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Development of optical force sensor system for cerebral aneurysm coil embolization
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@Abstract@®
Objective: In endovascular coil embolization for a cerebral aneurysm, excessive stress from coil insertion into an aneurysm may cause a
catastrophic rupture or the microcatheter tip to dislocate from the aneurysm dome, resulting in insufficient embolization. Such mechanical
stress caused by the coil insertion force can only be subjectively detected by the minor tactile feedback the surgeon receives. Therefore, a new
sensor device, that adequately measures coil insertion force via an optical system was developed. This new sensor device is described here.
Method: This system is incorporated into a Y-connector (hemostatic valve which is connected to the proximal end of a microcatheter).
The sensor principle is based on an optical system consisting of an LED and line sensor. The line sensor measures how the coil delivery
wire slightly bends according to the insertion force by detecting the wire shadow. This information is translated into a given force level. An
experimental silicon aneurysm embolization was performed with this optical sensor. The sensor continuously observed the mechanical force
during the insertion of coils into the dummy aneurysm.
Results: The sensor adequately recorded the coil insertion force during embolization. When the embolization was successfully performed,
the maximum insertion force did not exceed 0.3[N], and the record showed a repeated peak pattern change in force, reflecting actual clinical
experience. Presence of the sensor did not hinder performance of embolization in any way.
Conclusion: This new sensor device adequately measures coil insertion force. This system provides potential for safer and more certain
aneurysm embolization.
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A

Fig. 1
A Y connector available commercially.

B, C : Y-connector with the optical force sensor system. Arrow indicates a part of the optical force

sensor.

D : Schematic image of the optical force sensor. 1. Part connecting to the proximal end of the

microcatheter. 2. Part connecting to the infusion line with normal saline. 3. Part to insert into the

coil delivery wire. 4. Coil delivery wire.
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Depending on the insertion force,
the bend in the wire changes

Insertion
force

Fig. 2 Schematic image of the optical system

A : Without insertion force, the coil delivery wire does not bend.

B : With insertion force, the wire bends. The sensor optically detects the position
of the bending wire.
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A : The line sensor determines the wire position by measuring the shadow cast.
The darkest point is defined as the wire position, that is translated into
insertion force. Line sensor resolution is 63.5xm.

B : Optical system for the force sensor.
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Fig. 4 Photograph showing the experimental system measuring coil insertion

force by optical sensor during embolization of a dummy aneurysm.
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Fig. 5 Results for insertion force measured by the optical system. No. 1 and 2

resulted in successful embolization. No. 3 and 4 failed to embolize.

In a successful embolization case (No. 1 and 2), maximum insertion force
did not exceed 0.3[N] and a repeated peak (short pulse) pattern of force
was observed. In contrast, in a failed case (No. 3 and 4), force reached
0.3[N] and did not show the repeated peak pattern.
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