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Intraoperative C-arms for 2D & 3D Imaging

Platforms
C-arm, U-arm, O-arm, ...
Modern C-arms
Flat panel detector
Large FOV, distortion-free
Motorized orbit
Cone-beam CT capable
Low dose, high resolution

DBS
Electrodes

Presentation Outline

(D Cranial Neurosurgery
Deep brain stimulation
Imaging for soft-tissue visibility and target visualization
Imaging and localizing implants
Spinal Neurosurgery
Deformity correction via pedicle screw placement

Alternative imaging modalities Pelvic
Automatic registration of patient, devices, and navigation ~ K-Wires

(3) Pelvic Trauma Surgery
Fracture reduction and fixation

Automating surgical planning
Robotic assistance for imaging workflows
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Intraoperative C-arms for 2D & 3D Imaging

Platforms
C-arm, U-arm, O-arm, ...
Modern C-arms
Flat panel detector
Large FOV, distortion-free
Motorized orbit
Cone-beam CT capable
Low dose, high resolution
Applications in
Neurosurgery, Orthopaedics,
Vascular, Thoracic, ...
Integration with
Surgical tracking,
Robotic instruments

Ventriculoscope

(@) Cranial Neurosurgery

Clinical tasks
Deep brain stimulation (DBS),
stereotactic biopsy, SEEg electrode placement,
ventriculostomy, ablation procedures
Emerging DBS techniques
Novel targets: Fornix, thalamic nuclei, amygdala

Treatment of: Alzheimer’s, autism, depression

Trans-ventricular approach

Confident visualization of landmarks

Target vs. normal structures (e.g., basilar artery)
Image guidance and robotic assistance

1) Guidance within the endoscopic video scene
2) Accounting for deformation from CSF egress
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Frame-Based
Stereotactic Surgery
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Frameless
Stereotactic Surgery
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Frameless Robotic
Stereotactic Surgery
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Frame-Based Frameless Robotic
Stereotactic Surgery Stereotactic Surgery

Improved Target Visualization

Scatter All
Correction Corrections

Corrections’]
Current State-of-the-Art Artifacts Correction

Wu et al. 2020. MedPhys (prepublished)
Sisniega et al. 2015. PMB 60(16)

() Spinal Neurosurgery Globus

Excelsius

~500K cases per year (~1300 per day)

Clinical task
Correction of spinal deformity or instability
Instrumentation: pedicle screws and rods

Challenges
Breaches in lumbar: 5-41
thoracic: 3-55

Growing market for robotic guidance
Excelsius, Cirq, Mazor, ...

Image guidance and quality assurance
1) Verify screw placement
2) Measure spinal deformity
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Vagdargi et al. 2020. SPIE 113150G
Mirota et al. 2013. TMI 32(7)

ot-Assisted Ventriculoscopy

Basilar Artery
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ROS Navigation Server

() Spinal Neurosurgery

~500K cases per year (~1300 per day)

Clinical task
Correction of spinal deformity or instability
Instrumentation: pedicle screws and rods

Challenges

}  AxialSlice

\
A 'Acceptance
W Window

In-Situ Device Localizatio

Imaging in the presence of metal
Photon starvation, spectral effects, scatter, ...
Artifacts near region-of-interest
Breaches — vertebral fusion
Targeting — DBS electrodes
Osteolysis —implants
Metal artifact reduction (MAR)
Intraoperative time constraints
Accurate segmentation is challenging
“Known components”
Implants: prostheses, screws, plates, etc.
Instruments: K-wires, biopsy needles, clips, ...

Known design? composition?
Unknown location, pose, deformation
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Known-Component Registration

KC-MAR: Known-Component Metal Artifact Reduction
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Uneri A et al. 2017, PMB 62(8}
Uneri A et al. 2016, MICCAI T8(3]

.
Uneri et al. 2018, PMB Gaaé

Imaging Long Spinal Constructs exero-dr

Imaging Long Spinal Constructs
Linear slot-scanning radiography (LSSR)
EOS - EOS Imaging
Slotscan / eXero-dr — Lodox
Sonialvision G4 — Shimadzu

Limitations
Outside the OR
Qualitatively interpreted

Uneri et al. 2020, SPIE 113152M
* Newton et al. Spine Deformity 4(2) 2016

Zhang et al. 2020, SPIE 1131528

Imaging Long Spinal Constructs Imaging Long Spinal Constructs

collimator
(1slot)
source
»

‘/z(ssvcm travel)

Uneri et al. 2020, SPIE 113152M
Zhang et al. 2020, SPIE 1131528

Uneri et al. 2020, SPIE 113152M
Zhang et al. 2020, SPIE 1131528
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Imaging Long Spinal Constructs

collimator
(3 slots)
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Uneri et al. 2020, SPIE 113152M
Zhang et al. 2020, SPIE 1131528

Localizing Long Spinal Constructs

Pre-Op
Guidance

AP+LAT
radiograph slot-scan

Uneri et al. 2020, SPIE 113152M

Pelvis Atlas & Reduction Plan
Bone fragments {F;}
Reduction poses {T;}

multi-to-one
registration

Alternating optimization:

1) Fragment alignment
>{Ti}

2) Shape template adaptation
> (g} D
=1

3) Pose template adaptation
Han et al. 2020, i
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Imaging Long Spinal Constructs

Uneri et al. 2020, SPIE 113152M
Zhang et al. 2020, SPIE 1131528

(3) Pelvic Trauma Surgery

Treatment of pelvic fractures

Reduction: realign fractured anatomy

30% malunion due to poor reduction (>1 cm)

Fixation: stabilize reduced anatomy

20-30% screw misplacement (~6% breach)

Fluoroscopic guidance

Complex pelvis shape, narrow bone corridor\
“Fluoro-hunting” - increased radiation

45 mSv to hands

Trial- error - Increased operating time

>2 min per screw

Pelvis Atlas & Reduction Plan

Han et al. 2020,
SPIE 113150F
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Simulation studies: 30+1.1mm

Reduction A (mm)
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Clinical case: Adaptive Template

Reduction A:
3.9+£0.8mm
24°£2.2°
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Pelvis Atlas & Fixation Plan

Trajectory atlas

Surface RMSE

Goerres et al. 2017, PMB 62(23)
Han et al. 2019, PMB 64(9)

Conclusions

Intra-op imaging + prior knowledge
Physical device models for registration
Learned instrument shapes for detection
Statistical atlases for planning

Complement standard of care

Use already acquired images
Compatible with standard C-arms

Robotic surgery for the mainstream

Lowering the barrier-to-entry for robotic assistance
High-precision instrument positioning (<2 mm, <1°)
Reduced imaging dose to staff

The I-STAR Lab (istar.jhu.edu)

Trajectories
registered
to patient C;

Trajectory
accumulation
A=3LG

Image-Based Roboti

1/2 binned
upbinned
12 PC

& @

40 50
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Vijayan et al. 2020, SPIE 113151A
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