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Quantitative Assessment of Metal Artifact Reduction in C-Arm

Introduction

* C-Arm CT guidance of neurovascular interventions for treatment of intracranial aneurysms 1s hindered by the presence of streak artifacts caused by metal implants.

* The purpose of this project was to design pre-clinical studies that would quantitatively evaluate the performance of a metal artifact reduction (MAR) algorithm.
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* Optimizing and quantifying image quality will facilitate a safer, more accurate use of CT imaging in the surgical environment. 5 J U ) L ) L )

Conclusions

Problem and Solution Results

* C-Arm CT guided endovascular treatments for intracranial * The MAR algorithm provided excellent reduction of artifact
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method warrants investigation in clinical studies.
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Figure 1.
(a) stent-assisted coiling, (b) clipping, and (c) liquid embolization. Image by M. Headworth.
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e What’s next?
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Figure 3. Head Phantom
(a) Uncorrected and (b) MAR corrected Cone-Beam CT
images of brain phantom containing a coil-packed aneurysm.

Future work includes streamlining the semi-automatic
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* Metal artifacts are caused by beam hardening (a shift in

segmentation step, analysis of tolerance to MAR parameters, and

detected mean energy) and photon starvation (insufficient Figure 5. Zoomed-in uncorrected (UC) and

MAR corrected (MAR-C) CT images of a
liquid embolization (Onyx) in non-enhanced
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Figure 6. Zoomed-in uncorrected (UC) and MAR corrected comparison to other MAR and segmentation approaches (Cg
(MAR-C) CT images of a stent-assisted aneurysm coiling in

(NC) and contrast enhanced (CE) vessels. non-enhanced (NC) and contrast enhanced (CE) vessels..

METAL SPHERES PHANTOM MODEL.: o :
Background ROIs are highlighted in yellow. Background ROIs are highlighted in yellow.
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photons reach the detector). MAR algorithms that diminish

these artifacts have been developed, but need to be thoroughly Known-Component Reconstruction [Stayman, et.al.])

tested before clinical use. What did we learn?

Image wvisualization i1s vital in CT-guided interventions.
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Quantifying image quality is important for: evaluating new imaging
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interventions were imaged using a Cone-Beam CT system.
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technology and algorithms; evidence for translation to clinical use;

Data analysis was performed in uncorrected and MAR avoiding pitfalls of subjective interpretation.
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&
o

corrected data in order to identify algorithm components that
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require further improvements.
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Graph 1. Artifact magnitude of uncorrected and
MAR corrected CT data of metal spheres.
Artifact magnitude in uncorrected data is directly
proportional to the density and diameter of the
metal sphere. Notice that the MAR algorithm
corrects the artifact magnitude to a constant level,

Graph 2. Volume accuracy of uncorrected and
MAR corrected CT data of metal spheres. Lower
volume accuracy indicates closer estimation of

Figure 4. Zoomed-in uncorrected (UC) and MAR corrected (MAR-C)

CT 1images of metal spheres of varying densities and diameters.
Background ROIs are highlighted in yellow.
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volume of metal component. Zoomed-in 12.8mm
steel sphere (a) uncorrected and (b) MAR

* The brain phantom used consisted of
corrected in limited-window display.

. ) regardless of density or diameter.
a natural human skull with an opening

at the base.
* CT images were reconstructed with and without a MAR prototype developed by the ,
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Figure 2. Experimental setup;
(a) hollow brain phantom and (b) o
Siemens C-arm Cone-beam CT.
Image provided by I-star lab.
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metal segmentation and the accurate representation of surrounding low-contrast tissue.



