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Abstract
Background: Selecting the right donor to achieve a successful liver 

transplantation is very important; thus computerized tomography and 
liver biopsy are frequently applied in the diagnosis of steatosis in donors. 

Purpose: We sought to investigate the efficacy of computerized 
tomography in the evaluation of hepatosteatosis in living donor liver 
transplantation donors.

Material and methods: The living donor liver transplantation 
cases between January 2015 and December 2017 were screened 
retrospectively. The study participants were divided into three groups 
according to the degree of steatosis determined during LB as follows: 
grade 0: less than 5%, grade 1: 6% to 20%, and grade 2: greater than 20%. 
Using computerized tomography scans, hepatic attenuation value (CTL), 
hepatic attenuation value and spleen attenuation value ratio (CTL/S), 
and the difference between hepatic attenuation value and splenic 
attenuation values (CTL−S) were determined and the correlations of 
these indices and the findings of LB were compared.

Results: Of the 60 patients (42 males, mean age: 32.4±7.7 years), 
43 had grade 0, 15 had grade 1, and two had grade 2 hepatosteatosis, 
respectively. The CTL, CTL/S, and CTL−S cutoff values were 48.3, 1.06, 
and 3.2, respectively, while the sensitivity and specificity results of these 
cutoff values were 64.7% and 88.3%, 64.7% and 86%, and 64.7% and 86% 
and the area under the curve values were determined to be 0.81, 0.79, 
and 0.80 (p< 0.001).

Conclusion: The use of these noninvasive indices can reduce the 
need for liver biopsy, which is an invasive procedure, as well as lessen the 
associated complication and cost rates. Future prospective studies are 
needed on this subject.
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Introduction
Liver biopsy (LB) is the gold-standard method used 

currently in the diagnosis and treatment of liver diseases. 
Liver transplantation (Ltx) is the most effective treatment 
for liver cirrhosis. Living donor liver transplantation 
(LDLT) is usually performed in our country. Selecting 
the right donor to achieve a successful Ltx procedure 
is very important; thus, LB is often applied in the 
evaluation of potential liver donors. The presence of 
macrovesicular steatosis in the liver donor increases the 
risk of complications such as primary nonfunction and 
early graft dysfunction after LDLT. For this reason, many 

liver transplant centers are eliminating donors with severe 
hepatosteatosis. Separately, LB has some disadvantages 
including its invasive nature and complications like 
bleeding that may rarely result in death and it represents 
only a small sample area. For these reasons, the search 
for noninvasive methods that can be used in the diagnosis 
of hepatosteatosis continues. Computerized tomography 
(CT) is one of these methods and is used effectively 
in donor evaluation [1-4]. In this study, we aimed to 
investigate the efficacy of CT in the evaluation of 
hepatosteatosis in LDLT donors at our transplantation 
center. 
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Group A (n:43) Group B (n:17) P value

Age 32±7.9 33.4±7.5 p>0.05

Male 25 (58.1%) 17 (100%) p<0.05

AST 20.5±6 25.5±6.9 P<0.05

ALT 22.7±16.8 32.9±17.6 P<0.05

ALP 72.3±20.7 68.4±14.6 p>0.05

GGT 21.2±13.5 44.5±39.1 P<0.05

Total Cholesterol 179.6±30.5 187.3±23 P>0.05

Triglycerides 121.7±64.7 126.7±60 p>0.05

BMI 26±3.8 26.8±3 p>0.05

HOMA- IR 3±2.3 4.1±4 P>0.05

CTL 55.5±7.8 47.6±6.1 P<0.05

CTS 45.8±3.4 45.4±2.7 P>0.05

CTL-S 9.7±8.6 2.2±7 p<0.05

CTL/S 1.22±0.2 1±0.15 P<0.05

Material and methods
In this study, the files of patients who underwent LDLT 

at our center between January 2015 and December 2017 were 
reviewed retrospectively. During the pretransplant donor 
evaluation, hepatosteatosis was detected and biopsied donors 
were included in the study. Ethics committee approval was not 
obtained because this study was retrospective. CT scans were 
evaluated by an experienced radiologist. Body mass index and 
detailed blood tests of donors were obtained from the records 
received at the time of application.  

CT images were taken of all donors by way of 
multidetection CT (Somatom Sensation 16; Siemens Medical 
Systems, Erlangen, Germany). CT was performed first without 
contrast and then with the angiographic imaging contrast. In 
CT images without contrast, attenuation values of the liver 
and spleen were calculated by using the mean Hounsfield units 
(HU) of regions of interest (ROIs). Three ROIs were selected in 
the right hepatic lobes of all donor candidates, with each ROI 
measuring nearly 1cm×1cm.

Generally, hepatosteatosis in routine cases is determined 
by calculating the difference (CTL−S) between the hepatic 
attenuation value (CTL) and the spleen attenuation value (CTS) 
in CT images without contrast material. If this difference is less 
than five points, then the patient is accepted as being “suspicious 
for hepatosteatosis.”

When the CT images of all donors were reevaluated, 
the efficacies of two different methods for determining 
hepatosteatosis were also evaluated and compared with CTL−S. 
These methods included CTL and the ratio of hepatic attenuation 
to splenic attenuation (CTL/S).

Liver biopsy procedure
All hepatic biopsies were performed within one week 

after hepatosteatosis was confirmed during CT. Prior to the LB, 
the patient was marked with ultrasonography and then local 
anesthesia (1% lidocaine) was applied under the skin. A biopsy 
needle (Hepafix®; B. Braun, Melsungen, Germany) was taken 
from the intercostal space and biopsied by aspiration technique. 
Each patient was hospitalized for at least six hours after the 
procedure. The patients who were admitted to our clinic were 
followed for at least 24 hours after the procedure. At the end of 
these respective periods, patients who showed no complications 
were discharged. 

Histopathologic evaluation
Biopsy materials were fixed in 10% formalin and 

embedded in paraffin. The cross-sections were stained with 
hematoxylin and eosin, Masson’s trichrome, and reticulin dyes. 
Samples were accepted as sufficient for examination if they were 
larger than 1cm in length and contained more than 10 portal 
areas. Macrovesicular hepatosteatosis was graded according to 
the percentage and divided into three groups as follows: grade 
0 (0%–5%), grade 1 (6%–20%), or grade 2 (>20%) [15,16]. 
Fibrosis was examined with the use of Masson’s trichrome stain.

Results
The records of the patients who underwent LDLT in 

our center between January 2015 and December 2017 were 
retrospectively reviewed. Sixty liver donors (age: 32.4±7.7 
years; 42 males) who underwent LB with hepatosteatosis were 
included in this study.

According to the results of LB, 43 (71.7%) of 60 patients 
had grade 0, 15 (25%) had grade 1, and two (3.3%) had grade 

2 hepatosteatosis, respectively. Since the number of grade 2 
patients was low, this group was combined with grade 1 patients 
for the purpose of statistical computations. Thus, the study 
participants were ultimately divided into group A (group 0) and 
group B (groups 1 and 2).

Table 1 presents the demographic data and CT indices of 
group A and group B patients. 

Table 1
Demographics and CT indexes of donors 
according to hepatosteatosis

AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline 

phosphatase; GGT, gamma glutamyltransferase; BMI, body mass index; HOMA-IR: 

Homeostatic model assessment - insulin resistance CTL, liver attenuation; CTL_S, 

difference between liver and spleen attenuation; CTL/S, ratio of hepatic attenuation 

to splenic attenuation; CTS, splenic attenuation.

CTL, hepatic attenuation value; CTL_S, difference between hepatic attenuation and 

spleen attenuation; CTL/S, ratio of hepatic attenuation to splenic attenuation.

Negative correlations between the CT indexes [i.e., CTL 
(r: −603; p<0.05), CTL−S (r: −578; p<0.05), CTL/S (r: −568; 
p<0.05)] and hepatosteatosis were detected.

Receiver operating characteristic analysis was performed 
(Figure 1) and the three indexes were found to be effective in 
the diagnosis of hepatosteatosis (p<0.001). CTL, CTL/S, and 
CTL−S cutoff values were 48.3, 1.06, and 3.2, respectively; 
sensitivity and specificity results were 88.3%, 64.7% and 86%, 
and 64.7% and 86%; and the area under the curve values were 
0.81, 0.79, and 0.80, respectively. 

Figure 1 - The relationship between used computerized 
tomography (CT) indexes and degree of hepatosteatosis on 
linear regression analysis.
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Discussion
LB was first performed by Erlich in 1883. Currently, it 

remains the gold-standard method for the diagnosis and follow-
up of most liver diseases. Since it is an invasive procedure, the 
complications observed during and after the procedure may be 
serious enough to threaten the life of the involved patients. The 
biopsy technique, the experience of the applied center, and the 
suitability of the biopsy needle used are main factors dictating 
the onset of complications. Today, LB is performed in three 
ways, as follows: percutaneous, transvenous, and laparoscopic. 
In our study, percutaneous LB was performed with guidance 
from ultrasonography. Since bleeding is the most significant 
cause of mortality, the bleeding parameters of the patient 
should be closely monitored both before and after the biopsy. 
Patients with a high risk of bleeding should be treated with blood 
products against the possibility of bleeding. LB should not be 
performed in inappropriate patients. Liver transplantation is 
the most effective treatment of liver cirrhosis. Mostly, LDLT is 
performed at our center. CT is usually used in donor evaluation. 
LB is recommended in selected cases where radiological imaging 

methods cannot obtain sufficient data. Macrovesicular steatosis 
is associated with complications that may occur postoperatively 
in LDLT. For these reasons, we are frequently referring to LB in 
hepatosteatosis in selected cases before LT. One hundred fifty-
five LBs were performed in our center and included in this study 
and no instances of major bleeding or death due to LB were 
observed [5–9]. 

In the current medical literature, many methods have 
been suggested as alternatives to LB, with CT being the most 
prominent option among them and the preferred method in our 
center. The evaluation of hepatosteatosis is performed according 
to the liver parenchyma attenuation value as measured by HUs. 
Since the attenuation value of the fat tissue is lower than that 
of the soft tissue (i.e., -100 HUs), the attenuation value of liver 
parenchyma decreases in the presence of hepatosteatosis.

There are a limited number of studies to date that have 
compared contrast and noncontrast CT in the evaluation of 
hepatosteatosis in the literature. Furthermore, depending on the 
scan timing, there can be value variations in attenuation. For this 
reason, in the evaluation of hepatosteatosis, CT without contrast 
is generally used. In noncontrast CT examinations, the hepatic 
attenuation value is 55 to 60 HUs, which is slightly elevated 
as compared with that for the spleen due to the glycogen 
concentration present in the liver. The most frequently used 
indexes in the evaluation of hepatosteatosis are CTL, CTL/S, 
and CTL−S. If the CTL and CTS values are low, this indicates 
hepatosteatosis [10,11]. Park et al. reported the CTL/S sensitivity 
and specificity as 91% and 97%, respectively, by establishing 
the cutoff value of CTL/S as 0.9 in serious hepatosteatosis. In 
the same study, the authors reported the CTL/S sensitivity and 
specificity as 91% and 99%, respectively, by taking a cutoff 
value of CTL/S of 0.7 [12]. In another study, when the cutoff 
value was set as high as 1.1, the sensitivity and the specificity 
were determined to be 83% and 82% [13]. Lee et al. determined, 
a sensitivity of 72.7% and a specificity of 91.3% when CTL−S 
cutoff value was 3.2 [14]. In our study, the CTL, CTL/S, and 
CTL−S cutoff values were 48.3, 1.06, and 3.2, respectively. 
Furthermore, according to these cutoff values, the sensitivity 
values were 64.7%, 64.7%, and 88.3% and the specificity values 
were 86%, 86%, and 64.7%, respectively, while AUC values 
for these cutoff levels were found to be 0.81, 0.79, and 0.80, 
respectively. All three indices were found to be effective in the 
diagnosis of hepatosteatosis (p<0.001).

Importantly, the retrospective nature of this study is a 
major limitation. Some parameters of the patients could not 
be collected from the records. However, this study is expected 
to contribute positively to the medical literature because of its 
inclusion of a sufficient number of patients in the evaluation of 
liver donors.

LB continues to be the gold standard in the diagnosis 
and the treatment of most liver diseases. CT images are widely 
used and highly correlated with LB findings. As a noninvasive 
method, CT imaging may decrease the need for LB, which is an 
invasive procedure, and may reduce the number of complications 
and the cost of the procedure. Further prospective, multicenter 
studies are needed to support this hypothesis. 

Compliance with ethical standards
The study conformed to the ethical guidelines of the 1975 

Declaration of Helsinki. This retrospective study is verbally 
consulted to the local ethics committee. The committee secretary 
verbally declared that ethics approval is not necessary for this 
retrospective study. For this reason we do not have any certificate 
of ethics committee.
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