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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 $3000 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 (Iezzoni, 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 

 In CMS’s 12th 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     b. Top 5 most expensive readmissions conditions

Source: Weiss & Jiang (2021). 
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

 It 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

 In this study, our ensemble models were generalized linear model, 
boosting, lasso, and neural network 
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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

𝑴𝑴− represents the vector M that excludes the variable A

 Y is the outcome, the total medical cost paid

 R is a binary readmission indicator (i.e., R = 1 implies readmitted, 0 otherwise)

We assume a nonparametric model and define the parameter of interest as:

∅ = 𝑬𝑬𝑾𝑾,𝑴𝑴− 𝑬𝑬 𝒀𝒀\𝑨𝑨 = 𝟏𝟏,𝑹𝑹 = 𝟏𝟏,𝑾𝑾,𝑴𝑴−  − 𝑬𝑬 𝒀𝒀\𝑨𝑨 = 𝟏𝟏,𝑹𝑹 = 𝟎𝟎,𝑾𝑾,𝑴𝑴−

 This represents the effect of readmitted (R = 1) versus not readmitted (R = 0) for 
condition category A, adjusting for baseline variables and comorbidities
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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
▴Principal/first-listed diagnosis of COVID-19
▴Principal diagnosis of Sepsis or Transplant Complication with COVID-19 
    in any secondary position
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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
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Figure 4. TMLE estimates of incremental costs of hospital readmission for 
index condition categories 14 - 26 
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Figure 5. Difference in cost estimates from linear regression versus 
TMLE models  
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A General Approach to Return on Investment Valuation

 Savings on avoiding readmissions:

∅ = 𝑬𝑬𝑾𝑾,𝑴𝑴− 𝑬𝑬 𝒀𝒀\𝑨𝑨 = 𝟏𝟏,𝑹𝑹 = 𝟏𝟏,𝑾𝑾,𝑴𝑴−  − 𝑬𝑬 𝒀𝒀\𝑨𝑨 = 𝟏𝟏,𝑹𝑹 = 𝟎𝟎,𝑾𝑾,𝑴𝑴−

 Savings on avoiding ED Superutilizers

∅ = 𝑬𝑬𝑾𝑾,𝑴𝑴− 𝑬𝑬 𝒀𝒀\𝑺𝑺 = 𝟏𝟏,𝑾𝑾,𝑴𝑴−  − 𝑬𝑬 𝒀𝒀\𝑺𝑺 = 𝟎𝟎,𝑾𝑾,𝑴𝑴−

 Savings on avoiding Adverse Drug Events

∅ = 𝑬𝑬𝑾𝑾,𝑴𝑴− 𝑬𝑬 𝒀𝒀\𝑬𝑬 = 𝟏𝟏,𝑾𝑾,𝑴𝑴−  − 𝑬𝑬 𝒀𝒀\𝑬𝑬 = 𝟎𝟎,𝑾𝑾,𝑴𝑴−
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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
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Partnership for Community Health – El Paso, Texas Community
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Facilitated Conversation: Coordination of Care Barriers

 Creative Brainstorming 
▴Discharge follow-up to ensure primary care physician follow-up

▴Communication – find the right contact

▴Medication reconciliation 

▴Transfer of information between providers 

▴Downstream access to electronic medical records

▴Streamline education and make it consistent 

▴Nurse-to-nurse handoff 
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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; 
modified by Kate B. Hilton, ReThink Health © Fannie E. Rippel Foundation, 2016. 
https://tmfnetworks.org/link?u=39bf5f
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Partnership for Community Health – El Paso, Texas Community 
Readmission Data

The baseline 30-day readmission 
rate in the El Paso, Texas 
community was 40.92% between 
October 2018 to September 2020.

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

Affinity Team Meetings: The El Paso Nurse-to-Nurse Handoff Affinity Team 
meeting was held monthly using Re-Think Health and Leadership and 
Organizing in Action. Technical Assistance (TA): The TMF Quality Innovation 
Network provided TA to help the affinity team review care transition 
information and make needed updates. Resources: 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
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Nurse-to-Nurse Handoff/Transfer Report 

Source: TMF Quality Innovation Network, Nurse to Nurse Handoff/Transfer Request, 
retrieved online at https://tmfnetworks.org/link?u=fc977a on 2/7/2024
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Care Coordination during the Pandemic – El Paso Community
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El Paso Nurse-to-Nurse Handoff Affinity Team: Next Steps
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Conclusion
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