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Abstract

Worldwide, nonalcohoalic fatty liver disease (NAFLD) has emerged as the leading cause of chronic liver disease in children and adolescents,
but also as a real public health issue. Over the last decades, the increase in the rates of obesity and overweight in children has led to the
increase in the worldwide prevalence of pediatric NAFLD. Detection of a hyperechoic appearance of the liver at ultrasounds or elevated
levels of transaminases, identified during a routine control in children, suggests NAFLD. The disorder can be diagnosed with either non-invasive
strategies or through liver biopsy, which further allows the identification of specific histological aspects, distinct from those found in adults.
Since NAFLD is a clinically heterogeneous disease, there is an imperative need to identify noninvasive biomarkers and screening techniques
for early diagnosis in children, in order to prevent metabolic and cardiovascular complications later in adulthood. This review emphasizes
the main diagnosis tools in pediatric NAFLD, a systemic disorder with multifactorial pathogenesis and varying clinical manifestations.
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=& Introduction

The increased prevalence of obesity among children
has led to a rise of its comorbidities, such as nonalcoholic
fatty liver disease (NAFLD) at early ages. NAFLD is
responsible for a wide range of liver related issues, such
as simple steatosis, nonalcoholic steatohepatitis (NASH),
advanced fibrosis, and cirrhosis. At the present time,
NAFLD is the most significant and prevalent form of liver
disease both in adults and children. For adult patients,
terminal liver disease caused by NAFLD represents the
primary cause of liver transplantation [1-3]. The onset
of NAFLD in childhood leads to the development of
advanced liver disease in young adults and the early onset
of comorbidities, such as metabolic syndrome (MS) and
cardiovascular disease. Some authors consider NAFLD
the liver manifestation of MS [1, 4]. Given the fact that
cardiovascular disease is the main cause of death in
adult patients suffering of NAFLD, a pivotal step is to
diagnose NAFLD early in childhood and adolescence in
order to properly ensure adequate therapeutic interventions.

Due to its direct association with insulin resistance and
obesity, NAFLD it is a real public health problem since
childhood. Typically, pediatric NAFLD is diagnosed
especially in males and around the age of 11-13 years.
Steatohepatitis is usually reported in the prepubertal
age group, obesity, diabetes, acanthosis nigricans, and
polycystic ovary syndrome being clinical markers of insulin
resistance [1].

As there are no precise or sensitive noninvasive makers
of NAFLD, it is fairly difficult to pinpoint its exact
incidence. In patients in whom the diagnosis of NAFLD
was established using non-invasive tests [alanine amino-
transferase (ALT) values and liver ultrasound (US)], the
percentage registered in the pediatric age NAFLD was
no more than 7.6%, while among the obese children
group it rose up to 34% [2, 5]. Studies that established
this diagnosis using histopathological (HP) examination
showed a worldwide prevalence of NAFLD that ranged
from 4.2% to 9.6%, as well as a prevalence of 38% in
obese children and adolescents [2, 6]. NAFLD is under-
diagnosed in children, as there are currently no evidence-
based solid recommendations for screening in the pediatric
population. Novel biomarkers as well as therapeutic agents
are required in order to avert the possible longstanding
consequences of NAFLD and its associated complications.

7 Etiopathogeny

NAFLD in pediatric-aged patients is undoubtedly
linked with several metabolic risk factors, such as insulin
resistance, dyslipidemia, cardiovascular disease and, most
notably, visceral adiposity [7, 8]. From the etiopathogenic
point of view, the development and progression of NAFLD
are secondary to complex interactions between metabolic,
genetic, epigenetic, and environmental mechanisms [1,
2, 9]. Now, the “multiple-hit model” theory is widely
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accepted in the pathogenesis of NAFLD [10]. The starting
point for the development of NAFLD is the excessive
accumulation of lipids in the hepatocyte, lipotoxicity,
systemic inflammation, and oxidative stress. Subsequently,
steatosis stimulates liver tissue through the secretion of
cytokines which contributes to fibrotic remodeling of the
liver and development of liver cirrhosis and hepatocellular
carcinoma [10-12].

Moreover, according to the theory of metabolic
programming of chronic diseases, the stress factors that
act in intrauterine and perinatal period increase the risk
of cardiometabolic diseases and NAFLD. Thus, maternal
nutrition influences the child’s risk of developing NAFLD
by inducing persistent changes in liver metabolism,
mitochondrial function, and postnatal gut microbiota [2].

= Histopathological features

Steatosis or fatty liver is a nonspecific condition that
occurs through an accumulation of neutral lipids in liver
parenchymal cells.

Macroscopically, the liver with steatosis is enlarged,
soft, golden-yellow with rounded edges. From microscopic
viewpoint, steatosis may show a macrovesicular pattern
with a single large lipid droplet which pushes the nucleus
into the periphery or microvesicular pattern with multiple

small droplets around the nucleus centrally placed. These
stages are reversible, since the removal of the cause leads
to the morpho-functional restoration of the cell. When
in hepatocytes with macrovesicular steatosis, the plasma
membranes of adjacent cells are destroyed, lipid cysts
are formed; this are irreversible lesions [13]. Generally,
the injury begins in the centrilobular region (zone 3) and
affect progressively 2 and 1 zones [14].

Sometimes microvesicular steatosis may be linked
to major damage of the mitochondrial beta-oxidation of
fatty acids. In this case, electron microscopy may reveal
megamitochondria in the affected cells [11]. Generally,
a pure microvesicular pattern is unusual and may appear
in Reye syndrome, in the presence of mitochondrial
disorders or in drug-induced maladies [15]. Significant
microvesicular steatosis seems to be related with liver
failure, pancreatitis, hypoglycemia, azotemia [16].

The persistence of various factors inducing steatosis
determines in children and adolescents’ NASH, which is
associated with fibrosis and progressive disease. HP
features of steatohepatitis are hepatocyte damage starting
of ballooning degeneration, Mallory—Denk bodies (MDBs)
and/or pericellular fibrosis, associated or not with steatosis,
necrosis (Figures 1 and 2) or apoptosis of cells [13, 14].

Hematoxylin—Eosin.

In ballooning degeneration, which is the main feature
of hepatic injury, the hepatocytes are enlarged with clear
cytoplasm and well-defined cell membranes. It is associated
in prognostic studies with severe impairment and an
increased incidence of cirrhosis in adults. The appearance
of ballooning degeneration could be the consequence of
the accumulation of intracellular fluid because of cyto-
skeletal dysfunction. In addition, other characteristic lesions
may be noted: MDBs, mega mitochondria, glycogenated
nuclei and iron deposits. MDBs are made of aggregation
of cytoskeleton filaments and resemble eosinophilic
intracytoplasmic material disposed near to the nucleus.
Inflammatory cells in steatohepatitis may consist of
neutrophils and very often lymphocytes, histiocytes and
Kupffer cells disposed in the lobules or within portal
tracts, fewer than in chronic viral hepatitis. In children,
the inflammation is more common in portal area and it

is considered a marker of severity of the adults’ disease
[13-15].

In NAFLD, fibrosis begins as deposition of peri-
sinusoidal or pericellular collagen fibers in the centrilobular
area and spreads outer into the lobules. In advanced stages,
there may be bridging fibrosis connecting neighboring
central veins or central veins and portal tracts [16].

Compared histological studies regarding steatohepatitis
in adult and childhood reported some differences [17].

In children steatosis initiates around the portal tracts
(zone 1) and more significant portal inflammation and
portal fibrosis is detected compared to adults (Figure 3).
Moreover, features such as ballooning or lobular
inflammation are less likely to be identified in children
compared to adults. Special stainings are useful in studying
the lesions [18]. Thus, Masson’s trichrome staining is
useful when assessing the degree of fibrosis while the
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reticulin stain can display any growth in pericellular
reticulin fibers. A differential diagnosis should be made
with drug-induced steatohepatitis, alcoholic steatohepatitis
and jejunoileal bypass [19, 20].

In children and adolescents, two types of steatohepatitis
have been described: type 1 or the adult-type steatohepatitis,
with primarily involvement of zone 3 (centrilobular) of the
hepatic lobule, and type 2 steatohepatitis, characterized
by inflammation and fibrosis, panacinar steatosis and
reduced ballooning degeneration (Figure 4), and MDBs
predominant in the zone 1 (periportal) of the hepatic
lobule [18, 21-23]. Generally, in type 2 steatohepatitis,
the fibrosis is more prominent. Epidemiological studies
show that type 2 steatohepatitis is more frequent in
younger children, obese boys, and non-White origin,
while adolescents tend to develop type 1 or adult type
features, most likely because of hormonal changes related
to puberty [21, 24]. For this reason, grading systems for
NAFLD have been suggested, considering the proportion
of hepatocytes with macrovesicular steatosis, hepatocyte
damage as ballooning degeneration, lobular inflammation,
and fibrosis [18, 23, 25]. Three scoring systems are more
commonly used: the Brunt system (Table 1) [26], the
NASH Clinical Research Network (CRN) system [27] and
the steatosis—activity—fibrosis (SAF) system [28].

Table 1 — Grading and staging of histopathological
lesions (modified after Brunt et al., 1999) [26]

Steatosis grading

Grade 0: absence of macrovesicular steatosis.

Grade 1: <33% of affected hepatocytes.

Grade 2: 33-66% of affected hepatocyte.

Grade 3: >66% of affected hepatocytes.

Steatohepatitis grading

Macrovesicular steatosis involving up to 66%
of the lobules, occasional hepatocyte ballooning

Grri?l?i 1, (predominantly in zone 3), acute lobular
inflammation with the presence of PMNs;
portal inflammation — absent or slight.
Steatosis of any grade, degenerative ballooning
Grade 2, presentin zone 3, lobular inflammation, mild or
moderate moderate perisinusoidal fibrosis, portal
inflammation.
Grade 3 Panacinar stea}tosis, mar-ked hgpatocyte ballooning,
severe, acute lobular inflammation with PMNs around

ballooned hepatocytes, portal inflammation.

Fibrosis staging

Pericellular/perisinusoidal fibrosis in zone 3,

Stage 1 .
focal or extensive.

Pericellular/perisinusoidal fibrosis in zone 3 +
Stage 2 ] - ) .

focal or extensive periportal fibrosis.
Stage 3 Pericellular/perisinusoidal fibrosis in zone 3 +

9 portal fibrosis + bridging fibrosis.

Stage 4  Cirrhosis.

PMN: Polymorphonuclears.
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Figure 4 — Type 2 (pediatric type) NAFLD with a

periportal distribution. HE staining, x100. HE:
Hematoxylin—Eosin; NAFLD: Nonalcoholic fatty liver
disease.

& Diagnosis

The diagnosis of NAFLD is established in the absence
of other liver diseases (for instance inborn errors of fatty
acid metabolism, peroxisomal disorders or lysosomal storage
disorders) or simply by random diagnosis. Unfortunately,
a significant number of patients remain undiagnosed [29].
Frequently, unexplained persistent elevation of transaminases
and/or US-diagnosed steatosis establishes the diagnostic
of NAFLD in obese children. The high levels of trans-
aminases values are associated with an increased risk of
severe liver disease. In adults, up to 30-60% of patients
with histologically proven NASH present normal ALT
values. This further implies that LB is the most accurate
method to make the clear distinction between NASH and
hepatic steatosis [30]. Significant steatosis may also be
detected by imaging studies, but their sensitivity decreases
prominently when steatosis is <50% [31].

LB is considered to be the best solution for correctly
identifying NASH and consequently establishing the severity
of the disease. Simultaneously, it can also make a clear
difference between simple steatosis and steatohepatitis.
Another plus is that it provides valuable information about

Table 2 — The main non-invasive markers studied in NAFLD

the changes in liver architecture, as well as the severity
of inflammatory activity and fibrosis [29, 32]. In addition,
it is useful in excluding other conditions associated with
steatosis, such as hepatitis C, Wilson’s disease, autoimmune
hepatitis, and other liver metabolic diseases. Histology
allows the monitoring of the disease progression and
response to therapy, knowing that transaminase levels
may vary or even normalize, regardless of whether fibrosis
progresses or stagnates [33, 34].

The decision to perform a LB in children, in order to
confirm the diagnosis of NAFLD, must weigh the risks
versus the importance of the information obtained and
also the impact on management. A high risk for NASH
could represent a biopsy indication in children in order
to allow the grading of the disease. In the absence of
strong evidence-based recommendations for biopsies in
children, Robertson et al. proposes in 2007 several criteria:
young age (less than 10 years old), a family record of
severe registered NAFLD, the existence of hepato-
splenomegaly on physical examination, and modified
biochemical markers (such as marked/persistent elevated
transaminases, insulin resistance, presence of nonspecific
autoantibodies) [35]. However, the use of LB in the
pediatric population is limited because of the method
invasiveness and the risk of association with major
complications, such as bleeding, which can occur in
both adults and children [36].

Consequently, there is an urgent need to identify
noninvasive biomarkers and screening techniques suitable
for early diagnosis of NAFLD and NASH, as well as
to monitor patients, especially as lifestyle changes and
potentially future pharmacological compounds could
represent treatment alternatives [7, 31].

=& Noninvasive markers

NAFLD and NASH are multifactorial diseases and
there is no established marker that could predict the clinical
evolution or benefits of treatment. The progression from
NAFLD to NASH involves a variety of hormonal,
molecular and cellular changes. Multiple biomarkers
have been developed to highlight the severity of liver
disease (Table 2).

Markers of Markers of oxidative Markers of Markers of fibrosis
inflammation stress apoptosis
Nonspecific:
CRP (ASTALTE:
Routinely used Adiponectin ¥ LDL oxidation t - FibroTest;
pu! = FIB-4 score: age, AST or ALT, platelets.
Ferritin ¢ e
Specific:
* PNFI: age, WBC, triglycerides.
TNFa ¢
IL-6 Nonspecific:
RBP4 « HA:
Markers used in  Bacterial endotoxin * Hepatic expression CK18 t . Lar;1inin
clinical trials Fetuin-A ¢t of 8-OHdG . ’
Resistin Specific:
o = ELF panel: HA, TIMPs, PIIINP.
Visfatin
PAI-1

8-OHdG: 8-Hydroxy-2’-deoxyguanosine; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CK18: Cytokeratin 18; CRP:
C-reactive protein; ELF: Enhanced liver fibrosis; FIB-4: Fibrosis-4; GGT: Gamma-glutamyl transferase; HA: Hyaluronic acid; IL-6: Interleukin-6;
LDL: Low-density lipoprotein; NAFLD: Nonalcoholic fatty liver disease; PAI-1: Plasminogen activation inhibitor-1; PIIINP: Procollagen Il
N-terminal peptide; PNFI: Pediatric NAFLD fibrosis index; RBP4: Retinol binding protein 4; TIMPs: Tissue inhibitors of metalloproteinases;

TNFa: Tumor necrosis factor alpha; WBC: White blood cells.
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A variety of inflammatory markers are elevated in the
serum of NASH patients: C-reactive protein, tumor necrosis
factor-alpha, interleukin (IL)-6, and IL-8. The most
important difference between simple steatosis and NASH
is mainly represented by the absence of inflammatory
infiltrate in the first one. NASH is mainly characterized
by changes in glucose and lipid metabolism that include
numerous adipokines. Among adipokines, adiponectin
and chemerin have been investigated as non-invasive
biomarkers for liver steatosis evaluation [1, 2, 37].

A study performed by Flisiak-Jackiewicz & Lebensztejn
showed positive correlations between body mass index,
aspartate aminotransferase (AST), ALT, triglycerides and
gamma-glutamyl transferase with chemerin and significant
negative correlations of these parameters with adiponectin
[1, 38]. Other adipokines, such as leptin, resistin, or
visfatin, are associated with the severity of NAFLD and
may be considered as potential indicators of the diseases
not only in children, but also in adults [1, 39].

Hepatocyte death and extracellular matrix specific
biochemical markers such as cytokeratin 18 (CK18) and
hyaluronic acid (HA) are correlated with the stage of
fibrosis [37]. The CK18 apoptosis marker shows elevated
plasma levels in patients with NASH, thus indicating
hepatocyte destruction by apoptosis and necrosis. Levels
of CK18 underline a major correlation with the incidence
of NASH but they should not be expected to make a
difference between different levels of severity of NASH.
The development of noninvasive biomarkers is still one
of the most intensely exploited areas of current research.
Thus, a massive amount of effort is being dedicated to
messenger ribonucleic acid (MRNA) expression analysis,
genetic profiling, proteomics, and metabolomics [40—
42]. Moreover, genetic components involved in the
development and progression of NASH are currently
being investigated, which will hopefully lead to the
implementation of adequate therapeutic intervention, as
well as the identification of supplementary liver disease
risk factors. Genetic factors contribute up to no less than
30-50% in the prevalence of many different diseases which
include obesity, type 2 diabetes, cardiovascular disease
or liver cirrhosis. One of the genes involved in this
process is patatin-like phospholipase domain-containing
protein 3 (PNPLA3) which mediates the triacylglycerol
hydrolysis in adipocytes and hepatocytes [40].

@ Non-invasive fibrosis evaluation scoring
systems

As previously stated, the LB limitations have incited
the development of alternative non-invasive scoring systems,
which are currently directed towards the assessment of
hepatic fibrosis. Most of these tests, such as AST/ALT ratio,
AST to platelet ratio index (APRI), NAFLD fibrosis score
(NFS), Fibrosis-4 (FIB-4), were developed for adult
patients. However, there is still controversy regarding
their accuracy in the assessment of pediatric NAFLD.
While several authors found that some of these scores
reflected the presence of hepatic fibrosis with adequate
accuracy [43, 44], others did not [45, 46]. Also, even
though many of these scores have proven their utility in
the prediction of fibrosis in pediatric patients with viral

hepatitis, biliary atresia and cystic fibrosis, their role in the
setting of NAFLD has not yet been firmly established
[47]. Moreover, the North American Society for Pediatric
Gastroenterology, Hepatology, and Nutrition NASPGHAN)
recommendations state that the evidence favoring the use
of these scoring systems is not strong enough to justify
their routine clinical use in the evaluation of patients
with NAFLD (Table 3) [34].

Table 3 — The usefulness of hepatic fibrosis scoring
systems in pediatric patients diagnosed with NAFLD

Hepatic Parameters Accuracy in pediatric
fibrosis score used patients
AST/ALT AST, ALT Very low [6, 9]
ratio
APRI AST, platelets High [9]
Total bilirubin, GGT,
Forns index az-macroglobulin, Moderate [9]
apolipoprotein A1,
haptoglobin.
) High accuracy in
E(I:?)r: Age’@g:;t?n’ differentiating significant
P from mild fibrosis [9].
Good accuracy for
differentiating significant
ItEeLSI: HAT“"\PAIFI,I_':P’ fibrosis (stage 3) from mild
or no fibrosis (AUROC=0.99,
10.51 cutoff) [4].
Age. waist Good accuracy for
circSm‘ference differentiating hepatic
PNFI triglvceride * fibrosis from no fibrosis
glgvel (AUROC=0.85, 0.76
) respectively) [3, 10].
Excellent accuracy for
PNFtIe;tELF - the prediction of hepatic

fibrosis (AUROC=0.94) [3].

ALT: Alanine aminotransferase; APRI: AST to platelet ratio index; AST:
Aspartate aminotransferase; AUROC: Area under the receiver operating
characteristics curve; ELF: Enhanced liver fibrosis; FIB-4: Fibrosis-4;
GGT: Gamma-glutamyl transferase; HA: Hyaluronic acid; NAFLD: Non-
alcoholic fatty liver disease; PIIINP: Procollagen Il N-terminal peptide;
TIMP-1: Tissue inhibitor of metalloproteinase-1; PNFI: Pediatric NAFLD
fibrosis index.

The AST/ALT ratio was one of the first fibrosis
scoring system evaluated in pediatric patients. A study
carried out in 2008 included 176 children evaluated
by standard biochemical parameters and then by LB.
Although AST/ALT ratio presented an area under the
curve (AUC) of 0.74 for discriminating between bridging
fibrosis and a lesser degree of fibrosis the authors
concluded that the results were not satisfactory when
compared to the superior accuracy of LB [45]. More
recent results from Yang et al., who studied 77 pediatric
patients diagnosed with NAFLD by LB, showed an even
lower accuracy of AST/ALT ratio in predicting hepatic
fibrosis (AUC=0.53). However, the same authors found
FIB-4 to be the most accurate marker for hepatic fibrosis,
with an AUC of 0.81, followed by Forns index, with an
AUC of 0.73, and APRI, with an AUC of 0.70 [48].

In 2009, Nobili et al. assessed the utility of the
enhanced liver fibrosis (ELF) test in the assessment of
fibrosis in pediatric patients in a study comprising 112
patients with biopsy proven NAFLD. Although this score
was designed and validated for the use in adult patients
the authors found that a cutoff of 9.28 presented a
sensitivity of 88% and a specificity of 81% for the
identification of hepatic fibrosis. The disadvantage of
this score was the requirement of expensive workup,
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including testing of parameters which were not readily
available in clinical practice, such as HA, procollagen
III N-terminal peptide (PIIINP), and tissue inhibitor of
metalloproteinase-1 (TIMP-1) [49]. The introduction of the
pediatric NAFLD fibrosis index (PNFI) by Nobili ef al.,
in 2009, represented a step forward the improvement of
non-invasive hepatic fibrosis assessment in children. Its
advantages consisted in simplicity and cost-efficiency, as it
was calculated using only the age, waist circumference,
and triglyceride levels, thus providing clinicians with an
adequate positive predictive value for hepatic fibrosis. A
PNFI over 9 indicated with 98.5% accuracy the presence
of fibrosis. However, the negative predictive value of only
75% for a cutoff <3.47 suggested the use of caution in
ruling out fibrosis based on this scoring system [49]. This
issue was addressed two years later, by Alkhouri et al.,
in a prospective study including 111 patients diagnosed
with NAFLD. The authors assessed the fibrosis prediction
accuracy of ELF score, PNFI, and a combination of the
two, when compared to LB. The results for the combined
use of these scores showed a significant improvement of
the estimated hepatic fibrosis, especially for the patients
falling between the two cutoff values of PNFI, for which
an ELF score of over 8.49 indicated a high risk of fibrosis
[43].

= Imagistic evaluation
Evaluation of steatosis

To date, abdominal US is the most frequently utilized
imagistic method for the evaluation of NAFLD [50]. This
is due to its numerous advantages, such as relatively low
cost, lack of invasiveness, high availability, and high
rate of acceptance by the patient [S0]. Steatosis is easily
recognized by the experienced user presenting as high
hepatic echogenicity, visualization of hepatic vessels, low
diaphragm visualization, and posterior attenuation [51, 52].
However, despite its many advantages, US presents high
levels of interobserver and intraobserver variability and
thus the results need to be interpreted with caution [53].
Although the overall accuracy of US for the detection of
NAFLD is relatively high in the adult population [54],
the results are not as satisfactory in pediatric patients
because of its low specificity and sensitivity [55], thus
US is not currently recommended for the screening
of NAFLD by NASPGHAN. However, this inexpensive
imagistic method could be used especially to exclude other
possible liver disease such as hepatic masses, gallbladder
disease, or portal hypertension [38].

Computed tomography (CT) examination is more
reliable than US in the evaluation of NAFLD and presents
good accuracy for the detection of steatosis. Hepatic
steatosis is diagnosed in the presence of a difference
between the hepatic and splenic attenuation index of
less than 25 Hounsfield units (HU) [56]. Its use is
however limited because of the radiation risk and thus
it is not recommended as an initial evaluation by the
NASPGHAN [57]. However, although CT examination
is not routinely used for the detection of steatosis, when
performed for alternative indications it shows a good
accuracy for predicting steatosis, with a sensitivity of
46-72% and specificity 88-95% [34].

Magnetic resonance (MR) studies are generally

considered too expensive for routine clinical practice
[34] but provide a good accuracy for the detection and
quantification of steatosis by differentiating the tissues
that contain water from those containing both fat and water
[58]. MR imaging (MRI) has shown good sensitivity and
specificity for the detection and quantification of steatosis,
and thus, novel approaches have been developed to improve
the accuracy of this imaging method. Proton MR
spectroscopy (‘H-MRS) has been found to be accurate in
the assessment of steatosis both in adult and in pediatric
patients [59]. 'H-MRS has proven to be particularly
useful in detecting even low-grade steatosis, when the
percent of hepatic fat accumulation is less than 30% [57].
MR-proton density fat fraction (PDFF) was recently
validated as an accurate method for the assessment of
steatosis. MR—PDFF was found to have a good accuracy
in differentiating between grade 1 versus grade 2-3
steatosis (AUC=0.87) [36], as well as discriminating
between grade 0 and 1 steatosis, with an AUC of 0.82
[60], thus representing a potential candidate for LB
replacement. However, the issue of cost-efficiency remains
to be further evaluated.

Evaluation of fibrosis

Transient elastography (TE) has proved to be a reliable
non-invasive method for the quantification of liver fibrosis
in adult patients and has shown promising results in
patients with viral hepatitis [61], as well as in NAFLD,
especially when used for the staging of high fibrosis [62,
63]. However, there were not many studies evaluating
the accuracy of TE in pediatric patients. Nobili ef al., in
a prospective study carried out in 2008 that included 52
patients with biopsy-proven NASH, found TE to be an
adequate predictor for advanced but not for intermediate
fibrosis [63]. In 2013, Alkhouri et al. studied the prediction
accuracy for fibrosis of TE and PNFT in a cohort of 67
pediatric patients diagnosed with NAFLD. The results
indicated that the combination of TE and PNFI could
predict the presence or absence of significant fibrosis with
98% accuracy [64]. A more recent review and meta-
analysis comprising a total sample size of 723 pediatric
patients hospitalized for various chronic liver diseases
found that TE presented a high accuracy for the detection
of significant fibrosis, with a sensitivity and specificity
of 95% and 90%, respectively [65]. However, as most
of the studies included in the analysis included an
inhomogeneous population that associated multiple
etiologies of liver disease the conclusions could not be
applied for patients with NAFLD.

Several other non-invasive imagistic techniques, such
as US clastography, but also contrast-enhanced US
previously validated in adult patients have been studied
in children with promising results, but data comprising
large homogenous groups of NAFLD patients are not
available [52]. Acoustic radiation force impulse (ARFI)
is a non-invasive technique integrated into an US machine
that uses sound waves to induce shear waves that propagate
along the US beam. The method has been validated in adult
NAFLD patients and results are promising in pediatric
patients as well [66]. Although sample size was generally
small in pediatric studies [67, 68] and some authors
included patients with diverse liver disease etiologies
[69, 70] the results indicated that ARFI could represent
an adequate predictor of hepatic fibrosis [71].
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MR elastography (MRE) is a novel noninvasive method
of evaluation of liver fibrosis in NAFLD pediatric patients
which focuses on phase-contrast sequence as a method
of observing the propagation of share-waves. Although
it has been proven to be useful in predicting hepatic
fibrosis in adult patients [72], not many studies have
evaluated its role in children and the results, although
promising, are inhomogeneous. Thus, certain authors
reported various accuracy levels of MRE depending on
the evaluated fibrosis stage of NAFLD patients, varying
from an AUC of 0.53 to 0.77 for the prediction of stage 1
fibrosis [59, 72] to an AUC of 0.93 for stage 3 fibrosis
[60]. However, the implementation of this method in
current clinical practice requires more in-depth as well as
cost-efficiency studies; the need of sedation for pediatric
patients could represent a disadvantage [34].

Shear wave elastography (SWE) is a recently introduced
US-derived method for the evaluation of hepatic fibrosis
in adult patients that could also be useful in pediatric
patients. The principle of the method resides in the
generation and propagation of high frequency US providing
real time information concerning the velocity of shear
wave propagation, thus estimating liver fibrosis [71].
Tutar et al. have evaluated SWE in a study including 76
children with chronic liver disease and compared them
with 50 healthy subjects. Their results indicated that SWE
presented a good accuracy for diagnosing liver fibrosis,
with 91.5% sensitivity and 94.0% specificity [71]. Although
SWE presents potential for applicability in pediatric
patients, large prospective studies are needed in order to
compare the accuracy of this method to that of LB [73].

& Conclusions

Important progress has been made in creating non-
invasive methods to efficiently identify liver disease in
children who suffer of NAFLD. Whereas conventional US
could be used as triage in large, unselected populations,
MRI is the most accurate method for detection and grading
of steatosis. Concerning steatohepatitis, it was found that
neither imaging modality nor blood tests are not highly
sensitive for the NAFLD diagnosis. LB remains the
“gold standard” in identifying inflammation and fibrosis.
However, increasing proof indicates that serum markers
and liver stiffness have the capacity to reveal which
subgroup of patients with NAFLD is at a higher risk of
developing further complications. Given the fact that
well established radiological and HP diagnostic tests are
absent, it is the multidisciplinary team members’ high
clinical suspicion which serves as the strongest diagnostic
tool.
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