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Background: Chronic pancreatitis (CP) is a complex inflammatory disease with variable presentations
and outcomes. This statement is part of the international consensus guidelines on CP, specifically on the
diagnostic role of endoscopic ultrasound (EUS).
Methods: An international working group with experts on the role of diagnostic EUS in the management
of CP from the major pancreas societies (IAP, APA, JPS, and EPC) evaluated two key statements generated
from evidence on two questions deemed to be the most clinically relevant. The Grading of Recom-
mendations Assessment, Development, and Evaluation (GRADE) approach was used to evaluate the level
of evidence available for each statement. To determine the level of agreement, the working group voted
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Japanese classification
Rosemont
on each statement for strength of agreement, using a nine-point Likert scale in order to calculate
Cronbach’s alpha reliability coefficient.
Results: Strong consensus was obtained for both of the following statements [1]. The ideal threshold
number of EUS criteria necessary to diagnose CP has not been firmly established, but the presence of 5 or
more and 2 or less strongly suggests or refutes the diagnosis, respectively. The Rosemont scoring system
standardizes the reporting of EUS signs indicative of chronic pancreatitis, but further studies are needed
to demonstrate an overall improvement of its diagnostic accuracy over conventional scoring [2]. Spec-
ificity, inter- and intra-observer variability and pre-test probability limit the reliability and utility of EUS
to help diagnose CP especially early stages of the disease.
Conclusions: The presence of 5 or more and 2 or less EUS criteria strongly suggests or refutes the
diagnosis of CP, respectively. Intra-observer variability still limits the role of EUS in diagnosing CP
especially early stage disease.
© 2020 IAP and EPC. Published by Elsevier B.V. All rights reserved.
Introduction

Chronic pancreatitis (CP) is a complex chronic fibro-inflammatory
disease of the pancreas associated with inherited genetic and ac-
quired environmental risk factors, resulting inpersistent pathological
responses to parenchymal injury or stress and pancreatic failure [1].
Leftundiagnosedand/orunder treated,CPhasadeleterious impacton
quality of life in addition to life-threatening long-term sequelae,
reducing life expectancy [2,3]. Computed tomography (CT) is often
the most appropriate initial imaging modality for evaluation of pa-
tients with suspected CP, followed by magnetic resonance imaging
and magnetic resonance cholangiopancreatography in patients
wherenospecific pathological changes are seenonCT [4]. Endoscopic
ultrasonography (EUS) is also being increasingly utilized for the
evaluation of chronic pancreatitis and its complications. A number of
parenchymal and ductal abnormalities associated with chronic
pancreatitis at EUS have been identified and are used to establish the
diagnosis [5e7]. Details of the standard, Japanese and Rosemont
criteria are summarized inTable 1 [5,7,8] Nevertheless, the number of
these abnormalities required to establish the diagnosis as well as the
ideal scoring system necessary to maximize specificity remain un-
defined [6,7,9e12]. The difficulty is increased by the lack of gold
standard for diagnosis.

The purpose of these guidelines was to provide internationally
applicable recommendations for practicing clinicians on the diag-
nostic role of EUS for CP. The International Consolidated Guidelines
on Chronic Pancreatitis (ICGCP) are based on joint development by
multidisciplinary experts from the International Association of
Pancreatology, the American Pancreatic Association, the Japan
Pancreas Society, and European Pancreatic Club (IAP-APA-JPS-EPC).
These guidelines and literature review provide important guidance
as well as identify areas for further research.
Methods

In 2016, the Presidents of the International Association of Pan-
creatology (Tooru Shimosegawa), American Pancreatic Association
(Carlos Fernandez-Del Castillo), Japan Pancreas Society (Shuiji Isaji)
and the European Pancreatic Club (John P Neoptolemos) under the
chairmanship of David CWhitcomb agreed to develop International
Consensus Guidelines for CP in collaboration with members of
expert members of all four organizations. The initial series of
meetings occurred at multiple venues including the European
Pancreatic Club 48th annual meeting July 6e9 2016, Liverpool, UK;
20th Scientific Meeting of the International Association of Pan-
creatology in conjunction with the 47th annual meeting of the
Japan Pancreas Society and the 6th meeting of the Asian Oceanic
Pancreatic association August 4e8 2016, Sendai International
Center, Japan; American Pancreatic Association 47th annual
meeting October 26e9, Boston MA, USA; Pancreas Fest July 31-
August 1, 2017; 21st International Association of Pancreatology in
conjunction with the Latin American Pancreatic Study Group first
joint meeting September 28e30, 2017 in Buenos Aires, Argentina.
Each set of the ICGCP guidelines had to have a representative from
each organization and had to include multiple specialties. The Core
Committee has approved of all of the sets of guidelines prior to
submission to Pancreatology.

For this key topic on the role of diagnostic EUS in the manage-
ment of CP, a team of worldwide experts was composed, with CMW
appointed as chair of the group. Based on a review of data from the
relevant literature all experts presented their perspectives on the
role of diagnostic EUS in the management of CP. For this topic, the
international experts eventually reduced the number of key areas
to two questions with a single statement for evaluation. The key
questions and statements were agreed upon after multiple itera-
tions. On-line anonymised voting took place only once.

Grading

The Grading of Recommendations Assessment, Development,
and Evaluation (GRADE) approach was used to evaluate the level of
evidence per statement (see http://www.uptodate.com/home/
gradingtutorial). Quality assessment of evidence was graded as
‘high’ if there was (very) low probability of further research sub-
stantially changing the conclusions, ‘moderate’ if further research
might completely change the conclusions, and ‘low’ if further
research was likely to completely change the conclusions. The
strengths of the recommendation were graded as ‘strong’ if it was
very certain that benefits outweigh risks and burdens; ‘weak’ if
risks and burdens appear to be finely balanced, or when benefits,
risks, and burdens are closely balanced; or uncertain, or ‘condi-
tional’ if it was between strong and weak recommendation.

Consensus

After grading, the working group of international experts voted
on the two statements for strength of agreement, using a nine-
point Likert scale. Based upon the results, a Cronbach’s alpha reli-
ability coefficient was calculated per statement (http://hdl.handle.
net/1805/344). The voting results were classified for agreement as
either; ‘strong’ if 80% of votes were 7 or above, ‘conditional’ if 65% of
votes were 7 or above, and ‘weak’ less than 65% of votes were 7 or
above. In addition, comments to each question and statement were
compiled to explain the surrounding issues, supported by key ref-
erences. All statements and comments were reviewed by all au-
thors to ensure their general relevance and applicability of the
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Table 1
Diagnostic criteria for chronic pancreatitis.

Features of
Chronic
Pancreatitis

5Standard
Criteria

8Japanese Criteria 7Rosemont criteria

Parenchymal Hyperechoic foci i. Hyperechoic foci without shadowing Major A: Hyperechoic foci (>2 mm in length/width with
shadowing)
Minor: Hyperechoic foci (>2 mm in length/width, without
shadowing)

Hyperechoic strands ii. Stranding Minor: Hyperechoic strands (�3 mm in at least 2 different
directions with respect to the imaged plane)

Lobularity iii. Lobularity without honey combing
iv. Lobularity with honey combing

Major B: Lobularity (�3 contiguous
lobules ¼ ‘honeycombing’)
Minor: Lobularity (>5 mm, non-contiguous lobules)

(Pseudo) Cysts (Pseudo) Cysts Minor: (Pseudo) Cyst (anechoic, round/elliptical with or
without septations)

Ductal Main duct dilatation Minor: Dilated duct (�3.5 mm in body or >1.5 mm in tail)
Duct irregularity Minor: Irregular duct contour (uneven or irregular outline

and ectatic course)
Hyperechoic margins Hyperechoic main pancreatic duct margin Minor: Hyperechoic duct wall (echogenic, distinct structure

>50% of entire main pancreatic duct in the body and tail)
Visible side branches Dilated side branches Minor: Dilated side branch (>3 tubular anechoic structures

each measuring �1 mm in width, budding from the main
pancreatic duct)

Intraductal stones Major A: Duct calculi (echogenic structure[s] within the main
pancreatic duct with acoustic shadowing)

Diagnosis Standard Criteria Japanese Criteria Rosemont criteria
High probability for
chronic pancreatitis:
5 to 9 criteria

Definite chronic pancreatitis: criteria 1 and/or 2 [1]
characteristic imaging findings (calcifications, calculus, ductal
morphological changes),
[2] characteristic histological findings of loss of exocrine
parenchyma with irregular predominantly interlobular fibrosis

Consistent with chronic pancreatitis:
1 Major A feature þ �3 minor features
1 Major A feature þ major B feature
2 Major A features

Early chronic pancreatitis:
EUS image findings of early chronic pancreatitis (three of i-iv) plus
more than 2 items among criteria 3-6
[3] repeated upper abdominal pain
[4] elevated pancreatic enzyme levels (serum or urine)
[5] reduced pancreatic exocrine function
[6] continuous heavy drinking > 80 g/day (10 units a day,
Ammann criteria (37)

Suggestive of chronic pancreatitis:
Major A þ <3 minor
Major B þ �3 minor
�5 minor, no major

Indeterminate for
chronic pancreatitis:
3-4 criteria

Possible chronic pancreatitis:
More than 2 of criteria 3e6, in the absence of criteria 1 or 2, with
exclusion of other pancreatic diseases

Indeterminate for chronic pancreatitis:
Major B þ < 3 minor

Normal or low
probability of chronic
pancreatitis:
0-2 criteria

Normal:
<3 minor, no major
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conclusions. Lastly, a final draft of the document was generated and
circulated to all authors for final editing and approval.

Results

Q 1: What should the EUS-criteria be for a firm diagnosis of
chronic pancreatitis.

Statement 1: The ideal threshold number of EUS criteria
necessary to diagnose chronic pancreatitis has not been firmly
established, but the presence of 5 or more and 2 or less strongly
suggests or refutes the diagnosis, respectively. The Rosemont
scoring system standardizes the reporting of EUS signs indicative of
chronic pancreatitis, but further studies are needed to demonstrate
that it contributes to an overall improvement of the diagnostic
accuracy over conventional scoring.

Quality assessment: moderate.
Recommendation: strong.
Agreement: strong.
Alpha-score ¼ 100%

Comments

A systematic analysis of the evidence on the use of EUS to support
thediagnosis ofCPandconsensus recommendationsby theAmerican
Pancreatic Association are included in this evaluation [9]. EUS has
been used to investigate patients with a known or suspected diag-
nosis of CP for over 20 years [4]. The most common scoring system
includes nine equally weighted criteria, usually comprising nine EUS
features of chronic pancreatitis. These features comprise four
parenchymal signs (hyperechoic foci, hyperechoic strands, lobularity,
cysts) and five ductal signs (main duct dilatation, duct irregularity,
hyperechoic margins, visible side branches, intraductal stones)
(Fig.1).A thresholdof3e5criteria is consideredstrong support for the
diagnosis of CP but the number required varies among endo-
sonographers. Three studies using endoscopic retrograde chol-
angiopancreatography as the reference standard demonstrated good
sensitivity and specificity for EUS [4,10]. Some studies have reported
good correlation of EUS criteria with histological abnormalities
[13e15]. Advantages attributed to EUS for the diagnosis of CP include
its ability to detect both subtle and severe changes of the pancreatic
duct and parenchyma, and its relative safety as compared with the
previousgold standardERCP[16]. Limitations include inter- and intra-
observer variability, operator dependence, and an incomplete un-
derstanding of its true accuracy (see CQ2 below).

The ideal threshold number of EUS criteria necessary to di-
agnose CP has not been firmly established. For patients with no



Fig. 1. A: Hyperechoic strand (arrow) measuring 32 mm in the body of pancreas. B: Parenchymal lobulations in the neck of pancreas with some in a honeycomb pattern. C:
Intraductal hyperechoic calcification with shadowing. D: Dilated main pancreatic duct measuring 9 mm (blue line). E: Hyperechoic duct margins (arrow). F: Prominent side-
branches of the pancreatic ductal system (arrow).
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pancreatic pathology and those with severe CP, EUS provides reli-
able and accurate information about pancreatic pathology. How-
ever, the diagnosis in these patients is usually possible using other
diagnostic modalities and is rarely in doubt as the clinical diagnosis
is supported by complementary clinical and functional data. EUS
has the greatest potential to identify patients with subtle changes
indicating early or mild chronic pancreatitis; however, in these
patients the data are uncertain and unreliable, as subtle changes
can be detected in the pancreas of patients without CP (see CQ 2)
thereby leading to an overdiagnosis of the disease. Indeed, it is now
the consensus of world experts that “early CP” cannot be diagnosed
using clinicopathological criteria alone [17]. Nevertheless, it is
generally accepted that the presence of 5 or more features reliably
supports the diagnosis of CP and that presence of 2 or less features
reliably excludes CP [3,9,18]. However, at this juncture, EUS cannot
be recommended to diagnose early or indeterminate CP purely
based on EUS criteria alone, and the diagnosis will need to integrate
EUS findings with clinical, structural, and functional analyses and
eventually, with evolution of the diseases over time.

The Rosemont classification was developed from a consensus
conference that included 32 internationally recognized endo-
sonographers as a weighted, standardized method to improve EUS
CP scoring [7]. Major and minor criteria were developed and sub-
divided into major A and major B because of a perceived difference
in predictive accuracy. Parenchymal major A criteria included
hyperechoic foci with shadowing and well-circumscribed lobu-
larity, and the only ductal major A criteria wasmain pancreatic duct
calculi. The only parenchymal major B criteria was lobularity with
honeycombing. Minor parenchymal criteria were cysts, stranding,
non-shadowing hyperechoic foci, and lobularity with non-
contiguous lobules. Minor ductal criteria were dilated ducts,
irregular main pancreatic duct contour, dilated side branches 1 mm
or more, and hyperechoic duct margin.

The Rosemont Classification proposes to establish a diagnosis of
chronic pancreatitis if one of the following is present: (a) 1 major A
feature þ �3 minor features, (b) 1 major A feature þ major B
feature, and (c) 2 major A features. All other combinations of fea-
tures were categorized as suggestive, indeterminate, or normal.
Overall, the Rosemont criteria has the main goal of standardizing
the reporting of EUS signs indicative of CP, and to increase diag-
nostic accuracy; however, they are based solely on expert opinion.

Apart from the need for validation, the Rosemont Criteria has
inherent limitations. It is far from simple and easy to use. In general,
extensive documentation of all EUS features are required, and a
classification will require to crosscheck the criteria after the EUS.
Another limitation is that, in the same way as conventional scoring
without weighting of individual features, it is not particularly ac-
curate in diagnosing subtle changes of early stage CP.

The Japanese Criteria use the standard criteria for parenchymal
and ductal changes and then classifies the disease as definite if one
or two criteria is met. These criteria include either characteristic
imaging findings or characteristic histological findings [8]. Early CP
was defined as at least 3 characteristic EUS findings coupled with at
least two of four clinical or laboratory findings as well as the risk
factor of heavy alcohol use (Table 1).

These suggestions regarding the Rosemont Criteria are mirrored
in the results of a recent retrospective cohort study where EUS
examinationswere scored using both the conventional criteriawith
�3 or with �5 criteria and the Rosemont criteria [11]. In this study,
the use of conventional criteria diagnosedmore cases of CP than the
Rosemont criteria, and it was suggested that the Rosemont criteria
are more stringent and specific, though possibly less sensitive. No
gold standard was used.

Q 2: Is the diagnosis of chronic pancreatitis by scoring EUS-
criteria reliable?

Statement 2: Specificity, inter- and intra-observer variability
and pre-test probability limit the reliability and utility of EUS to
diagnose chronic pancreatitis and in particular early stages of the
disease.

Quality assessment: moderate.
Recommendation: strong.
Agreement: strong.
Alpha-score ¼ 83.3%
Comments

Overall the reliability of EUS in confirming the early diagnosis of
CP may be hampered by questionable specificity, inter- and intra-
observer variability and pretest probability [2,7].
Questionable specificity

Minimal or mild parenchymal and ductal EUS features may have
poor specificity, resulting in the “overdiagnosis” of CP [2,9]. A
number of patient-related factors can lead to EUS changes that
mimic those in CP. In a prospective study of 120 patients under-
going EGD/EUS for non-pancreatic indications [10], at least one EUS
CP criterion was identified in 38% of these non-alcoholic and



C. Mel Wilcox et al. / Pancreatology 20 (2020) 822e827826
asymptomatic patients. Patients older than 60 years also more
frequently had EUS abnormalities (39%) as compared to patients
younger than 40 years (23%) and those 40e60 years old (25%). Male
gender was a statistically significant predictor of an abnormal EUS
(OR 2.9). In another study, 189 asymptomatic patients undergoing
EUS for non-pancreatic indications [5] found more EUS features of
CP in alcoholic (70%) compared with non-alcoholic patients (31%)
indicating that EUS changes may be present in asymptomatic
alcohol drinkers. In a large study (n¼ 1157), heavy alcohol drinking
(OR 5.1), male gender (OR 1.8), clinical suspicion of pancreatic
disease (OR 1.7), and heavy smoking (OR 1.7) were each indepen-
dent predictors of severe EUS changes [19].

Sheel and colleagues followed-up 66 patients previously diag-
nosed with CP by EUS [20]. Over a median of 3 years follow-up, of
those patients with minimal change EUS features of early CP, only a
third progressed to definite CP. Some patients reverted to normal
on follow-up, and the remainder had no changes. Patients most
likely to progress to definite CP drank alcohol and smoked. This
study showed that many patients are over-diagnosed with CP;
some minor EUS changes are stable, and that most patients with
minimal changes by EUS do not progress.

A fatty pancreas may also have EUS features of CP, and one study
demonstrated that obesity, fatty liver disease and alcohol intake
were each independent predictors of fatty infiltration of the
pancreas [21]. Furthermore, EUS signs of CP were found in 25e30%
of asymptomatic high-risk individuals for familial pancreatic can-
cer [22,23]. In summary, age, gender, smoking, alcohol use, sus-
ceptibility to familial pancreatic and BMImay influence EUS results.
(GRADE level of evidence moderate).
Interobserver variability

A frequent critique of EUS CP criteria has been less-than optimal
interobserver agreement. Wallace et al. [24] studied the interob-
server variability of EUS CP criteria in a set of 45 videotaped ex-
aminations that were scored by 11 expert endosonographers. The
kappa value (K) for global diagnosis was moderate (0.45). Inter-
observer agreement was slight or fair (K < 0.40) for most individual
criteria, except for lobularity (K ¼ 0.51) and main duct dilation
(K ¼ 0.61). Topazian and co-workers studied interobserver vari-
ability of EUS features in familial pancreatic cancer kindreds that
are known to show EUS signs of CP and found a similar poor level of
interobserver agreement for most individual CP features (K < 0.40
for all criteria except cysts) [25]. In a further study, 14 experts
interpreted fifty EUS videos. Each expert interpreted the videos first
using standard scoring (nine criteria) and second using Rosemont
scoring. The interobserver agreement in this study was ‘‘substan-
tial’’ (K ¼ 0.65) for Rosemont scoring and ‘‘moderate’’ (K¼ 0.54) for
standard scoring, although the difference was not statistically sig-
nificant (P ¼ 0.12). The authors concluded that the use of the
Rosemont classification did not significantly increase interobserver
agreement for EUS diagnosis of CP compared with standard scoring
[26]. (GRADE level of evidence moderate).
Intraobserver variability

A single study has examined the intraobserver variability of EUS
CP criteria [27]. Thirty still-frame images were scored twice in
random order by the same observers on repeat occasions. The
intraobserver k for overall diagnosis of CP was 0.73, and ranged
from 0.51 to 0.96 for individual criteria. The authors concluded that
there was good intraobserver agreement in the interpretation of
EUS features of CP (GRADE level of evidence low).
Pre-test probability

EUS is known to be operator dependent and even when using
Rosemont scoring, there is inherent subjectivity in measuring each
criterion. Operators are usually aware of the patient’s history and
the likelihood of CP when they perform EUS. This pre-test proba-
bility (interpreter bias) may therefore influence the interpretation
of EUS results. For example, endosonographersmay be less prone to
diagnose CP in a young non-smoker and non-alcoholic dyspepsia
patient, whereas more likely to diagnose the disease in a heavy
drinker and smoker. However, there are no studies addressing this
possible effect of interpreter bias on EUS interpretation. (GRADE
level of evidence very low).

Discussion

Our international experts evaluated the literature and devel-
oped two important questions pertaining to the diagnostic role of
EUS in CP. There was uniform consensus that the ideal threshold
number of EUS criteria to help establish a diagnosis of early CP
remains unknown and we agreed that the proposed Rosemont
scoring system did not add any substantive benefit to the most
common diagnostic method using the absolute number of EUS
criteria. The group agreed that the presence of five or more of these
criteria as well as two or less strongly suggested or excluded the
diagnosis, respectively.

There was also strong agreement that the intra-observer vari-
ability as well as pre-test probability (interpreter bias) limits the
diagnostic accuracy of EUS. Both of these factors likely play a crucial
role in establishing an EUS diagnosis.

The diagnosis of CP using traditional clinicopathologic criteria
requires clinical, structural and functional evidences of disease that
meets or exceeds severity thresholds established by a consensus of
experts [4,17]. In this sense, the “gold standard” is somewhat
arbitrary. A recent international consensus statement by expert
pathologist clearly states that histology is not the gold standard
[28]. They concluded that cardinal histopathological features of CP
are well-defined and internationally accepted and pathological
assessment is relevant for the purpose of differential diagnosis with
other pancreatic diseases, especially cancer. However, a reliable
diagnosis of CP requires integration of clinical, laboratory and im-
aging features and cannot be made by histology alone [28]. Thus,
EUS as a surrogate of histology cannot reliably make a diagnosis of
early CP. An alternative approach is to use a more “mechanistic
approach” which combines genetic and environmental risk/etio-
logic factors [29], and clinical histories to diagnose the underlying
disorders that may eventually progress to disease [30]. In this
scenario, EUS serves as a biomarker of disease progress rather than
attempting to define the character of a heterogenous problem of
fibrosis.

The diagnosis of CP is further hampered by the fact that a
number of these EUS abnormalities associated with CP can be
found in patients who do not clinically have CP. Specifically, EUS
abnormalities have been identified in the elderly, smokers and even
in type e 1 diabetics in whom the diagnosis of CP is clinically ab-
sent. Furthermore, recent studies emphasize the importance of an
inflammatory component in confirming the diagnosis [29,30].
These EUS findings associated with CP are, however, not invariably
associated with an inflammatory process and therefore may yield a
false positive diagnosis.

Our review identified a number of factors that hamper the
diagnostic specificity of EUS and suggests an urgent need for
additional research. The pre-test probability of disease is extremely
important as it may introduce interpreter bias. We now recognize
that a number of factors may lead to these EUS changes including
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age, smoking, diabetes and even steatosis of the gland further
hampering the diagnosis and potentially resulting in a false-
positive diagnosis. Also, an important study by Sheel et al. [20]
also shows that some of these changes may remain stable over time
or even revert suggesting again the lack of specificity of these
criteria. Lastly, increasingly, a diagnosis of early CP is desired such
that future interventions may change the natural history of the
disease.

Morphology based diagnosis of early CP is not possible without
additional information [17]. Whether further refinement in EUS
technology such as EUS elastography, fine needle biopsy, or addi-
tional imaging testing such as MRI or genetic profiling can help
address the issue of early disease is unknown [17,30,31]. New ap-
proaches to the accurate diagnosis of early CP may require a defi-
nition that considers genetic and environmental risk factors,
biomarkers, clinical context (including history of acute pancreatitis
and imaging) and new models of disease, requiring prospective
validation [29,30].
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