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IS A LEADING CAUSE OF
KIDNEY DISEASE. APPROXIMATELY,

1 OUT OF 4 ADULTS WITH
DIABETES HAVE KIDNEY DISEASE.

People with diabetes

are more likely to have serious
complications from COVID-19

RISK FACTORS

NOT PHYSICALLY ACTIVE

HIGH BLOOD PRESSURE

MORE LIKELY TO
HAVE A STROKE
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An extensive research- based
analysis from 40+ scientific
articles and journalsin
combination with hospital
workflow experience allowed

the identification of painpoints
and solutions

These solutions were proposed
based on AI, IoMT, AR/VR,

Biosensors, nanorobotics and
smart wearable technologies

THROUGH THIS CAREPLAN WE
HIGHLIGHT DATA FROM
A COLLECTION OF

96

painpoints

133

respective
solutions

are connected to
different stakeholders

Disclaimer: The Disease pathways
framework could be used to elaborate
different diseases. Various pain points,
solutions, and statistical data are just
example illustrations and are not subjected
to be considered as recommendations by
the reader.

Website:
https://www.siemens-

healthineers.com/careers/innovation-think-tank
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HOSPITAL HOME
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Obstetrician ian Patient Family
Specialized indelivering Suggests and changes meal
babies and care for pa- plan according to the
tient during pregnancy changing needs of the

diabetic
mother during andafter

Diabetes specialist
Trained to care for people

Pregnant woman
Eats nutritious food and
exercises regularly to keep

the body healthy healthy diet

Diagnosed with gestational diabetes
and receives care sevices from
providers

Helps patient to adhere to

@ °
l E pregnancy E.E
Diabetes specialist Neonatologist "
Trained tocare for people  DOtor for newborn babies who Dietitian betes training Ministry of health
with diabetes can treat neonatal problems. Suggests and changes educator Formulates and legislates
health policies and also con-

ign: to
the patient and monitors the
physical activity of the patient

changing needs of the trol healthfacilities

diabetic patient

Pregnant woman is suffering from gestational diabetes Patient exercises regularly and keeps a healthy lifestyle
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&
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PAINPOINT PAINPOINT
PAINPOINT
Veragement of daberes
ety entss
e tneons e

Lack of knowledge about
the nutitional value of
food and healthy habits

I
v I 1 l

Patient at risk is un- aware o
familys history for diabetes
and can pass it on toofispring

Digitalization SOLUTION SOLUTION SOLUTION
Process innovation Digitalization Digitalization SOLUTION
Sensing
Awareness Diabetes Healthy food Smartphone as Smartwatch
platform marllagfement delivery food scanner rvtomaticaiy habit
utomatic daily habi
platform Personalized daily, weekly Miniature infrared sensor tracking using motion

fitted in smart- phones that

can reflect infrared waves

from food sample and will
helpinfood nutrition

Stores family data and gives
regular information to
patient on their health and
let them  know the risk due

Wireless continuous glucose
monitoring (CGM) sends blood glucose
measurement to app, whichin turn
sends data to the patient’s healthcare

and monthly meals
delivered to the
doorstep based on

subscription model

sensor, real- time feedback
on eating speed, physical
activity and stress level
source.

to their family inheritance

2]

team

analysis
“Source.
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PAINPOINT

have higher risk to
develop gestational
diabetes

Mothers wha have obesity

Obesity can
risk to develop diabetes
if not properly con

tolled

Patient finds it hard o quit
smoking

{

SOLUTION

Digitalization

At-home exercise
device incorporated
with AR & VR
Creates beautiful sceneries and also

generates far-out scenes, to
stimulate exercise and reduce stress

souce

o

1

Sensing

mHealth

wearable
Monitoring and giving
feedback on physical
activity and obesity

level through

IoT based
obesity control

l

SOLUTION

Digtalization

Based on the loT approach,
which allows tracking food
intake, remote capturing and

v
SOLUTION

Digitalization

VR in smoking

cessation

Virtual reality program
combined with app that
guides user through a
mindfulness training

wearables constant monitoring of patient designed to quell nicotine
o data to evaluate obesity risk cravings
sounce

6

COVvID-19

v
SOLUTION

Sensing

Acoustic system
forfetal movement

Wearable system based on a
combination of
accelerometers and acoustic
sensors with advanced signal
processing architecture to identify
and discriminate between types of
fetal movements
souce

Addiional fetal movement
monitoring is required afer

for'mothers  with Diabet

he 201 week of pregnancy hettanca of abeies facks
s

Knowdedge in man- agin
Doty weliness

Patient does no

lockdown restrictions.

1 feel motivated 1o d

v

SOLUTION

Digitalization

AR game

Sensing

Portable monitoring
system for real-time Health education
det ti for patient at risk
etection to inherit

diabetes. It can

Wearable system based on three
also store the

electrodes used to extract signals
in the abdomen of pregnant progress and
women check on reducing
risk factors like
Zsource. stress,

Diabetes can be inherited 10 fetus and
is not detected until the baby reaches

certain age.
SOLUTION

Clinicalinnovation

Prenatal
diagnosis
Cell-Free Fetal DNA
Testing for Prenatal
Diagnosis. cfDNA can be
found in mother's blood
stream.

v

Digitalization

Exercise device
incorporated with
gamification &
social media

Allows interactions with others
on social network to encourage
competition in exercises

v

SOLUTION
Digitalization

EHealth platform

Itcan enable Indoor fitness
videos to guide and
motivate patient for

exercises. Also, feedback on

physical activity are given
and measured from a
wearable device

DIABETES

Disease pathway analysis with painpoints and solution examples

SYMPTOMS

HOME/AT WORK
Living room/ office

STAKEHOLDERS

General practitioner
Consuls patient on the
symptoms and efers patient

support 10 a diabetes specialist

(&)

Diabetes specialist
Identifies whether symptoms
experienced by the patient are

related to diabetes or not

Patient Family
Suffers from symptomsre- Notices change in patient's
lated to diabetes body health and provide

Patient experiences symptoms such as excessive thirst and hunger, frequent urination,
fatigue and slow-healing wounds

L e

PAINPOINT

PAINPOINT

Patient does not ‘Symptoms ke fatigue and

associate the symptoms
wilh diabetes

sleep deprivation are taken

as nomalissues and is not

analyzed for sk

v v
SOLUTION SOLUTION
Digitalization Digitalization

Fatigue
measuring band
Wrist actigraphy : Objectively
measures sleep parameters
ty
to calculate fatigue level and
alerts the risk to patient.

Digital education
platform

Educates patienton diabetes
and aware and average motor act

them about risk fac- tors and
symptoms via website.
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PAINPOINT

PAINPOINT

Patient cannot
remember symptoms.
and signs experienced

Remote and rural
have limited access

throughout the day 10 healthcare
v J/
SOLUTION Process innovation & Digitalization
Digitalization

Journal app for Telehealth social
symptoms program

Virtual care platform for remote

Records symptoms and
imports health data such as
walked steps and sleep, Helps
patient to check the symptoms
level and increasing risk.

areasand mHealth devices
integrated with Diabetes
Prevention Program to offer

@ COVvID-19
PAINPOINT

SARS-CoV-2 can target and impair

the body's insulin-producing celis

Hence, _some people can develop

diabetes affer an acute COVID-19
infection.

v

SOLUTION
Sensing & Digitalization

Wearables and
Telehealth

The implementation of
Telehealth solutions
to continuously monitor
insulin levels of COVID
19 patients through
wearables and gives
alertto doctors to take
necessary steps.

“Soue

guidance which is designed to
improve health and wellness

O DIAGNOSIS

HOSPITAL/HOME
Consulting room/Living room

STAKEHOLDERS

Patient Family Diabetes specialist

Ensure patient follows Performs diagnostic testson
pre-testing instructions patients

Takes test for diabetes

°
Pathologist Medical device Tech startups
companies ’ .
Conducts laboratory analysis Manufacture and develops Deveupssg‘i:m:gnusuc

on blood samples. diagnostic devices

Patient visits a doctor to receive diagnostic test.

Blood test for diagnosis

isinvasive, and painful.
diabetes

3 v
SOLUTION SOLUTION
Digitization Ciinical innovation

Smartphone Noninvasive sweat

screening analysis

Monitoring of diabetes through
continuous analysis of undiluted
sweat immediatelyafterits
excretion using a flow through

Deep learning algorithm
uses smartphone apps

hotoplethysmograph
° sl pnall:de(egup v glucose biosensor of diabetes
e —“source.
diabetes “Souce
- quze
PAINPOINT PAINPOINT
Hard 1o ideniiy Patient is not aware of
and detect the development of
prediabetes diabetc neuropathy
v
v
IMPLEMENTED IMPLEMENTED
SOLUTION SOLUTION
Clinical innovation Clinical innovation
Heart rate Temperature
sensor sensor

Smart socks and smart mat
monitor foot temperature

Deep neural network
using Al platform analyzes
patient’s heart rate and and pressure for early
step counts to detect detection of diabeticfoot
prediabetes. ulcer

source
Source

Difficulty_and delay in diagnosis
and tesii Jor

ing as maj
healthcare labs tests professionals
are allotied for COVID-19. services

SOLUTION

Digitalization

Al Solution
Using Al pre-diagnosis
system and diabetes
testkits
delivered to home
for self diagnosis.

Misdiagnosis of type of

Omics based
Biomarker
Biomarkers using gene

expression yields precise
omics classification on types

© TREATMENT

HOME
Living room

[ ]
&
Patient Family Diabetes specialist
Takes insulinbefore/after Watch out for the condition Trained to care for people
with diabetes and-
every meal of the patient provides treatment
guidance
Medical device Tech startups Pharmaceutical
companies companies

Manufacture anddevel-
ops device forinsulinin-
jection

Develops new and
effectiveways to de-

p
Develops anddeliver
drugs relatedto

liver insulin diabetes.

Insulin therapy with long-acting or short-acting insulin injection, pump or

e

car
2

t system

nventional insulin
eament requires
injection

!

1

SOLUTION @ SOWTON = SOLUTION

Clinical innovation Aut

tomation Clinical innovation

Insulin patch Inhaled

Can be attached to the 1
body and it works in
conjunction witha

mobile device to ensure
doses are con- trolled

liq
deliv

Dry-powder or

Photo Activated Depot
nsulin (PAD)
Photoactivated depot inside the

uid insulin patient’s body detects light
ered through withand release insulin into

accurately and delivered an inhaler the bloodstream
on time eaue E
souee

Patient forgets 1o take

insulin on tme.

Overdose o insulin can
cause liver to deliver
low glucose and can

cause hypoglycemia

l |

Clinical innovation

Automation Ciinical innovation

Smart insulin
Injectable nanoparticles
designed to sense glucose

levels in the body and

respond by secreting the caleul

appropriate amount of insulin ins

insul

Patient have to carry
insulin with himer all

Clinical innovation

Optogenetics
Engineered human cells
th light-sensitive
gene implanted in the
skin produces insulin on
given signal when
activated by

smartphone powered
red LED lights

Source

Continuously monitors
blood glucose levels,

automatically delivers

Artificial I-insulin

Use of additional glucose transporter
inhibitor chemically which blocks the
molecule from getting to the cell
surface to prevent too much glucose
uptake from blood into the cell

soure

pancreas

ates the amount of
ulin required and

lin eeegh a pump

PAINPOINT

Insulin cannot be taken

in the stomach

v

SOLUTION

Clinical innovation

Oral insulin
pill

Pill which consists of microneedle witha tip
made of freeze-dried insulin. The injection is
controlled bya compressed spring that is

restrained by a sugar disc. Waterin the
stomach can dissolve the disc & serve asa
trig- gerto release the springand inject the

needle into the gastric wall.

6 ==

Diffculty
in taking reg

o obtain medicines and
qular diabetes tests

Digitalization

Tele services

Tele facilities for online

mex

dicine procurement. It

can enable home test

qui

idance and monitoring
by doctor

© FOLLOW-UP

HOME
Living room

Patient Family Diabetes specialist

Trained to care for people

Watch out for the condition
vith diabetes, Monitorsblood

Measures blood sugarlevel

regularly of the patient
sugar level of the patient
@
Medical device Tech startups Dietitian
Companies Develops new solutions. Suggest suitable meal planto
for control blood sugar level

monitoring devices monitoring

Continuous monitoring of blood sugar level
required to check progress of treatment

Conventional method to
check regular glu- cose
level is invasive

I 1

Sensing Sensing & Automation Clinical innovation

® @

Wireless monitoring  Ear sensor

Breath
Wireless user-insertable gy mounting sensorin earlobe, analyzer
30-day glucose sensor itcan Measure blood
using semiconductor sugar levels through a
technology that provides combination
discreet results on
smartphone app

of ultrasonic, breath to

electromagneticand thermal
glucose level

Measures acetone
levels in patient’s

determine blood

Innouation Think Tankﬁw?

Proactively drive innovation to improve human Life

© OUT-PATIENT

HOME
Living room

STAKEHOLDERS

[ ] o, EO
Patient Family Diabetes Specialist
L’akes ?‘"‘Ea‘lr“ injection Watch out for the condition Trained to care for people
lue tohypoglycemia of the patient wiith diabetes and provides

treatment guidance
®
Medical device .
Tech startups Dietitian

Suggest suitable meal
plan to control blood

Companies
Manufacture devices for the
delivery of glucagon

Healtheare startupthat
work s to manage diabetes

and invent newmethods. sugar level

to deliver glucagon

Patient experiences hypoglycemia

e e e

Fatients not aware of
low blood sugar level Lower blood
and can faint glucose leads to

Patientis unableto self
treat(giving insulin) in
unconscious situation

suddenly hypoglycemia
anywhere
v Vv v
SOLUTION SOLUTION SOLUTION

Clinical innovation Ciinical innovation

Digitalization

Mobile alert Smart Inhalable
app glucagon glucagon
Senses low blood sugar Inhaler delivers

App that calls

patient’s emer- levels and powder glucagon up

the nose, where it's
absorbed into the
nasal passages

automatically activates
glucagon delivery to

prevent potentially life-

threatening hypoglycemia

gency contact (or
caregivers) in cases of
low blood sugar and

gives the location of

waves
Souree.
source source
v v v
SOLUTION SOLUTION SOLUTION

Ciinical innovation Clinical innovation &
ensin

® @0

Glucose-sensing

Smart contact
lens RFID microchi

Syringe-implantable biosensor

Lenses with flexible, chip to scan for glucose

Lransparent electronics . Auickly transmit the glucose data
can measure glucose levels  paqi 10 4 wireless scanner that
displays the glucose level

from tearsinthe eye and
alerts the wearers if they

getthe levels too high “Source

IMPLEMENTED

Sensing

Galvanic skin
response

Sensing & Automation

Fluorescence
P photonic chip
Uses nano-engineered chip
Itcan which emits fluorescence
When in contact with skin
the fluorescence signal
variesin relation to the
concentration of glucose in
the blood
Sousze

IMPLEMENTED
SOLUTION

Sensing

Tattoo sensor

MEMS based sensor by using

Measure blood glucose
value based on GSR
voltage and resistance to
deliver real time blood
glucose reading

Sowee

flexible electronics which
can stickon the body and
can measure blood sugar

levels through sweat on the

skin

Source
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Postponement of follow up visits_and
K after

Diabetes causes damage to
the small blood vessels in

s tough
o have early ar d precise

delay for progress chect the kidney and patient does not diagnosis of diabetic
visit hospital regularly to have retinopathy.

Kidney check-up Regular eye fest is
required.

! |

Vv
SOLUTION SOLUTION SOLUTION
Digitalization Digttalization Digitalization

Telehealth

Al diagnostic

Predict del f i
To schedule a consultation redictive model for images

diabetickidney diseases

Al based diagnosis
using retinal

o 6 ==
PAINPOINT PAINPOINT

Patienthas to mix glucagon powder
in sterile solution forinjection and
may not beable o give accurate

mixevery time

Hard to implement
rehabilitation plans due to
lockdown restrictions.

v
SOLUTION SOLUTION
Automation Digitalization

Premixed
glucagon

Self-administered by glucagon

Virtual Rehab

Using virtual platforms with AR/VR and
video based conferencing

to have rehabilitation at

pen, delivers smaller dose of

premixed glucagon

home which is guided by trainer. It can
send daily progress data to doctors.

as a calorie-free alter- native

source

online and choose a doc-
tor. The daily health data
can be updated online for
doctor to check and guide

(DKD) using Al It could  Distinct sources of patient data
detect progression of DKD is drawn including electronic
and can have effectiveand  health record and retinal im-

accurate interventionto  ages for training the Al model.
on progress reduce the need of
hemodialysis.

This can be created to have
predictive diagnosis of
retinopathy at early stage
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