
Research Article
The Combination of ShearWave Elastography and Platelet Counts
Can Effectively Predict High-Risk Varices in Patients with
Hepatitis B-Related Cirrhosis

Xiaoyu Xie ,1 Yuemin Feng,1 Zhuozhen Lyu,2 Le Wang,3 Yao Yang,1 Yuping Bai,1

Chenxi Liu,1 Hao Wu,1 Wanhua Ren ,2 and Qiang Zhu 1,4

1Department of Gastroenterology, Shandong Provincial Hospital, Cheeloo College of Medicine, Shandong University, Jinan,
Shandong, China
2Department of Infectious Disease, Shandong Provincial Hospital, Cheeloo College of Medicine, Shandong University, Jinan,
Shandong, China
3Department of Geriatrics, Gastroenterology, Shandong Provincial Hospital, Cheeloo College of Medicine, Shandong University,
Jinan, Shandong, China
4Department of Gastroenterology, The First Affiliated Hospital of Xinjiang Medical University, Urumqi, 830054, China

Correspondence should be addressed to Wanhua Ren; ganbingzx@163.com and Qiang Zhu; zhuqiang@sdu.edu.cn

Received 9 October 2020; Revised 15 March 2021; Accepted 19 March 2021; Published 8 April 2021

Academic Editor: Haruki Komatsu

Copyright © 2021 Xiaoyu Xie et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Background. Baveno VI criteria, based on liver stiffness (LS) measured by transient elastography and platelet counts (PLT), have
been proposed to avoid unnecessary endoscopy screening for high-risk varices (HRVs). However, the cut-off value of LS
measured by 2D-SWE and PLT to predict HRVs in compensated hepatitis B-related cirrhotic patients remains unknown. Aims.
To prospectively analyze the cut-off of the combination of LS measured by 2D-SWE and PLT in predicting HRVs and the
influence of antiviral therapies in its efficacy. Methods. Serum parameters, LS, and endoscopy results were obtained from 160
compensated hepatitis B-related cirrhotic patients. The accuracy of the combined algorithm was assessed in the whole cohort
and subgroups with or without consecutive antiviral therapies in the past 6 months. Results. In the whole cohort, the optimal
cut-off value of LS for HRVs was 14.5 kPa. Patients with a LS value < 14:5 kPa with a PLT value > 110 × 109/L can be excluded
from HRVs (NPV = 0:99, endoscopy saved rates = 0:68). Conversely, a LS value of ≥14.5 kPa and a PLT value of ≤110 × 109/L
indicated HRVs, with accurate rates of 82.35%, and 10.63% of patients can avoid additional endoscopy screening. Moreover,
antiviral therapy had no significant effect on the accuracy and rates saved from further endoscopy screening, when comparing
patients with or without antiviral therapies (all p values > 0.05). Conclusions. The combination of LS (14.5 kPa) measured by
2D-SWE and PLT (110 × 109/L) can predict HRVs accurately in compensated hepatitis B-related cirrhotic patients without
significant interference of antiviral therapy histories.

1. Introduction

Hepatic cirrhosis and portal hypertension are the common
consequences of chronic hepatitis B infection. Patients with
clinically significant portal hypertension are at risk of devel-
oping esophageal varices (EVs), and varix bleeding is one of
the major causes of death in patients with hepatitis B-
related cirrhosis [1]. Due to the high rates of bleeding and

mortality, screening EVs at the time of cirrhosis diagnosis is
generally recommended [2]. The patients detected with
high-risk varices (HRVs) need to receive the primary pro-
phylaxis to prevent variceal bleeding and reduce the risk of
decompensation and death. Upper gastrointestinal endos-
copy is the universally accepted gold standard for the diagno-
sis of HRVs, and measurement of the hepatic venous
pressure gradient (HVPG) is currently the best available

Hindawi
BioMed Research International
Volume 2021, Article ID 6635963, 9 pages
https://doi.org/10.1155/2021/6635963

https://orcid.org/0000-0002-0171-0106
https://orcid.org/0000-0002-7646-9206
https://orcid.org/0000-0002-5843-9724
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/6635963


method to evaluate the presence and severity of portal hyper-
tension. However, patients are not readily accepted because
of their invasiveness and higher costs; thus, there is still an
urgent need for developing straightforward and noninvasive
markers for HRVs.

Several noninvasive indexes have been tested to predict
HRVs in cirrhotic patients, such as Doppler ultrasonography,
computed tomography (CT), magnetic resonance imaging
(MRI), and elastography techniques. CT and MRI allow
direct visualization of esophageal varices after intravenous
contrast administration, whereas the cost of both methods
is higher compared to other noninvasive methods. Various
indexes measured by Doppler ultrasonography have been
proposed as noninvasive predictors for EVs. However, all
these parameters fail to accurately predict the presence of
large varices and display a lower accuracy than that of liver
elastography [3]. Transient elastography (TE) is a one-
dimensional ultrasound-based technology, and some studies
have shown that TE displays an excellent diagnostic accuracy
for predicting the presence of HRVs [4]. The opposite view
indicates that TE is not suitable for patients with ascites
and is performed without direct B-mode imaging guidance,
which will impede the identification of the appropriate
region for assessment [5, 6]. Recently, two-dimensional shear
wave elastography (2D-SWE) has been merged into tradi-
tional ultrasound machines, thus, enables the operator to
analyze a broader region of interest in real-time, further
improving the applicability of elastography [7]. Current
results from the meta-analysis display a better accuracy for
the hepatic fibrosis estimation by 2D-SWE as compared with
TE [8]. Notably, due to the different technical principles, LS
values measured by 2D-SWE are different from values by TE
[9, 10]. Thus, the cut-off acquired fromTE for predictingHRVs
is not applicable for 2D-SWE.Moreover, cirrhosis etiology also
has a substantial impact [11], therefore, the cut-off of LS mea-
sured with 2D-SWE for the diagnosis of HRVs still needs to
be determined in patients with hepatitis B-related cirrhosis.

Serum indexes are another kind of noninvasivemarkers for
the prediction of HRVs. Platelet counts (PLT) have been
attracted more attention among these indexes, since thrombo-
cytopenia is mostly associated with portal hypertension in
cirrhotic patients. Another advantage of PLT lies in its easy
availability in the clinical practice without an increase in
expense for cirrhotic patients [12]. Moreover, combining PLT
with other indexes can further improve the accuracy for the
estimation of HRVs [13], thus, Baveno VI and its expanded
criteria, based on liver stiffness (LS)measured by transient elas-
tography and PLT, have been proposed to avoid unnecessary
endoscopy screening for HRVs [14, 15]. As mentioned above,
the LS value measured by 2D-SWE is different from that by
TE, and hepatitis B-related cirrhosis is also different from other
etiologies. Therefore, the cut-off value of LS detected by 2D-
SWE and PLT to predict HRVs remains unknown.

In this prospective study, we recruited 160 compensated
hepatitis B-related cirrhotic patients who were ready to
undergo 2D-SWE and endoscopic examinations. We aimed
to investigate the cut-off and diagnostic efficacy of the combi-
nation of the LS measured by 2D-SWE and PLT to predict
HRVs.

2. Materials and Methods

2.1. Patients. Patients with compensated hepatitis B-related
cirrhosis at Shandong Provincial Hospital, Cheeloo College
of Medicine, Shandong University, were recruited in this
prospective study fromMay 2017 to June 2018. The inclusion
criteria were (1) presence of hepatitis B surface antigen for at
least six months and (2) cirrhosis detected by liver histology
or unequivocal clinical and imaging data. The exclusion cri-
teria were (1) coinfection with hepatitis C virus or other
chronic liver diseases; (2) history of liver surgery and liver
transplantation; (3) portal or hepatic vein thrombosis
detected by imaging techniques; (4) previous treatments with
transjugular intrahepatic portosystemic shunts, EVs banding
ligations, or nonselective beta-blockers; (5) moderate-to-
severe ascites; (6) hepatic encephalopathy; (7) the history or
presence of variceal hemorrhage; (8) AST and/or ALT
elevation > 5 × the upper limit of normal; (9) right heart fail-
ure; and (10) obstructive jaundice. Informed consent was
obtained from all participants in this study. All procedures
followed the 1964 Declaration of Helsinki and were approved
by the Ethics Committee of Shandong Provincial Hospital.
This study has been registered in the Chinese Clinical Trial
Registry (1900020560).

2.2. Liver Stiffness Assessed by Two Dimensional-Shear Wave
Elastography (2D-SWE). Two experienced technicians (both
of them have conducted more than 500 examinations),
blinded to the upper gastrointestinal endoscopy results, per-
formed 2D-SWE (Supersonic Imagine, Aix-en-Provence,
France) with a convex broadband SC6-1 probe. After an
overnight fast, 2D-SWE measurements were performed
within 1 week after admission. Readings were taken in three
different regions of interest (ROI) in the right lobe of the
liver. The measurement of LS should be performed at least
10mm below the liver capsule. The final LS value was calcu-
lated as the mean of the recorded acquisitions. Each acquisi-
tion was considered successful if the following three
conditions are met (more than two-thirds of the elastography
signal filled the region of interest (ROI), standard deviation
(SD) of the LS value was ≤1.75 kilopascals (kPa), and big ves-
sels and biliary tracts were not included in ROI). Measure-
ments not fulfilling these requirements were considered
failed, and such patients were excluded from the study.

2.3. Endoscopic Evaluation. EVs were detected by one expert
endoscopist (having conducted more than 200 examinations
per year) to avoid the influence of interobserver variability.
Endoscopies were performed within 1 week after admission.
EVs were staged according to the previously published cri-
teria as follows: grade I: varices were flattened by insufflation;
grade II: varices nonconfluent and protruding in the lumen
despite insufflation; grade III: confluent varices were not flat-
tened by insufflation [14]. The presence of red signs was also
recorded in all patients. HRVs were defined as EVs grade 1
with red signs or grade 2 or higher.

2.4. Other Clinical Data. The demographic data and blood
samples of patients were obtained at the time of hospital
admission and were performed at the same admission as
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endoscopic and hepatic elastography evaluation. Blood sam-
ples were collected after a 12h, overnight fast to detect ala-
nine aminotransferase (ALT), aspartate aminotransferase
(AST), gamma-glutamyl transpeptidase (GGT), total biliru-
bin (TBIL), albumin (ALB), prothrombin time (PT), interna-
tional normalized ratio (INR), platelet count (PLT), serum
creatinine, and hepatitis B DNA load. Liver function was
assessed by the Child-Pugh classification and model for
end-stage liver disease (MELD) score [16, 17]. The history
of antiviral therapy was defined as consecutive antiviral treat-
ment with nucleos(t)ide analogues or interferons in the past 6
months.

2.5. Statistical Analyses. Statistical analyses were performed
with STATA 14.0 (College Station, TX, USA) and MedCalc
11.2 (MedCalc, Mariakerke, Belgium). The Shapiro-Wilk test
was used for testing the distribution of numerical variables.
Continuous variables were presented as mean ± SD or
median (interquartile range) and categorical variables as
numbers and percentages. Intergroup differences were
assessed for significance using the Chi-squared test, Mann–
Whitney test, Student’s t-test, or Kruskal-Wallis test. Missing
data were interpolated using the Expectation-Maximization
method [18]. Results were reported as odds ratios (ORs)
and 95% confidence intervals (CIs) whenever appropriate.

To avoid the omission of meaningful factors, variables
significant in univariate analysis (p < 0:1) were included in
the multiple regression models. Relationships between these
parameters were characterized using Spearman correlation
coefficients. The performance of noninvasive tests was
assessed in terms of sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), likelihood
ratio, false-positive rate (FPR), false-negative rate (FNR),
and area under the receiver operating characteristic curves
(AUC). A comparison between AUCs was made by the Han-
ley and McNeil method [19]. Optimal cut-off values were
chosen to maximize the sum of sensitivity and specificity.
The calibration of tests was summarized by the Hosmer-
Lemeshow goodness-of-fit test and observed/expected cali-
bration plots. Furthermore, risk nomograms were con-
structed from logistic regression with LS and PLT as
continuous predictors. The performance of combined nonin-
vasive tests for predicting or excluding HRVs was assessed by
the number and percentage of spared endoscopies and diag-
nostic accuracy. All statistical tests were two-sided. A p value
of < 0.05 denoted statistical significance.

3. Results

3.1. Characteristics of Included Patients. In this prospective
study, 178 patients were initially recruited. Ten patients were
excluded for the following reasons: coinfection with hepatitis
C virus (n = 2), history of liver surgery (n = 2), portal or
hepatic vein thrombosis detected by imaging techniques
(n = 5), and previous treatments with EVs banding ligations
(n = 1). Eight patients failed 2D-SWE examinations, result-
ing in 160 patients in the final analysis (Figure 1). The success
rate was 95.24% (160/168). Analysis for failed examinations
demonstrated that two patients had abdominal distension

before the examination, and the other six patients were over-
weight (BMI: 29:68 ± 1:41 vs. 24:61 ± 0:27, p < 0:001).
According to multivariate analysis, BMI was the only factor
associated with unsuccessful LS measurements (OR 1.610,
95% CI: 1.205-2.150). In patients with successful measure-
ments, the IQR/median was 0:051 ± 0:032 (range: 0.003-
0.177), thus, all patients fulfilled the reliable criteria recom-
mended by EFSUMB guidelines [20]. The concordance
between the three values was almost perfect: ICC = 0:994,
95% CI: 0.993-0.996.

The prevalence of EVs was 26.88% (43/160), and HRVs
were present in 26 (16.25%) patients. In addition, patients
with antiviral therapy histories accounted for 36.88%
(59/160) of the total cases, and the prevalence of HRVs in
patients with antiviral histories was 20.34% (12/59), which
was not significantly different from patients without antiviral
histories (p = 0:284). Clinical characteristics of the included
patients are summarized in Table 1.

3.2. 2D-SWE Displayed Better Performance for excluding
High-Risk Varices in Patients with Hepatitis B-Related
Cirrhosis. To assess diagnostic accuracy of 2D-SWE for
EVs, LS values of no EVs, low-risk EVs, and HRVs were com-
pared in the whole cohort (p < 0:001) (Figure 2(a)). Table 2
was created as a summary of the entire cohort to assess the
discrimination of 2D-SWE in diagnosing HRVs and varices
of all sizes. Notably, LS exhibited good performance in
excluding HRVs and all size varices with both NPVs ≥ 90%,
whereas could not rule in HRVs and all size varices with ade-
quate specificity and reliability due to the low PPVs (<65%).
Using the optimal cut-off of 14.5 kPa for HRVs, the FPR and
FNR of the examination were 9.70% (13/134) and 23.08%
(6/26), respectively. A cut-off set at 11.4 kPa for all size vari-
ces had FPRs at 20.51% (24/117) and FNRs at 23.26%
(10/43), respectively.

Moreover, the calibration of 2D-SWE was good by the
Hosmer-Lemeshow test (p = 0:426), but slightly overesti-
mated the probability of HRVs (Figure 2(b)). Similar results
were obtained for all size varices shown in Figure 2(c) and
tested by the Hosmer-Lemeshow method (p = 0:116).

3.3. The Combination of Liver Stiffness with Platelet Counts
Improved the Accuracy of 2D-SWE for HRVs. To improve
the accuracy of 2D-SWE, multivariable analysis for significant

178 patients with hepatitis B related
cirrhosis 

Included n = 160
 (i) 43 patients were detected with EVs
 (ii) 26 patients were detected with HRVs

Excluded n = 18
 (i) Exclusion criteria n = 10
 (ii) 2D-SWE examination failure n = 8

Figure 1: Flowchart shows patient selection in the study.
Abbreviations: EVs: esophageal varices; HRVs: high-risk varices;
SWE: shear wave elastography.
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indicators in Table 1 established LS values; PLT, MELD score,
and ALB concentration were independently associated with
the presence of HRVs (Table S1). Based on the
recommendation of Baveno VI guidelines and the diagnostic
efficacy for HRVs (Table S2), the combination of LS and PLT
was firstly investigated by a risk nomogram to determine the
probability of HRVs (Figure S1). The combined algorithm
displayed a higher AUC than LS alone (0.923, 95% CI 0.871-
0.959 vs. 0.881, 95% CI 0.820-0.927, p = 0:157).

To further make a simple algorithm in the clinic, PLT’s
cut-off (110 × 109/L) from the expanded Baveno VI criteria
was verified [15]. Patients who meet the criteria
(LS < 14:5 kPa and PLT > 110 × 109/L) were less likely to be
diagnosed with HRVs (NPV = 99:07%). One hundred and
eight out of the 160 patients (67.50%) fulfilled the criteria
and, consequently, avoided endoscopy screening. By combin-
ing LS (≥14.5 kPa) and PLT (≤110 × 109/L) to assess HRVs,
patients can only be diagnosed with 82.35% certainty, and 17
(10.63%) patients can avoid endoscopy screening. Overall,
125 patients (78.13%) could avoid endoscopic examinations,
and the accuracy was 96.80% (121/125), which was better than
that of LS alone (96.80% vs. 88%, p = 0:008) (Table 3).

3.4. Antiviral Therapy Histories Had No Significant Impact on
the Combined Algorithm for Predicting High-Risk Varices. A

subgroup analysis was conducted to investigate the impact
of antiviral therapy histories on the performance of LS mea-
sured by 2D-SWE in the prediction of HRVs. The AUC was
higher in patients without antiviral history than those who
received the treatment (0.970, 95% CI 0.915-0.994 vs. 0.772,
95% CI 0.644-0.871, p = 0:016). Moreover, all patients who
were underestimated using a cut-off of 14.5 kPa had antiviral
therapy histories. Thus, patients with antiviral therapy histo-
ries had a higher FNR compared with those without antiviral
histories (50% vs. 0%, p = 0:003), but the rates of discordance
and FPRs were not statistically significant (15.25% vs. 9.90%,
p = 0:313; 6.38% vs. 11.49%, p = 0:340). Furthermore, the
logistic regression analysis showed that AST values were
associated with underestimated results by 2D-SWE in
patients with HRVs (OR = 0:891; 95% CI 0.795-0.997, p =
0:045). Overall, the above results indicated that the history
of antiviral therapy was an important confounding factor
that may underestimate HRVs by attenuating hepatic cirrho-
sis and inflammation.

On the other hand, the combined algorithm exhibited a
significantly lower FNR than LS alone in patients with antivi-
ral therapy histories (50.00% vs. 8.33%, p = 0:025), and only
one patient was misclassified by the combined algorithm.
Moreover, significantly lower discordance rates (9.90% vs.
0.99%, p < 0:001) and FPRs (11.49% vs. 1.15%, p < 0:001)

Table 1: Characteristics of all patients included in the study.

Variables
Esophageal varices

(n = 43)
No esophageal varices

(n = 117) p∗
High-risk varices

(n = 26)
No high-risk varices

(n = 134) p∗

Age-yrs 52:70 ± 8:53 54:80 ± 9:96 0.221 52:38 ± 8:41 54:60 ± 9:82 0.284

Sex male-no. 40 (0.93) 94 (0.80) 0.054 24 (0.92) 110 (0.82) 0.196

Body mass index-
kg/m2 24:45 ± 3:42 24:66 ± 3:38 0.721 24:05 ± 2:88 24:71 ± 3:47 0.354

ALT-IU/L 38.00 (28.00, 52.00) 31.00 (20.00, 50.00) 0.041 38.50 (27.75, 54.00) 32.00 (21.00, 50.00) 0.120

AST-IU/L 42.00 (30.00, 64.00) 33.00 (25.00, 44.00) 0.002 47.50 (38.25, 75.25) 34.00 (25.00, 44.25) p < 0:001

TBIL-mg/dl 13.27 (10.50, 17.13) 8.58 (6.73, 11.88) p < 0:001 14.74 (10.86, 18.63) 9.13 (6.89, 12.01) p < 0:001

ALB-g/L 39:53 ± 6:19 43.30 (39.80, 45.75) 0.002 38.25 (32.90, 42.93) 43.20 (39.85, 45.73) p < 0:001

PLT-×109/L 113:77 ± 68:12 183:62 ± 63:27 p < 0:001 90:08 ± 52:94 179:35 ± 65:41 p < 0:001

GGT-IU/L 54.00 (31.00, 146.00) 45.00 (28.00, 83.50) 0.155
71.50 (30.00,

194.50)
46.00 (28.00, 82.25) 0.134

Prothrombin time
-%

15:04 ± 1:85 14:07 ± 1:85 0.004 15:70 ± 1:96 14:06 ± 1:77 p < 0:001

INR 1:20 ± 0:18 1:10 ± 0:16 0.001 1:26 ± 0:20 1:10 ± 0:16 0.001

Serum creatinine-
mg/dL

0:74 ± 0:15 0:76 ± 0:18 0.603 0:72 ± 0:16 0:76 ± 0:18 0.221

Child-Pugh class

A-No. 34 (0.79) 112 (0.96) p < 0:001 17 (0.65) 129 (0.96) p < 0:001
B-No. 9 (0.21) 5 (0.04) 9 (0.35) 5 (0.04)

MELD score 15:07 ± 3:15 12:88 ± 3:27 p < 0:001 15:68 ± 3:36 13:04 ± 3:21 p < 0:001
HBV DNA-
log10IU/mL

3.19 (2.04, 4.44) 3.19 (1.90, 4.08) 0.400 2.97 (1.94, 4.63) 3.20 (1.94, 4.10) 0.682

Liver stiffness-kPa 14.60 (11.50, 20.30) 8.30 (7.10, 10.60) p < 0:001 17.25 (14.38, 26.70) 8.85 (7.18, 11.43) p < 0:001

Data are given as mean ± standard deviation ormedian (IQR) for continuous variables and percentage (%) for categorical variables. ∗Calculated from
comparison between patients with and without esophageal varices or high-risk varices by the Student t-test, Mann–Whitney, or χ2 test as appropriate.
Abbreviations: yrs: years; IU: international units; kPa: Kilopascal; No.: number.
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Figure 2: Distribution of liver stiffness was subdivided based on the absence of EVs, presence of LRVs or HRVs in all patients (a). The red and
blue horizontal lines represent cut-offs of 2D-SWE for varices of all sizes and high-risk varices, respectively. Calibration plot of 2D-SWE
(bootstrap resampling times = 500) for high-risk varices and varices of all sizes in all patients (b) and (c). Calibration slopes graph the
agreement between predicted probability on the x-axis and observed proportion on the y-axis. The black dashed line represents perfect
calibration, with 100% agreement. Red line represents the performance of 2D-SWE, and blue dashed line represents 95% confidence
intervals of observed probabilities. Abbreviations: EVs: esophageal varices; LRVs: low-risk varices; HRVs: high-risk varices; 2D-SWE: two-
dimensional shear wave elastography; kPa: kilopascals.
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were observed for the combined algorithm in patients with-
out antiviral therapy histories.

The accuracy and endoscopy-spared rates of combined
algorithms for excluding and predicting HRVs in patients
with antiviral therapy histories were 97%, 66%, 71%, and
12%, respectively. No significant difference was observed
for endoscopy-spared rates and diagnostic accuracy in a pair-
wise comparison between patients with and without antiviral
therapy histories (all p > 0:05) (Figure 3).

4. Discussion

This study assessed the accuracy of combining the LS value,
as measured by 2D-SWE, and the PLT value for predicting
HRVs in patients with hepatitis B-related cirrhosis. Our find-
ings demonstrated that in comparison with the LS value
alone, this combined algorithm could further improve the
accuracy of predicting HRVs. Nearly all patients without
HRVs could be excluded and may be used as a first-line
screening method to identify high-risk patients. Besides, the
combination of LS with PLT displayed excellent accuracy
even in patients with histories of antiviral treatment.

One of the major concerns for using 2D-SWE in cirrhotic
patients is its feasibility and applicability. In this study, failed
measurements only accounted for 4.76% (8/168). This
desired result could be attributed to the technique’s improve-
ment by integrating 2D-SWE into traditional ultrasound
machines, thereby ensuring the homogeneity of the elastic
image [6]. Additionally, consistent with the study results by
Procopet et al. [21], obesity and abdominal distensions were
the leading cause of the failure in this technique. These fac-
tors will affect the depth of elastography quantification,
which correlates with the accuracy and success rates of 2D-
SWE directly. Moreover, the subcutaneous fat may also alter
the pattern of the shear waves, leading to a lower rate of suc-
cess [22]. It will be interesting to determine whether this
technical problem can be resolved to further improve the
applicability of 2D-SWE.

Another concern about predicting HRVs using 2D-SWE
in compensated hepatitis B-related cirrhotic patients is its
diagnostic efficacy. In the present study, LS showed higher
NPVs than PPVs, which could probably be due to the lower
prevalence of EVs. In this cohort, the prevalence of EVs
and HRVs was 26.88% and 16.25%, respectively, and the dif-
ferences in etiology may explain this lower prevalence [23].
This aspect can also explain the differences in cut-off values
from other studies, and one typical example is that cut-off
values of HRVs were higher for patients with alcoholic cir-
rhosis than those with viral cirrhosis [11]. One limitation of
2D-SWE lies in its low PPV for EVs, which is in the same line
with results from TE [5]. We speculated that intrahepatic fac-
tors (i.e., increased vascular resistance caused by hepatic
fibrosis) correlated well with the portal pressure in early
stages, but the presence of EVs was also affected by extrahe-
patic factors [24]. Accordingly, it is imperative to combine
LS with extrahepatic indices associated with portal hyperten-
sion (i.e., PLT) to improve the accuracy of 2D-SWE.

In order to further improve the diagnostic accuracy for
ruling out HRVs, the expanded Baveno VI guidelines pro-
posed that patients with compensated advanced chronic liver
disease with an LS value by TE of <25 kPa and a platelet
count >110 × 109 cells/L can avoid the need for screening
endoscopy [15]. However, due to the different technical prin-
ciples, LS values measured with 2D-SWE were different from
TE. On the other hand, Stefanescu et al. pointed out that LS
values suggested by Baveno VI guidelines, but acquired from
2D-SWE, do not perform well for predicting the presence of
any varices [25]. Therefore, more evidence is still required
concerning the prediction of HRVs. We reported that the
combination of LS (14.5 kPa) with PLT (110 × 109/L)
improved the ability to exclude patients with HRVs and
reduced the need for endoscopy by 68%. Only one patient
was misclassified, whose clinical characteristics were LS =
12:5 kPa, PLT = 225 × 109/L, BMI = 29:38 kg/m2, implying
the influence of obesity on LS measurement or instability
around the cut-off values. In patients fulfilling LS ≥ 14:5 kPa
and PLT ≤ 110 × 109/L, HRVs can be identified with more
than 80% certainty, which was better than LS alone. More
methods that may further improve the accuracy of the pre-
diction of HRVs are needed in the future.

Factors affecting the accuracy of noninvasively diagnostic
technique for HRVs are also issues of concern to clinical work
[26, 27]. More than one-third of the patients in this study had
a history of antiviral treatment. However, previous studies
commonly excluded such patients from avoiding the interfer-
ence of these factors [28, 29]. The problem is that patients with
antiviral therapy history were left with limited ways to predict
HRVs. Besides, the guidelines from the American Association
for the study of liver diseases demonstrate that LS combining
with platelet count to predict HRVs needs to be verified for
cirrhotic patients who have achieved sustained virological
response (SVR) [2]. An impressive result was that the history
of antiviral therapy attenuated AUCs of 2D-SWE. Published
data have proved that CSPH persists in most patients with
hepatitis C virus-associated cirrhosis despite the SVR, indicat-
ing persistent risk of HRVs [30]. On the other hand, LS

Table 2: Diagnostic accuracy of 2D-SWE to discriminate all size
varices and high-risk varices in patients with hepatitis B-related
cirrhosis.

Patients with hepatitis B-related cirrhosis (n = 160)
Diagnostic indexes All size varices High-risk varices

AUC (95% CI) 0.834 (0.767-0.888) 0.881 (0.820-0.927)
‡Cut-off values 11.4 kPa 14.50 kPa

Sensitivity 0.77 (0.61-0.88) 0.77 (0.56-0.91)

Specificity 0.80 (0.72-0.87) 0.91 (0.85-0.95)

PPV 0.59 (0.45-0.72) 0.63 (0.44-0.79)

NPV 0.90 (0.83-0.95) 0.95 (0.90-0.98)

Positive LR 3.9 (2.6-5.8) 8.6 (4.8-15.3)

Negative LR 0.3 (0.2-0.5) 0.3 (0.1-0.5)

Note: data in parentheses are 95% confidence intervals. ‡A cut-off was set to
maximize the sum of sensitivity and specificity. Abbreviations: PPV: positive
predictive value; NPV: negative predictive value; LR: likelihood ratio; CI:
confidence interval.
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decreases rapidly after antiviral treatment, reflecting the
remission of both hepatic inflammation and fibrosis [31].
Thus, the cut − off < 14:5 kPa performed poorly to rule out
HRVs for patients with antiviral therapy history. However,
we did not find a significant influence of antiviral treatment
for predicting HRVs when combining LS with PLT.Moreover,
a lower FNR was found for the combined algorithm than LS
alone. This finding also validates the necessity of combining
LS with PLT for predicting the presence of HRVs.

Our study has certain limitations. The size of the popula-
tion is slightly smaller than those in previous studies. More-
over, except for excluding HRVs, we also want to find a
method to rule in patients with a high risk of HRVs. Though
higher ALT and TBIL levels may increase FPRs, however, it
does not affect the most important characteristic of this algo-
rithm, i.e., the safety profile. Since the level of ALT/AST of
90% (144/160) included patients were ≤2 × upper limit of nor-
mal, and 77.5% (124/160) of themwere within the normal level
of TBIL (<23.9μmol/L), we cannot further analyze the impact
of these confounders. Future studies should expound their
influence in the results. Additionally, the application of spleen

stiffness (SS) has been attracted more and more attention
[32], although it also has been reported that many factors will
affect its values [33, 34]. However, this index also has the hope
to be an accurate diagnostic indicator for HRVs [35] and may
further improve the accuracy for predicting HRVs by LS alone
[36]. More evidence is needed to compare the diagnostic effi-
cacy using SS measured by different elastography techniques.

Last but not least, the practical implications of our find-
ings can be concluded as follows. The most compelling evi-
dence is that the LS value measured with 2D-SWE would
safely avoid the need for additional endoscopy screening in
patients with hepatitis B-related cirrhosis who are most likely
to be free from HRVs. We recommend that the combination
of LS with PLT is used for patients with antiviral history in
predicting HRVs. Moreover, patients who meet the criteria
LS ≥ 14:5 kPa and PLT ≤ 110 × 109/L should be consent to
perform endoscopic screening, and primary prophylaxis is
required for patients with medium or large varices. The other
patients in the “grey zone” need to consider combining other
noninvasive tests or undergo endoscopy screening directly
(Figure S2).

Table 3: The combination of liver stiffness and platelet counts for ruling out and ruling in high-risk varices in patients with hepatitis B-related
cirrhosis.

Patients with hepatitis B-related cirrhosis (n = 160)
Noninvasive tests ‡LS < 14:5 kPa and PLT > 110 × 109/L §LS ≥ 14:5 kPa and PLT ≤ 110 × 109/L Combined rule in/out criteria

Sensitivity 0.96 (0.80-1.00) 0.54 (0.34-0.73) 0.93 (0.66-1.00)

Specificity 0.80 (0.72-0.86) 0.98 (0.93-0.99) 0.97 (0.92-0.99)

PPV 0.48 (0.34-0.62) 0.82 (0.56-0.95) 0.82 (0.56-0.95)

NPV 0.99 (0.95-1.00) 0.92 (0.85-0.95) 0.99 (0.95-1.00)

Positive LR 4.8 (3.4-6.7) 24.1 (7.4-77.8) 34.2 (11.1-105.3)

Negative LR 0.05 (0.01-0.3) 0.5 (0.3-0.7) 0.009 (0.001-0.07)

Spared endoscopies 108/160 (0.68) 17/160 (0.11) 125/160 (0.78)

HRVs missed 1/108 (0.01) 3/17 (0.18) 4/125 (0.03)

Note: data in parentheses are 95% confidence intervals. ‡Combined criteria for ruling out patients with HRVs. §Combined criteria for ruling in patients with
HRVs. Abbreviations: HRVs: high-risk varices; LS: liver stiffness; kPa: kilopascal; PPV: positive predictive value; NPV: negative predictive value; LR:
likelihood ratio.
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Figure 3: Performance of the combined algorithm in ruling out (a) and ruling in (b) high-risk varices in subgroups according to antiviral
therapy histories.
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2D-SWE: Two-dimensional shear wave elastography
kPa: Kilopascals
EVs: Esophageal varices
HRVs: High-risk varices
ALT: Alanine aminotransferase
AST: Aspartate aminotransferase
GGT: Gamma glutamyltranspeptidase
TBIL: Total bilirubin
ALB: Albumin
PT: Prothrombin time
INR: International normalized ratio
PLT: Platelet count
MELD: Model for end-stage liver disease
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FNR: False-negative rate.

Data Availability

Due to ethical restrictions imposed in the interest of partici-
pant confidentiality, data are available from the Ethics Com-
mittee of Shandong Provincial Hospital Affiliated to
Shandong University for researchers who meet the criteria
for access to confidential data (sdslyy@yeah.net).

Conflicts of Interest

The authors declare no conflicts of interest.

Acknowledgments

This work was funded by the National Natural Science Foun-
dation of China (81770607 and 81772626).

Supplementary Materials

Supplementary 1. Figure S1: nomograms to determine risk of
high-risk varices based on liver stiffness and platelet count.

Supplementary 2. Figure S2: algorithm for high-risk varices
screening in patients with hepatitis B-related cirrhosis.

Supplementary 3. Table S1: logistic stepwise regression anal-
yses for variables associated with esophageal varices. Table
S2: diagnostic efficacy of noninvasive indexes from logistic
stepwise regression analyses.

References

[1] Y. S. Seo, “Prevention and management of gastroesophageal
varices,” Clinical and Molecular Hepatology, vol. 24, no. 1,
pp. 20–42, 2018.

[2] G. Garcia-Tsao, J. G. Abraldes, A. Berzigotti, and J. Bosch,
“Portal hypertensive bleeding in cirrhosis: risk stratification,
diagnosis, and management: 2016 practice guidance by the
American Association for the study of liver diseases,” Hepatol-
ogy, vol. 65, no. 1, pp. 310–335, 2016.

[3] A. Karatzas, C. Konstantakis, I. Aggeletopoulou,
C. Kalogeropoulou, K. Thomopoulos, and C. Triantos, “Νon-
invasive screening for esophageal varices in patients with liver
cirrhosis,” Annals of Gastroenterology, vol. 313, pp. 1–10, 2018.

[4] J. G. Abraldes, C. Bureau, H. Stefanescu et al., “Non-invasive
tools and risk of clinically significant portal hypertension and
varices in compensated cirrhosis: the "anticipate" study,”
Hepatology, vol. 64, no. 6, pp. 2173–2184, 2016.

[5] L. Castera, M. Pinzani, and J. Bosch, “Non invasive evaluation
of portal hypertension using transient elastography,” Journal
of Hepatology, vol. 56, no. 3, pp. 696–703, 2012.

[6] R. M. S. Sigrist, J. Liau, A. E. Kaffas, M. C. Chammas, and J. K.
Willmann, “Ultrasound elastography: review of techniques
and clinical applications,” Theranostics, vol. 7, no. 5,
pp. 1303–1329, 2017.

[7] M. Friedrich-Rust, T. Poynard, and L. Castera, “Critical com-
parison of elastography methods to assess chronic liver dis-
ease,” Nature Reviews Gastroenterology & Hepatology,
vol. 13, no. 7, pp. 402–411, 2016.

[8] E. Herrmann, V. de Lédinghen, C. Cassinotto et al., “Assess-
ment of biopsy-proven liver fibrosis by two-dimensional shear
wave elastography: an individual patient data-based meta-
analysis,” Hepatology, vol. 67, no. 1, pp. 260–272, 2018.

[9] L. Elkrief, P. E. Rautou, M. Ronot et al., “Prospective compar-
ison of spleen and liver stiffness by using shear-wave and tran-
sient elastography for detection of portal hypertension in
cirrhosis,” Radiology, vol. 275, no. 2, pp. 589–598, 2015.

[10] T. Y. Kim, T. Y. Kim, Y. Kim, S. Lim, W. K. Jeong, and J. H.
Sohn, “Diagnostic performance of shear wave elastography
for predicting esophageal varices in patients with compensated
liver cirrhosis,” Journal of Ultrasound in Medicine, vol. 35,
no. 7, pp. 1373–1381, 2016.

[11] E. Nguyen‐Khac, P. Saint‐Leger, B. Tramier, H. Coevoet,
D. Capron, and J. L. Dupas, “Non-invasive diagnosis of large
esophageal varices by Fibroscan: strong influence of the cir-
rhosis etiology,” Alcoholism, Clinical and Experimental
Research, vol. 34, pp. 1146–1153, 2010.

[12] Â. Z. Mattos, F. C. Schacher, G. John Neto, and A. A. Mattos,
“Screening for esophageal varices in cirrhotic patients - non-
invasive methods,” Annals of Hepatology, vol. 18, no. 5,
pp. 673–678, 2019.

[13] N. S. Ding, T. Nguyen, D. M. Iser et al., “Liver stiffness plus
platelet count can be used to exclude high-risk oesophageal
varices,” Liver International, vol. 36, no. 2, pp. 240–245, 2016.

[14] R. de Franchis, “Expanding consensus in portal hypertension:
report of the Baveno VI consensus workshop: stratifying risk
and individualizing care for portal hypertension,” Journal of
Hepatology, vol. 63, no. 3, pp. 743–752, 2015.

[15] S. Augustin, M. Pons, J. B. Maurice et al., “Expanding the
Baveno VI criteria for the screening of varices in patients with
compensated advanced chronic liver disease,” Hepatology,
vol. 66, no. 6, pp. 1980–1988, 2017.

[16] R. N. Pugh, I. M. Murray-Lyon, J. L. Dawson, M. C. Pietroni,
and R. Williams, “Transection of the oesophagus for bleeding
oesophageal varices,” The British Journal of Surgery, vol. 60,
no. 8, pp. 646–649, 1973.

8 BioMed Research International

https://downloads.hindawi.com/journals/bmri/2021/6635963.f1.docx
https://downloads.hindawi.com/journals/bmri/2021/6635963.f2.docx
https://downloads.hindawi.com/journals/bmri/2021/6635963.f3.docx


[17] M. Malinchoc, P. S. Kamath, F. D. Gordon, C. J. Peine, J. Rank,
and P. C. J. ter Borg, “A model to predict poor survival in
patients undergoing transjugular intrahepatic portosystemic
shunts,” Hepatology, vol. 31, no. 4, pp. 864–871, 2000.

[18] L. T. Chen, Y. Feng, P. J. Wu, and C. Y. J. Peng, “Dealing with
missing data by EM in single-case studies,” Behavior Research
Methods, vol. 52, no. 1, pp. 131–150, 2020.

[19] J. A. Hanley and B. J. McNeil, “The meaning and use of the
area under a receiver operating characteristic (ROC) curve,”
Radiology, vol. 143, no. 1, pp. 29–36, 1982.

[20] C. F. Dietrich, J. Bamber, A. Berzigotti et al., “EFSUMB guide-
lines and recommendations on the clinical use of liver ultra-
sound elastography, update 2017 (long version),” Ultraschall
in der Medizin - European Journal of Ultrasound, vol. 38,
no. 4, pp. e16–e47, 2017.

[21] B. Procopet, A. Berzigotti, J. G. Abraldes et al., “Real-time
shear-wave elastography: applicability, reliability and accuracy
for clinically significant portal hypertension,” Journal of Hepa-
tology, vol. 62, no. 5, pp. 1068–1075, 2015.

[22] M. Lupșor-Platon, R. Badea, M. Gersak et al., “Non-invasive
assessment of liver diseases using 2D shear wave elastogra-
phy,” Journal of Gastrointestinal and Liver Diseases, vol. 25,
pp. 525–532, 2020.

[23] A. M. Di Bisceglie, “Hepatitis B and hepatocellular carci-
noma,” Hepatology, vol. 49, no. S5, pp. S56–S60, 2009.

[24] J. K. Lim and R. J. Groszmann, “Transient elastography for
diagnosis of portal hypertension in liver cirrhosis: is there still
a role for hepatic venous pressure gradient measurement?,”
Hepatology, vol. 45, no. 5, pp. 1087–1090, 2007.

[25] H. Stefanescu, G. Allegretti, V. Salvatore, and F. Piscaglia,
“Bidimensional shear wave ultrasound elastography with
supersonic imaging to predict presence of oesophageal varices
in cirrhosis,” Liver International, vol. 37, no. 9, p. 1405, 2017.

[26] M. Giuffrè, S. Fouraki, M. Comar, F. Masutti, and L. S. Crocè,
“The importance of transaminases flare in liver elastography:
characterization of the probability of liver fibrosis overestima-
tion by hepatitis C virus-induced cytolysis,” Microorganisms,
vol. 83, p. 348, 2020.

[27] M. Giuffrè, M. Giuricin, D. Bonazza et al., “Optimization of
point-shear wave elastography by skin-to-liver distance to
assess liver fibrosis in patients undergoing bariatric surgery,”
Diagnostics, vol. 10, no. 10, p. 795, 2020.

[28] S. Petta, G. Sebastiani, E. Bugianesi et al., “Non-invasive pre-
diction of esophageal varices by stiffness and platelet in non-
alcoholic fatty liver disease cirrhosis,” Journal of Hepatology,
vol. 69, no. 4, pp. 878–885, 2018.

[29] A. Colecchia, F. Ravaioli, G. Marasco et al., “A combined
model based on spleen stiffness measurement and Baveno VI
criteria to rule out high-risk varices in advanced chronic liver
disease,” Journal of Hepatology, vol. 69, no. 2, pp. 308–317,
2018.

[30] S. Lens, E. Alvarado-Tapias, Z. Mariño et al., “Effects of all-oral
anti-viral therapy on HVPG and systemic hemodynamics in
patients with hepatitis C virus-associated cirrhosis,” Gastroen-
terology, vol. 153, no. 5, pp. 1273–1283.e1, 2017.

[31] X. Q. Dong, Z. Wu, J. Li, G. Q. Wang, H. Zhao, and China
HepB‐Related Fibrosis Assessment Research Group, “Declin-
ing in liver stiffness cannot indicate fibrosis regression in
patients with chronic hepatitis B: a 78-week prospective
study,” Journal of Gastroenterology and Hepatology, vol. 34,
no. 4, pp. 755–763, 2019.

[32] M. Giuffrè, G. Bedogni, C. Abazia, F. Masutti, C. Tiribelli, and
L. S. Crocè, “Spleen stiffness can be employed to assess the effi-
cacy of spontaneous portosystemic shunts in relieving portal
hypertension,” Annals of Hepatology, vol. 19, no. 6, pp. 691–
693, 2020.

[33] M. Giuffrè, S. Fouraki, M. Campigotto et al., “Alanine amino-
transferase and spleno-portal dynamics affect spleen stiffness
measured by point shear-wave elastography in patients with
chronic hepatitis C in the absence of significant liver fibrosis,”
Journal of Ultrasound, vol. 24, no. 1, pp. 67–73, 2021.

[34] M. Giuffrè, D. Macor, F. Masutti et al., “Evaluation of spleen
stiffness in healthy volunteers using point shear wave elasto-
graphy,” Annals of Hepatology, vol. 18, no. 5, pp. 736–741,
2019.

[35] M. Giuffrè, D. Macor, F. Masutti et al., “Spleen Stiffness Prob-
ability Index (SSPI): a simple and accurate method to detect
esophageal varices in patients with compensated liver cirrho-
sis,” Annals of Hepatology, vol. 19, no. 1, pp. 53–61, 2020.

[36] R. Fofiu, F. Bende, A. Popescu et al., “Spleen and liver stiffness
for predicting high-risk varices in patients with compensated
liver cirrhosis,” Ultrasound in Medicine & Biology, vol. 47,
no. 1, pp. 76–83, 2021.

9BioMed Research International


	The Combination of Shear Wave Elastography and Platelet Counts Can Effectively Predict High-Risk Varices in Patients with Hepatitis B-Related Cirrhosis
	1. Introduction
	2. Materials and Methods
	2.1. Patients
	2.2. Liver Stiffness Assessed by Two Dimensional-Shear Wave Elastography (2D-SWE)
	2.3. Endoscopic Evaluation
	2.4. Other Clinical Data
	2.5. Statistical Analyses

	3. Results
	3.1. Characteristics of Included Patients
	3.2. 2D-SWE Displayed Better Performance for excluding High-Risk Varices in Patients with Hepatitis B-Related Cirrhosis
	3.3. The Combination of Liver Stiffness with Platelet Counts Improved the Accuracy of 2D-SWE for HRVs
	3.4. Antiviral Therapy Histories Had No Significant Impact on the Combined Algorithm for Predicting High-Risk Varices

	4. Discussion
	Abbreviations
	Data Availability
	Conflicts of Interest
	Acknowledgments
	Supplementary Materials

