care coordination communication for our El Paso COVID-19 Care Coordination
Collaborative, please complete the assessment in order to ensure the information is up-to-date and accurate.

TMF will collect these updates and distribute them to the members of the El Paso COVID-19 Care Coordination
Collaborative.

Thank you!
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El Paso Nurse-to-Nurse Handoff Affinity Team: Next Steps

Phase One

MORE EFFICIENT
AND ACCURATE

Phase Two

Phase Three
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Conclusion

\

1}
L]

i
il ]

1

-CMé 2024 |ty
- Quali
A‘Conference

Resilient and Ready Together




	Incremental Cost of Medicare Beneficiary Hospital Readmissions: Valuation via a Robust Machine Learning Approach
	Highlights
	Introduction
	Introduction (continued)
	Unadjusted estimates from Weiss & Jiang, 2021
	A Condition-Specific ML Framework (Rose, 2018)
	Targeted Maximum Likelihood Estimation (TMLE) 1
	Targeted Maximum Likelihood Estimation (TMLE) 2
	Data
	Readmission
	Figure 1. Characteristics of hospitalized beneficiaries(N = 816,245)
	Figure 2. Percent of hospitalized beneficiaries by hierarchical condition category (N = 434,665)
	Figure 3. TMLE estimates of incremental costs of hospital readmission for index condition categories 1 - 13
	Figure 4. TMLE estimates of incremental costs of hospital readmission for index condition categories 14 - 26
	Figure 5. Difference in cost estimates from linear regression versus TMLE models
	A General Approach to Return on Investment Valuation
	Conclusion
	Authors
	Appendix:ICD-10 to HCC classification
	Engaging Partners and Communities
	Partnership for Community Health – El Paso, Texas Community
	Facilitated Conversation: Coordination of Care Barriers
	Multi-Voting: Coordination of Care Barriers
	El Paso Nurse-to-Nurse Handoff Affinity Team: Leadership Organizing Actions
	Partnership for Community Health – El Paso, Texas Community Readmission Data
	El Paso Nurse-to-Nurse Handoff Affinity Team: Action Steps
	Refining the Nurse-to-Nurse Handoff/Transfer Report
	Nurse-to-Nurse Handoff/Transfer Report
	Care Coordination during the Pandemic – El Paso Community
	El Paso Nurse-to-Nurse Handoff Affinity Team: Next Steps
	Conclusion


