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Abstract 

Surgery remains a healthcare intervention with significant risks for patients. Novel technologies can 

now enhance the peri-operative workflow, with artificial intelligence (AI) and extended reality (XR) 

to assist with pre-operative planning. This review focuses on innovation in AI, XR and imaging for 

hepato-pancreato-biliary (HPB) surgery planning. The clinical challenges in HPB surgery arise from 

heterogeneity of clinical presentations, the need for multiple imaging modalities and highly variable 

local anatomy. AI-based models have been developed for risk prediction and multi-disciplinary 

tumor (MDT) board meetings. The future could involve an on-demand and highly accurate AI-

decision tool for HPB surgery, assisting the surgeon to make the most informed decision on the 

treatment plan, conferring the best possible outcome for individual patients. Advances in AI can also 

be used to automate image interpretation and 3D modelling, enabling fast and accurate 3D 

reconstructions of patient anatomy. Surgical navigation systems utilizing XR are already in 

development, showing an early signal towards improved patient outcomes when used for HPB 

surgery. Live visualization of HPB anatomy in the operating theatre is likely to improve operative 

safety and performance. The technological advances in AI and XR provide new applications in pre-

operative planning with potential for patient benefit. Their use in surgical simulation could accelerate 

learning curves for surgeons in training. Future research must focus on standardization of AI and XR 

study reporting, robust databases that are ethically and data protection compliant, and development 

of inter-disciplinary tools for various healthcare applications and systems.  

Keywords: robotic surgery; artificial intelligence in surgery; surgical training; AR in surgery; 3D 

imaging; surgical navigation; extended realities 

 

1. Introduction 

Despite centuries of advances in medical knowledge, technology and peri-operative care, 

surgery remains a healthcare intervention with substantial risks for patients. Global data shows that 

16.8% of patients undergoing surgery will develop at least one surgical complication, with post-

operative mortality accounting for 7.7% of worldwide deaths [1,2]. For complex surgery, such as 

hepato-pancreato-biliary (HPB) surgery, the risks are even higher. Its nature of variable anatomy 

coupled with locally invasive malignancies increases the risk of surgical complications, reported as 

high as 48% and 60% for pancreatic and liver resections, respectively [3,4]. There is an urgent need to 

improve peri-operative care to reduce the global burden of surgical morbidity and mortality. Central 

to peri-operative care is clinical decision-making, often taking place at diagnosis, surgical planning 

meetings or in the operating theatre. Novel technologies can now provide clinicians with more up to 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 June 2025 doi:10.20944/preprints202506.1886.v1

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202506.1886.v1
http://creativecommons.org/licenses/by/4.0/


 2 of 12 

 

date and detailed information to enhance patient selection, surgical planning and safety in the 

operating theatre.  

 

The era of digital surgery, also known as surgery 4.0, has introduced new technologies available 

to the surgeon in the operative workflow [5]. The rapid adoption of robotic surgery, artificial 

intelligence (AI) solutions and extended reality (XR) technology provides new tools for clinical 

practice [6]. These offer an opportunity to enhance every aspect of pre-operative planning, from 

image interpretation at diagnosis to surgical navigation systems in the operating theatre, improving 

safety and clinical outcomes for patients. In this review, we focus on the technological advances in 

pre-operative planning for HPB surgery. The aims are to display the latest solutions to enhance pre-

operative planning and to discuss their route to routine practice adoption.  

2. Foundations of pre-operative planning  

The risks associated with HPB surgery have always necessitated ample surgical planning in the 

peri-operative pathway. Appropriate patient selection is key to ensuring safety for patients. In 

surgery for primary and secondary liver malignancies, post-hepatectomy liver failure (PHLF) occurs 

in 9-30% of extended resections and it is a major determinant of post-operative death [7]. Accordingly, 

international guidelines provide a clinical algorithm to assist in identifying patients at risk of PHLF 

[8]. This includes functional assessments, which may involve computational mathematical scores that 

combine clinical parameters, and volumetry, assessing liver volume quantitatively through image 

analysis. These established approaches to pre-operative planning are limited by static models, which 

limit their potential accuracy. They are also based on a small number of clinical parameters, 

potentially missing essential information, such as nutritional status or sarcopenia on an individual 

patient level. The lack of comparison between the accuracy of functional assessments has been 

recognized as an area requiring further research. The current methods of volumetry also have their 

limitations. These frequently involve manual methods of image segmentation, a process which entails 

manually partitioning an image into distinct regions, in this case selecting the future liver remnant 

(FLR) for volumetric calculations [9]. This introduces inter-observer variability and relies heavily on 

radiological expertise and resources to deliver accurate risk predictions of PHLF. There is a need to 

standardize and automate risk prediction for patients undergoing HPB surgery.  

 

Another key aspect of pre-operative planning in HPB surgery is imaging. Multiple modalities 

are used to plan operations. In the example of liver resections, magnetic resonance imaging (MRI) or 

computed tomography (CT) are used to detect deep liver lesions. On the other hand, ultrasound (US) 

is more accurate in detecting peripheral lesions close to the liver capsule, showing the complexity in 

imaging use for HPB surgery. The importance of appropriate imaging pathways was recently 

demonstrated in the CAMINO trial [10]. The trial investigated the addition of liver contrast-enhanced 

MRI for detection of colorectal liver metastasis (CRLM), showing a change in the local treatment plan 

in 31% (n=92/298) of patients due to the MRI results. Standardized imaging protocols with 

appropriate modalities can therefore enhance pre-operative workflows. The amount of meaningful 

information obtained from imaging could be improved with image fusion, combining multiple 

modalities that capture all required detail for pre-operative planning.  

 

The role of pre-operative planning in HPB surgery is also important to anticipate challenging 

anatomy. Biliary anatomy is well known for its variability, with studies showing variant rates of over 

40% between individuals [11]. A feared complication associated with this involves bile duct injury 

(BDI), occurring in approximately 3 in 1,000 cholecystectomies [12]. Despite the introduction of the 

“critical view of safety,” adoption of new laparoscopic and robotic techniques has led to an increase 

in BDI incidence [13,14]. Novel imaging methods have enabled real-time visualization of biliary 

anatomy, such as indocyanine green (ICG) administration. When used during laparoscopic 

cholecystectomy, ICG has been shown to reduce operative time, conversion to open surgery rates, 
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length of stay and BDI rates [15]. Although ICG now provides a mode of real-time visualization, it is 

limited by poor performance in certain conditions (such as presence of impacted gallstones or cystic 

duct stones) and its need for administration, which is most optimal the day before surgery [16]. The 

ideal solution for HPB surgery involves a method of biliary visualization that is on-demand, real-

time and fused with existing surgical platforms. The technologies with the most potential to enhance 

pre-operative planning in HPB surgery include AI, 3D visualization and XR, and are discussed as 

part of this review (Figure 1).  

 

Figure 1. Innovation in pre-operative planning. 

3. Generative artificial intelligence for pre-operative planning 

Generative artificial intelligence (GenAI) is set to revolutionize many industries and is rapidly 

gaining applications in healthcare [17]. This technology is characterized by extraction, structuring, 

analysis and synthesis of large datasets. GenAI is a specific domain within deep learning which is 

able to generate various outputs, such as text, images or code, outside of predefined constraints [18]. 

A recent development within GenAI set to increase its use is natural language processing, enabling 

computers to understand and manipulate text and speech [19]. This has led to the advent of GenAI 

chatbots, which in  surgery are already being used to analyze data, automate literature reviews and 

draft surgical academic manuscripts [20]. These developments allow the surgeon to interact with 

GenAI which is now capable to learn from various forms of data. One of the newest forms of a chatbot 

was trained on available text from the internet, using a total of 45 terabytes of data [21]. There is an 

unprecedented opportunity to harness the power of GenAI to process large clinical datasets and 

generate outputs that can enhance pre-operative planning. 

3.1. Predictive analytics for risk stratification  

The current difficulties in patient selection for HPB surgery lie with the heterogeneity of liver 

disease. PHLF risk is associated with a multitude of clinical variables including a rise in nonalcoholic 

steatohepatitis, patient factors that change dynamically and acquired dysfunction such as 

chemotherapy-associated liver injury (CALI) [22]. Individual models have been developed to assist 
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in risk stratification, such as the APRI+ALBI model which can predict clinically significant PHFL with 

an AUC of 0.77 [23]. This captures the biochemical hepatic function, without a metric expression of 

individual liver structure and health. The accuracy could be improved using integrative models that 

combine quantitative volumetry with hepatic function models. A signal towards this has already 

been shown in early studies. Mai et al. developed an artificial neural network model (a type of 

machine learning involved in GenAI) to predict severe PHLF for patients undergoing a 

hemihepatectomy for hepatocellular carcinoma (HCC) [24]. Using clinical variables and combined 

volumetry, the model was able to predict severe PHLF with an AUC of 0.880. Similar models are also 

being developed to predict outcomes in patients with pancreatic cancer [25]. This shows the potential 

for GenAI to improve risk prediction. Further variables could be integrated to increase the accuracy, 

such as live patient data on physical fitness from wearable devices or up to date liver imaging. 

Clinical teams will be empowered with GenAI-powered predictive analytics to make the best 

decisions for patients.  

In addition to single outputs that inform decisions, GenAI could assist with complex decision-

making in HPB. GenAI technology is the perfect solution to process different data forms into a 

clinician-facing output that can be used in risk prediction and patient selection for HPB surgery. The 

solution could be used routinely in multi-disciplinary tumor (MDT) board meetings. The chatbot 

ChatGPT (OpenAI, San Francisco, California, USA) was recently tested as part of a MDT meeting for 

colorectal cancer [26]. The GenAI system was able to deliver appropriate treatment plans when 

provided with 157 real-world cases. The highest degree of concordance was seen for post-operative 

decisions (kappa coefficient=0.876, p<0.001), with lowest agreement in pre-operative decisions (kappa 

coefficient=0.271, p=0.003). The authors explained this difference by the lack of consensus between 

institutions on neoadjuvant and surgery first pathways. It is likely that HPB decisions, particularly 

on neoadjuvant and surgery first approaches to liver tumors, will face similar problems. However, 

the capacity for GenAI to process more data should overcome the initial disagreements that may 

occur. The result could involve an efficient, on-demand and accurate decision-making for patients 

with a new diagnosis of HPB malignancy, fast-tracking to the most optimal treatment to improve 

their outcomes. The GenAI solution would work 24 hours per day, appropriately selecting treatment 

options for patients at the time of diagnosis. The potential to improve outcomes in HPB malignancy 

through this is substantial.  

3.2. AI-driven imaging  

Imaging is key to planning HPB surgery, and each modality has its own strengths and 

limitations. The combination of CT, MRI and US into one 3D image would enable clinicians to 

visualize HPB anatomy in the best possible detail (Figure 2). Although this concept has been present 

for years, limitations in image processing have prevented the wider adoption of image fusion in 

clinical practice [27]. For HPB anatomy, discrepancies in viscera motility, respiration, heart rate and 

body movement between images can make co-registration of different modalities challenging. 

Manually overlaying images, such as MRI images for bile ducts against vascular structures from a 

CT scan, can be a time and resource consuming process. Advances in AI now provide learning-based 

methods which can automatically perform image fusion, improving the accuracy, adaptability and 

speed of co-registration for different modalities [28]. The learning-based methods can account for 

discrepancies between images to create one fused 3D reconstruction. Soon, clinicians could create 3D 

reconstructions of HPB anatomy using multiple imaging modalities at the click of a button. It is 

possible that the use of fused imaging will generate positive changes to patient pathways and 

outcomes, similarly to the results of the CAMINO trial. The automation of this process using AI will 

have significant resource and cost savings for healthcare systems. With these limitations unlocked by 

AI, it is likely that imaging fusion will feature in routine HPB surgery planning.  
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Figure 2. Illustration of imaging fusion for hepatic anatomy. 

The utility of 3D reconstructions has been previously described in the literature for HPB surgery. 

Fang et al. used 3D models to plan resections for centrally located HCC [29]. For the 3D model 

intervention group (n = 60), a significant decrease was observed in operative time (294.5 ± 61.9 

minutes vs 324.3 ± 83.1 minutes; p = 0.028), rate of hepatic inflow occlusion (51.7% vs 71.4%; p = 0.029) 

and major complication rate (3.3% vs 14.3%; p = 0.048) compared to the control group. Although this 

is early evidence, it provides a signal towards improved outcomes because of enhanced pre-operative 

planning. With medical software for 3D reconstruction of HPB planning becoming more readily 

available, it is likely that further evidence of benefit will be generated in the near future (Figure 3). 

Another possible advantage involves the uptake of minimally invasive surgery. It is possible that 

enhanced visualization using 3D reconstructions facilitates an increase in laparoscopic or robotic 

approaches to HPB surgery, which are known to positively influence patient outcomes.  

  

(a) (b) 

Figure 3. Images from HoloCare©  Studio for liver surgery planning, 3D reconstructions of CRLMs using portal 

venous phase CT images (Blue: hepatic veins; purple: portal veins; yellow: CRLM) (a) Single large CRLM 

threatening FLR; (b) Multiple CRLMs in close proximity to hepatic and portal veins. 

4. Extended reality and navigation systems 

4.1. Immersive technologies 

A new technology gaining large interest in healthcare is XR. XR is an umbrella term 

encompassing all forms of new devices that alter the human-computer interaction [30] (Figure 4). 
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This includes virtual reality (VR), where the user sees digitally rendered images without the physical 

world, augmented reality (AR), involving the physical world augmented by digital information and 

mixed reality (MR), which uses a mixture of methods to blend the physical and digital world for the 

user. A potential use involves the display of 3D holograms for surgical planning. HPB surgeons 

require ample training to be able to visualize complex anatomy using a 2D scan to formulate a mental 

3D image. The 3D visualization technology eliminates this step and with XR enables the surgeon to 

interact with individual patient anatomy in an immersive environment. This could enhance the pre-

operative planning through a better understanding of patient anatomy. The next stage involves 

bringing XR to the operating theatre and utilizing the imaging abilities for surgical navigation.  

Figure 4. Graphical illustration of extended reality technology. 

4.2. Surgical navigation systems  

3D model display using XR can now be used in the operating theatre. Holograms can be 

displayed in a variety of ways tailored to the operative approach, using direct overlay onto the patient 

in open surgery, virtual display on a laparoscopic monitor or using mixed reality that is fully 

integrated within a surgical robotic platform. This enables the HPB surgeon to visualize specific 

anatomy in the operating theatre, anticipating key steps such as vascular ligation or tumor dissection. 

We hypothesize that this in turn leads to more efficient operating, as the surgeon progresses with 

greater confidence, reducing operative times. Ultimately, XR navigation systems could decrease 

complication rates and improve cancer resection margins through improved operative performance. 

The potential for improved patient outcomes is substantial. Early XR navigations systems have 

already been utilized and documented in the literature. Table 1 summarizes examples of studies 

which have evaluated XR surgical navigation systems for HPB surgery.  

Table 1. Clinical studies using XR technology for surgical navigation in HPB surgery. 

Ref. n Intervention / Surgery performed Significant findings 

[31] 

   

85 
Augmented reality navigation system / laparoscopic 

anatomical hepatectomy for primary liver cancer 

Decreased length of stay and estimated blood loss 

in the augmented reality group 

   

[32] 

 

45 

 

Mixed reality navigation combined with intra-operative 

ultrasound / laparoscopic anatomical hepatectomy for 

primary liver cancer 

 

Decreased estimated blood loss, complication 

rates and operative time in the mixed reality 

group  
   

[33] 

 

7 

 

Augmented reality navigation for pancreaticoduodenectomy 
No significant differences 

   

[34] 27  No significant differences 
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Augmented reality navigation for laparoscopic 

cholecystectomy 

   

XR navigation systems have been used for a variety of HPB procedures, including liver resection, 

pancreaticoduodenectomy and laparoscopic cholecystectomy (Table 1). The current evidence is 

derived from early evaluation studies, as expected for an evolving technology at this stage. However, 

a signal towards improved patient outcomes for hepatectomy has been shown in some studies. The 

potential applications of XR show promise for HPB surgery. For example, imaging in the form of US 

or magnetic resonance cholangiopancreatography (MRCP) could be used to develop mixed reality 

holograms for laparoscopic cholecystectomy. Using AI-powered segmentation and image overlay in 

a laparoscopic platform, the surgeon would be able to visualize biliary anatomy in real-time, without 

additional preparation. This would be a useful surgical tool without the drawbacks of current 

visualization systems, for example ICG which requires intravenous administration. The ability to 

visualize biliary anatomy may decrease the risk of BDI, and therefore improve patient outcomes. The 

described technologies could revolutionize pre-operative planning and surgical performance for 

patients with HPB conditions.  

5. Surgical education, training and patient involvement 

Beyond immediate clinical utility, AI and XR offer significant potential in training the next 

generation of surgeons. Pre-operative planning tools that use 3D visualization or AI-guided scenarios 

can accelerate learning curves for junior team members and improve anatomical understanding for 

trainees (35-37). XR environments can simulate rare or complex cases, offering safe and repeatable 

exposure outside the operating theatre. Moreover, AI algorithms can provide objective feedback on 

performance, enabling data-driven progression assessments [38]. These innovations may be 

particularly impactful in lower-volume centers where hands-on training opportunities are limited. 

Furthermore, this technology may enhance patient engagement, 3D reconstructions and holographic 

models can be used during consultations to visually explain surgical procedures and associated risks 

(Figure 5). This could improve patient understanding, reduce anxiety, and foster shared decision-

making [39]. Furthermore, AI tools capable of synthesizing individual risk profiles may enable more 

personalized discussions around expected outcomes, helping align treatment strategies with patient 

preferences and values.  

. 

Figure 5. Picture illustrating patient consultation using a 3D hologram. Image from HoloCare© . . 

6. Current challenges and limitations  

To bring these technological advances into routine HPB practice, several current limitations 

must be addressed. Data is key to training accurate AI algorithms which can process complex data. 
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Although public databases of open-source images exist (The Cancer Imaging Archive, USA), they are 

limited in scope, preventing model generalizability [40]. There is a need for high quality, robust and 

ethically and data protection compliant databases with image data and metadata for AI training. This 

should be achieved through effective collaboration between different healthcare institutions, and it 

is already a priority for European Union (EU)-funded projects [41]. Creation of such databases will 

help to create accurate and effective AI models for pre-operative planning in HPB surgery. In addition 

to technical considerations, ethical and legal issues present critical barriers to widespread adoption. 

Robust data governance frameworks must ensure patient privacy, informed consent, and responsible 

AI usage. For instance, under the General Data Protection Regulation (GDPR) in the EU, any use of 

clinical data must maintain strict anonymization and transparency in data processing. Moreover, AI 

models trained on historical datasets must be scrutinized for potential biases that could perpetuate 

health inequities. The development of explainable AI algorithms is therefore essential to support 

clinician trust and accountability in clinical decision-making. Another area to address is 

standardization of research. As the fields of AI and XR involve rapidly evolving technology, safety 

of novel interventions must be ensured through effective research reporting. Loftus et al. reviewed 

36 studies exploring AI decision support for surgery and found that a minority of research reported 

external validation (13.8%), real-time validation (5.6%) and clinical implementation frameworks 

(36.1%). Innovation in surgery should be reported in line with established frameworks, such as the 

Idea, Development, Exploration, Assessment and Long-term follow-up (IDEAL) framework, to 

develop robust evidence of clinical benefit for patients [42]. Accordingly, various frameworks for 

reporting AI in research such as CONSORT-AI or DECIDE-AI have been developed and their use 

should be employed more widely for surgical decision-making research [43]. Currently, there are no 

available frameworks for XR studies in surgery and this should be developed to facilitate safe and 

effective research. Another limitation relates to the early development stage of these technologies. 

The research described in this review features mostly interventions confined to a single clinical 

condition and usually involving a specific clinical intervention (such as decision-aid or mixed reality 

display of images). To facilitate wider adoption of AI and XR, technologies must be developed to 

address inter-disciplinary clinical problems. For example, a platform for MDT decision-making 

should involve different cancers and oncological subspecialities in one system. In the case of XR, 

interventions should be developed to work across different surgical laparoscopic and robotic 

platforms. Tools enabling decision-assistance for multiple clinical problems in different healthcare 

environments are more likely to be implemented, leading to wider adoption.  

The limitations outlined can be addressed with further technological developments and 

research. As with any new technology, cost is a concern for healthcare systems when considering 

adoption into clinical practice. Economic considerations are pivotal in determining the real-world 

impact of AI and XR innovations. Upfront costs for infrastructure, software, and training can be 

substantial. However, these may be offset by long-term gains, such as reduced complication rates, 

shorter operative times, lower readmission rates and substantial gain of clinical experience. Cost-

effectiveness analyses comparing traditional planning with AI-assisted or XR-integrated pathways 

will be important to support policy decisions, especially in resource-constrained settings. 

Additionally, equitable access must be considered to prevent the emergence of a technological divide 

across surgical institutions. An additional benefit of AI and XR to consider in the cost-effectiveness 

analysis is in surgical training. For pre-operative planning, many years of clinical experience are 

required to process patient data and images to formulate appropriate surgical plans. We hypothesize 

that AI and XR assistance will be of most value to the early careers HPB surgeon. There is a well-

documented association between the experience of a surgeon and patient outcomes when 

undergoing HPB surgery [44,45]. The ability to generate decision-aids and operative plans through 

the use of AI and XR could accelerate the learning of an early career HPB surgeon. Although the cost-

benefit may not be seen in experienced centers, the benefits for surgeons building their clinical 

experience should be investigated in future research and cost analysis.  
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7. Conclusions 

Pre-operative planning for HPB surgery is essential in ensuring appropriate decision-making for 

patients and the best possible outcomes. Advances in AI and XR technologies provide new tools for 

the HPB surgeon. AI could soon be used to provide on-demand and accurate risk prediction and 

treatment plans for HPB patients. Traditional 2D images from different modalities could be 

transformed using AI into 3D holograms involving fused images from CT, MRI and US scans. These 

can now be displayed in an immersive environment using XR technology, enabling the clinician to 

interact with the anatomy, make surgical plans and navigate in the operating theatre. Both 

technologies could be used to simulate rare and challenging scenarios for surgeons in training, 

accelerating learning curves. Limitations including data availability, ethical considerations, research 

reporting and lack of inter-disciplinary AI/XR platforms. These must be addressed to improve the 

developments and adoption of these new technologies. The future of pre-operative HPB planning 

will transform patient care, empowering clinicians and patients with more data to facilitate the best 

possible outcomes.  
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Abbreviations 

The following abbreviations are used in this manuscript: 
AI Artificial Intelligence  

CRLM Colorectal Liver Metastasis 

CALI Chemotherapy-Associated Liver Injury 

GenAI Generative Artificial Intelligence  

HCC Hepatocellular Carcinoma  

XR Extended Reality  

PHLF Post-hepatectomy liver failure  

HPB Hepato-pancreato-biliary  

FLR Future Liver Remnant 

AUC Area Under Curve 

MDPI Multidisciplinary Digital Publishing Institute 

DOAJ Directory of open access journals 

TLA Three letter acronym 

LD Linear dichroism 

CT Computed Tomography 
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MRI Magnetic Resonance Imaging 

MRCP Magnetic Resonance Cholangiopancreatography 

US Ultrasound 

References 

1. International Surgical Outcomes Study g. Global patient outcomes after elective surgery: prospective 

cohort study in 27 low-, middle- and high-income countries. Br J Anaesth. 2016;117[5]:601-9. 

2. Nepogodiev D, Martin J, Biccard B, Makupe A, Bhangu A, Nepogodiev D, et al. Global burden of 

postoperative death. The Lancet. 2019;393(10170):401. 

3. Egeland C, Rostved AA, Schultz NA, Pommergaard HC, Daugaard TR, Thofner LB, et al. Morbidity and 

mortality after liver surgery for colorectal liver metastases: a cohort study in a high-volume fast-track 

programme. BMC Surg. 2021;21(1):312. 

4. Topal H, Aerts R, Laenen A, Collignon A, Jaekers J, Geers J, Topal B. Survival After Minimally Invasive vs 

Open Surgery for Pancreatic Adenocarcinoma. JAMA Netw Open. 2022;5(12):e2248147. 

5. Feussner H, Park A. Surgery 4.0: the natural culmination of the industrial revolution? Innov Surg Sci. 

2017;2(3):105-8. 

6. Raza MM, Venkatesh KP, Diao JA, Kvedar JC. Defining digital surgery for the future. NPJ Digit Med. 

2022;5(1):155. 

7. Gilg S, Sandstrom P, Rizell M, Lindell G, Ardnor B, Stromberg C, Isaksson B. The impact of post-

hepatectomy liver failure on mortality: a population-based study. Scand J Gastroenterol. 2018;53(10-

11):1335-9. 

8. Primavesi F, Maglione M, Cipriani F, Denecke T, Oberkofler CE, Starlinger P, et al. E-AHPBA-ESSO-ESSR 

Innsbruck consensus guidelines for preoperative liver function assessment before hepatectomy. Br J Surg. 

2023;110(10):1331-47. 

9. Xu Y, Quan R, Xu W, Huang Y, Chen X, Liu F. Advances in Medical Image Segmentation: A Comprehensive 

Review of Traditional, Deep Learning and Hybrid Approaches. Bioengineering (Basel). 2024;11(10). 

10. Gorgec B, Hansen IS, Kemmerich G, Syversveen T, Abu Hilal M, Belt EJT, et al. MRI in addition to CT in 

patients scheduled for local therapy of colorectal liver metastases (CAMINO): an international, multicentre, 

prospective, diagnostic accuracy trial. Lancet Oncol. 2024;25(1):137-46. 

11. Aguiar JA, Riaz A, Thornburg B. Biliary Anatomy. Semin Intervent Radiol. 2021;38(3):251-4. 

12. Strasberg SM, Hertl M, Soper NJ. An analysis of the problem of biliary injury during laparoscopic 

cholecystectomy. J Am Coll Surg. 1995;180(1):101-25. 

13. Kalata S, Thumma JR, Norton EC, Dimick JB, Sheetz KH. Comparative Safety of Robotic-Assisted vs 

Laparoscopic Cholecystectomy. JAMA Surg. 2023;158(12):1303-10. 

14. Richardson MC, Bell G, Fullarton GM. Incidence and nature of bile duct injuries following laparoscopic 

cholecystectomy: an audit of 5913 cases. West of Scotland Laparoscopic Cholecystectomy Audit Group. Br 

J Surg. 1996;83(10):1356-60. 

15. Broderick RC, Lee AM, Cheverie JN, Zhao B, Blitzer RR, Patel RJ, et al. Fluorescent cholangiography 

significantly improves patient outcomes for laparoscopic cholecystectomy. Surg Endosc. 2021;35(10):5729-

39. 

16. Kinami S, Maruyama K, Sannomiya Y, Saito H, Takamura H. Benefits, problems, and optimal timing of 

administration of indocyanine green fluorescence cholangiography in laparoscopic cholecystectomy. BMJ 

Surg Interv Health Technol. 2025;7(1):e000310. 

17. Thirunavukarasu AJ, Ting DSJ, Elangovan K, Gutierrez L, Tan TF, Ting DSW. Large language models in 

medicine. Nat Med. 2023;29(8):1930-40. 

18. Morley J, DeVito NJ, Zhang J. Generative AI for medical research. BMJ. 2023;382:1551. 

19. Khurana D, Koli A, Khatter K, Singh S. Natural language processing: state of the art, current trends and 

challenges. Multimed Tools Appl. 2023;82(3):3713-44. 

20. Kron P, Farid S, Ali S, Lodge P. Artificial Intelligence: A Help or Hindrance to Scientific Writing? Ann Surg. 

2024;280(5):713-8. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 June 2025 doi:10.20944/preprints202506.1886.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202506.1886.v1
http://creativecommons.org/licenses/by/4.0/


 11 of 12 

 

21. Zhang M, Li J. A commentary of GPT-3 in MIT Technology Review 2021. Fundamental Research. 

2021;1(6):831-3. 

22. Vauthey JN, Pawlik TM, Ribero D, Wu TT, Zorzi D, Hoff PM, et al. Chemotherapy regimen predicts 

steatohepatitis and an increase in 90-day mortality after surgery for hepatic colorectal metastases. J Clin 

Oncol. 2006;24(13):2065-72. 

23. Santol J, Kim S, Gregory LA, Baumgartner R, Murtha-Lemekhova A, Birgin E, et al. An APRI+ALBI-Based 

Multivariable Model as a Preoperative Predictor for Posthepatectomy Liver Failure. Ann Surg. 

2025;281(5):861-71. 

24. Mai RY, Lu HZ, Bai T, Liang R, Lin Y, Ma L, et al. Artificial neural network model for preoperative 

prediction of severe liver failure after hemihepatectomy in patients with hepatocellular carcinoma. 

Surgery. 2020;168(4):643-52. 

25. Kowal M, Smith A, Pandanaboyana S, Pathak S. Editorial: Technological innovations and pancreatic cancer. 

Front Oncol. 2024;14:1497367. 

26. Vela Ulloa J, King Valenzuela S, Riquoir Altamirano C, Urrejola Schmied G. Artificial intelligence-based 

decision-making: can ChatGPT replace a multidisciplinary tumour board? Br J Surg. 2023;110(11):1543-4. 

27. Soga K, Ochiai J, Kassai K, Miyajima T, Itani K, Yagi N, Naito Y. Development of a novel fusion imaging 

technique in the diagnosis of hepatobiliary-pancreatic lesions. J Med Imaging Radiat Oncol. 2013;57(3):306-

13. 

28. Darzi F, Bocklitz T. A Review of Medical Image Registration for Different Modalities. Bioengineering 

(Basel). 2024;11(8). 

29. Fang CH, Tao HS, Yang J, Fang ZS, Cai W, Liu J, Fan YF. Impact of three-dimensional reconstruction 

technique in the operation planning of centrally located hepatocellular carcinoma. J Am Coll Surg. 

2015;220(1):28-37. 

30. Andrews C, Southworth MK, Silva JNA, Silva JR. Extended Reality in Medical Practice. Current Treatment 

Options in Cardiovascular Medicine. 2019;21(4):18. 

31. Zhang W, Zhu W, Yang J, Xiang N, Zeng N, Hu H, et al. Augmented Reality Navigation for Stereoscopic 

Laparoscopic Anatomical Hepatectomy of Primary Liver Cancer: Preliminary Experience. Front Oncol. 

2021;11:663236. 

32. Lou L., Zhang L., H. L. Application effect of contrast-enhanced ultrasound combined with mixed reality 

technology in laparoscopic anatomical hepatectomy. Medical Journal of Chinese People's Liberation Army. 

2023;48(10):1208. 

33. Onda S, Okamoto T, Kanehira M, Suzuki F, Ito R, Fujioka S, et al. Identification of inferior 

pancreaticoduodenal artery during pancreaticoduodenectomy using augmented reality-based navigation 

system. J Hepatobiliary Pancreat Sci. 2014;21(4):281-7. 

34. Kitagawa M, Sugimoto M, Haruta H, Umezawa A, Kurokawa Y. Intraoperative holography navigation 

using a mixed-reality wearable computer during laparoscopic cholecystectomy. Surgery. 2022;171(4):1006-

13. 

35. Vedula SS, Ghazi A, Collins JW, Pugh C, Stefanidis D, Meireles O, et al. Artificial Intelligence Methods and 

Artificial Intelligence-Enabled Metrics for Surgical Education: A Multidisciplinary Consensus. J Am Coll 

Surg. 2022;234(6):1181-92. 

36. Winkler-Schwartz A, Bissonnette V, Mirchi N, Ponnudurai N, Yilmaz R, Ledwos N, et al. Artificial 

Intelligence in Medical Education: Best Practices Using Machine Learning to Assess Surgical Expertise in 

Virtual Reality Simulation. J Surg Educ. 2019;76(6):1681-90. 

37. Guerrero DT, Asaad M, Rajesh A, Hassan A, Butler CE. Advancing Surgical Education: The Use of Artificial 

Intelligence in Surgical Training. Am Surg. 2023;89(1):49-54. 

38. Leon S, Lee S, Perez JE, Hashimoto DA. Artificial intelligence and the education of future surgeons. Am J 

Surg. 2025;246:116257. 

39. Skorka P, Kargul M, Seemannova D, Gajek B, Gutowski P, Kazimierczak A, Rynio P. The Influence of 

Individualized Three-Dimensional Holographic Models on Patients' Knowledge Qualified for Intervention 

in the Treatment of Peripheral Arterial Disease (PAD). J Cardiovasc Dev Dis. 2023;10(11). 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 June 2025 doi:10.20944/preprints202506.1886.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202506.1886.v1
http://creativecommons.org/licenses/by/4.0/


 12 of 12 

 

40. Clark K, Vendt B, Smith K, Freymann J, Kirby J, Koppel P, et al. The Cancer Imaging Archive (TCIA): 

maintaining and operating a public information repository. J Digit Imaging. 2013;26(6):1045-57. 

41. Kondylakis H, Kalokyri V, Sfakianakis S, Marias K, Tsiknakis M, Jimenez-Pastor A, et al. Data 

infrastructures for AI in medical imaging: a report on the experiences of five EU projects. Eur Radiol Exp. 

2023;7(1):20. 

42. McCulloch P, Altman DG, Campbell WB, Flum DR, Glasziou P, Marshall JC, et al. No surgical innovation 

without evaluation: the IDEAL recommendations. Lancet. 2009;374(9695):1105-12. 

43. Shiferaw KB, Roloff M, Balaur I, Welter D, Waltemath D, Zeleke AA. Guidelines and standard frameworks 

for artificial intelligence in medicine: a systematic review. JAMIA Open. 2025;8(1):ooae155. 

44. Nathan H, Cameron JL, Choti MA, Schulick RD, Pawlik TM. The volume-outcomes effect in hepato-

pancreato-biliary surgery: hospital versus surgeon contributions and specificity of the relationship. J Am 

Coll Surg. 2009;208(4):528-38. 

45. Birkmeyer JD, Siewers AE, Finlayson EV, Stukel TA, Lucas FL, Batista I, et al. Hospital volume and surgical 

mortality in the United States. N Engl J Med. 2002;346(15):1128-37. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

 

 

 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 June 2025 doi:10.20944/preprints202506.1886.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202506.1886.v1
http://creativecommons.org/licenses/by/4.0/

