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READMISSION RISK ASSESSMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 12/817,602, filed on Jun. 17, 2010, which
is herein incorporated by reference in its entirety.

BACKGROUND

[0002] An unplanned readmission occurs when a patient is
readmitted to a hospital within a certain period of time (e.g.,
30 days) after having been discharged from the hospital for
treatment of the same or related condition. Readmission rates
are particularly high with certain conditions, such as heart
failure and pneumonia. Hospitals are typically concerned
with reducing the number of unplanned readmissions as they
may reflect upon the quality of treatment provided by the
hospitals and also result in significantly increased costs.
Often, readmissions may have been preventable if the patients
received proper care while admitted at the hospitals during
the first visit and/or if the patients’ length of stay had been
extended. Additionally, readmissions may have been prevent-
able if proper monitoring and education had been provided to
patients after discharge. However, it is typically difficult to
identify the proper inpatient treatments and post-discharge
care appropriate for properly treating patients and preventing
readmissions.

BRIEF SUMMARY

[0003] This summary is provided to introduce a selection of
concepts in a simplified form that are further described below
in the Detailed Description. This summary is not intended to
identify key features or essential features of the claimed sub-
ject matter, nor is it intended to be used as an aid in determin-
ing the scope of the claimed subject matter.

[0004] Embodiments of the present invention relate to gen-
erating readmission risk prediction models for determining
the risk of readmission for patients and using the patients’
readmission risk in determining proper inpatient interven-
tions and/or outpatient activities. Readmission risk prediction
models may be generated using linear regression techniques
over clinically relevant data for any of a variety of different
clinical conditions. In embodiments, a readmission risk pre-
diction model may be built around a single patient condition
or multiple patient conditions. When a patient is admitted to
a hospital or other clinical facility, the patient’s condition is
identified and a corresponding readmission risk prediction
model is used to determine the patient’s readmission risk.
Inpatient treatment interventions may be identified based on
the patient’s readmission risk and provided as clinical deci-
sion support to a clinician. Additionally, the patient’s read-
mission risk may be reassessed and the patient’s care plan
adjusted over the patient’s stay. When the patient is dis-
charged, the patient’s readmission risk score may be used to
identify outpatient activities for the patient. Further, the
patient’s readmission risk may be reassessed after the patient
has been discharged and the post-discharge readmission risk
may be used for determining outpatient activities and/or to
readmit the patient.

[0005] Accordingly, in one aspect, an embodiment of the
present invention is directed to one or more computer storage
media storing computer-useable instructions that, when used
by one or more computing devices, cause the one or more
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computing devices to perform a method. The method
includes identifying a patient condition for a patient admitted
to a clinical facility and selecting a readmission risk predic-
tion model based on the patient condition. The method also
includes receiving patient data for the patient and computing
areadmission risk score using the readmission risk prediction
model and the patient data, the readmission risk score repre-
senting a probability of readmission for the patient. The
method further includes providing an indication of readmis-
sion risk for the patient based on the readmission risk score
for presentation to a clinician treating the patient.

[0006] Inanother embodiment, an aspect of the invention is
directed to one or more computer storage media storing com-
puter-useable instructions that, when used by one or more
computing devices, cause the one or more computing devices
to perform a method. The method includes computing a read-
mission risk score for a patient previously discharged from a
clinical facility. The method also includes determining an
outpatient treatment recommendation based on the readmis-
sion risk score. The method further includes providing the
outpatient treatment recommendation for presentation to a
clinician.

[0007] A further embodiment of the present invention is
directed to a computerized system that includes one or more
processors; and one or more computer storage media storing
computer-useable instructions that, when used by the one or
more processors, cause the one or more processors to: com-
pute a readmission risk score for a patient previously dis-
charged from a clinical facility; determine an outpatient treat-
ment recommendation based on the readmission risk score;
and provide the outpatient treatment recommendation for
presentation to a clinician.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention is described in detail below
with reference to the attached drawing figures, wherein:

[0009] FIG. 1 is a block diagram of an exemplary comput-
ing environment suitable for use in implementing the present
invention;

[0010] FIG. 2 is a flow diagram showing a method for
generating a readmission risk prediction model in accordance
with an embodiment of the present invention;

[0011] FIGS. 3A and 3B include a flow diagram showing a
method for using readmission risk for inpatient treatment and
outpatient activity planning in accordance with an embodi-
ment of the present invention;

[0012] FIG. 4 is a screen display of an exemplary view
illustrating condition management for a patient including lab
results for the patient and the patient’s readmission risk in
accordance with an embodiment of the present invention;

[0013] FIG. 5 is a screen display of an exemplary view
illustrating a user interface for generating orders for patients
including a initiating a readmission risk protocol in accor-
dance with an embodiment of the present invention;

[0014] FIG. 6 is a screen display of an exemplary view
illustrating an outpatient surveillance call list in accordance
with an embodiment of the present invention;

[0015] FIG. 7 is a screen display of an exemplary view
illustrating patient summary information for managing an
outpatient call in accordance with an embodiment of the
present invention; and
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[0016] FIG. 8 is a screen display of an exemplary view
illustrating a user interface for tracking outpatient informa-
tion in accordance with an embodiment of the present inven-
tion.

DETAILED DESCRIPTION

[0017] The subject matter of the present invention is
described with specificity herein to meet statutory require-
ments. However, the description itself is not intended to limit
the scope of this patent. Rather, the inventors have contem-
plated that the claimed subject matter might also be embodied
in other ways, to include different steps or combinations of
steps similar to the ones described in this document, in con-
junction with other present or future technologies. Moreover,
although the terms “step” and/or “block” may be used herein
to connote different components of methods employed, the
terms should not be interpreted as implying any particular
order among or between various steps herein disclosed unless
and except when the order of individual steps is explicitly
described.

[0018] Embodiments of the present invention provide com-
puterized methods and systems for generating readmission
risk prediction models using linear regression techniques.
Embodiments of the present invention further provide com-
puterized methods and systems for employing the readmis-
sion risk prediction models to assess the readmission risk of
patients and determine inpatient treatment interventions and
outpatient activities based on the patients’ readmission risk.
An exemplary operating environment is described below.
[0019] Referring to the drawings in general, and initially to
FIG. 1 in particular, an exemplary computing system envi-
ronment, for instance, a medical information computing sys-
tem, on which embodiments of the present invention may be
implemented is illustrated and designated generally as refer-
ence numeral 20. It will be understood and appreciated by
those of ordinary skill in the art that the illustrated medical
information computing system environment 20 is merely an
example of one suitable computing environment and is not
intended to suggest any limitation as to the scope of use or
functionality of the invention. Neither should the medical
information computing system environment 20 be interpreted
as having any dependency or requirement relating to any
single component or combination of components illustrated
therein.

[0020] The present invention may be operational with
numerous other general purpose or special purpose comput-
ing system environments or configurations. Examples of
well-known computing systems, environments, and/or con-
figurations that may be suitable for use with the present inven-
tion include, by way of example only, personal computers,
server computers, hand-held or laptop devices, multiproces-
sor systems, microprocessor-based systems, set top boxes,
programmable consumer electronics, network PCs, mini-
computers, mainframe computers, distributed computing
environments that include any of the above-mentioned sys-
tems or devices, and the like.

[0021] The present invention may be described in the gen-
eral context of computer-executable instructions, such as pro-
gram modules, being executed by a computer. Generally,
program modules include, but are not limited to, routines,
programs, objects, components, and data structures that per-
form particular tasks or implement particular abstract data
types. The present invention may also be practiced in distrib-
uted computing environments where tasks are performed by
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remote processing devices that are linked through a commu-
nications network. In a distributed computing environment,
program modules may be located in local and/or remote com-
puter storage media including, by way of example only,
memory storage devices.

[0022] With continued reference to FIG. 1, the exemplary
medical information computing system environment 20
includes a general purpose computing device in the form of a
server 22. Components of the server 22 may include, without
limitation, a processing unit, internal system memory, and a
suitable system bus for coupling various system components,
including database cluster 24, with the server 22. The system
bus may be any of several types of bus structures, including a
memory bus or memory controller, a peripheral bus, and a
local bus, using any of a variety of bus architectures. By way
of example, and not limitation, such architectures include
Industry Standard Architecture (ISA) bus, Micro Channel
Architecture (MCA) bus, Enhanced ISA (EISA) bus, Video
Electronic Standards Association (VESA) local bus, and
Peripheral Component Interconnect (PCI) bus, also known as
Mezzanine bus.

[0023] The server 22 typically includes, or has access to, a
variety of computer readable media, for instance, database
cluster 24. Computer readable media can be any available
media that may be accessed by server 22, and includes vola-
tile and nonvolatile media, as well as removable and non-
removable media. By way of example, and not limitation,
computer readable media may include computer storage
media and communication media. Computer storage media
may include, without limitation, volatile and nonvolatile
media, as well as removable and nonremovable media imple-
mented in any method or technology for storage of informa-
tion, such as computer readable instructions, data structures,
program modules, or other data. In this regard, computer
storage media may include, but is not limited to, RAM, ROM,
EEPROM, flash memory or other memory technology, CD-
ROM, digital versatile disks (DVDs) or other optical disk
storage, magnetic cassettes, magnetic tape, magnetic disk
storage, or other magnetic storage device, or any other
medium which can be used to store the desired information
and which may be accessed by the server 22. Communication
media typically embodies computer readable instructions,
data structures, program modules, or other data in a modu-
lated data signal, such as a carrier wave or other transport
mechanism, and may include any information delivery
media. As used herein, the term “modulated data signal”
refers to a signal that has one or more of its attributes set or
changed in such a manner as to encode information in the
signal. By way of example, and not limitation, communica-
tion media includes wired media such as a wired network or
direct-wired connection, and wireless media such as acoustic,
RF, infrared, and other wireless media. Combinations of any
of the above also may be included within the scope of com-
puter readable media.

[0024] The computer storage media discussed above and
illustrated in FIG. 1, including database cluster 24, provide
storage of computer readable instructions, data structures,
program modules, and other data for the server 22.

[0025] The server 22 may operate in a computer network 26
using logical connections to one or more remote computers
28. Remote computers 28 may be located at a variety of
locations in a medical or research environment, for example,
but not limited to, clinical laboratories, hospitals and other
inpatient settings, veterinary environments, ambulatory set-
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tings, medical billing and financial offices, hospital adminis-
tration settings, home health care environments, and clini-
cians’ offices. Clinicians may include, but are not limited to,
a treating physician or physicians, specialists such as sur-
geons, radiologists, cardiologists, and oncologists, emer-
gency medical technicians, physicians’ assistants, nurse prac-
titioners, nurses, nurses’ aides, pharmacists, dieticians,
microbiologists, laboratory experts, genetic counselors,
researchers, veterinarians, students, and the like. The remote
computers 28 may also be physically located in non-tradi-
tional medical care environments so that the entire health care
community may be capable of integration on the network.
The remote computers 28 may be personal computers, serv-
ers, routers, network PCs, peer devices, other common net-
work nodes, or the like, and may include some or all of the
components described above in relation to the server 22. The
devices can be personal digital assistants or other like devices.
[0026] Exemplary computer networks 26 may include,
without limitation, local area networks (LANs) and/or wide
area networks (WANSs). Such networking environments are
commonplace in offices, enterprise-wide computer networks,
intranets, and the Internet. When utilized in a WAN network-
ing environment, the server 22 may include a modem or other
means for establishing communications over the WAN, such
as the Internet. In a networked environment, program mod-
ules or portions thereof may be stored in the server 22, in the
database cluster 24, or on any of the remote computers 28. For
example, and not by way of limitation, various application
programs may reside on the memory associated with any one
or more of the remote computers 28. It will be appreciated by
those of ordinary skill in the art that the network connections
shown are exemplary and other means of establishing a com-
munications link between the computers (e.g., server 22 and
remote computers 28) may be utilized.

[0027] Inoperation, a user may enter commands and infor-
mation into the server 22 or convey the commands and infor-
mation to the server 22 via one or more of the remote com-
puters 28 through input devices, such as a keyboard, a
pointing device (commonly referred to as a mouse), a track-
ball, or a touch pad. Other input devices may include, without
limitation, microphones, satellite dishes, scanners, or the like.
Commands and information may also be sent directly from a
remote healthcare device to the server 22. In addition to a
monitor, the server 22 and/or remote computers 28 may
include other peripheral output devices, such as speakers and
a printer.

[0028] Although many other internal components of the
server 22 and the remote computers 28 are not shown, those of
ordinary skill in the art will appreciate that such components
and their interconnection are well known. Accordingly, addi-
tional details concerning the internal construction of the
server 22 and the remote computers 28 are not further dis-
closed herein.

[0029] As previously mentioned, embodiments of the
present invention relate to generating readmission risk pre-
diction models and using the readmission risk prediction
models to facilitate inpatient treatment and/or outpatient
activities. In embodiments, readmission risk prediction mod-
els may be generated utilizing logistic regression of existing
clinically relevant data. Each readmission risk prediction
model may be generated for a given condition using clinically
relevant data from patients diagnosed with that condition.
Additionally, in some embodiments, a readmission risk pre-
diction model may be built around multiple conditions.
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[0030] The readmission risk prediction models may be
embedded within electronic medical systems or provided as a
standalone software tool that facilitates determining the read-
mission risk of patients. In accordance with embodiments of
the present invention, when a patient is admitted to a hospital
or other clinical facility, the patient’s condition may be diag-
nosed. Based on the patient’s condition, a readmission risk
prediction model may be selected and used to calculate a
readmission risk score that represents the probability of read-
mission for the patient. The readmission risk may be based on
readmission within a predetermined period of time, such as
within 7 days after discharge, within 30 days after discharge,
within 60 days after discharge, within 90 days after discharge,
etc.

[0031] The readmission risk determined for patients may
be utilized during hospitalization to drive clinical workflows
for the patients. This may include linking the readmission risk
for patients to clinical decision support and providing user
interfaces to assist in identifying interventions for patients
and also linking to orders to allow clinicians to enter orders
based on review of readmission risk. For instance, readmis-
sion risk scores may help identify high readmission risk
patients such that clinicians may determine proper interven-
tions for those patients. In some embodiments, the system
may recommend treatment interventions based on patients’
readmission risks. For instance, readmission risk may be used
to modify a patient’s care plan including recommending
alternate therapies, performing additional studies, and/or
extending the patient’s length of stay. Additionally, the read-
mission risk may be linked to clinical decision support and/or
order subsystems such that clinicians may be identify and
implement patient treatments deemed appropriate based in
part on patients’ readmission risks. In some embodiments,
readmission risk scores may be recalculated over the length of
hospitalization for patients and the patient care plans modi-
fied based on the recalculated readmission risk scores.

[0032] In addition to facilitating inpatient treatment, read-
mission risk may be used to facilitate discharge planning and
outpatient activities. For instance, readmission risk may be
used to determine the need for and scheduling of surveillance
calls to patients and/or in-person appointments, in-home
treatment, and patient education. In some embodiments,
readmission risk scores may also be calculated after a patient
has been discharged. Such post-discharge readmission risk
scores may be used to modify outpatient activities and may
warrant readmitting patients in some instances.

[0033] Referring now to FIG. 2, a flow diagram is provided
that illustrates a method 200 for generating a readmission risk
prediction model in accordance with an embodiment of the
present invention. Initially, the condition around which the
readmission risk prediction model will be generated is deter-
mined, as shown at block 202. As indicated previously, risk
prediction models may be built around any given condition.
For instance, a risk prediction model may be built around
heart failure, acute myocardial infarction, pneumonia, acute
kidney injury, sepsis, to name a few. In some embodiments, a
readmission risk prediction model may be built around mul-
tiple conditions, each of which is identified at block 202.
[0034] Clinically relevant data for the identified condition
is accessed at block 204 for use as training data. The clinically
relevant data may come from any of a variety of public or
private sources, including, for instance, hospital electronic
medical records, research facilities, and academic institu-
tions. The data may be collected manually or may be retrieved
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using electronic data gathering mechanisms. In embodi-
ments, the process may include identifying relevant cases
useful for constructing a readmission risk prediction model
for the condition identified at block 202. Additionally, the
process may include identifying input and output variables
relevant to the identified condition. In some embodiments,
evidence-based practices may be used in determining rel-
evant cases and variables.

[0035] As shown at block 206, a logistic regression model
is built using the retrieved clinically relevant data. In embodi-
ments, the logistic regression model may be built around
patient readmissions within one or more given time periods,
such as readmission within 7 days after discharge, within 30
days after discharge, within 60 days after discharge, within 90
days after discharge, etc. The logistic regression model is then
tested for model fit, as shown at block 208. This may include
performing analyses to determine how well the model pre-
dicts outcomes, how well the model calibrates, and whether
the model is clinically useful. By way of example only, the
model may be tested by performing a receiver-operating char-
acteristic (ROC) area-under-the-curve (C-statistic) analysis
to determine how well the model predicts outcomes. As
another example, the model may be analyzed using a chi-
square test to determine how well the model calibrates.
[0036] Whether the performance of the logistic regression
model is adequate based on the model testing is determined at
block 210. Ifthe performance of the logistic regression model
is deemed to be inadequate, the process of selecting clinically
relevant data and/or building a logistic regression model may
be iterated until sufficient performance is achieved. A read-
mission risk prediction model is then generated using the
output from the logistic regression model, as shown at block
212.

[0037] Turning next to FIGS. 3A and 3B, a flow diagram is
provided thatillustrates a method 300 for using a readmission
risk score to facilitate treatment of a patient in accordance
with an embodiment of the present invention. Initially, as
shown at block 302, a patient is admitted to a hospital or other
clinical facility. Upon admitting the patient, a condition is
identified for the patient, as shown at block 304. In some
instances, the patient may be suffering from a single condi-
tion and the single condition is identified, while in other
instances, the patient may be suffering from multiple condi-
tions and the multiple conditions are identified at block 304.
[0038] A readmission risk prediction model is selected at
block 306 based on the condition identified for the patient at
block 304. In instances in which a single condition is identi-
fied, a readmission risk prediction model corresponding with
that condition is selected. For instance, if the patient is iden-
tified as suffering from heart failure, the system selects a
readmission risk prediction model that was built around heart
failure patients to determine the readmission risk of heart
failure patients. In some embodiment in which multiple con-
ditions are identified for the patient, a single readmission risk
prediction model built around those identified conditions is
selected. For instance, a patient may be suffering from heart
failure and pneumonia, and a single readmission risk predic-
tion model built around those two conditions may be selected.
In other embodiments in which multiple conditions are iden-
tified, multiple readmission risk prediction models are
selected, each model corresponding with one of the identified
conditions. For instance, if the patient is suffering from heart
failure and pneumonia, a readmission risk prediction model
for heart failure and a readmission risk prediction model for
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pneumonia may both be selected and used in conjunction to
identify readmission risk for the patient.

[0039] Patient data for the patient is received at block 308.
The patient data may include demographic data and/or clini-
cally relevant data for the patient. Additionally, the data
received at block 308 may be dependent upon the selected
readmission risk prediction model. In particular, each read-
mission risk prediction model may have a number of input
variables that are relevant to that model. As such, data corre-
sponding with the relevant variables are received as input to
the model for readmission risk assessment purposes.

[0040] Insome embodiments, the readmission risk predic-
tion models may be embedded within an electronic medical
system that includes electronic medical records or otherwise
may be in communication with electronic medical records for
patients. In such embodiments, the patient data may be
received by accessing the electronic medical record for the
patient and retrieving the relevant data. In some instances,
patient data used by the readmission risk prediction model
may not be available in the patient’s electronic medical
records, and the system may prompt a clinician to enter the
data or to order particular tests to be performed to obtain the
data. In further embodiments, the readmission risk prediction
models may be provided in standalone software separate from
an electronic medical record, and a clinician may enter the
patient data as variables for the readmission risk prediction
model. Any and all variations are contemplated to be within
the scope of embodiments of the present invention.

[0041] A readmission risk score is computed using the
selected readmission risk prediction model and the received
patient data, as shown at block 310. The readmission risk
score is then compared against one or more thresholds, as
shown at block 312. In accordance with embodiments of the
present invention, thresholds may be set by the clinical facil-
ity treating the patient, an external policy maker, and/or other
entity and used to trigger treatment recommendations based
on the risk of readmission. The thresholds may be condition-
specific. For instance, a readmission risk threshold used for
heart failure patients may differ from a readmission risk
threshold used for pneumonia patients.

[0042] In some embodiments, a single threshold may be
provided. If the readmission risk score exceeds the threshold,
the patient is identified as a high risk for readmission. Alter-
natively, if the readmission risk score is below the threshold,
the patient is considered to be a low readmission risk. In other
embodiments, multiple thresholds may be set providing more
than two ranges of readmission risk scores corresponding
with more than two levels of readmission risk.

[0043] Asshown at block 314, treatment recommendations
are determined based on the patient’s readmission risk level.
The treatment recommendations may be any of a variety of
different interventions intended to treat the patient’s condi-
tion and reduce the likelihood that the patient would need to
be readmitted. For instance, as noted above, a single threshold
may be used such that the readmission risk score indicates
either a low or high readmission risk. In some embodiments,
if the readmission risk is low, no interventions may be rec-
ommended and the care plan may remain unmodified. Alter-
natively, if the threshold is exceeded such that the readmis-
sion risk is high, certain interventions or a modified care plan
may be recommended based on the high readmission risk. In
embodiments in which multiple thresholds are used provid-
ing multiple risk levels, treatment recommendations may be
determined based on the risk level determined for the patient.
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In various embodiments of the present invention, the treat-
ment recommendations may be predetermined for each risk
level or the system may analyze or provide tools that allow a
clinician to analyze the input variables used by the readmis-
sion risk prediction model to identify personalized treatment
recommendations for the patient.

[0044] The readmission risk and/or recommended treat-
ments for the patient are presented to a clinician, as shown at
block 316. The readmission risk may be presented, for
instance, as a readmission risk score comprising a percentage
indicating the probability that the patient will need to be
readmitted after discharge. In addition to or in lieu of present-
ing a readmission risk score, the readmission risk determined
by comparison to one or more thresholds may be presented to
a clinician. For example, the patient may be identified as a
high readmissionrisk. As noted above, in some embodiments,
the system may automatically recommended interventions
based on the readmission risk level, and the system may
present those interventions. In other embodiments, after
determining that the readmission risk score exceeds certain
thresholds, the system may provide tools to the clinician to
allow the clinician to explore reasons why the readmission
risk score is high and to determine the best treatment options
for the patient.

[0045] In some embodiments, the readmission risk score
and recommended treatments may only be presented if a
threshold is exceeded by the patient’s readmission risk score.
For instance, if the patient’s readmission risk score is low, no
readmission risk information may be presented to the clini-
cian and a routine care plan may be provided. In other
embodiments, the system may provide an indication to the
clinician that the readmission risk for the patient is low.
[0046] Treatment alternatives are selected, and the patient
is treated, as shown at block 318. This may include perform-
ing a routine care plan if the readmission risk is low or
performing a modified care plan including interventions rec-
ommended based on readmission risk exceeding certain
thresholds. While the patient is treated, the readmission risk
score may be recalculated as shown by the return to block
308. The readmission risk score may be recalculated at pre-
determined points in time or any time patient data is updated
that may impact the readmission risk score for the patient.
Based on the readmission risk score recalculations, different
treatments options may be recommended and/or the patient’s
care plan may be modified. As such, the patient’s readmission
risk may be monitored during treatment and the patient’s care
modified as dictated by the patient’s readmission risk.
[0047] Insome embodiments, the system may monitor risk
score trending for the patient during treatment and use such
trending information to provide treatment recommendations.
For instance, multiple readmission risk score calculations
may indicate that the patient’s readmission risk is decreasing,
demonstrating that the current care plan is effective. Alterna-
tively, readmission risk score trending may correspond with
the patient’s readmission risk remaining stable or even
increasing, demonstrating that the current care plan is inef-
fective and/or that different interventions may be necessary.
[0048] After treating the patient, discharge planning is con-
ducted prior to discharging the patient, as shown at block 320.
This may include recalculating a readmission risk score for
discharge planning purposes and/or using a previously
obtained readmission risk score or risk score trending in
discharge planning. In some embodiments, the patient’s read-
mission risk score may be used to determine whether to
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discharge the patient. For instance, a rule may dictate that the
patient may not be discharged until the patient’s readmission
risk score falls below a certain threshold or exhibits a certain
downward trend over time.

[0049] Discharge planning may also include planning out-
patient activities to be conducted after the patient is dis-
charged. In embodiments, the patient’s readmission risk
score may be used in planning the outpatient activities for the
patient. The outpatient activities may include performing
patient monitoring, such as outpatient surveillance calls from
a clinician to the patient, scheduling appointments for the
patient, providing in-home healthcare, and educating the
patient on healthcare issues related to the patient’s condition.
The patient’s readmission risk score may be used to deter-
mine which outpatient activities to provide for the patient and
may also determine a schedule for surveillance calls and/or
appointments. For instance, if the patient is determined to be
a high risk for readmission, the discharge planning may
include placing the patient on a surveillance call list for high
risk patients.

[0050] After discharge planning is performed, the patient is
discharged, as shown at block 322. Any outpatient activities
planned by the patient are performed after discharge, as
shown at block 324. As noted above, the outpatient activities
may include surveillance calls, appointments, as well as a
number of other activities. Additionally, the patient’s read-
mission risk score is calculated after the patient has been
discharged, as shown at block 326. The readmission risk
score may be calculated, for instance, based on additional
information gathered from patient calls and appointments.
[0051] The readmission risk score calculated for a patient
after discharge may be used for anumber of purposes, such as
determining whether to readmit the patient and whether to
alter the patient’s outpatient activities. Accordingly, as shown
at block 328, a determination is made regarding whether to
readmit the patient based on the readmission risk score cal-
culated at block 326. This determination may be made, for
instance, by comparing the readmission risk score to a thresh-
old and determining to readmit based on the readmission risk
score exceeding the threshold. The determination may also be
made on readmission risk trending demonstrating a certain
increase in readmission risk over time. The determination to
readmit the patient may be based on clinician judgment as
well. For instance, the system may present a notice to the
clinician recommending that the patient be readmitted based
onthe readmission risk score and the clinician may review the
notice and determine whether to readmit the patient. If it is
determined that the patient should be readmitted, the patient
may be readmitted as shown at block 330. If readmitted, the
patient may be treated and the patient’s readmission risk
tracked and used for treatment purposes as described above.
[0052] Alternatively, it may be determined that the patient
should not be readmitted at block 328. For instance, the
patient’s risk score may not exceed a predetermined threshold
and/or a treating clinician may determine not to readmit.
However, it may be desirable to modify the outpatient activi-
ties for the patient based on the readmission risk score. For
instance, more frequent monitoring or additional testing may
be desirable based on an elevated readmission risk score. As
another example, no further outpatient activities may be
deemed advisable based on a decreased readmission risk.
Accordingly, as shown at block 332, outpatient activity rec-
ommendations are determined based on the outpatient read-
mission risk score. The readmission risk and/or outpatient
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activity recommendations are presented to a clinician, as
shown at block 334. Based on the readmission risk and/or
recommendations, the outpatient activities may be modified,
as shown at block 336. The process of performing outpatient
activities and recalculating readmission risk may be repeated
until the patient is readmitted or until it is determined that
outpatient activities and readmission risk score monitoring is
no longer necessary.

[0053] As discussed previously, embodiments of the
present invention include providing graphical user interfaces
that facilitate inpatient treatment and outpatient activities
based on readmission risk. FIGS. 4 through 8 are illustrative
of'user interfaces providing readmission risk information for
patients and proving clinical decision support to clinicians
based on readmission risk. It will be understood and appre-
ciated by those of ordinary skill in the art that the screen
displays of FIGS. 4 through 8 are provided by way of example
only and are not intended to limit the scope of the present
invention in any way.

[0054] Referring initially to FIG. 4, an illustrative screen
display 400 is provided showing readmission risk in context
of a condition management view for a patient in accordance
with an embodiment of the present invention. The condition
management view provides lab results information for the
patient. Additionally, the condition management view pro-
vides an indication of readmission risk 402 for the patient.
The condition management view further includes clinical
decision support 404 in the form of care plans that are sug-
gested by the system based on the patient’s readmission risk.
The clinician may review the information, including the
patient’s readmission risk, and determine whether to imple-
ment suggested care plans.

[0055] Turning to FIG. 5, an illustrative screen display 500
is provided that shows a user interface allowing a clinician to
enter orders for a patient in accordance with an embodiment
of the present invention. As shown in FIG. 5, the orders user
interface allows the clinician to select from a number of
different orders. The orders user interface also provides an
indication: “This patient meets criteria for ‘High® 30 day
readmission risk” and suggests that the clinician initiate a
heart failure readmission risk protocol. Accordingly, the cli-
nician can review the information and understand that the
patient has been identified as a high readmission risk. Based
on this information, the clinician may select an order 502 to
implement the heart failure readmission risk protocol for the
patient.

[0056] As noted above, in addition to providing inpatient
treatment tools, some embodiments of the present invention
may provide tools facilitating outpatient activities for patients
after discharge from a hospital. FIG. 6 provides an illustrative
screen display 600 of an outpatient surveillance user interface
in accordance with an embodiment of the present invention.
The outpatient surveillance user interface may include two
lists of patients: patients on a call list and patients on a no call
list. A clinician may toggle between the two lists using the
links 602 and 604. In some embodiments, patients having a
high readmission risk may be placed on the call list while
patients having a low readmission risk may be placed on the
no call list. Patients may be moved from one list to another
based on readmission risk and clinician judgment.

[0057] The screen display 600 illustrates a view of the
patient call list. The list may be used to by clinicians to
manage outpatient surveillance calls to patients. The list may
include information such as contact information for each
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patient, how long ago each patient was discharged, when each
patient was previously contacted, scheduled contact for each
patient, etc.

[0058] In some embodiments, the clinician may access
patient information by selecting a patient from the call list.
For instance, FIG. 7 illustrates patient information when “Joe
Patient” is selected from the call list. The patient summary
includes a readmission risk score for the patient providing the
clinician with an indication of the readmission risk for the
patient. The patient summary also includes a variety of infor-
mation that may be useful to a clinician responsible for con-
tacting the patient, including surveillance information from
previous contacts, medications, problems, and other related
documentation. Embodiments of the present invention may
further provide user interfaces for collecting patient informa-
tion when performing outpatient surveillance. FIG. 8 pro-
vides an illustrate screen display 800 of such a user interface.
The user interface and the information to be collected may be
triggered based upon the readmission risk for the patient.
[0059] As can be understood, the present invention pro-
vides a readmission risk prediction model built using linear
regression techniques and clinically relevant data. The
present invention further provides inpatient treatment inter-
ventions and outpatient activity recommendations based on
patients’ monitored readmission risk.

[0060] The present invention has been described in relation
to particular embodiments, which are intended in all respects
to be illustrative rather than restrictive. Alternative embodi-
ments will become apparent to those of ordinary skill in the
art to which the present invention pertains without departing
from its scope.

[0061] From the foregoing, it will be seen that this inven-
tion is one well adapted to attain all the ends and objects set
forth above, together with other advantages which are obvi-
ous and inherent to the system and method. It will be under-
stood that certain features and subcombinations are of utility
and may be employed without reference to other features and
subcombinations. This is contemplated and within the scope
of the claims.

What is claimed is:

1. One or more computer storage media storing computer-
useable instructions that, when used by one or more comput-
ing devices, cause the one or more computing devices to
perform operations comprising:

computing a readmission risk score for a patient previously

discharged from a clinical facility;

determining an outpatient treatment recommendation

based on the readmission risk score; and

providing the outpatient treatment recommendation for

presentation to a clinician.

2. The one or more computer storage media of claim 1,
wherein determining the outpatient treatment recommenda-
tion based on the readmission risk score comprises compar-
ing the readmission risk score against one or more predeter-
mined thresholds and determining the outpatient treatment
recommendation based on the comparison.

3. The one or more computer storage media of claim 1,
wherein determining the outpatient treatment recommenda-
tion based on the readmission risk score comprises determin-
ing to readmit the patient based on the readmission risk score
exceeding a predetermined threshold.

4. The one or more computer storage media of claim 1,
wherein the outpatient treatment recommendation comprises
at least one selected from the following:
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performing outpatient monitoring, scheduling outpatient
appointments for the patient, providing in-home health-
care, and educating the patient on healthcare issues
related to the patient’s condition.

5. The one or more computer storage media of claim 1,
wherein determining the outpatient treatment recommenda-
tion based on the readmission risk score and providing the
outpatient treatment recommendation for presentation to the
clinician comprises determining that the patient has a high
risk for readmission based on the readmission risk score and
placing or maintaining the patient on a call list for high risk
patients.

6. The one or more computer storage media of claim 1,
wherein the readmission risk score is computed using a read-
mission risk prediction model selected based on a patient
condition for the patient.

7. The one or more computer storage media of claim 6,
wherein multiple patient conditions are identified for the
patient, and wherein the readmission risk prediction model
corresponds with the multiple patient conditions.

8. The one or more computer storage media of claim 6,
wherein the method further comprises:

identifying a second patient condition for the patient; and

selecting a second readmission risk prediction model based

on the second patient condition;

wherein the readmission risk score is computed using the

readmission risk prediction model and the second read-
mission risk prediction model.

9. The one or more computer storage media of claim 1,
wherein the patient is identified as a high readmission risk
based on the readmission risk score.

10. The one or more computer storage media of claim 1,
wherein the operations further comprise re-computing the
readmission risk score and determining new outpatient treat-
ment recommendations based on the recomputed readmis-
sion risk score.

11. One or more computer storage media storing computer-
useable instructions that, when used by one or more comput-
ing devices, cause the one or more computing devices to
perform operations comprising:

receiving clinically relevant data associated with a given

clinical condition from a plurality of patient cases;
building a logistic regression model using the clinically
relevant data; and

developing a readmission risk prediction model using the

logistic regression model, the readmission risk predic-
tion model being capable of calculating a readmission
risk score for patients based on patient data, wherein a
readmission risk score for a patient represents a prob-
ability of readmission for the patient.
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12. The one or more computer storage media of claim 11,
wherein the operations further comprise testing the logistic
regression model for model fit by performing a receiver-
operating characteristic (ROC) area-under-the curve analy-
sis.
13. The one or more computer storage media of claim 11,
wherein the operations further comprise repeating building a
logistic regression model until the ROC area-under-the curve
analysis satisfies a predetermined threshold.
14. A computerized system comprising:
one or more processors; and
one or more computer storage media storing computer-
useable instructions that, when used by the one or more
processors, cause the one or more processors to:

compute a readmission risk score for a patient previously
discharged from a clinical facility;

determine an outpatient treatment recommendation based

on the readmission risk score; and

provide the outpatient treatment recommendation for pre-

sentation to a clinician.

15. The system of claim 14, wherein the outpatient treat-
ment recommendation is determined based on the readmis-
sion risk score by comparing the readmission risk score
against one or more predetermined thresholds and determin-
ing the outpatient treatment recommendation based on the
comparison.

16. The system of claim 14, wherein the outpatient treat-
ment recommendation includes determining to readmit the
patient based on the readmission risk score exceeding a pre-
determined threshold.

17. The system of claim 14, wherein the outpatient treat-
ment recommendation comprises at least one selected from
the following: performing outpatient monitoring, scheduling
outpatient appointments for the patient, providing in-home
healthcare, and educating the patient on healthcare issues
related to the patient’s condition.

18. The system of claim 14, wherein the outpatient treat-
ment recommendation is determined based on the readmis-
sion risk score by determining that the patient has a high risk
for readmission based on the readmission risk score, and the
outpatient treatment recommendation is provided for presen-
tation to the clinician by placing or maintaining the patient on
a call list for high risk patients.

19. The system of claim 14, wherein the readmission risk
score is computed using a readmission risk prediction model
selected based on a patient condition for the patient.

20. The system of claim 19, wherein multiple patient con-
ditions are identified for the patient, and wherein the readmis-
sion risk prediction model corresponds with the multiple
patient conditions.



