UNIVERSITYOF
BIRMINGHAM

iversit}/]of iIrmingham
esearch at Birmingham

Pancreatic anastomosis training models

Joshi, Kunal Sadanand; Espino, Daniel; Shepherd, Duncan; Mahmoodi, Nasim; Roberts,
John Keith; Chatzizacharias, Nikolaos; Marudanayagam, Ravi; Sutcliffe, Robert P

DOI:
10.1016/j.pan.2024.03.020

License:
Creative Commons: Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

Document Version
Version created as part of publication process; publisher's layout; not normally made publicly available

Citation for published version (Harvard):

Joshi, KS, Espino, D, Shepherd, D, Mahmoodi, N, Roberts, JK, Chatzizacharias, N, Marudanayagam, R &
Sutcliffe, RP 2024, 'Pancreatic anastomosis training models: current status and future directions', Pancreatology.
https://doi.org/10.1016/j.pan.2024.03.020

Link to publication on Research at Birmingham portal

General rights

Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

*Users may freely distribute the URL that is used to identify this publication.

*Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.

*User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
*Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.

Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 07. May. 2024


https://doi.org/10.1016/j.pan.2024.03.020
https://doi.org/10.1016/j.pan.2024.03.020
https://birmingham.elsevierpure.com/en/publications/eb197b5d-4837-4a63-9fbb-ce6aa19e3e2c

Pancreatology XXX (XXXX) XXX

Contents lists available at ScienceDirect

Pancreatology

journal homepage: www.elsevier.com/locate/pan

Pancreatic anastomosis training models: Current status and future
directions

Kunal Joshi ¢, Daniel M. Espino °, Duncan ET. Shepherd °, Nasim Mahmoodi °, |
Keith J. Roberts ¢, Nikolaos Chatzizacharias ¢, Ravi Marudanayagam ¢, Robert P. Sutcliffe "

2 Department of HPB surgery, University Hospitals Birmingham NHS Foundation Trust, University of Birmingham, UK
b Department of Mechanical Engineering, University of Birmingham, UK

ARTICLE INFO ABSTRACT

Article history:

Received 30 November 2023
Received in revised form

23 February 2024

Accepted 27 March 2024
Available online xxx

Postoperative pancreatic fistula (POPF) is a major cause of morbidity and mortality after pan-
creatoduodenectomy (PD), and previous research has focused on patient-related risk factors and com-
parisons between anastomotic techniques. However, it is recognized that surgeon experience is an
important factor in POPF outcomes, and that there is a significant learning curve for the pancreatic
anastomosis. The aim of this study was to review the current literature on training models for the
pancreatic anastomosis, and to explore areas for future research. It is concluded that research is needed
to understand the mechanical properties of the human pancreas in an effort to develop a synthetic model
that closely mimics its mechanical properties. Virtual reality (VR) is an attractive alternative to synthetic
models for surgical training, and further work is needed to develop a VR pancreatic anastomosis training
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module that provides both high fidelity and haptic feedback.
© 2024 The Authors. Published by Elsevier B.V. on behalf of IAP and EPC. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Pancreatoduodenectomy (PD) is a complex surgical procedure
and associated with significant perioperative morbidity (40—58%)
and mortality (2—4%) [1—3]. Leakage of pancreatic enzymes from
the pancreatoenteric anastomosis (postoperative pancreatic fistula,
POPF) is a major source of the morbidity of PD and may lead to
sepsis, bleeding, organ failure or death. The risk factors for POPF are
well established and include body mass index, pancreatic duct
width, and subjective intraoperative assessment of pancreatic
texture (“hard” or “soft”) [4—9] and several risk scores have been
developed that can preoperatively stratify patients according to
POPF risk [7] [10].

The International Study Group of Pancreatic Surgery (ISGPS) has
established a risk classification for postoperative pancreatic fistula
(POPF) following pancreatoduodenectomy, based on pancreatic
texture and duct size, with four categories: A (not-soft texture and
duct >3 mm), B (not-soft texture and duct <3 mm), C (soft texture
and duct >3 mm), and D (soft texture and duct <3 mm). This
classification was validated using data from the Dutch Pancreatic
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Cancer Audit, with the model's performance evaluated by the area
under the receiver operating curve [11]. Additionally, risk calcula-
tors like the Pancreatic Fistula Risk Score (FRS) have been devel-
oped to predict POPF risk, using various intraoperative and
preoperative factors, and have been validated in multiple in-
stitutions [7]. A systematic review has also assessed multiple
scoring systems for predicting POPF after pancreatoduodenectomy,
highlighting the clinical applicability and study quality of these
tools [12]. The ISGPS recommends using their classification system
for reporting risk factors to enhance clinical decision-making and
auditing [11,13].

Surgeon experience is also important but a less well-defined
factor related to POPF. However, and importantly, this is a poten-
tially modifiable risk factor for POPF and according to a recent
study, the learning curve for the pancreatic anastomosis is in the
region of 50 cases [14,15]. Given that pancreatic surgeons typically
perform 15—20 PDs annually in high volume centres, it may take
2—3 years for a surgeon to ascend their learning curve. No single
anastomotic method has been found to be superior in terms of
POPF risk (e.g. invagination vs. duct-to-mucosa), although studies
are conflicting and do not account for the learning curve [16—20].
Although pancreatoduodenectomy is a complex procedure with
multiple steps that require structured training programs, there is an
unmet need for a reliable pancreatic anastomosis training model

1424-3903/© 2024 The Authors. Published by Elsevier B.V. on behalf of IAP and EPC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
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that may shorten a pancreatic surgeon's learning curve and reduce
the POPF rate. The aim of this review is to summarize the available
literature relating to pancreatic anastomosis training models.

2. Pancreatic anastomosis training models
2.1. The ideal pancreatic anastomosis training model

The ideal training model for pancreatic anastomosis should be
realistic, reproducible and affordable. The ideal model should have
a similar appearance and dimensions compared to the human
pancreatic remnant. The model should also resemble the texture of
the normal (soft) human pancreas and therefore should have
similar mechanical properties such as deformability, fragility,
compressibility and elasticity. In engineering terms, these proper-
ties relate to Young's modulus, Poisson's ratio and strength. The
ideal model should also be capable of differentiating between an
experienced surgeon and a novice. To achieve this, the model
should be capable of measuring outcome (i.e. POPF) and therefore
should allow ‘leak testing’. Lastly, a reliable model should allow
surgical trainees to learn and develop the technique for the
pancreatic anastomosis that will ultimately shorten their learning
curve. A pancreatic anastomosis training model must be ethical and
reproducible and ideally it should also be reusable or recyclable. In
order to facilitate widespread implementation, including into
developing countries, the model must also be affordable. Ulti-
mately, for a model to be impactful, it is necessary to demonstrate
that its use shortens the learning curve.

2.2. Animal models

There is limited data on the use of animals for pancreatic
anastomosis models. In one study of an in vivo porcine model of
pancreatoduodenectomy, the pancreatic anastomosis was evalu-
ated histologically ten days postoperatively [21]. Anastomotic
bursting pressure was measured and the authors found that the
anastomosis had healed in 6 out of 8 animals. The study concluded
that quantitative measurement of collagen deposition at the
pancreatic anastomosis provides objective assessment of healing of
the pancreatic anastomosis [21]. In another animal study, the
anatomical similarity between canine and human digestive tracts
was used to simulate reconstruction after pancreatoduodenectomy
[22]. A hepatobiliary surgeon performed simulated PD digestive
reconstructions in six animals. The study showed that there was
collagen integration in all bilioenteric and pancreatoenteric anas-
tomoses and the study concluded that an animal model for diges-
tive tract reconstruction after a simulated PD in canines is feasible
[22].

There are several limitations with the use of in vivo animal
models, including accessibility, cost and ethical considerations that
are likely to prevent their routine use in surgical training models.

2.3. Human cadaveric models

Very few studies have evaluated the role of human cadaveric
tissue as a training model for pancreatoduodenectomy. In one
study, a perfused human cadaveric model was developed as a
training model for robotic pancreatoduodenectomy, although it
was primarily focussed on training the resection phase and
bleeding control rather than the pancreatic anastomosis [23].

2.4. Synthetic models

Synthetic pancreatic anastomosis models are commercially
available (e.g. Lifelike BioTisse, Ontario, Canada) or can be 3D-
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printed using a 3D model derived from CT images [24—27]. Four
studies have evaluated the use of synthetic models to train the
pancreatojejunostomy anastomosis [28—31] (Table 1). Each study
utilised either commercially available or 3D-printed silicone
models for either laparoscopic, robotic or open pan-
creatojejunostomy and compared techniques between experienced
surgeons and trainees. Outcomes were subjectively evaluated by
independent experts, but none of the models permitted leak
testing. In a further study, surgeons were tasked to subjectively
evaluate the appearance and tactile sensation of a 3D printed sili-
cone model. Scored out of a maximum of 5, the model was rated
3.96 + 0.55 (mean =+ standard deviation) for overall appearance,
3.88 + 0.45 for elasticity, and 3.83 + 0.48 for suture breakthrough
[31]. The physical properties of a synthetic pancreas model was
objectively assessed in only one study [31], which reported that the
stiffness of the model (measured by ultrasound elastography) was
significantly higher than normal pancreas tissue (10.08 vs. 7.72 kPa;
p = 0.003) [31,33]. There are no available studies that have evalu-
ated the effect of training on synthetic models on the incidence/
severity of POPF or on the learning curve for POPF (Table 2).

The Robotic Pancreatoduodenectomy Bio tissue Curriculum has
been found to have validity and improve the technical performance
of surgical oncology fellows [32]. A study conducted at the Uni-
versity of Pittsburgh Medical Centre demonstrated that the cur-
riculum, which includes suture drills and various bio tissue drills, is
feasible and leads to improved errors and technical performance.
The purpose of this curriculum is to enhance the skills of novice
surgeons outside of the operating room, ultimately reducing the
learning curve for performing robotic pancreatoduodenectomies.
The study concluded that this curriculum is a valid tool for teaching
robotic pancreatoduodenectomies and has established milestones
for achieving optimal performance [34].

2.5. Mechanical properties of pancreas

The pancreatoenteric anastomosis is technically challenging,
particularly in patients with a non-dilated pancreatic duct and a
soft pancreas. It is this subgroup of patients who have ‘high-risk’
anastomoses and are especially prone to developing POPF. Normal
human pancreas tissue is soft and very fragile. All pancreatoenteric
anastomoses are hand sewn with either absorbable or non-
absorbable sutures according to surgeon preference. A wide range
of pancreatic anastomotic methods have been described, and
typically incorporate either a “duct-to-mucosa” or “invaginating”
technique in one or two layers [35,36]. Irrespective of the method
used, sutures may “cut through” or fracture a soft pancreas thereby
precluding a water tight anastomosis and predisposing to POPF. It is
not possible to determine exactly why experienced pancreatic
surgeons have a lower POPF rate compared to junior colleagues, but
it is likely that they have mastered precise suture placement and
knot tying to maximise tissue apposition, whilst minimizing any
stress or injury to the pancreatic parenchyma. Based on the fact that
soft pancreas is an important risk factor for POPF, it follows that the
ideal training model should have similar mechanical properties to a
normal (soft) human pancreas.

The 3D printed model used by Yu et al. was found to have
significantly higher stiffness compared to normal pancreas [31].
The operation procedures used in this study refer to the classic
Cattell-Warren anastomosis method. The operation steps are
detailed in Fig. 1.

In a study by Sugimoto et al., the Young's modulus (a measure of
elasticity) of the resected cut end of pancreas was measured during
pancreatoduodenectomy in 59 patients, and correlated with sur-
geon's assessment of pancreas texture, histological evidence of
fibrosis as well as POPF. The Young's modulus was 1.4 + 2.1 and
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Table 1
Studies on synthetic pancreatic anastomosis models.
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Author Model Type of anastomosis Subjects Leak test Outcome assessment

Yang et al. (2022) [28] 3D-printed PJ silicone model Laparoscopic PJ 16 surgeons No Subjective assessment by expert
4 fellows
4 residents

Wei et al. (2019) [29] Commercially available silicone gel Robotic PJ 3 surgeons No Subjective assessment by expert

3D printed PJ silicone model

Kang et al. (2022) [30] Commercially available silicone model Open PJ 5 residents No Subjective assessment by expert

Yu et al. (2022) [31] 3D-printed PJ silicone model Open PJ 5 surgeons No Subjective assessment by expert
5 fellows

5 residents

Table 2

Summary table that outlines the role of simulation training using inanimate biotissue models in improving technical skills for pancreaticojejunostomy (PJ).

Author Key Finding

Relevance to PJ Training Models

Hogg et al. A structured program for teaching PJ to surgical residents and fellows using an Supports the use of simulation training to enhance technical skills for PJ.
(2019) inanimate biotissue model improved technical proficiency, as assessed by the

[44] OSATS scale.
Sata et al. Demonstrates that a structured biotissue curriculum for robotic

(2021) pancreatoduodenectomy improves technical performance among surgical

[45] oncology fellows
Saiura

Supports the use of structured, simulation-based training modules for
enhancing PJ anastomosis skills, particularly in robotic surgery contexts.

The study demonstrated that simulation training using an inanimate biotissue Highlights the effectiveness of simulation training in enhancing the technical

et al. model significantly improves the technical skills of hepatobiliary-pancreatic proficiency of surgical fellows for performing PJ, suggesting its potential to

(2021) surgical fellows. Simulation training using an inanimate biotissue model is

shorten the learning curve for this complex surgical procedure.

[46] effective in improving the technical skills of hepatobiliary-pancreatic surgical
fellows, as evidenced by improved OSATS scores. However, the time taken to

complete the procedure did not change significantly.

OSATS: Objective Structured Assessment of Technical Skills.

Fig. 1. 3D printed dry lab P] model.

4.4 + 5.1 kPa in soft and hard pancreas, respectively, and patients
with a Young's modulus less than 3.0 kPa had a significantly higher
incidence of POPF [37]. Wex et al. compared the shear mechanical
properties of both porcine and human pancreas and concluded that
pancreas was a nonlinear viscoelastic soft tissue [38]. However,
they noted that porcine and human pancreas had different me-
chanical properties (complex shear modulus, storage and loss
moduli) [38].

3. Virtual reality training models

The role of virtual reality (VR) in surgical training is gaining
popularity, particularly in the field of minimally invasive surgery,
and may become a viable alternative to synthetic training models in
the future. VR training modules have been developed and validated
for simple surgical tasks, as well as for more complex procedures
such as colectomy, cholecystectomy or arthroplasty [39—41].
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Table 3
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Recommendations for future studies in the field of pancreatic anastomosis training models.

Area of Study Current Limitations

Recommendations for Future Research

Mechanical Properties of Lack of models that accurately mimic the mechanical properties Develop synthetic models that closely replicate the mechanical properties

the Human Pancreas of the human pancreas.
Virtual Reality (VR)

Training Models
Synthetic Models

feedback is limited in many VR systems.

models is higher than that of normal pancreas tissue
Animal Models
in vivo animal models
Human Cadaveric

Models pancreatoduodenectomy training.

Ethical considerations, accessibility, and cost limit the use of

Limited studies on the use of human cadaveric tissue for

(e.g., elasticity, compressibility) of the human pancreas.

VR models are expensive and lack widespread availability. Haptic Develop affordable VR pancreatic anastomosis training modules that provide

high fidelity and haptic feedback.

Existing models do not permit leak testing. The stiffness of some Create models that allow for leak testing and have mechanical properties

more closely aligned with those of normal pancreas tissue.

Explore the feasibility and ethics of using animal models more extensively, or
develop alternative models that overcome these limitations.

Investigate the potential of human cadaveric models for more
comprehensive training, focusing on both resection and anastomosis phases.

Effectiveness of Training No studies evaluating the impact of training on synthetic models Conduct studies to assess whether training with synthetic models can reduce

Models on POPF incidence or learning curve.

POPF rates and shorten the learning curve for surgeons.

VR: Virtual reality.

Table 4

Summary table that outlines the role of pancreatic texture and the pancreatic duct, as well as ways to objectively measure these factors to create a training module for

pancreatojejunostomy (PJ).

Aspect Description

Relevance to PJ Training Module

Pancreas Texture The hardness and fibrosis of the pancreatic tissue are critical factors that
influence surgical outcomes, such as the risk of post-operative pancreatic

fistula (POPF)
Pancreatic Duct

Objective
Measurement
Imaging Data

(S-MRCP) can assess the pancreatic duct.

duct that can guide surgical approach.
Risk Assessment

Tools characteristics can estimate the risk of POPF.
Feedback Objective scoring systems can assess the trainee's proficiency in tissue
Mechanisms handling, suture placement, and anastomosis completion.
Continuous
Update validated for effectiveness.

The size and condition of the pancreatic duct are important considerations
during PJ, as they can affect the complexity of the anastomosis.

Predictive scores and tools that consider pancreatic texture and duct

Training modules should simulate the varying hardness of pancreatic
tissue to prepare trainees for real-life scenarios.

Simulation models should include anatomically accurate
representations of the pancreatic duct to enhance surgical planning
and technique.

Durometers can measure pancreatic hardness, and secretin-enhanced MRCP  Trainees should learn how to use these objective measurement tools

for preoperative planning and intraoperative decision-making.

MRI and S-MRCP provide valuable information about the pancreatic tissue and Integrating imaging data into the training module can help trainees

interpret these images for better surgical planning.

Training should include the use of these tools to tailor the surgical
approach to individual patient characteristics.

Feedback mechanisms are essential for evaluating and improving the
trainee's technical skills

The training module should be regularly updated with the latest research and Ensuring the module reflects current best practices and is effective in

improving surgical outcomes is crucial for ongoing education.

S-MRCP: Secretin-enhanced Magnetic Resonance Cholangiopancreatography.
PJ:Pancreato-jejunostomy

However, current VR training systems such as LapSim® (Surgical
Science, Goteborg, Sweden) are expensive and not widely available.
Lack of haptic feedback is another major limitation of many VR
systems, although this issue is being addressed by emerging tech-
nology (e.g. FundamentalVR, London, UK). A VR simulation module
has been developed for distal pancreatectomy [42], but there are
currently no VR training modules for either pan-
creatoduodenectomy or pancreatic anastomosis.

4. Future development of training models for
pancreatojejunostomy

Should consider the key characteristics of pancreatic tissue that
have been identified through recent research. These characteristics
include the hardness of the pancreatic tissue, which can be
assessed by both palpation by experienced surgeons and more
objectively using a durometer. Studies have shown that these two
methods correlate well, with durometer offering a more precise
measurement that could be beneficial for research and educational
purposes [43,47]. To create effective training models for PJ, it is
essential to integrate the knowledge of pancreatic tissue properties,
such as hardness and fibrosis, into the design of simulation tools
and curricula. Holomedicine, leveraging virtual reality and
augmented reality technologies, can revolutionize medical educa-
tion by providing immersive simulations and interactive learning
modules for complex procedures like Pancreatojejunal Anasto-
mosis. It offers opportunities for remote collaboration, personalized

feedback, and continuing education for both students and prac-
ticing surgeons. However, careful consideration of ethical and
safety implications is necessary for its integration into medical
curricula. Table 3 summarises overview of recommendations for
future studies in the field of pancreatic anastomosis training
models. Table 4 outlines the role of pancreatic texture and the
pancreatic duct,as well as ways to objectively measure these factors
to create a training module for pancreatojejunostomy.

5. Conclusions

The ideal pancreatic anastomosis training model should repli-
cate the biomechanical properties of the normal human pancreas. It
should also be possible to leak test the completed anastomosis, in
order to provide immediate feedback and to differentiate between
experienced and novice surgeons. Unfortunately, currently avail-
able silicone models fulfil neither of these key objectives. Research
is needed to understand the mechanical properties of the human
pancreas in an effort to develop a synthetic model that closely
mimics its fragility and elasticity. Virtual reality (VR) is an attractive
alternative to synthetic models for surgical training, and further
work is needed to develop a VR pancreatic anastomosis training
module that provides both high fidelity and haptic feedback.

Material

Silicone material, Pancreas: Pink, Pancreatic Duct: White, Small
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intestine: Red.

Type of anastomosis
Cattell-Warren anastomosis.

Credit
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doi.org/10.1136/bmjopen-2021-052295. PMID: 35105574; PMCID:
PM(C8808463.

Ethical approval and consent to participate

All methods were carried out in accordance with relevant
guidelines, in accordance with the Helsinki Declaration. Due to the
nature of this study (review article), ethical approval and consent
were not sought.

Consent for publication

The authors hereby give ‘Pancreatology’ the full rights to publish
this manuscript. Due to the retrospective nature of this study,
ethical approval and consent were not sought.

Funding

Funds for open access Article Processing Charge were approved
through central open access budget at the University of
Birmingham.

Declaration of competing interest

"The authors report no proprietary or commercial interest in any
product mentioned or concept discussed in this article.”

Acknowledgements

We would like to thank the University of Birmingham for sup-
porting to cover Article Processing Charge for this paper.

References

[1] Tsai CY, Lai BR, Wang SY, et al. The impact of preoperative etiology on
emergent pancreatoduodenectomy for non-traumatic patients. World ] Emerg
Surg 2017;12(1):21. https://doi.org/10.1186/s13017-017-0133-6.

Whipple AO, Parsons WB, Mullins CR. Treatment of carcinoma of the ampulla
of vater. Ann Surg 1935;102(4):763—79. https://doi.org/10.1097/00000658-
193510000-00023.

Lubrano ], Bachelier P, Paye F, et al. Severe postoperative complications
decrease overall and disease free survival in pancreatic ductal adenocarci-
noma after pancreatoduodenectomy. Eur ] Surg Oncol 2018;44(7):1078—82.
https://doi.org/10.1016/j.ejs0.2018.03.024.

Kawai M, Kondo S, Yamaue H, Wada K, Sano K, Motoi F, et al. Predictive risk
factors for clinically relevant pancreatic fistula analyzed in 1,239 patients with
pancreatoduodenectomy: multicenter data collection as a project study of
pancreatic surgery by the Japanese Society of Hepato- Biliary-Pancreatic
Surgery. ] Hepatobiliary Pancreat Sci 2011;18:601—8.

Hashimoto Y, Traverso LW. Incidence of pancreatic anastomotic failure and
delayed gastric emptying after pancreatoduodenectomy in 507 consecutive
patients: use of a web-based calculator to improve homogeneity of definition.
Surgery 2010;147:503—15.

Ansorge C, Str€ommer L, Andr_en-Sandberg _A, Lundell L, Herrington MK,
Segersv€ard R. Structured intraoperative assessment of pancreatic gland
characteristics in predicting complications after pancreatoduodenectomy. Br ]
Surg 2012;99:1076—82.

[7] Callery MP, Pratt WB, Kent TS, Chaikof EL, Vollmer Jr CM. A prospectively

2

i3

[4

[5

(6

[8

[9

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

(22]

(23]

[24]

Pancreatology xxx (XXXx) Xxx

validated clinical risk score accurately predicts pancreatic fistula after pan-
creatoduodenectomy. ] Am Coll Surg 2013;216:1—14.

Lin JW, Cameron JL, Yeo CJ, Riall TS, Lillemoe KD. Risk factors and outcomes in
post Pancreatoduodenectomy pancreaticocutaneous fistula. ] Gastrointest
Surg 2004;8:951-9.

Kamarajah SK, Bundred JR, Lin A, Halle-Smith ], Pande R, Sutcliffe R,
Harrison EM, Roberts KJ, PARANOIA Study Group. Systematic review and
meta-analysis of factors associated with post-operative pancreatic fistula
following pancreatoduodenectomy. ANZ ] Surg 2021 May;91(5):810—21.
https://doi.org/10.1111/ans.16408. Epub 2020 Nov 2. PMID: 33135873.
Roberts K], Sutcliffe RP, Marudanayagam R, Hodson ], Isaac J, Muiesan P,
Navarro A, Patel K, Jah A, Napetti S, Adair A, Lazaridis S, Prachalias A,
Shingler G, Al-Sarireh B, Storey R, Smith AM, Shah N, Fusai G, Ahmed ], Abu
Hilal M, Mirza DF. Scoring system to predict pancreatic fistula after pan-
creatoduodenectomy: a UK multicenter study. Ann Surg 2015 Jun;261(6):
1191-7. https://doi.org/10.1097/SLA.0000000000000997. PMID: 25371115.
Suurmeijer JA, Emmen AM, Bonsing BA, Busch OR, Daams F, van Eijck CH, van
Dieren S, de Hingh IH, Mackay TM, Mieog ]S, Molenaar IQ, Stommel MW, de
Meijer VE, van Santvoort HC, Groot Koerkamp B, Besselink MG, Dutch
Pancreatic Cancer Group. Nationwide validation of the ISGPS risk classification
for postoperative pancreatic fistula after pancreatoduodenectomy: "Less is
more". Surgery 2023 May;173(5):1248—-53. https://doi.org/10.1016/
j.surg.2023.01.004. Epub 2023 Feb 28. PMID: 36858874.

Vallance AE, Young AL, Macutkiewicz C, Roberts KJ, Smith AM. Calculating the
risk of a pancreatic fistula after a pancreatoduodenectomy: a systematic re-
view. HPB (Oxford) 2015 Nov;17(11):1040—8. https://doi.org/10.1111/
hpb.12503. PMID: 26456948; PMCID: PMC4605344.

Bassi C, Marchegiani G, Dervenis C, Sarr M, Abu Hilal M, Adham M, Allen P,
Andersson R, Asbun HJ, Besselink MG, Conlon K, Del Chiaro M, Falconi M,
Fernandez-Cruz L, Fernandez-Del Castillo C, Fingerhut A, Friess H, Gouma D],
Hackert T, Izbicki ], Lillemoe KD, Neoptolemos JP, Olah A, Schulick R,
Shrikhande SV, Takada T, Takaori K, Traverso W, Vollmer CR, Wolfgang CL,
Yeo (], Salvia R, Buchler M, International Study Group on Pancreatic Surgery
(ISGPS). The 2016 update of the International Study Group (ISGPS) definition
and grading of postoperative pancreatic fistula: 11 Years after. Surgery 2017
Mar;161(3):584—91. https://doi.org/10.1016/j.surg.2016.11.014. Epub 2016
Dec 28. PMID: 28040257.

Roberts KJ, Boteon APCS, Marcon F, Abradelo M, Dasari B, Muiesan P,
Marudanayagam R, Sutcliffe RP, Isaac ], Mirza DF. Risk adjusted assessment of
individual surgeon's pancreatic fistula outcomes. HPB (Oxford) 2020
Mar;22(3):452—60. https://doi.org/10.1016/j.hpb.2019.07.017. Epub 2019
Aug 21. PMID: 31445781.

Hardacre JM. Is there a learning curve for Pancreatoduodenectomy after
fellowship training? HPB Surg 2010;2010:230287. https://doi.org/10.1155/
2010/230287. Epub 2011 Jan 24. PMID: 21318116; PMCID: PMC3035019.
Koc S, Dirican A, Soyer V, Ara C, Yologlu S, Yilmaz S. Comparison of two
pancreatic anastomosis techniques in terms of postoperative complications
after pancreatoduodenectomy. Eurasian ] Med 2021 Oct;53(3):192—6. https://
doi.org/10.5152/eurasianjmed.2021.20194.  PMID:  35110095; PMCID:
PM(C9879224.

You D, Jung K, Lee H, Heo ], Choi S, Choi D. Comparison of different pancreatic
anastomosis techniques using the definitions of the International Study Group
of Pancreatic Surgery: a single surgeon's experience. Pancreas 2009
Nov;38(8):896—902. https://doi.org/10.1097/MPA.0b013e3181b365f7. PMID:
19672206.

Ratnayake CBB, Wells Cl, Kamarajah SK, Loveday B, Sen G, French JJ, White S,
Pandanaboyana S. Critical appraisal of the techniques of pancreatic anasto-
mosis following pancreatoduodenectomy: a network meta-analysis. Int J Surg
2020 Jan;73:72—7. https://doi.org/10.1016/j.ijsu.2019.12.003. Epub 2019 Dec
13. PMID: 31843679.

Daamen LA, Smits FJ, Besselink MG, Busch OR, Borel Rinkes IH, van
Santvoort HC, Molenaar IQ, Dutch Pancreatic Cancer Group. A web-based
overview, systematic review and meta-analysis of pancreatic anastomosis
techniques following pancreatoduodenectomy. HPB (Oxford) 2018 Sep;20(9):
777-85. https://doi.org/10.1016/j.hpb.2018.03.003. PMID: 29773356.
Kawakatsu S, Inoue Y, Mise Y, et al. Comparison of pancreatojejunostomy
techniques in patients with a soft pancreas: Kakita anastomosis and Blumgart
anastomosis. BMC Surg 2018;18:88. https://doi.org/10.1186/s12893-018-
0420-5.

Khajanchee YS, Johnston WC, Cassera MA, Hansen PD, Hammill CW. Charac-
terization of pancreaticojejunal anastomotic healing in a porcine survival
model. Surg Innov 2017;24(1):15—-22. https://doi.org/10.1177/
1553350616674638.

Yang Jing-Rui, Xiao Rui, Zhou Jiang, Wang Lu, Wang Jia-Xing, Zhang Qian,
Niu Jian-Xiang, Wang Ze-Feng, Yang Rui-Feng, Ren Jian-Jun. Establishment of
a canine training model for digestive tract reconstruction after pan-
creatoduodenectomy. ] Invest Surg 2019:1-8. https://doi.org/10.1080/
08941939.2019.1663376.

Harris B, Rao P, Schmidt C, Boone B, Grabo D. Use of a perfused cadaver for
training of robotic pancreatoduodenectomy allows for realistic tissue dissec-
tion and management of intra-operative bleeding [abstract]. In: AHPBA 2021
Competitive Video Session; 2021. https://doi.org/10.1016/j.hpb.2021.06.149.
HPB 2021, 23 (S2), S448-S542.

Sun Z, Wong YH, Yeong CH. Patient-specific 3D-printed Low-cost models in
medical education and clinical Practice. Micromachines 2023 Feb 16;14(2):


https://doi.org/10.1136/bmjopen-2021-052295
https://doi.org/10.1136/bmjopen-2021-052295
https://doi.org/10.1186/s13017-017-0133-6
https://doi.org/10.1097/00000658-193510000-00023
https://doi.org/10.1097/00000658-193510000-00023
https://doi.org/10.1016/j.ejso.2018.03.024
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref4
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref4
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref4
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref4
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref4
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref4
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref5
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref5
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref5
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref5
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref5
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref6
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref6
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref6
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref6
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref6
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref6
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref6
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref7
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref7
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref7
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref7
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref8
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref8
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref8
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref8
https://doi.org/10.1111/ans.16408
https://doi.org/10.1097/SLA.0000000000000997
https://doi.org/10.1016/j.surg.2023.01.004
https://doi.org/10.1016/j.surg.2023.01.004
https://doi.org/10.1111/hpb.12503
https://doi.org/10.1111/hpb.12503
https://doi.org/10.1016/j.surg.2016.11.014
https://doi.org/10.1016/j.hpb.2019.07.017
https://doi.org/10.1155/2010/230287
https://doi.org/10.1155/2010/230287
https://doi.org/10.5152/eurasianjmed.2021.20194
https://doi.org/10.5152/eurasianjmed.2021.20194
https://doi.org/10.1097/MPA.0b013e3181b365f7
https://doi.org/10.1016/j.ijsu.2019.12.003
https://doi.org/10.1016/j.hpb.2018.03.003
https://doi.org/10.1186/s12893-018-0420-5
https://doi.org/10.1186/s12893-018-0420-5
https://doi.org/10.1177/1553350616674638
https://doi.org/10.1177/1553350616674638
https://doi.org/10.1080/08941939.2019.1663376
https://doi.org/10.1080/08941939.2019.1663376
https://doi.org/10.1016/j.hpb.2021.06.149

K. Joshi, D.M. Espino, D.ET. Shepherd et al.

[25]
[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

464. https://doi.org/10.3390/mi14020464.
PM(C9959835.

Bailer R, Martin RCGII. The effectiveness of using 3D reconstruction software
for surgery to augment surgical education. Am ] Surg 2019;218:1016—21.
Karunakaran M, Barreto SG. Surgery for pancreatic cancer: current contro-
versies and challenges. Future Oncol 2021;17:5135—62.

Pan Maoen, Xu Zeya, Luo Wei, Yang Yuanyuan, Teng Tianhong, Lin Jinxin,
Huang Heguang. In vitro and in vivo properties study of a novel 3D-printed
absorbable pancreaticojejunostomy device made by melting blended poly(p-
dioxanone)/poly(lactic acid). Mater Des 2021;210. https://doi.org/10.1016/
j.matdes.2021.110088. ISSN 0264-1275.

Yang YY, Zhao CQ, Wang LS, Lin JX, Zhu SZ, Huang HG. A novel biopolymer
device fabricated by 3D printing for simplifying procedures of pancreatico-
jejunostomy. Mater Sci Eng C Mater Biol Appl 2019 Oct;103:109786. https://
doi.org/10.1016/j.msec.2019.109786. Epub 2019 May 21. PMID: 31349454.
Wei F, Xu M, Lai X, Zhang ], Yiengpruksawan A, Lu Y, Liu ], Wang Z. Three-
dimensional printed dry lab training models to simulate robotic-assisted
pancreaticojejunostomy. ANZ ] Surg 2019 Dec;89(12):1631-5.

Kang JS, Sohn HJ, Choi Y], Byun Y, Lee JM, Lee M, Kang YH, Kim HS, Han Y,
Kim H, Kwon W, Jang JY. The development and clinical efficacy of simulation
training of open duct-to-mucosa pancreaticojejunostomy using pancreas and
intestine silicone models. Ann Surg Treat Res 2022 Jun;102(6):328—34.
https://doi.org/10.4174/astr.2022.102.6.328. Epub 2022 Jun 7. PMID:
35800994; PMCID: PM(C9204022.

YuH, Yu T, Wang ], Wei F, Gong H, Dong H, He X, Wang Z, Yang J. Validation of
a three-dimensional printed dry lab pancreaticojejunostomy model in surgi-
cal assessment: a cross-sectional study. BM] Open 2022 Feb 1;12(2):e052295.
https://doi.org/10.1136/bmjopen-2021-052295. PMID: 35105574; PMCID:
PM(8808463.

Tam V, Zenati M, Novak S, Chen Y, Zureikat AH, Zeh H]J 3rd, Hogg ME. Robotic
pancreatoduodenectomy biotissue curriculum has validity and improves
technical performance for surgical oncology fellows. ] Surg Educ 2017 Nov-
Dec;74(6):1057—65. https://doi.org/10.1016/j.jsurg.2017.05.016. Epub 2017
Jun 1. PMID: 28578981.

Sezgin O, Yaras S, Ozdogan O. The course and prognostic value of increased
pancreas stiffness detected by ultrasound elastography during acute pancre-
atitis. Pancreatology 2021;21:1285-90. https://doi.org/10.1016/
j.pan.2021.07.006.

Tam V, Zenati M, Novak S, Chen Y, Zureikat AH, Zeh H] 3rd, Hogg ME. Robotic
pancreatoduodenectomy biotissue curriculum has validity and improves
technical performance for surgical oncology fellows. ] Surg Educ 2017 Nov-
Dec;74(6):1057—65. https://doi.org/10.1016/j.jsurg.2017.05.016. Epub 2017
Jun 1. PMID: 28578981.

Olakowski M, Grudziriska E, Mrowiec S. Pancreaticojejunostomy—a review of
modern techniques. Langenbeck's Arch Surg 2020;405:13—22. https://doi.org/
10.1007/s00423-020-01855-6.

Ratnayake CBB, Wells CI, Kamarajah SK, Loveday B, Sen G, French JJ, White S,
Pandanaboyana S. Critical appraisal of the techniques of pancreatic anasto-
mosis following pancreatoduodenectomy: a network meta-analysis. Int ] Surg

PMID: 36838164; PMCID:

(371

[38]

[39]

[40]

[41]

[42]

[43]

[44

[45]

[46]

[47]

Pancreatology xxx (XXXx) Xxx

2020 Jan;73:72—7. https://doi.org/10.1016/j.ijsu.2019.12.003. Epub 2019 Dec
13. PMID: 31843679.

Sugimoto M, Takahashi S, Kojima M, Gotohda N, Kato Y, Kawano S, Ochiai A,
Konishi M. What is the nature of pancreatic consistency? Assessment of the
elastic modulus of the pancreas and comparison with tactile sensation, his-
tology, and occurrence of postoperative pancreatic fistula after pan-
creatoduodenectomy. Surgery 2014 Nov;156(5):1204—11. https://doi.org/
10.1016/j.surg.2014.05.015. Epub 2014 Oct 17. PMID: 25444318.

Wex C, Frohlich M, Brandstadter K, Bruns C, Stoll A. Experimental analysis of
the mechanical behavior of the viscoelastic porcine pancreas and preliminary
case study on the human pancreas. ] Mech Behav Biomed Mater 2015 Jan;41:
199-207. https://doi.org/10.1016/j.jmbbm.2014.10.013. Epub 2014 Oct 29.
PMID: 25460416.

Beyer-Berjot L, Berdah S, Hashimoto DA, Darzi A, Aggarwal R. A virtual reality
training curriculum for laparoscopic Colorectal surgery. ] Surg Educ 2016 Nov-
Dec;73(6):932—41. https://doi.org/10.1016/j.jsurg.2016.05.012. Epub 2016
Jun 21. PMID: 27342755.

Huber T, Paschold M, Hansen C, Wunderling T, Lang H, Kneist W. New di-
mensions in surgical training: immersive virtual reality laparoscopic simula-
tion exhilarates surgical staff. Surg Endosc 2017 Nov;31:4472—7.

Mandal P, Ambade R. Surgery training and simulation using virtual and
augmented reality for knee arthroplasty. Cureus 2022 Sep 6;14(9).

Seyama Y, Matsumura M, Tani K, Nemoto S, Ome Y, Sugimoto M. Virtual re-
ality simulation in laparoscopic pancreatic surgery. HPB 2021 Jan 1;23:
S317-8.

Belyaev O, Herden H, Meier ], Muller CA, Seelig MH, Herzog T, Tannapfel A,
Schmidt WE, Uhl W. Assessment of pancreatic hardness-surgeon versus
durometer. J Surg Res 2010 Jan;158(1):53—60. https://doi.org/10.1016/
j.J55.2008.08.022. PMID: 19394646.

Rice MK, Zenati MS, Novak SM, Al Abbas Al, Zureikat AH, Zeh HJ 3rd, Hogg ME.
Crowdsourced assessment of inanimate biotissue drills: a valid and cost-
effective way to evaluate surgical trainees. ] Surg Educ 2019 May-Jun;76(3):
814-23. https://doi.org/10.1016/j.jsurg.2018.10.007. Epub 2018 Nov 22.
PMID: 30472061.

Oshiro K, Endo K, Morishima K, Kaneda Y, Koizumi M, Sasanuma H, Sakuma Y,
Lefor AK, Sata N. A structured program for teaching pancreatojejunostomy to
surgical residents and fellows outside the operating room: a pilot study. BMC
Surg 2021 Feb 25;21(1):102. https://doi.org/10.1186/s12893-021-01101-w.
PMID: 33632184; PMCID: PMC7908720.

Yoshioka R, Imamura H, Ichida H, Gyoda Y, Mizuno T, Mise Y, Saiura A.
Simulation training in pancreatico-jejunostomy using an inanimate biotissue
model improves the technical skills of hepatobiliary-pancreatic surgical fel-
lows. PLoS One 2021 Jan 13;16(1):e0244915. https://doi.org/10.1371/jour-
nal.pone.0244915. PMID: 33439895; PMCID: PMC7806142.

Belyaev O, Rosenkranz S, Munding ], Herzog T, Chromik AM, Tannapfel A,
Uhl W. Quantitative assessment and determinants of suture-holding capacity
of human pancreas. ] Surg Res 2013 Oct;184(2):807—12. https://doi.org/
10.1016/j.js5.2013.04.017. Epub 2013 Apr 28. PMID: 23663821.


https://doi.org/10.3390/mi14020464
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref25
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref25
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref25
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref26
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref26
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref26
https://doi.org/10.1016/j.matdes.2021.110088
https://doi.org/10.1016/j.matdes.2021.110088
https://doi.org/10.1016/j.msec.2019.109786
https://doi.org/10.1016/j.msec.2019.109786
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref29
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref29
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref29
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref29
https://doi.org/10.4174/astr.2022.102.6.328
https://doi.org/10.1136/bmjopen-2021-052295
https://doi.org/10.1016/j.jsurg.2017.05.016
https://doi.org/10.1016/j.pan.2021.07.006
https://doi.org/10.1016/j.pan.2021.07.006
https://doi.org/10.1016/j.jsurg.2017.05.016
https://doi.org/10.1007/s00423-020-01855-6
https://doi.org/10.1007/s00423-020-01855-6
https://doi.org/10.1016/j.ijsu.2019.12.003
https://doi.org/10.1016/j.surg.2014.05.015
https://doi.org/10.1016/j.surg.2014.05.015
https://doi.org/10.1016/j.jmbbm.2014.10.013
https://doi.org/10.1016/j.jsurg.2016.05.012
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref40
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref40
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref40
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref40
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref41
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref41
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref42
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref42
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref42
http://refhub.elsevier.com/S1424-3903(24)00081-4/sref42
https://doi.org/10.1016/j.jss.2008.08.022
https://doi.org/10.1016/j.jss.2008.08.022
https://doi.org/10.1016/j.jsurg.2018.10.007
https://doi.org/10.1186/s12893-021-01101-w
https://doi.org/10.1371/journal.pone.0244915
https://doi.org/10.1371/journal.pone.0244915
https://doi.org/10.1016/j.jss.2013.04.017
https://doi.org/10.1016/j.jss.2013.04.017

	Pancreatic anastomosis training models: Current status and future directions
	1. Introduction
	2. Pancreatic anastomosis training models
	2.1. The ideal pancreatic anastomosis training model
	2.2. Animal models
	2.3. Human cadaveric models
	2.4. Synthetic models
	2.5. Mechanical properties of pancreas

	3. Virtual reality training models
	4. Future development of training models for pancreatojejunostomy
	5. Conclusions
	Material
	Type of anastomosis
	Credit
	Ethical approval and consent to participate
	Consent for publication
	Funding
	Declaration of competing interest
	Acknowledgements
	References


