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Achievements ktu
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Photoplethysmography & é-lead ECG-based atrial fibrillation monitoring
Licensed to UAB Teltonika.
The smart device ,,TeltoHeart" is now on the market.
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Call Identifier: HORIZON-HLTH-2023-TOOL-05-05

Call title: Harnessing the potential of real-time data
analysis and secure Point-of-Care computing for the
benefit of person-centred health and care delivery

Program: Horizon Europe, 4. Health, 2023-2024

Destination: 5. Unlocking the full potential of new tools,
technologies and digital solutions for a healthy society
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Project type: |A (Innovation Action)
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.
Deep Vein Thrombosis (DVT) is the /i ThrombUS
clotting of blood in a deep vein of

an extremity usually the calf or thigh.

A clot is mainly composed of fibrin and red
blood cells.

Embolys A clot usually forms around the valves
in the deep veins of the leg.

Normal Deep Vein

ins of
Duep Velia.of tre.Leg Blood Flow Thrombosis

The clot might be pushed via the heart to
the lungs where it can block an artery,
what is know as pulmonary embolism,

an acute, life-threatening event,

https://www.usaveinclinics.com/vein-disease/deep-vein-thrombosis-dvt/ June 2024

https://www.cdc.gov/blood-clots/data-research/facts-
stats/index.html#:~:text=The%20precise%20number%200f%20people,die%200f%20VTE%20each%20year. June 2024
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I ThrombUS?

DVT Is a magjor preventable cause
of morbidity and mortality worldwide.

Olaf M et al. Deep Venous

= 39'most frequent vascular diagnosis after heart attack and stroke,  Tromeoss fmers ved Cinoris

10.1016/j.emc.2017.06.003

Cohen AT et al. Thromb Haemost.

= affects more than 1,000,000 Americans per year 3007 Oet9B(4)756.84
B SetalTh bH t. 2016
affects more than 700,000 Europeans per year o Foemen . 20
08-0670

= annual health expenditure related to DVT is €8.5 billion in EU

© E. Kaldoudi Co-funded by the European Union [l




Currently, ultrasonography is the
method of choice for DVT diagnosis

direct visualization of the thrombus
Doppler to assess venous flow

compression
UHTQSOUﬂd femoral artery

deep femoral vein

ﬂ/»
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femoral vein
great
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vein
popliteal vein J‘g "~ o \

- femoral vein

© E. Kaldoudi

Compression US My ThrombUS?*

artery

vein

While compressing with the US probe
till the artery starts to compress,

= when normal,
the vein fully collapses.

= when DVT is present,
vein does NOT collapse.

Co-funded by the European Union [l




Currently, ultrasonography is the
method of choice for DVT diagnosis

= direct visualization of the thrombus

= Doppler to assess venous flow

= compression e A (\ artery
ultrasound fomoral arfery j | 6
deep femoral vein ‘((f,,""" - / ‘\_‘\‘S .
femoral vein o \ ;f“:i ‘ Vein

great
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vein

While compressing with the US probe
till the artery starts to compress,
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= when normal,
the vein fully collapses

j! J = when DVT is present,
Ve vein does NOT collapse
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Other modalities for DVT diagnosis: )
Venous Occlusion Plesthysmography (VOP) methods I ThrombUS

Electrical Impedance Plethysmography Light Reflection Rheography
measures blood volume changes in measures blood volume changes in
peripheral veins via electrical impedance peripheral veins via reflection of light
changes

voltage

o
P
N\ ///

Haut

© S. Balling, medis.
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Other modalities for DVT diagnosis: )
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I ThrombUS?

High-level implementation methodology of the ThrombUS+ project

The V-model is a graphical

representation of
a systems development lifecycle
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Shared language & understanding: definitions

I ThrombUS?

screening — checking for disease when there are no symptomes,
e.g., the mammography / colonoscopy / genefic tests

continuous screening - regular monitoring of pafients for signs, symptoms, or changes that may
indicate the development or progression of a particular condition
eg., heart arrhythmia screening using a smartwatch

diagnostic (detection) tests - for those showing symptoms in need of a differential diagnosis,
eg., DVT diagnosis & thrombus identification, (FP: Baker's cysts, lymph nodes)

monitoring (intermittent) — ongoing observation of individuals who have already been diagnosed
with a particular health condition, e.g., DVT; thrombus features: size, strain,...

prevention — the actions and strategies aimed at reducing the incidence, prevalence, and impact
of diseases, e.g., intermittent sequential compression cuffs, exercise gamification

Risk assessment & monitoring - the systematic assessment and tracking of factors that conftribute o
the likelihood of developing specific diseases or health conditions, e.g., Caprini model, Wels score,...

Co-funded by the European Union [




I ThrombUS?
Main Reference Use Cases - RUCs

RUC#1 Neurosurgery
RUC#2 Lower limb orthopaedic surgery =
RUC#3 Cardiovascular surgery and risk

More focus on
post-surgical cases

RUC#4 Pregnancy and postpartum c- H
RUC#5 Obesity
RUC#6 Cancer and oncological treatment

RUC#7 Autoimmune diseases and genetic

. Early detection of DVT is crucial!
disorders

\
. /
\ 4
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USB-C
for power supply and data transmission

—

System modules & Developed components
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M ThromblUS?

Operator-less, wearable, automated
Compression Ultrasonography

Key component — piezoelectric pump

Cavity
(underside)
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<=~ Actuator

USB-C
for power supply and data transmission

ThrombUS+ Module Diagram
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,,[ Th ~OM) b U S T ThrombUS+ Module Diagram
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Compression Ultrasound Prototype I ThromblUS?

Tissue actuator with
US transducer

Telemed US
beamformer

174919.mp4

.
<

T
—
40 +
Top surface
= Bottom surface

Position of surfaces, mm

Lumen changes, mm
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I ThrombUS?

How will ThrombUS+ use Al / ML
to monitor for DVT¢

Co-funded by the European Union [l 22




Wearable compression ultrasonography: /i ThrombUS

Al / ML- based vessel segmentation

Detected
Training Al arteries, veins

Manual
Annotfation

Input data Preprocessing

& other
structures

Original image Segmented image

. Grajauskaite
Co-funded by the European Union - 23




Challenges & ways to improve automatic segmentation /i Thromb

1. Preprocessing techniques

Speckle noise reduction
Challenges in US segmentation
*Low contrast and speckle noise
*Anatomical variability
*Shadowing and artifacts
[rregular object boundaries

Contrast enhancement
2. Deep learning approaches

U-Nets

Attention-based networks

3. Incorporating domain knowledge
Shape priors (active shape models)
Biophysics-informed learning

4. Data augmentation & synthetic data
Augmentations (rotation, flipping, deformations)

Synthetic data generation

Co-funded by the European Union [ 24




Clinical Studies M ThrombUS™

A Conventional ulfrasound image set collection to create a training data set

Participants >3000 % 9\%
B1 Training data set collection using the prototype wearable ultrasound to fine@ Al

model (‘(\

Participants >500

B2 Physiological signals, lower limb acftivity and plethysmagr asurements via the
ThrombUS+ prototype wearable sensor componemP&w ealthy volunteers

Participants >60 .
C1 Early feasibility study of the Throm L{J\ grated prototype in patients in the
postoperative ward \ (O

Participants 25-50

C2 Prospective, do%l inded, pillot study evaluating artificial intelligence driven automatic
detecti ﬁe vein thrombosis by the ThrombUS+ device compared to standard
ultras C& ging in patients suspected for deep vein thrombosis

c ants: 50-100

Co-funded by the European Union i 25




work
package
breakdown

WP 1.

WP 2.

WP 3.

WP 4.

WP 5.

WP 6.

WP 7.

WP 8.

WP 9.

Management
Requirements and product co-design

Ultrasound sensing

J Thrombl

Plethysmography, activity sensors and wearable

Decision support and action intelligence

Integration and validation
Clinical studies
Dissemination & Communication

Exploitation, and Commercialization

Co-funded by the European Union [
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M Thromb

16.3 "Hardware integration”

\ation

Co-funded by the European Union 27




T 6.5 "Software and hardware integration”

MONITORING Il ThrombUS?

/ Compression ultrasound \

C-shell semiflexible  US transducer  Technical GUI

wearable ...

Central Hub & Intelligence
‘ i it T e PREVENTION

SONOtrain Electronic actuator Ultrasound Probe Type
Vein Model controller beamformer Linear 7-12 MHz

:
ﬁenous Occlusion Ple’rhysmogropkm
: l ] ! ¥ Aut
f. . Device S
Electrical
impedance
module

“11 Excellent

lectronic actuator Thigh cuff
controller

4 Light Reflection Rheography

(((- Il .
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DVT Risk Assessment: a readable summary to the clinicion ## ThrombUS*

IThpombUS+ Clinician Mode &4 9\

* The feature supports Health Conditions
C | I n I C G | I n ‘I'e rpre_l_o _I_IO n I n Review the selected patient's explainability graph, baseline inputs, and validation history in one workspace
P . Patients o Patient - Maya Serrano ID7 - DOB Sep 14, 1958 @ mqh confidence pe
addifion to operational - e

Q_ search patients

U S e . CLINICIAN RISK WORKSPACE [Waming J high confidence

Maya Serrano

.
Maya Serrano
[ ] T h e O V e rV I eW p re C e d e S MS ID7 - DOB Sep 14, 1958 Rheology findings are concerning but still need imaging confirmation.
Baseline band: high. Dynamic concern: moderate. Exam concern: theology_warning
. oo
the explainability graph

Patient 123
P15 DOB Apr 27,1393

Patients * =, =
M pp Fatient222 EXPLAINABILITY  BASELINE INPUTS  VALIDATION & HISTORY
and evidence tabs &
.
Patient Plans p3 Patient33s . o .
ID 6 - DOB Feb 5, 1990 Risk Flow igh baseline concern Juay Contributors

. .
* The view summarizes
' Factors route through risk pathways into the current baseline concern band Signals currently driving the fused assessment
current risk status for
Assessment RISK FACTORS RISK PATHWAYS BASELINE BAND LRR suspicious -
exam - moderate - Mar 13, 11:41 AM
. . .
clinical review and = =
active cancer = positive

Ty
. e Low baseline concern VOP suspicious wp fixed
LRR Sessions Ll exam - moderate - Mar 13, 11:11 AM
. 1_- (
Prior VTE )
communicdarion. s erre :
e :\cll\‘iecancer Mar 11, 02:00 AM ) &=
. aseline - major - Mar 11, 02:
VOP Sessions Current smokes
‘smoking status = current i
Prior VTE
up fixed
& L . baseline - major - Mar 11, 02:00 AM P
Exercise mobility limitation = signifi. o
Studio Major orthopedic surgery in 90 days wp fixed
o - N baseline - major - Feb 13, 02:00 AM
‘ Major orthopediic surgery ... )
0 within 90 days
\ J
. e ~ e Elevated baseline con... Positive thrombophilia marker o) G
Device ‘f Acute infection in 30 days Recent events " ‘ 23 baseline - moderate - Nov 13, 02:00 AM P
Settings within 30 days o 3 active factors «o
AN / J
‘” Prolonged travel in 14 days e )
ithin 14 o .
\ e J Risk Nodes
Click a factor to open its detail popup 18 total factors
Positive thrombophilia ma... ‘Thrombophilia
ACTIVE
Vs ; ;
I BMI 30 or higher o\ Active cancer o
BMI>= 30 - acti =
L Y, History - active cancer = positive -
High baseline concern
Age 60 or older Demographics >4 X
History - documented prior VTE =

© N. Portokallidis
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I ThrombUS?
DVT Prevention: Exercise browsing and assignment edifing

X, Standing_Knee-Marches_CR X

Standing_Knee-Marches_CR

No description available.

Playback FPS
m O RESET Frame 17 /462 Playing at 30 fps 30
-9

N
© N. Portokallidis
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I ThrombUS*
DVT Prevention: Serious games

I ThrombUS'

session

ession. Each game opens full screen so you can

BT S 4
Pac Man Flappy Bird Coming Soon
An arcade-style maze run built for a Alighter reflex game setup with a bright. \ reserved siot for the riex
H e e high-energy feel for short rounds.
Peshboard Full screen  LivoIMUready  Arcade pace P sorsen - Live I venrly g Rech e
()
Play Pac Man > Play Flappy Bird > Coming Soon x
DvT
Monitoring
Exercises

2]
Games

© N. Portokallidis ‘
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I ThrombUS?

Submitted public deliverables or publishable summaries
can be viewed in the project website and
in the project’'s community in Zenodo il = =

Management guide & colloboration INfrastructure (e su ex )

adouct  Managerment Ouche and Cokoboration Inosere Pubiahobie Summary of Deliveratie || January

ou SEN Submitted

THOMGLIS + Haneon uwrope INNavation Actan (C Orant Agreerment No. IONIT327 31 Jonuary 3034 2024

Quality assurance and risk management plan & activities = Part A (e

s 527 03)
D12 Didaskalou S Kakioud! L Qualty AsNce Gnd Risk Manogement Man and Actiives - Rort A Rublshable SEN March 2024 Submitted
Surmemory of Geiverabie 12 PvombUS » woran Burope avation Acton I Orant Agreement Mo, W22
€« > 0 = p=18&s= ian-d Q ¥4 @ Fnshupdue | | 20 Moren 2024 gl
m _ Communities My dashboard Innovation and IPR management plan and activities — Part A (v we s
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I ThrombUS?
Lessons learned

« Dedicated time for focus groups and structured brainstorming sessions with clinicians is
essential to ensure that the medical perspective is adequately integrated.

« Clear communication and a shared vocabulary between technical and medical teams
are essential to avoid misunderstandings and ensure efficient collaboration.

« |terative feedback loops between developers and clinicians significantly improve the
relevance and usability of the developed solutions.

* Flexibility in project implementation is necessary to accommodate evolving clinical insights
and constraints.
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