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Utility of Elastography with Endoscopic Ultrasonography Shear-Wave
Measurement for Diagnosing Chronic Pancreatitis
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Background/Aims: Rosemont classification (RC) with en-
doscopic ultrasonography (EUS) is important for diagnosing
chronic pancreatitis (CP) but is based only on subjective
judgement. EUS shear wave measurement (EUS-SWM) is
a precise modality based on objective judgment, but its
usefulness has not been extensively studied yet. This study
evaluated the utility of EUS-SWM for diagnosing CP and esti-
mating CP severity by determining the presence of endocrine
dysfunction along with diabetes mellitus (DM). Methods:
Between June 2018 and December 2018, 52 patients
who underwent EUS and EUS-SWM were classified into
two groups according to RC: non-CP (indeterminate CP and
normal) and CP (consistent and suggestive of CP). The EUS-
SWM value by shear wave velocity was evaluated with a me-
dian value. The EUS-SWM value was compared with RC and
the number of EUS features. The diagnostic accuracy and
cutoff value of EUS-SWM for CP and DM and its sensitivity
and specificity were calculated. Results: The EUS-SWM value
significantly positively correlated with the RC and the number
of EUS features. The EUS-SWM values that were consistent
and suggestive of CP were significantly higher than that of
normal. The area under the receiver operating characteristic
(AURQOC) curve for the diagnostic accuracy of EUS-SWM for
CP was 0.97. The cutoff value of 2.19 had 100% sensitivity
and 94% specificity. For endocrine dysfunction in CP, the
AUROC was 0.75. The cutoff value of 2.78 had 70% sensitiv-
ity and 56% specificity. Conclusions: EUS-SWM provides an
objective assessment and can be an alternative diagnostic
tool for diagnosing CP. EUS-SWM may also be useful for pre-
dicting the presence of endocrine dysfunction. (Gut Liver
2020;14:659-664)
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INTRODUCTION

The estimated annual prevalence and incidence of chronic
pancreatitis (CP) were 52.4/100,000 and 14.0/100,000, respec-
tively. The sex ratio (male/female) of patients was reported to
be 4.6 and patients’ mean age was 62.3 years.' CP is the inflam-
mation of the pancreas, which leads to permanent impairment
of exocrine and endocrine functions. Therefore, it is currently
considered as an important healthcare problem. However, there
is no consensus regarding the severity grading of CP in histol-
ogy.” Moreover, Dewitt et al.” reported endoscopic ultrasonogra-
phy (EUS)-guided trucut biopsy is not enough for evaluating the
grading of CP.

EUS is thought to be one of the most reliable and efficient
diagnostic modalities for pancreatobiliary diseases because of
its superiority to any other modalities with respect to spatial
resolution.*” Nowadays, EUS can be considered as one of the
modalities for the morphological diagnosis of CP. The Rosemont
classification (RC) is a method for diagnosing CP with the EUS
criteria, which was introduced by a group of endosonography
experts at an international consensus conference. In the RC, the
ductal and parenchymal EUS findings are divided into major A,
major B, and minor criteria. This RC classified the EUS findings
as consistent with CP, suggestive of CP, indeterminate for CP,
or normal.” Although the criteria are widely used at its current
status, the diagnosis of CP using RC did not have high interob-
server agreement.”

The EUS strain elastography was reported as another diag-
nostic method for CP, and it was shown to be correlated with
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the CP stages of RC." However, the EUS strain elastography
has some limitations. First, it cannot measure absolute value of
hardness. Second, it is affected by the size and/or position of
region of interest (ROI), because it is necessary to set the ROI
in analysis. Different settings of ROl may cause heterogeneous
results. On the other hand, EUS shear wave measurement (EUS-
SWM) is a more precise modality for diagnosing CP, because it
provides absolute value of pancreatic hardness. However, there
is no report of the usefulness of EUS-SWM, because it is newly
introduced in the field of EUS. Therefore, the aim of this study
was to evaluate the utility of EUS-SWM for diagnosing CP by
comparing it with RC stages. We also sought to evaluate the
utility of EUS-SWM for estimating CP severity by determining
the endocrine dysfunction with presence of diabetes mellitus
(DM).

MATERIALS AND METHODS
1. Patients

Between June 2018 and December 2018, 52 patients who
underwent EUS and EUS-SWM were retrospectively enrolled in
this study. The inclusion criteria were as follows: age >20 years;
and EUS and EUS-SWM were performed on the same day; fol-
low-up patients of CP or patients who were clinically suspected
as CP with abdominal pain and/or history of recurrent pan-
creatitis. The exclusion criteria included malignant pancreatic
lesion and previous pancreatic surgical procedure and/or total
gastrectomy. EUS images were classified into four stages ac-
cording to RC (consistent with CP, suggestive of CP, indetermi-
nate of CP, and normal). Subsequently, patients were classified
into two groups: non-CP (including indeterminate of CP and
normal) and CP (including consistent with CP and suggestive of
CP). Diagnostic concordance for CP between EUS and computed
tomography (CT) was evaluated. This study was approved by the
Ethics Committee of Wakayama Medical University (approval
number: 2529).

2. Study design

This study was a retrospective study to evaluate the useful-
ness of EUS-SWM for CP. Primary outcome measurement was
to evaluate the correlation between EUS-SWM and RC. The val-
ue of EUS-SWM was compared to RC stages and the number of
EUS features in the RC. One of the secondary outcome measure-
ments was to evaluate the diagnosis ability of EUS-SWM for
CP and DM. The other secondary outcome measurement was to
calculate the diagnostic ability of EUS-SWM and its cutoff point
for diagnosing CP, and to calculate the accuracy of EUS-SWM
and its cutoff point for estimating CP severity by determining
the endocrine dysfunction with presence of DM.

3. EUS procedures

Convex-type endoscopes (GF-UCT260; Olympus, Tokyo, Japan)
with ultrasound (US) observation systems (ARIETTA 850; Hitachi
Aloka Medical, Ltd, Tokyo, Japan) were used. EUS was performed
in the left lateral position under diazepam-induced sedation with
heart rate, saturation, and blood pressure monitoring. The endo-
sonographer recorded EUS images for the later evaluation of RC.
EUS-SWM was performed after recording the EUS images.
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Fig. 1. Illustration of endoscopic ultrasonography shear-wave mea-
surement.

Fig. 2. Representative endoscopic images from a patient with chronic pancreatitis. (A) EUS showed a heterogeneous pancreas with strand, hyper-
echoic foci, and lobularity with honeycombing. (B) EUS-SWM was performed to diagnose chronic pancreatitis. The EUS-SWM value of 3.69 was
higher than the cutoff value of 2.19 for diagnosing chronic pancreatitis.

EUS-SWM, endoscopic ultrasonography shear-wave measurement.



4. Shear wave measurement EUS elastography

The detailed procedure and mechanism of action of EUS-
SWM are as follows: acoustic radiation force (push pulse) was
sent to the focal point of the region of interest. Shear wave is
generated at the edge by push pulse. The shear wave velocity
(Vs; distance/ arrival time lag [m/s]) was calculated between two
search points with track pulse (Fig. 1). If the tissue was hard,
faster shear wave was propageted. The ROI (5x10 mm) was set
on the pancreatic parenchyma in the body without vessels, pan-
creatic duct, and cyst (Fig. 2). The value of EUS-SWM by shear
Vs was measured ten times and evaluated with the median
value. The percentage of the net amount of effective shear wave
velocity (VsN, %) showed which percentage of the measurement
value was used in the calculation of Vs. The calculated VsN
was used to assess whether or not the Vs value is reliable. In
the previous reports, SWM-elastography with transabdominal
US was calculated in three parts (head, body, and tail), and the
body was shown to have the highest accuracy of diagnosing CP
among the three positions.’ Therefore, we calculated the value
of SWM-EUS in the pancreatic body.

5. Rosemont classification

Two endosonographers who were blinded to the results of
EUS-SWM evaluated the recorded EUS images with reference to
the RC. In the RC, ductal and parenchymal EUS findings were
classified into major A, major B, and minor criteria. Moreover,
this evaluation, based on the number and character of positive
EUS criteria is classified as consistent with CP, suggestive of CP,
indeterminate for CP, or normal. When the three endosonogra-
phers had different conclusions, they re-evaluated together until
an agreement was reached.

6. Statistical analysis

JMP Pro version 13 (SAS Institute Inc., Cary, NC, USA) was
used for statistical analyses. The Fisher exact test for qualitative
variables and Mann-Whitney U test for quantitative variables,
were used to compare categorical variables. The Dunnett test

Table 1. Characteristics of the Patients in the CP and Non-CP Groups
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was used to compare the normal findings with each of the other
findings (consistent with CP, suggestive of CP, and indetermi-
nate of CP). A difference was considered significant when the
p-value was <0.05. The correlation between the value of EUS-
SWM and number of EUS features in the RC was performed
with Spearman’s correlation. The correlation coefficients (r,)
were categorized as weak (<0.2), mild (0.2 to <0.4), moderate
(0.4 to <0.7), or strong (>0.7) Diagnostic accuracy of EUS-SWM
for CP was calculated after drawing the corresponding receiver
operating characteristic (ROC) curve analysis. Based on the ROC
curve analysis, a cutoff point was determined to maximize the
Youden index. On this point, sensitivity and specificity were
calculated. The area under the ROC (AUROC) accuracy was de-
fined as low (0.5 to <0.7), moderate (0.7 to <0.9), or high (>0.9).
The kappa coefficient was used for diagnostic concordance for
CP between EUS and CT. Inter-rater agreement was assessed
through magnitude and has been considered based on the Lan-
dis and Koch proposal as follows: Fleiss k-values <0 as indicat-
ing no agreement; 0-0.20 as slight, 0.21-0.40 as fair, 0.41-0.60
as moderate, 0.61-0.80 as substantial, and 0.81-1 as very good
agreement. R3.4.1 (Integrated Development for R. RStudio,
Inc., Boston, MA) was used for statistical analyses of inter-rater
agreement.

RESULTS

In the 52 patients enrolled in this study, the mean age was
62.3+13.3 years (range, 32 to 89 years). The RC diagnoses were
consistent with CP (n=10), suggestive of CP (n=6), indetermi-
nate of CP (n=7), and normal (n=29). Accordingly, there were
36 and 16 patients in the non-CP and CP groups, respectively.
Diagnostic concordance for CP between EUS and CT was very
good («-value, 0.83). Inter-rater agreement between non-CP
and CP was very good agreement (i-value, 0.94). Demographic
and clinical information of these patients is shown in Table 1.
The CP group had higher proportion of male patients (p=0.001),
higher proportion of patients with DM (p=0.026), and alcohol
consumption (>80 g) (p=0.003) (Table 1).

Non-CP (n=36) CP (n=16)
Variable Normal Indeterminate of CP Suggestive of CP Consistent with CP p-value®
(n=29) (n=7) (n=6) (n=10)
Age, yr 62.3+14.0 63.0+13.4 68.5+7.0 58.2+14.8 0.930
Sex, male/female 7/22 5/2 6/0 7/3 0.001
BMI, kg/mz 21.4+3.1 22.0+3.0 23.2+2.0 23.242.5 0.052
Diabetes mellitus 3 (10) 1(14) 1(16) 5 (50) 0.026
Alcohol consumption (>80 g) 1(3) 2 (29) 4 (67) 3 (30) 0.003

Data are presented as mean+SD or number (%).
CP, chronic pancreatitis; BMI, body mass index.
*Non-CP versus CP.
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The median value of EUS-SWM for consistent with CP, sug-
gestive of CP, indeterminate of CP, and normal was 2.98 (2.29
to 4.52), 2.95 (2.19 to 3.76), 1.8 (1.24 to 3.02), and 1.52 (1.02
to 2.52), respectively. The value of EUS-SWM was significantly
positively correlated with RC stages (r,=0.81), and the median
value of EUS-SWM for consistent with CP and suggestive of
CP were significantly higher than that for normal (p<0.001 and
p<0.001, respectively) (Fig. 3). Moreover, the value of EUS-
SWM was significantly positively correlated with the number of
EUS features in the RC (r,=0.72) (Fig. 4).

The AUROC for accuracy of EUS-SWM for diagnosing CP
was 0.97. By using the cutoff value of 2.19, the sensitivity and
specificity were 100% and 949%, respectively (Fig. 5).

On the other hand, for the accuracy of EUS-SWM for esti-
mating CP severity by determining the endocrine dysfunction
with presence of DM is present, the AUROC was 0.75. By using
the cutoff value of 2.78, the sensitivity and specificity were 70%
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Fig. 3. Box and whisker plot of the value of endoscopic ultrasonog-
raphy shear-wave measurement (EUS-SWM) for normal (N) versus
indeterminate of chronic pancreatitis (CP) (I), suggestive of CP (S),
and consistent with CP (C) according to the Rosemont classification.
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Fig. 4. Scatter plots of the value of shear wave measurement EUS
elastography between the value of EUS-SWM and number of EUS
features.

EUS-SWM, endoscopic ultrasonography shear-wave measurement.

and 56%, respectively (Fig. 6).

DISCUSSION

It is important to diagnose subclinical CP, because it may lead
to exocrine and endocrine dysfunction, and pancreatic cancer
in the future. Our study is the first report on the utility of EUS-
SWM for diagnosing CP. Nowadays, RC with EUS based on sub-
jective judgement has been regarded as the most reliable diag-
nostic method for CP. However, this study demonstrated a very
strong correlation between the absolute value of EUS-SWM and
RC. Therefore, EUS-SWM can be an alternative diagnostic tool
for CP based on objective judgement.

Although histology is the gold standard for the diagnosis
of any disease, a histological diagnosis of CP can rarely be
achieved because obtaining tissues routinely and safely is
currently difficult. Therefore, we considered RC as the gold

1.0 1
0.9
0.8
0.7 1
0.6
0.5 A
0.4 1
0.3 1
0.2 1
0.1 1

Sensitivity

0 0.2 0.4 0.6 0.8 1.0
1-Specificity
Fig. 5. The receiver operating characteristic curve for diagnosing

chronic pancreatitis with endoscopic ultrasonography shear wave
measurement.
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Fig. 6. The receiver operating characteristic curve for predicting dia-

betes mellitus with endoscopic ultrasonography shear-wave measure-
ment.



standard of diagnosing CP. Our study demonstrated that EUS-
SWM was significantly positively correlated with RC stages
and the number of EUS features in the RC. In previous reports
comparing EUS features and pancreatic fibrosis with histology,
severity of fibrosis is closely correlated with the number of EUS
features in the RC.""” Our results revealed that values of EUS-
SWM are closely correlated with the number of EUS features in
the RC. Therefore, values obtained with EUS-SWM may reflect
pancreatic fibrosis without performing histologic examinations.
Moreover, measurement of absolute values in EUS-SWM can be
more easily utilized for the assessment of time course of fibrotic
changes and of the effect of treatment for CP compared to RC
and conventional strain EUS elastography, because EUS-SWM
is only a quantitative analysis method.

In terms of diagnostic ability of EUS-SWM for CP, the sen-
sitivity, specificity, and AUROC were 100%, 94%, and 0.97,
respectively. These data showed the excellent performance of
EUS-SWM as a diagnostic tool for CP compared to other re-
ports on elastography according to RC. Iglesias-Garcia et al.”
reported that the sensitivity, specificity, and AUROC curve of
conventional strain EUS elastography for diagnosing CP were
91.2%, 919%, and 0.949, respectively. Considering our results,
EUS-SWM seems superior to conventional strain EUS elastog-
raphy. EUS-SWM has two advantages over conventional strain
EUS elastography. First, EUS-SWM measures absolute value of
hardness while conventional strain EUS does not. Second, con-
ventional strain EUS elastography is affected by the size and/
or position of ROI because it is necessary to set ROI in different
level of strain applied to the pancreas for analysis. On the other
hands, EUS-SWM is a more precise modality for diagnosis of CP
because it provides absolute value of pancreatic hardness.

SWM has already been reported in the field of transab-
dominal US. Kuwahara et al."* reported that the sensitivity,
specificity, and AUROC curve of transabdominal US-SWM for
diagnosing CP were 77.1%, 64.9%, and 0.77, respectively. EUS-
SWM may have three advantages over elastography using
transabdominal US. First, EUS overcomes the problems associ-
ated with US imaging caused by intervening gas, bone, and fat.
Second, the image of pancreas is more clearly depicted in EUS
than in transabdominal US because the EUS probe can be po-
sitioned closer to the pancreas unlike with transabdominal US.
Third, it is difficult to set the ROI (10 mm) with transabdominal
US because the width of the pancreas in CP is <10 mm in some
patients. In contrast, it is easier to set the ROI in the pancreas
with EUS because the ROI of the EUS (5 mm) is less than that of
US (10 mm). Thus, EUS-SWM may seem to be a more excellent
diagnostic method of CP than the other diagnostic methods for
measuring elasticity of the pancreas.

DM is a common complication of CP and occurs naturally in
31.6% of CP patients.”” The micro- or macrovascular damage
secondary to DM is a major threat in CP patients, affecting the
mortality risk of these patients.' In terms of the ability for pre-
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dicting the sensitivity, specificity, and AUROC of EUS-SWM for
DM were 70%, 56%, and 0.75, respectively. The absolute cutoff
values of EUS-SWM for diagnosing CP and for estimating its
severity by determining the endocrine dysfunction with pres-
ence of DM were 2.19 and 2.78, respectively. Given that the cut-
off value of EUS-SWM for estimating endocrine dysfunction is
higher than that for diagnosing CP, endocrine dysfunction may
occur after advanced fibrosis in CP. In fact, duration from the
onset of CP to the diagnosis of endocrine dysfunction is longer
than the duration from the onset of CP to the diagnosis of CP."”
Therefore, EUS-SWM is also useful for estimating the severity of
CP, particularly in terms of endocrine dysfunction.

There are several limitations in this study. First, this study was
a retrospective single-center study enrolling a small number of
patients. Second, we employed RC as the gold standard, which
is a subjective method for CP diagnosis. Further studies with a
larger number of patients from multiple centers are required.

In conclusion, EUS-SWM provides objective assessment and
can be an alternative tool for diagnosing CP. EUS-SWM may
not only be useful for diagnosing CP but also for predicting en-
docrine dysfunction.
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