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Summary

Background: Hilar cholangiocarcinoma (HC), also referred to as Altemeier-Klatskin's tumour, is
a lethal primary extrahepatic carcinoma of biliary epithelial origin, arising within 2 cm of the hilar
confluence. Radical surgical excision provides the best chance for a cure; however, the manage-
ment of patients with HC is challenging not only because of the need for a high level of skill in
biliary and hepatic resections, but also because of the difficulty in reaching an accurate diagnosis
preoperatively. In fact, the differential diagnosis of HC is a diagnostic dilemma which is currently
persisting, as modern, sophisticated diagnostic modalities are not always able to provide a defi-
nitive preoperative diagnosis. This difficulty is compounded by the fact that alternative entities
that mimic HC may be present in up to 25% of patients with hilar obstruction. This makes precise
preoperative characterisation of a hilar stricture extremely important by preventing unneces-
sary, high-risk, major surgical procedures. Therefore, alternative benign entities masquerading
as Altemeier-Klatskin's tumour deserve an important place in the differential diagnosis of hilar
obstruction. Purpose: Considering the important clinical implications that a precise diagnosis of
the aetiological cause of a biliary obstruction at the liver hilum would have, this paper will focus
on the differentiation between HC and benign hilar obstructions and will review benign tumours
and pseudotumours masquerading as HC along with their specific diagnostic features.

Key words
Altemeier-Klatskin’s tumour - hilar biliary stricture — misdiagnosis — benign Altemeier-Klatskin-
-like lesions - Klatskin-mimicking lesions

Souhrn

Vychodiska: Hilarni cholangiokarcinom (HC) nazyvany také Klatskinlv tumor je letalni primarni
extrahepatalni karcinom z biliarniho epitelu vznikajici do 2cm od spojeni Zlu¢ovodU. Nejlepsi
sanci na vyléceni predstavuje radikalni chirurgicka excize. Lé¢ba pacientli s HC je vak problema-
tickd, a to z dlivodu vysokych pozadavkl na zkusenosti s bilidrnimi a jaternimi resekcemi a také
proto, Ze stanoveni ptesné diagnézy pred operaci neni jednoduché. Diferencialni diagnostika
HC predstavuje diagnostické dilema, nebot ani moderni, sofistikované diagnostické modality
neposkytnou vzdy definitivni preoperativni diagndzu. Stavy, které mohou HC mimikovat, jsou
navic pfitomné az u 25 % pacientl s obstrukci Zlu¢ovych cest. Proto je precizni stanoveni etio-
logie zUzeni hilu pfed operaci zdsadni, aby se pfedeslo zbyte¢nym, vysoce rizikovym zdvaznym
chirurgickym zakrok(m. Benigni stavy vydavajici se za Klatskinlv tumor si v diferencidlni dia-
gnostice obstrukce hilu zaslouzi své misto. Cil: Vzhledem k dllezitym klinickym implikacim
presné diagnodzy etiologie obstrukce zlucovych cest v jaternim hilu se tento ¢lanek zaméfuje
na rozliseni HC a benignich obstrukci hilu. Bude uveden piehled benignich nadort a pseudotu-
mord vydavajicich se za HC spolec¢né s jejich charakteristickymi diagnostickymi znaky.
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Introduction

Hilar cholangiocarcinoma (HC), also re-
ferred to as Altemeier-Klatskin’s [1,2] tu-
mour, is a lethal primary extrahepatic
carcinoma of biliary epithelial origin,
arising within 2cm of the hilar conflu-
ence. It is the second most common pri-
mary hepatic malignancy, comprising
10-25% of primary hepatic malignan-
cies worldwide, and accounts for about
50-70% of all HCs [3,4]. Radical surgical
excision of HC provides the best chance
for a cure. However, the infiltrative na-
ture and anatomic location of the tu-
mour necessitates early diagnosis on
one hand and on the other, major and
challenging procedures that combine
bile duct resection with hepatectomy,
caudate lobectomy and/or portal vein
resection, aiming at complete tumour
clearance, which however entails signif-
icant morbidity [5]. Equally challenging
in the management of patients with hilar
biliary obstruction is the establishment
of a definitive preoperative diagnosis. In
fact, the differential diagnosis of HC re-
mains a diagnostic dilemma, including
a significant number of other primary
malignancies, metastatic disease and
benign lesions [6].

Painless jaundice with evidence of
biliary obstruction is the usual clinical
pattern of biliary tumours, which usually
raises a strong clinical suspicion of biliary
neoplasia [7]. Unfortunately, clinical and
laboratory parameters related to the diag-
nostic work-up of obstructive jaundice
are non-specific in identifying the pre-
cise nature of its underlying cause. This
diagnostic dilemma is currently persist-
ing, as modern, sophisticated imaging
modalities are not always able to pro-
vide a definitive diagnosis [8].

The difficulty in establishing a defin-
itive diagnosis in patients with biliary
obstruction at the liver hilum is further
compounded by the fact that alternative
entities that mimic HC may be present in
up to 25% of patients with hilar obstruc-
tion [9,10]. Biopsies and/or cytology are
often nondiagnostic [11], because while
both intraductal biopsies and biliary
brush cytology have a very high speci-
ficity of 99.2% and 99%, respectively, the
sensitivity is low (48.1% and 45% respec-
tively); however a combination of both

techniques can enhance the sensitivity
up to 59.4%, which is still far lower than
the ideal [12]. Imaging features, although
specific, cannot always definitively ex-
clude the presence of a malignancy [9].
On the other hand, it is well documented
that over 80% of hilar biliary strictures in
patients with no history of previous sur-
gery are secondary to malignancy [9].
Therefore, it is rather reasonable to con-
sider a hilar stricture as malignant in na-
ture until proven otherwise [13]. De-
spite this concept, it has to be accepted
that a diagnosis based on indirect evi-
dence would be incorrect on occasion.
Notwithstanding this, a 25% rate of false
diagnosis especially in complicated case
of hilar obstruction is significantly high,
higher than most would have expected
and higher than most would have con-
sidered as occasional. In fact, according
totheresults of arecentlarge series of pa-
tients with hilar strictures, approximately
16% of patients with hilar strictures and
a preoperative diagnosis of HC proved to
have a benign disease [9,10,13-17]. This
rate of false diagnosis cannot be over-
looked, especially when misdiagnosis
leads to unnecessary, high-risk surgical
procedures. Therefore, alternative path-
ologic benign entities masquerading as
Altemeier-Klatskin's tumour in terms of
clinical presentation and imaging fea-
tures deserve an important place in the
differential diagnosis of hilar obstruc-
tion. Whereas a malignancy requires
major resections or preoperative chemo-
radiation followed by liver transplanta-
tion in highly selected patients [5], be-
nign conditions usually do not require
major interventions, and can usually be
successfully treated with percutaneous
balloon dilation [18] or endoscopic or
percutaneous stent placement, in which
case a biodegradable stent may be
used [19].

Considering the important clinical
implications that a precise diagnosis of
the aetiological cause of biliary obstruc-
tion at the liver hilum would have, this
paper will focus on the differentiation
between HC and benign hilar obstruc-
tions and will review benign tumours
and pseudotumours masquerading
as HC along with their specific diag-
nostic features.

Differentiation between HC and
benign biliary obstruction within
the porta hepatis

Hilar cholangiocarcinoma occurs most
commonly during the 6% decade of
life [20] whereas a younger age favours
benign causes of biliary hilar strictures.
Patients with HC usually present with
jaundice, abdominal discomfort and an-
orexia [21]. Weakness, nausea, weight
loss and signs of obstructive jaundice
such as pruritus, dark urine and clay-
coloured stools are often present [22].
Primary sclerosing cholangitis (PSC), in-
flammatory bowel disease, intrahepatic
stones and oriental cholangiohepati-
tis are among the commonly encoun-
tered comorbidities that constitute ad-
ditional risk factors for the development
of HC [23].

Unfortunately, both benign and ma-
lignant biliary strictures share, in gen-
eral, the same clinical symptoms and
signs, while bilirubin and serum tumour
markers such as CA19-9, IL-6 and neutro-
phil gelatinase associated lipocalin do
not have the power to reliably differen-
tiate the malignant from the benign na-
ture of a biliary stricture [10]. This not-
withstanding, a detailed evaluation of
the current symptoms and surgical his-
tory are of great importance in the diag-
nostic work-up of patients with biliary
obstruction at the liver hilum. In fact, the
clinical symptoms and signs associated
with serum liver enzymes and tumour
markers initially contribute to the es-
tablishment of a working diagnosis. Fur-
thermore, painless progressive jaundice
combined with anorexia and weight loss
favour malignancy, whereas previous
biliary surgery is a significant factor that
favours benignity [24]. In parallel, malig-
nant hilar lesions often cause complete
biliary obstruction, therefore patients
tend to have higher levels of bilirubin
and alkaline phosphatase [25].

Imaging investigations remain the
cornerstone for the evaluation of the
underlying cause of biliary obstruction
at the liver hilum. Duplex ultrasonogra-
phy (DUS) may directly depict a bile duct
mass. In a series of 429 patients with ob-
structive jaundice, the sensitivity and
specificity of DUS in localising the biliary
obstruction were 94% and 96%, respec-
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tively [26]. Furthermore, in a study by
Hann et al., DUS depicted the HC in 87%
of patients. Of which as intra-ductal poly-
poid masses in 18%, as infiltrative lesions
in 26% and as nodular mural thickening
in 56% [27]. Recently, contrast-enhanced
ultrasound based on the enhancement
patterns of lesions has shown promising
results in the diagnosis and differential
diagnosis of HC [28]. Despite these facts,
the true role of contrast-enhanced ul-
trasound in the differential diagnosis of
hilar biliary strictures remains undefined.
Additionally, the sensitivity, specificity
and accuracy of DUS are operator-de-
pendent and there are no data support-
ing its role in the differential diag-
nosis of hilar biliary strictures. Conse-
quently, other imaging investigations
are usually needed to better clarify the
exact nature of a hilar lesion.
Triple-phase, high-resolution multi-
detector-row computed tomography
(CT) scanning plays a key role in the
diagnosis of HC. According to its mac-
roscopic type, HC appears on CT as
a hyperattenuating intra-ductal mass,
focal mural thickening or lumen oblite-
ration at the hilar bile duct. Its sensitiv-
ity reaches up to 90-100% with an ac-
curacy of 92.3-95% [29,30]. It can also
help differentiate between benign and
malignant strictures at the liver hilum.
Vascular involvement, infiltration of sec-
ond-order bile ducts, duct wall thick-
ness >4mm and lobar atrophy are all in-
dicators for cholangiocarcinoma [31]. In
a study by Saluja et al., CT scanning had
a sensitivity, specificity, positive predic-
tive value, negative predictive value and
diagnostic accuracy of 79.2, 79.4, 73.1,
84.4 and 79.3%, respectively, for predict-
ing the nature of the biliary stricture at
the liver hilum [15]. Rosch et al. [32] re-
ported that the presence of a mass and
lymph node enlargement > 1 cm are sig-
nificant imaging features (p < 0.001 and
0.009, respectively) in determining the
malignant nature of a hilar stricture. In
addition, Choi et al. [33] in their retro-
spective analysis reported that biliary
wall thickening > 1.5 mm suggestive of
a mass, rim-like contrast enhancement
in either the arterial or portal phase, long
stricture, higher proximal dilatation and
lymph node enlargement > 1cm were

significant multiphasic spiral CT find-
ings favouring malignancy. CT scanning
is also useful in detecting other malig-
nant lesions and to evaluate alterations
in the hepatic parenchyma, such as lobar
atrophy, and to assess the possibility of
lymph node involvement and distant
metastases. CT is also useful in detecting
liver and peritoneal metastases [30].

Attempting to preoperatively estab-
lish a definite tissue diagnosis and elim-
inate the potential to falsely conclude
a benign disease, CT-guided percuta-
neous biopsy (fine-needle aspiration
(FNA) or core needle biopsy) of a hilar le-
sion has been proposed as an alternative
method, which may improve diagnostic
sensitivity. However, this approach is
technically demanding, is feasible only
in patients with a depicted focal mass,
and is associated with serious compli-
cations such as the risk of peritoneal
seeding of cancerous cells [34]. Despite
the controversy regarding the true inci-
dence of needle-tract seeding [35], it is
currently recommended to avoid biopsy
of a presumed HC because of the risk of
complications such as tumour seeding
or bleeding [34].

Similar to CT scanning, magnetic reso-
nanceimaging (MRI)in combination with
magnetic resonance cholangiopancrea-
tography (MRCP) is an excellent diag-
nostic tool for the diagnosis of HC. It
provides valuable information regard-
ing biliary ductal involvement, vascular
invasion, hepatic lobar atrophy, lymph
node involvement and distant metas-
tases [36]. HC appears as a hypointense
signal on T1 weighted images and high
signal intensity of T2 imaging. The tu-
mour generally appears to be hypovas-
cular in relation to the adjacent hepatic
parenchyma and may be characterised
by irregular thickening of the bile duct
wall with upstream dilation of intrahe-
patic bile ducts while MRCP enables
reconstruction of the biliary network
which can define the longitudinal, intra-
ductal tumour extension with an accu-
racy reaching 71-96% [37]. The reported
sensitivity and specificity of MRCP for
the detection of bile duct malignancy
are 81 and 100%, respectively [38].
Saluja et al. [15] reported that MRCP
demonstrated with an accuracy of 100%

the level of obstruction in patients with
HC. In the same study, it was found that
MRCP combined with MRI had a sensitiv-
ity of 87.5%, a specificity of 85.3%, a posi-
tive predictive value of 80.8%, a negative
predictive value of 90.6% and a diag-
nostic accuracy of 82.7% in predicting
the nature of the stricture. However, the
sensitivity of MRI-MRCP in differentiat-
ing benign from malignant strictures
varies widely, from 30 to 98% [39,40].
Park et al. [41] reported 81% sensitiv-
ity, 70% specificity and 76% accuracy of
MRI-MRCP in differentiating malignant
from benign strictures. The currently ac-
cepted MRI-MRCP criteria favouring ma-
lignant over benign hilar strictures are:
irregular margin of the stricture com-
bined with asymmetric dilatation of the
biliary radicles, extended/long length
stricture with abrupt tapering and the
presence of a mass [15,42]. Unfortu-
nately, CT scanning and MRI-MRCP do
not allow for invasive procedures such
as biopsy, biliary drainage or stent inser-
tion; therefore, direct cholangiography
is usually needed in the differential diag-
nosis of biliary stricture at the hilum of
the liver.

The role of positron emission tomog-
raphy/computed tomography (PET/CT)
in the differential diagnosis of hilar stric-
tures remains unclear. It has a reported
specificity of over 80% in detecting dis-
tant metastases, but it seemingly does
not have much use in differentiating
hilar strictures [43]. Studies utilising
PET/CTs are limited and more studies are
needed to further evaluate the benefit
of this imaging modality in differentiat-
ing hilar biliary strictures.

Percutaneous transhepatic cholangio-
graphy (PTC) and endoscopic retrograde
cholangiopancreatography (ERCP) are
commonly used direct cholangiographic
methods for the diagnosis of HC and the
differential diagnosis of biliary strictures
at the liver hilum. They provide a clear
delineation of the biliary tree and de-
pict precisely the location and extent of
the 3 biliary obstruction. Abrupt, irreg-
ular and eccentric biliary stenosis with
concomitant dilatation of the proximal
biliary tree are the main features that
imply malignancy. The sensitivity, spec-
ificity and accuracy of ERCP/PTC for the
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diagnosis of malignant biliary obstruc-
tion are 58-85%, 70-75% and 72-81%,
respectively [32,41]. A significant limi-
tation of these techniques is their inva-
siveness, which is associated with the
risk of serious complications [29]. In par-
ticular, the PTC-related mortality ranges
between 0.6 and 5.6% [42]. Another lim-
itation of ERCP/PTC is their failure to de-
pict the whole biliary tree in the event
of complete biliary obstruction. In such
cases, neither method can precisely es-
timate the characteristic features of
a biliary stricture. On the other hand,
these methods can be applied for biliary
drainage as well as for material sampl-
ing for brush cytology and forceps bio-
psy or molecular analysis, which may
accomplish a definitive diagnosis. How-
ever, both cytology and biopsy have
a low sensitivity for HC ranging between
41 and 50% for brush cytology [16,44],
and 53% for forceps biopsy [44], since
cancerous tissue is mainly located in
the fibrous stroma surrounding the bile
ducts [45].

In patients with presumed HC, who
have had a negative brush cytology or
forceps biopsy, endoscopic ultrasono-
graphy-guided fine needle aspiration
(endoscopic ultrasound (EUS)-guided
FNA) and intraductal ultrasonography
(IDUS) represent the currently available
alternative modalities to provide a pre-
cise diagnosis. According to the results of
two small series of patients endoscopic
EUS-guided FNA was found to have
a sensitivity of 77-89% and a specificity
of 100% for the diagnosis of HC. Unfor-
tunately, in the same studies EUS-guided
FNA was found to have 29% negative pre-
dictive value, implying that a negative for
malignancy EUS-guided FNA cytology
does not definitely exclude HC [46,47].
One other limitation of EUS-guided FNA
is the significant concern over seeding
the FNA tract with malignant cells, es-
pecially in patients with proximal biliary
strictures. Therefore, it is currently rec-
ommended to avoid EUS-guided FNA
in a presumed surgically curable HC be-
cause of the risk of tumour seeding [34].
On the other hand, IDUS providing high-
resolution images of the ductal wall and
periductal tissues has shown promis-
ing results in differentiating malignant

from benign biliary strictures by depict-
ing the heterogeneity and irregularity of
bile duct thickening and the invasion of
neighbouring hilar structures [48]. Fur-
thermore, the combination of IDUS with
ERCP improved the diagnostic accuracy
over that of either ERCP or MRCP alone
(88 vs. 76% and 58%, respectively) [49].
Meister et al., after retrospectively
reviewing 397 patients with undefined
biliary strictures who had undergone
ERCP with IDUS, found IDUS to have
a sensitivity, specificity and accuracy of
97.6,98 and 92%, respectively [50]. A bile
duct wall thickness of < 7mm and ab-
sence of external compression depicted
at IDUS are the basic imaging charac-
teristics of benign strictures that have
a negative predictive value of 100% for
excluding malignancy in patients with
biliary obstruction seen on cross-sec-
tional imaging without a mass [51].
Direct peroral cholangioscopy has re-
cently attracted renewed interest be-
cause of the low sensitivity of the cur-
rently used laboratory, radiological, and
endoscopic work-up in succeeding a de-
finitive diagnosis of the underlying ae-
tiology of biliary strictures, the opportu-
nity to perform visual-guided biopsies
of suspicious intraluminal biliary lesions
and mainly because of the development
of a single-operator cholangioscopy
(SOCQ) system, SpyGlass TM Direct Visual-
ization System or simply SpyGlass (Bos-
ton Scientific, Natick, MA, USA), which
overcomes the technical difficulties re-
lated to the use of mother-baby endo-
scopes [52,53]. In a multicentre interna-
tional study, SOC was performed with
an overall success rate of 89% and a 30-
day complication rate of 7.5%. Its overall
sensitivity and specificity for differentiat-
ing malignant and benign ductal lesions
were 78% and 82%, respectively, higher
than the 51% and 54% of ERCP alone.
The sensitivity of the pathology of sam-
ples obtained by SOC was only 49%
for the definite diagnosis of malignant
disease [52]. In a similar study, Fukuda
et al., after combining peroral cholan-
gioscopy with ERCP, reported a sensi-
tivity of 100%, a specificity of 87.5% and
an accuracy of 93.5% for differentiat-
ing malignant from benign ductal le-
sions [54]. Although the advantages of

peroral cholangioscopy have been con-
firmed it is not widely used, mainly be-
cause of the high cost, time associated
with the procedure, and the significant
risk of cholangitis [55].

When attempting to establish a de-
finitive tissue diagnosis of a hilar lesion
it should be remembered that HCs are
usually small, hard to access, sclerosing
lesions containing a small number of
carcinoid cells. These features of HC ex-
plain the high percentage of false neg-
ative results of brush cytology/biopsy
studies. Therefore, several sophisticated
cytological techniques have been intro-
duced recently to improve the sensitiv-
ity of cytological studies in biliary can-
cer detection, including fluorescence
in situ hybridisation and digitised image
analysis. The first method detects cancer
cells with the use of fluorescent probes
which identify chromosomal polysomy,
while the second uses special stains to
detect cancer cells and to quantitate nu-
clear DNA and identify aneuploidy [29].
Kipp et al. [56] demonstrated that fluo-
rescence in situ hybridisation markedly
improved the sensitivity of brush cytol-
ogy in patients with undefined biliary
strictures; however, with no significant
difference in specificity. In another study
by Baron et al. [57] it was shown that dig-
itised image analysis also significantly
improved the sensitivity, but it simulta-
neously impaired the specificity when
compared with routine brush cytology.
Although promising, the usefulness of
these methods for the definite diagnosis
of HC still needs further evaluation. Fi-
nally, analysis of the DNA methylation
status of some important genes in the
exfoliated cells of the bile may also con-
tribute in the near future in establish-
ing the diagnosis of HC in patients with
biliary strictures. In a recent study, Yin
et al. [58] found that the methylation sta-
tus of the P16 and adenomatous polypo-
sis coli (APC) gene promoters in the bile
aspirate was valuable in the diagnosis of
malignant biliary obstruction. Differen-
tiation between HC and alternative be-
nign entities within the porta hepatis is
also difficult to assess intraoperatively.
This is because a frozen section analy-
sis of a small amount of a suspicious
tissue obtained intraoperatively from
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the liver hilum is often of limited value,
due to the fact that well-differentiated
cholangiocarcinomas are extremely
difficult to differentiate from benign
lesions.

Benign lesions within the porta
hepatis masquerading as HC
Benign tumours

Benign tumours of the extrahepatic bile
ducts are exceedingly rare, being less
common than traumatic and non-trau-
matic inflammatory lesions [59]. They
account for only 6% of all biliary tu-
mours and 0.1% of all biliary tract op-
erations [60]. Benign tumours usually
develop from the epithelial or nonepi-
thelial layers of the bile ducts, giving rise
to a spectrum of clinical, pathologic and
radiologic features [61]. The majority of
these neoplasms fall into the category
of polyps, papillomas and adenomas.
The remainder comprise cystadenomas,
adenomyomas, granular cell myoblas-
tomas, fibromas, leiomyomas, neurino-
mas, hamaratomas, lipomas, melano-
mas and carcinoids [62]. Despite their
rarity, these tumours should always be
included in the differential diagnosis of
biliary strictures.

Benign biliary tumours exhibit, in gen-
eral, similar clinical symptoms and signs
with malignant lesions with the excep-
tion of anorexia and weight loss, which
are rarely present in patients with be-
nign lesions [63]. This notwithstand-
ing, no clinical symptom or sign is spe-
cific enough to accurately differentiate
benign neoplasms from malignant
or inflammatory pseudotumours. Be-
nign neoplasms of the extrahepatic bile
ducts are usually diagnosed on final
pathologic examination of the surgical
specimen.

Epithelial tumours

Extrahepatic biliary adenomas
Extrahepatic biliary adenomas arise
from the glandular epithelium lining the
bile ducts, representing the most com-
mon type of benign tumour of the ex-
trahepatic biliary tree. According to the
World Health Organization (WHO) classi-
fication of benign biliary tumours, three
forms of biliary adenomas are recog-
nised: tubular, papillary and tubulopapil-

lary [61]. Their incidence is very low, and
only a limited number of biopsy-proven
cases have been reported to date in Eng-
lish-language literature [59,64,65].

In the majority of patients with symp-
tomatic biliary adenomas, obstruc-
tive jaundice comprises the prevalent
presenting clinical sign [66]. However,
biliary obstruction is usually transitory
and may be confused with biliary lithia-
sis. Biliary adenomas are usually local-
ised in the distal part of the common
bile duct and biliopancreatic ampulla,
with lesions in the common hepatic
duct and hepatic ducts accounting for
only 15 and 8%, respectively [67]. Re-
gardless of various hypotheses such as
focal, reactive process to injury, hepato-
lithiasis and clonorchis infection, their
exact pathogenetic mechanism remains
undefined [68].

Their imaging features provided by
US, CT or MRI-MRCP are not specific
enough to differentiate them accurately
from HC. Correct diagnosis of these le-
sions may be provided by ERCP com-
bined with multiple tissue biopsies [69].
This is because brush cytology, having
a low sensitivity, is an inadequate test
making histology necessary to establish
a firm diagnosis.

Given their rarity and the limited
understanding of their natural progres-
sion, several authors argue that the
use of a conservative approach would
be more appropriate for biliary adeno-
mas [69,70]. However, the difficulty in
establishing a firm preoperative diag-
nosis combined with the risk of recur-
rence in cases of partial tumour re-
section and their malignant poten-
tial rationalises the current strategy of
most hepatopancretobiliary surgeons,
who advocate radical resection of the
adenoma-bearing duct [64]. Follow-
ing this strategy, distal lesions would re-
quire pancreaticoduodenectomy, and
proximal lesions, hepatic resection with
biliary reconstruction.

Intraductal papillary neoplasms

of the bile duct

Intraductal papillary neoplasms of the
bile duct (IPNB) is a recently recognised
rare type of epithelial bile duct tumour
with an exophytic nature, exhibiting

a papillary or villous growth within the
bile duct lumen. It has been adopted as
a distinct clinical and pathologic entity
in the WHO classification of 2010 and
is classified into IPN with low-or inter-
mediate-grade intraepithelial neopla-
sia, IPN with high-grade intraepithelial
neoplasia and IPN with an associated
invasive carcinoma [71]. These tumours
represent the biliary counterpart of in-
traductal papillary mucinous neoplasm
of the pancreas (IPMN) and can de-
velop anywhere along the biliary ducts,
occasionally causing duct dilatation.
Hypersecretion of mucin can also be
encountered [72].

Microscopically, these tumours are
composed of papillary fronds with fine
vascular cores. Their neoplastic epithe-
lial cells usually display atypia, which
ranges from borderline to marked, and
can be associated with invasive car-
cinoma. Based on these microscopic
features, IPNBs are considered as pre-
malignant lesions towards invasive
cholangiocarcinoma.

According to their histomorphology
and immunophenotypical profile, these
neoplasms are further classified into four
subtypes: pancreato-biliary, intestinal,
gastric and oncocytic, with pancreato-
biliary being the most common [73]. The
intestinal and pancreatobiliary types are
frequently malignant and therefore are
regarded as counterparts of the main
duct-type IPMN. Immunopathologi-
cally, IPNBs frequently express MUC2,
MUCS5AC and cytokeratin 20, which are
the mucous phenotypes of the intestinal
and gastric crypt epithelium [74].

Prior to IPNB inclusion into the WHO
classification of tumours, various termi-
nology has been used to describe the
types of tumours currently included in
the spectrum of IPNBs, such as biliary
papilloma/papillomatosis, papillary car-
cinoma of the extrahepatic bile duct,
and biliary cystadenoma and cystadeno-
carcinoma. According to the latest WHO
classification of tumours of the digestive
system, types of intrahepatic cholangio-
carcinoma with intraductal growth and
papillary carcinoma of the extrahepatic
bile ducts are currently exclusively in-
cluded in IPNBs in cases where their in-
traductal component is composed of
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papillary fronds with fine vascular cores.
In addition, cystic biliary tumours pre-
viously included in the type of cystad-
enoma or cystadenocarcinoma are cur-
rently considered as a cystic variant of
IPNB in case of bile duct communica-
tion and the absence of ovarian-like
stroma [75].

The pathogenesis of IPNBs is not clear.
Studies from the Far East suggest an as-
sociation between IPNBs and hepato-
lithiasis or clonorchiasis infection. How-
ever, this association has not been
confirmed in Western studies [76]. Ge-
netic tests of patients with IPNBs sug-
gest a stepwise progression from an in-
itially low-grade intraductal papillary
dysplasia to, finally, an invasive adeno-
carcinoma which is promoted mainly
by KRAS mutation and loss of p16 [70].
However, the pathogenesis of these tu-
mours remains practically undefined
and more studies are needed to clarify
and interpret the spectrum of molecular
and genetic changes leading to the de-
velopment of IPNBs.

As a newly defined entity, the clini-
cal and pathologic features of IPNBs are
still ill-defined, making their diagnosis
challenging. In fact, the most common
clinical signs in patients with IPNBs are
nonspecific, including intermittent ab-
dominal pain, jaundice and acute chol-
angitis, while up to 5% of patients can be
asymptomatic [76].

The location of IPNBs varies. Some
reports demonstrated that IPNBs are
mainly located at the intrahepatic bile
ducts [77,78] whereas others found that
the hepatic hilum was the most com-
mon location [76].

The most common imaging finding of
IPNBs are bile duct dilatation and intra-
ductal masses, which can be depicted by
US, CT and MRI-MRCP, having, however,
varying sensitivity [79,80]. Duodenos-
copy can show a patulous orifice of the
duodenal papilla draining mucin while
endoscopic retrograde cholangiography
can detect diffuse dilatation of the bile
ducts with amorphous filling defect(s)
as a result of mucobilia that is present
in nearly two-thirds of patients with
IPNBs [81]. Retrograde cholangiography
can also provide a definitive diag-
nosis when combined with tissue bio-

psies. Similarly, cholangioscopy can his-
topathologically confirm the diagnosis,
also providing the ability to assess the
spreading of the tumour along the epi-
thelium of the biliary ducts [72].

Despite the fact that IPNBs are con-
sidered as premalignant lesions, their
management should be similar to that
applied for cholangiocarcinomas, mean-
ing that radical surgical intervention
is required, including major hepatec-
tomy, with or without extrahepatic bile
duct resection or pancreaticoduodenec-
tomy. This policy is justified by the fact
that preoperative diagnosis usually un-
derestimates the degree of tumour cell
atypia [72]. Nevertheless, in cases of
preoperative precise diagnosis of IPNB
with low- to high-grade intraepithelial
neoplasia and limited superficial tumour
extension, limited surgical intervention
may be justified [82].

Non-epithelial tumours

Granular cell tumour

Granular cell tumours are benign, ex-
tremely rare neoplasms usually occur-
ring in the oral cavity and subcutaneous
tissue. Fewer than 1% of these tumours
arise in the extrahepatic biliary tree [83].
In 1952, Coggins et al. [84] reported the
first case of a granular cell tumour of the
biliary tract. To date, no case of a malig-
nant bile duct granular cell tumour has
been reported. Most authors accept
the theory that these tumours originate
from Schwann cells, on the basis of his-
tological, electron microscopic and im-
munobhistichemical features [85].

The majority of patients with bile duct
granular cell tumours are black, young
and female. In fact, the tumour’s prev-
alence is four times greater in women.
Clinical symptoms and signs are non-
specific including jaundice, abdominal
pain and pruritus. Their size at the time
of diagnosis ranges from 0.5cm [86]
to 4.0cm [87] while in 11.6% of cases
the tumour is located near the con-
fluence of the right and left hepatic
ducts, masquerading as HC. A definitive
preoperative diagnosis, although diffi-
cult, might be provided from several re-
peated biopsies. The histopathology of
a granular cell tumour involves large,
granular-like eosinophilic cells which are

often immunoreactive for the S-100 pro-
tein [88]. However, even if it is precisely
diagnosed preoperatively, a surgical op-
eration may be considered, to decidedly
rule out malignancy and definitively
treat symptoms and signs caused by the
obstructing lesion.

Neural tumours

Neurofibroma

Neurofibromas are rare benign tumours
arising from Schwann cells that form the
myelin sheath of the peripheral nerves.
Occasionally, these tumours occur as
solitary lesions, but usually they develop
in the context of neurofibromatosis type |
(von Recklinghausen'’s disease), which
is an autosomal dominant disease as-
sociated with multiple tumours of the
nervous system, with or without skin le-
sions. Extrahepatic bile duct neurofibro-
mas are extremely rare, with only a lim-
ited number of cases reported in medical
literature [89-91]. These tumours grow
on the connective tissue nerve sheath
of the sympathetic and parasympathetic
nerves that innervate the bile ducts.
Long spindle cells characterise these tu-
mours pathologically. The neurogenic
features of long spindle cells are demon-
strated by positive immunohistochemis-
try for S100, which is a marker for neuron
intermediate filament protein.

In the absence of Recklinghausen’s
phakomatosis, the majority of extra-
hepatic bile duct neurofibromas are
secondary to inappropriate intraoper-
ative bile duct injuries, where epineu-
rium trauma triggers a reactive fibroin-
flammatory disorganised regeneration
process [89]. Common bile duct primary
solitary neurofibromas can also develop
secondary to chronic inflammation,
biliary lithiasis or infection, when disor-
ganised regeneration of injured nerve
axons is enclosed by the nerve’s intact
epineurium.

Clinical symptoms and signs are non-
specific and there have been no specific
detective indexes or imaging features
reported for this tumour in the litera-
ture [92,93]. Therefore, differentiation
from other biliary lesions and establish-
ing a definite preoperative diagnosis is
extremely difficult. Despite their rar-
ity, bile duct neurofibromas should be
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considered in patients with a history
of previous biliary trauma. Exploratory
laparotomy is usually indicated and in-
traoperative frozen section examination
should guide the type and extent of the
procedure.

Schwannoma

Schwannoma or neurilemoma is a be-
nign tumour derived from Schwann
cells, which form the inner portion of
the peripheral nerve sheaths. It is usually
located in the upper extremities, trunk,
head and neck, retroperitoneum, me-
diastinum, pelvis and peritoneum [94].
Peripheral nerve schwannomas can be
associated with neurofibromatosis type |
and Il [95]. Digestive tract schwanno-
mas are relatively rare, commonly aris-
ing in the stomach, large bowel, rectum
and oesophagus [96]. Very rarely, these
tumours can develop along the sympa-
thetic and parasympathetic network of
nerve fibres overlying the biliary duct
wall [97]. Extrahepatic biliary schwan-
nomas tend to develop in adults in the
fifth decade of life, with a female pre-
dominance. Obstructive jaundice is the
most common clinical sign, followed by
abdominal pain and weight loss; how-
ever, the clinical symptoms and signs are
nonspecific and there are no specific pa-
rameters or imaging findings for these
tumours [98].

Macroscopically, schwannomas are
usually encapsulated solid globular
or ovoid tumours while microscopi-
cally these tumours consist of two dis-
tinct components, a hypercellular and
a myxoid [99].

Immunohistochemistry is necessary
to distinguish schwannomas from neu-
rofibromas and other digestive stromal
neoplasms. Specifically, schwannomas
are strongly positive for vimentin and
S100 protein but they are negative for
muscle cell markers and CD117, which in
turn are positive in smooth muscle and
gastrointestinal stromal tumours. Addi-
tionally, digestive tract schwannomas
are in the majority of cases negative for
CD34 [100].

Although there may be a preoper-
ative suspicion, a definitive diagnosis
of this exceedingly rare extrahepatic
biliary neoplasm requires histopatho-

logical confirmation. Therefore, and de-
spite the considerable chance of se-
rious postoperative complications, most
hepatopancreatobiliary surgeons agree
that surgical resection is the treatment
of choice [101]. Following surgical treat-
ment digestive tract schwannomas have
an excellent prognosis [101].

Neuroendocrine tumours - bile duct
carcinoid

Neuroendocrine tumours (NETs) are
a distinct, heterogeneous group of neo-
plasms that exhibit characteristic clinical,
histological and biological properties.
They arise from various neuroendo-
crine cells which are physiologically in-
volved in the neuroendocrine interface.
Commonly, NETs develop in the appen-
dix, bronchus, ileum and rectum, possi-
bly arising from embryonic neural crest
cells (Kultschitsky cells) [102]. However,
this type of cell is exceedingly scarce
throughout the bile duct epithelium,
accounting for the fact that extrahepatic
bile duct NETs are very rare [103]. In fact,
according to the study by Modlin et al.,
among digestive system NETs, the inci-
dence of extrahepatic bile duct NETs was
found to be 0.32% [104].

The term carcinoid was used until re-
cently to describe these tumours; how-
ever, in 1996 the WHO proposed the
broader term of neuroendocrine tu-
mours to define these neoplasms [105].
According to the WHO the term NETs
includes all endocrine tumours, rang-
ing from well-differentiated carcinoid
tumours to poorly differentiated can-
cers. The staging of NETs is based on
size, number of mitoses per high power
field (HPF), invasiveness and on the
Ki-67 immunostaning (cellular marker
for proliferation) to differentiate their
grade and malignant potential. The lat-
est WHO classification adds emphasis to
the NETs grade (G), distinguishing these
tumours into three categories, which
were assigned as follows: NET G1 or car-
cinoid, with a mitotic count of < 2 per
10 HPF and/or a Ki-67 index < 2%; NET
G2, with a mitotic count of 2 to 20 per
10 HPF and/or a Ki-67 index of 3-20%;
and G3 (neuroendocrine carcinoma),
with a mitotic count of > 20 per 10 HPF
and/or a Ki-67 index > 20% [106].

Carcinoid (NET G1) tumours of the ex-
trahepatic biliary ducts account for only
0.1-0.2% of all carcinoids of the diges-
tive system [13]. They occur more fre-
quently in young female patients [107].
To date, only 14 patients with hilar NET
G1 have been reported in international
literature [108].

Various hypotheses have been pro-
posed for the development of extrahe-
patic biliary NETs, however their actual
pathogenesis remains largely unset-
tled. The most accepted theory regard-
ing their pathogenesis is based on the
assumption that these neoplasms orig-
inate from a multipotent stem cell
which has the ability to differentiate into
a NET [109]. The rationale of this theory
is supported by the fact that NETs ex-
hibit mixed phenotypes, ranging from
actual NETSs to true carcinomas with dis-
persed neuroendocrine cells [110]. Intes-
tinal metaplasia consequently to chronic
inflammation increasing the number of
embryonic neural crest cells throughout
the biliary tract epithelium is also im-
plicated in the pathogenesis of biliary
NETs. [111].

Biliary NETs usually occur during the
6™ decade of life and their most frequent
anatomic location is the common bile
duct (58%) followed by the hilar conflu-
ence (28%), the cystic duct (11%) and the
hepatic duct (3%) [104]. In the majority
of cases biliary NETs are non-function-
ing without evidence of systemic endo-
crine manifestations. Occasionally, they
can be hormonally active with a detect-
able specific serum or urine marker in-
dicative of the endocrine nature of the
tumour [112,113]. The size of biliary NET
G1 tumours at the time of diagnosis is
rather small, ranging from 1.1 to 5.5cm
while their symptoms and signs such as
abdominal discomfort, jaundice, weight
loss and back pain are non-specific and
develop as a result of either obstruc-
tion/invasion or metastases [114,115].

Imaging modalities such as US, CT
or MRI-MRCP are not specific enough
to firmly diagnose biliary NETs. Pre-
cise preoperative diagnosis of extra-
hepatic biliary NETs is difficult and is
usually reached postoperatively by the
histopathologic examination of the
surgical specimen. Occasionally, a de-
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finitive preoperative diagnosis might
be provided from repeated cytologi-
cal samplings or from several repeated
biopsies [116,1171].

Appropriate management for biliary
G1 NETs necessitates surgical resec-
tion with negative margins combined
with hepatoduodenal, periportal and
pericholedochal lymph node clear-
ance [114,118]. These tumours are of
low malignant potential and therefore,
a favourable prognosis should be ex-
pected following appropriate surgical
management [119].

Pseudotumours
Inflammatory pseudotumours
Inflammatory pseudotumours (IPTs)
(plasma cell granulomas, inflammatory
myofibroblastic tumours) are rare idio-
pathic benign lesions consisting of lo-
calised proliferation of a heterogeneous
population of inflammatory cells (spin-
dle cells, plasma cells, lymphocytes, eo-
sinophils and neutrophils) together with
myofibroblastic proliferation and areas
of fibrosis and/or necrosis [120,121].
These tumours can arise in practically
every site in the body, however the lungs,
omentum and mesentery represent the
most common locations [122]. Primary
sclerosing cholangitis, Crohn’s disease
and phlebitis have been associated with
the development of IPTs [123,124].
Despite the fact that the exact inci-
dence of extrahepatic biliary IPTs is prac-
tically unknown, it has been reported
that approximately 4-20% of bile duct
strictures correspond to IPTs [125,126].
The aetiology of IPTs remains uncertain.
Among various proposed pathogenetic
hypotheses, the most likely are anteced-
ent bacterial, parasitic or viral infection.
Actually, there is an established associa-
tion between Epstein—Barr virus infec-
tion and IPT development, in view of the
fact that the Epstein-Barr virus has often
been found in histopathological IPTs
samples [127]. With regard to the patho-
genesis of extrahepatic biliary IPTs, it has
been argued that they may develop as
a result of recurrent episodes of acute
cholangitis, secondary to portal ve-
nous infection and obliterating phlebi-
tis [128,129]. Furthermore, associations
between IPTs and recurrent pyogenic

cholangitis (RPC) leading to the forma-
tion of biliary strictures have been de-
scribed [120]. Another proposed IPT ae-
tiology is autoimmunogenic processes,
given that some cases have responded
well to corticosteroid treatment [130].
The latter aetiology is supported by the
fact that IgG4-related IPTs of the liver de-
veloped in patients with autoimmune
pancreatitis [131].

Clinical findings in patients with
biliary IPTs are non-specific, being indis-
tinguishable from those of HC. On imag-
ing, IPTs appear as focal masses that may
show delayed and persistent enhance-
ment owing to their fibrous content.
On cholangiography IPTs are depicted
as biliary strictures of intra- or extrahe-
patic biliary ducts. These imaging find-
ings are remarkably similar to those of
HC [132]. In addition, preoperative tu-
mour sampling is technically challeng-
ing and it usually results in suboptimal
diagnosis [133]. Notwithstanding this,
distinction between IPTs and malignant
lesions is crucial, because IPTs have a be-
nign biological behaviour and are char-
acterised by the property of sponta-
neous regression [134].

Surgical resection or bypass opera-
tions are indicated for the management
of biliary IPTs ensuring a satisfactory
prognosis, provided that the tumour has
been proved clearly benign. The proba-
bility of IPTs in patients undergoing sur-
gical exploration should always be con-
sidered and the extent of the resection
should be determined by the intraop-
erative findings and fast frozen section
analysis [135].

Dominant stricture in the context of PSC

Primary sclerosing cholangitis is
a chronic cholestatic liver and biliary
tract disorder of possible autoim-
mune pathogenesis, characterised by
a highly variable natural history [136].
The disease is complicated by a fi-
brotic process that results in strictures
involving intra- and extrahepatic bile
ducts [136]. Its diagnosis is currently
based on direct cholangiographic or
MRCP findings, which include discontin-
uous focal stricturing and saccular dila-
tation of bile ducts, which progressively
create a ‘beaded’ appearance [137,138].

PSC consists in a diagnosis of exclu-
sion which is based on cholangio-
graphic biliary alterations which can-
not be ascribed to another cause.
Accordingly, PSC diagnosis can be es-
tablished only in the absence of various
underlying pathogenic processes, which
can lead to the typical PSC imaging
pattern [139].

Differential diagnosis of PSC includes
several disorders that can cause simi-
lar biliary alterations such as bacterial
cholangitis, intra-arterial administration
of floxuridine, prior biliary surgery and
AIDS related cholangiopathy. Central
to the diagnosis of PSC is the fact that
the disease is associated with inflam-
matory bowel disease in up to 80% of
patients [139].

PSC may run a long asymptomatic
course but it may also have an aggres-
sive progression, complicated with re-
current biliary tract obstruction/cholan-
gitis leading to end-stage liver disease.
In up to 20% of PSC patients, a localised
high-grade bile duct stricture at the liver
hilum may be the presenting feature
mimicking HC [140]. This finding should
be interpreted in light of the fact that
PSC is the most common predisposing
condition for HC in the Western world,
inducing a lifetime risk for the devel-
opment of HC of 25%. Moreover, ap-
proximately 75% of PSC patients who
develop HC have a dominant biliary
stricture, and compared to sporadic
cases of HC, PSC patients tend to present
the tumour earlier, in the 4™ or 5" de-
cade of life [140,141]. Furthermore, the
incidence of HC peaks in the first 2 years
following PSC diagnosis, while the risk
of carcinogenesis is not associated with
the duration of the underlying inflam-
matory process [142]. Of note is that the
pool data of patients with benign le-
sions obstructing the common bile duct
with an initially presumed diagnosis of
HC demonstrated a 1.6% definitive diag-
nosis of PSC at the final histopathologic
examination [10,13,14,17].

The development of HC is a lethal se-
quel of PSC, therefore evaluation of
biliary strictures discovered in PSC pa-
tients is of the utmost importance.
Nevertheless, early and accurate diag-
nosis of HC in the setting of PSC remains
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an unresolved diagnostic challenge.
Among the various modern diagnostic
tools available, per oral cholangios-
copy, which allows direct endoluminal
biliary visualisation and directed bio-
psies of suspicious strictures is proba-
bly the method of choice as it provides
over 90% sensitivity and specificity for
the diagnosis of HC [143]. Unfortunately,
HC is still diagnosed at an advanced
stage which is associated with a dismal
survival. Except palliative treatment no
other option is available [144].

The surgical management of PSC with
presumed HC deserves special consid-
eration, including resection versus liver
transplantation. The choice of treat-
ment should be guided on one hand
by the clinical stage of HC and on the
other by the severity of PSC. Patients
with advanced HC stage or metastatic
disease are poor candidates for surgical
therapy. Conversely, patients with early
stage HC and satisfactory liver function
are good candidates for surgical resec-
tion [139]. In highly selected PSC pa-
tients with nonmetastatic and limited-
early stage HC, liver transplantation
following radiochemotherapy is a very
promising treatment option in expe-
rienced centres [145].

Recurrent pyogenic cholangitis

Recurrent pyogenic cholangitis (oriental
cholangiohepatitis) is a condition charac-
terised by recurrent episodes of bacterial
cholangitis associated with intrahepatic
strictures and hepatolithiasis, commonly
affecting individuals from Southeast
Asia [146,147]. The disease peaks be-
tween the 3 and 5™ decades of life, with
no gender preference, and is character-
ised by the presence of pigmented biliary
stones, which are typically located in
the left lateral and right posterior biliary
ducts. Patients commonly present with
the classical but non-specific features of
pyogenic cholangitis [148].

The pathogenesis of hepatolithiasis is
driven by a complex interplay between
metabolic disorders, reduced bile flow
rate, bile stasis, infection, and chronic in-
festation of the biliary tree, all interact-
ing in a vicious circle. In fact, liver flukes
and ascaris are believed to initially in-
duce biliary injury promoted by stone

formation and strictures followed by
bacterial superinfection [149]. Another
hypothesis regarding RPC pathogene-
sis holds that Escherichia Coli infection
interacting with hypoproteinaemia pro-
motes bilirubin deconjugation in the
bile ducts inducing the formation of
biliary sludge and stones [150]. Sepsis
induced by recurrent bacterial cholangi-
tis is the major cause of lethality in pa-
tients with RPC. Additionally, RPC is as-
sociated with the development of HC in
approximately 10% of patients [150].

Apart from intrahepatic stones, the
typical imaging features of RPC are biliary
strictures, ductal wall thickening, central
duct dilatation with abrupt tapering (ar-
rowhead sign), poor delineation of bile
duct branching and non-filling of seg-
mental biliary ducts [151]. Bile duct wall
thickening and enhancement at the liver
hilum depicted at imaging in patients
with RPC can be misinterpreted as HC.
This is due to the fact that conventional
imaging studies alone cannot accurately
differentiate a RPC hilar stricture from
HC [152].

Planning treatment of RPC compli-
cated with HC requires careful judge-
ment, taking into consideration both
disease processes. The type of surgical
operation should be guided on one hand
by the HC clinical stage and on the other
by the location of intrahepatic stones,
the present of additional biliary stric-
tures and coexistent parenchymal liver
atrophy [153].

Portal biliopathy

Portal biliopathy (PB) is recently intro-
duced terminology referring to the mor-
phologic alterations of the entire extra
and intrahepatic biliary tree in patients
with portal hypertension (PH) [154]. PH,
especially when it is caused by chronic
thrombotic obstruction of the extrahe-
patic portal vein, is commonly followed
by the development of an abnormal
periportal and pericholedochal bridg-
ing variceal network forming the por-
tal cavernoma, in an attempt to drain
the extrahepatic portal system towards
the systemic circulation [155-157]. Less
common causes of PB include liver cir-
rhosis, portal vein fibrosis without cirrho-
sis and congenital hepatic fibrosis [155].

Portal cavernoma exerts extrinsic
pressure on the adjacent biliary ducts so
that the epicholedochal venous plexus
of Saint and paracholedochal venous
plexus of Petren may on one hand me-
chanically protrude into the bile duct
lumen and on the other, induce sec-
ondary ischaemic vascular bile duct in-
jury with or without cholangitis [156].
These latter secondary events are be-
lieved to lead to the development of ir-
regular strictures of both extra and in-
trahepatic bile ducts (segmental dilated
segments with a beaded appearance,
ectasia and ‘pruning’ of the intrahepatic
bile ducts) that can cause asymptomatic
cholestasis in more than 50% of patients
and rarely, symptomatic biliary obstruc-
tion [158]. Several studies suggest that
the prevalence of PB secondary to por-
tal cavernoma can range from 80 to
93% [158,159]. Notwithstanding this, PB
is a very rare and usually asymptomatic
entity [160].

Upper quadrant pain typically of
biliary origin, recurrent fever with chills
and jaundice alone or in combination
suggest the possibility of symptomatic
PB in patients with PH. Direct cholangio-
graphic findings include segmental up-
stream dilation, calibre irregularity, fill-
ing defects that may be interpreted as
common bile duct calculi, stricture and
extrinsic impression on the bile duct due
to collaterals [161]. Clinical symptoms
and signs and cholangiographic altera-
tions of PB may resemble HC, with the
portal cavernoma appearing as a solid
mass which is termed ‘pseudocholan-
giocarcinoma sign’ raising serious diag-
nostic and therapeutic issues [162].

Mirizzi syndrome

Mirizzi syndrome, first described by
Pablo Luis Mirizzi in 1948 [163] and
which since then has come to bear his
name, refers to secondary common bile
or hepatic duct obstruction caused by
an extrinsic compression from an im-
pacted stone in the Hartmann’s pouch of
the gallbladder or the cystic duct. Its cur-
rent definition includes four variations: a)
the cystic duct runs parallel to the com-
mon hepatic at the gallbladder infundib-
ulum; b) impacted biliary stone in the
cystic duct or the infundibulum of the
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Tab. 1. Diagnostic criteria of IgG4-SC177.

Features

bile duct histology

Characteristic criterion

with associated obliterative phlebitis and storiform fibrosis

bile ductimaging

b) fleeting/migrating biliary strictures

serology
polyorganic involvement

steroid-responsive disease

increased serum levels of IgG4

IgG4 - immunoglobulin G4, HPF - high power field

gallbladder; c) obstruction of the com-
mon hepatic duct either by a biliary stone
or by secondary inflammation; and d) ob-
structive jaundice associated with recur-
rent cholangitis or secondary biliary cir-
rhosis [164-166]. Csendes et al. [164] in
1989 further defined four evolving stages
of the syndrome, from extrinsic compres-
sion to fistulisation and/or complete ero-
sion of the common hepatic duct.

The clinical presentation of the syn-
drome varies from no symptoms or signs
to severe acute cholangitis. Despite re-
cent advances in medical technology,
preoperative diagnosis of Mirizzi syn-
drome is usually challenging. This is due
to the fact that the clinical picture, lab-
oratory values and imaging findings are
not specific [167]. Furthermore, the syn-
drome is associated with portal inflam-
mation, which often results in the de-
velopment of biliary stricture mimicking
the periductal infiltrating type of HC [31]
and apart from masquerading as HC, it is
associated with an increased risk of gall-
bladder cancer, as compared to patients
with uncomplicated cholelithiasis [168].
MRCP is the method of choice as it com-
monly depicts the impacted gallstone
and the concomitant extrinsic com-
pression that exerts on the extrahepatic
ducts in addition to the dilatation of the
proximal biliary ducts, which are all typ-
ical imaging findings in favour of Mirizzi
syndrome [31].

1gG4 related sclerosing cholangitis in the
context of IgG4-related disease
Immunoglobulin G4-related scleros-
ing cholangitis (IgG4-SC) is the biliary

manifestation of the recently recog-
nised 1gG4-related disease (IgG4-RD),
which is a multisystemic disorder often
associated with autoimmune pancrea-
titis (AIP) [169,170]. Usually, IgG4-RD in-
volves multiple organs causing IgG4-re-
lated sclerosing pancreatitis, cholangitis,
retroperitoneal fibrosis, sialadenitis,
asymptomatic lymphadenopathy, thy-
roiditis, nephritis, pneumonia, prosta-
titis and some IPTs [171]. These disease
entities belong in the IgG4-RD spectrum
with commonly overlapping clinical and
radiological features [172].

Immunoglobulin G4-RDs are distin-
guished by an elevated serum IgG4, ex-
tensive 1gG4-positive plasma cells and
T-lymphocyte infiltration in the affected
organs and response to steroid therapy.
They affect mainly middle-aged/older
men (60 years of age) who commonly
present with mass-forming lesions sus-
picious of malignancy [173,174]. Clini-
cal presentation depends on the organ
involved, while general symptoms and
signs such as fever and weight loss
are present in fewer than 10% of the
patients [174].

The pathogenesis of IgG4-RD remains
undetermined, but there is evidence
supporting the role of autoimmun-
ity and allergy. Inflammation and sub-
sequent fibrosis in 1gG4-RD is possibly
driven by T helper 2 cells and regulatory
T cells [175]. Allergy has been proposed
as an additional pathogenetic mecha-
nism because of the significant overlap
of symptoms and concomitant atopic
disorders [176]. The exact role of IgG4 in
the pathogenesis of IgG4-RD remains

lymphoplasmacytic infiltrate with > 10 IgG4-positive cells/HPF within and around bile ducts

a) single or multiple strictures involving intrahepatic, proximal extrahepatic, or intrapancreatic bile ducts;

pancreas, retroperitoneal fibrosis, renal lesion, and salivary/lacrimal gland

normalization of liver enzymes or resolution of stricture (radiologically)

unclear and the question as to whether
the increased T-lymphocyte infiltration
of the affected organs is a primary or
a secondary event remains unanswered.

The diagnosis of IgG4-RD is currently
based on the international consen-
sus diagnostic criteria [177]. The Mayo
Clinic HISORt, which is a mnemonic that
stands for histology, imaging, serology,
other organ involvement and response
to therapy criteria, were initially pro-
posed for the diagnosis of AIP [178]. The
three histological cornerstones support-
ing the diagnosis of IgG4-RD are an IgG4-
-positive lymphoplasmacytic tissue infil-
trate, storiform fibrosis and obliterative
phlebitis. Tissue eosinophilia of the in-
volved organs may also coexist. Another
central unifying characteristic is the re-
sponse to immunosuppression, particu-
larly steroid therapy (Tab. 1) [179].

Immunoglobulin G4-SC is the most
common extrapancreatic manifesta-
tion of AIP [180]. It has a male predom-
inance presenting usually in the 5% and
6t decades of life. Its clinical picture is
non-specific including obstructive jaun-
dice, weight loss, abdominal pain, stea-
torrhoea and new onset diabetes [181].
It may be diagnosed incidentally in pa-
tients presenting clinically with AIP
without clinical symptoms or suspicion
of biliary involvement [182].

The diagnosis of 1gG4-SC requires
a high index of clinical suspicion and can
be based on the HISORt criteria [183]
and the Japanese 1gG4-SC working
group statement allowing for differen-
tiation from HC [184]. CT is an invalua-
ble diagnostic method as it demon-
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strates biliary strictures with associated
wall thickening and inflammation. Addi-
tionally, it can identify the involvement
of other organs and generalised lym-
phadenopathy [185]. Endoscopic retro-
grade or magnetic resonance cholan-
giography plays a central role in IgG4-SC
diagnosis. Cholangiography depicts dif-
fuse bile duct wall thickening in stenotic
segments. These findings may be mul-
tiple, showing an intrahepatic distribu-
tion similar to that of PSC or they may
be located in the hilar plate mimicking
HC. The intrapancreatic part of the com-
mon bile duct is the most commonly in-
volved site, especially when combined
with AIP [186]. Notwithstanding this,
these findings are non-specific so that
the imaging studies presently employed
are unable to differentiate IgG4-SC from
HC [187]. Differential diagnoses also in-
clude PSC, pancreatic cancer and trau-
matic biliary strictures. Of note is that,
despite the fact that the elevation of
serum IgG4 (>1404g/L) is a hallmark of
IgG4-SC, it is not regarded as pathogno-
monic, as nearly 30% of IgG4-SC patients
have normal serum IgG4 levels, while
additional, certain PSC cases, and other
disease entities might demonstrate high
serum lgG4 [188,189]. Hypergamma-
globulinaemia, hyper IgG, antinuclear
antibody, rheumatoid factor and peri-
pheral eosinophilia are additional sen-
sitive serological markers, however their
diagnostic value is rather limited be-
cause of their low specificity [190]. Occa-
sionally, IgG4-SC can develop as an iso-
lated biliary disease presenting as either
a diffuse SC or a hilar IPT [191]. Salivary
and/or lacrimal gland swelling added by
retroperitoneal fibrosis and renal lesions
may coexist on presentation [192].
Accurate diagnosis of 1gG4-SC re-
quires histological analysis. Bile duct
biopsy revealing more than 10 1gG4-
-positive plasma cells is considered as
the diagnostic threshold [190]. Most
IgG4-SC patients respond well initially
to glucocorticoid therapy, but refrac-
tory or recurrent disease is not uncom-
mon [193]. If such a situation occurs,
agents with corticosteroid sparing prop-
erties and targeting therapy with the
monoclonal antibody rituximab against
the surface protein CD20 of B cells

may be considered as alternative reg-
imens [181]. However, it should be re-
membered that when managing a pre-
sumed steroid-responsive disease, the
use of glucocorticoids must be justified,
to avoid the lethal pitfall of missing the
correct diagnosis and delaying the treat-
ment of a malignant disease.

Hepatobiliary sarcoidosis

Sarcoidosis is a chronic multisystem
granulomatous disorder of undefined
aetiology, which is histologically charac-
terised by non-necrotising granulomas
composed of epitheliod cells [194]. The
disease occurs mainly in the age group
of 20- to 40-year-olds who most com-
monly develop pulmonary infiltrates
and bilateral pulmonary hilar adenopa-
thy [195]. Diagnosis can be established
clinically by the involvement of at least
two organs and by the presence of
a compatible illness that presents with
respiratory symptoms. A firm diagnosis
can be made only by the demonstration
of non-caseating epithelioid cell granu-
lomas on pathological examination of
the affected organs.

Hepatobiliary involvement is a rather
frequent extrapulmonary site of the
disease, affecting more than 50% of sar-
coidosis patients, however it is usually
asymptomatic. Only 5-15% of patients
with biopsy-proven hepatobiliary in-
volvement exhibit symptoms and signs
of the disease. Rarely, the disorder is as-
sociated with severeliver diseasesand/or
PH [196]. Isolated liver involvement has
been documented in about 13% of pa-
tients with systemic sarcoidosis [197].

Hepatobiliary sarcoidosis (HS) is char-
acterised by the development of mul-
tifocal micronodular or macronodular
granulomas, which can cause presinu-
soidal PH rapidly progressing to liver fi-
brosis and gradual destruction of the in-
tralobular bile ducts leading to biliary
strictures and ductopenia. These de-
rangements can lead to granuloma-
tous cholangitis, which is characterised
by a slow onset and can progress in the
long term to biliary cirrhosis [31,198].
Extra-hepatic biliary tract involvement
is rare and is usually caused by extrin-
sic compression or direct invasion of the
portal or peri-portal lymph nodes by the

sarcoid granulomas [199]. In such cases,
the imaging findings are usually indis-
tinguishable from those of HC [200]. Dif-
ferentiation from HC can become even
more challenging in cases of isolated HS
with no hepatic or pulmonary manifes-
tations or systemic symptoms [201].

The treatment of HS is the same as for
systemic sarcoidosis. Once a firm diag-
nosis of HS is established, decompres-
sion of the biliary system must be pro-
vided and a long-lasting remission will
be required. Importantly, although
steroid treatment improves liver func-
tion tests it has no effect on the natural
course of granulomas [201].

Xanthogranulomatous cholecystitis and
choledochitis
Xanthogranulomatous cholecystitis is
an unusual variant of chronic cholecysti-
tis characterised by severe inflammation
associated with multiple intramural nod-
ular formation, proliferative fibrosis and
foamy histiocytes [202]. It occurs mainly
in patients with gallstone disease and
its incidence ranges from 1 to 13% with
a slight female predominance [203].
Gallbladder lithiasis, bile retention
and chronic inflammation are among
the basic causative factors of the
disease [204]. The destructive inflamma-
tory process develops mainly in the gall-
bladder wall, however it is characterised
by local invasiveness and fistulisation
involving occasionally neighbouring
structures exhibiting a ‘pseudomalig-
nant’ behaviour. Xanthogranuloma-
tous inflammatory involvement of the
extrahepatic bile ducts can cause xan-
thogranulomatous choledochitis, which
is characterised by biliary obstruction
with inflammatory strictures and hilar
lymphadenopathy, features that mimic
HC. On extremely rare occasions, xan-
thogranulomatous choledochitis may
develop regardless of the presence of
xanthogranulomatous cholecystitis
and/or direct fistulisation [126,205]. Xan-
thogranulomatous choledochitis should
be included in the differential diagnosis
of patients with a biliary stricture, espe-
cially in geographical areas with a high
incidence of xanthogranulomatous
cholecystitis. However, modern preop-
erative diagnostic tools are unreliable
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both in confirming the diagnosis and in
ruling out malignancy in cases of xan-
thogranulomatous choledochitis, there-
fore surgical resection should be per-
formed wherever feasible [205].

Conclusions

Acknowledging the lack of a diagnostic
gold standard that would always allow
a firm preoperative diagnosis of HC, it
can be concluded that the stakes remain
very high when trying to define the
exact nature of the underlying aetiology
of a hilar stricture/lesion, both because
of the potential risk to falsely conclude
a benign disease, missing the window
of opportunity to radically resect a le-
thal but potentially curable cancer and
because of the economic costs and sig-
nificant morbidity associated with inap-
propriate major operations in patients
with benign aetiologies. It appears that
an individualised and multidisciplinary
approach can play a major role in suc-
cessfully overcoming this diagnostic and
therapeutic challenge.
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