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Abstract
Purpose  To evaluate and compare the diagnostic performance of non-enhanced computed tomography (NECT) and contrast-
enhanced CT (CECT) attenuation indices in the assessment of hepatic steatosis by using biopsy as the reference standard.
Materials and methods  This retrospective study was approved by our Institutional Review Board. 55 Potential donors who 
underwent both NECT and triphasic CECT and core liver biopsy, were included the study. Average attenuation measure-
ments that were obtained from multiple regions in liver, spleen, and psoas muscle on both unenhanced and CECT were used 
for analysis. Hepatic attenuation measurements were analyzed with and without normalization with the spleen and psoas 
muscle. Linear regression and receiver operating characteristic (ROC) curve analysis were used to evaluate the statistical 
association between CT indices and steatosis at histology.
Results  Linear regression analysis confirmed the strongest correlation between steatosis and normalized measurements of 
hepatic attenuation with splenic attenuations on hepatic venous phase of CECT scan (R 0.821; R2 0.674 and R 0.816; R2 
0.665, respectively). The use of ROC curve analysis also demonstrated that normalized measurements of hepatic attenuation 
with splenic attenuations on hepatic venous phase of CECT showed high diagnostic performance regarding the qualitative 
distinction of steatosis (AUC values greater than 0.9).
Conclusion  Attenuation measurements of liver normalized with spleen on hepatic venous phase may be useful in evaluat-
ing steatosis in donor candidates with moderate to severe steatosis who are unacceptable for liver donation. In this manner 
unnecessary liver biopsy may be avoided in those donor candidates.

Keywords  Hepatic steatosis · Living donor liver transplantation (LDLT) · Contrast-enhanced CT · Non-enhanced CT

Introduction

Living donor liver transplantation (LDLT) is being increas-
ingly used as definitive therapeutic option in management 
of patients with end-stage liver disease due to limited avail-
ability of cadaveric donor organ donations. However, it 
is a complicated procedure and a healthy living donor is 
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concomitantly placed at risk [1–3]. Donor evaluation is one 
of the most important aspects of LDLT. The evaluation pro-
cess should reveal any conditions that may predispose the 
healthy donor to any intra and post-operative complications.

Hepatic steatosis is an important risk factor in liver sur-
gery and the adverse effects of steatosis in liver surgery were 
at first acknowledged in transplantation studies. Hepatic 
steatosis is now known to adversely affect the outcome of 
hepatic transplantation [4–7]. Hepatic steatosis is the most 
common diffuse liver condition that may disqualify an oth-
erwise healthy person from being a liver donor. Up to 30% 
of living liver donor candidates are rejected for presenting 
steatosis [8, 9].

In cases of cadaveric donor transplantation, the use of 
marginal donors has been discussed worldwide. But only 
perfect “or almost perfect” livers can be used in LDLT, as 
donor safety is the highest priority in LDLT [8, 10]. There 
are no consensus for the acceptable range of steatosis in 
LDLT, but it is generally accepted that moderate or severe 
(greater than 30%) steatosis should be avoided, to prevent 
complications in the donor [8, 11, 12]. However, the actual 
risk of mild steatosis in living liver donors remains to be 
elucidated [8]. Because of this some centers have the cut-off 
set at 10% for acceptability as a donor and some centers, like 
ours, consider 20% or more degree of steatosis as contrain-
dication for donation [12–15].

Liver biopsy is the standard method for assessment of 
steatosis. In addition liver biopsy is also useful in excluding 
occult chronic liver disease. Liver biopsies, in an otherwise 
suitable donor with normal liver function test results, may 
discover abnormalities most of which were non-specific 
findings of unknown significance [15, 16]. But the role of 
liver biopsy in donor selection remains controversial, since 
the procedure carries potential risks for the donor candidate. 
Some transplantation centers advocate routine liver biopsy 
as part of donor evaluation and some perform liver biopsy 
on potential donors based on clinical and imaging findings 
that suggest some degree of concern regarding histological 
status of the liver [16]. Although liver biopsy is known to 
be a safe procedure, it is still an invasive procedure that may 
cause morbidity. Furthermore it is prone to sampling errors 
and the determination is semi-quantitative [17, 18]. In order 
to overcome these potential limitations of biopsy, various 
imaging techniques have been employed for the evaluation 
of steatosis in preoperative donor liver evaluation. However, 
there is no consensus as to which imaging modality should 
be used or regarding the threshold values that should be used 
to identify hepatic steatosis and to suggest which patients 
require biopsy [15].

Among cross-sectional imaging modalities, magnetic 
resonance imaging (MRI) is currently considered as being 
the most effective non-invasive method for the diagnosis 
of steatosis [3, 16, 19, 20]. The degree of steatosis can be 

determined by either using gradient-echo chemical shift 
imaging (Dixon method) or proton MR spectroscopy. Pre-
vious studies have demonstrated that MRI can be used to 
evaluate hepatic steatosis and can be used as an initial evalu-
ation tool to determine the necessity of selective preopera-
tive liver biopsy in LDLT [15, 21, 22].

The donor liver evaluation includes not only assessment 
of hepatic parenchyma but also assessment of the hepatic 
volume, vascular and biliary anatomy, and a multistep evalu-
ation protocol is used. Multidetector computed tomography 
(CT) permits reasonable assessment of the hepatic paren-
chymal morphology in conjunction with estimation of the 
liver volumes and a detailed analysis of vascular anatomy. In 
many transplantation centers, to simplify and shorten time-
consuming and costly procedures, CT has been most widely 
used as a comprehensive tool although it is considered to 
be less sensitive in the assesment of hepatic steatosis than 
MRI [1, 23].

Non-enhanced CT (NECT) has long been used to evalu-
ate hepatic steatosis on the basis of the inverse relationship 
between the amount of steatosis and the hepatic attenuation 
at CT and it is generally assumed that NECT may provide 
a reasonable assessment of steatosis [17, 19, 21, 24, 25]. 
In some reports, researchers suggested that NECT might 
preclude liver biopsy in some of liver donor candidates who 
have an unacceptable degree of steatosis and may be used 
as a screening tool that would minimize unnecessary liver 
biopsy in patients with an unacceptable degree of hepatic 
steatosis for transplantation [21, 25]. But despite the wide-
spread use, there is conflicting evidence to as to whether or 
not it can accurately quantitatively estimate steatosis [17, 
24–28].

Whether these methods for diagnosing fatty infiltration of 
the liver can be applied to contrast-enhanced CT (CECT) is 
an important question. There have been studies [24, 26–28] 
regarding the diagnosis of steatosis on CECT and some of 
these [26, 27, 29] showed a high accuracy of CECT. But 
most of these studies [19, 24, 30] showed lower accuracy 
of CECT compared with NECT and suggested that contrast 
material related factors such as iodine concentration, vol-
ume and rate of injection, and scanning delays, influence the 
hepatic attenuation to varying degrees and may mask subtle 
differences in attenuation caused by steatosis. However most 
of the previous studies lacked pathological correlation and 
were not designed to allow a definitive comparison between 
CECT and NECT as NECT was used as the reference stand-
ard [27–30].

Another issue is that there are several attenuation indi-
ces that have been used to assess steatosis with CT. These 
include measurement of liver attenuation only and normali-
zation of hepatic attenuation with splenic and muscle attenu-
ation. But there is no consensus on which method is best for 
predicting hepatic steatosis [17, 21, 24–28, 31–33].
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We thought that it will be valuable to understand the 
capability of CECT for the diagnosis of hepatic steatosis 
as it is used often without concomitant NECT. If diagnostic 
accuracy of CECT for diagnosing and quantification of stea-
tosis is proved, CT protocols for preoperative donor evalu-
ation may be reviewed with the purpose of avoiding unnec-
essary scan phases. Also we felt it necessary to reevaluate 
diagnostic accuracy of NECT as it is widely employed for 
diagnosing steatosis. In this study we used attenuation meas-
urements of liver only and liver attenuation normalized with 
spleen and muscle attenuations on both NECT and CECT 
scans in order to evaluate and compare the diagnostic perfor-
mance of CT indices in the assessment of hepatic steatosis 
by using biopsy as the reference standard.

Materials and methods

Study population

This study was approved by our Institutional Review Board. 
All subjects gave written informed consent for CT imaging.

We retrospectively reviewed the database of 134 donor 
candidates who were evaluated for LDLT at our institution 
between May 2014 and February 2017. Our liver transplan-
tation center was performing US-guided liver biopsy on all 
potential donors unless there were any abnormal findings 
other than hepatic steatosis on CT that might preclude liver 
donation until December 2015. Later on a different donor 
evaluation protocol was adopted and liver biopsy was per-
formed only on selected cases based on clinical and imag-
ing findings. Out of these donor candidates, 55 potential 
donors who underwent both NECT and triphasic CECT and 
core liver biopsy were included the study. Donor candidates 
whom liver biopsy were not performed, were excluded from 
the study. The interval between preoperative CT and donor 
biopsy was not greater than 1 week.

In these 55 candidates, the mean age was 37.18 years, 
with a range of 21–60 years. These included 37 men (mean 
age 37.18 years; SD 7.93; range 21–58 years) and 18 women 
(mean age 42.22 years; SD 10.1; range 21–60 years).

CT imaging protocol

All CT scans were obtained with a 256 slice multidetec-
tor row CT scanner (Brilliance iCT, Philips Healthcare, 
Best, the Netherlands). NECT and CECT scanning were 
performed from the lung base through pelvic inlet. CECT 
imaging was performed following the dynamic injection of 
non-ionic low osmolar iodinated contrast material. For the 
CECT scans, all patients received a dose of 1.5 mL/kg body 
weight contrast material with a standard iodine concentra-
tion of 350 mg I/mL (iohexol 350 mg I/mL, Omnipaque, 

Opakim Medical Products, Inc., Istanbul, Turkey). The con-
trast material (warmed to body temperature) was adminis-
tered intravenously by means of an automatic power injector 
(Medrad® Stellant® CT Injection System, Bayer HealthCare 
LLC, Pittsburg, USA) with a rate of 4 mL/s followed by 
50 ml of saline solution at a flow rate of 4 mL/s through 
an 22 gauge angiographic catheter into an antecubital vein.

Arterial phase imaging was performed using a bolus 
tracking technique, i.e., 10 s delay after the aortic attenuation 
at the level of the diaphragm had reached 120 Hounsfield 
units (HU). Portal inflow (parenchymal) phase and hepatic 
venous (late venous) phase images were obtained approxi-
mately 55–60 s and 75–80 s after the initiation of intrave-
nous contrast material administration respectively.

The technical parameters utilized at CT scans for NECT 
and CECT imaging were the following: slice collimation 
128 × 0.625 mm, beam pitch 0.99, gantry rotation time 0.5 s, 
section thickness 1 mm, reconstruction interval 1 mm, volt-
age 120 kVp. CT scans were performed using an automated 
dose modulation system (Automatic DoseRight ACS, Philips 
Healthcare, USA) with the maximal allowable tube current 
set at 200 mA.

The data were transferred to workstation (Philips Intellis-
pace Portal Workstation, Philips Healthcare, Best, The Neth-
erlands) from picture archiving and communication System 
(Centricity Universal Viewer, GE Medical Systems, Mil-
waukee, WI, USA) for imaging post-processing and analysis 
and all the images were interpreted by a single observer with 
10 year experience in imaging diagnosis.

Image analysis

Image analysis for hepatic steatosis was assessed by a radi-
ologist blinded to histopathologic findings. We measured the 
HU of the liver, spleen, and psoas muscles by using region-
of-interest (ROI) measurement of CT attenuation on NECT 
and CECT scans (Fig. 1).

Since all patients included in the study were right lobe 
LDLT donor candidates and liver biopsies were performed 
only from the right lobe of the liver, the CT attenuations of 
liver were measured only from right lobe. In addition, the 
attenuation of the right hepatic lobe was found to be lower 
than that of the left lobe because of the differential distribu-
tion of liver fat. In diffuse steatosis, particularly the non-
cirrhotic type, there is a preferential distribution of steatosis 
toward the right hepatic lobe because of the physiologically 
greater portal flow to the right lobe than to the left lobe [19]. 
As our study is retrospective, we cannot warrant location-
to-location correlation between the pathologic specimens 
and the attenuation measurements. In order to overcome this 
limitation we measured multiple ROIs from the right lobe 
and used the average value for analysis. The hepatic attenu-
ation was measured by averaging the HU values of 8 circular 
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ROI’s (100–105 mm2), that were placed at 2 different sites 
(central and peripheral portion) in each segment of the right 
hepatic lobe according to Courinaud’s system. We tried to 
match the biopsy sites and the locations of the ROIs at CT as 
closely as possible. Care was taken to sample homogeneous 
areas representative of the parenchyma, with avoidance of 
vessels, bile ducts and focal lesions.

The splenic attenuation was obtained by averaging the 
6 HU values at three different (the upper third, middle third, 
and lower third of the spleen) level. For each level 2 ROI’s 
(100–105 mm2) was placed with care so as not to include 
macroscopic vessels.

The psoas muscle attenuation measurements were 
obtained by averaging 2 HU values of one ROI in the left 
and one in the right.

For each candidate, five different CT indices were 
obtained by using both NECT and triphasic CECT images; 
liver attenuation only on non-enhanced, arterial, portal 
inflow, and hepatic venous phases (L, A, P, and V, respec-
tively), difference between the hepatic and splenic attenu-
ation on non-enhanced, arterial, portal inflow, and hepatic 
venous phases (L − S, aL − S, pL − S and vL − S, respec-
tively), liver to spleen attenuation ratio on non-enhanced, 
arterial, portal inflow, and hepatic venous phases (L/S, aL/S, 
pL/S, and vL/S, respectively), difference between the hepatic 
and psoas muscle attenuation on non-enhanced, arterial, 
portal inflow, and hepatic venous phases (L − M, aL − M, 
pL − M, and vL − M, respectively) and liver to psoas muscle 
attenuation ratio on non-enhanced, arterial, portal inflow, 
and hepatic venous phases (L/M, aL/M, pL/M, and vL/M, 
respectively).

Histologic analysis

US-guided liver biopsy was performed by a interventional 
radiologists with 18-gauge needles (Tru-Core™ II Auto-
matic Biopsy Instrument; Argon Medical Devices, Dal-
las, USA). In all donor candidates, biopsy specimens were 
obtained from the right hepatic lobe by using an intercostal 
approach. Two biopsy specimens were obtained from every 
candidate. These sites were located approximately between 
hepatic segments V, VI, VII, and VIII.

A pathologist, who was blinded to the radiologic findings, 
evaluated the liver biopsy samples for histopathologic grad-
ing of hepatic steatosis. The slides for histological review 
were prepared with haematoxylin–eosin staining for evalu-
ation of the degree of steatosis. The histological degree of 
steatosis was visually assessed using a percentage scale of 
the amount of liver parenchyma replaced by steatotic drop-
lets. Because 1–4% hepatic steatosis is clinically non-sig-
nificant, donor candidates who have steatosis less than 5% 
in biopsy specimens, were considered as non-steatotic and 
candidates who have steatosis equal to or greater than 5% 

Fig. 1   Hepatic venous phase contrast-enhanced CT images of 
35-year-old male donor candidate showing circular ROIs (100–
105 mm2) placed with care so as not to include macroscopic vessels. 
a Image shows 4 ROIs (white circles) placed at two different sites in 
segments 7 and 8 of the liver. b Image shows 2 ROIs (white circles) 
placed at middle third of the spleen. c Image shows 2 ROIs (white 
circles) placed one in left and one in right psoas muscle
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in specimens are considered as steatotic. For our study, the 
degree of steatosis at histologic analysis was used as the 
reference standard.

Data and statistical analysis

Statistical analyses were performed by using SPSS 16.0 for 
Windows (SPSS, Chicago, IL, USA). The statistical associa-
tion between steatosis at histologic analysis and all CT indi-
ces was analyzed using the linear regression. A p value of 
less than 0.05 was considered significant. The standard error 
of the estimate between the degree of steatosis at histol-
ogy and those estimated with the regression equations were 
calculated. Receiver operating characteristic (ROC) curve 
analysis was also carried out in order to evaluate which indi-
ces were best associated with the presence and severity of 
steatosis. The area under the ROC curves (AUC) and 95% 
confidence intervals (CIs) were calculated and compared 
among CT indices. A two-sided value of p value of less 
than 0.05 was considered significant. The cut-off values that 
provided a balance between sensitivity and specificity and 
the highest cut-off values that yielded 100% specificity were 
determined by using Youden Index.

Results

Histologic analysis

In the 55 donor candidates, the degree of steatosis at 
histologic analysis ranged from 0 to 30% (mean ± SD 
10.31% ± 10.27). Of these, 24 potential donor livers (43.6%) 
were non-steatotic (mean ± SD 1.25% ± 1.51, range 0–3%) 
and remaining 31 potential donor livers (56.4%) had steato-
sis (mean ± SD 17.32% ± 8.48, range 5–30%) on histology. 
16 Potential donor livers (29.1%) had equal to or greater 
than 20% (the cut-off set for acceptability as a donor in our 
center) steatosis (mean ± SD 24.69% ± 3.86, range 20–30%) 
on histology and were not accepted for LDLT. Remain-
ing 39 donor candidates (70.9%) were accepted for LDLT 
(mean ± SD 4.41% ± 4.627, range 5–30%).

CT and histologic analysis

The attenuation values (mean ± SD and range) of liver, 
spleen and psoas muscle, the data for all CT indices 
(mean ± SD and range) are presented in Table 1.

With the changes in the degree of hepatic steatosis, there 
was no significant difference in splenic attenuation. But 
the SD of spleen CT attenuation in CECT scans was sig-
nificantly higher than in NECT scans. This change in SD 
of spleen CT attenuation was more pronounced in arterial 
phase CT scans.

There was also marked difference in liver CT attenua-
tion values in CECT scans, except arterial phase CT scan in 
non-steatotic liver. The change in SD of liver CT attenuation 
was higher in portal and hepatic venous phases. But these 
changes in SD of liver and spleen attenuations were almost 
equal in portal and hepatic venous phases.

There was no difference in the SD of psoas muscle CT 
attenuation when cathegorzed by the degree of hepatic stea-
tosis. Furthermore there was no difference in the SD of psoas 
muscle CT attenuation in different phases of CECT scans.

Results of linear regression analysis

Linear regression analysis confirmed a very strong correla-
tion between steatosis and vL − S and vL/S (R 0.821, R2 
0.674 and R 0.816, R2 0.665, respectively). There was also 
a strong correlation between steatosis and pL − S and pL/S 
(R 0.739, R2 0.546 and R 0.735, R2 0.540, respectively). All 
NECT indices had lower but strong correlation with steato-
sis. But the difference among these was small.

The standard error of the estimate (S2) between the degree 
of steatosis at histology and those estimated with the regres-
sion equations varied between 5.920 and 9.843.

The results of linear regression analysis for NECT and 
CECT scans are shown in Table 2.

Performance of CT in the diagnosis of presence 
and severity of steatosis

On the basis of the presence or absence of steatosis, vL/S, 
vL − S, L/M, L − M, pL/S, and pL − S were highly predic-
tive with AUC of greater than 0.9. L, L − S, L/S, A, aL − M, 
aL/M, had AUC values greater than 0.8. There was no statis-
tical difference between these AUC values (p values between 
0.13 and 0.98).

vL − S and vL/S were also highly predictive in discrimi-
nating steatosis equal to or greater than 20% and steatosis 
less than 20%, with AUC values of 0.950 and 0.947 respec-
tively. L, L/S, L − S, pL − S, and pL/S were also good pre-
dictors with high AUC values (ranging between 0.870 and 
0.876). There was also no statistical difference between these 
AUC values (p values between 0.27 and 0.96).

The ROC curve analysis for the diagnosis of presence 
and absence of steatosis and of steatosis 20% or greater are 
shown in Table 3.

The cut‑off values in the diagnosis of presence 
and severity of steatosis

The cut-off values that provided a balance between sensitiv-
ity and specificity for the diagnosis of presence and absence 
of steatosis were 2.5 for L − M and 1.04 for L/M and L − M 
and L/M had the highest overall accuracy rates (89%). But 
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if the cut-off values were chosen to yield 100% specificity 
(− 3.5 for L − M and 0.93 for L/M) the accuracy rates were 
lowered to 71%.

The cut-off values that provided a balance between sen-
sitivity and specificity and the highest cut-off values that 
yielded 100% specificity for the diagnosis of presence and 
absence of steatosis were – 1.5 for vL − S and 0.98 for vL/S 
and also provided high accuracy rates (87% for each).

The cut-off values that provided a balance between sensi-
tivity and specificity on the basis of discriminating steatosis 
equal to or greater than 20% and steatosis less than 20% were 
– 5.5 for vL − S and 0.94 for vL/S and provided the highest 
accuracy rates (93% and 91% respectively). When the cut-off 
value were chosen to yield 100% specificity (− 11 for vL − S 
and 0.87 for vL/S), the accuracy rates remained moderately 
high (87% for each).

The cut-off values and the corresponding sensitivity, 
specificity, positive and negative predictivity values, and 
accuracy rates for NECT indices and for vL − S and vL/S 
are summarized in Table 4 (the cut-off values of all CT indi-
ces in the diagnosis of presence and severity of steatosis are 
shown in online resource Table 5).

Discussion

Our study is one of the few studies that evaluate and com-
pare the accuracy of different CT indices on both NECT and 
CECT scans.

Linear regression analysis confirmed very strong cor-
relations between vL − S, vL/S and steatosis at histologic 

examination. R and R2 values of vL − S and vL/S were 
higher not only than other CECT indices values but also 
than NECT indices values and this result is inconsistent 
with previous studies [17, 24, 25]. But despite these, the 
difference between steatosis at histologic analysis and the 
steatosis estimated with linear regression equations for all 
CT indices were too large. Therefore, we agree with pre-
vious studies [17, 25] that CT indices are not acceptable 
for clinical use in the quantitative estimation of steatosis.

On the other hand, the use of ROC curve analysis dem-
onstrated that CT indices can be used to discriminate pres-
ence or absence of steatosis and to differentiate steatosis 
equal to or greater than 20% from steatosis less than 20%. 
Attenuation measurements of liver normalized with spleen 
on hepatic venous phase (vL − S and vL/S) had the highest 
predictive values in predicting the presence and severity of 
steatosis and the reduction in hepatic blood flow and hepatic 
microcirculation caused by steatosis seems to be a sensible 
explanation of this high accuracy. Hepatic attenuation on 
CECT, represents the combination of the parenchymal atten-
uation (attenuation on NECT) and the attenuation caused 
by the contrast material in blood within the sinusoids. It 
is known that hepatic blood flow and microcirculation are 
decreased in steatotic livers compared with those in normal 
liver. The flow in the microcirculation is more markedly 
reduced with severe steatosis [34–36]. Experimental stud-
ies in animal models showed an inverse correlation between 
the degree of fat infiltration and both total hepatic blood 
flow and flow in the microcirculation [37]. This reduction 
in hepatic blood flow and hepatic microcirculation causes 
an additional decrease in CT attenuation on CECT besides 

Table 2   Results of linear 
regression analysis

All series of comparisons between pathologic fat content and CT indices are p < 0.05
L liver attenuation only, L − S difference between the hepatic and splenic attenuation, L/S liver to spleen 
attenuation ratio, L − M difference between the hepatic and psoas muscle attenuation, L/M liver to psoas 
muscle attenuation ratio, R correlation coefficient, R2 coefficient of determination, SEE standard error of 
the estimate

CT types Values CT indices

L L − S L/S L − M L/M

Non-enhanced R 0.675 0.684 0.670 0.660 0.661
R2 0.455 0.468 0.449 0.435 0.437
SEE 7.654 7.565 7.7 7.796 7.783

Arterial phase R 0.651 0.315 0.473 0.641 0.631
R2 0.424 0.099 0.224 0.411 0.398
SEE 7.871 9.843 9.137 7.960 8.047

Portal inflow phase R 0.552 0.739 0.735 0.520 0.467
R2 0.305 0.546 0.540 0.270 0.218
SEE 8.446 6.989 7.038 8.860 9.172

Hepatic venous phase R 0.580 0.821 0.816 0.555 0.490
R2 0.337 0.674 0.665 0.308 0.240
SEE 8.448 5.920 6.0 8.625 9.042
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decreased hepatic parenchymal attenuation caused by fatty 
infiltration. This additional contrast may help to diagnose 
steatosis. In agreement with this, one study showed that the 
attenuation difference between the steatotic portion and the 
normal portion of the liver became greater after contrast 
enhancement compared with the non-enhanced state [38].

After considering that CECT indices may give more 
information regarding hepatic steatosis than NECT indices, 
another problematic that arises is that which CT attenua-
tion indices and which phase of CECT is best for predict-
ing steatosis. The performance of different CT indices on 
different phases of CECT in predicting steatosis were dis-
tinct in our study and the contrast material enhancement 
patterns of liver, spleen, and psoas muscle seem to explain 
these variability. The contrast enhancement of liver and 
spleen are stabilized at a near-steady state in late phases 
[28]. This results in diminished divergence between liver 
and spleen attenuation in late phases as seen in our study as 
almost equal SD of attenuation of spleen and liver on venous 
phase. Besides this, the SD of attenuation of liver only on 
late phases of CECT (P and V) was large. These may be a 
reasonable explanation of the high predictive value of vL/S 
and vL − S regarding the qualitative distinction of steatosis 
than other CECT indices in our study.

On the other hand, the rapid enhancement of spleen 
causes increased variability between spleen and liver attenu-
ation on arterial phase [28]. The larger differences in SD 
of attenuation of spleen and liver on arterial phase in our 
study support this knowledge. Because of this we think that 
aL/S and aL − S is not eligible for assessing steatosis. But 
if the arterial phase is to be used for assessing steatosis, we 
propose to use attenuation of liver only (A) because the SD 
of attenuation of liver on NECT and arterial phase of CECT 
was almost equal.

These findings are in part consistent with some previous 
reports [26–28]. In their study, in which biopsy was used as 
the reference and images that were obtained 75 s after the 
initiation of iv contrast material administration was used in 
analysis, Kim et al. [26] reported that attenuation measure-
ments of liver normalized with spleen on CECT (vL − S in 
our study) had comparable accuracy with NECT indices. In 
the study by Jacobs et al. [27] attenuation difference between 
the hepatic and splenic in late hepatic venous phases (from 
80 to 128 s after initiation of the contrast administration) 
yielded a very high accuracy in the diagnosis of steatosis. 
However, the high accuracy was probably largely a result 
of the selection bias towards patients with high degrees of 
hepatic steatosis in their study. Also this study lacked patho-
logical correlation.

But unlike these, Kodama et al. [24] reported pronounced 
inferiority of attenuation of liver normalized with spleen 
on CECT in which the images obtained with a 60-s scan 
delay were used as CECT images in the analyses. The lower Ta

bl
e 

3  
R

O
C

 c
ur

ve
 a

na
ly

si
s

AU
C

​ a
re

a 
un

de
r t

he
 c

ur
ve

, S
E 

st
an

da
rd

 e
rr

or
, C

I c
on

fid
en

ce
 in

te
rv

al
, L

 li
ve

r a
tte

nu
at

io
n 

on
ly

, S
 sp

le
en

 a
tte

nu
at

io
n,

 M
 m

us
cl

e 
at

te
nu

at
io

n,
 L

 −
 S

 d
iff

er
en

ce
 b

et
w

ee
n 

th
e 

he
pa

tic
 a

nd
 sp

le
ni

c,
 a

tte
n-

ua
tio

n,
 L

/S
 li

ve
r t

o 
sp

le
en

 a
tte

nu
at

io
n 

ra
tio

, L
 −

 M
 d

iff
er

en
ce

 b
et

w
ee

n 
th

e 
he

pa
tic

 a
nd

 p
so

as
 m

us
cl

e 
at

te
nu

at
io

n,
 L

/M
 li

ve
r t

o 
ps

oa
s m

us
cl

e 
at

te
nu

at
io

n 
ra

tio

C
T 

ty
pe

s
Va

lu
es

Th
e 

ar
ea

 u
nd

er
 th

e 
RO

C
 c

ur
ve

 fo
r t

he
 d

ia
gn

os
is

 o
f p

re
se

nc
e 

an
d 

ab
se

nc
e 

of
 

ste
at

os
is

Th
e 

ar
ea

 u
nd

er
 th

e 
RO

C
 c

ur
ve

 fo
r t

he
 d

ia
gn

os
is

 o
f m

ac
ro

ve
si

cu
la

r s
te

at
os

is
 o

f 
20

%
 o

r g
re

at
er

L
L 

−
 S

L/
S

L 
−

 M
L/

M
L

L 
−

 S
L/

S
L 

−
 M

L/
M

N
on

-e
nh

an
ce

d
A

U
C

 (S
E)

0.
85

6 
(0

.0
52

)
0.

86
6 

(0
.0

47
)

0.
86

5 
(0

.0
48

)
0.

91
4 

(0
.0

4)
0.

91
5 

(0
.0

39
)

0.
87

4 
(0

.0
68

)
0.

87
0 

(0
.0

61
)

0.
87

6 
(0

.0
58

)
0.

82
5 

(0
.0

71
)

0.
81

9 
(0

.0
73

)
95

%
 C

I
0.

75
5 

to
 0

.9
57

0.
77

3 
to

 0
.9

58
0.

77
2 

to
 0

.9
58

0.
83

6 
to

 0
.9

92
0.

83
6 

to
 0

.9
92

0.
74

1 
to

 1
.0

08
0.

75
0 

to
 0

.9
90

0.
76

1 
to

 0
.9

90
0.

68
5 

to
 0

.9
64

0.
67

7 
to

 0
.9

61
A

rte
ria

l p
ha

se
A

U
C

 (S
E)

0.
83

9 
(0

.0
56

)
0.

71
4 

(0
.0

70
)

0.
81

6 
(0

.0
58

)
0.

85
7 

(0
.0

52
)

0.
85

5 
(0

.0
51

)
0.

86
1 

(0
.0

63
)

0.
69

2 
(0

.0
79

)
0.

81
0 

(0
.0

65
)

0.
83

3 
(0

.0
62

)
0.

82
9 

(0
.0

64
)

95
%

 C
I

0.
73

0 
to

 0
.9

48
0.

57
6 

to
 0

.8
53

0.
70

2 
to

 0
.9

30
0.

75
5 

to
 0

.9
58

0.
75

4 
to

 0
.9

55
0.

73
9 

to
 0

.9
84

0.
53

8 
to

 0
.8

46
0.

68
2 

to
 0

.9
38

0.
71

2 
to

 0
.9

55
0.

70
2 

to
 0

.9
55

Po
rta

l i
nfl

ow
 

ph
as

e
A

U
C

 (S
E)

0.
75

9 
(0

.0
64

)
0.

91
2 

(0
.0

36
)

0.
91

3 
(0

.0
36

)
0.

75
7 

(0
.0

64
)

0.
73

3 
(0

.0
67

)
0.

81
9 

(0
.0

57
)

0.
87

4 
(0

.0
48

)
0.

87
3 

(0
.0

49
)

0.
77

0 
(0

.0
67

)
0.

70
5 

(0
.0

78
)

95
%

 C
I

0.
63

4 
to

 0
.8

83
0.

84
1 

to
 0

.9
83

0.
84

2 
to

 0
.9

83
0.

63
2 

to
 0

.8
82

0.
60

1 
to

 0
.8

64
0.

70
7 

to
 0

.9
56

0.
77

9 
to

 0
.9

69
0.

77
8 

to
 0

.9
69

0.
64

0 
to

 0
.9

00
0.

55
3 

to
 0

.8
57

H
ep

at
ic

 v
en

ou
s 

ph
as

e
A

U
C

 (S
E)

0.
76

7 
(0

.0
63

)
0.

93
3 

(0
.0

31
)

0.
93

4 
(0

.0
31

)
0.

79
4 

(0
.0

59
)

0.
77

2 
(0

.0
63

)
0.

85
2 

(0
.0

53
)

0.
95

0 
(0

.0
34

)
0.

94
7 

(0
.0

34
)

0.
76

2 
(0

.0
68

)
0.

68
7 

(0
.0

82
)

95
%

 C
I

0.
64

3 
to

 0
.8

90
0.

87
3 

to
 0

.9
94

0.
87

4 
to

 0
.9

94
0.

67
8 

to
 0

.9
10

0.
64

8 
to

 0
.8

95
0.

74
8 

to
 0

.9
56

0.
88

4 
to

 1
.0

15
0.

88
1 

to
 1

.0
13

0.
62

8 
to

 0
.8

96
0.

52
5 

to
 0

.8
48



2426	 Abdominal Radiology (2019) 44:2418–2429

1 3

Ta
bl

e 
4  

A
cc

ur
ac

y 
of

 C
T 

at
te

nu
at

io
n 

in
di

ce
s i

n 
th

e 
qu

al
ita

tiv
e 

di
ag

no
si

s o
f s

te
at

os
is

N
um

be
rs

 in
 p

ar
en

th
es

es
 a

re
 ra

w
 d

at
a

PP
V 

po
si

tiv
e 

pr
ed

ic
tiv

e 
va

lu
e,

 N
PV

 n
eg

at
iv

e 
pr

ed
ic

tiv
e 

va
lu

e,
 A

R 
ac

cu
ra

cy
 ra

te
, L

 li
ve

r a
tte

nu
at

io
n 

on
ly

 o
n 

no
n-

en
ha

nc
ed

 p
ha

se
, L

 −
 S

 d
iff

er
en

ce
 b

et
w

ee
n 

th
e 

he
pa

tic
 a

nd
 sp

le
ni

c 
at

te
nu

at
io

n 
on

 
no

n-
en

ha
nc

ed
 p

ha
se

, L
/S

 li
ve

r t
o 

sp
le

en
 a

tte
nu

at
io

n 
ra

tio
 o

n 
no

n-
en

ha
nc

ed
 p

ha
se

, L
 −

 M
 d

iff
er

en
ce

 b
et

w
ee

n 
th

e 
he

pa
tic

 a
nd

 p
so

as
 m

us
cl

e 
at

te
nu

at
io

n 
on

 n
on

-e
nh

an
ce

d 
ph

as
e,

 L
/M

 li
ve

r t
o 

ps
oa

s 
m

us
cl

e 
at

te
nu

at
io

n 
ra

tio
 o

n 
no

n-
en

ha
nc

ed
 p

ha
se

, v
L 

−
 S

 d
iff

er
en

ce
 b

et
w

ee
n 

th
e 

he
pa

tic
 a

nd
 s

pl
en

ic
 a

tte
nu

at
io

n 
on

 h
ep

at
ic

 v
en

ou
s 

ph
as

e,
 v

L/
S 

liv
er

 to
 s

pl
ee

n 
at

te
nu

at
io

n 
ra

tio
 o

n 
he

pa
tic

 v
en

ou
s 

ph
as

e
a  V

al
ue

s l
es

s t
ha

n 
or

 e
qu

al
 to

 e
ac

h 
cu

t-o
ff 

va
lu

e 
in

di
ca

te
 a

 p
os

iti
ve

 d
ia

gn
os

is
 o

f m
ac

ro
ve

si
cu

la
r s

te
at

os
is

b  V
al

ue
s l

es
s t

ha
n 

or
 e

qu
al

 to
 e

ac
h 

cu
t-o

ff 
va

lu
e 

in
di

ca
te

 a
 p

os
iti

ve
 d

ia
gn

os
is

 o
f m

ac
ro

ve
si

cu
la

r s
te

at
os

is
 o

f 2
0%

 o
r g

re
at

er
c  R

ep
re

se
nt

s t
he

 c
ut

-o
ff 

va
lu

e 
th

at
 p

ro
vi

de
d 

a 
ba

la
nc

e 
be

tw
ee

n 
se

ns
iti

vi
ty

 a
nd

 sp
ec

ifi
ci

ty
d  R

ep
re

se
nt

s t
he

 h
ig

he
st 

cu
t-o

ff 
va

lu
e 

th
at

 y
ie

ld
ed

 1
00

%
 sp

ec
ifi

ci
ty

C
T 

in
de

x
A

cc
ur

ac
y 

of
 C

T 
at

te
nu

at
io

n 
in

di
ce

s i
n 

di
sc

rim
in

at
in

g 
pr

es
en

ce
 a

nd
 a

bs
en

ce
 o

f s
te

at
os

is
A

cc
ur

ac
y 

of
 C

T 
at

te
nu

at
io

n 
in

di
ce

s i
n 

di
sc

rim
in

at
in

g 
20

%
 o

r g
re

at
er

 st
ea

to
si

s

C
ut

-o
ff 

va
lu

es
a

Se
ns

iti
vi

ty
 (%

)
Sp

ec
ifi

ci
ty

 (%
)

PP
V

 (%
)

N
PV

 (%
)

A
R

 (%
)

C
ut

-o
ff 

va
lu

es
b

Se
ns

iti
vi

ty
 (%

)
Sp

ec
ifi

ci
ty

 (%
)

PP
V

 (%
)

N
PV

 (%
)

A
R

 (%
)

L
55

.5
c

74
 (2

3/
31

)
88

 (2
1/

24
)

89
 (2

3/
26

)
72

 (2
1/

29
)

80
50

.5
c

81
 (1

3/
16

)
90

 (3
5/

39
)

77
 (1

3/
17

)
92

 (3
5/

38
)

87
50

.5
d

55
 (1

7/
31

)
10

0 
(2

4/
24

)
10

0 
(1

7/
17

)
63

 (2
4/

38
)

75
43

.5
d

44
 (7

/1
6)

10
0 

(3
9/

39
)

10
0 

(7
/7

)
82

 (3
9/

48
)

84
L 

−
 S

−
 4

c
71

 (2
2/

31
)

88
 (2

1/
24

)
88

 (2
2/

25
)

70
 (2

1/
30

)
78

−
 1

.5
c

75
 (1

2/
16

)
92

 (3
6/

39
)

80
 (1

2/
15

)
90

 (3
6/

40
)

87
0d

52
 (1

6/
31

)
10

0 
(2

4/
24

)
10

0 
(1

6/
16

)
62

 (2
4/

39
)

73
−

 5
.5

d
56

 (9
/1

6)
10

0 
(3

9/
39

)
10

0 
(9

/9
)

85
 (3

9/
46

)
87

L/
S

1.
12

c
81

 (2
5/

31
)

79
 (1

9/
24

)
83

 (2
5/

30
)

76
 (1

9/
25

)
80

0.
97

c
75

 (1
2/

16
)

92
 (3

6/
39

)
80

 (1
2/

15
)

90
 (3

6/
40

)
87

0.
99

d
52

 (1
6/

31
)

10
0 

(2
4/

24
)

10
0 

(1
6/

16
)

62
 (2

4/
39

)
73

0.
91

d
63

 (1
0/

16
)

10
0 

(3
9/

39
)

10
0 

(1
0/

10
)

87
 (3

9/
45

)
89

L 
−

 M
2.

5c
90

 (2
8/

31
)

88
 (2

1/
24

)
90

 (2
8/

31
)

88
 (2

1/
24

)
89

−
 9

.5
c

63
 (1

0/
16

)
97

 (3
8/

39
)

91
 (1

0/
11

)
86

 (3
8/

44
)

87
−

 3
.5

d
48

 (1
5/

31
)

10
0 

(2
4/

24
)

10
0 

(1
5/

15
)

60
 (2

4/
40

)
71

−
 1

1.
5d

38
 (6

/1
6)

10
0 

(3
9/

39
)

10
0 

(6
/6

)
80

 (3
9/

49
)

82
L/

M
1.

04
c

87
 (2

7/
31

)
92

 (2
2/

24
)

93
 (2

7/
29

)
85

 (2
2/

26
)

89
0.

84
c

63
 (1

0/
16

)
97

 (3
8/

39
)

91
 (1

0/
11

)
86

 (3
8/

44
)

87
0.

93
d

48
 (1

5/
31

)
10

0 
(2

4/
24

)
10

0 
(1

5/
15

)
60

 (2
4/

40
)

71
0.

81
d

56
 (9

/1
6)

10
0 

(3
9/

39
)

10
0 

(9
/9

)
85

 (3
9/

46
)

87
vL

 −
 S

−
 1

.5
a,

d
77

 (2
4/

31
)

10
0 

(2
4/

24
)

10
0 

(2
4/

24
)

77
 (2

4/
31

)
87

−
 5

.5
c

94
 (1

5/
16

)
92

 (3
6/

39
)

83
 (1

5/
18

)
97

 (3
6/

37
)

93
−

 1
1d

56
 (9

/1
6)

10
0 

(3
9/

39
)

10
0 

(9
/9

)
85

 (3
9/

46
)

87
vL

/S
0.

98
c,

d
77

 (2
4/

31
)

10
0 

(2
4/

24
)

10
0 

(2
4/

24
)

77
 (2

4/
31

)
87

0.
94

c
94

 (1
5/

16
)

90
 (3

5/
39

)
79

 (1
5/

19
)

97
 (3

5/
36

)
91

0.
87

d
56

 (9
/1

6)
10

0 
(3

9/
39

)
10

0 
(9

/9
)

85
 (3

9/
46

)
87



2427Abdominal Radiology (2019) 44:2418–2429	

1 3

accuracy of CECT in Kodama’s study than ours may be 
explained in part with shorter scan delay than ours (75–80-s 
delay for ours). The high iodine dose employed in our study 
(350 mg I/mL) than this study (320 mg I/mL) may also con-
tribute to the high accuracy of vL − S in our study. Also 
different from our study, in the study of Kodama et al. [24], 
attenuation measurements were made in both left and right 
liver lobe and this may be another probable cause of the 
discrepancy. In the literature it is proposed that there is a 
preferential distribution of steatosis toward the right hepatic 
lobe in diffuse steatosis and attenuation of the right hepatic 
lobe was found to be lower than that of the left lobe [19].

There are a few studies investigating the accuracy of 
attenuation of liver normalized with muscle for assessing 
steatosis [30, 39]. Panicek et al. [30] suggested that muscle 
may be a better reference than spleen, for diagnosing steato-
sis on CECT. But there are marked differences in enhance-
ment patterns of liver and muscle after contrast injection and 
it results in large differences in SD of attenuation of muscle 
and liver especially on late phases. Because of this, we think 
that attenuation of liver normalized with muscle on CECT 
is not a useful method for predicting steatosis. On the other 
hand, although these was a small difference, L − M and L/M 
had the highest AUC values for the diagnosis of presence 
and absence of steatosis among other NECT indices and this 
is somewhat surprising result. We think that muscle may be 
used as an internal reference on NECT.

In our study, all NECT indices showed also high diagnos-
tic performance regarding the qualitative distinction of stea-
tosis. But because there was no statistical difference between 
these attenuation indices and comparison of hepatic attenu-
ation with an internal reference is more time consuming, 
we agree with Kodama et al. [24] in that measuring liver 
attenuation alone on NECT may be more reasonable.

We think that the real challenge is how to use these data 
especially with CECT. Because imaging timing influences 
the accuracy of CECT indices and the cut-off values for the 
diagnosis of steatosis as demonstrated in some other previ-
ous studies as well as our’s [27, 28, 38]. Some other factors 
such as injection rate, contrast material amount, iodine dose, 
and selected tube voltage may also affect attenuation meas-
urements and influence the cut-off value [19, 26, 28]. Intra- 
and interscanner variability may also has effect on hepatic 
attenuation measurement. Therefore the clinical usefulness 
of such a threshold is limited. But as long as the technical 
parameters are within the optimal range, these effects will 
be minimized [19] and we think that reproducible results 
can be achieved if these factors, especially imaging timing, 
can be standardized.

If we are to use CT for screening donor candidates, given 
the shortage of liver donors, using the highest cut-off value 
that yielded 100% specificity would be reasonable in order 
to minimize false-positive results. In this way the risk of 

excluding eligible donor candidates will be reduced. There-
fore using − 11 and 0.87 as cut-off values for vL − S and 
vL/S, respectively, in the diagnosis of steatosis of 20% or 
greater would be appropriate than choosing cut-off values of 
– 5.5 and 0.94 for vL − S and vL/S, respectively.

Our study had limitations. First, histologic analysis on 
hemosiderin deposits and microvesicular steatosis was not 
performed and these may also affect hepatic attenuation. 
Second, because the actual risk of mild steatosis in LDLT 
donors are unclear we have the cut-off set at 20% steatosis 
for acceptability as a donor although 30% or higher steatosis 
is used in some centers as a criterion. Finally fatty changes 
are sometimes heterogeneously distributed with in the liver. 
To overcome this limitation we measured a large number of 
ROIs and tried to match the biopsy sites and the locations 
of the ROIs at CT as closely as possible.

In conclusion, attenuation measurements of liver normal-
ized with spleen on hepatic venous phase (vL − S, vL/S), 
has higher predictive values not only than other CECT indi-
ces but also than NECT indices in predicting the presence 
and severity of steatosis and may be used in the qualitative 
diagnosis of steatosis with high specificities. This accuracy 
is particularly valuable in donor candidates because CT pro-
tocols for preoperative donor evaluation may be reviewed 
with the purpose of avoiding unnecessary scan phases. Even 
so, the absence of steatosis on CT scans does not necessarily 
indicate the absence of steatosis and diagnostic performance 
of NECT and CECT indices for clinical use in the quantita-
tive estimation of steatosis is not acceptable. Because of 
this its use in the evaluation of steatosis is limited. But CT 
findings of steatosis may be useful in evaluating steatosis 
in LDLT candidates with moderate to severe steatosis who 
are unacceptable for liver donation. In this manner unneces-
sary liver biopsy may be avoided in those donor candidates. 
Additionally for the fact that CECT is used often without 
concomitant NECT, the capability of CECT for the diagno-
sis of hepatic steatosis is much more valuable.
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