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requires complete surgical resection with histologically 
negative margins. R0 resection provides a satisfactory 
long-term outcome in patients with lymph node-nega-
tive stage. Neoadjuvant treatment followed by liver 
transplantation provides long-term survival in highly se-
lected cases with localized, unresectable, lymph node-
negative hilar cholangiocarcinoma.

© 2016 S. Karger GmbH, Freiburg

Introduction

Despite significant advances in systemic therapy only complete 
radical surgery provides a curative treatment option for patients 
with bile duct cancer [1].

Cholangiocarcinomas are known to potentially invade any part 
of the biliary tree and are categorized as intrahepatic and proximal 
or distal extrahepatic depending on their localization with respect 
to anatomical landmarks including second-order bile ducts, bile 
duct confluence, and cystic duct levels.

Several risk factors predisposing to cholangiocarcinoma associ-
ated with chronic inflammation of the biliary epithelium have been 
identified. Particularly in patients with primary sclerosing cholan-
gitis (PSC) as well as in individuals with hepatolithiasis, bile stasis 
and recurrent bouts of subclinical cholangitis may contribute to 
carcinogenesis [2]. Other risk factors include parasitic infections, 
congenital biliary tree anomalies (e.g. bile duct cysts, Caroli’s dis-
ease), viral hepatitis, and cirrhosis.

Cholangiocarcinoma originates from the intra- or extrahepatic 
bile duct epithelium. The vast majority are adenocarcinomas aris-
ing from periductal glands, whereas remaining histologic variants 
comprise <5% of cases [3].

The morphology-based classification distinguishes three catego-
ries, i.e. periductal infiltrating, intraductal infiltrating, and mass-
forming tumors [4]. The particular growth pattern of cholangio-
carcinoma is characterized by infiltration and fibrosis of periductal 
tissues resulting in annular bile duct wall thickening, while poly-
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Summary
Background: The majority of patients with cholangiocar-
cinoma present with advanced disease that is often chal-
lenging to diagnose and to treat. The optimal preopera-
tive evaluation requires a coordinated multidisciplinary 
approach. Surgical resection is the mainstay of therapy. 
Methods: This systematic review delineates surgical 
treatment strategies for cholangiocarcinoma in general 
as well as special considerations concerning the particu-
lar tumor localization. A literature search (see keywords) 
was conducted using PubMed and publications between 
1990 and 2016 regarding resectable and advanced chol-
angiocarcinoma were reviewed. Selected studies were 
utilized based on their significance and innovation. Re-

sults: The type and extent of resection performed de-
pends on the location of the cholangiocarcinoma within 
the liver or biliary tree and the extent of local tumor inva-
sion. The common surgical strategy contains: (i) for in-
trahepatic tumors: tailored partial hepatectomy com-
bined with extended hilar, suprapancreatic, celiac axis 
lymphadenectomy, (ii) for hilar tumors: complete resec-
tion of the extrahepatic biliary tree combined with ex-
tended hepatectomy inclusive of segment I, resection of 
portal vein bifurcation, and systematic N1/N2 lymphad-
enectomy, and (iii) for distal tumors: en bloc pancrea-
toduodenectomy combined with complete resection of 
the extrahepatic bile duct below the hepatic confluence 
and systematic N1/N2 lymphadenectomy. Pathologic 
confirmation is not required prior to resection. Preopera-
tive biliary drainage and remnant liver volume augmen-
tation are necessary in selected patients with intrahe-
patic or hilar cholangiocarcinoma considered for extensive 
liver resection. Conclusion: Cure for cholangiocarcinoma 
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poid or nodular tumor growth appear extremely rarely [5]. The mi-
croscopic findings including vertical intraductal and lateral peri-
ductal infiltration, neurovascular invasion, and surrounding in-
traepithelial lesions have a decisive prognostic significance.

The macro- and microscopic features of cholangiocarcinoma 
explain the extreme limitations in detecting longitudinal tumor ex-
tent along the bile ducts and also radial spread into adjacent struc-
tures by preoperative radiological and endoscopic imaging [6]. 
Furthermore, in patients with biliary stents, local artifacts and sec-
ondary inflammatory changes can additionally limit the diagnostic 
accuracy of imaging.

The localization of the tumor is essential for the surgical strat-
egy. In this regard, distal cholangiocarcinoma has the highest re-
sectability and the most favorable outcome due to its anatomical 
properties when compared with the other tumor localizations [7]. 
Thus, anatomical localization and special growth pattern are essen-
tial for planning surgery.

In addition to macro- and microscopic features, the locore-
gional and distant lymph node involvement bears a significant 
prognostic value. However, the capacity for detecting lymph node 
metastases by high-quality cross-sectional imaging (magnetic reso-
nance imaging, computed tomography) or endoscopic ultrasound 
is still unsatisfactory because of the poor correlation between 
lymph node size and their positivity for malignancy [8–9]. In that 
respect, fluorodeoxyglucose positron emission tomography was 
found to provide a much higher specificity for detecting malignant 
lymphadenopathy [10].

Consequently, patients with potentially operable cholangiocar-
cinoma should always be planned for surgical exploration by lapa-
roscopy or laparotomy inclusive of histological assessment. In the 
current opinion, the evidence of peritoneal carcinomatosis indeed 
precludes extended resection while the presence of technically re-
sectable liver metastases does not definitely contraindicate radical 
surgery [1].

Numerous studies report that aggressive surgical strategies 
combined with multimodal treatment concepts allowed for the ob-
vious increase of curative resections [1, 11]. 

Although recent advances in surgical techniques and periopera-
tive management have offered increased resectability and im-
proved surgical outcomes, unfortunately more than half of the op-
erated patients even following curative resection exhibit a recur-
rent disease, and their overall long-term outcome remains unsatis-
factory [12].

These patients benefit slightly from chemoradiotherapy but 
are in selected cases suitable for redo resection with curative in-
tent [13].

The role of adjuvant chemo- and radiotherapy strategies to pro-
vide a better local disease control especially in low-risk patients is 
not satisfactorily cleared yet. The current practice recommends ad-
juvant therapies in patients with positive nodes or resection mar-
gins (R1). Particularly in patients at high risk of recurrence their 
benefit seems to be clear [14].

Surgical Strategy and Technique –  
General Considerations

In general, surgical treatment for cholangiocarcinoma is deter-
mined by the patient’s clinical condition, functional liver volume 
specifically disturbed by severe cholestasis, local extent of the 
tumor including vascular and/or parenchymal involvement, as well 
as absence or presence of metastatic disease.

The complete surgical en bloc resection with negative macro-
scopic and microscopic margins (R0 resection) as well as lymph 
node metastases are decisive criteria regarding long-term survival 
in patients with cholangiocarcinoma [11, 15, 16].

Irrespective of the tumor localization, extensive liver resection 
is nearly always required to achieve R0 resection [17].

In patients considered for extended hepatectomy, preoperative 
portal vein embolization is mainly necessary to induce compensa-
tory hypertrophy of the remnant liver [18]. Consequently, in those 
particular patients a preoperative biliary drainage via endoscopic 
retrograde cholangiopancreatography or percutaneous transhe-
patic cholangiography drainage is commonly indicated to relieve 
the intrahepatic cholestasis [19].

Biliary drainage is also clearly indicated in septic patients due to 
congestive cholangitis, likewise in the evidence of severe malnutri-
tion or hepatic insufficiency [20, 21].

Intrahepatic Cholangiocarcinoma

5–10% of cholangiocarcinomas arise from peripheral bile ducts 
within the liver parenchyma distal to the second-order bile ducts [3].

The common strategy containing major hepatectomy combined 
with extended lymphadenectomy involving hilar, suprapancreatic 
as well as retroperitoneal compartments allows for a complete sur-
gical en bloc resection with negative macroscopic and microscopic 
margins (R0 resection) in less than 50% of patients despite the 
preference (60%) for extended hepatectomies (>4 segments) [22].

Periductal tumor growth along the periportal fields resulting in 
extensive infiltration of surrounding tissue seems to be one of the 
explanations for the unsatisfactory outcome [23].

Moreover, the presumed beneficial effect of systematic lymphad-
enectomy is still not satisfactorily proven [22]. Although positive 
lymph nodes are a significant prognostic factor, aggressive lym-
phadenectomy is being controversially discussed. The opponents 
argue that the high biliary morbidity due to ischemic bile duct inju-
ries may offset the potential oncological benefit, and thus some 
centers limit the indication to only centrally localized tumors [23].

Our own policy recommends a priori systematic lymphadenec-
tomy with extended hepatectomy regardless of peripheral or cen-
tral tumor localization. However, a detailed surgical exploration 
including histological assessment of corresponding lymph node 
compartments precedes our decision making in each patient.

While positive hilar or suprapancreatic nodes (N1) do not con-
traindicate surgery, we have strong reservations to go along with 
surgery in the evidence of malignant retroperitoneal (N2) lymphad-



Radtke/KönigsrainerVisc Med 2016;32:422–426424

enopathy, strictly limiting the indication to only those resectable 
patients who are symptomatic due to the tumor disease. Our cur-
rent practice considers patients with positive retroperitoneal nodes 
for palliative chemotherapy, with the option of secondary surgery 
with curative intent if a satisfactory response has been achieved.

In our series, nearly 80% of patients underwent R0 resection, 
and in single cases with advanced disease a complete radical resec-
tion following primary chemotherapy was possible.

Extrahepatic Distal Cholangiocarcinoma

In 30–40% of cases cholangiocarcinoma involves the middle 
and distal common bile duct arising below the cystic duct level [3].

The common surgical strategy consists of en bloc pancreatodu-
odenectomy (Whipple operation, optionally pylorus-preserving 
Longmire-Traverso procedure), combined with complete resection 
of the extrahepatic bile duct below the hepatic confluence and sys-
tematic N1/N2 lymphadenectomy.

Long-term survival rates over 50% in lymph node-negative 
stage followed by R0 resection have been widely reported [24].

However, more extensive surgery is required to provide nega-
tive margins (R0 resection) when intrahilar tumor invasion ex-
ceeded the biliary confluence level. In such cases, extended bile 
duct resection inclusive of biliary confluence and segment I or 
combined Whipple operation and major hepatecomy are possible 
curative options in highly selected patients [25].

Unfortunately, hepato-pancreatoduodenectomy bears a sub-
stantial operative risk, with mortality rates of up to 10% in experi-
enced hands, when compared with standard Whipple operation 
(5%) [26].

Given the fact that more than 40% of severe complications af-
fect the pancreatic remnant (i.e. bleeding, pancreatitis, anastomotic 
leak) being triggered by the underlying liver dysfunction, some 
centers favor a stepwise procedure considering liver resection after 
Whipple operation [25].

Thus, thoughtful planning of surgery is always necessary to pre-
cisely determine the operative limits and the most optimal strategy 
(i.e. preoperative portal vein embolization) for each individual 
patient.

There is common consensus that preoperative biliary drainage 
is not required unless additional liver resection or neoadjuvant 
therapy is planned [7].

Extrahepatic Proximal, (Peri-)Hilar  
Cholangiocarcinoma – ‘Klatskin’ Tumor

The vast majority (60–70%) of cholangiocarcinomas involve the 
bile duct confluence arising distal to the cystic duct level [3]. They 
are further classified into four main categories according to the 
Bismuth-Corlette classification [27]:
– Type I: tumors involving the common hepatic duct below the 

biliary confluence; 

– Type II: tumors involving the biliary confluence; 
– Type IIIa: tumors involving the biliary confluence extending 

into the right hepatic duct; 
– Type IIIb: tumors involving the biliary confluence extending 

into the left hepatic duct; 
– Type IV: tumors involving the biliary confluence extending 

into both right and left hepatic duct or multifocal tumors.
Paying heed to the close correlation between tumor localization 

within the biliary confluence and portal vein infiltration or hepatic 
metastases, the Bismuth-Corlette classification proved to be helpful 
in planning surgery for radical tumor resection.

Decisive for the proper indication and patient selection during 
preoperative workup are systematic evaluation of the local extent 
of the tumor, detection of intrahepatic or distant metastases, esti-
mation of the future liver remnant volume, and alleviation of se-
vere cholestasis.

However, in most cases the preoperative staging is seriously 
limited, making a reliable assessment of the three-dimensional 
tumor extent practically impossible.

The overall resectability rate of patients with hilar cholangiocar-
cinoma reported in the literature is approximately 65% [1].

The main reason for unresectability at exploration is underesti-
mation of local tumor extent on preoperative imaging, followed by 
extensive vascular involvement and occult metastatic disease [28].

The tumor staging system of Blumgart recently modified by the 
Sloan-Kettering group takes into consideration the drawbacks of 
preoperative imaging and has the potential to usefully assist in pa-
tient selection for major resections (table 1).

Finally, the type and extent of intended resection depends on the 
tumor location within the biliary confluence and the depth of tumor 
invasion inside the liver (longitudinal extent) and likewise on the de-
gree of local invasion into the adjacent periductal structures includ-
ing the infiltration of portal vein and hepatic arteries (radial extent).

Our own experience, as confirmed by others, showed R0 resection 
rates of less than 20% following isolated resection of the extrahepatic 
bile duct. For that reason, limited resection has been restricted to 
only Bismuth-Corlette type I hilar cholangiocarcinoma [1].

Table 1. Preoperative resectability assessment of hilar cholangiocarcinoma – 
a modified clinical tumor staging system of Blumgart [28]

Criteria of unresectability
Extrahepatic metastases / non-resectable liver metastases
Bilateral tumor extension involving the second-order bile ducts
Total portal vein occlusion
Tumor invasion into second-order bile ducts with contralateral portal vein 

thrombosis

Temporary contraindication to surgery
Inadequate remnant liver volume

Liver volume augmentation by portal vein embolization
Extensive cholestasis / biliary sepsis

Biliary drainage by ERCP / PTCD, antibiotics

ERCP = Endoscopic retrograde cholangiopancreatography;  
PTCD = percutaneous transhepatic cholangiography drainage.
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In contrast, complete R0 resection for Bismuth-Corlette types 
II–IV hilar cholangiocarcinoma involves extensive resection of 
both the extra- and intrahepatic biliary tree, requiring removal of 
the ipsilateral hemiliver (mostly extended hepatectomy), en bloc 
resection of portal vein bifurcation, and systematic lymphadenec-
tomy involving N1 and N2 compartments [1, 21].

The aggressive strategy presented by the Nagoya group further 
improved long-term outcomes and could be finally established as a 
state-of-the-art operation for Bismuth-Corlette types II–IV hilar 
cholangiocarcinoma [19]. In experienced centers, R0 resection 
rates of up to 75% and 5-year survivals of more than 60% in node-
negative stage were reported [1].

This standardized operation combines complete resection of the 
extrahepatic duct proximally limited by the upper duodenal edge 
with right trisectionectomy (resection of segments 5–8 + 4) inclu-
sive of segment I, en bloc resection of portal vein bifurcation fol-
lowed by end-to-end reconstruction between the portal vein trunk 
and left portal vein, and systematic N1/N2 lymphadenectomy [1].

Combined vascular resection involving the portal vein and he-
patic artery in advanced hilar cholangiocarcinoma is technically fea-
sible and can be a surgical option for highly selected patients [29].

The rationale to favor right trisectionectomy in hilar cholangio-
carcinoma is based on anatomical considerations, depicting several 
properties that facilitate parenchyma transection and surgical dis-
section in the left lateral lobe [30]:
(1)  Separate left hepatic vein providing independent venous drain-

age of segments 2 and 3. 
(2)  Umbilical plate (‘own hilus’) containing separate bile duct and 

portal vein confluence (Rex sinus).
(3)  Left hepatic duct of long extrahepatic segment well accessible 

for surgical assessment.
The preferential en bloc resection of the portal vein bifurcation 

is reasonable because of the distinct anatomical proximity to the 
central bile duct and the biliary confluence. Furthermore, inclusion 
of segment I into the resection specimen is beneficial because chol-
angiocarcinoma can extend into the caudate lobe via small caudal 
branches draining into the right and left hepatic duct and into the 
biliary confluence itself, resulting in common caudal lobe involve-
ment, as seen in 43–100% of patients [31].

Patients who are considered for extended hepatectomy with an 
estimated remnant liver volume <25–30% require volume augmen-
tation by preoperative ipsilateral portal vein embolization in order 
to avoid postoperative liver failure due to a small-for-size situation 
[32]. When right trisectionectomy is intended, right portal vein em-
bolization including segment 4 branches is required to induce com-
pensatory hypertrophy of left lateral segments 2/3. In selected cases, 
additional embolization of the ipsilateral hepatic vein as described 
by the Seoul and Calgary groups effectively intensified the compen-
satory parenchyma growth in the future liver remnant [33, 34].

In the setting of left-sided cholangiocarcinoma (Bismuth-Cor-
lette types IIIa and IV), extended left trisectionectomy (segments 
1–4, 5–8) following left portal vein embolization may be the prefer-
able option for the patient. Additional multiductal biliary recon-
struction is likely to be necessary after this complex resection [35].

In contrast, a two-step resection with in situ liver split and right 
portal vein ligation according to the ALPPS (i.e. ‘Associating Liver 
Partition and Portal Vein Ligation for Staged Hepatectomy’) concept 
is not recommended in functionally deranged and cholestatic livers 
because of the extremely high risk for morbidity and mortality [36].

Although surgical resection remains the standard of care for 
hilar cholangiocarcinoma, some selected patients with technically 
unresectable lymph node-negative tumors can benefit from total 
hepatectomy combined with complete extrahepatic bile duct resec-
tion followed by liver transplantation [37].

A trimodal neoadjuvant protocol incorporating external beam 
and endoluminal radiation combined with systemic chemotherapy 
initially proposed by the Mayo group showed a promising long-
term survival of 59% [38].

There is a lack of reported randomized trials supporting a rou-
tine use of adjuvant chemoradiotherapy after curative resection for 
hilar cholangiocarcinoma. However, there are convincing data to 
suggest that adjuvant chemoradiotherapy may be beneficial, par-
ticularly for lymph node-positive and bile duct margin-positive 
(R1) resections [39].

Conclusion

Cholangiocarcinoma appears extremely challenging to diagnose 
and treat independent of the anatomic location. The plausible ex-
planation includes the particular peri-/intraductal growth pattern 
accompanied by fibrosis of periductal tissues.

Radical surgical treatment still remains the only curative option 
with the potential of complete tumor healing.

Besides the primary tumor stage being an independent fateful 
variable, the avoidance of incomplete surgical resection with 
micro- or macroscopic positive margins (R1/R2 resection) is semi-
nal for the long-term outcome in those patients.

Evaluation by an experienced hepatobiliary surgeon is therefore 
recommended wherever cholangiocarcinoma is suspected, ideally 
before biliary stenting potentially complicates the subsequent 
tumor staging and surgery due to secondary biliary inflammation 
or infection.
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