
ABSTRACT 

Objective: This study aims to investigate whether there was a difference between the levels of safety in 
terms of the postoperative residual liver volume in living transplant donors with normal liver anatomy and 
beaver tail liver. 

Materials and Methods: Contrast-enhanced abdominal computed tomography (CT) images of 158 volun-
teers were retrospectively scanned. They were divided into 2 groups; with and without beaver tail liver. The 
total and left lobe volumes of the liver in all the candidates were calculated. The data were evaluated using 
the Mann-Whitney U test. Statistical values of p<0.05 were considered significant.

Results: The median value of the total liver volume was 1.252 mL and that of the left lobe percentage was 
38% in the beaver tail group and 1.375 mL and 35%, respectively, in the normal liver group. A significant dif-
ference was observed in terms of the total liver volume and left lobe volume percentages of the 2 groups 
(p=0.012 and p<0.001, respectively).

Conclusion: The percentage of the left lobe in the beaver tail group was significantly higher, which indicates 
that liver transplantation donors with the beaver tail feature may be safer in terms of residual liver volume.
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Introduction
Liver transplantation is an important treatment option for patients with acute or chronic liver 
failure and primary hepatic malignancy. Transplantation can be performed from a cadaver or liv-
ing donor. Adult living donor liver transplantation was started in 1998 owing to cadaveric donors 
being insufficient to meet the increasing need for organ transplants [1]. In living donor liver 
transplantation, unlike cadaveric transplants, the donor candidate should be specifically evaluated 
to minimize donor morbidity and mortality. The total right and left lobe volumes of the liver 
should be measured as accurately as possible, not only to ensure sufficient graft volume for the 
recipient but also to leave sufficient liver remnant volume for the donor. Post-transplantation 
liver failure in right lobe donors has been reported to be approximately 10%, and the accurate 
evaluation of the donor is important in preventing postoperative liver failure [2, 3]. The liver 
remnant volume should be at least 30% after transplantation [2].

Beaver tail liver (BTL) is also known as the sliver of liver where left border of the left liver lobe 
extends over the spleen and sometimes encloses the spleen. The term is a reference to a broad 
and thin tail of a beaver [4]. 

In our study, we examined the levels of safety in terms of liver remnant volume in donor candi-
dates with a normal liver structure and those with a beaver tail feature.

Material and Methods

Patient Selection
This study was approved by the local ethics committee (B.30.2.ATA.0.01.00/328). All the donors 
were informed about the examination and procedure, and their written consent was obtained. 
A total of 170 volunteers aged between 18 and 45 years who registered with the radiology 
department of our hospital between July 2018 and January 2020 to be transplant donors were 
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included in the study. A routine laboratory 
evaluation, hemogram analysis, liver ultraso-
nography, and triphasic abdominal computed 
tomography (CT) were performed on the 
volunteers. After the laboratory and radiological 
evaluation, 8 patients with fatty liver, 1 patient 
with hemangioma in the liver parenchyma, and 
3 patients with widespread atherosclerosis in 
vascular structures were excluded from the 
study. The data of the remaining 158 volunteers 
were evaluated.

Computed Tomography Scan and Volume 
Calculation
In this study, a 320-row multi-detector CT 
device (Aquillion ONE Vision; Toshiba Medical 
Systems Corporation, Otawara, Japan) was used 
for liver imaging. All the CT scans were under-
taken using the parameters recommended by 

the manufacturer (slice thickness 0.5 mm; rota-
tion time 0.5 s; and scan interval 240 mm [480 
slices, 0.5 mm]). Contrast agent (300 mg/mL 
iodexol) was administered at a dose of 1.5 mL/
kg at a rate of 3.5 mL/sec with a pressure injec-
tor. Triphasic images were obtained in the arte-
rial, portal, and hepatic vein phases. The images 
were evaluated by a single radiologist with 10 
years of experience using the radiological work-
station (Syngo Via Console, software version 
2.1, Siemens AG Medical Solutions, Erlangen, 
Germany). The volumetric measurements of 
the liver were performed using special software 
(Myrian Pro, Intrasense, Montpellier, France).

Image Evaluation
If the left lobe of the liver crossed the left mid-
clavicular line and extended to touch the spleen, 
it was accepted as a beaver tail liver. In patients 
with BTL and normal liver (NL), the total and 
left lobe liver volumes were measured, and the 
left lobe percentage was calculated according 
to the ratio of the left lobe volume to the total 
liver volume. Measurement images and values 
of both groups are shown in Figures 1 and 2.

Statistical Analysis
Statistical evaluation was performed using an 
R statistical package (R studio, Vienna Austria). 

The Shapiro-Wilk test was used to deter-
mine whether the data was parametric. In 
the patients with BTL, the total and left lobe 
volumes and left lobe volume percentages 
were compared with the Mann-Whitney U test. 
The demographic data between the groups 
were compared with the t-test for age and the 
chi-squared test for sex. A p-value <0.05 was 
accepted for statistical significance.

Results
The mean age of the 158 volunteers evaluated 
was 28±8.5 years. The number of patients 
with BTL was 52 (32.9%), and those with NL 
was 106. The mean age was 28.5±7.9 years 
in the BTL group and 29.9±8.5 years in the 
NL group (p=0.3016). The number of female 
volunteers was 65 (41.1%), of whom 25 had 
BTL and 40 had NL. There were 27 (51.9%) 
men in the BTL group and 66 (62.2%) in the 
NL group (p=0.3882). Although there was 
no significant difference between the left 
lobe volumes of the 2 groups (p=0.8311), a 
significant difference was observed in terms of 
the total liver volume and the left lobe volume 
percentage (p=0.0116 and p<0.0001, respec-
tively). There was also a statistically significant 
difference regarding the number of patients 
who had their left lobe percentage lower than 

•	 Left lobe volume percentage is important in the 
development of  postoperative complications in 
right lobe liver donor candidates.

•	 Left lobe volume percentage is higher in BTL than 
in NL.

•	 BTL might also have a positive effect on the heal-
ing process of  the donor after transplantation and 
reducing complications.

Main Points
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Figure 2. a-c. Axial (a) and coronal (b) computed tomography images of  a case in which the left lobe of  the liver extends to the left hypochondrium. In 
the 3D volumetric evaluation (c), ratio of  the left lobe volume to the total liver volume was calculated as 38.4%

a b c

Figure 1. a-c. Axial (a) and coronal (b) computed tomography images of  a patient with a normal liver. In the 3D volumetric evaluation(c), the ratio of  the 
left lobe volume to the total liver volume was calculated as 30.2%

a b c



35% (p=0.044). Demographics and study are 
summarized in Table 1.

Discussion
There are many studies in the literature on 
volumetric evaluations in liver transplantation 
[5, 6]. In these studies, especially the effects of 
age, sex, and vascular variations on the total 
and segmental volumes of the liver have been 
discussed. However, we did not find any study 
examining the effect of BTL on the total and 
liver remnant volumes. In this study, we exam-
ined whether there was a difference between 
living transplant donors with BTL and those with 
NL in terms of the safety of procedure correlat-
ing with postoperative liver remnant volume. 
We determined that in individuals with a liver 
extending to the left hypochondrium, the post-
operative remnant volume was in a safe range.

Various lobar anomalies of the liver were 
described in the literature. BTL is one of those 
anomalies in which the left border of the left 
liver lobe extends over the spleen and some-
times wraps it [4]. Finding it is incidental and 
might be encountered during abdominal imag-
ing. Although it does not pose any significant 
clinical symptom, this appearance might be mis-
diagnosed as a splenic subcapsular hematoma 
or perisplenic fluid collection, as the two organs 
have a similar density in CT and echogenicity in 
ultrasound imaging, particularly among persons 
with abdominal trauma [7-9]. 

As donor hepatectomy is an important sur-
gery for healthy individuals, donor safety is 
considered as the most important factor in the 
process [10]. Abdalla et al. [11] have measured 
the total and segmental volumes of the liver 
using CT images in liver transplant candidates 
and found that the left lobe contributed 25% 
or less to the total liver volume in more than 
10% of patients. Considering that the liver 
remnant volume should be at least 30% after 

transplantation, any value below this limit has 
life-threatening consequences for a right lobe 
donor. If the left liver lobe has a larger volume 
than the total liver volume, it is more likely to 
be sufficient as the remnant liver for the donor 
[12]. In our study, both groups were within safe 
limits in terms of the liver remnant volume.

In a study conducted by Shi et al. [13], they have 
reported that when the liver remnant volume 
was less than 35% of the standard liver volume, 
the remnant volume had a significant effect on 
delayed recovery of liver function and pro-
longed stay in intensive care. In our study, this 
ratio was below 35% in approximately one-third 
of the patients with NL. In the literature, studies 
have been conducted on different populations 
to investigate how different anatomical data can 
affect the liver volume [14-20]. Considering that 
3D software providing preoperative volumetric 
evaluation is not available in every center, the 
volume of the liver was attempted to be evalu-
ated with various formulations without the use 
of such special software [21]. Studies in the 
literature show that there are differences in the 
liver volume between different populations and 
individuals with different anatomical data [11, 
14, 15, 20]. Vauthey et al. [20] have found a sig-
nificant difference between the liver volumes of 
the patients from East and West USA. Similarly, 
Abdalla et al. [11] investigated the liver volume 
and segmentation in a Western population and 
showed the effect of their anatomical data 
on the liver volume. The authors determined 
significant differences between the left lobe 
volume percentages within the same population 
(33% ±7% [17%–49%]). This shows that the risk 
of the liver remnant volume falling below 30% 
depends on anatomic, population-based, and 
physical variations; and no transplant decision 
should be made without performing a volumet-
ric evaluation. Our study presented BTL as an 
important marker showing that transplantation 
was safe if the left lobe of the liver crossed the 

mid-clavicular line and extended into the left 
hypochondrium in patients where a 3D volu-
metric evaluation could not be performed.

Our study had some limitations. Our study 
population was relatively small, and larger stud-
ies are required to assesses the prevalence 
of the BTL and support our findings. BTL is 
described as the left lobe of the liver touching 
the spleen and wrapping it; however, there is 
no classification that assesses the degree of 
this contact and enclosing. Our study did not 
analyze this, and this classification might benefit 
the donor selection. 

In conclusion, choosing living donors with the 
beaver tail feature in liver transplantation is 
safer in terms of the left lobe to liver volume 
percentage. It might also have a positive effect 
on the healing process of the donor after trans-
plantation and reducing complications.
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