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INTRODUCTION
The surgical residents and clinical fellows learned surgical 

skills through apprenticeship, that is, by watching their 
supervisor’s operation and performing specific procedures 
directly in the operating room. However, owing to the 
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Purpose: As pancreaticojejunostomy (PJ) is a challenging anastomosis, an education program is needed to train young 
surgeons to perform PJ. This study evaluated the effects of simulation-based training of open PJ using pancreas and 
intestine silicone models.
Methods: Five videos pancreatobiliary clinical fellows who did not perform PJ participated in this study. After watching 
the master video created by a senior pancreatobiliary surgeon, each trainee performed the PJ using silicone models and 
recorded them 10 times using a video camera. Of these videos, 5 were randomly duplicated due to the validation of the 
scoring system. The scoring system developed consisted of 20 scores. Three pancreatobiliary professors scored their 
performance by watching videos.
Results: The mean procedure time of the 5 trainees was 25.4 minutes (range, 23.5–27.3 minutes) in the first video and 15.8 
minutes (range, 13.8–19.1 minutes) in the 10th video. The mean score was 12.6 (range, 5–19) and 18.3 (range, 15–20) in the 
first and 10th videos, respectively. The scores were similar among the duplicated videos for each supervisor.
Conclusion: This education system would help pancreatobiliary trainees to overcome learning curves efficiently without 
ethical issues related to animal models or direct practice to human patients.
[Ann Surg Treat Res 2022;102(6):328-334]
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complexity of recent surgery and shortage of education time 
[1], training in the operating room alone was insufficient to 
achieve skillful surgical techniques. Additionally, the surgical 
trainees should learn not only open but also laparoscopic or 
robotic surgical skills in the 21st century [2]. As the incapacity 
in the operating room may compromise patient safety and 
efficacy regarding the time use, it is important to become 
better-prepared surgical trainees with fundamental surgical 
techniques before real surgery [1]. Although learning during the 
actual operation would be ideal, it is unfeasible and unethical 
to the patients. Therefore, education programs using in vitro, 
in vivo, or virtual models are required to fulfill the needs of 
surgical trainees and achieve fundamental surgical techniques.

For intestinal anastomosis, which is a relatively simple and 
frequent procedure compared with other procedures, surgical 
residents of 3rd or 4th-year grade could perform it in the real 
operation under the supervision of a senior surgeon. However, 
in terms of pancreaticojejunostomy (PJ) anastomoses, surgical 
trainees rarely performed or even experienced them during the 
training period, particularly those in the low-volume center. 

As PJ is relatively rare compared with intestinal or vascular 
anastomosis and is related to life-threatening complications 
[3], the opportunity of performing the PJ by the trainees in the 
operating room is rare. Therefore, a training model for the PJ 
outside the operating room is necessary.

Several education models, such as simulation (dry-
laboratory) models, or animal models, for intestinal or 
vascular anastomosis have already been developed [1,4-6]. 
Recently, several education models for PJ anastomosis using 
biotissue models or animal models have been introduced and 
reported [7-11]. Although the animal model is more realistic 
than any other model, it has ethical issues and is expensive. 
Moreover, previous studies utilized the general objective 
structured assessment of technical skills (OSATS) for grading 
PJ performance [12], not the PJ-specific grading system, or 
introduced only their models and procedures. In this study, 
the silicone models which were similar to real intestine and 
pancreas were utilized, and the trainee’s surgical procedures 
were assessed by the PJ anastomosis-specific scoring system 
which was developed in our department. Therefore, this study 
aimed to evaluate the effectiveness of our PJ training model by 
observing the development of a trainee’s performance using a 
scoring system and to validate our scoring system. 

METHODS
This study protocol was approved by the Institutional Review 

Board in Seoul National University Hospital (No. H-2201-022-
1286).

Participants
This was an uncontrolled, observational, prospective study. 

Five pancreatobiliary clinical fellows (3 sophomores and 
2 juniors) performed the modified Blumgart open duct-to-
mucosa PJ with a double-layer intestine and pancreas silicone 
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Fig. 1. Pancreas and intestine models used in this study. 
They are made of silicone and the cost of 1 pancreas and 1 
intestine is 400 US dollars. 
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Fig. 2. Overall flowchart of study 
design. Ten original video files 
were recorded and 5 video files 
were randomly selected and 
duplicated. After the rearran
gement of total 15 video files, 
they were sent to each supervisor.
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model (SINI Inc., Uiwang, Korea) (Fig. 1). They participated in 
the surgery as the first assistant many times; however, never 
performed the open PJ themselves in the real surgical field 
before the simulation. The fellows performed the PJ simulation 
by following the master video. Fig. 2 shows the overall study 
design of this study. Each fellow performed 10 simulations and 
recorded them using a video camera. There was no supervisors’ 
feedback until the end of the 10 simulations. For the validation 
of the scoring system developed by our department, 5 video 
files from the original 10 files were randomly selected and 
duplicated. All 15 video files were randomly rearranged 
to eliminate bias derived from the drill order. Three 
pancreatobiliary professors assessed the trainees’ surgical skills 
by watching videos with the scoring system. 

Master video of modified Blumgart open 
pancreaticojejunostomy simulation
One pancreatobiliary professor (JYJ), who had performed 

over 1,000 pancreatoduodenectomies (PDs), demonstrated 
modified Blumgart PJ as he did in the real surgical field using 
the intestine and pancreas models and recorded the whole 
procedure [13]. Two transpancreatic U-shaped sutures were 
performed a few millimeters distal from the cut surface 
of the pancreatic stump, penetrating from the ventral to 
the dorsal side in full-thickness of the pancreas using 4-0 
polypropylene (Surgipro, Covidien, Mansfield, MA, USA). Then, 
the seromuscular layer of the jejunal loop was sutured using 
the same stitch, and the stitch penetrated the pancreatic stump 
back from the dorsal to the ventral side (Fig. 3A). Avoiding the 
pancreatic duct, each transpancreatic U-suture was positioned 
on the superior and inferior border of the pancreatic duct, 

tied down but left uncut. Duct-to-mucosa anastomosis 
was performed using 5-0 polydioxanone (PDS II, Ethicon, 
Somerville, NJ, USA) in 5 to 6 different directions (Fig. 3B, C). 
With the uncut transpancreatic U-sutures, the ventral side 
of the jejunal loop was sutured in the seromuscular layer to 
conceal the resection surface of the pancreatic stump. Finally, 
an interrupted suture reinforcing PJ was performed between 
the 2 transpancreatic U-sutures in the central and ventral parts 
of the PJ (Fig. 3D). 

Objective structured assessment of technical skills 
for pancreaticojejunostomy
The OSATS-PJ was developed in the Department of Surgery, 

Seoul National University Hospital, based on the OSATS for 
surgical residents [12]. The original version of OSATS was 
modified to the specific surgical skills, such as vascular 
anastomosis, or intestinal anastomosis [1,14]. In this study, the 
OSATS-PJ was modified for modified Blumgart duct-to-mucosa 
PJ anastomosis. The detailed checklists are described in Table 
1. There were 4 major categories: (1) needle driving, (2) out-layer 
transpancreatic U-shaped suture, (3) duct-to-mucosa suture, and 
(4) overall performance. Each category had 2–4 checklists (a 
total of 12 checklists), and the total score was 20. Additionally, 
the total procedure time was evaluated. 

Statistical analysis
As a total of 15 videos of each participant were randomly 

rearranged, the supervisors did not notice duplicated video 
files or the order of procedures. After the acquisition of the 
total scores and total procedure times of each participant, these 
results were rearranged to the original order and analyzed. 

A B

C D

Fig.  3.  The still-cut images 
of the master video. (A) Two 
transpancreatic U-shaped sutu
res were established. Duct-to-
mucosa sutures were performed 
in the dorsal side (B) and in the 
ventral side (C). (D) The uncut 
transpancreatic U-sutures and 
the interrupted sutures were 
performed in the ventral and 
central part of the pancreatico
jejunostomy.
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Means and ranges were employed for the numerical variables. 
For the reproducibility of OSATS-PJ, the scores of 5 duplicated 
videos were compared with those of 5 original videos among 
the 3 supervisors. Statistical analysis was conducted using R 
software version 3.6.3 (R Foundation for Statistical Computing, 
Vienna, Austria).

RESULTS

Total procedure times of 5 trainees
The mean procedure time of the 5 trainees was 25.4 minutes 

(range, 23.5–27.3 minutes) in the first video and 15.8 minutes 
(range, 13.8–19.1 minutes) in the 10th video. The procedure 
times of all 5 trainees showed a decreasing tendency as in 

the latter procedure (Fig. 4). From the 7th procedure, the total 
procedure time converged between 15 and 20 minutes.

Table 1. Objective surgical skill assessment tools for modified Blumgart pancreaticojejunostomy developed by Seoul National 
University Hospital

SNUH-BP modified Blumgart pancreaticojejunustomy checklist Score Total score

Needle driving
     1. Needles are positioned on the needle holder (1/2–2/3 circle). 1
     2. Needles and forceps do not damage tissues. 1
Out-layer suture
     3. Out-layer strings are penetrated perpendicularly during suture. 1
     4. Out-layer strings penetrate the entire pancreas parenchyma. 1
     5. Out-layer stitch intervals are proper. (0–2) 2
     6. Surgical knots are not loosened after tying. (0–2) 2
Duct-to-mucosa (in-layer) suture
     7. In-layer strings are penetrated perpendicularly during suture. 1
     8. In-layer strings are penetrated the pancreatic duct and small bowel mucosa with proper intervals. (0–3) 3
     9. Surgical knots are not loosened after tying. (0–2) 2
Overall performance
     10. Strings penetrating the pancreatic duct and the parenchyma are well-deployed and not tangled. 1
     11. The duration of pancreaticojejunostomy anastomosis takes less than 20 minutes. 1
     12. The flow of entire procedures is generally smooth. (0–4) 4
Total score:      /20            
Procedure time:      min

0 20

SNUH-BP, Seoul National University Hospital-Biliary Pancreas.

Table 2. The difference of score between the original and 
duplicated video in each supervisor

Score difference Supervisor 1 Supervisor 2 Supervisor 3

0 17 14 23
1   5 10   2
2   3   1   0
≥3   0   0   0
Score difference 

procedures (≤1) / 
total 25 procedures

88.0% 96.0% 100.0%
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Total scores of 5 trainees according to each 
supervisor
The mean score of the 5 trainees was 12.6 (range, 5–19) 

in the first videos, and 18.3 (range, 15–20) in the 10th video. 
Fig. 5 shows the histogram of the total score of the 5 trainees 
according to each supervisor. The total score demonstrated an 
increasing tendency as in the latter procedures. Most of the 7th 
and later procedures obtained a total score of 16 or above, that 
is, at least 7 practice sessions would be minimal for a stable PJ 
anastomosis.

Reproducibility of objective structured assessment 
of technical skills for pancreaticojejunostomy
Since 5 original video files were randomly selected and 

duplicated, each supervisor judged an additional 25 video 
files. Then, the difference in scores between the original and 
duplicated video files was evaluated. Table 2 shows that the 
scores were identical, or a difference of 1 point in 71 drills (94.7%). 

DISCUSSION
PD is one of the most complex procedures in abdominal 

surgery, and its complication rate is still high. In particular, 
postoperative pancreatic fistula (POPF), which can cause life-
threatening complications, is inevitable. One study reported 
that the surgeon’s performance was correlated with the 
development of POPF [3]. For the quality of surgery and 
patient’ safety, sufficient practice is needed. Several studies 
have reported that more than 60 cases of standard PD are 
needed to overcome the learning curve [15,16]. However, all 
pancreatobiliary surgical fellows cannot perform more than 
60 cases in the training period, even in large-volume centers. 
Furthermore, it is unethical for unprepared trainees to perform 
the surgical procedures directly on patients [17]. Therefore, 
simulation-based training for repetitive practices is essential to 
improve surgical skills before actual practice.

There were 3 categories of education models: (1) animal, (2) 
simulation, and (3) virtual reality. Regarding PJ, 1 institution 
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developed a porcine model for open and laparoscopic PJ [7]. 
The porcine model has an advantage in that the trainees can 
train their surgical techniques in live animals with similar 
intraabdominal organs to those of humans. This model is the 
most realistic. However, the cost is much more expensive than 
the other 2 models, the preparation before and after the training 
requires time and effort, and ethical issues exist. The simulation 
model is the most popular method as it is relatively inexpensive 
and requires no special space or preparation procedure. It can be 
divided into 2 subcategories; biotissue model and silicone model. 
Although the biotissue model is more delicate and realistic than 
the silicone model and has already been utilized in another 
study [9], it needs special 3-dimensional bioprinting techniques 
and special materials, is more expensive than the silicone 
model, and mass production is difficult. Virtual-reality models 
are appropriate for laparoscopic or robotic surgery and have 
become popular [18]. However, considering that these models 
are expensive and require special equipment, it is only possible 
to install them in highly selective educational institutions. We 
selected the silicone model as the appropriate open PJ training 
model considering the lowest cost and no requirement for 
animal and expensive equipment. 

In the present study, a double-layered intestine model 
and pancreatic model with a 3-mm small pancreatic duct 
manufactured by a Korean company (SINI Inc.) were utilized 
(Fig. 1). The size, texture, and strength were similar to those of 
humans. Furthermore, the repetition of 5–10 PJ was possible 
with 1 intestine and pancreas model. Considering that the cost 
of 1 intestine and 1 pancreas model was 400 US dollars, it is 
efficient and economical. 

Several studies revealed that the trainee’s performance 
improved after the simulation training of PJ anastomosis using 
a simulation model [8,11]. In this study, the total procedure time 
and total score of OSATS-PJ were evaluated. The total procedure 
times were stabilized after the 7th drill and converged to 15–20 
minutes (Fig. 4). The total scores increased, and in most cases 
of the 7th drill and after 16 or more scores were obtained 
(Fig. 5). Alternatively, at least 7 practices would be minimal 
for performing stable PJ anastomosis. After 10 simulations, 
our clinical fellows could similarly perform the real open PJ 
anastomosis. The total procedure time was 21 minutes, and 
the total score was 17. Although the operation time was slightly 
longer in the real PJ, they performed exactly step-by-step and 
did not hesitate in the next step. Additionally, the trainees 
repeated the PJ anastomoses themselves without feedback from 
supervisors. Therefore, the present training system would be 
effective for improving PJ anastomosis skills by self-training 
and able to achieve the fundamental level of performing PJ 
anastomosis in the real surgical field. Currently, clinical fellows 
train their robotic PJ techniques similar to the real robotic PJ 
with the same PJ training model [19], and research on robotic 

PJ training is now in progress. We anticipate that the present PJ 
training model would be effective in robotic PJ training, similar 
to open PJ training. 

In this study, the OSATS-PJ was derived from the original 
OSATS and focused on the modified Blumgart duct-to-mucosa PJ 
anastomosis. It consisted of 12 definite checklists that indicated 
specific procedures sequentially (Table 1). Therefore, supervisors 
can easily assess each procedure individually and objectively 
grade the entire performance. Additionally, this scoring system 
was modifiable so that the supervisors could revise the specific 
steps tailored to the surgical procedures of their institution. To 
investigate the reproducibility of the scoring system, 5 videos 
were randomly selected and duplicated. When comparing the 
scores between the original and duplicated videos for each 
supervisor, the proportion of cases with identical scores or a 
difference of 1 was 88.0%, 96.0%, and 100.0%, respectively (Table 
2). Therefore, the proposed scoring system has objectivity and 
reproducibility. Furthermore, this scoring system can be applied 
not only to open PJ anastomosis but also to laparoscopic or 
robotic PJ anastomosis during real operation. 

In conclusion, the present open PJ training model with 
silicone models was effective in improving trainees’ surgical 
skills. Since this model does not have ethical issues nor requires 
expensive equipment, it can be introduced easily and practically 
to the field of surgical education.
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