
PERIPHERAL VASCULAR DISEASE (PVD)

FACTS AND FIGURES 

BUTTOCK PAIN

WEAKNESS IN THE LEGS
BURNING OR ACHING PAIN IN THE FEET OR TOES 

COLD FEELING AND SORE IN LEGS OR FEET

CHANGING COLOR TO PALE, BLUISH, DARK REDDISH

BLOOD CLOTS
LOSS OF HAIR ON THE LEGS

IMPOTENCE

PANDEMICPANDEMICCOVID 19

1 
million

4 
million

70-80
years old 

40-60
years old 
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ONLY 60%
OF THE INDIVIDUALS 

SHOW SYMPTOMS

Proportion of patients 

who die during 

readmission after PVD 
revascularization

Prevalent 

cases of  CVD 
271 million in 1990
523 million in 2019

VENOUS VASCULAR
COMPLICATION MOST

COMMONLY AFFECTED
TO COVID-19 PATIENTS

PANDEMICPANDEMICCOVID 19

cardiovascular deaths after the

onset of the pandemic
in the United States January-

June , 2020

COVID-19 PATIENTS HAVE

CARDIOVASCULAR DISEASE 
(CVD)

PANDEMICPANDEMICCOVID 19

No. of CVD 

DEATHS
China 4,650,000+

India 2,705,000+

USA 1,000,000+

2019

https://www.thelancet.com/journals/langlo/article/PIIS2214-109X(19)30255-4/fulltext, https://next.amboss.com/de/article/ch0a1f?q=pavk#Zd584cb7826882d8700c2177dfb196941, 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2733014/#:~:text=Lower%20extremity%20peripheral%20arterial%20disease,number%20of%20vascular%20risk%20factors, 
https://www.cdc.gov/heartdisease/PAD.htm#:~:text=Approximately%206.5%20million%20people%20age,PAD%20is%20due%20to%20atherosclerosis, https://www.thelancet.com/journals/langlo/article/PIIS2214-109X(19)30255-
4/fulltext,    https://www.hindawi.com/journals/cdtp/2019/8295054/

PATIENTS WITH PVD READMITTED 
WITHIN 30 DAYS POST 
REVASCULARIZATION

>1 IN 6 

397,042 4.6%

coronary artery disease 
(CAD) patients have some 

form of PVD2
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%
  

% CHANGE IN AGE-STANDARDIZED PVD 
DEATH RATES PER 100,000 INHABITANTS 2019

40%  



STAKEHOLDERS

Peripheral vascular 
disease is a stenosis or 
occlusion of peripheral 
arteries. This leads to 
lower blood flow in 
affected tissues. The 
poor supply of oxygen 
and nutrients of the 
tissue causes damage 
and loss of function 
(e.g., pain and trouble 
with walking).

THROUGH THIS CAREPLAN WE 
HIGHLIGHT DATA FROM

A COLLECTION OF

45
painpoints

67
respective
solutions

are connected to

different stakeholders

12

STAKEHOLDERS

PRENATAL
INSIDE
At home

STAKEHOLDERS

PREVENTION
OUTSIDE
In the city

STAKEHOLDERS

SYMPTOMS
AT THE HOSPITAL
On a path in the hospital

STAKEHOLDERS

DIAGNOSIS
AT THE HOSPITAL
Examination 

STAKEHOLDERS

TREATMENT
AT THE HOSPITAL
Drug treatment

STAKEHOLDERS

FOLLOW-UP
OUTSIDE
Revisits Hospital

Intern
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Peripheral vascular disease

PAINPOINT

A rare genetic disposition that can 

lead to PAD & is not yet implemented 

in the newborn screening

1

SOLUTION

Clinical 
innovation

SOLUTION

Clinical 
innovation

Genome 
sequencing 

Instant sequencing 
of genome using 

deep learning and 
high-performance 
computing (HPC). 

Portable 
sequencing & 

edge 
computing 
solutions

Portable 
sequencing kit 

powered by edge 
computing

SOLUTION

Clinical 
innovation

Gene profile 
testing

Making gene 
profile test 
mandatory 

through 
government or 

hospitals

PAINPOINT

Hypertension in Pregnancy is a 

risk factor for peripheral arterial 

disease decades after pregnancy

SOLUTION

Digitalization & 
Clinical 

innovation

Automatic BP 
monitoring sensors

Automatic BP monitoring 
sensor enabled with alarm 

indicators to classify the BP 
into stage 1, 2 and crisis 
levels of hypertension
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PAINPOINT

Women with gestational diabetes 

mellitus (GDM) are required to control 

their blood glucose shortly after GDM 

diagnosis to minimize adverse 

pregnancy outcomes

SOLUTION

Clinical 
innovation

SOLUTION

Clinical 
innovation

Biomarkers based 
GDM analysis 

Specific biomarkers of 
GDM to identify women 
at risk of GDM prior to 

its development. It 
reflects the 

pathophysiologic 
mechanisms of GDM 

involving insulin 
resistance, chronic 
inflammation, and 
altered placental 

function.

Continuous glucose 
monitoring device 

A real time-continuous 
glucose monitoring 
miniaturized device 

could provide woman 
with continuous 

information about the 
alterations in levels of 

the blood glucose.
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PAINPOINT

Lack of exercise due to COVID-19 

lockdown & patient is not doing it right

SOLUTION

Digitalization

SOLUTION

Sensing & 
Digitalization

VR-based 
rehabilitation

VR-based rehabilitation 
could help patients get 
motivated and improve 

physical fitness.

Wearable based 
assistance

Wearables for pose 
correction and 

assistance during 
exercise.

1

SOLUTION

Clinical 
innovation

3D imaging models 
using DL algorithms 

Model based approach 
for blood vessel 

segmentation and 
simulations to predict 
the structural defects. 

SOLUTION

Digitalization

Nutrition information 
app using bar codes 

scanner

Basically, a food database 
by scanning bar codes, 

patient can grab nutrition 
information from food 

products.

PAINPOINT

Defects in the structure 

of a blood vessel can 

cause narrowing. This is 

acquired at birth.

PAINPOINT

Woman does not know 

what a healthy diet is or is 

not able to maintain it, 

because of personal 

preferences or availability 

of healthy food

54

SOLUTION

Digitalization

Tele-health applications

This app could take in 
symptoms as parameters to 
suggest first-aid measures 
and help pregnant women 

schedule online 
consultation appointments 

and get their checkups done

PAINPOINT

Pregnant women might 

fear to go to hospital 

for check up due to 

covid infection 
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PAINPOINT

Patient couldn’t manage their food 

preferences, low motivation of the 

patient to change his/her eating habits 

due to personal food preference, no 

time to cook healthy food etc.

SOLUTION

Digitalization

3D-Printer (Foodini)

Produce healthy, all-natural 
dishes in a short amount of 
time and with little effort. It 

has a touchscreen on the 
front where users select the 

recipe they want to print, 
and then load in the 

ingredients and hit print.

1

PAINPOINT

The patient does not observe his 

glucose levels correctly or injects his 

insulin regularly

SOLUTION

Clinical 
innovation

SOLUTION

Sensing

Optical sensors 
for glucose 
monitoring 

Noninvasive glucose 
monitoring system 

using optical 
sensors, 

heat/thermal 
sensors.

Artificial 
pancreas

Close loop 
automated Insulin 

administration 
based on the 
blood glucose 

level monitored 
by glucose sensor

2

Intern

1 2

SOLUTION

Digitalization

Simulations on 
patient DT

Digital twin 
technology to create 
patient models and 
perform simulations 

to reveal the 
occurrence/sign of 

disease & any 
severity

Medical problem is detected too late

PAINPOINT

Patient mistaken pain for an 

orthopedic problem

PAINPOINT

SOLUTION

Digitalization

AI based 
classification/ 

prediction

Using AI pre-
diagnosis system 

distinguish clinically 
between claudication 

and leg pain from 
other causes such as 

spinal stenosis.

3 4

SOLUTION

Digitalization

ML based 
prediction

App that scans the 
image of the skin & 

predicts possible 
symptoms of disease 

based on ML 

Patient doesn’t interpret shiny skin as 

a symptom of disease 

PAINPOINT

Patient is not able to sense or 

communicate a cold feeling in his feet

PAINPOINT

SOLUTION

Sensing

Smart sock

Develop socks that 
measure 

temperature and 
blood circulation in 

feet and legs on 
patients with risk 

factors

PAINPOINT

Covid-19: Not being able to do 

their regular exercise, and being 

afraid to get infections 

SOLUTION

Digitalization

VR/Game based 
home devices

At-home exercise 
devices incorporated 

with gamification, 
social-media and 

virtual reality

3

PAINPOINT

Difficulties in measuring 

cholesterol level effectively and 

easily.

SOLUTION

Sensing

Biosensor based non-invasive 
cholesterol determination 

Simple, disposable, enzyme-based 
electrochemical biosensor that can detect 

cholesterol. It is possible to detect low 
concentrations of cholesterol using the 

optimized vertical structure of the 
platinum nanocluster (Pt-NC) and the 

immobilization of a proper volume of an 
enzyme.
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PAINPOINT

Patients couldn't be aware of a 

genetic problem in their family 

SOLUTION

Clinical 
innovation

SOLUTION

Digitalization

AI with genomics

New methods from 
artificial intelligence 
combined with large 
genomics can enable 

to predict disease risk 
from DNA.

MI-GENES analysis

MI-GENES (Myocardial 
infarction genes) testing & 

more precise peripheral 
vascular risk calculation. 

This gives for better 
insights of functioning of 

patient's body.
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SOLUTION

Sensing & 
Digitalization

Smart blood 
pressure & pulse 
measuring device

Smart device that 
measures pulse and 

blood pressure of 
feet/legs and arms and 
gives feedback to the 

patient if he falls below 
a certain cut-point. 

SOLUTION

Digitalization

AI/ DL enabled force 
plates

Deep neuronal network 
using AI platform analyzes 

patient’s gait and step 
counts to detect pre-PAD..

PAINPOINT

Patient does not realize 

the weaker pulse

PAINPOINT

Hard to identify pre-

PAD

65

SOLUTION

Digitalization

An app for PAD 
awareness

Digital awareness about PAD 
and its symptoms. This app 
can be designed to suggest 

first-aid measures.

PAINPOINT

Due to Covid-19, 

people are avoiding 

going to hospitals  
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SOLUTION

Clinical 
innovation

4D imaging

4D imaging/ color 
mapping to visualize the 

lumen from calcified 
arteries. 

SOLUTION

Digitalization

Centralized patient 
database platform

A centralized patient 
database platform as digital 

solution to collect the 
information about a patient 

from different medical 
disciplines concerning one 
problem to have a better 

overview and to avoid 
treating the patient one-

sided.

PAINPOINT

Difficulty in assessing the 

lumen in the presence of 

highly calcified arteries, 

obesity with peripheral fat 

distribution. Not useful for 

areas of open ulcers or 

excessive scarring.

PAINPOINT

The communication 

between the different 

doctors is mostly 

difficult and still based 

on letters/ paper-based 

documents

21

SOLUTION

Digitalization

VR simulation & 
gamification

Virtual reality simulation 
and gamifying the test.

PAINPOINT

The patient tries to 

avoid the test because 

of pain

3

PAINPOINT

Cannot be performed in the doctor's 

practice

SOLUTION

Clinical 
innovation

SOLUTION

Clinical 
innovation

Portable 
angiography 

system 

Portable angiography 
system in bus with 

radiologist support and 
tele-radiology support

Optical Coherence 
Tomograph

OCT imaging technology 
helps physicians to visualize 

and measure important 
vessel characteristics. It 
captures high-resolution 

images, displaying the type 
of disease and coronary 

artery dimensions in detail 
to determine how the 

patient should be treated.

4

SOLUTION

Clinical 
innovation

Oxygen 
microsensors 

An injectable, 
luminescent, hydrogel-

based oxygen 
microsensors can 
provide minimally 

invasive continuous 
tissue oxygen 

measurements. The 
measurements can help 

in monitoring a PAD 
patient’s progress. 

SOLUTION

Clinical 
Innovation

Biochemical reaction 
based POCs

Use of redox reactions upon 
a substrate that gives the 
indirect measurement of 
ROS (like the working of 

glucose strips)

PAINPOINT

Although techniques 

(Transcutaneous oxygen tension 

and ankle-brachial index) exist to 

assess perfusion and capillary 

hemoglobin oxygenation, a direct 

measurement of tissue 

(interstitial) oxygen availability is 

required for earlier intervention.
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SOLUTION

Digitalization

Hospital management 
app

The patient can book 
appointments and isolation 

beds in advance through the 
app by checking vacancy.

Pregnant woman with gestational diabetes, was suggested to 
modify her diet to control glucose levels. 

Patient is addicted to smoking, unhealthy lifestyle and 
is obese. 

Patient suddenly feels weakness in legs, pain in the 
feet or toes while resting, soreness on the leg etc. So, 
decides to visit hospital 

General practitioner performs physical examination and patient 
was asked to proceed with ABI index, stress examination, 
imaging for better treatment/therapy decisions 

PAINPOINT

Measuring the oxidative stress 

(ROS levels) is done via use of 

fluorescent probes/ assays that 

are costly & time consuming

PAINPOINT

The COVID-19 infected patients 

may not find appropriate isolation 

diagnosis facilities in the hospital.

1 2

Patient is not willing to quit smoking

PAINPOINT

Patient does not walk the 

advised distance because of 

pain or passivity

PAINPOINT

SOLUTION

Digitalization

3D modelled 
patient specific 

shoes

Shoes designed with 
patient’s foot 

structure using AI 
and 3D modelling. 

Enhanced shoes for 
high endurance 

walking.

Treatment was based on patient conditions. Treatment/therapy 
suggestions were gait training, drug treatment, interventional 
and surgical therapy (like revascularization, amputation, 
percutaneous transluminal angioplasty)

SOLUTION

Digitalization

SOLUTION

Digitalization

Wearables

Machine learning and 
wearable band for 
quitting smoking 

(kiwi.ai)

Patient DT & 3D lung 
model

Using patient digital twin, 
create patient specific 3D 

lung model to visualize the 
status, causes and effects of 

smoking..

Patient revisits the hospital for regular checkups to know the 
effectiveness of treatment/therapy & diet management. 

3 4

Patient does not take prescribed 

medicine because there are no 

pharmacies nearby

PAINPOINT

SOLUTION

Digitalization

SOLUTION

Digitalization

Online pharmacy 
service 

Online pharmacy 
service that is directly 

linked to the 
prescription of the 
doctor, so that the 

patient does not need 
to take care of picking 

up the medication.

Drones

Medicine delivery via 
drones 

SOLUTION

Clinical 
Innovation

SOLUTION

Digitalization

AR/VR solutions

Mirror therapy 
solutions using VR / 

AR

Bionics

Advanced bionics 
solutions with high 

customization choice for 
amputee

Amputation leads to mental health 

problems

PAINPOINT

SOLUTION

Clinical 
Innovation

Drug-eluting stents 
& drug-coated 

balloons

The use of drug-eluting 
stents & drug-coated 

balloons provide 
localized therapy to 

the targeted lesion & 
prevents restenosis.

SOLUTION

Digitalization

Medication delivery to 
home

Online delivery of 
medicines/drones can 

drop medicines to 
patient’s home 

..

PAINPOINT

Vessel restenosis during 

angioplasty 

PAINPOINT

Patient is afraid to go 

to hospital for 

treatment 
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SOLUTION

Clinical 
Innovation

DNA nanobots 
controlling blood clots

An intelligent nanorobot for 
autonomous anticoagulation 
that has several DNA-based 
modular components as an 

embedded "computing 
core" (three functional 

modules—the "input 
sensor", the "threshold 

controller", and the 
"inhibitor generator".

PAINPOINT

PVD patients’ condition 

worsens if he/she is 

infected with SARS CoV

that causes higher rate of 

blood clots in COVID 

patients 

PAINPOINT

Poor wound healing 

2

SOLUTION

Sensing & 
Digitalization

RFID based 
prosthetic limb

RFID chips are 
embedded in objects 
and a RFID reader, in 
RFID prosthetic hand, 
recognizes the objects 

with which it is 
interacting. With the 
object information, 
prosthetic hand can 

associate appropriate 
grasp postures with the 

objects.

SOLUTION

Sensing & 
Digitalization

mHealth application 

Remote patient monitoring-
communication platform 
like mHealth application 
interfacing with patient’s 

data (current health 
condition) collected from 

wearables and send it on to 
healthcare providers.)

PAINPOINT

The use of prosthesis due to 

vascular conditions during 

rehabilitation is high & patient 

finds it difficult to get adjusted 

with prosthesis 

4
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SOLUTION

Digitalization

AI personal assistance 

AI based personal assistance 
to support and keeps track 
of patient’s development 

and progress

PAINPOINT

High chance of relapse

PAINPOINT

Difficulty in following the assigned 

care plan

SOLUTION

Digitalization

Wearables with 
image processing 

Wearables/ application 
that captures images of 
the wound periodically 

and an image processing 
software (based on 
surface area) that 

compares with previous 
image to notify wound 

healing extent. 
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Pregnant
woman

Gynecologist General 
Practitioner

Diabetologist

General 
Practitioner

Diabetologist

Patient
General 

Practitioner

Patient Family

Foot care

Nutrition 
expert Diabetologist General 

Practitioner

General 
PractitionerAlgologist

Interventional 
radiologist

Surgeon/ 
Vascular 
Surgeon

General 
Practitioner

Nutrition 
expert

Physiologist

Physiologist

PANDEMICCOVID19

PANDEMICCOVID19

PANDEMICCOVID19 PANDEMICCOVID19
PANDEMICCOVID19 PANDEMICCOVID19

Interventional 
cardiologist


