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SS for high-risk varices (�F2) or variceal hemorrhage was 3.40 m/s.

SS was significantly correlated with the presence, severity, and

bleeding risk of esophageal varices. Prompt endoscopic evaluation of

portal hypertension.8,9

elastography has also
of varices and the deg
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Abstract: Esophageal varix and its hemorrhage are serious compli-

cations of liver cirrhosis. Recent studies have focused on noninvasive

prediction of esophageal varices. We attempted to evaluate the

association of liver and spleen stiffness (LS and SS) as measured

by acoustic radiation force impulse imaging, with the presence and

severity of esophageal varices and variceal hemorrhage in cirrhotic

patients.

We measured LS and SS, along with endoscopic examination of

esophageal varices for a total of 125 cirrhotic patients at a single

referral hospital in this prospective observational study. The diag-

nostic utility of noninvasive methods for identifying varices and their

bleeding risk was compared, including LS, SS, spleen length, Child-

Pugh score, and various serum fibrosis indices.

Esophageal varices were present in 77 patients (61.6%). SS was

significantly higher in patients with varices than in those without

varices (3.58� 0.47 vs 3.02� 0.49; P< 0.001). A tendency toward

increasing SS levels was observed with increasing severity of varices

(no varix, 3.02� 0.49; F1, 3.39� 0.51; F2, 3.60� 0.42; F3,

3.85� 0.37; P< 0.001). SS was significantly higher in patients who

experienced variceal hemorrhage than in those who did not

(3.80� 0.36 vs 3.20� 0.51; P¼ 0.002). An optimal cut-off value of
D, PhD, Byeong G , PhD,
ee, MD, PhD

variceal status and prophylactic measures based on the SS may be

warranted for cirrhotic patients.

(Medicine 94(24):e1031)

Abbreviations: ALT = alanine aminotransferase, ANOVA =

analysis of variance, APRI = AST-to-platelet ratio index, ARFI =

acoust ic radiat ion force impulse, AST = aspartate

aminotransferase, AUROC = area under the ROC curve, CI =

confidence intervals, HVPG = hepatic venous pressure gradient,

INR = international normalized ratio, LS = liver stiffness, NPV =

negative predictive value, OR = odds ratio, PPV = positive

predictive value, PSR = platelet-to-spleen ratio, ROC = receiving

operating characteristic, ROI = region of interest, SS = spleen

stiffness.

INTRODUCTION

E sophageal varix is one of the serious complications of liver
cirrhosis resulting from portal hypertension.1 Given the high

prevalence of varices and the significant mortality rate associ-
ated with variceal hemorrhage, early diagnosis of clinically
significant portal hypertension (�10 mm Hg) and varices is of
paramount importance in the management of compensated
cirrhosis and in the prevention of liver-related morbidity and
mortality. Recent guidelines recommend a screening upper
gastrointestinal endoscopy in all cirrhotic patients and call
for primary prophylaxis against variceal hemorrhage if indi-
cated.2 In addition, measurement of hepatic venous pressure
gradient (HVPG) is a standard method to evaluate portal
hypertension.1,3 However, both methods are invasive and
measurement of HVPG with satisfactory quality is available
only in specialized institutions. Therefore, noninvasive and
accurate methods for predicting the presence and severity of
varices are further needed.

Portal hypertension-related splenomegaly is frequently
accompanied by patients with cirrhosis due to portal venous
congestion and hyperplasia of splenic tissue, and its usefulness
for diagnosis of portal hypertension has been studied.4 How-
ever, the direct relationship between the size of the spleen and
the severity of portal hypertension is still under debate.5–7

Recent studies have focused on ultrasound-based measurement
of liver or spleen stiffness (LS or SS); LS reflects the degree of
hepatic fibrosis and resultant portal hypertension, and SS is
reflective of portal hypertension-related changes in the spleen,
including splenomegaly.8 Studies using transient elastography
to measure LS have reported acceptable diagnostic performance
in grading hepatic fibrosis and in detecting clinically significant
Measurement of SS using transient
accurately predicted both the presence
ree of portal hypertension.10,11
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TABLE 1. Baseline Characteristics of Study Population With
Liver Cirrhosis (n¼125)

Variable Mean�SD or n (%)

Sex (male) 80 (64.0)
Age (y) 59.44� 10.92

Etiology
HBV 63 (50.4)
HCV 13 (10.4)
Alcoholic 41 (32.8)
Others 8 (6.4)

Histologically proven cirrhosis 13 (10.4)

Laboratory findings
AST (IU/L) 53.1� 40.9
ALT (IU/L) 37.0� 38.5
ALP (IU/L) 126.3� 59.9
Albumin (g/dL) 3.53� 0.57
Total bilirubin (mg/dL) 1.92� 1.88
Platelet (�109/L) 112.6� 64.9
Prothrombin time (INR) 1.25� 0.26

Endoscopic findings

Esophageal varix
Absent 48 (38.4)
Present 77 (61.6)

F1:F2:F3 25 (20.0):37
(29.6):15 (12.0)

Esophageal variceal hemorrhage
Absent 90 (72.0)
Present 35 (28.0)

ARFI elastographic findings
LS (m/s) 2.51� 0.80
SS (m/s) 3.37� 0.55
Spleen length (cm) 12.10� 2.57

Child-Pugh class
A:B:C 84 (67.2):32 (25.6):8 (6.4)
PSR 1037.53� 734.48
APRI 1.66� 2.12

ALP¼ alkaline phosphatase ALT¼ alanine aminotransferase;
APRI¼ aspartate aminotransferase-to-platelet ratio; ARFI¼ acoustic
radiation force impulse; AST¼ aspartate aminotransferase; HBV¼ he-
hepatitis B virus; HCV¼ hepatitis C virus; INR¼ international normal-
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Because measurement of LS or SS using transient elasto-
graphy harbors inherent limitations in obesity or presence of
ascites,12 acoustic radiation force impulse (ARFI) imaging has
been proposed as an alternative technique for assessing tissue
elasticity.13 Transient elastography is a blind technique without
B-mode imaging capability for localization, whereas ARFI
elastography can directly visualize liver and spleen parench-
yma. We aimed to evaluate the diagnostic utility of LS and SS
measurement using ARFI elastography by investigating their
associations with the presence and severity of varices and
variceal hemorrhage in cirrhotic patients.

PATIENTS AND METHODS

Study Population
Between March 2011 and February 2012, a total of 132

patients with liver cirrhosis were screened for the present study,
and underwent ARFI elastography for measurement of LS and
SS, and upper gastrointestinal endoscopy for the presence and
severity of esophageal varices. The diagnosis of liver cirrhosis
was based on either histology or a combination of physical,
laboratory, and radiological findings. Radiological evidences
for the diagnosis of cirrhosis included nodular surface or coarse
texture of the liver, atrophied right lobe and enlarged caudate or
left lobe, increased diameter of the portal vein and presence of
collateral veins.14–16 Patients with ongoing gastrointestinal
hemorrhage were not considered as eligible, and other exclusion
criteria were active alcohol abuse, portal vein thrombosis,
intrahepatic malignancy, and previous or current treatment
for portal hypertension (beta-blocker therapy, transjugular intra-
hepatic portosystemic shunt, and balloon-occluded retrograde
transvenous obliteration). Of the 132 eligible subjects, SS was
not measurable in 6 patients due to previous splenectomy or
measurement failure, and laboratory data for calculating liver
fibrosis indices were insufficient in 1 patient. Excluding these 7
patients, 125 patients were finally enrolled in the prospective
cohort study, and their clinical and radiologic data were
reviewed. Written informed consent was obtained from all
enrolled patients. The current study was approved by our
institutional review board.

Endoscopic Examination
All patients underwent upper gastrointestinal endoscopy to

assess the presence and severity of esophageal varices. Varices
were graded by 1 of 3 experienced endoscopists (YJJ, WK, and
HYK, with 14, 13, and 10 years of experience, respectively)
according to size as follows: small (F1)—small, straight varices;
medium (F2)—enlarged, tortuous varices occupying less than
one-third of the lumen; or large (F3)—large, coil-shaped varices
occupying more than one-third of the lumen.2 Whenever grades
of varices were not obvious, final grading was made with
consensus among the 3 endoscopists. Previous variceal hemor-
rhage was diagnosed when gastrointestinal bleeding, including
hematemesis, hematochezia, or melena, were confirmed as
originating from varices by endoscopic examination according
to the medical records.

LS and SS Measurement
For all patients, ultrasonographic examination was per-

formed by 2 independent radiologists (JYL and HW with 16 and

Kim et al
10 years of experience as a sonographer, respectively) who was
blinded to clinical data, using a Siemens Acuson S2000TM

ultrasound system (Siemens Medical Solutions, Mountain View,
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CA). Prior to performing ARFI elastography, the gross
morphology of the liver, gall bladder, and spleen was evaluated
in the supine position using conventional B-mode imaging for
each patient after an overnight fast. During real-time B-mode
imaging, LS was measured in the right lobe using the 9th to 10th
rib intercostal approach, with the right arm in maximum
abduction. SS was measured using the intercostal approach

ized ratio; IQR¼ interquartile range; LS ¼ liver stiffness;
PSR¼ platelet-to-spleen ratio; SD¼ standard deviation; SS¼ spleen
stiffness.
in the left upper quadrant, with the left arm in maximum
abduction. A 10� 5-mm region of interest (ROI) box was
placed on the liver and spleen parenchyma without large blood
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TABLE 2. Comparison of Clinical Characteristics Between Cirrhotic Patients With and Without Esophageal Varices

Esophageal Varices

Variable Absent (n¼ 48) Present (n¼ 77) P Value

Sex 0.028
Male 25 (52.1) 55 (71.4)
Female 23 (47.9) 22 (28.6)

Age (y) 61.27� 10.45 58.30� 11.11 0.139
LS (m/s) 2.08� 0.81 2.77� 0.68 <0.001
SS (m/s) 3.02� 0.49 3.58� 0.47 <0.001
Spleen length (cm) 10.74� 2.09 12.95� 2.48 <0.001
APRI 1.49� 2.80 1.77� 1.56 0.478
Platelet count (�109/L) 107.50 (86.00) 84.00 (67.00) 0.026
PSR 1014.00 (1322.00) 649.06 (693.89) 0.002
Total bilirubin (mg/dL) 1.20� 1.04 2.37� 2.14 <0.001
Prothrombin time (INR) 1.15� 0.18 1.30� 0.27 <0.001
Albumin (g/dL) 3.78� 0.53 3.37� 0.53 <0.001
AST (IU/L) 34.50 (25.00) 42.00 (30.50) 0.046
ALT (IU/L) 30.00 (21.50) 27.00 (21.50) 0.416
Child-Pugh class 0.018

A 39 (83.0) 45 (58.4)
B 7 (14.9) 25 (32.5)
C 1 (2.1) 7 (9.1)

nin
o; IQ
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vessels or abnormal lesions at a depth from 3 to 5.5 cm below
liver and spleen capsule.17–19 For each patient, 10 repetitive
measurements were performed in the liver and spleen, respect-
ively, during breath holding for a few seconds per each measure-
ment. The mean value of the 10 measurements was calculated
and represented as an LS or SS value. LS or SS was expressed as
shear wave velocity (meters per second, m/s). Spleen length was
measured as maximum bipolar diameter on ultrasound scan-
ning. For assessing the reproducibility of ARFI elastography, a
preliminary study was performed on 50 patients with cirrhosis
(25 in Child-Pugh class A and 25 in Child-Pugh class B or C).
Consequently, intraobserver agreement of 0.935 at 4-week
intervals and interobserver agreement of 0.932 were achieved
by calculating an intraclass correlation coefficient.

Data are expressed as mean�SD or median (IQR) or n (%). ALT¼ ala
AST¼ aspartate aminotransferase; INR¼ international normalized rati
ratio; SD¼ standard deviation; SS¼ spleen stiffness.
Noninvasive Fibrosis Indices
A 12-h overnight fasting blood sample was taken on the

day of ARFI imaging to measure the serum levels of alanine

TABLE 3. Comparison of Mean Values of Spleen Stiffness, Liver Sti
Degree of Esophageal Varices

Variable No Varix F1

SS (m/s) 3.02� 0.49 3.39� 0.51
LS (m/s) 2.08� 0.81 2.66� 0.64
Spleen length (cm) 10.74� 2.09 12.03� 2.11
Child-Pugh score 5.53� 1.04 6.24� 1.13

LS¼ liver stiffness; SS¼ spleen stiffness.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
aminotransferase (ALT), aspartate aminotransferase (AST),
albumin, and total bilirubin, together with prothrombin time
and platelet count. The platelet-to-spleen ratio (PSR) is signifi-
cantly correlated with the degree of hepatic fibrosis and has
been suggested as a surrogate marker for predicting the presence
and severity of esophageal varices.20 The PSR is calculated as
the platelet count (�109/L)/spleen length (mm). In addition, the
AST-to-platelet ratio index (APRI) has been known as a useful
marker for diagnosing esophageal varices and high-risk varices
in compensated, cirrhotic patients.21 The APRI is calculated as
follows: (AST level [IU/L]/[the upper limit of normal range]/
platelet count [�109/L])� 100.

Statistical Analysis
Categorical data were analyzed using the Chi-squared test,

e aminotransferase; APRI¼ aspartate aminotransferase-to-platelet ratio;
R¼ interquartile range; LS¼ liver stiffness; PSR¼ platelet-to-spleen
and continuous data were compared using the Student’s t test. A
1-way analysis of variance (ANOVA) was performed to com-
pare the mean difference between the 3 groups. Diagnostic

ffness, Spleen Length, and Child-Pugh Score According to the

Esophageal Varices

F2 F3 P Value

3.60� 0.42 3.85� 0.37 <0.001
2.82� 0.65 2.86� 0.83 <0.001
13.47� 2.66 13.22� 2.30 <0.001
6.76� 1.74 7.00� 1.96 <0.001
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TABLE 4. Comparison of Clinical Characteristics Between
Patients With and Without Esophageal Variceal Hemorrhage

Variceal Hemorrhage

Variable Absent
(n¼ 90)

Present
(n¼ 35)

P Value

Sex 0.281
Male 55 (61.1) 25 (71.4)
Female 35 (38.9) 10 (28.6)

Age 60.33� 11.29 57.14� 9.66 0.143
SS (m/s) 3.20� 0.51 3.80� 0.36 <0.001
LS (m/s) 2.37� 0.79 2.86� 0.75 0.002
Spleen length (cm) 11.64� 2.57 13.29� 2.18 0.001
APRI 1.68� 2.38 1.62� 1.26 0.891
Platelet count
(�109/L)

99.00 (80.50) 83.00 (66.00) 0.466

PSR 829.25 (989.47) 649.06 (631.22) 0.132
Total bilirubin
(mg/dL)

1.65� 1.52 2.62� 2.49 0.037

Prothrombin
time (INR)

1.21� 0.21 1.33� 0.33 0.059

Albumin (g/dL) 3.60� 0.56 3.35� 0.54 0.025
AST (IU/L) 41.00 (27.50) 40.00 (26.50) 0.748
ALT (IU/L) 28.00 (21.00) 27.00 (22.50) 0.993
Child-Pugh score 5.00 (2.00) 6.00 (2.00) 0.002
Child-Pugh class 0.036

A 65 (73.0) 19 (54.3)
B 21 (23.6) 11 (31.4)
C 3 (3.4) 5 (14.3)

Data are expressed as mean�SD or median (IQR) or n (%).
ALT¼ alanine aminotransferase; APRI¼ aspartate aminotransferase-
to-platelet ratio; AST¼ aspartate aminotransferase; INR¼ international
normalized ratio; IQR¼ interquartile range; LS¼ liver stiffness;
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performance of ARFI elastography to determine the severity of
varices and to predict variceal hemorrhage was assessed using
receiving operating characteristic (ROC) curves. ROC curves
were constructed, and the area under the ROC curve (AUROC)
was calculated using the trapezoidal rule. Comparisons between
the AUROC were performed using the DeLong test. Optimal
cut-off values were chosen to maximize the sum of sensitivity
and specificity. Sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) were calculated
using the cut-off values obtained from ROC curves. Confidence
intervals (CI) of 95% were calculated for each predictive test
and used to compare AUROC curves. Logistic regression
analyses were performed to determine risk factors associated
with the presence of varices, including sex, age, SS, LS, spleen
length, platelet count, total bilirubin, prothrombin time, albu-
min, and AST. Logistic regression analyses were also conducted
to assess potential risk factors for variceal hemorrhage, such as
sex, age, SS, LS, spleen length, total bilirubin, and albumin.
Multiple logistic regression analyses included age, sex, and
other variables that were found to be significant in the univariate

PSR¼ platelet-to-spleen ratio; SD¼ standard deviation; SS¼ spleen
stiffness.
analysis (P< 0.05). For the multivariate analysis, the stepwise
selection method was used to select variables to be maintained
in the final model. All statistical analyses were performed using

4 | www.md-journal.com
SPSS version 20 (SPSS Inc., Chicago, IL). P value< 0.05 were
considered statistically significant.

RESULTS

Baseline Characteristics of the Study Population
The baseline clinical, biochemical, endoscopic, and radio-

logical findings of the study population are summarized in
Table 1. The primary etiologies of underlying chronic liver
disease were viral (60.8%) and alcoholic (32.8%) in origin. The
large majority of patients were Child-Pugh class A (67.2%) or B
(25.6%). The mean LS and SS values were 2.51� 0.80 and
3.37� 0.55 m/s, respectively. Endoscopic examination revealed
the presence of varices in 77 (61.6%) patients, with variceal
grade F1, F2, and F3 found in 25 (20.0%), 37 (29.6%), and 15
(12.0%) patients, respectively.

Table 2 provides a summary comparison of clinical charac-
teristics between cirrhotic patients with varices and those with-
out varices. Patients with varices had significantly lower
platelet counts (P¼ 0.026), PSRs (P¼ 0.002), and albumin
levels (P< 0.001). They also had higher Child-Pugh scores
(P¼ 0.018), higher bilirubin levels (P< 0.001), and prolonged
prothrombin times (P< 0.001). LS and SS values were signifi-
cantly higher in patients with varices than in those without
varices (P< 0.001). Spleen length was also greater in patients
with varices than in those without varices (P< 0.001). No
significant differences were observed in APRI.

SS, LS, Spleen Length, and Child-Pugh Score
According to the Severity of Esophageal Varices

Significant differences in SS, LS, spleen length, and Child-
Pugh score were observed among patients without varices and the
patient groups with different grades of varices (P< 0.001,
Table 3). Patients who experienced variceal hemorrhage had
significantly higher serum bilirubin levels, higher Child-Pugh
scores, and lower serum albumin levels than those without
variceal hemorrhage (P< 0.05, Table 4). Patients with previous
variceal hemorrhage also exhibited significantly higher SS levels
(P< 0.001), higher LS levels (P¼ 0.002), and greater spleen
lengths (P¼ 0.001) than those without hemorrhage (Table 4).

Diagnostic Performance of SS, LS, Spleen
Length, and Child-Pugh Score for Detecting
Esophageal Varices and Variceal Hemorrhage

The AUROCs of SS, LS, spleen length, and Child-Pugh
score for predicting the presence of varices (F1–3) were 0.785,
0.747, 0.757, and 0.729, respectively (Figure 1A). The AUR-
OCs of SS, LS, spleen length, and Child-Pugh score for
distinguishing medium to large varices (F2, F3) from small
varices (F1) or the absence of varix were 0.762, 0.687, 0.755,
and 0.683, respectively (Figure 1B). For detecting large varices
(F3), the AUROCs of SS, LS, spleen length, and Child-Pugh
score were 0.786, 0.616, 0.669, and 0.639, respectively
(Figure 1C). SS showed a significantly higher AUROC
(0.813; 95% CI, 0.738–0.889) for identifying previous variceal
hemorrhage than LS and Child-Pugh score (Figure 2).

The optimal cut-off value of SS for detecting varices (F1–
3) was 3.16 m/s; the sensitivity, specificity, PPV, and NPV were
87.0%, 60.4%, 77.9%, and 74.4%, respectively. The optimal

Medicine � Volume 94, Number 24, June 2015
cut-off value of SS for predicting the presence of medium to
large varices (�F2) was 3.40 m/s; the sensitivity, specificity,
PPV, and NPV were 78.9%, 63.0%, 60.3%, and 80.7%,

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 1. Comparative area under the receiver operating curve (AUROC) analyses of spleen stiffness (SS), liver stiffness (LS), spleen
length, and Child-Pugh score in predicting the presence (A) and degree (B, C) of esophageal varices. (A) No varix vs F1–3. AUROC: SS,
0.785; LS, 0.747; spleen length, 0.757; Child-Pugh score, 0.729 (P values: SS vs LS, 0.382; SS vs spleen length, 0.577; SS vs Child-Pugh
score, 0.336). (B) No varix, F1 vs F2, F3. AUROC: SS, 0.762; LS, 0.687; spleen length, 0.755; Child-Pugh score, 0.683 (P values: SS vs LS,

C) N
sple
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respectively. The optimal cut-off value of SS for previous
variceal hemorrhage was also 3.40 m/s; the sensitivity, speci-
ficity, PPV, and NPV were 94.3%, 61.1%, 48.5%, and 96.5%,
respectively (Table 5).

Predictors of the Presence of Esophageal Varices

0.138; SS vs spleen length, 0.893; SS vs Child-Pugh score, 0.215). (
0.669; Child-Pugh score, 0.639 (P values: SS vs LS, 0.103; SS vs
and Esophageal Variceal Hemorrhage
Table 6 shows that the results of multiple logistic regression

analyses conducted to assess the association between the presence

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
or hemorrhage of varices and the other explanatory variables.
Male sex was negatively associated with the presence of varices
(odds ratio [OR], 0.37; 95% CI, 0.14–0.99; P¼ 0.048), and SS
was significantly associated with the presence of varices (OR,
5.43; 95% CI, 1.68–17.55; P¼ 0.005) (Table 6A). However, SS

o varix, F1, F2 vs F3. AUROC: SS, 0.786; LS, 0.616; spleen length,
en length, 0.079; SS vs Child-Pugh score, 0.128).
(OR, 24.28; 95% CI, 6.05–97.51; P< 0.001) was the only
independent risk factor associated with variceal hemorrhage
based on the multiple logistic regression analysis (Table 6B).

www.md-journal.com | 5



FIGURE 2. Comparative area under the receiver operating curve
(AUROC) analyses of spleen stiffness, liver stiffness, spleen length,
and Child-Pugh score in predicting esophageal variceal hemor-
rhage. AUROC: spleen stiffness (SS), 0.813; liver stiffness (LS),
0.654; spleen length, 0.710; Child-Pugh score, 0.665 (P values: SS

Kim et al
DISCUSSION
The present study aimed to assess diagnostic performance

of LS and SS measurement using ARFI elastography for the
presence and bleeding risk of esophageal varices by evaluating
their associations with endoscopic features of and previous
hemorrhage from esophageal varices in cirrhotic patients. From
multiple logistic regression and AUROC analyses, SS was
found to be superior to LS, spleen length, and Child-Pugh score
in predicting variceal hemorrhage.

Current standard practices for evaluating portal hyperten-
sion and detecting esophageal varices are HVPG measurement
and upper gastrointestinal endoscopy, respectively.2,3 However,
efforts to find noninvasive measures for diagnosing portal
hypertension and varices have been made in an attempt to

vs LS, 0.006; SS vs spleen length, 0.066; SS vs Child-Pugh score,
0.023).
decrease the requirement for invasive procedures such as HVPG
measurement or endoscopy. Although strong correlations have
been observed between LS and HVPG in some studies,22–24 LS

TABLE 5. Optimal Cut-Off Values of Spleen Stiffness According t

Cut-Off
Value (m/s)

Sensitivity (%)
(95% CI)

No varix vs F1–3 3.16 87.0 (58.4, 94.8)
No varix, F1 vs F2, F3 3.40 78.9 (51.9, 90.4)
No varix, F1, F2 vs F3 3.40 100.0 (73.3, 100.0)
Variceal hemorrhage 3.40 94.3 (60.0, 100.0)

AUROC¼ area under the receiver operating curve; CI¼ confidence inter
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measurement was suboptimal for predicting cases of HVPG
>12 mm Hg and performed even more poorly in predicting
varices.22,25,26 Thus, LS is not considered as effective as HVPG
with respect to overall diagnostic accuracy.8 In contrast, recent
studies have demonstrated that SS measurement may be useful
in predicting the presence and/or severity of varices in patient
populations with various etiologies of portal hypertension
including viral hepatitis-related cirrhosis10,27,28 and extrahepa-
tic portal vein obstruction with presinusoidal portal hyperten-
sion.29

Recently, SS measured by ARFI elastography showed a
significant correlation with severity of esophageal varices.27

We also conducted the present study using ARFI imaging
instead of transient elastography because use of transient
elastography can be limited in obese subjects or cirrhotic
patients with ascites.12 SS measurement using ARFI elasto-
graphy in hepatitis C-predominant patients was effective in
detecting varices (optimal SS cut-off of 3.18 m/s with a 98.4%
NPV, 98.5% sensitivity, and 75% accuracy) and in predicting
the presence of high-risk varices (optimal SS cut-off of 3.30 m/
s with a 99.4% NPV, 98.9% sensitivity, and 72.1% accuracy).27

These findings were consistent with our results in which
hepatitis B was the main underlying cause of cirrhosis in more
than half of the patients. In the present study, the AUROC for
predicting the presence of varices was 0.785, with an optimal
SS cut-off value of 3.16 m/s and an AUROC for predicting
large, high-risk varices (�F2) of 0.762, with 3.40 m/s as the SS
cut-off value. Although a recent meta-analysis suggested that
SS measurement might be suboptimal for the diagnosis of
esophageal varices based on a pooled analysis of 12 studies
with significant heterogeneity, subgroup analysis showed that
the diagnostic performance of SS was better in studies from
Asia than in those from Western countries possibly due to
differences in body size and habitus.30 The present study added
a positive result for the usefulness of SS measurement to detect
esophageal varices in hepatitis B virus-predominant Asian
population.

Previous studies have excluded patients with prior or
ongoing variceal hemorrhage from study populations, most
likely because those studies focused on investigating whether
SS measurement could reduce the need for endoscopic exam-
ination by easily detecting esophageal varices associated with a
high risk of bleeding.10,11,27 The present study also investigated
the diagnostic utility of LS and SS for discriminating variceal
bleeders from nonbleeders. According to the multiple logistic
regression analysis, only SS was found to be indicative of
variceal bleeders among all the investigated variables, including
LS and spleen length (Table 6). The AUROC of SS for
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identifying variceal bleeders was 0.813, with a cut-off value
of 3.40 m/s, which is almost equal to the optimal cut-off value
for prediction of high-risk varices. In other words, SS levels

o the Degree and Hemorrhage of Esophageal Varices

Specificity (%)
(95% CI)

PPV
(%)

NPV
(%)

AUROC
(95% CI)

60.4 (37.5, 72.9) 77.9 74.4 0.785 (0.703, 0.866)
63.0 (42.5, 74.0) 60.3 80.7 0.762 (0.680, 0.844)
51.8 (42.7, 65.5) 22.1 100.0 0.786 (0.686, 0.887)
61.1 (37.8, 71.1) 48.5 96.5 0.813 (0.738, 0.889)

val; NPV¼ negative predictive value; PPV¼ positive predictive value.
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TABLE 6. Multiple Logistic Regression Analysis of Factors Associated With the Presence (A) and Hemorrhage (B) of Esophageal
Varices

Variable Estimate Std. Error Wald-Type
Chi-Square Statistic

P Value OR 95% CI

Lower Upper

(A) Presence of esophageal varices
Sex (male) �1.002 0.506 3.924 0.048 0.37 0.14 0.99
Age 0.005 0.023 0.050 0.822 1.01 0.96 1.05
SS 1.691 0.599 7.962 0.005 5.43 1.68 17.55
Spleen length 0.214 0.120 3.173 0.075 1.24 0.98 1.57
LS 0.566 0.391 2.095 0.148 1.76 0.82 3.79
Total bilirubin 0.380 0.252 2.276 0.131 1.46 0.89 2.40

(B) Hemorrhage of esophageal varices
Sex (male) �0.608 0.544 1.245 0.264 0.55 0.19 1.58
Age �0.016 0.023 0.527 0.468 0.98 0.94 1.03
SS 3.190 0.709 20.216 <0.001 24.28 6.05 97.51
Total bilirubin 0.184 0.131 1.954 0.162 1.20 0.93 1.55

Explanatory variables: sex, age, SS, LS, spleen length, platelet count, total bilirubin, prothrombin time, albumin. CI¼ confidence interval;
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above 3.40 m/s suggests an increased risk of variceal hemor-
rhage and should prompt physicians to check for varices and to
determine whether to initiate pharmacological therapy or
endoscopic intervention.

These findings support the hypothesis that endoscopic
evaluation to determine pharmacological or endoscopic inter-
vention is urgently required when the SS value reaches the
threshold cut-off level in patients with compensated cirrhosis.
This strategy is of particular practicality in terms of patient
convenience, because regular surveillance ultrasonography for
hepatocellular carcinoma (eg, every 6 months) is recommended
for patients with cirrhosis and ARFI elastography can be
performed simultaneously with routine B-mode imaging.

The main limitations of the current study include lack of
comparison with transient elastography or external validation of
the results and unavailability of HVPG measurement.

In conclusion, with certain caveats, SS measurement using
ARFI elastography showed acceptable diagnostic performance
in predicting the presence, severity, and bleeding risk of eso-
phageal varices. Prompt endoscopic evaluation of varices is
justifiable at SS levels of or above the cut-off values established
in this study for high-risk varices and variceal hemorrhage.
Taken together, these findings suggest that SS measurement
using ARFI elastography may assist in the early detection of
high-risk varices and in the alleviation of healthcare costs
associated with variceal hemorrhage. Further validation in a
large-scale, prospective, long-term study is warranted to estab-
lish whether there is a strong correlation between tissue strain
analytics and hemodynamics of portal flow.
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