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Background and Aims: Because of the low penetra­
tion rate of transient elastography (TE) or its 
limitations in patients with obesity, narrow intercostal 
spaces, or ascites, the physical appearance of the 
liver as visualized using ultrasonography (US) is 
still thought to provide important information for 
the prediction of liver fibrosis. We examined the 
accuracy of various US signs when assessing the 
presence of liver cirrhosis, compared with TE. 
Methods: We enrolled 189 patients who had under­
gone both conventional US and TE examinations. 
We then assessed the associations between 
US parameters of the liver (surface, edge, and 
parenchymal texture) or the US score (sum of 
each parameter score), and the presence of liver 
cirrhosis as determined based on a liver stiffness 
measurement (LSM) of >15. 
Results: A significant increase in the LSM was 
observed according to the liver surface score (P < 
0.001), liver edge score (P < 0.001), parenchymal 
texture score (P < 0.001), and US score (P < 
0.001). The areas under the curves (AUROC) for 
the prediction of an LSM >15 for the liver surface, 
liver edge, parenchymal texture, and the US score 

were 0.859, 0.768, 0.837, and 0.902, respectively. 
The AUROC of the US score was higher than that of 
the APRI score (0.823) or the FIB-4 index (0.804). 
Using an optimal cut-off value of 3.5, the sensitivity 
and specificity of the US score were 0.815 and 
0.858, respectively. 
Conclusions: The US score was clinically useful for 
the diagnosis of an LSM >15. The US score can be 
used as a substitute for TE data in patients with 
obesity, narrow intercostal spaces, or ascites or in 
hospitals where TE is unavailable.
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Introduction

Hepatic fibrosis occurs as a common response to 
chronic liver injury and is a pivotal factor influencing 
the selection of therapeutic options and in determining 
the prognosis of patients with chronic liver disease1, 2. 
Although a liver biopsy is considered the gold standard for 
the diagnosis of fibrosis characterized by morphological 
damage, this procedure is associated with a significant 
morbidity or mortality3. Other limitations of liver biopsy 
are sampling errors and inter- or intraobserver variability. 
Liver biopsy has also been shown to yield false-negative 
results in nearly 20%-30% of cases4-6. 

Recently, noninvasive liver stiffness measurement 
(LSM) using transient elastography (TE) has been 
reported to be well correlated with histologically 
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assessed liver fibrosis stages7, 8 and has also been 
shown to be an accurate predictor of the development of 
hepatocellular carcinoma (HCC) in patients with chronic 
liver disease9, 10. Although the excellent performance of 
TE for predicting the histological stage of liver fibrosis has 
been well known, TE is not available in every hospital or 
clinic. In addition, LSM is difficult in patients with obesity 
or narrow intercostal spaces and impossible in patients 
with ascites11. Therefore, the physical appearance of 
the liver as evaluated using ultrasonography (US) is 
still thought to provide important information for the 
prediction of liver fibrosis. Thus, we wondered if the US 
findings could be a substitute for TE. 

The aim of the present study was to examine the 
accuracy of various US signs when assessing the 
presence of liver cirrhosis, compared with TE. 

Patients and Methods

Patients 
We enrolled consecutive patients visiting the liver clinic 

who underwent TE between July 1 and August 31, 2016, 
at the Department of Clinical Laboratory, the University 
of Tokyo Hospital. TE was used to assess liver fibrosis, 
and an LSM > 15 was classified as bridging fibrosis or 
cirrhosis (F stage 3-4)8, 12, 13. Since LSM was reported to 
be overestimated in patients with hepatic congestion 
because of heart disease14, 15, we excluded patients with 
congestive heart disease from the primary analysis. 
Also, we excluded patients who failed to undergo an LSM 
measurement because of obesity, narrow intercostal 
spaces, or ascites

The present study was performed in accordance with 
the ethical guidelines of the Declaration of Helsinki. The 
study design was included in a comprehensive protocol 
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G H IFigure 1. Ultrasound features of the liver. 
(A)–(C) Surface: (A) smooth surface, (B) mildly irregular surface, and (C) highly irregular surface. (D)–(F) Edge: (D) sharp edge, (E) mildly 
blunted edge, and (F) highly blunted edge. (G)–(I) Parenchymal texture:, (G) smooth texture, (H) mildly coarse texture, and (I) highly coarse 
texture.
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for retrospective studies at the University of Tokyo 
Hospital, Department of Clinical Laboratory Medicine 
(Tokyo, Japan) and was approved by the University 
of Tokyo Medical Research Center Ethics Committee 
(approval number, 3683).

Ultrasound investigation
The US evaluation was performed before TE on the 

same day by a single specifically trained technician 
(Y.S). All the ultrasound examinations were performed 
using a Toshiba Aplio 300 or Aplio 500 with a 3.5-5 MHz 
transducer. LSM was performed using Fibroscan touch 
502 (Echosens, Paris, France)16. The parameters for the 
US evaluation were (1) liver surface, scored 0 for smooth 
(Figure 1A), 1 for mildly irregular (Figure 1B), and 2 for 
highly irregular (Figure 1C); (2) liver edge, scored 0 for 
sharp (Figure 1D), 1 for mildly blunted (Figure 1E), and 2 
for highly blunted (Figure 1F); and (3) liver parenchymal 
texture, scored 0 for smooth (Figure 1G), 1 for mildly 
coarse (Figure 1H), and 2 for highly course (Figure 1I). 
The sum of these three parameters was defined as the 
US score. 

Statistical analysis
Continuous variables were expressed as the medians 

with the first and third quartiles, while categorical 
variables were expressed as the frequencies (%) unless 
otherwise noted. Continuous data were evaluated 
using the Student t-test. We assessed the relationships 
between each US parameter or the US score and LSM 
using the Jonckheere-Terpstra trend test. The predictive 
accuracy of the parameters for the presence of liver 
cirrhosis was assessed using a receiver operating 
characteristic (ROC) curve analysis. The area under 
the curve (AUC) was evaluated as the ability to predict 
the presence of liver cirrhosis. Comparison of the AUC 
values was carried out using the Delong test17. The 
Delong test was undertaken using R software version 
3.4.0 (http://www.r-project.org). All other statistical 
analyses were performed using SPSS software (ver. 
19.0; IBM Corp., Armonk, NY, USA). The threshold of P 
values for significance was set at <0.05.

Results

Patient characteristics
Finally, we enrolled 189 patients. Table 1 shows 

the clinical characteristics of the patients. Twenty-
seven patients (14.3%) were diagnosed as having liver 
cirrhosis (LSM > 15). Approximately 50% were male, and 
the median age was 62 years. Twenty patients were 
positive for HBs antigen, and 64 patients were positive 
for HCV antibody.

US parameters or the US score and LSM
Figure 2 shows an association between each US 

parameter and the LSM (Figure 2A: liver surface, Figure 
2B: liver edge, Figure 2C: liver parenchymal texture). 
The median LSM in patients with US parameters were 
4.8, 7.8, and 16.9 for the liver surface scores; 4.8, 6.3, 
and 10.2 for the liver edge scores; and 4.7, 7.0, and 
17.8 for the parenchymal texture scores, respectively. 
A Jonckheere-Terpstra trend test showed a significant 
increasing trend for LSM according to the liver surface 
score (P < 0.001), liver edge score (P < 0.001), and 
parenchymal texture score (P < 0.001). We also 
assessed the association between the US score (sum of 
each parameter score) and the LSM. We merged patients 
with a US score of 5 or more into one category, since the 
number of patients with a US score of 6 was relatively 
small. As shown in Figure 2D, a significant rising trend 
with an increment in the US score was observed (P < 
0.001).

Table 1. Patient Characteristics (n = 189)

Parameter* Values

Cirrhosis (LSM > 15)

  Present 27 (14.3)

  Absent 162 (85.7)

LSM 5.9 (4.4–10.0)

Sex, n (%)

  Female 91 (48.1)

  Male 98 (51.9)

Age (years) 62 (51–72)

Virus, n (%)

  HBs-Ag (+) 20 (10.6)

  HCV-Ab (+) 64 (33.9)

AST 28 (22–41)

ALT 25 (16–54)

Platelet Count 19.0 (14.1–24.2)

Albumin 4.2 (4.0–4.4)

GGTP 33.5 (19.0–76.8)

Total Bilirubin 0.8 (0.7–1.1)

* �Continuous variables are expressed as medians with 
the first and third quartiles, while categorical vari-
ables are expressed as percentages (%).
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Receiver -operating characteristic curve analysis of US 
parameters or the US score for the presence of liver 
cirrhosis 

The AUC, the optimum cut-off level, and the sensitivity 
or specificity using the optimum cut-off for the liver 
surface, liver edge, parenchymal texture, and US score 
are shown in Table 2. The AUCs for the prediction of an 
LSM > 15 for the liver surface, liver edge, parenchymal 
texture, and the US score were 0.859, 0.768, 0.837, 

and 0.902, respectively. Using the optimal cut-off value 
of 3.5, the sensitivity and specificity of the US score 
were 0.815 and 0.858, respectively. We then compared 
the characteristics of patients with US score less 
than optimal cut-off value (0-3) in 139 non-cirrhotic 
(true negative) patients and 5 cirrhotic patients (false 
negative); or patients with US score more than optimal 
cut-off value (4-6) in 22 cirrhotic (true positive) patients 
and 23 non-cirrhotic patients (true negative). In patients 
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Figure 2. Association between each ultrasound (US) parameter or US score and liver stiffness measurement.

(Figure 2A: liver surface, Figure 2B: liver edge, Figure 2C: liver parenchymal texture, Figure 2D: US score)

Table 2. AUC, optimum cut-off level, and the sensitivity and specificity of this cut-off

AUC Optimal cut-off Sensitivity Specificity

US score 0.902 3.5 0.815 0.858

Surface 0.859 1.5 0.63 0.944

Edge 0.768 1.5 0.556 0.821

Parenchymal texture 0.837 1.5 0.667 0.944
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with US score 0-3, mean liver edge score in correctly 
diagnosed non-cirrhotic patients was significantly lower 
than that in cirrhotic patients (0.67 vs. 1.40, p = 0.01). 
In patients with US score 4-6, mean liver surface score 
and parenchymal texture score in correctly diagnosed 
cirrhotic patients was significantly higher than that in 
non-cirrhotic patients (liver surface score: 1.77 vs. 1.39, 
p = 0.009; parenchymal texture score: 1.82 vs. 1.35, p 
= 0.001) (data not shown). 

Next, we compared the US score to the aspartate 
aminotransferase to platelet ratio index (APRI)18 or the 
Fibrosis 4 (FIB-4) index19, which are the most extensively 
used and well-validated non-invasive markers for the 
assessment of liver cirrhosis. The ROC curves for the 

prediction of an LSM > 15 were plotted for the US score, 
APRI, and FIB-4 index (Figure 3). The AUCs for the 
prediction of the presence of an LSM > 15 of the APRI 
and FIB-4 index were 0.823 and 0.804, respectively. The 
difference of AUCs for the prediction was significantly 
different between the US score and FIB-4 index (p = 
0.01), and quasi-significant between the US score and 
APRI (p = 0.08). 

Additionally, we evaluated the AUCs of the US score 
separately in patients with a viral etiology and those 
with a non-viral etiology. The AUCs for the prediction 
of a US score for an LSM > 15 in the viral and non-viral 
etiology groups were 0.871 and 0.931, respectively 
(Supplementary Figure 1).  

1 - Specificity

S
en

si
tiv

ity

A B C
Figure 3. Receiver-operating characteristic curve for the prediction of liver cirrhosis. 

(A) US score: the area under the curve was 0.902. (B) APRI: the area under the curve was 0.823. (C) FIB–4 index:, 
the area under the curve was 0.804.
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Supplementary Figure 1. �Receiver -operating characteristic curve for the prediction of liver cirrhosis of the US score in (A) 

patients with a viral etiology and (B) patients without a viral etiology.
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Discussion

The diagnosis of cirrhosis in patients with chronic 
hepatitis is of therapeutic and prognostic importance. 
Although the excellent performance of TE for predicting 
the histological stage of liver fibrosis is well known7, 8, the 
penetration of TE is not sufficient because of problems 
associated with its cost or a shortage of manpower, and 
LSM is difficult to perform in patients with obesity or 
narrow intercostal spaces, and impossible in patients 
with ascites11. In the present study, we assessed the 
accuracy of various US signs when assessing the 
presence of an LSM > 15. 

The evaluation of fibrosis stage based on US signs 
such as liver size, liver morphology, spleen size, diameter 
of the portal vein, or diameter of the splenic vein has 
been investigated in previous studies20-26. However, 
these reports were written over ten years ago, and 
recent advances in US technology have improved the 
diagnostic accuracy. Also, whether US signs can be 
substituted for TE findings has not been investigated. 
Therefore, we conducted the present study to examine 
the accuracy of US signs when assessing the presence 
of liver cirrhosis, compared with TE.

In the current study, we examined the diagnostic 
accuracies of the liver surface, edge, and parenchymal 
texture for the prediction of cirrhosis (LSM > 15). The 
liver edge was shown to be less specific for evaluating 
cirrhosis (AUC 0.768), compared with the liver surface 
or parenchymal texture. Nishimura et al. assessed the 
accuracies of these parameters for the prediction of 
cirrhosis using a correlation coefficient20, and the liver 
edge was also shown to be less specific. They reported 
that a mildly blunted (score 1) or a highly blunted edge 
(score 2) was frequently observed during the early 
fibrosis stage, and this finding was thought to be a 
probable cause of the lower correlation coefficient. In 
line with this study, a large number of patients without 
cirrhosis were categorized as having a liver edge score 
of 1 or 2 in the current study (data not shown).

The liver surface, which has been most commonly 
utilized as the sole indicator for the diagnosis of 
cirrhosis25, 27, showed the highest predictive accuracy 
(AUC 0.859) of the three US parameters examined in the 
present study. In our study, the specificity and sensitivity 
of the liver surface were 0.944 and 0.630, respectively. 
A previous study reported by Colli et al. in 200323 also 
showed that the liver surface was highly specific but 
was not highly sensitive. In this study, the sensitivity of 
liver surface nodularity for the prediction of severe liver 
fibrosis was no more than 0.540. Advances in ultrasound 

technology may be one of the probable causes of the 
higher sensitivity of the liver surface in the present 
study, compared with the previous study.

Little is known about the predictive accuracy of US 
evaluations of the fibrosis stage based on comparisons 
with other predictive parameters. We also compared 
the US score to the APRI18 and FIB-4 index19, which 
are the most extensively used and well-validated non-
invasive markers for the assessment of liver cirrhosis. 
The prediction of the presence of liver cirrhosis (LSM > 
15) using the AUC of the US score, which was the sum of 
three US parameters, was 0.902, which was higher than 
those of the APRI or FIB-4 index. The AUCs continued to 
be high in patients with and those without viral etiologies. 
Mean liver edge score in cirrhotic patients with US score 
0-3 (false negative cases) was significantly higher than 
those of correctly diagnosed non-cirrhotic patients (true 
negative cases). Also, mean liver surface or parenchymal 
texture score in non-cirrhotic patients with US score 
4-6 (false positive cases) were significantly lower than 
those in correctly diagnosed cirrhotic patients (true 
positive cases). This result may indicate that we can 
potentially separate true negative (positive) cases and 
false negative (positive) cases by focusing attention on 
specific US features. By considering this fact, observer 
may improve predictive accuracy of US score. 

Although the current study aimed to examine the 
accuracy of various US signs in assessing the presence 
of liver cirrhosis diagnosed by TE, the absence of 
histological findings should be mentioned as a study 
limitation. While LSM measured using TE has been 
reported to be well correlated with the histologically 
assessed liver fibrosis stage7, 8, LSM was shown to 
misestimate the fibrosis status in patients with particular 
conditions, such as hepatic congestion because of heart 
disease14. To minimize this limitation, we excluded patients 
with congestive heart disease from the present study. 
Another limitation is a lack of objectivity of US score. 
US is subjective and evaluation accuracy is depend on 
a skill of observer. Therefore, it requires considerable 
skill and experience to form a reliable diagnosis. Further 
study with multiple observers in different learning 
stages is needed to confirm influence of observer skill 
on US score. Also, the machine performance of the US 
device is also related to the predictive accuracy of the 
US parameters. 

In conclusion, a US score composed of three US 
parameters (liver surface, edge and parenchymal 
texture) was clinically useful for the diagnosis of an LSM 
> 15. The US score could be used as a substitute for TE 
in patients with obesity, narrow intercostal spaces, or 
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ascites; and in hospitals where TE is not available. 
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