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Experimental Study of Generation Pattern of Coil Insertion Force using an Force
Sensor System: Investigation of Friction State between Coil and Aneurysm Wall
determined by Difference of Coil Insertion Method and Insertion Speed
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@Abstract@®

Object: In endovascular coil embolization for a cerebral aneurysm, coil insertion is usually performed simply by advancing the coil-delivery
wire steadily, without any torque handling. However, the relation between coil insertion force and coil/microcatheter behavior is complex and
has not been sufficiently investigated. In this experiment, the authors measured the coil insertion force and observed the coil and catheter-tip
movement during aneurysm embolization. Thus, the generation pattern of coil insertion force was investigated and the most suitable insertion
method and speed were discussed.
Methods: A new sensor device which consists of a Y-connector was developed. The sensor principle is based on an optical system measuring
how much the coil-delivery wire slightly bends in response to the insertion force. Using this device, experimental coil embolizations were
performed with silicone aneurysm models. The manipulations were done by hand or by machine at a constant speed. The sensor continuously
monitored the mechanical force during the insertions. The coil movement was observed on a microscopic image. The pattern of coil insertion
force and the time distribution ratio of the force were analyzed.
Result: With manual insertion, the coil insertion force was mainly induced by the stop and advance movement of the wire generated in
synchrony with the push-pull-push movement of the surgeon's hand. With mechanical insertion, the insertion speed caused a difference in
the force pattern. With the coil movement, the friction between the coil and aneurysm wall was determined by insertion method and insertion
speed. Thus, the friction state (static friction or kinetic friction) affected the mechanical force.
Conclusion: It was demonstrated that the friction state influenced the generation pattern of coil insertion force. Applying the proper insertion
method and insertion speed to maintain the kinetic friction state between the coil and the aneurysm wall might provide less stressful coil
insertion force and safer embolization.
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Fig. 1 A and B : Photograph illustrating the newly developed sensor. C : Schematic showing the optical force sensor. D and
E : Schematics showing the optical system. D : Without insertion force, the coil-delivery wire does not bend. E : With
insertion force, the wire bends. F : The sensor optically detects the position of the bending wire.
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Fig. 2 Photographs of the silicone aneurysm model. Dotted lines showing the inner lumen of the aneurysm.

A : The aneurysm is not filled with a coil, B : The aneurysm is filled with a coil.
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Fig. 3 The coil insertion force obtained with silicone aneurysms is demonstrated. A : Data with GDC10 3D 3mm-4cm in a 4-mm
aneurysm. B : Data with GDC10 3D 5mm-10cm in a 4-mm aneurysm. C : Data with GDC10 3D 6mm-15¢m in a 5-mm
aneurysm. Data obtained over 100 seconds are not described here to simply compare the force pattern. D : Data with

GDC10 2D Soft 3mm-8cm in a 4-mm aneurysm. For manual insertion, the saw-like (repeated peak) force pattern is
described. For mechanical insertion, the force pattern differs with the insertion speed.
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Fig. 4 The maximum coil insertion force is plotted according to
the insertion speed, reaching the range of approximately
0.23-0.30 [N] regardless of insertion speed.
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Table 1 Summary of the differences between the coil insertion methods during the embolization with silicone aneurysms.

Friction state between the coil and the aneurysm wall is the most important factors affecting the coil insertion force.
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