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Abstract
Background: In the last two decades, the simple low-cost abdominal ultrasound (US) examination for the diagnosis of advanced 
fibrosis and cirrhosis was displaced by very expensive and not readily available modern imaging systems like magnetic resonance 
imaging (MRI), computed tomography (CT) scan and transient elastography. The aim of this study is to evaluate and emphasize the 
potential of US for diagnosis of advanced liver fibrosis and cirrhosis.
Methods: US, laboratory tests (blood counts, transaminases, aspartate platelet ratio index [APRI], international normalized ratio 
[INR], serum albumin and bilirubin) and liver biopsy were performed on 197 patients with chronic liver diseases. Development 
of liver fibrosis was categorized in six stages, with stages 1–3 considered as mild to moderate and stages 4–6 as advanced fibrosis. 
Sonographic parameters (interrupted liver surface line, nodularity of liver surface, biconvexity of liver edges, grade of liver angle, 
caudate lobe diameter, parenchyma echotexture and spleen size) were obtained. All variables were dichotomized into zero 
and one and compared with respect to the different stages of liver fibrosis. The sensitivity, specificity, and positive and negative 
predictive values of all variables as well as their summations scores through receiver operating characteristic (ROC) curve analysis 
were calculated for the correct histologic diagnosis. 
Results: Totally, 39 cases had severe fibrosis and cirrhosis and 158 had mild to moderate fibrosis. The area under the curve by 
ROC curve analysis of sonographic variables (surface nodularity, angle of left lobe, echotexture of liver and spleen size) was 85%, 
that of laboratory data (APRI, serum albumin and INR combined) was 83.8%, that of APRI alone was 81.8% and all combined 
(sonography and lab data together) was 92.4% for the correct diagnosis.
Conclusion: The simple US examination, alone or combined with lab data, is able to diagnose advanced fibrosis and cirrhosis with 
excellent accuracy, making the use of other modern imaging modalities unnecessary.
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Introduction
Assessing the progression of chronic liver diseases and 
the stages of fibrosis is very important for the prognosis, 
the effectiveness of therapy and its outcome. The gold 
standard for the diagnosis of the stages of fibrosis is based 
on histological findings in biopsy specimens. However, 
in the last two decades, the risk of complications due to 
taking a liver biopsy led to the introduction of non-invasive 
techniques based on very different imaging modalities 
like abdominal ultrasound, computed tomography (CT) 
scan, magnetic resonance imaging (MRI), transient 
elastography (TE, Fibroscan) and their modifications as 
well as their combinations with serum markers.

Studies with CT or MRI alone are very few; in a 
Chinese study, CT imaging was able to diagnose liver 
cirrhosis with a specificity of 100% and sensitivity of 
48.5%.1 Through MRI alone, surface nodularity and 
parenchyma echotexture had the best accuracies of 80.3 
and 81.6%, respectively, for histological detection of 
significant fibrosis.2 CT scan and MRI combined showed 

good correlation of liver surface irregularity and spleen 
diameter with grade of liver fibrosis.3 In a further study, 
liver surface nodularity was assessed by CT and MRI in 
27 patients including 7 with cirrhosis.4 Surface nodularity 
score was different between patients with and without 
liver cirrhosis, but not identical between CT and MRI. 

TE, however, has become the most favorable method 
for the detection and evaluation of liver fibrosis in the 
last two decades.5-8 Fibroscan displaced all other methods. 
It replaced not only the use of invasive liver biopsy as 
a routine method, but also sidelined the abdominal 
ultrasound (US) examination.9 With this method, liver 
stiffness is measured in a small area under the surface of 
the liver given as a Pascal index. The method is inaccurate 
in obese patients with a dense layer of fat tissue under the 
skin, in patients with narrow intercostal space, in cases 
with cardiac congestion and impossible in those with 
ascites. The equipment is not available in every hospital 
and clinic. 

Among all these techniques, the measurement of 

Open 
Access 

http://www.aimjournal.ir

http://www.aimjournal.ir
http://crossmark.crossref.org/dialog/?doi=10.34172/aim.2022.19&domain=pdf&date_stamp=2022-02-01


Arch Iran Med, Volume 25, Issue 2, February 2022 119

 Diagnostic of Advanced Liver Fibrosis by Ultrasound

elasticity and velocity of different tissues by MRI technique 
as magnetic resonance elastography (MRE) seems to 
become more promising for the exact diagnosis and 
grade of fibrosis in any organ such as the liver compared 
to TE.10,11 TE indicates the grade of fibrosis in a small 
area of liver near the surface, while MRE quantifies the 
tissue elasticity over the whole organ, not suffering from 
sampling or interpretation variability of the histological 
diagnosis. 

All these imaging techniques mentioned above and 
their modalities are time consuming, complicated, cost-
intensive and most importantly not available in all cities 
and hospitals for patients. The aim of our study is to 
determine the reliability and the importance of various 
parameters of abdominal sonography as a readily 
available, cost-effective, repeatable, bedside-feasible 
method combined with biochemical markers compared 
with the histological findings for the diagnosis of various 
grades of fibrosis and cirrhosis. 

Materials and Methods
All patients with chronic parenchymal diseases due 
to hepatitis B virus (HBV) or hepatitis C virus (HCV) 
infection, auto-immune etiology or increased serum 
enzyme of unknown origin were included. Patients with 
liver malignancy, biliary diseases, liver congestion or 
ascites were excluded. Because of religious reasons in Iran, 
none of our patients had a history of alcohol abuse.

Liver biopsy was taken by Tru-Cut needle through the 
right intercostal space. The needle gauge 16 was used, 
which could provide a 20 mm length of liver tissue and at 
least seven portal spaces. The time interval between the 
liver biopsy and the abdominal sonography was about one 
month. The liver histology was reviewed by an experienced 
pathologist in this field. Liver fibrosis was classified into 
six distinct stages, stage 1 to stage 6 on the basis of disease 
severity according to the Knodell scoring system.12 We 
further categorized liver fibrosis into minimal to moderate 
(stage 1–3) and advanced fibrosis and cirrhosis (stage 
4–6). All sonographic and biochemical variables were 
dichotomized into two groups, zero and one.

Abdominal sonography was conducted (Aloka 
instrument Hitachi, Model SSD-620, 3.5 MHZ convex 
transducer) by an experienced gastroenterologist who had 
no knowledge of liver biopsy results. Multiple sonographic 
variables were used for the assessment of the liver 
structures. They include: 1) Right and left lobe nodularity 
(smooth and indefinite = 0.00, micro- or macro-nodular 
= 1); 2) Right and left lobe edge biconvexity (without 
biconvexity = 0.00 and with biconvexity = 1); 3) Right and 
left interrupted surface line (continuous surface line = 
0.00, and interrupted surface line = 1); 4) Angle of left lobe 
(≤ 45 degrees = 0.00, and > 45 degrees = 1); 5) Anterior-
posterior diameter of caudate lobe (≤ 2.5 centimeter = 0.00 
and > 2.5 cm = 1); 6) Liver echogenicity in comparison 
to echogenicity of renal cortex texture (normal and 
moderately increased = 0.00, and markedly increased = 

1); 7) Echotexture (homogenous = 0.00, Indefinite, coarse 
and very coarse = 1); 8) Spleen size (≤ 11 cm = 0.00 and 
> 11 cm = 1).

Laboratory tests were also included in this study: 
aspartate platelet ratio index (APRI) as aspartate 
transaminase to platelet ratio index according to Wai et 
al13 (≤1 = 0.00, and >1 = 1), serum albumin level (≥ 3.5 g 
% = 0.00 and < 3.5 g % = 1), international normalized ratio 
(INR) (≤ 1.4 = 0.00, and >1.4 = 1). 

Statistical Method
SPSS (version 20, SPSS, Inc, IL, USA) and STATA (version 
12.0, Stata Corp., College Station, TX, USA) were used 
for statistical analyses. Results were presented as mean 
(standard deviation; SD) or median (with first quartile 
= q1 and third quartile = q3) for skewed distribution of 
continuous variables, as appropriate and frequency for 
categorical variables. We constructed receiver operating 
characteristic (ROC) curves to evaluate the accuracy of 
different scores to distinguish between mild and moderate 
versus severe fibrosis and cirrhosis and the areas under 
multiple ROC curves were checked statistically to select 
the best one. A P < 0.05 was considered significant.

Results
During a period of two years, 197 consecutive patients 
were enrolled in the study. Most of them were referred 
by colleagues of our clinic for evaluation of liver diseases. 
Those with jaundice had no sign of biliary obstruction 
which was verified by ultrasound. Thirty-nine cases 
had severe fibrosis and cirrhosis and 158 cases had mild 
to moderate fibrosis. Those cases with very high liver 
enzymes and high bilirubin had auto-immune hepatitis. 
The clinical and laboratory data are shown in Table 1. In 
order to assess the power of each individual dichotomized 
variable to differentiate between the two categories of liver 

Table 1. Clinical and Laboratory Data of 197 Subjects (Mean, SD, Median, 
First and Third Quartile)

Variables

Gender, No. (%)

Male 129 (65.5%)

Female 68 (34.5%)

Etiology, No. (%)

HBV 148 (75.1%)

HCV 16 (8.1%)

Auto–immune hepatitis 33 (16.8%)

Age (years), Mean ± SD 40.7 ± 13.7

ALT (IU/L), Median (q1-q3) 34 (22–72)

AST (IU/L), Median (q1-q3) 31 (22-57)

Albumin (g/percent), Mean ± SD 4.3 ± 0.57

INR (international ratio), Mean ± SD 1.08 ± 0.17

Platelet count (number/cubic mm), Mean ± SD 198142 ± 64520

Total bilirubin (mg/percent), Median (q1-q3) 0.9 (0.7–1.4)

APRI (aspartate–platelet ratio index), Median (q1-q3) 0.53 (0.36–1.12)
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fibrosis (stages 1–3 as minimal to moderate and stages 
4–6 as advanced fibrosis and cirrhosis), cross tab analysis 
was used. Sensitivity, specificity, and positive and negative 
predictive values were calculated. Details are shown in 
Table 2. 

Four different scores were made from the combination 
of more favorably selected dichotomized biochemical 
and sonographic variables derived from Table 2. Score 

1 (sonographic findings only) is a summation score of 
sonographic variables which were calculated as follows: 
right lobe nodularity was dichotomized as either smooth 
or indefinite (zero) or micro nodular and macro nodular 
(one). Left lobe nodularity was dichotomized as either 
smooth or indefinite (zero) or micro nodular and macro 
nodular (one). Angle of left lobe was dichotomized as 
either less than 45 degrees (zero) or above 45 degrees 

Table 2. Examining the Power of Different Variables (Sonography and Laboratory) to Distinguish between Mild and Moderate vs. Severe Fibrosis and Cirrhosis by 
Cross Tab Analysis

Variable
Sensitivity

Percent (95% CI)

Specificity
(Percent)
(95% CI)

PPV
(Percent)
(95% CI)

NPV
(Percent)
(95% CI)

Right lobe nodularity

Smooth and indefinite = 0.00
Micronodular and macronodular =1

28 (15–45) 98 (95–100) 78 (52–87) 85 (82–87)

Left lobe nodularity

Smooth and indefinite = 0.00
Micronodular and macronodular =1

20 (9–36) 97 (94–99) 67 (34–86) 83 (81–88)

Angle of left lobe

Angle < 45 degree = 0.00
Angle > 45 degree = 1

67 (50–81) 58 (49–65) 28 (23–34) 88 (81–92)

Right lobe edge biconvexity 

Not biconvex = 0.00
Biconvex = 1

38 (23–55) 82 (75–88) 34 (24–46) 84 (81–87)

Left lobe edge biconvexity 

Not biconvex = 0.00
Biconvex = 1

28 (15–45) 92 (87–96) 48 (30–66) 84 (81–86)

Right lobe interrupted surface line

Dotted line present=1
Dotted line absent=0.00

43 (28–60) 89 (88–93) 50 (36–64) 86 (82–89)

Left lobe interrupted surface line

Dotted line present = 1
Dotted line absent = 0.00

33 (19–50) 90 (84–94) 45 (30–61) 84 (81–87)

Ap diameter of caudate lobe

Up to 2.5 cm = 0.00
Above 2.5 cm = 1

16 (6–31)    84 (77–89)  19 (10–35)   80 (78–83)

Echogenicity

Normal, moderately increased = 0.00
Markedly increased = 1

28 (15–45) 85 (79–90) 32 (20–47) 83 (80–85)

Echotexture

Homogenous = 0.00
Indefinite, coarse and very coarse = 1

74 (58–87) 78 (71–84) 45 (37–54) 92(88–95)

Spleen size

Up to 11 cm = 0.00
Above 11 cm = 1

82 (66–92) 62 (53–69) 35 (29–41) 93 (87–96)

APRI

APRI up to 1 = 0.00
APRI above 1 = 1

79 (64–91) 84 (78–89) 55 (46–65) 94 (90–97)

Serum Albumin

Albumin up to 3.5 gm/dL = 0.00 
Albumin above 3.5 gm/dL = 1

28 (15–45) 95 (90–98) 58 (37–76) 84 (81–87)

INR

INR up to 1.4 = 0.00
INR above 1.4 = 1

20 (9–36)   98 (95–100)    73 (43–91) 83 (81–85)

Total bilirubin

Total bilirubin up to 1.4 mg/dL = 0.00
Total bilirubin above 1.4 mg/dL = 1

33 (19–50) 81 (75–87) 30 (20–44) 83 (80–86)
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(one). Liver echotexture was dichotomized as either 
homogenous (zero) or indefinite, coarse and very coarse 
(one). Spleen size was either below 11 cm (zero) or above 
11 cm (one).

Score 2 (laboratory data only) is a summation score of 
serum albumin level, INR and APRI which was calculated 
as follows: Serum albumin level was dichotomized as 
either above 3.5 gm% (zero) or below 3.5 gm% (one). INR 
was dichotomized as either below 1.4 (zero) or above 1.4 
(one). APRI was dichotomized as either below one (zero) 
or above one (one). Score 3 contained only the score for 
APRI. Score 4 is the summation of all the scores 1 and 2. 

ROC curve analysis was used to calculate the sensitivity 
and specificity of each score to distinguish between two 
liver fibrosis categories. The scores were used as a test 
variable and categorized liver fibrosis as state variable in 
the ROC curve analysis. Areas under curves were 85% 
(95% CI = 78–92%) for sonographic variables, 83.8% (95% 
CI = 77–91%) for laboratory variables, 81.8 % (95% CI = 
75–89%) for APRI only, and 92.4% (95% CI = 88–96%) 
for sonographic and laboratory variables together. Details 
are shown in Figure 1. Sensitivities were 85%, 82%, 79% 
and 87% for scores 1, 2, 3 and 4, respectively. Specificities 
were 73%, 82%, 84% and 88% for scores 1, 2 3 and 4, 
respectively. In addition, there was significant statistical 
difference in diagnostic value between score 1, 2 and 4 (P 
< 0.001).

Areas of ROC curves of different scores were compared. 
Areas under ROC curves of score 4 were significantly 
different to the other scores (1, 2, and 3). P values were 
0.003, 0.005, and 0.001, respectively. Areas under the ROC 

curves of score 1 to score 2, score 1 to score              3, and score 
2 to score 3 were compared. The differences were all non-
significant. P values were 0.80, 0.51 and 0.24, respectively. 

Discussion
Among the various ultrasound variables, in line 
with the findings of many other researchers, 
the nodularity was the most important diagnostic 
indicator of liver cirrhosis.14-19 In addition to this indicator, 
with inclusion of further variables namely angle of left 
lobe, echotexture of the liver and, spleen size, an excellent 
diagnostic accuracy of 85% was achieved in our study. 
Simonovský only focused on uneven liver surface and 
found by examination with the 7.5 MHZ transducer for the 
diagnosis of cirrhosis a sensitivity of 91.1% and a specificity 
of 93.5% based on histological findings.20 Nishiura et al 
examined three ultrasound parameters in 103 patients 
with chronic liver diseases: liver surface irregularity, 
bluntness of liver edge and parenchyma coarseness with 
two probes (2–5 and 5–12 MHZ frequency). The accuracy 
of ultrasound score was 100% for correctly predicting 
cirrhosis.21 Among these three ultrasound parameters, 
the correlation between liver surface irregularity and the 
histological severity of fibrosis was the best (90%). Colli 
et al found the liver surface nodularity alone to be the 
most reliable factor for the diagnosis of cirrhosis with an 
accuracy of 86%. By including hypertrophy of caudate 
lobe and slow velocity of portal vein, the reliability of 
the diagnosis increased by only 2% to 88%.22 Aubé et al 
studied 11 factors of ultrasound examination and found 
that liver surface has a diagnostic accuracy of 68% for 
cirrhosis of different etiologies, which performed the best 
for viral etiologies with 84%.23 

Nagata et al compared the laparoscopic appearance of 
the surface of 77 patients with chronic liver diseases with 
US examination and observed the diffusely irregular or 
nodular patterns with US examination only in 68% of 
patients with liver cirrhosis.24 A modest correlation was 
found between US diagnosis of cirrhosis and histology in 
a study with 69 patients only.25 Even so, Shen et al found 
a modest relationship between liver surface irregularity as 
well as parenchyma echotexture and histology.26 However, 
in this study, only a few of their 324 patients (9.3%) 
had histologically advanced fibrosis and two persons 
performed the US examination. In contrast to all other 
studies, Choong et al did not find a good correlation 
between US and histology in a retrospective study.27 

There are few examinations of the diagnostic potential 
of modern imaging systems in comparison to abdominal 
US for evaluation of advanced liver fibrosis. Kudo et al 
examined 124 patients with chronic liver diseases and 
hepatocellular carcinoma, who underwent surgery. The 
ROC curve for the distinction of liver cirrhosis from non-
cirrhotic cases by CT, MRI and abdominal ultrasound 
study was compared to histology.28 They evaluated the 
irregular or nodular surface, blunt edge, parenchymal 
abnormalities, and morphological changes of the liver 

Figure 1. Areas Under the Curves: 1) Blue color (score 1): Area under the 
curve with 85% (95% CI = 78–92%) includes sonographic findings only:  
Nodularity (right + left lobes), Angle of left lobe, liver echotexture and 
spleen size. Orange color (score 2): Area under the curve with 83.8% (95% 
CI = 77–91%) includes laboratory findings only (serum albumin level, INR 
and APRI). Green color (score 3): Area under the curve with 81.8% (95% 
CI = 75–89%) includes APRI (aspartate platelet ratio index) only. Red color 
(score 4): Area under the curve with 92% (95% CI = 88–96) includes scores 
1 and 2.
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and portal hypertension as imaging parameters by using 
all three comparative methods. The accuracy was slightly 
better for CT and MRI than ultrasound, but the difference 
was not significant. In another study by Hung et al29 on 
210 patients, 67 with HBV and 141 with HCV infection, 
cirrhosis could be predicted well by ultrasound score 
consisting of liver surface, parenchyma echotexture, 
spleen size and vascular structure compared histologically 
with fibrosis score. The accuracy of cirrhosis diagnosis 
was better in HBV infected patients (88.6%) than HCV 
infected patients (74.8%). 

TE was compared with ultrasound examination in 189 
patients in a liver clinic. The parameters for ultrasound 
evaluation were liver surface irregularities, liver edge 
and liver echotexture. ROC curves for prediction of liver 
cirrhosis by TE > 15 were 0.86 for liver surface irregularity, 
0.77 for liver edge, 0.83 for liver echotexture and 0.90 for 
the total US score. The authors concluded that US score 
can be used as a substitute for TE.30 

Among the laboratory tests in our study, the ROC curve 
of the APRI test alone (the ratio of aspartate transaminase 
to platelet), first described by Wai et al13 was good enough 
(81.8%) for diagnosis of advanced fibrosis and cirrhosis. 
However, with the addition of two further laboratory 
variables, INR and albumin concentration, the ROC curve 
analysis did not achieve a much higher value (83.5%). 
The combination of ultrasound examination with all 
laboratory tests had an excellent accuracy of 92.4%. 

The simple abdominal ultrasound examination in 
small, portable, compact form is now becoming like a 
stethoscope: a simple, accessible tool in routine bedside 
clinical examination enabling immediate imaging of all 
organs with rapid diagnosis and procedural management 
as imaging method of choice. This is in contrast to all 
other imaging modalities such as MRI and CT or TE, 
which are all not easily accessible and very expensive.31 
The limitations of US are only its operator dependency 
and the long training required for the exact evaluation of 
the structure of organs.

Ultrasound training is now included in the medical 
curriculum in some countries.32 Its general application by 
any practitioner and specialist in all medical fields would 
contribute to immediate and safe diagnosis as well as 
management with enormous reductions in health costs. 
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