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Pubmed 2024: 70,458

Al/ML in biomedical applications

more than 350,000 papers related to PubMed Al/ML papers
since 2000 |

‘-ll..lllllllllllll
11% of Al/ML papers O

IN blomedicine relate to 2000 2025
diagnostic iImaging
1) “artificial inteligence"[MeSH Terms] OR ("artificial"[All Fields] AND "intelligence"[All Fields])
OR "artificial intelligence"[All Fields] OR ("'machine learning"[MeSH Terms] OR
("machine"[All Fields] AND "learning"[All Fields]) OR "machine learning"[All Fields])
20% of Al/ML papers )
I n d I O g n OSTI C I m O g I n g re | O Te TO 3) ‘ulfrasound"[All Fields] OR "ultrasonography”[MeSH Terms] OR "ultrasonography”[All Fields]
OR "ultrasonics"[MeSH Terms] OR "ultrasonics"[All Fields] OR "ulfrasounds"[All Fields] OR
ultrasono grap N y “Ultrasound s"[Al Fields]

#1 | #1 AND #2 | #1 AND #3

"diagnostic imaging'[MeSH Subheading] OR ("diagnostic"[All Fields] AND "imaging"[All
Fields]) OR "diagnostic imaging"[All Fields]
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a 2024 scoping review identified
86 randomized conftrolled frials
that evaluate arfificial intelligence
applications in clinical practice -u;’z*;,)

finds that the majority THE LANCET
Digital Health

= involve Al applications

REVIEW - Volume &, Issue 5, E367-E373, May 2024

in diagnostic imaging Open ccess
= report statistically significant

Randomised controlled trials evaluating artificial intelligence

healthcare improvement rafto ‘ : :
in clinical practice: a scoping review

when Al is employed
Ryan Han, MS 2P Julidn N Acosta, MD 9 - Zahra Shakeri, Phnf

Prof John P A loannidis, MD DSc &" - Prof Eric J Topol, MD &

- Pranav Rajpurkar, PhD &

Affiliations & Notes v Article Info ™



most important factor for successful application of Al/ML in
diagnostic iImaging is the training data set

facts:

— universal use of DICOM standard DICOM metadata element

—r1igorous privacy regulations
(GDPR, HIPAA)

value

representation volue

tag

key challenges: examples
(0010,0010)  vove M

representation

—ensure patient anonymity
iﬂ DlCOM dGTO (0910,0029) value LO

representation

element

— allow for tagging, labeling / \

aroup
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h Owever » Eur Radiol. 2015 Jun 3;25(12):3685-3695. doi: 10.1007/s00330-015-3794-0 3
4

Free DICOM de-identification tools in clinical research: functioning and
safety of patient privacy

de-identification is not always efficient, since:

KYE Aryanto IE, M Oudkerk 1, PM Avan Ooijen 1

— DICOM implementations vary
by vendor and imaging modality
(e.g. vendors may intfroduce their own tags)

— very often, personal data is also
burned in the image
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US-DICOMizer

an intfegrated approach to ultrasound data

preparation for Al/ML training sets

— DICOM metadata
de-identification:

customizable, can be inspected =

— burned-in image cropping:

customizable
per imaging device

27 US-DICOMizer

Menu

Selected files

DICOM files
000000
000001.dem
000003
000006
000007
000008
000009
000010
000011
000012
000013
000014
000015

000019

Actions
Patient's ID

C:\Users\drosa\.a
utput

2l

3 Ordered files
Load Single DICOM files tag
DICOM File 000005 fone

Ol 0coco2 none |

Load DICOM P 000004 GsV-L

Folder

Load
DICOM zip
Down

Add ->

Anonymized DICOM files

DICOM files

Anonymize Loaded images <F8>

Export to
2IP files

M

Image preview from Ordered files

Video Siider
[

FE

o
Crop area
X_min 330 | Y_min 58

[ aopn }r‘ toall

X_max 890 | ¥_max 817

Image info

Columns: 1200, Rows: 820 | Bits Stored: 8 | Number of Frames: 1

Photometric Interpretation: YBR_FULL 422

CUsersicrosaDesax

Tag

10002,0000)
10002,0001)
10002,0002)
10002,0003)
10002,0010)
10002,0012)
10002,0013)
(0002,0016)

10008,0005)
10008,0008)
10008,0016)
10008,0018)
10008,0020)
10008,0021)
10008,0022)
10008,0023)
10008,0030)
10008,0031)
{0008,0032)
(0008,0033)
10008,0050)

10008,2111)
<

DICOM Attributes

Name
MetaData

File Meta Information Group Length
File Meta Information Version
Media Storage SOP Class UID
Media Storage SOP Instance UID
Transter Syntax UID
Implementation Class UID
Implementation Version Name
Source Application Entity Title
Dataset

Specific Character Set

Image Type

SOP Class UID

SOP Instance UID

Study Date

Series Date

Acquisition Date

Content Date

Study Time

Series Time

Acquisition Time

Content Time

Accession Number

Modality

Manufacturer

Institution Name

Refering Physician's Name
Study Description

Series Description
Institutional Department Name
Performing Physician’s Name
Operators' Name
Manufacturer s Model Name
Derivation Description

Value

19

b %0001
1.2.640.10008.5.1.4.1
1.3.76.2.3.3.44706535
1.2.840.10008.1.24.5¢
1376233
F110000_T11n1557
MYLAB

1SO_IR 100
[DERIVED, ‘SECOND|
1.2.840.10008.5.1.4.1

1.3.76.2.3.3.44706535

us
ESAOTE
HOSPITAL

Abdominal
Abdominal
RAD

HwModel_6440
JPEG lossy compressig

— generation of image tfags related to training set

— baftch image processing: customizable workflows
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Horizon Europe Project ,I/ ThrombUS™
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Deep Vein Thrombosis (DVT) is the clotting = gffects more than

of blood in a deep vein of the pelvis or 1,000,000 Americans per year

an extremity (usually calf or thigh) 700,000 Europeans per year

normal blood deep vein embolus
P o e = 1/2 of people with DVT
*f experience a sudden pulmonary embolism
/:. = about 1/4 of those who have a
* g pulmonary embolism die from it
% = annual health expenditure related to DVT is
V% €8.5 billion in EU

= in immobile patients = in pregnancy
Olaf M et al. Deep Venous Thrombosis. Emerg Med Clin North Am. 2017

= after major surgery = during flights Cohen AT et al. Thromb Haemost. 2007 Oct:98(4):756-64
Barco S et al.Thromb Haemost. 2016 Apr;115(4):800-8

= in cancer patient = ...
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compression ultrasonography
Is the method of choice for
DVT diagnosis

femoral artery *Alt / Or.l.ery
deep femoral vein - :(
Q §
/") : §
& i
4 > vt o 'K/J { §;§
femoral vein P ,ur;};:’ o s kt3
/ Gt Y ’
i g ¥ e
g @
F. I // .
1y ' oo vein
i saphenous

z\ N { v ( :
\, M vein *
popliteal vein —E‘K\ \ ‘~; \‘k‘ s e

\) when DVT is present,
‘GQ vein does NOT fully collapse

4 >90% sensifive >95% specific
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machine learning to I ThrombUS™*

= evaluate diagnostic quality of the image
= guide the wearable positioning and compression

= identify and segment vessels

= evaluate vein compressibility

= alert on DVT suspicion and explain

the 1t wearable,

autoNnomous

ultrasound
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ThrombUS+ raining data set

conventional ultrasound images and videos
from 5 hospitals in different countries
from >3,000 patients referred for DVT ultrasound

per patient:
— 4 imaging sites
— 5 compression ultfrasound video clips

— additional images of no diagnostic quality

overall, 500-750 frames per patient X 3,000 patients
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tags for de-identification

— pre-define tags for de-identification US-DICOMizer workflow

per vendor or imaging device
— manually select tags for de-identfification

e cropping region Load and
pp g g validate DICOM files
— pre-define region per imaging device V
. . Select required DICOM
— manually define region files

A\
Apply and adjust
cropping region

}

Select tags for
anonymization

)

Apply anonymisation

apply metadata tagging for training set

— add patient pseudo-id,
anatomical site, diagnosis, etc.

preview original and de-identified data

- imGge/VideO Export anjnymised
B DlCOM TOgS DICOM files
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~Selected files i ~Selected files ~4 Ordered files

DICOM files | Load Single 1 DICOM files ® | Load Single DICOM files tag
ey | [ 000004 e 000000 none
000005 Load DICOM Up 000001 none
IIEZIa: DICOM 2 000006 Folder 000002 none
i ; 000007 000003 none
Load
Load = SR DICOM .zip =
DICOM zip | || |« 000009 e
000010 Add ->
L
Add -> mg Peetion Remove
Preview 000013 Clear Preview
000014
Clear 000015
L W
load DICOM files select the appropriate DICOM files for

anonymization
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‘Image preview from Selected files

Video Slider
0

EE
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Show image

Image info
Columns: 1200, Rows: 820 | Bits Stored: 8 | Number of Frames: 106

Photometric Interpretation: YBR_FULL_422
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DICOM Attributes

Tag
(0002,0000)
(0002,0001)
(0002,0002)
(0002,0003)
(0002,0010)
(0002,0012)
(0002,0013)
(0002,0016)
(0008,0005)
(0008,0008)
(0008,0016)
(0008,0018)
(0008,0020)
(0008,0021)
(0008,0022)
(0008,0023)
(0008,0030)
(0008,0031)
(0008,0032)
(0008,0033)
(0008,0050)
(0008,0060)
(0008,0070)

Name
File Meta Information Group Length
File Meta Information Version
Media Storage SOP Class UID
Media Storage SOP Instance UID
Transfer Syntax UID
Implementation Class UID
Implementation Version Name
Source Application Entity Title
Specific Character Set
Image Type
SOP Class UID
SOP Instance UID
Study Date
Series Date
Acquisition Date
Content Date
Study Time
Series Time
Acquisition Time
Content Time
Accession Number
Modality

Manufacturer

196
"%x00\x01"
1.2.840.10008.5.
1.3.76.2.3.3.447(
1.2.840.10008.1.
13.76.2.3.3
F110000_T11n1°
MYLAB
ISO_IR 100
['DERIVED', 'SEC
1.2.840.10008.5.
1.3.76.2.3.3.447(
40
140
40
40,
75
75

184

us
ESAQTE

preview images and DICOM tags
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Image preview from Ordered files

TRe— Feml

nw

P s—

o)
ey

Crop areas added to settings file as added241130132058
with values [20093],[330,58,890,817],[330,58,890,817]
Restart the app to make effect.

d OK
el B —_— ' Select tag:
X_min 330 i‘Y_min 58 ﬁ} Apply [ toall i
X_max 890 é‘ Y_max 817 é‘ + to settings e
Video Slider
O
| : : : Hi
- save cropping region in settings
Crop area
f————————— Select tag:
X_min 330 é‘Y_min 58 ﬁ[ Apply [ toall S
X_max 890 3| ¥_max 817 3 |~ to setting:
define cropping region
—
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evaluation using DVT ultrasound datasets by 4 different vendors

« processing time per frame: Media Photometric Cropping AVG Time
per Frame

o MonochromeQ: 1 9_23 ms Type (resolution) Interpretation Area (pixels) (msec)

576x432
— YBR FULL 422: 25-30 ms Monochrome?2 768%x576 21
1024x768 23
— RGB: 49-61 ms
Ultrasound Image 576x432 25
SR (1200x800) YBR FULL 422 /68x578 2
» full dataset preparation time: [100 runs] 1024%768 30
) . 576x432 49
3-6 minutes per ultrasound exam oG I =
o 1024x768 61
« preliminary user feedback: 576x432 102
. .re . . Monochrome?2 768%x576 105
— high usability and efficiency for 1004x768 108
[ [ ' i Ultrasound Multi- 576x432 117
medical imaging professionals e s ofextoe L
. . [10 runs] VEIR FULS 422 1024x768 124
» extensive usability assessment 576x432 04T
is currently underway in 5 hospitals /68x576 244
4 4 P RGB 1024x768 250

(via SUS: System Usability Scale questionnaire) Windows 10 desk-fop computer

Intel Core i7-7700HQ CPU at 2.8 GHz,16 GB RAM
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C tt app.thrombus.eu/softwa U} G =

US-D|COMIZ€I’ I Thromb

Software Components

il o) ale MIT Li N

open source, avdalilaplie u er icense T
US-DICOMizer v4.14 is an advanced application designed for anonymizing ultrasound diagnostic DICOM images. Th
tool ensure h data p regulation: ecurely removing patient-identifiable informa r T

programming Language: Python ==

lilbraries used:

— Pydicom for handling DICOM files
— Tkinter for GUI development @ @ () ()

- SimplelTK, NumPy, EEEY S
Pillow for image processing { ‘f
— Matplotlib for visualization @ @ s,

app.thrombus.eu/software O GitHl.Ib
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MSc in Biomedical Informatics
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