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INTRODUCTION:  The  present  case report  demonstrated  the  successfully  radical  operation  (R0)  for  the
highly advanced  cholangiocarcinoma  involving  hilar  hepatic  arteries  and  portal  vein, The  careful  preop-
erative  diagnosis  to define  the  adequate  resection  area  and  the  expert  operation  was  achieved  without
postoperative  severe  complications.
PRESENTATION  OF  CASE:  A  55-year-old  male  was  admitted  to  our hospital  with  obstructive  jaundice,
and  the  perihilar  cholangiocarcinoma  (PC)  was  found.  At  the  time  of  finding  PC,  enhanced  computed
tomography  showed  the  widely  extension  and  involved  the surrounding  right  hepatic  artery  (RHA)  and
bilateral  portal  veins  (PV).  According  to extension  of PC,  left  trisectionectomy  combined  resection  of  RHA
and  PV  trunk  was  scheduled.  By  supporting  plastic  surgeon’s  procedure,  the scheduled  R0  operation  could
be  achieved  and  the  patient  was  discharged  without  any  severe  complication  but  delayed  intrahepatic
abscess  formation.  After  abscess  drainage,  he  could  immediately  recovered  and  tumor  relapse  was  not
observed  for  a couple  of  months.  By  carefully  preoperative  examination,  a complicated  operation  was
successfully  completed.
DISCUSSION: The  major  hepatectomy  with  arterio-portal  resections  and  anastomosis  for  advanced  has

been  challenged  at the  high-volume  center  and the  improvement  of  survival  seemed  to  be  obtained  and,
however,  operative  risk  is still remained.  This  operation  could  be achieved  by  the  expert  surgeons  under
precise  planning  or  management.
CONCLUSION:  The  role  of HBP  surgeons  is  to  challenge  aggressive  surgery  even  for  patients  with  highly
advanced  local  extension  of  PC.

© 2018  The  Author(s).  Published  by Elsevier  Ltd on behalf  of  IJS Publishing  Group  Ltd.  This  is  an  open
access  article under  the  CC  BY license  (http://creativecommons.org/licenses/by/4.0/).
. Introduction

R0 resection is the only curative treatment for perihilar cholan-
iocarcinoma (PC) [1,2], and aggressive surgery is necessary to
nsure that the tumor is not exposed during the dissection proce-
ure. In cases in which PC are surrounded by major blood vessels,
ppropriate diagnosis and surgical planning for combined resec-
ion, particularly regarding the location of the hepatic artery, are

ecessary to ensure that the treatment is curative and safe [3].
roximal arterial or portal anastomoses, which require expert sur-
ical skills, are sometimes needed, and preoperative imaging-based
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diagnosis and liver functional evaluations should be performed in
such cases [4].

The present case report describes the successful treatment of
extensive PC via R0 left trisectionectomy (LT) (resection of Couin-
aud’s segments 1, 2, 3, 4, 5, and 8) and careful preoperative and
intraoperative management. This case has been reported in line
with the SCARE criteria [5].

2. Presentation of case

A 55-year-old male was admitted to our hospital with obstruc-
tive jaundice. Imaging revealed a locally advanced PC, and

endoscopic bile duct drainage and precise determination of the
extent to which the tumor had invaded the intrahepatic bile
ducts were performed. Contrast-enhanced abdominal computed
tomography (CT) combined with three-dimensional imaging and
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Fig. 1. Contrast-enhanced CT showed an extensive PC, involving the middle and right hepatic arteries (white arrow); however, the posterior branch of the hepatic artery
had  not been invaded (a). Three-dimensional surgical planning images and fusion images composed of the planning images and cholangiographic images showed locally
advanced PC, involving bile ducts, hepatic arteries, and the portal vein (the trunk and bilateral branches) (the blue area indicated by the thick white arrow) (b). The tumor
had  also invaded the anterior sectional bile duct as well as the anterior sectional hepatic artery and portal vein (black arrow), but the posterior equivalents of these structures
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ad  not been affected by the tumor. The proper hepatic artery had not been invade
as  predicted to be 48% of the original liver volume.

holangiography showed a perihilar mass lesion together with
xtensive stenosis of the intra- and extra-hepatic bile ducts (Fig. 1a
nd b). The mass was definitively diagnosed as a type IV PC,
ccording to the Bismuth-Corlette classification of hilar cholan-
iocarcinoma. The tumor extended into the left hepatic duct and
nterior sectional bile duct, and it had also invaded the adjacent
ight hepatic artery, and the left and anterior sectional branches
f the portal vein. Endoscopic biopsies of the stenotic lesion and
he non-stenotic bile ducts at the confluence of the posterior sec-
ional bile duct branches (as a negative biopsy) were performed.
lthough invasive adenocarcinoma was diagnosed, no cancer infil-

ration was observed in the epithelium at the confluence of the
osterior sectional bile ducts. As no distant or lymph node metas-
asis was detected, and the patient had a sufficient liver functional
eserve for LT, we scheduled R0 resection accompanied by arterio-
ortal resection and anastomosis. During the surgical simulation, it
as determined that an arterial anastomosis should be performed
nless the tumor had invaded the tissues surrounding the remnant
osterior branch of the hepatic artery. In addition, it was decided
hat if R0 resection were not possible, then the scheduled LT would
e abandoned.

No peritoneal dissemination, liver metastasis, or distant lymph
ode metastasis was seen after laparotomy. Although a hard and
xed PC lesion was present (Fig. 2A), we attempted to sample some
wollen lymph nodes and the tissues surrounding the posterior
epatic artery. No cancer cells were observed in any of the tissue
amples, and therefore, we decided to proceed with the scheduled
peration. The distal bile duct was transected at the level of the
pper limit of the pancreatic head and was free from cancer. After
ransecting the left and middle hepatic arteries, a clear demarcation
etween the ischemic and well perfused tissue was seen (Fig. 2B).

epatic parenchymal transection along the right hepatic vein was
erformed, and the left and middle hepatic veins and the poste-
ior hepatic duct were transected (Fig. 3A). The right hepatic artery
he tumor (thin white arrow). The volume of the future remnant liver (green area)

and portal vein were transected along the scheduled incision line
(yellow lines in Fig. 1B) (Fig. 3B). A macroscopic examination of
the resected specimen indicated that an R0 resection had been
achieved without exposing the tumor. Next, a portal anastomo-
sis was  created between the posterior branch of the portal trunk,
even though the orifices of these blood vessels differed markedly
in size (Fig. 3C). After confirming the presence of good portal flow,
an arterial anastomosis between a tiny branch of the portal vein
and a branch of the right gastro-epiploic artery was created by a
plastic surgeon under microscopy (Fig. 3D). Locoregional lymph
node dissection was  added. Hepaticojejunostomy with Roux-en Y
jejuno-jejunostomy were also performed. The total operating time
was 804 min  (including 120 min  for the arterial anastomosis), and
2430 ml  of intraoperative blood loss occurred, which necessitated
the transfusion of four units of red blood cells.

A microscopic examination revealed poorly differentiated ade-
nocarcinoma with arterial and portal invasion, but the tumor did
not extend to the dissected surface. No lymph node metastasis was
found. It was  histologically confirmed that an R0 resection had been
achieved. The patient’s postoperative course was  uneventful, and
no severe liver damage was seen in the remnant liver. Therefore,
the patient was  discharged on day 24. However, after being dis-
charged the patient developed an intra-hepatic abscess in segment
7, and perihepatic free fluid started to accumulate (Fig. 4A and B),
which was treated with drainage on day 91. On day 35 after the
drainage procedure, the patient was  discharged from hospital. At 6
postoperative months, the tumor had not recurred.

3. Discussion
Recently, major hepatectomy combined with vascular resection
has been performed for PC after adequate preoperative evaluations
of the functional liver reserve [3,6–8]. However, type IV PC, accord-
ing to the Bismuth-Corlette classification, can be radically resected
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Fig. 2. The encircled area shows the tumor mass (A). The arrow indicates the posterior hepatic artery (BD = bile duct, PHA = proper hepatic artery).
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he  border between the posterior and anterior sectors of the liver is indicated by th

9]. As it can be performed safely, and the prognosis of surgically
reated PC patients is better than that of PC patients that do not
ndergo resection, LT with arterial or portal resection tends to be
erformed for PC at Japanese high-volume centers [3,6–10]. How-
ver, this procedure is considered to be associated with greater
urgical risk than hemi-hepatectomy [11]. Additional adverse com-
lications after such an operation can lead to systemic damage or

ethal conditions, and therefore, careful selection of the optimal
urgical procedure by expert hepatobiliary surgeons is necessary
n cases of PC. We  have performed LT and combined resection of
he artery and portal vein in a few cases. In the present case, we
ead previous reports and fully checked the pitfalls of the above-
entioned procedure during the preoperative period [3,6–10]. The

umor was relatively large, and tumor infiltration, as indicated by
oft-tissue density, into the region around the posterior hepatic
rtery and the stump of the posterior branch of the bile duct was
uspected based on preoperative CT. However, it was  not possi-
le to definitively determine the full extent of the tumor. On the
ther hand, we considered that aggressive treatment was necessary
ecause the patient was relatively young. If cancer cells had been
etected in the dissected tissue around the resection line during the
peration or massive lymph node metastases had been observed,

e would have discontinued the radical operation.

With respect to the intraoperative findings and procedures,
e first performed lymphadenectomy from the common hepatic

rtery lesion to the hepatic hilum, and then extended it along the
w (PC = perihilar cholangiocarcinoma, LT = left trisectionectomy) (B).

relevant arteries to detect distant lymph node metastases. The dis-
sected soft tissue around the dissection line was hard, but no cancer
cells were observed, and furthermore, no lymph node metastases
were detected during intraoperative pathological examinations.
Eventually, a histological examination showed that there were no
lymph node metastases. At present, combined resection and anas-
tomosis of the hilar blood vessels tends to be performed after
complete parenchymal transection of the liver in cases of advanced
PC [4,12]. During warm ischemia of the remnant liver, it is impor-
tant to be aware of the re-perfusion time. Warm ischemia can be
permitted for around 30 min. In the present case, the difference
between the orifice sizes of the vessels to be anastomosed was
quite large, and so careful anastomosis was necessary. The creation
of arterial anastomoses should be entrusted to plastic or vascu-
lar surgeons and should be performed under microscopy [13]. The
author reported that microsurgery had great benefits in a case in
which it was used to create an arterial anastomosis during hepato-
pancreato-biliary surgery [14]. Although the plastic surgeon in the
current case took a long time to create the anastomosis, it is pos-
sible that such procedures could be performed quicker as plastic
surgeons gain experience of abdominal surgery.

Fortunately, in the present case an R0 resection was  achieved,

and the patient’s postoperative course was  good. However, delayed
intra-hepatic abscess formation [15] occurred after 80 days. Despite
this, the patient’s vascular flow and liver function were well
maintained. The possible reasons for the abscess formation were
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Fig. 3. Severe adhesion between the hilar bile duct and right hepatic artery was  observed (arrowhead) (A), and the resected specimen showed that the PC was only connected
t patic 
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o  the portal vein (PV) and right hepatic artery (pHA = posterior branch of the he
erformed (arrow) (C). An arterial anastomosis was  conducted under microscopy (D

onsidered to be as follows: 1) partial arterial ischemia, 2) periph-
ral cholangitis due to reflux via the hepaticojejunostomy, and
) remnants of the transected Glissonian branches of segment 8
ere present beyond the right hepatic vein. Intra-abscess drainage
as performed, but the subsequent CT did not provide any evi-
ence of the cause of the abscess formation. As biliary leaks are
ommon postoperative complications, hepatobiliary iminodiacetic
cid or magnetic resonance cholangiography can be used to con-
rm the etiology of perihepatic free fluid accumulation or hepatic
ollection/abscess formation. It is necessary to manage patients
ho undergo complicated operations carefully after discharge, as
elayed diagnosis or treatment of complications can lead to lethal

epsis. In the present case, adequate drainage and ascites control
ere employed, which resulted in the patient exhibiting a good

ourse after discharge. If it had been found that the abscess forma-
ion was caused by occlusion of the hepatic artery, an arterioportal
artery, PHA = proper hepatic artery) (B). Anastomosis of the portal vein (PV) was
EA = right gastro-epiploic artery).

bypass operation to maintain the intrahepatic oxygen concentra-
tion would have been considered to rescue the situation [16].

4. Conclusion

We reported a case in which advanced PC was success-
fully treated using LT combined with arterioportal resection and
anastomosis. An R0 resection and a good postoperative course
were achieved; however, delayed intrahepatic abscess formation
occurred. In such cases, precise determination of the extent of
the tumor and evaluations of liver function should be performed

preoperatively, and appropriate surgical simulations using three-
dimensional imaging are important. Such efforts might contribute
to expanding the surgical indications for hepatobiliary cancer and
help to achieve safe R0 resection. Support by expert surgeons and
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ig. 4. A delayed liver abscess developed in segment 7 (arrow), which caused the 

ercutaneous puncture (using an abdominal drainage tube), the abscess was reliev

hysicians is necessary to achieve good patient outcomes in such
ases.
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