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I n 2018, there were approximately 1.7 million skilled nursing 

facility (SNF) admissions in the US, of which 22% resulted in a 

hospital readmission within 30 days of the SNF admission date, 

for a total of about 377,000 readmissions.1 Medicare spending on 

these readmissions was about $5.2 billion, based on an average 

payment rate of $13,367 per readmission. It has been estimated that 

one-fourth to two-thirds of SNF readmissions are preventable.2

This brief report describes a comparative longitudinal cohort 

analysis of relative risk-adjusted readmission rates, as published 

by CMS, for SNFs over the period of September 2017 to December 

2022.3 Risk-adjusted readmission rates were compared for cohorts 

consisting of SNFs associated with Penn Medicine’s Lancaster 

General Hospital (LGH), including a subset in which a technology 

designed to provide SNF staff and other health care providers with 

interventional analytics (IA) had been implemented, and peer SNFs 

in the state of Pennsylvania (PA) and the US.

METHODS
IA Platform

The technology platform used by LGH-associated SNFs included in 

this analysis was developed and is marketed by Real Time Medical 

Systems Inc, a private company headquartered in Maryland. 

The platform extracts structured and unstructured data from the 

electronic health record (EHR) of nursing home residents multiple 

times daily. Data are processed through more than 300 algorithms 

to identify “interventional moments,” which are then directly 

shared with nursing home staff, treating physicians, advanced 

practice nurses and physician assistants, and accountable care 

organization and/or hospital case managers, when available. These 

alerts are accompanied by recommended evidence-based protocols 

to address the issues that are placing the specific resident at risk. 

Thus, the system transmits the alert at a moment of opportunity, 

as well as the data and response protocols, directly to the providers 

at a time when hospital admissions are still avoidable. Data are 

transmitted via a cloud-based platform that can be accessed through 

a web-based portal or through a mobile app, all of which are Health 
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ABSTRACT

OBJECTIVE: To assess differences in longitudinal profiles 
for 30-day risk-adjusted readmission rates in skilled nursing 
facilities (SNFs) associated with Penn Medicine’s Lancaster 
General Hospital (LGH) that implemented an interventional 
analytics (IA) platform vs other LGH facilities lacking IA vs 
other SNFs in Pennsylvania vs facilities in all other states.

STUDY DESIGN: Retrospective longitudinal analysis of CMS 
readmissions data from 2017 through 2022, and cross-
sectional analysis using CMS quality metrics data.

METHODS: CMS SNF quality performance data were 
aggregated and compared with risk-adjusted readmissions 
by facility and time period. Each SNF was assigned to a 
cohort based on location, referral relationship with LGH, and 
whether it had implemented IA. Multivariable mixed effects 
modeling was used to compare readmissions by cohort, 
whereas quality measures from the fourth quarter of 2022 
were compared descriptively.

RESULTS: LGH profiles differed significantly from both 
state and national profiles, with LGH facilities leveraging 
IA demonstrating an even greater divergence. In the most 
recent 12 months ending in the fourth quarter of 2022, LGH 
SNFs with IA had estimated readmission rates that were 
15.24, 12.30, and 13.06 percentage points lower than the 
LGH SNFs without IA, Pennsylvania, and national cohorts, 
respectively (all pairwise P < .0001). SNFs with IA also 
demonstrated superior CMS claims-based quality metric 
outcomes for the 12 months ending in the fourth quarter 
of 2022.

CONCLUSIONS: SNFs implementing the studied IA platform 
demonstrated statistically and clinically significant superior 
risk-adjusted readmission rate profiles compared with peers 
nationally, statewide, and within the same SNF referral 
network (P < .0001). A more detailed study on the use of IA in 
this setting is warranted.
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Insurance Portability and Accountability Act 

compliant and maintained under the company’s 

HITRUST certification.

Source Data and Metrics

CMS has regularly published data sets on nursing 

homes that participate in the Medicare and 

Medicaid programs since 2016. The most recent 

data release on which this risk-adjusted readmis-

sion analysis relies was published on November 

8, 2023, and contains data from the 12 months 

ending on December 31, 2022. Readmission 

rates were accessed from the files named “NH_QualityMsr_Claims” 

under the column labeled “Adjusted Score.” This value represents the 

SNF 30-Day All-Cause Readmission Measure (SNFRM), as defined by 

CMS in its 2015 technical report and a subsequent update in 2019.4,5 

The SNFRM is a facility-level measure of risk-adjusted readmission 

rates among Medicare fee-for-service beneficiaries utilizing an SNF 

in a specific 12-month period. The risk adjustment is based on the 

likelihood of mortality, readmissions, and complications at the 

patient level.6 The data used herein reflect the time periods expressed 

in quarters from September 30, 2017, through December 30, 2022. 

Additional CMS data used in this report include CMS claims-based 

quality measures of preventable readmissions, successful discharge 

to the community, Medicare spending per beneficiary, and SNF health 

care–acquired infections resulting in a hospitalization reflecting 

the 12 months ending in the fourth quarter of 2022.

Cohort Definitions

Comparator SNF cohorts were defined by geography and referral 

relationship. The “rest of US” cohort represents the mean reported 

measures for each quarter across all facilities in the US, exclusive of 

facilities located in the state of PA. The “rest of PA” cohort represents 

the mean reported measures for all SNFs in PA, excluding any 

facilities included in the LGH referral relationship cohorts. The 

2 LGH cohorts consist of any SNF for which at least 50% of that 

facility’s admissions were referred from LGH. The “LGH with IA” 

cohort represents any LGH-associated SNF for which the IA platform 

had been implemented before the ending date of the period and 

is a subset of the LGH cohort. Finally, the “LGH without IA” cohort 

consists of the subset of the LGH cohort facilities that did not have 

the IA platform implemented during the measurement period. 

Noting that a total of 12 SNFs shifted cohorts over the time period, 

there were 11,174 SNFs in the rest of US cohort, as well as 579, 12, 

and 9 SNFs in the PA, LGH without IA, and LGH with IA cohorts, 

respectively, in the fourth quarter of 2022.

Statistical Analysis

Data were aggregated by cohort and quarter using the SNF as the 

unit of measure. Multivariable linear mixed effects modeling 

was used to regress adjusted readmission rate on fixed effects for 

cohort (time-varying, allowing for shifts over time), quarter, and 

their 2-way interaction; total nurse staffing hours per resident day 

(TOTHRD); provider in-hospital status7 (indicator of SNF residing 

in the hospital); and for-profit status8 (ownership). A random 

intercept was also included, noting SNF as the unit of measure. 

Parameter estimates with 95% CIs, SEs, and individual and overall 

P values were generated and reported. Least square mean estimates 

for adjusted readmission rates by cohort and quarter were also 

generated, along with pairwise comparisons by cohort within 

specific quarters. The P values for pairwise comparisons were 

adjusted for multiplicity using a conservative Bonferroni correc-

tion approach. Mixed effects model results were used to generate 

predicted curves over time for mean adjusted readmission rate by 

cohort. All analyses were performed using R 4.3.1 (R Foundation for 

Statistical Computing) and SAS 9.4 (SAS Institute Inc). Statistical 

significance was taken at the 0.05 level.

RESULTS
The Figure (A) provides a line plot of the raw adjusted readmission 

rates over time by cohort, illustrating that LGH facilities, with or 

without IA, experienced lower adjusted readmission rates over 

the entire study period compared with the rest of PA or nationally. 

Beginning in mid-2020, LGH facilities without IA began to experi-

ence an upward trend in adjusted readmission rates that continued 

through the fourth quarter of 2022, whereas LGH facilities with IA 

continued to experience a decline in adjusted readmission rates 

throughout the entire study period. The Table provides results of the 

mixed effects model for adjusted readmission rates, demonstrating 

that the longitudinal profiles differ significantly over time by cohort 

(2-way quarter*cohort interaction, overall P < .0001). The Figure (B) 

provides a visual of the predicted mean profiles over time by cohort, 

again illustrating significantly lower adjusted readmission rates 

over time for LGH facilities and mirroring the profiles over time 

for the raw data provided in the Figure (A). Based on the mixed 

model results, eAppendix S5 (eAppendix available at ajmc.com) 

provides least square mean estimates for adjusted readmission 

rate comparisons at the 12 months ending in the final quarters of 

each calendar year (4Q2017, 4Q2018, 4Q2019, 4Q2020, 4Q2021, and 

4Q2022), along with their relative percentage differences and their 

associated unadjusted and adjusted P values. Absolute pairwise 

TAKEAWAY POINTS

Using a retrospective longitudinal analysis of 30-day risk-adjusted readmission rates among 
skilled nursing facilities (SNFs) between 2017 and 2022, facilities that had implemented an 
interventional analytics (IA) platform were compared vs other SNFs in the same referral 
network and against state and national averages.

	› SNFs implementing IA had longitudinal profiles for risk-adjusted readmission rates that 
significantly outperformed their state and national peers as well as other SNFs in the same 
referral network that had not leveraged IA.

	› In the latest 12-month reporting period, SNFs with IA outperformed their peers on all 4 CMS 
claims-based quality measures examined.
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FIGURE. Risk-Adjusted Readmission Rates Over Time (Raw and Predicted) and CMS Readmission-Related Claims-Based Quality Measures

IA, interventional analytics; LGH, Lancaster General Hospital; PA, Pennsylvania; SNF, skilled nursing facility.

A. SNF 30-day risk-adjusted readmission rates over time B. Mixed effects model results: mean predicted risk-adjusted readmission 
rates over time by cohort

C. CMS readmission-related claims-based quality measures
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differences range in magnitude from 0.07 to 13.27, both pairwise 

differences for LGH with IA vs without IA, in the 12 months ending 

in the fourth quarter of 2019 and 2022, respectively, corresponding 

to relative percentage differences ranging from 0.47% to 54.81%, 

respectively. The figures and least square mean estimates demonstrate 

that LGH facilities implementing IA reported an even more marked 

divergence in readmission rates than the LGH cohort without the 

IA platform. All pairwise differences beyond 2017 for LGH with IA 

were significant at the .05 level based on the unadjusted P values 

(not accounting for multiplicity), except for the comparison of 

LGH without IA in the fourth quarters of 2018, 2019, and 2020. 

The separation in adjusted readmission rates for LGH with IA is the 

greatest in most recent quarters, reaching a peak of 54.81% relative 

percentage points between LGH with and without IA (10.94 vs 24.21; 

absolute difference of 13.27) in the 12 months ending December 

31, 2022. In the fourth quarter of 2022, the LGH with IA cohort 

demonstrated significantly lower predicted adjusted readmission 

rates compared with the other 3 peer cohorts (P < .0001). Specifically, 

LGH SNFs with IA had readmission rates that were 13.27 (relative 

difference, 54.81%), 10.80 (relative difference, 49.68%), and 11.56 

(relative difference, 51.38%) percentage points lower than the LGH 

SNFs without IA, PA, and national cohorts, respectively (all adjusted 

P < .001 and unadjusted P < .0001). Significant Bonferroni-adjusted 

pairwise P values did not emerge until the fourth quarter of 2021, 

when LGH with IA statistically separated from the rest of PA  

and nationally.

Cross-Sectional Analysis of Quality Measures

Given the significant divergence in readmission rates between the 

cohorts, other CMS claims-based quality measures were examined 

for whether a similar divergence could corroborate study findings 

with respect to SNFRM. The 4 CMS reported claims-based quality 

measures were potentially preventable readmissions, successful 

discharge to the community, Medicare spending per beneficiary, 

and SNF health care–acquired infections resulting in a hospitalization. 

The Figure (C) provides a bar chart comparison of these 4 measures 

by cohort for the 12 months ending in the fourth quarter of 2022. 

The LGH with IA cohort was similar to or exceeded its peers in all 

4 of these additional quality measures.

CONCLUSIONS
The LGH with IA cohort demonstrated a pattern of outperformance 

compared with the LGH without IA cohort, as well as peers at both 

the state and national levels, for risk-adjusted hospital readmis-

sions and for all other core CMS claims-based quality measures for 

the years examined. The last year of analyzed data demonstrated 

the greatest absolute difference in risk-adjusted readmission rate 

between LGH-associated SNFs with IA and the LGH-associated SNFs 

without IA. The associated reductions in adjusted readmission rates 

were independent of several facility-level confounding factors, 

including provider in-hospital status, ownership type, and nurse 

staffing ratios. In addition to improved performance on the overall 

readmission metric, LGH facilities with IA also showed improved 

performance on 4 other CMS quality metrics covering clinical, 

operational, and financial performance. These metrics may not 

themselves be explanatory of the improved overall readmission 

rate, but the directional consistency of all these measures reinforces 

this relationship.

With respect to LGH-associated SNFs overall, there are several 

potential independent factors that were not examined in this 

analysis that could contribute to increased performance on the 

reported metric, if present. LGH-associated SNFs could have 

possessed characteristics that have been previously shown to 

be effective in reducing rehospitalizations that are not readily 

measured in the CMS data. This could include a greater investment 

in training and quality improvement.9 Residents discharged from 

LGH-associated SNFs could have had higher rates of home care 

follow-up than their comparative peers.10 The overall population 

served by LGH-associated SNFs could have been at lower risk for 

TABLE. Linear Mixed Effects Model Results for Risk-Adjusted Readmission Rates

Effect Cohort Estimate SE Lower 95% CL Upper 95% CL Individual P Overall P

Cohort LGH with IA –3.7895 1.4917 –6.7132 –0.8658 .0111 <.0001

Cohort LGH without IA –5.4917 1.1502 –7.746 –3.2375 <.0001

Cohort Pennsylvania –0.3476 0.1946 –0.7291 0.03382 .0741

Quarter 0.002095 0.001695 –0.00123 0.005418 .2165 <.0001

Quarter*cohort LGH with IA –0.4068 0.06582 –0.5358 –0.2778 <.0001 <.0001

Quarter*cohort LGH without IA 0.02072 0.0512 –0.07963 0.1211 .6857

Quarter*cohort Pennsylvania –0.01597 0.007686 –0.03104 –0.00091 .0377

TOTHRD –0.04224 0.0243 –0.08988 0.005393 .0822 .0822

INHOSP –0.696 0.1473 –0.9847 –0.4072 <.0001 <.0001

Ownership 0.4592 0.05797 0.3456 0.5728 <.0001 <.0001

CL, confidence limit; IA, interventional analytics; INHOSP, skilled nursing facility resides in hospital indicator; LGH, Lancaster General Hospital; ownership, profit 
vs nonprofit indicator; TOTHRD, total nurse staffing hours per resident day.
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poor outcomes based upon known risk factors not otherwise 

captured in the CMS risk-adjustment methodology.11 eAppendix 

S6 provides counts for the total number of facilities, along with 

the estimated number of patients, within each cohort during the 

first and last quarter of the time period of interest. Also included 

are mean numbers for TOTHRD, in-hospital status, and for-profit 

status, illustrating the small number of facilities within the LGH 

cohorts and potential imbalance in these select SNF characteristics. 

To account for these potential imbalances, we did adjust for these 

factors in the mixed effects modeling of outcome over time by 

cohort. A higher proportion of patients who use LGH-associated 

SNFs could have been part of an accountable care organization, 

which may be an independent driver of risk reduction through 

more comprehensive discharge planning and follow-up.12

The improved quality performance of the cohort with the IA 

platform implemented is consistent with findings regarding the 

value of technology in health care settings generally13,14 and SNFs 

specifically.15 Additional contributing factors may include the 

integration of timely and important information from the IA plat-

form, thus augmenting the nursing homes’ staff and primary care 

providers in making clinical decisions before the acuity requires 

a transfer to the hospital; technologies that integrate data on risks 

documented in narrative clinical notes through natural language 

processing have been shown to improve staff’s understanding of 

residents’ care needs16,17; and technologies that provide real-time 

alerts to give staff the time needed to mitigate or eliminate risks.18 

Timely data on high-risk residents also position decision makers 

with contextual information essential to refine care processes and 

target quality improvement initiatives.19

Based on the reported $5.2 billion annual CMS costs associ-

ated with SNF hospital readmissions,1 reducing the national SNF 

readmission rate to the rate reported in the LGH with IA cohort in 

this study would represent savings of approximately $2.8 billion 

annually to CMS—a strong justification for further study of the 

impact of IA within the SNF setting.  n
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