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Figure 1

Proposal of a classification framework for peribiliary cysts. When the hepatic bile duct bifurcation delineates two

hepatobiliary segments: hepatic and extrahepatic, we identify the following types: type I: hepatic, type II: extrahepatic, type IlI:

mixed hepatic and extrahepatic.

Mortality

Death was reported in 29 of 122 patients (mortality
rate 24%), and postmortem exam was performed in 27
patients. Among patients with reported cause of death
(21 patients), decompensated cirrhosis was the most
frequent culprit (17/21%-81%). The other causes of
mortality were: acute respiratory distress syndrome in
a patient with cirrhosis'’; recurrent cholangitis after
duodenopancreatectomy for intraductal papillary muci-
nous neoplasm of the pancreas in one patient'’ and
pneumonia in a kidney transplant patient'® and in a
patient with acute myeloid leukaemia."

ASSESSMENT OF METHODOLOGICAL QUALITIES OF
INCLUDED STUDIES

As shown in online supplement 11, 67% studies had
good, 23% had moderate and 10% had ow methodo-
logical quality. Agreement between the two reviewers in
assessing the methodological quality was evaluated with
inter-rater reliability of 93%.

PROPOSAL OF A CLASSIFICATION FRAMEWORK FOR
PERIBILIARY CYSTS

When the hepatic bile duct bifurcation delineates two
hepatobiliary segments: hepatic and extrahepatic, we
identify the following types: type I: hepatic, type II: extra-
hepatic, type III: mixed hepatic and extrahepatic (table 2
and figure 1). Characteristics and implications of the
lesions, as they relate to the anatomic location are shown
in online supplement 12. Extrahepatic cysts, compared
with other cysts, were more frequent in females, soli-
tary with no associated cirrhosis or portal hypertension,
presenting frequently with obstructive jaundice, more
difficult to diagnose by imaging modalities and required
more surgical interventions (all p<0.05) (table 3).
There was a trend of better prognosis in extrahepatic
cysts compared with other cysts (mortality rate: 11% vs
25%, p=0.68). The comparison between multiple and
solitary cysts is shown in online supplement 13. Solitary
cysts share some of the extrahepatic cysts characteristics:
more frequent in females, less association with cirrhosis
and portal hypertension and more difficult to diagnose
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Table 3 Comparison between hepatic and hepatic/extrahepatic cysts vs extrahepatic cysts

Type | and lll hepatic and

combined Type Il extrahepatic
Characteristics 126 patients Age 63 (4-88)* 9 patients Age 61 (43-79 years)* P values
Males (%) 96/113 (85%) 2/9 (22%) 0.0001
Japanese patients (%) 80/126 (63%) 5/9 (55%) 0.7257
Associated diseases (%) 111/126 (88%) 6/9 (66%) 0.1003
Cirrhosis (%) 52/126 (41%) 0/9 (0%) 0.0126
Portal hypertension (%) 40/108 (37 %) 0/9 (0%) 0.0269
Hepatic, biliary or pancreatic neoplasms (%) 23/126 (18%) 0/9 (0%) 0.3590
Incorrect diagnosis by imaging modalities (%) 42/109 (38%) 5/6 (83%) 0.0409
Solitary cysts (%) 4/126 (3%) 9/9 (100%) 0.0001
Dilated biliary tract (%) 43/117 (37%) 4/9 (44%) 0.7263
Obstructive jaundice (%) 14/117 (12%) 4/9 (44%) 0.0237
Cholangitis (%) 13/95 (14%) 1/9 (11%) 1.0000
Surgical interventions (%) 53/126 (42%) 8/9 (89%) 0.0111
Therapeutic misadventures (%) 19/53 (36%) 1/8 (12.5) 0.2532
Mortality rate (%) 28/113 (25%) 1/9 (11%) 0.6846

*Median age and range.

by imaging modalities (all p<0.05). There was a trend of
better prognosis in solitary cysts compared with multiple
cysts (mortality rate: 8% vs 26%, p=0.19).

GENERALISABILITY OF THE RESULTS

The presence of selection bias favouring the report of
more severe cases limits the generalisability of all results
of this review to patients with peribiliary cysts. However,
the majority of included studies had a good methodolog-
ical quality, making their results applicable in the appro-
priate context, and they were not restricted to a certain
ethnicity.

DISCUSSION

Peribiliary cysts result from cystic dilatation of the extra-
mural peribiliary glands located on both sides of the
intrahepatic and extrahepatic bile ducts.” The disease
was first described in Japan by Nakanuma et af*' in 1984 as
an incidental finding in eight autopsy cases. Grossly, they
are often multiple, featuring thin transparent walls and
serous contents (figure 2). Histologically, the cysts are
associated with dilated peribiliary glands, suggesting vari-
able developmental stages of the process.”” The epithelial
lining is most often flat and attenuated, but resembles
the epithelial lining of peribiliary glands.*”

Several names has been given to the disease in the liter-
ature such as “multiple cysts in the hepatic hilum’, ‘hepatic
cysts of periductal gland origin’, ‘mucinous hamartoma of the
biliary system’, ‘multiple hilar cysts’, ‘Nakanuma disease
“hepatic peribiliary cysts' and *peribiliary cysts’.*> The last two
names are preferred by most authors, and are the most
widely used.

The disease was prevalent in studies designed to
examine its frequency especially in patients with cirrhosis,
ADPKD and ADPLD, and cysts were mostly microscopic
and asymptomatic. In this systematic review, we identified
72 reports with 135 cases from 10 countries, spanning a
period of 33 years.

Almost two-thirds of cases emanate from Japan. An
awareness publication bias could be behind this obser-
vation, since the disease was first described in Japan,
and underreporting due to clinical unawareness in
other parts of the world may account for this trend.
For example, the two French reports in this system-
atic review™* * have been published by the same group
from Clermont-Ferrand, while no reports have been
published from other parts of France. Other factors,
such as ethnic and environmental determinants, might
be in play.

We found higher male gender predilection, which may
be partially related to higher alcohol consumption.*® Of
the 33 patients with alcoholic liver disease, identified in
this review, 88% were male. Other possible hormonal,
genetic or acquired factors may be in play.

Although the pathogenesis remains unclear, two
scenarios are considered.”” One is congenital or devel-
opmental, and is associated with fibrocystic diseases such
as ADPKD or ADPLD. The other is secondary to alcohol
use, cirrhosis, portal hypertension and portal vein throm-
bosis.”® * In this systematic review, 15% of the cases were
idiopathic without any recognised associated condition.

Chronic alcohol may injure the peribiliary glands, and
among consecutive autopsy cases of chronic alcoholics
in a Japanese study, cysts were found in 14%, and their
frequency correlated with the degree of alcohol-related
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Figure 2

hepatic fibrosis.”” In this systematic review, alcoholic liver
disease with or without cirrhosis was reported in 28%.*" **
Another interesting observation is the neoplastic asso-
ciations, with 20% of patients in this review harbouring
hepatic, biliary or pancreatic neoplasms. Hepatocellular
carcinoma was the most reported neoplasm and occurred
in patients with cirrhosis. Peribiliary cysts may have been
the origin of the biliary neoplasms encountered in this
review.” Sato et al reported peribiliary glands epithelial
changes in almost 10% of cases in an autopsy study,™ and
such changes may be precursors of intraductal papillary
neoplasm of the bile duct, as well as cholangiocarcinoma,
although their clinical significance remains unclear.”
This systematic review reveals that establishing a correct
diagnosis of peribiliary cysts is essential to avoid thera-
peutic misadventures which were observed in one-third
of patients. Cholangiocarcinoma was the most frequent
suspected disease in difficult-to-diagnose cases. Consid-
ering the prevalence of these lesions in patients with
cirrhosis, it is critical to accurately establish the diagnosis
to prevent delisting of an otherwise appropriate liver
transplantation candidate.”® In addition, it is important
to differentiate peribiliary cysts from other conditions
such as dilated bile ducts, intraductal papillary mucinous
neoplasm of the bile duct, cystic metastasis of a malig-
nancy, primary sclerosing cholangitis and Caroli disease.
Awareness of the disease, especially in patients with
cirrhosis, is the first step towards the accurate diagnosis.
CECT and MRCP are good imaging modalities for identi-
fying the cysts. DIC-CT, MRI with administration of gadox-
etic acid (Eovist in the USA and Primovist in Canada,
Europe and Asia, Bayer Healthcare Pharmaceuticals,
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Peribiliary gland
(intramural)
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(A) Schematic representation of peribiliary glands, and histology. (B) Histology of a peribiliary cyst.

Wayne, New Jersey, USA), or ERCP when indicated, are
useful to establish presence or absence of biliary luminal
communication. DIC-CT may have a limited role in
patients with decompensated cirrhosis since it requires
normal hepatic function to clearly delineate the bile
ducts and is not available in some countries. MRCP was
less accurate than DIC-CT for the diagnosis of peribiliary
cysts in this review (64% vs 79%, respectively; p=0.37).
Cholangioscopy may raise suspicion of the disease by visu-
alising submucosal lesions when other imaging modal-
ities were not diagnostic, and intraductal ultrasound
could be helpful. We propose an algorithm of different
imaging modalities for the diagnosis of peribiliary cysts
(figure 3). Further studies are needed to determine the
diagnostic accuracy of combined imaging modalities in
challenging cases.

Interestingly, progression of size and/or number of
these structures may serve as a marker for worsening liver
disease,” and this was observed in a third of patients with
available data.

We found that peribiliary cysts were solitary in 10% of
cases and located along the extrahepatic biliary tract (either
alone or in association with intrahepatic location) in 13%
of cases. We propose a novel classification of peribiliary
cysts, based on biliary distribution, in order to emphasise
these two aspects of the disease, and to study their different
characteristics according to their anatomic location. We
observed that solitary cysts, mostly extrahepatic, have special
characteristics, and warrant a distinct approach.

This review has several inherent and unavoidable limita-
tions. First, it is based on case reports and case series with
high likelihood of associated bias. However, evidence
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Figure 3 Proposal of algorithm to approach and evaluate peribiliary cysts. *DIC-CT is not available in some countries and
could be replaced by MRI gadoxetic acid. CECT, contrast-enhanced CT; DIC-CT, drip infusion cholangiographic CT; IDUS,
intraductal ultrasound; MRCP, magnetic resonance cholangiopancreatography.

from case report and case series become more signifi-
cant when higher evidence is absent.” Second, we were
not able to reflect the natural history, and a publication
bias favouring the report of most severe cases is certain.
Indeed, the disease was frequent in the studies incepted
to assess its frequency, and most cysts were asymptomatic
and microscopic. Third, missing data in some reports
precluded obtaining complete clinical and prognostic
information. However, we were able to reveal some of
the epidemiological, clinical, diagnostic and prognostic
aspects that have been identified in this disease. Fourth,
the diagnostic accuracy of different imaging modalities
was not stated in all studies. However, two reviewers eval-
uated this accuracy, when needed, based on reported
results, and disagreements were resolved by discussion.
Lastly, our proposed tool for quality assessment of case
reports and case series has not been validated, although
it was derived from a commonly used instrument and was
previously applied with good consistency.

To our knowledge, this is the first systematic review
that attempts to synthesise the evidence about peribiliary
cysts. This synthesis followed «a priori developed protocol
and included evaluation of multiple databases by pairs
of independent reviewers. More studies are needed to
further delineate the pathogenesis of the disease, its rela-
tionship with biliary neoplasia, the diagnostic accuracy of
combined imaging modalities in challenging cases and to
evaluate the utility of the proposed classification.

CONCLUSION

Although rarely studied in the literature, pribiliary cysts
were frequent in studies designed to evaluate their prev-
alence, and were mostly asymptomatic. Inaccurate diag-
nosis, therapeutic misadventures, cysts progression and
cysts-related complications are frequent. In a novel clas-
sification framework based on location, extrahepatic

peribiliary cysts appear to have distinct characteristics
and require a special approach for diagnosis and manage-
ment.

Acknowledgements The authors would like to thank Dr Chul Kim (Division

of Hematology and Oncology, Department of Medicine, Georgetown University,
Washington, DC) for revising the translation of the Korean papers included in

this review, to Dr Kotaro Yoshida (Department of Radiology, Kanazawa University
Graduate School of Medical Science, Kanazawa, Japan) for his valuable information
on the actual status of DIC-CT in Japan and to Mr. Larry Prokop for excellent
librarian assistance.

Contributors All authors contributed to the study concept and design, analysis
and interpretation of data, drafting of the manuscript, critical revision of the
manuscript for important intellectual content and statistical analysis. All authors
approved the final manuscript.

Funding This research received no specific grant from any funding agency in the
public, commercial or not-for-profit sectors.

Competing interests None declared.
Patient consent Not required.

Ethics approval The IRB exempted this systematic review and pooled anaylsis
from IRB approval as it did not involve new research on new human subjects.

Provenance and peer review Not commissioned; externally peer reviewed.
Data sharing statement Additional data are available in the online supplements.

Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the
article) 2018. All rights reserved. No commercial use is permitted unless otherwise
expressly granted.

REFERENCES
1. Tamilarasan AG, Yang J, Lee AU. Peribiliary cysts presenting as
primary sclerosing cholangitis. Clin Gastroenterol Hepatol 2018.
2. Diaz Alcazar MDM, Martin-Lagos Maldonado A, Ruiz Escolano
E. Complicated peribiliary cysts in patient without any prior liver
disease. Rev Esp Enferm Dig 2018;110:128.

Bazerbachi F, et al. BMJ Open Gastro 2018;5:6000204. doi:10.1136/bmjgast-2018-000204 7

1ybuAdoo
Aq pa1o8101d "1s8nb Ag 8TOZ aunr gz uo jwodfwg-onsebuadolgy/:dny woly papeojumoq "8T0Z dunr 9 U0 ¥0Z000-8T0Z-1sehlwag/9eTT 0T St paysiignd 1sul ;jossiusonses uado NG


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1016/j.cgh.2018.02.005
http://dx.doi.org/10.17235/reed.2017.5350/2017
http://bmjopengastro.bmj.com/

Open Access

3

3. Bazerbachi F, Sawas T, Vargas EJ, et al. Metal stents versus plastic 19. Takahashi H, Miwa S, Nomoto K, et al. Peribiliary cyst of common
stents for the management of pancreatic walled-off necrosis: bile duct: possible cause of refractory jaundice. Pathol Int
a systematic review and meta-analysis. Gastrointest Endosc 2009;59:692-3.
2018;87:30-42. 20. Kudo M. Hepatic peribiliary cysts: clinically harmless disease
4. Bazerbachi F, Haffar S, Hussain MT, et al. Systematic review of acute with potential risk due to gradual increase in size and number. J
pancreatitis associated with interferon-o or pegylated interferon-o: Gastroenterol 2001;36:286-8.
Possible or definitive causation? Pancreatology 2017. 21. Nakanuma Y, Kurumaya H, Ohta G. Multiple cysts in the hepatic
5. Murad MH, Sultan S, Haffar S, et al. Methodological quality and hilum and their pathogenesis. Virchows Arch A Pathol Anat
synthesis of case series and case reports. BMJ Evid Based Med Histopathol 1984;404:341-50.
2018;23:60-3. 22. Hubscher SG, Burt AD, Portmann BC, et al. MacSween's pathology
6. Bazerbachi F, Haffar S, Szarka LA, et al. Secretory diarrhea and of the liver E-Book: Elsevier Health Sciences, 2011.
hypokalemia associated with colonic pseudo-obstruction: A case 28. Fujioka Y, Kawamura N, Tanaka S, et al. Multiple hilar cysts of the
study and systematic analysis of the literature. Neurogastroenterol liver in patients with alcoholic cirrhosis: report of three cases. J
Motil 2017;29:e13120. Gastroenterol Hepatol 1997;12:137-43.
7. Haffar S, Bazerbachi F, Prokop L, et al. Frequency and prognosis of 24. Da lnes D, Essamet W, Montoriol PF. Peribiliary cysts. Hepatology
acute pancreatitis associated with fulminant or non-fulminant acute 2011;54:2272-3.
hepatitis A: A systematic review. Pancreatology 2017;17:166-75. 25. Montoriol PF, Poincloux L, Petitcolin V, et al. Peribiliary cysts
8. Terada T, Nakanuma Y. Pathological observations of intrahepatic mistaken for a biliary dilatation in a cirrhosis patient. Clin Res
peribiliary glands in 1,000 consecutive autopsy livers. lIl. Hepatol Gastroenterol 2012;36:€93-e95.
Survey of necroinflammation and cystic dilatation. Hepatology 26. Shimizu |, Kamochi M, Yoshikawa H, et al. Gender difference in
1990;12:1229-33. alcoholic liver disease. InTech: Trends in Alcoholic Liver Disease
9. Nakanishi Y, Nakanuma Y, Ohara M, et al. Intraductal papillary Research-Clinical and Scientific Aspects, 2012.
neoplasm arising from peribiliary glands connecting with the inferior 27. Nakanuma Y. Pathology of the bile duct: Springer, 2017.
branch of the bile duct of the anterior segment of the liver. Pathol Int 28. Nakanuma Y. Peribiliary cysts have at least two different
2011;61:773-7. pathogeneses. J Gastroenterol 2004;39:407-8.

10. Kai K, Eguchi Y, Kumagai T, et al. An autopsy case of obstructive 29. Kozaka K, Osamu M. Radiological approaches to biliary diseases
jaundice due to hepatic multiple peribiliary cysts accompanying with pancreatic counterparts. Biliary diseases with pancreatic
hepatolithiasis. Hepatol Res 2008;38:211-6. counterparts: a new disease concept: Nova Science Publishers, Inc,

11. Kolodziejski TR, Safadi BY, Nakanuma Y, et al. Bile duct cysts 2017:217-38.
in a patient with autosomal dominant polycystic kidney disease. 30. Matsubara T, Sato Y, Igarashi S, et al. Alcohol-related injury to
Gastrointest Endosc 2004;59:140-2. peribiliary glands is a cause of peribiliary cysts: based on analysis of

12. Matsukura M, Chida T, Kageyama F, et al. A case of intrahepatic clinical and autopsy cases. J Clin Gastroenterol 2014;48:153-9.
choledochal stone and peribiliary cysts with bile duct stricture. 31. Ohta H, Baba Y, Ishikawa T, et al. A clinical evaluation of hepatic
Journal of Hamamatsu Medical Center 2010;4. peribiliary cysts. Kanzo 2003;44:58-65.

13. Terada T, Matsushita H, Tashiro J, et al. Cholesterol hepatolithiasis 32. Kozuki A, Shima Y, Sumiyoshi T. A resected case of hepatic
with peribiliary cysts. Pathol Int 2003;53:716-20. peribiliary cysts difficult to distinguish from intrahepatic

14. Teramoto A, Nakamatsu G, Shimizu S, et al. A case of peribiliary cholangiocarcinoma. Tan to Sui 2012;26:604-9.
cyst infection due to hepatolithiasis. Am J Gastroenterol 33. ZenY, Amarapurkar AD, Portmann BC. Intraductal tubulopapillary
2015;110:S51-S2. neoplasm of the bile duct: potential origin from peribiliary cysts. Hum

15. Ueki Y, Mori T, Tominaga Y, et al. [A case of simple cyst derived from Pathol 2012;43:440-5.
the common bile duct; undiscriminated from malignant lesion]. Nihon 34. Sato Y, Harada K, Sasaki M, et al. Cystic and micropapillary
Naika Gakkai Zasshi 1987;76:76. epithelial changes of peribiliary glands might represent a

16. Stevens W, Harford W, Lee E. Obstructive jaundice due to multiple precursor lesion of biliary epithelial neoplasms. Virchows Arch
hepatic peribiliary cysts. Am J Gastroenterol 1996;91:155-7. 2014;464:157-63.

17. Sato Y, Mukai M, Sasaki M, et al. Intraductal papillary-mucinous 35. Sato Y. Cystic and micropapillary neoplasm of peribiliary glands: its
neoplasm of the pancreas associated with polycystic liver and perspective to cholangiocarcinogenesis. Springer: Pathology of the
kidney disease. Pathol Int 2009;59:201-4. Bile Duct, 2017:177-88.

18. Wanless IR, Zahradnik J, Heathcote EJ. Hepatic cysts of periductal 36. Lim J, Nissen NN, McPhaul C, et al. Peribiliary hepatic cysts
gland origin presenting as obstructive jaundice. Gastroenterology presenting as hilar cholangiocarcinoma in a patient with end-stage
1987;93:894-8. liver disease. J Surg Case Rep 2016;8:10.

8 Bazerbachi F, et al. BMJ Open Gastro 2018;5:6000204. doi:10.1136/bmjgast-2018-000204

1ybuAdoo

Aq pa1o8101d "1s8nb Ag 8TOZ aunr gz uo jwodfwg-onsebuadolgy/:dny woly papeojumoq "8T0Z dunr 9 U0 ¥0Z000-8T0Z-1sehlwag/9eTT 0T St paysiignd 1sul ;jossiusonses uado NG


http://dx.doi.org/10.1016/j.gie.2017.08.025
http://dx.doi.org/10.1016/j.pan.2017.08.012
http://dx.doi.org/10.1136/bmjebm-2017-110853
http://dx.doi.org/10.1111/nmo.13120
http://dx.doi.org/10.1111/nmo.13120
http://dx.doi.org/10.1016/j.pan.2017.02.008
http://dx.doi.org/10.1002/hep.1840120525
http://dx.doi.org/10.1111/j.1440-1827.2011.02738.x
http://dx.doi.org/10.1111/j.1872-034X.2007.00211.x
http://dx.doi.org/10.1016/S0016-5107(03)02359-9
http://dx.doi.org/10.1046/j.1440-1827.2003.01538.x
http://www.ncbi.nlm.nih.gov/pubmed/2453599
http://www.ncbi.nlm.nih.gov/pubmed/2453599
http://www.ncbi.nlm.nih.gov/pubmed/8561120
http://dx.doi.org/10.1111/j.1440-1827.2009.02352.x
http://dx.doi.org/10.1016/0016-5085(87)90455-0
http://dx.doi.org/10.1111/j.1440-1827.2009.02430.x
http://dx.doi.org/10.1007/s005350170119
http://dx.doi.org/10.1007/s005350170119
http://dx.doi.org/10.1007/BF00695218
http://dx.doi.org/10.1007/BF00695218
http://dx.doi.org/10.1111/j.1440-1746.1997.tb00396.x
http://dx.doi.org/10.1111/j.1440-1746.1997.tb00396.x
http://dx.doi.org/10.1002/hep.24715
http://dx.doi.org/10.1016/j.clinre.2012.03.005
http://dx.doi.org/10.1016/j.clinre.2012.03.005
http://dx.doi.org/10.1007/s00535-004-1333-x
http://dx.doi.org/10.1097/MCG.0b013e318299c8c1
http://dx.doi.org/10.2957/kanzo.44.58
http://dx.doi.org/10.1016/j.humpath.2011.03.013
http://dx.doi.org/10.1016/j.humpath.2011.03.013
http://dx.doi.org/10.1007/s00428-014-1537-2
http://bmjopengastro.bmj.com/

