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Abstract 

Right-sided ligamentum teres (RSLT) is a rare congenital anomaly often accompanied by 

variation of the hepatic vasculature. We herein report a surgical case of a hilar cholangiocar-

cinoma with RSLT in whom preoperative hepatectomy simulation proved useful for under-

standing the anatomical structure of the liver. A 78-year-old male with obstructive jaundice 

was referred to our department for further examination. The patient was suspected of having 

a hilar cholangiocarcinoma originating from the left hepatic bile duct by contrast-enhanced 

computed tomography (CT), and CT also showed right umbilical portion (RUP). Three-

dimensional images of the hepatic vasculature and biliary system reconstructed using a 

hepatectomy simulation system suggested that all portal branches ramified from RUP were 

right paramedian branches, and three leftward portal branches from these ran parallel to the 

peripheral bile ducts confluent with the left hepatic bile duct, where the tumor was present. 

Hepatic resection of part of the ventral area of the right paramedian sector and left hemiliver 

was performed along the demarcation line drawn after clamping the portal branches; the 

ratio of estimated liver resection volume was 28.9%. After the operation, bile leakage oc-
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curred. However, the leakage was treated with percutaneous drainage alone, and the patient 

was discharged 77 days after the operation. The patient is doing well without any signs of 

recurrence 21 months after the operation. The vascular and biliary anatomy in patients with 

RSLT is complicated and should be evaluated in detail preoperatively using a hepatectomy 

simulation system. © 2017 The Author(s) 

 Published by S. Karger AG, Basel 

Background 

Right-sided ligamentum teres (RSLT) is a rare congenital anomaly often accompanied by 
variation in the hepatic vasculature [1, 2]. Intrahepatic portal venous ramifications are more 
complex in such conditions, and a detailed assessment of the intrahepatic portal venous 
ramifications is needed when performing anatomical hepatic resection for hepatobiliary 
neoplasms with RSLT. In particular, successful management of hilar cholangiocarcinoma 
requires the accurate preoperative evaluation of the tumor spread and appropriate planning 
of the operative procedure; therefore, not only the hepatic vasculature but also the biliary 
system of the liver should be evaluated sufficiently in order to perform hepatectomy safely 
for cases of RSLT. A recently developed hepatectomy simulation system using multi-detector 
row computed tomography (CT) has enabled stereoscopic viewing of the anatomical struc-
tures of the hepatic vasculature [3]. This simulation system can also create three-
dimensional (3D) images of both the hepatic vasculature and the biliary system using multi-
detector row CT itself if the intrahepatic bile ducts are dilated. 

We herein report a surgical case of a hilar cholangiocarcinoma with RSLT in whom 3D 
images of the hepatic vasculature and biliary system constructed using a preoperative hepa-
tectomy simulation system were useful for understanding the anatomical structure of the 
liver and deciding on a surgical procedure. 

Case Presentation 

A 78-year-old male visited a health clinic with a chief complaint of prolonged general fa-
tigue and brown urine for 1 month, and hyperbilirubinemia and an impaired liver function 
were detected on a laboratory examination. The patient was therefore referred to our de-
partment for further examination and treatment. 

The patient was afebrile, but his bulbar conjunctiva was slightly yellowish. On laborato-
ry examination, the leukocyte and C-reactive protein levels were within the normal range, 
but high serum concentration of total bilirubin (3.0 mg/dL; normal range, 0.2–1.2 mg/dL), 
aspartate aminotransferase (126 U/L; normal range, 13–33 U/L), alanine aminotransferase 
(243 U/L; normal range, 8–42 U/L), alkaline phosphatase (3,070 U/L; normal range, 115–
359 U/L), gamma-guanosine triphosphate (3,746 U/L; normal range, 11–58 U/L), and car-
bohydrate antigen 19–9 (61.1 U/mL; normal range, 0–37 U/mL) were revealed. 

Contrast-enhanced CT demonstrated dilatation of the intrahepatic bile ducts and tu-
morous lesion enhanced during the arterial phase from the left hepatic bile duct to the upper 
extrahepatic bile duct (Fig. 1a). In addition, right umbilical portion (RUP) and left-sided 
gallbladder were also suggested to be present (Fig. 1b). Magnetic resonance cholangiopan-
creatography (MRCP) revealed stricture of the hepatic hilum to the left hepatic duct and 
dilatation of the intrahepatic bile duct (Fig. 1c). Endoscopic nasogastric biliary drainage was 
performed for obstructive jaundice and endoscopic retrograde cholangiopancreatography 
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(ERCP) demonstrated no other intrahepatic bile ducts except for the bile duct in which the 
tip of the drainage tube had been placed (Fig. 1d). Based on these imaging findings, the pa-
tient was diagnosed with bismuth IIIb or IV type hilar cholangiocarcinoma with RSLT. 

3D reconstruction of the hepatic vascular structures and hepatectomy simulation was 
performed using Synapse Vincent (Fujifilm Medical, Tokyo, Japan). The portal branch of the 
right lateral sector first diverged alone from the main portal vein, and RUP ramified into 
several leftward and rightward portal branches. A developed anterior fissure vein was run-
ning between these portal branches ramified from RUP, and a middle hepatic vein was seen 
normally (Fig. 2a). The tumor was located at the point of communication with the main he-
patic duct, with significant progression to the left hepatic duct. Regarding the confluence 
pattern of the intrahepatic bile duct, the right hepatic bile duct was long, and the bile duct of 
the caudate lobe was confluent with the posterior bile duct (Fig. 2b). Based on 3D images of 
the hepatic vasculature and biliary system, all portal branches ramified from RUP were sug-
gested to be right paramedian branches, and three portal branches ran parallel to the bile 
ducts in which the tip of the drainage tube had been placed (Fig. 2c). The perfused area of 
these three portal branches ramified from RUP and the left lateral and left paramedian por-
tal branches included all peripheral bile ducts confluent with the left hepatic bile duct where 
the tumor was present. Therefore, extended left bisectionectomy (part of the ventral area of 
the right paramedian sector, left paramedian sector, and left lateral sector) without caudate 
lobectomy and resection of the extrahepatic bile duct was planned. The ratio of estimated 
liver resection volume was 28.9% (estimated liver resection volume 275 mL/total liver vol-
ume 951 mL) according to a hepatic volumetric analysis (Fig. 2d).  

On laparotomy, the gallbladder was identified to the left of the round ligament (Fig. 3a). 
A demarcation line corresponding to the preoperative hepatectomy simulation became ap-
parent after the sequential clamping of the left paramedian and left lateral portal branches 
and the three right paramedian portal branches ramified from RUP, and hepatic parenchy-
mal transection was performed along the demarcation line (Fig. 3b). The right hepatic duct 
(number of bile duct orifices in the cut end: 1, as predicted) and common trunk of the middle 
and left hepatic vein were dissected, and extended left bisectionectomy with extrahepatic 
bile duct resection (Fig. 3c) and hepaticojejunostomy was performed as planned. Macroscop-
ically, a hard mass was present at the hepatic hilum (Fig. 3d). Histologically, the mass lesion 
was diagnosed as well-differentiated tubular adenocarcinoma, and the cut end of the right 
hepatic duct was determined to be negative.  

After the operation, bile leakage from the dissected peripheral bile duct in the ventral 
portion of the right paramedian sector of the liver occurred. Fortunately, the leakage was 
able to be treated by percutaneous drainage alone, and the patient was discharged 77 days 
after the operation. The patient is doing well without any signs of recurrence 21 months 
after the operation. 

Discussion 

RSLT is a rare congenital anomaly with a reported frequency of 0.2–1.2% [1, 2, 4], and 
RSLT is often accompanied by variations in the hepatic vasculature. The branching pattern in 
which the first portal branch runs to the right lateral sector (independent right lateral type) 
was reported to be more common than the bifurcated type of portal vein branching in livers 
with RSLT [2, 4, 5]. Furthermore, intrahepatic portal venous ramifications, especially portal 
vein branches to Segment 4 of the liver, make the situation even more confusing. Some au-
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thors [6–8] have reported that Segment 4 of the liver with RSLT is supplied by branches 
arising from RUP. However, Shindoh et al. [4] and Gupta et al. [5] conversely reported that 
Segment 4 is fed by the left paramedian portal pedicle, based on their experienced cases with 
RSLT using 3D simulation. In addition, Shindoh et al. [4] mentioned that the basic segmental 
structures were as well preserved as in typical liver anatomy, although the portal vein 
branches to Segment 4 were suggested to be difficult to determine and the left paramedian 
sector was not actually subdivided into Segments 3 and 4 in the absence of the left umbilical 
vein [2, 5, 9]. In the present case, the ramification pattern of the main portal branch was 
independent right lateral type, and the leftward portal branches ramified from RUP were 
initially suspected to be portal branches of Segment 4 in the liver, with the intrahepatic bile 
duct demonstrated by ERCP believed to be a bile duct of Segment 4 based on the findings of 
MRCP. 

In 2016, Nishitai et al. [10] identified 4 intrahepatic biliary tree confluence patterns in 
their analysis of cholangiograms in 46 patients with RSLT. They found that the symmetrical 
type, in which the right hepatic duct drains Segment 6 + 7 plus the dorsal area of Segment  
5 + 8 and the left hepatic duct drains the ventral area of Segment 5 + 8 and the left hemiliver, 
was the most frequent pattern. However, only a few case reports had described the biliary 
confluence patterns [6, 11, 12] at the time when our patient underwent his operation, and 
the confluence pattern of the intrahepatic biliary system in patients with RSLT was not well 
understood. Therefore, the vascular and biliary structure of the present case was beyond our 
comprehension based solely on images from CT, MRCP, and ERCP. The use of a hepatectomy 
simulation system provided a better understanding of the liver anatomy and helped us plan 
our operative procedure.  

In the present case, the 3D images constructed by hepatectomy simulation suggested 
that the basic liver anatomy was equivalent to the normal liver, as mentioned by Shindoh et 
al. [4], and all of the portal branches ramified from RUP were right paramedian branches. It 
was therefore reasonable to conclude that the intrahepatic bile ducts demonstrated by ERCP 
were right paramedian bile ducts, as these bile ducts ran parallel to some portal branches 
ramified from RUP, although it was impossible to identify the area and portal branches of 
Segment 4. 

The utility of 3D imaging for evaluating the longitudinal tumor spread of hilar cholangi-
ocarcinoma and estimating the number of bile duct orifices in the cut end of the hilar plate 
was recently reported [13, 14]. Such abilities might help us plan a curative operative proce-
dure. In the present case, hepatectomy simulation predicted the number of bile duct orifices 
to be 1 and suggested that the caudate lobe of the liver could be preserved, as the predicted 
line of transection of the right hepatic bile duct was long and the bile duct of the caudate lobe 
was confluent with the periphery of the right hepatic bile duct. We were therefore able to 
plan the optimum hepatectomy procedure using this system and performed the subsequent 
surgery safely by determining the transection line by clamping the portal branches accord-
ing to plan, although bile leakage did unfortunately occur as a complication. 

In conclusion, the vascular and biliary anatomy in patients with RSLT is complicated and 
should be evaluated in detail preoperatively using a hepatectomy simulation system, espe-
cially when performing a curative hepatic resection for hilar cholangiocarcinoma. 
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Fig. 1. Imaging series. Contrast-enhanced CT shows an enhanced tumorous lesion (arrow) at the hepatic 

hilum and dilated right hepatic duct (arrowhead) (a) and demonstrates right umbilical portion (b). c Bile 

duct from the hepatic hilum to the left (arrowheads) is not shown by magnetic resonance cholangiopan-

creatography. d Endoscopic retrograde cholangiopancreatography demonstrates stricture of the left hepat-

ic duct (arrowheads) and a few intrahepatic bile ducts in which the tip of the drainage tube is placed.  

 

 

http://dx.doi.org/10.1159%2F000480375


 

Case Rep Gastroenterol 2017;11:576–583 

DOI: 10.1159/000480375 © 2017 The Author(s). Published by S. Karger AG, Basel 
www.karger.com/crg 

Hai et al.: Hepatectomy for Hilar Cholangiocarcinoma with Right-Sided Ligamentum 
Teres Using a Hepatectomy Simulation System 

 
 

 

 

582 

 

Fig. 2. a, b Images of the portal vein, hepatic vein, and biliary system reconstructed using the hepatectomy 

simulation system. c Schematic illustration of the liver anatomy: three ventral branches (circle) of the right 

paramedian portal veins ramified from RUP run parallel to the intrahepatic bile duct (arrowhead) demon-

strated by endoscopic retrograde cholangiopancreatography. d Hepatectomy simulation: the perfused area 

(white dotted line) included all peripheral bile ducts confluent with the left hepatic bile duct, where the 

tumor is shown. PLL, left lateral portal vein; PLPM, left paramedian portal vein; PRPM-vent, ventral branch of the 

right paramedian portal vein; PRPM-dor, dorsal branch of the right paramedian portal vein; PRL, right lateral 

portal vein; RUP, right umbilical portion; AFV, anterior fissure vein; MHV, middle hepatic vein; BLL, left 

lateral bile duct; BLPM, left paramedian bile duct; BRPM-vent, ventral branch of the right paramedian bile duct; 

BRPM-dor, dorsal branch of the right paramedian bile duct; BRL, right lateral bile duct; BC, bile duct of the 

caudate lobe; Rt.HD, right hepatic duct; LL, left lateral sector; LPM, left paramedian sector; RPM-vent, ven-

tral area of the right paramedian sector; RPM-dor, dorsal area of the right paramedian sector; RL, right 

lateral sector. 
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Fig. 3. Intraoperative findings. The round ligament is positioned at the right side of the gallbladder (GB) (a). 

The demarcation line (arrowheads) is clear after dissection of the left paramedian portal branch, left lat-

eral portal branch, and three right paramedian portal branches (b). c The operative field after extended left 

bisectionectomy with extrahepatic bile duct resection (arrowhead: stump of right hepatic duct). d Macro-

scopic examination shows an elevated lesion (black arrowheads) at the hepatic hilum (white arrowhead: 

stump of right hepatic duct, arrows: stump of common bile duct). LT, ligamentum teres; RUP, right umbili-

cal portion; AFV, anterior fissure vein; RHA, right hepatic artery; PV, portal vein; BLL, left lateral bile duct; 

BLPM, left paramedian bile duct. 
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