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ABSTRACT
Non-alcoholic fatty liver comprises several clinical entities, starting from hepatic steatosis and reaching ste-
atohepatitis, fibrosis and liver cirrhosis; it is currently considered a major public health issue. The most impor-
tant risk factors for non-alcoholic fatty liver are obesity, type II diabetes and dyslipidaemia.
At present, it is of great importance the study of non-invasive diagnostic methods to identify imaging tech-
niques that correlate with steatohepatitis and liver fibrosis and to establish clear indications of liver biopsy in 
patients with non-alcoholic fatty liver.
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INTRODUCTION

Non-alcoholic steatohepatitis (NASH), de-
scribed for the first time by Ludwig, is part of a 
group of diseases known as non-alcoholic hepatop-
athies, in which the accumulation of fats can deter-
mine a progressive hepatic dysfunction. The char-
acteristic of this pathology is pointed out by a large 
spectrum of lesions of the liver which occur in the 
absence of alcohol consumption and of other obvi-
ous causes of hepatic disease. It is characterised by 
an inflammation due to the accumulation of fat in 
the liver. 

Non-alcoholic fatty liver disease (NAFLD) re-
fers to the spectrum of hepatic diseases made of: 
different degrees of non-alcoholic hepatic steatosis 
(fatty liver), the non-alcoholic steatosis (NASH) 
and hepatic cirrhosis, NAFLD being the main cause 
of the so called “cryptogenic cirrhosis” (1).

It is considered as the hepatic manifestation of 
the metabolic syndrome, because it is strongly as-
sociated to the insulin resistance (IR), central obe-

sity, reduced tolerance to glucose, type 2 diabetes 
mellitus, high blood pressure and hypertriglyceri-
demia. This represents a large spectrum of hepatic 
disorders, varying from simple non-alcoholic fatty 
liver (NAFL) to non-alcoholic steatohepatitis 
(NASH); these disorders are characterised not only 
by an inflammatory state, hepatocyte ballooning, 
necro-apoptosis and fibrosis but also through a rel-
evant impact on morbidity and mortality.

There is a strong connection between the non-
alcoholic fatty liver and the components of the met-
abolic syndrome (obesity, type 2 diabetes mellitus, 
dyslipidaemia), the main pathogenic syndrome be-
ing represented by insulin resistance (2). For the 
definition of the metabolic syndrome, according to 
IDF (International Diabetes Federation) and NHL-
BI (National Heart, Lung and Blood Institute) at 
least three out of five clinic features are necessary:

• abdominal circumference over the values set
as limits on different geographic regions and
population groups;
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• serum triglycerides over 150 mg/dl or 
hypertriglyceridemia treatment;

• HDL cholesterol under 40 mg/dl for men and 
under 50 mg/dl for women, or treatment for 
HDL-cholesterol;

• blood pressure over 130/85 mmHg or anti 
high blood pressure treatment;

• fasting glycaemia over 100 mg/dl or using 
drugs for hyperglycemia (3,4).

IMAGING METHODS OF DIAGNOSIS

A. Abdominal ultrasound – is the easiest us-
able technique and it is currently the most frequent 
screening method in asymptomatic patients who 
present increased levels of hepatic transaminases or 
suspicion for NAFLD. It represents a non-invasive, 
cheap and available on a large-scale method, being 
useful for the detection of hepatic steatosis with a 
60-94% sensitivity. It is a subjective method based 
on the evaluation of hepatic echogenicity, of hepat-
ic-renal contrast, of the loss of echogenicity if the 
vascular walls from the port system and the visual-
ization of the diaphragm (5-7).

A recent trial elaborated and published by Pal-
mentieri and collaborators on a group of 235 pa-
tients who were submitted to abdominal ultrasound 
and hepatic biopsy proved a 91% sensitivity in or-
der to predict at least 30% of the steatosis cases. 
However, the presence of hepatic hyperreflectivity 
traced on ultrasound was not associated to the fi-
brosis within this trial.

 Through transabdominal ultrasound we can 
identity the steatosis only when it exceeds 20-30%, 
but it does not differentiate it from fibrosis. The ste-
atosis liver is a large liver, with increased echo-
genicity (large, white and shiny liver), with venous 
pseudo dilatations, with posterior attenuation, and 
in case of cirrhosis with portal high blood pressure 
ultrasound signs (8). The sensitivity of the method 
is low (55%, 49% respectively) when the accumu-
lation of triglycerides is less than 30% or in the 
case of patients suffering from morbid obesity (9). 
The ultrasound appreciation of hepatic steatosis is a 
significant one, allowing a scaling of the fatty he-
patic loading (10,5,11):

• degree 0: steatosis free;
• degree 1: mild steatosis – less than third of 

the parenchyma is affected, discreet posterior 
attenuation and visible diaphragm;

• degree 2: medium steatosis – less than a half 
of the parenchyma is affected, obvious poste-
rior attenuation and blurred diaphragm;

• degree 3: severe steatosis – more than half of 
the parenchyma is affected, invisible poste-
rior diaphragm.

The advantages of abdominal ultrasound in-
clude safety, the low cost, the repeatability, becom-
ing thus the first intention imaging technique in the 
evaluation of patients suspected of non-alcoholic 
hepatic disease. The limits of the method consist in 
the low sensitivity in detecting incipient steatosis 
modifications, the low accuracy in the meteorised 
patients and in those suffering from obesity, the 
inter-observer variability and the impossibility to 
differentiate the simple steatosis from NASH (12).

The hepato-renal index is an ultrasound param-
eter used for the quantification of hepatic steatosis 
(13,14), which proved in clinical trials a very good 
correlation with the histologic aspects (15) and 
with the content in triglycerides determined by 
spectroscopic magnetic resonance (7).

Doppler ultrasound is another technique that 
can be used in hepatic steatosis diagnosis, by which 
one studies the association between NAFLD and 
the perfusion of hepatic parenchyma (13). In 2011, 
on a group of 240 subjects (60 witness, 60 with 1st 
degree steatosis, 60 with 2nd degree steatosis, 60 
with 3rd degree steatosis – submitted to an ultra-
sound evaluation), a team of researchers investi-
gated the relation between the degree of fatty infil-
tration and the maximum and medium speed in the 
portal vein, namely the resistivity index in the he-
patic artery. In this trial, the analyzed Doppler pa-
rameters were correlated inversely proportional to 
the steatosis degree (16). Another Doppler param-
eter, used in the NAFLD evaluation, was the Dop-
pler perfusion index which proved highly predic-
tive in hepatic steatosis in patients with 
non-alcoholic fatty liver (17). 

The Fatty Liver Index – FLI. Associated to the 
ultrasound examination, one elaborated an algo-
rithm that takes into account: body mass index 
(BMI), waist circumference, serum triglycerides 
(normal values between 0 and 100) and serum level 
of gamma-glutamyl transferase (GGT). It was pro-
posed as a method of identification of patients suf-
fering from NAFLD (26). By comparing with ultra-
sound results (reference standard of the hepatic 
reference), FLI is an excellent diagnosis index of 
the fatty liver, with 84% accuracy, but with a diag-
nosis which is far from being perfect. Although FLI 
is a test which involves simple clinical parameters, 
was not validated for the staging of the steatosis 
(18). 

Bedogni et al. used data from 216 patients under 
suspicion of hepatic disease and 280 patients free 
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of suspicion of hepatic disease, belonging to the 
Dionysos trial (19) for in which the presence of he-
patic steatosis was determined by ultrasound. In the 
cohort in question, a value of FLI below 30 allowed 
the exclusion of hepatic steatosis, and a value ≥ 60 
confirmed its presence, in comparison to the ultra-
sound evaluation (20).

In front of these evidences, the clinical use of 
FLI stands in the selection of patients under clinic 
and ultrasound suspicion of NAFLD on which one 
must continue the investigations and that must be 
monitored for the apparition of metabolic compli-
cations.

Another index with potential of identification of 
the hepatic steatosis is LAP (lipid accumulation 
product). It uses two variables, the abdominal cir-
cumference and the value of the serum triglycer-
ides, being initially developed on the data of the 
American patients from NHANES III (United 
States’ National Health and Nutrition Examination 
Survey) (21). The utility of the index is limited to 
the identification of the patients that require a spe-
cialty consultation for the diagnosis of the non-al-
coholic fatty liver disease, being however neces-
sary to the subsequent evaluation and in other 
population groups (22).

The abdominal ultrasound with contrast 
agent – using Sonoview, is the imaging technique 
of great value in the differentiation of the simple 
steatosis form Steatohepatitis, but it remains pres-
ently only an experimental technique, not being 
used in the current practice.

Tests used to determine the steatosis, fibrosis 
and hepatic inflammation

1. SteatoTest – is a quantitative test which esti-
mates the hepatic steatosis, which comprises more 
parameters: age, sex, body mass index (BMI), se-
rum levels of ALT, GGT, total bilirubin, glycaemia, 

cholesterol, triglycerides, α2-macroglobulin, apoli-
poprotein A1, haptoglobin. SteatoTest has a 90% 
sensitivity and specificity in predicting the steatosis 
(5). 

SteatoTest offers a quantitative estimation of the 
hepatic steatosis, having a greater value in the ste-
atosis diagnosis than the classic markers of hepat-
osteatosis (gamma-glutamyl transpeptidase and 
GPT) (23). SteatoTest involves several serologic 
parameters: the total cholesterol, the triglycerides, 
the glycaemia, GPT, GOT, total bilirubin, hapto-
globin, gamma-glutamyl transpeptidase, α2 macro-
globulin, apolipoprotein A1. In the healthy subjects 
the value of the test is of 0.14, 0-0.37 in the absence 
of the steatosis, 0.38-0.56 in the 1st degree steatosis 
(1-5%), 0.57-0.68 for the 2nd degree steatosis (5-
33%) and 0.69-1 for the 3rd degree (34-66%) of 
steatosis (23). 

2. NashTest – conceived by BioPredictive it is a 
commercial test validated for the evaluation of ste-
atohepatitis in patients with non-alcoholic hepatic 
disease and it includes a series of parameters such as: 
total bilirubin, GGT, α2-macroglobulin, apolipopro-
tein A1, haptoglobin and ALT, and it adjusted for age 
and gender, adding the weight and height. NashTest 
must be performed only in the patients with positive 
SteatoTest. Combine with FibroTest, NashTest 
proved its value in the screening for NASH in pa-
tients with metabolic risk. NashTest divides the pa-
tients with NASH diagnosis into three categories, in 
concordance with the histologic NASH score: 
“NASH”, “NASH probable” and “NASH absence”. 
In the validation trial performed on 257 patients, the 
NASH Test values for the three categories were 0.75, 
0.5 and 0.25 respectively. In order to facilitate the 
visual interpretation, the result is mandatorily ac-
companied by a graphic in colors on three classes of 
severity: green – NASH free, orange – NASH prob-
able, red – NASH certain (Fig. 1) (23).

FIGURE 1. Comparison of different tests for steatosis, fibrosis and inflammation
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3. FibroTest – represents a non-invasive alter-
native to the hepatic biopsy (“the gold-standard” – 
for the evaluation of the histologic lesions of the 
liver), which was clinically validated in patients 
suffering from B and C chronic hepatitis, ethanol 
induced hepatitis and non-alcoholic hepatic steato-
sis. It is based upon an algorithm that combines the 
results obtained in the determination of some se-
rum biochemical markers in order to evaluate the 
fibrosis degree and the necro-inflammatory activi-
ty. Thus the Fibro Test measures the fibrosis degree 
by combining the following markers: alpha-2 mac-
roglobulin, haptoglobin, apolipoprotein A1, total 
bilirubin, GGT, and AT estimates the activity de-
gree (necrosis and inflammation) by associating the 
alanine aminotransferase to the above markers. The 
FibroTest-ul presents the same diagnosis value 
both for the intermediary stages and also for the ex-
treme stages of fibrosis (24). The result of the Fi-
broTest is a core from 0 to 1, proportional to the 
severity of the fibrosis, being presented in a form 
similar to the METAVIR classification (from F0 to 
F4) accompanied also by a graphic on three sever-
ity classes (green – minimum or absent, orange – 
moderate, red – significant) (Fig. 2) (23).

FIGURE 2. FibroTest

There is a series of limits related to the errored 
interpretation of the results in approximately 5% of 
the cases. The most frequent cause of false negative 
results is given by the increased levels of haptoglo-
bin in the acute inflammations or sepsis. The biliru-
bin also can be increase in the hemolytic syn-
dromes.

In 2009, Kotronen and his team of Finnish re-
searchers developed a score – NAFLD liver fat 
score – that allows the determination of non-alco-
holic steatosis by using clinical data a usual labora-
tory data: the presence of diabetes and of metabolic 
syndrome, basal insulinemia, serum AST level and 
the AST/ALT ratio, each of these parameters being 

associated to the presence of steatosis. Values of 
the score over −0.640 are predictive for non-alco-
holic steatosis with an 86% sensitivity and a 71% 
specificity. 

Advanced fibrosis in patients suffering from 
NAFLD is associated to the level of the serum 
markers of the fibrogenesis: the propeptide of the 
collagen type III, the hyaluronic acid, the tissue in-
hibitor of the matrix-metalloproteinase-1; these 
markers have been combined in a numeric score 
Enhanced Liver Fibrosis (ELF), a value exceed-
ing 0.3576 having a 80% sensitivity and a 90% 
specificity for the severity of the fibrosis in NAFLD. 
In the same study in 2008, the authors combine 
NAFLD fibrosis score to the ELF score, more than 
91 patients being tested and obtaining a better per-
formance than each score taken separately (91% 
sensitivity, 96% specificity) (25). 

The FibroTest, the ELF score and the combined 
score received only an internal validation in the 
original trials, that is why the reproducibility in dif-
ferent populational groups is unknown (25). 

3. NAFLD fibrosis score – comprises 6 vari-
ables: age, hyperglycaemia, BMI, the number of 
platelets, the albumin and the AST/ALT ratio. The 
validation test was made on two groups: a group of 
480 patients suffering from NAFLD confirmed by 
biopsy, and the control group made of 253 patients. 
For the two groups the positive predictive values 
were 90%, 82% respectively for the advanced fi-
brosis, with the cut-off value of 0.676. For the cut-
off of −1.455 the negative predictive values were 
93%, and 88% respectively. Between the two limits 
the score is considered undetermined, thorough in-
vestigations being necessary for the classification 
of the patients (26,9). Subsequently the score has 
received an external validation also in 12 trials, in-
cluding two multicentric trials from Japan and the 
United States, 3064 patients being enrolled (25). 
NAFLD fibrosis score can be easily calculated with 
routine clinical parameters, it has a good diagnosis 
performance, being able to be used in combination 
with other non-invasive tests in order to reduce the 
number of the patients that need a hepatic biopsy 
(25).

Other evolution scores have been proposed, 
most of them being useful for the exclusion of the 
advanced fibrosis (26) (Table 1).

4. FibroScan: Impulse elastography (FibroScan) 
is a non-invasive method that measures the tissue 
elasticity using a transducer which emits waves of 
low frequency and amplitude, which will be re-
flected differently by the hepatic parenchyma, de-
pending on the hardness (the fibrosis degree) and 
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recaptured by the exploratory probe. The propaga-
tion speed depends on hepatic elasticity, the estima-
tion of elasticity being expressed in kilopascals. 
The devices evaluate a tissue volume of approxi-
mately 100 times bigger than the one collected 
through with a 4 cm length and 1 cm diameter. The 
method is completely painless, reproducible, and 
the result is obtained and interpreted on the spot. 
Fibroscan is difficult to perform in obesity, in pa-
tients suffering from ascites, constitutionally nar-
row intercostal spaces or it is formally counterindi-
cated during pregnancy. Initially validated and 
introduced in guidelines for viral chronic hepatitis 
C, the HIV/HCV coinfection and the cholestatic 
hepatic diseases, the method was validated also in 
the non-alcoholic fatty liver disease. In the meta-
nalysis from 2011, Musso proposes more diagnosis 
algorithms that combine the Fibroscan to other 
non-invasive methods and hepatic biopsy for the 
evaluation of patients under suspicion of NAFLD 
(Fig. 3) (25).

Real time ultrasound elastography – esti-
mates the axial hardness of the tissues along the 
direction of the ultrasound and displays this infor-

mation as real time color images. Used for the non-
invasive evaluation of the fibrosis in the viral 
chronic hepatitis, the obtained results are contro-
versial since the method is a semi-quantitative one, 
requiring additional trials for the establishment of 
the value of the method in the non-invasive differ-
entiation of the hepatic fibrosis stages.

Acoustic Radiation Force Impulse (ARFI) 
Elastography – represents another elastography 
technique for which the preliminary trials have 
showed results comparable to those of the ultra-
sound elastography in patients with hepatic cirrho-
sis, but less sensitive for the determination of the 
mild or moderate fibrosis. 

B. Computed tomography is the imaging 
method useful in hepatic steatosis and it is charac-
terised by the decrease in the density of hepatic pa-
renchyma due to the strong connection between the 
lipid content and the hepatic attenuation – the he-
patic parenchyma seems to have a darker color 
(“large and grey” liver), and the hyperdense vessels 
and bile ducts. To evaluate hepatic steatosis, one 
registers the absolute value of the attenuation, mea-
sured in Hounsfield units (HU), the attenuation dif-

TABLE 1. Non-invasive evaluation of hepatic fibrosis
Test Characteristi cs
AST/ALT ra� o (AAR) Cut-off  0.8

Se 74% Sp 78%
VPN 93% for the advanced fi brosis diagnosis

APRI (AST-to-platelet ra� o index) Developed for the viral chronic hepa� � s C
Nonspecifi c for NAFLD

BAAT Score 0 or 1 VPN 100% for the septal fi brosis/cirrhosis
BARD Score 2-4 predic� ve for advanced fi brosis

VPN 96% for the exclusion of the advanced fi brosis
FIB-4 Cut-off  <1.3 – absence of advanced fi brosis

Cut-off >2.67 – presence of advanced fi brosis
VPP 80%, VPN 90%

VAI (visceral adiposity index) + HOMA-IR VPP 83% for VAI >2.1 and HOMA>3.4 
VPN 74% for VAI≤2.1 and HOMA≤3.4

FIGURE 3. Diagnosis algorithm in NAFLD (25).
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ference between the liver and the spleen and the 
ratio of the two values. In the case of healthy liver, 
the attenuation value is of 50-57 HU (Hounsfield 
units), 8-10 times greater than the one of the spleen. 
Values lower than 40 HU or 10 HU times lower 
than the spleen ones are highly predictive for he-
patic steatosis. Also, a liver/spleen attenuation ratio 
greater than 1.1 is highly suggestive for the moder-
ate steatosis when it exceeds 10% and it has an 85-
90% sensitivity, reaching 93% when the steatosis 
exceeds 33%, with a positive predictive value of 
76% (8,9). The computed tomography is not an 
election method in the evaluation of the hepatic fi-
brosis, being a method with exposure to radiations 
(12).

C. The spin-eco type magnetic resonance is a 
rarely used method in the identification and evalu-
ation of steatosis, but the spectroscopic method of-
fers the possibility of evaluating hepatic energetic 
metabolism by dosing the ATP quantity and even 
the one of the lipid peroxidation. These imaging 
methods are not usually used due to the exposure to 
radiations and since the two methods do not differ-
entiate NAFLD from NASH (5,27).

Spectroscopic MRI (1H-MRS) is a non-inva-
sive method to measure the hepatic content in lip-

ids. Because the values obtained at 1H-MRS are 
correlated to the results of the hepatic biopsy, now-
adays it is considered the optimal method of diag-
nosis of the hepatic steatosis (28). The first results 
in this sense have been obtained by Longo et al. 
(29-31) on subjects suffering from NAFLD on 
which the percent of the hepatic lipids determined 
by spectroscopic MRI, was correlated to the values 
obtained at the CT and the hepatic biopsy. By using 
the spectroscopic method, NAFLD is defined at a 
value ≥55.6 mg triglycerides/gram of hepatic tissue 
or ≥5.56% of the hepatic weight.

CONCLUSIONS

 NAFLD is now confirmed as the most common 
liver disease in the Western world, particularly due 
to considerable increase in metabolic diseases such 
as obesity and diabetes. NAFLD leads to morbidity 
related to liver and mortality in a subgroup of peo-
ple, especially those who are obese, diabetic and 
who have NASH. However, a better understanding 
of NAFLD’s natural history will allow better iden-
tification of patients at risk who need to be targeted 
for long-term and potentially expensive treatment.
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