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Abstract

Chronic pancreatitis (CP) is a progressive condition caused by several factors and
characterised by pancreatic fibrosis and dysfunction. However, CP is difficult to
diagnose at an early stage. Various advanced methods including endoscopic
ultrasound based elastography and confocal laser endomicroscopy have been
used to diagnose early CP, although no unified diagnostic standards have been
established. In the past, the diagnosis was mainly based on imaging, and no
comprehensive evaluations were performed. This review describes and compares
the advantages and limitations of the traditional and latest diagnostic modalities
and suggests guidelines for the standardisation of the methods used to diagnose
early CP.

Key Words: Chronic pancreatitis; Pancreatic fibrosis; Early diagnosis; Ultrasound endosco-
py; Endosonography; Elastography; Confocal laser endomicroscopy

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Chronic pancreatitis (CP) is a progressive disease that is difficult to diagnose
at an early stage. This review evaluates the characteristics, strengths, and limitations of
modalities for the diagnosis of early CP. This paper will be of interest to the readership

4342 July 21,2021 | Volume?27 | Issue27 |


https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v27.i27.4342
http://orcid.org/0000-0003-3412-2033
http://orcid.org/0000-0003-3412-2033
http://orcid.org/0000-0003-3412-2033
http://orcid.org/0000-0001-6382-6377
http://orcid.org/0000-0001-6382-6377
http://orcid.org/0000-0002-1489-5947
http://orcid.org/0000-0002-1489-5947
http://orcid.org/0000-0001-7871-8213
http://orcid.org/0000-0001-7871-8213
http://orcid.org/0000-0003-4252-2774
http://orcid.org/0000-0003-4252-2774
http://orcid.org/0000-0003-1566-3459
http://orcid.org/0000-0003-1566-3459
http://orcid.org/0000-0003-1357-9384
http://orcid.org/0000-0003-1357-9384
http://orcid.org/0000-0003-4290-8263
http://orcid.org/0000-0003-4290-8263
http://orcid.org/0000-0002-7308-0473
http://orcid.org/0000-0002-7308-0473
http://orcid.org/0000-0001-5722-6359
http://orcid.org/0000-0001-5722-6359
mailto:guojt@sj-hospital.org

of interest for this manuscript.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See: htt
p:/ /creativecommons.org/ License
s/by-nc/4.0/

Manuscript source: Unsolicited
manuscript

Specialty type: Gastroenterology
and hepatology

Country/Territory of origin: China

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): B, B
Grade C (Good): 0

Grade D (Fair): 0

Grade E (Poor): 0

Received: April 6, 2021
Peer-review started: April 6, 2021
First decision: May 27, 2021
Revised: June 3, 2021

Accepted: June 17, 2021

Article in press: June 17, 2021
Published online: July 21, 2021

P-Reviewer: Dudek M, Stanley A
S-Editor: Ma Y]

L-Editor: Wang TQ

P-Editor: Yuan YY

Jaishideng®

WJG | https://www.wjgnet.com

Ge QC et al. Review of diagnosis for ECP

because the information presented here highlights multiple novel strategies, such as
elastography and confocal laser endomicroscopy, some of which require further
research and development to improve the diagnostic efficiency. This review will be
highly beneficial for researchers and clinicians focusing on the management of this
condition.
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INTRODUCTION

Chronic pancreatitis (CP) is a multifactorial inflammatory syndrome characterised by
recurring epigastric pain and progressive fibrosis that eventually leads to pancreatic
atrophy and calcification, ductal distortion, and exocrine and endocrine dysfunction[1,
2]. In early pancreatitis, clinical features of the disease are mild and non-specific[3,4].
The global incidence of CP is 10 per 100000 persons per year, and significantly more
men than women are affected. In Japan, the overall prevalence of early CP is 4.2 per
100000 persons, and the annual incidence is 1.0 per 100000 persons[5-7]. Several classi-
fications and diagnostic recommendations for CP have recently been proposed|3,4,8-
10]. For advanced or end-stage CP, morphologic changes characteristic of fibrosis, duct
dilation, calcifications, or atrophy can be detected with imaging modalities and
functional failures can be evaluated through functional tests. However, there is no
universally accepted diagnostic method for CP[4]. Furthermore, due to a lack of
specific clinical presentation or morphologic features, diagnosing CP at an early stage
is challenging[11]. Thus, it is critical to combine what is known about the aetiology,
risk factors, clinical symptoms, imaging features, and pancreatic function test results to
paint a clinical picture[12]. In this review, we compare different diagnostic modalities
including several recently developed testing approaches such as endoscopic ultra-
sound (EUS)-elastography and EUS-guided needle-based confocal laser endomic-
roscopy (nCLE). We also suggest the development of standardised guidelines for the
early diagnosis of CP, which will resolve the challenge of diagnosing early CP.

AETIOLOGY AND CLINICAL PRESENTATION

CP is a fibro-inflammatory disease with various aetiologies that is typically diagnosed
using the TIGAR-O criteria[13] (Table 1) and M-ANNHEIM classification system[9].
These international classification systems incorporate common aetiological risks
including alcohol and nicotine consumption, genetic mutations and polymorphisms,
metabolic disorders, ductal obstruction, immunological factors, and idiopathic pancre-
atitis[14-16]. Among these factors, alcohol abuse is the most common aetiology of CP
and is diagnosed in 42%-77% of patients with CP[17,18]. A prospective study reported
that lifestyle-related factors such as alcoholism or smoking are closely associated with
the occurrence and progression of CP[19,20]. Ethanol and nicotine are associated with
oxidative stress, which activates quiescent pancreatic stellate cells that play an
essential role in the inflammatory response and pathological progression of CP,
eventually leading to irreversible pancreatic parenchyma damage and fibrosis[21-25].
Chronic alcohol consumption is also thought to increase gut permeability and decrease
the phagocytic capacity of Kupffer cells, rendering them unable to detoxify circulating
endotoxins; thus, heavy drinkers (> 80 g alcohol/d or more than 5 drinks/d) are
susceptible to pancreatic diseases[26,27]. The revised TIGAR-O criteria[13] are used as
a grading system for alcohol and nicotine consumption and are preferred to the
exposure assessment (Table 1). Furthermore, genetic mutations are usually associated
with CP onset, and different genotypes may lead to different effects and disease
outcomes. A large Chinese cohort study focusing on four CP-associated genes
(SPINK1, PRSS1, CTRC, and CFTR) found that patients with gene mutations had
earlier disease onset than patients without. The study also found that genetic mu-

4343 July 21,2021 | Volume?27 | Issue27 |


http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/1007-9327/full/v27/i27/4342.htm
https://dx.doi.org/10.3748/wjg.v27.i27.4342

Ge QC et al. Review of diagnosis for ECP

Table 1 Revised TIGAR-O aetiology criteria

Toxic-metabolic

Alcohol-related

0to <1 drinks/d

1-2 drinks/d

3-4 drinks/d

5 or more drinks/d

Smoking

Non-smoker (< 100 cigarettes in lifetime)

Past smoker

Current smoker (patients undergoing both past and ongoing cigarette exposure)
Other, not otherwise specified

Hypercalcaemia (total calcium levels > 12.0 mg/dL or 3 mmol/L)
Hypertriglyceridemia

Hypertriglyceridemia risk (fasting glucose > 300 mg/ dL; non-fasting glucose > 500 mg/dL)
Hypertriglyceridemia in acute pancreatitis (history of glucose > 500 mg/dL in first 72 h of AP onset)
Medications

Toxins, other

Chronic kidney disease [CKD Stage 5: end-stage renal disease (ESRD)]

Other, not otherwise specified

Idiopathic

Early-onset (< 35 yr of age)

Late-onset (> 35 yr of age)

Genetic

Suspected; no or limited genotyping available

Autosomal dominant (Mendelian inheritance-single gene syndrome)

PRSS1 mutations (hereditary pancreatitis)

Autosomal recessive (Mendelian inheritance-single gene syndrome)

CFTR, 2 severe variants in trans (cystic fibrosis)

CFTR, < 2 severe variants in trans (CFTR-RD)

SPINK1, 2 pathogenic variants in trans (SPINK1-associated familial pancreatitis)
Complex genetics (non-Mendelian, complex genotypes +/- environment)
Modifier Genes (pathogenic genetic variants)

PRSS1-PRSS1 locus

CLDNZ2 locus

Others

Hypertriglyceridemia

Other, not otherwise specified

Autoimmune pancreatitis (AIP)/ steroid responsive pancreatitis

AIP Type 1—IgG4-related disease

AIP Type 2

Recurrent acute pancreatitis (RAP) and severe acute pancreatitis (SAP)

Acute pancreatitis (single episode, including date of event if available)
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AP aetiology — Extra-pancreatic (excluding alcoholic, HTG, hypercalcaemia, genetic)

Biliary pancreatitis
Post-ERCP
Traumatic

Undetermined or not otherwise specified

Recurrent acute pancreatitis (number of episodes, frequency, and dates of events if available)

Obstructive

Pancreas divisum

Ampullary stenosis

Main duct pancreatic stones
Widespread pancreatic calcifications
Main pancreatic duct strictures

Localized mass causing duct obstruction

From the short form of TIGAR-O version 2 risk/aetiology checklist (2019)[13]. AP: Acute pancreatitis; CKD: Chronic kidney disease; HTG: Hyper-
triglyceridemia; ERCP: Endoscopic retrograde cholangiopancreatography.

Jaishideng®

tations were most common in patients with idiopathic chronic pancreatitis (ICP) than
in patients with alcoholic chronic pancreatitis (ACP) or smoking-associated chronic
pancreatitis (SCP)[28]. Patients with inherited PRSS1 mutations have reportedly
presented with specific imaging features including pancreatic atrophy, calcification,
and main pan-creatic duct (MPD) dilatation, which have been termed the PRSS1
imaging triad[29]. Patients with CFTR gene mutations have presented with pancreatic
atrophy.

An early diagnosis of CP is challenging due to nonspecific clinical presentation.
Recurrent abdominal pain with radiation to the back is the most common symptom,
with Wilcox et al[30] reporting that constant, mild pain with intermittent episodes of
severe pain is described by 45% of patients. A history of acute pancreatitis (AP),
especially recurrent AP, is a significant risk factor for early CP[4]. However, in some
patients, CP is asymptomatic during the early stage, and steatorrhea or diabetes
secondary to exocrine/endocrine dysfunction may be the first clinical manifestation of
CP without pain[31]. If patients with CP are not diagnosed at an early stage, they have
a higher risk of progressing to advanced or end-stage CP, which is characterised by
multiple complications including severe pain, pancreatic insufficiency (endocrine or
exocrine), metabolic bone disease, and pancreatic ductal adenocarcinoma (PDAC)[19,
32,33]. It is currently accepted that an early or suggestive CP diagnosis can be made
when three or more of the following clinical features are present: Abnormal serum or
urine pancreatic enzyme concentrations; recurring upper abdominal pain; continuous
heavy alcohol consumption (> 80 g alcohol/d); family history of hereditary CP or
known sporadic high-risk mutations; and abnormal exocrine function (Table 2)[1,4,33,
34]. Genetically mediated pancreatitis is likely in a young patient with clinical features
of CP but without a history of risk factors such as smoking or alcohol consumption.
However, early CP cannot be diagnosed using clinical manifestations alone.

IMAGING MODALITIES

The progression from normal pancreatic status to severe inflammation is typically
subtle during which the patient experiences few specific symptoms. Thus, the majority
of CP diagnoses are based on imaging features[1,4]. Imaging and radiographical
evaluations of a patient with suspected CP should progress from a non-invasive
approach to an invasive approach.

Ultrasound and computed tomography

Ultrasound (US) and computed tomography (CT) are recommended by various guide-
lines as the first-line non-invasive imaging approaches for evaluating patients with
suspected CP[10,12]. Intraductal pancreatic calcification and parenchymal atrophy are
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Table 2 Comparisons of diagnostic modalities

Modality Diagnostic standards Sensitivity Specificity

Aetiology TIGAR-O classification (version 2)[13]. - -

Clinical presentation  Three or more of the following features: Abnormal serum or urine - -
pancreatic enzyme concentrations; continuous heavy alcohol consumption
(> 80 g alcohol/day or more than 5 drinks/day), family history of
hereditary chronic pancreatitis, or known sporadic high-risk mutations;
recurring epigastric abdominal pain; and abnormal exocrine function.
Genetic pancreatitis should be suspected in young patients with clinical
presentations but without a history of risk factors.

TA-US Irregular main pancreatic duct with a diameter > 3 mm, hyperechoic 69% (95%CI: 54-80) 949%(95 % CI: 90-100)
pancreatic duct wall, or lobularity with stranding.

CT Two or more of the following features: MPD within 2-4 mm; mild organ 75% (95%CI: 66-83) 91%(95%CI: 81-96)
enlargement; irregular main pancreatic duct with > 3 pathological side
branches; pseudocysts < 10 mm; and heterogeneous parenchyma.

MRI/MRCP Two or more of the following features: MPD 2-4 mm; mild organ Single-parametric: 77%; Single-parametric: 83%;
enlargement; irregular main pancreatic duct with > 3 pathological side Multi-parametric: 91% Multi-parametric: 86 %
branches; pseudocysts < 10 mm; and heterogeneous parenchyma.

ERCP More than three pathological side branches plus a normal MPD. 82% (95% CI: 76-87) 94% (95% CI: 87-98)
EUS More than two of the following seven criteria, including at least one of 61% (non-fibrosis); 84 % 75% (non-fibrosis);
criteria 1-4: (1) Stranding; (2) Hyperechoic foci without shadowing; (3) (for fibrosis) 100% (for fibrosis)

Lobularity with honeycombing; (4) Lobularity without honeycombing; (5)
Cysts; (6) Dilated side branches; (7) Hyperechoic main pancreatic duct
margin.

EUS-EG A strain ratio of > 10 or a mean strain histogram value of < 50 was 76.4% 91.7%
associated with malignancy.The mean value can be used to diagnose mild
or higher-grade fibrosis.

FE-1 Moderate EPI can be diagnosed based on an abnormal FE-1 level of <200 76.5%; 45.0% (mild ductal  86.0%

pg/ g which has a high false-positive rate. changes and
insufficiency)

ePFT Peak bicarbonate concentration of <80 mmol/L is considered abnormal and 86 % (95%CI: 67-100) 67% (95%CI: 13-100)
correlated with early fibrosis.

FNA Ruling out malignancy and staging of CP. CEA testing: Cut-off value of 192  85% (pancreatic cancer) 98% (pancreatic cancer)
ng/mL. Molecular analysis: KRAS and GNAS mutations.

nCLE A complementary modality for detecting subtle changes in early CP and 94.3% (cystic lesions); 98.1% (cystic lesions);
helpful for distinguishing malignancies. 90.3% (PDAC) 89.5% (PDAC)

Sen: Sensitivity; Spec: Specificity; TA-US: Transabdominal ultrasound; MPD: Main pancreatic duct; CT: Computed tomography; MRI: Magnetic resonance
imaging; EUS: Endoscopic ultrasound; EUS-EG: Endoscopic ultrasound elastography; FE-1: Faecal elastase-1; ePFT: Endoscopic pancreatic function test;
nCLE: Endoscopic pancreatic function test; EPI: Exocrine pancreatic insufficiency; CP: Chronic pancreatitis; CEA: Carcinoembryonic antigen; MRCP:
Magnetic resonance cholangiopancreatography; ERCP: Endoscopic retrograde cholangiopancreatography; FNA: Fine-needle aspiration; PDAC: Pancreatic
ductal adenocarcinoma; AIP: Autoimmune pancreatitis; AP: acute pancreatitis; RAP: Recurrent acute pancreatitis; CKD: Chronic kidney disease; NCCP:
Non-calcific chronic pancreatitis; ROC: Receiver operating characteristic; ROI: Region of interest; SD: Standard deviation; SR: Strain ratio.

considered the most specific and reliable sonographic signs of CP. However, the value
of transabdominal US (TA-US) may be limited by the retroperitoneal location of the
pancreas, which increases the sound wave distance to the pancreas, and by several
other factors including bowel gas, obesity, and individual variations. Nevertheless,
advances in US technology have significantly improved the diagnostic value of the
modern abdominal US. A prospective observational cohort study reported a sen-
sitivity of 0.69 (95%CI: 0.54-0.80) and specificity of 0.97 (95%CI: 0.90-1.0) for the
detection of CP using TA-US[35]. The following US signs have been proposed for the
diagnosis of early or suspected CP: An irregular main pancreatic duct > 3 mm; an
hyperechoic pancreatic duct wall; or lobularity with stranding (Table 2)[1]. In addition
also criteria of size, shape and mobility should also be taken into account[36,37].

CT is believed to be the best initial imaging modality for the diagnosis of CP, and
some guidelines have suggested that all patients with suspected CP should undergo a
baseline CT scan[10,12,38]. Ductal changes such as dilation, strictures, and contour
irregularity and parenchymal or intraductal calcification, which have been deemed to
constitute an independent pathophysiological process involved in the development of
CP, can be identified on CT. Furthermore, baseline CT can be useful to rule out other
intra-abdominal diseases, including pancreatic and upper gastrointestinal cancers,
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which may present with similar symptoms of epigastric pain, weight loss, and maldi-
gestion[38]. In addition, CT can also be used to monitor the progression of pancreatitis
and its subsequent complications, such as pseudocysts and biliary obstruction. A
systematic meta-analysis reported a sensitivity of 75% (95%Cl: 66-83) and specificity of
91% (95%CI: 81-96) for the detection of CP using CT[39]. However, the value of CT is
limited for patients with early CP as the parenchymal and ductal changes are subtle.
Furthermore, both US and CT have high rates of false negatives due to their
limitations. It has been recommended that the quantity, size, and location of pancreatic
calcification need to be demonstrated for accurate and comprehensive fibrosis
assessments[40,41]. A dilated main pancreatic duct (2-4 mm), mild organ enlargement,
pseudocysts, and pathological side branches are considered to be the diagnostic signs
of early CP on CT (Table 2)[1,4,33,34].

Magnetic resonance imaging

Patients with suspected pancreatitis should also undergo magnetic resonance imaging
(MRI) prior to other evaluations using invasive investigations to rule out carcinoma
[10]. MRI and MR cholangiopancreatography (MRCP) are recommended, especially in
patients without specific changes detected on CT. MRI and MRCP are superior to CT
for the identification of mild CP. For example, morphological changes such as duct
dilatation and strictures and pathological side branches that are typical early CP signs
are more easily detected on MRI than on CT. Furthermore, new MRI techniques have
been applied to quantitatively evaluate the severity of pancreatic fibrosis and
pancreatic exocrine dysfunction, including diffusion-weighted imaging (DWI), MR
elastography, and T1-mapping of the pancreatic parenchymal[38,41-43]. A retrospec-
tive analysis conducted by Tirkes et al[44] proposed that T1-weighted MR signaling in
the pancreas had a high sensitivity (77%, P < 0.0001) and specificity (83%, P < 0.0001)
for detecting parenchymal abnormalities related to exocrine dysfunction and could be
helpful for the assessment of suspected early CP. Another study showed that
multiparametric mapping MRI (a combination of T1, T2, and apparent diffusion
coefficient values) yielded a higher accuracy for the detection of CP than any sole
component (sensitivity: 91.54%; specificity: 85.81%; P < 0.001)[45]. If a patient has a
high probability of having CP but shows negative results on MRI or MRCP, secretin-
stimulating MRCP (part of the exocrine function test) should be performed[38].
However, MRCP does not always detect subtle pancreatic changes, especially when
compared to endoscopic retrograde cholangiopancreatography (ERCP), which can be
used to diagnose early CP based on the criteria of more than three pathological side
branches and a normal main pancreatic duct (MPD) with a specificity of 94%.
However, ERCP is not readily available everywhere, and it is operator-dependent and
challenging to conduct[46]. The revised Cambridge classification system[47] re-
commends the following MRCP criteria for the diagnosis and evaluation of early CP:
MPD of 2-4 mm; pseudocysts < 10 mm; and irregular MPD with > 3 pathological side
branches (Table 2)[1,35].

Endoscopic ultrasound

Endoscopic ultrasound (EUS) has been reported to be the most sensitive modality for
detecting fibrosis in patients with CP[4]. EUS is also superior to non-invasive imaging
tools in diagnosing parenchymal and ductal changes, especially during the early stage
of the disease. Therefore, when CT and MRI show negative results in patients who are
suspected of having CP, EUS should be performed[38]. The majority of the EUS
diagnostic criteria are based on the Rosemont classification system published in 2009
[48], which attempted to define each EUS criterion precisely to achieve excellent
interobserver agreement. Based on the Rosemont classification system, EUS can be
used to detect subtle changes in the structure of the pancreatic parenchyma and ducts
even before traditional imaging and functional testing. EUS can also be used to treat
pancreatitis-related symptoms or complications such as peripancreatic fluid and
pseudocyst drainage[49,50]. Standard EUS findings include changes in the paren-
chyma (hyperechoic foci with or without shadowing, lobularity with or without
honeycombing, pseudocysts, and hyperechoic stranding) and ducts (MPD irregularity,
dilated side branches, hyperechoic main pancreatic duct wall, MPD dilation (3 mm at
the head, 2 mm in the body, or 1 mm at the tail], and MPD stones)[48]. When more
than two of the following pancreatic features are found on EUS, including at least one
of the first three criteria, the patient is diagnosed with early CP: Lobularity with or
without honeycombing, hyperechoic foci without shadowing, stranding, cysts, dilated
side branches, and hyperechoic main pancreatic duct margins (Table 2)[1,34].
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EUS findings such as hyperechoic foci and strands, parenchymal lobularity, and a
hyperechoic ductal wall are considered to be signs of pancreatic fibrosis[51]. A study
conducted in 2016 using a quantitative receiver operating characteristic (ROC) curve
analysis to evaluate the accuracy of EUS features revealed that four or more standard
EUS features achieved the best balance of sensitivity (61%; 95%CI: 46.8-73.5) and
specificity (75%; 95%CI: 42.8-94.2) (AUC = 0.68) for predicting abnormal pancreatic
histopathology alterations of non-calcific pancreatitis. Nevertheless, the Spearman
rank correlation coefficient (r) calculated in the study demonstrated a poor correlation
between standard EUS features and histopathology (r = 0.24, P < 0.05), suggesting that
EUS is not an independent diagnostic modality for early CP, and that other influencing
factors, such as age, sex, BMI, and environmental exposure, should also be included in
the diagnostic algorithm[52]. However, a different retrospective study reported that
the sensitivity (84%; 95%CI: 69-100) and specificity (100%; 95%CI: 40-100) of the
detection of fibrosis using EUS becomes superior as the disease progresses[53,54]. A
significant advantage of EUS is its ability to image the side branches and mild
contortions of the MPD in normal individuals, especially in elderly individuals. Side
branches exceeding 1 mm are considered abnormal. However, by the same token,
there is potential for over-diagnosis of early CP especially in elderly individuals due to
the very high sensitivity. Therefore, there is potential of over-diagnosis of early CP
(Figure 1) by EUS and it should be performed and interpreted in the right clinical
setting. Contrast-enhanced EUS with secretin stimulation and quantitative elastogra-
phy are needed to improve the diagnostic accuracy for mild or suspected CP[55].

Elastography

Fibrosis in CP generally results in increased stiffness of the pancreatic parenchyma or
ducts, which can be qualitatively or quantitatively evaluated based on strain or shear
wave speed using elastography[56,57]. Together, EUS and elastography have been
used to quantitatively measure the severity of pathological changes in CP, including
parenchymal fibrosis[58]. EUS elastography (EUS-EG) involves the compression of a
target tissue with an echo-endoscopic probe. The resulting strain on the tissue depends
on its hardness or softness and can be compared with that of normal surrounding
tissue using a three-colour system: Red, soft tissue; green, average hardness; and blue,
hard tissue[59]. The quantitative analysis is based on a strain ratio (SR) calculation.
Tissue stiffness is measured in a target lesion (region of interest ROI A) and a normal
reference area (ROI B), which can be located either in the surrounding normal
parenchyma or the wall of the gastrointestinal tract, and the SR is calculated as the
quotient A/B[60]. Specific software is used to differentiate between lesions and normal
tissues based on the negative correlation between SR and tissue elasticity. Strain
histogram analysis is another quantitative elastography method, involving the
calculation of the average hue histogram value over several compression cycles. The
mean value of the strain histogram reflects the global stiffness or elasticity of a focal
lesion based on the selected ROI calculation. Standard deviation (SD) and other
parameters can also be used to further describe the hue distribution within the ROI
[61]. Previous studies have reported that the evaluation based on the SR and histogram
obtained by quantitative EUS-EG can be used as a supplementary approach for
assessing the severity of parenchymal fibrosis and making a differential diagnosis of
pancreatic masses[2,4,56,57,62]. A prospective study revealed a strong linear correla-
tion between the number of EUS criteria for CP (according to the Rosemont classi-
fication system) and the SR (r = 0.813; P < 0.0001). Additionally, the area under the
ROC curve was 0.949 (95%CI: 0.916-0.982), indicating outstanding diagnostic accuracy
(91.1%, P < 0.0001) based on a cut-off SR of 2.25[63]. Itoh et al[64] used quantitative
EUS-EG to diagnose the grade of pancreatic fibrosis and proposed that the pancreatic
fibrosis grade is significantly correlated with histogram parameters, especially the
mean histogram value (r = -0.75). When the mean value was used to diagnose mild or
higher-grade fibrosis, the area under the ROC curve exceeded 0.9 (95%CI: 0.82-0.98)
with a sensitivity of 76.4% and specificity of 91.7% (Table 2). An SR > 10 or a mean
strain histogram value < 50 has been associated with malignancy, suggesting that EUS
elastography is a useful supplementary modality to rule out malignant lesions of the
pancreas due to its high negative predictive value[65]. A correlation between elasticity
and EUS criteria has also been reported when elastography evaluations are based on
the shear wave, which enriches the elastography approach for CP diagnosis[66-69]. As
elastography is able to efficiently and accurately assess pancreatic fibrosis, combining
EUS and elastography can greatly enhance the accuracy of detecting subtle or mild
changes in patients with early or higher-grade CP.
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PANCREATIC FUNCTION TESTING

Exocrine pancreatic insufficiency (EPI) is a common complication of CP mainly caused
by the impairment of the production and secretion of enzymes in the pancreas.
Symptoms of EPI include maldigestion of nutrients, unexpected weight loss, and
steatorrhea due to fat maldigestion[32]. Pancreatic function testing (PFT) is re-
commended for the diagnosis of CP, especially in patients with non-specific and
inconclusive morphological or imaging features of the disease[33,38]. PFT includes
direct tests, which collect and analyse pancreatic secretions after a hormone stimulus,
and indirect tests, which assess pancreatic function via faecal elastase-1(FE-1) or a
breath test.

Direct PFT is conducted by determining the pancreas enzyme output after
stimulation with cholecystokinin (CCK). The combination of secretin-stimulated MRI
(s-MRI) and EUS-based PFT allows for the assessment of the bicarbonate concentration
in the pancreatic juices as well as an improved morphological analysis[70]. S-MRI is
considered to be a safe and non-invasive technique that enhances the visualisation of
the ductal system by stimulating the bicarbonate-rich fluid filling the MPD and its side
branches. EPI is diagnosed when the bicarbonate concentration is < 80 mmol/L after
secretin stimulation[71]. Following intravenous secretin (0.2-0.3 pg/kg within 1-2 min)
administration, an increase in hyperintense fluid content is observed in the small
intestine 10-13 min thereafter. During the post-secretin stimulation stage, the MPD has
a larger diameter and can be more easily evaluated, and pancreatic ductal compliance,
which is associated with ductal stiffness or calcification, can be assessed. Healthy,
nonfibrotic pancreatic parenchyma and ducts without strictures or calcification have
an elastic capacity for accommodating pancreatic juice fluid without dilatation, and
the diameter will not increase by more than 1 mm from the baseline value after
secretin stimulation[10,23,72]. Exocrine pancreatic function can be quantitatively and
semi-quantitatively evaluated by assessing the production and excretion of bicarbo-
nate from pancreatic glands[10,73]. Thus, s-MRI can be applied to diagnose early or
mild CP based on its superior ability to detect early pathological changes, such as the
presence of side branches and an enlarged or restricted MPD, compared to CT or
standard MRI. Several studies have reported significant differences between patients
with a normal pancreas and early pancreatitis using s-MRI and correlations between s-
MRI findings and the histopathological features of CP[74-76]. Similarly, EUS can be
used in the endoscopic pancreatic function test (ePFT), which has been reported to
have a sensitivity of 86% (95%CI: 67-100) and specificity of 67% (95%CI: 13-100) for the
diagnosis of early fibrosis[53]. A retrospective study reported that a peak bicarbonate
concentration of < 80 mmol/L on ePFT is considered abnormal and proposed a
correlation between the peak bicarbonate concentration and fibrosis score (r = -0.57; P
= 0.016). However, other studies have also claimed that the specificity and con-
cordance for CP diagnosis were more accurate in a shortened ePFT with the use of a
lower cut-off value; more prospective studies are required for further validation of the
ePFT (Table 2)[77,78].
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Although direct PFT is generally considered to be the gold standard for EPI, indirect
PFT is useful for screening patients with risk factors for CP, as it is non-invasive and
convenient. Indirect PFT can be performed using faecal chymotrypsin or FE-1 assays,
72-h faecal fat measurement, bentiromide (NBT-PABA) tests, and fluorescein dilaurate
tests. FE-1 assessment is the most commonly used PFT method as it is stable
throughout the intestinal tract. Furthermore, EPI can be diagnosed based on an
abnormal FE-1 level (< 200 pg/g), though this diagnostic method is limited by a high
false-positive rate (Table 2)[79]. FE-1 has also been reported to correlate with pan-
creatic duct changes, with a sensitivity of 76.5% and a specificity of 86% (P < 0.05) for
moderate to severe changes at a cut-off of 200 pg/g. However, the correlation of FE-1
with mild ductal changes and insufficiency was not as strong, with a sensitivity of 45%
[80,81].Therefore, the FE-1 test is not an accurate method for the functional diagnosis
of EPI and should not be used to diagnose early CP.

HISTOLOGICAL EVALUATION

EUS-guided tissue acquisition

While the histopathological examination is considered the gold standard of disease
diagnosis, direct acquisition of pancreatic tissue is limited due to the retroperitoneal
location of the organ. Tissue acquisition with EUS (EUS-TA) can be used to obtain
pancreatic tissue samples for microscopic analysis and establish a cytopathological
diagnosis of the gastrointestinal tract or adjacent lesions[82]. In patients with sus-
pected pseudo tumoural masses or cystic lesions in the setting of CP, a histopatho-
logical examination is necessary to eliminate malignant lesions from the differential
diagnosis[72,82]. EUS-TA can be achieved via EUS fine-needle aspiration (EUS-FNA)
and EUS-fine needle biopsy (EUS-FNB), which is the current gold standard for tissue
acquisition from solid masses. FNA is used to rule out malignancy from the differ-
ential or to stage CP and can provide both cytological and histological evaluations.
FNA is reported to be superior to other modalities for the evaluation of cystic
pancreatic lesions in patients with concurrent CP[83]. The fluid obtained by FNA can
be tested for amylase and carcinoembryonic antigen (CEA). Moreover, the CEA level
can be used to distinguish mucinous and non-mucinous lesions with a cut-off value of
192 ng/mL[83,84]. Additionally, the molecular analysis of mutations in the KRAS and
GNAS genes using the FNA specimen can distinguish malignant lesions from benign
cystic lesions[85,86]. FNA has also been reported to be useful for evaluating solid
lesions and suitable for distinguishing autoimmune pancreatitis (AIP) from pancreatic
cancer[87,88]. FNA has been reported to have a sensitivity of 85% and specificity of
98% for the diagnosis of pancreatic cancer (Table 2)[89]. However, according to a
current retrospective analysis of multicentric databases, FNB showed a higher diag-
nostic sensitivity than FNA for distinguishing between inflammatory masses and
malignant lesions in the setting of CP[90]. However, histopathological evaluation by
FNB may cause needle tract seeding, which should be taken into consideration when
conducting FNB on patients with resectable solid masses[62]. Thus, the appropriate
method of tissue acquisition depends on the specific type of pancreatic lesion and the
purpose of diagnosis. EUS-TA is limited by its potential complications such as
bleeding and post-procedure pancreatitis, and requires an experienced operator.

Confocal laser endomicroscopy

Needle-based confocal laser endomicroscopy (nCLE) is a novel diagnostic method that
allows for real-time optical biopsy at a subcellular resolution during a EUS procedure.
The patient is administered with 2.5 mL of 10% fluorescein intravenously, and a
confocal mini-probe with a 0.632-mm diameter is preloaded into a 19-gauge EUS
needle and locked into position with 2 mm exposed beyond the tip. The images are
obtained 6-8 min after fluorescein injection. In solid pancreatic masses, residual
regular glandular pancreatic structures on nCLE are characteristic of CP (Table 2). In
cystic lesions, the presence of villous epithelial structures on nCLE may be associated
with pancreatic cystic neoplasms. A study conducted by Karia et al[91] compared the
interobserver agreement and diagnostic accuracy of nCLE via FNA for pancreatic
cystic lesions (PCLs) and found that the diagnostic accuracy for PCLs was low, with a
mean sensitivity of 46% and an unimpressive agreement (k = 0.13). Another study
found that nCLE is a safe and feasible diagnostic method for cystic neoplasms with an
overall accuracy of 80% (sensitivity: 66%, specificity: 100%)[92]. Another study
reported a sensitivity of 90.3% and specificity of 89.5% for the diagnosis of PDAC via
nCLE and a sensitivity of 94.3% and specificity of 98.1% for the diagnosis of PCLs via
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nCLE (P < 0.05; Table 2)[93]. These results suggest that nCLE is a promising method
that can improve the diagnostic efficiency of EUS technology by providing better
imaging accuracy and verifying EUS imaging features by combining subcellular
observation with tissue acquisition. Furthermore, this method can be a complementary
modality for detecting the subtle changes of early CP and distinguishing malignancies
from benign lesions. Limitations of nCLE include the potential complications of
infections, bleeding, and pancreatitis. Furthermore, patients with significant coagu-
lopathy or allergy to fluorescein should not undergo nCLE and FNA.

CONCLUSION

No individual diagnostic method can be used to establish a diagnosis of early CP due
to the non-specific clinical presentation and subtle morphological changes as well as
the lack of globally accepted standards. Various advanced modalities have been used
to improve the accuracy of the diagnostic methods for CP. It is important to consider
the possible aetiologies, risk factors, and complications of the disease in patients
suspected to have CP. Inflammatory complications are mainly due to alcohol con-
sumption and fibrotic complications are mainly due to smoking. Pancreatic insuffi-
ciencies have been associated with disease duration and age at onset[94]. CP is
typically diagnosed using imaging modalities that can detect morphological changes
in the pancreas or detect functional insufficiency (by combining imaging and secretin
stimuli). Elastography can quantitatively evaluate the stiffness of the pancreatic
parenchyma. However, each imaging modality has limitations that require verification
of the diagnosis using an additional modality. Furthermore, there is a lack of consis-
tency among the features and diagnostic criteria of different imaging modalities. The
diagnostic criteria of MRCP and ERCP are based on the Cambridge scoring system,
which focuses on the morphology of the MPD and the appearance of its side branches;
however, a lack of strong concordance between the ERCP- and MRCP-based grading
systems for CP using the Cambridge criteria has been recently reported|8,95,96].
Therefore, the imaging standards for CP may need to be revised to improve the
consistency of the diagnostic methods. Prospective studies are required to verify the
diagnostic accuracy of these imaging modalities. However, ERCP purely for diagnostic
purposes for assessing chronic pancreatitis is outdated with risks greater than benefits
and should not be done. Each imaging modality has sensitive indicators for pancreatic
pathological changes, and some modalities do not have a high sensitivity or specificity
for pancreatitis at an early stage, as shown in Table 2. Promising tools, such as nCLE,
are currently being developed and require more studies for the verification of their
diagnostic efficiency and potential. Furthermore, probable biomarkers for the
diagnosis of early CP or to rule out malignancy, such as metabolomic and microRNA
signatures in the blood, have been investigated, but they also require further veri-
fication[97-100].

A limitation of this review is that it could not identify a single appropriate modality
for the diagnosis of early CP; however, comparisons of these clinical approaches
provide references for physicians to help establish a diagnosis of early CP. The
modalities used may depend on the local availability of a particular test, e.g., pan-
creatic function testing. MRCP or EUS may not be universally available at each
institution. In conclusion, although several imaging modalities can elucidate specific
pancreatic features, an accurate and definite diagnosis of early CP should be based on
the patient’s risk factors, symptoms, imaging results, and histological findings when
available. There has been a renewed recent interest in the use of artificial intelligence
(AI)[101] in medical imaging and application of Al to EUS images and the other
modalities discussed above could potentially further increase the reliability in
diagnosis of CP since medical diagnosis based on images is subject to interpretation of
the reader and interobserver variability can become a greater issue even more for the
diagnosis of an early stage of disease than a late one.
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