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Objective: To describe the design, development, and deployment of an electronic health record (EHR)-
based application to manage the Mayo Clinic home dialysis program, improve staff efficiency, and ensure
delivery of high-quality clinical care.

Patients and Methods: At Mayo Clinic, the Cohort Knowledge Intelligence Solutions (CKIS) team de-
velops innovative patient cohort management solutions using the Epic Healthy Planet module. The CKIS
team uses a collaborative and agile approach that incorporates feedback from clinical stakeholders and
informatics to create these solutions that improve and automate processes for clinical staff, all managed
within the EHR. Over several months (September 1, 2019, to December 30, 2020), the clinical nephrology
and CKIS teams met regularly to develop in an iterative fashion 2 home dialysis applications. Time spent
on various EHR-related home dialysis tasks was compared before and after the implementation of the
applications based on the Nursing Efficiency Assessment Tool (NEAT).

Results: Two EHR applications were developed for managing home dialysis referrals and enrollments or
monitoring, respectively. The applications consolidate all needed information and provide real-time data
to manage patients at the individual or population level. Time saved for the 2 dialysis nurses who worked
before and after the implementation was 25 and 20.4 minutes per 8-hour shift, respectively.
Conclusion: We developed and implemented 2 EHR applications that proved useful and increased effi-
clency in managing a home dialysis program. These digital tools can facilitate quality metrics reporting,
scale the home dialysis program, and improve care delivery.
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‘ he prevalence of chronic kidney dis-
ease (CKD) has increased worldwide,
and currently about 14%-15% of the

US population is affected."” More advanced

CKD requiring kidney replacement therapy is

much less common but contributes to dispro-

portionate spending by Medicare because of
the high cost of providing care for these
individuals.”

Kidney transplantation is the preferred
kidney replacement option for eligible individ-
uals, but many patients remain dependent on
dialysis owing to organ shortages.” Home

dialysis modalities offer many advantages
compared to in-center dialysis, such as
increased flexibility, better quality of life,
lower cost, and for peritoneal dialysis, better
preservation of residual kidney function.””
The requirement of home dialysis modalities
(home hemodialysis and peritoneal dialysis),
however, is lower in the United States
compared with other developed countries.””
In July 2019, the Department of Health and
Human  Services (HHS) released the
Advancing American Kidney Health (AAKH)
initiative that aims to incentivize home dialysis
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and transplantation, with an ambitious goal of
having 80% of kidney replacement therapies
be either a transplant or home dialysis by
202517

The logistics of establishing a home
dialysis program, which include education,
enrollment, modality training, and care coor-
dination, is complex and requires significant
investments in personnel, infrastructure, and
technology. Nurses are the backbone of
home dialysis programs and, in addition to
necessitating specialized expertise, they need
to support medically complex patients from
the initial referral onward. Running an effi-
cient program requires a reliable, real-time,
and accurate digital health data collection
and tracking system.

Until recently, our home dialysis program
relied on Microsoft Excel workbooks on a
secured network server as a registry to track
some aspects of patient care. Although this so-
lution was feasible when our program was
small, over the last decade, the program has
quadrupled in size. This growth rendered the
existing manual system unsustainable and
limited our ability to further scale our opera-
tion in an efficient and safe manner. When
our institution transitioned in 2018 to a new
single electronic health record (EHR) (Epic
systems) across all campuses in 5 states, the
nephrology department decided to seek a
more intelligent and automated solution acces-
sible by all care team members to help stream-
line and monitor the home dialysis program
based on our protocol of care. The EHR-
integrated population health management
approach to manage various conditions (iden-
tification, risk stratification, care gap evalua-
tion, and process or outcome monitoring)
has been previously described with variable
success. For example, 1 study of EHR-based
digital health surveillance strategies reported
the successful use of registries, custom dash-
boards, and operational reports to provide
daily high-level summary for clinical practice
use and up-to-date information to manage in-
dividual patients affected by COVID-19."" In
another study, an EHR-based dashboard com-
plementing an ongoing quality improvement
program reduced all-cause 30-day readmission
rates for heart failure.'” An EHR-integrated Pa-
tient-Reported Outcomes application (eSyM)
has also been deployed as part of routine

clinical practice to optimize symptom manage-
ment."” The tool was developed for patients,
clinicians, and population health managers
but presented technical and operational chal-
lenges with the clinical team expressing
concern about the added workload. For
CKD, particularly, 2 studies from large aca-
demic centers reported the successful develop-
ment and validation of EHR-based
registries.' "' One of these studies highlighted
several opportunities to improve care delivery,
such as annual testing for proteinuria, the use
of medications to slow kidney disease progres-
sion, vascular access placement, and trans-
plant referrals.!” However, to our knowledge,
limited studies have reported satisfaction or
quantified the time saved by clinical team
members, and no EHR-integrated application
has been previously developed and validated
for the management of a home dialysis pro-
gram.'”'" EHR-related workload is increas-
ingly being recognized as a source of
dissatisfaction and burnout among staff;
hence, designing and demonstrating efficient
workflows (in addition to improved clinical
outcomes) is critical for the wellbeing of the
health care workforce.'®'

We present in this manuscript our experi-
ence in designing, developing, and deploying
a system wide home dialysis application in
our EHR and share its benefits, limitations, les-
sons learned, and future applications.

PATIENTS AND METHODS

Practice Setting

Mayo Clinic is an integrated multispecialty,
multistate, and academic medical center with
a local, regional, national, and international
referral base and an annual volume of outpa-
tient visits of more than 1.5 million. The Mid-
west campus serves a 1.2 million population
coverage area and provides comprehensive
kidney care for patients with CKD, including
those in need of kidney replacement therapies.
Mayo Clinic in Rochester, Minnesota has a
very active transplant center with annual vol-
umes of over 250 patients and owns most of
the dialysis centers (11 dialysis units in addi-
tion to a home dialysis program totaling over
400 patients) and nearby community hospi-
tals. This integration provides a unique advan-
tage when caring longitudinally for patients
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with progressive CKD. In this article, we focus
on the Midwest-based program, although the
home dialysis application is system wide.
The Mayo Clinic Rochester home dialysis pro-
gram was established more than 2 decades ago
and expanded from less than 10 patients in the
early 2000s to over 60 with a goal of doubling
its capacity in the next 3-5 years. The program
is currently staffed by 6 registered nurses, 2
patient care technicians, 1 dietitian, 1 social
worker, 2 nurse practitioners, and 5 nephrol-
ogists. More than 40 providers (nephrologists
and nurse practitioners) within our practice
refer patients to the home dialysis program.
In the last 3 years, we have also expanded
the home program to include home dialysis
therapies in a nursing facility, with a census
of 4-8 patients treated with hemodialysis.

Process of Development

The nephrology department assembled a large
team of stakeholders to streamline the enroll-
ment and monitoring of patients in the home
dialysis program. The team included the chair
of the nephrology clinical practice (Z.M.Z.),
the medical director of the home dialysis pro-
gram (A.G.K.), 2 home dialysis nurses (D.S.,
K.H.), a nurse practitioner (M.D.), and clinical
informatics information technology applica-
tion analysts and information technology de-
velopers experienced in the development of
applications for the management of cohorts
of patients called Cohort Knowledge Intelli-
gence Solutions (CKIS) at Mayo Clinic. After
an initial discussion of the goals of this project
and based on the operational workflow and
data needed for best practice, the clinical
team determined the content of the applica-
tion. The stakeholders met on average every
2 weeks over a 6-month period to develop
in an iterative fashion the initial application
and test the efficiency of the system over the
subsequent 3-4 months (overall time frame:
from September 1, 2019, to December 30,
2020). During this process, the team
concluded that 2 applications were required
to meet the clinical need. The purpose of the
first one entitled home dialysis watch list is
to manage the referral to the home program
and to ensure that the patients are moving in
a timely fashion through the evaluation phase
(complete all necessary steps) before comple-
tion of the supervised in-center home training.

Patients who are not eligible for the home pro-
gram are removed from the watch-list applica-
tion. Once the training is complete, a patient is
moved and activated in the second application
entitled home dialysis monitoring to track
monthly visits, laboratory data (such as ade-
quacy, hemoglobin, and chemistry panel),
missing monthly and quarterly laboratory
tests, relevant immunizations (influenza, hepa-
titis B, and pneumococcal), the last abnormal
blood culture, the last abnormal dialysate anal-
ysis indicative of peritonitis, hospitalizations,
and transplant status. In addition, active treat-
ment with erythropoietin stimulating agents or
iron supplements is automatically collected.

Before the transition to the integrated
home dialysis applications within the EHR,
data regarding patient wait lists, surgical plan-
ning, transfer set changes, monthly laboratory
test reports, dialysis adequacy, and care plans
were kept in a combination of papers and
multiple individual Excel sheets. For example,
patients who were being evaluated for home
dialysis but were not yet active in the home
dialysis program had their names and medical
record numbers recorded manually on a paper
sheet, stored in a binder, and updated by the
dialysis program scheduler through regular
chart review. For active patients in the home
dialysis program, the required data was
entered in Excel sheets maintained initially
by a dialysis technician. With the subsequent
growth of the program, each dialysis nurse
helped maintain the data for his or her
assigned patients. These Excel documents
were stored in the department’s secured elec-
tronic drive, accessible by the nephrology
team. Finding the data for their paneled or in-
dividual patients, however, was cumbersome
and time consuming because it was outside
the wusual workflow of the EHR
Supplemental Figure 1, available online at
https://www.mcpdigitalhealth.org/, shows ex-
amples of these Excel documents.

CKIS Architecture and Application
Development

At Mayo Clinic, the CKIS team is behind the
development of many innovative patient
cohort management solutions using the Epic
Healthy Planet module. The CKIS team uses
a collaborative and agile approach that incor-
porates feedback from clinical stakeholders
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and informatics to create care management so-
lutions based on agreed protocols of care,
which improve and automate processes for
clinical staff, all managed within the EHR.
All projects are reviewed through a standard
intake process that factors in the scope of the
project, enterprise effect, patient safety, quality
of care, and revenue effect, among other
criteria. Once approved and assigned, a busi-
ness analyst and a builder will work with a
group of stakeholders anywhere from several
weeks to several months, depending on the
scope of the project to complete a solution.

After the scope of a project is defined, a
registry is used to gather a patient cohort along
with a subset of metrics required to support
the practice’s needs. The registry is an internal
tool housed within Epic’s software and uses a
rule-based framework consisting of 2 main
components, an inclusion rule and metrics.
The inclusion rule is used to define the popu-
lation and uses a combination of charted data,
such as the patient’s diagnosis, medication,
surgeries, or general demographic characteris-
tics (age, gender, etc.). The metrics also sets
rules and define what data will be captured
for the population. Once a patient meets the
defined inclusion criteria, the underlying met-
rics are processed, and data is captured. Met-
rics are designed to support the monitoring
workflow in addition to future quality analysis
and outcomes. They typically capture dates,
laboratory values, appointment information,
patient demographic characteristics, and
more. Finally, a report is built, allowing users
to visualize and interact with the registry data.
Within the reports, specific patient metrics are
displayed pertinent to the practice that may
include laboratory test results, appointment
information, or customized algorithms to
create alerts for care team members to help
them prioritize their work. The last phase of
the build process includes testing and
ensuring that the initial agreed upon require-
ments have been met. Several months after
the build is complete, the CKIS team meets
with the customers to complete a value assess-
ment that measures the effect of the solution
provided.

Outcomes
To assess the effect of the new applications on
the nursing staff, we used a tool available in

the EHR that can track time spent on various
tasks called NEAT: Nursing Efficiency Assess-
ment Tool. This tool was created by the Epic
team to help prioritize continuous improve-
ment opportunities and to create targeted ac-
tion plans for specific users. The tool can
help review system efficiency data and identify
users who could benefit from efficiency
training to make changes. Informatics and
project managers use the NEAT tool routinely
to assess preimplementation and postimple-
mentation of projects to ensure success in
deployment. Time spent on 6 different tasks
performed by the home dialysis nurses within
the EHR (flowsheets, schedule, notes, orders,
chart review, and communication) was
compared numerically. The tasks that were
chosen (a priori) for the NEAT data were activ-
ities in Epic that nurses spent the most time in,
particularly reviewing patients that would be
considered on the watch list. To minimize
bias (related to time or experience and changes
in case load over time), we used the month
just before implementation as the baseline
measurement. For the postimplementation
measurement, and assuming a learning curve
of a few months is needed for the nurses to
be proficient in using the applications, we
used the 6-month mark. We did not perform
a formal statistical analysis because only 2
nurses showed efficiency data before and after
implementation because of staff transitions.

Home Dialysis Personnel and Workload

Although the program expanded in 2022, dur-
ing the development and for at least 6 months
after the initiation of the home dialysis appli-
cations, the main personnel included 3 nurses
and 1 certified dialysis technician. The 3
nurses worked in the following order: 1.0,
1.0, and 0.8 full-time equivalent (FTE),
respectively. The 2 nurses who worked 1.0
FTE each were involved in the program before
and after implementation. They were in the
role for ~2 years. The third nurse, who
worked 0.8 FTE left the program and was
replaced by another nurse during this time.
The technician worked at 1.0 FTE. All
personnel were considered full time in their
role and worked 8-hour shifts, 5 days a
week, except for the 0.8 FTE nurse who
worked 4 days a week. No other relevant
change, such as the number of patients in
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the program (case load), occurred during the
implementation of the applications or the
before-after comparison of the nursing time.
The nurse’s duties are multiple and include a
variety of activities (that do not all occur on
the same day), such as training patients (typi-
cally 5-6 h/d); postoperative visits such as
evaluation after placement of a peritoneal dial-
ysis catheter (0.5-1 hour); education classes
(1-2 hours sessions); home visits (variable
time commitment depending on the patient’s
geographical location); and clinic visits for
enrolled patients (usually 4-5 hours on clinic
days).

This work was reviewed by the Mayo
Clinic Institutional Review Board (IRB # 21-
005428) and is considered to be a quality
improvement and not subject to any clinical
research oversight.

RESULTS

The first (home dialysis watch list) and second
(home dialysis monitoring) applications went
live on May 29, 2020, and December 12,
2020, respectively. The clinical workflow is
further explained. After a referral by a
nephrology clinician, a patient meets with a
home dialysis nurse for assessment and educa-
tion. During this visit, the nurse fills out the
home dialysis electronic form to activate the
patient on the watch-list application
(Figures 1 and 2). The application includes
relevant data, such as the chosen home modal-
ity, the dates of the home education and home
assessment, the referring clinician name, the

surgical consult visit and surgical date of peri-
toneal dialysis catheter placement, the dates of
the postoperative visits (to check the perito-
neal dialysis catheter), the date when training
started, the name of the training staff, and
other relevant data. Once the home dialysis
training is complete and treatment at home
is started, the patient transitions to the home
dialysis monitoring application. Figure 3
shows a screen shot of the main home dialysis
application with the key data elements
captured and agreed on by the clinical team.
For example, the application includes the last
contact date with the patient and the next
outreach date recommended by the dialysis
team (if needed), the date of the next appoint-
ment, and whether the monthly laboratory test
reports are missing (red icon) or complete
(green check mark). Supplemental Figure 2,
available online at https://www.mcpdigit
alhealth.org/, shows relevant data for individ-
ual patients, such as laboratory test report
trends, most recent tuberculosis screening
and hepatitis results, and the dates of the
most recent dialysis plans of care. After the
deployment into production, the CKIS team
remained available for feedback and upgrades
for the next 3 months. After stabilizing the
application and officially closing the project,
the clinical team was given the ability to reach
out ad hoc to the informatics team to discuss
or submit requests for further enhancements.

As of April 30, 2022, the home dialysis
watch-list application included 59 patients,
with 47 (80%) choosing peritoneal dialysis, 6

D) Forms

@ Mc Home Dialysis

Home Dialysis Home Hemo CAPD
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Home Dialysis Active

Status

PAME Date
Scheduler Notified | Yes ' No
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Initial Order Placed | Yes ' No

© Epic Systems Corporation
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FIGURE 1. Electronic activation form after referral and evaluation in the home dialysis clinic.
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FIGURE 2. Snapshot of the home dialysis watch-list application.

(9%) home hemodialysis, and 6 (9%) still un-
decided. The home dialysis application in-
cludes a total of 96 patients; however, we
describe only the 67 patients enrolled in the
Rochester-based program. The baseline char-
acteristics of these patients with their most
recent monthly laboratory test reports are
summarized in Table 1. The average age is
64 years (range 21-93), 41 (61.2%) are male,
55 (82%) White, 52 (77.6%) are treated with
peritoneal dialysis, and 17 (25.4%) treated
with home hemodialysis. Quarterly laboratory
test reports were missing in 9 (13%) patients,
whereas monthly laboratory test reports were
missing in 64% because the data abstraction
for this manuscript was done during the first
week of the month when most of the patients
have not yet completed their blood collection.
The missing laboratory reports are flagged in
the application and allow our dialysis team
to reach out to patients to remind them to
do their blood testing if needed before the
end of the month. Twelve (18%) and 16
(24%) patients were hospitalized in the last
30 and 90 days, respectively. Using NEAT,

the time spent by 2 nurses on the various
home dialysis tasks within the EHR improved
after implementation of the applications, with
a total time reduction of 25 and 20.4 minutes
per 8-hour shift, respectively (Table 2).

DISCUSSION

Our clinical team-led initiative successfully
developed, with our information technology
partners, 2 home dialysis applications to
manage advanced CKD referrals and home
dialysis monitoring. This enhanced process
streamlined the dialysis staff's workflow and
increased their efficiency by integrating the
required clinical data in the EHR, saving 20-
25 minutes per day. The new process also al-
lows any stakeholder involved in the home
dialysis program to easily access and review
the relevant data and clinical information at
any time. In addition, the application informs
the users of the tasks needed based on the
management protocols, thus bringing intelli-
gence and automation to the application.
This upfront investment allows more time
for staff to interact with patients face to face
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FIGURE 3. Snapshots of the home dialysis application main screen.
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TABLE 1. Baseline Characteristics of Patients

Enrolled in the Home Dialysis Program

Home
dialysis
Variables patients (n=67)
Mean age in y (range) 64 (21-93)
Male sex, n (%) 41 (61.2%)
Race, n (%)
White 55 (82.1%)
Black 5 (7.5%)
Asians 2 (3%)
Others 7 (10.4%)
Peritoneal dialysis 50 (77.6%)
Home hemodialysis 17 (25.4%)
Months on dialysis, 21 (11-39)

median (IQR)

Most recent monthly laboratory test results

Weekly KT/V
(peritoneal dialysis)

Weekly KT/V
(home hemodialysis)

Hemoglobin, g/dL

Ferritin, ng/mL

Transferrin saturation, %
Serum Calcium, mg/dL
Serum Phosphorus, mg/dL
PTH, pg/mL

Serum albumin, g/dL
Hospitalizations past 30 days
Hospitalizations past 90 days

2 (17-22)

22 (19-24)

106 (9.8-113)
373 (266-644)
28 (21-36)

9 (8.6-9.4)

48 (4.1-63)
288 (130-392)
39 (37-4.)
12 (18%)

21 (31%)

K, the dialyzer clearance of urea; KT/V, a number used to
quantify dialysis treatment adequacy; IQR, interquartile range;
T, the dialysis time; V, the volume of distribution of urea.

or virtually. Communication with patients
through the portal is readily accessible, and
bulk messaging (ability to send the same mes-
sage to multiple patients at the same time
rather than individually in one click; a func-
tionality similar to group messaging or
communication through a distribution list) is
an excellent feature of the applications. For
example, staff can easily remind patients to
do their monthly labs when they have lapsed,
send them relevant educational material, and
do a quick health check after hospitalization
or a visit to the emergency department.

In addition, the application allows near-
real-time quality metrics assessments and can
serve as the basis for the creation of a home
dialysis dashboard of key performance indica-
tors and monthly reports that can assist the
leadership team in making appropriate deci-
sions and adjustments. The advantages of
these applications, dashboards, and data ana-
lytics capabilities within the EHR have been
previously well described for various diseases
and conditions, including more recently
COVID-19 related activities to manage the
clinical practice safely, however, none specif-
ically focused on home dialysis.' "' ”**~"

We have not yet leveraged the function-
ality options offered by the CKIS application.
Our team continues to explore enhancements
and optimizations based on regular input
from the dialysis staff and providers that will
help us align with the HHS AAKH initiative.
Supplemental Figure 3, available online at
https://www.mcpdigitalhealth.org/, illustrates

TABLE 2. Time (in minutes) Spent per 8-h Shift in EHR-Related Home Dialysis Tasks by 2 Nurses Before (1 mo)

and After (6 mo) Implementation of the Applications

Nurse | Nurse 2
Tasks® Before After Difference Before After Difference

Flowsheets 35 21 -14 35 19 -16
Schedule 8 7 -1 6 8 2

Notes 6 4 -2 4.5 5 0.5
Orders 5 35 -1.5 36 37 0.1

Chart review 42 37 -0.5 6 6 0
Communication Il 5 -6 I3 6 -7

Total time 69.2 442 -25 68.1 47.7 -204

“Based on the Nursing Efficiency Assessment Tool (NEAT), an electronic health record tool. The time is a [-mo average for each of the 2
full-time nurses.
EHR, electronic health record.
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hospitalizations and emergency department
visits that are being tracked, including infor-
mation captured from other organizations
(Supplemental Figure 3 shows the diagnoses
of 2 emergency department visits at another
health care system). Our team has also devel-
oped a B-version of dialysis related quality
data readily available for clinicians and pro-
gram leaders, such as dialysis adequacy and
other laboratory test report metrics, transplant
referrals, and transplant status (Supplemental
Figure 4, available online at https:/www.
mcpdigitalhealth.org)).

Some of the challenges and limitations
encountered are the inability to automatically
capture some data, such as hospitalization
events or transplant evaluations, that occur
in other health care facilities that do not
have interconnectivity with our EHR. Home
dialysis machine integration with Epic is also
unavailable at this time but would help the
clinical team review the adequacy of each dial-
ysis session and track missed or aborted ses-
sions. This digital surveillance tool could
facilitate proactive intervention to address
avoidable issues and prevent hospitalizations
and urgent visits to the emergency depart-
ment.”"* Epic is working on such integration
with home dialysis machine vendors, and an
upgrade to the foundation system is antici-
pated. Regarding the outcome, the main limi-
tation is the inability to confidently infer
causation between the implementation of the
applications and the nursing time saved.
Although, during the preimplementation
period, the nurses’ responsibilities did not
change and the number of staff, their FTE,
and case load was relatively stable and unac-

counted factors cannot be completely
excluded. Another limitation is that patient
care-related improvements (our ultimate

goal), such as decrease time spent on the
watch list before starting home dialysis,
decrease in missing laboratory test reports,
and decrease in hospitalizations were not
captured and cannot be reliably reported
retrospectively.

CONCLUSION

We developed and successfully implemented
2 EHR applications that proved useful and
increased efficiency in managing a home dial-
ysis program. These digital tools can facilitate

quality metrics reporting, scale the home dial-
ysis program, and possibly improve care
delivery.

POTENTIAL COMPETING INTEREST

Given their role as Editorial Board Member,
Dr. Rajeev Chaudhry, had no involvement in
the peer-review of this article and has no ac-
cess to information regarding its peer-review.
Ziad M. Zoghby, MD, MBA serves a member
of the Epic nephrology steering board com-
mittee. All other authors report no competing
interests.

SUPPLEMENTAL ONLINE MATERIAL
Supplemental material can be found online at
https://www.mcpdigitalhealth.org/.  Supple-
mental material attached to journal articles
has not been edited, and the authors take re-
sponsibility for the accuracy of all data.

Abbreviations and Acronyms: AAKH, advancing the
American Kidney Health; CKD, chronic kidney disease;
CKIS. cohort knowledge intelligent solutions; EHR, elec-
tronic health record; FTE, full-time equivalent; HHS,
Department of Health and Human Services; NEAT, Nursing
Efficiency Assessment Tool

Correspondence: Address to Ziad M. Zoghby, MD, MBA,
Division of Nephrology and Hypertension, Department of
Medicine, Mayo Clinic, 200 First Street SW, Rochester,
MN, 55905 (zoghby.ziad@mayo.edu).

ORCID

Ziad M. Zoghby: () https://orcid.org/0000-0002-8734-9699

REFERENCES

1. Kovesdy CP. Epidemiology of chronic kidney disease: an update
2022. Kidney Int Suppl (2011). Apr 2022;12(1):7-11. https//doi.
org/10.1016/jkisu.2021.11.003.

2. Saran R, Robinson B, Abbott KC, et al. US renal data system
2019 annual data report: epidemiology of kidney disease in
the United States. Am | Kidney Dis. 2020;75(1 Suppl 1):A6-
A7. https://doi.org/10.1053/j.ajkd.2019.09.003.

3. Chronic kidney disease (CKD) surveillance system—United
States. Centers for Disease Control and Prevention. Accessed
12/16/2022, https//www.cdc.gov/kidneydisease/basics.html.

4. McCormick F, Held P}, Chertow GM. The terrible toll of the
kidney shortage. | Am Soc Nephrol. 2018;29(12):2775-2776.
https://doi.org/10.168 1/asn.2018101030.

5. Mendu ML, Divino-Filho JC, Vanholder R, et al. Expanding
utilization of home dialysis: an action agenda from the first in-
ternational home dialysis roundtable. Kidney Med. 2021;3(4):
635-643. https;//doi.org/10.1016/jxkme.202 1.04.004.

6. Ibrahim A, Chan CT. Managing kidney failure with home hemo-
dialysis. Clin | Am Soc Nephrol. 2019;14(8):1268-1273. https//
doi.org/102215/cjn.13931118.

7. Jansen MA, Hart AA, Korevaar |C, et al. Predictors of the rate of
decline of residual renal function in incident dialysis patients.

Mayo Clin Proc Digital Health m September 2023;1(3):258-266 ® https://doi.org/10.1016/j.mcpdig.2023.05.009

www.mcpdigitalhealth.org


https://www.mcpdigitalhealth.org/
https://www.mcpdigitalhealth.org/
https://www.mcpdigitalhealth.org/
mailto:zoghby.ziad@mayo.edu
https://orcid.org/0000-0002-8734-9699
https://doi.org/10.1016/j.kisu.2021.11.003
https://doi.org/10.1016/j.kisu.2021.11.003
https://doi.org/10.1053/j.ajkd.2019.09.003
https://www.cdc.gov/kidneydisease/basics.html
https://doi.org/10.1681/asn.2018101030
https://doi.org/10.1681/asn.2018101030
https://doi.org/10.1016/j.xkme.2021.04.004
https://doi.org/10.2215/cjn.13931118
https://doi.org/10.2215/cjn.13931118
https://doi.org/10.1016/j.mcpdig.2023.05.009
http://www.mcpdigitalhealth.org

MAYO CLINIC PROCEEDINGS: DIGITAL HEALTH

266

Kidney Int. Sep 2002;62(3):1046-1053. https://doi.org/10.1046/).
1523-1755.2002.00505.x.

Flanagin EP, Chivate Y, Weiner DE. Home dialysis in the United
States: a roadmap for increasing peritoneal dialysis utilization.
Am | Kidney Dis. 2020;75(3):413-416. https://doi.org/10.1053/).
ajkd.2019.10.013,

Mehrotra R. Advancing American Kidney Health: an introduc-
tion. Clin | Am Soc Nephrol. Dec 6 2019;14(12):1788. httpsi//
doi.org/102215/cjn.1 1840919.

Federal Register Executive Order 13879. Advancing American
kidney health. 84 FR 33817. Accessed 12/16/2022, https//
www.federalregister.gov/documents/2019/07/15/2019-15159/
advancing-american-kidney-health.

. Jose T, Warner DO, O'Horo |C, et al. Digital health surveillance

strategies for management of coronavirus disease 2019. Mayo
Clin Proc Innov Qual Outcomes. 2021;5(1):109-117. https//doi
org/10.1016/jmayocpiqo.2020.12.004.

Banerjee D, Thompson C, Kell C, et al. An informatics-based
approach to reducing heart failure all-cause readmissions: the
Stanford heart failure dashboard. | Am Med Inform Assoc.
2017;24(3):550-555. https:/doi.org/10.1093/jamia/ocw | 50.
Hassett MJ, Cronin C, Tsou TC, et al. eSyM: An electronic
health record-integrated patient-reported outcomes-based
cancer symptom management program used by six diverse
health systems. JCO Clin Cancer Inform. 2022;6:¢2100137.
https://doi.org/10.1200/cci.21.00137.

Navaneethan SD, Jolly SE, Schold JD, et al. Development and
validation of an electronic health record-based chronic kidney
disease registry. Clin | Am Soc Nephrol. 201 1;6(1):40-49.
https://doi.org/10.2215/cjn.04230510.

Mendu ML, Ahmed S, Maron JK et al. Development of an
electronic  health record-based chronic kidney disease
registry to promote population health management. BMC
Nephrol. 2019;20(1):72. https://doi.org/10.1186/s12882-019-
1260-y.

Sieja A, Markley K, Pell J, et al. Optimization sprints: improving
clinician satisfaction and teamwork by rapidly reducing
electronic health record burden. Mayo Clin Proc. 2019;94(5):
793-802. https://doi.org/10.1016/jmayocp.2018.08.036.

Sieja A, Whittington MD, Patterson VP, et al. The influence of a
Sprint optimization and training intervention on time spent in
the electronic health record (EHR). JAMIA Open. 2021:4(3):
00ab073. https://doi.org/10.1093/jamiaopen/ooab073.
Shanafelt TD, Dyrbye LN, Sinsky C, et al. Relationship between
clerical burden and characteristics of the electronic environ-
ment with physician bumout and professional satisfaction.
Mayo Clin Proc. 2016;91(7):836-848. https://doi.org/10.1016/).
mayocp.2016.05.007.

Kroth PJ, Morioka-Douglas N, Veres S, et al. Association of
electronic health record design and use factors with clinician

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

stress and burmout. JAMA Netw Open. 2019;2(8):e199609.
https://doi.org/10.100 | /jamanetworkopen.2019.9609.

Sinsky CA, Shanafelt TD, Ripp JA. The electronic health record
inbox: recommendations for relief. | Gen Intem Med. 2022,
37(15):4002-4003. https/doi.org/ 10.1007/s| 1 606-022-07766-0.
Dyrbye LN, Gordon J, O'Horo J, et al. Relationships between
EHR-based audit log data and physician bumout and clinical
practice process measures. Mayo Clin Proc. 2023;98(3):398-
409. https://doi.org/10.1016/j.mayocp.2022.10.027.

Chaudhry B, Wang J, Wu S, et al. Systematic review: impact of
health information technology on quality, efficiency, and costs
of medical care. Ann Intern Med. 2006;144(10):742-752.
https://doi.org/10.7326/0003-4819-144-10-200605 | 60-001 25.
Dreyer NA, Gamer S. Registries for robust evidence. JAMA.
2009;302(7):790-791. https//doi.org/10.1001/jama.2009.1092.
Hersh W. Electronic health records facilitate development of
disease registries and more. Clin | Am Soc Nephrol. 201 1;6(1):
5-6. https://doi.org/10.2215/cjn.09901 | 10.

Jaffe MG, Lee GA, Young JD, Sidney S, Go AS. Improved blood
pressure control associated with a large-scale hypertension pro-
gram. JAMA. 2013;310(7):699-705. https//doi.org/10.1001/
jama.2013.108769.

Jolly SE, Navaneethan SD, Schold |D, et al. Development of a
chronic kidney disease patient navigator program. BMC Nephrol.
2015;16:69. httpsi//doi.org/10.1 186/s12882-015-0060-2.
Mendu ML, Waikar SS, Rao SK. Kidney disease population
health management in the era of accountable care: a concep-
tual framework for optimizing care across the CKD spectrum.
Am | Kidney Dis. 2017;70(1):122-131. https//doi.org/10.1053/j.
ajkd.2016.11.013.

Navaneethan SD, Jolly SE, Schold |D, et al. Pragmatic random-
ized, controlled trial of patient navigators and enhanced per-
sonal health records in CKD. Clin | Am Soc Nephrol. 2017;
12(9):1418-1427. https//doi.org/10.2215/cjn.02100217.

Rana JS, Karter AJ, Liu JY, Moffet HH, Jaffe MG. Improved car-
diovascular risk factors control associated with a large-scale
population management program among diabetes patients.
Am | Med. 2018;131(6):661-668. https//doi.org/10.1016/).
amjmed.2018.01.024.

Peralta CA, Livaudais-Toman J, Stebbins M, et al. Electronic de-
cision support for management of CKD in primary care: a prag-
matic randomized trial. Am | Kidney Dis. 2020;76(5):636-644.
https://doi.org/10.1053/}.ajkd.2020.05.01 3.

Lew SQ, Sikka N, Thompson C, Magnus M. Impact of remote
biometric monitoring on cost and hospitalization outcomes in
peritoneal dialysis. | Telemed Telecare. 2019;25(10):581-586.
https://doi.org/10.1177/1357633x18784417.

Whitlow M, Wallace E. Remote Patient Monitoring: an impor-
tant tool in advancing home dialysis. Kidney Med. 2019;1(6):
327-328. https//doi.org/10.1016/jxkme.2019.10.002.

Mayo Clin Proc Digital Health ® September 2023;1(3):258-266 ® https://doi.org/10.1016/j.mcpdig.2023.05.009

www.mcpdigitalhealth.org


https://doi.org/10.1046/j.1523-1755.2002.00505.x
https://doi.org/10.1046/j.1523-1755.2002.00505.x
https://doi.org/10.1053/j.ajkd.2019.10.013
https://doi.org/10.1053/j.ajkd.2019.10.013
https://doi.org/10.2215/cjn.11840919
https://doi.org/10.2215/cjn.11840919
https://www.federalregister.gov/documents/2019/07/15/2019-15159/advancing-american-kidney-health
https://www.federalregister.gov/documents/2019/07/15/2019-15159/advancing-american-kidney-health
https://www.federalregister.gov/documents/2019/07/15/2019-15159/advancing-american-kidney-health
https://doi.org/10.1016/j.mayocpiqo.2020.12.004
https://doi.org/10.1016/j.mayocpiqo.2020.12.004
https://doi.org/10.1093/jamia/ocw150
https://doi.org/10.1200/cci.21.00137
https://doi.org/10.1200/cci.21.00137
https://doi.org/10.2215/cjn.04230510
https://doi.org/10.2215/cjn.04230510
https://doi.org/10.1186/s12882-019-<?thyc=10?>1260-y<?thyc?>
https://doi.org/10.1186/s12882-019-<?thyc=10?>1260-y<?thyc?>
https://doi.org/10.1016/j.mayocp.2018.08.036
https://doi.org/10.1093/jamiaopen/ooab073
https://doi.org/10.1016/j.mayocp.2016.05.007
https://doi.org/10.1016/j.mayocp.2016.05.007
https://doi.org/10.1001/jamanetworkopen.2019.9609
https://doi.org/10.1001/jamanetworkopen.2019.9609
https://doi.org/10.1007/s11606-022-07766-0
https://doi.org/10.1016/j.mayocp.2022.10.027
https://doi.org/10.7326/0003-4819-144-10-200605160-00125
https://doi.org/10.7326/0003-4819-144-10-200605160-00125
https://doi.org/10.1001/jama.2009.1092
https://doi.org/10.2215/cjn.09901110
https://doi.org/10.1001/jama.2013.108769
https://doi.org/10.1001/jama.2013.108769
https://doi.org/10.1186/s12882-015-0060-2
https://doi.org/10.1053/j.ajkd.2016.11.013
https://doi.org/10.1053/j.ajkd.2016.11.013
https://doi.org/10.2215/cjn.02100217
https://doi.org/10.1016/j.amjmed.2018.01.024
https://doi.org/10.1016/j.amjmed.2018.01.024
https://doi.org/10.1053/j.ajkd.2020.05.013
https://doi.org/10.1053/j.ajkd.2020.05.013
https://doi.org/10.1177/1357633x18784417
https://doi.org/10.1177/1357633x18784417
https://doi.org/10.1016/j.xkme.2019.10.002
https://doi.org/10.1016/j.mcpdig.2023.05.009
http://www.mcpdigitalhealth.org

	Transforming Home Dialysis Management of Patients with Advanced Kidney Disease Using an Intelligent Automated Application i ...
	Patients and Methods
	Practice Setting
	Process of Development
	CKIS Architecture and Application Development
	Outcomes
	Home Dialysis Personnel and Workload

	Results
	Discussion
	Conclusion
	Potential Competing Interest
	Supplemental Online Material
	References


