
PERIPHERAL VASCULAR DISEASE

SIGNS AND SYMPTOMS INCLUDE1,2

PAINFUL LEG CRAMPING

SKIN CHANGES LIKE SHINY SKIN, DECREASED SKIN TEMPERATURE

WEAK PULSES IN THE LEGS AND FEET

NUMBNESS, WEAKNESS, OR HEAVINESS IN MUSCLES

SORES OR ULCERS ON LEGS OR FEET THAT DON’T HEAL

LOSS OF HAIR ON THE LEGS

REDDISH-BLUE DISCOLORATION OF THE EXTREMITIES

GANGRENE

THICKENED, OPAQUE TOENAILS
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disease pathway framework was updated
on 27.04.2023. 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 various pain points,
solutions, and statistical data are examples only.
Sources are multiple, such as public statistics,
expert opinions, open innovation 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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*PAD – Peripheral artery disease
DM – Diabetes mellitus
DALYs – Disability adjusted life years
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RISK FACTORS1,2

✓ Old age
✓ Smoking 
✓ Atherosclerosis
✓ Physical inactivity
✓ Obesity
✓ High blood pressure
✓ Diabetes
✓ High cholesterol The global peripheral vascular

devices market size was valued at

USD 6,500 million in 2022 and is
expected to increase at a CAGR of

7.4% from 2023 to 203010

PAD can lead to leg or foot 
amputation, heart attack 
or stroke4

Only 25% of patients

present with symptoms, the
most common of which is
intermittent claudication6

>1 in 6 patients with PAD are

readmitted within 30 days post
revascularization9

Cost of care for patients with
PAD and DM ranges from~20-30% patients with

PAD have concomitant
diabetes mellitus7

PAD global statistics, 20193

113 million prevalent cases

1.54 million DALYs 

74,100 deaths

COVID-19 patients with diabetes or hypertension are
prone to lower limb complications and require
therapeutic anti-coagulation5

PANDEMICPANDEMICCOVID-19

~6.5 million people 
aged 40 and older in the 
US have PAD1,8

$84 billion to $380 billion annually7
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SOLUTION

Digitalization

AI model for pain 
differentiation

By analyzing datasets of pain
related information from
medical records, AI algorithms
can be used to identify
patterns and characteristics
that are associated with
different types of pain, such as
ischemic, neuropathic or
inflammatory pain, and aid in
better management.12

SOLUTION

Digitalization

VR for pain relief

Non-pharmacological adjuncts
like VR have become an
important option for effective
pain management. Patient
immersion in interactive virtual
reality provides distraction
from painful stimuli and can
decrease an individual’s
perception of pain.13

SOLUTION

Sensing

PAIN POINT

PAIN POINT

PAIN POINT

PAIN POINTPAIN POINT

PREVENTION
Scenario: Patient walks through the city

SYMPTOMS
Scenario: At the hospital reception

DIAGNOSIS
Scenario: In the examination room 

TREATMENT
Scenario: At home in the living room

REHABILITATION
Scenario: In a rehabilitation center

FOLLOW-UP
Scenario: At the hospital

PERIPHERAL VASCULAR DISEASE

Patient smokes frequently, not being able to successfully quit.

2

1

Patient experiences painful cramping, numbness and weakness in the legs,

sores on the toes and feet, and visits the hospital.

Patients might not recognize the

decreased skin temperature,

especially in the legs and feet.

The patient is initially examined clinically, gets the ankle-brachial pressure
index calculated and undergoes ultrasonography.

Patient takes medications such as antiplatelet drugs, statins etc., exercises

regularly and tries to quit smoking as advised, while also being informed about

interventions such as angioplasty, stenting, endarterectomy or bypass in case of

inadequate response to medical therapy.

SOLUTION

Process 
innovation

Heat therapy & bicycle 
exercise training 

PAIN POINT

Due to impaired walking ability
and pain, patients with PVD might
not adhere to the regular exercise
regime (30 mins of walking, 3
times per week) recommended for
treatment.

SOLUTION

Clinical innovation

Direct oral 

anticoagulants

PAIN POINT

Patients with PAD are more likely

to develop major thrombotic

vascular events, such as

myocardial infarction, ischemic

stroke or acute limb ischemia.

Patient is on his way to recovery, receiving frequent physical therapy with a

licensed physiotherapist.

Patient revisits the hospital for a follow-up appointment to monitor the

effectiveness of the treatment and diet management.

5

Disease pathway analysis with pain points and solution examples

STAKEHOLDERS STAKEHOLDERS STAKEHOLDERS STAKEHOLDERS STAKEHOLDERS STAKEHOLDERS

PAIN POINT

Diabetic patients have a higher risk
of developing PVD, often appearing
earlier, more severe and diffuse.
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PAIN POINT

Patients can be unaware of the
numerous risk factors for PVD such
as age, gender, history of heart
disease, family history etc.

SOLUTION

Digitalization

Online risk assessment 
tools

SOLUTION

Clinical innovation

Intravascular 
lithotripsy

The presence of vascular
calcification may interfere with the
delivery of endovascular therapies.
Moreover, the effectiveness of drug
coated balloons is limited in heavily
calcified lesions.

Hospital 
administration

Manages the health services 
provided to patient.

SOLUTION

Sensing

4

4

SOLUTION

Digitalization

Online healthcare 
communities

Patients with PVD are more likely to
have depression which in turn can
lead to negative effects on walking
ability and physical function
independently of the disease.

3

SOLUTION

Process innovation

Telerehabilitation

PAIN POINT

In certain areas or due to the
pandemic, patient might not have
access to a multidisciplinary
rehabilitation team.

5

Hospital administration
Manages the health services 

provided to patient.

7

PVD patients can suffer from severe
pain, especially in a moment of
physical activity.

ML based diagnosis

SOLUTION

Digitalization

PAIN POINT

Very often, PVD is

underrecognized and diagnosed

late.

1

SOLUTION

Clinical innovation

Prosthetics with a sense 
of touch

PAIN POINT

For patients who undergo
amputation, getting adjusted to the
prosthesis can be challenging.

1

Patient lacks motivation for
rehabilitation.

High blood pressure is associated
with various vascular diseases.

3

PAIN POINT

Patients with PVD may suffer from

wounds that won't heal, potentially

leading to gangrene.

SOLUTION

Sensing

Integrated smart 
sensor dressing 

SOLUTION

Sensing

Wearable BP monitor

6

Continuous temperature 
monitoring socks

Training apps 
with wearables

SOLUTION

Sensing

Ultrasound skin 
patch

2

SOLUTION

Digitalization

VR based simulation

Endovascular surgical
interventions can be challenging
and require highly skilled and
experienced vascular surgeons.

3

SOLUTION

Sensing & Digitalization

2

SOLUTION

Automation

Algorithm for restenosis 
calculation

PAIN POINT

PVD patients that are treated by
stent implantation might be at risk
for restenosis of the stent.

Patients who smoke regularly are
at an increased risk of PVD.

4

PAIN POINT

By integrating various data
sources spanning socio-
demographics, medical history,
genetic, laboratory and
radiology findings, ML
classification models can be
created that help physicians to
accurately identify patients
with PVD.17

A patient centric platform can
enable access to a
multidisciplinary vascular
rehabilitation team remotely via
video conferencing in order to
support one-on-one interaction,
provide instructions and
guidance on lifestyle
modification including smoking
cessation, exercise and diet.

In high risk patients, socks
with integrated temperature
measuring sensors can act as
an early warning system for
decreased skin temperature in
the lower limbs, based on
which further investigations
can be conducted.14

A wearable BP monitor can take
clinically accurate BP readings
through the inbuilt inflatable
cuff within the watch band.
Furthermore, it can track trends
over time with color-coded
health graphs and together with
an app, help to access health
history, send reminders and get
daily actionable insights based
on personalized data.6

Recently, Rivaroxaban, a direct
oral anticoagulant, in
combination with Aspirin was
approved by the FDA as the first
evidence-based medication to
lower these risks in patients with
PAD, including patients who have
recently undergone lower
extremity revascularization due to
symptomatic PAD.28

New technologies now link
prosthetic arms and legs to a
device implanted in a person's
spine to stimulate the same
nerve fibers that were once
connected to the person's own
limb. This could help to provide
patients with a sense of touch.32

A machine learning model that
uses demographic, clinical,
and angiographic
characteristics including
various risk factors such as
diabetes, abnormal platelets,
and abnormal cholesterol can
identify those patients who
will present with stent
restenosis.35

A virtual patient simulation
software when integrated with
angiography systems can be
used to rehearse interventional
procedures and acquire new
skills. This system offers a safe,
immersive, and radiation free
simulation environment based
on real life patient images.23

It uses pulsatile acoustic pressure
energy to fracture superficial and
deep calcium without affecting
local soft tissues or liberating
emboli, thereby serving as a novel
vessel preparation option to
improve luminal compliance and
facilitate definitive endovascular
treatment.27

Social media websites, or
mobile applications provide a
platform on which patients
can remain socially engaged
and receive emotional support
instrumental for the
maintenance of positive
mental health.34

Such tools can be circulated
amongst the public for them to
answer questions comprising of
modifiable and non-modifiable
individual risk factors for PVD,
based on which a software can
estimate the patient’s risk of
developing the disease. A high-
risk score leads to
recommendations by the tool to
visit a clinical expert.1

Patient
Starts developing symptoms 

of PVD.

Family
Tries to support and care for 

the patient but is not yet well 
informed about the condition.

General practitioner
Can interpret the symptoms 

correctly and refer the 
patient to the right expert.

Patient
Tries to take care of his/her 
health, but still engages in 

unhealthy habits.

General practitioner
Provides care related to 

general medical 
problems.

Family
Support and encourage 
the patient to follow a 

healthy lifestyle.

Patient
Receives diagnostic 

services from health care 
providers.

Family
Support patient 
throughout the 

diagnostic process.

Vascular specialist
Expert of the disease; 

decides on the next 
diagnostic and treatment 

steps.

Patient
Receives treatment and is 

advised to take 
medication.

Family
Supports patient throughout 

the treatment process.

Interventional 
cardiologist

Performs endovascular 
procedures for PVD.

Pharmacy
Provides medicine for the 

patient to take in an out-
patient setting.

Patient
Receives rehabilitation 

therapy.

Dietitian 
Provides a healthy diet plan 

for the patient.

Physiotherapist
Helps the patient to recover by 

providing specific physical 
exercises.

Family
Supports and encourages 

patient to follow the 
rehabilitation plan.

Patient
Contacts healthcare 
professional for an 

appointment. 

Family
Ensures that the patient 

goes for regular check-ups.

General practitioner
Does frequent check-ups of 
the patient with a focus on 

keeping the PVD under 
control.

This patch can be worn on the
skin to monitor blood flow
through major arteries and
veins. It can help clinicians
diagnose cardio-vascular
conditions including blood
clots, poor circulation in the
limbs or blockages in the
arteries that could lead to
stroke or heart attack.29

PAIN POINT

Patients with a sedentary lifestyle

are more likely to develop PVD.
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Tech companies
Create innovative tech solutions 
that help monitor the symptoms 

of PVD.

Medical device companies
Create innovative tech solutions 
to help diagnose PVD correctly 

and efficiently.

Medical device 
companies

Create innovative tech 
solutions to help treat 

PVD successfully.

Vascular surgeon
Performs endovascular 

procedures and other 
surgical procedures for PVD 

treatment.

Medical device 
companies

Create innovative tech 
solutions to help patients 

with PVD recover.

Pharmaceutical 
companies

Develop and deliver drugs 
related to PVD.

Vascular surgeon
Schedules follow-up 

appointment if surgery 
was performed.

SOLUTION

Digitalization

Diabetes 
smartphone apps

An app can help to track BP, blood
sugar and lipid levels, show trends,
monitor diet while suggesting recipes,
and connect with diabetes specialists
for timely intervention in order to
ensure strict control and management
via diet, physical activity and, if
necessary, medication targeting
glycemia and other cardiovascular risk
factors to prevent micro- and
macrovascular complications.4,5

Wearables for 
smoking cessation

SOLUTION

Digitalization

AR/VR based training 

VR supported training is a
viable option for patients
to exercise in a playful and
stimulating environment
even from home. AR/VR
can be used for
educational purposes, with
games teaching about
healthy food choices and
cooking.8,9

SOLUTION

Digitalization

Online nutrition 
platform

A platform that combines
education, meal planning,
and food ordering can be
used to analyze
dyslipidemia, recommend a
meal plan accordingly,
track the patient's progress
over time, and assess the
changes in lipid profiles
among those with
increased lipids.10

As an alternative to walking,
heat therapy via hot-water
immersion and supervised
bicycle exercise training can
improve walking distance and
resting blood pressure, as well
as enhance adherence and have
a positive impact on quality of
life. Remote supervision of the
training progress can remove the
need for in-person physical
therapists.21,22

SOLUTION

Digitalization & Process innovation

Whole genome sequencing 
and EHR analysis

Based on large enough sample
sizes, whole genome sequencing
can be combined with electronic
health record analysis to create
a precision health screening
platform for vascular disease,
enhancing prevention efforts as
well as targeted early diagnosis
and treatment.2,3

SOLUTION

Digitalization

Therapy decision 
support system

PAIN POINT

Increased costs, newer treatments,

and interactions with other

medications make pharmaceutical

treatment of PVD increasingly

difficult.

2

ML-based algorithms can help to
provide personalized treatment
for patients with PVD through
decision making support for
selection of the suitable drugs,
while maintaining appropriate
polypharmacy. It can also be
used to characterize long-term
treatment safety in a real-world
setting.17

4

PAIN POINT

SOLUTION

Digitalization

SOLUTION

Clinical innovation

A higher radiation burden must be
weighed against improved image
quality while performing
angiography during surgical
intervention in PAD patients.

Software tools and 
applications 

Low dose imaging

Powerful X-ray tubes can offer

high contrast resolution while

optimized X-ray pulse helps to

reduce radiation. Further, a new

detector technology based on

crystalline silicon reduces

electronic noise and allows

imaging at ultra-low dose levels,

decreasing radiation for both

patients and staff.24

Advanced image-quality and
dose-saving tools can aid in
achieving optimized image
quality by applying
comprehensive image processing,
reducing radiation dose,
monitoring dose and reporting it
in an easy and structured
format.25

PAIN POINT

SOLUTION

Clinical innovation

Hybrid interventional 
suite

Surgical treatment of PVD
sometimes may demand
challenging multi-modality
procedures and streamlined
workflows, which needs adaptable
imaging devices.

5

PAIN POINT

Ankle-brachial index accuracy

may be lower in patients with

calcified or non-compressible

arteries, such as those with

diabetes, renal failure, or

advanced age.

2

Vascular early warning 

system device

It uses red and infrared optical
sensors to register changes in
blood volume within the
microvasculature and identifies a
loss of normal vascular tone. It is
safe, quick, and reproducible,
making it a promising tool to
assist in the early diagnosis of
PVD.18

SOLUTION

Clinical innovation

With instant fusion, this can
seamlessly integrate angio
and CT images. Even wireless
ultrasound images can be
displayed side-by-side on the
large display so that all three
modality images are
available at a single glance.26

Smart wound dressings
integrated with wearable
sensors to monitor the pH
and temperature at the
wound site and detect
possible infections can
facilitate efficient clinical
care non-invasively and in
real time. They can also
enable the management of
distant patients.15

SOLUTION

Clinical innovation

Exoskeleton

The patient may suffer from severe
pain or discomfort even after
treatment, leading to decreased
mobility.

1

PAIN POINT

Exoskeletons for the lower
limb provide a constant gait
pattern which could otherwise
be impossible to achieve in
early rehabilitation. The
patient can thereby have a
greater autonomy and an
improved quality of life.30,31

PAIN POINT

3

SOLUTION

Digitalization

Telemedicine

Frequent check-up appointments
might be tiresome for the patient
and lead to low adherence.

mHealth 
applications

SOLUTION

Digitalization

It allows patients to have
virtual appointments
with vascular experts
and enables real time
interactions with them
through text messaging,
audio or video calls. This
makes quality vascular
care more cost-effective
and accessible.36

Wearables integrated with an
app can measure the patient’s
overall physical activity and
provide feedback on the
execution of exercises and
training success. Smart phone
apps summarize the gathered
information and help motivate
the patient to stay active by
providing incentives based on
the patient’s performance.33

Such apps can support in
remote monitoring of
patient vitals, symptom
checking, appointment
scheduling, viewing test
results, and sending
medication reminders to
the patient, while also
sharing all data with the
healthcare provider.37

Awareness of PVD is less as

compared to knowledge of other

cardiovascular diseases.

SOLUTION

Process innovation

1

Educative campaigns

PAIN POINT

State driven educative
campaigns and social media
posts can be valuable tools to
reach and inform not only the
general public but also the
general practitioner in order to
educate them about risk
factors, common symptoms and
identification of hidden PVD.11

Level of suspicion among primary

care physicians is low and only a few

PVD patients present with classical

symptoms.

2

PAIN POINT

SOLUTION

Clinical innovation

Nanoparticles in 
chronic wound healing

Active nanoparticles
equipped with metals or
ions have antimicrobial
benefits, while
nanoparticle delivery
systems enable a
sustained release of drugs
and growth factors,
enhancing wound
closure.16
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SOLUTION

Digitalization

Workflow optimization

PAIN POINT

During vascular imaging, contrast

timing can easily be missed

resulting in suboptimal image

quality or potential exam

rescheduling.19

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.

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

45
pain points

67
solutions

connected to

different stakeholders

15

Website: 
https://www.siemens-healthineers.com/innovation-think-tank

Solution categories

Existing in healthcare 
sector

Ongoing research in 
healthcare 

Futuristic solution 
(may or may not be 
implemented) 

Dietitian 
Suggests appropriate 

meal plans to maintain a 
healthy lifestyle.

Tech companies
Design and develop health 

monitoring devices and 
fitness trackers. 

Ministry of Health
Formulates and legislates 
health policies as well as 

strategies for health 
facilities.

Radiologist
Uses specific imaging 

modalities to help diagnose 
PVD.

Vascular surgeon
Advises rehabilitation.

PAIN POINT

High blood cholesterol increases the

risk for PVD.

6

Disclaimer:
This publication on the peripheral vascular disease
pathway framework was updated on 27.04.2023. 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 various pain points, solutions, and statistical data are
examples only. Sources are multiple, such as public statistics,
expert opinions, open innovation 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.

PAIN POINT

SOLUTION

Digitalization & Automation

Software for 
vascular analysis

Manual vessel evaluation can be
difficult and time consuming.

4

This can be used for objective,
accurate and reproducible
vessel evaluation by
automated contour detection,
determination of degree of
stenosis, automatic and
manual reference diameter
determination, as well as
distance and angle
measurement.20

1

SOLUTION

Digitalization

AI assisting tool

PAIN POINT

Patient might find it difficult to
follow the assigned care plan.

AI-based personal assistant
can help keep track of
patient's development and
progress with respect to
wound care, diet, exercise and
medication intake.

PANDEMICCOVID-19

A software solution can be
used for user guidance,
contrast timing optimization,
and workflow automation
during angiography
examinations which can be
useful for imaging peripheral
arteries with little
requirement for further
adjustments.19
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A small wearable device
detects the action of
smoking, asks the user to
confirm, and then offers
personalized interventions
to stop smoking.7
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