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Abstract
AIM: To evaluate the validity of ultrasonographic and
pathologic diagnosis of liver fibrosis in patients with
chronic viral hepatitis.
METHODS: The liver fibrosis status in 324 patients was
evaluated by both needle biopsy and ultrasonography.
Liver fibrosis was divided into S0 -S4 stages. S4 stage
was designated as definite cirrhosis. The ultrasonographic examination included qualitative variables, description
of liver surface and parenchyma, and quantitative parameters, such as diameter of vessels, blood flow velocity and spleen size.
RESULTS: Ultrasonographic qualitative description of liver surface and parenchyma was related with the severity
of fibrosis. Among the quantitative ultrasonographic parameters, cut-off value of spleen length (12.1 cm) had a
sensitivity of 0.600 and a specificity of 0.753 for diagnosis of liver cirrhosis. The diameters of spleen (8 mm) and
portal vein (12 mm) had a diagnostic sensitivity of 0.600
and 0.767, and a diagnostic specificity of 0.781 and 0.446,
respectively. The diagnostic accuracy for liver cirrhosis
was moderately satisfactory, and the negative predictive
values of these parameters reached near 0.95.
CONCLUSION: Ultrasonography can predict the degree
of liver fibrosis or cirrhosis. A single ultrasonographic
parameter is limited in sensitivity and specificity for the
diagnosis of early cirrhosis. The presence or absence of
liver cirrhosis in patients with chronic virus hepatitis can
be detected using 2 or 3 quantitative and qualitative parameters, especially the length of spleen, the diameter
of spleen vein and echo pattern of liver surface.
www.wjgnet.com
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INTRODUCTION
Chronic hepatitis virus B or C infection results in damage
to hepatocytes and may eventually lead to liver fibrosis, cirrhosis and/or hepatocellular carcinoma[1-3]. The diagnosis
of liver fibrosis and cirrhosis in patients with chronic virus
hepatitis is of therapeutic and prognostic importance.
Although histologic examination of percutaneous
biopsy specimens is the gold criterion for the severity of
fibrosis and cirrhosis, biopsy is invasive and cannot be
used repeatedly in follow-up. Moreover, liver biopsy can
yield false negative results in nearly 20-30% of cases[4-7].
Therefore, it is important to use noninvasive methods in
differentiation between liver fibrosis and cirrhosis.
Ultrasonography (US) is a noninvasive and inexpensive
procedure for diagnosis of focal and diffuse parenchymal
disease of liver. Although US cannot detect minute changes,
it can show liver cirrhosis in patients with decompensated
liver function[8-11]. However, correlation between US and
histologic diagnosis has not been fully investigated in large
series of patients. We conducted a prospective study to
evaluate the validity of US for diagnosis of liver fibrosis in
patients with chronic liver hepatitis without clinical or biochemical evidence of cirrhosis.

MATERIALS AND METHODS
Patients
From July 1999 to August 2002, 324 patients with chronic
viral hepatitis undergoing US and histologic examination,
were enrolled. Inclusion criteria included positive HBsAg
and HBV-DNA or anti-HCV and HCV-RNA determined
by PCR methods for at least 6 mo, and abnormal serum
alanine transaminase level in recent 6 mo. Patients who had
clinical or biochemical evidence of decompensated liver
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Table 1 Relation between US quantitative parameters and
fibrosis stages
Parameters

Stage of fibrosis

Mean±SD

F

P

Length of spleen (cm)
S0
S1
S2
S3
S4
Diameter of portal vein (cm)
S0
S1
S2
S3
S4
Diameter of spleen vein (cm)
S0

10.811.32
10.82 ± 1.45
11.35 ± 2.02
13.31 ± 2.68
12.66 ± 2.06

5.1947

0.0005

1.17 ± 0.11
1.18 ± 0.17
1.19 ± 0.13
1.20 ± 0.12
1.27 ± 0.13

1.0369

0.3882

S1
S2
S3
S4

0.67 ± 0.15
0.72 ± 0.18
0.69 ± 0.15
0.81 ± 0.20

6.7896

0.0000

0.62 ± 0.16

function or portal hypertension, positive HIV antibody, serum titer of antinuclear antibody >1:160, serum creatinine
level over 1.5 upper limit of normal value, or known liver
diseases of other etiologies, were excluded.
Histologic examination
Percutaneous liver biopsy specimens were obtained from
the anterior segment of the right lobe in each patient under the guidance of US using the quick-cut or Menghini
biopsy needle. The satisfactory size of specimens was
longer than 1 cm. The liver tissue samples were stained
with hematoxylin- eosin, Gordon- Sweet and van-Gieson
methods. Three pathologists performed the histological
examination. To evaluate the inter-observer variation, Kappa analysis was conducted to control the quality of pathological diagnosis. The average Kappa value was 0.8144,
indicating the excellent consistency for the staging of liver
fibrosis.
According to the Guidelines of Prevention and Treatment of Viral Hepatitis of Chinese Medical Association
(2000), liver fibrosis was divided into S0-S4 stages: S0
stage-no fibrosis, S1 stage-enlarged portal tracts with fiber
proliferation, S2 stage-fibrosis of portal tract with formation of fiber septa and intact architecture of liver lobule,
S3 stage-fibrosis with distortion of lobule architecture but
without cirrhosis, S4 stage-definite cirrhosis. Liver inflammation was divided into grades from G1 (mild) to G4 (severe)[12].
US examination
US examination was performed within 2 wk before or after liver biopsy. Acuson Asben system with a 3.5-5.0 MHz
curved probe was utilized. The two US operators were unaware of the clinical details and the results of biopsy. The
results were recorded on video- tapes and the final report
was given based on the consensus of both operators. The
standard protocol of US examination included variables
describing the liver size, surface and parenchyma, the ves-
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sel structure, the blood flow velocity and spleen size.
Statistical analysis
Statistical analysis was performed using the SPSS 9.0
software. The significance of differences between subgroups was tested by the F test. P < 0.05 was considered
statistically significant. A receive-operating characteristic
(ROC) curve was used to determine the best cut-off values
of US parameters for diagnosis of liver cirrhosis.

RESULTS
A total of 324 patients were collected, 272 men (83.9%)
and 52 women (16.1%). Their age ranged from 18 to 60
years with a mean ± SD of 35.56 ± 9.9 years. Based on virus markers, 306 patients had hepatitis B and 18 patients
had hepatitis C. The mean duration of hepatitis, namely
the duration from the date of clinical diagnosis to the date
of liver biopsy, was 4.14 years. The histopathology showed
S0 stage in 32 patients (9.9%), S1 stage in 116 patients
(35.8%), S2 stage in 111 patients (34.3%), S3 stage in 35
patients (10.8%), S4 stage in 30 patients (9.3%), and inflammation G1 in 117 patients (36.1%), G2 in 110 patients
(33.9%), G3 in 70 patients (21.6%) and G4 in 27 patients
(8.3%).
The results of qualitative US were different in patients
with various stages of liver fibrosis. The appearance of
nodularities or irregular lines on liver surface and heterogenous distribution of nodularities in liver parenchyma,
were related with advanced stages of liver fibrosis. But
these descriptions could not definitely reflect the histopathologic diagnosis, because 97% patients in S0 subgroup
and 66% patients in S4 subgroup showed smooth surface
echo pattern. Only 13.7% patients in S4 stage subgroup
showed moderate saw-teeth like liver surface echo pattern.
No severe nodular surface was noted. The echo pattern of
liver parenchyma and heterogenous distribution were significantly different in patients with various stages of liver
fibrosis and were related to the severity of fibrosis. But
coarse nodularity was frequently encountered: 25% in S0
subgroup patients, and 41% in S4 subgroup patients.
Table 1 summarizes the relation between liver fibrosis
stages and quantitative US parameters, which showed the
differences in subgroups with various stages of liver fibrosis. Among the quantitative US parameters, the spleen
length and diameter of spleen vein were correlated with
fibrosis stages (P < 0.05). The spleen lengths were significantly different in S1/ S3, S2/S3, and S1/S4, but not significant in S3/S4 (P = 0.43). The diameter of spleen vein
was significantly different in S2/S4 and S3/S4 (P = 0.0068
and P = 0.0036). However, the diameter of portal vein only
increased significantly in patients with S4 stage of liver
fibrosis. These data suggested that the length of spleen
began to increase at S3 of liver fibrosis, so that the difference in S3 / S4 was insignificant. The diameter of portal
vein began to increase later than the length of spleen and
diameter of spleen vein.
Based on receiver-operating characteristic (ROC) curve,
the maximal sum of diagnostic sensitivity and specificity
was considered as the best cut-off value of US parameters
for prediction of the severity of liver fibrosis. The diagwww.wjgnet.com
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Table 2 Diagnostic values of three US parameters for early liver cirrhosis
Parameters and cut-off value
Length of spleen (12.1 cm)
Diameter of spleen vein (8 mm)
Diameter of portal vein (12 mm)

Sensitivity

Specificity

Accuracy

Positive predicative value

Negative predicative value

0.600
0.600
0.767

0.753
0.781
0.446

0.737
0.765
0.475

0.198
0.220
0.124

0.948
0.950
0.949

nostic values of three quantitative US parameters are listed
in Table 2.

DISCUSSION
Liver cirrhosis can be detected by US in patients with portal hypertension. Schalm[13] reviewed the diagnostic methodology of liver cirrhosis and found that percutaneous
liver biopsy has a sensitivity of below 85% in detection
of liver cirrhosis. Liver biopsy could yield false negative
results in nearly one third of cases, but it is currently considered the criterion for establishing a precise diagnosis
and assessing the extent of fibrosis. The diagnostic sensitivity and specificity of US examination for liver cirrhosis
vary widely with a diagnostic sensitivity of 0.125- 0.95 and
a diagnostic specificity of 0.285- 1.0[14-16]. The diagnostic
accuracy of US for early liver cirrhosis in patients with
chronic virus hepatitis and compensated liver function has
not been fully investigated.
At US scanning, liver surface nodularity reflects the
presence of regenerative nodules and fibrous septa.
Nodularity on liver surface and in parenchyma is independently associated with the diagnosis of cirrhosis and US is
reliable for diagnosis of liver fibrosis. It was reported that
the high frequency US transducer (7.5-12 MHz) can obtain
satisfactory results for diagnosis of liver cirrhosis[17] while
the low frequency US is not a reliable test for liver cirrhosis[18].
Gaiani et al[19] showed that 80.4% of cirrhosis can be
detected in patients with compensated liver diseases of
various etiologies using a US scoring system based on two
US parameters. Colli et al[20] reported that US can detect
severe fibrosis or cirrhosis with a specificity of 0.95 and
a sensitivity of only 0.54. Moreover, surface nodularity
could also be influenced by different factors, mainly local
fatty infiltration. Hung et al[21] evaluated the validity of US
in diagnosis of cirrhosis with a diagnostic sensitivity of
liver cirrhosis of 0.775 and a specificity of 0.92 in patients
with HBV infection. Zheng et al[22] studied the value of US
in evaluation of liver fibrosis and compensated cirrhosis
in comparison with serology and histology and found that
hepatic parenchymal echo pattern, liver surface and thickness of gallbladder wall are three independent predictors
of liver fibrosis. The diagnostic accuracy of US for compensated cirrhosis is 80.7%.
The accuracy of Doppler US measurement for diagnosis of early liver cirrhosis is still controversial. It was
reported that decreased flow velocity in portal vein is sufficiently accurate in diagnosis of liver cirrhosis[23-25]. While
other studies[26-28] showed that substantial variability exists
in measurement of portal venous blood flow velocity and
volume. Doppler US measurement does not represent the
hepatic venous pressure gradient[29]. This controversy could
www.wjgnet.com

be explained by the lack of standard technique of Doppler
measurement. Furthermore, changes of hemodynamics
in hepatic blood flow are influenced by multiple factors,
such as extent of fibrosis, chronic inflammation, presence
and size of esophageal varices, as well as porto-systemic
shunts.
The results of this study showed that the maximal velocity of blood flow in portal vein was weakly related with
liver cirrhosis, but the standard deviation of data was wide,
suggesting that this Doppler US parameter is not important in evaluation of liver fibrosis.
Schalm[13] suggested that if histology shows no cirrhosis (nodules surrounded by fibrosis) but fibrosis and
architectural distortion, diagnosis of cirrhosis should still
be made when there is a US diagnosis of cirrhosis. Afdhal
and Nunes[30] argued that a proper US examination can
identify patients with cirrhosis when the biopsy findings
are equivocal, or at variance with the clinical impression.
The results of this study showed that different stages
of hepatic fibrosis could not be determined satisfactorily
by US parameters. A single US parameter was limited in
sensitivity and specificity for diagnosis of early cirrhosis.
Early liver cirrhosis could be excluded using two or three
quantitative and qualitative US parameters, especially the
spleen length, diameter of spleen vein and echo pattern
of liver surface, because the negative predictive values of
these three quantitative US parameters were high. US can
also be used in follow-up of patients with chronic virus
hepatitis.
The limitations of our study are the relatively small
number of patients with S0- S4 stages of liver fibrosis and
no application of the high-frequency US probe in examination of liver surface.
In conclusion, US cannot be used as a specific diagnostic tool for chronic viral hepatitis, but US should
be stressed in screening and follow-up of patients with
chronic virus hepatitis. However, the results of this study
do not decrease the value of liver biopsy because it has
other indications in clinical practice of hepatology.

ACKNOWLEDGMENTS
The authors express their thanks to the Department of
Statistics of Shanghai Second Medical University for performing the statistical analysis in the study.

References
1

Realdi G, Fattovich G, Hadziyannis S, Schalm SW, Almasio P,
Sanchez-Tapias J, Christensen E, Giustina G, Noventa F. Survival and prognostic factors in 366 patients with compensated
cirrhosis type B: a multicenter study. The Investigators of the
European Concerted Action on Viral Hepatitis (EUROHEP). J
Hepatol 1994; 21: 656-666

Shen L et al. ultrasonographic and pathologic examination of chronic virus hepatitis
2

3
4

5
6
7
8
9
10
11

12

13
14

15

Graudal N, Leth P, Mårbjerg L, Galløe AM. Characteristics of
cirrhosis undiagnosed during life: a comparative analysis of
73 undiagnosed cases and 149 diagnosed cases of cirrhosis,
detected in 4929 consecutive autopsies. J Intern Med 1991; 230:
165-171
Liaw YF, Tai DI, Chu CM, Chen TJ. The development of cirrhosis in patients with chronic type B hepatitis: a prospective
study. Hepatology 1988; 8: 493-496
Pagliaro L, Rinaldi F, Craxì A, Di Piazza S, Filippazzo G,
Gatto G, Genova G, Magrin S, Maringhini A, Orsini S, Palazzo
U, Spinello M, Vinci M. Percutaneous blind biopsy versus
laparoscopy with guided biopsy in diagnosis of cirrhosis. A
prospective, randomized trial. Dig Dis Sci 1983; 28: 39-43
Nord HJ. Biopsy diagnosis of cirrhosis: blind percutaneous
versus guided direct vision techniques--a review. Gastrointest
Endosc 1982; 28: 102-104
Poniachik J, Bernstein DE, Reddy KR, Jeffers LJ, Coelho-Little
ME, Civantos F, Schiff ER. The role of laparoscopy in the diagnosis of cirrhosis. Gastrointest Endosc 1996; 43: 568-571
Pandey GN, Janicak PG, Davis JM. Decreased beta-adrenergic
receptors in the leukocytes of depressed patients. Psychiatry
Res 1987; 22: 265-273
Mallat A, Dhumeaux D. [Assessment of hepatic fibrosis: what
is the role of non-invasive markers in 2003?] Gastroenterol Clin
Biol 2003; 27: 367-370
Tchelepi H, Ralls PW, Radin R, Grant E. Sonography of diffuse liver disease. J Ultrasound Med 2002; 21: 1023-132; quiz
1033-132
Nicolau C, Bianchi L, Vilana R. Gray-scale ultrasound in hepatic cirrhosis and chronic hepatitis: diagnosis, screening, and
intervention. Semin Ultrasound CT MR 2002; 23: 3-18
Macías-Rodríguez MA, Rendón-Unceta P, Martínez-Sierra
MC, Teyssiere-Blas I, Díaz-García F, Martín-Herrera L. Prognostic usefulness of ultrasonographic signs of portal hypertension in patients with child-Pugh stage A liver cirrhosis. Am J
Gastroenterol 1999; 94: 3595-3600
Chinese Society of Infectious Diseases and Parasitology and
Chinese Society of Hepatology of Chinese Medical Association.The progamme of prevention and cure for viral hepatitis.
Zhonghua Ganzangbing Zazhi 2000; 8: 324-329
Schalm SW, Brouwer JT. Treatment of chronic hepatitis C:
practical aspects. Acta Gastroenterol Belg 1997; 60: 204-210
Aubé C, Oberti F, Korali N, Namour MA, Loisel D, Tanguy
JY, Valsesia E, Pilette C, Rousselet MC, Bedossa P, Rifflet H,
Maïga MY, Penneau-Fontbonne D, Caron C, Calès P. Ultrasonographic diagnosis of hepatic fibrosis or cirrhosis. J Hepatol
1999; 30: 472-478
Lu LG, Zeng MD, Wan MB, Li CZ, Mao YM, Li JQ, Qiu DK,
Cao AP, Ye J, Cai X, Chen CW, Wang JY, Wu SM, Zhu JS,
Zhou XQ. Grading and staging of hepatic fibrosis, and its
relationship with noninvasive diagnostic parameters. World J
Gastroenterol 2003; 9: 2574-2578

16
17
18
19

20
21

22
23

24
25

26
27

28

29

30

1295

Zhu JA, Hu B. Ultrasonography in predicting and screening
liver cirrhosis in children: a preliminary study. World J Gastroenterol 2003; 9: 2348-2349
Simonovský V. The diagnosis of cirrhosis by high-resolution
ultrasound of the liver surface. Br J Radiol 1999; 72: 29- 34
Ong TZ, Tan HJ. Ultrasonography is not reliable in diagnosing liver cirrhosis in clinical practice. Singapore Med J 2003; 44:
293-295
Gaiani S, Gramantieri L, Venturoli N, Piscaglia F, Siringo S,
D’Errico A, Zironi G, Grigioni W, Bolondi L. What is the criterion for differentiating chronic hepatitis from compensated
cirrhosis? A prospective study comparing ultrasonography
and percutaneous liver biopsy. J Hepatol 1997; 27: 979-985
Colli A, Fraquelli M, Andreoletti M, Marino B, Zuccoli E,
Conte D. Severe liver fibrosis or cirrhosis: accuracy of US for
detection--analysis of 300 cases. Radiology 2003; 227: 89-94
Hung CH, Lu SN, Wang JH, Lee CM, Chen TM, Tung HD,
Chen CH, Huang WS, Changchien CS. Correlation between
ultrasonographic and pathologic diagnoses of hepatitis B and
C virus-related cirrhosis. J Gastroenterol 2003; 38: 153-157
Zheng RQ, Wang QH, Lu MD, Xie SB, Ren J, Su ZZ, Cai YK,
Yao JL. Liver fibrosis in chronic viral hepatitis: an ultrasonographic study. World J Gastroenterol 2003; 9: 2484-2489
Bolognesi M, Sacerdoti D, Merkel C, Bombonato G, Gatta A.
Noninvasive grading of the severity of portal hypertension in
cirrhotic patients by echo-color-Doppler. Ultrasound Med Biol
2001; 27: 901-907
Martínez-Noguera A, Montserrat E, Torrubia S, Villalba J.
Doppler in hepatic cirrhosis and chronic hepatitis. Semin Ultrasound CT MR 2002; 23: 19- 36
Macías Rodríguez MA, Rendón Unceta P, Navas Relinque C,
Tejada Cabrera M, Infantes Hernández JM, Martín Herrera L.
Ultrasonography in patients with chronic liver disease: its usefulness in the diagnosis of cirrhosis. Rev Esp Enferm Dig 2003;
95: 258-64, 251-7
Bernatik T, Strobel D, Hahn EG, Becker D. Doppler measurements: a surrogate marker of liver fibrosis? Eur J Gastroenterol
Hepatol 2002; 14: 383-387
Annet L, Materne R, Danse E, Jamart J, Horsmans Y, Van
Beers BE. Hepatic flow parameters measured with MR imaging and Doppler US: correlations with degree of cirrhosis and
portal hypertension. Radiology 2003; 229: 409-414
Siringo S, Piscaglia F, Zironi G, Sofia S, Gaiani S, Zammataro
M, Bolondi L. Influence of esophageal varices and spontaneous portal-systemic shunts on postprandial splanchnic hemodynamics. Am J Gastroenterol 2001; 96: 550-556
Choi YJ, Baik SK, Park DH, Kim MY, Kim HS, Lee DK, Kwon
SO, Kim YJ, Park JW. Comparison of Doppler ultrasonography
and the hepatic venous pressure gradient in assessing portal
hypertension in liver cirrhosis. J Gastroenterol Hepatol 2003; 18:
424-429
Afdhal NH, Nunes D. Evaluation of liver fibrosis: a concise
S- Editor Guo SY

L- Editor Wang XL

E- Editor Cao L

www.wjgnet.com

