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A New Visual Transient Elastography Technique for Grading
Liver Fibrosis in Patients With Chronic Hepatitis B

Xinping Ren, MD,* Lu Zhang, MD,* Shujun Xia, MM,* Zhijie Chen, MM,† Wei Zhou, MM,* Ri Ji, MM,*
Jianqiao Zhou, MM,* Yanyan Lin, MM,* and Weiwei Zhan, MD*

Abstract: Liver fibrosis is evaluated to assess the prognosis and guide
the treatment of chronic hepatitis B (CHB). To compare the efficiency
of 2 transient elastography techniques for grading liver fibrosis in CHB:
visual transient elastography (ViTE) with real-time image guidance and
FibroScan (FS) with no image guidance. All of the CHB patients in this
study underwent both FS and ViTE examinations. The final diagnosis
was based on the histological findings of a liver biopsy. According to
the severity of liver fibrosis (based on the Scheuer criteria), the area un-
der the receiver operating characteristic curve values for diagnostic ef-
ficiency were calculated for the 2 elastography techniques. This study
enrolled 227 patients (79 [39.1%]women;mean age, 45.8 ± 16.8 years).
The ViTE and FS liver elasticity measurements were highly correlated
with liver fibrosis stage (r = 0.852 and r = 0.813, respectively). The area
under the receiver operating characteristic curve value was larger for
ViTE compared with FS, with respect to differentiating liver fibrosis
stage, but not significantly (P > 0.05). The ViTE and FS can be used
to detect and stage liver fibrosis. ViTE, easier and quicker to perform
with superior interoperator reproducibility, is a stable and reliable
elastography technique that benefits from real-time visual guidance.

Key Words: chronic hepatitis B, liver fibrosis, transient elastography,
FibroScan, ViTE
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C hronic hepatitis B (CHB) is a global health problem, with a
prevalence close to 4% worldwide. Among all countries,

China has the most patients infected with hepatitis B virus
(HBV), which is a common cause of liver fibrosis. Without ap-
propriate treatment, CHB can progress to hepatic fibrosis, and
then to cirrhosis, hepatocellular carcinoma, or hepatic failure.1,2

Thus, early diagnosis and accurate grading of hepatic fibrosis
are very important to ensure timely treatment; early fibrosis
may be reversible, whereas the chances of cirrhosis being

reversed are very low.3–5 Accurate assessment of hepatic fibro-
sis can improve the treatment outcome and prognosis.6

Hepatic biopsy is the criterion standard for assessing the
severity of liver fibrosis and cirrhosis.7 However, it is an inva-
sive procedure with potential complications including pain,
bleeding, infection, organ perforation, and arteriovenous fistula
formation. Recently, ultrasound elastography, in which the
propagation velocity of shear waves or Young modulus is used
to estimate liver stiffness, has been used to assess the severity
of liver fibrosis.8–10 Most methods for assessing the severity
of liver fibrosis and cirrhosis are relatively new and require
more study before they can be applied clinically.10,11 The
elastography technique most widely accepted internationally is
transient elastography, which can be performed using the
FibroScan instrument (FS; Echosens, Paris, France). It is an A
mode shear wave vibroacoustic technique commonly used in
clinics and hospitals and recommended by most international
and Chinese guidelines related to hepatic disease and ultra-
sound. Nevertheless, FS has limitations when applied to patients
with emphysema, obesity, or severe cirrhosis, because it pro-
vides no visual image guidance. Large vessels or lumps can pre-
vent imaging of the appropriate liver lobes during elastography.
However, a new type of transient elastography, visual transient
elastography (ViTE), allows the examiner to select the sampling
area under real-time image guidance, free of interference from
large vessels and lumps, such that the elastography examination
can be performed more stably and reliably. Most studies using
FS focused on patients with advanced liver fibrosis or cirrhosis.
However, the detection of mild and moderate hepatic fibrosis is
more important, because early diagnosis and treatment might al-
low the progression of the disease to be reversed.3–5

No study has compared ViTE and FS. Therefore, in this
study, we used both transient elastography techniques in pa-
tients with CHB for grading hepatic fibrosis to compare their di-
agnostic value for hepatic fibrosis.

MATERIALS AND METHODS

Study Design and Participants
The study prospectively enrolled 278 consecutive patients

who were scheduled for liver biopsy in our department from
November 2018 to October 2019. The exclusion criteria were
as follows: (1) other liver diseases, including drug-induced liver
injury, autoimmune hepatitis, and alcoholic hepatitis; (2) infec-
tion with hepatitis A or C virus, Epstein-Barr virus, human her-
pesvirus, and so on; (3) serum alanine aminotransferase (ALT)
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or aspartate aminotransferase (AST) levels 5 times higher than
the reference range; (4) moderate to severe fatty liver; (5) alco-
hol abuse, diabetes, or obesity; (6) heart, brain, or renal disor-
ders; and (7) gestation and lactation. Ultimately, 227 patients
with CHB were included in our analysis. This study was ap-
proved by the institutional review board of our hospital, and in-
formed consent was obtained from all patients.

Study Protocol
Study Instruments and Examiners

Visual transient elastography was performed using the
Hepatus Resona 6S (Mindray, Shenzhen, China) equipped with
a phased array probe (LFP5-1U). FibroScan was performed
using the FibroScan 502 Touch device with an M transducer
(Echosens); Young modulus (in kPa) was calculated separately.
The FS examinations were conducted by a sonographer with
more than 5 years of experience. The ViTE examinations were
conducted by a sonographer with 15 years of abdominal ultra-
sound experience who had performed 300 ViTE examinations.
Both sonographers were blinded to the liver biopsy results.

Patient Position and Preparation for Examination
Based on the recommendations of the European Federa-

tion of Societies for Ultrasound in Medicine and Biology,12 all
participants were required to fast for 2 hours before the exami-
nation. Patients were examined in the dorsal decubitus position,
with the right arm elevated above the head for optimal intercos-
tal access. The left arm hung down naturally.

Ultrasound Elastography Examination
The FS examination was performed first, followed by

ViTE in a different examination room. The ViTE and FS probes
were inserted parallel to the intercostal space. For ViTE,
B-mode sonography was used to avoid the biliary tract, large
blood vessels, and lumps. The intercostal space was appropriate
to allow acquisition of the best possible images of segments 5
and 6 of the right hepatic lobe. A region of interest (ROI) was
placed beneath the Glisson capsule, free of bile ducts and ves-
sels to avoid reverberation artifacts and any effect of subcapsu-
lar stiffness (Fig. 1). Then, markers were placed on the body
surface to guide puncture during the liver biopsy. The patients
were asked to breathe normally, or to hold their breath for 5 to
6 s to avoid any influence of respiratory movement.

First, FS examinations were performed with the patients
in the same position as described above; Young modulus of
elasticity was calculated after each measurement, ten measure-
ments were performed with interquartile range (IQR)/median
(med.) less than 30%. The ViTE examinations were performed
under the same conditions; 10 measurements were again obtained
with IQR/med. less than 30%.

Randomized Controlled Study
Two operators randomly evaluated 45 patients each with

ViTE: a senior doctor (operator 1; 15 years of experience in ab-
dominal ultrasound, including at least 300 performed using the
Hepatus platform) and a junior doctor (operator 2; 2 years of ex-
perience in abdominal ultrasound, including 25 performed using
the Hepatus platform). Interoperator variability was assessed and,

for operator 1, intraoperator variability was evaluated based on
the differences between 2 measurements obtained per patient.

Ultrasound-guided Percutaneous Liver Biopsy
After the elastography examinations, liver biopsies were

performed under local anesthesia (1% lidocaine) using 16G
(gauge) biopsy needle (Magnum biopsy gun; CR Bard, Inc.,
Covington, GA) with the patients maintained in the same posi-
tion. A satisfactory biopsy was defined as a tissue longer than
1.5 cm in length containing greater than 10 hepatic structures
in the portal area. The liver samples were immersed in 10% neu-
tral formalin and embedded in paraffin, followed by hematoxy-
lin & eosin and Masson staining. The histopathological analysis
was conducted by an experienced pathologist, and the final di-
agnosis was confirmed by another experienced pathologist.
The Scheuer scoring system was used in the pathological anal-
ysis of liver fibrosis and necroinflammatory activity.13 The
Scheuer inflammation grades are as follows: G0, none; G1,
mild; G2, moderate; G3, moderate-to-severe; and G4, severe.
The fibrosis grades are as follows: S0, no fibrosis; S1, enlarged
fibrotic portal tracts; S2, portal fibrosis with rare septa; S3, fi-
brosis with architectural distortion, but no obvious cirrhosis;
and S4, numerous fibrous septal with pseudolobule formation.
Two senior pathologists who were blinded to the elastography
results analyzed the biopsy specimens and produced histopath-
ological reports.

Statistical Analysis
All analyses were performed using SPSS software (ver.

20.0; SPSS Inc., Chicago, IL). Descriptive data are presented
as mean ± SD. Categorical data are given as proportions. Corre-
lation analysis between liver elasticity measurements for the
elastography modalities and liver fibrosis stage was performed
using the Spearman correlation test. Reproducibility was inves-
tigated based on the intraclass correlation coefficient (ICC) and
95% confidence intervals (CIs) (ICC > 0.75 indicates excellent
reliability). Diagnostic efficiency was compared between ViTE
and FS based on the area under the receiver operating character-
istic curve (AUC). Sensitivity and specificity values were calcu-
lated for both diagnostic modalities. The Delong test was used
to compare the AUC values. P less than 0.05 was considered
statistically significant.

RESULTS

Patient Characteristics
In total, 227 patients were enrolled in this study (104

women, 123 men; mean age, 45.8 ± 16.8 years). There were no
significant differences in sex or age between the 2 groups
(P > 0.05). Laboratory tests showed that the serum ALT, AST,
γ-glutamyltransferase, alkaline phosphatase, total bilirubin, and
albumin were similar in both groups (P > 0.05) (Table 1).

ViTE and FSMeasurements by Liver Fibrosis Stage
The liver stiffness measurement success rate for ViTE

was 100% (227/227); for FS, it was 98.23% (223/227). Regard-
ing interoperator variability, ViTE had an ICC of 0.89 (95% CI,
0.84–0.95) for liver fibrosis, and the ICC for intraobserver
agreement was 0.91 (95% CI, 0.83–0.96). Thus, in both cases,
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agreement was very good. There were no significant differences
between 2 measurements obtained per patient (P > 0.05). The
stiffness (kPa) of the liver was higher with higher fibrosis stage,

according to both ViTE and FS. The highest ViTE and FS liver
elasticity values were found in S4 stage. There was a strong cor-
relation between the ViTE/FS liver elasticity measurements and

FIGURE 1. A, The data acquisition process using ViTE. The left-hand picture is a 2-dimensional gray scale image used for guiding
LFP5-1U probe placement. The final liver fibrosis measurement result obtained using ViTE (median of 10measurements [E (kPa)median],
IQR/med. <30%) is shown under the image. The right-hand picture shows the sound propagation path of ViTE; the straightness of the
dotted lines indicating the main propagation path show that the measurement quality was good. B, The right-hand picture shows the
propagation path for themain sound beam for ViTE, with all other sound beams removed; the straightness of the line indicates that the
measurement quality was good.
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fibrosis stage (r = 0.812/r = 0.803, respectively). Table 2
showed the data for the 2 elastography techniques according
to liver fibrosis stage.

Performance of ViTE and FS in Terms of
Identifying Liver Fibrosis Stage

The diagnostic sensitivity and specificity of ViTE and FS,
respectively, for identifying different liver fibrosis stages were
as follows: stage ≥2, 88.35% and 64.71% versus 82.72% and
58.62%; stage ≥3, 94.71% and 90.30% versus 89.33% and
86.96%; and stage ≥4, 97.23% and 97.23% versus 96.02% and
95.21%. The diagnostic efficiency AUC values for ViTE and
FS were calculated. The AUC of ViTE was larger than that of
FS for identifying stage ≥2 (0.819 vs. 0.783), stage ≥3(0.927
vs. 0.902), and stage ≥4 (0.938 vs. 0.925) liver fibrosis (Table 3).

DISCUSSION
Hepatitis B virus infection is characterized by the aggre-

gation of inflammatory cells in liver tissues, in addition to he-
patic cell injury and collagen deposition in the extracellular
matrix, due to the induction of host immune responses and reac-
tions. HBV infection progresses to liver cirrhosis and hepatic
carcinoma through a series of morphological changes. Most pa-
tients with CHB are diagnosed with severe liver fibrosis or ad-
vanced cirrhosis, as they are often asymptomatic in early
disease stages. Typically, CHB patients who start treatment at
an advanced stage have a poorer prognosis compared with those
starting during earlier stages. Early diagnosis and intervention
are of great importance for CHB patients and decrease the pos-
sibility of unfavorable clinical outcomes.1–7 Currently, liver fi-
brosis is evaluated according to the clinical symptoms, the
results of serological examinations and imaging studies, and tis-
sue biopsies. Although serum biomarkers reflect liver function
and systematic changes therein, they are easily influenced by

external factors and have low diagnostic specificity, especially
in CHB patients. Liver biopsy for pathological diagnosis is in-
vasive and expensive and has low reproducibility.8 Standard im-
aging modalities, including conventional ultrasound, computed
tomography, and magnetic resonance imaging, are not efficient
in identifying early liver fibrosis. The advent of elastography
has increased the diagnostic accuracy for liver fibrosis. Ultra-
sound elastography is cheaper and more convenient and shows
higher reproducibility than magnetic resonance elastography.6,9

Ultrasound elastography can provide quantitative infor-
mation on the severity of liver fibrosis, although the accuracy
of the results remains controversial.12,14–18 In the current study,
transient elastography was conducted using FS, which is widely
used to diagnose liver fibrosis and cirrhosis. So, we regarded FS
as a comparative method in our study. Obesity, and the presence
of diseases, such as severe cirrhosis and emphysema, may affect
the results of FS examinations conducted without visual image
guidance and can also lengthen the procedure time.14 A new
transient elastography technique, ViTE, was applied here in
using the Hepatus Resona 6S ultrasound system and compared
with FS for the first time. In ViTE, multiple measurements are
obtained in real time under sonographic guidance, which may
improve the accuracy of the tissue elasticity analysis. We exam-
ined segments 5 and 6 of the right hepatic lobe, because the
low-frequency sound beam was vertical to the intercostal space
in this area, and large blood vessels and the bile duct could eas-
ily be avoided; also, the measurement was less affected by
breathing and biopsy was more straightforward. The final result
was given by the median of 10 measurements. The liver stiff-
ness measurement success rate of FS (98.23%) was lower than
that of ViTE (100%), because FS was more affected by obesity
or a small liver due to severe cirrhosis. The interoperator vari-
ability was superior for ViTE than FS; the results were more re-
producible and image guidance toward the correct liver lobes

TABLE 1. Characteristics of Patients

Group 1 (ScheuerG/S ≤ 2) (n = 175) Group 2 (Scheuer G/S ≥ 2) (n = 52) P

Demographics

Age: M ± SD, y 40.9 ± 13.6 44.7 ± 12.8 0.065

Sex

Female, n (%) 26(14.9%) 12(23.1%) 0.052

Laboratory tests (M ± SD)

ALT (IU/L) 40.46 ± 11.21 53.18 ± 22.95 0.142

AST (IU/L) 43.78 ± 22.15 46.78 ± 32.11 0.098

γ-Glutamyltransferase (IU/L) 33.12 ± 12.11 40.71 ± 22.15 0.076

Alkaline phosphatase (IU/L) 60.16 ± 32.15 75.71 ± 30.12 0.057

Total bilirubin (mol/L) 53.71 ± 32.18 63.78 ± 22.10 0.094

Albumin (g/L) 45.18 ± 12.15 43.72 ± 18.19 0.120

M ± SD, mean ± standard deviation.

TABLE 2. Comparisons of Patients With Different Stages of Liver and Fibrosis by Two Elastography Techniques (kPa)

Scheuer S ≥ 2 (n = 104) Scheuer S ≥ 3 (n = 59) Scheuer S ≥ 4 (n = 23)

FS 5.7 ± 2.8 10.2 ± 2.8 11.58 ± 3.65

ViTE 6.8 ± 1.4 9.3 ± 2.9 10.98 ± 3.23

P 0.098 0.189 0.102
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enhanced the accuracy. The intraobserver reproducibility of
ViTE was also excellent, where the assessments were facilitated
by the high image resolution. Compared with FS, ViTE is easier
and quicker to perform (5–6 s per measurement) and can be
used in patients with severe cirrhosis and emphysema who can-
not undergo FS examinations. In this study, the liver elasticity
measurements were reproducible, operator-independent, and
correlated well with the fibrosis grade.

Previous studies evaluating the diagnostic performance of
elastography showed that the sensitivity and specificity for both
ranged from 60% to 90%; some studies reported higher sensitiv-
ity than specificity, whereas others reported the opposite.13–20 In
our study, the sensitivity and specificity values were similar to
those of these previous reports. The differences in results among
previous studies might have been due to differences in the sono-
gram equipment and elastography techniques used and to differ-
ences in patient characteristics.

A previous study reported that FS was more accurate for
diagnosing advanced liver fibrosis in advanced disease stages
(3 and 4). A higher Youngmodulus value corresponds to a higher
liver fibrosis stage.14–17 In the present study, the ViTE and FS
liver elasticity measurements were highly correlated with fibrosis
stage, and the Young modulus was also higher in more advanced
disease stages, as per the studies mentioned above. FibroScan
measurements are more likely to be influenced by emphysema
and severe cirrhosis than those of ViTE, with the latter modality,
thus being better able to identify liver lobes free from vessels and
lumps, thus facilitating the examination. FibroScan is an A mode
shear wave vibroacoustic technique based on a single-channel
system that uses several ultrasonic signals. Meanwhile, ViTE
based on the Hepatus platform calculates the average hardness
of liver tissues within an ROI; the high resolution of the multiel-
ement probe can show the liver tissues in more detail. The liver
tissue area evaluated by ViTE is much larger than that assessed
by FS, and the echo signal detected by ViTE is more representa-
tive of the actual status of the liver tissues. Our results also
showed that ViTE had greater accuracy than FS for diagnosing
stage 2 to 4 liver fibrosis based on quantitative measurement of
tissue elasticity. ViTE can be used to diagnose early liver fibrosis
and cirrhosis in clinical screening examinations and for monitor-
ing the efficacy of treatment.

The limitations of our study included the small sample
size and single-center design. Also, the area assessed by liver bi-
opsy (as the reference diagnostic modality) was smaller than

that measured by elastography and may not well represent the
disease status of the entire liver; active inflammation of the liver
parenchyma might also reduce ultrasound detection accuracy.
Finally, patient height and weight, and the thickness of the sub-
cutaneous fat layer, were not considered in this study. Whether
these factors influence the measurements needs to be further ex-
plored in studies including larger sample and focusing on differ-
ent stages of liver fibrosis.

CONCLUSIONS
The ViTE and FS can be used for detecting and staging

liver fibrosis. The real-time image guidance of ViTE confers
more stability and reliability and also saves time. Thus, ViTE
has potential in the clinical setting for noninvasive evaluation
of liver fibrosis.
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