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Abstract
Changes in liver structure are an important issue in 
chronic hepatopathies. Until the end of the 20th century, 
these changes could only be determined by histological 
analyses of a liver specimen obtained via  biopsy. The 
well-known limitations of this technique (i.e. , pain, 
bleeding and the need for sedation) have precluded its 
routine use in follow-up of patients with liver diseases. 
However, the introduction of non-invasive technologies, 
such as ultrasound and magnetic resonance imaging, for 
measurement of liver stiffness as an indirect marker of 
fibroses has changed this situation. Today, several non-
invasive tools are available to physicians to estimate the 
degree of liver fibrosis by analysing liver stiffness. This 
review describes the currently available tools for liver 
stiffness determination that are applicable to follow-up 
of liver fibrosis/cirrhosis with established clinical use in 
children, and discusses their features in comparison to 
the “historical” tools.
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Core tip: Non-invasive liver stiffness measurement is 
a new and helpful tool for assessing liver fibroses in 
children, but it cannot yet replace liver biopsy.
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INTRODUCTION
Until the end of the 20th century structural changes of the 
liver could only be determined by histological analyses of 
a liver specimen obtained by percutaneous liver biopsy. 
The well-known limitations of this technique (i.e., pain, 
bleeding and the need for sedation), however, precluded 
its routine use in follow-up of patients with liver diseases, 
and it has only been used routinely in studies[1]. The 
introduction of non-invasive imaging technologies, such 
as ultrasound and magnetic resonance imaging, has 
changed this situation, allowing for measurement of liver 
stiffness as an indirect marker of fibroses. Today, several 
non-invasive tools are available to physicians to estimate 
the degree of liver fibrosis by analysing liver stiffness.

This review will describe the currently available 
tools for liver stiffness determination that are applicable 
to follow-up of liver fibrosis/cirrhosis with established 
clinical use in paediatric patients (children between 0 and 
18-year-old), and discusses their features in comparison 
to the “historical” tools.

Liver fibrosis is a dynamic reaction of the healthy liver 
towards chronic cell injury[2]. It is frequently observed 
in patients with chronic liver disease, regardless of 
aetiology[3] and patient age. Structural changes of liver 
architecture usually appear slowly, within years or 
decades, and accompanied by a continual development 
from low-grade fibrosis to liver cirrhosis. Liver cirrhosis, 
itself, represents the end-stage of fibrotic liver diseases. 

Development of fibrosis leads to an increase in liver 
stiffness, detectable by non-invasive methods. Progression 
from liver fibrosis to cirrhosis may be preventable, if 
the fibrosis is detected early in the course. Examples of 
preventable fibrosing liver diseases are hepatitis B or 
hepatitis C infections[4,5], liver transplantation[6] or Wilson’
s disease. For other fibrosis aetiologies, a close follow-up 
is recommended to detect changes in liver structure in a 
timely manner and to determine the disease course. This 
holds true for post-liver transplant patients and patients 
with autoimmune liver diseases. Today, histology is the 
gold standard for the diagnosis of liver fibrosis.

Liver biopsy
Liver biopsy remains the method of choice for clarification 
of the aetiology of hepatopathies. It has the advantage 
of obtaining direct information, not only on the degree 
of fibrosis but also on the presence of inflammation, 
necrosis, steatosis, and iron or copper deposits. However, 
the histopathologic examination of a liver specimen 
also has limitations. Studies have clearly indicated 
that liver biopsy is prone to sampling errors and may 
underestimate the amount of liver fibrosis. As such, 
cirrhosis could be missed on a percutaneous liver biopsy, 
reportedly affecting an estimated 30% of cases[7,8]. Liver 
biopsy has further technical limitations. There is a small 
risk of clinically relevant bleeding (0.3%) and mortality 
due to the intervention, shown to affect 0.04%-0.07% 

in a large case series[9]. In a paediatric series, major 
complications occurred in 1.5% and minor complications 
in 25% of 275 liver biopsies[10]. Another drawback of 
this method is the size of the specimen obtained[8]. A 
single liver biopsy reportedly has a 20%-30% chance 
of missing the relevant area of interest, thereby under-
estimating liver diseases[11]. Paediatric patients have an 
additional risk due to the need of sedation for the biopsy 
procedure. Therefore, in clinical practice liver histology is 
almost exclusively used for diagnoses and only in certain 
settings, such as liver transplantation, and for therapy 
control[1,12].

On the other hand, liver biopsy has some clear ad-
vantages. A recent study of a cohort of patients with 
either histologically-proven non-alcoholic steatohepatitis 
(NASH) or non-alcoholic fatty liver disease (NAFLD) 
showed that outcome (i.e., death, liver transplantation 
or severe liver disease) was directly dependent upon 
the degree of fibroses[13]. Another recent study by 
Mann et al[14] demonstrated an association of portal 
inflammation, metabolic syndrome and fibrosis in 430 
obese children. These findings support the current tenet 
that portal inflammation and exact degree of fibrosis 
are best determined by liver biopsy. 

Histological assessment of liver biopsy
The liver biopsy specimen is recommended to have 
length of at least 10 mm and width of at least 1 mm 
(obtained with > 18 gauge needle)[15]. Several histological 
scoring systems have been established for grading 
(necroinflammatory activity) and staging (fibrosis) of 
structural liver damage in patients[16]. The Desmet 
score[17] is used to evaluate adult hepatitis C patients, 
and the METAVIR[18,19] and Ishak score[20] are used in 
cases of chronic viral hepatitis (B and C). The SSS-
score of Chevallier[21] was developed to quantify fibroses 
irrespective of the underlying disease. Some of these 
scores have been evaluated in children (Table 1), and 
a detailed break-down of each (in children and adults) 
is provided below: (1) the METAVIR score[18] assesses 
fibrosis qualitatively on a 0-4 scale, with F0 indicating 
absence of fibrosis, F1 indicating portal fibrosis without 
septa, F2 indicating portal fibrosis with a few septa, 
F3 indicating architectural distortion with numerous 
septa without cirrhosis, and F4 indicating cirrhosis. This 
score has been used to evaluate adult patients with 
hepatitis B and C[19] and paediatric patients after liver 
transplantation[22], biliary atresia[23], intestinal failure[24] 
and total parenteral nutrition[25]; (2) the grading score 
of Ishak et al[20] assesses fibrosis qualitatively on a 
0-6 scale. The Ishak score has been used in paediatric 
populations with various liver diseases, and including 
children after liver transplantation[26] or cardiovascular 
surgery[27]; (3) the grading score of Desmet et al[17] 
assesses fibrosis qualitatively on a 0-4 scale, with F0 
indicating absence of fibrosis, F1 indicating portal fibrosis, 
F2 indicating fibrosis with septa without distortion of the 
liver architecture, F3 indicating septal fibrosis with severe 
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distortion of the liver architecture, and F4 indicating 
cirrhosis. It has been used to evaluate adult patients 
with chronic hepatitis C[28]; and (4) the semi-quantitative 
severity score of Chevalier et al[21] has been used in 
children[29] and adults with hepatitis B[30] and C[31].

Aminotransferases
Numerous attempts have been made to determine 
liver fibroses by non-invasive means. One of the oldest 
is measurement of serum aminotransferases, which 
remains the most widely used, and convenient, tool to 
measure liver cell integrity. Alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST) are inex-
pensive laboratory values. They can be easily obtained 
from a patient and are stable in serum specimen. ALT, 
especially, is highly liver specific. 

Unfortunately, aminotransferases poorly reflect the 
stage of liver fibrosis or cirrhosis. If they are elevated, 
a more detailed examination of the liver is obligate. 
But, ALT and AST may even be normal or only slightly 
elevated in fibrotic or cirrhotic liver diseases. The positive 
predictive value of aminotransferases for NAFLD or NASH 
is low. In a series of 222 patients with histologically-
proven NAFLD, 37% of the patients with advanced 
fibrosis or NASH presented with normal ALT levels. This 
phenomenon was also recently demonstrated in children, 
in a study of paediatric cases of NAFLD conducted by 
Molleston et al[32].

Aminotransferases may serve as a first screening 
tool for detection of fibrosis, but even normal levels of 
aminotransferases do not exclude severe liver disease 
with changes in liver structure. Some of the techniques 
that have been developed to identify NAFLD in adult 
patients have been tested in children, including the AST 
to platelet ratio index (APRI) score, the NAFLD fibrosis 
score[33] and the Fibrosis-4 index score. Yet, recent 
data have indicated that only the APRI score and the 
paediatric NAFLD fibrosis score reliably reflect fibrotic 
changes of the liver. Alkhouri et al[34] have developed and 
published a new paediatric NAFLD fibrosis score based on 
a model using ALT, alkaline phosphatase, platelet counts 
and gamma-glutamyl transferase, and demonstrated its 
predictive ability of fibroses as good. 

Collectively, these tests are reliable in detecting 
severe fibrosis or cirrhosis (grade 2 or greater for the 
Desmet score). Thus, while they can reliably show if 
the patient suffers from a change in liver structure they 
cannot reliably predict the exact degree of fibrosis. 

SONOELASTROGRAPHY 
Transient elastography 
Transient elastography (TE) is a technique based on the 
measurement of the velocity of a shear wave that is 
induced to the liver by a mechanical impulse. To apply 
that impulse to the liver, the probe has to be pressed 
onto the skin with a certain force, and the thoracic wall 
prevents the liver from being compressed by the probe. 
Therefore, TE can only be measured reliably in the right 
lobe of the liver and not in other organs or in other parts 
of the liver.

The velocity of the shear wave is directly proportional 
to the stiffness of the liver. Stiffness mainly depends on 
the amount of fibrotic material in the liver. Therefore, 
liver elasticity is measured in kilopascal (kPa) and liver 
stiffness increases with liver fibrosis. The probe is placed 
in the 7th or 8th intercostal space in the right ventral 
axillary line. The patient lies in supine position, with the 
right arm in maximal abduction. This technique has been 
described in detail elsewhere[35]. A mechanical impulse of 
50 Hz induces an elastic shear wave that passes through 
the liver tissue. The speed of this wave is measured via 
ultrasound. For more detailed information on the basic 
physical principle, the Young Modules, see Frulio et al[36]. 

TE reliably detects liver fibroses, as demonstrated 
in numerous studies and meta-analyses comparing 
the technology to liver biopsy[35-42]. The median liver 
stiffness in adults varies between 4.4 and 5.5[43,44]. In 
addition, there is evidence that stiffness is greater in 
males, increases with body mass index in adult patients, 
and tends to increase with age but not to a statistically 
significant extent[44]. In children, the median liver 
stiffness significantly rises with age, starting with 4.4 in 
preschool children and rising to 5.1 in pubertal children. 
Liver stiffness in children has also been shown to differ 
according to sex, with girls showing significantly less 
(4.7) than boys (5.6)[45]. In split liver transplants of left 
liver, which is the main transplantation technique used 
in infants, toddlers and preschool children, liver stiffness 
measurement cannot be used because it is technically 
performable only in the right liver lobe (as detailed above). 
A clinical example of TE use in a paediatric patient is 
presented in Figure 1.

Introduction of the small TE-probe that is also suit-
able for use with infants and very young children has 
made TE possible for every age group. But liver stiffness 
measurement can only be performed in a patient that 
is laying calmly in supine position. This is usually not an 

Scoring system Staging Evaluated in adults with Evaluated in children with

METAVIR F0-F4 Hepatitis B and C Biliary atresia, intestinal failure, total parenteral nutrition and post-liver transplantation
Ishak F0-F6 Hepatitis B and C Post-liver transplantation and after cardiovascular surgery
Desmet F0-F4 Hepatitis C No
SSS-score 0- > 15 Hepatitis B and C Hepatitis B

Table 1  Comparison of the 4 main histological scoring systems used in the evaluation of fibrosis in paediatric liver diseases today
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attainable state in toddlers without sedation. Therefore, 
the problem of invalid liver stiffness measurement due 
to moving and crying of the patients makes this method 
questionable in infants. 

Another general drawback of this method is the price. 
The technique is reliant on hardware that ultrasound 
machines do not come equipped with normally. There-
fore, an extra-device is required to accompany the ultra-
sound machine and this produces extra-costs of more 
than 50000 Euros. Finally, the capacity for integrated 
measurement in B-mode ultrasound images is not yet 
available. 

Findings from a recent Cochrane analysis of adult 
patients with alcoholic liver disease led to the recom-
mendation of TE as a useful tool to exclude fibroses 
and, in cases of liver stiffness measurement above 12.5 
kPa, to suggest cirrhosis. These data, however, still 
have to be confirmed in further studies[46], especially 
for their applicability to the paediatric age group. It is 
well accepted that TE enables the investigator to clearly 
exclude severe changes in liver architecture, but it 
remains a matter of debate whether TE can also enable 
clear staging of fibrosis. As such, TE is routinely used to 
assess liver fibrosis in adult patients with chronic hepatitis 
C, and this use is confirmed in the EASL Clinical Practice 
Guidelines 2011[47]. With the increasing application of 
TE in children with viral hepatitis, however, TE has the 
capability to gain more relevance for detection of liver 
fibrosis.

Acoustic radiation force impulse 
Acoustic radiation force impulse (ARFI) is a point shear 
wave elastography that measures tissue elasticity 
independent of an external mechanical impulse to the 

tissue. Therefore, this method is not only useful for liver 
stiffness measurement but also for determination of 
changes in stiffness of the spleen[48], testis[49], thyroid[50], 
breast[51], placenta[52], pancreas in chronic pancreatitis[53] 
and transplanted kidney[54]. The technique is based on 
an acoustic impulse and measurement of the speed of 
the shear wave induced by it; results are displayed in 
m/s. The stiffer the organ, the faster the shear wave. 

The ARFI method has two advantages. First, it can be 
performed by an additional technical tool for a high-end 
ultrasound system, providing integrated B-mode images. 
Second, the tissue is not compressed by the probe, as in 
TE. Compression itself causes changes in stiffness, and 
this feature of ARFI enables measurement of stiffness 
in numerous tissues. Many studies have shown the 
reliability and reproducibility of this technique in adult 
patients[55] and in children[56]. The correlation of ARFI 
and fibroses is in a good range[57], comparable to that 
of TE[58], and control-values have been established for 
children[56,59] and adults[36] (Table 2). Moreover, ARFI was 
demonstrated as effective in paediatric patient groups 
with biliary atresia or severe fibrosis[60,61] and in follow-up 
after liver transplantation[62]. A clinical example of ARFI 
use in a paediatric patient is presented in Figure 2.

Children with biliary atresia could gain particular 
benefit from non-invasive examinations for assessment 
of timing of liver transplantation after kasai-por-
toenterostomy[63,64]. According to METAVIR or SSS-
score, ARFI shows overlap of shear wave velocity values 
in different fibrosis stages, as shown in the study by 
Hanquinet et al[65]. ARFI might offer diagnostic advantages 
over B-mode imaging in terms of combining stiffness 
measurement with sonomorphological parameters 
as the qualitative sonomorphological aspect becomes 
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Figure 1  Transient elastography findings for a 10-year-old female suffering from Wilson’s disease. The patient’s brother had previously developed acute liver 
failure, which triggered routine monitoring of the patient thereafter. The patient was clinically completely healthy. The transient elastography shows 9.3 kPa, which is 
above the 6.5 kPa upper limit of normal. Histology findings for the patient showed the liver to be cirrhotic.
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quantitative[61]. This makes comparison in patients easier. 
Similar to TE, increased application of ARFI in 

children could lead to an implementation of this type of 
measurement in the routine clinical work flow, especially 
for patients with specific paediatric diseases, such as 
cystic fibrosis or biliary atresia.

Real-time tissue elastography 
Real-time tissue elastography (RTE) examinations can 
be performed with an ultrasound device and a standard 
linear transducer[66]. The RTE software captures images 
of tissue motions caused by heartbeats or respiration. 
These images are then transferred into colour-coded 
plane and the system calculates a histogram of strain 
elasticity values of the matrix in arbitrary units (a.u.), 
ranging from 0 to 255[67]. The method can be performed 
without extra-hardware, but data on the value of this 
method in children are scarce. Morikawa et al[67] analysed 
RTE in 101 adult patients with hepatitis c and found a 
good correlation of the RTE values with the histologic 
grading of fibroses. In contrast, data obtained from 
children in another study[68] showed only a moderate 
correlation, and it was concluded that RTE could not 
be recommended for a clear differentiation of fibrosis 
stages while the difference between stage Ⅳ fibrosis and 
normal liver tissue or stage I fibrosis was significant. 

Other studies of adult patients[69] have concentrated 

on the elastic or fibrosis index values, which have not 
been adequately studied in the paediatric age group. 
In a meta-analysis of RTE conducted by Kobayashi et 
al[70], the authors concluded that RTE has low accuracy 
for detecting any stage of fibrosis. Today, we would not 
recommend the use of single statistical parameters as 
the mean elasticity value of strain histogram or %AREA 
in children alone to predict the histological fibrosis stage. 
Differentiation of high fibrosis stages to normal tissue 
is possible, but application in young infants can be 

         Normal values (ULN is defined as mean + 1.64 SD)

Children Adults Impulse generation
TE ULN: 6.47 kPa[40] 8.3/7.83 (m/f)[39] Mechanical
RTE Median: 106 a.u.[67] 127 a.u.[78] Aortal pulsing
MRE Mean: 2.71 kPa[79] 3.45 kPa[80] Acoustic

-2.93 kPa[71]

ARFI ULN: 1.39 m/s (mean + 1.64 SD)[59,81] 1.35 m/s[36] Ultrasound

Table 2  Control and normal values of non-invasive liver stiffness measurement

Normal values are defined as mean + 1.64 times SD, while control values are expressed as mean. ARFI: Acoustic radiation force impulse; MRE: Magnetic 
resonance elastography; RTE: Real-time tissue elastography; TE: Transient elastography; ULN: Upper limit of normal.
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Figure 2  Acoustic radiation force impulse measurement of the liver 
in a 16-year-old female patient with cystic fibrosis. Hyperechoic liver 
parenchyma with irregular liver surface in fibrotic liver parenchyma was 
revealed. The shear wave velocity was 2.3-3.82 m/s in multiple measurements, 
significantly above normal values. The same patient had undergone a 
Fibroscan and the results showed a stiffness of 21.3 ± 2.5 kPa. Six months 
previously, another Fibroscan had shown a value of 20.4 ± 2.8 kPa.
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difficult. Clinical examples of RTE use in two paediatric 
patients are presented in Figure 3.

Further studies on the use of the elastic index in 
paediatric patients should be conducted. High fibrosis 
stages can be differentiated from low fibrosis stages, 
but no clinical recommendations exist as of yet.

MR-elastography
MR-elastography (MRE) is an elastography technique 
using an acoustic impulse to produce a shear wave. 
The impulse is produced by an audio subwoofer and 
subsequently transmitted to the liver via a connecting-
tube that is placed on the skin of the patient. Then, the 
shear wave induced by this acoustic impulse is measured 
and stiffness is calculated in kPa[71]. Studies of MRE in 
adult patients with hepatitis C have shown good relation 
of MRE-measured liver stiffness, as compared to Child-
Pugh score[72]. In another study of adult patients with 
cystic fibrosis[73] the liver stiffness measurement was 
shown to correlate well with serum levels of amino-
transferases and also with ultrasound findings, but there 
were insufficient data to make any conclusions regarding 
histopathologic changes. 

A new and promising application of MRE involves 
the differentiation of NASH from NAFLD. Both diseases 
can occur in obese patients, but there is yet no non-
invasive method capable of distinguishing between 
the two. Patients with NASH develop cirrhosis in 10% 
of cases, while patients with NAFLD do not. Neither 
aminotransferases[32] nor ultrasound can differentiate 
these two diseases. Recent studies have suggested that 
MRE might be able to reliably determine the presence of 
NASH in an obese patient[74]. Future studies may prove 
that MRE, therefore, is useful, even in clinical analysis of 
obese patients, for defining relevant end-points.

DISCUSSION
ARFI does not replace liver biopsy for staging of liver 
fibroses or cirrhosis, neither do TE, RTE or MRE[75,76]. 
The limitations of these non-invasive techniques are 
low specificity and high cost, the latter being especially 
relevant for TE.

Liver structure changes can be excluded by each of 
these non-invasive techniques, with an acceptable sen-
sitivity but an unacceptable low specificity. TE, ARFI and 
MRE have the potential to exclude severe liver structure 
changes. For RTE, however, the data are conflicting and 
do not support a recommendation; certainly, further 
studies are necessary. For diagnosing liver disease, 
none of these non-invasive techniques is useful. But, in 
many patients, the ethology is quite clear due to readily 
assessable clinical or laboratory aspects, such as the 
presence of obesity, chronic viral hepatitis or alpha-1 
antitrypsin deficiency. In cases of the patient being 
post-liver transplantation or with an already-obtained 
liver biopsy, the analysis of liver structure changes is of 
greater importance.

A possible diagnostic approach to patients with liver 
disease in 2016 is to first perform clinical examinations 
to obtain anthropometric data, ultrasound images and 
standard laboratory measures. If then there is evidence 
for liver disease, ARFI or TE should be performed. If 
those findings then suggest liver structure changes, a 
biopsy should be obtained in any case. If the findings 
suggest normal liver structure, the biopsy may be 
delayed and further laboratory studies may be performed 
first. If there is no change in aminotransferase levels 
after 6 mo, a liver biopsy should be performed. Non-
invasive liver stiffness measurement can be used for 
follow-up after liver biopsy if the stage of fibrosis has 
been determined based on histopathological criteria[77].

In patients with obesity, MRE possibly offers a new 
approach by which to define patients at risk for NASH 
or even to diagnose NASH in obese patients. Therefore, 
in the setting of an obese patient, MRE presents a real 
advantage over the classical methods of hepatology and 
future studies will show if this promising technique is 
suited to becoming part of the routine diagnostic workup 
in obese patients early in their clinical course and also in 
follow-up.
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