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Abstract. - OBJECTIVE: Nonalcoholic fatty
liver disease (NAFLD) is a condition character-
ized by abnormal liver function because of lipid
accumulation. NAFLD can range from simple fat-
ty liver, which is usually harmless, to a more se-
vere condition called non-alcoholic steatohep-
atitis (NASH), which involves inflammation, liv-
er cell damage, cirrhosis, and liver cancer. Liver
biopsy is considered the gold standard for diag-
nosing and staging hepatosteatosis, but it is an
invasive and expensive procedure. Non-invasive
methods, such as ultrasound, and magnetic res-
onance imaging (MRI), can provide useful infor-
mation without the need for an invasive proce-
dure. This study aimed to compare laparoscopic
findings of hepatosteatosis with ultrasound da-
ta to create a classification that can identify indi-
viduals with NASH in operated patients.

PATIENTS AND METHODS: 120 patients who
applied to the General Surgery Department of
Istinye University Faculty of Medicine between
06/2022 and 12/2022 were included in the study.
They were evaluated for hepatosteatosis with
preoperative ultrasound. Demographic, physi-
cal examination (BMI), laboratory, and radiolog-
ical findings of the patients were recorded ret-
rospectively. In addition, laparoscopy video re-
cordings were reviewed retrospectively, and the
findings were evaluated. Statistical analysis of
the findings was made. The p-value was calcu-
lated using the Chi-square test; p-value <0.05
was considered statistically significant.

RESULTS: The mean age of 120 patients was
39.04 years, the mean BMI was 34.9 kg/m?
and 63.3% of them were female patients. Cho-
lecystectomy was performed in 60 of 120 pa-
tients, and sleeve gastrectomy in 60 of them.
It has been observed that there is a high cor-
relation between the ultrasound grade and the
laparoscopic stage of hepatosteatosis (r=0.849)
(p<0.05).

CONCLUSIONS: Laparoscopy results to be
an effective method in the diagnosis and classi-
fication of NASH.
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Introduction

Hepatic steatosis, also known as fatty liver, is
defined as the abnormal accumulation of fat with-
in liver cells. It occurs when there is an imbalance
between the uptake and synthesis of fatty acids
and their export or oxidation within the liver.
Non-Alcoholic Fatty Liver Disease (NAFLD) can
further progress into non-alcoholic steatohepati-
tis (NASH) when there is inflammation, liver cell
damage, and the potential for fibrosis or scarring.
NASH is a more severe form of hepatic steatosis
that can lead to complications like cirrhosis, liver
failure, and hepatocellular carcinoma. Character-
istic imaging findings or histological confirma-
tion of fatty changes in at least 5% of hepatocytes
is required to diagnose fatty liver disease'.

It encompasses a morphological spectrum of
fatty liver disease (FLD), hepatic steatosis (fat-
ty liver), and steatohepatitis, whether alcoholic
FLD (AFLD) or non-alcoholic FLD (NAFLD).
FLD tends to progress toward the development of
cirrhosis and hepatocellular carcinoma. Despite
the distinctions implied by these etiological defi-
nitions, it is often difficult to distinguish AFLD
from NAFLD on purely morphological grounds®.

NAFLD prevalence (up to 30%) is strongly
associated with an increased prevalence of obe-
sity®. Obesity is the leading cause of NAFLD, but
it can also be seen in normal Body Mass Index
(BMI) people. Lipids stored in the abdominal re-
gion, particularly in the visceral area surrounding
organs, are more metabolically active and release
higher levels of free fatty acids and inflammato-
ry substances. Centripetal obesity, also known as
visceral or abdominal obesity, is considered to be
more metabolically detrimental compared to pe-
ripheral obesity®.

Liver biopsy and histological evaluation have
been considered to be the gold standard for diagnos-
ing and assessing the severity of steatosis, including
NAFLD. Nevertheless, it contains risks, including
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bleeding, infection, and damage to surrounding or-
gans. However, the necessity of an invasive proce-
dure is still controversial due to the lack of specific
treatment for NAFLD. Therefore, liver biopsy is
usually reserved for cases where there is uncertainty
about the diagnosis or when additional information
is needed for treatment decisions’.

Imaging methods such as ultrasonography,
computed tomography scanning, and magnetic
resonance imaging can be used to detect the fat ra-
tio in the liver. Abdominal ultrasound (US) is the
most commonly used imaging modality for diag-
nosing the presence of fat in the liver. Being widely
available, relatively inexpensive, and not exposing
the patient to ionizing radiation, it is the preferred
initial imaging tool for assessing hepatic steatosis®.

Specific laparoscopic findings can contribute to
the differential diagnosis of chronic liver diseases,
providing visual information to differentiate be-
tween various conditions such as viral hepatitis, al-
coholic liver disease, autoimmune hepatitis, prima-
ry biliary cirrhosis, and metabolic liver diseases’'2.
Tanaka et al” reported a patient who developed
cirrhosis due to NASH. On laparoscopy, diffuse
small nodules were seen on the liver surface, with
findings like alcoholic liver cirrhosis. However, the
findings of laparoscopic NASH are not summa-
rized or have not been characterized.

In the literature, another study by Tanaka et
al* evaluated non-alcoholic steatohepatitis with
laparoscopic findings and compared them with
histological findings. By comparing these findings
between NASH, alcoholic liver disease, and auto-
immune hepatitis (AIH), they were able to identify
some NASH-specific laparoscopic features'*.

Our study was conducted to investigate the
validity of the laparoscopic staging of hepatoste-
atosis, with the data collected from the surgeries
performed by Istinye University, Faculty of Med-
icine, Department of General Surgery. We com-
pared the preoperative abdominal ultrasound re-
sults with laparoscopic findings for the diagnosis
of hepatosteatosis.

Patients and Methods

This retrospective study was conducted ac-
cording to the principles of the Helsinki Decla-
ration and was approved by the Human Ethics
Committee of the Istinye University, School of
Medicine. All participants were informed about
the study. Signed informed consent was given by
all participants.
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Patients

The study group consisted of patients from a
retrospective database of the General Surgery De-
partment of Istinye University, Faculty of Medicine.
Patients registered in the database between June 30,
2022, and December 31, 2022, formed the working
group. During this period, our hepatosteatosis reg-
istry enrolled 130 patients. Because of the lack of
access to the laparoscopic video recording of 10 pa-
tients, 120 patients were included in the study group.
We recorded the scores of the patients who were di-
agnosed with hepatosteatosis according to the pre-
operative ultrasound results. Then, the laparoscopy
video records of these patients were reviewed retro-
spectively, and the view of the liver was compared
with the ultrasound results. In addition, demograph-
ic information (age, gender), BMI results, and labo-
ratory findings (AST, ALT, lipid profile, serological
tests) of the patients in the study group were retro-
spectively analyzed and evaluated (Figure 1).

Anthropometric measurements were made in
all patients included in the study. The patients’
heights were measured on a standard height board,
and their weight was measured with the aid of a
standard scale, without shoes, only wearing light
clothes. BMI was calculated as weight (in kilo-
grams) divided by the square of height (in meters).

Laboratory evaluations included serum hepatic
profile including aspartate aminotransferase (AST),
alanine aminotransferase (ALT), serologic tests for
hepatitis B and C, cholesterol, and triglyceride. All
these tests were completed before surgery. ALT,
AST, total cholesterol, and triglyceride values were
classified as normal if they were within the labora-
tory reference range, and as high if they were above
(Reference values; ALT: 0-55 U/L, AST: 5-34 U/L,
Total Cholesterol <200 mg/dl Triglyceride 0-150 mg/
dl). HBsAg, Anti-HBs, and Anti HCV values were
classified as positive or negative (Reference values;
HBsAg COI (neg < 1 < pos), Anti-HBs IU/L (neg <
10 < pos), Anti HCV COI (neg < 1 <pos).

Ultrasonographic Evaluation

Ultrasonography is a safe, radiation-free, easily
accessible, and inexpensive method that can be used
in the diagnosis of hepatosteatosis. The normal liv-
er parenchyma typically appears as a homogeneous
tissue with equal or slightly greater echogenicity
(brightness) than that of the renal cortex and spleen
on ultrasound imaging. However, as fatty infiltra-
tion increases in the liver, it can lead to a change in
echogenicity. As a result of hepatosteatosis, the liver
becomes brighter or hyperechoic compared to the
renal cortex and spleen on ultrasound.
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Figure 1. Flowchart of the study.

A commonly used grading system divides ste-
atosis into grades L, II, and III. The grades are de-
fined based on the degree of echogenicity and the
extent of obscuration of certain landmarks. Grade
I steatosis refers to a mild increase in echogenicity,
where the liver appears slightly brighter than the re-
nal cortex and spleen. Grade 1I steatosis indicates a
moderate increase in echogenicity, where the liver
becomes brighter and obscures the echogenic walls
of portal vein branches. Grade III steatosis rep-
resents a significant increase in echogenicity, where
the liver is so bright that it obscures the diaphrag-
matic outline. However, there can be variability in
interpretation between different observers'.

The patients were evaluated in the radiology
clinic preoperatively. Mindray DC-85 device (Shen-
zhen Mindray Bio-Medical Electronics Co., Ltd.,
Shenzhen, China) was used during the evaluation.
The examinations were performed using a 2-5 MHz
convex transducer. Hepatosteatosis grades were de-
termined using echo differences of liver and kidney.

Laparoscopic Evaluation

After the preoperative preparations were
completed, the patients were taken to the oper-
ating room. The surgeries were performed under
general anesthesia. The same endovision sys-
tem (Stryker®, Kalamazoo, USA) was used for
all surgeries. Laparoscopic sleeve gastrectomy
operations were performed using standard 4 or
5 trocars. Laparoscopic cholecystectomy opera-
tions were performed using standard 4 trocars.
After abdominal insufflation and trocar place-
ment, the liver was evaluated for color, nodu-
larity, edge sharpness, lipid deposit density, and
duration of color change with pressure. The lap-
aroscopic staging system created by us is sum-
marized in Table L.

Images of our laparoscopy records regarding
the criteria in the classification are shown in Fig-
ure 2. Different levels of liver tissue appearances,
from normal liver tissue to cirrhosis and also col-
or change time with pressure, have been found.
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Table I. Laparoscopic classification.

Normal Grade 1 Grade 2 Grade 3 Cirrhosis
Color of the liver surface Dark brown Light brown  Yellowish Yellowish- white Whitish
Loss of edge sharpness None Mild Moderate Completely Irregular
Yellow/white deposits - - + ++ ++
Color change time with pressure - <2 seconds 2-5 seconds >5 seconds Rigidity
Nodularity - - - - +
Ascites - - - - +

Figure 2. a, Normal. b, Grade 1. ¢, Grade 2. d, Grade 3. e, Cirrhosis. f, Color change time under pressure. g, Color change time
after relieving pressure.

Statistical Analysis

Data were analyzed using the IBM Statisti-
cal Package for the Social Sciences statistical
program, version 26 (IBM Corp., Armonk, NY,
USA). Arithmetic mean, standard error, min, and
max descriptive statistics of numerical data (age,
height, weight) and frequency values of our other
data with categorical values were found. The cor-
relations between categorical variables were com-
pared with Spearman’s correlation analysis using
the Chi-square tests. In the Spearmen correlation
test, the correlation coefficient (r) is evaluated be-
tween 0 and 1. The closer the r value is to 1, the
higher the relationship between the variables is
interpreted. The significance level for the p-value
was taken as 0.05 in our comparisons and in de-
termining the relationship levels.

Results
120 patients were available for the study, with
an average age of 39.04 years (range 13-83), an

average BMI of 34.9 kg/m? (range 18.7-57.28),
and 76 female patients (63.3%). There was no
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difference between the ages of men and women
(p>0.05). Men’s height and weight were signifi-
cantly different from women’s (p<0.001). Chole-
cystectomy was performed in 60 of 120 patients,
and sleeve gastrectomy in 60 of them. The distri-
bution of patients according to BMI classification
is given in Table 1.

It was observed that 12 (10%) of 120 patients
had high ALT, and 10 (8.3%) had high AST val-
ues. The rate of patients with high total cholester-
ol value was 37.5% (n=45), and the rate of patients
with high triglyceride value was 34.2% (n=41). It
was observed that the HBsAg value was not pos-
itive in any of the 120 patients, and the anti-HCV

Table Il. Distribution of patients by BMI classification.

BMI Frequency Percentage
18 - 24: Normal Weight 11 9.2

25 - 29: Overweight 32 26.7

30 - 34: Class 1 Obesity 16 13.3

35 -39: Class 2 Obesity 23 19.2
>40: Class 3 Obesity 38 31.7
Total 120 100.0
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Table Ill. Classification of hepatosteatosis by ultrasound.

Frequency Percentage
Normal 36 30.0
Grade 1 26 21.7
Grade 2 30 25.0
Grade 3 28 233
Total 120 100.0

value was not positive in any of them. In addition,
the number of patients with positive Anti-HBs
values was found to be 30 (25%).

69 of 120 patients had normal liver size in ul-
trasound measurement, and 51 were abnormal.
Usually, if the liver size is lower than 150 mm, it
is considered normal, and if it is 150 mm or more,
it is considered abnormal.

The classification of hepatosteatosis rates of
the patients included in the study by ultrasonogra-
phy is presented in Table 111, and the classification
by laparoscopy is presented in Table IV.

It was observed that ultrasound classification
and laparoscopic classification were equal in 80 of
120 patients. While the grade of hepatosteatosis
was higher in 19 patients, according to ultrasound
findings, the grade of laparoscopic hepatosteato-
sis was found to be higher than ultrasound in 21
patients (Table V).

As the BMI increases, the rate of hepatosteato-
sis increases. Relationships between BMI and ul-
trasonographic and laparoscopic classification are
shown in Tables VI and VII. When the tables are
examined, it can be seen that the ultrasound rate is
higher for HS normal or grade 3, and laparoscopic
evaluation is higher for grade 1 and grade 2.

Statistically significant correlations were
found between ultrasonographic and laparoscop-
ic hepatosteatosis findings and other parameters
(Table VIII). When the table is examined, it can
be seen that the highest correlation is between
the USG HS grade and the laparoscopic stage
(r=0.849, p=0).

Table IV. Classification of hepatosteatosis by ultrasound.

Frequency Percentage
Normal 23 19.2
Grade 1 38 31.7
Grade 2 41 34.2
Grade 3 18 15.0
Total 120 100.0

Table V. HS grade difference rates according to US and
laparoscopy.

Frequency Percentage
US grade higher than 19 15.8
laparoscopy grade
Laparoscopy grade higher 21 17.5
than US grade
Laparoscopy grade same 80 66.7
as US grade
Total 120 100.0
Discussion

In this study, we aimed to evaluate the diag-
nostic accuracy of ultrasound in assessing hepa-
tosteatosis and compare it with laparoscopic find-
ings. Our results revealed a substantial agreement
between ultrasound and laparoscopic classifica-
tion of hepatosteatosis in the majority of cases.
Moreover, we observed a significant correlation
between body mass index (BMI) and the sever-
ity of hepatosteatosis, with laparoscopy demon-
strating better grading in high BMI patients. The
study highlights the potential of ultrasound as a
cost-effective and non-invasive tool for hepatoste-
atosis diagnosis while emphasizing the safety and
effectiveness of laparoscopy in providing direct
visual evidence of liver conditions. These find-
ings offer valuable insights into improving diag-
nostic approaches for hepatosteatosis.

In clinical practice, differentiating between
NASH and simple steatosis is crucial because
NASH represents the more aggressive form of
NAFLD. NASH carries a higher risk of disease
progression and can lead to liver fibrosis, cir-
rhosis, and ultimately end-stage liver disease'®".
Identifying individuals with NASH allows for
closer monitoring, appropriate risk stratification,
and targeted interventions to prevent or slow
down disease progression. Ultrasound has been
extensively used to evaluate hepatic steatosis due
to its accessibility and descriptive sonograph-
ic findings that have been established since the
1980s'31°. While ultrasound is sensitive and spe-
cific for detecting liver steatosis, its sensitivity
can be lower in cases of mild fat infiltration, as
well as in morbidly obese patients with excessive
amounts of adipose tissue?. Liang et al'® do not
agree with this view, as they stated that the use of
ultrasound is effective in morbidly obese patients.
Pulzi et al* showed that ultrasound alone can de-
tect 76% of cases but with low sensitivity (46%).
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Table VI. Relationship between ultrasonographic hepatosteatosis grade and BMI.

BMI Grade of hepatosteatosis
Normal Grade 1 Grade 2 Grade 3 Total
18 - 24: Normal Weight 9 1 1 0 11
25 -29: Overweight 17 11 4 0 32
30 - 34: Class 1 Obesity 5 6 4 1 16
35 -39: Class 2 Obesity 3 6 6 8 23
>40: Class 3 Obesity 2 2 15 19 38
Total 36 26 30 28 120
Table VII. Relationship between laparoscopic hepatosteatosis grade and BMI.
BMI Grade of hepatosteatosis
Normal Grade 1 Grade 2 Grade 3 Total
18 - 24: Normal Weight 6 5 0 0 11
25-29: Overweight 14 15 3 0 32
30 - 34: Class 1 Obesity 2 8 5 1 16
35 - 39: Class 2 Obesity 1 7 11 4 23
>40: Class 3 Obesity 0 3 22 13 38
Total 23 38 41 18 120
Table VIII. Correlation between ultrasonographic and laparoscopic HS findings.
HS Grade by US HS Grade by laparoscopy

Type of operation r .653%* 631%*

)4 0.000 0.000
BMI Grade r .681%* 732%*

)4 0.000 0.000
US liver size r 438%* .348%**

)4 0.000 0.000
HS Grade by US r 1.000 .849%*

)4 0.000
HS Grade by laparoscopy r .849%* 1.000

)4 0.000
ALT r 244%%* .323%*

)4 0.007 0.000
AST r 0.157 0.168

)4 0.087 0.067
Total cholesterol r 379%%* A403**

P 0.000 0.000
Triglyceride r 228* 228%

p 0.012 0.012
HbsAg r

P
Anti-HBs r -0.161 -0.094

P 0.079 0.309
Anti-HCV r

P

(Spearmen’s correlations)
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However, they stated that the sensitivity increased
to 88.6% with the addition of some biochemical
parameters to the ultrasound findings. Thus, in
severely obese patients with lower US specificity,
the inclusion of the score significantly improved
the identification of these cases. To improve the
non-invasive diagnosis of NAFLD, other scores
aimed at the correlation between isolated labora-
tory findings have been defined”. In our study,
it was observed that ultrasound classification and
laparoscopic classification were equal in 80 out
of 120 patients. Statistically, a high correlation
between USG HS grade and laparoscopic stage
(r=0.849, p=0.000) was found.

Iwamura previously described the laparoscop-
ic findings of fatty liver disease as uneven thick-
ening of the capsule and parenchymal depression
in Kalk’s classification?>?. The first laparoscopic
classification of NASH was presented by Tanaka
et al'* in 2006. They compared the laparoscopic
findings of 24 patients with the histological data.
According to their results, the laparoscopic ap-
pearance of NASH was classified as chronic in-
active hepatitis, as well as a whitish liver. They
reported that the liver surface became less yel-
lowish and more whitish as hepatic fibrosis devel-
oped.

Inui et al** described that when hepatic steato-
sis and fibrosis are combined, it becomes difficult
to see the surface as mottled and yellow. The dis-
coloration that occurs in patients with NASH may
not only be related to capsule thickening but may
also be due to hepatocyte damage and fibrosis.
According to Tanaka et al'¥, a whitish change in
the capsule is a strong promoter of NASH.

In our study, we defined a new laparoscopic
classification system. We classified the liver sur-
face from dark brown to yellowish white. We
evaluated the loss of edge sharpness, yellow-white
deposition rate, time of color change with pres-
sure, and increase in nodularity in the liver.

Many studies?*>?¢ indicate that obesity is a
metabolic disease that is associated with NASH
and steatosis. However, according to the find-
ings of Dixon et al*® and Beymer et al®, this
relationship is not absolute. According to these
studies?>?¢, regardless of BMI, insulin resis-
tance, the presence of hypertension, and high
ALT values can predict the presence of NASH.
Similarly, Pulzi et al*' reported that there was
no difference in BMI between groups with and
without NASH.

Seki et al”’ reported that the prevalence of
NASH in Japanese morbidly obese patients who

underwent bariatric surgery was 77.5% (79 out of
102 patients) based on intraoperative liver biop-
sies. Nikai et al®® showed that 43 of 68 patients
who underwent sleeve gastrectomy had NASH.

Similarly, we also found a significant correla-
tion between the increase in BMI and the increase
in laparoscopic grade of HS (r=0.732, p=0) and
ultrasonographic HS grades (r=0.681, p=0). In ad-
dition, a higher correlation between BMI increase
and grade increase with laparoscopy than with ul-
trasound was detected. Even so, laparoscopy was
shown to be better than the US for grading high
BMI patients with hepatosteatosis.

According to Pulzi et al?', only ALT is slightly
elevated in liver enzymes and all NAFLD cases.
They reported there was no significant correlation
between the liver enzyme elevation level and the
histopathological degree of steatosis. In contrast
to patients with alcohol-induced liver disease, the
AST/ALT ratio (AAR) among NAFLD patients
is usually lower than 1?°. Evidence that this ratio
may reverse with advanced fibrosis or cirrhosis
has been reported?%2%3,

According to our study, there was a signif-
icant correlation between the increase in ALT
level and both ultrasonographic grade (r=0.244,
p=0.007) and laparoscopic grade of hepatoste-
atosis (r=0.323, p=0.000). No significant correla-
tion was found with the increase in AST level
(p>0.05).

Liver biopsy and histological evaluation have
been considered the gold standard for diagnosing
and assessing the severity of steatosis, including
NAFLD. Nevertheless, it contains risks, includ-
ing bleeding, infection, and damage to surround-
ing organs. It has a 3% morbidity rate and 0.03%
mortality rate. Biopsy is contraindicated in coag-
ulopathy, and relatively contraindicated in obesi-
ty*. Biopsy from all patients is not essential for
staging NAFLD?'.

In this study, we classified NASH by lapa-
roscopy and examined the rates of agreement of
ultrasound classification with our findings. This
study has addressed a significant gap in the lit-
erature by comparing the efficacy of laparoscop-
ic evaluation of hepatosteatosis with ultrasound
findings. By examining the correlation between
preoperative abdominal ultrasound results and
laparoscopic findings, the study has provided
valuable insights into the accuracy and reliability
of these diagnostic methods. Additionally, the in-
troduction of a new laparoscopic staging system
for hepatosteatosis classification represents an in-
novative contribution to the field.
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Furthermore, this research sheds light on the
challenging differentiation between non-alco-
holic steatohepatitis (NASH) and simple ste-
atosis, which is crucial for effective clinical
management. The findings of the study offer a
practical approach to utilizing ultrasonography as
a cost-effective and accessible method for grading
NASH. Simultaneously, the study highlights the
significance of laparoscopy as a reliable tool for
direct visualization and diagnosis of NASH and
cirrhosis.

By establishing a strong correlation between
increasing body mass index (BMI) and high-
er grades of hepatosteatosis, the study provides
important insights into the relationship between
obesity and NASH development. The identifica-
tion of specific laparoscopic features associated
with NASH and cirrhosis contributes to enhanc-
ing the diagnostic accuracy and differentiation of
various chronic liver conditions.

Future studies in this field can explore larger
patient populations to further validate the laparo-
scopic staging system introduced in this research.
Additionally, investigating the effectiveness of
combining ultrasound and specific biochemical
parameters for more accurate hepatosteatosis di-
agnosis can be a valuable avenue. Furthermore,
prospective randomized clinical trials can be con-
ducted to confirm the reliability of these diagnos-
tic methods, ultimately enhancing their clinical
utility in the management of hepatosteatosis and
related liver conditions.

Limitations

Limitations in our study should be mentioned.
First, intraoperative liver biopsy was not taken
from the patients included in the study, and his-
tological investigation was not performed. Lapa-
roscopic classification was made according to the
gross appearance of the liver and includes sub-
jective data. Another limitation of the study is
that only US was used as a radiological imaging
method.

Conclusions

Ultrasonography is an inexpensive, simple,
and non-invasive method that can grade NASH.
Also, laparoscopy appears to be safe and effec-
tive in the diagnosis of NASH. According to the
results of our study, the laparoscopy scoring sys-
tem defined by our clinic is effective in the diag-
nosis of NASH and cirrhosis, as it provides the
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advantage of direct patterning of the liver surface.
Further prospective randomized clinical trials are
needed to confirm these preliminary results.
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