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hepatic vessels and biliary system. A male in his 70s with
RSLT was diagnosed with advanced gallbladder cancer
directly infiltrating the right hepatic duct (RHD). Based on
preoperative liver simulation, we successfully performed
a modified right-sided hepatectomy sparing segment 8,
which corresponded to resection of the RHD drainage
territory (segments 1r, S5, S6, and S7), with negative
surgical margins. This report is the first to describe major
hepatectomy for advanced gallbladder cancer with RSLT.

Goto T, Terajima H, Yamamoto T, Uchida Y. Hepatectomy for
gallbladder-cancer with unclassified anomaly of right-sided
ligamentum teres: A case report and review of the literature. World
J Hepatol 2018; 10(7): 523-529 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v10/i7/523.htm DOI: http://dx.doi.
org/10.4254/wjh.v10.17.523

INTRODUCTION

Right-sided ligamentum teres (RSLT) is a rare congenital
anomaly in which the umbilical ligament on the left side
atrophies and the right ligament becomes dominant at
the 7-mm embryo stage!'’. The incidence of RSLT has
been reported to be 0.2%-1.2% in adults™?. RSLT is
associated with anomalous ramifications in the arterial,
portal vein, and biliary systems; therefore, precise eval-
uation of the branching pattemns of the vascular and bi-
liary architecture is required to avoid injuring the hepatic
vasculature of the remnant liver®>!, Recent papers have
demonstrated the significance of three-dimensional (3D)
liver simulation before hepatectomy in RSLT patients to
determine surgical strategies, such as the hepatectomy
procedure and the cutting plane®®. For gallbladder can-
cer, macroscopically complete surgical resection with
negative microscopic margins remains the only poten-
tially curative treatment, and major hepatectomy, such
as extended right hepatectomy, is usually required for
locally advanced gallbladder cancer™™. This case report
is the first to describe major hepatectomy for advanced
gallbladder cancer concomitant with RSLT.

CASE REPORT

A male patient in his 70s was incidentally diagnosed
with a gallbladder tumor by computed tomography
(CT) during a preoperative examination of an inguinal
hernia. He had no appreciable disease and had a good
exercise tolerance. Laboratory tests showed normal
levels of carcinoembryonic antigen and CA19-9. Hyper-
bilirubinemia was not observed. The indocyanine green
(ICG) retention rate at 15 min was 3.6%; the normal
range is less than 10%"%. The patient’s Child-Turcotte-
Pugh score was 5 points, Grade A", An abdominal
contrast-enhanced CT scan showed an atrophied gall-
bladder with tumor-like localized wall thickness enhanced
by contrast medium, strongly suggesting the possibility
of gallbladder cancer. The gallbladder was attached to
the left side of the liver and complicated variations of
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the intrahepatic vascular architecture were detected,
suggesting RSLT (Figure 1A-E). Endoscopic retrograde
gallbladder drainage (ERGBD) was performed for cyto-
logical examination of bile in the gallbladder and adeno-
carcinoma was detected two consecutive times (Figure
1F). To prevent obstructive jaundice and to evaluate
horizontal extension of the tumor along the bile duct,
ERGBD was switched to endoscopic nasobiliary drainage
(ENBD) one week later. Two ENBD tubes were placed
both in the right hepatic duct (RHD) and the left hepatic
duct (LHD). ENBD tube cholangiography demonstrated
a severe stenotic change of the RHD, and the confluence
of the LHD and the common bile duct was intact (Figure
1G-I). No metastases of lymph nodes and distant organs
were detected by CT scanning. Based on these findings,
the patient was diagnosed with advanced gallbladder
cancer with direct infiltration of the RHD rather than hilar
cholangiocarcinoma. The gallbladder carcinoma was
classified as cStage IMA (T3; right bile duct, NO, M0)
according to the Union for International Cancer Control
system!*?, Considering the patient’s eligibility for radical
surgery, we finally determined that right-sided major
hepatectomy with resection of the RHD drainage territory
was required.

Preoperative simulation was performed to plan the
hepatectomy using multiple detector CT (MDCT) with a
slice thickness of 1 mm after contrast cholangiography
through an ENBD tube. After a quarto-phase (nhon-
contrast, arterial, portal venous, and hepatic venous
phases) contrast study was performed, two-dimensional
CT images were transferred to a workstation (SYNAPSE
VINCENT: FUJIFILM Medical Co., Ltd., Tokyo, Japan),
and 3D images were automatically constructed for some
areas and manually constructed for other areas. The
intrahepatic vasculature was reconstructed at the 4™
order division level (Figure 2A) and was verified by 4 liver
surgeons independently. We labeled each sub-segment
following the Couinaud classification™ and the Brisbane
2000 terminology of Liver Anatomy and Resections!*
to define the anatomical divisions of the liver (Figure 2B
and C). All segmental portal branches were separately
ramified from the portal trunk (Figure 2D). No arterial
anomalies were detected (Figure 2E). Bile duct analysis
demonstrated that the bile duct of segment 8 (B8) was
ramified from the LHD, and the RHD drained segments 5,
6, and 7. The bile duct of the right side of segment 1 (B1r)
was ramified from the RHD, and the bile duct of the left
side (B1l) was ramified from the LHD (Figure 2F).

Based on this simulation, resection of the gallbladder
bed and the RHD drainage territory (segments 1r, 5, 6,
and 7) was planned (Figure 3). The future liver remnant
(FLR) volume was 605 mL. The plasma clearance rate of
ICG in the FLR (calculated as the plasma clearance rate
of ICG x the proportion of the FLR) was 0.131; 0.05 is
the cut-off value for predicting mortality and morbidity™.
The functional count rate of the FLR according to tech-
netium-99m diethylenetriamine pentaacetic acid galac-
tosyl human serum albumin scintigraphy was 50.2%™.
The hepatic artery of segment 8 (A8) branched from the
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Figure 1 Contrast-enhanced computed tomography, cytological examination
of bile, and endoscopic retrograde cholangiography. A, B and C: The highly
atrophied gallbladder (yellow arrow) had tumor-like localized wall thickness
enhanced by contrast medium; D: The cul-de-sac of the right-sided umbilical portion
is shown; E: The gallbladder (yellow arrow) is located on the left-sided liver bed.
Direct infiltration of the tumor into the right hepatic artery (red arrow) is not evident;
F: Cytological examination of bile obtained from endoscopic retrograde gallbladder
drainage demonstrated atypical cells with a high nucleo-cytoplasmic ratio,
strongly suggesting adenocarcinoma; G: Endoscopic retrograde cholangiography
shows severe stenosis of the right hepatic duct (yellow arrowhead); H and I: The
gallbladder tumor (yellow arrow) directly spreads to the nearby right hepatic duct
where an endoscopic nasobiliary tube was placed.

right hepatic artery, while B8 branched from the LHD.
During laparotomy, the gallbladder was located on
the left side of the RSLT (Figure 4). After mobilization of
the right lobe, lymphadenectomy of the hepatoduodenal
ligament was performed. The common bile duct and
LHD were divided, resulting in pathologically negative
surgical margins, followed by parenchymal dissection of
the gallbladder bed. All portal and arterial branches of
segments 5 to 8 were extrahepatically separated and
taped. Each pedicle was temporarily clamped, and the
intrahepatic blood flow was simultaneously monitored
via ultrasonography. After dividing all inflow vessels of
segments 5 to 7, the demarcation line was detected
as preoperatively simulated (Figure 5). The liver par-
enchyma was transected using a Cavitron ultrasonic
surgical aspirator and saline-coupled bipolar electro-
cautery™”’, with an intermittent Pringle maneuver. After
dividing the right hepatic vein, the specimen was exci-
sed (Figure 6). Hepaticojejunostomy to the LHD and
jejunojejunostomy were conducted, and the operation
was successfully completed as planned (Figure 7). The
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surgical time was 682 min, and the estimated blood loss
was 430 g.

Pathological examinations demonstrated well-diffe-
rentiated tubular adenocarcinoma of the gallbladder with
direct invasion of the liver parenchyma and the RHD
(Figure 8). The tumor cell invaded to the RHD wall, but
not into the lumen. Surgical margins were pathologically
negative, and the tumor was classified as pStage I A
(T3; liver bed and right bile duct, NO, M0). Postoperative
contrast-enhanced CT showed no ischemic regions in
the remnant liver, including the spared segment 8. The
patient was discharged 8 d after surgery without any
complications more severe than a Grade I Clavien-
Dindo classification*®!, Five months after surgery, solitary
liver metastasis in segment 2, far from the surgical
stump, was detected during adjuvant chemotherapy
with gemcitabine. The liver metastasis disappeared on
imaging analysis after 2 cycles of chemotherapy with
gemcitabine plus cisplatin (GC). The patient underwent
ileocecal resection for primary ascending colon cancer 7
months after surgery; thereafter, an additional 13 cycles
of GC therapy were continued. Multiple mediastinal
lymph node metastases were identified 18 mo after
surgery, and second-line chemotherapy with S-1 was
introduced. The patient has currently survived 26 months
after hepatectomy.

DISCUSSION

This report is the first to describe major hepatectomy for
curative resection of advanced gallbladder cancer with
RSLT. Preoperative simulation enabled visualization of
the complicated anatomical findings of the intrahepatic
vascular and biliary architecture and provided valuable
assistance in performing resection of the RHD drainage
territory without injuring the hepatic vasculature of the
remnant liver:

The anomalies associated with RSLT may lead to sev-
eral surgical problems during hepatectomy. In the most
common cases (e.g., an independent ramification of the
right lateral portal pedicle), a surgeon’s misunderstanding
and ligation of the left portal trunk result in a lack of
portal flow in two-thirds of the whole liver during left
hepatectomy®®. Therefore, awareness of the type of
anomaly is important before planning hepatectomy for
patients with RSLT'>*, In 1997, Nagai et af'! reported
two types of portal vein classifications of RSLT, and later,
Shindoh et al” and Nishitai et al¥ demonstrated the
classification of arterial, portal, and biliary ramifications.
Portal ramification patterns were classified into three
types: Independent right lateral, bifurcation, and trifur-
cation. Our case may be defined as an unclassified type
because four sectional portal branches did not exist, and
all subsegmental branches were directly ramified from
the portal trunk. In the bifurcation type, P4 runs from
the right paramedian branch to the left paramedian
area beyond the middle hepatic vein (MHV). However,
our case showed that P4 was ramified from the main
portal trunk and did not run beyond the MHV. Therefore,
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Figure 2 Preoperative simulation. A: An “all-in-one” simulation image. The intrahepatic vasculature was reconstructed at the 4th order division level (red: hepatic
artery, pink: portal vein, green: bile duct, yellow: Gallbladder, blue: hepatic vein); B and C: Simulated segmentation based on the portal venous flow. Couinaud’s
definition was referred to for the naming of each segment; D: All segmental portal branches were ramified from the portal trunk. Interestingly, a common trunk of P5
and P6 was present; E: Hepatic arterial ramification without anomalous anatomy; F: The bile duct of segment 8 (B8) was ramified from the left hepatic duct, not from

the right hepatic duct. RHD: Right hepatic duct; LHD: Left hepatic duct.

Figure 3 Simulation of modified right-sided hepatectomy. The resection
area corresponded to the drainage territory of the right hepatic duct (segments
1r, 5, 6, and 7, blue area).

performing a conventional anatomical hepatectomy
was difficult, and each subsegmental portal vein branch
from the portal trunk had to be identified and divided.
Hepatic arterial ramification patterns are classified into 3
types: Independent ramification of the left hepatic artery,
common trunk formation between the left hepatic artery
and the ventral branch of the right paramedian artery,
and replaced left hepatic artery from the left gastric
artery. Our case is classified as the first type. Intrahepatic
bile duct confluence patterns are classified into 4 types:
Symmetrical, independent right lateral, total left, and
total right. Our case corresponds to the independent
right lateral type, in which the LHD drains the right para-
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median section.

No specific relationship has been reported among the
patterns of the biliary, portal, and arterial ramifications
in RSLT livers™. Embryologically, the portal ramifications
induce restructuring of the ductal plate that surrounds
them in the future intrahepatic ducts, which results in
a periportal position of the intrahepatic bile ducts™. In
principle, the formation of hepatic arteries follows the
portal venous tributaries, and dissociations between the
portal venous system and bile duct system have been
reported™®. Therefore, an uncorrelated pattern of portal
vein and bile tree ramifications is possible. In our case,
however, the arterial ramification pattern differed from
the biliary confluence pattern; A8 was ramified from the
right hepatic artery, and B8 entered into the LHD. This
report is the first to describe an artery and bile duct that
were not parallel. If the vascular and biliary anatomies of
the expected remnant liver in major hepatectomy with
hilar lymphadenectomy for hepatobiliary malignancies
are extremely complicated, as in this case, hepatic resec-
tion with the Glissonian approach!® is difficult to perform.
Step-by-step extrahepatic division of all vasculature
through hilar dissection based on precise preoperative
simulation is the safest and most secure surgical strategy,
as described in this paper.

Anomalies of the intrahepatic portal vein are not
rare®?!, However, in our case, all subsegmental portal
veins were ramified from the portal trunk extrahepa-
tically. Therefore, we could intentionally encircle all portal
branches in accordance with the detailed preoperative
simulation. Although conventional right hepatectomy
was also planned as an alternative, the infiltration of the
tumor to the right hepatic artery was not evident from

July 27,2018 | Volume 10 | Issue 7 |
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Figure 4 Hepatic hilar view during the operation. The gallbladder was
located at the left side of the right-sided ligamentum teres (RSLT).

Figure 5 Demarcation line after dividing all arterial and portal branches of
segments 1r, 5, 6, and 7.

Left hepatic duct

\ .G ¢
5. (preserved) .y - |HA ~

Figure 6 Final view of the hepatic hilum after hepatectomy. The portal and
hepatic arterial branches of segment 8 were preserved. A common trunk of P5
and P6 was detected during the operation, which was confirmed by ischemic
changes in S5 and S6 after clamping the target branch.

the intraoperative findings; therefore, modified right-
sided hepatectomy was possible, as simulated.

Liver simulation, particularly 3D modeling and virtual
planning, offers a new approach to liver resection, as
reported by several groups®®?¥, Liver simulation has led
to significantly shorter surgical times, and the predicted
liver volume to be resected appears to correlate well
with the actual resected liver weight®®!. Preoperative
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Figure 7 Final view after hepaticojejunostomy. The ligamentum teres originated
from the main portal trunk and ran between S4-6 and S4-7.

Figure 8 Pathological examination. Pathological examination shows well-
differentiated tubular adenocarcinoma of the gallbladder (T) with direct invasion
of the liver parenchyma and the right hepatic duct (RHD: white arrow). The
tumor cell invaded to the RHD wall, but not into the lumen (yellow arrowhead)
(hematoxylin eosin saffron, original magnification x 20).

simulation has become a common practice in Japan
because simulation software has been developed and
has become commercially available, and the cost of pre-
operative liver simulation has been covered by national
health care insurance since 2012%°, The fusion image
of the portal vein and bile duct is useful for hepatectomy
with RSLT because both the symmetrical type and the
total left type of bile duct confluence patterns are simi-
lar to the ramification pattern of the normal liver, and
cholangiography alone may provide misleading infor-
mation for the operation. The fusion image from one
examination modality is referred to as an “all-in-one”
(bile ducts, arteries, and portal veins) 3D image, in which
MDCT is performed after cholangiography using carbon
dioxide or iodine®!, We strongly recommend structuring
“all-in-one” 3D simulation images when planning hepa-
tectomy with RSLT to evaluate the horizontal and perpen-
dicular spreading of a tumor and its influence on the sur-
rounding intrahepatic vasculature.

A systematic review of preoperative liver simulation
and navigation has demonstrated the characteristics of
the ideal simulation and navigation tool®. Simulation
can accurately predict the liver volume to be resected,
even by complicated anatomical resection procedures,
and permits stereotactic measurement of the length
of the surgical margin, which could not be estimated
previously™. In this case, the most useful contribution
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of liver simulation was the combination of volumetry with
the 3D structure of the intrahepatic vasculature. Using
volumetry, we could not only calculate the cubic content
but also visualize the parenchymal shape that each
subsegmental portal branch dominated. By comparing
each subsegmental area with the 3D structure of the
right-sided biliary trees, we could exactly determine the
hepatic territory to be resected and divide the portal
pedicles in the proper sequence, as simulated. Simulation
also enabled us to perform a parenchyma-preserving
hepatectomy, which may contribute to safe and curative
resection in selected cases with liver neoplasm in the
right anterior resection region'®®. Takamoto et a/**”’
demonstrated accurate, completed drawings and surgical
strategies for malignant liver tumors to execute anatomic
segmentectomy and subsegmentectomy using 3D simu-
lation. We also successfully performed parenchyma-pre-
serving anatomical resection at the 3™ order division level
for oncologically curative resection based on a precise
preoperative analysis. The current 3D simulation system
cannot be used as a real-time navigation tool during
surgery™!, and the development of new technology is
ongoing.

In conclusion, 3D simulation based on precise intra-
hepatic vascular and biliary analysis enabled accurate
and oncologically curative hepatic resection, even in a
patient with rare anatomical anomalies.

ARTICLE HIGHLIGHTS

Case characteristics

A healthy and asymptomatic male in his 70s was incidentally diagnosed with a
gallbladder tumor by preoperative computed tomography (CT) scanning for an
inguinal hernia.

Clinical diagnosis

The patient, who had right-sided ligamentum teres (RSLT) with abnormal
vascular anomaly, was diagnosed with advanced gallbladder cancer invading
the right hepatic duct (RHD, cStage 1II A, T3; right bile duct, NO, M0).

Differential diagnosis

Based on 2 important findings, including a solid tumor-like appearance of
the highly atrophied gallbladder by CT scanning and cytological evidence of
adenocarcinoma from bile obtained by endoscopic retrograde gallbladder drainage
rather than endoscopic nasobiliary drainage, advanced gallbladder cancer with
infiltration of the RHD was more convincing than hilar cholangiocarcinoma as a
preoperative diagnosis.

Laboratory diagnosis
Laboratory tests revealed that tumor markers and liver function were within the
normal ranges.

Imaging diagnosis

Preoperative three-dimensional liver simulation based on multiple detector
computed tomography scanning combined with endoscopic nasobiliary tube
cholangiography revealed that all segmental portal veins were independently
ramified from the portal trunk and that the RHD drained the right-sided liver except
for segment 8 (segments 1r, 5, 6, and 7).

Pathological diagnosis
Pathological examination showed well-differentiated tubular adenocarcinoma of
the gallbladder invading the hepatic parenchyma and the RHD.
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Treatment

The patient was treated with extended hepatectomy of the RHD drainage
territory (segments 1r, 5, 6, and 7) without injuring the hepatic vasculature of
the remnant liver based on preoperative liver simulation.

Related reports

Shindoh et al demonstrated anomalous vascular architecture with right-
sided ligamentum teres (RSLT) and Ome et al reported major hepatectomy
for RSLT patients. Shindoh J, Akahane M, Satou S, Aoki T, Beck Y,
Hasegawa K, Sugawara Y, Ohtomo K, Kokudo N. Vascular architecture in
anomalous right-sided ligamentum teres: Three-dimensional analyses in
35 patients. HPB (Oxford) 2012; 14: 32-41 [PMID: 22151449 DOI: 10.1111/
j-1477-2574.2011.00398.x]. Ome Y, Kawamoto K, Park TB, Ito T. Major
hepatectomy using the glissonean approach in cases of right umbilical portion.
World J Hepatol 2016; 8: 1535-1540 [PMID: 28008345 DOI: 10.4254/wjh.
v8.i34.1535].

Term explanation
RSLT is a congenital anomaly in which the umbilical ligament on the left side
atrophies, and it is associated with anomalous ramifications in the artery, portal
vein, and biliary systems.

Experiences and lessons

Preoperative 3D liver simulation based on precise intrahepatic vascular and
biliary analysis enabled accurate and oncologically curative hepatic resection,
even in a patient with rare anatomical anomalies.
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