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KEY POINTS

� Staging laparoscopy avoids unnecessary laparotomy in 1 out of 4 patients with perihilar
cholangiocarcinoma (PHC) scheduled for potential resection.

� Key anatomic features essential to recognize for resection of PHC:

� Proximity of the biliary confluence to the right hepatic artery, except in cases of aberrant
right hepatic artery.

� The relation of the umbilical fissure and the confluence of the segment II and III bile
ducts.

� The relation of the right posterior bile duct and the right portal vein branches.

� Arterial involvement, lobar atrophy, and proximal biliary involvement together determine
the feasibility of a complete resection and the optimal extent of resection.

� Portal venous resection may be required for a complete resection. Experts disagree
whether arterial reconstructions should be considered in selected patients.

� Concomitant caudate lobectomy is the standard of care for resections of PHC based on
level 2 evidence of increasing R0 resection rates.
INTRODUCTION

Perihilar cholangiocarcinoma (PHC) is located at the confluence of the left and right
hepatic ducts. It is distinguished from distal cholangiocarcinoma by arising proximal
to the cystic duct confluence.1 Intrahepatic cholangiocarcinoma typically involves
large liver tumors arising proximal to the second-order bile ducts.1 The location of
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PHC at the biliary confluence near the bifurcation of the portal vein and the right he-
patic artery explains why surgical resection is challenging.
The incidence of PHC is about 1 to 2 patients per 100,000 in Western countries. Pa-

tients typically present at an advanced stage with jaundice, weight loss, and abdom-
inal discomfort.2–4 Up to 65% of patients have unresectable or metastatic disease at
time of presentation or surgical exploration and are ineligible for surgical resection.3,5

Surgery for PHC is complex low-volume surgery, and therefore mainly performed in
tertiary referral centers. The role of surgery for palliation is limited. Palliative treatment
involves endoscopic and percutaneous biliary drainage and systemic
chemotherapy.6–8

Most patients with resectable PHC require a major liver resection, which may entail
complex biliary and vascular reconstruction. Over the past decades, the safety of ma-
jor liver resections has increased because of improvements in perioperative manage-
ment, resulting in a postoperative mortality of 1% to 3% in Eastern series.9 However,
90-day postoperative mortality after resection of PHC was about 10% in 2 large
nationwide Western series.10,11 The main challenge in the preoperative management
for patients with PHC is biliary drainage. A major liver resection may result in liver fail-
ure without prior biliary drainage of the future liver remnant (FLR). However, biliary
drainage itself may cause cholangitis and liver failure.
This article gives an overview of current standards in surgical treatment of PHC and

a description of signature strategies to PHC. Updates of twenty-first century manage-
ment and outcomes have been published by all major groups and are summarized in
this article (Appendix 1, Table 1).
PREOPERATIVE STAGING AND MANAGEMENT
Classification

Several tumor-staging systems have been developed to classify PHC for resectability
and prognosis. The Bismuth-Corlette system12 describes the extent of involvement of
the biliary tree, but is insufficient to determine resectability and poorly predicts survival
(Fig. 1B). The Blumgart/Memorial Sloan Kettering Cancer Center (MSKCC) system
added portal vein involvement and lobar atrophy to the biliary extent of the tumor.5

This addition led to a 3-stage system that is associated with both resectability and sur-
vival (see Fig. 1B–D).13

The seventh edition of the American Joint Committee on Cancer (AJCC)/Union for
International Cancer Control staging system requires histopathologic data that
become available only after surgical resection.1 The recently proposed Mayo staging
system is based on imaging features, performance status, and cancer antigen 19.9
level.14 The AJCC and the Mayo staging are not useful to determine resectability in
the preoperative setting.

Preoperative Staging

Staging of PHC typically starts with an abdominal and chest computed tomography
(CT) scan to rule out stage IV disease. Both distant metastases and lymph node
involvement beyond the hepatoduodenal ligament (ie, N2 nodes) are considered stage
IV disease.1 Suspicious lymph nodes beyond the hepatoduodenal ligament (ie, celiac
or periaortic) may be assessed by endoscopic ultrasonography and fine-needle aspi-
ration. Biliary extent of the tumor (Bismuth classification), portal vein and hepatic
artery involvement, and anatomic variants are also addressed by multiphase
contrast-enhanced liver CT. Magnetic resonance cholangiopancreatography is rec-
ommended if surgical decision making requires more detail of the biliary extent of
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the tumor. With high suspicion of malignancy on imaging, pathologic confirmation of
PHC before surgery is not imperative. A negative brush or biopsy does not rule out
cancer. Series of resection for PHC typically find a benign cause in about 10%.15–17

Anatomy

Several anatomic relations may determine resectability and the extent of liver resec-
tion (see Fig. 1A):

� The biliary confluence is located eccentrically to the right side of the hepatoduo-
denal ligament. The right portal vein and right hepatic artery are at higher risk of
tumor involvement even in tumors mainly involving the left hepatic duct.

� The right hepatic duct and portal vein divide early into second-order branches.
Consequently, complete resection with a wide margin and reconstruction of
bile ducts and portal vein can be difficult. The left hepatic duct and portal vein
have a longer extrahepatic course before branching.

� The left hepatic artery is rarely involved because it runs at the left periphery of the
porta hepatis before entering the umbilical fissure.

� Segment I bile ducts enter the main bile ducts near the confluence of the left and
right hepatic duct superior to the portal bifurcation and are therefore typically
involved by direct tumor spread.18

� Biliary obstruction and portal vein involvement may cause lobar atrophy as
shown by a shrunken lobe without regeneration capacity.5

Several prevalent anatomic variations may further affect the surgical strategy for
liver resections:

� About 10% of patients have an infraportal right posterior duct compared with a
supraportal course (Fig. 2). This variation allows a wider right posterior and ante-
rior sectoral bile duct margin with a left hemihepatectomy.19

� About 10% of patients have a replaced or accessory right hepatic artery arising
from the superior mesenteric artery.20 Because this artery courses at the right
and dorsal side of the hepatoduodenal ligament, it evades its normal close prox-
imity to the biliary confluence.

Resectability

Centers in theWestern and Eastern hemispheres disagree whether patients with stage
IV PHC should undergo a resection. In Eastern series, patients with stage IVb PHC
typically represent up to 10% of patients undergoing a resection.19,21 Because sur-
vival of these patients is poor, most Western centers do not consider a resection for
stage IV disease.
The goal of surgery is to completely remove all tumor tissue (R0 resection) maintain-

ing an adequate FLR. An incomplete (R2) resection is probably futile and any potential
benefit too small to justify the surgical risk. The biliary extent of PHC should allow an
R0 resection and permit technically feasible biliary-enteric anastomoses. An adequate
FLR includes at least 2 contiguous liver segments with arterial and portal inflow and
venous outflow. An adequate FLR is typically defined as representing at least 25%
of the total liver volume. However, the size of an adequate FLR also depends on the
FLR function, which is determined by preexisting liver disease and biliary obstruction.
Preoperative cholestasis and cholangitis are risk factors for postoperative liver failure
andmay require a larger FLR (ie, 30%–40%). PHC is unresectable if an R0 resection or
an adequate FLR is not anticipated. In some patients a curative-intent resection is only
possible with an arterial reconstruction. Clinicians at most Western centers think that



Table 1
Recent Eastern and Western patient series of resected PHC

Author Accrual N
Median
Survival (mo)

Morbidity
(%)

Mortality
(%) CL (%) R0 (%) L/R Tri/Hemi/Min

Eastern Series

Nagino et al44 2001–2010 386 36 47 2 100 78 219/148 121/245/20

Lee78 2000–2008 302 28–47 43 2 100 71 94/163 14/243/45

Song et al36 1995–2010 230 39 9 4 44 77 41/132 80/93/54

Shimizu et al21 1984–2008 224 �34 40 2–10 100 63–69 88/84 13/159/26

Esaki et al26 2000–2011 214, incl. IHC 38–45 56 3 100 53–72 119/46 30/182/2

Natsume et al19 2001–2010 201 24 33–59 1 100 70–85 — 86/115/—

Matsumoto et al27 2001–2012 174 �36 27–45 0–4 100 85 vs 82 —/174 33/141/—

Cheng et al33 2001–2010 171 29 26 3 80 78 122/41 28/131/12

Chen et al31 2000–2007 138 38 30 0 83 89 26/19 —/45/93

Kow et al34 1995–2010 127 35–64 6 3 55 88 34/83 45/72/—

Unno et al79 2001–2008 125 27 49 8 100 63 51/74 10/115/—

Hosokawa et al28 2001–2012 61 25–42 51 3 100 72 61/0 18/43/—

Xiong et al47 2005–2012 52 13–45 34–70 4 85 65–100 14/6 —/20/32

Lim et al46 2000–2012 52 19–23 31 0 100 73–100 6/13 1/18/26

Tamoto et al43 2005–2009 49 21 63 4 NR 82 0/49 49/—/—
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Western Series

Nuzzo et al10 1992–2007 440, MC NR 48 10 78 77 182/172 106/248/86

Farges et al11 1997–2008 366, MC NR 67 11 Usually NR 182/184 NR

De Jong80 1984–2010 305, MC NR NR 12 NR 65 95/114 68/141/96

Wahab et al35 1995–2010 159 36 52 6 50 55 104/55 —/159/—

Matsuo et al13 1991–2008 157 39 59 8 43 76 53/72 64/61/31

Neuhaus et al42 1990–2004 100 24–60 NR 8–9 100 NR 27/73 83/17/—

Hemming81 1999–2010 95 38 35 5 100 84 29/66 74/11/—

Ribero et al32 1989–2010 82 25 65 10 95 89 33/39 29/44/9

van Gulik et al50 2008–2010 41 NR 46 7 78 92 13/18 29/2/10

Total, n%/median, range — 4251 34 (13–64) 42 (6–70) 5 (0–12) 100 (43–100) 78 (53–100) 1393/1825
43 vs 57%

981/2305/542
26/60/14%

Search strategy: PubMed: (hilar OR perihilar) AND (cholangio*). Limits: English, humans. Case series published before 2008 or with fewer than 5 patients per year
were excluded.

Abbreviations: CL, caudate lobectomy; Hemi, hemihepatectomy; IHC, intrahepatic cholangiocarcinoma; L/R, left-sided and right-sided liver resections; MC,
multicenter study; Min, minor resection, including central liver resections and extrahepatic bile duct resections; NR, not reported; R0, R0 resection rate; Tri,
trisectionectomy.

Data from Refs.10,11,13,19,21,26–28,31–36,42–44,46,47,50,78–81
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Fig. 1. Classification of PHC. (A) Key anatomic features. (B) Bismuth-Corlette staging system.
Blumgart/Memorial Sloan Kettering Cancer Center (MSKCC) stage T1: tumor involving bile
duct bifurcation and/or unilateral extension into second-order bile ducts. (C) Blumgart/
MSKCC stage T2, with unilateral vascular involvement and/or unilateral lobar atrophy. (D)
Blumgart/MSKCC stage T3, with bilateral/contralateral involvement of second-order bile
ducts, vascular involvement, and/or lobar atrophy. Original artwork by Mrs. Elsbeth Leeffers.
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the increased postoperative mortality risk without proven survival benefit does not
justify arterial reconstruction.22

Preoperative Biliary Drainage

Endoscopic or percutaneous biliary drainage of the FLR facilitates restoration of FLR
function and regeneration. The contralateral lobe needs to be drained only in case of
cholangitis. Whether biliary drainage should be pursued in each jaundiced patient with
resectable PHC is still subject to debate, as is the optimal route of decompression.
Risk of cholangitis caused by instrumentation of the bile ducts should be weighed
against improvement of liver function and regeneration with biliary drainage. Most
centers currently recommend preoperative biliary decompression with bilirubin levels
greater than 2 mg/dL.23 Eastern centers typically prefer nasobiliary decompression.9

Western centers perform both endoscopic and percutaneous drainage. A phase III
trial is currently recruiting patients to compare endoscopic and percutaneous
drainage for patients with resectable PHC.24

Portal Vein Embolization

When the FLR is smaller than 40% of the total liver volume, portal vein embolization
(PVE) of the contralateral portal vein is recommended to induce hypertrophy of the



Fig. 2. Relation of the sectoral bile ducts toportal vein branches. (A) Supraportal courseof right
posterior bile duct. (B) Infraportal course of rightposterior bile duct. (C) Theumbilical portionof
the left portal vein can be mobilized to the left, allowing transection of the bile ducts to seg-
ments II and III on the left side of theumbilical fissure.Original artwork byMrs. Elsbeth Leeffers.
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FLR.25 Regenerative capacity of the liver is affected by bilious congestion, and biliary
drainage of the FLR should therefore be performed before PVE. A downside of PVE is
that the surgeon has to commit to a right-sided or left-sided resection. The preferred
side for liver resection may change during exploratory laparotomy when the extent of
the tumor differs from preoperative imaging (eg, contralateral hepatic artery
involvement).
EXTENT OF LIVER RESECTION
Left or Right Hemihepatectomy

In patients eligible for resection, a choice should be made between a right-sided and a
left-sided hepatectomy. Typically, the side of the liver with more extensive biliary dis-
ease (ie, involvement of second-order bile ducts or lobar atrophy) is resected. Both a
left-sided and right-sided resection are possible in patients without lobar atrophy,
second-order bile duct involvement, or right hepatic artery involvement. However,
biliary drainage of the FLR and PVE of the resected liver regularly require that the
decision between left-sided and right-sided resection is made before exploratory
laparotomy.
In recent patient series, right-sided hepatectomies were performed slightly more

often (58%) than left-sided resections (see Table 1). Three groups from Japan
compared patients with left-sided and right-sided resections.19,21,26,27 No difference
was found in R0 resection rates, 5-year survival, and rate of portal vein reconstruction.
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However, significantly more hepatic artery reconstructions were needed with a left
hemihepatectomy (odds ratio [OR], 0.14; 95% confidence interval [CI], 0.06–0.31,
P<.001) (Appendix 2: Fig. S1). The close anatomic relation of the right hepatic artery
to the bile duct bifurcation may require more dissection near the tumor in left-sided
approaches. One study accordingly found more positive periductal margins in left
hemihepatectomies.21

A right-sided resection seems to allow for a wider margin because of the longer
extrahepatic course of the left hepatic duct. However, detailed pathology study found
small differences in the length of the resected right hepatic duct in left hemihepatec-
tomy specimens (13.7 mm) and the left duct in right hemihepatectomy specimens
(14.5 mm).19,28

In left-sided resections, wider margins can be obtained by extending the resection
into the segmental ducts of the right anterior and posterior sector. However, in most
patients (85%), the supraportal course of the right posterior sectoral duct limits the
extent of bile duct resection: the right posterior sectoral duct quickly disappears
behind the right anterior portal vein (see Fig. 2A).29,30 In patients with a variant infra-
portal course of the right posterior sectoral duct (15%), a wide margin on the bile
duct is facilitated with left hemihepatectomy (see Fig. 2B).19 Theoretic advantages
of left-sided and right-sided resections are summarized in Table 2.
In centers that do not commit to arterial reconstructions for PHC, establishing

involvement of the right hepatic artery is a first crucial step before committing to a
left hemihepatectomy. Left hepatic artery involvement is rare. Fig. 3 presents a flow-
chart to guide selection of the type of liver resection in patients with PHC.

Trisectionectomy

A trisectionectomy is required if a hemihepatectomy may result in an incomplete
resection. In patients with unilateral involvement of the second-order bile ducts (ie,
Bismuth III) a trisectionectomy is required in the presence of contralateral atrophy or
arterial involvement. For example, a right trisectionectomy can be considered for a pa-
tient with a Bismuth IIIb PHC and involvement of the right hepatic artery.
In patients with bilateral involvement of the second-order bile ducts (ie, Bismuth IV) a

trisectionectomy is almost always required for a complete resection. One potential
exception is patients with a variant infraportal course of the right posterior sectoral
duct (15%), facilitating a wide margin when transecting the right sectoral ducts with
a left hemihepatectomy (see Fig. 2B).19

Extended resections encompass 28% of resections for PHC in recent series (see
Table 1). Four recent patient series studied the additional benefit of trisectionectomy
versus hemihepatectomy in patients with PHC. Three studies included only left-sided
resections and 1 study only right-sided resections. Pooled analysis showed that
extended resections could be performed with no apparent additional risk of mortality
Table 2
Advantages and disadvantages of left-sided and right-sided liver resections

Left-sided Resection Right-sided Resection

FLR Larger78 Smaller

Achieving negative bile duct margins May be more difficult May be more feasible

Portal vein reconstructions More complex Less complex

Arterial reconstruction required More frequent Rare

Trisectionectomy More complex Less complex



Fig. 3. Flowchart for surgical resection in PHC. RHA, right hepatic artery.
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(2%–3%; OR, 0.65; 95% CI, 0.15–2.85; P 5 .6). However, a 2-fold increase in
morbidity rate was found (up to 80%; OR, 2.37; 95% CI, 1.40–4.0; P 5 .001). These
studies are all from Asian centers and may not be applicable to Western centers,
which generally report higher mortalities.10,11 Pooled analysis showed an increase in
R0 resection rate with trisectionectomy (OR, 1.86; 95% CI, 1.18–2.94; P 5 .008)
(Appendix 2: Fig. S2). No survival benefit was shown, although the trisectionectomy
group contained more patients with advanced tumors.
Trisectionectomy seems justified to improve R0 resection rates in selected patients

with PHC who are fit for major surgery with an anticipated adequate FLR (recommen-
dation B2).
Caudate Lobectomy

The anatomic rationale for caudate lobectomy (CL) is that the segment I bile ducts
enter the main bile ducts near the confluence of the left and right hepatic duct and
are therefore prone to becoming involved by direct tumor spread. CL may increase
the chance of an R0 resection by clearance of the caudate bile duct branches and sur-
rounding hilar plate tissue. In 1990, Nimura and collagues18 first described a case
series of caudate lobe resection combined with partial hepatectomy. This report
showed microscopic tumor involvement in the caudate branches in 44 out of 45 pa-
tients with PHC (98%). Two other reports show a much lower rate of involvement of
22% and 34%.31,32

In an analysis of 4 studies, representing 580 patients with Bismuth III to IV PHC, 61%
underwent a concomitant CL. A 5-fold increased R1 rate was found when CL was
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omitted (OR, 0.20; 95%CI, 0.09–0.45; P5 .003) (Appendix 2: Fig. S3).33–36 CL was not
an independent prognostic factor for overall survival in any individual study, and no in-
crease in perioperative morbidity or mortality was reported.
CL can be technically challenging. The caudate lobe lies between the portal vein and

the vena cava, beneath the gastrohepatic ligament. Caudate branches arising from the
left and right hepatic arteries and portal vein are ligated and divided to control inflow to
the caudate lobe. Transection of the lesser omentum exposes the caudate lobe. In
right-sided resections an aberrant or accessory left hepatic artery should be
preserved.
In right-sided resections, the right hepatic lobe is then mobilized and the retrohe-

patic veins are ligated and divided. The caudate lobe is now completely detached
from the inferior vena cava (IVC), allowing division of the right hepatic vein. Next, at
parenchymal transection the dorsal aspect of the middle hepatic vein is exposed,
and the caudate lobe is pulled ventrally and detached from the left liver.
In left-sided resections, the retrohepatic veins are ligated and divided with a left-

sided and inferior approach. Division of the ligamentum venosum exposes the com-
mon trunk of the left and middle hepatic veins, which is encircled and divided. The
caudate lobe is then completely detached from the IVC en bloc with the left liver. Mobi-
lization of the caudate lobe from the right side may be avoided to preserve the outflow
vessels of the remnant liver. In these cases, an anterior approach (with hanging ma-
neuver) can be considered to facilitate parenchymal transection with preservation of
the outflow vessels of the remnant liver.37,38

En-bloc CL is recommended for resection of PHC (recommendation B1).

Extensive Resections

Several strategies have been proposed to decrease the risk of incomplete (R1 or R2)
resections by extended hepatectomies or routine portal vein resections. A trade-off
should be made between the oncological benefit of more extensive resection and
the associated increased postoperative mortality.
Neuhaus and colleagues39,40 (Berlin, Germany) proposed a hilar en-bloc resection

involving a right trisectionectomy with en-bloc portal vein bifurcation, right hepatic ar-
tery, and extrahepatic bile ducts. The portal vein resection is performed in all patients
without dissection near the tumor to determine involvement of the portal vein or right
hepatic artery. The right hepatic artery is transected at its origin from the common he-
patic artery. The left portal branch is isolated at the base of the umbilical portion,
without dissecting out the portal bifurcation. After cross-clamping of the main and
left portal veins, the portal vein is transected followed by an end-to-end reconstruc-
tion. In addition, the parenchyma is transected along the right side of the umbilical
fissure. A similar technique was described by Hirano and colleagues41 (Sapporo,
Japan), combining routine portal vein resection with a right hemihepatectomy. This
strategy is particularly appealing for patients with a high risk of portal vein involvement.
In a retrospective study, this approach in 50 patients was compared with 50 conven-
tional liver resections without routine portal vein resection.42 The hilar en-bloc resec-
tion with routine portal vein resection conferred a survival benefit in R0 resected
patients with similar postoperative mortality. However, a recent study failed to confirm
the survival benefit associated with hilar en-bloc resection.43 Therefore, routine portal
vein resection is not recommended by consensus guidelines (recommendation C2).23

Nagino and colleagues44 (Nagoya, Japan) introduced the anatomic right trisectio-
nectomy. This approach extends the transection of the segmental bile ducts to the
left side of the umbilical fissure to decrease the risk of a positive bile duct margin.
In a right trisectionectomy, most surgeons divide the liver just to the right of the



Resection of Perihilar Cholangiocarcinoma 257
umbilical fissure to avoid injury to the blood supply and biliary drainage of segment II
and III. Instead, with this strategy the branches to segment IV are divided within the
umbilical fissure. Subsequently, the umbilical portion of the left portal vein can be
pulled to the left, allowing transection of the bile ducts to segments II and III on the
left side of the umbilical fissure (see Fig. 2C). With this approach, on average a
1-cm additional length of bile duct is resected.27 This strategy is appealing in particular
for patients with left-sided second-order bile duct involvement who require a right-
sided resection. Rela and colleagues45 (London, United Kingdom) introduced the
Rex recess approach by combining the previous 2 strategies and adding a venous
interposition graft for portal venous reconstruction.

Central Hepatectomy

Extended liver resections have a high incidence of postoperative liver failure and
death. Consequently, a parenchymal-sparing central hepatectomy has been pro-
posed. This partial hepatectomy involves anatomic or nonanatomic resection of
only segments I and IV with en-bloc extrahepatic bile duct resection. The left bile
duct is transected at the origin of the umbilical portion and at the right bile duct at
the bifurcation of the anterior and posterior right bile ducts.31,46 Multiple biliary-
enteric reconstructions are typically required.
In 3 studies, a total of 150 patients undergoing central liver resection were compared

with 91 patients with comparable tumor characteristics undergoing conventional major
liver resection.31,46,47 Most patients had Bismuth 1 or 2 tumors, and meta-analysis
of the 3 studies showed more R0 resections with conventional major liver resection,
although the OR was not statistically significant (OR, 0.20; 95% CI, 0.03–1.20;
P 5 .08) (Appendix 2: Fig. S4). Infrequent concomitant CL may have biased these
results toward lower R0 resection rates in central hepatectomies. Complication rates
were 3-fold lower with central hepatectomies (OR, 0.35; 95% CI, 0.20–0.62; P<.001).
As in other resections for PHC, a central hepatectomy involves transection of the

distal common bile duct and skeletonizing the portal vein and hepatic artery.31,46,48,49

The caudate lobe is dissected free and its segmental arterial, portal, and retrohepatic
branches are ligated and divided. Intraoperative ultrasonography guides the nonana-
tomic parenchymal resection of segment 4b a few centimeters away from the tumor.
Alternatively, a wider dome-shaped central hepatectomy is performed, referred to as
Taj Mahal resection (Fig. 4). This central hepatectomy consists of a base formed be-
tween the left side of the right hepatic vein and the medial side of the middle hepatic
vein. At the liver dome the resection line narrows down toward the Cantlie line, which
can be visualized by temporary vascular clamping.48,49 The left hepatic duct is trans-
ected at the umbilical fissure and the right hepatic duct at or beyond the confluence of
the right anterior and posterior bile ducts.
Central liver resections with CL can be considered for PHCwith caution (recommen-

dation B2). The main advantage is the reduced risk of postoperative liver failure and
death. The main disadvantages are the concern for incomplete resection and the
increased risk of biliary complications with multiple bilioenteric anastomoses. Alterna-
tive parenchymal-sparing techniques concern preservation of segment IVa and/or
segment VIII with (extended) hemihepatectomies.50 The decision to preserve segment
IVa in a right trisectionectomy depends on the level where the segment IV sectoral
duct enters the left hepatic duct.

Liver Transplantation

If a positive margin or inadequate FLR is anticipated, a total hepatectomy with liver
transplant should be considered for PHC. A published multicenter study from the



Fig. 4. Central liver resection including CL for PHC. Original artwork by Mrs. Elsbeth
Leeffers.
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United States presented a large cohort of 216 patients who underwent liver transplant
for PHC after neoadjuvant (external beam) radiotherapy and chemotherapy.51 Patients
had unresectable early stage (I or II) PHC or underlying primary sclerosing cholangitis
(63%). Posttransplant 5-year recurrence-free survival was 65%. Other groups have
shown long-term survival in 30% to 45% of patients.52,53 At present, PHC is an
accepted indication for liver transplant in several countries worldwide, performed in
study protocols with or without neoadjuvant therapy.54
INTRAOPERATIVE DECISION MAKING
Staging Laparoscopy

Up to 65% of patients who proceed to surgery for a curative-intent resection are found
to have metastasis or unresectable tumors at surgical exploration.55–58 Staging lapa-
roscopy can avoid a laparotomy when peritoneal or liver metastases are found. In a
pooled analysis (Appendix 2: Fig. S5) of 6 studies representing 546 patients with
PHC, the authors found that the yield of staging laparoscopy was 27% (95% CI,
17%–37%).55–60 However, the actual yield may be lower because of selection bias
and improvement in preoperative imaging. After a negative staging laparoscopy an
additional 1 out of 4 patients are found to harbor metastasis or are unresectable at
exploratory laparotomy. Moreover, staging laparoscopy typically fails to detect nodal
metastases beyond the hepatoduodenal ligament (N2) or unresectable disease
because of biliary extent or vascular involvement.61

Laparoscopic examination for metastatic disease includes inspection of the perito-
neum (including the diaphragm, falciform ligament, hepatoduodenal ligament, lesser
sac, and pelvis), the liver (including the undersurface of segments 2/3 and 4b/5/6),
and the greater omentum. The lesser omentum is opened to inspect the celiac lymph
nodes. Enlarged lymph nodes may be sampled using a biopsy forceps.
Staging laparoscopy avoids unnecessary laparotomy in 1 out of 4 patients with PHC

who are adequately staged by preoperative imaging techniques. It should be per-
formed in all patients with PHC before exploratory laparotomy.

Frozen Sections

The risk of an R1 resection was about 25% in recent series of patients undergoing a
curative-intent resection for PHC (see Table 1). Longitudinal tumor extension in bile
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ducts is difficult to assess with preoperative imaging as well as intraoperative ultraso-
nography. Frozen sections of the proximal and distal bile duct resection margins can
ascertain tumor clearance. A pancreatoduodenectomy should be considered if a pos-
itive margin at the distal common bile duct is found and obtaining an additional margin
is infeasible. Obtaining an additional proximal bile duct margin is often technically
possible. Whether obtaining additional margins results in a survival benefit for patients
with PHC has not been proved.32,62,63 However, patients with a negative proximal bile
duct margin after an initial positive frozen section have a better survival than those with
an additional positive margin.64 Frozen sections are tempting and performed by most
liver surgeons, but probably do not improve survival. A positive margin is more likely a
reflection of an advanced tumor than poor surgical judgment or technique.65

Intraoperative Assessment of Resectability

About 1 out of 6 patients with PHC with resectable disease on preoperative imaging is
found to have (locally advanced) unresectable disease at exploratory laparotomy.5

The most common findings precluding a curative-intent resection are the extent of
bile duct involvement and unexpected involvement of the right hepatic artery. Preop-
erative imaging is imperfect in determining the biliary extent of the tumor. PHC is unre-
sectable if a negative bile duct margin is not anticipated intraoperatively.
Unexpected involvement of the right hepatic artery may also preclude a resection;

for example, in patients with left lobar atrophy. The right hepatic artery runs posterior
to the common hepatic duct in 85% of patients. In this position posterior to the bile
duct, extensive dissection in the liver hilum is required to evaluate involvement of
the right hepatic artery. Early transection of the distal bile duct has been proposed
to avoid dissection near the tumor and facilitate clearance of all tissue in the hepato-
duodenal ligament.66 The disadvantage of this strategy is that unresectable disease
may be ascertained only after transecting the distal common bile duct.

Portal Vein Resection and Reconstruction

About 40% of patients with PHC have unilateral portal vein involvement.64 In many pa-
tients, the involved left or right portal vein can be transected without vascular recon-
struction. Portal vein reconstruction is required in patients with tumor involvement of
the bifurcation or contralateral portal vein involvement. Reconstruction depends on
the extent of resection: primary closure of a wedge resection, end-to-end anasto-
mosis of a short segmental resection, and rarely reconstruction requiring patches or
interposition grafts. In general, a left-sided hepatectomy requires a more complex por-
tal vein reconstruction than right-sided hepatectomy, because of a shorter branch.67

Portal vein reconstruction can be done before or after parenchymal transection.
Several Eastern studies found no increase in morbidity and mortality with portal vein
resections in patients with PHC.22,68,69

Lymphadenectomy

Regional lymph node metastases (N1) include nodes along the cystic duct, common
bile duct, hepatic artery, and portal vein.1,70,71 Involvement of periaortic, pericaval,
and celiac nodes constitutes N2 and stage IV disease.1 Lymphadenectomy of the hep-
atoduodenal ligament is recommended for all resections for PHC.72 Lymphadenec-
tomy is performed by skeletonizing the main portal vein and hepatic artery within
the hepatoduodenal ligament. All lymphatic tissue can be resected en bloc with the
extrahepatic bile duct.
A survival benefit of lymphadenectomy has not been shown. Lymphadenectomy is

mainly useful for accurate staging. Lymph node status is the strongest independent
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prognostic factor in patients with PHC. In a series of 79 patients undergoing a resec-
tion for node-positive PHC, all patients eventually died of PHC.73 No randomized
controlled trial has been performed to investigate the benefit of extended lymphade-
nectomy for PHC. However, for pancreatic cancer, 5 randomized controlled trials
found no benefit of extended lymphadenectomy.74 A recent systematic review of
the literature found that a lymph node count of more than 6 is adequate for prognostic
staging of PHC.75

OUTCOMES OF CURATIVE-INTENT RESECTION FOR PERIHILAR
CHOLANGIOCARCINOMA

A review of recent case series, representing more than 4000 patients with PHC who
underwent surgery with curative intent, showed amedian overall survival of 34months.
The aggregated morbidity and hospital mortality were 42% and 5%, respectively (see
Table 1). These analyses include Eastern series with patients who underwent incom-
plete (R2) resections and resections for stage IV disease. Two largemulticenter nation-
wide Western studies found a postoperative mortality of about 10%.10,11

Several prognostic factors may identify subgroups of patients with better survival. In
patients with R0 resection median overall survival rates of 60 to 65 months are re-
ported.34,42,73 In addition, a negative lymph node status, lymph node count of more
than 3, well-differentiated tumor grade, and papillary phenotype are independent pre-
dictors of favorable survival.73,76 Lymph node metastases, present in 30% to 50% of
patients, invariably lead to recurrence, with recurrence rates approaching 80% at 3-
year follow-up and 100% at 7-year follow-up.73,77 Despite these poor outcomes, a
resection may still improve life expectancy and quality of life in patients with positive
lymph nodes.

SUMMARY

Patients with stage IV disease (distant metastases or N2 nodal disease) and those unfit
to tolerate major surgery are not eligible for surgical resection of PHC. Moreover, PHC
is unresectable if an R0 resection with an adequate functional liver remnant is not
feasible. Bilateral involvement of second-order bile ducts (ie, Bismuth IV) does not pre-
clude an R0 resection. Patients requiring a hepatic artery reconstruction are consid-
ered unresectable in most Western centers. Selected patients with unresectable
early stage tumors should be considered for liver transplant.
Preoperative decision making regarding biliary drainage and PVE is difficult. Preop-

erative biliary drainage of the FLR is intended to decrease the risk of postoperative
liver failure. However, drainage may also cause cholangitis, which is strongly associ-
ated with postoperative death. PVE can increase the FLR volume beyond a minimum
of 25% to 40%, but commits the surgeon to a left-sided or right-sided resection before
exploratory laparotomy.
Lobar atrophy, involvement of the right hepatic artery, and involvement of second-

order bile ducts guide the choice between left-sided and right-sided hepatectomies.
The main advantages of a right-sided resection are less need for dissection near
the tumor and the long left hepatic duct to avoid an incomplete resection. The main
advantage of a left-sided resection is the larger size of the right posterior sector. A tri-
sectionectomymay be required for a complete resection, but is associated with a sub-
stantial risk of liver failure and postoperative mortality. Resection for PHC should
always include a CL.
A staging laparoscopy before exploratory laparotomy has a yield of about 1 in 4 pa-

tients with occult metastatic disease. The use of frozen section probably bears little
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significance on outcome, as does lymphadenectomy. However, adequate lymphade-
nectomy including at least 6 lymph nodes is recommended for proper staging.
Future studies should focus on reducing the high postoperative mortality in Western

centers and finding better adjuvant treatments to reduce the high recurrence rate.
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APPENDIX 1: METHODS FOR LITERATURE REVIEW SECTIONS

A literature search was conducted in PubMed, using search terms “(hilar OR perihilar)
AND (cholangio*),” including only human studies, written in English. A total of 1226 ref-
erences were screened based on title and abstract and relevant selections filed into
subtopics (eg, case series, staging laparoscopy, lymphadenectomy, frozen section,
and liver transplantation). Case series published before 2008 or with fewer than 5
patients per year were excluded. In case series diluted with cases of intrahepatic or
distal cholangiocarcinoma, data pertaining to patients with PHC were extracted.
Meta-analysis was performed for case series reporting results of right versus left hemi-
hepatectomy, trisectionectomy versus hemihepatectomy, and concomitant versus no
CL. Quality assessment of studies was performed using the GRADE (Grading of Rec-
ommendations Assessment, Development and Evaluation [short GRADE] Working
Group) tool.82,83 Data are presented as ORs or proportions. Meta-analysis was per-
formed using OpenMeta [Analyst] 10.1084 and random-effects model (DerSimonian
Laird) was used.
APPENDIX 2: SUPPLEMENTARY FIGURES

Fig. S1. Forest plot for proportion of hepatic artery reconstructions in right versus left hemi-
hepatectomy. OR less than 1 favors right hemihepatectomy.

Fig. S2. R0 resection rate in trisectionectomies versus hemihepatectomies. OR greater than
1.0 favors trisectionectomies.

Fig. S3. Forest plot caudate lobectomies. OR for obtaining negative resection margins (R0).
OR less than 1.0 favors CL.
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Fig. S4. R0 resection rates in major liver resection (MLR) versus central liver resections. OR
less than 1.0 favors MLR.

Fig. S5. Yield of staging laparoscopy.
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