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Hilar cholangiocarcinoma (HCCA) involves a complex anatomical region where bile ducts, arteries, and veins create a complex
network. HCCA can lead to biliary strictures at the main hepatic confluence, involving the right and left radicles. Endoscopic
drainage of jaundiced patients with HCCA is challenging and carries a high risk of infective complications. HCCA needs a
careful multidisciplinary evaluation to assess the indication and purposes (preoperative/palliative) of the biliary drainage. Biliary
drainage in HCCA needs to be planned by magnetic resonance cholangiography in order to study the biliary anatomy and
perform a target drainage of the intrahepatic ducts above the malignant hilar stricture; all the opacified intrahepatic ducts above
the hilar stricture must be drained to reduce septic complications. Drainage of >50% of the liver volume is important to obtain
bilirubin reduction and less complications, but atrophic liver segments (identified by CT scan) do not require drainage due to
the increased risk of cholangitis. When preoperative biliary drainage is planned, plastic stents must be inserted. Self-expandable
metal stents are indicated for palliative purposes and should be placed only when a complete liver drainage is possible; only
uncovered metal stents are indicated to drain malignant hilar strictures to avoid side-branch occlusion.

1. Introduction

Endoscopic drainage of hilar cholangiocarcinoma (HCCA) is
a technically demanding procedure due to the tumor location
which can obstruct several intrahepatic radicles at the main
hepatic confluence. Endoscopic and percutaneous biliary
drainages are the available techniques to treat jaundice sec-
ondary to HCCA. ERCP provides internal drainage by inser-
tion of multiple plastic or metal stents, with a better effect on
the quality of life compared to percutaneous drains [1, 2].
Both techniques resulted in effective jaundice resolution,
and recent guidelines propose their use to be modulated
according to the local expertise [3]. EUS-guided transgastric
drainage is another available technique to drain HCCA but
data and results are still limited.

Infectious complications are the “Achilles’ heel” of both
the endoscopic and percutaneous drainages of HCCA due
to the contamination of the intrahepatic ducts above the
complex malignant hilar stricture (MHS). Suboptimal drain-

age of intrahepatic ducts is the main reason for the high rate
of cholangitis secondary to MHS drainage [4].

Magnetic resonance cholangiography (MRC) can provide a
detailed “road-map” to perform optimal biliary drainage of
HCCA, thus reducing the rate of infective complications avoid-
ing the scenario of “opacified and undrained biliary ducts.”

2. Anatomical Considerations

When approaching MHS secondary to HCCA, the normal
anatomy of the intrahepatic ducts should be considered to
obtain effective drainage.

The left hepatic duct is usually 3 cm long before dividing
into the ducts for segments 2, 3, and 4, while the right hepatic
duct is about 1 cm in length and divides early into the two
sectorial ducts (anterior for segments 5 and 8, posterior for
segments 6 and 7) [5] (Figure 1). Thus, as HCCA advances,
right lobe sectors are involved and obstructed earlier com-
pared to the left. The two right sectorial ducts (anterior and
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posterior), when separated, require 2 stents to obtain com-
plete drainage of the right liver lobe. Segment 1 has its own
biliary drainage into both hepatic ducts and its biliary ducts
are rarely injected during cholangiography.

3. Classification of Malignant Hilar
Biliary Strictures

The degree of involvement of the intrahepatic ducts in HCCA
is commonly classified according to the Bismuth classification
[6, 7]. This is a surgical classification which should drive the
operative strategy (tumor local excision with or without
extended liver resections). Nevertheless, the Bismuth classifi-
cation is widely used by radiologists and endoscopists because
it describes the extent of the tumor into the intrahepatic ducts,
which can have a practical impact on drainage strategy.

Type I: only the proximal common hepatic duct is
involved, without reaching the main hepatic confluence; it is
a nonhilar stricture, 1 stent/PTBD can drain the whole liver.

Type II: the main hepatic confluence is separated; 2
stents/PTBDs are needed to obtain complete liver drainage
(Figure 2).

Types IIIa and IIIb: the main hepatic confluence and the
right (anterior/posterior) or left (IV/II and III segments) sec-
ondary branches are obstructed; 3 stents/PTBDs can drain all
the intrahepatic ducts (Figure 3).

Type IV: reflects an advanced disease with involvement of
both the primary and secondary right and left biliary conflu-
ences; theoretically, 4 stents/PTBDs are needed.

A schematic approach to stenting in MHS according to
Bismuth classification is summarized in Figure 4.

4. Biliary Drainage in Malignant
Hilar Strictures

4.1. Unilateral/Bilateral. Published studies simplify MHS
drainage into two strategies: unilateral and bilateral depend-
ing on the number of inserted stents (one = unilateral,

two = bilateral) [8, 9]. These definitions apply to the Bismuth
type II strictures (Figure 2) where the right and left biliary
systems are separated at the main hepatic confluence; inser-
tion of one stent is enough to obtain unilateral (right or left
liver lobe) biliary drainage, while two stents are needed to
achieve bilateral drainage including the whole liver.

When the MHS is more complex (i.e., Bismuth IIIa), one
stent can obtain partial liver drainage (left, right anterior or
right or posterior) (Figure 5(a)), and also two stents are not
enough to drain the whole liver (Figure 5(b)): three stents
are needed to obtain complete liver drainage (Figure 5(c)).

4.2. Complete/Incomplete. Due to MHS complexity, draining
all the intrahepatic ducts is not always technically feasible.
The terms complete (all intrahepatic ducts) and incomplete
(one or some intrahepatic duct) biliary drainage reflect the
amount of liver parenchyma that is successfully drained.
These definitions seem more appropriate than unilateral
and bilateral, which cannot be applied to all types of MHS.

4.3. How Much to Drain? Historically, it was assumed that
drainage of about 25-30% (i.e., the left biliary system alone)
of the liver parenchyma could be enough to obtain relief of
obstructive jaundice [10, 11].
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Figure 1: Bile duct anatomy. The left hepatic duct is 3 cm long. The
right hepatic duct (dark green) is 1 cm long before dividing into the
right anterior (red) and right posterior (yellow) sectorial ducts.

Figure 2: Bismuth type II hilar stricture: the main hepatic
confluence is separated; 2 stents are needed to drain the whole liver.

Figure 3: Bismuth type IIIa hilar stricture: the main hepatic
confluence and the right secondary are involved; 3 stents are
needed to drain the whole liver.
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Hintze et al. [12] introduced magnetic resonance cholan-
giography (MRC) as a diagnostic tool to identify the best liver
segment to drain during ERCP in 35 nonresectable Klatskin
tumors (13 Bismuth type III and 22 type IV). Cannulation
of the MRC-selected duct to drain was achieved under fluo-
roscopic control with a catheter and guidewire, and then con-
trast was injected proximally to the stricture avoiding
opacification of other ducts. A single 10 Fr plastic stent was
inserted in the opacified duct with jaundice resolution in
86% of the cases. The rate of cholangitis during the first 30
days was 6%. This single arm study described promising
results when performing incomplete drainage of MHS but
was limited by the absence of a control group.

A French study [13] analyzed, by CT scan, liver volume-
try of the three main liver segments (left, right anterior, and
right posterior) in 107 patients that underwent endoscopic
stenting of MHS (Bismuth type ≥ 2); drained liver volume
was classified into 3 groups: less than 30%, 30% to 50%, and
more than 50%. These authors concluded that stenting more
than 50% of the liver volume is an independent factor signif-
icantly contributing to a greater decrease in bilirubin level, a
lower incidence of early cholangitis, and longer survival.
Similar results were reported in other two studies [14, 15].

When approaching MHS, recent guidelines [3] recom-
mend to drain ≥ 50%of the liver volume and to avoid the opa-
cification of biliary ducts that will not be drained.

4.4. Which Liver Parenchyma Should be Drained? Evaluation
of the “quality” of the liver parenchyma before draining
HCCA is another important issue. In the setting of HCCA,
monolateral portal vein thrombosis and subsequent segmen-
tal liver atrophy can occur. CT scan/MRI is essential to study
liver parenchymal atrophy.

Drainage of an atrophic liver segment should be avoided
because clinical success and survival are not increased [16],
and the risk of cholangitis is even significantly higher [13].

5. Endoscopic Stenting in
Hilar Cholangiocarcinoma

5.1. When Is Stenting Needed? Jaundice is the typical clin-
ical manifestation of HCCA. Immediate biliary drainage
should be avoided because stents or percutaneous drains
impair tumor staging by cross-sectional imaging modalities
(CT scan, MRI/MRC), due to image artifacts [3, 17]. MRC
is also important to plan the biliary drainage strategy, and

(a) (b) (c)

Figure 4: Schematic approach to complete endoscopic drainage in Bismuth type I ((a) one stent), II ((b) two stents), and IIIa ((c) three stents)
malignant hilar strictures.

(a) (b) (c)
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Figure 5: Bismuth type IIIa hilar stricture. One (a) or 2 (b) stents obtain an incomplete liver drainage; 3 stents are needed for a complete liver
drainage (c). RA: right anterior; RP: right posterior.
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therefore can be considered a prerequisite before any
attempt to biliary drainage [3, 12].

The aim of biliary drainage in HCCA should be decided
in the setting of a multidisciplinary team [3]. Surgery is the
only curative option for HCCA and improper biliary drain-
age, leading to infective complications, can transform a
potentially resectable patient into a nonoperable one.

If the patient is a candidate to left hepatectomy, preop-
erative biliary drainage is not indicated [18, 19], while it is
required when estimated future liver remnant volume is
<30% and portal vein embolization is needed to obtain
hypertrophy of the remnant liver after surgery [20, 21].

Patients that are not a candidates to surgery receive
jaundice palliation by stent insertion and histological char-
acterization for further radiochemotherapy. ERCP remains
the method of choice to perform brush cytology and/or
intraductal biopsy. Recent advances in cholangioscopy
made direct inspection with target biopsy of MHS [22, 23]
reproducible and widely available in clinical practice. As far
as EUS is concerned, the experience with staging and sampling
of MHS is still limited [3].

5.2. Plastic Stents. Plastic stenting is commonly the
first-line drainage method for jaundice relief in HCCA.

Some characteristics of plastic stents (PS) should be
considered:

(i) Removability

(ii) The insertion does not impair the subsequent thera-
peutic plan

(iii) Other PS can be added in case of ineffective biliary
drainage

(iv) PS size can be adapted to the common bile duct
diameter which is not dilated in HCCA

PS are indicated for preoperative biliary drainage and
when no final decision about curative/palliative treatment
has been taken.

Insertion of multiple plastic stents in HCCA should be
performed by (1) selective cannulation with a guidewire of
the intrahepatic ducts above the hilar stricture; (2) ante-
grade contrast injection to define the anatomy and per-
form a selective drainage of the biliary duct; (3) balloon
dilatation (4-6mm) of the stricture, if needed; (4) plastic
stent insertion with drainage of the opacified duct, thus
avoiding the scenario of “injected and undrained ducts”

(a) (b) (c) (d)

Figure 6: Bismuth type IIIA hilar stricture. Selective cannulation with antegrade opacification of the left (a), right posterior (b), and right
anterior (c) biliary ducts obtaining a complete liver drainage (d). RA: right anterior; RP: right posterior.

(a) (b)

Figure 7: Opacified and undrained left hepatic duct in hilar cholangiocarcinoma (a). Percutaneous drainage obtained a complete liver
drainage (b).
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(Figure 6); plastic stents’ length needs to be tailored case
by case, but 12 cm long stents are more frequently used. In
the case of opacified and undrained biliary ducts, percutane-
ous drainage should be performed as soon as possible [3]
(Figure 7). To reduce the risk of cholangitis, antegrade injec-
tion of air, instead of contrast, was proposed, but the risk of
infection does not seem significantly reduced [3].

Japanese authors proposed preoperative biliary drainage
of the future remnant liver by nasobiliary drains with rein-
tegration of the same bile by mouth or through a nasogas-
tric tube; results of this kind of treatment seem promising
but further data are expected [24].

5.3. Uncovered Self-Expandable Metal Stents (U-SEMS).
Among the various types of SEMS (uncovered, partially

covered, fully covered), only U-SEMS are recommended in
MHS because the drainage of the side branches is possible
through the uncovered meshes [3, 25]. U-SEMS are not
removable, and their presence at the hepatic hilum can pre-
clude surgery; for these reasons, U-SEMS are indicated only
for palliative purposes in HCCA [3].

Insertion of multiple U-SEMS “side-by-side” is easier
when plastic stents, obtaining complete biliary drainage,
have been previously placed; placement of U-SEMS in
HCCA should be performed only when all the intrahepa-
tic ducts have been properly cannulated (Figure 8); usu-
ally 8 or 10 (rarely 12) cm long U-SEMS are needed to
drain MHS.

The importance of complete biliary drainage in HCCA is
underlined by the difficulties in draining intrahepatic ducts

(a) (b)

Figure 8: Bismuth type IIIa hilar stricture (a). Three uncovered self-expandable metal stents are inserted side-by-side for palliative
purposes (b).

(a) (b)

Figure 9: Complex hilar stricture. A single uncovered self-expandable metal stent has been inserted into the right anterior duct obstructing
the other intrahepatic ducts (a), leading to cholangitis. Left and right posterior ducts are drained by plastic stents through the meshes (b).
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through the meshes of an improperly placed U-SEMS
(Figure 9).

As previously discussed, incomplete biliary drainage in
HCCA can be considered in the presence of segmental
atrophy.

U-SEMS are more expensive than plastic, but their
patency is significantly longer thus reducing the need for
further hospitalization due to cholangitis and stent mal-
function [9, 26].

U-SEMS in HCCA can be inserted “side-by-side” or
“stent-in-stent”; the latter configuration is complex, place-
ment of more than 2 stents is rarely reported, and retreat-
ment is challenging and not always possible [27, 28]. For
these reasons, “side-by-side” multiple U-SEMS is the pre-
ferred configuration for HCCA palliation because retreat-
ments are easy and successful, especially if the U-SEMS are
placed transpapillary [29]. The possibility to retreat malfunc-
tioning multiple “side-by-side” SEMS seem important
because survival resulted significantly higher in patients
who received retreatments, according to a large series on
134 patients [29].

U-SEMS can occlude because of sludge deposition or tis-
sue ingrowth; sludge can be removed with a Fogarty balloon,
while ingrowth can be resolved by insertion of a second
U-SEMS or a plastic stent according to life expectancy.

SEMS patency can be increased by adding photody-
namic therapy or radiofrequency ablation before stent
insertion [30, 31]. These techniques seem promising but
are not widely diffuse; data are limited and cost-effective
analysis is lacking.

6. Conclusions

Endoscopic drainage of HCCA is challenging and its
approach should be performed in referral centers where a
multidisciplinary team (radiologist, interventional radiolo-
gist, surgeon, endoscopist, pathologist) [3] is available.

The first step is staging HCCA and assessing its surgical
resectability; at this point, the aim of the biliary drainage
can be established.

(i) Preoperative biliary drainage is indicated in case of
extended right hepatectomy performing complete
drainage of the future remnant liver before portal
vein embolization; in case of left hepatectomy, biliary
drainage is not routinely indicated, if necessary, the
future remnant liver should be drained. Preoperative
drainage is performed with plastic stents only

(ii) Palliative biliary drainage can be done by insertion of
multiple plastic stents or U-SEMS

Among SEMS design, only uncovered stents are indicated
for HCCA palliation to avoid occlusion of side branches. It is
suggested to place multiple U-SEMS side-by-side and trans-
papillary to facilitate retreatments.

Complete drainage of all the intrahepatic is desired to
reduce infective complications; atrophic liver parenchyma
does not need biliary drainage. Opacified biliary ducts above
MHS must be drained to reduce infective complications.
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