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ABDOMINAL 
 

Fibrosis Index: A New Doppler 
Index for Differentiation of 
Cirrhosis from Chronic Hepatitis 
Background/Objective: So far, many authors have conducted several studies to assess the 
value of Doppler sonography in distinguishing cirrhosis from chronic hepatitis.  However, none 
of them has been proved to be used in clinical settings. We developed a new Doppler index, 
the so-called “Fibrosis index”, and performed a prospective study to evaluate its efficacy in 
differentiation of cirrhosis from chronic hepatitis. 
Patients and Methods: 30 patients with biopsy-proven cirrhosis and 30 patients with chronic 
viral hepatitis (HBV or HCV) underwent US and histologic examination. Doppler sonography 
was performed by a sonologist, and histologic assessment was done by a pathologist, both of 
whom were blind to the results of each other. A series of Doppler indices of hepatic

 
circula-

tion including peak portal flow velocity, resistive index of hepatic artery and “fibrosis index,” 
a new index introduced here, which is defined as the resistive index of hepatic artery divided 
by peak portal flow velocity multiplied by 100 were measured. These indices were compared 
across the

 
two study groups. 

Results: The result of histopathology examination showed that six patients from chronic 
hepatitis group had also cirrhosis; so there were 24 cirrhotic and 36 patients with chronic 
hepatitis.  Significant differences were observed in the resistive index of hepatic artery, peak 
portal flow velocity and fibrosis index between the two groups of patients.  Based on the 
statistical analysis a cut-off value was set for fibrosis index.  The sensitivity, specificity and 
accuracy of the fibrosis index were 94.4%, 100%, and 96%, respectively. 
Conclusion: Assessment of fibrosis index, as a Doppler-derived index, is an appropriate non-
invasive method for distinguishing cirrhosis from chronic hepatitis and might decrease the 
need for biopsy in the suspected patients. 

Keywords: Doppler sonography, cirrhosis, chronic hepatitis 

Introduction 

irrhosis, the end-stage of many diseases like viral and drug-induced hepati-
tis, causes a lot of complications and no treatment is still available but liver 

transplantation. As the majority of cases who will terminate in cirrhosis such as 
chronic hepatitis, might cure in earlier stages, the differentiation between 
chronic liver disease and cirrhosis is quite important.1 Until recently, liver biopsy 
was the only means to evaluate hepatic fibrosis.2 However, liver biopsy is an in-
vasive and painful procedure, and associates with low, but a definite risk of pa-
tient morbidity and mortality.1,3-6 Therefore, it is important to use non-invasive 
methods in differentiation between cirrhosis and the stages before cirrhosis. 

Changes in hemodynamic circulation of the liver occur as chronic liver disease 
progresses to liver cirrhosis. Doppler sonography provides a quantitative meas-
urement of blood flow to the liver, thus, many researchers have investigated the 
efficacy of Doppler sonography as an inexpensive and non-invasive method of 
assessing the degree of hepatic fibrosis. Some studies could show the difference 
between cirrhosis and the stages before cirrhosis by measuring hepatic artery 
resistive indices (RI), which is significantly higher in the cirrhotic patients. Some 
authors demonstrate that the blood velocity in portal vein is lower in cirrhotic 
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patients than in patients with chronic hepatitis. Fur-
thermore, there are other studies who used the meas-
urement of relative flow or blood velocity in the he-
patic artery and vein.7-15 However, there is contro-
versy on the reproducibility of these studies and none 
of them described a definite method for differentia-
tion between cirrhosis and the stages before cirrhosis. 
Regarding to the fact that the hepatic artery RI in 
cirrhosis is higher than chronic hepatitis, and the 
peak portal flow velocity (PPFV) is lower in cirrhosis 
than in chronic hepatitis, we considered a ratio of 
these two parameters as a new and potentially better 
index for differentiation of cirrhosis from chronic 
hepatitis. As a result, we conducted this study to 
evaluate the efficacy of the index for differentiation 
cirrhosis from chronic hepatitis. 

Patients and Methods 
Patient population 

From January 2004 to February 2005, 30 patients 
with biopsy-proven cirrhotic liver disease and 30 pa-
tients with chronic viral hepatitis proven by serologic 
tests for hepatitis C and B virus, underwent Doppler 
sonography (US) and histologic examination. The pa-
tients with primary diagnosis of chronic hepatitis un-
derwent liver biopsy; according to the histopathology 
results, six patients from them had also cirrhosis. 
Therefore, there were 36 patients with cirrhotic 
group and 24 patients had chronic hepatitis. 

Patients co-infected with other viral hepatitis or 
human immune deficiency virus (HIV) were ex-
cluded from the study. Due to the effects of aging on 
hemodynamics of liver and the higher rate of portal 
blood flow in children, only those patients aged be-
tween 14 and 70 years were included in the study. 
The patients using oral contraceptive pills or any 
other regular medications, those consumed more than 
10 g of alcohol per day, with hypertension, diabetes 
mellitus, and advanced cirrhosis (class ‘C’ of the 
Child-Pugh scheme) were excluded from the study.  
Those patients in whom it was not possible to ap-
proach and evaluate the peak portal flow velocity 
(PPFV) at porta hepatis with a Doppler angle lower 
than 60 degree were also excluded from the study. 

The liver biopsy specimens of ≥2 cm in length were 
considered as appropriate and interpreted by a single 

independent pathologist who did not aware of the 
sonography results. The pathologist report was cir-
rhotic or non-cirrhotic, according to the modified 
HAI classification (stages 5 and 6 were considered 
cirrhosis). The time between sonography and histol-
ogy examination was not longer than three weeks. 

All patients gave written informed consent; this 
study was conformed to the guidelines outlined by 
the declaration of Helsinki, 1975. Permission was ob-
tained from the Medical Ethics Committee of our 
University. 

Doppler examination 
All subjects fasted for at least eight hours before the 

ultrasound (US) examination. Patients were studied 
with B-mode US in supine or slightly left posterior 
oblique position by an experienced sonologist who 
were blind to the report of histology. The measure-
ments were performed during deep suspended inspi-
ration by a 3.5 MHz convex probe with a Siemens 
Senoline G50 system. The measured parameters in-
cluded peak portal flow velocity (PPFV), peak sys-
tolic velocity (PSV) and end-diastolic velocity (EDV) 
of hepatic artery at porta hepatis with a Doppler an-
gle between 40 to 60 degree. The hepatic artery resis-
tive index (RI) calculated by the Doppler device, us-
ing the following equation: 

(cm/s) PSV
(cm/s) EDV - (cm/s) PSVRI =  

was also measured. 
The “fibrosis index (FI),” a newly-described index in 

this article, was evaluated in each case using the fol-
lowing formula: 

100
(cm/s) PPFV

RIArtery  HepaticFI ×=  

Statistical analysis 
Data were confirmed to be normally distributed. 

Statistical analyses were performed using SPSS ver-
sion 13.0. The significance of differences between 
groups was tested by independent Student’s t test. P-
value <0.05 was considered statistically significant. A 
receive-operating characteristic (ROC) curve was 
used to determine the best cut-off values of the US 
parameters for diagnosis of liver cirrhosis. 
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Results 

Among all patients, 35 (58%) were male and 25 
(42%) were female. In the cirrhotic group (n=36), 21 
(58%) patients were male while in the chronic hepa-
titis group (n=24), 14 (58%) were male (p=1). The 
mean±SD age of cirrhotic patients was 49.2±9.1 
(range: 14–70) years. The mean±SD age of those with 
chronic hepatitis was 36.2±12.1 (range: 16–70) years; 
the mean age between two groups was significantly 
different (p<0.0001). The mean±SD age of men was 
46.3±13.7 years and of women was 40.9±8.7 years at 
all (p<0.07). 

The results of US measurements of the RI, PPFV 
and the FI were different between the two groups. 
The mean values of RI and FI were significantly 
(p<0.0001) higher in cirrhotic patients than in those 
with chronic hepatitis. On the other hand, the mean 
PPFV was significantly (p<0.0001) higher in those 
with chronic hepatitis than in patients with cirrhosis 
(Table 1). 

For evaluation of the diagnostic efficacy of this 
newly introduced index, FI for differentiation be-
tween cirrhosis and chronic hepatitis, we plotted a 
ROC curve (Figure 1). Area under the curve of the 
ROC curve was 0.99 (p<0.0001) (Table2). 

Considering the fact that patients with chronic 
hepatitis should not be diagnosed as end-stage cirrho-
sis, the test must not have any false positive values. 
Therefore, based on the ROC curve, the value of 3.6 
was considered as the best cut-off value for the FI in 
differentiating cirrhosis from chronic hepatitis. Ac-
cording to this cut-off value, FI has a specificity of 
100%, a sensitivity of 94.4%, a positive predicative 
value of 100%, a negative predicative value of 92.3%, 
and an accuracy of 96%. 

Discussion 

Sonography is the first imaging modality to be used 
in the workup of patients with liver diseases such as 
viral hepatitis.  Nowadays, the gold standard for the 
diagnosis of liver cirrhosis is histopathologic study of 
a biopsy specimen.  Unfortunately, liver biopsy is as-
sociated with the risk of some morbidity and mortal-
ity. Therefore, a reliable non-invasive measure which 
could replace the biopsy would be of paramount im-
portance. 

Pervious studies on patients with chronic liver dis-
ease, have shown an increase in hepatic artery RI in 
these patients, which has been thought to be related 
to the architectural derangement occurs in the liver 
with increasing severity of the disease. These changes 
are more prominent in cirrhotic patients.12-15 In our 
study, there is also a correlation between the hepatic 
artery RI value and the presence of cirrhosis. 

Although, in some studies, there were no differ-
ences in portal flow velocity between cirrhotic and 
non-cirrhotic patients, Gaiani et al. demonstrated a 
difference in portal flow velocity between cirrhotic 
and non-cirrhotic patients; Haktanir et al. found the 
portal flow velocity as a useful index for the diagnosis 
of cirrhosis; and Yogesh et al. showed that portal flow 
velocity among the cirrhotic patients is lower than 
those with non-cirrhotic chronic liver disease.16-18 
These results are in concordance with ours. 

Other studies used other US parameters in differen-

Table 1. Comparison of the mean of RI, PPFV and FI in the chronic hepatitis and cirrhotic patients 

Mean±SD (Min-Max) Indexes 
Chronic Hepatitis Cirrhosis 

P-Value 

Resistive Index of Hepatic Artery (RI) 0.67±0.03 (0.55-0.72) 0.73±0.04 (0.66-0.83) <0.0001 
Peak Portal Flow Velocity (PPFV) 25.91±4.37 (19.5-38) 14.26±4.10 (7.6-23) <0.0001 
Fibrosis Index (FI) 2.63±0.43 (1.78-3.54) 5.55±1.53 (3.09-9.81) <0.0001 

ROC Curve
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Fibrosis Index                             Reference Line 
Fig 1. ROC curve of the FI for differentiation of cirrhosis from chronic 
hepatitis. 
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tiation of cirrhotic patients. Colli et al. reported that 
US can detect severe fibrosis or cirrhosis with a speci-
ficity of 95% and a sensitivity of only 54%.19 Hung et 
al. evaluated the validity of US in diagnosis of cirrho-
sis with a diagnostic sensitivity of 77.5% and a speci-
ficity of 92% in patients with hepatitis B.20 In all of 
these studies, the sensitivity and specificity of the 
sonographic parameters were lower than the FI index 
which is introduced in this study. 

According to the high sensitivity, specificity and ac-
curacy of FI, we found it as an appropriate measure 
for differentiation of liver cirrhosis and chronic hepa-
titis. 

Considering our study settings (including the inclu-
sion and exclusion criteria), we speculate that the ex-
ternal validity of this study could be low. Therefore, 
to determine the efficacy of FI under various clinical 
settings, further studies to examine a more heteroge-
nous group of patients with cirrhosis and chronic 
hepatitis should be done. 

Other limitations of our study were the relatively 
small number of patients, and the fact that histologic 
fibrosis scores were not assessed in this study. There-
fore, it was impossible to study the correlation be-
tween the FI and the severity of the hepatic fibrosis. 

In conclusion, FI is an appropriate non-invasive test 
for the diagnosis of liver cirrhosis and it will decrease 
the need for liver biopsy in suspected patients. It is 
also suggested to develop a study to find out the 
probable correlation between the FI and the degree of 
liver fibrosis in patients with chronic hepatitis. 
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Table 2. Trend of sensitivity and specificity in the ROC analysis  

Positive if Greater 
Than or Equal To: 

Sensitivity 1 - Specificity 

0.7800 1.000 1.000 
1.8100 1.000 0.958 
2.5250 1.000 0.667 
3.1200 0.972 0.125 
3.6 0.944 0 
4.0600 0.778 0 
5.0400 0.583 0 
6.0850 0.389 0 
7.0000 0.167 0 
8.2350 0.056 0 
9.3150 0.028 0 
10.8100 0.000 0 




