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Abstract
Noninvasive diagnoses of nonalcoholic fatty-liver disease 
(NAFLD) involve the use of serologic markers and imaging 
methods, such as conventional ultrasonography (US), 

computed tomography, and magnetic resonance imaging. 
Although these methods are reliable for the noninvasive 
detection of moderate to severe fatty changes in the 
liver, they are not reliable for detecting nonalcoholic 
steatohepatitis (NASH) and fibrosis. New imaging 
technologies, such as US-based transient elastography, 
acoustic radiation force impulse and magnetic resonance-
based elastography, can reportedly be used to deter
mine the severity of liver fibrosis associated with NASH. 
In this context, the field of nuclear medicine through 
liver scintigraphy has recently been proposed, and is 
being explored for use in the diagnosis of NASH. More 
importantly, nuclear medicine may contribute to the 
distinction between simple steatosis and NASH. For 
example, the enhanced release of cytokines and the 
decrease in the phagocytic activity of Kupffer cells play 
important roles in the pathogenesis of NASH. Removal 
of technetium-99m colloid from circulation by Kupffer 
cell phagocytosis therefore provides a valuable imaging 
technique. Thus, nuclear medicine is poised to provide 
useful tools for the evaluation of patients with NAFLD. 
However, the evidence is still scarce, and more studies 
with larger samples are needed to identify their role 
before they are used in clinical practice.
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Core tip: Noninvasive methods used to diagnosis nonal
coholic fatty-liver disease (NAFLD) include ultrasonography 
(US), computed tomography, and magnetic resonance 
imaging. Although these methods are reliable for the 
noninvasive detection of moderate to severe fatty 
changes in the liver, they are not reliable for detecting 
nonalcoholic steatohepatitis and fibrosis. New imaging 
technologies, such as US-based transient elastography, 
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acoustic radiation force impulse and magnetic resonance-
based elastography, may be used to determine the 
severity of liver fibrosis. Liver scintigraphy has recently 
been proposed to evaluate the diagnosis of nonalcoholic 
steatohepatitis, and has potential for the evaluation of 
patients with NAFLD.
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INTRODUCTION
Nonalcoholic fatty-liver disease (NAFLD) is the most 
common form of chronic liver disease in developed 
countries. It can present as simple steatosis, which 
does not progress to more advanced disease and with 
a better prognosis, or as nonalcoholic steatohepatitis 
(NASH), which can progress to cirrhosis and hepatocellular 
carcinoma[1-3]. Moreover, patients with NASH have 
an especially high death rate due to associated car
diovascular disease, extrahepatic cancer, and liver 
disease[4]. In a recent retrospective cohort study that 
followed-up patients with biopsy-proven NAFLD for 150 
mo, a global death rate of 39.8% was observed, mainly 
due to these associated conditions[5]. Furthermore, 
although overall and cardiovascular mortalities were 
similar between steatosis and NASH patients, liver-
related deaths were six times more frequent in patients 
with NASH. Therefore, the assessment of liver disease 
severity and identification of patients with NASH is of 
utmost importance.

Liver biopsy is the gold standard to distinguish 
among the different presentations of NAFLD, but it is an 
invasive procedure associated with severe complications 
in 0.3%-3.0% of cases, and leads to death in 0.01% 
of cases[4,6-8]. In addition, biopsy findings may be 
misrepresentative, causing misdiagnosis depending on 
the experience of the pathologist. Therefore, there is 
ongoing interest in developing noninvasive methods for 
diagnosing NAFLD and its various forms of presentation. 

The noninvasive methods currently in use, including 
serologic markers, are intended for diagnosis of patients 
with NASH and those with fibrosis. Conventional imaging 
methods are reliable for the detection of moderate to 
severe fatty changes in the liver, though they are not 
reliable for detecting NASH and fibrosis. New imaging 
technologies show promise for determining the severity 
of liver fibrosis associated with NASH. In this context, 
the field of nuclear medicine through liver scintigraphy 
has been proposed and is also being explored.

ULTRASONOGRAPHY
Ultrasonography (US) US is a noninvasive imaging 
method used to detect NAFLD, particularly hepatic 
steatosis[9]. US shows a sensitivity for detecting 
steatosis of between 60% and 94%, depending on 
steatosis degree[10]. One study reported a sensitivity of 
US of 91% and specificity of 93% in 235 patients with 
≥ 30% steatosis on biopsy[11]. In the same manner, 
a prospective study by Dasarathy et al[12] reported 
90% sensitivity with US when steatosis was > 20% 
on biopsy. However, the sensitivity is low when the 
degree of steatosis is < 20%-30%[12,13]. Moreover, 
the sensitivity and specificity of US are considerably 
reduced in the presence of obesity[14]. de Moura 
Almeida et al[15] found a sensitivity of 64.9% using US 
for the diagnosis of hepatic steatosis in 105 severely 
obese patients. The presence of underlying chronic 
liver diseases can also reduce the accuracy of US in 
the diagnosis of hepatic steatosis, as hepatic fibrosis 
can increase liver echogenicity[16]. Another limitation of 
US is that it cannot be used to quantify the amount of 
fat or provide a differential diagnosis between simple 
steatosis and NASH. Moreover, it is operator dependent 
with significant intra- and inter-observer variability[17].

COMPUTED TOMOGRAPHY
The capability of diagnosing hepatic steatosis with 
computed tomography (CT) is similar to that of US. 
Unenhanced CT shows low attenuation of the steatotic 
liver in contrast to the spleen, and the severity of 
steatosis correlates with the liver-spleen attenuation 
ratio[18,19]. However, misdiagnosis can occur when 
other diffuse liver conditions are present, such as 
hemochromatosis[20]. Furthermore, CT cannot detect 
the degree of fibrosis, and cannot distinguish NASH 
from simple steatosis[21]. With the additional issue of 
radiation exposure, CT is not an appropriate modality 
for routine diagnosis.

MAGNETIC RESONANCE IMAGING
Conventional magnetic resonance imaging (MRI) is 
an accurate and comparatively superior technique 
to US for detecting minor steatosis[22]. As water 
and fat protons produce different frequencies in a 
magnetic field, MRI can be used to qualitatively and 
quantitatively diagnose fatty infiltration. The most 
commonly used quantitative method is the so-called 
in- and out-phase imaging, in which the signal from 
fat protons is added or subtracted, respectively, 
from the signal from protons in water. Reduction of 
the out-phase signal on T1-weighted images is an 
accurate predictor of hepatic fat content compared 
with the histologic assessment[23]. Although many 
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MRI techniques have been developed to improve its 
performance in the diagnostic spectrum of NAFLD and 
provide a quantitative assessment of hepatic fatty 
infiltration[23-25], these methods are limited in their 
ability to detect coexisting inflammation or fibrosis[24]. 
Moreover, MRI is costly, time consuming, and motion 
artifacts, such as from respiration, can affect image 
quality[26,27].

Magnetic resonance-based proton magnetic reso
nance spectroscopy (1H-MRS) provides a quantitative 
biomarker of liver fat, termed proton density fat 
fraction, which enables identification of tissues that 
contain a significant proportion of intracellular lipids. 
Furthermore, 1H-MRS facilitates examination of 
resonance frequencies of all hydrogen nuclei (protons) 
within a region of interest. Although the absolute 
differences in resonance frequencies with this method 
are quite small, they can be separated along a 
spectrum. The concentration of any given molecule in 
a sample is represented by the area under the specific 
resonance peak within the spectrum. Quantification 
of hepatic fat requires evaluation of the two dominant 
peaks within the unsuppressed MR spectrum, namely 
water at 4.7 ppm and lipids at 1.0-1.5 ppm[28]. Livers 
with fatty infiltration show an increased intensity within 
the lipid resonance peak. As 1H-MRS allows direct 
measurement of the area under the lipid resonance 
curve, it may also provide a quantitative assessment 
of fatty infiltration of the liver[28]. Although results from 
this method correlate well with those obtained by CT 
and liver biopsy[25,29,30], 1H-MRS remains a research 
tool, despite the fact that MRI scanners have 1H-MRS 
capabilities[31,32].

An additional magnetic resonance-based technique 
uses gadolinium-ethoxybenzyl-diethylenetriamine 
pentaacetic acid (Gd-EOB) as a contrast agent. As this 
contrast agent is partially secreted by hepatocytes into 
the bile duct, it can be used to assess liver function 
and liver fibrosis[33]. However, there are no studies to 
date evaluating its use in the diagnosis of NAFLD.

US-BASED TRANSIENT ELASTOGRAPHY
Transient elastography (TE) (FibroScan; Echosens, Paris, 
France) uses ultrasonic elastography principles for the 
noninvasive assessment of liver fibrosis. This technique 
applies low-frequency shear waves created by a 
vibrating probe to the skin overlying the liver. The shear 
wave velocity of ultrasound signals is used to calculate 
the elastic modulus, expressed in kilopascals (kPa)[34]. 
A meta-analysis showed that the mean areas under the 
receiver operating characteristic curves (AUROCs) for 
the diagnosis of significant fibrosis, severe fibrosis, and 
cirrhosis were 0.84 (95%CI: 0.82-0.86), 0.89 (95%CI: 
0.88-0.91), and 0.94 (95%CI: 0.93-0.95), respectively, 
independent of the cause of the liver disease[34].

However, there is ongoing debate regarding the 
diagnostic accuracy and feasibility of TE, especially 
in obese patients[35]. A body mass index (BMI) > 28 

kg/m2 was found to be an independent risk factor for 
failure of the method, and successful measurements 
were obtained using a standard probe in only 75% 
of patients with a BMI ≥ 28 kg/m2[36]. Because of 
the poor accuracy of this probe in detecting liver 
fibrosis in overweight/obese patients, a larger probe 
(XL) has been developed, and failure occurred less 
frequently with this new probe than with the standard 
probe (1.1% vs 16.0%)[37]. Although the probes have 
comparable accuracy, lower liver stiffness cutoffs are 
necessary when the XL probe is used. Liver stiffness 
measurement is possible in 91.2% of patients with 
comparable diagnostic accuracy[38]. In clinical practice, 
the standard probe could be used as a first step 
for liver stiffness measurement, and the XL probe 
reserved for when invalid or unreliable measurements 
are obtained. This result could be useful for the 
assessment of liver fibrosis in NAFLD and/or obese 
patients.

A recent meta-analysis evaluated the use of several 
noninvasive methods for the diagnosis of NAFLD[35]. 
Favorable results were obtained by many of the included 
studies[36,39-45] that compared TE with liver biopsy. 
All studies had high-quality data, similar baseline 
characteristics, used similar cutoffs, with no heterogeneity 
factors identified. The overall results suggested that 
TE enables the diagnosis of F3 (85% sensitivity, 82% 
specificity) and F4 (92% sensitivity, 92% specificity), 
with moderate accuracy for F2 (79% sensitivity, 75% 
specificity) stage fibrosis[35].

Obesity is the main reason for failure of TE, which 
can be overcome using the XL probe[46,47]. Thus, TE is 
useful as a screening test to exclude advanced fibrosis, 
with high negative predictive value (NPV) and modest 
positive predictive value (PPV). Liver biopsy may be 
considered in NAFLD patients with liver stiffness of ≥ 
7.9 kPa[36].

Although TE has emerged as a useful tool for the 
assessment of liver fibrosis, it also suffers from several 
limitations. For example, the technique is limited 
to imaging within an acoustic window through an 
intercostal space, thereby only allowing a small portion 
of the liver to be examined[48]. Additionally, TE should 
be carefully applied when used as an alternative 
measurement of liver stiffness instead of liver biopsy, 
as liver stiffness measurements can be influenced by 
conditions such as steatosis, obesity, lower degrees 
of hepatic fibrosis, necroinflammation of hepatocytes, 
cholestasis, elevated central venous pressure, and 
even postprandial conditions[49].

ACOUSTIC RADIATION FORCE IMPULSE 
Acoustic radiation force impulse (ARFI) is a form of 
tissue elastography integrated within a conventional 
high-end ultrasound machine (S 2000; Siemens, 
Munich, Germany). With this method, the elasticity 
of the liver is calculated from short-duration acoustic 
pulses of a fixed frequency targeted to one region. As 
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with TE, the result is expressed in kPa[35,50]. 
ARFI has been suggested for patients with a high 

BMI[51], which can affect the accuracy of liver stiffness 
measurements. AUROCs reported with ARFI for the 
diagnosis of F3-F4 in NAFLD ranged from 0.74 to 
0.97[43,50,52,53]. One study evaluating liver stiffness in 54 
patients with biopsy-confirmed NAFLD and 10 healthy 
volunteers found a significant correlation between 
ARFI and TE[43]. Furthermore, there was a significant 
positive correlation between ARFI and severity of liver 
fibrosis in patients with NAFLD, and the results were 
similar to those of TE[43]. Another study evaluating 
172 NAFLD patients used a predictive shear stiffness 
threshold of 4.24 kPa and found that shear stiffness 
distinguished low (0-2) from high (3-4) fibrosis stages 
with a sensitivity and specificity of 90% (AUROC of 
0.90)[50]. In that study, BMI > 40 kg/m2 was not a 
limiting factor for ARFI imaging, and no correlation was 
noted between BMI and shear stiffness. As a result, the 
authors concluded that ARFI is a promising imaging 
modality for detecting advanced fibrosis in patients 
with obesity-related liver disease[50]. TE and ARFI using 
the standard or the XL probes were also compared 
for the diagnosis of liver fibrosis in 61 patients with 
NAFLD/NASH[53]. Liver steatosis was evaluated using 
a controlled attenuation parameter, which correlated 
with liver histology. Although histologic liver fibrosis 
significantly correlated with TE results, the ARFI results 
did not.

Sporea et al[54] found that F2 fibrosis could be 
detected using a combination of the two elastography 
methods (ARFI and TE) with 60.5% sensitivity, 93.3% 
specificity, 96.8% PPV, 41.4% NPV, and 68% accuracy, 
with 84.9% sensitivity, 94.4% specificity, 84.9% 
PPV, 94.4% NPV, and 91.8% accuracy for predicting 
cirrhosis. Thus, the authors suggest that the use 
of TE in combination with ARFI is highly specific for 
predicting significant fibrosis, and may decrease the 
need for liver biopsy.

Supersonic shear wave imaging is another method 
that has been used in the evaluation of liver fibrosis. It 
is a new, shear wave-based US elastography technique 
that employs a larger, fan-shaped region of interest 
than other modalities[49]. Liver stiffness measurements 
were obtained using supersonic shear wave imaging 
in patients with many chronic liver diseases[55-57]. The 
findings indicate that it is a fast, simple and reliable 
method for noninvasive assessment of liver fibrosis, 
comparable to TE and ARFI. However, there are no 
studies at present that have reported evaluation of this 
method in patients with NAFLD.

MAGNETIC RESONANCE-BASED 
ELASTOGRAPHY
MRE is a phase contrast-based MRI technique that 
produces an image using a propagating shear 
wave[58]. Preliminary studies suggest that magnetic 

resonance-based elastography (MRE) is superior to 
TE for diagnosing each stage of fibrosis[59], and has 
good accuracy for diagnosing NASH[60]. Although this 
technique is expensive and not widely available, it may 
be useful for early detection of NASH in patients with 
NAFLD, as necroinflammation and fibrosis have similar 
effects on hepatic stiffness[60,61]. In contrast, simple 
steatosis does not result in any significant increase 
in stiffness[62]. The shear wave length in fibrotic liver 
is much longer than it is in healthy liver, and the 
elastograms show that fibrotic liver is much stiffer than 
healthy liver[63].

MRE can be performed before or after the 
intravenous gadolinium injections that are routinely 
used for liver studies. Yin et al[58] showed that liver fat 
content, as estimated using a conventional in- and out-
of-phase imaging technique, did not affect the MRE 
assessment of hepatic fibrosis. They also found that 
MRE discriminates between patients with moderate 
and severe fibrosis (grades 2-4) and those with mild 
fibrosis (sensitivity 86%, specificity 85%). Loomba 
et al[64] prospectively assessed the accuracy of MRE 
for predicting advanced fibrosis in 117 patients with 
biopsy-proven NAFLD; a threshold of > 3.63 kPa had a 
sensitivity of 86%, specificity of 91%, PPV of 68%, and 
NPV of 97%. Simple steatosis can be differentiated 
from NASH with an accuracy of 93% using a cutoff 
value of 2.74 kPa[20], whereas NASH with advanced 
fibrosis can be detected with 95.4% accuracy using a 
cutoff value of 4.15 kPa[65].

The most frequent reason for technical failure in 
MRE is hepatic iron overload, which can decrease 
hepatic signal intensity in gradient echo-based MRE 
sequences to unacceptably low levels[61]. However, 
MRE can be performed in obese patients, as it is not 
affected by the degree of fatty change in the liver or 
amount of subcutaneous fat[62]. Further studies are 
needed to assess cost-effectiveness of using MRE 
over other available modalities for the diagnosis of 
advanced fibrosis in patients with NAFLD.

LIVER SCINTIGRAPHY
Xenon-133 is a highly fat-soluble gas that concentrates 
in fat tissue, and thus was evaluated for use in the 
diagnosis of fatty liver[66]. In a retrospective study of 
258 patients suspected of having NAFLD, Al-Busafi 
et al[66] compared the characteristics of Xenon-133 
liver scans to US; of the 35/43 (81.4%) patients with 
biopsy-confirmed NAFLD, Xenon-133 scanning had 
a sensitivity of 94.3% and a specificity of 87.5%, 
compared to 62.9% and 75.0%, respectively, obtained 
with US. Furthermore, scintigraphy was accurate in 
a subset of overweight patients, with a sensitivity of 
93.8% and a specificity of 100%. The results of this 
study found that the degree of steatosis as defined by 
Xenon-133 liver scans was strongly and significantly 
correlated to the histologic degree. Finally, all patients 
with advanced fibrosis had positive Xenon-133 scans, 
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Table 1  Advantages and disadvantages of imaging methods in 
the identification of the spectrum of nonalcoholic fatty-liver 
disease

and all patients with moderate or severe steatosis 
measured by scintigraphy were diagnosed with NASH 
upon biopsy. However, this method is only able to 
detect steatosis, and cannot be sued to distinguish 
between subtypes of NAFLD[66].

Nevertheless, nuclear medicine may have a larger 
contribution regarding the distinction between simple 
steatosis and NASH. For example, the enhanced release 
of cytokines and the decrease in the phagocytic 
activity of Kupffer cells play important roles in the 
pathogenesis of NASH. Kupffer cells can be imaged 
using radioactive colloids, as they remove technetium-
99m (99mTc) colloid from circulation by phagocytosis. 
Kikuchi et al[67] evaluated 99mTc-phytate scintigraphy 
in 29 patients with NASH and 8 patients with simple 
steatosis, diagnosed through liver biopsy according 
to criteria previously published by Kleiner et al[68]. 
They measured mean radioactive counts per area in 
liver, heart, and spleen to calculate liver/spleen and 
spleen/heart uptake ratios. Patients with NASH had 
significantly lower liver/spleen uptake ratios than 
patients with simple fatty livers, with an AUROC of 
0.819 that was independently associated to NASH in 
multivariable logistic regression. With a cutoff point 
of 2.93, the liver/spleen uptake ratio predicted NASH 
with a specificity of 75.0%, a sensitivity of 99.9%, 
and positive and negative predictive values of 93.5% 
and 99.9%, respectively. Steatosis could also be 
distinguished from early stages of NASH (stages 0 and 
1) using the liver/spleen uptake ratio. The spleen/heart 
uptake ratio was also significantly associated with 
NASH, with higher ratios in patients with NASH[67]. 

We consider 99mTc-phytate scintigraphy an interesting 
method for the evaluation of NAFLD because it is 
noninvasive, relatively inexpensive, and widely available. 
As it provides a numerical result (i.e., the liver/spleen 
uptake ratio), the diagnosis of NASH is less subjective 
than for other imaging techniques. Moreover, it can be 
used to distinguish fatty liver from NASH, even in earlier 
stages. Finally, if studies in other populations validate 

the findings reported by Kikuchi et al[67], a high liver/
spleen uptake ratio would rule out NASH, and patients 
with a low ratio could be referred for liver biopsy to 
confirm the diagnosis. However, only the one paper 
with a limited number of patients has been reported, 
and there are no data comparing the results with other 
methods.

Mitochondrial function of myocardium and skeletal 
muscle can be assessed with 99mTc-m-2-methoxy-
isobutyl-isonitrile (MIBI) scintigraphy. Considering that 
hepatic mitochondrial abnormalities contribute to the 
pathogenesis of NASH, Masuda et al[69] hypothesized 
that 99mTc-MIBI uptake would be reduced in the liver 
of patients with NASH compared to those with simple 
steatosis. In their study, 26 cases with biopsy-proven 
NAFLD were classified as definitive NASH, borderline 
NASH, and non-NASH based on the NAFLD activity 
score[68], and liver fibrosis was classified according 
to Brunt et al[70]. Patients were subjected to 99mTc-
MIBI liver and heart scintigraphy, and hepatic uptake 
was calculated as the ratio of mean counts per pixel 
within the right upper lobe, to correlate with the 
region of liver biopsy. A region of the same size in 
the anterolateral wall of the left ventricle of the heart 
was measured in order to avoid the influence of the 
uptake of the left lobe of the liver. Using these values, 
the liver/heart uptake was calculated and used as 
an indicator of intrahepatic uptake, as there was no 
suspicion of heart disease among patients[69]. Their 
results showed that intrahepatic uptake of 99mTc-MIBI 
in patients with NASH was significantly lower than that 
of patients with simple steatosis (1.42 ± 0.41 and 1.56 
± 0.20 in patients with definitive and borderline NASH 
vs 2.07 ± 0.29 in non-NASH patients). Moreover, the 
liver/heart uptake ratio was significantly correlated 
to the NAFLD activity score. This study demonstrates 
that 99mTc-MIBI scintigraphy can distinguish NASH 
from simple fatty liver in a noninvasive manner, while 
providing a nonsubjective numerical result. In addition, 
there is no additional cost to obtain a liver/heart 
uptake ratio in patients for whom 99mTc-MIBI heart 
scintigraphy is recommended based on cardiologic 
indications. However, the technique might be biased if 
heart uptake is impaired by non-diagnosed ischemic 
heart disease, which frequently occurs in NAFLD 
patients[4].

CONCLUSION
Table 1 summarizes the main advantages and dis
advantages of the various imaging modalities for NAFLD 
diagnoses. New imaging methods offer promise for 
exclusion of advanced liver fibrosis and cirrhosis in 
NAFLD patients, but additional studies are needed to 
identify their role in prognostication and monitoring of 
NAFLD patients before they are used in clinical practice. 
Nevertheless, nuclear medicine affords exciting potential 
for the evaluation of patients with NAFLD. 
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Imaging 
method

Accuracy Risk Cost

Steatosis NASH Fibrosis
US ++ 0 0 0 +
CT ++ 0 0 +++ ++
MRI +++ 0 0 ++ +++
TE ++ 0 ++ 0 ++
ARFI ++ 0 ++ 0 ++
MRE ++ + +++ ++ +++
Scintigraphy ++ ++ 0 + +

ARFI: Acoustic radiation force impulse; CT: Computed tomography; 
MRE: Magnetic resonance-based elastography; MRI: Magnetic resonance 
imaging; NASH: Nonalcoholic steatohepatitis; TE: Transient elastography; 
US: Ultrasound; 0: Absent; +: Low; ++: Intermediate; +++: High.

Tovo CV et al . Noninvasive diagnosis of NAFLD: Liver scintigraphy



REFERENCES
1	 Younossi ZM, Stepanova M, Rafiq N, Makhlouf H, Younoszai 

Z, Agrawal R, Goodman Z. Pathologic criteria for nonalcoholic 
steatohepatitis: interprotocol agreement and ability to predict 
liver-related mortality. Hepatology 2011; 53: 1874-1882 [PMID: 
21360720]

2	 Ekstedt M, Franzén LE, Mathiesen UL, Thorelius L, Holmqvist 
M, Bodemar G, Kechagias S. Long-term follow-up of patients 
with NAFLD and elevated liver enzymes. Hepatology 2006; 44: 
865-873 [PMID: 17006923]

3	 Chalasani N, Younossi Z, Lavine JE, Diehl AM, Brunt EM, Cusi 
K, Charlton M, Sanyal AJ. The diagnosis and management of non-
alcoholic fatty liver disease: practice Guideline by the American 
Association for the Study of Liver Diseases, American College 
of Gastroenterology, and the American Gastroenterological 
Association. Hepatology 2012; 55: 2005-2023 [PMID: 22488764 
DOI: 10.1002/hep.25762]

4	 Pagadala MR, McCullough AJ. The relevance of liver histology 
to predicting clinically meaningful outcomes in nonalcoholic 
steatohepatitis. Clin Liver Dis 2012; 16: 487-504 [PMID: 
22824477 DOI: 10.1016/j.cld.2012.05.006]

5	 Stepanova M, Rafiq N, Makhlouf H, Agrawal R, Kaur I, Younoszai 
Z, McCullough A, Goodman Z, Younossi ZM. Predictors of all-
cause mortality and liver-related mortality in patients with non-
alcoholic fatty liver disease (NAFLD). Dig Dis Sci 2013; 58: 
3017-3023 [PMID: 23775317 DOI: 10.1007/s10620-013-2743-5]

6	 Machado MV, Cortez-Pinto H. Non-invasive diagnosis of non-
alcoholic fatty liver disease. A critical appraisal. J Hepatol 2013; 
58: 1007-1019 [PMID: 23183525 DOI: 10.1016/j.jhep.2012.11.021]

7	 Grandison GA, Angulo P. Can NASH be diagnosed, graded, and 
staged noninvasively? Clin Liver Dis 2012; 16: 567-585 [PMID: 
22824481 DOI: 10.1016/j.cld.2012.05.001]

8	 D’Incao RB, Silva MC, Almeida PR, Renon VP, Tovo CV. 
Percutaneous liver biopsy--2 decades of experience in a public 
hospital in the South of Brazil. Ann Hepatol 2013; 12: 876-880 
[PMID: 24114817]

9	 Khov N, Sharma A, Riley TR. Bedside ultrasound in the diagnosis 
of nonalcoholic fatty liver disease. World J Gastroenterol 2014; 20: 
6821-6825 [PMID: 24944472 DOI: 10.3748/wjg.v20.i22.6821]

10	 Sanyal AJ. AGA technical review on nonalcoholic fatty liver 
disease. Gastroenterology 2002; 123: 1705-1725 [PMID: 12404245]

11	 Palmentieri B, de Sio I, La Mura V, Masarone M, Vecchione 
R, Bruno S, Torella R, Persico M. The role of bright liver echo 
pattern on ultrasound B-mode examination in the diagnosis of liver 
steatosis. Dig Liver Dis 2006; 38: 485-489 [PMID: 16716779]

12	 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 [PMID: 19846234 DOI: 10.1016/j.jhep.2009.09.001]

13	 Ryan CK, Johnson LA, Germin BI, Marcos A. One hundred 
consecutive hepatic biopsies in the workup of living donors for 
right lobe liver transplantation. Liver Transpl 2002; 8: 1114-1122 
[PMID: 12474149]

14	 Mottin CC, Moretto M, Padoin AV, Swarowsky AM, Toneto MG, 
Glock L, Repetto G. The role of ultrasound in the diagnosis of 
hepatic steatosis in morbidly obese patients. Obes Surg 2004; 14: 
635-637 [PMID: 15186630 DOI: 10.1381/096089204323093408]

15	 de Moura Almeida A, Cotrim HP, Barbosa DB, de Athayde 
LG, Santos AS, Bitencourt AG, de Freitas LA, Rios A, Alves E. 
Fatty liver disease in severe obese patients: diagnostic value of 
abdominal ultrasound. World J Gastroenterol 2008; 14: 1415-1418 
[PMID: 18322958 DOI: 10.3748/wjg.14.1415]

16	 Hepburn MJ, Vos JA, Fillman EP, Lawitz EJ. The accuracy of the 
report of hepatic steatosis on ultrasonography in patients infected 
with hepatitis C in a clinical setting: a retrospective observational 
study. BMC Gastroenterol 2005; 5: 14 [PMID: 15829009 DOI: 
10.1186/1471-230X-5-14]

17	 Strauss S, Gavish E, Gottlieb P, Katsnelson L. Interobserver and 
intraobserver variability in the sonographic assessment of fatty 

liver. AJR Am J Roentgenol 2007; 189: W320-W323 [PMID: 
18029843 DOI: 10.2214/AJR.07.2123]

18	 Park SH, Kim PN, Kim KW, Lee SW, Yoon SE, Park SW, Ha 
HK, Lee MG, Hwang S, Lee SG, Yu ES, Cho EY. Macrovesicular 
hepatic steatosis in living liver donors: use of CT for quantitative 
and qualitative assessment. Radiology 2006; 239: 105-112 [PMID: 
16484355]

19	 Jacobs JE, Birnbaum BA, Shapiro MA, Langlotz CP, Slosman F, 
Rubesin SE, Horii SC. Diagnostic criteria for fatty infiltration of 
the liver on contrast-enhanced helical CT. AJR Am J Roentgenol 
1998; 171: 659-664 [PMID: 9725292]

20	 Mendler MH, Bouillet P, Le Sidaner A, Lavoine E, Labrousse F, 
Sautereau D, Pillegand B. Dual-energy CT in the diagnosis and 
quantification of fatty liver: limited clinical value in comparison 
to ultrasound scan and single-energy CT, with special reference to 
iron overload. J Hepatol 1998; 28: 785-794 [PMID: 9625313]

21	 Schwenzer NF, Springer F, Schraml C, Stefan N, Machann J, 
Schick F. Non-invasive assessment and quantification of liver 
steatosis by ultrasound, computed tomography and magnetic 
resonance. J Hepatol 2009; 51: 433-445 [PMID: 19604596 DOI: 
10.1016/j.jhep.2009.05.023]

22	 Fishbein M, Castro F, Cheruku S, Jain S, Webb B, Gleason T, 
Stevens WR. Hepatic MRI for fat quantitation: its relationship to 
fat morphology, diagnosis, and ultrasound. J Clin Gastroenterol 
2005; 39: 619-625 [PMID: 16000931]

23	 Tang A, Tan J, Sun M, Hamilton G, Bydder M, Wolfson T, Gamst 
AC, Middleton M, Brunt EM, Loomba R, Lavine JE, Schwimmer 
JB, Sirlin CB. Nonalcoholic fatty liver disease: MR imaging 
of liver proton density fat fraction to assess hepatic steatosis. 
Radiology 2013; 267: 422-431 [PMID: 23382291 DOI: 10.1148/
radiol.12120896]

24	 Ligabue G, Besutti G, Scaglioni R, Stentarelli C, Guaraldi G. 
MR quantitative biomarkers of non-alcoholic fatty liver disease: 
technical evolutions and future trends. Quant Imaging Med Surg 
2013; 3: 192-195 [PMID: 24040614 DOI: 10.3978/j.issn.2223-429
2.2013.08.01]

25	 Urdzik J, Bjerner T, Wanders A, Weis J, Duraj F, Haglund 
U, Norén A. The value of pre-operative magnetic resonance 
spectroscopy in the assessment of steatohepatitis in patients with 
colorectal liver metastasis. J Hepatol 2012; 56: 640-646 [PMID: 
22027576 DOI: 10.1016/j.jhep.2011.10.006]

26	 Dixon WT. Simple proton spectroscopic imaging. Radiology 1984; 
153: 189-194 [PMID: 6089263]

27	 Outwater EK, Blasbalg R, Siegelman ES, Vala M. Detection 
of lipid in abdominal tissues with opposed-phase gradient-
echo images at 1.5 T: techniques and diagnostic importance. 
Radiographics 1998; 18: 1465-1480 [PMID: 9821195]

28	 Siegelman ES, Rosen MA. Imaging of hepatic steatosis. Semin 
Liver Dis 2001; 21: 71-80 [PMID: 11296698]

29	 Longo R, Pollesello P, Ricci C, Masutti F, Kvam BJ, Bercich 
L, Crocè LS, Grigolato P, Paoletti S, de Bernard B. Proton MR 
spectroscopy in quantitative in vivo determination of fat content 
in human liver steatosis. J Magn Reson Imaging 1995; 5: 281-285 
[PMID: 7633104]

30	 Thomsen C, Becker U, Winkler K, Christoffersen P, Jensen M, 
Henriksen O. Quantification of liver fat using magnetic resonance 
spectroscopy. Magn Reson Imaging 1994; 12: 487-495 [PMID: 
8007779]

31	 Thomas EL, Potter E, Tosi I, Fitzpatrick J, Hamilton G, Amber 
V, Hughes R, North C, Holvoet P, Seed M, Betteridge DJ, Bell 
JD, Naoumova RP. Pioglitazone added to conventional lipid-
lowering treatment in familial combined hyperlipidaemia improves 
parameters of metabolic control: relation to liver, muscle and 
regional body fat content. Atherosclerosis 2007; 195: e181-e190 
[PMID: 17482623]

32	 Mehta SR, Thomas EL, Bell JD, Johnston DG, Taylor-Robinson 
SD. Non-invasive means of measuring hepatic fat content. World J 
Gastroenterol 2008; 14: 3476-3483 [PMID: 18567074]

33	 Nojiri S, Kusakabe A, Fujiwara K, Shinkai N, Matsuura K, Iio 
E, Miyaki T, Joh T. Noninvasive evaluation of hepatic fibrosis in 

4437 April 21, 2015|Volume 21|Issue 15|WJG|www.wjgnet.com

Tovo CV et al . Noninvasive diagnosis of NAFLD: Liver scintigraphy



hepatitis C virus-infected patients using ethoxybenzyl-magnetic 
resonance imaging. J Gastroenterol Hepatol 2013; 28: 1032-1039 
[PMID: 23432660 DOI: 10.1111/jgh.12181]

34	 Friedrich-Rust M, Ong MF, Martens S, Sarrazin C, Bojunga J, 
Zeuzem S, Herrmann E. Performance of transient elastography for 
the staging of liver fibrosis: a meta-analysis. Gastroenterology 2008; 
134: 960-974 [PMID: 18395077 DOI: 10.1053/j.gastro.2008.01.034]

35	 Kwok R, Tse YK, Wong GL, Ha Y, Lee AU, Ngu MC, Chan HL, 
Wong VW. Systematic review with meta-analysis: non-invasive 
assessment of non-alcoholic fatty liver disease--the role of transient 
elastography and plasma cytokeratin-18 fragments. Aliment 
Pharmacol Ther 2014; 39: 254-269 [PMID: 24308774 DOI: 
10.1111/apt.12569]

36	 Wong VW, Vergniol J, Wong GL, Foucher J, Chan HL, Le 
Bail B, Choi PC, Kowo M, Chan AW, Merrouche W, Sung 
JJ, de Lédinghen V. Diagnosis of fibrosis and cirrhosis using 
liver stiffness measurement in nonalcoholic fatty liver disease. 
Hepatology 2010; 51: 454-462 [PMID: 20101745 DOI: 10.1002/
hep.23312]

37	 Myers RP, Pomier-Layrargues G, Kirsch R, Pollett A, Duarte-
Rojo A, Wong D, Beaton M, Levstik M, Crotty P, Elkashab M. 
Feasibility and diagnostic performance of the FibroScan XL probe 
for liver stiffness measurement in overweight and obese patients. 
Hepatology 2012; 55: 199-208 [PMID: 21898479 DOI: 10.1002/
hep.24624]

38	 de Lédinghen V, Vergniol J, Foucher J, Merrouche W, le Bail B. 
Non-invasive diagnosis of liver steatosis using controlled attenuation 
parameter (CAP) and transient elastography. Liver Int 2012; 32: 
911-918 [PMID: 22672642 DOI: 10.1111/j.1478-3231.2012.02820.x]

39	 Myers RP, Elkashab M, Ma M, Crotty P, Pomier-Layrargues G. 
Transient elastography for the noninvasive assessment of liver 
fibrosis: a multicentre Canadian study. Can J Gastroenterol 2010; 
24: 661-670 [PMID: 21157581]

40	 Gaia S, Carenzi S, Barilli AL, Bugianesi E, Smedile A, Brunello 
F, Marzano A, Rizzetto M. Reliability of transient elastography 
for the detection of fibrosis in non-alcoholic fatty liver disease 
and chronic viral hepatitis. J Hepatol 2011; 54: 64-71 [PMID: 
20932598 DOI: 10.1016/j.jhep.2010.06.022]

41	 Petta S, Di Marco V, Cammà C, Butera G, Cabibi D, Craxì A. 
Reliability of liver stiffness measurement in non-alcoholic fatty 
liver disease: the effects of body mass index. Aliment Pharmacol 
Ther 2011; 33: 1350-1360 [PMID: 21517924 DOI: 10.1111/
j.1365-2036.2011.04668.x]

42	 Yoneda M, Yoneda M, Mawatari H, Fujita K, Endo H, Iida H, 
Nozaki Y, Yonemitsu K, Higurashi T, Takahashi H, Kobayashi 
N, Kirikoshi H, Abe Y, Inamori M, Kubota K, Saito S, Tamano 
M, Hiraishi H, Maeyama S, Yamaguchi N, Togo S, Nakajima 
A. Noninvasive assessment of liver fibrosis by measurement of 
stiffness in patients with nonalcoholic fatty liver disease (NAFLD). 
Dig Liver Dis 2008; 40: 371-378 [PMID: 18083083]

43	 Yoneda M, Suzuki K, Kato S, Fujita K, Nozaki Y, Hosono K, 
Saito S, Nakajima A. Nonalcoholic fatty liver disease: US-based 
acoustic radiation force impulse elastography. Radiology 2010; 
256: 640-647 [PMID: 20529989 DOI: 10.1148/radiol.10091662]

44	 Kumar R, Rastogi A, Sharma MK, Bhatia V, Tyagi P, Sharma P, 
Garg H, Chandan Kumar KN, Bihari C, Sarin SK. Liver stiffness 
measurements in patients with different stages of nonalcoholic 
fatty liver disease: diagnostic performance and clinicopathological 
correlation. Dig Dis Sci 2013; 58: 265-274 [PMID: 22790906 DOI: 
10.1007/s10620-012-2306-1]

45	 Lupsor M, Badea R, Stefanescu H, Grigorescu M, Serban A, 
Radu C, Crişan D, Sparchez Z, Iancu S, Maniu A. Performance 
of unidimensional transient elastography in staging non-alcoholic 
steatohepatitis. J Gastrointestin Liver Dis 2010; 19: 53-60 [PMID: 
20361076]

46	 Castéra L, Foucher J, Bernard PH, Carvalho F, Allaix D, 
Merrouche W, Couzigou P, de Lédinghen V. Pitfalls of liver 
stiffness measurement: a 5-year prospective study of 13,369 
examinations. Hepatology 2010; 51: 828-835 [PMID: 20063276 
DOI: 10.1002/hep.23425]

47	 Wong GL, Wong VW, Chim AM, Yiu KK, Chu SH, Li MK, Chan 
HL. Factors associated with unreliable liver stiffness measurement 
and its failure with transient elastography in the Chinese 
population. J Gastroenterol Hepatol 2011; 26: 300-305 [PMID: 
21261720 DOI: 10.1111/j.1440-1746.2010.06510.x]

48	 Bonder A, Afdhal N. Utilization of FibroScan in clinical practice. 
Curr Gastroenterol Rep 2014; 16: 372 [PMID: 24452634 DOI: 
10.1007/s11894-014-0372-6]

49	 Jeong WK, Lim HK, Lee HK, Jo JM, Kim Y. Principles and 
clinical application of ultrasound elastography for diffuse liver 
disease. Ultrasonography 2014; 33: 149-160 [PMID: 25038804 
DOI: 10.14366/usg.14003]

50	 Palmeri ML, Wang MH, Rouze NC, Abdelmalek MF, Guy CD, 
Moser B, Diehl AM, Nightingale KR. Noninvasive evaluation of 
hepatic fibrosis using acoustic radiation force-based shear stiffness 
in patients with nonalcoholic fatty liver disease. J Hepatol 2011; 
55: 666-672 [PMID: 21256907 DOI: 10.1016/j.jhep.2010.12.019]

51	 Petta S, Craxì A. Assessment by Fibroscan of fibrosis in 
nonalcoholic fatty liver disease: XL versus M probe? Hepatology 
2012; 55: 1309; author reply 1309-1310 [PMID: 22307871 DOI: 
10.1002/hep.25638]

52	 Osaki A, Kubota T, Suda T, Igarashi M, Nagasaki K, Tsuchiya A, 
Yano M, Tamura Y, Takamura M, Kawai H, Yamagiwa S, Kikuchi 
T, Nomoto M, Aoyagi Y. Shear wave velocity is a useful marker 
for managing nonalcoholic steatohepatitis. World J Gastroenterol 
2010; 16: 2918-2925 [PMID: 20556839]

53	 Friedrich-Rust M, Romen D, Vermehren J, Kriener S, Sadet 
D, Herrmann E, Zeuzem S, Bojunga J. Acoustic radiation force 
impulse-imaging and transient elastography for non-invasive 
assessment of liver fibrosis and steatosis in NAFLD. Eur J 
Radiol 2012; 81: e325-e331 [PMID: 22119555 DOI: 10.1016/
j.ejrad.2011.10.029]

54	 Sporea I, Şirli R, Popescu A, Bota S, Badea R, Lupşor M, Focşa 
M, Dănilă M. Is it better to use two elastographic methods for liver 
fibrosis assessment? World J Gastroenterol 2011; 17: 3824-3829 
[PMID: 21987625 DOI: 10.3748/wjg.v17.i33.3824]

55	 Cassinotto C, Lapuyade B, Mouries A, Hiriart JB, Vergniol J, 
Gaye D, Castain C, Le Bail B, Chermak F, Foucher J, Laurent F, 
Montaudon M, De Ledinghen V. Non-invasive assessment of liver 
fibrosis with impulse elastography: comparison of Supersonic 
Shear Imaging with ARFI and FibroScan®. J Hepatol 2014; 61: 
550-557 [PMID: 24815876 DOI: 10.1016/j.jhep.2014.04.044]

56	 Sporea I, Bota S, Jurchis A, Sirli R, Grădinaru-Tascău O, Popescu 
A, Ratiu I, Szilaski M. Acoustic radiation force impulse and 
supersonic shear imaging versus transient elastography for liver 
fibrosis assessment. Ultrasound Med Biol 2013; 39: 1933-1941 
[PMID: 23932281 DOI: 10.1016/j.ultrasmedbio]

57	 Bavu E, Gennisson JL, Couade M, Bercoff J, Mallet V, Fink M, 
Badel A, Vallet-Pichard A, Nalpas B, Tanter M, Pol S. Noninvasive 
in vivo liver fibrosis evaluation using supersonic shear imaging: 
a clinical study on 113 hepatitis C virus patients. Ultrasound Med 
Biol 2011; 37: 1361-1373 [PMID: 21775051 DOI: 10.1016/j.ultras
medbio.2011.05.016]

58	 Yin M, Talwalkar JA, Glaser KJ, Manduca A, Grimm RC, 
Rossman PJ, Fidler JL, Ehman RL. Assessment of hepatic fibrosis 
with magnetic resonance elastography. Clin Gastroenterol Hepatol 
2007; 5: 1207-1213.e2 [PMID: 17916548]

59	 Huwart L, Sempoux C, Vicaut E, Salameh N, Annet L, Danse 
E, Peeters F, ter Beek LC, Rahier J, Sinkus R, Horsmans Y, Van 
Beers BE. Magnetic resonance elastography for the noninvasive 
staging of liver fibrosis. Gastroenterology 2008; 135: 32-40 [PMID: 
18471441 DOI: 10.1053/j.gastro.2008.03.076]

60	 Chen J, Talwalkar JA, Yin M, Glaser KJ, Sanderson SO, Ehman 
RL. Early detection of nonalcoholic steatohepatitis in patients 
with nonalcoholic fatty liver disease by using MR elastography. 
Radiology 2011; 259: 749-756 [PMID: 21460032 DOI: 10.1148/
radiol.11101942]

61	 Venkatesh SK , Yin M, Ehman RL. Magnetic resonance 
elastography of liver: clinical applications. J Comput Assist 
Tomogr 2013; 37: 887-896 [PMID: 24270110 DOI: 10.1097/

4438 April 21, 2015|Volume 21|Issue 15|WJG|www.wjgnet.com

Tovo CV et al . Noninvasive diagnosis of NAFLD: Liver scintigraphy



RCT.0000000000000032]
62	 Venkatesh SK, Ehman RL. Magnetic resonance elastography of 

liver. Magn Reson Imaging Clin N Am 2014; 22: 433-446 [PMID: 
25086938 DOI: 10.1016/j.mric.2014.05.001]

63	 Glaser KJ, Manduca A, Ehman RL. Review of MR elastography 
applications and recent developments. J Magn Reson Imaging 
2012; 36: 757-774 [PMID: 22987755 DOI: 10.1002/jmri.23597]

64	 Loomba R, Wolfson T, Ang B, Hooker J, Behling C, Peterson 
M, Valasek M, Lin G, Brenner D, Gamst A, Ehman R, Sirlin C. 
Magnetic resonance elastography predicts advanced fibrosis in 
patients with nonalcoholic fatty liver disease: a prospective study. 
Hepatology 2014; 60: 1920-1928 [PMID: 25103310 DOI: 10.1002/
hep.27362]

65	 Kim D, Kim WR, Talwalkar JA, Kim HJ, Ehman RL. Advanced 
fibrosis in nonalcoholic fatty liver disease: noninvasive assessment 
with MR elastography. Radiology 2013; 268: 411-419 [PMID: 
23564711 DOI: 10.1148/radiol.13121193]

66	 Al-Busafi SA, Ghali P, Wong P, Novales-Diaz JA, Deschênes M. 
The utility of Xenon-133 liver scan in the diagnosis and management 
of nonalcoholic fatty liver disease. Can J Gastroenterol 2012; 26: 
155-159 [PMID: 22408767]

67	 Kikuchi M, Tomita K, Nakahara T, Kitamura N, Teratani T, Irie 
R, Yokoyama H, Suzuki T, Yokoyama T, Taguchi T, Tanaka S, 
Noguchi M, Ohkura T, Hibi T. Utility of quantitative 99mTc-
phytate scintigraphy to diagnose early-stage non-alcoholic 
steatohepatitis. Scand J Gastroenterol 2009; 44: 229-236 [PMID: 
18819037 DOI: 10.1080/00365520802433249]

68	 Kleiner DE, Brunt EM, Van Natta M, Behling C, Contos MJ, 
Cummings OW, Ferrell LD, Liu YC, Torbenson MS, Unalp-Arida 
A, Yeh M, McCullough AJ, Sanyal AJ. Design and validation of 
a histological scoring system for nonalcoholic fatty liver disease. 
Hepatology 2005; 41: 1313-1321 [PMID: 15915461]

69	 Masuda K, Ono M, Fukumoto M, Hirose A, Munekage K, Ochi 
T, Okamoto N, Akagi N, Ogawa Y, Saibara T. Usefulness of 
Technetium-99 m-2-methoxy-isobutyl-isonitrile liver scintigraphy 
for evaluating disease activity of non-alcoholic fatty liver disease. 
Hepatol Res 2012; 42: 273-279 [PMID: 22251279 DOI: 10.1111/
j.1872-034X.2011.00923.x]

70	 Brunt EM, Janney CG, Di Bisceglie AM, Neuschwander-Tetri 
BA, Bacon BR. Nonalcoholic steatohepatitis: a proposal for 
grading and staging the histological lesions. Am J Gastroenterol 
1999; 94: 2467-2474 [PMID: 10484010]

P- Reviewer: Daltro C, Loguercio C, Nojiri S, Takahashi Y    
S- Editor: Ma YJ    L- Editor: A    E- Editor: Liu XM

4439 April 21, 2015|Volume 21|Issue 15|WJG|www.wjgnet.com

Tovo CV et al . Noninvasive diagnosis of NAFLD: Liver scintigraphy



                                      © 2015 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com

I S S N  1 0  0 7  -   9  3 2  7

9    7 7 1 0  07   9 3 2 0 45

1  5


	4432
	WJGv21i15-The Back cover

