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Abstract Artificial intelligence (AI) has made tremendous  allow. The CIRSE position paper discusses the status quo as
advances in recent years and will presumably have a major ~ well as current developments and challenges.

impact in health care. These advancements are expected to

affect different aspects of clinical medicine and lead to  Keywords Artificial intelligence - Al - Machine

i : of delivered care but also optimizati leamning - ML - Interventional radiology - IR

ailable resources. As a modern specialty that extensively
relieSon ing, interventional radiology (IR) is pri
be on the forefront of this development. This is especially
relevant since IR is a highly advanced specialty that heavily
relies on technology and thus is naturally susceptible to
disruption by new technological developments. Disruption
always means opportunity and interventionalists must
therefore understand ATl and be a central part of decision-
making wh SystenTs —trained, and
emented. Furthermore, interventional radiologist must
ly embrace but lead the change that Al technology wil

Introduction

Artificial intelligence (Al) is an umbrella term in computer
sciences for technologies and systems that aim to perform
tasks that would typically require human intelligence, such
as understanding natural language, recognizing objects in
images, and making decisions appropriate to the context.
Al has gained popularity in recent years due to advance-
ents in machine and deep learning and data processing
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« Atrtificial intelligence (Al) is an umbrella term in computer sciences for technologies and systems that aim to
perform tasks that would typically require human intelligence, such as understanding natural language,
recognizing objects in images, and making decisions appropriate to the context

« Due to its image-rich nature and availability of large data sets, diagnostic radiology (DR) is already experiencing
rapid growth and development in Al research

 In particular, Al has the potential to significantly assist with image quality, as well as help improve the efficiency
and accuracy of reporting.
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Al with subhuman
performance is
occasionally used in
commercial expert
systems with varying
degrees of utility

Marrow task-specific Al has
started to match and, in
some instances, exceed
human performance in tasks
including conversational
speech recognition, driving
vehicles, playing Go and
classifying skin cancer

General Al exceeds human
performance and reasoning
in complex tasks, including
writing best-selling novels
and performing surgery.
Human intelligence
improves as we learn

from Al

Perfformance

—

* Hosny A, Parmar C, Quackenbush
J, Schwartz LH, Aerts HJWL.
Artificial intelligence in radiology.
Nat Rev Cancer. 2018
Aug;18(8):500-510. doi:
10.1038/s41568-018-0016-5.
PMID: 29777175; PMCID:
PMC6268174.
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Fig. 1 | Artificial versus human intelligence. This plot outlines the performance levels of artificial
intelligence (Al) and human intelligence starting from the early computer age and extrapolating into
the future. Early Al came with a subhuman performance and varying degrees of success. Currently, we
are witnessing narrow task-specific Al applications that are able to match and occasionally surpass
human intelligence®*". It is expected that general Al will surpass human performance in specific appli-
cations within the coming years. Humans will potentially benefit from the human-Al interaction,
bringing them to higher levels of intelligence.
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IR — VIR es NVIR

* Interventional Radiology
e Vascular
 Non-vascular
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Intervencios radiologia - definicio

e orvosi szakterulet, amely képalkotas vezérlés segitségével (rontgenatvilagitas, ultrahang, CT, MR) végez
minimalisan invaziv terapias beavatkozasokat

* kilonbo6z6 eljarasokat foglal magaban, amelyeket vascularis, ill. non-vascularis csoportokba sorolhatunk

» azeljarasok csoportosithatdak a célzott szerv/szervrendszer szerint is, pl. gastrointestinalis, urolégiai, hepatikus,
alsé végtagi artérias, neurointervencio

onkoldgiai terapia: embolizacio (vascularis intervencid) (bal oldali dbra) és radio-frekvencids ablacié (non-vascularis
intervencid) (kozépsé és jobb oldali dbra)




Digitalis Szubtrakcios Angiografia (DSA) eszkozel

* rontgensugarakat felhasznalo digitalis technika
» a kontraszttoltés elotti és utani képek egymasbdl valé kivonasa torténik

» katéteren keresztll jédalapu kontrasztanyagot juttatunk az artériaba (ugyanolyan tipusut, mint amelyet a
CT vizsgalatok soran intravénasan adunk)

 terapias beavatkozasok (pl. szUkult erek tagitasa, embolizacio, lasd kesébb)

N N
N

>, . monitorok

rotaciot vegzo C-k

. keperdsito
7 R > ‘ ™ :

. LD

AR ViZSgalo asztg rontgencsé




Kombinalt aorto-iliacalis stenosis
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Kontroll angiografia

' Diagnosztikus



Arteria poplitea stenosis
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Cruralis PTA

Bal oldali abra: Az a. peronea az egyetlen egészséges
cruralis artéria. Az a. tibialis posterior egy hosszu szakaszon
occludalt (nyilak), az a. tibialis anterior végig occludalt.

Kozépso abra: a vezetddrot atjutott az a. tibialis posterior
hosszu, occludalt szakaszan.

Jobb oldali abra: ballonos tagitast kovetéen az a. tibialis
posterior aramlasa helyreallt.

Ez a minimal invaziv beavatkozas az amputacié rizikéjat



1. Eset.: vese tumor resectio utani coil embolizacio

t Embolizacio utani angiografia (nincs

Két coil implantacioja tortént a verzd
artériaba szuperszelektiv modon.

A minimal invaziv beavatkozas
kivaltotta a nephrectomiat.




2. Eset: Biopsziat koveto renalis vérzes coil embolizacidja
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Transzarterialis kemoembolizacio (TA

az embolizaciés partikulumok és vellUk egyutt a kemoterapias szer artérias
katéteren keresztul jutnak el a célteruletre.

a kemoterapias agens koncentracidja a tumorban magas, a szisztémas keringésben
alacsony, igy annak hatékonysaga né, mig a szisztémas mellékhatasok kevéshé
jelennek meg

hipervaszkularis tumorok kezelésére alkalmas: hepatocellularis carcinoma (HCC),
szelektiv metastasisok (leggyakrabban colorectalis carcinoma),
cholangiocarcinoma

palliativ kezelés irresecabilis HCC esetén, vagy athidalé kezelés transzplantacioig
a kemoemboalias agens bejuttathato Lipiodollal keverve, vagy gyogyszerkibocsato
gyongyok formajaban (DEB-TACE)

-

‘9

Hepatic artery

Transcatheter arterial
chemoembolization (TACE) S 25




Vena portae embolizacio

* A jobb majlebeny eltavolitasa szukségesseé valhat (pl. multiplex
tumoros folyamat miatt), azonban az aktualis bal lebeny mérete nem
elég a szervezet ellatashoz, majelégtelenségben meghalhat a beteg.

« ADbal lebeny preoperativ hypertrophiajat létre lehet hozni a jobb
lebeny v. portae againak embolizaciojaval.

 maj volumetria: CT / MR vizsgalattal voxel szamlalas alapjan a
pontos térfogatot le lehet mérni (volumetria). A teljes testtomeg min.
1%-a kell, hogy majszovet legyen (80 kg-os embernél cca. 800 ml).

Metastat
ile .
nedule ~

l “‘ 6 F double:lumen balloon cathetear
\“TL;-w-.or thrombus
tumar

3D CT volumetry of the liver before (A) and 1 month after (B) portal vein
embolization. Left lobe (future remnant liver, green), hypertrophied in the
The tumor-bearing branch of the portal month between the two images. Liver to be resected is in blue, while tumor is
vein is blocked with the embolic in red. , Chapter 69



http://www.radiologykey.com/

A. uterina embolizacio (UAE)

 tUneteket okozo6 uterinalis myoma vagy adenomyosis esetéen

« mindkét oldali a. uterinaba polivinil-alkohol (PVA) partikulumol
(atmeérd: 500-700 um) injektalunk, mellyel az artériakban a
veraramlas stazis-kozeli allapotat hozzuk Iétre

2D Kiomm 98

Catheter

A beavatkozas el6tt (bal) és 5 honappal utan (jobb) készult
A beavatkozas el6tt (bal) és utan (jobb) készult sagittalis siku, kontrasztanyagos MR vizsgalat mutatja, hogy az
angiogram embolitaciot kovetéen a myoma keringése megszint, a méh

keringése megmaradt.

Az eljaras a hysterectomiat gyakran
kivalthatja.




SEMMELWEIS

EGYETEM 1769




Embolizacio elotti miomak automatikus
szegmentalasa neuralis halok
segitsegevel

Semmelweis Egyetem Orvosi Képalkoto Klinika
Radioldgiai Tanszék
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Uterus myoma

« Meéhtest joindulatu tumora

« Postmenopausalisan a nok legalabb 40%-at erinti Uterus myoma — Radiologiai Tanszék sajat képanyaga

» Tunetek: menorrhagia, dysmenorrhoea,
kismedencei fajdalom, infertilitas

» Elhelyezkedés alapjan csoportositas (FIGO)
« Kezelési lehetOségek:

« Myomectomia

1 - <50% intramuralis
2 - 250% intramuralis

* Farmakoterapia

3 — 100%-ban intramuralis és tartalmaz
L] 4 LI 4
° EmbollzaC|O endometriumot
4 — intramuralis
Nem submucosalis 5 — subserosalis, =50% intramuralis
6 — subserosalis, <50% intramuralis
7 — pedunculalt subserosus

8 — masfajta, pl. cervicalis

FIGO beosztas — sajat abra
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Mesterseges intelligencia — neuralis halok

« Emberi neuronok mintajara alkottak meg Oket
« Fellgyelt - szegmentalas
* Rejtett mintazatok kereseése, ez alapjan adat csoportositas

+ Beallitasa rendkivil id6- és energiaigenyes folyamat — torekvések ennek automatizalas, példaul

nnU-Net keretrendszer

« Utobbit sikeresen alkalmaztak mar teljes uterus térfogat meghatarozasara (Theis, M., et al. Insights
Imaging, 2023).
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Celkituzes

« 2D-s és 3D-s U-Net konvolucos neuralis halé mioma szegmentalasra torténd betanitasa

» a neuralis halok tesztelése, pontossaguk kiértékelése és 0sszehasonlitasa
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Modszerek - szegmentalas

« 130 axialis T2-sulyozott SPAIR MRI felvétel retrospektiv kivalasztasa
« 2018 januar-2020 december kozott
Q DSlicer
« Midmak manualisan tortén6 szegmentalasa o —
&b Add == Remove @ showad |~ @ segmentations... -
. , :
 Slicer 3D program hasznalata - W s o
R BPUERE.-Nm-_mE
* Betegcsoportok: A RE A
tanitd és validalo csoport (90 eset) -
illetve teszt halmaz (40 eset)
| Red (L 33.1, P 10.0, I 113.8) Reformat Sp: 4.4

B P103_post_T2W_SPAIR_AXI (252, 176, 31) 323.62735

Abra: uterus miéma szegmentalas a 3D Slicer szoftver segitségével
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Modszerek - nnU-Net keretrendszer

nnU-net

...................................................................................................................................................................................

Test

® nnU'Net keretrendszer Seg I’tSégéveI f@ldOlgOZéS Data fingerprint Rule-based parameters pirn;fr:gf;:s i
- 2D U-NET és 3D U-NET

l Distribution of spacings IAnnotation resampling strategyl Median Cascade Ensemble
Adathalmaz tulajdonsagait elemzi

resampled [?| trigger —> | selection
shape ;

Image resampling strategy I

Median shape

Train Image target spacing

N Configuration of —

data Intensity distribution P post-processing (% v
Konstans hyperparameéterek, mint példaul . o Prediton
veszteségfiiggvény (SGD), illetve haldzat tipus (U-Net) | woow || L Noworkraes | |
w 1 —
: oWiresmeton Low-res shapes or
Ly P4 z . . sy s sy = tgr‘v;zsize le— L topolog?/N k <« target spaSing UH { .
Halbzat paraméterek optimalizalasa (,tanitas”): ieline

Ly 3D | fingerprint
72 betan I’ta’SI eset’ 1 8 Vallda’la’s' eset) Fixed parameters IOptimizerl |Training procedurel [Inference procedurel % UE(

—  [30C |z - Il
Architecture template | I Learning rate | |Data augmentationl | Loss function | v n;’ N Er I

» Neuralis halo tesztelése (40 paciens): Dice, Jaccard, HD

Abra: az nnU-Net keretrendszer egyszeriisitett vazlata, forras: Isensee,

F., Jaeger, P.F., Kohl, S.A.A. et al. nnU-Net: a self-configuring method

0 I P4 T 0 z z ’ for deep learning-based biomedical image segmentation. Nat

* Neuralis halok pontossagat a manualis meghatarozashoz hasonlitva Methods 18, 203211 (2021). https://doi.org/10.1038/541592-020-
01008-z
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Eredmeények szamszeruen

» neuralis halok altal Iétrehozott szegmentalasok és a manualis volumen kozotti eltérés:
az 2D haldzat esetében atlag 5,5+44,7 % / -14156 cm3
a 3D halbézat esetében median 33,0£166,7 % / 1539 cm3

(median -1,1% vs. 2,1%)

False
Negatives

* Dice index 0,76+0,18 és 0,85%0,13
« Jaccard egyutthaté 0,65+0,20 és 0,7610,14

- Hausdorff atlagos tavolsag 1,65+2,68 és 1,00+2,38 mm ol = Area of Overlap

Area of Union
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Eredmeények —grafikusan abrazolva

A Dice score with 2D and 3D Al models B Jaccard index with 2D and 3D Al models
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Példak — szinte hibatlan

Segmentatio... AXI (100%)
PO75 pre T2W SPAIR AXI

Hibatlan (6/6) — 3D: 27,5%
Atlag Dice: 0,79

-y SEMMELWEIS
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nentatio... AXI (100%)
9 pre T2W_ SPAIR AXI

Hibatlan (6/6) — 2D: 10%
Atlag Dice: 0,93




Példak — hibas kontur

Dice:
0,94

Segmentatio... AXI (100%)
P112 pre T2W SPAIR AXI

Apré hibak (5/6) — 3D: (2D: 0%)
15%
Atlag Dice: 0,88

YETEM 1769



Példak — kisebb terulet jelolése

Segmentatio... AXI (100%)
: Segmentatio..._AXI (100%) P098 pre T2W_SPAIR AXI
p: P107_pre_T2W_SPAIR_AXI

Pontatlan (4/6) — 3D: Pontatlan (4/6) — 2D:
12,5% , 7,5%
Atlag Dice: 0,72 Atlag Dice: 0,66

3 [
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Peldak — extra tumor, részleges jelolés

: Segmentatio... AXI (100%)
. Segmentatio... AXI (100%
. D096 _pre T2W SPAIR A§<)I : P077_pre_T2W_SPAIR_AXI

Hibas (3/6) — 3D: 12,5% Hibas (3/6) — 2D: 25%
Atlag Dice: 0,88 Atlag Dice: 0,82

@ g SEMMELWEIS 12.
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Peldak — tumor kihagyas, nagy extra terulet

a*’

Segmentatio... AXI (100%) : Segmentatio..._ AXI (100%)
P072_pre T2W SPAIR AXI . P096 _pre T2W SPAIR AXI

Stlyos hibak (2/6) — 3D: Stlyos hibak (2/6) — 2D:
, 17,5% 30%
Atlag Dice: 0,85 Atlag Dice: 0,72

3 [
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Példak — uteruson Kkivuli terulet, hiba halmozas

Segmentatio... AXI (100%) Segmentatio... AXI (100%)
P113 pre T2W SPAIR AXI PO72_pre_T2W_SPAIR_AXI

Elfogadhatatlan (1/6) — 3D: 15% Elfogadhatatlan (1/6) — 2D: 27,5%
Atlag Dice: 0,85 Atlag Dice: 0,73

3 [
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Konkluzio

« Eddig elért eredményeink alapjan az uterus myomak automata szegmentalasara alkalmas térfogat
alapu moédszerek (3D U-Net) az elvaltozasok méretének és szamanak valtozatossaga ellenére is
megbizhaté becslést adnak azok térfogatarol.

» A 2D U-Net alapu halézat varakozasainkkal ellentétben kevésbé alkalmas uterus myomak
térfogatbecslésére.

« Sok szegmentacids hiba nem mutathat6 ki a szokvanyos mérészamok segitségeével, ezeért tovabbi,
esetlegesen szemi-kvantitativ mér6szamok kidolgozasa szukseges.
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European Journal of Radiology

journal homepage: www.elsevier.com/locate/ejrad

Nomogram for predicting the long-term outcomes of uterine artery
embolization for adenomyosis

Jin WenTao *", Zhang GuoFu ", Wang TianPin ", Wang ShiJia ", Zhang HaiYan ‘, Li WenTao ™

* Department of Interventional Radiology, Fudan University Shanghai Cancer Center, Shanghai 200032, China
® Department of Radiology, Obstetrics & Gynecology Hospital, Fudan University, Shanghai 200011, China
* Department of Gynecology, Obstetrics & Gynecology Hospital, Fudan University, Shanghai 200011, China

ARTICLE INFO ABSTRACT

Keywords: Objective: The present study aimed to develop a nomogram to predict long-term outcomes of uterine artery
ﬂdeﬂﬂmFﬂSiS o embolisation (UAE) for treating adenomyosis.
Uterine artery embolization Materials and methods: We reviewed data of 221 patients with adenomyosis who underwent UAE between May

g;f?f::‘;‘s 2016 and January 2018. Predictive factors were identified using multivariate logistic regression analysis. A
MRT sean nomogram to predict the outcome of UAE was created for the training set. The performance of the predictive

model was assessed by discrimination (quantified using the area under the curve, AUC) and calibration (eval-




« 221 patients with adenomyosis who
underwent UAE between May 2016 and
January 2018

* A nomogram to predict the outcome of
UAE was created for the training set.

'+ SEMMELWEIS

EGYETEM 1769

In total, 201 patients were included.

In the training set (n = 137), 96 (70.1%
exhibited a good response (GR), and 41
(39.9%) showed a poor response (PR).

In the validation set En = 64;, 44 (68.7%
showed GR and 20 (31.3%) showed PR.

The dgsmenorrhoea score, T2 signal type,
CA125, apparent diffusion coefficient,
accompanying endometriosis, and_
accompanying fibroids were identified as
associated factors and used in the
nomogram.

The AUC of the nomogram was 0.800 (95%
confidence interval LC% 0.724-0.877) and
0.798 (195% Cl1 0.686—-0.909) in the training
and validation sets, respectively.




J. WenTao et al. European Journal of Radiology 148 (2022) 110183

S EMMELWEIS Fig. 1. MRI of a 43-year-old woman with diffuse adenomyosis in the training set. Figure a A preoperative sagittal T2-weighted image. Figure b According to axial
EGYETEM 1769 DWI, the ADC of adenomyosis is 1.014 x 10 mm?/s. Figures ¢ and d Sagittal T2-weighted and sagittal contrast-enhanced T1-weighted image six months after
embolisation. Adenomyosis shows extensive necrosis.




221 adenomyosis

patients
20 patients were excluded
2 patients underwent unilateral UAE
[—=| 1 patients died due to pulmonary venous emblism
5 patients became pregnant during the follow-up period
12 patients were lost to follow-up

Y

201 adenomyosis
patients

. ;

Validation set
n=64

A

Training set
. -
n=137

:

To identification the potential
factors including clinical
variables and radiclogic

features
External
validation Multivariate logistic regression Internal
validation

;

To screen the predictive factors

:

Momogram construction

SEMMELWEIS

Fig. 2. The flowchart showing the process of nomogram construction for predicting the outcome of UAE for treating adenomyosis.
EGYETEM 1769




Points 0 10 20 30 40 50 60 70 80 20 100
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Accompanied endometriosis -
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Accompanied fibroids N-—'D

9 7 5 3

Dysmenorrhea 1h ' B ' 6 ' i ' 2
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Good response 01 02 0304050607 08 09

Fig. 3. Nomogram predicting the long-term outcomes of UAE for adenomyuwosis. The variable values were scored as corresponding points, which were then summed to
obtain the total points, of which the corresponding probability value represented the probability of a GR. For example, if a patient’s T2 signal was a pure low signal,
the position corresponding to the pure low signal on the axis was projected to the position on the uppermost ‘points’ axis, thus obtaining about 32 points. Other
factors were then substituted into the nomogram to obtain corresponding points in the same manner; finally, the total points of the & factors were obtained. Sub-
sequently, the corresponding position of the patient’s total points on the horizontal axis of total points was determined and projected onto the GR axis at the bottom.
The obtained probability value was the probability for the UAE outcome.
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Artificial Intelligence-Assisted Microcatheter
Shaping for Intracranial Aneurysm Coiling:
A Preliminary Study

Changya Liu,"~" Yin Shen,” Xinxin Wu,” Kang Qian,” Xuebin Hu,” and Haifeng Yang,’
Wiuhan, Hubei, and Shanghai, China

Background: To evaluate the efficacy of artificial inteligence (Al) technology-assisted micro-
catheter shaping for coil embolization of intracranial aneurysms.

Methods: From June 2019 to May 2021, 30 aneurysms in 24 patients were treated with coiling
embolization using computer software-assisted microcatheter shaping at our institution. All pa-
tients underwent digital subtraction angiography (DSA) before coiling embolization. After three-
dimensional (30) rotational angiography, digital imaging and communications in medicine
(DICOM) data were extracted and imported into computer software based on an Al algorithm.
3D images of the parent artery and aneurysm were constructed with the software and data
including the central axis of the parent artery, aneurysm location, aneurysm size, and 3D struc-
ture were automatically obtained. The optimal microcatheter path was calculated and the shape
of the mandrel was autormatically generated. Surgeons shaped the mandrel and microcatheter
following the Al-generated template and completed the endovascular procedure.

Results: All patients successtully completed the endovascular procedure without perioperative
complications. The microcatheters shaped as per the Al template accurately entered the aneu-
rysm sacs in 1 attempt; 15 aneurysms required no microguidewire assistance in catheterizing
the aneurysm sac and 15 did. The stability of the microcatheters during the procedures was
satisfactory. Mo rebound incidence was observed and no reshaping was necessary.
Conclusions: The Al-assisted microcatheter shaping technology provides a new method to
generate the optimal shape for the mandrel and microcatheter during endovascular procedures.
The technology facilitates microcatheter accuracy and stability during coiling embolization and
provides technical support for surgeons.

Ann Vasc Surg 2022; 85: 228-236
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30 aneuryms, 24 pts

After threedimensional (3D) rotational
angiography, digital imaging and communications
in medicine (DICOM) data were extracted and
imported into computer software based on an Al
algorithm.

3D images of the parent artery and aneurysm
were constructed with the software and data
including the central axis of the parent artery,
aneurysm location, aneurysm size, and 3D
structure were automatlcally obtained.

The optimal microcatheter path was calculated
and the shape of the mandrel was automatically
generated.

Surgeons shaped the mandrel and microcatheter
following the Al-generated template and
completed the endovascular procedure.
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Region of interest Central axis

sclection

Microcatheter
shaping

Fig. 2. The process of microcatheter shaping with artifi-
cial intelligence technology. (A) Reconstruction of the
3D vascular image based on DICOM data from CTA or
DSA. (B) Interception of the arteries in the region of in-
terest. (C) Extraction of the centerline for the simulation
path and the central axis of the parent artery. (D) Recog-
nition of the aneurysm and identification of the 1arget for
the microcatheter tip. (E) Simulation of the path of the

extraction

microcatheter with the artificial intelligence algorithm.
(F) Generation of the shape of the mandrel and micro-
catheter as per the simulated path and the features of
different types of microcatheters. The red line indicates
the optimal shape of the mandrel with the sofiware-
calculated parameters and elastic characteristics of the
microcatheter (e.g., the Echelon microcatheter).
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Fig. 3. (A) 3D structures of the aneurysm and parent ar-
tery were generated in the software. The pathway and
shape of an Echelon microcatheter (shown as the purple
line) and the simulated mandrel (indicated by the red
line) were generated. The yellow and blue points in the
red line (indicated by red arrow) could be moved freely
to calculate the length between the two points (the
length was 5.82 mm), which is presented in the green
box. (B) The angle could also be calculated in each curve
of the simulated mandrel (indicated by red arrow) and

presented in the green box (the angle was 110.69°). (C)
The aneurysm is presented in three-dimensional DSA
(indicated by a white arrow). (D) The microcatheter was
manually shaped in vitro as per the scheme. (E) The
microcatheter was used to catheterize the aneurysm sac
in one attempt and the position of the microcatheter tip
was satisfactory (indicated by a red arrow). (F) The aneu-
rysm was occluded with stent-assisted coiling emboliza-
tion, indicated by black arrows.




Conclusion

* In the interventional treatment of
Intracranial aneurysms, Al
technology-assisted microcatheter
shaping is a new technique that
can help surgeons quickly obtain
an accurate and stable
microcatheter shape and can
facilitate the successful completion
of surgery.

 This technology is expected to be
promoted in the clinical setting
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Purpose

» To assess technical feasibility,
accuracy, safety and patient radiation
exposure of a novel navigational tool
Integrating augmented reality (AR)
and artifcial intelligence (Al), during
percutaneous vertebroplasty of
patients with vertebral compression
fractures (VCFs)

' SEMMELWEIS
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Conclusion

« Augmented reality/artificial
Intelligence (AR/AI) guided
percutaneous vertebroplasty
appears feasible, accurate and
safe, and facilitates lower patient
radiation exposure compared to
standard fuoroscopic guidance.




A csigolya dsszeroppanas minimalis erébehatas kdvetkeztében alakul ki koros csontszerkezetl
csigolydkban.

Mik a csigolya 6sszeroppanas tiinetei?

A csigolya dsszeroppanas eros helyi fajdalommal jar, ami a beidegzési sajatossagok miatt a térés
helyétdl tavolabb is hizédhat. A fajdalom terhelés esetén fokozodik, fekvd testhelyzetben enyhl.

Sulyosabb esetben a megroppanas kovetkeztében kialakuld csigolyadeformacié a csigolya altal
hatarolt gydkcsatornaban hizédd ideggydkdk megszoruldsahoz, illetve a gerinccsatorna

beszikiiléséhez vezethet.

Az ideggysk megnyomoédasa annak ellatdsi terliletén érzészavart, zsibbadast, fajdalmat okozhat,
az érintett végtag lgyetlenebbé valhat, silyosabb esetben az ideggyck altala ellatott izmok
erejének csdkkenése léphet fel, akar bénulasig fokozodva.

A gerincveld megnyomodasa szintén a végtagokon, valamint a tdrzsén izomerd csdkkenéshez,
akar bénuldshoz, valamint érzészavarhoz vezethet. Felléphet jardszavar, a végtagok ligyetlensége
a higyhdlyag, illetve végbél zardizmainak gyenglilése, vizelési, székelési zavart okozva, férfiaknal
pedig impotencia léphet fel. A térzs izmainak gyenglilése és a rekeszizom gyenguilése légzési
zavart is okozhat. A belek mikédése renyhévé valhat.

Az (a) képen két Gsszeroppant csigolydra mutatnak a nyilak egy oldal rentgenképen

(b) CT képen ugyan ezek a torések lathatok

(c) képen MRI mutatja szintén ezeket a tdréseket T2 szekvencidn

R L e e ey A csigolya deformaciéja a gerinc egészében is okozhat alaki rendellenességet, hati gorbiilet
(pupos testtartas) alakulhat ki.

Vertebroplasztika soran a megroppant csigolyaba stabilizalé .csontcementet” juttatunk, ami

Vertebr-oplasztl ka régziti azt, javitva ezzel a gerincoszlop stabilitdsat.

A mitét soran apré (3-5 mm-es) metszésbdl kerdl bevezetésre a megroppant csigolyaba az azt
stabilizdlé .csontcement” befecskendezéséhez sziikséges munkacsatorna. A munkacsatorna
bevezetéséhez egy tlnek hivott szlré eszkdzt vezet a sebész képerdsits (réntgen) célzas mellett a
csigolyaba, majd annak belsé vezetd szarat eltdvolitva egy tlzd drotot flz bele, ami a

csigolyatestbe végzadik.

Ij \'; ~cd ’ Ezt kévetden lehizza a thzé drotrél a tlnek hivott sziré eszkdz hiivelyét, majd a drotra rahdzza a
/ munkacsatornat. A munkacsatorna |ényegében egy vastagabb tollbetét atmérgji csé. A csévon
= ] keresztlil kertil betéltésre a porbdl és folyadékbdl kevert, gyorsan (perceken beltl) szilarduld

| Lcsontcement”, mely szétteril a csigolyatest belsejében.

:If\ =

f-r"’\‘(
v P ot

-

5 \ > J > JCsontcementnek” a polymethylmetacrilat (PMMA) nevid anyagot alkalmazzuk. Ez az anyag nem
ey - bomlik le, nem éptil at, csak a hézagot tolti ki.
- www.medicoverkorhaz.hu Torott csigolyatest Feltoltés “csontcementtel”
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Graphic abstract
These slides can be retrieved under Electronic Supplementary Material.
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Key points

1. Pilot prospective study investigates the performance of a novel
navigational tool integrating augmented reality (AR) and artificial
intelligence (Al) with compensation of patient’s movements during
percutaneous vertebroplasty performed in patients presenting with
a single level vertebral compression fracture.

2. AR/Al-guidance was compared to standard fluoroscopy.

3 Acc_1.|r:_1cy1 procedural safety, time for trocar placement and patient Figure: The monitor displays the planned trajectory superimposed on multi-planar
radiation exposure were assessed. live video images from each camera. The operator aligns the trocar with the planned
trajectory on all camera-angles, and advances the device while maintaining precise
alignment in all four augmented imaging - planes.
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Take Home Messages

1. Augmented Reality/Artificial Intelligence-guided percutaneous
vertebroplasty appears feasible and safe.

2. Augmented Reality/Artificial Intelligence-guided percutaneous
vertebroplasty offering accurate navigation.

3. Augmented Reality/Artificial Intelligence-guided percutaneous
vertebroplasty facilitates lower patient radiation exposure compared
to fluoroscopic-guidance.

SEMMELWEIS

EGYETEM 1769 Auloge P, Cazzato RL, Ramamurthy N, De Marini P, Rousseau C, Garnon J, Charles YP,
Steib J-P, Gangi A (2019) Augmented Reality and Artificial Intelligence -based Navigation
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Fig.2 a The navigation system integrates four small video cameras
into the centre of each side of the flat-panel C-arm detector, directed
towards the isocentre. b Following CBCT and co-registration of opti-
cal and CT data, Al-generated motion-compensated device trajectory

is superimposed on all four video-camera outputs displayed on the
monitor, enabling the surgeon to precisely align the device with the
“bulls-eye view” and advance along the planned trajectory with real-
time video feedback in multiple planes
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European Spine Journal (2020) 29:1580-1589

Fig.3 a Beatween 6 and 10
sterile Aducial skin markers
are fixed within the ficld of
view of the cameras, avoiding
skin entry-points. b These are
recognised by the software and
a mesh model is generated by
interconnecting the markers,
enzbling real time motion com
pensation. ¢ Following CBCT,
the software atomatically
recognises the pedicles and dis
plays 2D and 3D planning CT
data on the user-interface. The
surgeon selects the target verte
bra and confirms or adjusts the
Al-generated suggested trajec
tocy. d After validation by the
surgeon, the C-arm automati
cally rotates to the “bulls-eye™
view, and the monitor displays
the planned trajectory superim
posed on multi-planar live video
images from each camera. The
surgeon aligns the trocar with
the planned trajectory on all
camera-angles, and advances
the device while maintaining
precise alignment in all foer
augmented imaging-planes
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* The purpose of thermal ablation is induction of tumor death by means
of localized hyperthermia resulting in irreversible cellular damage.

» Ablative therapies are well-recognized treatment modalities for HCC
lesions and are considered standard of care for HCC nodules3 cm)
or multicentric nodules as well as complex nodule location and poor
lesion conspicuity.

» Artificial Intelligence (AI? is a general term referred to computational
algorithms that can anafyze ata and perform complex tasks
otherwise prerogative of Human Intelligence.

* Al has a variety of application in percutaneous ablation procedures
such as Navigational software, Fusion Imaging, and robot-assisted
ablation tools. Those instruments represent relative innovations in the
feld of Interventional Oncology and promising strategies to overcome
actual limitations of ablative therapy in order to increase feasibility
and technical results.
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FI technology

 Fusion Imaging (FI) is an Atrtifcial
Intelligence-based technique which
allows to fuse two diferent imaging
modalities

EGYETEM 1769

Navigational tools and
robot-assisted procedures

* Correct needle/placement is a
crucial part in percutaneous
ablation procedures.

* The term “robot-assisted
procedure” usually refers to use of
specifc software and navigation
systems.

* Those tools have been developed
to assist in several aspects of
ablation procedures such as
procedural planning and placing of
the needles/probes




ig. 1 a CECT scan correctly depicts 12 mm HCC liver nodule (cir- is inserted in the target lesion. ¢ 30 days follow-up CECT shows out-
-le) at the level of the V liver segment. The nodule is not clearly vis- come with complete ablation of the target nodule
ible with conventional US. b Using fusion guidance, the RFA needle




* The development of Artifcial
Intelligence-based technology
allows to create processes that
combine data from independent
hardware in order to assist the
operator into the main steps of the
ablation procedure.

* One of the undeniable advantages
IS the possibility to treat relative
confdence nodule with poor
conspicuity at conventional B-
mode US by means of Fusion
Imaging Technology.
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