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Sonographic assessment of fatty liver: intraobserver
and interobserver variability

Mustafa Cengiz*, Senem Sentiirk?, Bulent Cetin3, Aylin Hasanefendioglu Bayrak*, Senem Uysal Bilek*

1Department of Gastroenterology, Dr. A.Y. Ankara Oncology Education and Research Hospital, Ankara, Turkey;
2Department of Radiology, Géztepe Training and Research Hospital, Istanbul, Turkey; SDepartment of Oncology,
Gazi University Faculty of Medicine, Ankara, Turkey; “Department of Radiology, Dicle University Faculty of Medicine,
Diyarbakir, Turkey

Received September 24, 2014; Accepted November 25, 2014; Epub December 15, 2014; Published December
30, 2014

Abstract: Non-alcoholic fatty liver disease (NAFLD) is a common liver disease worldwide and ultrasonography is
widely used in the diagnosis and the follow-up we purposed to assess intraobserver and interobserver variability
in the sonographic evaluation of the existence and steatosis grades of NAFLD. Alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) levels and AST to ALT (AST/ALT) ratio were compared between the grades
of hepatosteatosis. Hepatic ultrasonography (US) examinations consisted of 5-10 static images of 113 successive
adult patients, whose records were in the picture archiving and communication system (PACS) of our hospital were
retrospectively evaluated by two experienced radiologists. Hepatic images were graded into 4 groups; as normal,
mild, moderate or severe hepatic steatosis. Evaluation of hepatic steatosis of the same set of images was repeated
after one month under the same conditions. Interobserver and intraobserver agreement was assessed by using
kappa (k) statistics. In each group, the percentage of individuals with high ALT and/or AST, or AST/ALT ratio over 1
was calculated. The intraobserver agreement was 51%, fair kappa (k=0.356) for observer 1; and 68%, moderate
(k=0.591) for observer 2. The interobserver agreements in the initial and second readings were 39% and 40%, fair
(k=0.208) and (k=0.225), respectively. Elevations of ALT and/or AST levels were similar between groups depending
on the degree of hepatosteatosis among the patients. Visual assessment of NAFLD by ultrasonography has substan-
tial interobserver variability, and reproducibility of results is limited. More objective imaging modalities are needed
to evaluate the degree of hepatosteatosis.
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as well as hepatocellular carcinoma [8-10]. As
hepatocyte injury caused by fat accumulation
may yield to steatohepatitis, fibrosis and cirrho-
sis, it is important to diagnose and follow up

Introduction

Hepatic steatosis is a result of the deposition of
triglycerides in the hepatocytes and divided

into two subgroups, alcoholic and nonalcoholic
fatty liver diseases (NAFLD). NAFLD is a wides-
pread form of hepatic disorder with a prevalen-
ce between 10% and 24% in normal population
and nearly 74% in obese population [1-5]. NA-
FLD is a group of hepatic disorders, ranges
from simple hepatic steatosis characterized wi-
th no inflammation except macrovesicular or mi-
crovesicular steatosis and non-alcoholic stea-
tohepatitis (NASH) an inflammatory reaction wi-
th balloonic degeneration, inflammation with or
without fibrosis [6, 7]. NASH is described as the
coexistence of fat accumulation, inflammation,
and this ultimately may result in liver cirrhosis

NAFLD [11].

Currently, the only definite way to diagnose
NAFLD is liver biopsy, a costly, invasive and mor-
bidity associated diagnostic process [12]. Ultra-
sonography (US), computed tomography (CT)
and magnetic resonance imaging (MRI) may be
used to detect NAFLD noninvasively. However,
inflammation and early period of fibrosis in the
NAFLD can not be detected by conventional im-
aging modalities [11]. US, a simple, non-invasi-
ve, easily applicable and safely repeatable ima-
ging modality, is widely used in the diagnosis
and the follow-up of NAFLD The most suitable
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Figure 1. US images of a 36-year-old female patient. Observer 1 graded the liver as normal on the first evaluation;
and as mildly fatty on the second evaluation. Observer 2 graded liver as mildly fatty on both evaluations.

non-invasive method in detecting hepatic stea-
tosis is US with the sensitivity 60-94% and spe-
cificity 66-97%, but sensitivity and positive pre-
dictive values are low in mild steatosis [13]. It is
actually an operator dependent and the assess-
ment of fatty liver depends primarily on the sub-
jective evaluation of hepatic echogenicity and
posterior attenuation of the ultrasound beam
[14, 15]. The dependency of the diagnosis on
the subjective judgments of operators is also
problematic [16].

Mild or moderate increase in serum aminot-
ransferase levels is one of the most typical and
frequent laboratory presentation of patients
with NAFLD. The actual aspartate aminotrans-
ferase (AST) to alanine aminotransferase (ALT)
ratio (AST/ALT) is generally lower than 1, how-
ever the ratio rises as the liver fibrosis increas-
es [17, 18].

We aimed to investigate the interobserver and
intraobserver variability of the sonographic eva-
luation of NAFLD in routine clinical practice and
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evaluate whether there was a correlation be-
tween the degree of hepatic steatosis and ALT
and/or AST elevation or AST/ALT ratio.

Materials and methods
Patients and ultrasonography evaluation

A retrospective review of two hundred abdomi-
nal sonograms obtained during 2010-2011
and stored in the picture archiving and commu-
nication system (PACS) had been preliminarily
carried out by one investigator. One hundred
and twenty nine consecutive adult patients
referred for possible NAFLD who met the fol-
lowing criteria were selected for this st
udy; the evaluation was theoretically sufficient
when integrated each transverse and longitudi-
nal views from the liver with 5-10 images, abso-
lutely no central hepatic lesion and both right
kidney and liver were seen within a minimum of
one of all the images. Patients with heteroge-
neous liver structure or ascites were excluded
from the study. Clinical and laboratory findings
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Figure 2. US images of a 55-year-old female patient. Observer 1 graded the liver as moderately fatty; whereas ob-
server 2 graded the liver as severly fatty on both observations.

of the patients were acquired from the hospital
records. Alcohol consumption of more than 20
gr/day, the presence of any liver diseases that
could affect the fatty liver were considered as
exclusion criteria. Sixteen patients depending
on the history of alcohol consumption more
than 20 gr/day and/or the presence of any liver
disorders were excluded from the study.

All US studies were performed by the same
radiologists and imaging unit (Nemio XG; Toshi-
ba, San Jose, CA, USA) with a 3.5-to 5-MHz co-
nvex probe. Five to ten US images of 113 pa-
tients free from alcoholic liver disease and no
extra liver related disorders were assessed by
2 skilled radiologists. One radiologist had 8 ye-
ars of experience and the other had 9 years of
experience in abdominal US. The images were
examined by the experts on the same monitor
under the exact same lighting conditions. The
experts were blinded to the clinical and labora-
tory data of patients and unaware of the previ-
ously reported, written interpretation and the
other observer’'s assessments.
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The observers rated each situation as normal
liver, mild, moderate or severe fatty liver. The
liver was assessed as normal when the consis-
tency was homogeneous, displayed fine level
echoes, minimally hyperechoic or even isoecho-
ic in contrast to regular renal cortex. Mild ste-
atosis was evaluated as the minor increase in
liver echogenicity. In moderate steatosis, there
were visual images associated with intrahepat-
ic vessels, the slightly damaged diaphragm and
the existence of increased liver organ echoge-
nicity. Severe steatosis was named as the ma-
rked increase in hepatic echogenicity, poor pe-
netration of posterior segment from the right
lobe of the liver, poor or any visual images from
the hepatic vessels and diaphragm [19]. After
an interval of one month, the observers reas-
sessed the presence and severity of steatosis
in the same 113 cases under the same conditi-
ons and were blinded to the initial evaluations.
Finally, the degree of steatosis in the liver was
re-evaluated as a consensus between the two
observers and the patients were placed in 4
groups. In each group the percentage of pati-
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Table 1. Intraobserver agreement rates

herself in 58 (51%) of the 113 cases, the

second in 77 (68%) of all the cases
(k=0.51).

Intraobserver Intraobserver
aggreement (kappa) aggreement (percentage)
Observer 1 k=0.356 51%
Observer 2 k=0.591 68%

Interobserver agreement for the evalua-
tion of the occurrence or lack of fatty

Table 2. Interobserver aggreement rates

liver was 39% (k=0.208) in the first eva-
luation and 40% (k=0.225) in the se-
cond. There was fair agreement betwe-

en the observers at both evaluations.
The observer agreed in 44 (40%) of the

Interobserver Interobserver
aggreement (kappa) aggreement (percentage)
1st evaluation k=0.208 39%
2nd evaluation k=0.225 40%

113 cases at the first evaluation, and 45
(40%) of the cases at the second evalua-

ents with high levels of ALT, AST and AST/ALT
ratio over 1 were calculated and the results
were compared.

Statistical analysis

Intraobserver and interobserver variations we-
re investigated by using the Kappa statistics.
The interobserver and intraobserver agreeme-
nt percentages were calculated by dividing the
number of occasions of complete agreement
by the total number of occasions. Weighted ka-
ppa statistics were used to determine the deg-
ree of agreement after correction for the agree-
ment expected by chance. The kappa statistic
was interpreted as follows: less than 0.00, poor
agreement; 0.00-0.20, slight agreement; 0.21-
0.40, fair agreement; 0.41-0.60, moderate ag-
reement; 0.61-0.80, substantial agreement;
and 0.81-1.00, almost perfect agreement. The
frequency percentages of patients who had
high serum transaminase levels and AST/ALT
ratio were compared between groups by using
Chi square or Fisher-exact test where app-
ropriate.

Ethics

This research study was appropriate according
to the ethical guidelines of the 1975 Declaration
of Helsinki, as updated in 2008. The local eth-
ics committee approved the research protocol.

Results

Figures 1 and 2 illustrate the variability betwe-
en and within observers. Intraobserver agree-
ment for grading the severity of hepatic steato-
sis between the first and second evaluations
was fair (kappa (k)=0.356) for the first obser-
ver, whereas it was moderate (k=0.591) for the
second observer. The first observer agreed with
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tion. Intraobserver and interobserver ag-
reement rates of grading the severity of
hepatic steatosis are summarized in Tables 1
and 2.

The consensus of both observers graded 27
cases as normal, 29 cases as mild fatty liver,
37 cases as moderate fatty liver, and 20 cases
as severe fatty liver. ALT and/or AST elevation
was detected in 3 (11%) of patients with a nor-
mal US evaluation. ALT and/or AST was eleva-
ted in 8 (27%) in patients with mild fatty liver, 5
(13%) of patients with moderate fatty liver, and
2 (10%) of patients with severe fatty liver. There
was no association between the degree of ste-
atosis and elevation of ALT and/or AST. Thirteen
(48%) of cases with normal liver evaluation had
an AST/ALT ratio more than 1. AST/ALT ratio
was also more than 1in 10 (34%) of individuals
with mild fatty liver, 11 (30%) with moderate,
and 6 (30%) with severe hepatic steatosis.
There was no association between the degree
of steatosis and elevated (> 1) AST/ALT ratio.
The results are demonstrated in Table 3.

Discussion

In this particular study, we investigated the in-
terobserver and intraobserver variability of the
sonographic evaluation of NAFLD in clinical pra-
ctice and evaluate whether there was a correla-
tion between the degree of hepatic steatosis
and ALT and/or AST elevation or ALT/AST ratio.
We showed that the radiologists sometimes
may differ substantially in their evaluation of
grading the fatty liver, and observed that eleva-
tion of ALT and/or AST, or AST/ALT ratio (> 1)
were not correlated to the degree of the statues
in the liver. Visual evaluation of NAFLD by US
had important interobserver variability, and rep-
roducibility of results was limited. Hepatic stea-
tosis, a clinical problem, is one of the most
common hepatic disorders. NAFLD is one of the
components of metabolic syndrome, and has a
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Table 3. Number of individuals with elevated ALT and/or AST and with an elevated (> 1) AST/ALT ratio

in each group

Individuals with elevated ALT Individuals with elevated
and/or AST (percentage) (> 1) AST/ALT ratio (percentage)
Normal 3/27 (11%) 13/27 (48%)
Mild hepatic steatosisr 8/29 (27%) 10/29 (34%)
Moderate hepatic steatosis 5/37 (13%) 11/37 (30%)
Severe hepatic steatosis 2/29 (10%) 6/20 (30%)

probability of enhancing to cirrhosis as well as
liver failure [11]. Numerous individuals with
hepatic steatosis have no signs or symptoms of
liver disorders in the course of examination,
and steatosis is frequently found incidentally
on cross sectional images. In some individuals,
hepatic steatosis may be the reason behind
hepatomegaly in addition to increased liver en-
zyme levels, prompting a specific hepatobiliary
US imaging.

US is considered the most popular used ima-
ging technique within the evaluation of abdomi-
nal disorders generally and hepatic illnesses
particularly. It is operator-dependent and also
diagnosis of hepatic steaosis is reliant primarily
on the opinion based evaluation regarding liver
echogenicity. Once the liver possesses an ech-
ogenic appearance, it may be construed to be
fatty. Liver echogenicity typically equals or even
slightly surpasses renal cortical echogenicity,
however, this examination is dependent upon
the visual notion of the viewer. Moreover, the
typical echogenicity of the renal cortex may al-
so change by renal disorders which makes co-
mparibility less trustworthy. In this specific in-
vestigation, a well-recognized categorization
was utilized intended for determining hepatic
steatosis as; mild, moderate, and severe degre-
es of steatosis according to the rise in hepatic
echogenicity, diminished visual images of hepa-
tic vessels and the diaphragm, and inadequate
transmission of the posterior areas of the liver
[19]. By this research we demonstrated that
interobserver variability within the sonographic
evaluation of hepatic steatosis is actually sig-
nificant. Among determinants associated with
diagnostic precision is actually reproducible,
from the evaluation that produces exactly the
same or even similar outcomes when repeated.
Although a well-organized classification of hep-
atic steatosis was used, the proportion of agre-
ement among observers was 39% in the first
evaluation and 40% in the second. There was
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only slight agreement between the two obser-
vers at both readings. Intraobserver agreement
was better than interobserver agreement. In
more than one third of the conditions each
expert assessed the severity of steatosis diver-
sely on the second evaluation, and the intraob-
server agreement was fair (k=0.356) for the
first observer, and moderate (k=0.591) for the
second observer. Interobserver agreement was
fair on both readings (k=0.208 and k=0.225).
We showed that both intra- and interobserver
reproducibility of the results was low. The use-
fulness of US for the diagnosis of NAFLD is eva-
luated, to some extent, because of its simpli-
city. Quantification of fatty change using US to
supplement elastography has also occasionally
been reported, and further development of this
application is expected [20]. It is impossible to
differentiate between NASH and simple steato-
sis using any imaging methods. At the same
time, certain US and CT findings, such as irregu-
larity of the liver surface, blunt margins of the
liver, and splenomegaly, suggest the presence
of chronic liver diseases, including NASH with
advanced fibrosis, and can indicate the need
for further attention. It has been reported that
the differentiation of NASH and simple hepatic
steatosis may be possible using contrast-
enhanced US [21].

Saadeh et al. have reported the variability of
radiologic interpretations of images of individu-
als with NAFLD [16]. They found that while the
intraobserver agreement of the severity of ste-
atosis was substantial (k=0.63), the particular
interobserver agreement was fair (k=0.40). Str-
auss et al. have also evaluated inter- and intra-
observer variability of the US evaluation in the
existence and severity of hepatic steatosis
[22]. The particular interobserver and intraob-
server agreement propotions for the existence
of hepatic steatosis were 72% (k=0.43) and
76% (k=0.54), respectively. They found mode-
rate intra- and interobserver agreement. Intra-
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and interobserver agreement rates in our study
was slightly lower than the previous studies.
The observers in our study had been working in
the different sonography units for many years.
This aspect probably have created decreased
agreement degrees compared to previous re-
ports. There was no substantial or perfect or in-
tra- or interobserver agreement in the previous
studies. The results of previous studies and our
study demonstrated that radiologists may vary
significantly within their US evaluation of hepa-
tic steatosis.

In a study, the authors evaluated the patients
with NAFLD to find new non-invasive modalities
of ultrasound attenuation measurements and
they stated that hepatorenal-indexes, ultra-
sound attenuation, and tissue elasticity might
be useful in differentiating steatosis and healt-
hy individuals and expressing the differences
[23]. The stage of liver fibrosis can now be esti-
mated non-invasively by using several techni-
ques of elastography (including FibroScan and
acoustic radiation force impulse imaging (ARFI)
The FibroScan investigation also may enable
differentitiaon between fibrosis and cirrhosis
[23], but when morbid obesity exists it is not
easy. Sonographically the prevalence rate vari-
ed between 17% and 46%, differs according to
the population study. The predicted frequency
of NAFLD among common population is app-
roximately between 6% and 33% worldwide wi-
th a median of 20% but for NASH it is markedly
lower and ranges from 3% to 5% [24]. While the
ultrasonography scan may be a critical compo-
nent in the evaluation of patients referred for
possible NAFLD/NASH, it commonly does not
identify advanced liver disease. US evaluation
may not be the final step in the evaluation. It
has been concluded that the lack of steatosis
on ultrasonography is not convincing especially
in advanced liver fibrosis [25].

Younossi etal. found inter-and intraobserver va-
riability in the pathological diagnosis of NAFLD
and it has also been shown that inter-observer
variability existed in histopathological evaluati-
ons also [26, 27]. Some measures should be
considered to solve this problem. Currently, liv-
er biopsy is crucial in the diagnosis of NASH,
but in the future, combining scoring systems
and imaging methods may efficiently diagnose
NAFLD/NASH. Whether these scoring systems
reflect the long term prognosis and carcinoge-
nesis their potential remains to be investigated.
An improved scoring system will provide benefit
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in detecting NASH and reducing liver disease-
related deaths in the future [28]. To date, no
clear guidance is given in the literature with
regard to defining an indication for liver biopsy
in NAFLD. The severity of fatty changes is not
correlated with the advancement of fibrosis
and it decreases with the progression of fibro-
sis in NASH. The grade of fatty change obtained
from imaging modalities should not be emplo-
yed as an evaluation criterion for NAFLD se-
verity.

In this study, we also searched individuals with
ALT and/or AST elevation in each group, and
determined percentage of patients with an
AST/ALT ratio over 1. Some patients without fa-
tty liver had elevated ALT and/or AST, and more-
over there was no difference in ALT and/or AST
elevation rate in patients with different degree
of steatosis. Nearly fifty percent of patients wit-
hout fatty liver had an AST/ALT ratio over 1.
There was no difference in percentage of pati-
ents with AST/ALT ratio over 1 between patie-
nts with different degree of steatosis.

In patients with steatohepatitis and fibrosis,
elevated AST/ALT ratio usually accompanies by
hepatic enzyme elevation [17]. We observed
that most of our patients with elevated AST/ALT
ratio (> 1) did not have elevated ALT and/or
AST. Even with severe steatosis most of our
cases had no elevation of AST and/or ALT. Our
findings showed that AST/ALT ratio was not
affected by the degree of steatosis. We suggest
that in the absence of steatohepatitis and fibro-
sis in patients with or without fatty liver AST/ALT
ratio is nonspecific.

An essential restriction of our study was that
the examined images were stationary; the ex-
perts were not present through the entire as-
sessments and retrospective design of the st-
udy. The liver echogenicity might be affected by
the settings of the US unit in real time imaging.
A further limitation was the absence of the liver
biopsy if we had compared the results of US
and liver biopsy it would have better define the
results of the study.

In conclusion, we showed that visual evaluation
of NAFLD by US has considerable interobserver
variability and radiologists sometimes may dif-
fer substantially in their evaluation of grading
hepatic steatosis and the reproducibility of
results was limited. We also observed that ele-
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vation of ALT and/or AST, or AST/ALT ratio (> 1)
were not correlated with the degree of the
hepatic steatosis. Much more objective as well
as quantitative approaches are needed for eva-
luating the hepatic steatosis.
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