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Neuronavigation has become a routine tool in broad neurosurgical applications

é . N o waalsa adding augmented reality into the common workflows



Frame-based stereotaxy




Frame-based stereotaxy




Frame-based stereotaxy
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Frame-based to frameless Stereotaxy

Praoperative Plannung
3T-MRT
Trajektorien
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Frameless Stereotaxy
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Frameless Stereotaxy




Frameless Stereotaxy
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Neuronavigation in cranial surgery




Neuronavigation in spine surgery
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Concept of Neuronavigation

ARegistration is the determination of a

one-to-one mapping between the

coordinates in one space and those in

another, such that the points in the two

spaces that correspond to each other are

mapped to each ot heri

Calvin Maurer (1993)



Neuronavigation and Augmented Real
- eases mental transfer of imaging data onto the surgical field
- supports intraoperative orientation
- supports precise planning  of surgical trajectories
- supports the identification of the spatial relationship between target
and risk structures
- contributes to pre - and intraoperative surgical decision making
- allowing to extend radical resection while increasing patient safety

- provides an excellent educational opportunity



Y high precision and high accuracy of
mapping imaging and patient data are  key

prerequisites to benefit from image -guidance

Neuronavigation and Augmented Real

eases mental transfer of imaging data onto the surgical field
supports intraoperative orientation

supports precise planning  of surgical trajectories

supports the identification of the spatial relationship between target
and risk structures

contributes to pre - and intraoperative surgical decision making
allowing to extend radical resection while increasing patient safety

provides an excellent educational opportunity
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multimodal imaging




Routine workflow

preoperative planning
- image fusion

- segmentation




Routine workflow

preoperative planning

: . patient registration
- image fusion

(frame-based / frameless)

- segmentation




Routine workflow

preoperative planning

: . patient registration
- image fusion

(frame-based / frameless)

- segmentation




navigation and augmented reality

optimal surgical p | a n exec¥tion with perfect precision and accuracy

pI’ECISIOI’] Not Accurate Accurate aCCUfaCy
true to itse|f Low Precision Low Precision true to intention

Not Accurate Accurate
High Precision High Precision



Closer look at overall accuracy




Overall accuracy 1 different domains of accuracy
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Overall accuracy 1 different domains of accuracy

U marginal gains

1% Improvement

imaging technical
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Overall accuracy 1 Imaging accuracy
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Imaging Accuracy 1 Multimodal Imaging

Computed Tomography

+ high spatial resolution
+ high spatial accuracy
(e.g. stereotactic procedures, registration)

T low soft tissue contrast




Imaging Accuracy 1 Multimodal Imaging

Magnetic resonance imaging

+ superior soft tissue contrast
(e.g for lesion delineation)

I inherent geometric distortions
- system dependent
(e.g. field strength, in homogeneities
in the static magnetic field, imaging
sequence, gradient nonlinearity)
Y system associated compensation
strategies

- patient dependent
(susceptibility, chemical shift)




Imaging Accuracy 1 Multimodal Imaging

Magnetic resonance imaging
Y di ffusion weighted i mag




Imaging Accuracy 1 Multimodal Imaging

Magnetic resonance imaging
Y diffusion weighted

Axial




Imaging Accuracy 1 Multimodal Imaging

Magnetic resonance imaging

12 space sag p2 i@ .
8/17/2023, 9:47 498N

> | Acal

Flair_3D42" prep
8/16/202371:07:39 PM

»  Axal

12 space sag flar_ 75 axial
8/17/2023, 9.42:45 AM

> | Agal




Imaging Accuracy 1 Multimodal Imaging

Magnetic resonance imaging
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Imaging Accuracy 1 Image Quality




Imaging Accuracy 1 Image Quality




Imaging Accuracy 1 Image Quality
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Imaging Accuracy 1 Patient Positioning

|l ntracranial distortion depending on pa
preoperative imaging and surgical positioning




Imaging Accuracy 1 Patient Positioning
stortion depending on pa

preoperative imaging and surgical positioning

|l ntracr ani al d i

D y vector value & z vector value of 64 points
between prone & supine MRI

vector value (mm)
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Imaging Accuracy 1 Image Fusion

choice of region of interest for image fusion




