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ABSTRACT
AIM: Liver biopsy (LB) – considered as the “gold standard” in 
evaluation of patients with chronic liver disease but it is an invasive 
procedure so noninvasive methods are needed to identify clinically 
significant fibrosis. This study was performed to compare the liver 
stiffness (LS) measurement by transient elastography (TE) with liver 
biopsy.
METHODS: We performed a cross-sectional study that included a 
102 consecutive patients with chronic liver disease in which LB and 
LS assessments (by means of TE) were performed. In all subjects, 
liver stiffness was measured by an experienced physician using a 
FibroScanR device (EchoSens, France) with standard protocol. We 
excluded patients for whom the successful rate (SR) of liver stiffness 
measurements (LSM) was < 60% and those who had measurements 
with an IQR >30%.LSM results were compared with liver biopsy 
results.
RESULTS: Overall 102 patients were analyzed: 12 with HCV, 57 

with HBV, 17 with Autoimmune Hepatitis and 16 cases with NASH. 
The median age of patients with reliable LSM was 42.8years (range 
13-61).The distribution of patients in different fibrosis stages was: 
0 (n=40), 1 (n=22), 2 (n=16), 3 (n=4), 4 (n=11), 5 (n=6), 6 (n=3). 
Fibrosis stage was significantly associated with LSM (p=0.0003). 
The median AST, ALT values were: 42 IU/L (15-173) and 53 IU/L 
(10-211) respectively. The mean LSM was 9.38±2.3 kPa (Range 2.9-
65). LSM was significantly associated and concordant with stage of 
fibrosis.
CONCLUSION: LSM in chronic liver disease patients correlates 
with fibrosis stages. A cut-off of 6.74 kPa can differentiate between 
significant fibrosis and absent or mild fibrosis, with PPV of 98%, 
NPV of 40.2%, sensitivity of 60.6%, specificity of 92.3%, and a 
diagnostic performance of 76.2%.
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InTRoduCTIon
For different causes of chronic liver disease, assessment of liver 
fibrosis is important to estimate the prognosis and to determine 
surveillance strategies for liver cancer. Historically, liver biopsy 
(LB) was the only method of determining hepatic fibrosis. However, 
it is an invasive method associated with patient discomfort and in 
rare cases serious complications[1]. In addition, the accuracy of liver 
biopsy is limited due to sampling error and significant intra- and 
inter-observer variability in histological staging[2]. Nevertheless its 
well-acknowledged limitations have led to the search for alternative, 
non-invasive methods for fibrosis assessment, including clinical and 
serum biomarker algorithms and the transient elastography (TE) 
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measured with the FibroScan device[3,4].
    TE is an ultrasound-based method. By using an ultrasound 
transducer probe mounted on the axis of a vibrator, the transmission 
of low-frequency vibrations from the right intercostal space creates 
an elastic shear wave that propagates into the liver. A pulse-echo 
ultrasound acquisition is then used to detect the velocity of wave 
propagation. This velocity is proportional to the liver stiffness, faster 
wave progression occurring through stiffer tissues. Measurement of 
liver stiffness (LS) is then performed and measured in kPa[5].
    The aim of the present study is to assess and compare the results 
of transient elastography (TE) as a non-invasive test and the liver 
biopsy, as a reference method in patients with chronic liver disease.

MATERIALS And METHodS
The study period for sample acquisition was from September 2010 
to September 2012 and a total of 102 consecutive patients who 
referred to the Ahwaz Jundishapur University Hospitals (AJSUH) 
and Hepatitis Clinic with chronic liver disease who received a 
liver biopsy and transient elastography were included in the study. 
Patients with decompensated liver cirrhosis (ascites, jaundice, 
esophageal varices) were excluded from the study as were patients 
who had hepatocellular carcinoma. A mean time interval between 
liver biopsy and performing of transient elastography (TE) of up 
to 12 months was accepted for enrollment in the present study. The 
indication of liver biopsy was determination of histological fibrosis 
and inflammation. Written informed consents were obtained from all 
patients before participating in the study. 
    Liver biopsies were performed by an experienced physician at 
the right section of the right lobe with a 16-gauge Menghini biopsy 
needle. Specimens were stained with haematoxylin and eosin (H&E) 
and argyrophillia and examined by an expert liver pathologist 
unaware of the patients' transient elastography (TE) results. The 
biopsies were judged as adequate, if the number of portal tracts and 
the length of liver specimen was at least 6 and 1 cm respectively. The 
mean length of the included liver biopsies was 22.3±9.3 mm (median 
20 mm, range 10-54 mm). Fibrosis was staged on a 0-6 scale: F0-no 
fibrosis; F1- Fibrous expansion of some portal areas, with or without 
short fibrous septa; F2- Fibrous expansion of most portal areas, with 
or without short fibrous septa; F3- Fibrous expansion of most portal 
areas with occasional portal to portal bridging; F4- Fibrous expansion 
of portal areas with marked bridging; F5- Marked bridging with 
occasional nodules and F6- Cirrhosis, probable or definite[6].
    The liver stiffness (LS) was evaluated by means of Transient 
Elastography (TE) using FibroScan® (Echosens, France). This 
machine is equipped with a probe including an ultrasonic transducer 
mounted on the axis of a vibrator. A vibration transmitted from 
the vibrator towards the tissue induces an elastic shear wave that 
propagates through the tissue. These propagations are followed by 
pulse-echo ultrasound acquisitions and their velocity is measured 
which is directly related to tissue stiffness. Results are expressed in 
kilopascal. Details have been described in previous studies[7]. The 
examination was performed on the right lobe of the liver through the 
intercostals space. After determination of the area of measurement, 
the tip of the transducer was covered with coupling gel and placed 
on the skin; the examiner pressed the button of the probe to start the 
acquisition. The measurement depth was between 25 and 65 mm free 
of large vascular structures. As suggested by the manufacturer, ten 
successful acquisitions were performed on each patient. Only TE-
results obtained with 10 valid measurements, with a success-rate of at 
least 60% and an interquartile range ≤30% were considered reliable. 
FibroScan failure is defined when less than 10 valid measurements 
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were obtained.
    The statistical analysis was performed using Microsoft Excel 
program. For the statistical study of quantitative variables, the mean 
and standard variations were calculated. 

Characteristics
Sex:
Age:
AST:
ALT:

Table 1   Patient’s characteristics.
Patients (n=102)
71 male/31 female patients
Mean :42.8years 
42 IU/L
53 IU/L

(range 13-61)
(range 15-173)
(10-211)

RESuLTS
In this study overall 112 cases were analyzed [10patients were 
excluded because of unreliable TE measurements (less than 10 valid 
measurements, success rate <60%, or IQR >30%)], the remaining 
102 cases included 12 with HCV, 57 with HBV, 17 with Autoimmune 
Hepatitis and 16 cases with NASH. 31 patients were women and 
71 were men, with a mean age of 42.8 years (range 13-61). The 
distribution of patients in different fibrosis stages was: 0 (n=40), 1 
(n=22), 2 (n=16), 3 (n=4), 4 (n=11), 5 (n=6), 6 (n=3). The mean LSM 
was 9.38±2.3 kPa (Range 2.9-65).We divided patients according to 
the degree of fibrosis, into a subgroup with significant fibrosis (F≥2) 
and another one with no or mild fibrosis (F<2).
    The mean value of LS in patients with significant fibrosis (40 
patients with F≥2) was 11.3 kPa, significantly higher than in patients 
with no or mild fibrosis (62 patients with F<2); 6.7 kPa (P=0.0003).
The values of LS in various subgroups of patients, divided according 
to fibrosis stage, were: 6.7 kPa in 40 patients with F0; 6.42 kPa in 22 
cases with F1; 11.3 kPa in 16 patients with F2; 15.1 kPa in 4 cases 
with F3; 17.3 kPa in 11 cases with F4, 17.6 kPa in 6 cases with F5, 
and 15.9 kPa in 3 cases with F6 (Table 2).
    The statistical significance of the differences between the LS in 
these subgroups was: F0-2 vs F3-6 P=0.0003.The statistical analysis 
of these subgroups showed that there were no significant differences 
between the mean values of LS in the F0 vs F1 and F5 vs F6 
subgroup (so that these stages cannot be differentiated by means of 
FibroScan evaluation of LS).
    The median AST, ALT values were: 42 IU/L (15-173); 53 IU/L 
(10-211); respectively. The mean LSM was 9.38±2.3 kPa (Range 2.9-
65). LSM was significantly associated with stage of fibrosis (Figure 1).
    A cut-off of 6.74 kPa can differentiate between significant 
fibrosis and absent or mild fibrosis, with a PPV of 98%, NPV of 
40.2%, sensitivity of 60.6%,  specificity of 92.3%, and a diagnostic 
performance of 76.2%.

dISCuSSIon
Our study assessed the performance of TE in chronic liver disease 
patients by using liver biopsy (LB) as the reference standard. For 
different causes of chronic liver disease precisely evaluation of liver 
fibrosis is important to estimate the prognosis and to determine 

Histological Fibrosis stage
F0
F1
F2
F3
F4
F5
F6
Total 

Table 2 Liver stiffness based on stage of fibrosis.
Patients (n=102)
40 
22
16
4
11
6
3
102

Mean LSM/Kpa
6.7
6.42
11.3
15.1
17.3
17.6
15.9
mean LSM was 9.38±2.3 Kpa
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surveillance strategies for liver cancer. Currently, the biopsy 
examination of the liver is considered the optimal method to evaluate 
changes in fibrosis over time[9]. Nevertheless, the liver biopsy 
(LB) has its shortcomings so TE as a noninvasive methods for the 
evaluation of liver fibrosis have been developed during the last few 
years in order to replace the LB. 
    The results of the present study for transient elastography and LB 
are in accordance with the results of previous studies[10]. Some studies 
have been published regarding the upper limit of normal LS values[11]. 
In a Korean study[12], the cut off values were 7.3 kPa for F≥2, 8.8 
kPa for F≥3 and 15.1 kPa for F=4. In another study using a cutoff 
value of 7.1 kPa, 88% of the patients who did not have significant 
fibrosis (F<2 Metavir) were correctly identified[13]. In our study a cut-
off value of 6.7 kPa could differentiate between significant fibrosis 
and absent or mild fibrosis with a PPV of 98% and a NPV of 40.2%.
    Beaugrand et al evaluated patients infected with HCV, who were 
assessed in the same session by means of percutaneous LB and 
valid FibroScan, and a significant correlation was found (P<0.0001) 
between the LS and histological fibrosis, with AUROC [confidence 
interval (CI) 95%] 0.84, 0.93 and 0.96 for F≥2, F≥3 and F=4, 
respectively. This study tried to establish cut-off values in order to 
differentiate among various histological stages. Thus, a cut-off value 
of 7.5 kPa differentiates F0, 1/F2, 3, 4 with a sensitivity of 67%, 
a specificity of 87%, PPV of 86% and a NPV of 68%, with 76% 
diagnostic accuracy[14].
    Marcellin et al showed that in patients infected with HBV, LSM 
was significantly (P<0.001) correlated with Ishak fibrosis stage (0.65). 
The area under receiver operating characteristic curves were 0.81 
for F>2, 0.93 for F>3 and 0.93 for F=4. Optimal LSM cut-off values 
were 7.2 and 11.0 kPa for F>2 and F=4 respectively[15].
     A recent study reported that TE measurement accurately predicts 
the absence or presence of significant fibrosis, or cirrhosis in 202 
cases infected with HBV and was comparable to that observed in 
HCV patients[16]. Considering the data presented from our study, 
the cut-off value of 6.7 kPa is the most accurate for discrimination 
between absence or mild fibrosis (F<2) and the presence of moderate 
or severe fibrosis (F≥2). The cut-off value of 6.7 kPa in our study 
had a PPV of 98%, meaning that we can identify quite accurately the 
patients who should be treated (F≥2).
    For patients with values of LS less than 6.7 kPa, the NVP is low 
(40.2%), we might miss patients with significant fibrosis using only 
TE.
    In conclusion, TE is a new, rapid and noninvasive method of 
fibrosis assessment that offers specialists a new way of supervising 

patients who are suffering from chronic liver diseases. TE provides 
a quantitative operator-independent measurement of liver stiffness. 
The best known contributor to liver stiffness is the amount of 
fibrosis. Our study like most other studies, show that, by using a cut-
off value of 6.7 kPa, we could identify the patients with advanced 
fibrosis (F≥2) vs those who have non-significant fibrosis (F<2) 
with enough accuracy and without performing a LB. TE can reliably 
exclude cirrhosis offering a useful tool in the clinical assessment 
of chronic liver disease patients. However, current findings do not 
support the replacement of liver biopsy in routine clinical practice. 
But, TE has the potential to provide much more information than just 
an assessment of fibrosis, and specialists must put the elastographic 
results in perspective with the rest of their clinical findings.
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Figure 1 Mean values of LS in subjects with different fibrosis stages.
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