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Disclaimer: The Disease Pathways
Framework could be used to elaborate on
various diseases. The various pain points,
solutions, and statistical data are
examples only and cannot be taken as
recommendations for the reader.
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from cardiovascular disease 
were due to stroke in the US

SYMPTOMS
PALSY

NAUSEA 
VERTIGO

SENSORY LOSS

BLURRED 
SPEECH

WEAKNESS
LOSS OF VISION

2 leading
cause of death worldwide2

nd12.2 million 
new strokes per year 
one every 3 seconds 2

6.5 million people die
as a result of stroke each year 2

In 2019, 63% of strokes
occurred in people 
younger than 70 years2

101 million people worldwide are 
living with stroke aftermath 2

1. WebMD, Stroke Signs and Symptoms, medically reviewed by Dr. James Beckerman, MD, FACC https://www.webmd.com/stroke/guide/understanding-stroke-symptoms
2. World Stroke Organization (WSO): Global Stroke Fact Sheet 2022 https://www.world-stroke.org/assets/downloads/WSO_Global_Stroke_Fact_Sheet.pdf
3. Johns Hopkins Medicine, Types of  Stroke, https://www.hopkinsmedicine.org/health/conditions-and-diseases/stroke/types-of-stroke
4. Global, regional, and national burden of stroke and its risk factors, 1990–2019: a systematic analysis for the Global Burden of Disease Study 2019 

https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(21)00252-0/fulltext
5. National Center for Chronic Disease Prevention and Health Promotion, Division for Heart Disease and Stroke Prevention https://www.cdc.gov/stroke/facts.
6. Stroke Mortality per 100,000 people in 2019, both sexes, all ages. https://vizhub.healthdata.org/gbd-compare/
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1 in 4 people 
will have a 

stroke in their 
lifetime 2
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PAINPOINT

Portable ECG

An extensive research-based
analysis from 40+ scientific articles
and journals in combination with
hospital workflow experience
allowed the identification of pain
points and solutions.

THROUGH THIS CAREPLAN WE
HIGHLIGHT DATA FROM
A COLLECTION OF

116
Painpoints

157
Solutions

connected to

different stakeholders

13

STAKEHOLDERS

PREVENTION
Scenario: In the park

SYMPTOMS
Scenario: At a family gathering

STAKEHOLDERS

DIAGNOSIS
Scenario: In an ambulance, paramedics
assess the situation

STAKEHOLDERS

TREATMENT
Scenario: At the hospital’s stroke unit

STAKEHOLDERS

REHABILITATION
Scenario: At rehabilitation clinic in the
exercise room

STAKEHOLDERS

FOLLOW-UP
Scenario: At home in the living room

STROKE

General practitioner
Advises the patient to maintain 

a healthy lifestyle.

Regular exercise can keep a patient healthy and could also help avert

stroke.

STAKEHOLDERS

Patient is in ambulance, getting checked by paramedics. Patient is doing exercises under guidance of rehabilitation nurse. Patient is at home, struggling to do household tasks like cleaning the house

or preparing food.

Disclaimer: The Disease Pathways Framework
could be used to elaborate on various diseases.
The various pain points, solutions, and
statistical data are examples only and cannot
be taken as recommendations for the reader.

Disease pathway analysis with painpoints and solution examples

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

Family
Encourages the patient.

Patient
Takes care of his/her health by 
exercising and eating a healthy 

diet. 

Ministry of Health
Educates the public on  
preventive measures.

General practitioner
Beforehand educating patient 

on symptoms.

Family
Recognizes the patient’s 

symptoms and calls  
ambulance.

Patient
Shows symptoms.

Ministry of Health
Educates the public on  
recognizing symptoms.

ER-Doctor
Diagnoses patient.

Paramedics
Providing emergency care and 

fast transport to hospital.

Ministry of Health
Regulate the accessibility of  

hospitals.

Patient
Shows symptoms.

Neurologist
Diagnosis.

ER-Services
Deploy ambulance.

Nurse
Assists the  

Neuro-interventionalist.

Neuro-interventionalist
Performs thrombectomy.

Ministry of Health
Regulates the treatment.

Patient
Receives treatment.

Rehabilitation therapist
Designs rehabilitation plan.

Family
Helps patient to stay 

motivated.

Ministry of Health
Provides treatment and 

rehabilitation regulations.

Patient
Exercises.

Nurse
Guiding the patient through the  

exercises.

General practitioner
Checks up on patient.

Family
Helps the patient to adjust  to 

new life.

Patient
Tries to live a regular life.

Patient has symptoms like weakness on one side of the body or problems to

speak.

SOLUTION

Sensing

SOLUTION

Clinical innovation

Wearables IoT based nicotine  

monitoring

Ultrasound  patch

SOLUTION

Process innovation

Recommended stroke 
screening of young 

AI based app

Integrated and 

digitalized clinical 

decision support

Care robots Exoskeleton robots

Digital assistant

Virtual platformAR/VR

Robotic companion Teleconsultation

Service-at-home

Website:
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Solution categories

Existing in
healthcare sector

Ongoing research
in healthcare

Futuristic solution
(may or may not
be implemented)

Family
Provides information about 

patient.

Health insurance
Covers the costs partially or 

completely.

SOLUTION

Digitalization

SOLUTION

Digitalization

SOLUTION

Digitalization

SOLUTION

Digitalization

Interactive  rehab

SOLUTION

Digitalization

SOLUTION

Digitalization

AI supported wearable

Patient Locator

SOLUTION

Digitalization

SOLUTION

Clinical innovation

Clinical decision 
Assistant

Brain saver

SOLUTION

Clinical innovation

SOLUTION

Digitalization

SOLUTION

Automation

SOLUTION

Clinical innovation

SOLUTION

Automation

SOLUTION

Digitalization

SOLUTION

Digitalization

SOLUTION

Digitalization

Paramedics
Providing emergency care and 

fast transport to hospital.

Educational appStroke detector

SOLUTION

Digitalization

SOLUTION

Digitalization

First responder app

SOLUTION 

Clinical Innovation

Bedside CT scanners

Risk-predictor 

models

SOLUTION

Digitalization

SOLUTION 

Clinical Innovation

Automated CT 
Scanners

Sports wearable

SOLUTION

Digitalization

Robotic brain

vascular procedure

SOLUTION

Clinical innovation

SOLUTION

Clinical innovation

Pre-hospital 
biomarker sampling

Brain monitoring

SOLUTION

Sensing

SOLUTION

Process innovation

Mobile stroke units Clinical decision support

SOLUTION

Process innovation

One-Stop 

Management

SOLUTION

Clinical innovation

AI based stroke detection and 

treatment

SOLUTION

Digitalization

Patient with ischemic stroke receives thrombolysis and/or thrombectomy.

“Hub & Spoke” model

SOLUTION

Process innovation

Prediction of 

hemorrhagic 

transformation

SOLUTION

Clinical innovation

Robot assisted 

surgery

SOLUTION

Clinical innovation

MR eye

SOLUTION

Digitalization

SOLUTION

Digitalization

SOLUTION

Digitalization

PAINPOINTPAINPOINTPAINPOINT

Hypertension increases the risk

for stroke. Most patients are

unaware of hypertension as it

doesn’t show symptoms, so the

condition remains undetected.

1

PAINPOINT

Arterial thrombosis can cause a

stroke if a blood clot is

blocking an artery that supplies

blood to the brain.

3

PAINPOINT

40 percent of all stroke deaths

under 65 years are linked to

smoking.

2

PAINPOINT

Symptoms like double vision,

blurred vision, moving images or

facial asymmetry can be related

to less severe causes by

patients, leading to a delay in

treatment.

PAINPOINT

Customized individual

rehabilitation guidance is

not available as often as

patient needs it.

PAINPOINT

Limited mobility of the patient

restricts him from doing

household chores and other

outdoor activities e.g., shopping.

PAINPOINT

Lack of motivation in patients.

PAINPOINTPAINPOINT

Patient and people around the

patient do not recognize the

symptoms of stroke right

away. There is a lack of

education on the symptoms

and the FAST signs of stroke.

1 2 1 21 1

Short time frame for treatment.

The time from symptom onset

to reperfusion is highly

dependent on pre-hospital and

in-hospital workflow of the

diagnostic procedure.

It may be difficult to

differentiate between ischemic

(treatment: thrombolysis

and/or thrombectomy) and

hemorrhagic stroke (treatment:

surgery) since they are

clinically indistinguishable.

1 2

PAINPOINT PAINPOINT PAINPOINTPAINPOINT

4

PAINPOINT

Atrial fibrillation (AF) is a risk

factor for ischemic stroke.

People with underlying heart

disease, excessive alcohol

intake, metabolic imbalances

etc. may be at risk of AF.

3 4

There is no exchange of

patient data and no

communication among the

care givers in the pre-

hospital part of the pathway.

PAINPOINT

43

PAINPOINT

Lack of rehabilitation

staff/ exhausted staff

during the rehabilitation

phase.

Patient's body form changes

during rehabilitation.

3 PANDEMICCOVID-19

Patient falls, cannot call

the ambulance, which is

especially dangerous

while being alone.

PAINPOINT

Diagnosis and transport to the

right hospital can take up to 3

hours or more.

2

Family members are not aware

of how to help the patient at

home.

6

PAINPOINT

A patent foramen ovale (PFO)

(prevalence 15-35%) is a risk

factor for ischemic stroke,

especially for those strokes

that lack an apparent cause in

young patients.

5

PAINPOINT

A hemorrhagic stroke can

be caused by a ruptured

aneurysm.

Logistical errors may increase

treatment time. Choosing a sub-

optimal treatment center may

cause delay. For ischemic stroke

patients, every 30-min delay before

mechanical thrombectomy leads to

8-14% higher rate of disability.

Majority of the world does not have

access to thrombectomy stroke

centers. Mechanical

Thrombectomy reduces the rate of

neurological disability by 40-

60%, so long as performed within

24 hours.

3 3 4

PAINPOINT

Reduced support network

for patients in a one-

person household.

Smart home

SOLUTION

Sensing

2

PAINPOINT

Need to monitor vitals on a

regular basis after discharge

to monitor the patient.

PAINPOINT

There is an increased number

of strokes in young aged

patients who have been

infected with COVID-19. 12

5PANDEMICCOVID-19

PAINPOINT

Due to quarantine and

isolation, rehabilitation

appointments cannot

take place.

5 PANDEMICCOVID-19

PAINPOINT

4

Patient is unable to go

for regular follow-ups.

PANDEMICCOVID-19

8

PAINPOINT

Patient cannot be located

by the emergency service.

5

PAINPOINT

For hospitalized patients having

a stroke, transport to the

radiology department is needed

for diagnosis which can cause

capacity issues.

PAINPOINT

Non standardized workflows in

CT imaging of stroke patients

lead to time loss inside the

hospital and reduced clinical

performance.

6

PAINPOINT

7

Patients with comorbidities

feel reluctant to engage in

physical activity.10

Patients with

ischemic stroke may

have hemorrhagic

transformation.

Possibility of human

errors during surgery for

hemorrhagic stroke.

4

PAINPOINT

Delay in MRI diagnosis can have

an impact on ischemic stroke

patients.

Digital twin enhanced 

workflow simulation

SOLUTION

Clinical innovation

Less than 18% of patients

are treated within 60

minutes optimum

treatment time. There is a

lack of standardized

workflow.
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PAINPOINT

Recognition of symptoms and a

correct diagnosis at the

prehospital level is challenging,

causing a time delay in

treatment.

5 64

PAINPOINT PAINPOINT

eHealth 

Patient Chart

SOLUTION

Digitalization

Detecting atrial fibrillation

early, telling the patient to

get checked by a doctor.6

Software and hardware

adapted for neurovascular

interventions provide the

operator with additional

precise fine-motor control.7,8

A risk predictor model for
patients with PFO; with a
random forest machine
learning algorithm. The
features of the model
predict a near accurate
decision for cryptogenic
stroke. 9

Wearable that can detect fall

of the patient and connected

to the healthcare data of a

digital twin, it can recognize

a stroke. 17, 18

App that locates qualified

medical personnel and

sends them as first

responder to the scene.19

To connect care

givers and digitalize

all aggregated data

by providing an

online platform for

health records,

accessible from

everywhere to

everyone.24

eHealth Patient

Chart portrays

summarized

relevant patient

data at a glance

to achieve better

outcomes.25

Paramedics
provide a cooling
helmet to the
patient to decrease
brain swelling and
reduce loss of
neurological
function after an
acute stroke.26,27

Wearables to monitor blood

pressure, analyze the data

over time, and notify the

patient and physician if it is

above the normal range, so

that timely treatment can be

initiated.1

By combining sensor

technology (temperature

and smoke) and IoT, the

nicotine levels can be

monitored regularly, and

updates can be sent to the

patient. This can help the

patient to reduce the

intensity of smoking

gradually until they can quit

the habit. 2,3,4

Ultrasound patches to

measure blood flow through

major arteries and veins helps

the clinicians to diagnose

blood clots, poor circulation,

blockages in vessels, etc. non-

invasively.5

Using mobile health
technologies like wireless
sensors and AI recognition
systems, the patient can
continuously monitor a
range of biometric
parameters that can help
detect signs of stroke
onset. 14

App to make people aware
of the warning signs of
stroke and the importance

of quick action: FAST

F: Facial drooping

A: Arm weakness

S: Speech difficulties

T: Time to call emergency
services. 15

App that analyzes the
symptoms and provides a
provisional diagnosis.16

Prehospital biomarker
sampling and blood tests
saves time as compared to
in-hospital blood samples.
Large prehospital sample
sets enable development of
novel ambulance
biomarkers to improve
early differential diagnosis
and treatment of
thrombolysis candidates.21

Non-invasive external brain
monitoring devices using
sensor technology in
accelerometers,
electroencephalograph,
microwaves, etc. for pre-
hospital settings for stroke
detection.22

Using telestroke and
neuroimaging in
ambulance for
prehospital stroke
diagnosis can aid in
initiating treatment and
in fast transportation of
the patient to a
specialized facility,
thereby enabling the
patient to receive timely
treatment and improving
clinical outcome.23

AI in combination with the Angio

CBCT, CT, MR can help in infarct

or hemorrhage detection,

segmentation, classification,

large vessel occlusion detection,

Alberta Stroke Program Early CT

Score grading, and

prognostication. Moreover, AI

implementation can guide

providers during

thrombectomy.32

Integrated and digitalized

clinical decision support

software incorporated with

the latest clinical guidelines

can reduce medical errors,

time to treatment and

improve the performance of

clinicians when providing

stroke care.33

Combining a CT-capable

angiography-suite with IV

lysis and thrombectomy in

the same room can reduce

door-to-reperfusion-time by

40%.34

Personalized rehabilitation

exercises with proper

guidance to be followed by

the patient virtually.40

Gaming technology to

make rehabilitation fun.41

Providing everyday

products by delivering

them when needed.

Non-touch sensors installed

at home to monitor patient

vitals, feeding the digital

twin.49

App/device that allows

paramedics to send

pictures and patient data to

the emergency department

to prepare before patient

arrival. Software solution

to optimize logistics and to

give decision support on

which hospital is the most

suitable to treat the patient

and the specific condition.28

To provide access to the centers and

specialists that can treat patients

without having to be transported.

Tele-robotics in the remote-enabled

centers, supervised by experienced

neuro-interventionalists at the hub,

can help treat more patients,

improve patient outcomes and

likelihood of independent life, and

reduce long-term care costs.35,36

Robots to aid rehabilitation
nurses in simple exercises
and lifting of heavy
patients.42

Exoskeleton that can be fitted to any
body type, which can grow/ shrink
with the patient. Stroke patients could
recover their motoric functions
(patient mobility), preventing
complications and decreasing fatality
and disability rates.43,44

Robot assistance to help the
recovering patient. E.g.,

helping to walk across the
room, having a display on
the robot that helps to
connect virtually with
family and friends, etc.50

Virtual platform for online
video consultations with
specialists during follow-
up.51

Evidence suggests that
regular physical activity
reduces the incidence and
mortality associated with
stroke. The wearable
tracks the activity level
and encourages patients
to compete with peers.11

Screening of young people
who have been affected by
COVID-19.13

GPS and accelerometer

included for locating

patient. 20

AI to speed up the MRI
based diagnosis by
quantifying
observations and
removing inter-
observer variance
which facilitates early
stroke evaluation.29

CT scanner that offer bedside
imaging to enable direct
diagnosis without stroke
patients being transported to
the Radiology Department. It
also enables continuous
monitoring at the ICU.30

Intelligent automation
supports safe,
standardized, and
highly performant
workflows – allowing
reproducible
precision.31

Digital twin enhanced

workflow simulation

enabling doctors to

anticipate illness,

guide therapy options

and predict outcomes

of procedures.37

Using inflammatory,

protein and transcription

biomarkers to predict the

risk of hemorrhagic

transformation in

ischemic stroke patients,

supported by a digital

twin.38

Minimally invasive, image

guided stereotactic approach

using robot assistance for

intracerebral catheter

placement can be used to

minimize human errors.39

Telehealth with digital
assistant using AR/VR.45,46

Virtual platform for
medical professionals to
evaluate rehabilitation
progress.47,48
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