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Background: In this study, we investigated the relationship between the portal 
vein and hepatic artery variations and the remaining liver volume in living donors 
in liver transplantation.
Materials and methods: In the study, triphasic abdominal computed tomography 
images of 180 live liver donor candidates were analysed retrospectively. Portal 
veins were divided into four groups according to the Nakamura classification and 
seven groups according to the Michels classification. The relationship between 
vascular variations and remnant liver volume was compared statistically.
Results: According to the Nakamura classification, there were 143 (79.4%) type A, 
23 (12.7%) type B, 7 (3.9%) type C and 7 (3.9%) type D cases. Using the Michels 
classification, 129 (71%) type 1, 12 (6.7%) type 2, 24 (13%) type 3, 2 (2.2%) type 4,  
10 (5.6%) type 5, 1 (0.6%) type 6, and 2 (1.1%) type 7 cases were detected. 
There was no significant difference in the percentage of the remaining volume 
of the left liver lobe between the groups (p = 0.055, p = 0.207, respectively).
Conclusions: Variations in the hepatic artery and portal vein do not affect the 
remaining liver volume in liver transplantation donors. (Folia Morphol 2021; 80, 
3: 590–595)

Key words: portal vein, hepatic artery, anatomic variations, liver remnant 
volume, liver transplantation, living donor

INTRODUCTION
An accurate evaluation of potential living donors 

before liver transplantation is important in prevent-
ing postoperative liver failure [19]. There are many 
factors related to donor safety, such as obesity, age, 
liver volume, fatty liver, medical problems, anatomical 
variations, surgical process, and operative procedures 
[20]. The correct assessment of liver vascularity and 
volume is very important for both the donor and 
the recipient [15, 19]. Post-transplantation liver fail-

ure has been reported in the right lobe donors at 
around 10% [15]. On the other hand, the low liver 
volume of the recipient is an important problem that 
affects the recovery rate [8, 15]. Triphasic abdominal 
computed tomography (CT) imaging has minimised 
errors in vascular and volume assessment [15]. The 
determination of vascular variations is essential for 
the operative procedure because they can affect de-
cisions regarding the resection line or the use of 
grafts [20, 22] A minimum of 30% of liver remnant 
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volume after post-transplantation is considered as 
the critical limit [8, 19]. Therefore, researchers have 
explored the relationships between liver volume and 
vascular structures [3, 9, 12, 18]. Similarly, in this 
study, we examined the relationship of the portal 
and hepatic artery variations, which are surgically im-
portant parameters before liver transplantation, with 
the remnant liver volume in liver transplant donors.

MATERIAL AND METHODS
Patient selection

This study was approved by the local ethics com-
mittee (number file: B.30.2.ATA.0.01.00/163). All 
donors were informed about the examination and 
study procedure, and their written consent was ob-
tained. Of the healthy volunteers who presented to 
the radiology department of our hospital between 
July 2018 and January 2020 as potential transplant 
donors, those aged 18 to 45 years were included in 
the evaluation. A routine laboratory evaluation, hae-
mogram analysis, liver ultrasonography, and triphasic 
abdominal CT were performed. After the laboratory 
and radiological evaluation, 25 patients with fatty liv-
er, 2 with an abdominal aortic aneurysm, and 13 with 
diffuse atherosclerosis in vascular structures were 
excluded from the study. The data of the remaining 
180 volunteers were evaluated in the study.

CT examination 

In this study, a 320-row multi-detector CT device 
(Aquillion ONE Vision; Toshiba Medical Systems Cor-
poration, Otawara, Japan) was used for liver imaging. 
All CT scans were performed using the parameters 
recommended by the manufacturer (slice thickness: 
0.5 mm; rotation time: 0.5 s; and scan interval: 

240 mm [480 slices, 0.5 mm]). Using a pressure in-
jector, 1.5 mL/kg contrast enhancement (300 mg/mL 
iohexol) was applied at a rate of 3.5 mL/s. Triphasic 
images were obtained in the arterial, portal, and he-
patic vein phases. The images were evaluated on the 
radiological workstation (Syngo Via Console, software 
version 2.1, Siemens AG Medical Solutions, Erlangen, 
Germany) by a single radiologist (B.Y.C.) with 10 years’ 
experience in the field. The volumetric volume assess-
ment of the liver was undertaken using another work-
station (Myrian Pro; Intrasense, Montpellier, France).

Image evaluation

The images were divided into groups according 
to Nakamura et al.’s [16] anatomic classification of 
portal veins and Michels et al.’s [5] classification of he-
patic arteries. In a three-dimensional (3D) volumetric 
image processor, the liver parenchymal volume was 
distinguished from vascular structures (Fig. 1A). Along 
the Cantlie line used during transplantation (Fig. 1B), 
the liver was volumetrically divided into two lobes 
as right and left. The percentage of the remnant left 
lobe relative to the total liver volume was determined 
after liver transplantation.

Statistical evaluation

Statistical evaluation was performed using Med-
calc statistics (v. 12, Mariagerke, Belgium). The 
D’Agostino-Pearson test was used to determine 
whether the data was parametric. The left liver lobe 
percentages of the four groups formed according to 
the portal vein classification were compared using the 
Kruskal-Wallis test. The left liver lobe percentages of 
the five arterial variation groups formed according to 
the hepatic artery classification were compared by the 

Figure 1. A. The operation resection line (arrows) is made to pass right of the middle hepatic vein (arrowheads); B. Liver volume is calculated 
by distinguishing it from vascular structures through the three-dimensional volume programme.
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Kruskal-Wallis test. The demographic data between 
the groups were comparatively evaluated using the 
t-test for age and the c2 test for gender. P values of 
< 0.05 were considered as statistically significant. 

RESULTS
The mean age of the 180 volunteers evaluated 

was 28 ± 8.5 years. The number of female volun-
teers was 76 (41.1%). According to the Nakamu-
ra classification, there were 143 (79.4%) type A, 
23 (12.7%) type B, 7 (3.9%) type C, and 7 (3.9%) 
type D patients. There was no statistically significant 
difference in age and gender distribution between 
the groups (p = 0.54 and 0.096, respectively). The 
data of the left liver lobe volume were non-para-
metric and did not show normal distribution. In the 
portal vein groups (types A, B, C, and D), the median 
values (95% confidence interval [CI]) of the left liver 
lobe volume were found to be 36 (35–37), 35 (33–37), 
33 (30.5–35.5), and 32 (30.5–38.5), respectively. There 
was no significant difference between the Nakamura 
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Figure 3. Statistical graph of percentages of left lobe percentage volume according to Nakamura classification.

Figure 2. Computed tomography (A) and three-dimensional (3D) volume rendering imaging (B) show the Nakamura type A portal bifurcation 
structure. The 3D volumetric programme (C) demonstrated liver left lobe volume values in the donor with Nakamura type A. 

groups in terms of the left lobe remnant percent-
age relative to the liver transplantation resection line  
(p = 0.055; Figs. 2, 3). The related data and statistical 
results are shown in Table 1.

According to the Michels classification, the follow-
ing seven groups were observed: type 1 (n = 129; 
71%), type 2 (n = 12; 6.7%), type 3 (n = 24; 13%), 
type 4 (n = 2; 2.2%), type 5 (n = 10; 5.6%), type 6  
(n = 1; 0.6%), and type 9 (n = 2; 1.1%). There was 
no statistical difference in age and gender distribu-
tion between these groups (p = 0.341 and 0.132, 
respectively). In the hepatic artery groups (types 1, 2, 
3, 4, 5, 6, and 9), the median values of the left liver 
lobe volume (95% CI) were found to be 36 (35–37), 
34.5 (30.3–38.8), 35 (32–37), 39, 36.5 (33–42), 42, 
and 30. No significant difference was determined 
between the Michels groups in relation to the per-
centage of the left lobe remnant volume relative to 
the liver transplantation resection line (p = 0.207; 
Figs. 4, 5). Table 2 presents the related data and 
statistical results. 
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Table 1. Nakamura groups, the left lobe remnant percentage relative to the liver transplantation resection line (source: [16])

Portal vein statistics data Nakamura type A Nakamura type B Nakamura type C Nakamura type D P

Number of cases 143 23 7 7

Age [year] 30.4 ± 8.4 30.4 ± 8.7 31.2 ± 10.4 26.1 ± 6.8 0.54

Male gender (%) 85 (59%) 9 (39%) 5 (71%) 5 (71%) 0.096

Left lobe volume percentage, 
median (95% CI)

36 (35–37) 35 (33–37) 33 (30.5–35.5) 32 (30.5–38.5) 0.055

CI — confidence interval

Figure 5. Statistical graph of percentages of left lobe percentage volume according to Michel’s classification.

Figure 4. Computed tomography (A) and three-dimensional (3D) volume rendering imaging (B) show the Michel’s type 1 hepatic artery varia-
tion. The 3D volumetric programme (C) demonstrated liver left lobe volume values in the donor with Michel’s type 1 hepatic artery variation. 

Table 2. Michels groups, the left lobe remnant percentage relative to the liver transplantation resection line (source: [16])

Hepatic artery  
statistics data

Michels 
type 1

Michels  
type 2

Michels 
type 3

Michels 
type 4

Michels 
type 5

Michels 
type 6

Michels  
type 9

P

Number of cases 129 (71%) 12 (6.7%) 24 (13%) 2 (2.2%) 10 (5.6%) 1 (0.6%) 2 (1.1%)

Age 30.8 ± 8.4 23.5 ± 5.7 30.5 ± 8.8 21 ± 2.8 30.9 ± 9.6 26 ± 0 24 ± 2.8 0.341

Male gender (%) 76 (58.9%) 5 (41.7%) 13 (13.3%) 2 (100%) 6 (60%) 1 (100%) 1 (50%) 0.132

Left lobe volume percentage, 
median (95% CI)

36 (35–37) 34.5 (30.3–38.8) 35 (32–37) 39 (–) 36.5 (33–42) 42 (–) 30 (–) 0.207

CI — confidence interval
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DISCUSSION
In this study, we found that the volume of the left 

liver lobe was not affected by the portal vein and he-
patic artery variations which are important pre-trans-
plantation parameters that determine donor safety and 
success of the procedure. In the literature, there are 
some studies that has investigated the effects and rela-
tionship of vascular structures concerning liver volume 
[3, 12, 18]. Since 3D software providing preoperative 
volumetric evaluation is not available in every centre, 
researchers have attempted to perform this evaluation 
using various formulas [14]. In this study, we examined 
the relationship of the liver remnant volume with the 
portal vein and hepatic artery anatomical variations, 
which, to the best of our knowledge, has not been 
previously evaluated in the literature.

Some external anatomic landmarks can be used to 
divide the liver into the lobes; however, this approach 
is not sufficient when planning a liver surgery. Further 
division of the liver into the segments based on the bil-
iary and vascular trees was introduced previously [4, 7]. 
On the other hand, various anatomical variations of the 
liver were reported [17] which can affect the volumetric 
evaluation. The development of the portal and hepatic 
venous system is completed at the end of 6th week of 
development. Embryological origin of the liver veins can 
conflict with Couinaud’s model and segmental anatomy 
is closely related with an adaptive mechanism of the liver 
which varies with metabolic demand and perfusion [7]. 

Abdalla et al. [1] performed the volumetric evalu-
ation of the left lobe and left lobe segmentation and 
found differences between the patients with a certain 
standard deviation. It was reported that these dif-
ferences might be due to anatomical differences [1].  
Therefore, they may result from either physical dif-
ferences or vascular variations between patients. In 
another study, Altunkaynak et al. [2] showed that 
the body mass index of the patients was associated 
with their liver volume. Kokuda et al. [13] detected 
differences between study groups in terms of liver 
volume and attributed it to the thoracic width. Such 
studies demonstrate that liver volume can vary ac-
cording to the populations examined and their ana-
tomical differences. The current study was conducted 
in a Turkish population, and no significant difference 
was observed between the groups in terms of age 
and gender. Therefore, we focused on the effects of 
vascular variations on the liver volume in our study.

Vascular variations are important anatomical 
markers that determine liver segmentation [10]. In 

particular, portal and hepatic variations are vascular 
components used in liver segmentation. Therefore, 
variational changes can affect segmentation (including 
the right-left lobe separation) [10]. Besides, the proper 
functioning of the portal vein, hepatic artery, and he-
patic vein structures that provide tissue vascularisation 
allows for the volumetric and functional development 
of the related tissues [6, 11, 21]. Due to the changes 
in liver function caused by these functional variations 
in vascular structures, the differences in anatomical 
structures and their features may also affect the liver. 
Similarly, Choi et al. [3] reported that the portal vein 
flow was related to the volume ratios of the right and 
left liver lobes; thus, they concluded that vascular 
drainage might affect the liver volume and functional 
capacity. However, in the same study, it was shown 
that the portal vein area was not associated with liver 
volume [3]. Although no variational assessment was 
undertaken in this study, the portal vein area was not 
associated with liver volume which was an important 
finding revealing that the differences in anatomical 
structures did not affect the volume. Our results con-
firmed that the anatomical variations did not result in 
any changes in the liver volume percentage.

Limitations of the study

Our study had several limitations. First, the num-
ber of our patients was not sufficient. Thus, some 
vascular variations might not be observed, and some 
were few in statistical terms. The second limitation 
of our study was that we did not take our patients’ 
body mass indices into account. However, we believe 
that this parameter would not have had a significant 
impact on the results as there was no difference in 
age or gender distribution in the study population.

CONCLUSIONS

In conclusion, variational changes in the hepatic 
artery and portal vein are important markers that 
affect decisions concerning the surgical procedure; 
however, they do not affect the remnant liver volume 
in liver transplant donors.
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