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Abstract
Endoscopic ultrasound (EUS) is widely recognized for its non-invasiveness
and for its usefulness in chronic pancreatitis (CP) diagnosis, including early
CP. Although it is desirable to obtain a definitive diagnosis of CP by tissue
sampling with EUS-guided fine needle aspiration, histopathological changes
in CP are heterogeneous in terms of the extent and the distribution of
lesions. Therefore, histopathological diagnosis of appropriate tissue sam-
pling by EUS-fine needle aspiration is expected to be difficult. Furthermore,
it is virtually impossible to match EUS images with pathological sections,
making direct contrast between EUS findings and pathology difficult. This
narrative review presents a discussion of the diagnosis of CP/early CP by
EUS, particularly assessing the association between ultrasound and patho-
logical findings. Recently, the histological corroboration and correlation of
EUS findings related to CP have been clarified by surgical specimens, includ-
ing those obtained from animal studies. Furthermore, remarkable advances
have occurred in the objective and quantitative diagnosis of pancreatic fibro-
sis by EUS-elastography.Future technological advances in EUS are expected
to improve the accuracy of diagnosis of pancreatic fibrosis at earlier stages.
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INTRODUCTION

Chronic pancreatitis (CP), an irreversible and progres-
sive inflammation of the pancreas, is characterized by
extensive fibrosis of the pancreatic glands caused by
persistent and recurrent inflammation, leading eventu-
ally to pancreatic exocrine and endocrine disorders.1–3
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Several guidelines used for diagnosing CP recommend
computed tomography (CT) and magnetic resonance
imaging/cholangiopancreatography (MRI/MRCP) as the
first imaging modalities. Endoscopic retrograde MRCP
(ERCP) is also an important test for CP diagnosis, but
when abnormalities occur in findings from such tests,
many of them are non-reversible CP.4–7 Nevertheless,
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endoscopic ultrasound (EUS),which allows observation
of the pancreas at close range with high resolution, has
the potential to diagnose subtle changes, especially for
cases of early CP (ECP) without calcification.8–10 Actu-
ally, EUS is widely recognized for its non-invasiveness
and for its usefulness in CP diagnosis. An important
and persistent problem with EUS in ECP diagnosis is
its lack of a histopathological gold standard. If EUS-
guided fine needle aspiration (EUS-FNA) can perform
the following observation with the easy and certain pro-
vision of tissue samples, then the problem described
above is solvable. Histopathological changes in CP are
heterogeneous in terms of the extent and the distribu-
tion of lesions.Therefore,histopathological diagnosis of
appropriate tissue sampling by EUS-FNA is expected
to be difficult. Furthermore, it is virtually impossible to
match EUS images with pathological sections, making
direct contrast between EUS findings and pathology
difficult. Consequently, if the diagnostic imaging of CP
using EUS confirms the histological findings clearly, then
the importance of EUS for the diagnosis of ECP can
be confirmed. This narrative review was conducted to
describe the diagnosis of CP/ECP using EUS, assess-
ing the association between ultrasound and pathological
findings. First, we discussed the diagnostic methods
and accuracy of CP by EUS. Second, we summa-
rized the progress of EUS diagnosis for CP, particularly
addressing the association between EUS and patholog-
ical findings in CP, including those obtained from animal
studies.

OUTLINE OF PROGRESS IN DIAGNOSING
CP BY EUS

In 1992, Zuccaro et al. were the first to report EUS
as useful to assess parenchymal and ductal images
of the pancreas. Moreover, they were the first to report
its usefulness for diagnosing CP.11 Reports describ-
ing the usefulness of EUS for diagnosing CP were
published thereafter. Many reported studies compared
EUS findings with pancreatic ductal findings on ERCP
and described EUS findings were consistent with endo-
scopic retrograde pancreatography (ERP) findings in
more than 80% of cases.12–19 Wallace et al. reported
that EUS findings such as hyperechoic foci, hypere-
choic strands, lobularity,and hyperechoic ductal margins
are consistent with histological findings indicating fibro-
sis of the parenchyma, including focal fibrosis, bridging
fibrosis, interlobular fibrosis and periductal fibrosis8,12,18

(Table 1 and Figure 1). Regarding the correlation
between MRCP and histological findings in CP, the use-
fulness of secretin-enhanced MRCP (S-MRCP) was
assessed by Zhang et al.20 Reportedly,S-MRCP param-
eters are correlated with the histopathological severity
of CP. Based on another report, Souza et al. evaluated

TABLE 1 Association between endoscopic ultrasound (EUS)
findings and histological findings for chronic pancreatitis

EUS findings8,12,18
Presumable histological
findings8,12,18

Hyperechoic foci Focal fibrosis

Hyperechoic strands Bridging fibrosis

Lobular out gland margin Fibrosis, glandular atrophy

Lobularity Interlobular fibrosis

Cyst Cysts/pseudocysts

Stone Calcified stones in the duct

Calcification Parenchymal calcification

Main duct dilation >2.4 mm in the head,>1.8 mm
in the body,>1.2 mm in the
tail

Dilated side branches Dilated side branches

Duct irregularity Focal dilation/narrowing

Hyperechoic duct margins Periductal fibrosis

Atrophy Atrophy

Non-homogeneous echo
pattern

Edema

and confirmed the high diagnostic accuracy of an S-
MRCP CP severity index for diagnosing CP using EUS
based on the Rosemont criteria.21

Pungpapong et al. compared findings obtained using
EUS and MRCP in CP.22 The sensitivity of EUS was
higher than that of MRCP, although the specificities
of EUS and MRCP were similar. Furthermore, they
reported a sensitivity of 98% when either EUS or MRCP
was abnormal, and reported a specificity of 100% when
both were abnormal. The combination of EUS and
MRCP has reportedly increased the diagnostic accu-
racy in ECP.23 Together, MRCP and EUS might replace
ERCP for diagnosing CP. Consequently, recent reports
have demonstrated MRCP as useful as an imaging test
to reflect the histological findings of CP, but EUS has
even higher diagnostic accuracy.

In light of the points raised in the discussion above,
EUS has been recognized as a modality that should
be used actively for diagnosing CP, especially fibrous
changes in the parenchyma and ductal wall.

EUS IMAGE OF NORMAL PANCREAS

Normal pancreatic parenchyma is shown by EUS as
a fine reticular pattern. No dilated or tortuous main
or dilated side branch is observed within the pancre-
atic parenchymal echogenicity.24 The main pancreatic
duct (MPD) wall is observed to have a homogeneous
linear echo, although it is slightly hyperechoic, with a
2.4 mm diameter at the head, 1.8 mm at the body, and
about 1.2 mm at the tail.25 Generally speaking, the EUS
findings of CP are defined on these bases.
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F IGURE 1 Underwater endoscopic ultrasound findings of hyperechoic strands and autopsy histological findings of bridging fibrosis

F IGURE 2 Endoscopic retrograde pancreatography findings of Cambridge classification for chronic pancreatitis: (a) Abnormal branches.
(b) Intraductal filling defects or calculi

F IGURE 3 Endoscopic ultrasound findings of Rosemont classification for chronic pancreatitis: (a) Lobularity with honeycombing. (b)
Lobularity without honeycombing. (c) Hyperechoic foci without shadowing. (d) Strands. (e) Cysts. (f) Dilated side branches. (g) Hyperechoic main
pancreatic duct margin

DIAGNOSIS OF CP USING EUS

Evaluation of the diagnosis and severity classifica-
tion of CP by EUS demonstrated two criteria: 1) the
total number of EUS finding based on ERP find-
ings (Cambridge classification) as the gold standard
(Table S1 and Figure 2)15,24,26,27; 2) classification con-
sidering the weight of each finding, the Rosemont

classification (Table S2 and Figure 3).28 Regarding
classification using the number of EUS findings, 2–4
findings are generally considered ‘mild’,5–6 findings are
regarded as ‘moderate’, and more than 7 findings are
considered ‘severe’. EUS has been shown to have an
agreement rate of approximately 80% with the ERCP
diagnosis. Irisawa et al. conducted a similar study of
patients who had undergone ERCP and EUS.17,29 They



4 of 8 YAMAMIYA ET AL.

reported that more than 80% of patients with ‘border-
line’ or higher changes in ERCP classification had three
or more EUS findings.Further detailed analysis revealed
that 3–4 cases were in agreement with the ERCP clas-
sification of mild, 5–6 cases were in agreement with
moderate, and more than seven cases were in agree-
ment with severe, with an agreement rate exceeding
80%. These results indicate that, as reported earlier,
EUS is useful not only for diagnosing the presence of
CP but also for classifying severity.

The Rosemont classification, which considers the
weighting of the respective findings,28 was proposed in
2009. The classification is now commonly used as a
diagnostic method for CP by EUS.Specifically, it includes
major A for hyperechoic foci with shadowing and MPD
calculi and hyperechoic foci with shadowing, and major
B for lobularity with honeycombing,with eight other items
classified as minor. Points are allocated according to
these ratings, which are classified into four levels: (1)
consistent with CP, (2) suggestive of CP, (3) indetermi-
nate for CP, and (4) normal. Although the Rosemont
classification is a diagnostic method classified by sever-
ity and although it is not classified in chronological
order, ‘indeterminate’ in the Rosemont classification is
regarded as corresponding to ECP.

Some reports have compared the diagnostic per-
formance of conventional methods with that of the
Rosemont classification,but no significant differences in
the correct diagnosis rates are clear, partly because of
interobserver reliability (IOR) and the complexity of the
Rosemont classification.24–27,30,31

In recent years, EUS-elastography (EUS-EG) has
become available, further improving the ability of EUS to
diagnose fibrosis in CP.32–40 Actually, EUS-EG is a more
objective method to diagnose fibrosis of the pancreas
using EUS.41 This is a new diagnostic technique for
measuring tissue elasticity (stiffness) by application of
vibrational energy to the tissue externally, such as man-
ual compression or heartbeat, and for measuring the
resulting strain and waves.Giovannini et al.first reported
the elastic score: a color pattern diagnosis. The elas-
tic score,color pattern,and heterogenicity of distribution
of the EG were classified into five types.42,43 Generally
speaking, CP, which has a higher degree of hardness
than a normal pancreas, appears as blue and hetero-
geneous on EUS-EG as the disease progresses, which
correlates with the Rosemont classification.27,32,44 Cur-
rently,the usefulness of EUS-strain EG (EUS-SE) and of
EUS-shear wave EG (EUS-SWE) have been reported.40

COMPARISON OF EUS FINDINGS WITH
HISTOPATHOLOGICAL FINDINGS

The contrast between EUS and histopathology findings
is an important consideration for the diagnosis of CP
by EUS. Because obtaining tissue samples in ECP is

difficult, several comparative histopathological findings
of CP, including animal studies, have been reported
(Table 2).

In many studies, the fibrosis score (FS) proposed by
Ammann et al. has been used to assess fibrosis.18 The
evaluation method first assesses whether perilobular
fibrosis is focal or diffuse; then it classifies the perilobu-
lar fibrosis into one of three levels: mild, moderate, and
severe. The score is then assigned from 0 for no fibro-
sis, 1 for focal–mild to 6 for diffuse–severe. Intralobular
fibrosis (interlobular) is then similarly scored 0–6 points.
The two are combined for overall evaluation (range 0–
12 points).Most reports of EUS versus histopathological
findings define CP as a total of two or more points of FS.

All related reports describe that the best balance of
sensitivity and specificity was found when three, four, or
more EUS findings were obtained. Of the studies which
have examined correlation, only two indicated a correla-
tion coefficient (r) of 0.7 or more. Chong et al. reported
the median FS in CP was 7 and reported that if three or
more EUS findings were present, then the patient could
be regarded as having fibrosis histologically.19 The sen-
sitivity and specificity were best balanced, respectively,
at 83% and 80%. The correlation was weak but sig-
nificant. Nevertheless, no correlation between individual
EUS findings and FS was found.

Varadarajulu et al. prospectively studied the con-
trast between EUS and histopathological findings in
40 cases of pancreatic tumors, including 29 cases
of pancreatic cancer and 2 cases of CP in surgical
specimens.45 A good balance with moderate fibrosis
with FS≥6 was reported with a sensitivity of 91% and
specificity of 86% for ≥4 EUS findings.Although no one-
to-one correspondence was found between individual
EUS findings, partial fibrosis and fibrosis around the
pancreatic ducts were observed in areas where mild
foci and strands were present. In areas of marked lob-
ularity (corresponding to lobularity with honeycombing
in the Rosemont classification), cirrhosis-like marked
fibrosis was observed within and between lobes and
inflammatory cell infiltration.

ECP was also investigated by comparing EUS find-
ings and resection specimens. With hyperechoic foci,
hyperechoic strands and lobulations in the pancreatic
parenchyma, and dilated or irregular MPDs, side branch
dilation, and hyperechoic ductal margins in the pancre-
atic ducts were all consistent with tissue findings. This
study is particularly important because it is based on
ECP without calcification. It is regarded as an accurate
representation of the objectivity of EUS findings.

LeBlanc et al. classified EUS findings of the pancreas
head in FS into one of three levels: 1–4 points as mild,
5–8 points as moderate, and 9–12 points as severe.46

Among these, three or more EUS findings in the pancre-
atic head are regarded as indicating moderate fibrosis.
In cases with severe fibrosis, EUS findings of lobu-
larity with honeycombing, hyperechoic foci with/without
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TABLE 2 Comparison between endoscopic ultrasound findings and histological findings for chronic pancreatitis

Year Number

Tissue
sampling
method EUS criteria Results Correlation

Chong19 2007 41
(CP†)

Operation Conventional ≥3 EUS criteria
Sensitivity 83%,

Specificity 80%

Weak
(r = 0.4, p = 0.01)

Varadarajulu45 2007 42
(tumor40, CP†2)

Operation Conventional ≥4 EUS criteria
Sensitivity 91%,

Specificity 86%

Strong
(r = 0.85, p = 0.0001)

Albashir49 2010 23
(CP†)

Operation Conventional ≥4 EUS criteria
Sensitivity 84%,

Specificity 100%

Strong
(r = 0.72, p < 0.01)

Leblanc46 2014 100
(CP+IPMN)

Operation Rosemont Ph: ≥3 EUS criteria
Sensitivity 54%,

Specificity 22%
Pb-t: ≥3 EUS criteria
Sensitivity 54%,

Specificity 22%

Weak
(r = 0.33, p < 0.05)

Trikudanathan47 2016 68
(CP†)

Operation Conventional ≥4 EUS criteria
Sensitivity 61%,

Specificity 75%

Weak
(r = 0.2, p < 0.05)

Trikudanathan48 2017 50
(CP)

Operation Conventional+
Rosemont

15/26 (96%) Reportive
12/15 (80%)

Indeterminate
5/9 (56%) Normal

FS ≥ 2

Abbreviations: CP, chronic pancreatitis; EUS, endoscopic ultrasonography; FS, fibrosis score; IPMN, intraductal papillary mucinous neoplasm; Ph, pancreas head; Pb-t,
pancreas body-tail.

shadowing, MPD dilatation, main duct irregularity, and
branching duct dilatation were associated with patholog-
ical findings. Moreover, the MPD findings were assumed
to reflect fibrosis of the pancreatic parenchyma around
the pancreatic duct.

Trikudanathan et al. compared wedge biopsy of the
pancreas head–body–tail with EUS findings in patients
who underwent total pancreatectomy plus autologous
islet transplantation.47 Four or more EUS findings were
assessed as the threshold, but no satisfactory correla-
tion with histopathological findings was obtained. The
presence of fibrosis in pathological findings in cases
with two or more EUS items,which is usually considered
normal, was also examined; the sensitivity was reported
to be 83%. Furthermore, they stated that EUS findings
of fewer than two items do not indicate a normal pan-
creas without fibrosis. Trikudanathan et al. conducted a
similar study using the Rosemont classification,48 which
obtained findings suggesting that CP can be a predic-
tor of CP, but showing that the correlation between EUS
findings and the degree of fibrosis was weak. Specifi-
cally, 5/9 cases were diagnosed as having FS 2 or more,
that is, fibrosis, despite normal Rosemont classification.
This finding reflects the difficulty in diagnosing a normal
pancreas even when using EUS, which is regarded as
having the best resolution for pancreatic observation.

Albashir et al. also reported a significant correlation
between EUS findings and histopathology findings in
surgical cases.49 The diagnostic performance of EUS

for CP based on histological findings was 84% sensitivity
and 100% specificity, according to this study.

Bhutani et al. performed pathological autopsies on
patients diagnosed with CP by EUS performed before
death. They particularly examined pancreatic tissue
characteristics.50 In 10 out of 11 cases where pancreatic
tissue was identifiable without autolysis, pathological
findings of CP were also found in the pancreas at patho-
logical autopsy. Bhutani et al. created a CP model by
inserting a pancreatic duct stent in dogs and implant-
ing it for 4 weeks.51 Then, the pancreatic parenchyma
was observed using EUS before and after. The EUS
findings not seen before stent placement (lobularity,
hyperechoic and hypoechoic foci, increased echogenic
septations, visible pancreatic duct side branches, and
irregular margins of the MPD) were identified 2–4
weeks after stenting.Histological examination during the
same period showed findings of CP. The study yielded
valuable findings for EUS observations indicating the
progression of CP. The findings strongly demonstrate
the objectivity of EUS findings for the diagnosis of CP.

Some reports have described examinations of
whether high-echo or low-echo areas in EUS find-
ings reflect actual fibrosis. Okabe et al. compared
tissue specimens and EUS findings for patients who
underwent EUS before and after steroid treatment for
autoimmune pancreatitis and who underwent surgery
because malignancy could not be ruled out despite
steroid treatment.52 They reported that the high-echoic
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areas of lobularity were infiltrated by inflammatory cells,
whereas the internal hypoechoic areas were fibrosis.
Sekine et al.contrasted and examined EUS findings and
pathology findings in diagnostic criteria for ECP 2019 in
Japan (DCECP2019)7 from surgical specimens.53 The
results demonstrated that lobularity in EUS reflected
inflammatory cell infiltration, atrophy, and fibrosis of
the pancreatic adenocytes. Hyperechoic MPD mar-
gin reflected thinning of the duct wall in pathological
findings.

Recent reports have described the usefulness of
EUS-EG for diagnosing pancreatic fibrosis. Yamashita
et al. assessed the utility of EUS-SWE for CP diagno-
sis and pancreatic fibrosis54 and found that shear-wave
velocity (Vs) has a significant and positive correlation
with the Rosemont classification and several EUS fea-
tures of CP. The EUS-SWE results were consistent
with CP (Vs 2.98 m/s) and were suggestive of CP (Vs
2.95 m/s). The results were significantly higher than
those found for normal tissue (Vs 1.52 m/s). Actually,
EUS-SWE also showed high accuracy for diagnosing
CP,with the area under the receiver operating character-
istic curve of 0.97. The Vs cut-off of 2.19 m/s showed
100% sensitivity and 94% specificity when diagnosing
CP. Collectively, the results imply that EUS-EG is capa-
ble of quantifying fibrosis in CP. Itoh et al. conducted
this study using tissue specimens.32 They classified the
degree of fibrosis of the tissue on the head side of
the pancreas in 58 surgical cases into four levels, from
normal to severe, and examined histograms of the EG
using special software. Of the four parameters (mean,
standard deviation, skewness, and kurtosis), the mean
(mean value of elasticity) showed the best negative cor-
relation with pancreatic fibrosis (r=−0.75).Although the
instability of measurements remains a future challenge,
EUS-EG might help to estimate pathological fibrosis in
CP/ECP.

Results show that EUS including EUS-EG can be
very useful for assessing CP. Reports describing the
correlation between EUS findings and pathological find-
ings are beginning to be published. On the other hand,
the sensitivity and specificity of individual EUS find-
ings in the diagnosis of CP have not yet been reported.
This has not yet been reported for the animal model
as well.15 However, it has already been shown that
hyperechoic foci and hyperechoic strands are of diag-
nostic importance in mild CP, main duct dilatation, and
dilated side branches in moderate CP, and calcifica-
tion in addition to findings in moderate CP in severe
CP.17 Besides, although not in terms of histological
correlation with EUS findings, hyperechoic foci, MPD
calculi, lobularity, strands, MPD contour, dilated side
branches and hyperechoic MPD margin have been
reported to correlate with risk factors for CP in the
mechanistic definition, such as ethanol intake, smok-
ing status, and/or history of acute pancreatitis.3,55 From
this point of view, individual EUS findings of CP are

important. In Japan, the diagnostic criteria for CP/ECP
were revised in 2019 (DCCP/ECP2019). To solve the
problem of IOR in EUS findings for ECP, two of the
following four criteria were required: (1) Hyperechoic
foci; non-shadowing/Stranding, (2) Lobularity, (3) Hyper-
echoic MPD margin, and (4) Dilated side branches. We
analyzed the changes in EUS findings with DCECP2019
and examined the validity of the revision.31 The over-
all concordance rate of EUS findings in the old criteria
in 2009 (DCECP2009) was K-value = 0.424, and the
overall diagnostic concordance rate of EUS findings in
DCECP 2019 was K-value = 0.618. DCECP2019 com-
bines EUS findings that were similar to DCECP2009.
This point contributed to the increase in IOR and the
concordance rate of EUS diagnostic ability. Thus, the
revision of DCECP 2019 is expected to further improve
diagnostic ability. Additional studies must be conducted
in the future to assess the utility of these methods.

Conclusions

As these reports indicate, the histological corrobora-
tion and correlation of EUS findings related to CP have
been clarified in recent years. Particularly, the relation-
ship between pathological findings and EUS findings
in ECP will become increasingly important in terms of
early diagnosis. When CP/ECP is assessed by EUS,
it is important to compare each EUS finding with the
presumed histological findings.The process might allow
CP/ECP stage to be inferred without pathological exam-
ination. Several issues have been proposed, such as
the problem of IOR in EUS findings, appropriate tissue
assessment methods, and the difficulty of pancreatic
fibrosis related to aging or diabetes mellitus. These
points complicate the diagnosis of fibrosis in CP by
EUS. In any case, the specific pathology of individual
EUS findings in the diagnosis of CP demands further
investigation.
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