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23 Objective This study aims to investigate the teaching effect of vascular simulation 

24 training in rotating vascular residents. Methods A total of 95 vascular surgery residents 

25 were divided into a simulation training (ST) group and a conventional training (CT) 

26 group. The ST group received simulation training and conventional training, and the CT 

27 group only received conventional training. All data were collected, theoretical scores 

28 were assessed, and the technique parameters, complications and radiation damage of the 

29 procedures were analyzed. Results The mean scores (8.74±1.09 vs 8.13±1.31) and the 

30 rate of willingness for retraining (93.62% vs 79.17%) in residents were higher in the ST 

31 group than in the CT group (P<0.05). The success rate of arterial puncture was 

32 significantly higher in the ST group (78.72% vs 58.33%, P=0.03); however, the 

33 incidence of complications was similar between the two groups (P>0.05). The time of 

34 the puncture procedure was significantly lower (9.56± 5.24 min vs 12.15±6.87 min), 

35 and the comfort score of the patient (5.49±1.72 vs 4.71±1.57) was higher in the ST 

36 group than in the CT group (P<0.05). At the end of the assessment, the learning time for 

37 angiography (3.65±0.64 mon vs 4.07±0.77 mon) and the complete procedure time 

38 (33.81±10.11 min vs 41.32±12.56 min) were lower in the ST group than in the CT 

39 group (P<0.01). The fluo time for angiography (489.33±237.13s vs 631.47±243.65 s) 

40 and the cumulative air kerma (401.30±149.06 mGy vs 461.16±134.14 mGy) were 

41 significantly decreased in ST group (P<0.05). Conclusion The application of a vascular 

42 simulation system can significantly improve the clinical skills of residents and reduce 

43 the radiation damage from a single intervention procedure in patients.

44 Keywords: Vascular surgery; Teaching modes; Simulation training; Traditional 
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46 Article summary

47 Strengths and limitations of this study 

48 ◆ The simulation training could promote the mean scores of residents 

49 ◆ The simulation training could significantly improve the clinical skill of residents 

50 ◆ The simulation training could reduce the radiation damage

51 ◆ This study was not a prospective randomized study, and simulation training was not 

52 used for every resident; thus, the conclusions of this study should be confirmed in 

53 the future.
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67

68 INTRODUCTION

69 In recent years, with changes in the disease spectrum of Chinese patients, the 

70 incidence of peripheral arterial disease has increased significantly, which has also 

71 caused a severe economic and social burden [1]. Therefore, it is becoming increasingly 

72 important to strengthen general and specialized vascular disease skills education in the 

73 training of medical students and residents [2]. Vascular diseases involve multiple 

74 disciplines, such as general surgery, cardiology, endocrinology and interventional 

75 radiation, which also results in clinical training in vascular surgery being highly 

76 complex, with integration and multidisciplinary characteristics [3]. In the past decade, 

77 the practical skills training of resident has been mainly carried out through conventional 

78 teaching (CT) modes. From theoretical knowledge to practical procedures, residents 

79 lack sufficient practical procedures with simulation training; therefore, the true teaching 

80 effect has not been ideal. Three-dimensional vascular simulator systems (Angiomentor 

81 system, Simbionix, Ltd., Cleveland, OH) use digital simulation to quantify the vascular 

82 interventional procedures of the cardiovascular, peripheral and cerebrovascular systems. 

83 Students and residents can use the system to select cases for simulation training; 

84 ultimately, the simulation training results are scored according to the operating steps of 

85 the system. This simulation training can promote the mastery of vascular procedure 

86 skills in residents and students [4-6].

87 The simulation system may be used as an educational tool for novice students and 

88 residents, as it provides an opportunity to perform endovascular procedures in a safe 
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89 environment. However, due to the late entry of simulation systems in China, there have 

90 been no reports of the use of 3-dimensional vascular simulation systems in clinical 

91 practice teaching in the area of vascular surgery. The aim of this study was to assess the 

92 effect of simulation-based training on improving the technical performance and 

93 subsequent clinical procedures of residents in vascular surgery.

94 METHODS

95 Study procedures

96 A total of 95 vascular resident trainees at the First Affiliated Hospital of Xi’an Jiaotong 

97 University were recruited in this study from Jan 2015 to Dec 2018, and all residents 

98 needed to complete 6 months of endovascular training in vascular surgery. Thereafter, 

99 47 vascular residents received simulation-based vascular training (ST group) for two 

100 weeks, and then they completed the last clinical training. The other 48 residents only 

101 completed conventional clinical training (CT group) without the simulation course. A 

102 survey was administered to determine the demographics, academic degree, specialty 

103 level, and previous work experiences that may have been relevant in terms of the 

104 residents’ ability to learn vascular interventional skills. This study was approved by the 

105 institutional review board of the First Affiliated Hospital of Xi’an Jiaotong University 

106 (XJTU1AF2014LSK-112), all of the patients provided written informed consent.

107   Before the course was performed, the residents in the ST group received a 

108 standardized introduction to the endovascular simulator and performed a 

109 cerebrovascular angiography procedure. The 2-week curriculum consisted of theory 

110 teaching and 30-60 min lectures per day covering basic catheter-based interventions, 
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111 cerebrovascular disease, superficial femoral artery disease and renal artery disease. The 

112 residents received 1-hour mentored simulator sessions per day and practiced carotid, 

113 renal and superficial femoral artery interventions. This course was performed by a tutor. 

114 Then, residents needed to complete the primary endovascular procedure with direct 

115 instruction. During the entire training process, each resident was required to complete 

116 the simulation training for no less than 1 hour per day. The course concluded with a 

117 final cerebrovascular angiography procedure performed on the simulator. The residents 

118 in the CT group underwent the basic 2-week curriculum consisting of theory teaching 

119 and 30-60 min lectures per day covering basic endovascular intervention procedures but 

120 without the simulation training course.

121 Simulation system

122 The vascular simulator system (Angiomentor system, Simbionix, Ltd., Cleveland, OH, 

123 Fig 1) was composed of a standard desktop computer with software that simulated the 

124 human arterial system in 3 dimensions, and any user could perform the endovascular 

125 interventional procedures under the instruction of the system. This simulation system 

126 was connected to a haptic pressure feedback module, which used a force feedback 

127 system to detect external devices. When the users inserted the angiography catheters 

128 and wires, injected contrast and performed the endovascular procedures with digital 

129 subtraction angiography, all procedures could then be displayed on the screen in real 

130 time. The user was able to select the device to be simulated through one monitor, and 

131 the second monitor was used to display the simulated fluoroscopic image.

132 Procedure evaluation
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133 When the residents completed the training course, all residents received assessments of 

134 theoretical knowledge at 1 month and practical assessments at 6 months. The teaching 

135 expert group made the theoretical test questions based on the key points of vascular 

136 disease as well as the endovascular interventional procedures and technical points 

137 involved in vascular surgery clinical training, and then the residents completed the 

138 assessment independently. Finally, the expert group determined the student's score 

139 based on the results of the test. The score range was 0-10, and a passing score was 

140 defined as a score higher than 7. All residents completed the arterial puncture procedure 

141 with the Seldinger technique and performed the cerebrovascular angiography procedure. 

142 The success criterion of arterial puncture was defined as follows: all puncture 

143 procedures were successfully completed, and the sheath was successfully inserted into 

144 the femoral artery. If the residents failed to complete the processes of puncture and 

145 sheath placement, which was defined as a puncture failure, then the puncture was 

146 performed by the teacher. The puncture success rate, puncture time and complications 

147 were recorded, and the comfort scores of the patients during the puncture procedure 

148 were assessed with a numerical rating scale (NRS). The NRS score ranged from 0 to 10, 

149 where 0 indicates worst uncomfortable pain and 10 indicates comfortable pain [7]. 

150 Subsequently, the residents needed to complete the cerebrovascular angiography 

151 procedure. The evaluation indicators of angiography were as following: learn time to 

152 complete procedure (LTP), time of complete procedure at the final test (TCP), fluo time 

153 of procedure (FTP), cumulative air kerma (CAK) and dose area product (DAP). LTP 

154 was defined as the time required from the beginning of training to the completion of the 
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155 first angiography procedure independently. TCP, FTP, CAK and DAP were defined as 

156 the time of procedure and related parameters of the assessed angiography procedure at 

157 the end of the training.

158 Patient and public involvement

159 Patients and the public were not involved in the design or planning of the study.

160 Statistical Analysis

161 All data were analyzed using SPSS v. 11.0 (SPSS, Chicago, IL, USA), and P <.05 was 

162 considered statistically significant. To test the difference between groups, we used 

163 Chi-square analysis for categorical variables and Student’s t-tests for continuous 

164 variables, and we tested the significance of the difference between 2 independent 

165 proportions when the results were presented as percentages.

166 RESULTS

167 The baseline data of the two groups

168 This study included 48 residents and 47 residents who were retrospectively recruited in 

169 this study, and there was no significant difference in baseline data between the two 

170 groups (Table 1, P>0.05). There were 44 males and 4 females who received CT training, 

171 with a mean age of 33.13 years, and 42 males and 5 females who received ST training, 

172 with a mean age of 33.91 years (P>0.05). The background academic degrees were 

173 bachelor and postgraduate degrees in the CT and ST groups (P>0.05), and 30 and 26 

174 residents had a specialty background in vascular surgery in both groups (62.50% vs 

175 55.32%, P>0.05). The clinical work experience of most residents was less than three 

176 years in both groups (66.67% vs 57.45, P>0.05).
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177 The theoretical scores between both groups

178 All residents passed the training test; however, the mean scores of the residents were 

179 higher in the ST group than in the CT group (8.74±1.09 vs 8.13±1.31, P=0.014). After 

180 the clinical training, the training satisfaction rates of all residents were similar (97.87% 

181 vs 91.67%, P>0.05); however, when asked whether they wished to participate in the 

182 training again, the residents in the ST group showed a higher willingness rate than 

183 residents in the CT groups (93.62% vs 79.17%, P=0.04).

184 The performance of arterial puncture in residents

185 After the training, all residents underwent an arterial puncture test (Table 2), and the 

186 success rate of the procedure was higher in the ST group than in the CT group (78.72% 

187 vs 58.33%, P=0.033); however, the total puncture success rate was similar between the 

188 two groups (95.74% vs 91.67%, P>0.05). The complications of the puncture sites 

189 included bruising, hematoma, infection and pseudoaneurysm, and there was no 

190 significant difference in the incidence of complications between the ST and CT groups 

191 (17.02% vs 18.75%, P>0.05); however, the time of the puncture procedure was shorter 

192 in the ST group than in the CT group (9.56±5.24 min vs 12.15±6.87 min, P=0.002), and 

193 the comfort score of patients was higher in the ST group than in the CT group according 

194 to the NRS scores (5.49±1.72 vs 4.71±1.57, P=0.023).

195 The outcome of cerebrovascular angiography

196 All residents needed to complete the final cerebrovascular angiography test; the related 

197 parameters are listed in Table 3. The residents in the ST group showed a shorter study 

198 curve with a lower mean LTP than residents in the CT groups (3.65 mon vs 4.07 mon, 

Page 10 of 22

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-037338 on 21 S

eptem
ber 2020. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

10

199 P<0.01), and the TCP of the final test was higher in the CT group than in the ST group 

200 (41.32 min vs 33.81 min, P=0.002). The radiation damage-related parameters were 

201 recorded, and the residents in the CT group showed higher mean values of FTP (631.47 

202 s vs 489.33 s, P<0.001) and CAK than the residents in the ST group (463.16 vs 401.30 

203 mGy, P=0.043); however, the mean DAP value in both groups indicated no difference 

204 (128624.30 mGy.cm2 vs 128012.10 mGy.cm2, P>0.052).

205 DISCUSSION

206 The development of vascular surgery occurred relatively late in China; thus, the training 

207 model used for vascular residents in most university hospitals has been the CT model; 

208 however, traditional training did not improve residents' understanding and interest in 

209 vascular surgery. Therefore, in past decades, there were fewer residents who chose 

210 vascular surgery as a career option in China, which was consistent with the reports of 

211 previous studies [7]. Therefore, improving residents' interest in vascular surgery and 

212 promoting vascular clinical skills have been the main problems associated with vascular 

213 surgery training [8]. Earlier studies have shown that compared with traditional training, 

214 the use of network media, social media and simulation systems can achieve better 

215 training results [9-11]. In this study, we used the vascular simulation system to assist 

216 residents in clinical training. The results revealed that simulation training could 

217 significantly improve the clinical practice effect of residents. The residents who 

218 received the simulation training had significantly higher theoretical scores; in addition, 

219 the interest level of residents was higher after simulation training. The vascular 

220 simulation system could standardize complex vascular systems and different vascular 
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221 lesions through analog calculations, which could help residents practice vascular skills 

222 training earlier and improve the interest level and skills of residents [3].

223 After simulation training and basic training, residents need further vascular skills 

224 training. The basic skill procedure for vascular residents is arterial puncture. However, 

225 in clinical practice, it is impossible for residents to repeatedly perform the procedure 

226 during the treatment of patients. Therefore, in vitro simulation training has become the 

227 main teaching method in the training of vascular residents. It has been reported that 

228 simulation training can promote the clinical performance and vascular skills of residents 

229 [12]. Residents who received simulator training showed better clinical performance in 

230 the vascular surgery rotation, more motivation to learn, a shorter learning time and a 

231 lower number of clinical procedural errors, and the patients indicated a lower 

232 discomfort rate with the procedure [13]. In our study, the results confirmed that the 

233 residents who underwent the simulation training had a significantly higher success rate 

234 of arterial puncture, and the time of the puncture procedure was also significantly lower. 

235 Each step of the vascular procedure could be programmed and standardized in the 

236 simulation system. After the teacher's explanation and auxiliary training, it was easier 

237 for residents to develop standardized vascular skill habits and the correct procedural 

238 process. Finally, we evaluated the training effect with the cerebrovascular angiography 

239 procedure. Our results proved that the learning time of the angiography procedure and 

240 time of completed procedures were significantly lower in residents with simulation 

241 training; these results were consistent with previous reports [14]. This finding also 

242 confirmed that different simulation systems and teaching models could improve the 
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243 effectiveness of clinical teaching and promote the understanding and proficiency of 

244 vascular practical skills.

245 Furthermore, the final effect of clinical training should be assessed by the practice 

246 procedure of residents. Our study confirmed that vascular simulation training could 

247 significantly promote the practice skills of residents and promote the understanding of 

248 basic knowledge. Most cases of vascular disease teaching need to be performed under 

249 radiation; thus, simulation training could avoid radiation damage to teachers and 

250 residents. In this study, the results demonstrated that simulation training could decrease 

251 the fluo time and cumulative air kerma of the procedure, which meant that simulation 

252 training could reduce the radiation damage of patients and residents, and radiation 

253 protection was an important teaching ethics component in vascular surgery practice. 

254 However, due to the limitations of our teaching funding and the time course, only 

255 selective residents underwent the simulation training for 2 weeks, which was different 

256 from what occurs in advanced vascular centers. Other reports have shown that 

257 simulation training for 8 weeks can improve the procedure skills of residents, contribute 

258 to patient safety and have a positive impact on the career planning and choice of 

259 vascular surgeons [15]. 

260   In conclusion, our results confirmed that a vascular simulation system could improve 

261 the clinical skills of residents and reduce the radiation damage received by patients and 

262 residents in endovascular procedures. Nevertheless, this study was not a prospective 

263 randomized study, and simulation training was not used for every resident; thus, the 

264 conclusions of this study should be confirmed in the future.
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333 Figure legends

334 Figure 1. The vascular simulator system (Angiomentor system, Simbionix, Ltd., 

335 Cleveland, OH) used in this study simulated the vascular interventional procedures of 

336 the cardiovascular, peripheral and cerebrovascular systems in 3 dimensions.
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353

354

355 Tables

356 Table 1 The baseline data of both groups

CT group (n=48) ST group (n=47) P value 

Sex (M)

Age (years)

Academic degree

bachelor 

postgraduate

Specialty background

  vascular

  nonvascular

Work experience

> 3 years

  ≤ 3 years

44 (91.67)

33.13±3.04

22 (45.83)

26 (54.17)

30 (62.50)

18 (37.50)

16 (33.33)

32 (66.67)

42 (89.36)

33.91±4.94

26 (55.32)

21 (44.68)

26 (55.32)

21 (44.68)

20 (42.55)

27 (57.45)

0.70

0.35

0.36

0.48

0.35

357 CT: conventional training; ST: simulation training; M: male.

358 P value, compared with the CT group

359

360

361

362
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363

364

365 Table 2 The performance of arterial puncture in residents

CT group (n=48) ST group (n=47) P value

Puncture success rate 

Total puncture success rate

Complications from puncture 

  bruising

  hematoma

  infection

arteriovenous fistula

  pseudoaneurysm

time of puncture (min)

Comfort score of patients

28 (58.33)

44 (91.67)

9 (18.75)

5 (10.42)

3 (6.25)

0

0

1 (2.08)

12.15±6.87

4.71±1.57

37 (78.72)

45 (95.74)

8 (17.02)

6 (12.77)

2 (4.26)

0

0

0

9.56±5.24

5.49±1.72

0.033

0.69

0.83

0.002

0.023

366 CT: conventional training; ST: simulation training.

367 P value, compared with the CT group

368

369

370

371

372

373
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374

375

376 Table 3 The performance on cerebrovascular angiography in residents

CT group (n=48) ST group (n=47) P value

LTP (mon)

TCP (min)

FTP (s)

CAK (mGy)

DAP (mGy.cm2)

4.07±0.77

41.32±12.56

631.47±243.65

463.16±134.14

128624.30±28982.22

3.65±0.64

33.81±10.11

489.33±237.13

401.30±149.06

128012.10±31035.08

<0.01

0.002

0.005

0.043

0.92

377 CT: conventional training; ST: simulation training; LTP: learn time to complete 

378 procedure from beginning; TCP: time of complete procedure at the final test; FTP: fluo 

379 time of procedure; CAK: cumulative air kerma; DAP: dose area product

380 P value, compared with the CT group
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Figure 1. The vascular simulator system (Angiomentor system, Simbionix, Ltd., Cleveland, OH) used in this 
study simulated the vascular interventional procedures of the cardiovascular, peripheral and cerebrovascular 

systems in 3 dimensions. 
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23 Abstract

24 Objective: This study aims to investigate the teaching effect of vascular simulation 

25 training in rotating vascular residents. 

26 Design: Retrospective cohort study

27 Setting and participants: A total of 95 vascular residents were recruited from 2015 to 

28 2018 in a university affiliated center western China, and divided into a simulation 

29 training (ST) group and a conventional training (CT) group. ST group received 

30 simulation training and conventional training, and the CT group only received 

31 conventional training.

32 Primary outcome measures: Theoretical scores were assessed, and the technique 

33 parameters, complications and radiation damage of the procedures were analyzed. 

34 Results: The mean scores (8.74±1.09 vs 8.13±1.31) and the rate of willingness for 

35 retraining (93.62% vs 79.17%) in residents were higher in the ST group than in the CT 

36 group (P<0.05). The success rate of arterial puncture was significantly higher in the ST 

37 group (78.72% vs 58.33%, P=0.03); however, the incidence of complications was 

38 similar between the two groups (P>0.05). The time of the puncture procedure was 

39 significantly lower (9.56± 5.24 min vs 12.15±6.87 min), and the comfort score of the 

40 patient (5.49±1.72 vs 4.71±1.57) was higher in the ST group than in the CT group 

41 (P<0.05). At the end of the assessment, the learning time for angiography (3.65±0.64 

42 mon vs 4.07±0.77 mon) and the complete procedure time (33.81±10.11 min vs 

43 41.32±12.56 min) were lower in the ST group than in the CT group (P<0.01). The fluo 

44 time for angiography (489.33±237.13s vs 631.47±243.65 s) and the cumulative air 
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45 kerma (401.30±149.06 mGy vs 461.16±134.14 mGy) were significantly decreased in 

46 ST group (P<0.05).

47 Conclusion: The application of a vascular simulation system can significantly improve 

48 the clinical performance of residents and reduce the radiation damage from a single 

49 intervention procedure in patients.

50 Keywords: Vascular surgery; Medical education & training; Teaching modes; 

51 Simulation training; Traditional teaching
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67 Article summary

68 Strengths and limitations of this study 

69 ◆ The simulation training could promote the mean scores of residents 

70 ◆ The simulation training could improve the clinical performance of residents 

71 ◆ The simulation training could reduce the radiation damage

72 ◆ The simulation training should be wildly used in clinical teaching practice.

73 ◆ The conclusions of this study should be confirmed via prospective randomized 

74 study.

75

76

77
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89 INTRODUCTION

90 In recent years, with changes in the disease spectrum of Chinese patients, the incidence 

91 of peripheral arterial disease has increased significantly, which has also caused a severe 

92 economic and social burden [1]. Therefore, it is becoming increasingly important to 

93 strengthen general and specialized vascular disease skills education in the training of 

94 medical residents [2, 3]. In the past decade, the practical skills training of resident has 

95 been mainly carried out through conventional teaching (CT) modes (including 

96 classroom teaching, lectures and surgical practice), and residents lack sufficient 

97 practical procedures with simulation training from theoretical knowledge to practical 

98 procedures, therefore, the true teaching effect was not ideal. 

99 Three-dimensional vascular simulator systems (Angiomentor system, Simbionix, Ltd., 

100 Cleveland, OH) use digital simulation to quantify the vascular interventional procedures 

101 of the cardiovascular, peripheral and cerebrovascular systems. Residents can use the 

102 system to select cases for simulation training; ultimately, the simulation training results 

103 are scored according to the operating steps of the system. This simulation training can 

104 promote the mastery of vascular procedure performance in residents [4-6], and this 

105 system provides an opportunity to perform endovascular procedures in a safe 

106 environment as an educational tool for novice residents. 

107 However, due to the late entry of simulation systems in China, there has been no 

108 report of the use of 3-dimensional vascular simulation systems in clinical practice 

109 teaching in the area of vascular surgery. The aim of this study was to assess the effect of 

110 simulation-based training on improving the technical performance and subsequent 
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111 clinical procedures of residents in vascular surgery.

112 METHODS

113 Study procedures

114 A total of 95 vascular resident trainees at the First Affiliated Hospital of Xi’an Jiaotong 

115 University were respectively collected in this study from Jan 2015 to Dec 2018, 47 

116 vascular residents received simulation-based vascular training (ST group) for two weeks, 

117 and then they completed the last clinical training. The other 48 residents only completed 

118 conventional clinical training (CT group, including classroom teaching, lectures and 

119 surgical practice) without the simulation course, and all residents needed to complete 6 

120 months of endovascular training in vascular surgery. A survey was administered to 

121 determine the demographics, academic degree, specialty level, and previous work 

122 experiences that may have been relevant in terms of the residents’ ability to learn 

123 vascular interventional skills. This study was approved by the institutional review and 

124 ethics board of the First Affiliated Hospital of Xi’an Jiaotong University 

125 (XJTU1AF2014LSK-112), all of the patients provided written informed consent.

126   Before the course was performed, the residents in the ST group received a 

127 standardized introduction to the endovascular simulator and performed a 

128 cerebrovascular angiography procedure. The 2-week curriculum consisted of theory 

129 teaching and 30-60 min lectures per day covering basic catheter-based interventions, 

130 cerebrovascular disease, superficial femoral artery disease and renal artery disease. The 

131 residents received 1-hour mentored simulator sessions per day and practiced carotid, 

132 renal and superficial femoral artery interventions. This course was performed by a tutor. 
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133 Then, residents needed to complete the primary endovascular procedure with direct 

134 instruction. During the entire training process, each resident was required to complete 

135 the simulation training for no less than 1 hour per day. The course concluded with a 

136 final cerebrovascular angiography procedure performed on the simulator. The residents 

137 in the CT group underwent the basic 2-week curriculum consisting of theory teaching 

138 and 30-60 min lectures per day covering basic endovascular intervention procedures but 

139 without the simulation training course.

140 Simulation system

141 The vascular simulator system (Angiomentor system, Simbionix, Ltd., Cleveland, OH, 

142 Fig 1) was composed of a standard desktop computer with software that simulated the 

143 human arterial system in 3 dimensions, and any user could perform the endovascular 

144 interventional procedures under the instruction of the system. This simulation system 

145 was connected to a haptic pressure feedback module, which used a force feedback 

146 system to detect external devices. When the users inserted the angiography catheters 

147 and wires, injected contrast and performed the endovascular procedures with digital 

148 subtraction angiography, all procedures could then be displayed on the screen in real 

149 time. The user was able to select the device to be simulated through one monitor, and 

150 the second monitor was used to display the simulated fluoroscopic image.

151 Procedure evaluation

152 When the residents completed the training course, all residents received assessments of 

153 theoretical knowledge at 1 month and practical assessments at 6 months. The teaching 

154 expert group made the theoretical test questions based on the key points of vascular 

Page 8 of 23

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-037338 on 21 S

eptem
ber 2020. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

8

155 disease as well as the endovascular interventional procedures and technical points 

156 involved in vascular surgery clinical training, and then the residents completed the 

157 assessment independently. Finally, the expert group determined the student's score 

158 based on the results of the test (including the detailed information of knowledge and 

159 practice). The theoretical score range was 0-10, and a passing score was defined as a 

160 score higher than 7. All residents completed the arterial puncture procedure with the 

161 Seldinger technique and performed the cerebrovascular angiography procedure. The 

162 success criterion of arterial puncture was defined as follows: all puncture procedures 

163 were successfully completed, and the sheath was successfully inserted into the femoral 

164 artery. If the residents failed to complete the processes of puncture and sheath 

165 placement, which was defined as a puncture failure, then the puncture was performed by 

166 the teacher. The puncture success rate, puncture time and complications were recorded, 

167 and the comfort scores of the patients during the puncture procedure were assessed with 

168 a numerical rating scale (NRS). The NRS score ranged from 0 to 10, where 0 indicates 

169 worst uncomfortable pain and 10 indicates comfortable pain [7]. Subsequently, the 

170 residents needed to complete the cerebrovascular angiography procedure. The 

171 evaluation indicators of angiography were as following: learn time to complete the 

172 procedure (LTP, defined as the time from the beginning of training to the completion of 

173 the first angiography independently), time of complete procedure at the final test (TCP), 

174 fluo time of procedure (FTP), cumulative air kerma (CAK) and dose area product 

175 (DAP). TCP, FTP, CAK and DAP were defined as the time of procedure and related 

176 parameters of the assessed angiography procedure at the end of the training.
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177 Patient and public involvement

178 Patients and the public were not involved in the design or planning of the study.

179 Statistical Analysis

180 All data were analyzed using SPSS v. 11.0 (SPSS, Chicago, IL, USA), and P <.05 was 

181 considered statistically significant. To test the difference between groups, we used 

182 Chi-square analysis for categorical variables and Student’s t-tests for continuous 

183 variables, and we tested the significance of the difference between 2 independent 

184 proportions when the results were presented as percentages.

185 RESULTS

186 The baseline data of the two groups

187 This study included 48 residents and 47 residents who were retrospectively recruited in 

188 this study, and there was no significant difference in baseline data between the two 

189 groups (Table 1, P>0.05). There were 44 males and 4 females who received CT training, 

190 with a mean age of 33.13 years, and 42 males and 5 females who received ST training, 

191 with a mean age of 33.91 years (P>0.05). The background academic degrees were 

192 bachelor and postgraduate degrees in the CT and ST groups (P>0.05), and 30 and 26 

193 residents had a specialty background in vascular surgery in both groups (62.50% vs 

194 55.32%, P>0.05). The clinical work experience of most residents was less than three 

195 years in both groups (66.67% vs 57.45, P>0.05).

196 The theoretical scores between both groups

197 All residents passed the training test; however, the mean scores of the residents were 

198 higher in the ST group than in the CT group (8.74±1.09 vs 8.13±1.31, P=0.014). After 
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199 the clinical training, the training satisfaction rates of all residents were similar (97.87% 

200 vs 91.67%, P>0.05); however, when asked whether they wished to participate in the 

201 training again, the residents in the ST group showed a higher willingness rate than 

202 residents in the CT groups (93.62% vs 79.17%, P=0.04).

203 The performance of arterial puncture in residents

204 After the training, all residents underwent an arterial puncture test (Table 2), and the 

205 success rate of the procedure was higher in the ST group than in the CT group (78.72% 

206 vs 58.33%, P=0.033); however, the total puncture success rate was similar between the 

207 two groups (95.74% vs 91.67%, P>0.05). The complications of the puncture sites 

208 included bruising, hematoma, infection and pseudoaneurysm, and there was no 

209 significant difference in the incidence of complications between the ST and CT groups 

210 (17.02% vs 18.75%, P>0.05); however, the time of the puncture procedure was shorter 

211 in the ST group than in the CT group (9.56±5.24 min vs 12.15±6.87 min, P=0.002), and 

212 the comfort score of patients was higher in the ST group than in the CT group according 

213 to the NRS scores (5.49±1.72 vs 4.71±1.57, P=0.023).

214 The outcome of cerebrovascular angiography

215 All residents needed to complete the final cerebrovascular angiography test; the related 

216 parameters are listed in Table 3. The residents in the ST group showed a shorter study 

217 curve with a lower mean LTP than residents in the CT groups (3.65 mon vs 4.07 mon, 

218 P<0.01), and the TCP of the final test was higher in the CT group than in the ST group 

219 (41.32 min vs 33.81 min, P=0.002). The radiation damage-related parameters were 

220 recorded, and the residents in the CT group showed higher mean values of FTP (631.47 
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221 s vs 489.33 s, P<0.001) and CAK than the residents in the ST group (463.16 vs 401.30 

222 mGy, P=0.043); however, the mean DAP value in both groups indicated no difference 

223 (128624.30 mGy.cm2 vs 128012.10 mGy.cm2, P>0.052).

224 DISCUSSION

225 The development of vascular surgery occurred relatively late in China; thus, the training 

226 model used for vascular residents in most university hospitals was traditional training; 

227 however, traditional training did not improve residents' understanding and interest in 

228 vascular surgery. In past decades, there were fewer residents who chose vascular 

229 surgery as a career option in China, which was consistent with the reports of previous 

230 studies [7]. Therefore, improving residents' interest in vascular surgery and promoting 

231 vascular clinical performance have been the main problems associated with clinical 

232 training [8]. Earlier studies have shown that compared with traditional training, the use 

233 of network media, social media and simulation systems can achieve better training 

234 results [9-11]. In this study, we used the vascular simulation system to assist residents in 

235 clinical training. The results revealed that simulation training could significantly 

236 improve the clinical practice effect of residents. The residents who received the 

237 simulation training had significantly higher theoretical scores; in addition, the interest 

238 level of residents was higher after simulation training. The vascular simulation system 

239 could standardize complex vascular systems and different vascular lesions through 

240 analog calculations, which could help residents practice vascular skills training earlier 

241 and improve the interest and performance of residents [3]. Our result reveals that the 

242 residents could deeply understand theoretical knowledge and practical knowledge 
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243 through simulation training, which also helps to improve the residents' theoretical and 

244 practical knowledge.

245 After simulation training and basic training, residents need further vascular operation 

246 training under the guidance of tutors, and the basic procedure for vascular residents is 

247 arterial puncture. However, it is impossible for residents to repeatedly perform the 

248 procedure during the treatment of patients; thus, in vitro simulation training has become 

249 the main teaching method in the training of vascular residents. Residents who received 

250 simulator training showed better clinical performance in the vascular surgery rotation, 

251 more motivation to learn, a shorter learning time and a lower number of clinical 

252 procedural errors, and the patients indicated a lower discomfort rate with the procedure 

253 [12, 13]. In our study, the results confirmed that the residents who underwent the 

254 simulation training had a significantly higher success rate of arterial puncture, and the 

255 time of the puncture procedure was also significantly lower. Each step of the vascular 

256 procedure could be programmed and standardized in the simulation system. After the 

257 teacher's explanation and auxiliary training, it was easier for residents to develop 

258 standardized vascular skill habits and the correct procedural process. Finally, we 

259 evaluated the training effect with the cerebrovascular angiography procedure. Our 

260 results proved that the learning time of the angiography procedure and time of 

261 completed procedures were significantly lower in residents with simulation training; 

262 these results were consistent with previous reports [14]. This finding also confirmed that 

263 different simulation systems and teaching models could improve the effectiveness of 

264 clinical teaching and promote the understanding and proficiency of vascular practical 
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265 performance.

266 Furthermore, the final effect of clinical training should be assessed by the practice 

267 procedure of residents. Our study confirmed that vascular simulation training could 

268 promote the practice knowledge of residents and promote the understanding of vascular 

269 surgical procedure. Most cases of vascular disease teaching need to be performed under 

270 radiation; thus, simulation training could avoid radiation damage to teachers, patients 

271 and residents. In this study, the results demonstrated that simulation training could 

272 decrease the fluo time and cumulative air kerma of the procedure, which meant that 

273 simulation training could reduce the radiation damage of patients and residents, and 

274 radiation protection was an important teaching ethics component in vascular surgery 

275 practice. However, due to the limitations of our teaching funding and the time course, 

276 only selective residents underwent the simulation training for 2 weeks, which was 

277 different from what occurs in advanced vascular centers. Other reports have shown that 

278 simulation training for 8 weeks can improve the procedure skills of residents, contribute 

279 to patient safety and have a positive impact on the career planning and choice of 

280 vascular surgeons [15]. Therefore, the simulation training should be the basic course for 

281 residents. Therefore, the simulation training should be the basic course for residents, 

282 especially in pre-career students and residents in rotation, meanwhile the simulation 

283 training should be well-defined and step-planned, otherwise, the simulation training 

284 may result in an impaired learning and worse performance in real clinical practice [16].

285 Limitations 

286 There were several limitations. First, this study was not a prospective randomized study, 
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287 and the conclusions of this study should be confirmed in the future; Second, when 

288 compared with Western counties, the simulation training is not wildly used in China, 

289 thus the truly effect of the simulation training is not investigated deeply; Third, the 

290 clinical performance of the residents should be evaluated via the real clinical procedure 

291 after the simulation training, this is the next step of our study.

292 Conclusions

293   Our results confirmed that a vascular simulation system could improve the clinical 

294 skills of residents and reduce the radiation damage received by patients and residents in 

295 endovascular procedures. 
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353

354 Figure legends

355 Figure 1. The vascular simulator system (Angiomentor system, Simbionix, Ltd., 

356 Cleveland, OH) used in this study simulated the vascular interventional procedures: a) 

357 work station; b) pedal; c) simulator.

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

Page 18 of 23

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-037338 on 21 S

eptem
ber 2020. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

18

375

376 Tables

377 Table 1 The baseline data of both groups

CT group (n=48) ST group (n=47) P value 

Sex (M)

Age (years)

Academic degree

bachelor 

postgraduate

Specialty background

  vascular

  nonvascular

Work experience

> 3 years

  ≤ 3 years

44 (91.67)

33.13±3.04

22 (45.83)

26 (54.17)

30 (62.50)

18 (37.50)

16 (33.33)

32 (66.67)

42 (89.36)

33.91±4.94

26 (55.32)

21 (44.68)

26 (55.32)

21 (44.68)

20 (42.55)

27 (57.45)

0.70

0.35

0.36

0.48

0.35

378 CT: conventional training; ST: simulation training; M: male.

379 P value, compared with the CT group

380

381

382

383

384
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385

386 Table 2 The performance of arterial puncture in residents

CT group (n=48) ST group (n=47) P value

Puncture success rate 

Total puncture success rate

Complications from puncture 

  bruising

  hematoma

  infection

arteriovenous fistula

  pseudoaneurysm

time of puncture (min)

Comfort score of patients

28 (58.33)

44 (91.67)

9 (18.75)

5 (10.42)

3 (6.25)

0

0

1 (2.08)

12.15±6.87

4.71±1.57

37 (78.72)

45 (95.74)

8 (17.02)

6 (12.77)

2 (4.26)

0

0

0

9.56±5.24

5.49±1.72

0.033

0.69

0.83

0.002

0.023

387 CT: conventional training; ST: simulation training.

388 P value, compared with the CT group

389

390

391

392

393

394

395
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396

397 Table 3 The performance on cerebrovascular angiography in residents

CT group (n=48) ST group (n=47) P value

LTP (mon)

TCP (min)

FTP (s)

CAK (mGy)

DAP (mGy.cm2)

4.07±0.77

41.32±12.56

631.47±243.65

463.16±134.14

128624.30±28982.22

3.65±0.64

33.81±10.11

489.33±237.13

401.30±149.06

128012.10±31035.08

<0.01

0.002

0.005

0.043

0.92

398 CT: conventional training; ST: simulation training; LTP: learn time to complete 

399 procedure from beginning; TCP: time of complete procedure at the final test; FTP: fluo 

400 time of procedure; CAK: cumulative air kerma; DAP: dose area product

401 P value, compared with the CT group
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Figure 1. The vascular simulator system (Angiomentor system, Simbionix, Ltd., Cleveland, OH) used in this 
study simulated the vascular interventional procedures: a) work station; b) pedal; c) simulator. 
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23 Abstract

24 Objective: This study aims to investigate the teaching effect of vascular simulation 

25 training in rotating vascular residents. 

26 Design: Retrospective cohort study

27 Setting and participants: A total of 95 vascular residents were included from 2015 to 

28 2018 in a university affiliated center western China, and divided into a simulation 

29 training (ST) group and a conventional training (CT) group. ST group received 

30 simulation training and conventional training, and the CT group only received 

31 conventional training.

32 Primary outcome measures: Theoretical scores were assessed, and the technique 

33 parameters, complications and radiation damage of the procedures were analyzed. 

34 Results: The mean scores (8.74±1.09 vs 8.13±1.31) and the rate of willingness for 

35 retraining (93.62% vs 79.17%) in residents were higher in the ST group than in the CT 

36 group (P<0.05). The success rate of arterial puncture was significantly higher in the ST 

37 group (78.72% vs 58.33%, P=0.03); however, the incidence of complications was 

38 similar between the two groups (P>0.05). The time of the puncture procedure was 

39 significantly lower (9.56± 5.24 min vs 12.15±6.87 min), and the comfort score of the 

40 patient (5.49±1.72 vs 4.71±1.57) was higher in the ST group than in the CT group 

41 (P<0.05). At the end of the assessment, the learning time for angiography (3.65±0.64 

42 mon vs 4.07±0.77 mon) and the complete procedure time (33.81±10.11 min vs 

43 41.32±12.56 min) were lower in the ST group than in the CT group (P<0.01). The fluo 

44 time for angiography (489.33±237.13s vs 631.47±243.65 s) and the cumulative air 
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45 kerma (401.30±149.06 mGy vs 461.16±134.14 mGy) were significantly decreased in 

46 ST group (P<0.05).

47 Conclusion: The application of a vascular simulation system can significantly improve 

48 the clinical performance of residents and reduce the radiation damage from a single 

49 intervention procedure in patients.

50 Keywords: Vascular surgery; Medical education & training; Teaching modes; 

51 Simulation training; Traditional teaching
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67 Article summary

68 Strengths and limitations of this study 

69 ◆ The simulation training could promote the mean scores of residents 

70 ◆ The simulation training could improve the clinical performance of residents 

71 ◆ The simulation training could reduce the radiation damage

72 ◆ The simulation training should be wildly used in clinical teaching practice.

73 ◆ The conclusions of this study should be confirmed via prospective randomized 

74 study.
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89 INTRODUCTION

90 In recent years, with changes in the disease spectrum of Chinese patients, the incidence 

91 of peripheral arterial disease has increased significantly, which has also caused a severe 

92 economic and social burden [1]. Therefore, it is becoming increasingly important to 

93 strengthen general and specialized vascular disease skills education in the training of 

94 medical residents [2, 3]. In the past decade, the practical skills training of resident has 

95 been mainly carried out through conventional teaching (CT) modes (including 

96 classroom teaching, lectures and surgical practice), and residents lack sufficient 

97 practical procedures with simulation training from theoretical knowledge to practical 

98 procedures, therefore, the true teaching effect was not ideal. 

99 Three-dimensional vascular simulator systems (Angiomentor system, Simbionix, Ltd., 

100 Cleveland, OH) use digital simulation to quantify the vascular interventional procedures 

101 of the cardiovascular, peripheral and cerebrovascular systems. Residents can use the 

102 system to select cases for simulation training; ultimately, the simulation training results 

103 are scored according to the operating steps of the system. This simulation training can 

104 promote the mastery of vascular procedure performance in residents [4-6], and this 

105 system provides an opportunity to perform endovascular procedures in a safe 

106 environment as an educational tool for novice residents. 

107 However, due to the late entry of simulation systems in China, there has been no 

108 report of the use of 3-dimensional vascular simulation systems in clinical practice 

109 teaching in the area of vascular surgery. Therefore, we have retrospectively collected 

110 the teaching data of residents who received the simulation training and those who did 
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111 not in our hospital. The aim of this study was to assess the effect of simulation-based 

112 training on improving the technical performance and subsequent clinical procedures of 

113 residents in vascular surgery.

114 METHODS

115 Study procedures

116 A total of 95 vascular resident trainees at the First Affiliated Hospital of Xi’an Jiaotong 

117 University were respectively collected in this study from Jan 2015 to Dec 2018, 47 

118 vascular residents received simulation-based vascular training (ST group) for two weeks, 

119 and then they completed the last clinical training. The other 48 residents only completed 

120 conventional clinical training (CT group, including classroom teaching, lectures and 

121 surgical practice) without the simulation course, and all residents needed to complete 6 

122 months of endovascular training in vascular surgery. A survey was administered to 

123 determine the demographics, academic degree, specialty level, and previous work 

124 experiences that may have been relevant in terms of the residents’ ability to learn 

125 vascular interventional skills. This study was approved by the institutional review and 

126 ethics board of the First Affiliated Hospital of Xi’an Jiaotong University 

127 (XJTU1AF2014LSK-112), all of the patients provided written informed consent.

128   Before the course was performed, the residents in the ST group received a 

129 standardized introduction to the endovascular simulator and performed a 

130 cerebrovascular angiography procedure. The 2-week curriculum consisted of theory 

131 teaching and 30-60 min lectures per day covering basic catheter-based interventions, 

132 cerebrovascular disease, superficial femoral artery disease and renal artery disease. The 
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133 residents received 1-hour mentored simulator sessions per day and practiced carotid, 

134 renal and superficial femoral artery interventions. This course was performed by a tutor. 

135 Then, residents needed to complete the primary endovascular procedure with direct 

136 instruction. During the entire training process, each resident was required to complete 

137 the simulation training for no less than 1 hour per day. The course concluded with a 

138 final cerebrovascular angiography procedure performed on the simulator. The residents 

139 in the CT group underwent the basic 2-week curriculum consisting of theory teaching 

140 and 30-60 min lectures per day covering basic endovascular intervention procedures but 

141 without the simulation training course.

142 Simulation system

143 The vascular simulator system (Angiomentor system, Simbionix, Ltd., Cleveland, OH, 

144 Fig 1) was composed of a standard desktop computer with software that simulated the 

145 human arterial system in 3 dimensions, and any user could perform the endovascular 

146 interventional procedures under the instruction of the system. This simulation system 

147 was connected to a haptic pressure feedback module, which used a force feedback 

148 system to detect external devices. When the users inserted the angiography catheters 

149 and wires, injected contrast and performed the endovascular procedures with digital 

150 subtraction angiography, all procedures could then be displayed on the screen in real 

151 time. The user was able to select the device to be simulated through one monitor, and 

152 the second monitor was used to display the simulated fluoroscopic image.

153 Procedure evaluation

154 When the residents completed the training course, all residents received assessments of 
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155 theoretical knowledge at 1 month and practical assessments at 6 months. The teaching 

156 expert group made the theoretical test questions based on the key points of vascular 

157 disease as well as the endovascular interventional procedures and technical points 

158 involved in vascular surgery clinical training (the theoretical knowledge test is 

159 formulated according to the standardized question bank and the simulation system 

160 question bank), and then the residents completed the assessment independently. Finally, 

161 the expert group determined the student's score based on the results of the test 

162 (including the detailed information of knowledge and practice). The theoretical score 

163 range was 0-10, and a passing score was defined as a score higher than 7. All residents 

164 completed the arterial puncture procedure with the Seldinger technique and performed 

165 the cerebrovascular angiography procedure. The success criterion of arterial puncture 

166 was defined as follows: all puncture procedures were successfully completed, and the 

167 sheath was successfully inserted into the femoral artery. If the residents failed to 

168 complete the processes of puncture and sheath placement, which was defined as a 

169 puncture failure, then the puncture was performed by the teacher. The puncture success 

170 rate, puncture time and complications were recorded, and the comfort scores of the 

171 patients during the puncture procedure were assessed with a numerical rating scale 

172 (NRS). The NRS score ranged from 0 to 10, where 0 indicates worst uncomfortable 

173 pain and 10 indicates comfortable pain [7]. Subsequently, the residents needed to 

174 complete the cerebrovascular angiography procedure. The evaluation indicators of 

175 angiography were as following: learn time to complete the procedure (LTP, defined as 

176 the time from the beginning of training to the completion of the first angiography 
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177 independently), time of complete procedure at the final test (TCP), fluo time of 

178 procedure (FTP), cumulative air kerma (CAK) and dose area product (DAP). TCP, FTP, 

179 CAK and DAP were defined as the time of procedure and related parameters of the 

180 assessed angiography procedure at the end of the training.

181 Patient and public involvement

182 Patients and the public were not involved in the design or planning of the study.

183 Statistical Analysis

184 All data were analyzed using SPSS v. 11.0 (SPSS, Chicago, IL, USA), and P <.05 was 

185 considered statistically significant. To test the difference between groups, we used 

186 Chi-square analysis for categorical variables and Student’s t-tests for continuous 

187 variables, and we tested the significance of the difference between 2 independent 

188 proportions when the results were presented as percentages.

189 RESULTS

190 The baseline data of the two groups

191 This study included 48 residents and 47 residents who were retrospectively recruited in 

192 this study, and there was no significant difference in baseline data between the two 

193 groups (Table 1, P>0.05). There were 44 males and 4 females who received CT training, 

194 with a mean age of 33.13 years, and 42 males and 5 females who received ST training, 

195 with a mean age of 33.91 years (P>0.05). The background academic degrees were 

196 bachelor and postgraduate degrees in the CT and ST groups (P>0.05), and 30 and 26 

197 residents had a specialty background in vascular surgery in both groups (62.50% vs 

198 55.32%, P>0.05). The clinical work experience of most residents was less than three 
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199 years in both groups (66.67% vs 57.45, P>0.05).

200 The theoretical scores between both groups

201 All residents passed the training test; however, the mean scores of the residents were 

202 higher in the ST group than in the CT group (8.74±1.09 vs 8.13±1.31, P=0.014). After 

203 the clinical training, the training satisfaction rates of all residents were similar (97.87% 

204 vs 91.67%, P>0.05); however, when asked whether they wished to participate in the 

205 training again, the residents in the ST group showed a higher willingness rate than 

206 residents in the CT groups (93.62% vs 79.17%, P=0.04).

207 The performance of arterial puncture in residents

208 After the training, all residents underwent an arterial puncture test (Table 2), and the 

209 success rate of the procedure was higher in the ST group than in the CT group (78.72% 

210 vs 58.33%, P=0.033); however, the total puncture success rate was similar between the 

211 two groups (95.74% vs 91.67%, P>0.05). The complications of the puncture sites 

212 included bruising, hematoma, infection and pseudoaneurysm, and there was no 

213 significant difference in the incidence of complications between the ST and CT groups 

214 (17.02% vs 18.75%, P>0.05); however, the time of the puncture procedure was shorter 

215 in the ST group than in the CT group (9.56±5.24 min vs 12.15±6.87 min, P=0.002), and 

216 the comfort score of patients was higher in the ST group than in the CT group according 

217 to the NRS scores (5.49±1.72 vs 4.71±1.57, P=0.023).

218 The outcome of cerebrovascular angiography

219 All residents needed to complete the final cerebrovascular angiography test; the related 

220 parameters are listed in Table 3. The residents in the ST group showed a shorter study 
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221 curve with a lower mean LTP than residents in the CT groups (3.65 mon vs 4.07 mon, 

222 P<0.01), and the TCP of the final test was higher in the CT group than in the ST group 

223 (41.32 min vs 33.81 min, P=0.002). The radiation damage-related parameters were 

224 recorded, and the residents in the CT group showed higher mean values of FTP (631.47 

225 s vs 489.33 s, P<0.001) and CAK than the residents in the ST group (463.16 vs 401.30 

226 mGy, P=0.043); however, the mean DAP value in both groups indicated no difference 

227 (128624.30 mGy.cm2 vs 128012.10 mGy.cm2, P>0.052).

228 DISCUSSION

229 The development of vascular surgery occurred relatively late in China; thus, the training 

230 model used for vascular residents in most university hospitals was traditional training; 

231 however, traditional training did not improve residents' understanding and interest in 

232 vascular surgery. In past decades, there were fewer residents who chose vascular 

233 surgery as a career option in China, which was consistent with the reports of previous 

234 studies [7]. Therefore, improving residents' interest in vascular surgery and promoting 

235 vascular clinical performance have been the main problems associated with clinical 

236 training [8]. Earlier studies have shown that compared with traditional training, the use 

237 of network media, social media and simulation systems can achieve better training 

238 results [9-11]. In this study, we used the vascular simulation system to assist residents in 

239 clinical training. The results revealed that simulation training could significantly 

240 improve the clinical practice effect of residents. The residents who received the 

241 simulation training had significantly higher theoretical scores; in addition, the interest 

242 level of residents was higher after simulation training. The vascular simulation system 
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243 could standardize complex vascular systems and different vascular lesions through 

244 analog calculations, which could help residents practice vascular skills training earlier 

245 and improve the interest and performance of residents [3]. Our result reveals that the 

246 residents could deeply understand theoretical knowledge and practical knowledge 

247 through simulation training, which also helps to improve the residents' theoretical and 

248 practical knowledge.

249 After simulation training and basic training, residents need further vascular operation 

250 training under the guidance of tutors, and the basic procedure for vascular residents is 

251 arterial puncture. However, it is impossible for residents to repeatedly perform the 

252 procedure during the treatment of patients; thus, in vitro simulation training has become 

253 the main teaching method in the training of vascular residents. Residents who received 

254 simulator training showed better clinical performance in the vascular surgery rotation, 

255 more motivation to learn, a shorter learning time and a lower number of clinical 

256 procedural errors, and the patients indicated a lower discomfort rate with the procedure 

257 [12, 13]. In our study, the results confirmed that the residents who underwent the 

258 simulation training had a significantly higher success rate of arterial puncture, and the 

259 time of the puncture procedure was also significantly lower. Each step of the vascular 

260 procedure could be programmed and standardized in the simulation system. After the 

261 teacher's explanation and auxiliary training, it was easier for residents to develop 

262 standardized vascular skill habits and the correct procedural process. Finally, we 

263 evaluated the training effect with the cerebrovascular angiography procedure. Our 

264 results proved that the learning time of the angiography procedure and time of 
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265 completed procedures were significantly lower in residents with simulation training; 

266 these results were consistent with previous reports [14]. This finding also confirmed that 

267 different simulation systems and teaching models could improve the effectiveness of 

268 clinical teaching and promote the understanding and proficiency of vascular practical 

269 performance.

270 Furthermore, the final effect of clinical training should be assessed by the practice 

271 procedure of residents. Our study confirmed that vascular simulation training could 

272 promote the practice knowledge of residents and promote the understanding of vascular 

273 surgical procedure. Most cases of vascular disease teaching need to be performed under 

274 radiation; thus, simulation training could avoid radiation damage to teachers, patients 

275 and residents. In this study, the results demonstrated that simulation training could 

276 decrease the fluo time and cumulative air kerma of the procedure, which meant that 

277 simulation training could reduce the radiation damage of patients and residents, and 

278 radiation protection was an important teaching ethics component in vascular surgery 

279 practice. However, due to the limitations of our teaching funding and the time course, 

280 only selective residents underwent the simulation training for 2 weeks, which was 

281 different from what occurs in advanced vascular centers. Other reports have shown that 

282 simulation training for 8 weeks can improve the procedure skills of residents, contribute 

283 to patient safety and have a positive impact on the career planning and choice of 

284 vascular surgeons [15]. Therefore, the simulation training should be the basic course for 

285 residents. Therefore, the simulation training should be the basic course for residents, 

286 especially in pre-career students and residents in rotation, meanwhile the simulation 
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287 training should be well-defined and step-planned, otherwise, the simulation training 

288 may result in an impaired learning and worse performance in real clinical practice [16].

289 Limitations 

290 There were several limitations. First, this study was not a prospective randomized study, 

291 and the conclusions of this study should be confirmed in the future; Second, when 

292 compared with Western counties, the simulation training is not wildly used in China, 

293 thus the truly effect of the simulation training is not investigated deeply; Third, the 

294 clinical performance of the residents should be evaluated via the real clinical procedure 

295 after the simulation training, this is the next step of our study.

296 Conclusions

297   Our results confirmed that a vascular simulation system could improve the clinical 

298 skills of residents and reduce the radiation damage received by patients and residents in 

299 endovascular procedures. 
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375

376 Figure legends

377 Figure 1. The vascular simulator system (Angiomentor system, Simbionix, Ltd., 

378 Cleveland, OH) used in this study simulated the vascular interventional procedures: a) 

379 work station; b) pedal; c) simulator.
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397

398 Tables

399 Table 1 The baseline data of both groups

CT group (n=48) ST group (n=47) P value 

Sex (M)

Age (years)

Academic degree

bachelor 

postgraduate

Specialty background

  vascular

  nonvascular

Work experience

> 3 years

  ≤ 3 years

44 (91.67)

33.13±3.04

22 (45.83)

26 (54.17)

30 (62.50)

18 (37.50)

16 (33.33)

32 (66.67)

42 (89.36)

33.91±4.94

26 (55.32)

21 (44.68)

26 (55.32)

21 (44.68)

20 (42.55)

27 (57.45)

0.70

0.35

0.36

0.48

0.35

400 CT: conventional training; ST: simulation training; M: male.

401 P value, compared with the CT group

402

403

404

405

406
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407

408 Table 2 The performance of arterial puncture in residents

CT group (n=48) ST group (n=47) P value

Puncture success rate 

Total puncture success rate

Complications from puncture 

  bruising

  hematoma

  infection

arteriovenous fistula

  pseudoaneurysm

time of puncture (min)

Comfort score of patients

28 (58.33)

44 (91.67)

9 (18.75)

5 (10.42)

3 (6.25)

0

0

1 (2.08)

12.15±6.87

4.71±1.57

37 (78.72)

45 (95.74)

8 (17.02)

6 (12.77)

2 (4.26)

0

0

0

9.56±5.24

5.49±1.72

0.033

0.69

0.83

0.002

0.023

409 CT: conventional training; ST: simulation training.

410 P value, compared with the CT group

411

412

413

414

415

416

417
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418

419 Table 3 The performance on cerebrovascular angiography in residents

CT group (n=48) ST group (n=47) P value

LTP (mon)

TCP (min)

FTP (s)

CAK (mGy)

DAP (mGy.cm2)

4.07±0.77

41.32±12.56

631.47±243.65

463.16±134.14

128624.30±28982.22

3.65±0.64

33.81±10.11

489.33±237.13

401.30±149.06

128012.10±31035.08

<0.01

0.002

0.005

0.043

0.92

420 CT: conventional training; ST: simulation training; LTP: learn time to complete 

421 procedure from beginning; TCP: time of complete procedure at the final test; FTP: fluo 

422 time of procedure; CAK: cumulative air kerma; DAP: dose area product

423 P value, compared with the CT group
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Figure 1. The vascular simulator system (Angiomentor system, Simbionix, Ltd., Cleveland, OH) used in this 
study simulated the vascular interventional procedures: a) work station; b) pedal; c) simulator. 
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