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ABSTRACT

Introduction: Fatty liver is one of the commonly encountered
incidental finding in routine ultrasonography practice. The
fatty liver has been divided into three grades according to
severity based on the degree of increased liver echotexture
on ultrasonography. Ultrasonic elastography technique which
measures liver stiffness is being used in quantitative and semi-
quantitative assessment of various liver conditions with few
studies available on its role in fatty liver disease.

Aim: To investigate the correlation of Acoustic Radiation Force
Impulse (ARFI) elastography with ultrasound grading of the fatty
liver disease.

Materials and Methods: One hundred and nineteen patients were
examined using B-mode ultrasonography and ARFI elastography
and were divided in grade O (control group) and grade 1, 2, 3
according to severity of fatty liver. Ten successive ARFI readings
were obtained from right lobe of liver and mean was considered
the final ARFI value. Statistical analysis was performed using SPSS
software, Version 20.0 with application of ANOVA test and t-test.

Original Article

Correlation of Ultrasound Acoustic
Radiation Force Impulse Elastography
with Sonographic Severity Grading of

Fatty Liver Disease

VARSHA P RANGANKAR!', PRIYA R BHOLE?, SARANG S GOSAVI}, SARANG R RATHOD*

Results: Total 119 patients, 68 males and 51 females were
included in the study. Out of 79 patients of fatty liver, 39 patients
had Grade 1 fatty liver, 29 patients had Grade 2 fatty liver, and
11 patients had Grade 3 fatty liver. Forty patients with normal
liver were included in the control i.e., grade 0 group. The mean
ARFIl was 0.97+0.10 in grade 0, 1.24+0.14 in Grade 1, 1.38+0.16
in Grade 2 and 1.74+0.50 in Grade 3 groups. The difference
between mean ARFI values between the control group and fatty
liver group and also across various grades of fatty liver was found
to be significant (p<0.001). The patients with a higher grade
of fatty liver showed higher values on ARFI elastography. The
difference between ARFI values in alcoholic and non-alcoholic
fatty liver patients were not statistically significant.

Conclusion: There was significant difference in ARFI elastography
velocity measurements between normal and fatty liver patients.
The difference between the mean ARFI values across the
severity grades of fatty liver was also significant with higher ARFI
elastography values seen in higher grades of fatty liver.
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INTRODUCTION

Fatty liver or Steatosis, known as intra-hepatic lipid degeneration
occurs due to an impairment of the normal processes of synthesis
and elimination of fat leading to abnormal accumulation of
triglycerides and other fats within the hepatic cells [1,2]. There are
many causative factors such as type Il diabetes, obesity, alcohol,
hypertriglyceridemia and metabolic abnormalities like galactosemia,
glycogen storage diseases, homocystinuria, and tyrosinemia [3,4].
Nutritional status like severe malnutrition, total parenteral nutrition,
or starvation diet and diseases like celiac sprue and Wilson disease
may also contribute to fatty liver disease. Lipid is even accumulated
in normal liver, accounting for 5% of the liver. When the amount
of lipid is more than 5% in liver, it is defined as fatty liver, where
lipids are mostly in the form of triacylglycerol [5,6]. Fatty liver was
once believed to be a benign condition that only rarely progressed
to chronic liver disease; however, fatty liver along with hepatic
inflammation and liver cell death may result in liver fibrosis and
cirrhosis leading to liver-related morbidity and mortality [7].

Role of imaging in fatty liver disease is for confirming the diagnosis,
excluding other unsuspected causes of liver disease, assessing the
extent of liver damage and defining the prognosis. Although many
modalities are available to diagnose fatty liver, ultrasonography is
the most preferable diagnostic method for fatty liver as it is quick,
readily available, cost effective modality and carries no radiation
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risk. Liver ultrasonography findings of fatty infiltration of liver vary,
depending on the amount of fat deposition and whether deposits
are diffuse or focal. The diffuse fatty liver has been divided into three
grades according to the severity based on the degree of increased
liver echotexture on ultrasonography [8-11]. Mild or Grade 1
fatty liver shows mild diffuse increase in hepatic echogenicity
with normal visualisation of diaphragm and walls of portal vein
branches. Moderate or Grade 2 fatty liver have moderate diffuse
increase in hepatic echogenicity and obscured echogenic walls of
portal vein branches with maintained visualisation of diaphragmatic
echogenicity. Severe or Grade 3 fatty liver patients show marked
increase in hepatic echogenicity with poor penetration, obscuring
the periportal as well as diaphragmatic echogenicity.

Ultrasonic elastography technique developed over recent past
years is one of the new functional ultrasound imaging techniques
which measures liver stiffness [12]. Ultrasound elastography is
being used in quantitative and semi-quantitative assessment of
focal and diffuse liver conditions [13-15]. The clinical viability of
ARFI was investigated by Nightingale K et al., in 2002 [16]. Focused
Ultrasound (US) was used to apply localised radiation force to
small volumes of tissue for short durations and the resulting tissue
displacements were mapped using ultrasonic correlation-based
methods. They concluded that the tissue displacements were
inversely proportional to the stiffness of the tissue with stiffer region
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of tissue exhibiting smaller displacements than a more compliant
region. Subsequent many studies have established the role of
elastography in various hepatic diseases, such as cirrhosis after
hepatitis, alcoholic cirrhosis, malignancies and other diseases with
few studies being available on its role in the assessment of fatty liver
[6,17-21]. The present study was done to investigate the correlation
of ultrasonic ARFI elastography with ultrasound severity grading of
the fatty liver disease.

MATERIALS AND METHODS

The hospital based prospective case-control study was carried out in
the Department of Radiology of Medical College and tertiary referral
hospital from July 2014 to June 2017 over the duration of three
years. Written informed consent was obtained from all patients. The
local ethics committee approved the study (App/2014/226). The
patients who were referred for ultrasound abdomen and found to
have fatty liver disease were included in the study. Patients who
had liver mass, liver cirrhosis, congestive changes in liver and
portal vein pathology, hepatitis, haemochromatosis and heart failure
were excluded from the study. The detailed history of patients
was documented at the time of initial visit with liver specific history
including history of alcoholism, storage disorders, obesity and
metabolic diseases. Ultrasonography and sonoelastography (ARFI)
was performed with SIEMENS ACUSON S2000 machine using 3.5
MHz curvilinear transducer.

Total 119 patients, 68 (57.14 %) males and 51 (42.86 %) females
were included in the study. The four groups were defined as
normal (Grade Q) with normal liver echotexture, and mild (Grade 1),
moderate (Grade 2), and severe (Grade 3) fatty liver according to
the degree of diffuse increase in echotexture of the liver parenchyma
on sonography. Seventy-nine patients found to have fatty liver on
ultrasonography were graded according to the severity of fatty
liver in mild (Grade 1), moderate (Grade 2) and severe (Grade 3)
grades based on mild, moderate and marked diffuse increase in
hepatic echogenicity respectively [8-11]. Mild diffuse increase in
hepatic echogenicity with normal visualisation of diaphragm and
walls of portal vein branches was labelled as mild or Grade 1 fatty
liver. Moderate or Grade 2 fatty liver was diagnosed in presence
of moderate diffuse increase in hepatic echogenicity and obscured
echogenic walls of portal vein branches with maintained visualisation
of diaphragmatic echogenicity. Patients with marked increase in
hepatic echogenicity with poor penetration, obscuring the periportal
as well as diaphragmatic echogenicity were categorised into
severe or grade 3 fatty liver. Forty patients with normal liver were
included in the control i.e., Grade O group. Patients were placed
in supine position and intercostal and subcostal approach were
used for the assessment of the liver. Appropriate depth and gain
were adjusted. The Maximum craniocaudal dimension of the liver
was obtained in midclavicular line and hepatomegaly was defined
as the mid clavicular long axis dimension of the liver being longer
than 15.5 cm [22]. The patients were placed in left lateral decubitus
for ultrasound ARFI elastography measurement with the right arm
extended and placed by the side of head. The right lobe of liver was
imaged through intercostal approach and ARFI measurements were
performed 1 cm below the liver capsule in the right lobe of liver [23].
The patients were asked to stop breathing for a moment, in order
to minimise the breathing motion. The left lobe of liver was avoided
due to transmitted pulsations from the heart. Ten successive ARFI
readings were obtained from the right lobe of liver and the mean of
all these 10 values was considered the final ARFI value.

STATISTICAL ANALYSIS

Statistical analysis was performed using SPSS software, Version
20.0 with application of ANOVA test and t-test. Quantitative data
were expressed as mean+SD. The ANOVA test was used to
compare the mean values obtained by ARFI for each grade of fatty
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liver. The t-test was used for intergroup comparison of averages.
Value of p-value <0.01 was considered statistically significant.
Receiver Operating Characteristic (ROC) curve was used to find the
cut off value, sensitivity and specificity of ARFI elastography for fatty
liver.

RESULTS

The mean age of Grade 1 fatty liver group patients was 45.00+12.34
years (range 24-68 years), of Grade 2 fatty liver group patients was
40.90+14.26 years (range 23-78 years), of Grade 3 fatty liver group
patients was 45.82+11.81 years (range 31-64 years), and the
control group patients mean age was 41.88+14.52 years (range 21-
75 years). The mean age of fatty liver patients and control groups
was not statistically different (p = 0.515). The patients with fatty liver
were further divided into alcoholic (Grade O - 4, Grade 1- 18, Grade
2- 15, Grade 3 - 6) and non-alcoholic (Grade O - 36, Grade 1- 21,
Grade 2- 14, Grade 3- 5) groups.

The Mean liver craniocaudal dimension in mid clavicular line was
13.25+1.08 cmin the control group and 14.13+1.73 in Grade 1 fatty
liver group, 14.72+1.46 in Grade 2 fatty liver group and 15.55+1.63
in Grade 3 fatty liver group. The relationship between liver size and
the degree of fatty liver was evaluated and found that liver size
increased with the degree of fatty infiltration (p-value <0.001).

Ten ARFI values were taken in all the patients and the mean was
calculated [Table/Fig-1]. The mean ARFI was 0.97+0.10 in the
control patients, 1.24+0.14 in Grade 1 fatty liver, 1.38+0.16 in
Grade 2 fatty liver and 1.74+0.50 in Grade 3 fatty liver [Table/Fig-
2,3]. On comparison, the difference between liver ARFI values in the
control group (Grade 0) and fatty liver group (grades 1, 2, 3) was
found to be significant (p-value <0.001). The difference between
the mean ARFI values across various grades of fatty liver was also
significant (p<0.001). The patients with a higher grade of fatty liver
showed higher values on ARFI elastography [Table/Fig-1]. The
difference between ARFI values in alcoholic and non-alcoholic fatty
liver patients was not statistically significant [Table/Fig-4]. The cut
off value of ARFI for fatty liver was calculated as 1.12 m/s in our
study by plotting the ROC curve. Out of 79 fatty liver patients, 71
(89.9 %) patient had ARFI measurements more than 1.12 m/s and
8 (10.1%) patients showed ARFI values less than the cut off [Table/
Fig-5]. Two (5%) patients out of 40 normal patients also showed
ARFI measurement more than the 1.12 m/s. The 1.12 cut of value
of ARFI measurements in diagnosis of fatty liver revealed sensitivity
of 89.87%, Specificity of 95 %, Positive Predictive Value (PPV) of
97.26 % and Negative Predictive Value (NPV) of 82.61 %. This
concludes that if ARFI elastography measurement of more than
1.12 m/s speed are obtained in liver elastography, then there were

ARFI Sonoelastography Velocity (m/sec)
i No. of 95% Cl for Mean

US grading Patients Std.
of fatty liver | (n=119) | Mean | Deviation | Lower Bound | Upper Bound
Grade O 40 0.97 0.10 0.94 1.00
Grade 1 39 1.24 0.14 1.19 1.28
Grade 2 29 1.38 0.16 1.32 1.44
Grade 3 11 1.74 0.50 1.40 2.08

[Table/Fig-1]: ARFI elastography measurements according to ultrasound grading
of the fatty liver. Cl - Confidence Interval.

| [vs=1.22mis
Depth=4.0 cm

[Table/Fig-2]: ARFI measurements in patient with grade 1 (A)and grade 2 (B) fatty
liver.
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. No. of
Fatty liver AICOhOI'C/. Patients B AL SD p-values
Nonalcoholic (m/sec)
(n=79)
Alcoholic 18 1.23 0.15
Grade 1 0.874
Non-Alcoholic 21 1.24 0.13
Alcoholic 15 1.39 0.16
Grade 2 0.903
Non-Alcoholic 14 1.38 0.16
Alcoholic 6 1.80 0.48
Grade 3 0.708
Non-Alcoholic 5 1.67 0.58

[Table/Fig-4]: ARFI values in alcoholic and non-alcoholic fatty liver patients.

USG Diagnosis
ARFI Values (m/s) Total
Fatty liver Normal
>1.12 71 2 73
<1.12 8 38 46
Total 79 40 119

[Table/Fig-5]: Fatty liver diagnosis by USG and ARFI elastography.

89.87 % chances of occurrence of fatty liver. The cut off values of
ARFI measurements were 1.06 m/s (sensitivity - 92.31%, specificity
- 87.50%) for Grade 1 fatty liver, 1.12 m/s (sensitivity - 96.55%,
specificity - 95.00%) for Grade 2 fatty liver and 1.18 m/s (sensitivity
and specificity -100 %) for Grade 3 fatty liver. However, these ARFI
values could not be applied as diagnostic test for grading of fatty
liver due to overlap of the ARFI measurements across the grades
of fatty liver.

DISCUSSION

In present study, the difference between liver ARFI elastography
measurements in the control group (Grade 0) and fatty liver group
(Grades 1, 2, 3) was found to be significant (p-value <0.001). The
difference between the mean ARFI values across various grades
of fatty liver was also significant (p-value <0.001). The patients
with a higher grade of fatty liver showed higher values on ARFI
elastography [Table/Fig-1]. Yoneda M et al., in their study found
significant positive correlation between median velocities measured
by using ARFI sonoelastography and severity of fatty liver and
reported a stepwise increase in the median velocity measured by
using ARFI sonoelastography with increasing histologic severity
of hepatic fibrosis in fatty liver disease [24]. In the study by Li Y-Y
et al., significant difference was found in the elastography scores
between different groups of fatty liver (p-value < 0.05) and the score
of ultrasonic elastography increased with the severity of fatty liver
[5]. Guerra JA et al., stated that ARFI elastography results in liver
disease may differ according to aetiologies since the shear wave
velocity changes with the elasticity of the hepatic parenchyma which
may be different within aetiologies [25].
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The cut off value of ARFI for fatty liver was calculated as 1.12 m/s in
our study by plotting the ROC curve. Out of 79 fatty liver patients, 71
(89.9 %) patients had ARFI measurements more than 1.12 m/s and
8 (10.1%) patients showed ARFI values less than the cut off [Table/
Fig-5]. Two (5%) patients out of 40 normal patients also showed
ARFI measurement more than the 1.12 m/s. The 1.12 cut of value of
ARFI measurements in diagnosis of fatty liver revealed sensitivity of
89.87%, Specificity of 95 %, PPV of 97.26 % and NPV of 82.61%.
LiY-Y et al., reported sensitivity of 97.14% and specificity of 91.11%
in diagnosis of fatty liver by ultrasonic elastography [5].

Itisimportant to assess the presence and degree of fibrosis in chronic
liver diseases for treatment planning and outcome prediction [16].
The METAVIR scoring system based on liver biopsy stages the liver
fibrosis into no or mild fibrosis, moderate fibrosis, severe fibrosis
and cirrhosis [26]. Liver biopsy is considered the gold-standard for
fibrosis assessment and stage classification [27]. However, liver
biopsy is an invasive procedure, with potential complications that
are severe in up to 1% of cases [28,29]. The specimen represents
roughly only 1/50 000 of the liver volume, and there is also intra
observer variability at microscopic evaluation [30]. Therefore, non-
invasive methods for liver fibrosis assessment have been an intense
field of research, including elastography methods using ultrasound.
Many studies have established the role of elastography in study
of various hepatic diseases, such as cirrhosis after hepatitis,
alcoholic cirrhosis, malignancies and other chronic liver diseases
[17,21,31,32]. Yoneda M et al., carried out a study to determine
the value of liver stiffness measurement with Fibroscan, based on
ultrasound transient elastography, in patients with non-alcoholic
fatty liver disease (NAFLD) [33]. They found significant positive
correlation between liver stiffness and the severity of liver fibrosis
in patients with NAFLD. Guerra JA et al., also found that ARFI had
good accuracy to distinguish initial fibrosis from advanced fibrosis in
hepatitis C virus and non-alcoholic fatty liver disease and suggested
that ARFI can replace biopsy in most cases [25]. The optimal cut
off value of ARFI elastography for differentiated advanced fibrosis
from initial fibrosis given in their study was 1.535 m/s with 83.3%
sensitivity and 91.7% specificity. In our study, the mean ARFI was
0.97+0.10 in the control group patients, 1.24+0.14 in Grade 1 fatty
liver, 1.38+0.16 in Grade 2 fatty liver and 1.74+0.50 in Grade 3 fatty
liver patients. Thus, applying the ARFI cut off value of 1.535 m/s
suggested by Guerra JA et al., seven out of 29 patients (24.1%)
of grade 2 fatty liver and six out 11 patients (54.5 %) of grade 3
fatty liver in our study were likely to have advanced fibrosis requiring
regular follow up and liver biopsy [25]. The major advantages of
ARFI sonoelastography, as compared with liver biopsy, are that
these techniques are painless, rapid, easy to perform and have no
associated complications and are easily accepted by the patients
[24].

LIMITATION

The liver biopsy was not performed to confirm the diagnosis of fatty
liver, liver fibrosis and any other coexisting liver disease. However,
strict sonography criteria were applied for diagnosis and grading of
the fatty liver and measurement of ARFI elastography values in all
patients.

CONCLUSION

There was significant difference in ARFI elastography velocity
measurements between normal and fatty liver patients. The difference
between the mean ARFI values across the severity grades of fatty
liver was also significant with higher ARFI elastography values seen
in higher grades of fatty liver. The difference between ARFI values in
alcoholic and non-alcoholic fatty liver patients were not statistically
significant.
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