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Present Vascular & Endovascular Care: Hybrid OR
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> Hybrld dR Envir ment ‘ ,
» Radiation Protectlon Culture

Recent technological facilities:
Fusion imaging & navigation
Cone -beam CT

Device tracking technology (FORS)

Online dosimetry for radiation exposure

>

>

>

» IVUS, CO,- Angiography
>

» Dose management programme
>

and more...
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Clear Trends in Vascular & Endovascular Surgery

» Non-invasive preoperative diagnostic & planning tools

» Increasing endovascular technologies replacing conventional surgery
» Image guided surgery & intervention

» Implementation of automatic processes using Al, big data, etc.

» Radiation protection and radiation exposure reduction

» Alternative intraoperative imaging modalities
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Future Role and Added Value of Mixed / Augmented
Reality in Endovascular Therapy?
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What is Augmented / Mixed Reality (MxR) ?

REALITY-VIRTUALITY CONTINUUM

REAL ENVIRONMENT AUGMENTED REALITY AUGMENTED VIRTUALITY VIRTUAL REALITY

[+

4

DIRECT VIEW OF REALITY VIRTUAL OBJECTS OVERLAID REAL OBJECTS PROJECTED AND IMMERSION IN A FULLY
IN A REAL WORLD ENVIRONMENT CONTROLLED IN A VIRTUAL WORLD DIGITAL ENVIRONMENT

MIXED REALITY

Def.: Mixed Reality (MxR) merges real-world environment and computer-generated content
> Virtual objects are overlaid in a real environment
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Mixed Reality Viewer ~ # BRAINLAB

Viewin

Positio
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MxR- Head Mounted Displays (HDM)

e Microsoft Hololens2 (Redmont, Washington, USA)

e Magic Leap 1&2 (Plantation, Florida, USA)

Magic Leap 1 Magic Leap 2 (CE marked 2023)

e Vision Pro (Apple, USA) -
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Objectives of Mixed Reality Technology
in Vascular Interventions

to augment operators anatomical understanding during interventions using 3D

imaging of computed tomography angiography

to locate e.g. target vessels in open and endovascular surgery

to plan & to navigate endovascular, robotic, open surgical procedures
to improve procedures regarding time, technical outcome, etc.

to reduce radiation and contrast exposure

to add value for teaching and patient education
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Systematic Review for MxR inVascular Surgery

Mixed Reality in der CelaR(himrgie -

Mixed Reality in Vascular Surgery
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Feasibility Studies to Assess Anatomy of AAAs

i
|
§0rignal Arscie

Mixed reality for the
|anatomy in patients

,‘aneu'rysm Prior to open and endovascular
repair: Feasibility and interobserver

‘agreement

{Johannes Hatzl, MD' *, Dittmar Béckler, MD', Niklas Hartmann,
Katrin Meisenbacher, MD', Fabian Rengier, MD?,
Thomas Bruckner, PhD® and Christian Uhl, MD'

Abstract

Objectives: The objective is to evaluate the feasbility and interobserver agreement of 2 Maxed Realty Viewer (MRY) in

the assessment of 2ortoiliac vascular anat

‘ Methods: Fifty preoperative computed tomography angiographies (CTAs) of AAA patients were included. CTAs were
| assessed in 2 mixed reality (MR) environment with respect to aortoiliac anatomy according to 2 standardized protocol by

‘ two experienced observers (Mixed Reak

| pendenty assessed applying the same prot
dimensional screen with mult-planar reconsu
station, GE, United States). The protocol included four sets of item:
‘ as the number of lumbar and renal arteries. Interobserver agreement (IA. C

set.
| Results: All CTAs could successfully be
assessment of anterior and posterior G

dispayedin the MRY (100%

0.48) and dilatation (xpav 068,

— Vascular

assessment of aortojliac
with abdominal aortic

omy of abdominal aortic aneurysm (AAA) patients.

ty Viewer, MRV, Brainiab AG, Germany). Addconally. 2 CTAs were inde-
0col by the same observers using 2 conventonal DICOM viewer on a two-
ructions (Conventional viewer, CV. GE Centricity PACS RAI000 Work-
s: cakification, dlatation, patency, and tortuosity 2s well
ohen's Kappa, x) was cakculated for every item

). The MRV demonstrated equal or beter IAin the
and 045, respectvely) as well a8

e 2 61, Koy 033
ficaton (cy: 068 0d 081 becter IAin the assessmentof

xcy:0.67). The CV demonstrated

tortosity (kpgy: 0.60. Ky

Hatzl J, Béckler D, Hartmann N et al. Mixed reality for the assessment of aortoiliac anatomy in patients with abdominal aortic aneurysm

Vascular 2022. doi:10.1

177/17085381221081324: 17085381221081324. doi:10.1177/17085381221081324

Cohen's Kappa, x

Cohen's Kappa, x

Conventional Mixed Reality
viewer Viewer

Mean (SD) Total Mean (SD) Total p value®

Lumbar arteries 3.8 (.1) 379 24 (1.9) 239 <00l

Renal arteries 2.3 (0.8) 231 24 (0.8) 236 0.16
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MR-Viewer better describe dilatation,

calcification and tortuosity , but not patency
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Introduction be created for a variety of applcations. Among other areas, o 4 H ° ! H i
the use of MR in the feld of patient education has recendly ! =ns |
“Mixed Reality” (MR) is an innovative technology that  been suggested [3, 4,5, 6,7, 8,9]. A systemtic review by j p=ns. 1
’ 2 s ’ p<001 i p<001 |
cnabics the projection of virtual objects ino the physical  Urlings et al. concluded with encouragig resalts regarding 3 ! ) !
environment and the users’ ficld of view by wearing a2 the posental of AR in paticnt education. It was alo cor- o~ 4 ° ! - i
head-mounted dispiay (HMD) 1] (Figare 1). The terms  cluded however that evidence is lmited and that existing — v
MR and Augmented Reality (AR) are ofien used synony-  studies ofien contain hetcrogenous aplications and pope- T T T T . .
mously. While in MR and AR the physical cviroament  lations (10, Pre Post Pre Post ) )
remains visually perceptibie and is augmented with digital  The use of MR i patient education prior o electne Mi " Mixed Reality Group Control Group
P s ; acilitat ixed Reality Group Control Group
information, in Virtual Reality (VR) the user is in 2 com-  abdominal aortic ancurysm (AAA) repair might faclitate
pletely simulated environment 2. MR and AR can be uti-  paticnt mvolvement in decision making in AMA minafe-
fized to display three-dimensional viual objects based on  ment. Arccent met-analyss of avalabi andomine, s
crosssectional imaging ke computed tomography angiog-  wolled trials has shown that EVAR i i I Score pre-education | Score post-education | pvalue®
aphy (CTA) (Figure 1. Fothermore, MR allows the et periperatve benefis, asaciaed with 1z BEeie? ¢ MR group Control group pvalue®
et h the virtual object cither via 4 manual con  of AAA-rclated moetalty, reintervention, and ruptare in MR group (mean SD) 65+18 79+15 <0.01
argh ntrol (clectronic supplemen the loog-rm (1. Additionally, comoctality of paikn® Informational gain (mean + SD) 14+18 14+18 05
troller, gesture am’;x’r\-\;—; oy mmdm;’ﬂwm complicates risk asscsment. In this multifaceied contest Control group (mean  SD) 62+18 76216 <0.01 ; L
sy macrll 00 Kfml;m dual anatomy can  of management optioas, curreat ideles. tecommend *Mann Whitney U test for two unpaired samples.
interactve model of 2 patient’s indidud anaio *Wilcoxon test for two paired samples.

Figure 4. Scores on the Informational Gain Questionnaire (IGQ) pre-

MXR in Patient Education prior AAA Tx

Figure 5. Informational gain in the MR- and control group according to

the Informational Gain Questionnaire (IGQ).

Hatzl J, Bockler D, Uhl C et al VASA 2023

and post- patient education in the MR- and control group.
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Mixed Reality assisted Vessel Puncture
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! ty-Assisted p

Artery in a Phantom Mod:lmmre of the Common Femora]
Christian Uny t

. Johan, K
nes Hatz -t Katrin Meisenbacher,

Lea Zimm, Viklas Hartmann and Digten,
€a Zimmer, Niklas Hy, n and Dittmar Bk
er

phy (CTA) was used follc

g
Aok ents in the axial and sagit
wpdates

ina phantom model. Future studies should aim to measure a
rng from MR registration.
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1. Introduction
Percutaneous puncture of the common femoral artery (CFA) s a frequently used
technique to gain arterial vascular access and is applied in a variety of medical specalties
such as vascular surgery, cardiology, interventional radiology, and neuroradiology. The
technique of femoral arterial puncture has changed in recent decades. Initaly the
puncture site was determined by palpation of the pulse and the ocation of the CFA
o the femoral head in projection radiography. In recent years the use of sonography
with real-time two-dimensional visualization of the target vessel has become the gold
standard. Althou of sonography has reduced the complication rat moral
srterial access, there are still relevant puncture-associated complicasions in 3-
today [1.2]. Complications during vascular arterial access mainly arse from subopumsl
Localizateon of the punctre it, in additon to the qualty of te tangeed vessel (diamete,
cakification). Inadvertent puncture of the superficil femoral or profound femoral arterics
false aneurysms, local dissections with subsequent lower limb ‘
1. Puncture of the external iliac a to the femoral
srophic retroperitoneal hemorrha

can result in
ot e hi ich is associated with
nt can result in catastrophic e .
ity and mortality [#-6]. Arterial puncture of sev lfied vessel s
| vascular injury and failure of vascular closure devices b hich often lea

This article 3 1 Spen acoem artce

ligames
high morby
Jead to local

Soicbunnd wder Be e il

ditcns of

ﬁ ’mﬂging T

C-arm (cone-beam CT)

v

/
Optical tracking platform
(Curve® Navigation platfo

Phantom model (+ 6 markers)

Head-mounted display

Figure 3. Experimental set-up: Phantom model (center), X-ray device (Siemens Cios alpha |
Siemens Healthcare GmbH, Erlangen, Germany) for cone-beam CTA (left), Curve® Navigation |
(Brainlab AG, Munich, Germany) for optical tracking with tripod camera system and work

(background), and HMD on the O.R. table (right).
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Results - Mixed Reality assisted Vessel Puncture
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Abstract: Pe
and enables physicians worldwide b perform end
Of percutaneous femoral arterial access compl

batons is 3-18% and o p
P cationdue o et vl of e e vt e P
ComCcpt sty was o evaluatethe ety and the posional o o 3 g oo
et ofthe cormenfemoral artery in 3 o model ssing a comercly avatabe mavs.
Punctures wy of C Omputed
anglography (CTA) was used following eah puncune e :\M SR g
needle placements in the axial and sagiteal planes. Techica
(93.3%) with a medsan axial poitional errorof

ow quantification of positional erroe of
l success was achieved i 1/15 cases.
10men (IQR 1.3) and a median sagittal posstional error
©f1.1 mem (QR 1.6). The median duration of the fegstration process and needle insertion was 2 min
(IQR 1.0). MR-assisted puncture of the common femoral atery b easible with acceptable postional
errors i a phantom model. Future studies should aim b measure and seduce the positional erree
resulting from MR registration.

Keywords: mived malty; virtual realty; vascular surgery; vascular scces; femoral ey, endorascslar

1. Introduction

Percutaneous puncture of the common femoral artery (CFA) is a frequently used
technique to gain arterial vascular access and is appied in a variety of medical specialties
such as vascular surgery, cardiology, interventional radiology. and neuroradiology. The
technique of femoral arterial puncture has changed in revent decades.Initall the optimal
puncture site was determined by palpation of the pulse and the location of the CFA relative
to the femoral head in projection radiography. In recent years the use of sonography
with real-time two-dimensional visualization of the target vessel has become the gold
standand. Although the use of sonography has reduced the complication rae afer femoral
arterial access, there are still elevant puncture-associated complications in 3-18% ol ot
today [1,2]. Complications during vascular arterial access mainly arise h:’:lfiqmwv
Jocalization of the puncture site, in addition to the quality of the tangeted v e
cakican I P o e i

false aneurysms, issec E lo

;m:;;;hu:m [2,3), Puncture of the external iiac artery v;o:r:i i ::‘:“::
ligament can result in catastrophic retroperitoneal hvmwm:s. :.‘ I:ﬁd e on
bigh morbidty and moralty |- e e, which fen s
Jead to local vascular injury and faifure of vascular lose S5
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Hatzl J, Bock

ler D. et al, Journal of Imaging 2022

Axial Sagittal
1.0 mm (IQR 1.25) 1.1 mm (IQR 1.55)

Uhl C, Hatzl J, Meisenbacher K, Zimmer L, Hartmann N, Bockler D. Mixed-
Reality-Assisted Puncture of the Common Femoral Artery in a Phantom Model. J
Imaging. 2022 Feb 16:8(2):47. doi: 10.3390/jimaging8020047. PMID: 35200749;
PMCID: PMC8874567.
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Observer’s point of view of CFA Puncture in Phantom
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Sonography-registered MxR-assisted CFA access

Potential benefits:

- No superficial markers needed
- can be repeated multiple times if patient position
changes (no new CT/cone beam CT, no radiation)

- focus on region-of-interest




Sonography-registered MxR-assisted CFA access

EAo0scuLAy e 60 CFA punctures in a phantom by two observers

Bow Soence. kmom
. Imopig end Tech

A New Method
3 or Com
:mle.rnal Access Using a N"I‘i:’(:dFemoral
eality-Assisted T, £
Phantom Model echnique ona

e N=30 conventional sonography (control group) versus n=30 MxR

Johannes Hatzl, MD'

.D: wial il
Ditiar Bochacs b aniel Henning', Niklas Hartmana! (),

and Christian Uhl, MD'

e using cone beam CT scans of phantom and prototype software

Abstract
Pu

» Endpoints:
» Technical success rate

» System stability

Clinical Impact

This study demonstrates the technical feasibliey of 2 Moxed-Re ed maral rveral ccess proc
accurscy was comparabie to 3 coaventional sonography-fuded technky
hat nead 10 be rese -

nEEen S — » Positional error assessment encompassed 4 measurements

mixed realty, vascular access, endovascular, augmenced reakty. navigavon, vascuar surgery

— (1) distance of the needle tip to the centerline,

Introduction

— (2) distance of the needle entry site from themid-level of the ostium of
the profunda femoral artery,

nl
Tradisioally, CFA .
pulse amd smasomical landmaks sech 2 the superor e especally

Hatzl J, Henning D, Hartmann N, Bockler D, et al.
Journal of Endovascular Therapy. 2023;0(0).

Ahead of print — (4) sagittal planes.

— (3) angle of entry of the needle in coronal, and
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Results of Sonography-registered MxR-assisted CFA access

Basc Soence, imageg and T

END 4
2 New Method for Commen, E S A T =B -
th?nal Access Using a Mixed €Mmoral cesgs 7] . — Tahle 1. Measurements of Positional Errors.
eality-Assisted Techni f . E " :
echnique o i 3 <
Phantom Mode| L e e i i- ; ;
Ssage E Eg N Mlxed.r:a:jlty- Sonoglr:p‘?y- P
Johannes Hatzl, Mp' -, s i - assiste assiste value2
Dittmar Bockler, MD'.'m:"g::s:i::"t‘f»:i.':qig'n Haetmins\ @), E " f -
g . : g Distance of the needle tip to the centerline (mm) | 3.0(IQR:20-46) | 3.2(QR:22-39) 0.63
Ab: H a8 ~ H
Pu;::‘: The: purpost of th L ; i S
sl o orpote of thi sty was to evesigus th techca fasby g - | — . } . i ‘
Materials ,,,j".‘?:"“"‘:“';j"}ggn e g onography s ey s " (MR — ° Distance of the needle entry site from the mid- 30(IQR:20-50) | 45(1QR: 20-7.8) 0.18
total of 60 CFA punctures were perfor y ! e y A
punctun perfe R (M performed on 2 phant Mized Reabty-assised Sonography assisted
preimtenlotrinpon e s ) 40 pecur e Porkomed vig s comesn s o level of the PFA ostium (mm)

(CT) angiography scan of the model and regisz

Angle of the needle in the sagittal plane () 50/(IQR: 47-51) 51 (IQR: 50-55) 0,005

sitional errors. between
oy vassseved cordn o e sy by i Gy T O e el
m::;h::l‘::u mﬂs":;r;:oi in the MiR and control groups, respectively. The median dstance between
nterkne was 3.0 (interquartde range (IQR): 20-46) n the MR groep and 3.2 e (IQR: 23-39)
(p=063) In the control group. Swilarly. the medun distance from the needie entry site to the middievel of the ostum
of the profound femoral artery was 30 mm (IQR: 20-5.0) in the MR group and 4.5 mm (IQR: 20-7.8) (p=0.18) n the
control group. The median coronal angles of needie entry were 7.5° (IQR: 6-11) and 6° (IQR: 2-12) (=013), and the
median sagittal angles were 50° (IQR: 47-51) and 51" (IQR: 50-55) (p<0.01) in the M and control groups, respectively.
The mean SUS score provided by both observers was 51.3.
Conclusion: The feasibibty of an MR-assisted CFA access technique could b a Further
studies are needed to investigate the technique beyond phantom model experiments and in different anatomical sectings.

Angle of the needle in the coronal plane (°) 75(1QR: 6-11) 6(QR: 23-12) 0.13

55
.
e incoronar pianc i (1
1s
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Figure 5. Positional errors: (A) Distance of the centerline to the needle tip in the axial plane. (B) Distance of the needle
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Comparison of Different Registration Methods for Vessel Access
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Con;panng different registration and visualization methods for
navigated common femoral arterial acces
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study using Mixed Reality P m model
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e el Henning' ), Dittmar Bockler |, Niklas Hartmann 1, Katrin Meisenbacher ! and Cheistian

Abstract: Mixed reality (\sR)

A

Hatzl J, Henning D, Bockler D, et al.
Journal of Imaging 2024; Ahead of print

Figure 5. Monitor-visualization. The needle is represented in axial plane as well as coronal and sag-
ittal reconstructions. The green line represents the optimal trajectory for the operator to follow.
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RESULTS: Different Registration Methods for Vessel Access
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e Qverall technical success rate: 91.1%

Non- Expert

P-value

98.7 % 83.5% 0.002
100% 95.5% 1.0
98.3% 79.9% 0.003
100% 75%

100 % 80%

94.7% 84.2%

> MxR navigated techniques show beneficial adjuncts for save vessel access
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Next Step: MxR assisted Device Tracking
& Navigation in endovascular aortic repair
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Recent Limitations of MxR

Still experimental use in phantoms

Results not ransferable to real patients sofar
Vascular deformation / distorsion effects
Impaired visualization of small vessels
Registration and tracking errors

Processing capacities of large data set
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Working Place of the Future — the Role of MxR
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From Image guided to Al-guided guided surgical workplace
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Summary and Conclusions

MxR > number of applications in endovascular & vascular surgery
MxR-assisted anatomy assessment is feasible with high accuracy
MxR-assisted vascular access is successfully demonstrated in phantom model studies

Technological developments such as next-generation HMDs, alternative registration

methods will increase feasibility and performance of MxR
Further advances are required to overcome recent limitations

Bringing MxR into hybrid OR as a “standard visualization tool” is still in an early stage

UK
University Hospital Heidelberg | Critical Issues 2024 | Dittmar Bockler HD



	Diapositive 1
	Diapositive 2
	Diapositive 3
	Diapositive 4
	Diapositive 5
	Diapositive 6
	Diapositive 7
	Diapositive 8
	Diapositive 9
	Diapositive 10
	Diapositive 11
	Diapositive 12
	Diapositive 13
	Diapositive 14
	Diapositive 15
	Diapositive 16
	Diapositive 17 Sonography-registered MxR-assisted CFA access
	Diapositive 18 Results of Sonography-registered MxR-assisted CFA access
	Diapositive 19 Comparison of Different Registration Methods for Vessel Access
	Diapositive 20 RESULTS: Different Registration Methods for Vessel Access
	Diapositive 21
	Diapositive 22
	Diapositive 23
	Diapositive 24
	Diapositive 25

