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Intraductal papillary neoplasm of the bile duct (IPNB) is an uncommon entity characterized by papillary growth within the bile duct lumen. IPNB is regarded as a biliary counterpart of intraductal papillary mucinous neoplasm of the pancreas, which sometimes complicates with fistula formation to adjacent organs, mainly due to high-pressure related erosion from mucin-filled ducts. However, fistula formation from IPNB is quite rare. Here we report a case of IPNB complicated with hepatogastric fistula. Abdominal computed tomography (CT) and magnetic resonance imaging (MRI) revealed disproportional dilatation of left intrahepatic duct with intraluminal soft tissue nodules and fistulous connections to gastric high body. Endoscopy revealed ulcers with two fistulous orifices at upper gastric body. The patient underwent left hepatectomy with gastric wedge resection. Histopathology examination revealed IPNB with invasive cholangiocarcinoma, directly invading to gastric wall leading to hepatogastric fistula. In summary, we have presented the clinical, imaging and pathological findings, along with a comprehensive review of relevant literature, in order to enhance the understanding of this rare condition.
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Introduction

Intraductal papillary neoplasm of the bile duct (IPNB) is defined as a papillary or villous neoplasm occurring in the bile duct by the latest World Health Organization (WHO) classification (1). The occurrence of IPNB exhibits significant geographic diversity, with the most frequent cases being documented in Eastern Asian nations, which is likely due to the endemic presence of hepatolithiasis (2). IPNB encompass a disease spectrum from benign intraepithelial neoplasm to malignant cholangiocarcinoma (3, 4). According to a meta-analysis, invasive tumors were present in at least 43% of surgical specimens of IPNB, and individuals with such tumors had a notably poorer prognosis in comparison to those without evidence of invasion (5). Consequently, early surgical intervention is necessary in patients presenting with clinical and radiological evidence of IPNB to impede disease progression (5).

IPNB is usually considered as a biliary counterpart of pancreatic intraductal papillary mucinous neoplasm (IPMN-P), with the affected bile ducts in IPNB present with marked dilatation caused by mucin hypersecretion. Pancreatic IPMN infrequently fistulate into adjacent organs, such as the duodenum, stomach, and bile duct, with reported incidence ranging from 1.9% to 6.6% (6, 7). The occurrence of fistula penetrating to neighboring organs by IPNB is even rarer compared with IPMN-P, with only few case reports in the literature (8–14). In this study, we report a case with IPNB complicated by fistulous connections of left lobe liver and gastric body. We summarize the clinical, imaging, and pathology findings and perform a literature review to improve the understanding of this rare complication.





Case presentation

A 72-year-old male presented with epigastralgia and body weight loss for half a year. The patient did not have any major relevant medical history. On physical examination, abdomen was soft and flat without tenderness. The complete blood counts were as follows: white blood cell count of 6400 uL, hemoglobin of 12.5 g/dL, and platelet count of 221000/uL. The blood chemistry panel revealed normal direct type and total bilirubin, alkaline phosphatase, liver enzymes including aspartate aminotransferase and alanine aminotransferase. Serum tumor markers showed elevated carcinoembryonic antigen (CEA) of 168 ng/mL, normal alpha-fetoprotein (AFP) and CA19-9.

Abdominal computed tomography (CT) revealed diffuse dilatation of bilateral intrahepatic ducts (IHD) and common bile duct (CBD), with a markedly dilated left IHD and relative sparing of the bile duct in caudate lobe. Presence of a complex mass at segment 3 with poorly enhancing mural nodules and indistinct margin between liver and gastric body (Figure 1A). Magnetic resonance imaging (MRI) showed marked dilatation of left IHDs with intraluminal soft tissue filling defect and fistulous connections to gastric high body. (Figure 1B). Upper gastrointestinal series demonstrated irregular mucosa with spiculated foci at lesser curvature side of upper gastric body (Figure 2). Gastroduodenoscopy revealed ulcers at lesser curvature side of upper gastric body, with exuding whitish mucous (Figure 3).




Figure 1 | (A) CT axial view revealed a complex mass with cystic component and irregular solid part at S3 of liver. The mass was found to be invading gastric body directly (arrowhead). In addition, there was marked dilatation of right IHDs. (B) Magnetic resonance cholangiopancreatography (MRCP) demonstrated diffuse dilatation of intrahepatic and extra-hepatic bile ducts, likely caused by mucous accumulation, which is a signature of mucin-producing IPNB. The images clearly showed the biliary-gastric fistulae (indicated by arrowhead and asterisk). Notably, intraluminal filling defects were found in left IHD and CBD, which may represent intraluminal papillary tumors or mucobilia. However, intraoperative choledochoscopy ruled out papillary tumor growth in the CBD.






Figure 2 | Upper GI barium study showed incomplete distention of lesser curvature side of gastric high body with mucosal irregularities, as well as two spiculations (arrowhead), probably related to fistula tracts. No definite extravasation of barium meal was found during the study.






Figure 3 | Endoscopy demonstrated two ulcers at lesser curvature side of the anterior wall of gastric high body near cardia. Upon closer evaluation, suspicious fistulous orifices exude mucin content.



During laparotomy, intraductal papillary tumors located in left intrahepatic ducts were discovered to form fistula tracts with the anterior wall of stomach. A left hepatectomy with gastric wedge resection was performed. A frozen section specimen of the initial bile duct margin revealed atypical glandular cells, which prompted an additional resection of the remnant duct up to 3 mm, with the final bile duct margin negative of malignant cells. Lymphadenectomy of group 1, 3, 8 and 12 lymph nodes was also performed. Due to concerns about intraluminal tumor spread, intraoperative choledochoscopy was conducted down to the Ampulla of Vater, revealing no tumor growth in common hepatic duct or common bile duct, and up to the third order of the right intrahepatic ducts, revealing no tumor growth in the right intrahepatic ducts. The total operative time was 7 hours 35 minutes and blood loss was 1800 mL.

Upon gross inspection of the hepatectomy specimen, it was discovered that there were direct fistulous connections between left IHD and the stomach. Papillary tumors were also found on the cut surface of left IHD (Figure 4A). Macroscopically, the specimen demonstrated a mucinous tumor in left IHD with fistulous connection to gastric high body (Figure 4B). Microscopic histologic exam showed intraductal papillary neoplasm of bile duct (Figure 4C) with associated cholangiocarcinoma, as well as direct transmural invasion to gastric wall with fistula formation (Figure 4D). The bile duct margin of the hepatectomy specimen was involved by high-grade intraepithelial neoplasia while the final bile duct margin was negative. Six lymph nodes were retrieved from group 1, 3, 8 and 12, and the histopathological examination showed no evidence of malignancy.




Figure 4 | (A) Surgical specimen: A direct fistulous connection was found between left IHD to stomach. To confirm this, a forceps was inserted from the orifice of stomach (indicated by “G”) to left IHD (indicated by “H”). Several intraductal papillary tumors were found from the cut surface of left IHD (arrowhead). (B) Macroscopic findings of the cut surface: the specimen contains left hepatectomy (on the right) and wedge gastrectomy (on the left), with numerous whitish intraductal papillary excrescences and a hepatogastric fistula. Invasive carcinoma with periductal infiltrating growth pattern around the fistula track is noted. (C) Photomicrograph (hematoxylin and eosin stain, 2x objective lens) shows an intraductal polypoid neoplasm with florid proliferation of papillary fronds, which was characterized by fibrovascular cores covered by mixed intestinal and gastric-type epithelia. (D) Photomicrograph (hematoxylin and eosin stain, 4x objective lens) of the fistula (gastric end): Along the fistulous tract are mucin admixed with papillary fronds of tumor cells and neoplastic glands infiltrating in a desmoplastic stroma. Gastric mucosa is present on the right upper corner.



Intraoperative bile duct culture yielded Escherichia coli and Enterococcus faecalis. Therefore, prophylactic antibiotic therapy was given to prevent postoperative surgical site infection. Fortunately, the patient had an uneventful postoperative course and was discharged from hospital on the 14th postoperative day. Three months after the operation, a follow-up choledochoscopic exam was conducted through the T- tube. The results showed that the common bile duct and right hepatic ducts had a normal mucosal pattern and no intraductal papillary tumor or choledocholithiasis was detected. He remained at disease free status during 6-month follow-up period and was currently undergoing follow-up observation at outpatient clinic.





Discussion

Intraductal papillary neoplasm of bile duct may involve intrahepatic, perihilar or distal bile duct (4, 5). The clinical and pathological manifestations of IPNB can differ widely, spanning from pre-invasive low to high grade intraepithelial neoplasm to invasive cholangiocarcinoma, and with variable amount of excessive mucin-production (5). IPNB is considered the biliary counterpart of pancreatic intraductal papillary mucinous neoplasm (3) (15), although the malignancy rate of IPNB is considerably higher than pancreatic IPMN (16). The 2019 WHO classification subclassified IPNB into type 1 (so-called IPNBs) and type 2 (narrow-sense papillary cholangiocarcinomas) (1). Type 1 IPNB is more frequently found in intrahepatic ducts and presents with fewer invasive components, while type 2 IPNB is more frequently found in extrahepatic ducts and demonstrates more complex papillary structures (1). Furthermore, a recent Japanese case series used a scoring system involving six pathological features (location, mucin secretion, histological architecture, etc.) to delineate a continuous disease spectrum from type 1, type Unclassifiable, and type 2, with significantly better 5-year survival rate in patients with type 1 tumors than patients with type Unclassifiable and type 2 tumors (17). IPNB may spread superficially via biliary mucosa, therefore thorough diagnosis with cross-sectional imaging (CT, MRI) and cholangioscopy is crucial for accurate localization (3, 18, 19).

Spontaneous biliary-enteric fistula is an abnormal communication of bile duct and gastrointestinal tract, with leading cause of recurrent cholelithiasis and cholangitis, perforated peptic ulcer and less commonly neoplastic infiltration from bile duct or gastrointestinal cancers (20). Fistula formation between bile duct and surrounding organs is a rare complication of IPNB with only few case reports in the literature (8–14) (Table 1). Clinical manifestations of fistula include right upper quadrant pain, jaundice, recurrent cholangitis and sepsis. The pathogenesis of fistula formation into other adjacent organs may be high pressure caused by mucin-filled bile ducts and local inflammation or direct tumor invasion of IPNB (11, 21). The histopathological exam disclosed cholangiocarcinoma in the fistula tract in our patient, demonstrating direct tumor-related transmural invasion of stomach wall. Compared with pancreatic intraductal papillary mucinous neoplasm, IPNB with fistula formation is relatively rare, probably because autodigestion by enzyme-rich pancreatic juice also plays a crucial role in fistula formation of pancreatic intraductal papillary mucinous neoplasm (21).


Table 1 | Reported Cases of IPNB with Fistula Formation.



There are variable radiological presentations of IPNB, with respect to different tumor location, degree of mucin production, size and morphological features of intraductal tumors (22). In general, the imaging findings can be classified into four types: masses with proximal ductal dilatation, disproportionate ductal dilatation without masses, cystic lesion, and masses with proximal and distal ductal dilatation (19, 22). The imaging finding of our patient is consistent with intraductal masses with proximal and distal ductal dilatation complicated with hepatogastric fistula. Cross-sectional imaging such as CT and MRI can demonstrate accurate delineation of bile duct dilatation, presence of intraductal mural nodules or cholelithiasis, as well as invasion of adjacent organs. Differentiating papillary tumors and mucobila may be challenging. The combination of contrast enhanced studies and diffusion-weighted imaging may aid in differential diagnosis (23). Endoscopic retrograde cholangiopancreatography (ERCP) is a relatively invasive exam compared to CT and MRI but has the advantage of obtaining histological or cytological diagnosis.

Surgery is the potential curative treatment for IPNB. To ensure proper staging, most patient will require an (extended) hemi-hepatectomy and lymphadenectomy involving at least six locoregional lymph nodes (4). A recent systematic review and meta-analysis demonstrated that up to 43% of resected specimen of IPNB contains invasive cholangiocarcinoma, and the prognosis is worse in patients with invasive component (5). Even so, the intraductal papillary type of cholangiocarcinoma has a significantly more favorable outcome compared to periductal-infiltrating and mass-forming type cholangiocarcinoma (24, 25). Therefore, achieving a complete margin-negative (R0) resection, along with a sufficient future liver remnant is the primary objective of surgery and significantly improves patient outcome (24, 26, 27). Additionally, a recent European multicenter observational study (EUR-IPNB study) revealed achieving a textbook outcome (non-prolonged hospital stay, absence of any ≥ Clavien-Dindo grade III complication, readmission, or mortality within 90 postoperative days) was an independent prognostic factor of favorable overall survival (27). Nowadays, with the advancement of endoscopic treatment, stent insertion, mucin suction or lavage may play a role in patients who are not surgical candidate due to medical conditions (11).





Conclusion

In conclusion, we report a rare case of IPNB with invasive cholangiocarcinoma, leading to direct transmural tumor invasion of stomach with hepatogastric fistula formation. Accurate preoperative imaging evaluation and thorough intraoperative cholangioscopy evaluation are key to curative resection.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.





Ethics statement

The studies involving human participants were reviewed and approved by ethics committee of Chang Gung Memorial Hospital at Linkou. The patients/participants provided their written informed consent to participate in this study.





Author contributions

W-HC researched the data and wrote the manuscript. R-CW and T-CC evaluated the pathological results and provided figures for this article. T-CC, H-KL and C-HL contributed to the discussion. S-YW and C-NY guided the writing ideas and reviewed the manuscript. All authors agree to be accountable for the content of the work. All authors contributed to the article and approved the submitted version.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Nagtegaal, ID, Odze, RD, Klimstra, D, Paradis, V, Rugge, M, Schirmacher, P, et al. The 2019 WHO classification of tumours of the digestive system. Histopathology (2020) 76(2):182–8. doi: 10.1111/his.13975

2. Ohtsuka, M, Shimizu, H, Kato, A, Yoshitomi, H, Furukawa, K, Tsuyuguchi, T, et al. Intraductal papillary neoplasms of the bile duct. Int J Hepatol (2014) 2014:459091. doi: 10.1155/2014/459091

3. Takanami, K, Yamada, T, Tsuda, M, Takase, K, Ishida, K, Nakamura, Y, et al. Intraductal papillary mucininous neoplasm of the bile ducts: multimodality assessment with pathologic correlation. Abdom Imaging (2011) 36(4):447–56. doi: 10.1007/s00261-010-9649-x

4. Banales, JM, Marin, JJG, Lamarca, A, Rodrigues, PM, Khan, SA, Roberts, LR, et al. Cholangiocarcinoma 2020: the next horizon in mechanisms and management. Nat Rev Gastroenterol Hepatol (2020) 17(9):557–88. doi: 10.1038/s41575-020-0310-z

5. Gordon-Weeks, AN, Jones, K, Harriss, E, Smith, A, and Silva, M. Systematic review and meta-analysis of current experience in treating IPNB: clinical and pathological correlates. Ann Surg (2016) 263(4):656–63. doi: 10.1097/SLA.0000000000001426

6. Ravaud, S, Laurent, V, Jausset, F, Cannard, L, Mandry, D, Oliver, A, et al. CT and MR imaging features of fistulas from intraductal papillary mucinous neoplasms of the pancreas to adjacent organs: a retrospective study of 423 patients. Eur J Radiol (2015) 84(11):2080–8. doi: 10.1016/j.ejrad.2015.08.001

7. Kobayashi, G, Fujita, N, Noda, Y, Ito, K, Horaguchi, J, Obana, T, et al. Intraductal papillary mucinous neoplasms of the pancreas showing fistula formation into other organs. J Gastroenterol (2010) 45(10):1080–9. doi: 10.1007/s00535-010-0263-z

8. Ohtsubo, K, Ohta, H, Sakai, J, Mouri, H, Nakamura, S, Ikeda, T, et al. Mucin-producing biliary papillomatosis associated with gastrobiliary fistula. J Gastroenterol (1999) 34(1):141–4. doi: 10.1007/s005350050231

9. Kim, HT, Kim, SI, Kwon, OW, Lee, HL, Jun, DW, Lee, OY, et al. Intraductal papillary mucinous neoplasm of the bile duct accompanied by a choledochoduodenal fistula. Korean J Med (2011) 81:93–7.

10. Barresi, L, Tarantino, I, Granata, A, Curcio, G, Gentile, R, Liotta, R, et al. Biliary intraductal papillary mucinous neoplasm visualized intralesionally through a fistula with the duodenal bulb. Endoscopy (2012) 44(Suppl 2):E84–5. doi: 10.1055/s-0031-1291653

11. Hong, MY, Yu, DW, and Hong, SG. Intraductal papillary mucinous neoplasm of the bile duct with gastric and duodenal fistulas. World J Gastrointest Endosc (2014) 6(7):328–33. doi: 10.4253/wjge.v6.i7.328

12. Liu, L, Bie, L, Xu, B, Wang, W, and Gong, B. IDDF2018-ABS-0186 choledochoduodenal fistula in a patient with biliary intraductal papillary mucinous neoplasm. Gut (2018) 67(Suppl 2):A107. doi: 10.1136/gutjnl-2018-IDDFabstracts.228

13. Ren, X, Zhu, CL, Qin, XF, Jiang, H, Xia, T, and Qu, YP. Co-Occurrence of IPMN and malignant IPNB complicated by a pancreatobiliary fistula: a case report and review of the literature. World J Clin Cases (2019) 7(1):102–8. doi: 10.12998/wjcc.v7.i1.102

14. Terasaki, F, Sugiura, T, and Uesaka, K. Intraductal papillary neoplasm of the bile duct accompanied by hepatogastric fistula. J Hepatobil Pancreat Sci (2020) 27(6):352–3. doi: 10.1002/jhbp.722

15. Ohtsuka, M, Kimura, F, Shimizu, H, Yoshidome, H, Kato, A, Yoshitomi, H, et al. Similarities and differences between intraductal papillary tumors of the bile duct with and without macroscopically visible mucin secretion. Am J Surg Pathol (2011) 35(4):512–21. doi: 10.1097/PAS.0b013e3182103f36

16. Kloek, JJ, van der Gaag, NA, Erdogan, D, Rauws, EA, Busch, OR, Gouma, DJ, et al. A comparative study of intraductal papillary neoplasia of the biliary tract and pancreas. Hum Pathol (2011) 42(6):824–32. doi: 10.1016/j.humpath.2010.09.017

17. Onoe, S, Ebata, T, Yokoyama, Y, Igami, T, Mizuno, T, Yamaguchi, J, et al. A clinicopathological reappraisal of intraductal papillary neoplasm of the bile duct (IPNB): a continuous spectrum with papillary cholangiocarcinoma in 181 curatively resected cases. HPB (Oxford) (2021) 23(10):1525–32. doi: 10.1016/j.hpb.2021.03.004

18. Egri, C, Yap, WW, Scudamore, CH, Webber, D, and Harris, A. Intraductal papillary neoplasm of the bile duct: multimodality imaging appearances and pathological correlation. Can Assoc Radiol J (2017) 68(1):77–83. doi: 10.1016/j.carj.2016.07.005

19. Mo, A, Brat, G, Spolverato, G, and Pawlik, TM. Intraductal papillary mucinous neoplasm of the liver: GI image. J Gastrointest Surg (2015) 19(4):792–4. doi: 10.1007/s11605-015-2750-2

20. Stagnitti, F, Stagnitti, A, and Tarcoveanu, E. Spontaneous biliary-enteric fistulas and associated complications: an overview. Chirurgia (Bucur) (2021) 116(6 Suppl):S28–35. doi: 10.21614/chirurgia.116.6Suppl.S28

21. Yamada, Y, Mori, H, Hijiya, N, Matsumoto, S, Takaji, R, Ohta, M, et al. Intraductal papillary mucinous neoplasms of the pancreas complicated with intraductal hemorrhage, perforation, and fistula formation: CT and MR imaging findings with pathologic correlation. Abdom Imaging (2012) 37(1):100–9. doi: 10.1007/s00261-011-9723-z

22. Park, HJ, Kim, SY, Kim, HJ, Lee, SS, Hong, GS, Byun, JH, et al. Intraductal papillary neoplasm of the bile duct: clinical, imaging, and pathologic features. AJR Am J Roentgenol (2018) 211(1):67–75. doi: 10.2214/AJR.17.19261

23. Yoon, HJ, Kim, YK, Jang, KT, Lee, KT, Lee, JK, Choi, DW, et al. Intraductal papillary neoplasm of the bile ducts: description of MRI and added value of diffusion-weighted MRI. Abdom Imaging (2013) 38(5):1082–90. doi: 10.1007/s00261-013-9989-4

24. Yeh, CN, Jan, YY, Yeh, TS, Hwang, TL, and Chen, MF. Hepatic resection of the intraductal papillary type of peripheral cholangiocarcinoma. Ann Surg Oncol (2004) 11(6):606–11. doi: 10.1245/ASO.2004.04.028

25. Yeh, CN, Yeh, TS, Chen, TC, Jan, YY, and Chen, MF. Gross pathological classification of peripheral cholangiocarcinoma determines the efficacy of hepatectomy. J Gastroenterol (2013) 48(5):647–59. doi: 10.1007/s00535-012-0666-0

26. Youn, JA, Hwang, SA, Ahn, CA, Moon, DA, Ha, TA, Song, GA, et al. Clinicopathological features and long-term outcomes of intraductal papillary neoplasms of the bile duct of the liver: single-institution experience with 146 patients. J Gastrointest Surg (2022) 26(7):1394–405. doi: 10.1007/s11605-022-05268-2

27. Lluis, N, Serradilla-Martin, M, Achalandabaso, M, Jehaes, F, Dasari, BVM, Mambrilla-Herrero, S, et al. Intraductal papillary neoplasms of the bile duct: a European retrospective multicenter observational study (EUR-IPNB study). Int J Surg (2023) 109(4):760–71. doi: 10.1097/JS9.0000000000000280




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Chan, Chen, Wang, Wu, Chen, Lee, Lin and Yeh. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-13-1193918-g001.jpg





OEBPS/Images/fonc.2023.1193918_cover.jpg
& frontiers | Frontiers in Oncology

Intraductal papillary neoplasm of the bile
duct presenting with hepatogastric fistula: a
case report and literature review





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Intraductal papillary neoplasm of the bile duct presenting with hepatogastric fistula: a case report and literature review

      

        		

          Introduction

        



        		

          Case presentation

        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-13-1193918-g004.jpg





OEBPS/Images/fonc-13-1193918-g002.jpg





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-13-1193918-g003.jpg





OEBPS/Images/table1.jpg
Reference Year Sex Age Location Pathology Fistula connection Proposed

Mechanism

Ohtsubo et al. (8) 1999 F 78 IHD Biliary papillomatosis Stomach NA

Kim et al. (9) 2011 F 63 CBD IPNB Duodenum Mechanical penetration
Barresi et al. (10) 2012 M 53 Left IHD, CHD  IPNB with cholangiocarcinoma Duodenum Tumor invasion

Hong et al. (11) 2014 3 87 Left THD, CBD  IPNB with low grade dysplasia Stomach, duodenum Mechanical penetration
Liu et al. (12) 2018 F 66 IHD, CBD NA Duodenum Mechanical penetration
Ren et al. (13) 2019 M 52 CBD IPNB with microinvasive cholangiocarcinoma | Pancreas Mechanical penetration
Terasaki et al. (14) | 2020 F 79 B3, CBD IPNB with cholangiocarcinoma Stomach Mechanical penetration
Current study 2023 M 72 Left IHD IPNB with cholangiocarcinoma Stomach Tumor invasion

IHD, intrahepatic duct; CHD, common hepatic duct; CBD, common bile duct; B3, liver segment 3 IHD; tumor invasion, invasive tumor found at fistula tract on histopathology; mechanical
penetration: mechanical penetration by mucin-filled ducts; NA, not available.





