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Introduction

Liver disease is one of  the most common diseases in the world. 
Viral liver diseases are affecting about 500 million people in 
the world, and up to one million deaths occur annually from 
cirrhosis and hepatocellular carcinoma.[1] The prognosis and 
treatment outcome for these patients are related to liver fibrosis 
stage, especially in patients with hepatitis C.[1] Advanced stages of  
liver disease often result in fibrosis, which is characterized by the 
excessive accumulation of  extracellular matrix proteins (ECM).[2,3] 
The normal hepatic structure was disorganized by fibrous scar, 
and the more fibrosis develops, resulting in the more hepatocytes 

damage, portal hypertension and impaired liver function, and 
ultimately liver failure and hepatocellular carcinoma.[4,5] Liver 
fibrosis is a response to chronic hepatic injury resulting from 
viral infections, excessive alcohol consumption, non‑alcoholic 
steatohepatitis (NASH), viral hepatitis B (HBV) and C (HCV), 
autoimmune hepatitis, non‑alcoholic fatty liver disease (NAFLD) 
and cholestatic liver disease. The condition is a reversible 
process; however, in developed stages, it can lead to cirrhosis 
and hepatocellular carcinoma.[6‑10]

Chronic liver disease is a major public health problem, causing 
significant morbidity and mortality around the world. The timely 
diagnosis and determination of  the fibrosis stage is necessary 
for the management and treatment of  patients with chronic liver 
disease.[7‑9] the liver biopsy and histological studies are the best way 
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to diagnose chronic liver disease.[11‑13] The process is an invasive 
diagnostic technique which carries a significant limitations, such as 
the high risk nature, high cost, complications (including bleeding, 
pneumothorax, hemothorax, and death), and low acceptability.[7‑9] 
the rate of  mortality following liver biopsy is 1 out of  10,000 in 
some studies.[7] In addition, liver biopsy may be limited by the 
size of  the specimen obtained as well as sampling, intraobserver, 
and interobserver variability.[13] Also, in patients with advanced 
liver fibrosis, ascites, as well as coagulation disorders are present, 
which are two of  the contraindications for Liver biopsy.[12] 
Therefore, noninvasive methods are essential for evaluating 
clinical fibrosis, and more recently researches has focused on 
the evaluation of  non‑invasive methods for the assessment of  
liver fibrosis.[11] The best replacement for biopsy in assessing liver 
fibrosis is the measurement of  liver stiffness by elastography.[9] 
Ultrasound and MR are used for elasticity imaging.[14] These 
methods are capable of  evaluating the differences in soft tissue 
elastic properties during mechanical stress.[1] Elastography is one 
of  the latest technological advances in ultrasound that measures 
resilient and tissue consistency especially in soft tissues.[14] SWE 
is a technique based on the production of  shear waves by tissue 
displacement induced by ultrasound beam or external pressure.[1] 
In this method, tissue properties are determined indirectly based 
on the shear wave speed).[15] This study aimed to compare the 
liver stiffness measured by SWE with liver biopsy results to 
determine liver Fibrosis.

Method and Materials

This is a prospective, analytical, epidemiological study that 
was conducted in patients with impaired hepatic enzymes 
referring to Golestan and Imam Khomeini hospitals in 
Ahvaz in 2018. After obtaining the ethics code (IR.AJUMS.
REC.1397.179) from the ethics committee of  Jundishapur 
University of  Medical Sciences in Ahvaz, eligible patients were 
enrolled based on inclusion and exclusion criteria. All subjects 
were informed about the study protocol before entering 
the study, and written informed consent was obtained from 
each of  them. All tests and us done for patients were paid 
by researchers and patients were not paid for participating 
in the study.

In this study, patients with impaired hepatic enzymes were 
subjected to biopsy and elastography to determine the severity 
of  fibrosis and cirrhosis. The demographic and clinical 
characteristics of  patients including age, gender, height, weight, 
BMI, underlying disease (diabetes, hypertension, ischemic 
heart disease) and the results of  liver function tests including 
ALT, AST, AlkP, total and direct bilirubin and serological tests 
including ANA and ceruloplasmin were documented using a 
structured checklist designed to collect case information. All 
patients were also evaluated for viral markers including hepatitis 
B and C and HIV infection. The results for liver size, fatty liver, 
and its grade were also recorded. Finally, the results of  biopsy 
and SWE ultrasound of  each patient were compared using 
statistical methods.

Liver ultrasound guided biopsy was performed using a 17‑gauge 
needle. The needle was placed in the middle line of  the 9th and 
11th Intercostal space and the minimum acceptable sample length 
was 15 mm. All samples were fixed using formalin and stored in 
paraffin. Standard histological staining techniques (Hematoxylin 
and eosin and Trichrome Reticulin) were used to analyze 
the pathology of  the liver samples which, were examined by 
experienced pathologists who were unaware of  the results of  
the liver imaging.

All patients who underwent liver biopsy during the study were 
recalled and SWE ultrasound were done by an experienced 
radiologist to determine the degree of  stiffness of  the liver. 
For this purpose, the French supersonic SWE ultrasound was 
used. The elastography was conducted with the manufacturer’s 
instructions and standard principles. The elastography on the 
right lobe of  the liver was carried out using the M‑probe 
placed on the intercostal space (Trans‑Thoracic view) 
and patients were in the dorsal decubitus position with 
full abduction of  the right arm. By choosing a region of  
interest (ROI) of  15 mm in each SWE image, the mean and 
standard deviation of  elasticity were shown within the ROI. 
For each patient, 5 values were calculated and the average of  
these values   was recorded as the result of  the liver stiffness 
in kilopascal units (kPa).

Two‑dimensional SWE can be performed with one probe in 
all patients, independent of  body weight, as the region of  
interest can be positioned manually at different depths in 
the liver. Ascites is not a limitation for ARFI US methods, 
enabling its performance in decompensated liver cirrhosis 
for prognostic reasons. The risk of  overestimating liver 
stiffness values has been reported, with other confounding 
factors including alanine aminotransferase flares, congestive 
heart failure, excessive alcohol intake, and acute viral 
hepatitis.[16] Therefore, the patients with cofounding factors 
were re‑evaluated.

The Ishak Score was used for grading fibrosis as follows[17]:
0 = No fibrosis
1 = Expansion of  some portal areas with or without septa
2 = Expansion of  most portal areas with or without septa
3 = Expansion of  most portal areas with portal‑portal bridging
4 = Expansion of  most portal areas with portal‑portal and 

portal‑central bridging
5 = Bridging with occasional nodules
6 = Cirrhosis.

The stages of  fibrosis were determined from 0 to 4 according 
to the METAVIR classification system[18]:
F0 = no fibrosis
F1 = portal fibrosis without septa
F2 = portal fibrosis and few septa
F3 = portal fibrosis with multiple septa and without cirrhosis
F4 = cirrhosis.
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Inclusion criteria
• Age over 18 years
• Written consent to participate in the study
• Elevated liver enzymes.

Exclusion criteria
• Biopsy samples smaller than 15 mm
• Hepatic transplant patients in last 6 months
• Coagulation disorders and risk of  bleeding following biopsy
• Patients with biopsy results did not meet the required quality 

criteria.

Statistical analyses
SPSS software (SPSS Inc., Chicago, IL, USA) version 19 was used 
for statistical analysis. In order to compare the prediction of  liver 
fibrosis grades with SWE, ROC analysis was performed and the 
AUC for the different stages of  liver fibrosis was calculated. The 
Spearman correlation coefficient and Wilcoxon Signed Ranks 
test were used to analyze the relationship between the degrees 
of  fibrosis in two methods. The significance level in the tests 
was considered to be P < 0.05.

Also, the accuracy, sensitivity, specificity, positive predictive 
value (PPV), and negative predictive value (NPV) of  SWE in 
detecting liver fibrosis were calculated.

Results

In this study, 176 patients aged 18 to 84 (median = 36 years) 
participated. The basic characteristics of  the subjects studied 
are presented in Table 1.

The mean of  liver stiffness measured by elastography in patients 
was 10.57 ± 4.77 (range: 5.80 ± 31.00 kPa). There was a significant 
difference in the level of  stiffness of  the liver in different degrees 
of  fibrosis based on the Ishak score system (P = 0.0001) Figure 1.

‑ Numbers are presented as mean ± standard deviation (range) 
or N (%).

Abbreviations: ALT: alanine aminotransferase; AST: aspartate 
aminotransferase; AlkP: Alkaline phosphatase

The mean elasticity based on the METAVIR system in patients 
with F0 fibrosis was 5.95 ± 0.19 kPa, in the F1 fibrosis was 
6.90 ± 0.76 KPa, F2 was 9.63 ± 0.74, at stage F3 was 13.62 ± 1.32 
and in the F4 stage, it was 26.23 ± 4.34 kPa. Which showed a 
significant difference in the level of  liver stiffness in different 
degrees of  fibrosis (P = 0.0001).

The top and bottom lines of  each box represent the first and 
third quartiles (25th and 75th percentiles). The middle line of  each 
box are median and the lines of  the upper and lower boxes are 
5th and 95th percentiles.

The relationship between liver stiffness measured by SWE 
with different variables in degrees of  fibrosis (based on 
METAVIR system) showed that there was a direct and significant 
correlation between liver stiffness with ALT (P = 0.009) And 
AST (P = 0.0001), Hypertension (P = 0.002), HBV (P = 0.030), 
fatty liver (P = 0.041) and fatty liver grade (P = 0.003) was 
observed.

In addition, assessment of  the accuracy of  elastography in 
determining of  different degrees of  liver fibrosis showed that 
there is a significant relationship between the SWE and liver 
biopsy (P = 0.0001). The ROC curve AUC were 0.871, 0.895 
and 0.937 for fibrosis stages F2, F3 and F4 respectively. The 
cutoff  values were 8.6 kPa for F2, 10.7 kPa for F3, and 13.8 kPa 
for F4, with sensitivity and specificity of  88.76% and 77.01%, 
90.20% and 78.40%, 89.53% and 94.38%, respectively [Table 2].

Discussion

Prognosis and management of  chronic liver diseases, including 
viral hepatitis B and C, are highly dependent on liver fibrosis,[1] 
therefore evaluating the degree of  fibrosis is an important part of  
managing the patients with chronic liver disease.[19] Although, liver 
biopsy is the gold standard for liver fibrosis, the invasive nature 
and rare but high risk side effects of  liver biopsy such as bleeding, 
pneumothorax, hemothorax, and death, increases the need of  
non‑invasive test to evaluate liver fibrosis.[9,20] Over the past 
decade, ultrasound techniques have been widely developed and 
available to estimate the stage of  liver fibrosis. These non‑invasive 
methods are able to evaluate differences in the soft tissue elastic 

Table 1: Demographic and clinical characteristics of the 
subjects

Variable category
Age (years) 37.44±15.59 (18‑84)
Gender Female 113 (64.2)

Male 63 (35.8)
Co‑Morbidity Diabetes Mellitus 54 (30.68)

Hypertension 42 (23.9)
Ischemic heart disease 15 (8.52)

Liver Function 
Test (LFT)

ALT (IU/L) 130.09±179.03 (15‑1600)
AST (IU/L) 99.89±152.45 (15‑1436)
AlkP 408.37±230.77 (149‑1660)
Billirubin (total) (mg/dL) 1.85±2.74 (0.50 ‑ 18.50)
Billirubin (direct) (mg/dL) 0.80±1.78 (0.06 ‑ 10.20)

Viral marker HCVab (positive) 5 (2.84)
HBsAg (positive) 34 (19.32)
HIVab (positive) 6 (3.40)

serology ANA (positive) 34 (19.32)
Ceruloplasmin Positive: 3 (1.70)

Decreased: 11 (6.25)
Span (Positive) 42 (23.86)
Fatty Liver No 60 (34.10)

Grade 1 39 (22.16)
Grade 2 44 (25.00)
Grade 3 33 (18.75)
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properties by inducing mechanical stress and examining the 
changes of  tissues. The basis of  SWE is the production of  shear 
waves by tissue displacement induced by ultrasound beam or 
external pressure.[1] The aim of  this study was to investigate the 
diagnostic accuracy of  SWE as a non‑invasive method to predict 
liver fibrosis by liver stiffness in patients with liver disease with 
different etiologies, compared to liver biopsy as a gold standard.

In the present study, the mean liver stiffness measured by SWE 
in patients with different stages of  hepatic fibrosis (METAVIR 
score) was significantly different. The mean liver stiffness in 
patients with advanced fibrosis was higher than those with early 
stages of  fibrosis. Therefore, SWE is an effective predictor for 
different degrees of  liver fibrosis. In the study of  Moustafa 
et al.[14] the mean liver stiffness measured by SWE in patients 
with different stages of  liver fibrosis was significantly higher 
than healthy controls. Also, the stiffness of  liver in patients 
with advanced fibrosis was significantly different from the 
early stage of  fibrosis. Cassinotto et al.[8] also showed that liver 
stiffness measured by SWE is significantly related to the fibrosis 
stage. Another study by Guibal et al.[21] also showed that SWE 
is a non‑invasive, accurate and repeatable method for assessing 
liver fibrosis, especially for the diagnosis of  significant fibrosis 
in patients with various etiologies of  liver fibrosis. In addition, 
the liver stiffness assessed by SWE had a direct and significant 
relationship with liver biopsy using the METAVIR system.

SWE is a new ultrasound technique in which the radiation force 
is produced by ultrasonic beam for induction of  mechanical 
vibration. Reliability and repeatability of  SWE is not operator 
dependent to produce appropriate vibration in tissue. Using the 
ultrasound tracking techniques and the Young’s modulus formula, 

quantitative information can be expressed as an elasticity index 
in kilopascal units. Therefore, SWE can directly measure tissue 
stiffness and can be considered as a diagnostic measure for liver 
fibrosis.[22]

In our study, the ROC curve AUC were 0.871, 0.895, and 
0.937 and sensitivity and specificity were 81.76% and 77.01%, 
90.20% and 78.40%, 89.53% and 94.38% for fibrosis stages 
F2, F3, and F4, respectively. The most diagnostic accuracy was 
related to more advanced fibrosis (F3 and F4). These findings 
are consistent with other studies. For instance, Ferrailli et al.[23] 
and Verlinden et al.[24] and Zeng et al.[25] also had the highest 
level of  diagnostic accuracy in stage F3 and higher of  liver 
fibrosis. Furthermore meta‑analysis findings by Li et al.[22] which 
showed that SWE had a high diagnostic accuracy in F3 (90% 
susceptibility and 81%) and F4 (sensitivity 87% and 88%) and 
the accuracy of  the F2 stage was also relatively high (85% 
sensitivity and 81% specificity). The cutoff  values for each 
stage of  liver fibrosis had both sensitivity and specificity higher 
than 80%. Moustafa et al.[14] also showed that SWE had a high 
accuracy in the diagnosis of  F3 (90% sensitivity and 81%) and 
F4 (sensitivity 87% and 88%) stages and moderate accuracy 
in F2 stage (85% sensitivity and 81% specificity). In addition, 
Guibal et al.[21] showed the sensitivity and specificity of  SWE 
at different stages were 85.1% and 82.7% (F2), 88.9% and 
90.3% (F3), 93.3% and 3.98% (F4). The ROC curve AUC in the 
F2, F3, and F4 stages was reported to be 0.904, 0.958 and 0.988 
respectively. Also, there was a significant relationship between 
the percentage of  fibrosis and liver stiffness measured by SWE. 
All these results suggest that SWE has a high diagnostic value 
for assessing liver fibrosis.

The findings of  the present study are also consistent with 
the results of  Ferraioli et al., Which showed that AUC of  
ROC for diagnosing mild fibrosis (F0‑F1) and significant 
fibrosis (F2≤) were 0.84 and 0.92, respectively.[26] Bavu et al., 
showed that the ROC curve AUC of  SWE for diagnosis 
of  F2, F3 and F4 was 0.95, 0.96, and 0.97, respectively.[27] 
Another study by Ferraioli et al., in patients with HCV showed 
that the SWE AUC for F2, F3, and F4 stages (based on 
METAVIR scores) was 0.92, 0.98, and 0.94, respectively.[23] 
Cassinotto et al.[8] reported the good diagnostic power of  
supersonic SWE for the stages of  fibrosis and AUC was 
between 0.86 and 0.89.It was also shown that the diagnostic 
accuracy of  supersonic SWE for fibrosis stages are higher 
than ARFI and fibroscan methods.

Application and accuracy of  the SWE for diagnosis of  fibrosis 
stages defines by its cutoff. Until now, no single cutoff  values 

Table 2: Diagnostic value of SWE for detecting different degrees of liver fibrosis
Parameter Cut‑off  (kPa) AUC Sensitivity Specificity Accuracy PPV NPV
≥ F2 8.8 0.871 88.76% 77.01% 82.95% 79.80% 87.01%
≥ F3 11.5 0.895 90.20% 78.40% 84.66% 82.18% 88.00%
F4 18.1 0.937 89.53% 94.38% 92.00% 93.90% 90.32%

Figure 1: Liver stiffness in SWE based on degree of fibrosis
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have been provided for the detection of  different stages of  
liver fibrosis, and various studies have reported different cutoff  
values.[23,25‑30] The optimal cutoff  in our study for the distinction 
between F0 and F1 had low sensitivity, specificity, and accuracy; 
hence, like other studies, we put F0 and F1 in same group together. 
In the present study, SWE performance for assessing fibrosis 
thresholds (METAVIR score) was similar to previous studies in 
patients with different etiologies,[8] or specific etiology of  fibrosis, 
including HCV or HIV infections.[23,29] The mean cutoffs of  SWE 
for F2, F3 and F4 was 8.8 kPa, 11.5 and 18.1 kPa, respectively. 
Guibal et al.[21] also reported similar cut‑offs. These results are 
close to some studies, Verlinden et al.[24] reported cutoffs of  8.5, 
10.4, and 11.3 for liver stiffness by SWE at stage F2, F3, and F4 
respectively and Bavu et al.[27] showed that the SWE ROC CURVE 
AUC for diagnosis of  F2, F3 were 9.12, 10.08, and 13.3 kPa, 
respectively. The cutoff  obtained in our study for each stage of  
fibrosis in the SWE method was higher than some studies. In other 
studies, the cutoffs were between 0.8 to 7.1 kPa for significant 
fibrosis (F2≤), 7.9 to 8.9 kPa for severe fibrosis (F3≤), and 10.1 
to 10.7 kPa for cirrhosis (F4).[8,23,29] The difference in device type 
and ultrasound technique and operator experience can be the 
reason for the difference in results. Also, the variability of  the 
METAVIR score system may be the reason of  these differences, 
especially for significant and severe fibrosis.[31] We also believe 
that METAVIR score may be associated with a higher cut‑off  rate 
for cirrhosis. Although each stage of  fibrosis is associated with 
well‑defined stage of  fibrosis, but cirrhosis includes all stages of  
fibrosis without any upper limit. Therefore, the optimal cut‑off  
for cirrhosis is likely to be very dependent to the study population, 
which goes up with increasing cirrhosis in the subjects, and when 
the subjects with severe cirrhosis are excluded, the liver’s stiffness 
decreases As shown in the study by Ferrailli et al.[23] the mean 
stiffness in the cirrhosis phase was 15.6 kPa, however it was 25.8 
kPa in study by Guibal et al.[21] and 13.8 kPa in our study.

The normal liver tissue contains 5.5 mg/g of  collagen, while 
the cirrhotic liver contains more than 30 mg/g of  collagen. 
Semi‑quantitative histological scores, such as the METAVIR 
score, are not able to accurately estimate liver fibrosis. Therefore, 
a quantitative evaluation of  liver fibrosis along with liver biopsy 
can reduce the variability of  results and misclassification due to 
a semi‑quantitative histologic staging.[21]

Although liver stiffness is used as a predictor of  liver fibrosis, 
some of  the confounder factors affecting the results of  liver 
stiffness measurements have been reported. In this regard, 
controversial results have also been reported in some studies.[32‑34]

The results of  this study showed a direct and significant 
relationship between liver stiffness in different stages of  fibrosis 
with ALT and AST levels. The highest levels of  AST and ALT 
were seen in patients with F3 fibrosis and lowest levels were 
those with F0. These results are consistent with the findings of  
the study by Alempijevic et al.[9] In addition Kelleher et al. showed 
that AST >60 IU/L had a significant relationship with hepatic 
fibrosis.[35] Verlinden et al.[24] reported a significant relationship 

between liver stiffness and AST levels. Moreover, in other studies, 
there was a significant relationship between AST and ALT levels 
with liver stiffness.[36,37] In contrast, two studies using SWE 
showed no association between AST and ALT and histological 
analysis with liver stiffness.[23,25]

Finally, although the present study evaluated the SWE diagnostic 
function at various stages of  liver fibrosis in a relatively small 
population, the population included patients with different 
etiologies of  liver fibrosis. Also, since the liver transplant 
has an effect on liver stiffness during the early weeks after 
transplantation.[38] we excluded patients who had liver transplant 
in less than 6 months.

Conclusion

The results of  this study showed that the level of  liver stiffness 
measured by SWE has a positive and significant correlation with 
the stage of  liver fibrosis evaluated by biopsy. Therefore, liver 
SWE is an effective non‑invasive method for assessing liver 
fibrosis, especially in patients with advanced stages (F3 and F4) 
of  chronic liver disease of  different etiologies. Therefore, SWE 
can be an alternative tool for liver biopsy in high risk patients 
and can be routinely used in the clinical setting for screening liver 
fibrosis in the general population during normal ultrasonography.

However, epidemiological studies on the use and performance 
of  SWE in liver fibrosis are necessary. Further studies are needed 
to evaluate the ways in which liver stiffness and biological tests 
can be used together to improve the diagnostic performance 
of  fibrosis.

Limitations

This study has some limitations that should be considered in 
future studies.

‑ In this study liver biopsy was used as a gold standard for 
evaluation of  liver fibrosis. The diagnostic performance of  biopsy 
is usually limited by some variables, including the sample, as well 
as the interobserver and intraobserver variations. To reduce these 
limitations, we exclude all patients with biopsy specimens of  
non‑specific qualitative criteria. In addition, biopsies less than 
15 mm were excluded from the study.

‑ The population studied was heterogeneous, and the number of  
patients with viral hepatitis B and C was low. Therefore, future 
studies should be carried out on populations with a specific 
etiology.

‑ Although the SWE has the ability to replicate interobserver and 
intraobserver, as reported in previous studies,[23,26,29] this ability 
was not investigated in our study.

‑ Low sample size and not using of  other non‑invasive modalities 
such as MR elastography, two‑dimensional SWE and fibrosis 
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serum markers (for example, APRI, ASPRI and FIB‑4) were 
other limitations of  this study.
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