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ABSTRACT 
 
The number of open surgeries for cardiovascular diseases has dramatically 
decreased due to endovascular therapy's worldwide use—fewer opportunities for 
current junior vascular surgeons to learn and familiarize themselves with open 
surgical skills. The Taiwan Society organized the Taiwan Society for Vascular 
Surgery cadaveric open surgery workshop for Vascular Surgery (TSVS), the 
Japanese Society for Vascular Surgery (JSVS), and the TzuChi International Medical 
Association in June 2020 at the venue of TzuChi Medical Simulation Center. This 
open surgery workshop utilizes varied teaching methods-lecture, virtual operation, 
and cadaveric simulation training for innovative medical simulation training. This 
study aimed to investigate whether a simulation-based cadaveric surgical program 
improves objectively assessed educational effects on the junior surgeons' clinical 
operation skills, technical experience, and disease familiarity—a total of 40 
surgical participants engaged in this workshop included 12 trainers and 28 
trainees. Of the total 28 trainees, only included 24 questionnaires. The 
participant's three main job characteristics were as follows: 75% from medical 
center, 58.3% attending surgeons, and 66.6% working experience less than five 
years. This study used trainees' questionnaires to assess learner reaction. The 
outcome measures included learner opinion on the process of disease familiarity, 
change in operative confidence, and self-perceived competency, all of which were 
improved significantly (p< 0.001) after the workshop. Educational effects on the 
young surgeons were significantly enhanced than attending surgeons. For either 
job attribute or affiliation, there was no significant difference in TAOS after-class 
evaluation. However, trainees from non-medical centers progressed better than 
medical center trainees as the educational impacts were obvious. This cadaveric 
workshop cooperated with international researchers and applied methods, such as 
engaging participants in silent teacher mock operations. Hence, we must 
reconsider the indication and appropriate timing of intervention for endovascular 
surgery. “Making operations perfect” is the ultimate goal the training wishes to 
fulfill regarding medical care, further realizing the value and meaning of life. 
 
Key words: Innovative medical simulation training course, Thoracoabdominal 
aortic aneurysms, Open repair surgery, Endovascular surgery, Medical humanities, 
competency, Medical knowledge, Distal bypass surgery, Practice-Based Learning 
and Improvement, Professionalism. 

 
 
INTRODUCTION 
 
In the endovascular era, fewer opportunities for current 
junior vascular surgeons to learn and familiarize 

themselves with open surgical skills need to be seriously 
considered.  The   use   of   endovascular  aneurysm   repair  
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(EVAR) for the treatment of thoracoabdominal aortic 
aneurysm (TAAA) and below the knee (BTK) distal 
peripheral arterial occluded disease (PAOD) is widely 
spread due to EVAR is a minimally invasive approach, safe, 
rapid recovery, and better short-term survival. However, if 
we strictly follow the instructions for manufacturers' use, 
between 30% and 50% of patients do not meet all criteria. 
TAAA is a complicated aortic disease; anatomic 
considerations limit EVAR, so for those with complex 
anatomy patients, open surgery (OPEN) remains the 
standard golden treatment. 

Since the mid-nineteenth century, open surgical thoracic-
abdominal aorta resection and aortic reconstruction flow 
using in-situ prosthetic graft reconstruction have been 
widely used and become the golden standard operation 
thoracic and abdominal aortic aneurysm (AAA) disease 
treatment until the present (Robinson et al., 2013). A new 
catheter-based technique, EVAR, was introduced in 1985 by 
Volodos and further developed by Parodi, the most 
dramatic surgical strategy shift for this AA treatment 
(Parodi et al., 1991). This transformative moment marks 
the beginning of minimally invasive AA repair as an 
alternative to open surgical repair. In 2006, the number of 
EVAR procedures performed in the USA exceeded OPEN, 
and this paradigm shift toward EVAR continues. After 2012, 
over 70% of elective AAA repairs were performed with the 
EVAR technique (Schanzer and Messina, 2012). Currently, 
over 95% of elective AAA operations were performed only 
with EVAR in Taiwan. However, Patel et al. (2016) used the 
EVAR randomized controlled trial (EVAR trial 1). They 
disclosed that after a mean of 12.7 years of follow-up, EVAR 
has an early survival benefit but an inferior late survival as 
compared with open repair, which needs to be addressed by 
lifelong surveillance of EVAR and re-intervention. 

Peripheral arterial occluded disease (PAOD) affects more 
than 10% of the world’s population (Robertson et al., 
2017). Different endovascular techniques offer an  available 
management strategy for the present PAOD. Endovascular 
therapy provides choices for patients who have increased 
risk for surgery or do not have an autologous vein 
(Mohammad, 2018). In the same situation, such as AA 
surgery, over 95% of distal arterial bypass surgery (DABS) 
for BTK PAOD diseases are performed by endovascular 
strategy due to prolonged operation duration and high 
surgical technique issues. The surgeons gradually grew 
unfamiliar with the DABS surgical technique and process, 
even more, the anatomy and incision wound. 

More and more surgical procedures are being done, and 
using endovascular repair, it is becoming increasingly 
difficult for young surgeons to gain experience in OPEN. In 
the face of this dilemma, postgraduate surgical education 
progressively adopted the simulation-based cadaveric 
training program. A junior vascular surgeon is critical for 
acquiring competence and self-reported confidence in some 
essential surgical skills. Becausepatient safety is a 
predominant concern and uncontrollable, this skill training 

should be developed in the setting of a service environment 
(Barnsley et al., 2004). Many interventions are being used 
to improve the learning experiences, training efficiency and 
evaluate trainees' educational impacts. Shirasu et al. (2019) 
demonstrated that approximately 30 cases would be 
necessary to gain good surgical skills without increasing 
operation time or complication through OPEN's learning 
curve analysis for young vascular surgeons. Therefore, 
there is growing interest in the use of cadaveric simulation 
in postgraduate surgical training courses. Cadaveric training 
courses could provide the surgical trainees with basic 
vascular surgical anatomy and operating skills and induce 
short-term skill acquisition as measured by object means 
(Selcuk et al., 2018; James et al., 2019; Gilbody et al., 2011). 
James et al. (2019) assessed the educational impact of 
cadaveric intervention using the Kirkpatrick four-level 
model, the celebrated model for analyzing and evaluating 
the results of training and training programs, by measuring 
the change in trainee reaction, knowledge, critical behavior, 
and real-world patient outcomes from 51 review articles. 

 
Kirkpatrick Level 1: subjectively measure the impact of 
the training intervention by learner opinion. Reed et al. 
(2019) proposed carotid endarterectomy, fem-pop bypass, 
and four-compartment fasciotomy. 

 
Kirkpatrick Level 2: objectively measure the impact of 
the training intervention by learner knowledge. Mitchell et 
al. (2012) used Complex open vascular surgical approaches 
significantly improved across all five exposures (each 4-
hour cadaveric lab session). 

 
Kirkpatrick Level 3: objectively measure the impact of 
the training intervention by changing learner behavior. 
Sidhu et al. (2007) performed graft-to-arterial anastomosis 
using a Benchtop simulator to assist juniors practicing. 
Seniors practicing on cadaveric models scored better on the 
final product analysis. 

 
Kirkpatrick Level 4: Studies that objectively measure the 
training intervention's impact on patient outcome change. 
Martin et al. (2016) performed chest tube insertion, 
endotracheal tube insertion, and venous cut down. All 
residents passed the three skills immediately after 
instruction.  

 
Hence, this study aimed to investigate whether the 
simulation-based cadaveric surgical program improves 
objectively assessed educational effects on the junior 
surgeons' clinical operation skills, technical experience, and 
disease familiarity. Moreover, Self-reported confidence and 
the opportunities to simulate and practice before live 
operating theatre for TAOS and DABS are included; open 
surgery theory, anatomy, and skill are all offered in the 
training course. 
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Figure1: Using concentrated technique skill training course, trainees can rapidly accelerate their surgical 
competency. (A)Lectures. (B)Synthetic model.(CDE)Simulated surgical procedures on whole-body fresh-frozen 
cadavers. 

 
 
METHODS 
 
TAOS and DABS simulation-based cadaveric open vascular 
surgery training workshops were organized by the Taiwan 
Society for Vascular Surgery (TSVS), the Japanese Society 
for Vascular Surgery (JSVS) Tzu Chi International Medical 
Association in June 2020 at the venue of TzuChi Medical 
Simulation Center. Forty surgeons participated in this 
program, includi n g  12 instructors and 24 trainees across 
eight cadaveric training interventions. At first, the 
workshop utilized eight lectures for surgical experiences 
and case reports. Secondly, the surgical instructors used a  
synthetic model to provide a realistic representation of 
human anatomy and surgical technique procedure. Finally, 
simulated surgical procedures were performed on whole-
body fresh-frozen cadavers and offered the opportunity to 
TAOS and DABS open surgery practice and skill transfer 
(Figure 1). 

Various surgical training programs have widely applied 
simulation technology, for example, laparoscopic procedure, 
aortic stem virtual clinical operation,  and ultrasound 
practicing teaching course, allowing surgeons to practice 
advanced surgeries and attain new skills (Clark et al., 2017; 
Cote et al., 2018). Trainees can practice the essential 
procedures in a wide range of simulated platforms, 
facilitating comprehensive surgical skills learned 
differently. 
 
 
Medical humanities and effects of humane ceremonies 
conduct 
 
Since 2008, the Silent Mentor Body Donation training 
program was held by TzuChi University;  it is related to 
body donation for medical purposes whereby the body can 
be a teacher. The program serves as an essential platform 
for the interaction and training of surgical instructors and 

trainees. The trainees can learn the essence of becoming a 
fair and humane medical doctor. Turning the useless 
corpses into teaching material educates instructors to teach 
selflessly and liberates trainees from life and death; the 
activities were interactive and touching for all participants 
(Figure 2). 
 
 
The TAOS training program would focus on performing 
thoracoabdominal skin incision 
 
1. The conventional O P E N  for TAAAs consists of the 
excised aorta and replacing the aorta with a straight or 
branched synthetic prosthetic aortic graft.  
2. Aorta was exposure and well-prepared those visceral 
branches for further graft interposition.  
3. The cadaver is positioned in the right lateral decubitus 
position (shoulders at 60°, pelvis at 30°).  
4. The upper portion of the thoracoabdominal incision is made 
through the 6th intercostal space.  
5. Anterolaterally, the incision curves as it crosses the costal 
margin, reducing the risk of tissue necrosis. 
6. The aorta from the retroperitoneal space is well exposed.  
7. All the visceral branches (celiac trunk, superior mesenteric 
artery, and bilateral renal arteries) are identified, using straight 
or branched prosthetic graft sutured onto the descending 
thoracic aorta as usual manner.  
8. The critical points of spinal arteries (T9 to T11) were 
selectively island-like patch sutured back to the prosthetic 
graft, visceral vessels, and distal aorta reconstruction. 
 
 
The DABS training program would focus on how to 
identify various BTK tributaries on different anatomy 
levels 
 
1. The cadaver is positioned in the supine position with a frog- 
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Figure 2: Humanitarian activities and interactive ceremonies (AB) Simulated surgery on fresh-frozen 
cadavers.(C)After surgery worship. (D)Workshop completed worship. (EF) Ceremony for all silent mentor 
teachers. 

 
 

Table 1: Characteristic of trainees (n=24). 
 

Parameter n % 

Job attributes   

Medical center 18 75.0 

Regional hospital 5 20.8 

District Hospital 1 4.2 

   

Location of hospital   

Central region 9 37.5 

Northern region 9 37.5 

South region 5 20.8 

East region 1 4.2 

   

Affiliation   

Attending surgeons 15 62.5 

Young surgeons 9 37.5 

   

Working experience   

0-2 years 4 16.7 

3-5 years 12 50.0 

6-10 years 6 25.0 

11-15 years 1 4.2 

More than 15 years 1 4.2 

 
 
leg position or straight position.  
2. Explore and identify the infra-knee popliteal artery and 
tributaries from medial infrageniculate skin approach, dorsalis 
pedis artery, posterior tibia artery on the ankle region, and 
peroneal artery from the lateral approach with fibula bone 
resection.  
3. After exploring the femoral artery and harvesting the great 
saphenous vein, distal artery bypass surgery was performed 
for practicing the anastomosis on calcified small BTK vessels. 

RESULTS 
 
Of the total 28 trainees, only 24 were included in the 
questionnaires. The participant's three main job 
characteristics were 75% from the medical center, 58.3% 
attending surgeons, and 66.6% working experience less 
than five years, as shown in Table 1. 
Wilcoxon signed-rank test was employed to assess the 
educational  impact  between  pre-/post-cadaveric  training  
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Figure 3: Education impact by measuring Disease familiarity, technical experience, and confidence level (TAOS: 
Thoracoabdominal aortic open surgery; DABS: Distal artery bypass surgery). 

 
 
Table 2: Educational impact of trainees in medical center or non-medical center. 
 

 
Medical center  

(n=18) 
 

Non-medical center  

(n=6) 
 

 Pre- Post-  Pre- Post-  

 Mean± SD Mean± SD P Mean± SD Mean± SD P 

TAOS       

Disease familiarity 2.56±1.04 3.44±0.78 0.002 2.83±0.98 3.83±0.75 0.063 

Technical experience 2.11±0.83 3.22±0.73 ＜0.001 2.17±0.75 3.50±0.55 0.063 

Confidence level 2.33±0.91 3.28±0.57 0.003 1.83±0.98 3.17±0.75 0.063 

       

DABS       

Disease familiarity 3.00±0.59 3.72±0.46 ＜0.001 3.50±0.55 4.33±0.52 0.063 

Technical experience 2.83±0.62 3.50±0.51 0.004 2.83±0.75 4.17±0.41 ＜0.001 

Confidence level 2.89±0.76 3.89±0.32 ＜0.001 3.00±0.89 4.33±0.52 ＜0.001 
 

Note: TAOS - Thoracoabdominal aortic open surgery; DABS - Distal artery bypass surgery 

 
 
intervention. This study used trainees' questionnaires to 
assess learner reaction. The outcome measures included 
learner opinion on the process of disease familiarity, 
change in operative confidence and self-perceived 
competency, all of which were improved significantly (p< 
0.001) after the workshop (Figure 3). Internal consistency, 
Cronbach’s Alpha, of pre-/post- TAOS were 0.753 and 
0.856, respectively. DABS were 0.893 and 0.751, 
respectively. 
As shown in Table 2, the educational impact of the trainees 
of the TAOS and DABS cadaveric training intervention by 
measuring change in trainees’ reaction/opinion (confident 

level), learner knowledge (disease familiarity) and behavior 
(technical experience) were significantly improved in the 
medical center trainees. However, the trainees of non-
medical center were only with trends of improving 
(p=0.063)(not reached with significant meaning) after 
TAOS training workshop. 

Figures 4 and 5 show the education effects on attending 
surgeons and young surgeons after TAOS and DABS training 
courses, respectively. These results show that simulation-
based cadaveric surgical program significantly improves 
educational effects on the junior surgeons than attending 
surgeons. By  comparing  these  two-training  courses,  TAOS  
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Figure 4: Educational impacts for attending surgeons and young surgeons after TAOS training 
courses. 

 
 

 
 

Figure 5: Educational impacts for attending surgeons and young surgeons after DABS training courses. 

 
 
surgical technique was more complex and risky than DABS. 
Therefore, the education effect on young surgeons’ 
confidence level was not significant. After this cadaveric 
training workshop, we assessed the educational impact of 
TAOS and DABS intervention trainees with different job 
attributes (medical center/non-medical center) and 
different affiliations (attending surgeons/ young surgeons). 
From Table 3, no significant differences can be observed 
between them; however, significant differences are shown 
in Figure 6 between the trainees coming from the medical 
center and non-medical center. The three aspects of DABS 
intervention educational impact are disease familiarity, 
technical experience,  and confidence level. The educational 

impacts of trainees from the medical center were 3.72±0.46, 
3.50±0.51, and 3.89±0.32, respectively, and the educational 
impacts of trainees from the non-medical center were 
4.33±0.52, 4.17±0.41, and 4.33±0.52, respectively. 
Therefore, learners coming from non-medical center 
progressed better than medical center trainees as the 
educational impacts were obvious (p<0.05). 
 
 
DISCUSSION 
 
Surgery is a combination of science and art, the integral part 
of    the   practice   of   medicine.   Surgeons  are   not   merely  
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Table 3: Comparison participant’s disease familiarity, technical experience, and confidence level with post- section in Job attributions and 
Affiliation (n=24). 
 

 Job attributes   Affiliation  

 

Medical 
center 

(n=18) 

Non-medical 
center 

(n=6) 

 

 Attending 
surgeons 

(n=15) 

Young 
surgeons 

(n=9) 

 

 Mean± SD Mean± SD P  Mean± SD Mean± SD P 

TAOS        

Disease familiarity 3.44±0.78 3.83±0.75 0.388  3.60±0.63 3.44±1.01 0.893 

Technical experience 3.22±0.73 3.50±0.55 0.465  3.27±0.59 3.33±0.87 0.671 

Confidence level 3.28±0.57 3.17±0.75 0.790  3.27±0.59 3.22±0.67 0.919 

        

DABS        

Disease familiarity 3.72±0.46 4.33±0.52 0.022  3.93±0.59 3.78±0.44 0.550 

Technical experience 3.50±0.51 4.17±0.41 0.017  3.60±0.63 3.78±0.44 0.389 

Confidence level 3.89±0.32 4.33±0.52 0.027  4.07±0.46 3.89±0.33 0.335 
Note: TAOS - Thoracoabdominal aortic open surgery; DABS - Distal artery bypass surgery. 

 
 

 
 

Figure 6: Comparison participant’s disease familiarity, technical 
experience, and confidence level with Non-medical center/ medical center 
in DABS after cadaveric training intervention. 

 
 
technicians, and practices are more than a menu list of 
standardized operations. While it takes more than 20 years 
to become an expert cardiothoracic surgeon, the first step is 
still education (Fullagar and Kelloway, 2009; Robinson et al., 
2012). Cadaveric simulation in postgraduate surgical 
training makes the gap differences from resident to expert 

surgeon smaller by repeating practice over time. Perfection 
could be made through training, but skills would decline as 
hands and eyes no longer function optimally after a certain 
age (Selcuk et al., 2018; James et al., 2019). 

Surgical resident training limits open surgical skills, 
including work hour mandates, shorter training programs,  
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an increased proportion of endovascular procedures, costs, 
and public expectations. Simulation training has been 
increasingly applied to teaching and assessing surgical skills 
(Robinson et al., 2013). However, simple educational lecture  
impact for surgical practice is insufficient. Each operation 
requires precision and reliability; thus, cadaveric simulation 
training might play an essential role in this learning process. 
The purpose of the training is to provide good simulated 
practice, allowing surgeons to build confidence,  perform 
operations smoothly before their real surgeries, and even 
re-build or rewarm experienced surgeons' surgical skills. 

Although EVAR has replaced most open surgical repairs 
in the treatment, this out of instructional practice might 
bring specific adverse long-term outcomes for patients. 
However, surgeons in Taiwan might refuse to perform 
traditional open surgical repairs merely because of 
uncertainty and insecurity in self's surgical skills. The 
indication, appropriate timing of intervention, and 
operations' benefits must be measured carefully to gain 
patients' approval. Additionally, when medical teams work 
well together, patients are more likely to receive adequate 
medical care. In that case, modern cardiovascular surgeons 
should shoulder the responsibility of training young 
surgeons. 

2020 TSVS cadaver simulation workshop utilizes varied 
teaching methods - lecture, virtual operation, and cadaveric 
simulation training for this innovative medical simulation 
training. After this training, clinical surgeons progress 
significantly in terms of disease familiarity, technical 
experiences, and confidence level, showing that the 
effectiveness TAOS and DABS open surgical training 
workshop is effective in increasing clinical surgeons’ skills 
and confidence. The workshop not only cooperated with 
international researchers but also applied methods such as 
engaging participants in silent teacher mock operations, 
hoping that related cases in the future will receive proper 
and better care. 
 
 
CONCLUSIONS 
 
The bravery of surgeons depends on proper medical ethics. 
Hence, we must reconsider the indication and appropriate 
timing of intervention for endovascular surgery. Medical 
humanity exists for emphasizing medical “boundaries” and 
"bases," reminding surgeons to process patients’ needs with 
open minds. Other than that, surgeons have to keep 
improving themselves and familiarizing themselves with 
surgical organizations. “Making operations perfect” is the 
ultimate goal the training wishes to fulfill regarding medical 
care, further realizing the value and meaning of life. 
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