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Abstract

AIM: To determine in obese children with nonalcoholic
fatty liver disease (NAFLD) the accuracy of magnetic reso-
nance imaging (MRI) in assessing liver fat concentration.

METHODS: A case-control study was performed. Cas-
es were 25 obese children with biopsy-proven NAFLD.
Controls were 25 obese children matched for age and
gender, without NAFLD at ultrasonography and with
normal levels of aminotransferases and insulin. Hepatic
fat fraction (HFF) by MRI was obtained using a modifi-
cation of the Dixon method.
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RESULTS: HFF ranged from 2% to 44% [mean, 19.0%
(95% CI, 15.1-27.4)] in children with NAFLD, while in the
controls this value ranged from 0.08% to 4.69% [2.0%
(1.3-2.5), P < 0.0001]. HFF was highly correlated with
histological steatosis (¥ = 0.883, Z < 0.0001) in the NAFLD
children. According to the histological grade of steatosis, the
mean HFF was 8.7% (95% CI, 6.0-11.6) for mild, 21.6%
(15.3-27.0) for moderate, and 39.7% (34.4-45.0) for severe
fatty liver infiltration. With a cutoff of 4.85%, HFF had a
sensitivity of 95.8% for the diagnosis of histological steato-
sis = 5%. All control children had HFF lower than 4.85%;
thus, the specificity was 100%. After 12 mo, children with
weight loss displayed a significant decrease in HFF.

CONCLUSION: MRI is an accurate methodology for
liver fat quantification in pediatric NAFLD.

Key words: Nonalcoholic fatty liver disease; Children;
Obesity; Fast-magnetic resonance imaging; Liver fat
quantification
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INTRODUCTION

Over the last two decades, the rise in the prevalence rates
of overweight and obesity probably explains the emer-
gence of nonalcoholic fatty liver disease (NAFLD) as the
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leading cause of liver disease in the pediatric population
worldwide!

. NAFLD comprises a disease spectrum rang-
ing from simple steatosis to nonalcoholic steatohepatitis
(NASH), progressive to cirrhosis. It is a likely common
cause of cryptogenic cirrhosis™. There is currently no
specific biochemical or serological test for fatty liver and
the diagnosis can be established accurately only by liver
biopsy. The invasive nature of liver biopsy means that it
cannot be used to screen large numbers of subjects at risk,
ot be performed repeatedly to measure fat changes follow-
ing treatment. Therefore, availability of an accurate non-
invasive tool to assess the presence and severity of liver fat
will have important clinical implications in children.

To date, several imaging techniques are used to detect
hepatic steatosis: ultrasonography (US), computed tom-
ography (CT), proton magnetic resonance spectroscopy
(MRS), and magnetic resonance imaging (MRD)"*", Ultra-
sonography is a low-cost, widely used technique for the
qualitative assessment of steatosis. However, it cannot
provide reliable quantitative data, and its sensitivity is re-
duced in morbidly obese subjects and in those with small
amounts of fatty liver infiltration. CT is accurate in the
semiquantitative diagnosis of macrovesicular steatosis of
30% or greater; in addition, its use for monitoring treat-
ment response is somewhat limited due to exposure to
lonizing radiation. MRS is currently considered the most
accurate non-invasive technique for detecting fat quantities
as low as 0.5%. However, MRS demonstrates some limita-
tions in that it is too time consuming for routine clinical
practice, and requires a skilled operator to correctly per-
form the examination, process the data, and interpret the
results. Because of these limitations, MRS still lacks general
availability in current clinical practice for assessment and
monitoring of hepatic steatosis. Unlike MRS, MRI is easy
to perform and interpret, and, therefore, may be more suit-
able for widespread use. In adult patients several investiga-
tions have demonstrated a good correlation between the
severity of hepatic steatosis on MRI and liver biopsy[&m.
However, to the best of our knowledge, no studies to date
have validated MRI with liver histology in the pediatric
population. Thus, the purpose of the present study was to
determine in a cohort of obese children with biopsy-prov-
en NAFLD the accuracy of MRI for the detection and
quantitative assessment of liver steatosis, and to correlate
results with clinical, metabolic and histologic findings. We
also sought to assess the usefulness of MRI for the evalua-
tion of liver fat changes after a 1-year lifestyle intervention.

MATERIALS AND METHODS
Study design and patients

Twenty-five obese children and adolescents, 16 males
and 9 females, aged 7-16 years, with suspected NAFLD
(“cases”) were recruited for study participation at the
Department of Pediatrics, Sapienza University of Rome.
Controls were 25 obese children matched for age, gender
and pubertal stage, without ultrasound evidence of fatty
liver and with normal levels of aminotransferases, as well
as of insulin. All participants were of Caucasian ethnic-
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ity. The study was approved by the Institutional Review
Board, and written consent was obtained from the patents
or guardians of the children.

NAFLD diagnosis

NAFLD was suspected if the patients had elevated serum
alanine aminotransferase (ALT) either persistently or inter-
mittently, associated with diffusely hyperechogenic liver at
ultrasound examination, and hyperinsulinism. Secondary
causes of steatosis, including alcohol consumption, total
parenteral nutrition, and the use of hepatotoxic medica-
tions, were excluded in all cases. In all patients, hepatic vi-
rus infections (hepatitis A-E and G, cytomegalovirus, and
Epstein-Barr virus), autoimmune hepatitis, metabolic liver
disease, o-1-antitrypsin deficiency, cystic fibrosis, Wilson’s
disease, and celiac disease were ruled out with appropriate
tests. The final diagnosis of NAFLD was reached by liver
biopsy.

Liver biopsy

The clinical indication for biopsy was either to assess the
presence of NASH and degree of fibrosis or other likely
independent or competing liver diseases. Percutaneous
needle liver biopsy was performed with an 18-gauge nee-
dle, under general anaesthesia and ultrasound guidance. In
all patients, in order to obtain an adequate sample, biopsy
specimens were obtained twice at two different sites in
the right hepatic lobe. Liver specimens that were at least
1.5 ¢m in length and contained at least 10-11 complete
portal tracts were considered adequate for histological as-
sessment. Sections were stained with hematoxylin-eosin,
petiodic acid Schiff, periodic acid Schiff-digested, iron
stain, and Masson trichrome reagents. Biopsy specimens
were evaluated for the following, using the NASH Clini-
cal Research Network criteria”: steatosis [grade 0 (< 5%
macrovesicular fat), grade 1 (mild = 5%-33%), grade 2
(moderate = 34%-66%), and grade 3 (severe = 66%)],
portal inflammation (0-2), lobular inflammation (0-3), bal-
looning degeneration (0-2), and fibrosis (stage 0 to 4).

Clinical and laboratory investigations

All study participants underwent physical examination
including measurements of weight, standing height, body
mass index (BMI), waist circumference (WC), determi-
nation of the stage of puberty, as well as systolic blood
pressure (BP) and diastolic BP as previously reported in
detail™, The degree of obesity was quantified by Cole’s
least mean square method, which normalizes the skewed
distribution of BMI and expresses BMI as an SD scorel' !,
Blood samples were taken from each subject, after an
overnight fast, for estimation of glucose, insulin, total and
high density lipoprotein (HDL) cholesterol, triglycerides,
ALT, aspartate aminotransferase (AST), and y-glutamyl
transferase (GGT).

Insulin concentrations were measured on a COBAS
6000 immunometric analyzer (Roche Diagnostics) by an
electrochemiluminescent method. The remaining analytes
were measured on a COBAS INTEGRA 800 analyzer
(Roche Diagnostics). Insulin resistance (IR) was determined

3013 July 7, 2011 | Volume 17 | Issue 25 |



Pacifico L et a/. MRI for liver fat quantification in children

by a homeostasis model assessment of insulin resistance
(HOMA-IR). Scores were calculated as the product of the
fasting serum insulin level (UU/mL) and the fasting serum
glucose level (mmol/L), divided by 22.5.

MRI technique for hepatic fat quantification

NAFLD patients underwent MRI before liver biopsy and
within a short-time interval [mean (SD) 3.1 (2.1) d; range,
1-7]. In controls, MRI was performed within 1 wk of clini-
cal, laboratory and sonographic assessment. Hepatic MRI
was performed with a 1.5-T magnet (Magnetom Avanto,
Siemens Medical Systems, Erlangen, Germany) equipped
with a phased-array surface coil and a spine array coil. Im-
age acquisition was performed in the axial plane during
an end-expiratory breath-hold using a sensitivity encoding
(SENSE) technique, to reduce the overall acquisition time
to approximately 15 s. We used the two-point Dixon meth-
od as modified by Fishbein ¢ 2/"”. The method is based on
phase-shift imaging in which hepatic fat fraction (HFF) is
calculated from the signal difference between the vectors
resulting from in-phase (IP) and out-of-phase (OP) signals.

The multi-breath-hold T1-weighted dual gradient-
echo sequence parameters were as follows: repetition
time of 174 ms, echo time of 2.1 ms for OP images and
4.9 ms for IP images; flip angle, 70°; section thickness, 5
mm; matrix size, 256 X 182; field of view, 35 cm X 40 cm.
Pixel signal intensities (SI) from IP and OP images were
obtained from selected regions of interest (ROIs). The SI
values both in the liver and the spleen were recorded for
the IP and OP images by means of 1 cm’ circular ROLs.
At three different sections (above, at the level of, and
below the transverse fissure of the liver), three different
ROIs were drawn (2 in the right hepatic lobe; 1 in the left
hepatic lobe), totaling nine ROIs. ROI selection within
the liver parenchyma was performed taking care to avoid
areas with vessels, motion artefacts, and partial volume ef-
fects. ROIs were placed at anatomically matched locations
on paired images by using a co-registration tool available
on the picture archiving and communication system work-
station. The SI of the spleen was similarly measured and
a mean SI was calculated from three ROIs selected at the
corresponding liver levels. The standard deviation of the
SI measurements within each ROI was kept to less than
10%. Liver fat was quantified as the percentage of relative
SI loss of the liver on OP images, with the following for-
mula: [(STin-STow) /2 X STin] X 100 where SI is average liver
signal intensity divided by the average spleen SI, SIin and
Sloueare signal intensity of IP and OP images, respectively.
The SI of the spleen was used as a denominator in the
formula to adjust for the lack of an objective SI scale at
MRI"*"". MR imaging results were interpreted by an expe-
rienced radiologist who was blinded to clinical, laboratory,
and histologic findings.

To assess reproducibility of MRI technique, measure-
ments were performed again in 8 study subjects who agreed
to a longer examination time. Standard deviations of the dif-
ferences between measurements were less than 2% in HFE

Follow-up
All 25 NAFLD children were offered the chance to take
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part in a 12-mo intervention program. This program
consisted of physical exercise and nutrition education for
the individual and his or her family. Diet was hypocaloric
(25-30 caloties/kg per day), consisting of carbohydrate
(50%-60%), fat (23%-30%), and protein (15%-20%); fatty
acid composition was two-thirds saturated, and one-third
unsaturated; the 6/®3 ratio was 4:1 as recommended by
the Italian Recommended Dietary Allowances. The diet
regimen was prescribed with a recommendation to engage
in a moderate daily exercise program (60 min/d at least 5 d
a week).

Follow-up medical examinations (including assess-
ment of changes in anthropometric characteristics) and
laboratory measurements (including serum glucose, insu-
lin, ALT, AST, GGT, total cholesterol, HDL. cholesterol,
and triglycerides) were performed at 6 and 12 mo of the
intervention program. MRI was repeated at 12 mo. The
NAFLD children were divided into those with and with-
out substantial weight loss during the 1-year interven-
tion. Substantial weight loss was defined as a decrease in
the SDS-BMI = 0.5. This division was used because in
previous studies an improvement of cardiovascular risk
factors and insulin resistance was only detectable if SDS-
BMI decteased = 0.5

Statistical analysis
Statistical analyses were performed using the SPSS pack-
age. Data are expressed either as frequencies or as arith-
metic means or geometric means with 95% confidence
intervals (CI). The measured insulin, total cholesterol,
HDL cholesterol, triglycerides and HOMA-IR values were
distributed with a long tail to the right (positive skew), but
their logarithms were approximately normally distributed.
Thus, their mean values with 95% CI are reported as geo-
metric means. Pearson correlations and linear regression
analysis were used to analyse the relationship between
HFF and the histological degree of steatosis as well as
clinical variables. We also performed receiver operating
characteristic (ROC) curve analysis to determine the best
cut-off values for MRI to predict any grade, moderate, and
severe hepatic steatosis. The area under the curve (AUC)
was used to assess the accuracy of MRI. Values for sen-
sitivity, specificity, and the optimum discriminative values
were also obtained. We considered false-positive and false-
negative results to be equally important, and thus values
wete chosen that maximized sensitivity plus specificity.
Pairwise comparisons were performed using paired
¢ test or Wilcoxon’s rank sum test, as appropriate. A P
value of less than 0.05 was considered to be statistically
significant.

RESULTS

Clinical and laboratory features of study population

The clinical and laboratory characteristics of cases and
controls are summarized in Table 1. Obese children with
NAFLD had higher BMI, BMI-SDS, WC, systolic and di-
astolic BP, triglycerides, insulin, and HOMA-IR values than
the control group. Furthermore, compared to controls,
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Characteristics

NAFLD (» = 25)

No NAFLD (#» = 25)

BMI, kg/m”

BMI-Standard deviation score
Waist circumference, cm
Systolic BP, mmHg

Diastolic BP, mmHg

Aspartate aminotransferase, U/L
Alanine aminotransferase, U/L
y-glutamy] transferase, U/L
Total cholesterol, mg/dL

HDL cholesterol, mg/dL
Triglycerides, mg/dL

Glucose, mmol/L

Insulin, pU/mL

HOMA-IR values

Hepatic fat fraction, %

28.4 (26.4-30.3)"
2.20 (2.02-2.30)*
96.9 (91.8-102.1)°
117 (112-122)°

70 (67-74)°

45 (33-58)°

73 (55-91)°

31 (23-39)°
162 (143-181)

42 (38-49)
161 (115-207)"
4.89 (4.69-5.10)
31.2 (21.9-40.6)*
4.27 (3.40-5.10)°
19.0 (15.1-27.4)°

25.6 (24.4-26.8)
2.01 (1.92-2.17)
85.2 (80.3-89.0)
107 (105-109)

68 (65-70)

24 (20-28)

21 (18-25)

13 (12-14)
168 (146-190)

40 (37-43)
112 (61-134)
4.88 (4.77-5.02)
20.1 (16.2-24.1)
3.45 (2.97-4.01)

2.0 (1.3-2.5)

Results are expressed as 1 (%), mean (95% CI), or geometric mean (95% CI) for log-transformed variables. °P < 0.05, °P < 0.01, ‘P
< 0.0001. BMI: Body mass index; NAFLD: Nonalcoholic fatty liver disease; BP: Blood pressure; HDL: High density lipoprotein;

HOMA-IR: Homeostasis model assessment of insulin resistance.

Grade or stage n %
Steatosis 0 - -
1 9 36.0
2 9 36.0
3 7 28.0
Total 25 100
Lobular Inflammation 0 - -
1 15 60.0
2 9 36.0
3 1 4.0
Total 25 100
Portal inflammation 0 4 16.0
1 20 80.0
2 1 4.0
Total 25 100
Ballooning 0 9 36.0
1 12 48.0
2 4 16.0
Total 25 100
Fibrosis 0 7 28.0
1 8 32.0
2 9 36.0
3 1 4.0
4 - -
Total 25 100

NAFLD children had significantly higher concentrations
of ALT and AST, as well as of GGT. HFF ranged from
2% to 44% [mean, 19% (95% CI, 15.1 to 27.4)] in children
with NAFLD, while in the control group this value ranged
from 0.08% to 4.69% [2.0% (95% CI, 1.3 to 2.5), P <
0.0001].

Histological findings in children with NAFLD

All 25 cases fulfilled the histopathological requirements;
that is, the length of liver specimens was on average 1.9 *
0.2 cm, and included 14 £ 2 complete portal tracts. Mac-
rovesicular steatosis was present in all cases and combined
with microvesicular in 15% of cases. The amount of
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Histological steatosis severity

Figure 1 Magnetic resonance imaging hepatic fat fraction according to the
histopathological results (grade of steatosis). Boxplots give the median value
(black), 25th and 75th percentiles (lower and upper limits of the box), and lower
and upper adjacent values (whiskers).

steatosis ranged from 10% to 95% with a mean of 42.6%
(95% CI, 31.3 to 54.0) steatotic hepatocytes. The distribu-
tion of steatosis across the cohort was mild in 36%, mod-
erate in 36%, and severe in 28% of subjects. Lobular in-
flammation was present in all patients, and it was of mild
to moderate grade in 96% of patients. Sixty-four percent
of children had ballooning of the hepatocytes that was
in most cases of grade 1. Mild, more than mild, and no
portal inflammation were found in 80%, 4%, and 16% of
biopsies, respectively. Some degree of fibrosis was present
in 72% of patients. Thirty-two percent showed stage 1 fi-
brosis, whereas 36% of biopsy specimens revealed stage 2
fibrosis (Table 2). Stage 3 fibrosis was present in 4%. No
patient had hepatic iron deposit.

MRI and histological measurement of steatosis
HFF was highly correlated with histological steatosis over-
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all (»= 0.883; P < 0.0001). According to the histological
grade of steatosis, the mean HFF was 8.7% (95% CI, 6.0
to 11.6) for mild, 21.6% (95% CI, 15.3 to 27.0) for mod-
erate, and 39.7% (95% CI, 34.4 to 45.0) for severe fatty
liver infiltration. MRI imaging could differentiate between
mild and moderate steatosis (P < 0.001), and between
moderate and severe steatosis (P < 0.001) (Figure 1). Lin-
ear regression analysis was performed to determine the
influence of the stage of fibrosis as well as of the degree
of inflaimmation on the relationship between MRI and
histological assessment of steatosis. Fibrosis was found to
have no statistically significant influence [unstandardized
coetficient, 1.10 (95% CI, 2.25 to 4.45); P = 0.503] on the
estimates of HFFE. Similatly, inflammation had no impact
on the accuracy of MRI for the assessment of steatosis.

Accuracy of MRI for the diagnosis of steatosis

The accuracy of MRI for the diagnosis of mild, moderate,
and severe steatosis is shown in Table 3. At the diagnostic
threshold of 4.85% for HFEF, MRI had a 95.8% sensitivity
for diagnosing “any” grade of steatosis. There was only
one child with histological steatosis of grade 1 who had
HFF of 2%. A threshold of 9.0% for HFF was the best
cutoff for the diagnosis of moderate to severe steatosis
(sensitivity, 100%). A cutoff value of 19.0% for HFF
was indicative of severe steatosis (sensitivity, 100%). All
control children had HFF lower than 4.85% (specificity,
100%).

Relationship between MRI and variables

Among clinical and laboratory data, HFF was significantly
associated with SDS-BMI (r = 0.486, P < 0.01), WC (r =
0.4006, P < 0.01), triglycerides (r= 0.374, P < 0.05), insulin
(r=0.290, P < 0.05), and HOMA-IR values (» = 0.349, P
< 0.05) in the whole study population. When the NAFLD
group was analysed separately, HFF remained significantly
associated with insulin (» = 0.425, P < 0.05), and HOMA-
IR values (»= 0.506, P < 0.05).

Follow-up

After 12 mo, eleven NAFLD children demonstrated a
substantial weight loss [mean SDS-BMI change: -0.88 (95%
CL -0.57 to -1.19)]. In these children, HFF [mean change:
-13.1% (95% CI, -9 to -19); P < 0.05)], systolic BP [mean
change: -8 mmHg (95% CI, -5 to -14); P < 0.05), ALT
[mean change: -45 U/L (95% CI, - 37 to -70); P < 0.05),
AST [mean change: -27 U/L (95% CI, -18 to -37); P <
0.05), triglycerides [mean change: -56 mg/dL (95% CI, -32
to -60); P < 0.05), and HOMA-IR values [mean change:
-3.2 (95% CI, -2.0 to -5.8); P < 0.05)] decreased signifi-
cantly. In contrast, in the 14 NAFLD children without
substantial weight loss [mean SDS-BMI change: -0.10 (95%
CL -0.01 to -0.19), there was no significant change in HFF
[mean change: -3.0% (95% CI, -0.3 to -5.0); P = 0.48] as
well as in clinical and laboratory parameters.

DISCUSSION

Liver fat accumulation is becoming a common complica-
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Steatotic hepatocytes = 5% > 33% > 66%
Cutoff 4.85 9 19
AUC 0.98 (95% CI, 0.98-1.0) 1 1
Sensitivity (%) 95.8 100 100
Specificity (%) 100 100 100

AUC: Area under the curve.

tion in pediatric obesity!™?. Biopsy remains the criterion
standard to accurately determine, in a semiquantitative
manner, the amount of fatty liver infiltration. Further-
more, liver biopsy is able to evaluate lesions associated
with steatosis, such as fibrosis and inflammation, and thus,
to evaluate the stage and grade of the disease. However,
we cannot perform liver biopsy as a screening method to
detect NAFLD in the general pediatric population. There-
fore, a reliable, non-invasive method of screening NAFLD
would represent a major advance in clinical hepatology.

Several non-invasive imaging techniques have been ad-
vocated as diagnostic tests. Standard MRI, MRS, and CT
may not be feasible for children because of their long scan
time, reliance on compliance of the patient, and ionizing
radiation. Signal intensity loss on opposed-phase gradient-
echo T1-weighted MR images frequently is regarded as an
accurate method of detection and quantification of liver
fad®***, By using gradient-echo chemical shift imaging
(Dixon method), MRI can be performed either as readily
available T'1-weighted dual echo, triple echo, multiecho, or
multi interference. We chose to use the T1-weighted dual-
echo MRI because of its simplicity.

In the adult population, a close relationship has been
observed between the percentage of steatosis estimated
by histology and dual-echo chemical shift imaging[g’“’zu.
However, a major point to underline is that HFF ap-
pears to be influenced greatly by fat morphology[gl. Lipid
is accumulated within the liver as a response to vatrious
disease states and may be deposited in a macrovesicular,
microvesicular, or mixed steatosis pattern. In a group of
38 patients undergoing liver biopsy for a variety of liver
diseases (including hepatitis C, NAFLD, methotrexate
monitoring, chronic hepatitis of unknown etiology, cryp-
togenic cirrhosis, primary biliary cirrhosis, autoimmune
hepatitis), Fishbein ez al” showed that fast-MRI correlated
better with macrovesicular steatosis (r = 0.92, P < 0.001)
than with mixed steatosis (» = 0.60, P < 0.05). In NAFLD,
a disorder associated with severe macrovesicular steatosis,
fat fraction was higher than other liver disorders associated
with lesser degrees of fatty infiltration, including hepatitis
C. Similarly, in a very recent study including 46 patients
undergoing liver resection, van Werven ef al”" showed that
T1-weighted dual-echo MR imaging was strongly corre-
lated with histopathologic steatosis assessment (» = 0.85, P
< 0.001). In the 23 patients with macrovesicular steatosis
greater than 5%, dual-echo MR imaging showed an even
stronger correlation with histopathologic examination (r =
0.92, P < 0.001) than in the overall group.

In the pediatric population, the 2-point Dixon method
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as modified by Fishbein is an accepted technique for mea-
suring hepatic fat content™¥. It can also be helpful in
identifying fat regression or progtression in children, and
it has been found useful in differentiating increased liver
echogenicity due to simple steatosis from that related to
glycogen storage disease™
ies in children have used the degree of hepatic steatosis

26 .
| However, no previous stud-

at histologic analysis as the reference standard. In nor-
mal liver, lipid accounts for approximately 5% total wet
Weight[zz]. Initial studies determining liver fat in children
by fast-MRI defined as abnormal a threshold value for
HFF greater than 2 SD above mean hepatic fat content
of healthy adult volunteers'” or lean, nondiabetic (mean
age 21.6 + 8.2 years) subjects””. Recent studies have vali-
dated the modified 2-point Dixon method against MRS in
obese and lean adolescents who were at increased risk of
having or developing hepatic steatosis, and found a very
strong correlation between the two methods (r = 0.954,
P < 0.00)**. In a cohort of 28 (mean age, 15.9 * 5.3
years) obese and lean subjects, Kim ez a” demonstrated
that a 2-point Dixon HFF cutoff of 3.6% provided a
good sensitivity (80%) and specificity (87%) compared
to MRS reference. Our present results obtained in a ho-
mogeneous population indicate that the modified 2-point
Dixon method may be a good alternative to biopsy for
quantifying liver fat content in obese youngsters with
NAFLD and for assessing the relation between HFF and
metabolic outcomes in these patients. The clinical efficacy
of fast-MRI has been previously demonstrated. Burgert
et al’” showed that obese children with a high HFF were
significantly more insulin resistant, compared with those
with a low HFF, and had higher triglycerides and lower
adiponectin levels, even after adjustment for BMI-z
scores, race/ethnicity, gender, and age. Furthermore,
obese children with a high HFF had a significantly greater
prevalence of the metabolic syndrome, after controlling for
the above confounders. More recently, D’Adamo ez al””
suggested that the severity of fatty liver, as determined by
the modified 2-point Dixon method, plays a central role
in the insulin resistant state in obese adolescents, indepen-
dently of visceral fat and intramyocellular lipid content.
Using the disposition index, an estimate of [3-cell function
weighted by insulin sensitivity, the authors found this was
reduced by 30% in children with fatty liver, thus increas-
ing susceptibility to type 2 diabetes. We also previously
showed that the increasing severity of MRI fat accumula-
tion was strongly related to fasting hyperinsulinemia and
insulin resistance after correction for confounding varia-
bles such as SD score-BM]I, sex, age and pubertal status”.
The present results obtained in obese youths with biopsy-
proven NAFLD not only corroborate the clinical efficacy
of the modified 2-point Dixon method, but also highlight
the potential application of this method for tracking
longitudinal changes in liver fat content in patients un-
der targeted lifestyle intervention or medical therapy. In
concordance with our longitudinal findings, fast-MRI has
also been found to identify longitudinal liver fat changes
in adults during pioglitazone treatment for biopsy-proven
NAFLD and in obese children and adolescents after a
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1-year nutrition-behavior intervention™,

Fibrosis and inflammation may be present in patients
with hepatic steatosis. In adult patients with heterogeneity
of underlying pathologies including NAFLD, Fishbein
et al® showed that hepatic MRI, based upon chemical shift
imaging, is not influenced by the presence of fibrosis and
was able to accurately quantify the hepatic fat content in
the patients who also had significant hepatic fibrosis. Our
present results confirm and expand on the findings of the
above report. In fact, we found that in our obese children
with NAFLD, neither inflammation nor fibrosis had an
influence on the estimates of steatosis.

Our study has some limitations. Firstly, our results
were obtained in a selected population of children with
and without NAFLD. Therefore, one could argue that
by doing so we would maximize the differences between
cases and controls. If we had included patients from the
general pediatric population, the results would have been
more conclusive. However, obtaining hepatic biopsy for
research purposes in such patients would not be feasible
or ethical. Secondly, another restriction is that we did not
perform MRI measurements at exactly the same locations
in the liver that were used for histopathologic assessment.
This could affect the results we reported in diagnostic per-
formance. However, we obtained large-wedge liver biopsy
specimens which provided accurate data. Lastly, we used
a T1-weighted dual-echo chemical shift MRI method to
study hepatic steatosis. No corrections for T1, T2*, or fat
spectral complexity were made, and consequently only
MR signal intensities were evaluated. Recent studies have
indicated that T1-weighting (flip angle) and T2-weighting
(iron deposition) may interfere with accurate fat quantifica-
tion'
strong correlation between T1-weighted dual gradient-echo
MR imaging and histopathologic results was demonstrated
in the absence of any correction for T1, T2*, or fat spec-
tral complexity. In that study as well as in ours, the mean
signal intensity decay of 12 and 9 ROIs throughout the liv-
er was measured, respectively. The T2 correction is impor-

11 However, in the study by van Werven ¢ a/”", a

tant in cases where iron overload problems might lead to
T2 changes. As liver iron deposition is a common second-
ary feature of many chronic liver diseases, signal intensity
loss on in-phase gradient-echo MR images caused by the
presence of liver iron is a potential pitfall in the determina-
tion of liver fat percentage at opposed-phase MR imaging
in chronic liver diseases"”. Thus the T2* correction is very
important in cases where iron overload might lead to T2
changes, but none of our young patients with NAFLD
had histological evidence of iron accumulation, consistent
with a previous report of adult patients with NAFLD who
were seen at a referral center without a special interest in
disorders of iton storagew]. In that report, significant iron
histological accumulation was not observed in the majority
of patients with NAFLD or its various subtypes.

In conclusion, this study with histopathologic valida-
tion shows that the modified Dixon method provides high
diagnostic and fat-grading accuracy in obese children with
NAFLD. Even if the small number of patients included
in our study must be taken into account, the results ob-
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tained are highly encouraging and may provide a basis for
stimulating further studies which would include a larger
number of children.

COMMENTS

Background

Nonalcoholic fatty liver disease (NAFLD) has been increasing over the past
three decades, both in children and adolescents, presenting a worldwide prob-
lem. NAFLD is characterized by lipid accumulation in the liver, and it represents
a disease spectrum that ranges from simple hepatic steatosis to steatohepatitis,
and eventually to cirrhosis and liver failure.

Research frontiers

Currently, liver biopsy is considered the gold standard to accurately determine,
in a semiquantitative manner, the amount of fatty liver infiltration. However, the
authors cannot perform liver biopsy as a screening method to detect NAFLD in
the general pediatric population. This is an invasive procedure with the potential
of complications, being also prone to sampling error and interobserver variabil-
ity. Consequently, there is a need in children for non-invasive, safe diagnostic
tools to detect and quantify hepatic steatosis as well as to identify hepatic fat
regression or accumulation over time.

Innovations and breakthroughs

To date, several imaging techniques are used to detect hepatic steatosis. Ultra-
sonography is a low-cost, widely used technique for the qualitative assessment
of steatosis in children. However, it cannot provide reliable quantitative data, and
its sensitivity is reduced in subjects with small amounts of fatty liver infiltration.
Standard magnetic resonance imaging (MRI), proton magnetic resonance spec-
troscopy, and computed tomography may not be feasible for children because of
their long scan time, reliance on compliance of the patient, and ionizing radiation.
In the pediatric population, among the MRI methods, the 2-point Dixon method as
modified by Fishbein is an accepted technique for measuring hepatic fat content.
It can also be helpful in identifying fat regression or progression in children, and it
has been found useful in differentiating increased liver echogenicity due to simple
steatosis from that related to glycogen storage disease. However, no previous
studies in children have used the degree of hepatic steatosis at histologic analysis
as the reference standard.

Applications

The authors’ present results obtained in a homogeneous population with
NAFLD indicate that the dual-echo MRI may be a good alternative to biopsy for
quantifying fat liver content in obese youngsters and for assessing the relation
between hepatic fat fraction and metabolic outcomes in these patients. Fur-
thermore, the authors’ results highlight the potential application of this method
for tracking longitudinal changes in liver fat content in patients under targeted
lifestyle intervention or medical therapy.

Terminology

This study with histopathologic validation shows that the dual-echo MRI pro-
vides high diagnostic and fat-grading accuracy in obese children with NAFLD.
MRI is easy to perform and interpret, and, therefore, may be suitable for wide-
spread use.

Peer review

Dr. Lucia Pacifico and colleagues quantified the amount of liver fat in pediatric
NAFLD by using T1-weighted dual-echo MRI, and assessed the validation
of MRI quantification by comparing liver biopsy specimens. The noninvasive
quantification method with high sensitivity and specificity is very important to
assess the degree of fat accumulation in the liver, specifically in uncooperative
or high-risk patients for invasive procedures. This study arouses interest for
readers and provides an important clue to evaluate the degree of NAFLD or the
improvement of the disease in the treatment or follow-up observation.
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