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Present Vascular & Endovascular Care: Hybrid OR

Recent technological facilities:

➢ Fusion imaging  & navigation 

➢ Cone -beam CT

➢ Device tracking technology (FORS) 

➢ IVUS, CO2- Angiography

➢ Online dosimetry for radiation exposure

➢ Dose management programme

➢ and more…

➢ Hybrid-OR  Environment

➢ Radiation Protection Culture
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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 AI, 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) ?

Def.: Mixed Reality (MxR) merges real-world environment and computer-generated content

> Virtual objects are overlaid in a real environment
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MxR- Head Mounted Displays (HDM)

• Microsoft Hololens2  (Redmont, Washington, USA)

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

• Vision Pro (Apple, USA)

Magic Leap 2 (CE marked 2023) Magic Leap 1 
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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

Hatzl J. , Uhl U, Böckler D, Zentralbl. Chir,  Oct.. 2022

n = 547

n= 8

3 publications:

information management

on patient data in small series

5 publications:

MR- assisted navigation

in phantom models
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Feasibility Studies to Assess Anatomy of AAAs

Hatzl J, Böckler D, Hartmann N et al. Mixed reality for the assessment of aortoiliac anatomy in patients with abdominal aortic aneurysm prior to open and endovascular repair: Feasibility and interobserver agreement.
Vascular 2022. doi:10.1177/17085381221081324: 17085381221081324. doi:10.1177/17085381221081324

MR-Viewer better describe dilatation, 

calcification and tortuosity , but not patency
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MxR in Patient Education prior AAA Tx

Hatzl J, Böckler D, Uhl C et al VASA 2023
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Mixed Reality assisted Vessel Puncture

C-arm (cone-beam CT)

Optical tracking platform 
(Curve® Navigation platform)

Phantom model (+ 6 markers)

Head-mounted display
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Results - Mixed Reality assisted Vessel Puncture

Technical success rate 93.3%
Accuracy +/- 1mm

Hatzl J, Böckler D. et al, Journal of Imaging 2022
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Observer’s point of view of CFA Puncture in Phantom
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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
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Sonography-registered MxR-assisted CFA access

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

• 60 CFA punctures in a phantom by two observers

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

• using cone beam CT scans of phantom and prototype software

➢ Endpoints:

➢ Technical success rate

➢ System stability

➢ Positional error assessment encompassed 4 measurements

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

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

– (3) angle of entry of the needle in coronal, and 

– (4) sagittal planes.
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Results of Sonography-registered MxR-assisted CFA access

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

Technical success rate :
MxR :  96.7%
Ultrasound: 100%
Similar usibility and accuracy
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Comparison of Different Registration Methods for Vessel Access

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

• Phantom model study

• Objective: to compare 3 different workflows of navigated CFA access

• Control group: conventional ultrasound guided technique

• 160 punctures by 10 operators (5 experts – 5 non-experts)

• Study endpoints: technical success, positional errors
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RESULTS: Different Registration Methods for Vessel Access

• Overall technical success rate: 91.1% 

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

Technical 
success 
(n=158)

Expert Non- Expert P-value

overall 98.7 % 83.5% 0.002

control 100% 95.5% 1.0

navigated 98.3% 79.9% 0.003

workflow 1 100% 75%

workflow 2 100 % 80%

workflow 3 94.7% 84.2%
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>  MxR navigated techniques show beneficial adjuncts for save vessel access 



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

IOPS® 
centerlinebiomedical.com 

Robotic
Brainlab, Seventa

Cydar ® Surgery 
Augmented Intelligence

Cydar

Mixed Reality
BrainLab & MagicLeap

FORS ®
Philips

AI – Imaging e.g. 
Carotid plaque
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From Image guided to AI-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
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