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ABSTRACT

Objective: To determine the accuracy of the acoustic radiation
force impulse (ARFI) technique for the diagnosis of chronic
pancreatitis.

Materials and methods: We present an observational,
single-center study that included patients with suspected chronic
pancreatitis in the period between October 2012 and September
2015 who underwent endoscopic ultrasound (EUS) and were
classified according to the standard and Rosemont criteria. The
same group of patients was assessed by the ARFI technology using
ACUSON S2000™ equipment with Virtual Touch™ Quantification
software for the assessment of pancreatic stiffness by obtaining
the shear wave velocity (SWV) in the head, body and tail of the
pancreas. Data were analyzed using ANOVA and nonparametric
correlation methods. Diagnostic accuracy was obtained by analyzing
receiver operating characteristic (ROC) curve.

Results: A total of thirty-three patients were studied (45.5%
women); mean age was 58.3 + 11.8 years. Seventeen with a
diagnosis of chronic pancreatitis and sixteen classified as normal
according to standard criteria. A significant difference was detected
between the means of SWV in pancreatic body of patients without
(SWV: 1.27 m/s) and with chronic pancreatitis (SWV 1.57 m/s),
p = 0.037. The area under the ROC curve was 71.3% (95% CI
0.532-0.895) and the accuracy of ARFI for diagnosing chronic
pancreatitis was 69.7% for a SWV of 1.4 m/s in the pancreatic
body. The SWV means in head (r = 0.421, p < 0.05) and body (r
=0.455, p < 0.05) of the pancreas showed a significant correlation
with the number of EUS criteria for chronic pancreatitis.

Conclusion: Quantification of pancreatic stiffness with ARFI
elastography technique has proven to be useful for the non-invasive
diagnosis of chronic pancreatitis.

Key words: Chronic pancreatitis. Elastography. Acoustic radia-
tion force impulse.

INTRODUCTION

Chronic pancreatitis (CP) is a complex chronic inflam-
matory process of the pancreas, characterized by the pre-
sence of chronic inflammatory infiltrates. The activation
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of pancreatic stellate cells produces parenchymal fibrosis
and progressive loss of acinar cells and, to a lesser extent,
of the islets of Langerhans (1-5). Endoscopic ultrasound
(EUS) has become the technique of choice for the diag-
nosis of pancreatic disease such as CP, especially in early
stages, in which other methods do not achieve the same
accuracy (1-6).

Morphological criteria that characterize the disease by
EUS have been established, dividing them into parenchy-
mal and ductal types; the presence of multiple criteria
leads to a definitive diagnosis in clinical practice. A cut-off
of four criteria (3) is often used. The standard classifica-
tion consists of 9 pancreatic criteria: hyperechoic foci,
hyperecoic strands, lobularity, cysts, calcifications, main
duct dilation, dilation of the side branches of Wirsung,
irregular hyperechoic main pancreatic duct and pancrea-
tic duct walls (3). The hypothesis that all these criteria
have the same value for the diagnosis was proposed in
the Rosemont classification (4), which defines the EUS-
based criteria for CP and their specific validity, establis-
hing different patients groups. However, the interobserver
variation of this classification does not improve the afo-
rementioned (3-5).

There is a significant correlation between the number of
criteria of CP by EUS and the degree of pancreatic fibrosis
histologically evaluated (7-11). Another way to indirectly
assess the degree of tissue stiffness is by elastography,
which is the representation of images of the mechanical
properties of objects (elasticity) when exposed to a for-
ce tending to deform (12). Elastography can be classified
based on the physical measurement valued at: a) strain
or deformation; and b) wave velocity distortion or shear
wave velocity (SWV); or depending on the driving method
used: a) by manual compression (using direct force by
hand or cardiovascular pulsations); b) acoustic radiation
force impulse (ARFI); and c) by mechanical impulse (e.g.,
Fibroscan®) (12,13).
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The literature on pancreatic elastography has been
evaluated by three different approaches: percutaneous,
endoscopic and magnetic resonance imaging (14). In 2005,
Hirooka et al. published the first elastographic report of
the pancreas by EUS-elastography (15), and Uchida et al.
by percutaneous elastography (16), both using qualitative
methods. The ARFI technique, developed by the group of
Katty Nightingale (17), is a dynamic method that produces
a mechanical tissue excitation by acoustic pulses of short
duration (< 1 ms) in a region of interest (ROI), which pro-
duce a tissue distortion and waves transverse cut to ROI (a
defined area of 10 x 6 mm). SWV is expressed in meters
per second (m/s) with a range of from 0.5 to 5.5 m/s (18).

Reports on pancreatic elastography by ARFI technique
have been increasing over the past 3 years (12-22), having
noted that currently it can only be used with a percuta-
neous ultrasound equipment and not by EUS. Yashima et
al. (19) presented the first study of diagnostic accuracy by
ARFI between healthy volunteers and patients with chronic
pancreatitis, taking standard magnetic resonance imaging
(MRI), MR cholangiopancreatography (MRCP) and/or
endoscopic retrograde cholangiopancreatography (ERCP)
as a reference, and describing for SWV of 1.4 m/s sensi-
tivity and specificity of 75% and 72%, respectively. Goya
et al. (20) also evaluated the diagnostic accuracy for acute
pancreatitis at the time of hospital admission, describing for
SWV of 1.63 m/s sensitivity and specificity of 100% and
98%, respectively. Furthermore, Mateen et al. (21) used
the same technique to evaluate 166 individuals diagnosed
with acute, chronic pancreatitis and normal controls, and
were unable to differentiate healthy controls from chronic
pancreatitis, only distinguishng acute pancreatitis.

Pancreatic elastography associated with EUS is currently
considered to be a complementary and useful tool in diagno-
sing CP, and could even classify patients according to severity
(23,24). However, whether less invasive capacity techniques,
such as percutaneous ARFI based elastography, could be
equally relevant needs to be systematically determined. In
this sense, the present study aims to evaluate the diagnostic
accuracy of this technique for the diagnosis of CP.

MATERIALS AND METHODS

Descriptive, observational, cross, open-label, single-center study
that evaluates patients over an 18-year period with suspected chronic
pancreatitis by EUS from October 2012 to September 2015 in the
Department of Digestive Diseases of a universitary general hospital.
Inconclusive cases were evaluated with a secretin-stimulated MRCP
(s-MRCP) and a contrast-enhaced pancreas MRI with intravenous
gadolinium. We excluded patients with pancreatic focal lesions,
biliopancreatic prosthesis or previous pancreatic surgical procedure,
and those who declined to participate.

EUS was performed mostly under deep sedation assisted by a
specialist in anesthesia. EUS was performed by using the radial
EUS probe Olympus GF-UE160-ALS5 attached to the Aloka console
model Alpha7 (although a radio equipment Olympus GF-UM 160
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and mini-console EXERA EU-M160 was used in the first year). This
equipment did not have elastography software. The use of a contrast
agent was not contemplated.

CP was determined by the type and number of standard criteria
described by Wiersema et al. (3), defined as the presence of > 4 cri-
teria and non-diagnostic with < 4 criteria, except for those who met
the criteria for s-MRCP using the Cambridge classification (6), peak
of pancreatic contrast enhancement in the venous or portal phase, or
gland signal intensity ratio after intravenous gadolinium administra-
tion (enhanced/unenhanced) lower than 1.7. The severity of chronic
pancreatitis according to Rosemont criteria (4) was also evaluated.

For performing percutaneous elastography (ARFI) we used
ACUSON S2000™ equipment with Virtual Touch™ Quantification
(VTQ) mode (Siemens Medical Solutions USA, Inc.). All patients
were fasting for at least 6 hours and examined whilst lying in the
decubitus position by a convex 1.5-6 MHz 6C1 HD transducer pla-
ced on the epigastric region. The patient was asked to relax and keep
breathing in for each measurement. Ten measurements of ARFI-
VTQ were made in the head, body and tail of the pancreas after
a defined margin and echotexture of the same B-mode image was
obtained to minimize interposition of gas (mainly gastric chamber)
and secretions between the probe and ROI.

The shear wave velocity was expressed in m/s with a theoretical
range of 0.5 to 5.5 m/s. The ROI allows measurements in depth of
up to 6 cm. In the case of incorrectly recorded measurement, results
were given as X.XX m/s. The VTQ software has a report function,
whereby the values of a plurality of measurements made in one place
are automatically averaged and presented as the mean, median, stan-
dard deviation and interquartile range. Measurements were included
in the analysis with a success rate of at least 60% for each pancreatic
area. The time spent per patient was 10 to 15 minutes.

Continuous variables were expressed as means and standard
deviation (SD), discrete variables as proportions or rates, and cate-
gorical variables in proportions. For data with a non-normal distri-
bution, non-parametric tests were used. The diagnostic accuracy was
calculated after the analysis of the receiver operating characteristic
(ROC) curve. For the association between SWV and number of total
parenchymal and ductal EUS criteria, the Spearman correlation coe-
fficient was obtained when the data did not follow a normal distri-
bution. Elasticity values in the different groups of the Rosemont
classification were compared by one-way single-factor analysis of
variance (ANOVA) when following a normal distribution of data by
the Kolmogorov-Smirnov test. Heterogeneity of variances was eva-
luated by the Levene statistical test; post hoc analysis was performed
by the Games-Howell test to assess differences between groups. Sta-
tistical analyses were performed using the software package version
21.0 IBM® SPSS® Statistics for Macintosh®.

The study was approved by the local research committee and
was conducted in accordance with the Declaration of Helsinki. All
participants completed and signed a written informed consent form.

RESULTS

From October 2012 to September 2015, a total of
53 patients suspicious of CP were included in the study.
Thirty-one patients were diagnosed with CP; 30 patients
by EUS and 1 patient by s-MRCP 1 (Cambridge 3).
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Of the 31 patients diagnosed with CP, 14 patients were
excluded (1 refused the elastography for personal reasons,
6 were unable go to the hospital due to work-related issues,
4 had biliopancreatic prosthesis and 3 had undergone sur-
gical intervention due to local complications of CP). Of the
22 patients with a normal pancreas by EUS, there was one
death due to variceal upper gastrointestinal bleeding, 4 decli-
ned to participate and one patient had a body mass index of
35 and was excluded since it was not possible to reach the
pancreas with ROI due to its deep location; thus 16 people
with normal EUS findings were finally evaluated.

Baseline characteristics of the study population

Of the 53 patients with suspected chronic pancreatitis,
33 patients were evaluated. There were 15 males and 18
females with a mean age of 58.3 + 11.8 years, range 32-84.
All of them reported a history of epigastric discomfort or
post prandial distress in the upper abdomen and 60.6%
of them (20 people) had epigastric pain as a predominant
symptom. Chronic diarrhea defined as increased defecation
rate of more than 2 weeks duration and steatorrhea were
reported in only 6.06% (2 patients).

At the time of exploration, 24 patients (72.7%) were
non-drinkers or previous light drinkers with alcohol con-
sumption lower than 20 g/day; 19 patients (57.6%) did
not smoke. Eight patients (24.24%) presented previous
episodes of acute pancreatitis and 7 (21.2%) had diabetes
mellitus type 2. Only 3 patients (9.1%) had a previous
technique image with pancreatic calcifications.

In the group diagnosed with CP, the mean age was 58.76
years (SD = 13.58) whereas in the non-CP group it was
57.81 (SD =+ 10.08), which was not a significant difference
(p =0.821). It was possible to identify a relevant risk factor
in 13 cases (76.5%) diagnosed with CP (4 [23.5%] associated
with tobacco, 7 [41.2%] associated with tobacco and alcohol,
2 [11.8%] related to recurrent pancreatitis and hyperlipidemia);
in 4 patients (23.5%) it was not possible to determine the cause.

Endoscopic characteristics

Of the sixteen patients with CP evaluated by EUS,
8 (50%) had four EUS criteria; 6 (37.5%) had 5, and
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2 (12.5%) presented 7 criteria. Likewise, using the Rose-
mont classification, 7 patients were diagnosed as consis-
tent with CP (43.8%), 6 (37.5%) as suggestive of CP, and
3 as indeterminate for CP (18.8%). These last 3 patients
had four standard EUS criteria for CP (3 minor parenchy-
mal criteria and 1 minor ductal criterion). In the group of
patients with non-CP by EUS (16 patients), 2 (12%) had
only 1 or 2 parenchymal EUS criteria; the remainder (14
patients: 87.5%) did not present any alteration by EUS.

Pancreatic elastography by acosutic radiation force
impulse (ARFI)

Mean, median, standard deviation and range were obtai-
ned in each of the 30 measurements of SWV by subject;
10 in head, body and tail of the pancreas, respectively.

Significant differences were found between the means
of SWV of the body of pancreas in patients with CP and
non-CP (p = 0.037); although not for the measurements
made in the head (p = 0.058) and pancreatic tail (p =
0.326), taking into account the statistical Mann-Whitney U
for samples with heterogeneity of variances by the Levene
test (Table I).

ROC curve analysis of SWV in the head, body and tail
of the pancreas was performed and an area under the curve
(AUC) of 0.695 (95% CI, 0.514-0.876), 0.713 (95% CI
0.532-0.895) and 0.601 (95% CI 0.404-0.798), respecti-
vely, was obtained (Fig. 1).

The diagnostic accuracy of SWV for the diagnosis of CP
is shown in table II. The ROC curves analysis, by applying
the cut-off for SWV of 1.4 m/s measured at the pancreatic
body, had a sensitivity of 58.8%, a 76.92% positive pre-
dictive value and a 65.0% negative predictive value for the
diagnosis of CP, with an area under the curve (AUCROC
95% CI) of 0.713 (0.53-0.89) .

The correlation between the total number of EUS cri-
teria and SWYV in the head, body and tail was evaluated,
with a Spearman correlation coefficient r_of 0.417, 0.367
and 0.229, respectively (Table III). The patient with CP
diagnosed by s-MRCP and contrasted with gadolinium was
excluded from the analysis.

SWYV differences in the head, body and tail of the pan-
creas between patients with and without CP according to

Table I. Shear wave velocity (mean + standard deviation) in the head, body and tail of the pancreas in patients with
and without chronic pancreatitis

Shear wave velocity (SWV) m/s Non-chronic pancreatitis Chronic pancreatitis p
Head of pancreas 1.24 m/s (+/-0.36) 1.67 m/s (+/-0.66) 0.058
Body of pancreas 1.27 m/s (+/-0.46) 1.57 m/s (+/-0.54) 0.037
Tail of pancreas 1.24 m/s (+/-0.34) 1.36 m/s (4+/-0.45) 0.326
p n.s.

n.s.: Not-significant.
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Fig. 1. ROC curve of the shear wave velocity in head, body and tail of
the pancreas for the diagnosis of chronic pancreatitis.

the Rosemont classification were evaluated. Heterogeneity
of variances was found by the Levene statistic, so a post ad
hoc analysis was performed using Games-Howell correc-
tions (Table I'V).

No differences were detected in the SWV of the head,
body and tail of the pancreas in the group of patients with
CP according to the Rosemont classification when etiolo-
gy was evaluated. SWV in different parts of the pancreas
in patients with moderate/high alcohol consumption was
similar to that of patients with none or light alcohol con-
sumption. Likewise, no differences between the number
of EUS criteria among those with minimal or no alcohol
consumption (< 20 g/day) and moderate to severe (= 20 g/
day) consumption were found.

SWYV in CP did not depend on age. Neither SWV nor the
number of EUS criteria was significantly different when
patients were divided into 2 categories of under 65 and
> 65 years of age.

Table II. Accuracy of shear wave velocity (SWV) for the diagnosis of chronic pancreatitis

Shear wave velocity (m/s) SWV mean  Sensibility Specificity PPV NPV Accuracy  AUCROC (Cl 95%)
1.3 m/s 64.70% 56.25% 61.11% 60.0% 60.61%
1.4 m/s 52.94% 68.75% 64.29% 61.11% 60.61% 0.695

Head of pancreas 1.5 m/s 52.94% 87.5% 81.81% 63.63% 69.7% (0.514-0.876)
1.6 m/s 29.41% 87.5% 71.42% 53.85% 66.67%
1.3m/s 70.6% 62.5% 66.67% 66.67% 66.67%

Body of pancreas 1.4 m/s 58.82% 81.25% 76.92% 65.0% 69.7% 0713
1.5 m/s 41.17% 81.25% 70.0% 65.0% 60.62% (0.532-0.895)
1.6 m/s 29.41% 81.25% 62.5% 52.0% 54.55%
1.3m/s 35.29% 68.75% 54.55% 50.0% 51.52%

, 1.4 m/s 29.41% 81.25% 37.5% 52.0% 54.55% 0.601

Tail of pancreas (0.404-0.798)
1.5 m/s 29.41% 87.5%% 28.57% 53.85% 57.58%
1.6 m/s 11.76% 87.5% 50.0% 48.28% 48.48%

PPV: Positive predictive value; NPV: Negative predictive value; AUCROC: Area under the curve; CI: Confidence interval.

Table Ill. Coefficient of correlation between the shear wave velocity (SWV) of the head, body and tail of pancreas and total,

parenchymal and ductal number of EUS criteria for the diagnosis of chronic pancreatitis

USE criteria SWV head SWV body SWV tail
Rho Spearman/p Rho Spearman/p Rho Spearman/p
Total number of EUS criteria 0.417/0.017 0.367/0.039 0.229/0.208
Number of parenchymal EUS criteria 0.421/0.016 0.455/0.009 0.325/0.069
Number of ductal EUS criteria 0.361/0.042 0.249/0.170 0.075/0.685

EUS: Endoscopic ultrasonography.
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Table IV. Analysis of the difference between shear wave velocity (SWV) of the head, body and tail of the pancreas
and the Rosemont classification for chronic pancreatitis (CP)

Shear wave velocity (SWV) Rosemont classification SWV mean m/s (n) p
Non-CP 1.24 (16)
Indeterminate for CP 1.59 (3) 0.778
Head of pancreas .
Suggestive of CP 1.48 (6) 0.500
Consistent with CP 1.92 (7) 0.307
Non-CP 1.27 (16)
Indeterminate for CP 1.51(3) 0.428
Body of pancreas .
Suggestive of CP 1.30 (6) 0.997
Consistent with CP 1.85(7) 0.310
Non-CP 1.24 (16)
) Indeterminate for CP 1.14 (3) 0.798
Tail of pancreas .
Suggestive of CP 1.19 (6) 0.991
Consistent with CP 1.63(7) 0.393

DISCUSSION

We present the results of the diagnostic accuracy of a
non-invasive method based on percutaneous elastography
for the diagnosis of chronic pancreatitis. Of the 31 cases of
CP recruited, 14 were excluded for different reasons, half
of them for local complications of the disease, so the most
severe cases of CP could not be evaluated by percutaneous
elastography and could have given higher values in the
elastographic measurements, which could have improved
diagnostic accuracy.

SWYV was obtained from measurements taken at the
three main parts of the pancreas (head, body and tail)
in both normal and CP patients. Between the three parts
of the pancreas of non-CP group patients there were no
differences. However, those with CP presented differences,
although they were not significant, probably due to the
limited number of patients.

There were differences in SWV between different parts
of the pancreas of patients with and without CP, but sig-
nificant differences were only found in the measurements
made in the body of pancreas (1.27 m/s vs. 1.57 m/s, p =
0.037) (Table I). The sensitivity described for conventional
ultrasonography ranged from 52% to 86% (24) mainly due
to the presence of gross morphological changes such as
calcifications or marked dilation of the pancreatic ducts,
mainly reflecting assessments made in advanced stages.
It should be noted that, in our series, the mean number
of EUS criteria was 4.6 and more advanced stages were
excluded as they did not meet the inclusion criteria. The
optimal number of parenchymal and ductular abnormali-
ties for a diagnosis of CP by EUS have been established
with a high sensitivity and specificity (3,4), but when eva-
luating patients with early stage disease sensitivity it was
reduced to 86% (24).

Using histology as a reference, EUS criteria have been
evaluated for non-calcifying CP, reporting sensitivities
between 75-91% and 85-100% of specificity (7-11). But
these studies have many limitations such as the inclusion
of patients with a high probability pre-test for CP in the
presence of high risk factors (7), including patients with
surgical resection for cancer (8), and variability in the
number of criteria used to define CP by EUS and histology
(9). Our series found a significant correlation between the
number of EUS criteria, mainly parenchymal and SWV in
the head and body of the pancreas (Table III). However,
when CP severity was evaluated, no significant differen-
ces were found for SWV at each stage (Table IV). Never-
theless, it can be seen that there is a general tendency to
differentiate non-CP from advanced CP (Fig. 2). This crude
differentiation is reminiscent of the discriminative power
of the studies of liver with transient elastography, clearly
differentiating the absence of fibrosis (F0) and early (F1)
from advanced stages (F4), although it is still difficult to
determine the intermediate stages (F2,F3) .

Elastography associated with EUS is a technique that
shows high accuracy for the differential diagnosis of solid
tumors and inflammatory pancreatic masses with sensiti-
vity of 100% and specificity of 88-96% (23-28). Itokawa
et al. (27) introduced the concept of strain ratio (SR) as a
semiquantitative method to objectively evaluate tissue hard-
ness, which is simply the ratio of the distortions produced
by a force on two adjacent areas. In 2013, Iglesias-Garcia
et al. (23) obtained a diagnostic accuracy of 91.1% by EUS-
elastography using the SR for CP with a cut-off of 2.25,
describing a direct correlation between the SR and the diffe-
rent stages of CP according to the Rosemont classification.
EUS-elastography, despite obtaining a high diagnostic accu-
racy using indirect quantification methods, is a dependent
operator technique and has a relative degree of invasiveness.
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Fig. 2. Shear wave velocity of the body of the pancreas of patients with
and without chronic pancreatitis according the Rosemont classification.
The mean and 5, 25, 75 and 95 percentiles are shown. p > 0.05 by
analysis of variance and Games-Howell test between all groups.

In 2012, Yashima et al. (19) presented a study with 52
healthy subjects and 46 patients with CP using the ARFI
technology. The cut-off values to differentiate healthy
patients had a sensitivity, specificity, positive predictive
value and negative predictive value of 75%, 72%, 69%
and 78%, respectively. However, the technique used to
diagnose CP was based on ERCP and/or MRI analysis,
without a morphological description by EUS, as more
than 70% of CP patients presented an advanced stage.
Following the analysis of the inclusion criteria, the lack
of morphological data by EUS in patients classified as
normal but with a history of abdominal discomfort in the
study by Mateen et al. (21) could explain the absence of
differences in the SWV between these patients and those
classified as CP, meaning there was an initial unintentio-
nal misclassification.

We could not avoid selection bias because patients with
local complications, requiring some pancreatic surgery or
endoscopic procedures, which could influence pancreatic
stiffness data, were excluded. Another bias of our study
was the fact that it was a non-blinded single center study.
This is mainly due to the clinical setting of the practice
and to the fact that the disease has a low incidence and
prevalence. Likewise, the period between performance of
the EUS and elastography should be considered.

Pancreatic fibrosis, which is probably the main cause of
pancreatic stiffness in CP, is not considered as synonymous
with disease, since there are other causes of pancreatic
fibrosis, including advanced age, alcohol consumption,
tobacco, etc. In our group of patients with CP, no diffe-
rences were detected between age (over or under 65 years),
alcohol consumption (less than or > 20 g/day), etiology of
CP, and the mean of SWYV and the number of EUS crite-
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ria, which may be due to the limited number of patients
included in the study.

In conclusion, despite having a small number of patients,
we could significantly correlate morphological findings
obtained by EUS for CP with SWV by non-invasive percuta-
neous elastography. If diagnostic accuracy of CP for the latter
technique was improved with a larger number of patients,
the absence of adverse effects and excellent tolerance would
justify its widespread use immediately after a suspected diag-
nosis, and even for the follow up of this disease.
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