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Image-based deformation modeling and force estimation of

the front end of vascular interventional surgical apparatus

Ren Longfei' , Meng Cai'®" | Liu Bo'?, Bai Xiangzhi'*, Zhou Fugen'”
1. School of Astronautics, Beihang University, Beijing 102206, China;

2. Biomedical Engineering Innovation Center, Beihang University, Beijing 100083, China

Abstract: Objective At present, the prevalence of cardiovascular disease continues to increase in China. Approximately
290 million people in China suffer from cardiovascular and cerebrovascular diseases. In 2016, the mortality rate of cardio-
vascular disease was the highest in China. Cardiovascular disease has caused a serious burden on the society; thus, the
prevention and treatment of cardiovascular disease are urgent. Vascular interventional surgery is one of the main methods for
the treatment of cardiovascular diseases, which has the advantages of less blood loss, less trauma, less complications, and
rapid postoperative recovery. In the process of vascular interventional surgery, the contact force between the front end of the

interventional instrument and the vascular wall is greatly important to the safety of the operation. If the contact force is
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extremely large, then the vascular wall becomes scratched and punctured or the plaque is moved, thereby leading to the
failure of the operation and may cause danger to the lives of patients. Therefore, measuring the contact force of the front end
of interventional instruments is a difficult problem in the process of vascular interventional surgery. To solve this problem,
this paper creatively proposes a method to estimate the contact force between the instrument and the vascular wall by observ-
ing the deformation of the front end of the instrument. Method To solve this problem, different from the commonly used
force feedback method, a method to predict the contact force of the front end of interventional instrument based on image
acquisition is proposed. An experimental environment was built to simulate the process of vascular interventional surgery, a
force sensor was used to measure the contact force of the front end of the interventional device, and a camera was used to
obtain the image containing the deformation of the interventional device. For the image with deformed guide wire, multi-
frame background averaging method is used to model the background. Canny operator is used to detect the edge of the origi-
nal image and the background. The edge in the background is removed from the edge of the original image, and then mor-
phological filtering method is used to process the detected edge image to obtain the contour of the interventional device. The
deformation of the front end of the interventional device is calculated by the contour of the interventional device. Here, the
contact force and deformation of the front end of the interventional device are modeled. The contact force of the front end of
the interventional device is divided into the force perpendicular to the contact surface and the force along the contact sur-
face. A method is proposed to describe the deformation of the instrument by using the maximum curvature of the deformation
section at the front end of the guide wire. We use the triangle composed of three points on the instrument to solve the maxi-
mum curvature, and its circumscribed circle curvature is calculated to represent the curvature of the segment, where the
three points are located. Then, and it is traversed at the front end of the interventional instrument to obtain the maximum
value, which is the maximum curvature. Subsequently, the relationship between the force and the maximum curvature of
the interventional device is obtained by analyzing the experimental data. Result The results show some mappings between
the front-end contact force and the maximum curvature of the interventional device. This relationship can be accurately
expressed in functional expressions with an average error of less than 10% in predicting forces. At the same time, the force
perpendicular to the contact surface is much greater than the force along the contact surface. The force perpendicular to the
contact surface can be used to approximately replace the contact force between the front end of the interventional device and
the vascular wall. In a certain range, the contact force of the front end of the interventional device increases with the
increase in the maximum curvature. Beyond this range, the contact force of the front end of the interventional device rea-
ches the maximum and does not continue to increase with the increase in the maximum curvature. Conclusion Therefore
we can estimate the contact force of the front end of the guide wire by obtaining the maximum curvature of the front end of
the guide wire, and then judge the contact state between the interventional device and the vascular wall during vascular sur-
gery. Through this method, adding sensors and other devices on the interventional device is unnecessary, and the contact
force of the front end of the interventional device can be obtained to reduce the risk of vascular wall being scratched or
punctured by the front end of the interventional device. In addition, the difficulty of operation is reduced, and the operation
power is improved.

Key words: vascular interventional surgery; contact force of interventional device; deformation of interventional device;

guide wire image ; maximum curvature
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Fig.5 Schematic diagram of guide wire

stress deformation experiment
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((a)original image;(b)edge image detected by Canny; ( c¢)background averaged from multiple images; (d)edges in the background ;
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1005



1006

PEEREEF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol. 27 ,No. 3,Mar. 2022

FESCBRI S22 R I Bk v 5 22 S B T Ak
(13 5% LA A2 20 A8 P A2 0 B0 10k A A T 4P B — P %
2 M TR - 2] 1Y 7 1 B 478 5 24 43 F U A4
B 7z B R (FE B 45,2021, R — AR
SR FH 3 IR B 1 28 I 45 B4 5 T R R ) 5 24, 3 BB 5.
A E RAFR S e, o ERERE B S Ao i
P ) S22 K I 1 ( Zhou 45,2020 ) B 4G I 38 2 A
PLIKE] 15 W/s , A6 500 00 S D7 T A 4 R 4 i
e, A N R PRI N AF AR,
2.3.2 AR mIREL

W 8 s, R FIHE S22 1 3 A, ] L
ISR X 3 AN SR Y = AR 0 A TR R
()75 R X 3X 3 4 BT A 3 22 B 0 3 Rl i R iR A7 3R
i, BT LRI R 40 MBI 22 B A7 i 47 3k
D 78 Fin A 15 it 3 e B KE B Oy e K
i,

K8 ARl RR A
Fig.8 Schematic diagram of calculating

maximum curvature of guide wire
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