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the surgeon's operation experience. There are many potential
dangers during the surgery because even experienced surgeons
may not fully understand the internal vascular under the
angiographic images of complex winding structure.
Furthermore, the irreversible damages to the patient could be
caused due to surgeons’ incorrect or improper operations
[4],[5]. In addition to the complexity of the surgery itself,
surgeons who perform interventional vascular surgery need to
wear lead clothing for a long time in a radiation-filled operating
room [6]. Long operation time not only has a great impact on
the health of surgeons, but also will reduce the accuracy of
surgery to some extent and increase the risk of surgery due to
the excessive fatigue of surgeons [7],[8]. All above are the
objective conditions that could cause iatrogenic damages.
According to statistics, the incidence after interventional
surgery is not completely due to the disease itself, there are
nearly 50% of the reasons are the surgeons in the operation
process improper processing and produced [9],[10].
Aimed at reducing the complex and iatrogenic injuries
during the surgery, many research institutions at home and
abroad have taken corresponding measures, such as in
combination with 3D visualization technology [11]. And
virtual reality technology was also set up for tumor ablation for
the treatment of this specific objective [12]-[14].
Comprehensive and complete 3D visualization model virtual
surgery for patients with lesions in reasonable individualized
operation scheme is designed [15],[16]. Surgeons can perform
repeated preoperative surgical planning on the individualized
3D model and timely scientific evaluation of the planning,
finally achieving the purpose of optimizing the surgical plan,
improving the safety of the operation and reducing the
complications of the operation. However, this method has high
time cost and is not flexible. Many institutions have designed
an operation evaluation system for surgeons to conduct
comprehensive postoperative evaluation by collecting
intraoperative hand movement information of surgeons, but
this method is not completely effective and cannot solve
problems in time before or during surgery.
Aiming at solving the above problems, this paper starts
from the image information of vascular interventional surgery,
and designs an experience acquisition platform to complete
interventional surgery by using the alternative vascular model.
Based on the lesion location image taken by preoperative

Abstract - Vascular interventional surgery has been gradually
conducted to cure cerebrovascular diseases due to its advantages
of smaller incisions and quicker recovery. However, due to the
small size and fragile properties of vasculars in human brain,
iatrogenic and interventional vascular damages could occur
during the surgery. Thus, the operation experience of clinicians
is very important. However, for inexperienced novice surgeons,
the costs of training surgical experience are high. In order to solve
the problems mentioned above, this paper attempts to design an
experience acquisition platform for vascular interventional
surgery. First, a simple model of vascular was made with wax
plates. Then, guidewire transport was carried out in the vascular
model through the existing operating platform to simulate the
interventional surgery experiment. We use Python to write the
Graphical User Interface (GUI) to design the visual operating
platform, and import the simulated interventional surgery video
into the interface. These operations were carried out based on the
model of the patient's real vascular shape, and the frames with
dangerous actions in the video were marked and counted, so that
the surgeons could analyse the dangerous operation after the
operation and improve the operation. From the experimental
results, the experience acquisition platform has the ability to mark
the dangerous operation of surgeons during surgery. Also, it can
provide a low-cost method for the training of novice surgeons.
Index Terms - Vascular interventional surgery, Surgery
experience acquisition, Replaceable vascular model-based platform,
Graphical user interface.

I. INTRODUCTION
In recent years, China is steadily entering an era of overall
prosperity. With the rapid development of economy, people's
material needs have been greatly met. At the same time,
residents begin to pay more attention to healthy problems. At
present, there are nearly 290 million patients with
cardiovascular and cerebrovascular diseases in China [1].
Cardiovascular and cerebrovascular diseases are still the
leading cause of death in China this year, with two out of five
deaths due to cardiovascular diseases, as xinhuanet.com
reported.
In the treatment of cardiovascular diseases, interventional
surgery has become the preferred method for surgeons and
patients due to its minimal damage to healthy tissues, less pain
and faster postoperative recovery [2],[3]. However, in addition
to the damages generated from the surgical apparatus and
instruments inserted from the groin to the lesion location, the
success rate of the interventional operation greatly depends on
978-1-7281-6414-4/20/$31.00 ©2020 IEEE
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video will be saved for the analysis of the postoperative
experience acquisition platform.

examination of the patient, the corresponding vascular model
was made. The existing operating platform for interventional
surgery was used to simulate the operation in the vascular
model, and the video of the operation process was collected.
Using Python GUI to design visual interface, the collected
surgical videos are imported into the visual interface, which
can be used to play surgical videos, pause/start videos at any
time, take screenshots, cut out areas of interest, mark dangerous
actions and count the number of actions, so as to help surgeons
intuitively. The advantage of the platform designed in this
paper is to establish a collection platform from the perspective
of interventional surgical image information to directly show
the operation quality of surgeons' surgeries. This paper will
solve the problems as follows:
1) The current virtual training environment for vascular
intervention can only provide visual feedback, excessive
theorization and modeling lead to high learning costs for
surgeons.
2) The interventional surgeon cannot review the feeling of
the operation after the operation, so that they cannot fully
understand and improve some improper operations in time.

Fig. 1 The structure of the slave robot [17].

It should be emphasized that the physical vascular model
of this experiment was made by us. It has the advantages of low
production cost, strong substitutability and short molding time.
According to the X-ray image of the patient's lesion location, a
unique vascular model for the patient can be completed within
5 hours, which saves time and reduces cost for surgeons'
simulated hand training. The vascular model is made as
follows.
We used industrial white wax and melted it into liquid by
alcohol lamp. Then, we poured it into the prepared cuboid mold
and placed the mold horizontally and cooled it. Selecting a
blank paper of the same size as the mold, we drew the blood
vessel shape that was simulated in the experiment and formed
the drawing. When the liquid wax has not completely cooled,
we placed the drawing on the mold, and took a box cutter and
carve according to the shape of the vascular. After the wax
cools and solidifies completely, the vasculars were removed to
form grooves, and then a small-scale modification is performed
to complete the required vascular model. According to the
specific vasculars of the patients, we made a total of 20
physical blood vessel models, which well completed the
replaceability of vascular during the experiment. Three of the
20 physical vascular models are shown in Fig. 2.

II. MATERIALS AND METHODS
A. Operation Platform of Interventional Surgery
The experimental equipment used in this paper is the
existing interventional operation platform in the laboratory and
the physical vascular model. The operating platform has a
master-slave structure and is made by Guo's team. A sliding
platform is adopted to transport the guidewire through the
reciprocating movement.
The operator gives instructions at the main end of the
operating platform to control the slave end. Slave robot
structure is as shown in Fig. 1, mainly including manipulator,
the shell, bottom plate, tube, catheter sheath, before clamping
mechanism, the clamping mechanism, electromagnet, A shell,
A motor (Maxon EC - Max, top speed of 12000 RPM, equipped
with the gearbox GP 16 c, reduction ratio of 84:1, drive
ESCON 50/5), herringbone gears, ball screw, slider, machine
B (yaskawa SGMJV - 01 ade6s, top speed of 3000 RPM, 0.318
N · m) rated torque, electromagnet B, towing line. The front
clamping mechanism is driven by electromagnet A. The motor
A drives the herringbone gear pair to realize the torsional
motion of the guidewire. The end clamping mechanism is
driven by electromagnet B, and release of the wire clamping
end is realized with the guidewire twisting device. The ultimate
holding mechanism of the catheter torsion unit is the shell fixed
by the slider and the ball screw (THK SKR/KR26, stroke
240mm), and the B ball screw is driven by an electric motor to
realize the axial movement control of the slider, so as to push
the guidewire to realize the axial movement. In addition, the
upper part of the slave robot is equipped with an industrial
camera, which will record the movement of the guidewire in
the vascular model in real time and feed back to the main
operation display screen. The operator will adjust the operation
while observing the status of the guidewire. Meanwhile, the

Fig. 2 The physical vascular model made from wax. a, b and c are three of the
20 physical vascular models.

B. Simulates the Real Surgical Environment
The interventional operation platform described above
was used to carry out simulated interventional surgery. Digital
image processing technology was used to segment the
guidewire's movement in the simulated vascular in real time
with Python, so that the guidewire could be converted from 2D
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experiment to obtain the real-time motion shape of the
guidewire. Mark button, which realizes marking on the
diagram manually to help surgeons mark useful information.
The cut button is convenient for surgeons to cut out the
redundant information and observe the areas in need more
carefully. The start/pause button allows the video of the
operation to stop and start at any time, so that surgeons can
discuss and identify the guidewire motion status in real time
according to the operation, so as to learn the operation
experience and make corresponding changes for the next
operation. Return button, the video returns to the starting
position and re-enters the state to be played.
5) Screenshot Display Area: After the screenshot
operation, the current picture is displayed, and the surgeon can
mark and crop the picture.
6) Statistical Bar: this area for the statistics of the surgeon
want to tag is designed, the preset several typical godet action,
such as collision, bounce, friction, and the other, the surgeon
also can input some interested in action, by watching the video,
for a specific action, the platform will be according to the
surgeon's instruction to accumulate, the end of the video
statistics are presented. The ability to quantify the surgeon's
level of operation.

wax plate photos to black and white photos without
background. The segmentation results are shown in Fig. 3.
C. Design of Visual Window
state of guidewire and other medical instruments in the
vasculars are the key to determine whether the operation is
dangerous or not. It is also a problem that surgeons should pay
special attention to during the operation. This paper aims to
design a visual experience acquisition platform to analyze the
video information of surgeons' complete operation process, so
that surgeons can observe the motion state of medical devices
in the vasculars during the operation completely after the
operation, so as to record the good operation and improper
operation in the operation and facilitate the learning in the
future.

Fig. 3 The guidewire segmentation result.

We designed a GUI to help surgeons complete experience
collection. The GUI was programmed in Python, which greatly
increased the convenience of subsequent intelligent operation
and modification. The designed form is shown in Fig. 4. The
components and functions of the GUI are as follows:
1) Patient Information Card: This part can display the
name, blood type, age, gender, surgical name, drug allergy and
other basic surgical information of the patient with the imitated
vascular, so as to give the surgeon an intuitive feeling.
2) Vascular Model Information: This part shows the size
of the vascular model and the name of the simulated vascular.
3) Video Playing Area: Surgeons' surgical videos are
imported into this area, and surgeons can use this platform to
observe and mark the motion status of guidewires or other
medical instruments in the videos, so as to gain surgical
experience.
4) Interface Functional Area: In this part, the operation
time and several function buttons can be displayed. Printscreen
button. Printscreen can be taken at any time during the

Fig. 4 The GUI of experience acquisition platform.

III. EXPERIMENTS AND RESULTS
In this paper, a label experiment was designed to prove the
practicability of the experience acquisition platform. A
physical model of carotid artery with industrial max was used
to simulate the bow-crossing operation of the guidewire with
the help of the existing remote intervention operation platform
in the laboratory. A total of 12768 images were obtained from
the camera of the operation platform, and each image
represented a frame of data. The three researchers also
manually annotated the data to make the state of the guidewire
in the data clearer. The annotation results of the three
researchers are shown in Table I, and the average marking
results are shown in Table II.
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TABLE Ⅰ
THE RESULTS ANNOTATED BY THREE RESEARCHERS
Maker

Single frame
observation
time(s)

Static
(%)

Advance
(%)

Attach
(%)

Friction
(%)

Collision
(%)

Bounce
(%)

Coverage
(%)

A

0.97

0.2107

0.2561

0.3382

0.0886

0.0522

0.0087

0.9548

B

1.11

0.1709

0.3504

0.2683

0.0831

0.0599

0.0162

0.9491

C

1.07

0.1427

0.3619

0.2630

0.1121

0.0713

0.0244

0.9757

Operating
time(min)

Average
tagging
time(min)

Total
number of
frames(n)

16min40s

210

12768

TABLE Ⅱ
THE AVERAGE RESULTS ANNOTATED BY THREE RESEARCHERS
Average
Static
Advance
Adherence
Friction
time per
(%)
(%)
(%)
(%)
frame(s)
0.98

0.1294

0.3638

0.1091

Bounce
(%)

Coverage
(%)

0.0606

0.0062

0.8966

environment, enhancing the physician's sense of presence. The
screenshots, clipping, marking, statistics of specific actions and
other operations were completed through the observation of
each frame of data, and the data were saved. The operation
performed in the experiment is shown in Fig. 5.

In Table Ⅰ, the static, advance, attach, friction, collision
and bounce represent the action of the front end of the
guidewire in the vascular of the current frame. In the static
state, the guide wire is still. In the advance state, the front end
of the guidewire does not contact with the vascular wall and
moves in the vascular. In the attach state, the front end of the
guidewire is in contact with the vascular wall, but the tip of the
guidewire does not contact with the vascular wall, and the
guidewire moves. The above three actions are classified as
safety actions. In the friction state, only the tip of the guidewire
contacts the vascular wall, and the guidewire is moving. In the
collision state, the tip of the guidewire contacts the vascular
wall without relative motion, while the guidewire itself moves.
In the bounce state, the guidewire transits between adjacent
frames. These three actions can cause different degrees of
damage to vasculars, which are classified as dangerous actions.
In our platform, we will focus on collecting the data of these
three actions. It should be noted that the coverage in the table
represents the percentage of marked frames in the total number
of frames. Since the observed images are static, coherent
actions will swallow up some images during the recognition
action. Therefore, the coverage cannot reach all of them, but it
is within the acceptable range. Percentage(P) in table is shown
as
=

0.2272

Collision
(%)

Fig. 5

The experimental process.

The surgeons could fully perform all functions of the
vascular interventional surgery experience collection platform
designed in this paper. According to the 12768 pieces of data,
through platform observation, 1200 friction actions, 72
bouncing actions and 752 collision actions were collected, with
the repetition rate of manually marked actions reaching 92%.
The results are shown in Fig. 6. The dangerous actions data
analysis obtained by using the experience acquisition platform
is shown in Table Ⅲ.
By comparing the data in Table III and Table II, it can be
seen that the difference between the number of actions
annotated by the platform designed by us and the average
number manually annotated by three operators is not more than
0.0052. Therefore, the experience acquisition platform
designed in this paper is technically feasible.

(1)

where n is the number of frames in which an action occurs, N
is the total number of video frames. In this experiment, N is
equal to 12768.
After statistical analysis of the data, it was found that the
average proportion of dangerous actions of the researchers was
0.1759. Among them, researcher B has the longest observation
time per frame on average, the lowest observation coverage
rate for all images, and more accurate classification of all
actions. Researcher C had the highest coverage and classified
more data. Researcher A has the shortest observation time per
frame and higher working efficiency.
The 12768 pieces of data obtained above were accurately
segmented by the digital image processing algorithm, and
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model and the existing operating platform were used to
simulate the operation of the guidewire passing through the
bow. And the platform was used to complete the screenshots,
clipping and statistical actions. The final platform motion
acquisition and manual annotation by the three researchers
have a 92% repetition rate, achieving good results.
In the future study, we will design a platform for preexperimental surgery on the basis of this study, that is, a
specific vascular model will be made according to the digital
subtraction image (DSA) of patients, and the platform will be
used to complete the work of guidewire movement and medical
device delivery.
Fig. 6 The experimental results.
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