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Background: To evaluate the value of shear wave elastic imaging (SWE) in the classification of esophageal
varices (EV) and detection of rupture hemorrhage.

Methods: A total of 120 patients with clinically diagnosed cirrhosis were selected from October 2017 to
October 2018 and underwent ultrasonography, endoscopy, and laboratory examinations. Several factors,
including gender, age, body mass index (BMI), aspartate aminotransferase (AST), AST to platelet count ratio
index (APRI), portal vein diameter, platelet count, spleen thickness, liver stiffness (LS), and spleen stiffness
(SS), were evaluated for their diagnostic value for EV classification and detection of rupture hemorrhage.
Correlation analyses were also conducted.

Results: The APRI, portal vein diameter, platelet count, spleen thickness, LS, and SS had areas under the
curve (AUCs) of 0.76, 0.81, 0.82, 0.89, 0.84, and 0.91, respectively, indicating their potential use as indices
for the diagnosis of EV (all P<0.05). The platelet count and APRI could not distinguish low-risk EV from
high-risk EV (P=0.301, P=0.564), but EV with or without rupture hemorrhage was identified by SS (P<0.001).
Therefore, SS is a valuable factor for the identification of low-risk EV and high-risk EV, as well as for the
identification of EV with or without rupture hemorrhage. Spearman’s correlation analysis indicated that the
occurrence of EV is moderately correlated with APRI, portal vein diameter, platelet count, and LS (r=0.41,
0.49, 0.51, 0.54, P<0.05) and highly correlated with spleen thickness and SS (=0.63, 0.65, P<0.05).
Conclusions: SWE demonstrated a high diagnostic value, supporting its application as a non-invasive

method for predicting EV classification and rupture hemorrhage.
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Introduction

Rupture of esophageal varices (EV) is the most common
cause of upper gastrointestinal bleeding in cirrhosis, with
an incidence reported as high as 50% in the literature.
The mortality rate of EV rupture bleeding is 20-30%,
with shock and even death most often being caused by
untimely treatment (1-3). Consequently, early detection
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and intervention can reduce the risk of EV rupture and
ultimately reduce mortality. The current gold standard
for the discovery of EV is endoscopic examination,
as recommended by the United States and European
Union for all patients with cirrhosis (4,5). However, this
examination causes patient discomfort and is expensive,

meaning that follow-up requirements often cannot be met.
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Another clinical approach for the detection of EV is
ultrasound elastography, which can be used to objectively
and quantitatively analyze liver stiffness (LS). This
procedure is mainly conducted using transient elastography
(TE), acoustic radiation force impulse imaging (ARFI), and
real-time shear wave elastography (SWE). As the earliest
elastography technique to be applied in clinical practice (6),
TE is used for the classification of hepatic fibrosis and to
predict the occurrence of diseases such as EV and portal
hypertension (7-9). However, this method is prone to
measurement errors in patients with obesity, severe ascites,
and narrow intercostal spaces. Furthermore, TE lacks 2D
imaging capabilities and requires specialized equipment.
For these reasons, this method is being gradually replaced
by ARFI and SWE.

Although widely used in the diagnostic grading of liver
fibrosis (7,10), SWE is seldom used to predict the severity
of EV and rupture bleeding. Indeed, previous studies have
relied on TE and aspartate aminotransferase (AST) to
platelet count ratio index (APRI), rather than SWE, for
predicting the occurrence of EV (11,12). The purpose of
our present study was to investigate the predictive value of
SWE for EV grading and rupture bleeding, and to compare
the diagnostic performance of SWE with that of other
noninvasive methods.

We present the following article in accordance with
the Tripod Reporting Checklist (available at http://dx.doi.
org/10.21037/apm-20-306).

Methods
Patients

Between October 2017 and October 2018, 120 patients
who were clinically diagnosed with cirrhosis in our hospital
were enrolled in this study. The study was conducted
in accordance with the Declaration of Helsinki (as
revised in 2013). The study was approved by the medical
Ethics Committee of the Affiliated Hospital of Qingdao
University, and written informed consent was provided by
all study participants. Inclusion criteria required successful
measurements of LS, spleen stiffness (SS), and other
parameters. Exclusion criteria included hepatic and splenic
tumor or other neoplasms (n=24), portal vein thrombosis
(n=3), types of cirrhosis other than viral hepatitis B (n=19),
and a history of portal hypertension operation (splenic
embolization, transjugular intrahepatic portosystemic shunt,
splenectomy, etc.) (n=17). In addition, three cases were
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also excluded due to severe obesity and gastrointestinal gas
measurement. Therefore, of the 186 participants initially
enrolled, 120 (98 men and 22 women) were ultimately
included in the study.

SWE

All patients were examined in the morning in a fasted state
using the Supersonic Imagine Aixplorer SC6-1 convex
array probe (SuperSonic Imagine SA, Aix-en-Provence,
France). The patients were placed in a supine position, and
the SWE examination was performed using brightness (B)-
mode ultrasound. The elasticity image box was set 1 cm
deeper than the Glisson capsule and splenic capsule, and
the vascular system was avoided during measurement.
Measurements of LS were performed on the right lobe of
the liver through the intercostal space, with patient’s right
upper limb in maximal abduction. The probe was placed on
the right side of the 7" to 9" intercostal space. When the
target area of the liver was located, the B-mode ultrasound
was switched to the SWE mode for measurement of LS.
The patient was asked to hold a breath for about 10 s
during the measurement. The measurement was repeated
five times, and the results were averaged. Measurements of
the splenic diameter and SS were performed between the 9"
and 11" intercostal space, with the participant’s left upper
limb in maximal abduction. Again, 5 measurements were
obtained and averaged. Only patients with a coefficient of
variability (CV) <0.3 for the LS and SS values obtained

were included in further analyses (13).

Laboratory examination

All laboratory data for each patient, including the APRI
(APRI = AST/AST 41 x100, ASTyn =40 U/L), were
obtained on the day of ultrasonography by a seasoned
physician (>20 years of clinical experience) who was blinded
to the results of other tests.

Upper gastrointestinal endoscopy

The endoscopy was performed by a clinician (with 14 years
of clinical experience) within a week of completing the
ultrasound and relevant laboratory examinations. The
clinician was also blinded to other data. The diagnosis of
EV was made according to the Japanese Standard (14),
which classifies EV as F1-F3. A red sign indicates a high-
risk factor for rupture and bleeding of EV. Low-risk EVs
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Figure 1 The flow of participants through the study.
Table 1 Patient features Statistical analysis

Variables Value
Age (years), median [range] 55 [49, 60]
Men/women 98/22

BMI (kg/m?), median (range) 24.60 (23.40, 25.90)

EV classification

Non-EV 36
Low-risk EV 49
High-risk EV 35
Bleeder 17
Non-bleeder 67

APRI, median (range) 7.90 (6.30, 10.28)

Portal vein diameter, median (range) 1.31 (1.21, 1.40)
Platelet count, median (range) 106.00 (87.25, 120.75)
Spleen thickness, median (range) 4.23 (3.66, 4.68)
LS, median (range) 23.30 (19.83, 26.28)

SS, median (range) 35.60 (31.30, 40.45)

BMI, body mass index; EV, esophageal varices; APRI, aspartate
aminotransferase to platelet count ratio index; LS, liver stiffness;
SS, spleen stiffness.

are defined as F1 without red signs or Child-Pugh class C,
while high-risk EVs are defined as F2-F3 or F1 with red
signs or Child-Pugh class C. And, Figure 1 is the flow of
participants through the study.
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The statistical software systems SPSS 21.0 (SPSS Inc., IBM,
Chicago, IL, USA) and MedCalcl5 (MedCalc Software
Ltd., Ostend, Belgium) were used for statistical analysis.
Variables are represented by median (x) and percentile. The
Chi-squared (x’) test was used to test gender effects, while
age, body mass index (BMI), APRI, portal vein diameter,
platelet count, spleen thickness, LS, and SS effects were
analyzed using the Mann-Whitney U test. Correlations
between multiple parameters and EV classification were
analyzed by Spearman’s correlation analysis. The cutoff
values for APRI, portal vein diameter, platelet count, spleen
thickness, LS, and SS were determined using receiver
operating characteristic (ROC) curves, and the comparison
of ROC curves was performed using the DeLLong method.
The area under the curve (AUC), specificity, sensitivity,
Youden index, positive likelihood ratio (+LR), and negative
likelihood ratio (-LR) were also calculated for further
analysis. A value of P<0.05 was considered statistically
significant.

Results
Patient characteristics

The endoscopic examinations revealed that 36 patients
were non-EV and 84 were EV, of whom 49 were low-risk
EV and 35 were high-risk EV. Among the 84 patients with
EV, 17 were hemorrhagic and the other 67 were not. The
characteristics of all 120 patients are summarized in Table 1.
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Variables Non-EV (n=36), median (range) EV (n=84), median (range) P value
Sex (men/women) 29/7 69/15 0.548
Age 54.00 (48.25, 60.00) 55.00 (49.00, 60.75) 0.600
BMI 24.65 (23.83, 26.63) 24.50 (22.95, 25.80) 0.078
APRI 6.15 (2.90, 10.60) 8.56 (6.98, 11.28) <0.001
Portal vein diameter 1.20 (1.16, 1.30) 1.34 (1.26, 1.43) <0.001
Platelet count 127.00 (108.25, 145.00) 103.50 (79.50, 112.00) <0.001
Spleen thickness 3.59 (3.31, 3.898) 4.58 (4.15, 4.82) <0.001
LS 17.30 (14.60, 20.78) 24.35 (21.28, 26.93) <0.001
SS 28.35 (24.63, 31.48) 38.60 (34.33, 44.80) <0.001

BMI, body mass index; EV, esophageal varices; APRI, aspartate aminotransferase to platelet count ratio index; LS, liver stiffness; SS,

spleen stiffness.

Table 3 APRI, portal vein diameter, platelet count, spleen thickness, LS, and SS in patients with low-risk EV vs. high-risk EV

Variables Low-risk EV (n=49), median (range) High-risk EV (n=35), median (range) P value
APRI 8.40 (7.20, 10.65) 9.30 (6.80, 11.60) 0.564
Portal vein diameter 1.31 (1.24, 1.41) 1.37 (1.31, 1.47) 0.010
Platelet count 105.00 (81.00, 112.50) 102.00 (74.00, 111.00) 0.301
Spleen thickness 4.51 (4.05, 4.67) 4.71 (4.25, 4.95) 0.022
LS 23.60 (20.60, 26.15) 25.90 (23.70, 27.90) 0.012
SS 35.90 (32.95, 39.75) 43.00 (38.60, 48.20) <0.001

EV, esophageal varices; APRI, aspartate aminotransferase to platelet count ratio index; LS, liver stiffness; SS, spleen stiffness.

Diagnostic ability of variables to differentiate the severity
of EV

The variables of gender, age, and BMI had P values of
0.548, 0.600, and 0.078, respectively; they could not be
used as diagnostic indicators of the presence or absence
of EV. By contrast, APRI, portal vein diameter, platelet
count, spleen thickness, LS, and SS all had P values <0.05,
so they potentially could serve as indicators (Tuble 2).
However, no difference was observed for platelet count
and APRI (P=0.301, 0.564, respectively) between patients
with low-risk EV versus high-risk EV (Table 3). Only SS
was a statistically significant indicator (P<0.001) for the
identification of EV with or without bleeding (7zble 4).

Comparisons of diagnostic performance among variables

The ROC curve analysis showed AUCs for APRI, portal
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vein diameter, platelet count, spleen thickness, LS, and SS
diagnosed with or without EV of 0.76, 0.81, 0.82, 0.89, 0.84,
and 0.91, respectively. In diagnosing EV, SS was superior to
APRI, portal vein diameter, platelet count, spleen thickness,
and LS (Figure 24). The AUCs for portal vein diameter,
spleen thickness, LS, and SS were 0.67, 0.65, 0.66, and 0.77,
respectively, for diagnosing low-risk EV and high-risk EV
(Figure 2B). The cutoff values, specificity, sensitivity, Youden
index, +LR and -LR of the APRI, portal vein diameter,
platelet count, spleen thickness, LS, and SS for diagnosing
cirrhosis with or without EV and diagnosing of low-risk EV
and high-risk EV are shown in Tibles 5,6. In distinguishing
EV with hemorrhage or without hemorrhage, the cutoff
value of 39.3 KPa for SS had a specificity of 98.60%,
sensitivity of 70.15%, Youden index of 0.72, +LR of 3.35,
and -LR of 0.01. The distribution of LS and SS in EV
classification is shown in Figure 3.
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Table 4 Difference in various parameters in non-bleeder vs. bleeder patients
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Variables Non-bleeder (n=67), median (range) Bleeder (n=17), median (range) P value
Portal vein diameter 1.34 (1.26, 1.44) 1.32 (1.26,1.41) 0.322
Spleen thickness 4.57 (4.12, 4.75) 4.78 (4.27, 5.05) 0.112
LS 24.50 (21.80, 26.70) 23.80 (20.40, 29.90) 0.832
SS 37.00 (33.40, 40.10) 48.20 (42.30, 51.05) <0.001

LS, liver stiffness; SS, spleen stiffness.
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Figure 2 ROC of SWE as diagnosis method. (A) ROC curves for the APRI, portal vein diameter, spleen thickness, LS and SS for the
diagnosis of EV; (B) ROC curves for LS and SS for the diagnosis of high EV. ROC, receiver operating characteristic; APRI, aspartate

aminotransferase to platelet ratio index; LS, liver stiffness; SS, spleen stiffness; EV, esophageal varices; SWE, shear wave elastography.

Correlation between variables and the severity of EV

Spearman’s correlation analysis indicated a moderate
correlation between the occurrence of EV and APRI, portal
vein diameter, platelet count, and LS (=0.41, 0.49, 0.51,
0.54, P<0.05), and a high correlation with spleen thickness
and SS (=0.63, 0.65, P<0.05).

Discussion

The rupture and bleeding of EV is one of the most serious
complications of portal hypertension in cirrhosis, and is the
main cause of death under this condition. Especially, the
risk of gastrointestinal hemorrhage is higher in patients with
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moderate and severe EV. Accordingly, great significance has
been placed upon the early determination of the existence
and severity of EV, prediction of the risk of rupture and
bleeding, and timely action of corresponding interventions
to reduce mortality and improve the prognosis of patients
with cirrhosis. Therefore, an efficient, accurate, and reliable
non-invasive detection method has been a crucial need in
the evaluation of EV. The emergence of ultrasonic elastic
imaging can perhaps fulfill this need, and SWE imaging
in particular can quantitatively detect organ hardness and
reflect the degree of organ fibrosis.

In this study, APRI, portal vein diameter, platelet count,
spleen thickness, LS, and SS were found to be applicable for
the diagnosis of EV (P values all <0.05), as their AUC values
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Table 5 Receiver operating characteristics (ROC) for different parameters in patients with present vs. absent esophageal varices (EV)

Parameter Portal vein Platelet Thickness of

(95% Cl) diameter count spleen APRI LS SS

AUC 0.81 (0.73, 0.88) 0.82 (0.74, 0.88) 0.89 (0.83, 0.95) 0.76 (0.67, 0.83) 0.84 (0.77, 0.90) 0.91 (0.84, 0.96)
Cut-off 1.25 120.00 4.20 7.80 21.40 31.50

Specificity 66.67 (49.00, 81.40) 3.89 (46.20, 79.20) 94.44 (81.30, 99.30) 75.00 (57.90, 87.90) 75.00 (64.40, 83.80) 77.78 (60.80, 89.90)
Sensitivity 79.76 (69.60, 87.70) 91.67 (83.60, 96.60) 73.81 (63.10, 82.80) 64.29 (53.10, 74.40) 86.11 (70.50, 95.30) 94.05 (86.70, 98.00)

Youden 0.46 0.56 0.68 0.39 0.61 0.72
index

+LR 2.39 2.54 13.29 2.57 5.40 4.23
-LR 0.30 0.13 0.28 0.48 0.29 0.08

AUC, area under the curve; +LR, positive likelihood ratio; -LR, negative likelihood ratio; APRI, aspartate aminotransferase to platelet count
ratio index; LS, liver stiffness; SS, spleen stiffness.

Table 6 Receiver operating characteristics (ROC) of different parameters in patients with low-risk EV vs. high-risk EV

Parameter (95%Cl) Portal vein diameter Spleen thickness LS SS

AUC 0.67 (0.56, 0.77) 0.65 (0.54, 0.75) 0.66 (0.55, 0.76) 0.77 (0.66, 0.85)
Cut-off 1.29 4.68 23.8 38.1
Specificity 48.98 (34.40, 63.70) 79.59 (65.70, 89.80) 59.18 (44.20, 73.00) 67.35 (52.50, 80.10)
Sensitivity 77.14 (59.90, 89.60) 54.29 (36.60, 71.20) 71.43 (53.20, 85.40) 80.00 (63.10, 91.60)
Youden index 0.26 0.34 0.31 0.47

+LR 1.51 2.66 1.75 2.45

-LR 0.47 0.57 0.48 0.30

EV, esophageal varices; AUC, area under the curve; +LR, positive likelihood ratio; -LR, negative likelihood ratio.
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Figure 3 Distribution of liver stiffness (LS) (A) and spleen stiffness (SS) (B) subdivided according to esophageal varices (EV) status.
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were 0.76, 0.81, 0.82, 0.89, 0.84, and 0.91, respectively. The
LS and SS cutoff values were 21.4 and 31.5 KPa, which is
consistent with the values reported by Grgurevi€ et al. (15).
Platelet count and APRI were unsuitable for the diagnosis
of low-risk EV and high-risk EV (all P values >0.05), in
agreement with the findings of Sharma ez 4/. (16) and Shi
et al. (17).

The platelet count and APRI were not discriminatory for
the diagnosis of low-risk EV versus high-risk EV] and the
specificity of platelet count (63.89%) and sensitivity of APRI
(64.29%) were not sufficiently high for the diagnosis of EV.
Nevertheless, these are all simple and rapid methods for
evaluating cirrhosis and for predicting EV, so their clinical
value should not be ignored. Of all the parameters assessed,
only portal vein diameter, spleen thickness, LS, and SS were
able to identify both low-risk EV and high-risk EV. The LS
and SS cutoff values were 23.8 and 38.1 KPa, respectively,
which were contrary to the values reported by Sharma
et al. (16), who dismissed LS as useless in identifying low-
risk and high-risk EV. This discrepancy could be a result
of our study solely recruiting participants with hepatitis
B cirrhosis, and not patients diagnosed with hepatitis B
cirrhosis, alcoholic cirrhosis, or other types of hepatic
cirrhosis who may present variable LS measurements. In
addition, SWE is superior to TE in terms of its diagnostic
performance (18). Other influencing study design factors
might be differences in sample size and subject nationality.
In fact, as by reported by Sporea er /. (19,20), the LS
differed between Asian and European patients even for the
same type of liver disease and fibrosis classification.

Although the diagnostic value of LS and SS for
discriminating between low-risk EV and high-risk EV is
contentious and needs further investigation, the preferable
diagnostic efficiency of SS versus LS has been confirmed.
In addition, the range of increase of SS is higher than that
of LS, which may be associated with portal perfusion and
spleen perfusion; LS decreases with a decrease in portal
perfusion, whereas SS increases with an increase in spleen
perfusion (21).

Portal hypertension is a major risk factor for EV bleeding.
As suggested by Egawa ez 4. (22), a hepatic venous pressure
gradient (HVPG) >10 mmHg could result in bleeding
of EV. However, this is difficult to control in clinical
practice because of the invasiveness of the examination.
The first evaluation of SWE as a tool for non-invasive
diagnosis of EV was performed by Grgurevi¢ ez al. (15),
but these researchers did not investigate the ability of SWE
to provide a differental diagnosis of low-risk EV and high-
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risk EV] or its effectiveness at predicting EV bleeding. In
the present study, SS predicted EV bleeding with high
diagnostic efficiency (AUC =0.93). For diagnosing rupture
bleeding, a high sensitivity and specificity can be achieved
with SS at a cutoff value of 39.3 KPa.

In the present study, SWE was confirmed as effective
for the diagnosis of EV classification and rupture bleeding.
As indicated, both LS and SS increased with the increase
in EV, and the increase was higher for SS than for LS,
indicating that SS had a better diagnostic performance. The
reason for this is that the measurement of LS is affected by
liver inflammation, congestion, cholestasis, etc., as well as
alanine aminotransferase (AL'T) and bilirubin (23) levels. In
addition, portal hypertension and hemodynamic changes
cannot be accurately measured in practice, and portal
hypertension is one of the main risk factors for EV rupture
and hemorrhage.

This study had some limitations. Firstly, the sample size
was small, and secondly, it was a single-center study. The
findings should be verified in future using larger sample
sizes and multicenter data.

In summary, SWE has a high predictive value for EV
classification and bleeding. The use of SWE for diagnosis
can reduce unnecessary endoscopy and portal hypertension
monitoring, and thus this method may have considerable
value in the diagnosis and treatment of EV.
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