
ABSTRACT

Objective: to perform a prospective validation and comparati-
ve analysis of two ultrasonographic diagnostic scores of cirrhosis
in patients with silent liver disease.

Design: cross-sectional study, prospective and blind. ROC
curves evaluated the diagnostic utility of: a) Bologna score (BS):
assessment of liver surface nodularity and portal flow velocity, and
b) Cadiz score (CS): assessment of liver echostructure, portal vein
caliber and spleen area. Liver biopsy was considered the gold
standard for the diagnosis of cirrhosis.

Patients: one hundred and thirteen patients, 76 men and 37
women, mean age 44 years old (range 18-73 years) referred for
evaluation of chronic liver disease without clinical or biochemical
evidence of advanced disease (absence of jaundice, ascites, encep-
halopathy, malnutrition or coagulopathy).

Results: cirrhosis was diagnosed in 25 patients (22.1%). BS:
sensitivity 84%, specificity 79.5%, area under the ROC curve
86.7%. CS: sensitivity 84%, specificity 89.8%, area under the
ROC curve 92.4%. Portal vein was not displayed in 7 patients
(6%) and portal flow velocity was not recorded in 13 (11.5%).
These results agree with those obtained in the original articles de-
veloping both scores. There were no statistically significant diffe-
rences between the two scores. Specificity reached 97% with joint
use of both models, but sensitivity decreased to 72%. 

Conclusions: presence or absence of cirrhosis in patients
with silent liver disease can be established by Doppler ultrasound
with high diagnostic accuracy. The joint use of both scores has
high diagnostic specificity. Both diagnostic models are highly re-
producible. 

Key words: Chronic hepatitis. Liver cirrhosis. Portal hyperten-
sion. Ultrasonography. Doppler ultrasound.

INTRODUCTION

The diagnosis of cirrhosis is a turning point in the fol-
low-up of patients with chronic liver disease, since it de-
termines the requirement for monitoring the occurrence
of hepatocellular carcinoma or complications of portal
hypertension. Liver biopsy has traditionally been consid-
ered the gold standard in the diagnosis of cirrhosis (1);
however, although it is a safe technique in experienced
hands, complications occur in about 3% of cases, with a
mortality risk of 0.01-0.03% (2). In addition, liver biopsy
may give rise to false negative results for cirrhosis, that
have been described in 24-50% of cases, and staging
variability between biopsy specimens of the same liver
can reach 50% (5,6).

Currently, serological markers of fibrosis and transient
elastography are widely used in lack of specific guide-
lines to establish the presence or absence of significant fi-
brosis and cirrhosis in patients with chronic liver disease.
However, ultrasonography is the first imaging technique
in the assessment of patients with suspected liver disease,
and sonographic signs suggestive of cirrhosis have been
widely described in the literature, usually in patients with
clinically advanced disease. Conversely, the ability of ul-
trasonography in patients without clinical and biochemi-
cal data of advanced cirrhosis has rarely been studied,
and conclusions have been discordant. To date, only Ga-
iani et al. (7) analyzed this situation in a study with exter-
nal validation of its results: they achieved an 80% diag-
nostic accuracy in the diagnosis of cirrhosis based on the
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demonstration of liver surface irregularity and reduction
of portal flow velocity.

In a prospective and blind study evaluating patients with
silent chronic liver disease referred for liver biopsy, our
group assessed the usefulness of 17 ultrasonographic vari-
ables in the diagnosis of cirrhosis. We concluded that a
model including liver echoestructure, portal vein diameter
and spleen area reached a diagnostic accuracy of 89% (8).

The aims of the present study have been: a) to analyze
the external validity of the results in studies of Gaiani et
al. and Macias et al.; and b) to compare the accuracy of
both models in the diagnosis of liver cirrhosis. 

METHOD

Patients

One hundred and thirteen consecutive patients with
chronic liver disease, admitted for liver biopsy, were in-
cluded in this prospective study. They were 76 men and
37 women, with ages comprised between 18 and 73 years
old (median 44 years). All of them fulfilled the following
inclusion criteria: elevated liver enzymes for more than 6
months in the absence of data of advanced liver disease
(at the time of enrollment or in background) as ascites,
encephalopathy, malnutrition, hyperbilirubinemia, hy-
poalbuminemia, coagulation disorders or evidence of
portal hypertension (collateral circulation at physical ex-
amination or evidence of the presence of esophageal
varices or hypertensive gastropathy).

The etiology of the liver disease was hepatitis C infec-
tion in 70 patients, viral B and C infection in 30, hepatitis
B in 2, autoimmune hepatitis in 2, and alcoholism in 1 (it
was unknown in 8 patients).

Echo Doppler study

All examinations were performed just before liver
biopsy by one of two experienced operators with joint
training (M.M.R and P.R.U.) without knowledge of pa-
tient characteristics. The exploration was performed with
a Hitachi EUB 6500 equipment with 2.5-5 MHz multifre-
quency probe equipped with pulsed and color Doppler
module (Hitachi Medical Corporation, Tokyo, Japan) af-
ter an overnight fast and 15 minutes in supine position.

Assessed parameters were the 5 included in the models
of Gaiani et al. (Bologna score) (7) and Macias et al.
(Cadiz score) (8), using the same methodology and cutoff
values expressed in the original studies (Tables I and II).
In summary: a) liver surface was scanned at the interface
with the kidney and gallbladder, posterior edge of the left
lobe and in the position closest to the transducer; b) flow
velocity was determined in the extrahepatic portal vein at
the junction with the hepatic artery; c) liver parenchyma
was evaluated in both lobes; d) portal vein caliber was
measured in the same place where the flow rate was de-
termined; and e) spleen area was established from its
perimeter determined manually at maximum longitudinal
section. Numerical parameters were the result of the
arithmetic mean of three consecutive recordings. The
chosen sample volume for Doppler measurements was
two third of the vessel diameter and the incidence angle
of the Doppler beam was between 30 and 60 degrees.

Histological diagnosis

Percutaneous liver biopsy was performed with tru-cut
16-G needle, the ultrasound diagnosis being unknown for
the pathologist. Fibrosis was graded according to the
METAVIR score. Cirrhosis was defined by the presence of
well-defined nodules of hepatocytes surrounded by fibrous
tissue, in a sample of at least 15 mm in length showing at
least 11 portal tracts (9). Informed consent for the accom-
plishment of the test was obtained from each patient.

Statistical analysis

Numerical variables are expressed as mean ± standard
deviation, categorical variables as number of cases. Ac-
curacy of both diagnostic models for cirrhosis was com-
pared by the homogeneity test of the areas under ROC
curves with a confidence interval of 95%. Differences
were considered significant if p < 0.05. Data were ana-
lyzed by statistical packages EPIDAT 3.1 and SPSS 11.5.

RESULTS

A final diagnosis of cirrhosis was demonstrated in 25
of the 113 patient (22%). Metavir score in the remaining
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Table I. Bologna score for ultrasonographic diagnosis 
of cirrhosis

0 1 2

Portal flow velocity (cm/sec) > 15 12-15 < 12
Liver surface smooth rounded nodular

Score/parameters assessed x 100 ≥ 66 points = cirrhosis

Table II. Cadiz score for ultrasonographic diagnosis 
of cirrhosis

0 1 2

Liver echostructure Homogeneous Granular Coarse
Portal vein diameter (mm) < 12 ≥ 12
Spleen area (cm2) < 50 ≥ 50

≥ 2 points = cirrhosis
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88 patients was F0, 33; F1, 36; F2, 17; and F3, 2 patients.
There were no differences between groups regarding age
(50,1 ± 8,9 vs. 42,6 ± 8,6, p = 0.72), platelet count
(133,166 ± 90,177 vs. 196,977 ± 65,386, p = 0.22), or eti-
ology of the disease (cirrhosis was due to hepatitis C in
14 patients, HIV and C co-infection in 7, and ethanol, he-
patitis B, autoimmune disease and cryptogenic in the re-
maining 4 patients).

All of the analyzed variables, except for portal vein
flow velocity, showed statistical differences between cir-
rhotic and non-cirrhotic patients (Table III). Irregular liv-
er surface, coarse liver parenchyma, and portal vein di-
ameter were very specific parameters, but only surface

irregularity showed sensitivity above 70% in the diagno-
sis of cirrhosis. Bowel gas made not possible the assess-
ment of portal vein caliber in seven patients as well as
flow velocity in 13.

By the model of Gaiani et al., diagnosis of cirrhosis
was established with sensitivity of 84%, specificity of
79.5% and diagnostic accuracy of 86.7%. The model of
Macias et al. also found sensitivity of 84%, but specifici-
ty increased to 89.8% and diagnostic accuracy reached
92% (Fig. 1). Differences observed between both models
were not statistically significant (Table IV).

Doppler ultrasonography gave rise to false diagnoses
of cirrhosis in 24 patients: 9 cases using the model of Ma-
cias et al. and 18 with the one of Gaiani et al. Specificity
increases to 97% when both models agree in the diagno-
sis of cirrhosis, but sensitivity decreases to 72% and AUC
fits not better than our model. Only three patients were
over staged with this strategy, but esophageal varices
were demonstrated in one of them one year later, so mak-
ing correct ultrasonographic diagnosis.

DISCUSSION

Doppler ultrasonography supports, like other imaging
techniques, the important limitation of variability be-
tween different equipments, operators, and patient
groups, making not possible the immediate generaliza-
tion of results obtained in local studies. Conversely, an
external validation of results is necessary, but this is not
usually performed. The usefulness of Doppler ultra-
sonography in the diagnosis of cirrhosis has been as-

Table III. Usefulness of individual parameters in the diagnosis of cirrhosis

Parameter No cirrhosis Cirrhosis p S E AUC

Liver surface < 0,001 72 98 89
Smooth 86 5
Rounded 1 2
Nodular 1 18

Portal vein flow velocity = 0,17 69 85 61
> 15 cm/sec 42 8
12-15 cm/sec 19 5
< 12 cm/sec 17 9

Liver echostructure < 0,001 52 98 75
Homogeneous 66 2
Granular 21 10
Coarse 1 13

Portal vein diameter < 0,001 60 88 74
< 12 mm 72 10
≥ 12 mm 9 15

Spleen area < 0,001 64 84 74
< 50 cm2 74 9
≥ 50 cm2 14 16

S: sensitivity (%); E: specificity (%); AUC: are under ROC curve (%); ns: non significant.

ROC curves of scoring models used for the diagnosis of cirrhosis.
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sessed in multiple studies, but sonographic signs tradi-
tionally considered suggestive of cirrhosis lack a proper
definition of the patient population whom they are applic-
able to, as well as an external validation of their useful-
ness for different operators.

On the other hand, the emergence of laboratory tests
indicating the presence and quantity of hepatic fibrosis
and transient elastography has displaced the interest for
Doppler ultrasonography in the staging of chronic liver
disease. Nevertheless, patients with abnormalities in the
liver blood tests are systematically subjected to ultra-
sonography. These patients frequently lack clinical or
biochemical signs of severe disease, and the etiology is
unknown at the moment of the exam. Even in this situa-
tion, it has been shown that 30% of patients with viral
liver disease already have cirrhosis (7,8). This clinical
scenario is different to that described in studies analyzing
the applicability of serological markers of fibrosis or
transient elastography, mostly including patients fol-
lowed up by a viral liver disease for evaluation of their
therapeutic needs.

It is known that Doppler ultrasound lacks the ability to
evaluate intermediate stages of hepatic fibrosis, but its
utility for determining the existence of liver cirrhosis in
patients without clinical or biochemical tests of advanced
disease has been analyzed in well designed prospective
and blind studies (7,8,10,11). However, only one of them
included an external validation of results, although re-
stricted to a different study group explored by the same
operators and equipments: Gaiani et al. (7), analyzed the
usefulness of 7 Doppler ultrasound parameters in the di-
agnosis of liver disease (liver size, size ratio between liv-
er lobes, abnormalities in liver parenchyma, liver surface
irregularity, caliber and flow velocity in the portal vein,
and spleen size) finally developing an equation that re-
quired only two of them (liver surface irregularity and
portal flow velocity) to establish the presence or absence
of cirrhosis with sensitivity of 78%, specificity 80% and
diagnostic accuracy of 80%. The equation can be calcu-
lated even if one of the parameters is not defined. This is
an important consideration since measurement of portal
flow velocity is sometimes difficult to assess (6-13%) by
intestinal bloating.

Our previously published study (8) has been the only
one analyzing the usefulness of all of the Doppler sono-
graphic parameters related to cirrhosis in the literature,
including those contained in the score of Gaiani et al. (7).
In spite of similarities in patient’s characteristics, none of
the Bologna score parameters entered in the model show-
ing the best diagnostic accuracy in that study. This dis-
crepancy, besides the need of validating our original re-
sults, led us to develop the current study.

In the present study, both scores have been useful in the
diagnosis of cirrhosis in patients with silent liver disease.
Histological specimen showed cirrhosis in 22% of pa-
tients. Our diagnostic model reached better specificity and
accuracy, but differences were not statistically significant.

We could not measure portal vein caliber in seven pa-
tients, but score obtained with the other two parameters in
the model also concurred with the histological diagnosis
(data not shown). We were not able either to measure por-
tal venous flow velocity in 13 patients but, as previously
stated, the score of Gaiani et al. (7) allows its application
with the only evaluation of liver surface. It is our opinion
that the capability to diagnose cirrhosis based only in this
parameter may be limited, since it is often difficult to en-
sure whether that is smooth or irregular. Operator can also
be influenced in definition of liver surface by the presence
of other ultrasonographic signs of liver disease such as ab-
normalities in liver parenchyma, portal vein dilation, en-
larged spleen or collateral circulation. On the other hand,
our model may be some subjective in the assessment of
liver echostructure (12). This is because, unless it is really
nodular, a finding frequently accompanied by visualiza-
tion of an irregular surface, abnormalities in liver surface
should be accompanied by other highly objective signs
such as portal vein dilation or spleen enlargement to es-
tablish the diagnosis of cirrhosis. 

Taking liver biopsy as gold standard, false diagnoses
of cirrhosis with Doppler ultrasound occur with both di-
agnostic scores. Nevertheless, it is important to recog-
nize that one third to one forth of them are truly cirrhosis,
being actually false negative results of biopsy, as demon-
strated by the development of clinical and endoscopic
data of cirrhosis with portal hypertension after short
monitoring (7,8). Considering liver biopsy as gold stan-
dard for diagnosing cirrhosis is questioned also by the
presence of sampling variability between biopsies in the
same patient and by significant interobserver disagree-
ment, which reach 25% even with 25 mm samples (13).
False ultrasonographic diagnosis of cirrhosis in our pre-
sent study was reduced from 24 to 2 patients by the joint
use of both scores, but this strategy diminished sensitivi-
ty to 72%. 

Our study does not dismiss the utility of other Doppler
ultrasound parameters in the diagnosis of cirrhosis: cau-
date lobe hypertrophy, splenic vein dilation (and absence
of variations in its caliber with respiratory movements),
flattening of hepatic vein flow wave or presence of collat-
eral circulation all have adequate specificity in the appro-
priate clinical setting but their sensitivities do not exceed
50%. In the same way, other authors have used other
scores with good results in patients with more advanced
disease (14-20).

Table IV. AUC comparison between models

AUC 95 % confidence interval

Bologna score 0.867 0.773-0.960
Cadiz score 0.922 0.858-0.985

X2 = 1,43; p = 0,23.
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The appearance of new technologies in the last years
has extended the spectrum of possibilities of ultrasonog-
raphy for the diagnosis of cirrhosis; so, time from venous
injection of an ultrasound contrast agent to its visualiza-
tion in the portal and hepatic veins (the called transit
time) is different when comparing cirrhotic and non-cir-
rhotic liver disease (21,22). Furthermore, ultrasonogra-
phy can be complementary to fibroscan and other nonin-
vasive techniques as reported by Berzigotti et al. (23),
whom suggest the superiority of joint assessment of liver
elasticity using fibroscan and nodularity of liver surface
by ultrasound in the diagnosis of cirrhosis over each of
the techniques. Authors applied a computerized analysis
technique to ultrasound images in patients with advanced
liver disease, which prevent the extrapolation of their re-
sults. This study especially stand out the value of subjec-
tive evaluation of surface irregularity in the diagnosis and
exclusion of cirrhosis compared to computerized analysis
(the last was useful in indeterminate cases) and the
greater applicability of ultrasound over transient elastog-
raphy. This is especially important in the study of ascites
of unknown origin, for which fibroscan is not useful.

In conclusion, the role of liver biopsy as gold standard
in the diagnosis of liver cirrhosis is a questionable fact.
Being Doppler ultrasound a technique of generalized ap-
plication in patients with suspected liver disease, opera-
tors should be aware of its high capacity to assert or ex-
clude the diagnosis of liver cirrhosis and to know the
utility of different ultrasound parameters and diagnostic
scores. Finally, it seems reasonable to analyze the joint
utility of noninvasive fibrosis scales, transitional elastog-
raphy and Doppler ultrasound (including the latest tech-
nological advances) in the diagnosis of liver cirrhosis.
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