190 Mudlti-resections for colorectal metastases

Table 2. Multivariate analyses of factors affecting overall survival in
patients with resected hepatic and pulmonary metastases from colorectal
cancer

Hazard ratio P value

95% CI)

Location of primary tumor
Rectum — 0.01

Colon 8.74 (1.53—49.91)

TNM classification of primary tumor
L 11, I — 0.03
v 11.37 (1.34—96.53)

Maximum size of tumor at first hepatectomy (cm)
<3 — <0.01
>3 14.47 (2.33-89.85)

ClI, confidence interval; CEA, carcinoembryonic antigen.

disease, several studies have demonstrated the efficacy of
resections for both hepatic and pulmonary metastases
(2—14). However, because of the frequent recurrences after
resections, the best selection criteria for resection have not
been established. 4

Lenhart et al. reported a disease-free survival of only 24%
at 2 years in patients who underwent sequential hepatic and
pulmonary resections for colorectal metastases (9). In the
present study, the 2-year disease-free survival rate after the
first metastasectomy for the second organ was also 24% with
a median disease-free survival of only 13 months. The best
treatment strategy for the recurrences after hepatic and pul-
monary resections is obscure. However, only surgical
removal of metastases offers a chance of cure. Aggressive
repeat metastasectomy has been applied for recurrences after
hepatic and pulmonary resections in our institution.

For the 30 patients of the present study, 45 hepatectomies
and 40 pulmonary resections were performed and 17 patients
- received three or more resections with a maximum of five
resections. Overall survival after the first metastasectomy for
the second organ was 58% and nine S-year survivors were
observed. Surprisingly, seven of the nine 5-year survivors
had undergone three or more resections. When survival time
was calculated from the date of the first metastasectomy for
the first metastasized organ, overall survival reached 70% at
5 years with a median survival of 60 months in the present
study. Little is available on the result of repeat metastasec-
tomy for recurrences after hepatic and pulmonary resections.
Our results of long-term survival after hepatic and pulmon-
ary resections in spite of frequent recurrences support the
view that patients who can undergo resections for both
hepatic and pulmonary metastases of colorectal cancer are in
a selected population but can sometimes survive a long time
with multiple metastasectomies. Interestingly, a recent study
by Shah et al. also reported 74% S5-year survival rate after
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Figure 2. Cumulative survival curves after resections for hepatic and pul-
monary metastases of colorectal cancer according to (A) location of primary
tumor, (B) stage in TNM classification, and (C) maximum size of hepatic
tumor at initial.

multidisciplinary surgical metastasectomies for colorectal
cancer (19). The strategy and resuits of Shah et al. were
similar to ours. However, while a majority of the patients
received adjuvant chemotherapy after metastasectomies in
Shah’s study, no patient underwent adjuvant chemotherapy

_in the present study. These results indicate that the strategy

of aggressive multiple metastasectomies count more than
postoperative chemotherapies in the treatment for very
restricted population of patients.
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We found three factors for poor prognosis: size of hepatic
tumor >3 cm at the first hepatectomy, primary colon carci-
noma and stage IV tumor.

Maximum size of the hepatic tumor has been reported to
be one of the important prognostic factors after hepatic
resections for colorectal hepatic metastasis (20,21). This
factor could affect prognosis in this population.

The reason for poor prognosis in patients with primary
colon cancer is unknown. Patients with primary colon cancer
had larger pulmonary tumors, higher CEA levels at the first
pulmonary resection and relatively longer intervals from
primary resection to the first pulmonary resection than
patients with primary rectal cancer. A higher prethoracotomy
CEA level was a factor of poor prognosis after hepatic and
pulmonary resections in several studies (6,11). However, the
reason why patients with primary colon cancer had more
advanced pulmonary tumors than those with primary rectal
cancer was unclear. A ‘cascade’ hypothesis based on the
anatomy of the draining veins from the colon and rectum
suggests that pulmonary metastasis in patients with primary
colon carcinoma might come from hepatic metastasis with
progressive site-induced change; however, pulmonary metas-
tasis in patients with primary rectal carcinoma might come
directly from the primary tumor, which seemed to be compa-
tible with our results (22—24). However, the prognostic
power of primary tumor location has not been demonstrated
yet in patients with resected colorectal pulmonary metastasis
(25—27); further examinations are-needed to verify the
hypothesis.

Neither the large size of the hepatic tumor nor primary
colon carcinoma might influence the selection criteria for
hepatic and pulmonary resections, because several long-term
survivors were observed, even among patients with those
factors.

Patients with stage IV disease had a poorer prognosis and
showed no long-term survival. However, stage IV itself
should not be considered as a contraindication for resections
because the follow-up duration of patients with stage IV was
short and the poor prognosis in stage IV was not consistent
with the result that the disease-free interval from primary
resection showed no correlation with prognosis.

Other factors such as synchronous metastasis (5), bilateral
or multiple lung metastases (5,7), multiple liver metastases
(8), short disease-free interval (8), simultaneous liver and
lung metastases (10), mediastinal nodes involvement (11),
primary histology (12) and high levels of both CEA and
CA19-9 before metastasectomy (13) have been reported as
prognostic factors after hepatic and pulmonary metasta-
sectomy of colorectal cancer. Among those factors, whether
the timing of the detection of hepatic and pulmonary metas-
tases influences prognosis after resections has been an issue.
In the present study, none -of the aforementioned factors,
including the timing of the detection of the metastases,
showed any prognostic value. Based on our results, no single
factor that contraindicated resections for hepatic and
pulmonary metastases of colorectal cancer was identified.

Jpn J Clin Oncol 2007;37(3) 191

Thus, surgical resections might be the best option when both
hepatic and pulmonary metastases are resectable in colorectal
cancer. However, treatment for patients with several poor
prognostic factors for multiple resections is still unknown.

The reason for the high survival rate 5 years after resec-
tions for hepatic and pulmonary metastases in our study
might be partly explained by precise intrathoracic and
abdominal examinations using helical computed tomography
(28,29). However, it can not be denied that patients who can
undergo both hepatic and pulmonary metastasectomy for
colon cancer might have unique characteristics in some
factors. For example, there may be some unique host-tumor
interaction, considering the rare possibility of both hepatic
and pulmonary resections for colorectal metastases and the
surprisingly high survival rate after the metastasecomies in
spite of multiple, multiphase and multi-organ metastases.
The aforementioned hypothesis is supported by the fact that
excellent survival in the present study was achieved, unex-
pectedly, without any help of adjuvant chemotherapy,
although adjuvant chemotherapy after pulmonary or hepatic
metastasectomy is a potential treatment for improving the
prognosis of patients with colorectal cancer. Further investi- .
gation to clarify the reason for the good prognosis of this
population might elucidate the mechanisms of metastases in
colorectal cancer. '

A limitation of our study is the relatively small population,
because patients who can undergo resections for both
hepatic and pulmonary metastases of colorectal carci-
noma are rare. There is some possibility that correlations
between several clinicopathological factors such as positive
lymph nodes of the hepatoduodenal ligament, hilus pulmo-
nis, or mediastinum and survival after resections could not
be sufficiently validated because of the small cohort. A large
multi-institutional study is recommended to verify the
correlation.

In conclusion, multiple resections for hepatic and pulmon-
ary metastases of colorectal cancer are safe and effective.
Surgical resections could be the best option for resectable
hepatic and pulmonary metastases in colorectal cancer.
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Abstract

Although many reports have described laparoscopic
minor liver resections, major hepatic resection, including
right or left lobectomy, has not been widely developed
because of technical difficulties. This article describes a
new technique for performing laparoscopy-assisted right
or left hepatic lobectomy using hilar Glissonean pedicle
transection. Laparoscopic mobilization of the right or
left hepatic lobe is performed, including dissection of the
round, faliciform, triangular, and coronary ligaments.
The right or left Glissonean pedicle is encircled and di-
vided laparoscopically. A parenchymal dissection is then
performed though the upper median or right subcostal
incision, through which the resected liver is removed.
We successfully performed this procedure in 6 patients
without blood transfusion or serious complications.
Laparoscopy-assisted hepatic lobectomy using hilar
Glissonean pedicle transection can be feasible and safe
in highly selected patients.

Key words: Laparoscopy — Hepatic lobectomy —
Glissonean pedicle

Laparoscopy for liver resection is a highly specialized
field, as laparoscopic liver surgery presents severe tech-
nical difficulties. However, the recent rapid development
of technological innovations, improvements in surgical
skills, and the accumulation of extensive experience by
surgeons have improved the feasibility and safety of a
laparoscopic approach for properly selected patients.
Since the first report of laparoscopic anatomical left
lateral segmentectomy in 1996 [1], a limited number of
laparoscopic anatomical liver resections have been de-
scribed [2-6, 9, 12]. During open right or left hepatic

Carrespandencé to: A. Cho

lobectomy, the right or left Glissonean pedicle is often
ligated and divided en bloc extrahepatically before
parenchymal dissection [10, 11]. Herein we describe our
experience with laparoscopic encircling and dividing the
right or left Glissonean pedicle during laparoscopy-as-
sisted right or left hepatic lobectomy, representing the
first description of this laparoscopic technique.

Surgical procedure

The patient is placed in a supine position when left lobectomy is
performed, and in a left semi-lateral decubitus position for right
lobectomy. A 12-mm trocar is placed 1 ¢cm below the umbilicus,
through which CO; gas is delivered. Pneumoperitoneum is controlled
electronically at a pressure of 10 mmHg. The other thrée trocars are
located as shown in Figure 1. The round ligament is transected using
laparoscopic coagulation shears (LCS; Ethicon Endo Surgery
Industries, Cincinnati, OH, USA), and the falciform and coronary
ligaments are then dissected to expose the suprahepatic inferior vena
cava (IVC). The lesser omentum is sectioned and the hepatoduodenal
ligament is encircled by a tape to be used as a tourniquet for com-
plete interruption of blood inflow to the liver only if necessary. For
left lobectomy, the left triangular and coronary ligaments are divided
to expose the left hepatic vein, so that the left lateral segment can be
mobilized. The ligamentum venosum is then divided with LCS while
the lateral segment is retracted. Dissection of the porta hepatis is
performed with laparoscopic scissors between the hepatic paren-
chyma and the left Glissonean pedicle, which is then encircled using
the Endo Retract Maxi (ERM; United Surgical, a division of Tyco
Healthcare group LP; Norwalk, CT, USA) at the hepatic hilum
(Fig. 2). The left Glissonean pedicle is divided with a Linear Cutter
(Ethicon Endo Surgery Industries, Cincinnati, OH, USA). Next, an
upper median incision approximately 6 cm long is made and covered
with a Lap Protector (Hakko Shoji, Tokyo, Japan). Parenchymal
dissection is performed through the upper median incision to prevent
gas embolism, and is continued to the left hepatic vein, which is not
meticulously dissected to reduce the risk of tearing. The left hepatic
vein is sectioned using a Linear Cutter. The left lobe is then delivered
through the upper median incision. For right lobectomy, the right
lobe is mobilized by dividing, with laparoscopic scissors and LCS, the
hepato-renal, right triangular, and night coronary ligaments, as well
as the lateral attachments of the right lobe. The right Glissonean
pedicle is encircled using the ERM at the bifurcation in the hepatic
hilum (Fig. 3). A little dissection of the hepatic parenchyma covering

—263—



5-12

L]
12 x 5.12

®
12
[ J
\ / 512 12

Fig. 1. Diagrams of typical trocar placement for laparoscopy-assisted
hepatic lobectomy. A. Left lobectomy. Patient is supine with lower
limbs apart, and the surgeon stands between the legs. B. Right
lobectomy. The surgeon is on the left side.

Fig. 2. The left Glissonean pedicle is encircled with the Endo Retract
Maxi (ERM) (A) and divided by the Linear Cutter (B).

the bifurcation of the right anterior and posterior Glissonean pedicles
facilitates encircling these structures. The right anterior and posterior
Glissonean pedicles are encircled with the ERM (Fig. 4) and divided
with the Linear Cutter. Next, a right subcostal incision approxi-
mately 8 cm long is made and covered with a Lap Protector. A tape
is passed between the anterior surface of the IVC and the posterior
surface of the caudate lobe for the liver-hanging maneuver through
the right subcostal incision, after which parenchymal dissection
proceeds from the liver surface to the tape through the right sub-
costal incision. After liver transaction, the short hepatic veins are
divided with endoscopic vascular clips (Ethicon Endo Surgery
Industries, Cincinnati, OH, USA), and finally the right hepatic vein is
sectioned with the Linear Cutter. The right lobe is then delivered
through the right subcostal incision.

1467

Fig. 4. The right anterior (A) and posterior (B) Glissonean pedicles are
encircled with the ERM.

Results

We successfully performed laparoscopy-assisted left
lobectomy in 4 patients and laparoscopy-assisted right
lobectomy in 2 patients, as- planned. No procedures
were converted to open hepatectomy. Mean operative
time was 175 min (range, 95-330 min). Mean blood
loss was 370 .mg (range, 80-1250 mg). No patient
required’ blood transfusion and no serious complica-
tions were encountered: Mean duration of hospital-
ization was 9 days (range, 4-14 days). Underlying
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pathology was hepatocellular carcinoma (n = 2), int-
rahepatic stones (n = 2), metastatic liver tumor
(n = 1), and benign liver tumor (n = 1). All lesions
were well clear of surgical margins.

Discussion

Laparoscopic liver surgery was initially limited for
partial resections because of the technical difficulties
involved [7, 13]. Recent technological developments and
improved endoscopic procedures have spread applica-
tion of laparoscopic liver resection widely. However,
only a few laparoscopic hepatic lobectomies have been
reported. The hepatic artery, portal vein, and bile duct,
together with connective tissue, are sheathed by the
peritoneum to form a fibroid bundle. This portal triad
continues from the hepatoducdenal ligament to the
intrahepatic portion as the Glissonean pedicle. The en-
tire length of the primary branches of the Glissonean
pedicle and the origin of its secondary branches are lo-
cated outside the liver, and the trunks of the secondary
and more peripheral branches run inside the liver [10].
The right or left Glissonean pedicle can thus be ligated
and divided en bloc extrahepatically before parenchymal
dissection during open hepatic lobectomy [10, 11]. We
successfully performed laparoscopic encircling and
dividing the right or left Glissonean pedicles extrahep-
atically before parenchymal dissection in all 6 patients in
whom this approach was attempted. Thanks to metic-
ulous and sufficient dissection between hepatic paren-
chyma and the Glissonean pedicle at the hepatic hilum
and encircling the Glissonean pedicle with the ERM,
little bleeding was encountered during hilar procedures.

Although a similar laparoscopic technique in which
the Glissonean pedicle is encircled has been reported for
hemihepatic ischemia, hilar Glissonean pedicle transec-
tion and lobectomy were not performed [8]. Previous
reports relating to laparoscopic or laparoscopy-assisted
right lobectomies have described the right hepatic ar-
tery, duct, and portal vein as being dissected and divided
separately [9], or the right Glissonean pedicle being
transected through the midline incision [5]. We believe

that the present procedure can reduce operation time
and the size of the additional incision. Although our
experience is limited and appropriate indications must
await future studies, we believe that laparoscopy-as-
sisted hepatic lobectomy using hilar Glissonean pedicle
transwction can be feasible and safe in highly selected
patients and offers the usual benefits of laparoscopic
surgery, such as reduced invasiveness.
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Abstract

Background: Although the anatomy of the right portal and biliary systems and their interrefationships must be
understood to safely and satisfactorily perform left-sided resection of hilar cholangiocarcinoma or right-lobe living
donor liver transplantation, the anatomies of the right portal and biliary systems are extremely difficult to understand.
Methods: A total of 60 patients with normal liver underwent computed tomography during both portog-
raphy and cholangiography to evaluate relationships between the right biliary and portal systems based on
reclassification of the liver to divide the right liver into 3 segments.

Results: All ventral and posterior ducts constantly join medially to the anterior portal trunk. In contrast, some
dorsal ducts join the ventral duct medially and others join the posterior duct lateral to the anterior trunk.
Conclusions: Reclassification of the liver to divide the right liver into 3 segments facilitates an understanding
of relationships between the right portal and biliary systems. © 2007 Excerpta Medica Inc. All rights reserved.

Keywords: Hilar cholangiocarcinoma; Living donor liver transplantation; Reclassification of the liver; 3D

portocholangiography

Although en bloc resection has contributed to improved long-
term survival in patients with hilar cholangiocarcinoma, a
formidable challenge remains for surgeons in the complex
anatomy of the portal and biliary systems, particularly involv-
ing the hepatic hilum {1-4]. In addition, biliary complications
such as biliary stricture and anastomotic leakage reportedly
remain as serious problems in living donor liver transplanta-
tion, and are caused by ischemia of the biliary tract or incom-
plete understanding of the surgical anatomy of the bile duct
system [5—8]. Relationships between the left biliary duct and
left portal vein systems have been analyzed using ex vivo
cadaveric liver corrosion casts [8~10] and in vivo radiologic
analysis [11,12]. In contrast, understanding the segmental anat-
omy of the right liver is more difficult than that of the left liver
because many variations exist and anatomic relationships be-

* Comresponding author. Tel.: +81-43-264-5431; fax: +81-43-262-8680.
E-mail address: acho@chiba-cc.jp

tween the right biliary duct and the right portal vein system
have not been established thoroughly. Reclassification of the
liver to divide the right liver into 3 vertical segments has been
proposed, to simplify the segmental anatomy of the right liver
{13-15]. The present study aimed to re-evaluate relationships
between the right biliary duct and right portal vein systems
based on this reclassification.

Patients and Methods

Between April 2001 and May 2005, a total of 36 patients
underwent percutaneous transhepatic biliary drainage as a re-
sult of obstructive jaundice, and 46 patients underwent drip-
infusion cholangiography—computed tomography (CT) for
preoperative evaluation of laparoscopic cholecystectomy. Of
these patients, 71 met the following inclusion criteria: no le-
sions in the liver, no cirrhosis, no extrahepatic lesions distort-
ing the intrahepatic venous anatomy, and no previous liver
surgery. Another 11 patients in whom the right portal vein was

0002-9610/07/$ ~ see front matter © 2007 Excerpta Medica Inc. All rights reserved.
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absent were excluded. Our study group thus comprised the
remaining 60 patients, with a mean age of 62.3 years (range,
16-74 y). The underlying pathology was cholecystolithiasis
(n = 31), pancreatic cancer (n = 12), gallbladder polyp (n =
8), bile duct cancer (n = 5), and choledocholithiasis (n = 4).
All study protocols were approved by the institutional review
board, and informed consent was obtained from all patients
before the procedure was performed. All studies were per-
formed using a LightSpeed Ultra 16-slice multidetector CT
scanner (GE Medical Systems, Milwaukee, WI). The 25 pa-
tients undergoing percutaneous transhepatic biliary drainage
underwent CT after injection of iohexol (Omnipaque, 300
mg/mL of iodine; Daiichi, Tokyo, Japan) diluted 1:10 with
saline through biliary catheters. In addition, CT during arterial
portography was performed during biliary opacification of
contrast medium {14]. In 35 patients, 100 mL of ichexol was
injected at 3 mL/s through a 20-gauge intravenous catheter into
a medially located antecubital vein using a Dual Shot power
injector (Nemoto-kyorindo, Tokyo, Japan) after drip-infusion
cholangiography. Neither serious nor minor complications oc-
curred during or after procedures in all patients. CT data were
downloaded to an independent workstation equipped with soft-
ware for perspective volume rendering (Virtual Place; Office
Azemoto, Tokyo, Japan). By using this software, 3-dimen-
sional (3D) images were reconstructed. We have previously
reported that the right anterior portal vein does not bifurcate
into the anterosuperior branch (P8) and anteroinferior branch
(P5), instead it bifurcates into the right ventral portal vein and
the right dorsal portal vein. Reclassification of the liver to
divide the right liver into anterior, middle, and posterior
vertical segments has been proposed (Fig. 1) {13-15]. Based
on this reclassification of the liver, we assessed the conflu-
ence pattern of the right ventral, dorsal, and posterior biliary
branches, and the relationship between the right portal and
biliary systems. Original consecutive axial CT images and
3D images were interpreted independently in a blinded
fashion by 2 of the authors (A.C., H.Y.) who were very
familiar with CT features and the anatomy of the liver. Any
discrepancies that occurred were resolved by consensus.

Fig. 1. Computer-generated 3D images of the caudo-cranial view showing
ventral portal branches (pv) and dorsal portal branches (pD). pp, right posterior
portal vein; P2, left laterosuperior portal branch; p3, left latercinferior portal
branch; p4, medial portal branch. Portal branching pattern seeins symmetric.
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Fig. 2. Confluence patterns of right ventral, dorsal, posterior, and left hepatic
ducts. v, ventral duct; D, dorsal duct; P, posterior duct; L, left hepatic duct.

Results
Confluence patterns of left, anterior, and posterior ducts
Confluence patterns were classified as type I (38 patients;
63%), normal configuration; type II (14 patients; 23%), triad
confluence; type III (7 patients; 12%), posterior segmental
duct joining left hepatic duct; or type IV (1 patient; 2%),
distal confluence of the right posterior segmental duct. In
type I, the anterior and posterior ducts unite to form the right
duct, then the right and left ducts unite. In type II, the
anterior, posterior, and left ducts unite immediately. In type
I, the posterior and left ducts unite to form the common
duct, then the anterior duct joins. In type IV, the anterior and
left ducts unite to form the common duct, then the posterior
duct joins distally.

Confluence patterns of right ventral, dorsal, and posterior ducts
" Three distinct subtypes were detected with regard to
confluence patterns of the right ventral, dorsal, and posterior
ducts (Fig. 2). Subtype a was characterized by union of the
ventral and dorsal ducts to form the anterior duct. Subtype
b was characterized by a common trunk of the dorsal and
posterior ducts. Subtype ¢ was characterized by immediate
union of the ventral, dorsal, and posterior ducts. Types Ia,
Ib, and Ic were seen in 30 (50%), 6 (10%), and 2 (3%) of the
60 patients, respectively. Types Ila, IIb, and IIc were seen in

9 (15%), 4 (1%), and 1 (2%) of the 60 patients, respectively.
Types Illa and IIIb were seen in 5 (8%) and 2 (3%) of the
60 patients, respectively. Type IVa was seen 1 of the 60
patients (2%) (Table 1). Type Illc and IVc did not exist

Table 1
Confluence patterns of the ventral, dorsal, posterior, and left hepatic ducts

Subtypes of confluence Confluence patterns of hilar bile ducts

pattem 1 I 1 v
a 30 (50) 9(15) 58 12)
b 6(10) 4(7) 203) 0(0)
c 203) 1Q) — —
Total 3863  14Q23) 132 1Q)

Data in parentheses are percentages.
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Fig. 3. Varants of right biliary and portal systems. (A) Ventral and dorsal
. ducts unite medial to the right anterior portal trunk, then the posterior duct
also joins medial to the right anterior portal trunk. (B) Posterior and dorsal
ducts unite lateral to the right anterior portal trunk, then the ventral duct
joins medial to the right anterior portal trunk. (C) Ventral, dorsal, and
posterior ducts unite medial to the right anterior portal trunk. PV = ventral
portal branch; Pd = dorsal portal branch; Pp = right posterior portal vein;
V = ventral duct; D = dorsal duct; P = posterior duct.

theoretically. Type IV b was not detected in the present
study.

Relationship between right portal and biliary systems

The orientations in which the right posterior ducts crossed
the right portal vein cranially, and in which the right biliary
ducts ran superior to the right portal vein were constant
(Fig. 3). In all 45 type Ia, Ila, IIIa, and IVa patients, the ventral
and dorsal ducts united medial to the right anterior portal trunk,
then the posterior duct also joined medial to the right anterior

portal trunk (Figs. 3A and 4). In all 12 type Ib, Ilb, and IIb .

patients, the posterior and dorsal ducts united lateral to the right
anterior portal trunk, then thé ventral duct joined medial to the
right anterior portal trunk (Figs. 3B and 5). In all 3 type Ic and
Ilc patients, the ventral, dorsal, and posterior ducts united
medial to the right anterior portal trunk (Figs. 3C and 6).

Comments

Relationships between the left portal and biliary systems
have been analyzed thoroughly using ex vivo corrosion casts
[8] and in vivo radiologic examination [11], and is not so
difficult to understand. The left biliary ducts are located cranial
to the transverse and umbilical portions. Three distinct types
can be identified: the segment 2 duct (B2) and segment 3 duct
(B3) unite lateral to the umbilical portion, which lies on the
umbilical fissure, then the segment 4 duct (B4) joins medial to
the umbilical fissure; B3 and B4 unite medial to the umbilical
fissure, then B2 joins medial to the umbilical fissure; or B2, B3,
and B4 unite medial to the umbilical fissure [8,11]. In con-
trast, few reports-have described relationships between the

Fig. 4. Three-dimensional portocholangiography showing a craniocaudal
view of the portobiliary system. The ventral and dorsal ducts unite to form
the anterior duct, then the posterior duct joins (subtype a). V = ventral
duct; D = dorsal duct; P = posterior duct.

right portal and biliary systems and understanding based on
Couinaud’s {9] numbering system is difficult because of the
many variations. Recent studies have described the right
anterior portal vein as bifurcating into the ventral and dorsal
branches [13-17]. Because the right anterior portal vein
bifurcated into the ventral and dorsal branches and most
posterior portal veins did not bifurcate, we proposed reclas-
sification of the liver to divide the right liver into anterior,
middle, and posterior segments, supplied by the ventral,
dorsal, and posterior portal branches, respectively [14,15].
The anterior and middle segments proposed by us corre-
spond to the ventral and dorsal regions of Couinaud’s [9]
segment 8 and 5 (right paramedian sector), respectively, and
the posterior segment is equivalent to Couinaud’s 9] seg-
ment 7 and 6 (right lateral sector). Couinaud [9] divided the
left liver into 3 segments, designated as segment 2 (S2),
segment 3 (83), and segment 4 (S4). S2 is supplied by the

Fig. 5. Three-dimensional portocholangiography showing a craniocaudal
view of the portobiliary system. The dorsal and posterior ducts unite, then
the ventral duct joins (subtypé b). V = ventral duct; D = dorsal duct; P =
posterior duct. .
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Fig. 6. Three-dimensional portocholangiography showing a craniocaudal view of
the portobiliary system. The ventral, dorsal, and posterior ducts unite immediately
(subtype c). V = ventral duct; D = dorsal duct; P = posterior duct.

second-order portal vein (P2), and S3 and S4 are each
supplied by third-order portal branches (P3 and P4). Portal
ramifications thus seem to be symmetric under our new
classification because the posterior segment is supplied by
the second-order posterior portal vein, and the anterior and
middle segments are each supplied by third-order portal
branches (ventral and dorsal branches) [14,15]. Thus, the
right anterior segment may correspond to segment 4, the
right middle segment to segment 3, and the posterior seg-
ment to segment 2 [15]. In addition, we proposed the ante-

rior fissure by which the anterior and middle segments were’

divided [14]). We practically performed segmental hepatic
resections along with the anterior fissure [14,15,18,19]. This
new anatomic classification may facilitate an understanding
of the relationships between the right portal and biliary
systems. In the present study, the right portal vein con-
stantly bifurcated into the posterior portal vein and the
anterior portal vein, which then bifurcated into the ventral
and dorsal branches. In contrast, biliary confluence patterns
were classified as type I, normal configuration; type II, triad
confluence; type III, posterior segmental duct joining the
left hepatic duct; or type IV, distal confluence of the right
posterior segmental duct as reported previously [9,10,20].
In addition, 3 distinct relationships exist between the right
portal and biliary systems: the ventral and dorsal ducts unite
medial to the anterior portal trunk, then the posterior duct
joins close to the hepatic hilum; the dorsal and posterior
ducts unite lateral to the anterior portal trunk, then the
ventral duct joins medial to the anterior portal trunk; or the
ventral, dorsal, and posterior ducts unite medial to the an-
terior portal trunk. Kamiya et al [21], in a review of 107
resected livers, also described the dorsal duct joining the
posterior duct in 16.8%. In the left liver, B4 and B2 con-
stantly join medial to the umbilical fissure, and B3 joins
either B2 lateral to the umbilical fissure or B4 medial to the
umbilical fissure. According to the present study, the ventral
duct and posterior duct constantly join medial to the anterior
portal trunk, which lies on the anterior fissure [13,14], and
the dorsal duct joins either the ventral duct medial to the
anterior fissure or the posterior duct lateral to the anterior
fissure. We believe that recognition of this relationship

between the right portal and biliary systems is useful to
divide the bile duct during the donation of a right liver graft.
In addition, the middle segment may be able to be preserved
during left-sided resection of hilar cholangiocarcinoma if
the dorsal duct joins the posterior duct lateral to the anterior
fissure (subtype b). In conclusion, although our study was
limited in that no actual gold standard existed for the find-
ings, and comparisons of radiologic and surgical findings
must await a future study, we consider that the right liver
contains 3, not 4, segments as proposed by Couinaud [9].
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