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CHRONIC KIDNEY DISEASE

FACTS AND FIGURES

SYMPTOMS INCLUDE!

NAUSEA

POOR APPETITE

WEIGHT LOSS

SWELLING OF FEET, ANKLES, OR HANDS
SHORTNESS OF BREATH

CHANGES IN URINE OUTPUT

MUSCLE CRAMPS

INSOMNIA

ITCHY SKIN

RISK FACTORS?*

* Diabetes

* High blood pressure
With normal or high GFR * Heart disease . . .
(GFR>90 mL/min/1.73 m2) » Family history of CKD disease Is a key risk
* Inherited kidney disorders factor for severe

Stage 2 - Past damage to the kidneys | COVID-19 )
With mildly decreased GFR
* Older age

(GFR = 60-89 mL/min/1.73 m?) .
* Smoking
Stage 3A

With mildly to moderately decreased GFR
(GFR = 45-59 mL/min/1.73 m?)

Stage 3B

With moderately to severely decreased GFR

(GFR = 30-44 mL/min/1.73 m?)
Stage 4

With severely decreased GFR
(GFR = 15-29 mL/min/1.73 m?)

Stage 5

Kidney failure

(GFR<15 mL/min/1.73 m?)

Stages of CKD*

Stage 1 Chronic kidney

24(-0 \(‘\
In a single day, Ridneys
filter about 200 Lliters of
blood and remouve 2 liters

of toxins, wastes, and
water in the process?®

Women have a higher
prevalence of CKD, but
men are more likely to

suffer kidney failure®

Global CKD statistics, @
2019°¢ /Renal replacement h
Incidence :19M therapy is projected to
Prevalence :697M double to 5.4 million
Deaths *1.43M patients between
DALYs : 41.5M \ 2015 - 2030° J

Chronic Ridney
disease

Deaths per
100,000 people,
201910

*CKD - Chronic Kidney Disease
“GFR -Glomerular Filtration Rate
“DALYs - Disability Adjusted Life Years
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An extensive research-based
analysis from 40+ scientific
articles and  journals in
combination with hospital
workflow experience allowed the
identification of painpoints and
solutions.

These solutions were proposed
based on Al, Io0MT, AR/VR,
biosensors, nanorobotics and
smart wearable technologies.

THROUGH THIS CAREPLAN WE
HIGHLIGHT DATA FROM
A COLLECTION OF

61

painpoints

connected to
different stakeholders

Solution categories

Existing in healthcare
sector

Ongoing research in
healthcare

Futuristic solution
(may or may not be
implemented)

Disclaimer:

This publication on the chronic Ridney
disease pathway framework was updated
on 15.09.2022. It cannot be taken as a
recommendation for the readers, especially
not as a guideline for treatment, and it is
not a medical document. There is no
guarantee for completeness or global
correctness, the uarious pain points,
solutions, and statistical data are
examples only. Sources are multiple, such
as public statistics, expert opinions, open
innouvation workshops, research, own data
and many more (see references).

The products and features mentioned may
not be available in all countries and their
future availability cannot be
guaranteed. Some products mentioned are
planned and under development.
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o PRENATAL

Scenario:
Pregnant woman in the doctor's office

Pregnant woman
Receives care services from
providers.

General practitioner

Family
Ensures proper care of the
pregnant woman and the
developing fetus.

STAKEHOLDERS

OB/GYN
Tracks and observes the
health of mother and fetus.

Nephrologist

Specialist of the disease,

Provides basic care
services and guidance for advises patient on next
diagnosis. steps.

Pregnant woman with polycystic kidney disease visits her 0B/GYN who
examines her and provides genetic counseling.

Scenario:

€ PREVENTION

Patient resting at home

STAKEHOLDERS

%

Patient
Patient follows a
sedentary lifestyle and
smokRes regularly.

w
Diabetologist
Checks patient for
diabetes mellitus asiit is

an important risk factor
for CKD.

Encourages the patient to
follow a healthy lifestyle.

General practitioner
Performs regular check-ups
and aduvises the patient to lead
a healthy Lifestyle.

A
1111

Ministry of Health
Raises awareness on chronic
kidney disease and educates the
public on its preventive
measures.

CHRONIC KIDNEY DISEASE

Receives care services

Disease pathway analysis with painpoints and solution examples

© SYMPTOMS

Scenario:

Patient is at the office

STAKEHOLDERS

&
&
Patient

from providers.

Nephrologist
Specialist of the disease and
advises patients on next
steps.

Patient’s caregivers who
ensure proper care for the

General practitioner
Provides care to the patients
and educates them on

symptoms.

Medical device companies
Design new medical devices
that help patients with their

symptoms.

Patient is diabetic, hypertensive, smokes regularly, does not indulge in physical

exercise and eats unhealthy food.

1

PAINPOINT

Polycystic kidney disease (PKD), a
leading cause of chronic kidney
disease (CKD) can be inherited and is
often not diagnosed early.*

1

PAINPOINT

For high-risk patients e.g., with
diabetes, high blood pressure or
patients on certain painkillers like
ibuprofen, kidney function may get
affected, and needs to be monitored
frequently; regular visits to the
hospital is often cumbersome. y

\

SOLUTION
Clinical innovation & Sensing

* Point of care creatinine
analyzer

A miniaturized, handheld analyzer
with finger-stick biosensor strips can
be used for frequent measurements of
creatinine levels and calculation of
estimated glomerular filtration rate
(eGFR), facilitating primary care CKD
screening at home and earlier detection
of Ridney deterioration through rapid
results, furthermore, allowing
immediate feedback to the patients and
healthcare providers, and medication
alterations accordingly.1
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Clinical innovation Clinical innovation Clinical innovation &

Digitalization
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Pre-implantation Non-invasive Al powered fetal

genetic testing prenatal diagnosis ultrasound

(NIPD)
This test can be included in NIPD using cell-free fetal Using artificial
genetic  counseling  of circulating DNA is a new intelligence and
patients with PKD. Assisted reproductive genetic machine learning aided
reproductive  technology technology that can be ultrasound, PKD can be
using preimplantation used for the detection of diagnosed prenatally as
genetic diagnosis can be monogenic disorders, as an enlarged and echogenic
used for early detection alternative to invasive fetal Ridneys; accurate
and to prevent passing methods like measurements and
monogenic kidney disease amniocentesis or chorionic analyzed images are
to the offspring.2? villus sampling.“* used for early detection
of abnormalities in the
fetal kidneys.®
g PAINPOINT A g PAINPOINT |
Maternal conditions like Maternal obesity can increase the

preeclampsia, heart or respiratory
disease, CKD, infections, malnutrition,
smoking and alcohol can contribute to
small for gestational age (SGA)
babies, which is a risk factor for CKD

risk of CKD in the offspring.

eeuelopment in Later life.” y \ y
v g
SOLUTION SOLUTION
Process innovation Digitalization
101
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* Al-based health and

g National awareness
wellness coach

campaign

Awareness should be raised A platform that offers a

among pregnant  women variety of apps and services

regarding risk factors for SGA that provide personalized meal

and its association with CKD plans, custom exercise

development. routines, one on one chats with
health  professionals and
rewards that Kkeep up the
motivation.®
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Due to missed appointments and a
lack of proper imaging workflow
protocols during the pandemic,
serious diseases like PKD could be
overlooked in the unborn child.
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SOLUTION
Clinical innouation & Digitalization
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* Handheld ultrasound
device

Allows pregnant women to
perform ultrasound scans on their
unborn babies from the comfort of
their own home. The device is also
connected to the user’s smartphone
which displays the images on the
screen and sends them to a
healthcare provider for analysis,
thus reducing unnecessary and
costly hospital visits.®

Sources:

1. Polycystic kidney disease. Nationwide Children's Hospital. (n.d.). Retrieved September 5 2022, from https://www.nationwidechildrens.org/conditions/polycystic-kidney-disease
risk couples. European Journal Of Human Genetics, 29(1), 39-50. https://doi.org/10.1038/s41431-020-00706-8

9. At-Home Ultrasounds for Pregnant Women Now A Reality: PulseNmore Launches World's First Self-A
it & how does it work. Cleveland Clinic. (n.d.). Retrieved September 8, 2022, from https://my.clevelandclinic.org/health/drugs/11444-glucose-continuous-glucose-monitorin
(2017, November 7). In small study, wearable technology helps smokers quit. MobiHealthNews. Retrieved September 9, 2022, from https://www.mobihealthnews.com/content/small-study-wearable-technology-helps-smokers-quit
News. (2019, July 4). Retrieved September 9, 2022, from https://www.med-technews.com/news/spinout-develops-home-use-blood-potassium-level-test,
Comprehensive Literature Review. Cureus, 11(7), e5256. https://doi.org/10.7759/cureus.5256

https://www.kidney.org/newsletter/pig-kid transplantation-explained

J

https://nephcure.org/livingwithkidneydisease/managing-
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Patients often feel reluctant to
tackle their problem of high blood
pressure and don’t carry out regular
measurements. High blood pressure
is one of the main risk factors for
CKD.
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SOLUTION
Sensing &
Digitalization

* Wearable optical blood

pressure monitoring

Automatically measures blood
pressure over the course of
hours, days and weeks, providing
people and their physicians
comprehensive insights into
blood pressure patterns, thereby
facilitating better management
of hypertension.*

5
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Smoking, which for some people is
very hard to quit, can increase the
risk for CKD development.

2

PAINPOINT
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PAINPOINT

Diabetes mellitus is a risk factor for
developing nephropathy. Oftentimes
blood glucose is not well monitored.

SOLUTION
Sensing &
Digitalization
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Continuous glucose
monitoring (CGM)

Wearable technology where a
small sensor is put just under
the patient’s skin which will
wirelessly send glucose data
from the sensor to a device
where it is displaged. This
data can be shared with a
healthcare  provider for
identification of trends and
patterns, based on which
personalized care can be
provided to the patient.1213
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Patients experience a variety of
unspecific symptoms Llike nausea,
vomiting, loss of appetite, fatigue,
muscle cramps etc. and are often
unsure if they are harmless or need
to be checked by a specialist.
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SOLUTION
Digitalization
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* Symptom checker app

App that analyzes patient
symptoms using Al and clinical
evidence to help patients
understand and manage their
health. Finding the right care
based on the patients' unique
symptoms and health profile can
thus be made easy. 2°

Patient notices unspecific symptoms like nausea, vomiting, fatigue, and
decides to visit a general practitioner for the same.

2/

PAINPOINT

O DIAGNOSIS

Scenario:

Patient being examined at the hospital

STAKEHOLDERS

%

Patient Family
Receives diagnostic Patient’s caregivers who
services from providers. bring patient for
diagnosis.

Radiologist Laboratory personnel
Diagnoses and interprets Help conduct Laboratory tests
medical images like and provide results that can
ultrasonography and CT aid in diagnosis.
scans.

Nephrologist
Specialist of the disease
who aduvises patients on

next steps.

Medical device

companies
Design new medical devices
for more effective testing.

y
%
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Patient is being examined by the doctor and is advised blood tests, urine test
and imaging scans to assess the working condition of her Ridneys.

universal health coverage.

© TREATMENT

Scenario:

Patient taking medications at home

STAKEHOLDERS

%

A
111

Ministry of Health Pharmaceutical Insurance companies
Develops guidelines on companies Cover the patient’s costs
disease management and Responsible for development, for necessary medical

formulates policies for commercialization and treatment.

Patient Nephrologist
Receives treatment from Ensures that the patient Specialist of the disease
providers. follows correct treatment who aduvises relevant
instructions. treatment protocols.

distribution of medicines for

chronic kidney disease.

Receives rehabilitation
services from providers.

0 REHABILITATION

Scenario:

Patient at the rehabilitation center

STAKEHOLDERS

%

Patient

Family Nephrologist
Supports and encourages the Monitors the effectiveness
patient to follow the of treatment and
rehabilitation plan. rehabilitation.

A
111

Ministry of Health

Formulates and legislates
health policies as well as
strategies for health
facilities.

Rehabilitation therapist
Helps the patient to recover by
engaging her in a personalized
rehabilitation plan.

Patient is undergoing conservative treatment for CKD and takes medications
at home. She has also been educated about other treatment options like

dialysis or kidney transplant if it progresses to end-stagerenal disease.

Certain medication consumption or
impaired potassium excretion in CKD
patients can cause hyperkalemia,
which can lead to heart arrhythmias
and sudden death.

Childhood obesity, which is highly
prevalent worldwide, is associated
with the development of CKD, in
addition to being a risk factor for
cardiovascular and  metabolic
diseases.'®
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Digitalization

* Smart watch

A smart watch can be used to
measure physical activity. By
exercising and reaching a certain
level of activity, children can
earn a code that they can enter
into their connected home media
devices which allows them to get
access to their television or
tablet as a reward.1¢
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SOLUTION
Sensing &
Digitalization
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* Wearable body motion

detector

A body motion detector can detect
specific hand movement patterns
related to smoking. It sends the
user a confirmation message and
creates personalized psychological
interventions to help with smoking
cessation.'”

our-care/Ridney-health-tracking-tools/helpful-mobile-apps/

Elderly patients often don’t drink
enough water. Especially during the
hot summer months, this can not only
lead to exsiccosis, which can have a
lethal outcome but also damage the
kidneys.
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SOLUTION
Digitalization
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* Smart water bottle

A bluetooth enabled bottle that
glows or sends notifications in the
form of alarms to remind the
patient to drink water, keeps a
track of the water intake and
recommends a daily water
consumption goal.181°
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It might be difficult to differentiate
between CKD and valvular heart
disease (VHD) since symptoms Llike
swollen legs and shortness of breath
are common in both. Also, CKD
patients are at a higher risk for VHD.2?
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* Handheld echocardiography

Handheld echocardiography can be
readily performed at the point of care
with reasonable image quality and
accuracy to diagnose or rule out VHD in
CKD patients. It can also be connected
to a smartphone or tablet for faster and
easier diagnosis by doctors.2425

1 2

3

PAINPOINT PAINPOINT

PAINPOINT

CKD often goes undetected in the In medically underserved areas,
early stages since many patients people at high-risk of CKD cannot go
don’t experience symptoms until their for their yearly check-up (urine
Ridney function is massively and/or blood test), leading to a

. J

SOLUTION
Sensing

At-home potassium
blood test

A finger-prick blood test
comprising of an electronic
reader linked to a
smartphone, plus a single use
disposable test-strip for
rapid, accurate measurement
of blood potassium
concentration at home. This
will enable patients to
regularly monitor their
electrolyte levels and seek
treatment before
complications arise.??

4
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Monitoring kidney function by
periodic urine testing is often
considered as a time-consuming
process since it is usually performed

reduced.?® delayed diagnosis. at the hospital.
\. J \\ J \\ J
SOLUTION SOLUTION
Digitalization Sensing
0

* Smartphone-based home
Ridney test

A point of care test to determine the increased
presence of albumin in urine, an early sign of
CKD. Patients dip the test strip into their urine
sample and take a photo of their strip alongside
the color-board using a smartphone app
incorporated with computer vision and Al that
can determine their albumin to creatinine ratio
(ACR) and send results to the clinician
immediately. This test has an improved patient
compliance and better patient experience.?°3!

E Smart tattoo for
monitoring albumin
levels

Smart tattoo sensors to be
printed on the skin which change
color as the level of albumin
falls, indicating kidney or Lliver
failure, subjected to clinical trial
approval for humans.?2

1)

PAINPOINT

Many patients with CKD have
multiple comorbidities and an
increased risk for poor functional
status, prolonged hospital stays,
conflicting medical advice etc.; the
need to visit several specialists is also

exhaustmg for elderly people. y

SOLUTION
Process innovation

* Multidisciplinary care
model

Maintaining electronic health
records to enable access to
patient data, recognizing the
patients with multiple chronic
conditions, following a
collaborative patient- centered
care approach for chronic disease
management with proper
communication within an
interdisciplinary  team, and
enhancing the use of virtual
care.?”

Patients with advanced CKD may
experience severe itching because the
excretion of urinary substances is
reduced, and they linger in the blood.
This can lead to depression, anxiety
and poor quality of Llife in the

Lpal:ienl:.26 y
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Clinical
innouation

E Oral charcoal therapy

In patients with severe
refractory pruritus, activated
charcoal can be prescribed.
Orally ingested activated
charcoal can rapidly spread in
the intestine where it absorbs
small molecules as well as
toxic substances, thus reducing
uremic toxins.?”

5 JE.
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A CKD patient is at a higher risk of
severe symptoms due to COVID-19
infection; symptoms of end-stage
renal disease like chest pain and
shortness of breath might overlap
with COVID-19 symptoms.2®

J

SOLUTION

Process
innovation

Specialized workflows
and risk stratification

Defining a clear workflow for ruling
out a COVID-19 infection or, in case of

a COVID-19

infection,  defining

straightforward guidelines on how to
offer the best possible treatment. A
risk stratification tool can be added,
helping clinicians to find the right
diagnostic tests and treatments based
on the patient presentation.

5.Chen, C., Chen, M., Zhu, Y., Jiang, L., Li, J., Wang, Y., ... & Sun, J. (2021). prenatal diagnosis of genic disorders based on direct haplotype phasing through targeted linked-read sequencing. BMC medical genomics, 14(1), 1-11. https://doi.org/10.1186/512920-021-01091-x
dheld Tele-ULtr d Device. (2022). Retrieved 5 September 2022, from https://www.prnewswire.com/il/news-releases/at-home-ultrasounds-for-pregnant-women-now-a-reality-pulsenmore-launches-worlds-first-self-administered-handheld-tele-ultrasound-device-301108938

39. Brosius, F., Cherney, D., Gee, P., Harris, R., Kliger, A., Tuttle, K., & Quaggin, S. (2021). Transforming the Care of Patients with Diabetic Kidney Disease. Clinical Journal Of The American Society Of Nephrology, 16(10), 1590-1600. https://doi.org/10.2215/cjn.18641120
43. Thompson, J. (2022, January 20). Pig Kidneys Transplanted to Human in Milestone Experiment. Scientific American. Retrieved 6 September 2022, from https://wwuw.scientificamerican.com/article/pig-kidneys-transplanted-to-human-in-milestone-experiment/
48. Steininger, D. (2019, February 10). Online support groups for kidney patients. AAKP. Retrieved September 10, 2022, from https://aakp.org/online-support-groups-for-kidney-patients/
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There is often a delayed referral to
the nephrologist which can lead to
increased cost and mortality in CKD

patients.
. J
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Digitalization &

Process innouvation
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Clinical decision
support system

Based on the patient clinical
condition, laboratory and
other test results, CDSS can
assist the primary care
physician to enhance the
quality of CKD care and
suggest patient referral to
the nephrologists when
appropriate.33

6
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Ultrasonography, commonly used
for diagnosis of CKD, is usually time
consuming and requires some
experience.

. J

SOLUTION
Automation

Automated B-mode
ultrasound imaging

By automating the extraction of
Ridney features from B-mode
ultrasound images using higher-order
bi-spectrum and cumulants, as well
as elongated quinary patterns,
healthcare professionals can more
quickly and reliably determine
presence or absence of CKD without
the need for user intervention.3s

2. Snoek, R., Stokman, M. F., Lichtenbelt, K. D., van Tilborg, T. C., Simcox, C. E., Paulussen, A., Dreesen, J., van Reekum, F., Lely, A. T., Knoers, N., de Die-Smulders, C., & van Eerde, A. M. (2020). Preimplantation Genetic Testing for Monogenic Kidney Disease. Clinical journal of the American Society of Nephrology : CJASN, 15(9), 1279-1286. https://doi.org/10.2215/CJN.03550320
6. Matthew, J., Skelton, E., Day, T., Zimmer, V., Gomez, A., & Wheeler, G. et al. (2021). Exploring a new paradigm for the fetal anomaly ultrasound scan: Artificial intelligence in real time. Prenatal Diagnosis, 42(1), 49-59. https://doi.org/10.1002/pd.6059
10. Gbinigie, 0., Price, C. P., Heneghan, C., Van den Bruel, A., & Pliiddemann, A. (2015). Creatinine point-of-care testing for detection and monitoring of chronic kidney disease: primary care diagnostic technology update. The British journal of general practice : the journal of the Royal College of General Practitioners, 65(640), 608—609. https://doi.org/10.3399/bjgp15X687613
13. Abbott. [FreeStyle Libre 3 Sensor and FreeStyle Libre 3 app]. Retrieved 12 September 2022, from https://wwuw.freestylelibre.de/produkte/freestyle-libre-3-sensor.html 14. First 24-7 wearable optical blood pressure monitoring system. The Journal of mHealth. (2021, February 11). Retrieved September 6, 2022, from https://thejournalofmhealth.com/first-24-7-wearable-optical-blood-pressure-monitoring-system/
18. A study to assess the effectiveness of the smart water bottle to increase fluid intake in patients with kidney stones and low urine volume. Mayo Clinic. (n.d.). Retrieved September 9, 2022, from https://www.mayo.edu/research/clinical-trials/cls-20318082
23. Kipourou, K., O'Driscoll, J. M., & Sharma, R. (2022). Valvular Heart Disease in Patients with Chronic Kidney Disease. European cardiology, 17, e02. https://doi.org/10.15420/ecr.2021.25
27.Elhag, S., Rivas, N., Tejovath, S., Mustaffa, N., Deonarine, N., Hashmi, M. A, ... & Hamid, P. (2022). Chronic Kidney Disease-Associated Pruritus: A Glance at Novel and Lesser-Known Treatments. Cureus, 14(1). https://doi.org/10.7759/cureus.21127
from https://www.siemens-healthineers.com/press/releases/pr-20181023037shs.html 31. Olsen, E. (2022, July 12). Healthy.io receives FDA clearance for Smartphone-based Home Kidney Test. MobiHealthNews. Retrieved September 9, 2022, from https://www.mobihealthnews.com/news/healthyio-receives-fda-clearance-smartphone-based-home-kidney-test
samples-on-track 35. Acharya, U., Meiburger, K., Koh, J., Hagiwara, Y., Oh, S., & Leong, S. et al. (2019). Automated detection of chronic kidney disease using higher-order features and elongated quinary patterns from B-mode ultrasound images. Neural Computing And Applications, 32(15), 11163-11172. https://doi.org/10.1007/s00521-019-04025-y
Jan, S. (2018). Universal health couverage and chronic kidney disease in India. Bulletin Of The World Health Organization, 96(7), 442-442. https://doi.org/10.2471/blt.18.208207
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Due to lack of standardized workflows
in certain healthcare institutions,
mishandling of urine and blood
samples can occur which can lead to
incorrect/inaccurate diagnosis.
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Automation

Total laboratory
automation

It combines full automation of
preanalytics, analytics, and
postanalytics into an
integrated system, allowing
specimens to be processed,
tested, and even stored with
minimal user intervention.3#

7
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Several urologic diseases like
vesicoureteral reflux or recurrent
urinary tract infections, and urinary
tract obstruction may remain
unrecognized, and thus hasten the
progression to end-stage renal
Ldiseclse. y
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* Uroflowmetry

Including uroflowmetry in CKD patient
assessment could help in early
diagnosis and appropriate medical
management of urologic disorders and
thereby prevent possible damage to
long-term kidney function.?¢

19. Hidrate Inc. [Smart Water Bottle - HidrateSpark Bluetooth Water Bottle + Tracker App]. Retrieved 12 September 2022, from https://hidratespark.com/
24. Chamsi-Pasha, M. A., Sengupta, P. P., & Zoghbi, W. A. (2017). Handheld echocardiography: current state and future perspectives. Circulation, 136(22), 2178-2188. https://doi.org/10.1161/circulationaha.117.026622
28. Ortiz, A., Cozzolino, M., Fliser, D., Fouque, D., Goumenos, D., & Massy, Z. et al. (2020). Chronic kidney disease is a key risk factor for severe COVID-19: a call to action by the ERA-EDTA. Nephrology Dialysis Transplantation, 36(1), 87-94. https://doi.org/10.1093/ndt/gfaa314
32. Yetisen, A., Moreddu, R., Seifi, S., Jiang, N., Vega, K., & Dong, X. et al. (2019). Dermal Tattoo Biosensors for Colorimetric Metabolite Detection. Angewandte Chemie International Edition, 58(31), 10506-10513. https://doi.org/10.1002/anie.201904416
36. Lai, S., Pastore, S., Piloni, L., Mangiulli, M., Esposito, Y., & Pierella, F. et al. (2019). Chronic kidney disease and urological disorders: systematic use of uroflowmetry in nephropathic patients. Clinical Kidney Journal, 12(3), 414-419. https://doi.org/10.1093/ckj/sfy085
40. India's first mobile dialysis on Wheels. NephroPlus. (n.d.). Retrieved September 10, 2022, from https://www.nephroplus.com/mobile-dialysis-on-wheels/
44. Winstein, C., & Requejo, P. (2015). Innovative technologies for rehabilitation and health promotion: what is the evidence?. Physical therapy, 95(3), 294-298. https://doi.org/10.2522/ptj.2015.95.2.294
49. Online Virtual Consultations/ Online Appointments. uHealth by Aetna. (n.d.). Retrieved September 10, 2022, from https://www.vhealth.io/online-doctor-appointment
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CKD is an incurable progressive
disease. It is crucial to stop or delay
the progression to a more severe
stage of CKD.
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* SGLT2 inhibitors

This drug category has been originally
used in patients with diabetes type Il to
stop the reabsorption of glucose in the
kidneys and therefore lower blood
sugar. Newer studies found that SGLT2
inhibitors reduce the risk of
progression of CKD in patients with
diabetes and nondiabetic albuminuric/
proteinuric CKD.?°
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CKD patients have a highly
increased risk for cardiovascular
disease contributing to higher
mortality rates.
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9 Patient specific digital
twin (PDT)

To help avoid cardiovascular and
other  complications,  kidney
disease could be managed more
effectively in its early stages with
the use of a digital twin with
inclusion of both physiological and
behavioral data of the patients.
Simulations can be performed to
understand renal and
cardiovascular interactions, which
can contribute to development of
novel treatment options to
decrease cardiovascular risk.*
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Scenario:

Patient visits the hospital for follow-up

STAKEHOLDERS

%

Patient Family Dietician
Continues routine Supports and reminds Provides guidance on diet
follow-up visits with patient for routine and daily health routine
care provider. follow-up. according to the needs of

the patient.

Nephrologist
Regularly monitors the kidney
function of the patient and
adjusts therapeutic measures
accordingly.

Patient undergoes rehabilitation therapy in order to regain strength and
function.

Patient returns for follow-up visit where she is explained about extensive
monitoring of her health condition with a focus on regular kidney

function testing and other blood parameters Llike electrolytes,
cholesterol, albumin and proteins.

1)

In the low- and middle-income
countries, financial burden
discourages many patients from
undergoing treatment, which can
result in an increased morbidity and
mortality.
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Universal health
coverage

Developing comprehensive
health benefit packages that
prioritize early detection of
CKD, treatment of risk factors,
low-cost treatment, access to
essential medicines and the
implementation of public health
initiatives to prevent disease
progression.38
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Patients might lack motivation to
indulge in the renal rehabilitation
program.

SOLUTION
Digitalization
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Tailored interactive
rehabilitation

A tailored rehabilitation
program that incorporates
AR/VR, Al, and other
interactive technologies can
encourage patients to adhere
to their rehabilitation plans,
improving the physical,
psychological, and social
functioning of patients with
Ridney disease.“**5
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Skeletal muscle loss and poor
physical condition is often observed
in CKD patients as a result of uremic

acidosis, protein-energy
malnutrition, and sedentary
lifestyle.
\. J
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* Renal rehabilitation
program

A comprehensive multidisciplinary
program for CKD patients led by
doctors, rehabilitation therapists,
diet nutritionists, nursing specialists
and many more can improve the
patient’s quality of life. Physical
exercise and nutritional support has
shown to improuve outcomes for CKD
patients.“¢

1
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CKD patients often do not comply to
the fluid and dietary restrictions in
the long run.
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* Diet management
app

An app that can suggest several
recipes which can be customized
and modified over time, while
also adhering to the specified
nutritional needs and dietary
products. Additionally, it can
allow tracking of daily nutrient
and fluid intake, offer dietary
counseling and educational
services to the patient.*”
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Life-long therapy and follow-up can
hamper mental well-being of the
patient.

SOLUTION
Process innovation

Online support
groups

By connecting people who
are experiencing related
problems, online support
groups offer an alternate
kind of assistance for those
who need it; they give people
the chance to ask their peers
for guidance, support, and
information.“?

Most patients in remote or rural
areas with advanced renal disease
requiring dialysis 2-3 times a week
have to travel long distances to get
access to a dialysis center; this is
time-consuming, exhausting and

Lcreal:es financial hardships. y

N
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Process innouation

* Dialysis on wheels

Mobile dialysis units can be
dispatched from a regional
center to make dialysis more
accessible for patients in remote
or rural areas by providing
dialysis to these patients in the
vicinity of their homes. This
saves travel time, cost, as well
as reduces the risk of cross-

infections.“°
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Patients with end-stage renal
disease who require a renal
transplant usually have to wait for
months or years for the organ due to
a shortage of donors.

. J
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a Xenotransplantation

Based on the findings from a
preclinical trial model, scientists
believe that transplanting a kidney
grown in a genetically engineered
pig to a human patient may
become a viable option in the
coming decades upon successful
conduction and approuval of the
clinical trials. Pigs are suitable for
transplantation into humans since
their internal kidney structure and
eGFR is similar to humans.“243

20. Ada Health GmbH. Ada. [Mobile app]. Retrieved 12 September 2022, from https://ada.com/app/
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CKD patients undergoing regular
dialysis often suffer from fatigue
and frailty and have a decreased
quality of Life.
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* Exercise therapy during

3. Murphy, E. L., Droher, M. L., DiMaio, M. S., & Dahl, N. K. (2018). Preimplantation genetic diagnosis counseling in autosomal dominant polycystic kidney disease. American Journal of Kidney Diseases, 72(6), 866-872. https://doi.org/10.1053/j.ajkd.2018.01.048

15.Yim, H. E., & Yoo, K. H. (2021). Obesity and chronic kidney disease: prevalence, mechanism, and management. Clinical and experimental pediatrics, 64(10), 511-518. https://doi.org/10.3345/cep.2021.00108

dialysis

Cycling during dialysis can have
long-term benefits such as better
blood pressure control, heart
function and muscle strength, thus
encouraging health promoting
behavior and improving quality of
life."s"‘s

29. Kidney disease. Better Health Channel. (2018, May 8). Retrieved September 9, 2022, from https://www.betterhealth.vic.gov.au/health/conditi reatments/kidney-di
33. Chronic kidney disease clinical decision support (CKD-CDS). ClinicalTrials.gov. (2019, March 18). Retrieved September 10, 2022, from https://clinicaltrials.gov/ct2/show/NCT03890588
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Due to the pandemic, patients are
wary and thus don’t want to visit the
hospital for periodic follow-ups to
assess the working condition of

Ridneys.
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* Virtual consultation
suite

This application could
schedule online consultation
follow-up appointments,
schedule diagnostic tests,
enable at-home sample
collection or testing, record
prescriptions, and ship
medicines directly to the
patient.*®
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