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Introduction

The objective of this review is to examine the clinical utility of ultra-
sound elastography (UE) in the work up of chronic pediatric liver
disease as described in recent literature. We will discuss the techni-
cal aspects of the various UE techniques and review the elastography
findings in several specific etiologies of chronic pediatric liver disease.
These include non-alcoholic fatty liver disease, chronic viral hepati-
tis, cystic fibrosis, biliary atresia and liver transplant. Lastly, we will
discuss the future direction of UE and unanswered questions that re-
quire further investigation before UE can be incorporated into routine
clinical practice. Conclusion — Research over the past several years
has shown ultrasound elastography to be a potentially useful tool in
assessing extent, progression and prognosis of chronic pediatric liver
disease. There are many potential clinical indications for the use of
elastography in the evaluation of pediatric liver disease. Familiarity
with this new non-invasive technique will be imperative in upcoming
years as it moves from research into clinical practice.

sis, F4: cirrhosis). The most advanced stage

of fibrosis is cirrhosis (METAVIR F4), which

Chronic liver disease is a cause of significant
morbidity and mortality worldwide. Chron-
ic liver disease can progress to liver fibrosis
and ultimately cirrhosis, which has potential
to cause portal hypertension, hepatic insuffi-
ciency, and hepatocellular carcinoma (HCC).
Staging of liver fibrosis is an important part
of the diagnostic work up of chronic liver
disease, as it directly affects prognosis and
treatment as well as determining potential
for reversibility. Liver biopsy is the standard
method to stage fibrosis and allows grading
of hepatic steatosis, necrosis, and inflamma-
tory activity. There are several liver fibrosis
staging systems, though the most often used
is the METAVIR system (FO-F1: no to mini-
mal fibrosis, F2-3: moderate to severe fibro-

is strongly associated with liver-induced mor-
bidity and mortality (1). Therefore, identifi-
cation of patients with liver fibrosis in the
early reversible stages of the disease is imper-
ative. However, biopsy is invasive and may
be associated with complications, including
hemorrhage, infection, arteriovenous fistula-
zition and sedation-related complications (2,
3). Given these risks and the importance of
early detection, ultrasound elastography has
been investigated as a noninvasive technique
to grade liver fibrosis.

Ultrasound elastography is a technique
which uses a modified ultrasound device to
propagate elastic shear waves in the liver and
measure liver stiffness or elasticity of the tis-
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sue. Increased shear wave velocity indicates
decreased liver elasticity and greater hepatic
disease (4). Abnormal hepatic ultrasound
elastography (UE) has been demonstrated
in patients with biliary atresia, cystic fibro-
sis (CF), non-alcoholic fatty liver disease
(NAFLD), steatohepatitis
(NASH) and autoimmune liver disease (5-
7). Shear wave velocity has been shown to
correlate with the degree of fibrosis found
in children undergoing liver biopsy (4, 7-9).
In adults, UE has been used for staging of

non-alcoholic

chronic liver disease in the setting of chronic
viral hepatitis and NAFLD/NASH (10).

We will discuss the technical aspects of
the various UE techniques and review the
elastography findings in several specific eti-
ologies of chronic pediatric liver disease.

Technical aspects of liver elastography

The three main ultrasound-based non-in-
vasive methods to evaluate liver stiffness are
transient elastography (TE), point quantifi-

cation shear wave elastography (pSWE) and
two-dimensional shear wave elastography
(2D SWE). The pSWE and 2D SWE tech-
niques utilize acoustic radiation force im-
pulse (ARFI) to generate the shear wave and
image the liver. The patient should fast for
4-6 hours prior to the examination as the fi-
brotic liver may show falsely increased liver
stiffness values in the nonfasting state (11).
Patient should be imaged in the supine or
slightly left lateral decubitus position with the
right arm overhead and the probe placed in
an intercostal position. The ARFI should be
perpendicular to the liver capsule to prevent
reverberation artifact below Glisson’s capsule
and pulsatility from near-by vessels, which
can falsely elevate measured shear-wave speed
(12). Multiple studies have shown increased
accuracy in children with use of the pediat-
ric S probe transducer (13). The S probe, as
compared to the M probe, was developed for
narrower intercostal spaces and smaller liv-
ers and uses a higher frequency of 5 MHz as
compared to the M probe which is larger and

Table 1 Comparison of ultrasound elastography techniques

Ultrasound elastography techniques

Parameter

TE pSWE 2D SWE
Advantages Clinical use more widely studied, Can be performed as an Can be performed as an
can be performed by clinician independent procedure independent procedure or as add-
without need for radiology, or as add-on during on during liver ultrasound, direct
inexpensive study liver ultrasound, direct visualization of the liver, more
visualization of the liver, accurate than TE in the setting
more accurate than TE in the  of chronic hepatitis C, provides
setting of chronic hepatitis C  color display of larger ROI
Frequency for shear

40-50 Hz, probe dependent

wave generation

Limitations Requires a dedicated machine,
limited by ascites, obesity and
narrow intercostal space. No
grayscale image of liver and less
accurate than ARFI techniques in
the setting of chronic hepatitis C

Measurement Right 9 -11*

location intercostal space

Region of interest ~ Approximately

size 4 cm?

100-500 Hz

Less information available on
clinical utility due to shorter
time in use

Hepatic segment
VII or VIII

Approximately
0.5-1 cm?

100-500 Hz

Less information available on
clinical utility due to shorter time
in use

Hepatic segment
VII or VIII

Approximately
20 cm?

TE=transient elastography; pSWE=point quantification shear wave elastography; 2D SWE=two-dimensional shear wave elastogra-

phy; ROlI=region of interest.




operates at 3.5MHz. The greatest accuracy of
stiffness results from multiple measurements
in the same location during a breath hold of
a few seconds (14). For all techniques the lit-
erature recommends obtaining 10 measure-
ments and reporting the median value, the
majority of which should have a numerical
result and not “0.00”, making them invalid
(12, 15). Lastly, the interquartile ratio (IQR)
can be used to evaluate the variability of mea-
surements and should be less than 0.30. TE
is an older technique than pSWE and 2D
SWE, and therefore more literature is avail-
able concerning its results and clinical use.
TE differs from pSWE and 2D SWE because
it does not utilize direct image visualization

(Table 1).

Transient elastography technique

The TE technique utilizes sound waves to
measure liver stiffness, but no anatomic ul-
trasound images are generated. A 5 MHz
probe is used for children and is typically
placed over the right liver at the 9th-11th
intercostal space and a portion of liver 6cm
deep is examined. The TE provides a sche-
matic charting the shear wave as a function
of time and amplitude within the region of
interest (ROI). The ROI is about 4cm3. For
the measurement to be considered valid there
must be at least 10 values with a ratio of valid
measurements to the total number of mea-
surements equaling at least 60% and an IQR
of less than 30% of the median liver stiffness
value (IQR/median liver stiffness measure-
ments </= 30%) (16). The value is expressed
in kilopascals (kPa).

The TE approach is appealing for its wide
availability and ease of use by referring clini-
cians. However, the lack of image guidance
to direct the ROI choice and avoid vessels
is a drawback. Other factors that may limit
evaluation by TE are the presence of ascites,
obesity and narrow intercostal space. Lastly,
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while there is more available literature on TE,
recent studies have shown that techniques
which utilize ARFI are more accurate in as-
sessing significant fibrosis in the setting of

chronic hepatitis C (12, 17).

Point quantification shear wave
elastography technique

The pSWE technique uses ARFI technology
and measures liver tissue displacement within
a small ROI (about 0.5-1 cm3) in response
to the generated shear waves. The shear wave
speed through the liver tissue can then be
used to calculate liver stiffness. The B-mode
imaging allows the user to visualize the liver
parenchyma, choose different portions of the
liver to sample and avoid vessels or masses
while measuring shear wave speed (12, 14)
(Fig. 1). The shear wave speed is measured
in meters per second but can be converted

to kPa.

Two-dimensional shear wave
elastography technique

The 2D SWE technique also uses ARFI tech-
nology to image the liver, using a large ROI
of approximately 20cm3. It also allows the
user to view the elastographic measures in
color display as they are gathered. The shear
wave speed is measured in meters per second
but can be converted to kPa. Again, the user
can visualize the liver parenchyma in real
time and avoid vessels and masses while mea-
suring shear wave speed (14).

Utility in clinical practice

There are many potential clinical indications
for the use of elastography in the evaluation
of pediatric liver disease. Commonly, the ob-
jective is to assess patients with chronic liver
disease and identify liver fibrosis in its early
stages to help direct treatment. UE has been
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Fig. 1 Point quantification shear wave elastography image in a 10-year-old female with history of hepatic
steatosis. Measurement is obtained from the region of interest denoted by the white box. A rotal of ten measure-

ments are obtained from the same location.

investigated in pediatric patients with several
liver diseases, including NAFLD, chronic
viral hepatitis, CE biliary atresia and liver
transplant. Its potential role in each of these
diseases will be discussed.

Non-alcoholic fatty liver disease

NAFLD is the most common chronic liver
disease in children and is strongly associ-
ated with childhood obesity, metabolic syn-
drome and insulin resistance. The more ag-
gressive and inflammatory form of NAFLD/
NASH as well as fibrosis and cirrhosis can
develop during childhood (18). Children
with NAFLD were found to have a signifi-
cant correlation between shear wave veloc-
ity using ARFI ultrasound elastography and
aspartate aminotransferase (AST) levels.
In those patients with hepatic steatosis the
shear wave velocity was found to be higher
than in the healthy control group, indicating
that fatty deposition increases liver stiffness
(9). Wong compared TE with liver biopsy in

246 NAFLD adult patients and found 91%
sensitivity and 75% specificity for predicting
severe fibrosis. Discordance between TE and
liver biopsy was seen in approximately 13%
of cases and was associated with insufficient
tissue sampling during biopsy and early stage
fibrosis (19). TE was determined to be a use-
ful screening mechanism for advanced liver
fibrosis in the setting of NAFLD. Another
study found TE to be accurate in identifying
children without significant fibrosis as well
as those with advanced fibrosis, as compared
to biopsy. A limitation observed during this
study was failure to obtain valid TE measure-
ments in obese children with body mass in-

dex (BMI )>/= 35 (20).

Chronic viral hepatitis

The sequelae of viral hepatitis in those pa-
tients who do not clear the virus are serious
and can result in long term morbidity and
mortality from fibrosis, cirrhosis and devel-
opment of HCC. Hepatitis B is most often




acquired postnatally in children, with under
4% going on to develop cirrhosis or HCC.
Hepatitis C is most commonly acquired peri-
natally, with 10-20% clearance rate before 2
years old. The majority of patients who do
not clear the virus before the first 2 years of
life go on to develop chronic hepatitis (21).
Liver shear wave velocity was found to be
higher in children with chronic viral hepati-
tis and correlated with more advanced histo-
logic degree of fibrosis (9). Studies show that
TE can differentiate normal liver and mild
fibrosis from significant fibrosis and cirrhosis,
which is important for the clinical manage-
ment of patients and their treatment. TE is
less accurate in distinguishing between mild,
moderate and severe degrees of liver fibrosis
(22-24). TE has been found to be a more ac-
curate prognostic indicator than liver biopsy
in adults with chronic hepatitis C: those with
higher stage liver fibrosis had a significantly
decreased 5-year survival as compared to
those with lower stage fibrosis (25). Liver
stiffness measured with TE correlated with
the risk of developing HCC in adults with
hepatitis B and C (26, 27). The European As-
sociation for the Study of the Liver has rec-
ommended the use of TE in the management
of chronic viral hepatitis in adults (28).

Cystic fibrosis

Ten percent of patients with CF may present
with severe liver disease. Patients with severe
cystic fibrosis-related liver disease (CFLD)
usually present in childhood and may suffer
complications such as malnutrition, portal
hypertension and variceal hemorrhage, and
liver failure. In its most severe form biliary
cirthosis can develop rapidly (29). CFLD
may show patchy fibrotic changes early on
in the disease process, so liver biopsy may
miss a diseased region due to sampling er-
ror. Witters et al. (30) evaluated sixty-six
pediatric cystic fibrosis patients with TE and
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compared them to a control group of healthy
children. Liver disease was defined clinically
based on the presence of hepatomegaly or
splenomegaly and biochemically based on el-
evated liver function tests (1.5 times the up-
per limit of normal for age) for 3-6 months.
Ultrasound findings were collected for these
patients and scored based on the appearance
of hepatic parenchyma, liver edge nodularity
and presence and severity of periportal fibro-
sis and liver stiffness was measured utilizing
TE. The authors found liver stiffness to be
significantly elevated in patients with clinical
CFLD, biochemical CFLD and ultrasono-
graphic CFLD. The TE was comparable to
the ultrasound scoring system in evaluating
for CFLD, sensitivity of 63% and specificity
of 87%. TE was also comparable to the ultra-
sound scoring system in detection of hepatic
fibrosis (30). Similarly, another study found
that elasticity values of controls, pancreatic
sufficient CF patients and pancreatic insuffi-
cient CF patients with an ultrasound showing
either normal or homogenously hyperechoic
livers, were comparable and significantly
lower than in CF patients with heteroge-
nous, nodular livers or with evidence of por-
tal hypertension on ultrasound (P<0.002).
Interestingly, it was found that male adults
and male children with CF had significantly
higher liver stiffness than females in the same
group (P=0.0013) (31).

Biliary atresia

Biliary atresia is characterized by inflamma-
tory obliterative cholangiopathy of the extra-
hepatic biliary tree and presents with biliary
obstruction. The most common cause of bili-
ary atresia is idiopathic and often presents in
the neonatal period with jaundice and pale
stools. Biliary atresia is a surgical emergency
and requires timely surgical intervention. If
left untreated biliary atresia can progress to
hepatic fibrosis and cirrhosis. Traditionally,
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ultrasound is used to evaluate for biliary atre-
sia looking for indicators of disease such as
absent or irregular gallbladder, absent com-
mon bile duct and presence of an echogenic
triangular cord above the porta hepatis. Le-
schied et al. (32) found that pSWE can dif-
ferentiate biliary atresia from other neonatal
liver diseases that have a similar clinical pre-
sentation such as neonatal hepatitis and Ala-
gille syndrome. The mean shear wave speed
was found to be significantly higher in chil-
dren with biliary atresia as compared to those
with other causes of cholestasis. The pSWE
technique found a mean velocity of 2.08 m/s
in biliary atresia compared to 1.28 m/s in
other causes of cholestasis, and the 2D SWE
technique found a mean velocity of 3.14 m/s
in biliary atresia compared to 1.61 m/s in
other causes of cholestasis (32). TE signifi-
cantly correlates with histologic fibrosis stag-
ing in children with biliary atresia. One study
revealed that TE, when compared to liver bi-
opsy, accurately diagnosed cirrhosis in 90%
of patients. However, while TE demonstrat-
ed a high degree of accuracy in distinguish-
ing cirrhosis from non-cirrhosis, it was less
accurate in differentiating the stage of fibrosis
in non-cirrhotic patients (33). A TE value of
greater than 9.6 kPa in biliary atresia had a
sensitivity of 89.5% and specificity of 75%
for severe fibrosis and a TE value greater than
18.1 kPa was 100% sensitive and 90.5% spe-
cific for cirrhosis (13).

Liver transplant

Goldschmidt et al. (34) showed a good cor-
relation between TE and histologic degree of
fibrosis in pediatric patients post liver trans-
plant. They also found liver stiffness values for
transplanted children without fibrosis to be
significantly higher than healthy controls. It
is suggested that TE be used as a mechanism
for follow-up after establishing a baseline for
an individual patient (6). One study which

used TE to evaluate post-transplant livers in
adults infected with hepatitis C showed areas
under the receiver operator curve (AUROC)
of .94 and .90 (where AUROC of 1.0 is char-
acteristic of an ideal test and 0.5 is non-di-
agnostic) for identifying significant fibrosis,
defined as METAVIR stages >/= 2 (35). TE
is an accurate non-invasive method to detect
significant fibrosis as well as the absence of
fibrosis in liver transplant.

Conclusion

Ground-breaking research over the past sev-
eral years has shown ultrasound elastography
to be a potentially useful tool in the man-
agement of chronic liver disease which may
provide a noninvasive method to screen for
liver fibrosis in the future. TE has been estab-
lished as an accurate measure of liver fibrosis
in NAFLD, making it a potentially useful
screening test for advanced liver fibrosis in
patients with fatty liver disease. In the setting
of viral hepatitis, TE can differentiate nor-
mal liver and mild fibrosis from significant
fibrosis and cirrhosis. TE may also be used
as a prognostic indicator, as liver stiffness has
been correlated with the risk of developing
HCC in adults with hepatitis B and C. SWE
can help differentiate biliary atresia from oth-
er neonatal liver diseases and TE significantly
correlates with histologic fibrosis staging in
children with biliary atresia. There is good
correlation of TE with histologic degree of
fibrosis in pediatric patients post liver trans-
plant and it has been shown as an accurate,
non-invasive method to detect significant fi-
brosis as well as the absence of fibrosis.
While not widely available in clinical
practice yet, this technology is available in
newer ultrasound machine models and is
expected to become more widely available as
facilities update their devices and clinicians
request this information. At our institution
currently, ultrasound elastrography is being




utilized as a research tool and questions re-
main as this new technology transitions from
a research method to a clinical tool. The role
of ultrasound elastography in the imaging al-
gorithm for pediatric patients with chronic
liver disease must be elucidated. Normative
values and appropriate intervals for testing
must be established. As obesity and liver dis-
ease often go hand in hand, the accuracy of
ultrasound elastography must be defined in
this population in whom TE is known to be
less accurate. The role of ultrasound elastog-
raphy in screening patients at high risk for
developing HCC must be defined.

Potential indications for elastography are
increasing with the growing fund of knowl-
edge gained from continued investigation
into this burgeoning modality. We have ex-
amined multiple disease entities in which
studies have shown ultrasound elastography
to be useful in assessing extent, progression
and prognosis of pediatric liver disease. Fa-
miliarity with this new non-invasive tech-
nique will be imperative in upcoming years as
it moves from research into clinical practice.
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