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The use of ultrasound in clinical setting for
children affected by NAFLD: is it safe and
accurate?
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Abstract

Non-alcoholic fatty liver disease (NAFLD) has become over the last decade the most common form of chronic liver
disease in children and adults. Thus, establishing the diagnosis of NAFLD is of utmost importance and represents a
major challenge as the disease is generally silent and the current gold standard for diagnosis is an invasive liver
biopsy, a procedure that is not suitable for screening purposes. Many non-invasive diagnostic tools have been
evaluated so far. Recently the utility of ultrasonography for non-invasive diagnosis and estimation of hepatic
steatosis has been demonstrated in a large prospective pediatric study.

Non-alcoholic fatty liver disease (NAFLD) has become
over the last decade the most common form of chronic
liver disease in children and adults. It is tightly asso-
ciated with obesity and threatens to become a serious
public health problem in the United States and many
other countries. NAFLD is estimated to affect close to
10% of the American population aged 2 to 19 years, and
this figure increases to 30 - 40% among obese children.
In addition to being a highly common condition in

children, several lines of evidence suggest that NAFLD
is a potentially serious condition. A recent long-term
longitudinal study has demonstrated that similarly to
adults, NAFLD in children is a disease with the potential
to progress [1]. Some children in this study presented
with cirrhosis at time of diagnosis, others showed pro-
gressive liver disease resulting in significant liver-related
morbidity. Moreover, the presence of NAFLD in chil-
dren may be a key indicator of the metabolic status and
a good predictor for development of type 2 diabetes.
Thus, establishing the diagnosis of NAFLD in children
is of utmost importance and represents a major chal-
lenge as the disease is generally silent and the current
gold standard for diagnosis is an invasive liver biopsy, a
procedure that is not suitable for screening purposes.

Other screening measures have been employed,
including monitoring liver transaminases and, recently,
the American Academy of Paediatrics has recommended
that serum aminotransferases (ALT and AST) should be
performed in all overweight children starting at age 10
years if their BMI is ≥ 95th percentile or between 85-
94th percentile with risk factors. ALT and AST are to
be checked in addition to fasting glucose and lipid pro-
file. However, it has become clear that in both adults
and children liver enzymes perform poorly for NAFLD
diagnosis with two-thirds of NAFLD patients showing
normal levels of serum ALT and AST [2].
Regarding the use of imaging for screening purposes,

hepatic ultrasonography (US) is the most commonly
used modality largely because it is relatively inexpensive,
widely available and is user-friendly [3]. Several studies
in adults have demonstrated that this technique is highly
sensitive and specific for detection of NAFLD. More-
over, hepatic US can provide a good estimate of the
degree or extent of hepatic steatosis present based on a
series of US characteristics including hepatorenal echo
contrast, liver echogenicity, visualization of intrahepatic
vessels, and visualization of liver parenchyma and the
diaphragm [4-7]. In the recent years a computer-assisted
method for measuring liver echogenicity calculating the
hepatorenal index has been evaluated with good results
[8]. However, the diagnostic accuracy of hepatic US and
the utility for quantification of the degree of hepatic
steatosis in children remain unknown.
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Recently Dr Shannon A, from the Department of
Paediatric Gastroenterology, Cleveland Clinic, Cleveland,
Ohio, headed by Prof Feldstein A, conducted a study to
evaluate the utility of hepatic US for quantifying hepatic
steatosis in a large well-characterized paediatric popula-
tion with biopsy-proven NAFLD.
The manuscript entitled “Ultrasonographic Quantita-

tive Estimation of Hepatic Steatosis in Children with
Nonalcoholic Fatty Liver Disease (NAFLD)” will appear
on JPGN-NA in the August issue, and it will represent
the largest cohort of children with biopsy proven
NAFLD reported up to date [9]. In this study the
Authors demonstrate the utility of hepatic ultrasonogra-
phy for non-invasive diagnosis and estimation of hepatic
steatosis in children, showing a tight correlation
between ultrasonographic steatosis score (USS) and
severity of steatosis on liver biopsy [9]. This study con-
firms the US as now the best imaging technique for the
assessment of liver steatosis, because it is a safe, non-
invasive and non-expensive diagnostic tool. In fact, in
the recent years, magnetic resonance imaging (MRI) has
also been shown to be able to demonstrate and quantify
fat infiltration of the liver [10,11]. However, it has been
proved of limited application for the study of children
because of its lengthy scan times, its reliance on compli-
ance of the patients, with usually necessity of conscious
sedation, and its high costs. Whereas, the user-friendli-
ness of the US makes it a useful test for screening pro-
grams in paediatric patients with suspected NAFLD.
The strong correlation between US and histological

parameters of fatty liver indicates that hepatic US can
be used in the monitoring of steatosis after therapeutic
interventions in children. Therefore clinical trials having
steatosis as end-point can correctly use serial hepatic US
to estimate the response to treatment. Recently Nobili V
and co-workers demonstrated the improvement of liver
steatosis in children with NAFLD following docosahex-
aenoic acid (DHA) supplementation [12]. In this rando-
mized placebo-controlled trial liver biopsy and hepatic
US were performed at baseline. After 6 months of treat-
ment the improvement in hepatic steatosis was evalu-
ated by US examination.
In conclusion this paper disclose the way for a ratio-

nale use of US for non-invasive diagnosis of fatty liver
and for estimation of steatotis with particular regard to
monitoring therapeutic efficacy, leaving the liver biopsy
only for definition of inflammatory activity and fibrosis
stage.

Author details
1Valerio Nobili, Unit of Liver Research of Bambino Gesù Children’s Hospital,
IRCCS, P.le S. Onofrio 4; 00165 Rome, Italy. 2Claudia Della Corte, Unit of Liver
Research of Bambino Gesù Children’s Hospital, IRCCS, P.le S. Onofrio 4; 00165
Rome, Italy. 3Lidia Monti, Radiology Department of Bambino Gesù Children’s

Hospital, IRCCS, P.le S. Onofrio 4; 00165, Rome, Italy. 4Anna Alisi, Unit of Liver
Research of Bambino Gesù Children’s Hospital, IRCCS, P.le S. Onofrio 4; 00165
Rome, Italy. 5Ariel Feldstein, Department of Pediatric Gastroenterology,
Cleveland Clinic, 9500 Euclid Avenue, Cleveland, OH 44195, USA.

Received: 28 April 2011 Accepted: 2 August 2011
Published: 2 August 2011

References
1. Feldstein AE, Charatcharoenwitthaya P, Treeprasertsuk S, Benson JT,

Enders FB, Angulo P: The natural history of non-alcoholic fatty liver
disease in children: a follow-up study for up to 20 years. Gut 2009,
58:1538-1544.

2. Browning JD, Szczepaniak LS, Dobbins R, Nuremberg P, Horton JD,
Cohen JC, Grundy SM, Hobbs HH: Prevalence of hepatic steatosis in an
urban population in the United States: impact of ethnicity. Hepatology
2004, 40:1387-1395.

3. Mazhar SM, Shiehmorteza M, Sirlin CB: Noninvasive assessment of hepatic
steatosis. Clin Gastroenterol Hepatol 2009, 7:135-140.

4. Chiloiro M, Riezzo G, Chiarappa S, Correale M, Guerra V, Amati L,
Noviello MR, Jirillo E: Relationship among fatty liver, adipose tissue
distribution and metabolic profile in moderately obese children: an
ultrasonographic study. Curr Pharm Des 2008, 14:2693-2698.

5. Dasarathy S, Dasarathy J, Khiyami A, Joseph R, Lopez R, McCullough AJ:
Validity of real time ultrasound in the diagnosis of hepatic steatosis: a
prospective study. J Hepatol 2009, 51:1061-1067.

6. Hamaguchi M, Kojima T, Itoh Y, Harano Y, Fujii K, Nakajima T, Kato T,
Takeda N, Okuda J, Ida K, Kawahito Y, Yoshikawa T, Okanoue T: The
severity of ultrasonographic findings in nonalcoholic fatty liver disease
reflects the metabolic syndrome and visceral fat accumulation. Am J
Gastroenterol 2007, 102:2708-2715.

7. Saadeh S, Younossi ZM, Remer EM, Gramlich T, Ong JP, Hurley M,
Mullen KD, Cooper JN, Sheridan MJ: The utility of radiological imaging in
nonalcoholic fatty liver disease. Gastroenterology 2002, 123:745-750.

8. Soder RB, Baldisserotto M, Duval da Silva V: Computer-Assisted Ultrasound
Analysis of Liver Echogenicity in Obese and Normal-Weight Children.
AJR 2009, 192:W201-W205.

9. Shannon A, Alkhouri N, Carter-Kent C, Monti L, Devito R, Lopez R,
Feldstein AE, Nobili V: Ultrasonographic Quantitative Estimation of
Hepatic Steatosis in Children With NAFLD. JPGN 2011, 53:190-5.

10. Springer F, Machann J, Claussen CD, Schick F, Schwenzer NF: Liver fat
content determined by magnetic resonance imaging and spectroscopy.
World J Gastroenterol 2010, 16:1560-6.

11. Pozzato C, Radaelli G, Dall’Asta C, Verduci E, Villa A, Villa C, Scaglioni S,
Riva E, Pontiroli AE, Cornalba G, Giovannini M: MRI in Identifying Hepatic
Steatosis in Obese Children and Relation to Ultrasonography and
Metabolic Findings. JPGN 2008, 47:493-9.

12. Nobili V, Bedogni G, Alisi A, Pietrobattista A, Risé P, Galli C, Agostoni C:
Docosahexaenoic acid supplementation decreases liver fat content in
children with non-alcoholic fatty liver disease: double-blind randomised
controlled clinical trial. Arch Dis Child 2011, 96:350-3.

doi:10.1186/1824-7288-37-36
Cite this article as: Nobili et al.: The use of ultrasound in clinical setting
for children affected by NAFLD: is it safe and accurate? Italian Journal of
Pediatrics 2011 37:36.

Nobili et al. Italian Journal of Pediatrics 2011, 37:36
http://www.ijponline.net/content/37/1/36

Page 2 of 2

http://www.ncbi.nlm.nih.gov/pubmed/19625277?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19625277?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15565570?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15565570?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19118644?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19118644?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18991688?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18991688?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18991688?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19846234?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19846234?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17894848?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17894848?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17894848?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12198701?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12198701?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19380523?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19380523?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21788761?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21788761?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20355234?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20355234?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18852643?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18852643?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18852643?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21233083?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21233083?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21233083?dopt=Abstract

	Abstract
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


