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EXECUTIVE SUMMARY 

Hospital readmissions carry significant financial costs and are 
associated with negative patient outcomes. While the reasons 
behind patient readmissions are multi-factorial, and the specific 
rates vary by institution, nearly 20 percent of all Medicare 
discharges nationwide led to a readmission within 30 days. 
Preventing even 10 percent of these readmissions could save 
Medicare $1 billion.

North Carolina’s only not-for-profit, independent community 
healthcare system, Mission Health, is comprised of seven 
hospitals, 750 employed/aligned providers, and one of the largest 
Medicare Shared Savings ACOs in the nation. Mission had been 
using the LACE index to predict risk for readmission, and while it 
was helpful, Mission’s patient population was different than the 
population used to develop the LACE index, leaving the health 
system with some uncertainty regarding the readmission risk of its 
patients. With the help of data analytics, Mission developed its 
own predictive model for assessing readmission risk, aimed at 
preventing readmissions and improving outcomes for patients. 

• The area under the curve (AUC) for Mission’s readmission
risk predictor is 0.784, outperforming LACE, and meeting the
organization’s goal for performance.

• Mission’s readmission rate is 1.2 percentage points lower
than its top hospital peers.

IMPROVING RISK ASSESSMENT FOR HOSPITAL READMISSIONS

Hospital readmissions are associated with high financial costs and 
unfavorable patient outcomes. Reasons for hospital readmissions 
are multi-factorial, and specific readmission rates vary by institution 
and patient population. For patients on Medicare, nearly 20 percent 
end up readmitted less than 30 days after discharge, resulting in a 
significant financial burden for Medicare payers and healthcare 
organizations. Preventing even 10 percent of these readmissions 
could save Medicare $1 billion.1
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Many organizations use the LACE index (length of stay (LOS), 
acuity of admission, Charlson Comorbidity Index, and number of 
emergency department visits in preceding six months) to predict a 
patient’s risk for readmission. This risk assessment was developed 
using data from 4,812 patients admitted to 11 hospitals in Canada 
between October 2002 and July 2006.2 While the LACE index is 
widely used, it was developed using data from middle-aged 
Canadian patients who did not have serious comorbidities. As a 
result, critics have questioned the validity of the LACE index in its 
applicability to broader patient populations, and have doubts 
regarding its predictive accuracy.3,4

Mission Health is western North Carolina’s only not-for-profit, 
independent community healthcare system. Mission is comprised 
of seven hospitals, including tertiary, critical access, and inpatient 
rehabilitation, 750 employed/aligned providers, and one of the 
largest Medicare Shared Savings ACOs in the nation. In total, the 
health system employs over 13,000 dedicated professionals. 

Mission’s primary goal, also called the “BIG(GER) Aim,” is to get 
every person to their desired outcome, first without harm, also 
without waste, and always with an exceptional experience for 
each person, family, and team member. This statement of intent 
applies to every individual the health system serves, from patients 
to clinical staff alike. In an effort to better achieve the goals of its 
BIG(GER) Aim, Mission looked to reducing readmissions as an 
opportunity to improve financial outcomes and better serve 
patients, their families, and staff.

LACK OF PREDICTIVE ANALYTICS HINDERS READMISSION 
REDUCTION EFFORTS

To help facilitate major process improvements, Mission’s 
centralized performance improvement team, made up of highly 
skilled process engineering professionals, is utilized to help 
facilitate major process improvement efforts. This approach had 
been successful for early transformational efforts. Mission had 
improved its clinical analytics, achieving significant reductions in 
sepsis and stroke mortality, LOS for bowel surgery and renal 
patients, and population screening for breast and colorectal 
cancer. This was achieved through embedding data-driven 
insights and improvements into workflows for more than 50 care 
process models. 

Without a culture of 
continuous improvement—
grounded in analytics, that 
permeates everything we 
do and all that we are—we 
are dead in the water.

Chris DeRienzo, MD, MPP, FAAP 
Chief Quality Officer & 

Neonatologist, 
Mission Health 
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However, as projects became more complex requiring higher 
levels of leadership, particularly from physicians, it became clear 
that more needed to be done. Mission invested resources to 
ensure continuous quality improvement over readmissions, which 
led to demonstrated early success in reducing its all-cause 
readmission rate. 

In order to further reduce readmissions, Mission identified a need 
to continue to improve the care processes, with the goal of 
preventing unplanned readmissions. Clinical leaders had been 
using the LACE index to predict the patients risk for readmission, 
and while it was helpful, Mission’s patient population was different 
than the population used to develop the LACE index, leading to 
questions regarding the predictive accuracy of the LACE index for 
Mission’s patients. Additionally, Mission was not able to use the 
patient’s LACE index readmission risk score until after the patient 
had been discharged, limiting the ability to use the score to inform 
decision making.

To truly impact unplanned readmission rates, Mission needed to 
improve its ability to accurately predict the patient’s risk for 
readmission prior to discharge, and ensure the data was made 
available to clinicians in a timely manner. To do this, Mission 
needed machine learning using data specific to its patient 
population.     

READMISSION RISK BETTER ASSESSED WITH MACHINE 
LEARNING

Mission decided to launch an integrated analytics team, made up of 
a data scientist, data architect, knowledge engineer, BI developers, 
training specialists, quality analysts, and clinical and operational 
leaders from various parts of the health system. The team’s goal 
was to use machine learning to drive meaningful clinical predictions. 

To create a predictive model for readmission risk, the integrated 
analytics team followed an outlined process of first clearly 
identifying the customer (the engaged stakeholder), identifying the 
problem the customer is trying to solve, and determining the value 
of the work, including the clinical and business case for a new 
model. To guide the development of predictive analytics, Mission 
uses 12 key questions when engaging with stakeholders:

• What is the business problem that motivates the need for
machine learning and a predictive model?

• What specific event, outcome, or quantity to be predicted?
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• Is there a specific amount of change in the event/outcome/
quantity that would be useful improvement operationally?

• What is the specific population for which a prediction of the
event/outcome/quantity is needed?

• At what point or stage of the phenomenon should the
prediction be made? On admission, 24 hours post-discharge,
within 90 days of hire date?

• How frequently do the predictions need to be updated?

• Is there a specific time of day the predictions need to be
available?

• Have there been prior analytics efforts or products on this
topic within the organization? If so, what were the efforts, and
who assisted in the development of the analytics?

• If predictions were made available, how will the predictions be
used?

• Are predictions currently being made by another person or
tool in the organization?

• Are there any industry-standard or widely-used alternative
prediction models that can be used as a benchmark? If so,
how widely have the prediction models been implemented?
What are the models’ performance levels?

• Are there any minimum required levels of performance? For
example: “we must correctly identify 90 percent of all positive
events as such” or “we must estimate a certain quantity within
+/- X units 75 percent of the time?”

With the problem established and the value confirmed, the team 
conducts research, performing a literature review and identifying 
competing models. As part of data discovery, team members 
identify data sources and determine if new data needs to be 
collected. After merging and augmenting their data as appropriate, 
the team performs descriptive analytics, ensuring they understand 
the descriptive properties of the data. Finally, the team then 
develops the new predictive model, which is then assessed, 
trained, and tested for accuracy. Only after thoroughly testing the 
new model is it then automated and integrated into the 
appropriate analytic application.
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Figure 1. Predictive Analytics Model visualization 

The readmission prediction model was built by using Mission’s 
patient populations and data assets, including LOS, acute 
emergent hospital admission, comorbidities, and emergency 
department visits.  By running the model against retrospective 
data, Mission was able to validate that the predictability of its 
readmission risk predictor outperformed LACE in Mission’s 
patient population, and more accurately predicted each patient’s 
readmission risk.

RESULTS

In a short time, Mission has launched an integrated team to drive 
meaningful clinical predictive analytics, resulting in the development 
of an automated predictive model for readmission risk. 

Mission relies upon the Health Catalyst® Analytics Platform and 
broad suite of analytics applications, as its infrastructure and 
primary source for data and analytics. The data warehouse 
enables healthcare organizations to automate extraction, 
aggregation, and integration of clinical, financial, administrative, 
patient experience, and other relevant data, empowering 
organizations to leverage advanced analytics to organize and 
measure clinical, patient safety, cost, and patient outcomes. 

Using the data infrastructure provided by the Health Catalyst 
Analytics Platform, Mission developed the readmission risk 
predictor. The analytics platform supported a relatively simple 
implementation of the new readmission prediction model (see 
Figure 1).
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• The AUC for Mission’s readmission risk predictor is 0.784,
outperforming LACE and meeting the organization’s goal for
performance. The team also met the goal for availability, with
the predictive risk score available by 8:00 a.m. the day after
discharge.

• The readmission risk predictor is being used to support ongoing
improvement in discharge follow up, contributing to a reduction
in the all-case readmission rate. Recently, Mission was again
named one of the nation’s Top 15 Health Systems by Truven
Health Analytics. Mission’s high performance in reducing
readmissions, coming in 1.2 percentage points lower than its
top hospital peers, contributed to it being recognized by Truven
as best in class. With an already strong readmissions
performance at baseline, as shown by the Truven Top 15
Health System data in 2017, Mission will begin using this new
model to continue driving down readmissions for patients
across the 18 counties of western North Carolina.

WHAT'S NEXT

Mission is dedicated to further refine its predictive analytics process, 
to develop and sustain data science projects in support of the 
BIG(GER) Aim. Mission plans to use predictive analytics for a variety 
of needs, all in an effort to improve clinical and financial outcomes 
throughout the health system. 
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ABOUT HEALTH CATALYST

Health Catalyst is a next-generation data, analytics, and decision 
support company committed to being a catalyst for massive, 
sustained improvements in healthcare outcomes. We are the 
leaders in a new era of advanced predictive analytics for population 
health and value-based care. with a suite of machine learning-
driven solutions, decades of outcomes-improvement expertise, and 
an unparalleled ability to integrate data from across the healthcare 
ecosystem. Our proven data warehousing and analytics platform 
helps improve quality, add efficiency and lower costs in support of 
more than 85 million patients and growing, ranging from the largest 
US health system to forward-thinking physician practices. Our 
technology and professional services can help you keep patients 
engaged and healthy in their homes and workplaces, and we can 
help you optimize care delivery to those patients when it becomes 
necessary. We are grateful to be recognized by Fortune, Gallup, 
Glassdoor, Modern Healthcare and a host of others as a Best 
Place to Work in technology and healthcare. 

Visit www.healthcatalyst.com, and follow us on Twitter, LinkedIn, 
and Facebook.
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