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1. Introduction

Recent advances in three dimensional (3D)-computed 
tomography (CT) of the liver anatomy have revealed 
that the perfusion areas of the portal vein and drainage 
area of the hepatic vein in the same segment did not 
always coincident (1-3). The liver anatomy as defined 
by Couinaud is the widely accepted clinical anatomy 
which defined the hepatic veins as one of the major 
landmarks of each segment (4,5). The liver staining 
method, in which dye is injected into the tumor 
occupying area of the portal vein, had been accepted 
as an anatomic liver resection method based on the 

perfusion area of portal vein (6). For precise liver 
resection, it is necessary to understand that there is 
a difference of tumor occupying area between the 
concepts.
	 The preoperative evaluation in 3D-CT is an ideal 
approach to understand this difference. However, few 
reports have so far focused on this essential issue in 
anatomic liver resection (7,8). We investigate which 
anatomic factors influenced to such differences and 
how much parenchymal volume was different between 
the perfusion areas and drainage area of the liver 
parenchyma.

2. Materials and Methods

2.1. Patients

Between October  2013 and September  2014, 
preoperative 3D reconstruction and volumetric analyses 
of the liver were performed in 103 consecutive patients 
who underwent liver resection for hepatocellular 
carcinoma. All patients had radically resectable 
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hepatocellular carcinomas; the tumor diameter measured 
within 50 mm in a single tumor and within 30 mm in 
multiple tumors. The operative management strategies 
that are used at our institution have been described 
elsewhere (9-12). Ethics Committee approval was 
obtained (protocol number: RK-170214-03).

2.2. Three-dimensional reconstruction protocol

Three-phase, contrast-enhanced dynamic CT scans 
(unenhanced and hepatic arterial [37 seconds], portal 
venous [60 seconds], and liver parenchymal phases [150 
seconds]) were obtained using a 16- or 350-detector row 
scanner (Aquilion 16/ONE; Toshiba Medical Systems, 
Otawara, Japan). The total dose of nonionic iodinated 
contrast medium was 630 mgI/kg body weight of 
iomeprol (350 mgI/mL). Scanning was performed using 
a 15.0- or 53.0-helical pitch, a table feed speed of 0.75 or 
0.5 mm per rotation, a slice thickness of 0.5 mm, and 120 
kV on a Volume EC system (Toshiba Corporation, Mie, 
Japan). 
	 To perform 3D image reconstruction and volumetric 
measurements, the region-growing and the Voronoi 
tessellation method software programs (Volume Analyzer 
SYNAPSE VINCENT, FUJIFILM Corporation, Tokyo, 
Japan) were used. The 3D liver images were created 
using a region-growing algorithm.

2.3. Assessment view and definition of the portal-vein-
based and hepatic-vein-based anatomies

The assessment view in the 3D-liver was defined as 
follows. First, the rotation angle (θ) between the proximal 
trunk of the right hepatic vein (RHV) and the median 
line on the inferior vena cava (IVC) of the horizontal 
plane of the CT scan was defined as a vertical and frontal 
view (RHV frontal view) on 3D-simulation (Figure 1a). 
This distal side of the RHV was extracted when the main 
trunk of the RHV was fully exposed as long as possible 
in virtual liver resection. This extracted RHV line was 
defined as the RHV trunk line. The assessment view 
was fixed as this RHV trunk line was located in the most 
dorsal of the 3D-liver. 
	 Next, portal-vein-based S6 was defined as the 
perfusion area of P6 (Figure 1b), and the cranial-dorsal 
side from the posterior branch was defined as S6 if 
there were multiple trunks of P6. The hepatic-vein-
based S6 was defined as the drainage area of lateral-
dorsal tributaries to the RHV in the region growing 
method (Figure 1c). When the inferior or middle RHV 
was present, the drainage area of S6 was measured. The 
dominancy of the parenchymal volume was defined by 
the position relationship of the regional plane of portal-
vein-based S6 to the main trunk of the RHV: the plane 
runs ventrally beyond the RHV (S6-dominant group); 
dorsally beyond the RHV (S5-dominant group) or almost 
equal (non-difference group).

2.4. Hepatic vein analysis in the 3D liver

First, the tributary pattern, thicknesses of the main trunk 
and second-order tributaries, angles between the IVC 
and RHV, and the presence of tributaries of the RHV 
(i.e., inferior or middle RHV) were assessed. Next, the 
second-order large drainage veins from the right liver to 
the RHV (V7) and the middle hepatic vein (MHV) (V6 
and V8) were assessed.

2.5. Portal vein analysis in the 3D liver

Regarding the portal vein, the branch type of the main 
portal trunk, the length of the second-order portal 
vein, and the distance from the main portal trunk 
were assessed in the 3D liver. Next, the lengths of the 
anterior and posterior branches, the angle between these 
branches, and the number of P6 branches were assessed. 
When there were multiple trunks of P6, the entire caudal-
dorsal side from the posterior branch was defined as 
S6. The perfusion area of the entire caudal-ventral 
side of the anterior portal trunk was defined as S5. S7 
or S8 was derived by subtracting S5 or S6. Standard 
bifurcation of the portal vein was defined as the absence 
of an abnormally branched right portal vein (i.e., no 
independent posterior branch), with anterior branches or 
P8 arising from the left portal trunk (umbilical portion). 
Anatomical variations of the portal branches were 
evaluated for the right liver, as described by Couinaud 
(1,13). 
	 The branch patterns of P6 were divided into two 
types (Figure 2). On the assessment view, the first branch 
of P6 was branched toward the proximal side of the RHV 
trunk line (proximal type) or branched distal side (distal 
type). Finally, the factors related to the dominancy of the 
hepatic parenchymal volume in S6 were assessed.

2.6. Volume difference between the portal-vein-based 
and hepatic-vein-based anatomies in S6

The parenchymal volume of the portal-vein-based 
S6 was calculated according to the perfusion area of 
P6 (Figure 3a), while the parenchymal volume of the 
hepatic-vein-based S6 was defined by the drainage 
area of lateral-dorsal tributaries to the RHV (Figure 3b) 
using the Voronoi tessellation method. These volumes 
were calculated using the workstation (SYNAPSE 
VINCENT). Finally, the volume difference between the 
portal-vein-based and hepatic-vein-based anatomies in 
S6 was compared.

2.7. Statistical analysis

Clinical data were recorded on an Excel (Microsoft) 
spreadsheet and analyzed using the JMP® 9.0 statistical 
software package (SAS Institute Inc., Cary, NC, USA). 
All variables were analyzed using the Mann-Whitney 
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group) in 3 patients (3.0%). In 57 patients (55.3%), the 
portal perfusion area agreed with the hepatic drainage 
area for the RHV trunk line (non-difference group). The 
S5-dominant segmentation was noted in only 3 patients 
(3.0%), and further estimation was thus not performed.

3.2. Tributary pattern of the hepatic vein

There was no significant difference in the angle of the 
RHA trunk (θ) for creating the RHV trunk line (80.8 
degrees [66.4-95.4] vs. 84.2 degrees [56.2-97.4], p = 
0.177), the median thickness of the RHV (6.5 mm [2.8-
11.2] vs. 6.6 mm [2.8-14.9], p = 0.316), and V7 (4.5 mm 
[2.3-7.9] vs. 4.2 mm [2.3-8.3], p = 0.318) (Table 1). The 
proportion of patients with an inferior right hepatic vein 

U test or Fisher's exact test. A p value of < 0.05 was 
considered statistically significant.

3. Results

3.1. Anatomical characteristics

In the 103 preoperative patients (male:female ratio, 
77:26, and median age, 66 years (range, 41-85 years)), 
the median rotation angle (θ) used to obtain the RHV 
frontal view of the RHV trunk line was 83.3 degrees 
(range, 56.2-97.4 degrees) (Figure 1a). On this RHV 
frontal view, 46 patients (44.7%) were different to the 
RHV trunk line on the ventral side (S6-dominant group) 
in 43 patients (41.7%) and the dorsal side (S5-dominant 

Figure 1.  Definition of each anatomy in segment 6. (a) The frontal view was defined as the rotation angle (θ) between the RHV 
trunk and the median line on the inferior vena cava of the horizontal plane of the CT scan. The median angle (θ) of the basic trunk 
of the RHV was 83.3 degrees (range, 56.2-97.4 degrees) for all the patients. Three-dimensional simulation was always performed 
using the RHV frontal view. The basic line was drawn as the RHV trunk line when the RHV trunk was fully exposed as long as 
possible. The RHV trunk line was defined as the main trunk of the RHV fully exposed as long as possible. (b, c) The portal-vein-
based segment(S) 6 and hepatic-vein-based S6 were expressed as the perfusion areas of the portal vein (P6) and drainage areas of the 
hepatic vein (V6), respectively, on the RHV trunk line of the 3D anatomy.

Table 1. Anatomic characteristics and tributary pattern of the hepatic vein

Items

Angle of RHV trunk (θ) (degree)***

RHV thickness (mm)***

V7 thickness to RHV (mm)***

Presence of IRHV, n (%)
V6 to MHV, n (%)
V8 to MHV, n (%)

All (n = 103*)

83.3 (56.2-97.4)
  6.5 (2.8-14.9)
  4.3 (2.3-8.3)
56/103 (54.4)
21/103 (20.4)
48/103 (46.6)

S6-dominant (n = 43)

80.8 (66.4-95.4)
  6.5 (2.8-11.2)
  4.5 (2.3-7.9)
31/43 (72.1)
15/43 (34.9)
22/43 (51.2)

*Include S5-dominant patients (n = 3); **S6-dominant vs. Non-difference; ***median (range). RHV = right hepatic vein; IRHV = inferior right 
hepatic vein; MHV = middle hepatic vein. 

Non-differnce (n = 57)

84.2 (56.2-97.4)
  6.6 (2.8-14.9)
  4.2 (2.3-8.3)
25/57 (43.9)
  6/57 (10.5)
26/57 (45.6)

p value**

0.177
0.316
0.318
0.008
0.006
0.687
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(IRHV) was significantly higher (72.1% vs. 43.9%, p 
= 0.008), and the proportion of patients with V6 of the 
MHV tributary was higher (34.9% vs. 10.5%, p = 0.006) 
in the S6-dominant group than in non-difference group. 
On the other hand, the presence of V8 of the MHV 
tributary (p = 0.687) did not differ significantly among 
the groups.

3.3. Branch pattern of the portal vein

Standard bifurcation was found in 93 patients, 
trifurcation in 3 patients, and other specific branch 
types of the main portal trunk were found in 7 patients. 
There was no significant difference in the normal branch 
pattern of the main portal trunk (S6-dominant group vs. 
non-difference group, 41 patients [95.3%] vs. 50 patients 
[87.7%], respectively, p = 0.293). In the 93 patients with 
the standard branch type, the length of the right portal 
trunk (p = 0.439) and anterior branch trunk (p = 0.809) 
did not differ significantly between the S6-dominant 
group and non-difference group (Table 2). In contrast, the 

median posterior branch was significantly shorter in the 
S6-dominant group than in the non-difference group (15.6 
[0-44.3] vs. 18.7 mm [0-47.8], p = 0.026). The angle 
between the anterior and posterior trunks did not differ 
significantly between the S6-dominant group and non-
difference group (p = 0.479). The number of branches of 
P6 also did not differ significantly (p = 0.856). 
	 Regarding the branch patterns of the first P6, the 
S6-dominant group included a significantly higher 
proportion of the proximal type than the non-difference 
group (31 patients [72.1%] vs. 12 patients [27.9%]) 
(Figure 2). The non-difference group included a 
significantly higher proportion of the distal type than the 
S6-dominant group (10 patients [17.0%] vs. 47 patients 
[83.0%], p < 0.001).

4. Volume analysis

According to the perfusion area of each segment, the 
volumes of S6 (204 [69-366] vs. 152 mL [44-287], p 
< 0.001) and S7 (224 [82-561] vs. 205 mL [74-366], p 

Figure 2.  Branch pattern of the first portal vein in segment 6. (a) In the branch patterns of first P6, the S6-dominant group 
included a significantly higher proportion of the proximal type than the non-difference group on the RHV trunk line. (b) In contrast, 
the non-difference group included a significantly higher proportion of the distal type.

Table 2. Anatomic characteristics of the portal vein in standard bifurcation type cases (n = 93)

Items

Length of right portal vein trunk (mm)
Length of anterior branch trunk (mm)
Length of posterior branch trunk (mm)
Angle between anterior and posterior trunk (degrees)
Number of portal veins in segment 6

   All (n = 93*)

23.6 (5.4-41.9)
16.3 (0-37.5)
17.2 (0-47.8)
71.4 (41.2-106.3)
  1 (1-3)

S6-dominant (n = 41)

23.8 (5.4-41.9)
16.1 (0-36.4)
15.6 (0-44.3)
71.6 (46.8-106.3)
  1 (1-3)

Data are expressed as the medians (range). *Include S5-dominant patients (n = 2); **S6-dominant vs. Non-difference. 

Non-differnce (n = 50)

22.4 (6.5-39.4)
16.1 (0-37.5)
18.7 (0-47.8)
71.4 (41.2-100.6)
  1 (1-3)

p value**

0.439 
0.809 
0.026 
0.479 
0.856 
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Table 3. Volume analysis of each segment in the right liver

Segment

S5 (mL)
S6 (mL)
S7 (mL)
S8 (mL)

All (n = 103*)

115 (33-360)
164 (44-366)
215 (74-561)
202 (43-536)

S6-dominant (n = 43)

106 (33-312)
204 (69-366)
224 (82-561)
198 (45-536)

Data are expressed as the medians (range). *Include S5-dominant patients (n = 3); **S6-dominant vs. Non-difference.

Non-differnce (n = 57)

115 (39-360)
152 (44-287)
205 (74-366)
208 (43-464)

p value**

   0.328 
< 0.001
   0.037 
   0.834 

Figure 3.  Volume difference in segment 6. (a, b) The portal-vein-based S6 was significantly larger than that derived from the 
hepatic-vein-based liver anatomy. The volume difference between the two groups was 73 mL [29-189 ml] in S6.

Figure 4. Liver transection based on each anatomy. (a) The portal-vein-based liver transection was performed. Two P6 branches 
were detected using dye injected into each branch of P6. Each P6 branch was divided at the root and P7 was preserved. No thick 
branch of RHV was visualized. (b) The hepatic-vein-based liver transection was performed in proximal branch type P6. The full 
length of RHV in S6 was exposed, while root of P6 was not visualized.
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= 0.037) were significantly larger in the S6-dominant 
group than in the non-difference group (Table 3). 
However, there was no significant difference in S5 and 
S8 between the two groups. The median volume of 
the portal-vein-based anatomy of S6 (Figure 3a) was 
164 mL (44-366 mL), while the median volume of the 
hepatic-vein-based anatomy of S6 (Figure 3b) was 
142 mL (34-287 mL; p < 0.001). The median volume 
difference in S6 between the two groups was 73 mL 
(29-189 mL) (Figure 3). 

5. Liver transection in each model

In the clinical technique, the portal-vein-based liver 
transections were performed using dye injected into 
two branch of P6 and the hepatic-vein-based liver 
transection was performed in proximal branch type of 
P6 (Figure 4a). In the portal-vein-based transection, 
each P6 branch was divided at the root and P7 was 
preserved. No thick branch of RHV was visualized at 
the transection site. The full length of RHV in S6 was 
exposed in the hepatic-vein-based transection. Thus, 
the root of P6 was not visualized because of proximal 
branch type of P6 (Figure 4b). 

4. Discussion

This study showed that 41.7% of the segment planes 
in S6 did not match with the portal-vein-based and 
hepatic-vein-based 3D anatomies. The proximal branch 
type of P6 (72.1%) and the presence of the IRHV 
(72.1%) were conclusive factors for S6-dominant 
segmentation. 
	 Several studies have mentioned the anatomical 
difference between the perfusion area of portal vein and 
drainage area of hepatic vein (1,2,8). However, objective 
rules for assessing this difference have not yet been 
established. The RHV frontal view in the present study 
can classify the branch pattern of P6 into the proximal 
or distal. In particular, the all proximal branch of P6 
perfused the ventral side of the RHV, which is thought 
to correspond to S5 in the hepatic-vein-based anatomy. 
To understand these anatomic characteristics enables 
to perform more precise anatomic liver resection (e.g.; 
anatomic resection in less than subsegment). This novel 
rule might also apply to the other segmental planes in the 
liver parenchyma.
	 Transection of the liver parenchyma along with the 
major hepatic vein is considered to be one of the gold-
standard methods for anatomic liver resection (6,7). 
However, present study revealed that the 41.7% was 
failed to remove entire perfusion area in S6 when the 
patients was performed based on the hepatic-vein-based 
anatomy. In contrast, the parenchymal staining method 
which established by Makuuchi is one of an anatomic 
liver resection. The dye is injected into the portal 
vein to determine the region that should be resected. 

This procedure can be contributed to resect potential 
metastases via the portal vein in the tumor-occupying 
segment (14-16). Therefore, in the presence of portal 
vein tumor thrombus, the portal-vein-based liver 
transection is a prefer procedure to avoid intrahepatic 
recurrence (9).
	 The S6-dominant group has two unique features on 
3D. First, 72.1% of the patients had one or more IRHV. 
Second, 72.1% of the patients had a proximal branch 
of P6, which was supported by the result of a shorter 
posterior branch of the portal trunk. These findings 
reflect a large drainage area in the liver parenchyma 
as well as a wide perfusion area in the S6-dominant 
group. Therefore, the parenchymal volume in S6 was 
significantly larger in the S6-dominant group than that 
in the non-difference group. 
	 The preoperative liver volume measurements based 
on 3D anatomy imaging have been shown to agree with 
the actual volume of the liver resected at operation (17-
19). The median volume difference between the portal-
vein-based and hepatic-vein-based anatomies in S6 
was 73 mL. We believe this volume difference is large 
because the median parenchymal volume of S6 was 
164 mL. Therefore, almost half of the liver volume was 
discordant between the portal-vein-based and hepatic-
vein-based anatomies.
	 Few studies have thus far identified the factors 
accounting for the anatomical features between the portal 
and hepatic veins at liver surgery. The present study 
emphasized the priority of portal-vein-based anatomic 
liver resection when precise resection is required such as 
portal vein thrombus, intra sub segmental metastasis and 
smaller anatomic resection which depend on the each 
portal vein branch. We believe that taking this anatomic 
concept into careful consideration before operation may 
increase the patient's benefits in liver resection.
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