Frame-less C-arm Needle Guidance
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Abstract

We present a method that integrates soft-tissue information in X-ray fluoroscopy guided needle
insertion, without the use of a stereotactic frame.

Before the puncture is performed, the optimal needle paths are planned on a pre-operative CT
dataset, see figure (a). At the beginning of the intervention a 3D soft-tissue XperCT dataset is acquired
with the C-arm X-ray system, and the pre-operative CT dataset is registered to the peri-operative
XperCT, which also registers the CT and C-arm coordinate systems, see figure (b).

The C-arm viewing incidence is steered to be tangent to the planned path: the entry view. Since this
view is tangent to the needle trajectory, the path is foreshortened to a single point. When the needle is
positioned at the entry position and its orientation is tangent to the fluoroscopy image, it can be
inserted.

The C-arm viewing incidence is then steered to be perpendicular to the planned path: the progression
view, see figure (c). In this orientation, the needle can be navigated along the planned trajectory.

The live fluoroscopy image is overlaid with the planned needle trajectory and fused with an oblique
slice of the soft-tissue data, perpendicular to the viewing incidence and passing through the target
point. The overlay image is real-time updated for any change in viewing incidence (L-arm, rotation,
angulation), field of view, and source-image distance. The needle path is compensated for parallax
distortion.

The entry view and progression view steps are repeated for all planned puncture paths. The views can
be selected at table side. Optionally, new paths can be planned during the intervention. After the
insertion, a new XperCT can be acquired to verify the needle position with regard to the soft-tissue
structures and anatomical landmarks.

(c)

(a) Needle path, with respect to the soft-tissue, bones, vessel and skin.

(b) The XperCT volume (red) is peri-interventionally registered to the CT volume (yellow).

(c) Progression view. Real-time X-ray fluoroscopy is overlaid on the oblique slab in the CT data, through which
the planned trajectory passes.
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