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Abstract
Background Evaluation of liver fibrosis is important to assess prognosis and guide the treatment for chronic hepatitis B.
Objective To analyze and compare transient, point, and two-dimensional (2D) shear wave elastography techniques in grad-
ing the liver fibrosis.
Methods Based on the severity of liver inflammation and fibrosis (Scheuer criteria), 158 patients with chronic hepatitis B 
were assigned into group 1 (either G or S classification < 2) or group 2 (either G or S classification ≥ 2). Group 2 patients 
commonly require anti-viral treatment. All patients received transient (FibroScan), point (STQ), and 2D (STE) elastography 
examinations. Receiver operating characteristic curves were calculated from three elastography techniques in individual or 
in combination.
Results A total of 158 patients were enrolled into the study, with 39.2% (62) female and mean age of 42.8 (standard devia-
tion 19.1) years old. Transient elastography could not differentiate between group 1 and group 2 patients (P = 0.12), whereas 
point and 2D elastography examinations could distinguish patients in group 1 from group 2 (P < 0.01 for both STQ and STE). 
Administration of combined three elastography techniques showed the best diagnostic accuracy (90.1%) for liver fibrosis, 
which was confirmed with hepatic biopsy examination.
Conclusion Point and 2D elastography were superior to transient elastography to detect liver fibrosis and guide clinical 
anti-viral treatment. Analysis of combined transient, point, and 2D elastography techniques showed the better diagnostic 
accuracy for liver fibrosis.
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Introduction

Chronic hepatitis B is a global health problem with the 
prevalence close to 4% worldwide [1]. Without appropri-
ate treatments, chronic hepatitis B can develop into hepatic 
fibrosis and then progress into cirrhosis and even hepatocel-
lular carcinoma [2]. During this development, accurate grad-
ing of hepatic fibrosis is important, since early fibrosis may 

be reversible, whereas cirrhosis is irreversible [3–5]. Thus, 
accurate assessment of hepatic fibrosis grades is very helpful 
in evaluating the treatment and prognosis [6].

Hepatic biopsy has been the gold standard to assess the 
severity of liver fibrosis [7]. However, liver biopsy is an 
invasive procedure with potential complications, including 
pain, bleeding, infection, organ perforation, and arterio-
venous fistula formation. Recently, ultrasound elastography, 
which measures the propagation velocity of shear waves to 
estimate the liver stiffness, has been applied to quantitatively 
assess the severity of liver fibrosis [8]. Ultrasound elastog-
raphy could be performed with different techniques, includ-
ing transient, point, and two-dimensional (2D) shear wave 
elastography [9].

Transient elastography is the first shear wave vibroacous-
tic technique used in the clinic, but has limitations when 
applied to patients with obesity or ascites. Point and 2D 
shear wave elastography could allow the examiner to select 
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a sampling area and obtain real-time images, but are rela-
tively new techniques and require more studies before they 
could be widely applied in the clinical [9, 10]. Previous stud-
ies comparing these different elastography techniques also 
reported controversial results, some showing better diagnos-
tic values for point and 2D elastography, and others demon-
strating no difference between transient and point/2D tech-
niques [11–14]. In addition, most previous studies focused 
on patients with advanced liver fibrosis [15, 16]. In fact, 
detection of mild and moderate fibrosis is more important, 
since early diagnosis and treatments to patients with early 
stages of fibrosis might reverse the progression of the dis-
ease [3–5].

In the current study, we performed transient, point, and 
2D elastography examinations in patients with chronic hepa-
titis B and in different stages of hepatic fibrosis, and com-
pared diagnostic values of three elastography techniques for 
hepatic fibrosis.

Materials and methods

Study design and participants

Patients with viral B hepatitis, who visited the Ultrasonic 
Department, Ruijin Hospital (Shanghai, China) between 
January and July 2017, were prospectively and continuously 
screened for the study. The study protocol was approved by 
the hospital ethics committee, and all the study participants 
signed the informed consent.

The exclusion criteria were: (1) concurrent other liver 
disorders, such as drug-induced liver injury, autoimmune 
hepatitis, schistosomiasis, alcohol abuse, or infections from 
other virus diseases, including cytomegalovirus and human 
herpes virus; (2) the levels of serum alanine aminotrans-
ferase and/or aspartate aminotransferase were 5 times higher 
than the normal ranges; (3) the heart, brain, and kidney dis-
ease or diabetes; (4) conventional ultrasound showed mod-
erate-to-severe fatty liver, which could affect elastography 
examination.

Study protocol

Study instruments and examiners

Transient elastography was performed with FibroScan 
device and M or L probe (SuperSonic Imagine, France). 
Point (STQ) and 2D (STE) elastography were performed 
with the Mindray Resona 7 ultrasound system and L5-1 
probe (Mindray, China).

FibroScan examination was conducted by one sonogra-
pher with > 5 years of experience. STQ and STE examina-
tions were conducted by one sonographer with 13 years of 

experience in sonogram and 500 times of STE examina-
tions. Both sonographers were blinded to the liver biopsy 
results.

Patient’s position and preparation for examination

Based on the recommendation from European Federa-
tion of Societies for Ultrasound in Medicine and Biology 
(EFSUMB) [8], all participants were required to have a 2 h 
of fasting time before the examination. Patients were placed 
supine on the examination bed, with right arm elevated 
above the head to fully expose the right-side intercostal 
spaces. The left arm was naturally hanged down. The direc-
tion of the ultrasound probe was parallel with the intercos-
tal space to avoid the biliary tract and large blood vessels. 
Appropriate intercostal space was selected to show the best 
images of the segments 5 and 6 of the right hepatic lobe. 
Then, markers were placed on the body surface. These mark-
ers were used to guide the elastography examination and also 
for the puncture point during the liver biopsy. Patients were 
asked to breathe normally (FibroScan) or hold breath for 
3–4 s (STQ and STE) to obtain stable images.

Ultrasound elastography examination

First, routine ultrasound was performed to measure the width 
of the main portal vein (MPV) and spleen vein (SPV), and 
the maximal diameter (SP1) and thickness (SP2) of the 
spleen. When the clear 2D images were obtained, patients 
were asked to hold the breath. The ultrasound was switched 
to SWE mode. Images were selected when the uniform color 
filled more than 90% of the sampling area at a detection 
depth of 3–7 cm. Then, the images were switched to quality 
control mode (RLB map added). Successful images were 
obtained with uniform green PR > 95%. Quantitative detec-
tion was performed in a circular area with a diameter of 
20 mm in the color box. Satisfactory pictures were framed, 
measured, and saved (Fig. 1a, b).

STQ examination was performed under the similar condi-
tion with ultrasound switched to STQ mode. The size of the 
sampling frame region of interest (ROI) was 20 × 15 mm. 
Elastography measurements were performed 5 times with a 
final standard deviation < 2.0 as the quality control (Fig. 2). 
FibroScan was performed under the same condition. The 
average of 10 single-frame measurements was saved while 
keeping IQR/med < 30%.

Recording was carried out using FibroScan. STE included 
mean (E1), maximum (E2), and minimum (E3) values. STQ 
included mean (Q1), maximum (Q2), and minimum (Q3) 
values. Young’s modulus of elasticity in kilopascals (kPa) 
was calculated after each measurement.
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Liver biopsy

After the ultrasound examination, liver biopsy was per-
formed with a mn 1620 biopsy needle (Magnum biopsy 
gun, Bard, USA). Satisfactory biopsy was defined as a tissue 
length > 1.5 cm, containing > 10 integrated hepatic portal 
area structures. Liver samples were fixed by 10% neutral 
formalin, embedded in the paraffin for serial sections, and 
then underwent hematoxylin–eosin and Masson’s trichrome 
staining. Classifications of liver inflammation and fibrosis 
stages were determined based on Scheuer criteria [17]. The 

Scheuer criteria are: G0: no inflammation; G1: mild inflam-
mation; G2: moderate inflammation; G3: moderate-to-severe 
inflammation; and G4: severe inflammation. Fibrosis grades 
are: S0: no fibrosis; S1: enlarged fibrotic portal tracts; S2: 
portal fibrosis with rare septa; S3: fibrosis with architec-
tural distortion, but no obvious cirrhosis; and S4: numerous 
fibrous septal with pseudolobule formation. Based on the 
liver biopsy and pathological examination results, patients 
were assigned into group 1 (either G or S classification < 2) 
or group 2 (either G or S classification ≥ 2). This G/S clas-
sification was used since it was general agreement that 

Fig. 1  a Reliable image was obtained when uniform color filled > 90% of sampling area and PR > 95% under RLB map, b after a reliable image 
was obtained, quantitative measurement was performed in the region of interest (ROI) with the probe perpendicular to the skin

Fig. 2  When two-dimensional 
grayscale image was obtained, 
elastography measurements 
were performed 5 times with 
final standard deviation < 2.0 
as the quality control while 
avoiding large blood vessels and 
bile ducts
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patients with either G or S classification ≥ 2 require anti-
viral treatment. Two senior pathologists who were blinded 
to the elastography results reviewed the biopsy specimens 
and provided the histopathological reports.

Statistical analysis

Data were presented as mean ± standard deviation or median 
with 95% confidence interval when appropriately. Compari-
sons of elastography results between group 1 and group 2 
patients were performed by student’s t test or Mann–Whit-
ney U test when appropriate. Receiver operating charac-
teristic curve (ROC curve) was constructed, and the area 
under ROC curve (AUC) was calculated for each elastogra-
phy examination. Yonden index was used to determine the 
diagnostic threshold and corresponding diagnostic sensitiv-
ity and specificity. The differences among three shear wave 
elastography techniques were investigated by Delong test 
with MedCalc software. SPSS (version 20.0, SPSS, USA) 
was used for statistical analysis. A P < 0.05 was considered 
statistically significantly different.

Results

A total of 158 patients were enrolled into the study, with 
39.2% (62) female and mean age of 42.8 (standard deviation 
19.1) years old. The flowchart diagram of patient enrollment 
is summarized in Fig. 3. Their baseline characteristics are 
listed in Table 1.

When comparing the three ultrasound elastography tech-
niques, FibroScan examination did not show any statisti-
cally significant difference between group 1 and group 2 
(6.1 ± 2.4 vs. 15.0 ± 31.9, respectively, P = 0.12), which had 

different inflammation and fibrosis in the histopathologic 
examinations, whereas STQ and STE measurements dem-
onstrated the statistically significant differences between the 
two groups (group 1 vs. group 2 were: STQ: Q1, 6.7 ± 0.8 vs. 
10.1 ± 3.3; Q2, 16.9 ± 6.3 vs. 24.8 ± 10.4; Q3, 3.0 ± 0.9 vs. 
4.0 ± 1.9. STE: E1, 6.2 ± 0.8 vs. 9.3 ± 3.0; E2, 12.0 ± 3.5 vs. 
17.7 ± 6.8; E3, 3.0 ± 0.7 ± 4.4 ± 1.9. All P < 0.01) (Table 2).

ROC curve analyses with three shear wave elastogra-
phy techniques are shown in Table 3. Comparisons of the 
ROC curves by DeLong method showed that STQ and STE 
showed the significant differences from FibroScan (P < 0.01 
and 0.02, respectively); however, there was no statistically 
significant difference between STQ and STE. Of all of the 

Fig. 3  Flowchart diagram of 
patient selection for the study

Table 1  Characteristics of patients

M ± SD, mean ± standard deviation

Group 1 
(Scheuer 
G/S < 2)
N = 36

Group 2 
(Scheuer 
G/S ≥ 2)
N = 122

P

Demographics
Age (year), M ± SD 36.4 ± 15.6 40.7 ± 20.8 0.067
Gender
 Female, n (%) 15 (41.67%) 48 (39.34%) 0.054

Laboratory tests (M ± SD)
 Alanine aminotransferase 

(IU/L)
40.46 ± 11.21 53.78 ± 32.15 0.063

 Aspartate aminotransferase 
(IU/L)

33.25 ± 10.12 52.33 ± 21.24 0.144

 γ-Glutamyltransferase (IU/L) 42.90 ± 21.10 50.85 ± 29.21 0.124
 Alkaline phosphatase (IU/L) 60.70 ± 29.22 75.87 ± 39.40 0.068
 Total bilirubin (mol/L) 59.25 ± 16.50 63.02 ± 23.87 0.193
 Albumin (g/L) 43.41 ± 10.21 41.50 ± 14.25 0.055
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elastography measurements, the calculated sensitivities were 
higher than the calculated specificities. The calculated sen-
sitivities for FibroScan, STQ, and STE were 96.6%, 96.6% 
(Q1), 82.8% (Q2), 69.0% (Q3), 96.6% (E1), 89.7% (E2), 
and 79.3% (E3), respectively. The calculated specificities for 
FibroScan, STQ, and STE were 45.1%, 76.8% (Q1), 71.2% 
(Q2), 64.6% (Q3), 59.8% (E1), 66.4% (E2), and 73.2% (E3), 
respectively.

Diagnostic performances of combined techniques are 
shown in Table 4. The sensitivities for each elastography 
measurement were also higher than the specificities. The 

combined analysis of three ultrasound elastography tech-
niques demonstrated the best diagnostic accuracy (90.1%).

Discussion

Our results showed that point and 2D elastography could 
provide better diagnostic performances for liver fibrosis 
than transient elastography. Analysis of combined three 
techniques could achieve the highest diagnostic accuracy.

Previous studies demonstrated that ultrasound elastogra-
phy could provide quantitative information on the severity of 
liver fibrosis, though the results were controversial [11–14]. 
In the current study, transient elastography examination did 
not show a statistical significant difference between the 
group 1 and group 2 patients who suffered from different 
severity in liver fibrosis. Patient’s body habitus, such as 
obesity, as well as diseases including ascites and emphy-
sema, could affect the examination results from transient 
elastography [18]. On the contrary, point and 2D elastogra-
phy examinations showed statistically significant differences 
between the two group patients. Comparisons of AUCs also 
revealed that point and 2D elastography examinations were 
superior to transient elastography in detecting liver fibrosis. 
This suggested that accurate diagnosis, which could identify 
the grades of hepatic fibrosis and decide treatment plan, was 
better with point and 2D elastography than with transient 
elastography.

The controversial results from previous studies to com-
pare different elastography techniques might be due to the 
different sonogram equipment used in the studies. In the 

Table 2  Comparisons of patients with different stages of liver inflam-
mation and fibrosis by three elastography techniques (kPa)

STQ included mean (Q1), maximum (Q2), and minimum (Q3) val-
ues. STE included mean (E1), maximum (E2), and minimum (E3) 
values

Group 1 (Scheuer 
G/S < 2)
N = 36

Group 2 (Scheuer 
G/S ≥ 2)
N = 122

P

FibroScan (Super-
Sonic, M, L)

6.1 ± 2.4 15.0 ± 31.9 0.12

STQ (Mindray, Resona 7, L5-1)
 Q1 6.7 ± 0.8 10.1 ± 3.3 < 0.01
 Q2 16.9 ± 6.3 24.8 ± 10.4 < 0.01
 Q3 3.0 ± 0.9 4.0 ± 1.9 < 0.01

STE (Mindray, Resona 7, L5-1)
 E1 6.2 ± 0.8 9.3 ± 3.0 < 0.01
 E2 12.0 ± 3.5 17.7 ± 6.8 < 0.01
 E3 3.0 ± 0.7 4.4 ± 1.9 < 0.01

Table 3  Diagnostic 
performances of three 
ultrasound elastography 
techniques

STQ included mean (Q1), maximum (Q2), and minimum (Q3) values. STE included mean (E1), maximum 
(E2), and minimum (E3) values

FibroScan (Super-
Sonic, M, L)

STQ (Mindray, Resona 7, L5-1) STE (Mindray, Resona 7, L5-1)

Q1 Q2 Q3 E1 E2 E3

ROC–AUC 0.789 0.879 0.788 0.66 0.918 0.796 0.790
Cutoff 9.85 7.68 18.51 3.20 6.84 14.15 3.68
Sensitivity 96.6% 96.6% 82.8% 69.0% 96.6% 89.7% 79.3%
Specificity 45.1% 76.8% 71.2% 64.6% 59.8% 66.4% 73.2%
P < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Table 4  Combined analysis of three shear wave elastography techniques

Q1 mean STQ value. E1 mean STE value

FibroScan (%) STQ (%) STE (%) Q1 + E1 (%) Q1 + FibroScan 
(%)

E1 + FibroScan 
(%)

Q1 + E1 + Fibro-
Scan (%)

Sensitivity 96.6 98.7 85.3 92.6 89.0 96.5 97.6
Specificity 65.1 59.6 92.1 75.8 74.6 75.8 72.7
Accuracy 64.8 65.1 87.0 88.3 70.5 87.9 90.1
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current study, our transient elastography was conducted 
with FibroScan which was widely used to diagnose liver 
fibrosis. The point and 2D elastography examinations were 
conducted with the Mindray Resona 7 ultrasound system 
(Mindray, China). This system was never compared with 
transient elastography before. The point elastography (STQ) 
examination took multiple measurements of shear wave elas-
ticity imaging in real-time fashion under the guidance of 
grayscale sonography. The final result was calculated based 
on the average of multiple measurements, which greatly 
improves the reliability of the examination. The 2D elastog-
raphy (STE) examination used a multi-wave imaging plat-
form that applies ultra-high-speed ultrasound wave to track 
the displacement of shear wave propagation paths at various 
points in different depths in the tissue. This resulted in a 
“Mach Cone” phenomenon, which could greatly enhance the 
production of the shear waves and increase the shear wave 
propagation efficiency in the tissue, and reduced the focused 
ultrasound energy to avoid negative biological effects. All 
of these could result in images with improved resolutions 
and high accuracy [19]. During the measurements, sampling 
areas were increased to 2 cm and 2 × 1.5 cm for STE and 
STQ, respectively. This could reduce the sampling errors 
and improve the accuracy of quantitative detection of the 
tissue elasticity. STE and STQ are easy to operate, take less 
time (3–5 s for one image), and can be applied in patients 
with ascites and obesity. We tested segments 5 and 6 of the 
liver since the ultrasound beam was vertical to the intercostal 
space at this area and could also avoid the large blood ves-
sels and bile duct, less affected by the breathing, and easy for 
biopsy. Our results showed that point and 2D elastography 
provide better diagnostic accuracy compared to transient 
elastography.

There was no previous study which investigated the com-
bined analysis results from the transient, point, and 2D elas-
tography. In the current study, we analyzed the combined 
test results from these three techniques. Our results showed 
that combined analysis of multiple techniques could increase 
the accuracy to evaluate liver fibrosis.

Previous studies to calculate the diagnostic performance 
of elastography examinations showed that both sensitivity 
and specificity varied approximately 60–90%, with some 
studies reporting higher sensitivity than specificity and oth-
ers reporting opposite results [20–22]. In our analysis, the 
calculated sensitivities and specificities were close to the 
results from these previous studies. However, in almost all 
our calculations, all three elastography techniques showed 
relatively higher sensitivities than specificities, no matter 
that they were analyzed individually or in combination. Our 
results suggested that elastography technique might be used 
to screen patients with possible liver fibrosis, but its finding 
should be confirmed by other diagnostic test, such as newly 
developed magnetic resonance elastography [23].

Limitations of the current study included small sample 
size and single-center study. We used liver biopsy as the 
diagnostic reference in the current study. However, the area 
tested by the liver biopsy was smaller than that measured 
by elastography and may not better represent the whole dis-
ease status of the liver. In addition, active inflammation of 
liver parenchyma might influence ultrasound detection. The 
diagnostic performance of elastography techniques could be 
different in patients with different stages of liver fibrosis 
[11]. Future studies with a large sample size and focused on 
different stages of liver fibrosis should be performed.

In conclusion, our results showed that point and 2D shear 
wave elastography had better diagnostic performances than 
transient elastography in detecting liver fibrosis. Combined 
analysis of transient, point, and 2D techniques could achieve 
the improved diagnostic accuracy for liver fibrosis.
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