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Varicose vein treatments range from conventional surgical ligation and sclerotherapy to venous closure using biological
adhesives. However, considering ease of procedure, recovery time, and cosmetic outcomes like minimal scarring, minimally
invasive techniques employing lasers or radiofrequency are preferred. The efficacy of these methods heavily relies on clinician
expertise and ultrasound imaging, with manual catheter retraction during cauterization presenting challenges, such as
overlapping or untreated areas, especially in long vessels exceeding 1 meter, leading to increased procedure time and
operator fatigue. To address these issues, we propose an automated catheter procedure for varicose veins. This system
features a handpiece for energy generation control (laser, radiofrequency) operated near the clinician for convenience. We
designed a pullback system that enables constant speed rotation and forward/backward movements of the catheter without
moving the handpiece. Through handpiece operation, the catheter rotates at a set speed, and a roller-driven pullback action
occurs as it winds on a reel, expanding the diameter of the reel for retraction while remaining stationary. Conversely, reducing
the diameter of the reel facilitates forward movement. The length adjustment of the catheter based on winding turns on the
reel makes it adaptable for various vascular procedures, enhancing the procedural accuracy and operator convenience.

NOMENCLATURE
R = Radius
1 = Length of a Link
C = Distance Center to Axis of an External Gear
® = Angular Velocity
P.C.D = Pitch Circle Diameter
AD = Addendum Circle Diameter
D.D = Dedendum Circle Diameter
m = Module of Gear
Z = Number of Teeth
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Radiofrequency Ablation (RFA) Treatment for Varicose Veins

Fig. 1 Radiofrequency ablation (RFA) treatment for varicose veins
[2] (Adapted from Ref. 2 on the basis of OA)

Under-treatment

Over-treatment

Fig. 2 Radiofrequency irradiation overlap and non-contact parts [3]
(Adapted from Ref. 3 on the basis of OA)
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Fig. 3 Cross section of the non-rotational and rotational catheters
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Fig. 4 Catheters rotation shaft manufactured in multiple wire
winding structure
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Fig. 6 Analysis of catheter reel multibody dynamics in diameter
expansion
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Table 1 Catheter properties and contact conditions used in the
multibody dynamics analysis

Catheter properties

Young’s modulus 100,000 [MPa]

Density 1.85e-006 [kg/mm~3]
Damping ratio 8.e-002
Contact conditions
Stiffhess coefficient 20
Damping coefficient 2.e-004
Dynamics friction coefficient 0.9
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Fig. 7 Cross section of hand piece design

Fig. 8 Hand piece 3D printer output

Fig. 9 Design model of catheter reel in diameter expansion
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Fig. 10 Catheter reel design parameters in diameter expansion

Table 2 Catheter reel design parameter values

Internal gear External gear

P.C.D [mm] 72 24
A.D [mm] 74 26
D.D [mm] 69.5 21.5

Module 1 1
Z 72 24
L [mm] 35.45

Radius Increase as an Internal Gear Rotation

y = 1.3947x + 55.909

- R? =0.9982 g
58 /

56 =

~ degree(O)h

Fig. 11 Graph of radius increase as an internal gear rotation
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Fig. 12 Pulled back catheters as catheter reel diameter is extended

Fig. 14 Control unit of the pull-back module that controls the
pull-back operation and speed
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Pull back \ /)
module E w’(rol board

Fig. 15 System configuration including prototype of a pull-back
module, the hand piece, and a generator that controls
radiofrequency output
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