
Received: 5 May 2003
Accepted: 6 May 2003
Published online: 18 June 2003
© Springer-Verlag 2003

Abstract Background: Surgical re-
section provides the only chance of
cure for patients suffering from hilar
cholangiocarcinoma. Although 
appropriate procedures are not agreed
upon, an increase in radicality has
been observed during the past
20 years. Methods: The literature as
well as our own experience after 133
resections of hilar cholangiocarcino-
mas were reviewed. Results: Tumor-
free margins represent the most im-
portant prognostic parameter. Hilar
resections as least radical resective
procedure will generate rates of for-
mally curative resections of less than
50%. Even after these formally cura-
tive resections, long-term survival
cannot be achieved. Only additional
liver resections will increase the
number of long-term survivors to 
significant figures. In our series, the
best 5-year survival rate of 72% was
achieved after right trisegmentectomy
with concomitant resection of the
portal vein bifurcation. Conclusion:
Right trisegmentectomy and com-

bined portal vein resection represent
the best way to comply with basic
rules of surgical oncology for hilar
cholangiocarcinoma. This procedure
will provide the most pronounced
benefit among various types of liver
resection, whereas local resections 
of the extrahepatic bile duct must be
considered as an oncologically ineffi-
cient procedure.
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increases resectability and radicality

Introduction

Biliary tract cancer originates in more than 50% of the
patients from the bile duct bifurcation within the hepatic
hilum. It must be distinguished from carcinomas arising
within the biliary epithelium in the periphery of the liver
or distal to the cystic duct down to the Papilla Vateri.
The surgical strategy for intrahepatic cholangiocarcino-
mas follows the principles established for other mass-
forming tumors in non-cirrhotic livers, such as, for ex-

ample, colorectal liver metastasis or some forms of hepa-
tocellular carcinoma. This strategy will generally result
in an extended liver resection, because most of these tu-
mors will only be diagnosed in an advanced stage, as
early symptoms are usually absent. This is, for example,
in contrast to hepatocellular carcinoma, in which screen-
ing of cirrhotic livers will result in the detection of a
considerable share of early tumors.

Biliary tract cancers located distal to the cystic duct
mostly have a close proximity to the pancreatic head;
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therefore, their surgical management involves many of
the principles which are also applied for pancreatic head
cancer. In addition, patients suffering from these distal
cholangiocarcinomas undergo resection of the extrahe-
patic biliary tract up to the hepatic hilum.

The principal goal for hilar or central cholangiocarci-
nomas, which means tumors at the bifurcation, is to
achieve not only a formally curative resection, but also
to apply established guidelines for oncological surgery in
general. These guidelines are mainly to achieve wide tu-
mor-free margins, to use no-touch techniques and to
avoid intraoperative open tumor biopsies. The close 
vicinity of these tumors to the portal vein, to the liver 
arteries, and to the liver parenchyma is one of the main
obstacles to accomplishing this goal. Moreover, lateral
infiltration occurs early, because of a late diagnosis. This
late diagnosis results from the fact that a lateral exten-
sion of epithelial biliary tract tumors is not compromised
by a strong muscular layer which is almost lacking in the
bile duct. On the other hand, the detergent properties of
the bile allows a sufficient flow even shortly before a
complete luminal obstruction [1]. The growth pattern of
hilar cholangiocarcinomas adds to the technical difficul-
ties of a resection, because nodular and well-demarcated
or even encapsulated tumors are a rarity, whereas a peri-
ductal infiltration is typical. Irrespective of a local
growth along lymphatic tracts, a microscopic infiltration
of perineural sheaths occurs [2, 3]. Identification of tu-
mor boundaries is hardly possible by digital palpation.
As a consequence, a surgical strategy based on principles
trying to achieve a wide margin, rather than limited re-
sections based on a possibly misleading intraoperative
personal impression, should be favored.

One advantageous feature of hilar cholangiocarcino-
mas seems to be their low propensity for distant metasta-
sis, which may be regarded as an additional argument for
principally extended resections.

Extrahepatic bile duct resection

Extrahepatic bile duct resections, including only parts of
the hilar liver parenchyma, must be considered as an
oncologically inefficient procedure over the long term.
They have been applied, and in some institutions still
are, in curative as well as in palliative intention. Proba-

bly they are warranted in neither of the two approaches.
The mainstay of palliative treatment are endoscopic or
transhepatic interventions such as endoscopic retrograde
cholangiography (ERC) with stent implantation or per-
cutaneous transhepatic cholangiography and drainage
(PTCD) with the possibility of internalization by transtu-
moral drainages [4, 5]. Various types of surgical bypass
operations turned out to result only rarely in a complete
decompression of the biliary tree while bearing a consid-
erable morbidity and mortality when applied in a pallia-
tive intention [6].

The perspective of local resections as a curative 
approach are even more worse as has recently been re-
ported by several centers. Jarnagin et al. from the Memo-
rial Sloan Kettering Cancer Center have described 80 pa-
tients undergoing resection of a hilar cholangiocarcino-
ma [7]. Among these 80 patients, an extrahepatic biliary
tract resection or a partial hepatic resection had been per-
formed in 18 and 62 patients, respectively. The rate of
formally curative resections was considerably high
(78%). Within the group of formally curative resections,
liver resection was the only independent prognostic 
parameter. After a follow-up period of 5 years, only 
9 patients were alive. All of these 9 patients had under-
gone a liver resection, whereas no patient after an extra-
hepatic biliary tract resection had survived.

A similar result has been published by Miyazaki et al.
from Chiba University in Japan [8]. Extrahepatic biliary
tract resections or liver resections had been performed in
11 and 65 patients, respectively. The respective rates of
formally curative resections in these two groups were 45
and 75%. There was no 5-year survival after extrahepatic
biliary tract resections, compared with a 27% survival
rate after additional liver resection.

The largest series thus far originates from Nimura and
his group from Nagoya Medical School in Japan, com-
prising 142 patients including 108 formally curative re-
sections (76%) [9]. Nimura et al. had achieved a formal-
ly curative resection in only 8 patients by an extrahepatic
biliary tract resection, compared with 100 patients who
had undergone a liver resection. In the group of extra-
hepatic biliary tract resections, all patients had died after
65 months. Ten-year survival after formally curative 
liver resection was 20%. The results after extrahepatic
bile duct resection for hilar cholangiocarcinoma are sum-
marized in Table 1.

Table 1 Results after extrahepatic bile duct resections (EBDR) for hilar cholangiocarcinoma in various studies

Study All resections of hilar EBDR and R0 rate 5-year survival Postoperative mortality
cholangiocarcinoma hilar resections (EBDR group; %) (EBDR group; %) (EBDR group)

[8] 76 11 45 0 0
[9] 142 14 57 12 0
[7] 80 18 78 0 0

[13] 137 15 47 0 0



Another factor, indicating that an extrahepatic biliary
tract resection is insufficient in achieving a local tumor
control, is a high local recurrence rate of 76% [10]. Lo-
cal recurrence mostly occurred at the resection margins,
predominantly on the side of the liver. In other gastroin-
testinal cancers a local recurrence rate of 80% would be
considered unacceptable. Such a high figure may occur,
for example, after resection of rectal cancer in case of an
intraoperative tumor perforation with consecutive dis-
semination of tumor cells.

The most promising strategy to overcome the problem
of high local recurrence rates, after resection of hilar
cholangiocarcinoma, is an extension of the resection
margins especially at the side of the liver. In the experi-
ence of our institution from 1988 to 2000, only 6 R0 
resections in the extrahepatic bile duct resection group
can be compared with 66 R0 liver resections resulting in
5-year survival rates of 0 and 35%, respectively.

It is noted that in the group of extrahepatic biliary tract
resections half of the patients were suffering from type-I
or type-II tumors, according to the Bismuth-Corlette clas-
sification. These patients originate from the early phase
of our experience and had been treated with a curative in-
tent. The remaining patients in this group were suffering
from locally advanced tumors in whom palliation was the
primary goal. In all the other groups, patients were almost
exclusively suffering from type-III or type-IV tumors, 
according to the Bismuth-Corlette classification. In these
patients, resection was only possible because of an addi-
tional liver resection and would not have been attempted
without it. As a consequence, an additional hepatic resec-
tion increases the resectability rate.

Central hepatic resections

Especially in the Japanese literature, some authors advo-
cated a central hepatic resection [9, 11]. The concept of
resecting the medial sectors of the liver, which means the
segments IV, V, and VIII, or at least the inferior parts of
these sectors, creates two resection lines on each side of
the hepatic hilum. It is an attempt to achieve a wide tu-
mor-free margin and to overcome the problem of tumor-
free margins which sometimes do not exceed 1–2 mm.

The criticism to such a central bisectionectomy is that
the left and the right liver artery, as well as the left and
the right portal vein branch, have to be preserved. This is
a problem, because especially the portal bifurcation and
the right liver artery run in close proximity to a hilar
cholangiocarcinoma. Frequently, an inflammatory indu-
ration of the tissue cannot be distinguished from an infil-
tration of these vessels. As a consequence, tumor cells
are likely to be spilled into the operative field by dissect-
ing these structures.

Another criticism is the creation of two resection
lines, thus increasing the risk of morbidity, especially

complications from a postoperative bile leakage. Due to
the high variability of the segmental ramification be-
tween the right lateral section (segments VI/VII) and the
right medial section (segments V/VIII), on the one hand,
and a sometimes high number of small orifices on the
right side, a multitude of biliodigestive anastomoses has
to be created. Moreover, the real oncological advantage
of shifting the resection line to the right side may be
doubted, because the distance from the midline of the
liver towards the right intersection is relatively wide 
only in the periphery. Centrally, that means around the
hepatic hilum, all the intersections almost converge and
hardly allow for a considerable additional distance to the
tumor.

Extended right lobe resection

In our perception, oncological surgery for hilar cholan-
giocarcinoma, including wide tumor-free margins and
no-touch techniques, can only be realized by performing
right-sided resections together with the resection of the
portal vein. The advantages can easily be exemplified by
comparing this procedure to the central bisectionectomy.

Firstly, it is not necessary to dissect any structures in
vicinity to the tumor. The right liver artery can be divid-
ed close to its origin at the arteria hepatica propria. The
necessity of the left hepatic artery to be preserved is no
disadvantage, because of the generally extratumoral
course of this artery at the left margin of the hepatoduo-
denal ligament. The portal bifurcation will be principally
resected and therefore does not need not to be dissected,
either. An end-to-end anastomosis of the portal trunk to
the left portal vein branch will result in a more stretched
course of this vessel and may avoid a kinking which can
sometimes be observed after extended right-sided resec-
tion with preservation of the portal bifurcation.

Secondly, a parenchymal dissection between the left
lateral (segments II and III) and left medial section (seg-
ments IV) will result in a small parenchymal dissection
area. Moreover, the anatomical variability of the seg-
mental ramification in this area is low. It is hardly ever
necessary to anastomose more than the two orifices to
the segments II and III, respectively.

Thirdly, the distance from the bifurcation of the main
hepatic ducts to the ramification into the left lateral sec-
tion may be as wide as 5 cm, whereas the corresponding
distance on the right side usually measures less than
1 cm [12].

A multivariate analysis of 133 patients who had un-
dergone resection of a hilar cholangiocarcinoma from
September 1988 to January 2001 at our institution re-
vealed the surgical radicality as the most important prog-
nostic parameter. In addition, a lymphangiosis carcino-
matosa, a perineural sheath infiltration, and the histo-
pathological grading could be identified as significantly
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relevant for long-term survival. Figure 1 shows the actu-
al survival rates after 133 resections of hilar cholangio-
carcinomas according to the surgical radicality. Taking
into account only those patients who had undergone a
formally curative resection, a multivariate analysis re-
vealed only one favorable prognostic parameter: a portal
vein resection. In contrast, lymphangiosis carcinomatosa,
perineural sheath infiltration, and histopathological grad-
ing did not have a significant impact on survival once a
curative resection had been accomplished.

We have previously reported on the advantage of an
additional resection of the portal vein bifurcation [13].
At that time, this finding was surprising because compa-
rable analyses of, for example, pancreatic head resec-
tions with concomitant portal vein resections had fre-
quently revealed an impaired prognosis and never a sig-
nificant survival benefit in any multivariate analysis. Our
favorable experience was all the more astonishing as we
had generally not intended a no-touch technique by re-
secting the portal vein bifurcation, but we were driven to
do so by a suspected portal vein infiltration; however, a
true carcinomatous infiltration could only be substantiat-
ed in 20% of the respective specimens on histopathologi-
cal examination, whereas perivascular fibrosis accounted
for the remaining indurations. As a consequence, we
have conceptualized this concomitant resection of the
portal vein henceforth. Figure 2 shows the outcome after
all right trisectionectomies, either with or without a con-
comitant portal vein resection. Meanwhile, a 5-year sur-
vival rate in the group of R0 right trisectionectomies
with concomitant portal vein resection reaches an unex-
pectedly favorable figure of 72%. R0 right trisection-
ectomies without concomitant portal vein resection fares
worse but still achieves a 5-year survival rate of 52%
(data not shown).

The 5-year survival rates after right hemihepatectomies
or left-sided liver resections were 23 and 18%, respective-
ly (Fig. 3). These rates did not differ significantly and
demonstrate that the resection margin has to be extended
beyond the boundaries of a right hemihepatectomy to-
wards the left hemiliver in order to achieve a benefit 
towards left-sided resections.

Formally, non-curative R1 resections did not fare
worse in the hemihepatectomies when compared with R0
resections (data not shown). After right trisection-
ectomies with concomitant portal vein resection, 5-year
survival figures were lower after R1 resections than after
R0 resections but still reached 45%, which may raise
doubts regarding the term non-curative resection or at
least its clinical significance. The phenomenon of similar
survival rates after R0 and R1 resections has already
been described for solid liver tumors.

In colorectal metastases, the survival curves of 167
patients with a tumor-free liver resection margin exceed-
ing 10 mm, 78 patients in whom it ranged from 5–9 mm,
and 133 patients with a non-infiltrated resection margin
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of less than 4 mm, ran almost in parallel [14]. The most
likely explanation for these findings is a too stringent
criterion for a formally curative or R0 resection. The
margin of the specimen which is finally evaluated histo-
pathologically forms only part of a surgical safety area
around a hepatic tumor mass. In addition, there are two
more layers around the tumor contributing to the safety
zone: the parenchymal dissection line and a coagulation
field along the resection line of the liver remnant, each
measuring approximately 1–3 mm. The tissue destruc-

Fig. 1 Patient survival after resection of hilar cholangiocarcinoma
from 1988 to 2000 according to the radicality

Fig. 2 Patient survival after right trisectionectomy with or without
concomitant portal vein resection

Fig. 3 Patient survival after right hemihepatectomy in comparison
with left liver resections



tion within the parenchymal dissection line is usually
created by an ultrasound tip and the coagulation field on
the remnant liver tissue by infrared light. This additional
resection margin can hardly be quantified and has not
been considered in former retrospective analyses.

Caudate lobe resection

In centers of hepatobiliary surgery, it is widely accepted
that liver resections for hilar cholangiocarcinoma should
always include the caudate lobe (segment I) [15, 16]. 
Although it has never been proven that the concomitant
resection of the caudate lobe resulted in a substantial 
survival benefit over the long term, it was a prime area
of local recurrence after local resections. Again, the
close proximity to the tumor is the most likely explana-
tion for this phenomenon. The segment-I bile duct al-
most always drains directly into the hilar bifurcation or
at least within a distance of 1 cm. Exceptions to this rule
account for only 3% of all cases. Moreover, it is our im-
pression that concomitant resections of the caudate lobe
reduce the risk of a bile leakage from the parenchymal
dissection field after extended right hepatic resections.

Perioperative mortality

Before considering extrahepatic bile duct resections
without major liver resections as widely inefficient in 
the treatment of hilar cholangiocarcinoma, they found a
wider application due to a low postoperative mortality.
In fact, higher resectability and radicality rates after con-
comitant liver resection still go along with increased
mortality rates. In our experience, the mortality rates af-
ter extrahepatic bile duct resections, hemihepatectomies
and right trisectionectomies with portal vein resection
are 0, 10, and 13%, respectively. The main cause of
death after extended liver resection is liver insufficiency
due to a lack of functioning parenchyma, all the more if
a cholestatic alteration of the tissue is present.

Attempts to overcome this obstacle have aimed at en-
larging the anticipated liver remnant volume already pre-
operatively in order to alleviate the postoperative nadir
of liver function and to shorten the gap until its restora-
tion.

A preoperative hypertrophy of the future remnant 
liver, induced by unilateral portal vein embolization, has
been shown to minimize the associated risk of postopera-
tive liver failure [17]. Decompression of the biliary
system may also be indicated to improve hepatocellular
function. Former randomized trials did not demonstrate
an advantage associated with preoperative external bili-
ary drainage [18]; however, older studies were mainly
comprised of bypass surgery and suffer from a low share
of hepatectomies, i.e., the group which is most likely to

have a benefit from preoperative biliary decompression.
We use a modified approach with either internal or exter-
nal biliary decompression exclusively of the remnant left
lobe [19]. In addition, embolization of the right liver 
artery has been performed and demonstrated together
with selective biliary decompression a significant effect
on hypertrophy [20]; however, we cannot discriminate
between the effects of unilateral biliary decompression
and contralateral arterial embolization. In patients with
particularly small left lateral sections, we use increasing-
ly unilateral portal vein embolization which is the more
substantial method.

Another strategy aims at preserving more liver tissue
during resection while avoiding concessions to radic-
ality; therefore, we have sometimes attempted to com-
bine an extended right-sided resection in the inferior and
perihilar regions of the liver with a parenchyma-sparing
almost right hemihepatectomy-like resection in the supe-
rior parts of the liver. Such a combination is frequently
possible because the segment-IV ramification of the
right hepatic duct, the portal vein branch and the arterial
supply to segment IV generally run to the left first reach-
ing the umbilical fissure where these structures then en-
ter the parenchyma and run towards the right into seg-
ment IV; therefore, an extension of the resection line to-
wards the umbilical fissure, i.e., the left-sided intersec-
tion, is feasible as in a right trisectionectomy while
maintaining considerable portions of segment IV distant
to the hilum.

Lymphadenectomy

Bismuth et al. described positive lymph nodes in hilar
cholangiocarcinoma to be a less important prognostic pa-
rameter than in other gastrointestinal cancers [21]. Other
reports, also involving more aggressive approaches, are
not conclusive in this respect as well [17, 22].

Even more uncertainty prevails regarding the role of a
lymphadenectomy, which is so far hardly supported by
clinical data. In our concept, the lymph nodes of the he-
patic hilum and the hepatoduodenal ligament are en bloc
resected with the tumor. In addition, the pancreatoduode-
nal and the para-aortal lymph nodes around the celiac
trunk are resected for staging. In contrast to previous re-
ports, in our experience there is a significant difference
in long-term survival after resection when comparing pa-
tients with positive or negative lymph nodes (Fig. 4).

Kitagawa et al., from the Nagoya group of Nimura,
showed that an extended lymphadenectomy involving
the para-aortal lymph nodes had a benefit in patients in
whom these lymph nodes were infiltrated without micro-
scopic signs of an infiltration [23]. Their study involved
110 patients after resection of hilar cholangiocarcinoma
with 5-year survival rates of 31%, if the lymph nodes
were negative. In patients suffering from a local or a
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para-aortal lymph node infiltration, the 5-year survival
rates were 15 and 12%, respectively. Examining in fur-
ther detail the group with positive para-aortal lymph
nodes, they could identify that in 7 of these 19 patients
an infiltration was macroscopically undetectable. Com-

paring these two groups, i.e., patients with macroscopic-
ally detectable infiltration to patients with a macro-
scopically undetectable infiltration of para-aortic lymph
nodes, the authors found no 5-year survival at all com-
pared with a rate of 29%, respectively.

The same group has also provided evidence that
lymph node micrometastases do not have a survival im-
pact on patients with otherwise node-negative hilar chol-
angiocarcinoma [24]. An immunohistochemical examina-
tion of lymph nodes has been suggested to improve the
pathological staging of gastrointestinal cancers, such as,
for example, esophageal cancer [25]. Tojima et al. [24]
had detected lymph node micrometastases in 11 of 45 pa-
tients or in 13 of 954 lymph nodes (1.4%) examined. Sur-
vival curves were essentially similar between patients
with and without micrometastases. In addition, the grade
of micrometastases did not show any impact on survival
in a multivariate analysis; therefore, the authors did not
recommend extensive lymph node sectioning with keratin
immunostaining for prognostic evaluation.

Fig. 4 Patient survival after resection of hilar cholangiocarcinoma
according to the histopathological staging of the lymph nodes
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