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Abstract
Objectives: To investigate the potential usefulness of acoustic radiation force impulse ARFI for detecting LF in overweight and obese

children.

Material and Methods: A cross-sectional study was conducted in 148 schoolchildren. A diagnosis of non-alcoholic fatty liver disease
(NAFLD) and LF was based on ultrasound (US) and ARFI shear wave velocity (SWV).

Results: The laboratory parameters were normal in all the children. NAFLD was observed in 50 children (33.8%). The median SWV
was 1.18 0.28 m/s. Differences between ARFI categories and hepatic steatosis grades were observed (X2 = 43.38, P = 0.0005). No
fibrosis or insignificant fibrosis (SWV 1.60 m/s) was detected in 137 children (92.5%), and significant fibrosis (SWV > 1.60 m/s) in

11 children (7.5%), nine of whom had normal US or mild steatosis.

Conclusion: The present study is the first to evaluate the utility of the ARFI technique for detecting LF in overweight and obese
children. The results of the study suggest that children with normal laboratory parameters such as normal liver ultrasound or mild

steatosis may present with significant LF.
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Introduction

Childhood obesity is a major public health problem in all countries in the industrialized world [1,2]. Nonalcoholic fatty liver disease
(NAFLD) is increasing at alarming rates in obese children [3,4]. Childhood NAFLD has become a significantly common liver disease [5,6].
NAFLD is a progressive disease that encompasses a spectrum of liver diseases, ranging from simple steatosis to non-alcoholic steatohepa-
titis (NASH) and cirrhosis [3,4,7]. NASH, which is more common in obese children, has the potential to advance to liver fibrosis and liver
failure [7]. Liver biopsy (LB) is considered to be the most accurate method for diagnosing NAFLD but is not practical in population-wide
studies [8,9].
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Thus, there is a clear need for noninvasive alternatives to liver biopsy. Recent years have witnessed the development of alternative
noninvasive techniques such as elasticity imaging methods, which include acoustic radiation force impulse (ARFI) imaging. ARFI imag-
ing is a new non-invasive technique, integrated into a conventional ultrasound (US) system, which provides information on the localized
mechanical properties of soft tissue using high-intensity, short-duration acoustic pulses to generate localized displacements in tissue
[10,11]. ARFI shear wave velocity (SWV) is proportional to the square root of tissue elasticity [11,12]. SWV, expressed in m/s, is directly

related to the stiffness of the tissue. The ARFI technique is a reliable and rapid method for the assessment of liver fibrosis (LF).

ARFI is a method for differentiating patients with NASH from patients with simple steatosis and it can also predict significant liver
fibrosis (LF) [13]. There are a number of ARFI imaging studies of the liver in adults [12-18], especially for estimating the degree of LF.
However, only a few published studies have evaluated liver fibrosis with ARFI in children [19-22], and they include healthy children and
children with liver disease. To our knowledge, no studies have been reported in the literature on the ARFI technique for evaluation of
the liver in obese children. Early detection of NASHassociated fibrosis is crucial for the prognosis of disease progression. The purpose of

this study was to investigate whether ARFI imaging is potentially useful for detecting LF in overweight and obese children.

Material and Methods

Study population

A cross-sectional study was conducted in 148 schoolchildren (77 boys, 71 girls) from Gov. children’s school, Bikaner (Raj, INDIA),
selected at random from 303 eligible children out of the 750 who were recruited. Of the 750 children, 447 were excluded for the fol-
lowing reasons: errors in filling out the application (n = 98); a body mass index (BMI) categorized as normal weight or underweight
(n = 302); and presence of a chronic disease (n = 47). The present study is part of the health program, which was introduced in the
2013-2014 school year aimed at establishing strategies for preventing obesity. The criteria for inclusion were: (i) overweight or obese
children aged 5-10 years; (ii) not presenting with diseases or physical restrictions that would prevent physical activity; and (iii) not
following any type of diet or medical treatment that might condition progress in the intervention program. The criteria for exclusion

were: (i) presenting with chronic diseases; (ii) not attending any of the assessments; and (iii) not signing the informed consent form.

The study was conducted according to the guidelines of the Helsinki Declaration. The study was approved by the Research Ethics
Committee of the attached college Sardar Patel medical college, Bikaner. Signed informed consent forms were obtained from the chil-

dren’s parents.

Anthropometric and clinical characteristics

All the measurements were taken in schools by an experienced, well-trained technician following a standard protocol and using
calibrated instruments. Height and weight were measured. BMI was calculated as weight/height 2 (kg/m?) and the BMI z-score was
calculated using the World Health Organization (WHO) Anthro Plus software. The child’s nutritional status was classified as follows:
overweight (BMI z-score > 1 to 2), obesity (BMI z-score > 2) based on the WHO.

Biochemical measurements were taken in the P.B.M, Hospital. Venous blood samples were obtained from all the schoolchildren
after a 10-h overnight fast and glucose, insulin, total cholesterol (CHOL), low-density lipoproteins (LDL), high-density lipoproteins
(HDL), low-density lipoproteins (LDL), triglycerides (TG), glutamate oxaloacetate transaminase (GOT), glutamate pyruvate transami-

nase (GPT), and gamma glutamyl transferase (GGT) were measured.

NAFLD ultrasound and liver ARFI

US examinations were performed in the respective schools by one of the six radiologists, with 22 years of experience in US and
3years of experience in the ARFI technique, independently and with an agreed study protocol. Each radiologist performed 24 or 25 ex-
aminations. US studies were performed with Acuson S2000 Virtual Touch Tissue Quantification (Siemens, Erlangen, Germany) using a

4 MHz conventional convex transducer. The examinations were performed with a fasting interval of > 3h. The children were assessed in
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the supine position with their right arm in maximum abduction and the study was conducted between the 6" and 7% intercostal spaces
for the right lobe of the liver and subcostal for the left lobe of the liver.

A diagnosis of NAFLD, or hepatic steatosis (HS), was based on the US scan. The severity of HS was graded as follows: Grade 0 = nor-
mal steatosis, defined as normal liver echotexture; Grade 1 = mild steatosis, as a slight and diffuse increase in fine parenchymal echoes
with normal visualization of the diaphragm and portal vein borders; Grade 2 = moderate steatosis, as a moderate and diffuse increase
in fine echoes with slightly impaired visualization of the portal vein borders and diaphragm; and Grade 3 = severe steatosis, defined as

fine echoes with poor or no visualization of the portal vein borders, diaphragm, and posterior portion of the right lobe[23].

ARFI measurement of SWV (m/s) was performed during free soft breathing of the child. The region of interest (ROI) was positioned
1-2 cm from the liver capsule at a maximum depth of 8cm, in a homogeneous parenchyma that did not include vessels or surrounding
structures. Ten valid measurements were taken as follows: (i) right liver lobe (RLL): the average of six measurements in segments VI,
VI, and VIII (two measurements in each) was obtained; (ii) left liver lobe (LLL): the average of four measurements in segments Il and III
was obtained. SWVs obtained from the RLL were included in the different ARFI categories [12] according to the following cutoffs: ARFI 0
(1.90 m/s). Moreover, the ARFI categories were used as a basis to establish the following fibrosis classification: no fibrosis includes ARFI

category 0; insignificant fibrosis includes ARFI categories 1 and 2; and significant fibrosis includes ARFI categories 3 and 4.

Statistical analysis

The statistical analysis was conducted with the SPSS statistical software package version 19.0 (SPSS Inc., Chicago, IL, USA). Data
were expressed as mean standard deviation (SD). The quantitative variables with a normal distribution were analyzed using Student’s t
test and otherwise the Mann-Whitney U test. The 2 test was also used to compare the qualitative variables. Differences among multiple
means were assessed by 1-way ANOVA and post hoc test analysis. Correlations between the SWV of the right liver lobe and the different
variables were analyzed with Pearson correlation coefficients. The relation between ARFI categories and HS grades was analyzed using

the 2 test and contingency tables. Differences were deemed significant at P < 0.05.

Results

The main anthropometric and clinical features of the subjects included in the analysis are shown in Table 1. Of the 148 participating
children, 95 (64.2%) were obese and 53 (35%) were overweight. A positive correlation was observed between SWV and BMI (r = 0.179;
P <0.029) and GPT (r = 0.279; P < 0.001), while no significant differences were observed between SWV and the remaining parameters

evaluated in this study.

List of Figures and Tables

Variables Mean &+ SD*
Age (years) 8.02 + 1.64
Gender (M/F) 77171

Height (cm) 133 £+ 10.40
Weight (kg) 39.65 :9.77
BMI (kg/m?) 22.11x3.10
BMI z-score 2.45 4+ 0.98
CHOL (mg/dL) 153.95 +=27.41
TG (mg/dL) 101 +58.79
HDL (mg/dL) 50.52 %+ 12.06
LDL (mg/dL) 84.29 + 22.99
GOT (U/L) 33.06 +8.90
GPT (U/L) 31.80+ 13.20
GGT (U/L) 16.07 = 5.25

*Median £ SD (standard deviation) for demographic and
laboratory variables.

BMI, body mass index; CHOL, cholestercl; GGT, gamma
glutamyl transferase: GOT, glutamate oxaloacetate trans-
aminase; GPT, glutamate pyruvate transaminase; HDL,
high-density lipoproteins: LDL. low-density lipoproteins:
TG, rriglycerides.

Table 1: Participant characteristics (n = 148).
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Of the total number of children (n = 148) US did not detect NAFLD in 98 (66.2%) but did observe NAFLD in 50 (33.8%). HS distribu-
tion was grade 0 in 98 (66.2%), grade 1 in 45 (30.4%), grade 2 in four (2.7%), and grade 3 in one (0.7%). Table 2 shows the relation-
ship between HS grades and SWV, with no significant differences observed (P= 0.130). Table 3 shows the relationship between ARFI
categories and HS grades, with significant differences observed (2 = 43.38, P = 0.0005).

HS grade

(children [n]) SWV (ml/s) 95% ClI

0 (98) 1.15 (1.11-1.20)
1 (45) 1.24 (1.13-1.35)
2(4) 1.17 (0.46—-1.87)
3 (1) 1.66 -

Cl, confidence interval; HS, hepatic steatosis; SWYV, shear
wave velocity.

Table 2: Relationship between HS grade and SWV.

HS grade ARFIO ARFI| ARFI2 ARFI3 ARFlI4 Total

0 62 26 8 0 2 98

| 26 5 7 4 3 45
2 3 0 0 | 0 4

3 0 0 0 | 0 1
Total 91 31 15 6 5 148

ARFI, acoustic radiation force impulse; HS, hepatic steatosis.

Table 3: Relationship between ARFI categories and HS grades.

The mean SWV of all the children (n = 148) was 1.18 0.28 m/s in the RLL and 1.46 0.25 m/s in the LLL, with significant differences
(P < 0.001). Significant differences were also observed for gender (P < 0.001), with higher SWVs in girls (1.26 0.35 m/s) than in boys
(1.12 0.18 m/s). The distribution of mean SWVs between ARFI categories was as follows: ARFI0 (n=91) 1.030.13 m/s; ARFI 1 (n=31)
1.24 0.04 m/s; ARFI 2 (n =15) 1.40 0.07 m/s; ARFI 3 (n = 6) 1.75 0.08 m/s; and ARFI 4 (n =5) 2.21 0.28 m/s. The ARFI 0, ARFI 1, and
ARFI 2 categories considered together included 76 girls and 61 boys, and the ARFI 3 (Figure 1 and 2) and ARFI 4 categories accounted
for ten boys and one girl, with significant differences (X, = 8.77, P= 0.0003). No fibrosis (ARFI 0) was observed in 91 children (61.5%),
insignificant fibrosis (ARFI 1 and ARFI 2) was detected in 46 children (31%), and significant fibrosis (ARFI 3 and ARFI 4) was detected
in 11 children (7.5%).

Discussion

This is the first study to use the ARFI technique for detecting LF in overweight and obese children aged 5-10 years. LB is currently
considered the gold standard for assessment of hepatic fibrosis [3,15]. However, there are now non-invasive imaging methods that al-
low identification of steatosis and LF, such as the ARFI technique. ARFI is integrated into a conventional US system and the procedure
can be performed during a routine US examination. NAFLD is increasing at alarming rates in obese children [3,4]. Childhood NAFLD
has become a major common liver disease [5,6]. NAFLD is a progressive disease that encompasses a spectrum of liver diseases, ranging
from simple steatosis to non-alcoholic steatohepatitis (NASH) and cirrhosis [3,4,7]. The prevalence of US-detected NAFLD is estimated
at 30-60% in obese children [4,7,24]. In our study the prevalence of US-detected NAFLD was 33.8%.
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Figure 1: A 6-year-old obese boy. Ultrasonogram showing normal liver echotexture
(Grade 0 hepatic steatosis) and shear wave velocity of 1.62 m/s (ARFI category 3).

Figure 2: A 9-year-old obese boy. Ultrasonogram showing moderate increase in liver echotexture

(Grade 2 hepatic steatosis) and shear wave velocity of 1.65 m/s (ARFI category 3).

NAFLD is a common liver disease worldwide and US is widely used in screening [7,24]. Moreover, US has a reasonable accuracy for
detecting moderate-to-severe HS, although it is less accurate for detecting mild HS [25,26] and it cannot exclude fibrosis (6). Also, the
evaluation of NAFLD by US has important interobserver variability and the reproducibility of results is limited [25,27]. However, US has
a high negative predictive value for excluding NAFLD in subjects with a normal or slightly increased liver echogenicity, with an accuracy

of more than 80% [24] and US examination of the liver is recommended as an initial screening procedure.

Early detection of LF is crucial for the prognosis of disease progression. However, identification of patients with fibrosis has been
difficult because they can remain asymptomatic for a long time, since no single clinical or laboratory parameter can reflect the presence
of LF. In the present study, the laboratory parameters were normal in all the children (n = 148). There are many studies that use the
ARFI method for evaluating LF in adults [12-18]. However, few studies have been performed with the ARFI technique to assess LF in
children [19-22]. The mean SWV in our study was 1.18 0.28 m/s, which is close to the upper range of 1.07-1.19 m/s reported in chil-
dren with a healthy liver [28-30]. With respect to gender, the SWV values were significantly higher in girls (1.26 0.35 m/s) than in boys
(1.12 0.18 m/s). Published studies are not consistent regarding the effect of gender on SWV. A few studies in adults [31-33] and a study
conducted with ARFI in children [34] show no relationship to this parameter, whereas other studies using transient elastography do

show an influence of sex, with lower SWV values in girls [35,36]. Further studies are needed, therefore, to be able to establish whether
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sex affects SWV values. Moreover, a positive correlation was also observed in our study between SWV and BMI and GPT. However, in a
study of children with cystic fibrosis [37] a negative correlation was found between SWV and BMI, and no significant correlation was
found with GPT.

The SWV value was also seen to be higher in the LLL than the RLL. Similar differences have been encountered in other studies, in
both adults [14,15] and children [20,21]. This may be because the LLL is more liable to compression and closer to the cardiovascular
system and, therefore, the heartbeat, or also because it is smaller than the right liver lobe. It is therefore suggested that the velocities
be measured in different segments of the right liver lobe (no less than six measurements), although no common protocol has been
established for performing the ARFI technique, which means more studies are needed to be able to unify criteria [38-40]. Using the
ARFI categories (12) as a basis in the present study we detected no fibrosis or insignificant fibrosis in 92.5% of the children (n = 137)

and significant fibrosis in 7.5% (n = 11).

It was observed that children with a normal liver ultrasound or mild steatosis (n = 9) had significant fibrosis. This is probably be-
cause steatosis is gradually replaced by the extracellular matrix deposition that leads to fibrosis [41]. It should also be noted that US
examinations have a subjective operator-related component, which is why we do not consider this study to be sufficient as a screening
method for the assessment of children with NAFLD, because US examinations of normal livers might have a certain degree of fibrosis.
Moreover, as the possibility of performing a liver biopsy is not contemplated as a screening method in overweight or obese children,
we consider that the combination of conventional US and ARFI technique is fundamental for detecting NAFLD and fibrosis. We also
propose the following liver fibrosis classification: No Fibrosis = SWV < 1.20 m/s; Insignificant Fibrosis = SWV of 1.20-1.60 m/s; and
Significant Fibrosis = SWV > 1.60 m/s.

A limitation of the present study was that the NAFLD or LF stage was not determined in our children by LB. Although, LB remains
the “imperfect” reference standard for NAFLD diagnosis, it represents an impractical screening procedure because it is both expensive
and invasive [42,43], especially in young children. We do not consider LB to be justified in children with significant fibrosis detected us-
ing the ARFI technique and with normal laboratory parameters. For these reasons, surrogate markers such as US or the ARFI technique
are usually used to detect NAFLD and fibrosis. ARFI is a valuable non-invasive method, which is both safe and reproducible (12). Our

hypothesis is that NFALD or fibrosis in children may be reversible with the implementation of physical activity programs.

Conclusion
In conclusion, the present study is the first to evaluate the utility of the ARFI technique for detecting LF in overweight and obese
children aged 5-10 years. The results of the study show that children with normal laboratory parameters such as normal liver ultra-

sound or mild steatosis may present with significant LF.
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