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Abstract
AIM: To assess the accuracy of a model in diagnosing 
severe fibrosis/cirrhosis in chronic hepatitis C virus (HCV) 
infection.

METHODS: The model, based on the sequential 
combination of the Bonacini score (BS: ALT/AST ratio, 
platelet count and INR) and ultrasonography liver surface 
characteristics, was applied to 176 patients with chronic 
HCV infection. Assuming a pre-test probability of 35%, 
the model defined four levels of post-test probability 
of severe fibrosis/cirrhosis: <10% (low), 10-74% (not 
diagnostic), 75-90% (high) and >90% (almost absolute). 
The predicted probabilities were compared with the 
observed patients’ distribution according to the histology 
(METAVIR). 

RESULTS: Severe fibrosis/cirrhosis was found in 67 
patients (38%). The model discriminated patients in 
three comparable groups: 34% with a very high (>90%) 
or low (<10%) probability of severe fibrosis, 33% with a 
probability ranging from 75% to 90%, and 33% with an 
uncertain diagnosis (i.e., a probability ranging from 10% 
to 74%). The observed frequency of severe fibrosis/
cirrhosis was within the predefined ranges. 

CONCLUSION: The model can correctly identify 67% of 
patients with a high (>75%) or low (<10%) probability 
of cirrhosis, leaving only 33% of the patients still 
requiring liver biopsy.

© 2005 The WJG Press and Elsevier Inc. All rights  reserved.
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INTRODUCTION 
Hepatitis C virus (HCV) infection is a major cause of  
chronic liver disease worldwide: nearly 80% of  HCV-
infected patients develop chronic infection, and about 
20% progress to cirrhosis[1]. Liver histology is currently 
considered as the “reference standard” for evaluating 
hepatic damage on the basis of  the degree of  necrotic 
inflammatory activity and fibrosis, with the latter having 
prognostic significance and playing a major role in 
therapeutic decision making[2,3].
    However, liver biopsy is an invasive procedure with 
mild and severe complications of  20% and 0.5%, 
respectively[4,5]. Furthermore, its sensitivity in diagnosing 
liver cirrhosis is not absolute and the rate of  false negative 
results is approximately 30%[6]. In addition, as it has been 
well evidenced by the recent studies, an adequate liver 
specimen should be at least 2.5 cm long[7] and 1.4 mm wide[8] 
including at least 6-8 portal tracts[9]. This has recently led 
various groups to investigate the non-invasive methods 
of  detecting severe fibrosis/cirrhosis, including only 
biochemical (ALT, AST, GGT) tests[10-14] or in combination 
with hematological (platelet count) tests[15], test panels[16-25], 
serum “markers” of  fibrosis (such as hyaluronic acid or 
procollagen peptides)[26-30] and ultrasonographic parameters 
(e.g., liver surface nodularity (LSN), portal blood flow)[31-34], 
but none of  which have proved to be capable of  avoiding 
liver biopsy.
    The aim of  this prospective study was to evaluate the 
accuracy of  a model based on the sequential combination 
of  a set of  simple biochemical tests (Bonacini score, 
BS)[19,20] and liver surface ultrasound (US) examination[32] 
in diagnosing severe fibrosis/cirrhosis in a large series 
of  consecutive patients with chronic HCV infection 
undergoing liver biopsy.
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MATERIALS AND METHODS
All anti-HCV positive patients (EIA III, Abbott Laboratories, 
Chicago, IL, USA) with detectable HCV-RNA serum levels 
(Amplicor HCV kit, Roche, Molecular Systems, Basel, 
Switzerland) were evaluated for enrollment between 
September 2001 and June 2004.
    The presence of  decompensated liver disease (i.e., 
portosystemic encephalopathy, jaundice or ascites detected 
by means of  US) and or an absolute contraindication to 
liver biopsy (PLT <60 000/mm3 , PT <60%) excluded 
patients from the study, whereas patients with an increase 
of  ≥1.5 UNL in the serum alanine-aminotransferase 
(ALT) levels recorded twice in the previous 6 months, 
were included in the study, whose protocol was approved 
by the pertinent ethics committee after having obtained 
their written informed consent. Socio-demographic and 
clinical data were recorded as those on past and/or current 
alcohol intake for which a semi-quantitative questionnaire 
with three pre-defined levels of  daily consumption (<30, 
30-80 and >80 g) was used. At the time of  liver biopsy, the 
laboratory data included AST, ALT (IU/L r.v. <40), platelet 
count (106/μL r.v. 130 000-400 000), the international 
normalized ratio (INR 0.8-1.2), level of  albumin (g/dL r.v. 
3.5-5.0), total bilirubin (mg/dL r.v. 0.3-1.0) and hemoglobin 
(g/dL r.v. 14-18 for men and 12-16 for women), as well as 
HCV genotyping by means of  restriction fragment length 
polymorphism after amplification of  the 5’ non-coding 
region of  the HCV genome[35]. As detailed in Table 1, the 
“cirrhosis discriminant score” (range 0-11) of  each patient 
was calculated according to the method of  Bonacini et al[19], 
based on ALT/AST ratio, platelet count and INR. After 
an overnight fast, a US liver scan was performed using 
an ATL HDI 5000 equipment (Advanced Technology 
Laboratories, Bothell, WA, USA) and both 3.5 and a 
5-12 MHz transducer by one of  three gastroenterologists 
(AC, SM or MA) blinded to the clinical, biochemical and 
histologic data. A 5-12 MHz transducer was used to obtain 
multiple scans of  the outer 2-3 cm of  the liver parenchyma 
and of  both lobes. LSN was considered positive when 
the liver surface appeared as a dotted or an irregular line 
and/or the liver parenchyma was not homogeneous, with 
areas of  different echogenicity, reflecting an underlying 
nodularity. The interobserver agreement for this sign was 
calculated according to K statistics.
    A US-guided transcostal or subcostal liver biopsy was 
performed (by AC or MF) using an 18-gauge needle 
(Biomol Hospital Service, Pomezia, Rome, Italy). We 
considered acceptable only specimens ≥2.0 cm long 
including >12 portal tracts, that were fixed in formalin 
and stained with hematoxylin-eosin, silver impregnation 
for reticulin, and Masson’s trichrome or picrosirius red for 
collagen. In case of  inadequacy of  the sample, a second 
biopsy was obtained.
    The specimens evaluated by the same pathologist 
(VM) unaware of  the patients’ characteristics were staged 
according to METAVIR scoring system[36], where F0 
indicates the lack of  fibrosis, F1 corresponds to portal 
fibrosis without septa, F2 to the presence of  few septa, F3 

and F4 to the finding of  numerous septa without or with 
cirrhosis, respectively. Histologic findings were considered 
as the reference standard for the presence and degree of  
fibrosis.

Statistical analysis
The pre-test probability of  severe fibrosis/cirrhosis (i.e., 
a staging score 3-4) was estimated to be about 35% on 
the basis of  recent data from comparable series[2,32,37-39]. 
A predictive model was obtained by the sequential 
application of  the BS and US liver surface examination, 
which could obtain the post-test probability of  severe 
fibrosis/cirrhosis. As the BS and US signs of  LSN could 
be considered conditionally independent, the probability 
of  severe fibrosis/cirrhosis obtained by calculating the 
BS has been considered as the pre-test probability before 
the US examination. The post-test probabilities were 
calculated on the basis of  post-test odds as previously 
described[40,41]. The values of  sensitivity, specificity, positive 
and negative likelihood ratios (LR+ and LR-) of  both BS 
and US in diagnosing severe fibrosis have been previously 
defined[19,32]. 
    In detail, three possibilities had to be taken into account. 
Firstly, for a staging score 0-2, a BS ≤3 had a sensitivity 
of  58% and a specificity of  85%, accounting for a LR+ of  
4. Accordingly, in our model in the presence of  a BS ≤3, 
the probability of  stage 0-2 increased from a pre-test one 
of  65% to 88%. Secondly, the sensitivity and specificity 
for severe fibrosis in the presence of  a BS of  4-7 were 
50%, making it impossible to modify the 35% pre-test 
probability of  severe fibrosis/cirrhosis on the basis of  
a LR+ and a LR- of  about one. Thirdly, the specificity 
of  100% for a BS >7 led to an almost absolute post-test 
probability of  staging score 3-4, with a LR+ higher than 
100. As far as the US finding of  LSN was concerned, an 
inter-observer variability of  0.80 was reported. Our own 
previous data[32] demonstrated a sensitivity of  54% and a 
specificity of  95% for a staging score 3-4, with a LR+ and 
a LR- of  11.6 and 0.5, respectively. By combining the BS 
and the US signs of  LSN, five groups of  patients (I-V) 
were defined (Figure 1) with different post-test probability 
of  severe fibrosis/cirrhosis. In the last group, with BS ≥7 
the post-test probability of  a staging score of  3-4 was close 
to 100% regardless of  the US results. Finally, as detailed 
in Figure 1, to test the predictive accuracy and clinical 
usefulness of  the model, four clinically acceptable ranges 
of  post-test probability of  severe fibrosis/cirrhosis were 
predefined based on BS and US findings: low probability 
(<10%), not diagnostic (10-74%), high probability (75-90%) 
and almost absolute probability (>90%).
RESULTS

Table 1 Determinants of Bonacini score

Laboratory Score

parameters 0 1 2 3 4 5 6
INR <1.1 1.1-1.4 >1.4
ALT/AST ratio >1.7 1.7-1.2 1.19-0.6 <0.6
PLT ×1 000 /mm3 >340 340-280 279-220 219-160 159-100 99-40 <40
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During the recruitment period, 1 089 patients were 
investigated for liver disease, and 363 were chronically 
infected with HCV. Of  them, 184 were excluded for the 
refusal of  liver biopsy (#11) because of  already established 
cirrhosis with Child-Pugh score >5 (#67), or because of  
normal or slightly elevated ALT levels (<1.5 times the 
upper normal limit) or uncompleted ALT data (less than 
six distinct determinations) (#106). The remaining 179 
fulfilled the inclusion criteria. Based on the inadequate US 
findings, three were excluded accounting for an overall 
recruitment of  176 patients, whose characteristics are 
detailed in Table 2. The inter-observer agreement for the 
detection of  the LSN sign was 0.77. The average length of  
liver specimens was 4.1±0.4 cm and in 18 cases a second 
liver sample was obtained because of  the inadequacy 
of  the first one. At liver biopsy, well tolerated in all the 
cases, 67 patients (38%) had severe fibrosis (#52) or 
cirrhosis (#15, all in Child’s A class). Of  the remaining 109 

(62%), fibrosis was absent in 6, mild (score 1) in 40 and 
moderate (score 2) in 63. LSN was present in 9 out of  the 
109 (8%) patients with a fibrosis score of  0-2 and in 40 
out of  67 (60%) with F 3-4 with a sensitivity, specificity, 
LR+ and LR- of  60%, 92% and 7.5 and 0.5, respectively. 
Patients’ distribution according to the BS and LSN, and 
corresponding observed frequency (%) of  severe fibrosis/
cirrhosis (stage 3-4) vs expected post-test probability 
calculated by the model, are shown in Table 3. Overall, 
the diagnostic accuracy of  the model was 86.5% in groups 
I, IV, and V, accounting for 67% of  the patients. Sixteen 
of  one hundred and nineteen patients were incorrectly 
defined (1 in group I with fibrosis stage ≥3, 15 in group 
IV with fibrosis stage <3). In groups II and III (33% of  
the total), the model did not show any predictive role and 
did not significantly modify the pre-test probability of  
severe fibrosis/cirrhosis.

DISCUSSION
In this prospective study, we have evaluated the accuracy 
of  a non-invasive predictive model, consisting of  the 
sequential combination of  laboratory data score (BS) and 
US finding of  a nodular liver surface, in detecting severe 
liver fibrosis or cirrhosis in patients with chronic hepatitis 
C. In clinical practice, it is easy to use the two elements 
with their operative characteristics individually validated 
in previous studies[19,20,32]. The BS is based on simple and 
widely available laboratory tests (ALT, AST, INR and 
platelet count) that assure its repeatability, and LSN can be 
easily detected using commercially available US equipment.
Previous series using platelet count or ALT and AST level 
or BS or US can precisely predict the presence or absence 
of  fibrosis but with a low discriminating power; thus, few 
patients have a very low or high probability of  fibrosis, and 
most of  them are in the gray zone of  uncertainty[19,20,32]. 
On the contrary, the sequential model, which is applicable 
to the vast majority of  enrolled patients (98%, because the 
US examination was technically inadequate in three cases), 
has been proved to have an adequate discriminating power 
and an accurate calibration. Its discriminating power is 
demonstrated by the fact that we were able to divide the 
patients into three comparable groups: 34% with a very 
high (>90%) or low (<10%) probability of  severe fibrosis, 

Table 2 Clinical and biochemical characteristics of 176 consecutive patients 
with chronic hepatitis C included in 

# % Mean±SD
Age (yr) 53.5±21.2
Sex: Male 96 55
         Female 80 45
BMI (kg/m2) 25.9±2.9
         <25 90 51
         ≥25 86 49
Alcohol intake (g/d)
         ≤30 142 80
          31-80 24 14
          >80 10 6
HCV genotype
           1 92 52
           2 60 34
           3 19 11
           4 5 3
Platelet count 181±128
AST (IU/L) 78.5±101
ALT (IU/L) 125±178
AST/ALT 1.6±1.1
INR 1.05±0.1
Hemoglobin (g/dL) 14.5±2.1
Albumin (g/dL) 4.5±0.6
Bilirubin (mg/dL) 0.9±0.2

Table 3 Distribution of 176 patients according to Bonacini score and pre-
defined grouping

1See text and Figure 1; 2As from Table 1.

Bonacini score ≤3  4-7 >7
LSN -ve -ve  -ve

+ve +ve +ve
Patients (#) 56 49 0

8 59 4
Pre-defined  I III   V
group1 II IV
F  3-4 1/56 14/49 0
Patients (#) 4/8 44/59 4/4
Observed (%) 2 29 100
Expected2 (%) 50 76 99

6 21
66 86Figure 1 Post-test probability of severe fibrosis/cirrhosis calculated on the basis of 

both BS and US findings (starting from the pre-test value of 35%), and ranges of 
post-test probability for severe fibrosis/cirrhosis predefined as “clinically relevant” (in 
bold).

Pre-test probability (%)
for stages 3-4 

Bonacini score

US findings

Calculated
post-test probability (%)
for stages 3-4

Predefined
Probability (%)

Group

≤3

 Neg

>7

 Pos 

 < 10
 (Low)

I   II  III IV  V

10-74
(Not diagnostic)

 >90
(Almost 
absolute)

 75-90
 (Highly 
 probable)

 Neg  Pos  Neg  Pos 

35

86 996 66 21

4-7

←←←←
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33% with a probability ranging between 75% and 90%, 
and 33% with an uncertain diagnosis (i.e., with a fibrosis 
score 3-4 probability between 10% and 74%). The precise 
calibration of  the model is demonstrated by the fact that 
the observed frequency of  severe fibrosis/cirrhosis was 
within the predefined ranges for each group (Table 3). 
The validity of  the model is further supported by the 
finding that the 38% frequency of  severe fibrosis/cirrhosis 
in the study population was similar to the theoretical value 
of  35% assumed by considering series of  patients with 
comparable characteristics, represented by a ≥1.5 times 
increase in ALT levels recorded twice during a period of  6 
months or more[2,32,37-39].
    The operative characteristics of  US are slightly different 
from those indicated by our own recent data[32], which 
were used for the model. However, the variations in 
LR+ and LR- remained within the broad confidence 
intervals of  the original estimates and did not critically 
challenge the calibration of  the model. Further studies are 
needed to assess the generalizability of  the model, i.e. its 
reproducibility and transportability, for which independent 
validations are advisable.
    Although our simple model could detect the presence 
or absence of  severe fibrosis in nearly two-thirds of  
the patients, thus avoiding the need for liver biopsy, 
some limitations of  the study require further discussion. 
Because of  its intrinsic characteristics, the model was 
unable to detect moderate (stage 2) fibrosis, which 
together with grading is relevant in therapeutic decision 
making. Furthermore, the study seemed to underestimate 
the diagnostic role of  liver biopsy, which was used not 
only to define staging and grading, but also to detect 
concomitant pathologies. However, the latter role which 
is already questionable in patients with liver disease of  
uncertain etiology[42] was irrelevant in our series of  patients 
with chronic HCV infection. Conversely, liver biopsy 
still has some limitations in clinical practice, such as the 
difficulty in obtaining a liver sample of  adequate size, as 
recently reported by some studies[7,8], and which can be 
considered as representative of  the whole liver, given the 
patchy distribution of  liver fibrosis in chronic hepatitis 
C. The above limitations in our opinion are a major issue 
in evaluating the diagnostic accuracy of  non invasive 
diagnostic tests compared to liver biopsy. In fact in these 
types of  studies, the major drawback is the imperfection 
of  the reference standard itself, which can significantly 
affect the estimates of  the operative characteristics of  the 
test under investigation. To reduce the possible sample 
size effect, in the present study we obtained all the liver 
specimens >3 cm with >12 portal tracts from patients.
    Previous studies assessing the individual role of  BS 
and US findings of  LSN in detecting severe fibrosis have 
found that they are inaccurate because their low power of  
discrimination means that a large proportion of  patients 
still require liver biopsy[19,20,32]. It has recently been shown 
that the use of  laboratory tests[10-16] and specific fibrosis 
markers, such as hyaluronic acid[26-30], is highly accurate 
in diagnosing cirrhosis. However, the considerable 
differences in the study design and the particularly high 

prevalence of  symptomatic cirrhosis sometimes make 
it difficult to compare these data to our own. It has also 
recently been shown that relatively complex laboratory 
scores are accurate in discriminating stage 0-1 from stage 
2-4, but fail to confirm severe fibrosis[17-25] although the 
aim of  these studies was to detect patients with minimal or 
absent fibrosis with stage 3-4 found in only 15% (vs 37% 
in our series), possibly because they included patients with 
normal ALT levels and a younger age.
    Recently, preliminary data from patients with chronic 
HCV liver disease[43] suggest a promising role of  fibroscan 
[one-dimensional (1-D) transient elastography] in 
predicting the degree of  liver fibrosis with a good accuracy 
in discriminating stage 0-2 from 3-4, and a LR+ and LR- 
of  5.7 and 0.16, respectively, similar to those observed in 
the present series for the US sign of  LSN (LR+ and LR- 
of  7.5 and 0.5, respectively).
    In conclusion, our data suggest that the use of  liver 
biopsy to detect severe fibrosis can be avoided in about 
two-thirds of  patients. Furthermore, the model can also be 
used in patients aged more than 65 years for whom liver 
biopsy could be questioned. 
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