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Background: Chronic pancreatitis (CP) is a complex inflammatory disease with remarkably impaired
quality of life and permanent damage of the pancreas. This paper is part of the international consensus
guidelines on CP and presents the consensus on factors elevating the risk for CP.
l Medicine, Medical School,
624, Hungary.

r B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

mailto:p.hegyi@tm-centre.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.pan.2020.03.014&domain=pdf
www.sciencedirect.com/science/journal/14243903
http://www.elsevier.com/locate/pan
https://doi.org/10.1016/j.pan.2020.03.014
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.pan.2020.03.014
https://doi.org/10.1016/j.pan.2020.03.014


P. Hegyi et al. / Pancreatology 20 (2020) 579e585580
10 March 2020
Accepted 22 March 2020

Available online 8 April 2020

Keywords:
Definition
Classification
Risk factors
Genetics
Treatment
Methods: An international working group with 20 experts on CP from the major pancreas societies (IAP,
APA, JPS, and EPC) evaluated 14 statements generated from evidence on four questions deemed to be the
most clinically relevant in CP. The Grading of Recommendations Assessment, Development, and Evalu-
ation (GRADE) approach was used to evaluate the level of evidence available per statement. To determine
the level of agreement, the working group voted on the 14 statements for strength of agreement, using a
nine-point Likert scale in order to calculate Cronbach’s alpha reliability coefficient.
Results: Strong consensus and agreement were obtained for the following statements: Alcohol, smoking,
and certain genetic alterations are risk factors for CP. Past history, family history, onset of symptoms, and
life-style factors including alcohol intake and smoking history should be determined. Alcohol con-
sumption dose-dependently elevates the risk of CP up to 4-fold. Ever smokers, even smoking less than a
pack of cigarettes per day, have an increased risk for CP, as compared to never smokers.
Conclusions: Both genetic and environmental factors can markedly elevate the risk for CP. Therefore,
health-promoting lifestyle education and in certain cases genetic counselling should be employed to
reduce the incidence of CP.
© 2020 IAP and EPC. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
Introduction

Chronic pancreatitis (CP) is a heterogeneous inflammatory dis-
ease, which can develop via multiple pathological mechanisms and
can have diverse clinical presentations. Frequently, recurrent acute
attacks precede CP and pain is the most disabling symptom [1].
Quality of life is remarkably impaired in CP, one third of the patients
are unable towork. For these patients, the main goal of treatment is
pain reduction since pain is the most important factor that in-
fluences the quality of life in CP [2e6]. However, in a number of
cases, CP develops silently without acute episodes and/or signifi-
cant pain, and clinical care is focused primarily at the management
of the endocrine and exocrine insufficiency [7]. CP patients without
prior acute pancreatitis appear to be significantly older and may
have distinct risk factors such as a so far unknown genetic variants.
For etiologic classification of CP, the TIGAR-O system has been most
commonly used, with etiologies categorized as toxic-metabolic,
idiopathic, genetic, autoimmune, recurrent and/or severe acute
pancreatitis-associated, and obstructive [8]. Toxic-metabolic causes
include alcohol [9e12], smoking [13,14], hypercalcemia [15e17],
hyperlipidemia [18,19], chronic renal failure [20,21], medications,
and toxins [22]. While smoking is considered an independent risk
factor for CP, a large population study indicated that alcohol can
have a bidirectional effect. Thus, moderate alcohol consumption
(less than 2 drinks per day in men) was found to be protective,
whereas heavy drinking (more than 4 drinks per day in men) was
shown to be a risk factor for CP [10,23]. These data suggest that
recording an accurate medical history is important for the identi-
fication of the correct etiology. An incorrectly applied diagnosis of
alcoholic CP may stigmatize the patient and delay the recognition
of the true disease cause [10,23]. Idiopathic cases include those
with early onset, late onset, or tropical [24]. Genetic etiology in-
cludes clinically significant, pathogenic mutations or other alter-
ations in risk genes [25,26] (in alphabetical order) CEL [27], CFTR
[28,29], CPA1 [30,31], CTRC [32], PRSS1 [33,34] and SPINK1 [35e37].
Autoimmune processes include both isolated and syndromic oc-
currences. Cases complicating recurrent or severe acute
pancreatitis-associated CP may have post-necrotic, vascular/
ischemic, or post-irradiation etiologies. Obstructive causes include
divisum, sphincter of Oddi disorders, duct obstruction, and post-
traumatic pancreatic duct scars. The M-ANNHEIM system classified
risk factors for CP into 7 categories, specifically alcohol consump-
tion (excessive >80 g/d; increased, 20e80 g/d; and moderate,
<20 g/d; nicotine consumption; nutritional factors such as calorie
derived from fat and protein, and hyperlipidemia; hereditary fac-
tors responsible for some familial, idiopathic, and tropical cases;
efferent duct factors including pancreas divisum, annular pancreas,
other congenital abnormalities of the pancreas predisposing to
pancreatic duct obstruction, posttraumatic pancreatic duct scars,
and sphincter of Oddi dysfunction; autoimmune pancreatitis;
miscellaneous metabolic and toxic disorders including hypercal-
cemia, hyperparathyroidism, chronic renal failure, and drugs, or
toxins [38].

Several different treatment guidelines on CP exist [39e46],
however, there is a clear lack of consensus on the risk factors
elevating the incidence of CP. Our aim was to create a consensus
guideline that is international and multidisciplinary, from devel-
opment and early diagnosis to progression and treatment of CP.
During the EPC2016 conference the four major pancreatic societies,
namely the International Association of Pancreatology (IAP),
American Pancreatic Association (APA), Japan Pancreas Society
(JPS) and the European Pancreatic Club (EPC) have decided to
develop an evidence based management guideline on CP. Interna-
tional experts were identified to have a multidisciplinary repre-
sentationwithin subgroups focusing on 16 key topics of CP. The first
major step was the agreement on a new mechanistic definition of
CP [1].

Thereon several parts of the consensus guidelines have been
published, covering the early diagnosis of CP [1], imaging of CP [47]
and understanding and management of pain [2]. This manuscript is
another part of the international consensus guidelines, covering the
topic on risk factors in CP and is meant to guide the clinical prac-
titioners and surgeons in the treatment and education of patients
with CP.

Methods

Twenty experts on CPwere appointed. PH andMSTwere chosen
as chairs of the group. Based on a review of data from the relevant
literature all experts presented their perspectives on risk for CP. The
method of the systematic literature review has been previously
described [10]. The international experts evaluated fourteen
statements generated from evidence of the relevant literature.

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
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Table 1
Risk genes and alleles in chronic pancreatitis. Allele frequency and effect size are
shown for European non-alcoholic patient populations. Risk size estimates are given
for heterozygous variants unless indicated otherwise. Common haplotypes associ-
ated with chronic pancreatitis at the CLDN2, CTRB1-CTRB2 and PRSS1-PRSS2 loci are
not listed.

Gene symbol Typical variants Frequency Risk effect

PRSS1 p.N29I, p.R122H 4% >300-fold

CPA1 p.V251 M, p.N256K 3% 25-fold

SPINK1 p.N34S, c.194þ2T>C 10% 15-fold

CTRC c.180C>T (p.G60 ¼ ) homozygous 4% 10-fold

p.R254W, p.K247_R254del 2% 5-fold

CEL CEL-HYB1 hybrid allele 4% 5-fold

CFTR p.F508del, p.R117H 10% 3-fold
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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 in between strong and weak recommendation.

Consensus

After grading, the working group of international experts voted
on the 14 statements for strength of agreement, using a nine-point
Likert scale. Out of the results, a Cronbach’s alpha reliability coef-
ficient 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 statements were
compiled to explain the surrounding issues, supported by key ref-
erences. All statements and comments were reviewed by all au-
thors to ensure the general relevance and applicability of the
conclusions. Eventually a final draft of the document was generated
and circulated to all authors for final editing and approval.

Results

Q-1. What are the risk factors for CP?

Statement-1: Alcohol, smoking, and certain genetic alterations
are risk factors for CP.

Quality assessment: high; Recommendation: strong; Agreement:
strong (a ¼ 100%)

Comments
Many authors have reported alcohol to be a particularly

important risk factor. Evidence also suggests a positive association
of cigarette smoking with development of pancreatitis, indepen-
dently of alcohol. A systematic reviewandmeta-analysis based on 6
studies of a total population of 146,517 including 1,671 persons
with pancreatitis showed a smooth curve representing as approx-
imately exponential dose-response relationship between average
amount of alcohol consumed and occurrence of pancreatitis [9].
Individuals consuming 36 g of alcohol per day had a relative risk
(RR) of 1.2 (95% confidence interval or CI, 1.2e1.3) compared with
non-drinkers, while those consuming 96 g per day had a four-fold
increased risk of pancreatitis (relative risk 4.2, 95% CI, 3.1e5.7) [9]. A
case-control study in Japan showed that long-term alcohol con-
sumption for over 35 years was associated with increased risk
(odds ratio or OR ¼ 4.0) [48]. A recent meta-analysis showed that
dose-response relationships between alcohol consumption and risk
of pancreatitis were curvilinear for CP and acute pancreatitis in
men but non-linear for acute pancreatitis in women [10]. In addi-
tion, a large population-based prospective study in the USA showed
that moderate alcohol consumption (<24 ethanol g/day or <2
drinks/day) is associated with a lower risk of RAP/CP (hazard ratio
0.57, 95% CI 0.41e0.79), whereas heavy drinking (>48 ethanol g/day
or >4 drinks/day) results in elevated risk of RAP/CP (hazard ratio
1.50, 95% CI 0.94e2.39) in men.

A meta-analysis concerning smoking assessed 10 case-control
studies and 2 cohort studies concluding that tobacco smoking
may increase risk of developing CP [13]. Compared to lifelong
nonsmoker, pooled risk estimates for current smokers were 2.8
(95% CI, 1.8e4.2) overall and 2.5 (95% CI, 1.3e4.6) when data were
adjusted for alcohol consumption. In a recent systematic review
and meta-analysis examining 22 studies [49], summary relative
risks and 95% CI for CP for all subjects who ever smoked, current
smokers and former smokers respectively were 3.00 (1.46e6.17),
2.72 (1.74e4.24), and 1.27 (1.00e1.62), respectively. In a case-
control study including 241 patients, smoking was associated
with pancreatic exocrine insufficiency, (odds ratio and 95% CI, 2.4
and 1.17e5.16), calcifications (2.33 and 1.10e4.95), and major
morphologic changes (3.41 and 1.31e8.85) [50].

In a prospective long-term study of 227 patients with alcoholic
CP followed over 18 years, 54.2% were overweight before disease
onset and 15.0% were obese, compared with 37.7% (3.1%) in a
contemporary male control population. The authors concluded that
obesity may be an additional risk factor for alcoholic CP [51].

Mutations or other alterations in susceptibility genes increase
risk for both alcoholic and non-alcoholic disease [52e54]. Highly
penetrant, strong genetic variants (e.g. PRSS1 and CPA1 mutations)
may cause autosomal dominant hereditary pancreatitis, while the
majority of variants are associated with sporadic disease with no
family history. The effect size tends to be smaller for alcoholic CP.
Genetic testing should target risk genes with relatively strong ef-
fects; which currently include CEL, CFTR, CPA1, CTRC, PRSS1 and
SPINK1. Although common variants in CLDN2, an inversion at the
CTRB1-CTRB2 locus, and a variant in the PRSS1 promoter modify risk
in alcoholic and non-alcoholic disease, the small effect size and the
high frequency of these genetic changes limit their utility in
determining genetic etiology. Similarly, testing for a protective
variant in PRSS2 is not helpful clinically. A summary table of risk
genes and alleles in CP can be found in Table 1.

Frequency of progression from acute pancreatitis to CP was re-
ported in a meta-analysis where 10% of patients with a first episode
of acute pancreatitis and 36% of patients with recurrent acute
pancreatitis developed CP [55]. In a cohort study including 352
patients with acute pancreatitis, progression of pancreatitis
occurred in 85 patients during follow-up (24.1%); 48.2% of cases
becoming chronic originated as alcoholic acute pancreatitis, 47.0%
as idiopathic acute pancreatitis, and 4.8% as acute pancreatitis with
another cause. Smoking plus drinking over 20 g of alcohol was the
strongest risk factor for progression (hazard ratio, 3.18; 95% CI,
1.06e9.55) [56]. Notably, in a number of patients CP develops
without a preceding acute pancreatitis attack [7].

Autoimmune pancreatitis has been considered a risk factor for
CP. However, high-level evidence such as meta-analysis data is not
available. In a case-control study including 69 patients with auto-
immune pancreatitis, multivariate analysis identified Wirsung and
Santorini duct narrowing at diagnosis as a significant independent
risk factor for pancreatic stone formation (odds ratio, 4.4; P¼ 0.019)
[57]. Autoimmune pancreatitis indeed may progress to CP.

Pancreas divisum causing drainage impairment can be
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considered a risk factor for CP [57,58]. In a cohort study, multivar-
iate analysis identified pancreas divisum as an independent risk
factor for recurrent acute pancreatitis (odds ratio, 11.5; 95% CI,
1.6e83.3) [59].

Q-2. What should be done to determine the risk factors/etiology for
CP at the time of diagnosis?

Statement-2. Past history, family history, onset of symptoms,
and life-style factors including alcohol intake and smoking history
should be determined.

Quality assessment: high; Recommendation: strong; Agreement:
strong (a ¼ 100%)

Statement-3. Laboratory data including serum triglycerides,
calcium, IgG4, and possible morphologic abnormalities of the
pancreas including pancreas divisum might be assessed.

Quality assessment: low; Recommendation: weak; Agreement:
strong (a ¼ 89.5%)

Statement-4. In idiopathic disease, full sequence analysis of the
CFTR, CPA1, CTRC, PRSS1 and SPINK1 gene exons and exon-intron
boundaries and testing for the CEL gene pathogenic hybrid allele
is recommended in order to explore the genetic background.

Quality assessment: low; Recommendation: conditional; Agree-
ment: conditional (a ¼ 73.7%)

Comments
The etiology of CP has been considered by meta-analyses and,

alternatively, by reviews of population-based epidemiologic data;
risk of CP is multifactorial with strong likelihood of interaction
among the various factors [8,13,38]. Determination of risk factors
and etiology for CP at the time of diagnosis is important for treat-
ment and prevention of recurrence, because continuing alcohol
abuse and smoking are associated with disease progression. How-
ever, individual risk factors can be difficult to isolate, because the
factors are influenced by associations and interactions.

Alcohol has been identified as a definitive risk factor of CP [60].
Persons who drink 80 g or more of alcohol per day over 6e12 years
are at risk of developing CP [9]. Obtaining as accurate alcohol intake
history is extremely important. As smoking is another important
risk factor for CP [13], a detailed smoking history should be
obtained.

Laboratory data including serum triglycerides, calcium, and
IgG4 might be assessed at the time of diagnosis [57,61].
Morphology of the pancreas might be examined by imaging to di-
agnose pancreas divisum [59].

CP can be a genetic disease and the yield of genetic testing is
high, particularly in pediatric and early-onset cases. Genetic testing
can help with the determination of etiology and may guide thera-
peutic choices such as total pancreatectomy, which is more likely to
be performed if underlying genetic risk has been demonstrated. As
carriers of SPINK1 variants often exhibit more rapid progression;
genetic testing also has prognostic value. Patients with CFTR vari-
ants may benefit from the novel CFTR-modifying drugs once these
become available for the treatment of CP. Robust development of
sequencing technology continuously decreases costs of testing,
which should not be a limiting factor any more.

Q-3. How much alcohol consumption can be considered as risk
factor/etiology for CP?

Statement-5. Alcohol consumption dose-dependently elevates
the risk of CP. Heavy drinkers have some 5 times more chances to
develop CP than non-alcohol consumers.

Quality assessment: moderate; Recommendation: strong; Agree-
ment: strong (a ¼ 100%)
Statement-6. Alcohol consumption of less than 60 g/day in-
creases the risk and promotes the progression of CP in susceptible
individuals.

Quality assessment: low; Recommendation: conditional; Agree-
ment: weak (a ¼ 63.2%)

Statement-7. Alcohol consumption of equal to or more than
60 g/day increases the risk of CP.

Quality assessment: moderate; Recommendation: strong; Agree-
ment: strong (a ¼ 100%)

Statement-8. The effects of alcohol seems to be independent of
smoking.

Quality assessment: low; Recommendation: conditional; Agree-
ment: conditional (a ¼ 73.7%)

Statement-9. Alcohol abuse increases the risk of progression
from acute pancreatitis to CP. After an acute attack of pancreatitis
almost half of alcohol abusers develop CP. Figures rise to 80% after
recurrent pancreatitis.

Quality assessment: moderate; Recommendation: strong; Agree-
ment: strong (a ¼ 89.5%)

Comments
Alcohol misuse is the most common single cause of CP and ac-

counts for approximately 45%e70% of CP cases in industrialized
nations worldwide [62]. The Zurich conference defined alcoholic CP
which developed following a daily intake of alcohol >80 g/day for
several years [63]. Only 2e5% of heavy drinkers develop pancrea-
titis [62,64]. The increased risk of CP in individuals who consume
equal to or more than 5 drinks/day has been consistently demon-
strated. The North American Pancreatitis Study-2 65 revealed a
significant association between alcohol and CP only in subjects who
consumed �5 drinks/day (odds ratio: 3.1). A population-based
cohort study in Denmark [66] showed alcohol intake of 35e48
drinks/week increased the risk of CP (Hazard ratio: 3.2). In Japanese
case-control studies [48,67], the risk of CP was higher even with a
smaller amount of alcohol. The odds ratio was 5.7 for alcohol
consumption of 50e99 g/day [6]. In another Japanese case-control
study [67], alcohol consumption of even 20�~<40 g/day increased
the risk of CP compared with nondrinkers; the odds ratios for
alcohol consumption of 20�~<40 g/day, 40�~<60 g/day,
60�~<80 g/day, 80�~<100 g/day, and�100 g/daywere 2.6, 3.2, 9.2,
13.0, and 19.6, respectively. A systematic review and meta-analysis
of these 4 studies [48,65e67] showed that the risk of CP increased
monotonically according to the average alcohol consumption with
no identifiable threshold (relative risks at 25 g/day ¼ 1.58, 50 g/
day ¼ 2.51, 75 g/day ¼ 3.97, and 100 g/day ¼ 6.29) [10]. One unit of
alcohol equals 10 ml or 8 g of pure (100%) ethanol. In USA, 1 drink
equals 14 g of pure (100%) ethanol or 1.75 units [65].

Although associations were similar for men and women [66,67],
susceptible women might develop alcoholic CP after a shorter
duration of alcohol consumption and lower cumulative amounts of
alcohol consumption than men [68]. Alcohol intake, even less than
50 g/day, induced earlier disease characterized by more frequent
severe pain, calcification, and complications [69].

Q4. How much smoking can be considered as risk factor/etiology for
CP?

Statement-10. Ever smokers (even smoking less than 1 pack of
cigarettes per day) have an increased risk for CP, as compared to
never smokers.

Quality assessment: moderate; Recommendation: strong; Agree-
ment: strong (a ¼ 89.5%)

Statement-11. There seems to be a dose-response effect for the
amount of daily consumption on the risk to develop CP.

Quality assessment: low; Recommendation: conditional;



Table 2
Summary of the statements.

STATEMENT QUALITY
ASSESSMENT

RECOMMENDATION AGREEMENT
(alfa%)

1. Alcohol, smoking, and certain genetic alterations are risk factors for chronic pancreatitis. high strong strong
(100%)

2. Past history, family history, onset of symptoms, and life-style factors including alcohol intake and smoking history
should be determined.

high strong strong
(100%)

3. Laboratory data including serum triglycerides, calcium, IgG4, and possible morphologic abnormalities of the
pancreas including pancreas divisum might be assessed.

low weak strong
(89.5%)

4. In idiopathic disease, full sequence analysis of the CFTR, CPA1, CTRC, PRSS1 and SPINK1 gene exons and exon-intron
boundaries and testing for the CEL gene pathogenic hybrid allele is recommended in order to explore the
etiological background.

low conditional conditional
(73.7%)

5. Alcohol consumption dose-dependently elevates the risk of CP. Heavy drinkers have some 5 times more chances
to develop chronic pancreatitis than non-alcohol consumers.

moderate strong strong
(100%)

6. Alcohol consumption of less than 60 g/day increases the risk and promotes the progression of CP in susceptible
individuals.

low conditional weak (63.2%)

7. Alcohol consumption of equal to or more than 60 g/day increases the risk of CP. moderate strong strong
(100%)

8. The effects of alcohol seems to be independent of smoking. low conditional conditional
(73.7%)

9. Alcohol abuse increases the risk of progression from acute to chronic pancreatitis. After an acute attack of
pancreatitis almost half of alcohol abusers develop CP. Figures rise to 80% after recurrent pancreatitis.

moderate strong strong
(89.5%)

10. Ever smokers (even smoking less than 1 pack of cigarettes per day) have an increased risk for CP, as compared to
never smokers.

moderate strong strong
(89.5%)

11. There seems to be a dose-response effect for the amount of daily consumption on the risk to develop CP. low conditional strong
(94.7%)

12. Risk increases with time of exposure. low conditional strong
(89.5%)

13. Risk tends to diminish with abstinence (former smokers). low conditional strong
(94.7%)

14. Risk seems to be independent of alcohol abuse. low conditional conditional
(78.9%)

P. Hegyi et al. / Pancreatology 20 (2020) 579e585 583
Agreement: strong (a ¼ 94.7%)
Statement-12. Risk increases with time of exposure.
Quality assessment: low; Recommendation: conditional; Agree-

ment: strong (a ¼ 89.5%)
Statement-13. Risk tends to diminish with abstinence (former

smokers).
Quality assessment: low; Recommendation: conditional; Agree-

ment: strong (a ¼ 94.7%)
Statement-14. Risk seems to be independent of alcohol abuse.
Quality assessment: low; Recommendation: conditional; Agree-

ment: conditional (a ¼ 78.9%)
Comments
Accumulating and convincing evidence suggests that tobacco

smoking is independently and dose-dependently associated with
increased risk of CP [23,65,67,70e76]. The relative risk for CP in ever
smokers is 3.0 (95% CI: 1.48e6.17), in current smokers is 2.72 (95%
CI: 1.74e4.24) and in former smokers is 1.27 (95% CI: 1.00e1.62) as
compared to never smokers [49]. The number of studies investi-
gating detailed tobacco use (instead of only stating the numbers of
ever, current and former smokers), including pack-years or daily
quantity (mostly restricted tomore or less than 1 pack per day), and
CP risk are limited [23,75]. However, it seems that increasing
smoking dose and duration elevate the risk for CP development. A
meta-analysis of five studies (some of which also included the data
of acute pancreatitis and/or recurrent acute pancreatitis patients)
by Andriulli et al. [13] revealed that the relative risk of CP in current
smokers smoking less than 1 pack per day was 2.4 (95% CI, 0.9e6.6)
which increased to 3.3 (95% CI, 1.4e7.9) in those smoking 1 or more
packs per day. Another recent meta-analysis [49] of CP patients and
a large multiethnic prospective cohort of recurrent acute pancrea-
titis/CP patients [23] reported somewhat lower risk values. The
increased risk of CP due to smoking is present in both genders, but
it is more pronounced in males [75].
The detrimental effect of tobacco use in CP patients is high-
lighted by the fact that smoking is associated with earlier diagnosis
of the disease and with the appearance of calcifications and dia-
betes, independent of alcohol consumption [77,78]. Furthermore,
cessation of smoking was shown to reduce the progression of CP
[74]. Therefore, the importance of smoking cessation should be
stressed in patients with CP.

Summary

The authors have reviewed, summarized and discussed the
available evidences on the risk factors for CP. Importantly, both
genetic and environmental factors were found to play crucial roles
in the development of CP. Therefore, health-promoting lifestyle
education and in certain cases genetic counselling should be
applied to reduce the incidence of CP. These evidence-based
guidelines provide the current state of the art of the risk factors
in CP. An overview of the statements is presented in Table 2.
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ACG Clinical Guideline: Chronic Pancreatitis
Timothy B. Gardner, MD, MS, FACG1, Douglas G. Adler, MD, FACG2, Chris E. Forsmark, MD, FACG3,
Bryan G. Sauer, MD, MSc (Clin Res), FACG (GRADE Methodologist)4, Jason R. Taylor, MD5 and David C. Whitcomb, MD, PhD, FACG6

Chronic pancreatitis (CP) is historically defined as an irreversible inflammatory condition of the pancreas leading to varying

degrees of exocrine and endocrine dysfunction. Recently however, the paradigm for the diagnosis has changed in that it

breaks with the traditional clinicopathologic-based definition of disease, focusing instead on diagnosing the underlying

pathologic process early in the disease course andmanaging the syndromemoreholistically to change the natural course of

disease and minimize adverse disease effects. Currently, the most accepted mechanistically derived definition of CP is

a pathologic fibroinflammatory syndrome of the pancreas in individuals with genetic, environmental, and/or other risk

factors who develop persistent pathologic responses to parenchymal injury or stress. The most common symptom of CP is

abdominal pain, with other symptoms such as exocrine pancreatic insufficiency and diabetes developing at highly variable

rates. CP ismost commonly causedby toxins such as alcohol or tobaccouse, genetic polymorphisms, and recurrent attacks

of acutepancreatitis, althoughnohistory of acute pancreatitis is seen inmanypatients. Diagnosis ismadeusually oncross-

sectional imaging, with modalities such as endoscopic ultrasonography and pancreatic function tests playing a secondary

role. Total pancreatectomy represents the only known cure for CP, although difficulty in patient selection and the

complications inherent to this interventionmake it usually an unattractive option. This guideline will provide an evidence-

based practical approach to the diagnosis and management of CP for the general gastroenterologist.

Am J Gastroenterol 2020;115:322–339. https://doi.org/10.14309/ajg.0000000000000535; published online February 5, 2020

INTRODUCTION
Recent advances in clinical and translational sciences continue to
alter our understanding of chronic pancreatitis (CP) and are
forcing changes in the definition, diagnosis, and management
approaches. The emerging paradigm, which breaks with the
traditional clinicopathologic-based definition of disease, focuses
on diagnosing the mechanistic disorder underlying the patho-
genic process early in the disease course and managing the syn-
drome more holistically to change the natural course of disease
and minimize adverse disease effects (1). This new paradigm falls
into the realm of precision medicine for complex disorders,
a “bottom-up” approach focusing on complex gene and envi-
ronmental interactions in an individual patient with early signs
and symptoms of disease (2). For complex disorders with mul-
tiple etiologies, modifiers, complications, and outcomes, a pre-
cision medicine approach is required.

Before 2016, CP was defined using a traditional clinicopatho-
logic approach with typical signs and symptoms linked to defined
pathology—i.e., chronic inflammation and irreversible fibrosis
without infection. The primary challenge was in obtaining pan-
creatic tissue, the “gold standard” for a pathologic diagnosis, es-
pecially in the setting of the high risk/benefit ratio linked with
biopsies. Three consensus conferences in Marseille, France,

between 1963 and 1989 defined CP on the basis of clinical, func-
tional, and histologic evidence (3–5). In 1984, the “Cambridge
definition” was proposed as a clinically useful alternative to biopsy
by using an endoscopic retrograde cholangiopancreatography
(ERCP) scoring system as a surrogate for tissue (6). CP was defined
as a continuing inflammatory disease of the pancreas, characterized
by irreversiblemorphological change, and typically causingpainand/
or permanent loss of function. This definition served as the basis for
imaging approaches to the diagnosis of CP (in the context of typical
symptoms and loss of function) and the foundation for most
consensus statements and clinical guidelines for the next 3 decades.

The Cambridge definition and score served to significantly
advance the field, but the traditional clinicopathologic definition
of disease and research approaches based on Koch’s postulates
failed to provide insights into the complex causes and care of
individual patients or significantly change the natural history of
the disease (7,8). Furthermore, new technologies and discoveries
over the 35 years between 1984 and 2019 proved that new data
cannot be used within the old clinicopathologic paradigm. Early
CP, the stage in which targeted therapy is likely to be most ef-
fective, cannot be diagnosed using the clinicopathologic definition
of CP because it requires the presence of irreversible morphologic
change (9). In the case of early CP, increasing imaging sensitivity is
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associated with decreasing specificity. Furthermore, examination
of the pathology, or images as a surrogate, offers little insight into
any of the dozens of potential underlying simple or complex eti-
ologies.Genetics clearlyplay amajor role inpancreatic diseases, but
because germline variants rarely link to specific symptoms or tissue
pathologic features, they cannot be understood within the clini-
copathologic framework. It follows that clinical genetic reports that
are framed by classic Mendelian geneticists or anatomic patholo-
gists within the clinicopathologic framework provide little clinical
guidance, especially in the later stages of disease. In addition, the
practice of diagnosing and tracking disease progression based on
fibrosis may be flawed because the degree of fibrosis correlates
poorly with pain, exocrine pancreatic insufficiency (EPI), diabetes
mellitus (DM), progressive disease, or cancer risk—the primary
concerns of clinical care (10–14).

In summary, the traditional clinicopathologic framework that
defines theCP syndrome by irreversible damage results in years of
delay between symptom onset and diagnosis and usually fails to
identify or address the underlying etiology, cannot predict the
clinical course, cannot direct preventative treatments that change
disease trajectory, and remains limited to symptomatic or sup-
portive care and replacement of lost gland function.

In 2016, a new Mechanistic Definition of CP was published,
and later adopted, by themajor pancreas societies as the preferred
definition worldwide (15,16). TheMechanistic Definition affirms
the characteristics of end-stage disease as pancreatic atrophy, fi-
brosis, pain syndromes, duct distortion and strictures, calcifica-
tions, pancreatic exocrine dysfunction, pancreatic endocrine
dysfunction, and dysplasia, but also addresses the disease mech-
anism as a pathologic fibroinflammatory syndrome of the pancreas
in individuals with genetic, environmental, and/or other risk fac-
tors who develop persistent pathologic responses to parenchymal
injury or stress. The definition is linked to a progressive model to
organize risk factors, clinical scenarios, disease biomarkers, se-
quential and progressive features, and individual variables within
a lifetime. It was also designed to assess the differential diagnosis
of disorders with pathologic features that overlap with early CP,
such as fibrosis, atrophy, maldigestion, and diabetes.

Within the framework of the Mechanistic Definition, it is
important to recognize the difference between pancreatic dys-
function, pancreatitis-related disorders, and pancreatic disease.
The term dysfunction is a dynamic term that describes a variation
in the action of an entity that deviates from normal in a negative
way. A medical disorder indicates disruption of the normal
functions of specialized cells or systems resulting in abnormal
signs, symptoms, biomarkers, and/or responses. A disease is an
abnormal condition in a living animal that is defined by con-
sensus criteria consisting of abnormal signs and symptoms, ab-
normal biomarkers, and typical pathologic features.

An example of pancreatic dysfunction is the presence of a ge-
netic mutation in the CFTR gene locus that causing variations in
RNA expression or splicing, or changes in amino acid sequence
causing defective processing, trafficking, or channel opening. The
dysfunctionmay be tolerated by adaptivemechanisms and limited
cell stress so that the cells using CFTR do not fail under most
conditions. An example of a pancreatitis-related disorderwould be
protein dysfunction that causes the pancreatic duct cell to fail to
respond normally when the cell is strongly stimulated or stressed,
resulting in a duct cell dysfunction. When the compensatory
threshold is exceeded, then internal and external stress and injury
signals are generated thatmay cause clinical signs and symptomsof

diseases, such as an episode of acute pancreatitis (17). Pancreatic
diseases are conditions that are typically associated with pathology
such as acute pancreatitis, recurrent acute pancreatitis (RAP), CP,
and complex syndromes that affect the pancreas such as cystic
fibrosis.When the clinical evaluation of the patient determines the
presenceof clinical, functional, andmorphologic features thatmeet
consensus criteria, then the patient may be diagnosed as having
a disease, such as CP. If multiple organs are involved, then the
patient is diagnosed with a genetic disease, such as cystic fibrosis
with pancreatic sufficiency or insufficiency. Precision medicine
therefore focuses on determining the dysfunction and the disorder
and seeks to use targeted therapy to prevent the condition from
progressing to a clinicopathologic-defined disease. However, new
studies are needed to evaluate the effectiveness of targeted therapies
in individual patients (2,18). At this time, a paucity of studies exists
specifically using the new Mechanistic Definition of CP.

In this context, a group of experts within the ACGwere tasked
to complete a systematic review of the literature concerning CP
and develop guidelines for the membership. Based on the
framework of the traditional definition and approaches to CP,
much of the older literature provides limited insights and context
for strong recommendations. The authors expect, moving for-
ward, that future guidelines will be more reliant on studies exe-
cuted under the framework of the Mechanistic Definition of CP.
Where possible, specific clinical questions are poised, followed by
a review and recommendations based on the older literature and
comments on future directions.

METHODOLOGY
With the assistance of a health science librarian, a literature
search was completed through MEDLINE (1946-current),
Embase (1974-current), Web of Science (1900-current), and the
Cochrane Library. All databases were searched up to February
2018. The search strategy MeSH terms included chronic pan-
creatitis or pancreatitis (chronic or minimal change). Searches
were limited to the English language. Two authors (T.B.G. and
J.R.T.) independently reviewed all unique articles and included
those articles that met consensus criteria. The authors also in-
corporated articles from review of references in retrieved
manuscripts as well as relevant studies known to the authors. The
search results were primarily randomized trials. If these were not
available, then meta-analyses and systematic reviews were used.

The guideline is structured in sections, each with recom-
mendations or key concepts, and summaries of the evidence
based on the PICO question format that is a consistent “formula”
for developing answerable, researchable questions. PICO is an
acronym that includes the following 4 aspects important for re-
search questions: 1. population/problem, 2. intervention, 3.
comparison, and 4. outcome. The PICO questions were de-
veloped by the consensus of the authors and served as the basis for
each recommendation and key concept (Table 1). Each recom-
mendation statement has an associated assessment of the quality
of evidence and strength of recommendation based on the
Grading of Recommendations Assessment, Development, and
Evaluation (GRADE) process. The GRADE system was used to
evaluate the quality of supporting evidence. A “Strong” recom-
mendation is made when the benefits clearly outweigh the neg-
atives and/or the result of no action. “Conditional” is used when
some uncertainty remains about the balance of benefits and po-
tential harms. Statements with a “strong” recommendation are
stated with “We recommend,” whereas statements with
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a conditional recommendation are stated with “We suggest.” The
quality of evidence is graded from high to low. “High” quality
evidence indicates that further research is unlikely to change the
authors’ confidence in the estimate of the effect, and that we are
very confident that the true effect lies close to that of the estimate
of the effect. “Moderate” quality evidence is associated with
moderate confidence in the effect estimate, although further re-
search would be likely to have an impact on the confidence of the
estimate, whereas “Low” quality evidence indicates that further
study would likely have an important impact on the confidence in
the estimate of the effect and would likely change the estimate.
“Very low” quality evidence indicates very little confidence in the
effect estimate, and that the true effect is likely to be substantially
different from the estimate of the effect.

Key concepts are statements that are not amenable to the
GRADE process, either because of the structure of the statement or

because of the available evidence. In some instances, key concepts
are based on the extrapolation of evidence and/or expert opinion.
The GRADE recommendations and key concept statements from
this guideline are found in Tables 2 and 3, respectively.

DIAGNOSIS OF CP
Recommendation

1. We recommend computed tomography (CT) or MRI for the first-line
diagnosis of CP. Either test should be the first choice for the
diagnosis of CP. Endoscopic ultrasonography (EUS), because of its
invasiveness and lack of specificity, should be used only if the
diagnosis is in question after cross-sectional imaging is performed
(strong recommendation, low quality of evidence).

Summary of evidence. The diagnosis of CP has been difficult
because there is a debate about the gold-standard test that

Table 1. PICO questions that served as the basis for recommendations and key concepts

Diagnosis

Question: Should cross-sectional imaging (CT or MRI) or EUS be used to diagnose CP in all patients suspected of having CP?

Question: Should s-MRCP vs non–secretin-enhanced MRCP be used to make the diagnosis of CP?

Question: Should direct vs indirect pancreatic function tests be used to make the diagnosis of CP?

Question: Should pancreatic histology vs imaging be used to make the diagnosis of CP?

Etiology

Question: Shouldmultiple factor testing (toxic, idiopathic, genetic, autoimmune, recurrent acute, and/or obstructive) vs single-factor testing beused tomake the

diagnosis of CP?

Question: Should genetic testing vs no genetic testing be used to make the diagnosis of CP?

Natural history and clinical symptoms

Question: Does a defined etiology vs idiopathic disease determine important clinical outcomes in CP?

Question: Does BMI vs other etiologic factors determine the risk of developing endocrine insufficiency in CP?

Question: Does alcohol cessation vs no alcohol cessation alter the natural history of CP?

Question: Does tobacco cessation vs no tobacco cessation alter the natural history of CP?

Question: Should screening examinations vs no screening examinations for pancreatic malignancy be performed in patients with CP?

Management of pain

Question: Should interventional endoscopic or surgical therapy vs no interventional therapy be used in patients with CP who are actively consuming alcohol to

improve pain symptoms?

Question: Should pancreatic duct decompression through endoscopy vs surgery be used in CPpatients with evidence of pancreatic duct obstruction to improve

pain symptoms?

Question: Should antioxidants vs no antioxidants be used in patients with CP to improve pain symptoms?

Question: Should opiates vs no opiates be used in patients with CP to improve pain symptoms?

Question: Should pancreatic enzymes vs no pancreatic enzymes be used in patients with CP to improve pain symptoms?

Question: Should celiac plexus blockade vs no celiac plexus blockade be used in patients with CP to improve pain symptoms?

Question: Should TPIAT vs no TPIAT be used to treat pain symptoms in patients with CP?

Question: Should experimental therapeutic modalities (i.e., radiation therapy, spinal cord stimulation, and transmagnetic brain stimulation) vs no experimental

therapeutic modalities be used to treat pain symptoms in patients with CP?

Management of exocrine pancreatic insufficiency

Question: Should PERT vs no PERT be used in patients with CP to improve symptoms of pancreatic insufficiency?

Question: Should testing for vitamin deficiency vs no testing for vitamin deficiency be used in patients with CP and pancreatic insufficiency?

BMI, body mass index; CT, computed tomography; CP, chronic pancreatitis; EUS, endoscopic ultrasonography; MRCP, magnetic resonance cholangiopancreatography;
PERT, pancreatic enzyme replacement therapy; s-MRCP, secretin-enhanced magnetic resonance cholangiopancreatography; TPIAT, total pancreatectomy with islet
autotransplant.
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establishes the diagnosis. Furthermore, it represents a later stage
of progressive disorders resulting in irreversible morphologic
damage with variable clinical consequences. The diagnosis is
made often using a combination of modalities, including expo-
sure risk, underlying predisposition, cross-sectional imaging, and
direct and/or indirect pancreatic function tests. In fact, likely the
most useful diagnostic test for CP is a careful history and physical
examination, as the pretest probability and clinical suspicion are
integral for diagnosis—i.e., if the patient is in a high-risk group,
the morphologic changes are a more accurate biomarker of CP
rather than another disorder with a similar differential diagnosis.
It is critical to assess the patient’s risk factors for CP, including
family and exposure history, the nature and character of the
patient’s pain, whether or not they have had previous episodes of
acute pancreatitis, and whether they have related conditions such
as steatorrhea and/or symptoms of vitamin deficiency.

However, in patients with clinical symptoms of an in-
flammatory disorder of the pancreas (e.g., previous episode of
acute pancreatitis, characteristic pain, and/or maldigestion) and/
or a suggestive gene–environment risk assessment, then cross-
sectional imaging should be the first test used to establish the
diagnosis of CP because it is universally available, reproducible,
and valid when compared with other modalities.

No randomized controlled trials (RCTs) have been performed
specifically comparing cross-sectional imaging with EUS for the
diagnosis of CP with the caveat that the test characteristics of
diagnostic modalities are generally not amenable to RCTs. The

best evidence comparing modalities is from a systematic review
and meta-analysis of 43 studies and 3460 patients with suspected
CP in which the sensitivity estimates of EUS, MRI, and CT were
81% (95% confidence interval [CI]: 70%–89%), 78% (95% CI:
69%–85%), and 75% (95% CI: 66%–83%), respectively, and did
not differ significantly from each other (19). Estimates of speci-
ficity were comparable for EUS (90%; 95% CI: 82%–95%), ERCP
(94%; 95% CI: 87%–98%), CT (91%; 95% CI: 81%–96%), MRI
(96%; 95% CI: 90%–98%), and ultrasound (US) (98%; 95% CI:
89%–100%). A limitation of thismeta-analysis, however, was that
not all the studies included a histologic gold standard to establish
the type of inflammation for comparison.

Given the vast discrepancy in cost, availability, invasiveness,
and objectivity, we believe that cross-sectional imaging should be
the first-line test for the diagnosis of CP.Owing to its invasiveness
and issues surrounding availability, intrarate reproducibility, and
discrepancy over the definition and importance of specific di-
agnostic criteria, EUS should be used to diagnoseCP alone if there
is uncertainty following cross-sectional imaging (20).

Multiple other imaging modalities and scoring systems have
been used to establish the diagnosis of CP, including contrast-
enhanced EUS, ERCP, transcutaneous ultrasonography, and
pancreatic elastography (6,21–24). However, high-quality RCT
evidence is not available to warrant their inclusion as first-line
diagnostic tests for CP in place of cross-sectional imaging or EUS.
Practical clinical approach.Demonstrating typical morphologic
changes in the pancreas is a critical component of the definition of

Table 2. Recommendations on the management of CP

Diagnosis of CP

1. We recommend CTor MRI for the first-line diagnosis of CP. Either test should be the first choice for the diagnosis of CP. EUS, because of its invasiveness and

lack of specificity, should be used only if the diagnosis is in question after cross-sectional imaging is performed (strong recommendation, low quality of

evidence).

2. We suggest performing s-MRCP when the diagnosis of CP following cross-sectional imaging or EUS is not confirmed and the clinical suspicion remains high

(conditional recommendation, low quality of evidence).

3. We suggest histological examination as the gold standard to diagnose CP in high-risk patients when the clinical and functional evidence of CP is strong, but

imaging modalities are inconclusive (conditional recommendation, very low quality of evidence).

Etiology of CP

4. We recommend genetic testing in patients with clinical evidence of a pancreatitis-associated disorder or possible CP in which the etiology is unclear,

especially in younger patients (strong recommendation, low quality of evidence).

Natural history and clinical symptoms of CP

5. We recommend alcohol cessation in patients with CP (strong recommendation, very low quality of evidence).

6. We recommend smoking cessation in patients with CP (strong recommendation, very low quality of evidence).

Management of pain in CP

7. We recommend surgical intervention over endoscopic therapy in patients with obstructive CP for the long-term relief of pain if first-line endoscopic

approaches to pancreatic drainage have been exhausted or unsuccessful (strong recommendation, moderate quality of evidence).

8. We suggest considering the use of antioxidant therapy for CP with pain, although the benefit of pain reduction is likely limited (conditional recommendation,

moderate quality of evidence).

9. We do not suggest the use of pancreatic enzyme supplements to improve pain in CP (conditional recommendation, low quality of evidence).

10. We suggest considering celiac plexus block for treatment of pain in CP (conditional recommendation, very low quality of evidence).

Management of exocrine pancreatic insufficiency in CP

11. We suggest PERTin patients with CP and exocrine pancreatic insufficiency to improve the complications of malnutrition (conditional recommendation, low

quality of evidence).

CT, computed tomography; CP, chronic pancreatitis; EUS, endoscopic ultrasonography; PERT, pancreatic enzyme replacement therapy; s-MRCP, secretin-enhanced
magnetic resonance cholangiopancreatography.
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CP, as imaging is a surrogate for histology. In the absence of
a universally agreed-on gold standard for the diagnosis of CP and
the challenges in obtaining high-quality and representative his-
tology, cross-sectional imaging is a familiar test for most clini-
cians and should be used as the initial test for diagnosis.
Endoscopic US should be used if the diagnosis is still in doubt
after cross-sectional imaging or if there is a concern about
“minimal change disease” (CP without evidence of fibrosis) that
cannot be visualized on cross-sectional imaging. There is not
enough quality evidence to recommend a specific type of EUS
scoring system, nor the number or types of criteria that should be
used to definitively diagnose CP using this modality. Therefore,
CP remains a clinical diagnosis, integrating and balancing the
strength of evidence of the clinical scenario, the presence of risk
factors, and the exclusion of other diseases in the differential
diagnosis.

Recommendation

2. We suggest performing secretin-enhanced magnetic resonance
cholangiopancreatography (s-MRCP) when the diagnosis of CP
following cross-sectional imaging or EUS is not confirmed and the
clinical suspicion remains high (conditional recommendation, low
quality of evidence).

Summary of evidence.When the diagnosis of CP cannot bemade
following standard cross-sectional imaging or EUS, s-MRCP is
suggested. s-MRCP allows for better visualization of themain- and
side-branch ducts by stimulating the release of bicarbonate from
the pancreatic duct cells. It also allows for quantification of the
degree of filling into the duodenum, which may correlate with the
severity of CP and help quantify the degree of pancreatic exocrine

function (25–27). Given its expense, s-MRCP should be used only
when the diagnosis is not confirmed with first-line testing.

There are no RCTs specifically evaluating the role of s-MRCP
in the diagnosis of CP, although one systematic review has been
performed (28). Evaluating 69 original articles and 15 reviews, the
authors found that dynamic thick-slab 2-dimensionalMRCPwas
themost used imaging sequence (86%). The diameter of themain
pancreatic duct (75%) and pancreatic exocrine function based on
visual grading of duodenal filling (67%) were the most evaluated
pancreatic features. Smaller studies suggest the diagnostic value of
secretin-enhanced studies in childrenwith idiopathic CP and also
in the identification of minimal change disease (29,30).
Practical clinical approach. If cross-sectional imaging and EUS
are not diagnostic of CP, s-MRCP can be used to identify subtle
ductal abnormalities such as dilated branches or an ectatic duct,
which may indicate morphologic changes consistent with imag-
ing criteria for CP. Structural imaging is a biomarker of the
pancreas morphology and is most sensitive to changes caused by
fibrosis with distortion of the ducts and calcifications. However,
the diagnosis of CP should not be made solely on s-MRCP
findings or other imaging modalities, as noted previously.

Key concept

1. Pancreatic function testing is an important means of diagnosing
EPI; however, its role in establishing the diagnosis of CP is
complementary.

Summary of evidence.There is controversy surrounding theuse of
pancreatic function tests to make the diagnosis of CP. Pancreatic
function tests are used to make the diagnosis of EPI, and as most
patients with CP do not have clinically significant EPI, the

Table 3. Key concept statements on the management of CP

Diagnosis of CP

1. Pancreatic function testing is an important means of diagnosing exocrine pancreatic insufficiency; however, its role in establishing the diagnosis of CP is

complementary.

Etiology of CP

2. In patients with clinical features of CP, a comprehensive review of all risk factors should be performed. This provides information on the underlying

mechanisms, identifies both fixed and modifiable risk factors, identifies potential targets for therapies, and provides clinically relevant prognostic information.

Natural history and clinical symptoms of CP

3. Identification of the disorders(s) underlying pancreatic inflammation is important in predicting progression to CP.

4. The development of DM in CP is most likely related to duration of disease, although other etiologic factors such as BMI and smoking status may incur an

increased risk.

5. There is a lack of evidence to suggest that performing screening examinations on patients with CP to detect pancreatic malignancy is beneficial.

Management of pain in CP

6. Performing elective interventional procedures on patients who are actively using alcohol should be considered cautiously. Patients requiring urgent or

emergent procedures for complications of CP should be considered separately.

7. Opiates may be considered to treat painful CP only in patients in whom all other reasonable therapeutic options have been exhausted.

8. TPIAT should be reserved for highly selected patients with refractory chronic pain in which all other symptom control measures have failed.

9. Experimental treatment modalities should be limited to use in the context of a clinical research trial.

Management of exocrine pancreatic insufficiency in CP

10. Patients with CP should have periodic evaluation for malnutrition including tests for osteoporosis and fat-soluble vitamin deficiency.

BMI, body mass index; CP, chronic pancreatitis; DM, diabetes mellitus; TPIAT, total pancreatectomy with islet autotransplant.
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sensitivity of pancreatic function testing to make the diagnosis of
CP is low.This is due in part to the large reservewithin the pancreas
in which only significant loss of function (usually.90%) results in
the clinically apparent symptoms of steatorrhea, azotorrhea, and
resultant vitamin deficiency (31). However, there are patients
whose only clinical manifestation of pancreatic exocrine cell
damage may be EPI, and certainly, patients can have progressive
EPI over their disease course. In fact, EPI represents an imbalance
in at least 4 domains; nutritional intake, pancreatic digestive en-
zyme delivery to the small intestine, intestinal adaptation to dis-
ease, and nutritional needs of each type of essential nutrient. Thus,
failure of the pancreas to deliver sufficient enzymes to meet
a patient’s nutritional needs is relative to the other 3 domains.

There are no RCTs, systematic reviews, or meta-analyses,
which specifically detail the use of pancreatic function tests to
diagnose CP. Based on the available evidence, the use of pan-
creatic function testing to diagnose CP therefore should only be
used as an ancillary test in making the diagnosis (22,32–34).

There are multiple types of pancreatic function tests available
andhavehistoricallybeendivided intodirect and indirect types.The
type of test used depends on clinical availability, provider expertise,
patient tolerance, and expense. Table 4 details the type of pancreatic
function testing available and the test characteristics of each.

Estimating the prevalence of exocrine insufficiency is difficult,
as studies use a variety of methods and standards for diagnosis.
Although a 72-hour fecal fat measurement might be considered
the gold standard for complete failure, most studies use either
clinical steatorrhea or reduced levels of fecal elastase as the pri-
mary diagnostic test. Neither of these is highly accurate, and the
rate of clinically important maldigestion would likely be

underestimated by these approaches. Fecal elastase is most
commonly used, but a number of caveats apply to the use of this
test. The accuracy of fecal elastase to detect EPI depends on the
cutoff chosen. Some studies have used levels of,200 mg/g stool,
but this level has a high false-positive rate. Lowering the cutoff to
,100 mg/g stool improves specificity but lowers sensitivity (35).
Although used historically, serum trypsin and/or trypsinogen
tests are typically not currently performed because of reports of
elevation in nonpancreatic pain syndromes and poor correlation
with imaging findings.
Practical clinical approach.Having EPI does not independently
establish the diagnosis of CP because there are conditions, such as
CFTR variants that diminish bicarbonate secretion from birth,
that sometimes do not result in loss of pancreatic tissue and
morphologic change to the pancreas. Testing for EPI therefore
should be used as an adjunctive test for patients in whom the
diagnosis of CP has not been previously established.

Recommendation

3. We suggest histological examination as the gold standard to
diagnose CP in high-risk patients when the clinical and functional
evidence of CP is strong, but imaging modalities are inconclusive
(conditional recommendation, very low quality of evidence).

Summary of evidence.When the diagnosis of CP cannot bemade
with cross-sectional imaging or EUS based on morphologic cri-
teria, histologic evaluation is often considered. With the recent
widespread use of EUS-guided fine-needle biopsy techniques, the
ability to acquire pancreatic tissue for histologic analysis is safer

Table 4. Test characteristics of direct and indirect pancreatic function tests (110,111)

Test Advantages Disadvantages

Hormonal tests of pancreatic function

CCK stimulation test (acinar cell

stimulation measuring trypsin and/or

lipase)

Direct acinar cell function

Detects subtle EPI

Cumbersome

Not widely available

Specialized laboratory testing required

Patient discomfort with Dreiling tube

placement

2–3 hr test

Secretin stimulation test (ductal cell

stimulation measuring bicarbonate)

Direct ductal cell function

Performed endoscopically

Uses laboratory autoanalyzer

60 min test

Measures ductal secretory ability

Not widely available

Prone to measurement error

Risk and cost of endoscopy

Nonhormonal tests of pancreatic function

Fecal elastace-1 Universally available

Easily obtainable

Noninvasive

Moderate sensitivity

Limited specificity in diarrhea

Limited use in mild disease

13C-mixed triglyceride test Easily obtainable

High sensitivity (90%)

Not universally available

Long test duration—4–6 hr

Serum trypsinogen/trypsin Universally available

Easily obtainable

Noninvasive

Quantifiable for tracking function over time

Does not measure digestive tract enzymes

Elevated with pancreatic pain

CCK, cholecystokinin; EPI, exocrine pancreatic insufficiency.
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and technically easier (36,37). However, the sensitivity of histo-
logic evaluation for CP when tissue is available, compared with
morphologic evaluation, is often no better than chance (38,39).
Histologic evaluation can be limited because of sampling error,
complications inherent in obtaining the biopsy sample, the pat-
chy nature of pancreatic inflammatory changes, and histologic
interpretation that is prone to subjectivity.

There are no RCTs, systematic reviews, or meta-analyses,
which treat histologic evaluation as the diagnostic gold standard
for CP. Nonetheless, histologic confirmation can serve as the
diagnostic gold standard, its value most important for ruling out
CP when the diagnosis is under consideration. Histologic eval-
uation should only be considered in high-risk patients after
clinical, functional, and imaging tests have not established the
clinicopathologic diagnosis and a thoughtful informed consent
process has been had with the patient.
Practical clinic approach. Under the current clinicopathologic
approach to disease, histology is the gold standard test to diagnose
CP, and it is often used to “rule out” CP in patients in whom the
diagnosis is being considered. However, both imaging and his-
tology are biomarkers of an underlying disorder that may or may
not be true CP, and thus, the sensitivity of histology to make the
diagnosis is low. As the mechanistic model of disease is in-
vestigated and formalized further, histology will likely be less
important in making the diagnosis of CP.

ETIOLOGY OF CP

Key concept

2. In patients with clinical features of CP, a comprehensive review of all
risk factors should be performed. This provides information on the
underlying mechanisms, identifies both fixed and modifiable risk
factors, identifies potential targets for therapies, and provides
clinically relevant prognostic information.

Summary of evidence. There are no RCTs, systematic reviews, or
meta-analyses specifically focusing on the order of testing for de-
termining an etiology of CP (40). The TIGAR-O system has been
used to help categorize an etiology to explain CP, has proven useful
in multiple international studies, and was recently revised to in-
clude new insights from the past 20 years (5,41). The acronym
stands for T (Toxic-Metabolic), I (Idiopathic), G (Genetic), A
(Autoimmune), R (Recurrent acute or severe pancreatitis), and O
(Obstructive) (Table 5). The pancreatitis with Multiple risk
factors-Alcohol consumption, Nicotine consumption, Nutritional
factors, Hereditary factors, Efferent duct factors, Immunological
factors, Miscellaneous and rare metabolic factors (M-ANNHEIM)
system is a similar multirisk factor classification system that
attempts to add information on disease activity and stage and has
been used to evaluate the impact and interaction of various risk
factors on the course of CP (22). The M-ANNHEIM system pro-
vides diagnostic criteria for etiology, clinical and diagnostic stage,
and severity basedon traditional clinicopathologic criteria (Table 6).
Practical clinical approach.The initial approach to evaluation of
patientswith suspected pancreatitis-related disorders andCP is to
complete a thorough history and physical examination, along
with biomarker tests. The history should include previous dates
andnumber of episodes of acute pancreatitis (outlined inTIGAR-
O or M-ANNHEIM), dates of onset of DM (if present),
maldigestion/malnutrition, weight loss, bone health (e.g., frac-
tures), renal disease, and diseases in organs associated with cystic

fibrosis (e.g., lung disease, sinusitis, or male infertility). A family
history should extend to at least third-degree relatives and include
pancreatitis, cystic fibrosis, DM, and pancreatic cancer. The
TIGAR-O checklist provides guidance for recording alcohol use,
smoking, medications, toxins, DM, diet and key biomarkers in-
cluding serum calcium, and triglycerides. Serum levels of fat-
soluble vitamins and nutrition analysis also provide information
on the possible disease stage. Imaging is also useful in identifying
potential obstructive etiologies of pancreatic disease, including
anatomical malformations, pancreatic stones, tumors, and other
features. If the etiology is unclear, if the patient has a family
history of pancreatic diseases, if the disease persists after thera-
peutic intervention (e.g., RAP after clearing the biliary system), or
if the patient is young (e.g., less than 35 years of age), then genetic
testing is indicated. It is also imperative to consider the differ-
ential diagnosis for CP, including autoimmune inflammation,
inflammation and fibrosis arising from the pancreatic islet cells
related to long-standing DM, renal disease causing secondary
effects on the pancreas, medications that alter the immune system
(e.g., cyclosporine), age-related atrophy or fibrosis, intraductal
papillary mucinous neoplasms, acinar cell cystadenoma, the
desmoplastic response to pancreatic neoplasm, inflammation
upstream of a duct-obstructing mass, and other disorders (9).

Recommendation

4. We recommend genetic testing in patients with clinical evidence of
a pancreatitis-associated disorder or possible CP in which the
etiology is unclear, especially in younger patients (strong
recommendation, low quality of evidence).

Summary of evidence. The past 2 decades have identified several
genes associated with the diagnosis of CP. However, there are no
RCTs, systematic reviews, or meta-analyses specifically evaluating
whetherpatientswith idiopathicCPshouldbeoffered genetic testing.

The primary goal of genetic testing is to identify underlying
pancreatitis-related disorders that are contributing to the path-
ogenic process, to assist in decision making, and to help prevent
the development of irreversible CP (2). Several pancreatitis-
associated disorders can be identified that lead to significant
changes in treatment strategy. The most well-known examples
areCFTR variants with a CFTR-related disorder or cystic fibrosis,
which can present as RAP or CP. Multiple other genes have been
associated with the development of CP and its associated con-
ditions (Table 7).

Genetic testing results provide important early information
about the etiology of pancreatitis-related disorders. If the etiology
of the pancreatitis-related disorder (such as characteristic pain
and/or maldigestion) remains obscure, genetic testing can de-
termine the genes, cell types, and mechanisms that are dysfunc-
tional in the patient. This information drives confirmatory testing
(e.g., sweat chloride for CFTR variants) for making a disease di-
agnosis and places the patient in a population of very high or very
low disease prevalence, which affects the positive and negative
predictive value of various biomarkers (2). Determining the eti-
ology of a pancreatitis-related disordermaynot lead to immediate
treatment in some cases, but it does end often exhaustive, in-
vasive, and expensive diagnostic testing for an advanced disease.
Determination of the genetic etiology also informs decisions
about more radical therapy for persistent or severe disease, such
as total pancreatectomy with islet autotransplantation.
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Identification of genetic etiologies for pancreatitis-related
disorders is also of value to the patient, although a “cure”may not
be available. It can bring meaningful resolution to the etiology of
poorly defined symptoms, connect them to disease-specific sup-
port networks, inform prognosis and comorbidities, and facilitate
family planning. Genetic testing is of limited value in patients
with end-stage CP because the underlying inflammatory pro-
cesses have already irreversibly destroyed the pancreas. The
exceptions are to identify genes associated with familial disorders
and therefore to help family members make clinical decisions, to
provide insight to the patient as to the etiology of CP beyond
alcohol use and smoking, or to participate in a research study.

Genetic evaluation helps determine which pancreatic proteins
have impaired function and which ones appear normal. This
provides 2 types of information. (i) It tells that the pretest prob-
ability of true CPwith early signs and symptoms is high, and (ii) it
identifies the pathologic pathway—of which there are many.
Thus, genetic testing may provide the clinical and early diagnosis
before irreversible disease and guide choices of therapy. Note also
that this approach allows many variables to be considered si-
multaneously within disease modes, so combinations of risk
factors can be considered. Therefore, in pancreatitis-associated
disorders, genetics is of central importance because it helps define
the disease mechanism, provides prognostic information, and
identifies targets for therapy.

Figure 1 details the recommendations for diagnosis of CP based
on the traditional clinicopathologic model of disease. Figure 2
introduces diagnostic concepts in the context of the new mecha-
nistic definition ofCP.Asmore evidence develops in support of the
mechanistic definition of disease, the authors believe that future
guidelines will be more reliant on this new paradigm.

Table 5. The TIGAR-O Version 2.0 Pancreatitis System Risk/

Etiology Checklist (short form) (41)

Toxic-metabolic

Alcohol-related (susceptibility and/or progression)

3–4 drinks/d

5 or more drinks/d

Smoking (if yes, record pack-years)

Nonsmoker (,100 cigarettes in lifetime)

Past smoker

Current smoker

Other, NOS

Hypercalcemia—(ionized calcium levels .12.0 mg/dL or 3 mmol/L)

Hypertriglyceridemia

Hypertriglyceridemic risk—(fasting .300 mg/dL; nonfasting .500

mg/dL)

Hypertriglyceridemic acute pancreatitis, history of (.500 mg/dL in the

first 72 hr)

Medications (name)

Toxins, other

CKD—(CKD stage 5—ESRD)

Other, NOS

Metabolic, other

Diabetes mellitus (with the date of diagnosis if available)

Other, NOS

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 1/2

environment)

Modifier genes (list pathogenic genetic variants)

PRSS1-PRSS1 locus

CLDN2 locus

Others

Hypertriglyceridemia (list pathogenic genetic variants)

Other, NOS

AIP/steroid-responsive pancreatitis

AIP type 1—IgG4-related disease

AIP type 2

Table 5. (continued)

RAP and SAP

Acute pancreatitis (single episode, including date of event if available)

AP etiology—extrapancreatic (excluding alcoholic, HTG, hypercalcemia,

and genetic)

Biliary pancreatitis

Post-ERCP

Traumatic

Undetermined or NOS

RAP (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

AP, acute pancreatitis; AIP, autoimmune pancreatitis; CKD, chronic kidney
disease; ERCP, endoscopic retrograde cholangiopancreatography; ESRD, end-
stage renal disease; HTG, hypertriglyceridemia; NOS, not otherwise specified;
RAP, recurrent acute pancreatitis; SAP, severe acute pancreatitis.
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Practical clinical approach. Testing for germline mutations (as
opposed to acquired somatic mutations in tumors for cancer
therapy) is not diagnostic of CP, but rather (i) identifies a pop-
ulation of patients with a high prevalence of pancreatitis-related
disorders andCPso that it improves the accuracyof less sensitive or
specific biomarkers and (ii) identifies the dysfunctionalmechanism
underlying the pathogenic processes that cause biomarkers to be
abnormal and lead to disease. This is important in patients of any
age because therapies (such as CFTR-modulating drugs) can target
mechanism, and knowing the mechanism allows the most ap-
propriate drug and/or therapy to be selected. It also provides
prognostic information for the management of complex syn-
dromes without specific treatment (i.e., for total pancreatectomy
with islet autotransplant [TPIAT] assessment) and can provide
answers to patients about the origin of their symptoms. In most
instances, patients should be referred to a genetic counselor for
evaluation; however, in centers inwhich experienced nongeneticist
clinicians are comfortable ordering and evaluating the results, ge-
netic referral is not necessary. At minimum, patients with idio-
pathic CP should be evaluated for PRSS1, SPINK1, CFTR, and
CTRCgenemutation analysis, althoughmore extendedpanelswith
over a dozen susceptibility and modifier genes, hyper-
triglyceridemia genes, and pharmacogenetics are available.

NATURAL HISTORY AND CLINICAL SYMPTOMS OF CP

Key concept

3. Identification of the disorders(s) underlying pancreatic
inflammation is important in predicting progression to CP.

Summary of evidence. The primary clinical outcomes of patients
with CP are debilitating abdominal pain, fat-soluble vitamin
deficiency leading to malnutrition and related conditions such as
osteoporosis, the risk of pancreatic malignancy, and the

Table 6. The M-ANNHEIM scoring system for the grading of

chronic pancreatitis severity (22)

Clinical Features Points

Patient report of pain

No pain without therapy (patient reports

requiring no pain medication)

0

RAP (patient reports freedom from pain

between attacks of acute pancreatitis)

1

No pain with therapy (patient reports

freedom from pain with pain medication or

endoscopic intervention)

2

Intermittent pain (patient reports

intermittent pain-free episodes, either with

or without therapy; possibly additional

attacks of acute pancreatitis)

3

Continuous pain (patient reports absence

of pain-free episodes, either with or without

therapy; possibly additional attacks of

acute pancreatitis)

4

Pain control

No medication 0

Use of nonopioid drugs or use of mild

opioids (WHO step 1 or 2)

1

Use of potent opioids (WHO step 3) or

endoscopic intervention

2

Surgical intervention

Pancreatic surgical intervention for any

reason

4

Exocrine insufficiency

Absence of exocrine insufficiency 0

Presence of mild, moderate, or unproven

exocrine insufficiency not requiring

enzyme supplementation (including

patient reports of intermittent

diarrhea)

1

Presence of proven exocrine insufficiency

(according to exocrine function tests) or

presence of marked exocrine insufficiency

defined as steatorrhea (.7 g fat/24 hr),

normalized or markedly reduced by

enzyme supplementation

2

Endocrine insufficiency

Absence of DM 0

Presence of DM 4

Morphologic status on pancreatic imaging

(according to the Cambridge classification)

Normal 0

Equivocal 1

Mild 2

Moderate 3

Marked 4

Table 6. (continued)

Clinical Features Points

Severe organ complications

Absence of complications 0

Presence of possibly reversible

complications

2

Presence of irreversible complications 4

Severity index severity level point range

M-ANNHEIM A Minor 0–5 points

M-ANNHEIM B Increased 6–10 points

M-ANNHEIM C Advanced 11–15 points

M-ANNHEIM D Marked 16–20 points

M-ANNHEIM E Exacerbated.20 points

M-ANNHEIM scoring system points are added together, and the sum is used to
categorize a patient’s disease according to the M-ANNHEIM system.
DM, diabetes mellitus; M-ANNHEIM, pancreatitis with Multiple risk factors-
Alcohol consumption, Nicotine consumption, Nutritional factors, Hereditary
factors, Efferent duct factors, Immunological factors, Miscellaneous and rare
metabolic factors; RAP, recurrent acute pancreatitis; WHO, World Health
Organization.
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development of endocrine insufficiency manifesting as DM. At
this stage, the disease is irreversible and preventive or restorative
therapy is not possible. There have been no RCTs, systematic
reviews, or meta-analyses specifically evaluating the etiology of
pancreatitis and the natural history of pain.

The risk and etiologies of CP are well described, and the
process leading to CP evolves over years—providing opportu-
nities to intervene.Multiple studies now confirm that about 60%
of CP cases evolved from acute pancreatitis and RAP, whereas
about 10% of acute pancreatitis and 30% of RAP progress to CP.
Within these studies, etiology plays a major role, with pro-
gression from acute pancreatitis to CP occurring twice as fast
with alcoholic etiologies compared with genetic or idiopathic
and 5 times faster than biliary acute pancreatitis (42). Genetic
modifiers strongly affect the risk of progression from RAP to
CP (43).

It has been suggested that painful CP, especially in patients
with alcohol-induced disease, will improve over time (44).
However, this finding has not been reproduced in further ob-
servational cohorts, and it generally accepted that the pain from
CP does not “resolve” or “burn out” with time (45).

Fat-soluble vitamin deficiency resulting from decreased oral
intake due to abdominal pain and malabsorption due to limited
pancreatic enzyme production occurs in a minority of patients
with CP. However, there are no RCTs, systematic reviews, or
meta-analyses specifically evaluating the etiology of CP and the
development of fat-soluble vitamin deficiency. In several large
natural history studies, the prevalence of exocrine insufficiency
ranges from 40% to 75% (46,47). The risk is highest in those with
CP due to alcohol and/or tobacco use and in those with fibro-
calcific (tropical) pancreatitis.

The risk of developing adenocarcinoma in patients with CP is
relatively higher than the risk in the general population, but likely
much lower than previously reported (48). Recent data suggest

that in patients with well-characterized genetic polymorphisms
putting them at risk for CP, the lifetime risk of developing pan-
creatic adenocarcinoma is between 5% and 10% (49). However,
data are limited to case series and retrospective cohort studies.
Practical clinical approach. In general, a particular etiology of
CP has not been proven to determine important clinical out-
comes, such as rapid progression, EPI, chronic severe pain, or risk
of malignancy. However, in certain well-characterized disease
states such as autoimmune pancreatitis in which pain is not
a frequent complication, etiology may determine outcomes and
symptoms, and thus, identification of the disorder causing pan-
creatic inflammation can be important in predicting progression
of CP.

Key concept

4. The development of DM in CP is most likely related to duration of
disease, although other etiologic factors such as body mass index
and smoking status may incur an increased risk.

Summary of evidence. The risk of developing pancreatic en-
docrine failure—type 3c DM—has not been demonstrated to
result from any specific etiology of disease in patients with CP
(50). The duration of disease is likely the most important eti-
ologic risk factor for endocrine failure, and tobacco use may
also play a role in the development of DM (10,51). There are no
RCTs, systematic reviews, or meta-analyses specifically evalu-
ating the risk of developing endocrine dysfunction in patients
with CP.
Practical clinical approach.Although patients who are obese are
more likely to have type 2 DM, patients with advanced CP are
more likely to have low body mass index and T3cDM from islet
cell loss. New-onset DM with weight loss is potentially also an
indicator of pancreatic ductal adenocarcinoma.

Table 7. Summary of genetic polymorphisms implicated in CP (112,113)

Pathogenic gene Inheritance pattern Molecular/functional consequence Clinical manifestations

Acinar cell dysfunction

PRSS1 (cationic trypsinogen gene) Complex low penetrance Misfolding, ER stress Recurrent AP and CP

CPA1 (carboxypeptidase A1 gene) Complex low penetrance Misfolding, ER stress High relative risk of nonalcoholic CP

CEL (carboxyl ester lipase) Autosomal dominant

complex

Misfolding, aggregations misfolding, ER

stress

MODY-8 pancreatitis

SPINK1 (serine protein inhibitor Kazal

type 1)

Autosomal recessive Loss of protein function due to the blocked

active site of trypsin

2% of population

Homozygotes with more severe disease

CTRC (chymotrypsin C) Autosomal dominant Activated trypsin resistant to degradation Associated with early-onset pancreatitis

Ductal cell dysfunction

CFTR (cystic fibrosis transmembrane

conductance regulator)

Autosomal recessive Loss of protein function due to failure of

ductal bicarbonate secretion

2000 gene variants

Widely divergent clinical presentation

Disease-modifying genes

CASR (calcium-sensing receptor

gene)

Autosomal recessive Loss of ability to regulate intracellular

calcium

Gain of function affects acinar cells; loss of

function affects ductal cells

CTRC (chymotrypsin C) Complex Low expression effect potentiated by

smoking

Pancreatitis when present with a trypsin-

activating variant

CLDN2 locus (Claudin-2 gene locus) Unknown High risk with alcoholism Accelerates transition from RAP to CP

AP, acute pancreatitis; CP, chronic pancreatitis; ER, endoplasmic reticulum; RAP, recurrent acute pancreatitis.
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Recommendation

5. We recommend alcohol cessation in patients with CP (strong
recommendation, very low quality of evidence).

Summary of evidence. There are no RCTs, systematic reviews, or
meta-analyses, which address the issue of whether alcohol ces-
sation alters the natural history of CP pain. However, several case
series have suggested that discontinuing alcohol use improves the
pain in CP but does not necessarily alter the progression to en-
docrine or exocrine dysfunction (52,53). There is 1 randomized
trial, demonstrating that alcohol cessation counseling in patients
admitted with an attack of acute alcoholic pancreatitis can limit
further hospitalizations and pain attacks (54). Thus, alcohol
cessation counseling is recommended for patients with CP, al-
though the extent to which this intervention alters the natural
history of the disease is unknown (55).
Practical clinical approach.Although the evidence is lowquality,
strict alcohol avoidance should be a cornerstone of any treatment
program for patients with CP.

Recommendation

6. We recommend smoking cessation in patients with CP (strong
recommendation, very low quality of evidence).

Summary of evidence. Smoking cessation is very challenging for
patients, including those with CP (56). Smoking tobacco is
widely believed to be a risk factor for the development of CP, but
only single-center studies are available (57–59). There are no

RCTs, systematic reviews, or meta-analyses specifically evalu-
ating whether smoking cessation is beneficial in improving the
natural history of CP. However, case series have reported a de-
crease in the amount of pancreatic calcification progression
when smoking cessation occurs at the time of diagnosis of
CP (60).
Practical clinical approach.Although the evidence is low quality,
strict smoking avoidance should be a cornerstone of any treat-
ment program for patients with CP, recognizing however that the
long-term success rate of smoking cessation is low.

Key concept

5. There is a lack of evidence to suggest that performing screening
examinations on patients with CP to detect pancreatic malignancy
is beneficial.

Summary of evidence. There is very little quality evidence sug-
gesting performing screening examination for pancreatic malig-
nancy in all patients and even in those at high risk for pancreatic
malignancy due to genetic or environmental risk factors. Al-
though the overall prevalence of pancreatic malignancy is in-
creased in patients with CP, there are no RCTs, systematic
reviews, or meta-analyses to support screening this patient pop-
ulation for pancreatic malignancy (48).
Practical clinical approach. At this time, there is no definitive
benefit to screen patients with CP for pancreatic ductal adeno-
carcinoma. This is based on the invasive and costly nature of
testing, the inherent difficulty in screening given the structural
changes of CP, and the inability to alter in many cases the natural

Figure 1. Diagnostic algorithm for chronic pancreatitis (CP) based on the clinicopathologic disease model of CP. This algorithm uses a symptom-first
approach to diagnosis and does not stratify based on the etiology of disease or clinical risk factors. CT, computed tomography; MRCP, magnetic resonance
cholangiopancreatography.
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history of the disease even if malignancy is detected at an early
stage.

MANAGEMENT OF PAIN IN CP

Key concept

6. Performing elective interventional procedures on patients who are
actively using alcohol should be considered cautiously. Patients
requiring urgent or emergent procedures for complications of CP
should be considered separately.

Summary of evidence. The question of whether or not to un-
dertake active interventions in patients with CP is complex and
can be evaluated from both medical and social points of view.
There are no RCTs, systematic reviews, or meta-analyses, which
specifically address this issue.

From a medical point of view, it can be argued that it is ill-
advised to undertake aggressive endoscopic or surgical inter-
ventions that may require ongoing or sequential procedures in
a patient who is actively taking steps to harm themselves and
exacerbate their underlying CP with ongoing and sustained al-
cohol abuse. Alcohol abuse may be causing or worsening the very
pain that these endoscopic and surgical procedures are meant to
treat, and if alcohol cessation could be obtained, some (or all) of
these interventions may not even be warranted.

From a social point of view, patients with CP who continue to
consume alcohol after appropriate patient education still warrant
care and should be encouraged to stop alcohol use by means of
counseling, attendance at Alcoholics Anonymous, and/or other
programs. Urgent interventions should be performed in patients
who continue to consume alcohol.

Practical clinical approach. In general, elective interventional
procedures (such as celiac plexus interventions for pain palli-
ation) should be performed with caution in patients who are
actively consuming alcohol. Urgent interventions should be
performed in patients who continue to consume alcohol given
their medical necessity. Patients making good faith efforts to
stop or reduce alcohol consumption but who still occasionally
consume alcohol can be evaluated for interventional proce-
dures on a case-by-case basis, recognizing the difficulties in-
volved in alcohol cessation and the need to treat clinical
symptoms of CP.

Recommendation

7. We recommend surgical intervention over endoscopic therapy in
patients with obstructive CP for the long-term relief of pain if first-
line endoscopic approaches to pancreatic drainage have been
exhausted or unsuccessful (strong recommendation, moderate
quality of evidence).

Summary of evidence. Patients with CP often experience pain in
the setting of pancreatic duct obstruction. Duct obstruction can
occur because of pancreatic duct stones, pancreatic duct stric-
tures, or a combination thereof. Endoscopic decompressive
procedures include ERCP with pancreatic sphincterotomy,
stone clearance, stricture dilation, and pancreatic duct stenting.
Other endoscopic options include interventional EUS proce-
dures that usually involve placement of a transluminal stent to
allow for pancreatic duct decompression. Several surgical
decompressive procedures exist (Puestow, Frey, and Beger
procedures) that may also include a component of partial

Figure 2. Conceptual diagnostic algorithm based on the newmechanistic definition of disease. With clinical suspicion of disease, this algorithm suggests the
concordance of 3 features (clinical, risk, and biomarkers) to make a diagnosis, and it divides the approach into 3 levels of investigation (A, B, and C). Once
a diagnosis ismade, then the progressive workup can focus on issues related tomanagement. AP, acute pancreatitis; AIP, autoimmune pancreatitis; CF, cystic
fibrosis; CT, computed tomography; EUS, endoscopic ultrasonography; FNA, fine needle aspiration; IBD, inflammatory bowel disease; PERT, pancreatic
enzyme replacement therapy; RAP, recurrent acute pancreatitis; Rx, therapy; s-MRCP, secretin-enhanced magnetic resonance cholangiopancreatography.
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pancreatectomy. Unfortunately, there are no RCT or systematic
review data, which reliably report whether successful or un-
successful endoscopic decompression predicts subsequent
successful drainage surgery.

Although widely performed, high-quality evidence regarding
these procedures is limited. Cahen et al. (61) randomized 39
patients with CP to undergo either endoscopic or surgical
drainage of the pancreatic duct. In this study, patients who un-
derwent surgery had lower pain scores (P , 0.001) and better
physical health summary scores (P 5 0.003) when validated
questionnaires were used. At the end of 24 months of follow-up,
complete or partial pain relief was achieved in 32% of patients
who underwent endoscopic drainage vs 75% of patients assigned
to surgical drainage (P 5 0.007). Complication rates, length of
stay, and changes in pancreatic function were similar between the
treatment groups. As would be expected, patients receiving en-
doscopic treatment required more interventions than patients
who underwent surgery (a median of 8 vs 3, P , 0.001).

This same group published a long-term follow-up study of
these 39 patients lasting 79 months (62). Among patients in the
original endoscopic group, 68% underwent additional drainage
comparedwith 5%whounderwent surgery (P5 0.001). Length of
stay and costs were equivalent in the 2 groups. Forty-seven per-
cent of patients treated through endoscopy ultimately underwent
surgery. Mean difference in validated pain scores was no longer
significant (39 vs 22; P5 0.12), although surgery was superior in
terms of pain relief (80% vs 38%; P 5 0.042). Overall, patients’
quality of life and pancreatic function were not felt to be different.

An older study also compared endoscopic with surgical
therapy in patients with CP (63). This study included 140
patients, with a subgroup of 72 patients randomized to undergo
either surgical resective or drainage procedures vs endoscopic
therapy that focused on pancreatic sphincterotomy and stone
removal. Patients in both groups had similar initial success rates,
but the complete absence of pain was low in both groups and was
more common in patients undergoing surgery (37% vs 14%), with
the rate of partial relief being equivalent (49% vs 51%). Patients
who underwent surgery gained more weight, whereas patients in
both groups developed new-onset diabetes to an equal extent.

Various studies have compared outcomes between different
types of pancreatic drainage procedures in patients with CP, with
no surgery being clearly identified as superior (64–66). Factors
such as local expertise likely play a major role in the selection of
surgical procedure. It should be stressed that many of these
studies are older, and since their publication, interventional en-
doscopic approaches are much more widely performed in the
current era. Newer studies comparing endoscopic and surgical
approaches are warranted.
Practical clinical approach. Although surgical approaches to
pancreatic duct decompression have been shown to provide
better long-term pain relief than endoscopic approaches, they are
rarely first-line therapies and many surgeons only operate once
endoscopic approaches to pancreatic drainage have been
exhausted or unsuccessful. It is reasonable to perform endoscopic
drainage procedures through ERCP and/or EUS in patients with
a symptomatic, obstructed pancreatic duct as first-line therapy
with surgery reserved for treatment failures or those unwilling to
undergomultiple endoscopic treatments if ductal decompression
is judged to be potentially successful. Means of ductal de-
compression, including the use of lithotripsy, should be at the
discretion of the endoscopist based on local expertise.

Recommendation

8. We suggest considering the use of antioxidant therapy for CP with
pain, although the benefit of pain reduction is likely limited
(conditional recommendation, moderate quality of evidence).

Summary of evidence. Several studies have evaluated the ques-
tion of whether or not antioxidant therapy has a benefit in
treating pain in CP. The exact mechanism by which these agents
could reduce pain is not fully clear; most theories propose that
these agents reduce oxidative stress and provide an anti-
inflammatory effect. If these agents were helpful, they could
potentially be used as an alternative to other medications in-
cluding narcotics.

A randomized trial from 2009 evaluated patients receiving
a mixture of 5 antioxidant agents (daily doses of 600 mg organic
selenium, 0.54 g ascorbic acid, 9,000 IU b-carotene, 270 IU
a-tocopherol, and 2 g methionine) vs placebo. Patients also re-
ceived analgesics on demand and daily pancreatic enzyme sup-
plementation. At the end of 6 months, patients receiving
antioxidants had significantly fewer painful days per month
compared with the placebo group. Analgesic use was significantly
less in those receiving antioxidants, and more patients receiving
antioxidants became pain free (67).

A double-blind, randomized, controlled trial of antioxidant
therapy (38.5 mg selenium yeast, of which 50 mg was L-seleno-
methionine, 113.4 mg D-a-tocopherol acetate, 126.3 mg ascorbic
acid, and 480 mg L-methionine, together with the following sec-
ondary ingredients: 285.6 mg microcrystalline cellulose, 14.0 mg
croscarmellose sodium, 7.0 mg colloidal anhydrous silica, and 3.0
mg magnesium stearate. The coating included 4.2 mg b-caro-
tene.) vs placebo in 70 patients with alcohol-induced CP was also
performed. Patients were followed up for 6months by a variety of
validated questionnaires. At the end of 6 months, there was no
statistically significant difference in pain scores between groups.
Opiate use, hospital admissions, and outpatient visits were similar
between groups. These authors concluded that antioxidants did
not improve pain or quality of life in patients with CP whose
disease was due to alcohol (68).

A multimodality treatment approach, which included anti-
oxidants and interventional therapeutic modalities, did result in
long-term pain relief in a consecutive series of patients with
painful CP, although this was not a RCT (69).

Two meta-analyses that included 9 and 12 trials, respectively,
both found that overall antioxidants did appear to reduce pain,
but that the effect size was small (70,71).
Practical clinical approach. Although the data for antioxidant
therapy in patients with CP are limited, their scientific plausibility
in CP is somewhat questionable and their use not Food and Drug
Administration (FDA)-regulated; these agents appear to be safe
and may reduce pain and can be considered for clinical use, es-
pecially early in the course of disease. The type of antioxidants
used has widely varied in clinical practice, but clinical trials
generally include at least selenium, ascorbic acid, b-carotene, and
methionine. Unfortunately, the optimal type of antioxidants and
dosage is not clear from previous studies.

Key concept

7. Opiates may be considered to treat painful CP only in patients in
whom all other reasonable therapeutic options have been
exhausted.
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Summary of evidence.The question ofwhether to treat pain inCP
with opiates has been debated for decades. Arguments in favor of
opioid treatment include their efficacy and low cost. Arguments
against opioid use include the risk of addiction, abuse, and toler-
ance as well as concerns about providing patients whomay already
have a history of substance abuse (i.e., alcoholism) with a narcotic
agent. Side effects of narcotics (i.e., constipation) are also a concern.
Physicians may also have valid concerns about prescribing nar-
cotics in this setting. Despite its importance, few quality studies
have evaluated this question, and no RCTs, systematic reviews, or
meta-analyses on this subject exists to guide clinicians.

One trial evaluated the use of transdermal fentanyl vs
sustained-release morphine tablets in 18 patients with CP. The
study was a randomized cross-over trial. All patients were given
immediate-release morphine tablets as a rescue medication. The
authors concluded that transdermal fentanyl was not ideal for
patients with CP because the dosage had to be increased 50%
above the manufacturer’s recommendation, and patients on
transdermal fentanyl required significantly more rescue mor-
phine administration (72).
Practical clinical approach.Overall, if possible, opiates should be
avoided to treat pain in patients with CP given the risks of ad-
diction, abuse, and tolerance. If a patient is unable to be palliated
with other modalities, then opiates are justified for refractory
pain. Patients who have been previously prescribed opiates for CP
should be encouraged to transition to other medications. Ideally,
the prescribing clinician (gastroenterologist/primary care
provider/pain management center/and/or palliative care spe-
cialist) should be knowledgeable about the natural history of the
disease and monitors the patient’s symptoms and response to
treatment over time aswell as adheres to universal precautions for
safe prescribing (i.e., screening for opiate use disorder, patient–
provider prescribing agreement, annual urine drug screen, annual
check of automated prescription systems, counseling for potential
addiction, and wrap-around services for chronic pain).

Recommendation

9. We do not suggest the use of pancreatic enzyme supplements to
improve pain in CP (conditional recommendation, low quality of
evidence).

Summary of evidence. Patients with CP often receive pancreatic
enzyme supplementation, typically to treat symptomatic EPI.
Although the beneficial effects of treating EPI with pancreatic
enzyme supplementation are established, their role as a treatment
for pain is less clear. Although it seems plausible that pain due to
cramping, diarrhea, and other EPI symptoms could be treated by
enzyme supplementation, it is unclear whether these agents treat
primary pancreatic pain due to inflammation, ductal stones, etc.
This question has been addressed by several studies.

An older study of 26 patients with CP compared enteric-
coated enzymes with placebo. Patients were treated for 4 months
and then crossed over to the other medication. Overall, no dif-
ference was found when placebo and enzymes were compared.
The authors concluded that pancreatic enzymes were not bene-
ficial to the treatment of pain in patients with CP (73).

Since that study, many other studies have been performed and
several Cochrane database reviews and meta-analyses have been
performed. A 2009 Cochrane database review evaluated 10 ran-
domized trials that included 361 patients. Although the study

evaluated other outcomes besides analgesia, the analysis showed
an equivocal result with regard to using enzymes to treat pain and
felt that the available studies were of less than ideal quality (74).

A different meta-analysis regarding the potential analgesic
effect of enzymes in patients with CP included 5 randomized
studies. This study failed to show ameaningful effect in pain relief
in patients using pancreatic enzymes, although 1 study did show
a benefit to non–enteric-coated enzymes (75).

Finally, a meta-analysis of 6 randomized, double-blind,
placebo-controlled trials failed to show a significant benefit
from pancreatic enzyme therapy on pain associated with CP (76).
Practical clinical approach. Overall, pancreatic enzyme therapy
should not be used as a form of pain control in patients with CP
given their expense and general lack of clinical efficacy. However,
patientswithEPIusuallyderive somebenefits in termsof relief from
discomfort secondary to abdominal cramping, etc., frompancreatic
enzyme replacement therapy (PERT). Nonetheless, if patients feel
that their pain is improved on pancreatic enzyme therapy, espe-
cially non–enteric-coated formulations that have biologic plausi-
bility, it is reasonable to continue these agents given their low risk of
use and the lack of other low-risk analgesic alternatives.

Recommendation

10.We suggest considering celiac plexus block for treatment of pain in
CP (conditional recommendation, very low quality of evidence).

Summary of evidence. Celiac plexus blockade refers to the in-
jection of pharmaceuticals into and/or around the region of the
celiac ganglia. The most common celiac plexus ingredients are
a combination of a local anesthetic and a steroid, i.e., bupivacaine
and triamcinolone (77). Celiac plexus blockade can be performed
through endoscopy, interventional radiology, or surgical
approaches. Advantages of celiac plexus blockade include the fact
that a single treatment can potentially provide pain reduction or
relief for 3–6 months, may reduce or eliminate the need for oral
analgesia, and can be performed quickly and repeated as needed.
Disadvantages of celiac plexus blockade include the risks of the
procedure itself (bleeding, allergic reaction, etc.) and the risks of,
and need for, sedation.

Although some studies have found that one approach is su-
perior to another with endoscopic approaches often being fa-
vored, in general celiac plexus blockade is felt to be similarly
effective whether it is performed by an endoscopist, a radiologist,
or a surgeon (78,79). The decision to choose one type of physician
over another can be made based on experience and availability.

A meta-analysis on the efficacy of celiac plexus blockade in
patients with painful CP favored EUS-guided injections over
percutaneous injections but acknowledged that the data re-
garding percutaneous injections were limited. This same analysis
found a wide range of reported pain relief among patients
(25%–96%) with a median response rate of EUS-guided proce-
dures and percutaneous procedures of 68% and 61%, respectively.
Overall, the authors felt that celiac plexus blockadewas effective at
relieving pain in CP (80).

The rationale behind the guideline recommendation is that
there have been numerous studies as cited but most compared
celiac plexus blockade with EUS vs a percutaneous approach. In
addition, the clinical success (pain relief) varied significantly in the
studies. “Selected patients” is added to highlight that numerous
studies have not shown significant benefit in patients with CP.
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Practical clinical approach. Celiac plexus blockade represents
a relatively low-risk, opioid-freemethod to reduce refractory pain
in certain patients with CP. Some patients can have a meaningful
reduction in their symptoms, although it is not clear which
patients will derive the most benefit. Celiac plexus blockade can
be repeated on an “as-needed” basis, generally separating pro-
cedures by 3months ormore if the patient has had clinical benefit
from the initial celiac intervention.

Key concept

8. TPIATshould be reserved for highly selected patients with refractory
chronic pain in which all other symptom control measures have
failed.

Summary of evidence. TPIAT is increasingly being used as
a means of treating pain in patients with refractory painful CP.
Offered at only selected centers, TPIAT is a procedure whose
outcomes or effectiveness have not been subjected to RCTs, sys-
tematic reviews, ormeta-analyses. Data consist exclusively of case
series and cohort studies (81). As such, statements of its efficacy
are limited, and it is critical that comparative effectiveness studies
on important clinical outcomes be conducted in the future.

It is recommended that patients considering TPIAT be eval-
uated at an expert center in which multidisciplinary evaluation is
available. Patients undergoing TPIAT for treatment of painful CP
need to be thoroughly vetted and appraised of the subsequent
risks of type 3c DM and potential lifelong intestinal dysmotility
disorders.
Practical clinical approach.TPIAT should only be considered in
patients in whom all medical treatment options have been
exhausted. Resection procedures to treat painful CP should in-
clude discussion of islet cell replacement therapy.

Key concept

9. Experimental treatment modalities should be limited to use in the
context of a clinical research trial.

Summary of evidence. In hopes of treating refractory CP pain,
various experimental treatment modalities such as spinal cord
nerve stimulation, transmagnetic brain stimulation, or direct
radiation therapy to the pancreatic bed have been performed.
Data on the efficacy of these modalities are limited to small case
series and retrospective cohort studies. Therefore, it is recom-
mended that use of these modalities be limited to a clinical re-
search trial.
Practical clinical approach. All patients in whom medical and
surgical interventions have failed for debilitating CP should be
considered for referral to an expert center in which experimental
therapies are offered.

MANAGEMENT OF EPI IN CP
Recommendation

11. We suggest PERT in patients with CP and EPI to improve the
complications of malnutrition (conditional recommendation, low
level of evidence).

Summary of evidence. The benefits of using PERT could include
reduction in symptoms, gain of weight, improvement in fat ab-
sorption, improvement in fat-soluble vitamin and trace element

levels, reduction in consequences of maldigestion (e.g., risk of
bone fracture due to osteoporosis), improvement in quality of life,
or reduction in mortality. For most randomized trials of PERT,
the outcome of choice is the coefficient of fat absorption (CFA),
measured over 72 hours. This is the outcome that the FDA
requires for approval of these products. The FDA guidance to
industry suggested a decrease in stool fat of 30% or more was
clinically meaningful in those with a CFA of less than 40%, CFA
must increase by at least 10%, and that studies would include at
least 200 patients studied over 6 months (or 100 over 1 year). The
normal CFA is.93% (only 7% or less of dietary fat is lost in the
stool). Some studies also use measures of nitrogen (protein)
absorption.

Seventeen randomized trials have been conducted on the use
of PERT in patients with CP, 12 using a cross-over design, and 5
using a parallel design (82–98). Studies used enteric-coated cap-
sules, non–enteric-coated tablets, microtablets, and granules, as
well as used some agents that are not currently available. The daily
dosage (in lipase USP/day) varied substantially across these
studies from,50,000 to.700,000. Some studies compared one
PERT product or one dosage against another, whereas some
compared PERT against placebo. The timing of PERT ingestion
varied, with some using before meals and some during meals.
Some studies added an H2 inhibitor of proton-pump inhibitor in
addition to the PERT.

A Cochrane database review in 2009 assessed the efficacy of
PERT therapy in reducing pain, improving steatorrhea, and im-
proving quality of life (74). The analysis of 10 RCTs, comprising
361 patients, noted no identifiable improvement in pain or re-
duction in analgesic use. The use of enzymes did significantly
reduce fecal fat and demonstrated a nonsignificant trend to im-
provement in weight and improvement in quality of life. This
review concluded that the data were equivocal and urged addi-
tional studies. A more recent meta-analysis analyzed 17 trials
(99). This analysis noted that 14 trials included data on the CFA
comparing PERT vs baseline, PERT vs placebo, and PERT vs
PERT. PERT improved the CFA compared with baseline signif-
icantly (83.7% 6 6.0 on PERT, vs 63.1 6 15.0 baseline, P ,
0.00001). Fecal nitrogen excretion and stool weight were also
reduced (P , 0.001). In some studies, PERT also improved flat-
ulence and fecal consistency. Seven studies compared PERT with
placebo. PERT increased theCFA comparedwith placebo (83.26
5.5 vs 67.46 7.0, P5 0.0001, high heterogeneity I25 86%). Four
studies analyzed high-dose vs low-dose PERT and noted a slightly
higher CFA with dosages of lipase .60,000 units daily (not sig-
nificant). This analysis concluded that PERT improved fat and
protein absorption, compared with baseline or placebo.

All the original studies included in this meta-analysis had
amaximum follow-up of only 2months. A few long-term follow-
up studies over longer periods have noted significant improve-
ment in nutritional parameters, weight, symptoms, and quality of
life (100–102). There are no data on the effect of PERT in pre-
venting consequences of maldigestion (bone fracture). Retro-
spective studies (23) have suggested EPI may have a detrimental
effect on mortality, but there are no data on whether PERT may
improve this condition (103).
Practical clinical approach. EPI should be suspected in those
with long-standing CP or in those with CP and weight loss,
malnutrition, diarrhea, steatorrhea, osteoporosis, or osteopenia.
In fact, a clinical suspicion is often sufficient tomake the diagnosis
without formal fecal fat measurement in the proper clinical
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context, with titration of pancreatic enzymes to improve symp-
toms. An abnormal fecal elastase is the most easily available
diagnostic test. Therapy should include an adequate dosage
(at least 40,000–50,000 USP units of lipase with each meal)
administered during the meal. The measurement of fat-soluble
vitamin levels and bone density at baseline and periodically
thereafter are appropriate.

Key concept

10. Patients with CP should have periodic evaluation for malnutrition,
including tests for osteoporosis and fat-soluble vitamin deficiency.

Summary of evidence. Testing for consequences of malnutrition
is frequently performed, although there are no RCTs, systematic
reviews, or meta-analyses to provide evidence for this practice.
Single-center studies have demonstrated an increased risk of
osteoporosis and subsequent fracture risk in patients with CP
(104–106). One RCT did evaluate the use of intramuscular vs oral
vitamin D to achieve vitamin D sufficiency in CP and found the
intramuscular route to bemore efficacious (107). No studies have
been performed to determine the most appropriate test for bone
loss.

Patients with CP are at risk for fat-soluble vitamin deficiency,
as well as zinc and magnesium deficiency, regardless of whether
they have proven EPI (108,109). The degree of abnormality likely
corresponds to the degree of EPI. There are no RCTs, systematic
reviews, ormeta-analyses, which have evaluated the role of testing
for these deficiencies on important patient outcomes in CP. Nor
there are RCTs, systematic reviews, or meta-analyses evaluating
the role of dietary interventions specifically in CP.
Practical clinical approach. Although there is little high-quality
evidence behind this practice, periodic evaluation of fat-soluble
vitamin and zinc deficiency should be considered in patients with
CP given their higher fracture risk and overall increased incidence
of malnutrition. In the absence of high-quality evidence, it is
generally recommend that small, frequent meals without fat re-
striction should be advised in patients with CP.

ACKNOWLEDGEMENTS

This guideline was produced in collaboration with the Practice
Parameters Committee of theAmericanCollege ofGastroenterology.
The Committee gives special thanks to Katarina B. Greer, MD, who
assisted with the GRADE methodology process.

CONFLICTS OF INTEREST

Guarantor of the article: Timothy B. Gardner, MD, MS, FACG.
Specific author contributions: All authors contributed to the
planning, data analysis, writing, and the final revision of the
manuscript.
Financial support: C.E.F. receives grant support from the
Consortium for the Study of Chronic Pancreatitis, Diabetes, and
Pancreatic Cancer (UO1DK108320). D.C.W. receives grant support
from US Department of Defense Award Nos. W81XWH-14-1-0376
and W81XWH-17-1-0502, National Institutes of Health DK061451
and DK108306. The remaining authors report no funding support.
Potential competing interests: T.B.G. receives research grants from
the ChiRhoClin Research Foundation. D.G.A. is a consultant for
Boston Scientific and AbbVie. C.E.F. has no conflicts of interest.
B.G.S. has no conflicts of interest. J.R.T. is a consultant for AbbVie.

D.C.W. is a consultant for AbbVie, Ariel Precision Medicine, and
Regeneron and may have equity in Ariel Precision Medicine.

REFERENCES
1. Petrov MS, Yadav D. Global epidemiology and holistic prevention of

pancreatitis. Nat Rev Gastroenterol Hepatol 2019;16(3):175–84.
2. Whitcomb DC. Primer on precision medicine for complex chronic

disorders. Clin Trans Gastroenterol 2019;10(7):e00067.
3. Sarles H. Proposal adopted unanimously in the participants of the

symposiumMarseilles 1963. BibliothecaGastroenterologica 1965;7:7–8.
4. SingerMV,GyrK, SarlesH. Revised classification of pancreatitis: Report

of the second international symposium on the classification of
pancreatitis in Marseille, France, March 28-30, 1984. Gastroenterology
1985;89(3):683–5.

5. Sarles H, Adler G, Dani R, et al. The pancreatitis classification of
Marseilles-Rome 1988. Scand J Gastroenterol 1989;24:641–2.

6. Sarner M, Cotton PB. Classification of pancreatitis. Gut 1984;25(7):
756–9.

7. Steer ML, Waxman I, Freedman S. Chronic pancreatitis. N Engl J Med
1995;332(22):1482–90.

8. Whitcomb DC. What is personalized medicine and what should it
replace? Nat Rev Gastroenterol Hepatol 2012;9(7):418–24.

9. WhitcombDC, ShimosegawaT, Chari ST, et al. International consensus
statements on early chronic pancreatitis: Recommendations from the
working group for the international consensus guidelines for chronic
pancreatitis in collaboration with the International Association of
Pancreatology, American Pancreatic Association, Japan Pancreas
Society, PancreasFest Working Group and European Pancreatic Club.
Pancreatology 2018;S1424-3903(18)30113–3.

10. Bellin MD, Whitcomb DC, Abberbock J, et al. Patient and disease
characteristics associated with the presence of diabetesmellitus in adults
with chronic pancreatitis in the United States. Am J Gastroenterol 2017;
112(9):1457–65.

11. Wilcox CM, Yadav D, Tian Y, et al. Chronic pancreatitis pain pattern
and severity are independent of abdominal imaging findings. Clin
Gastroenterol Hepatol 2014;13(3):552–60.

12. Beyer G, Mahajan UM, Budde C, et al. Development and validation of
a chronic pancreatitis prognosis score in 2 independent cohorts.
Gastroenterology 2017;153(6):1544–54.

13. Rebours V, Boutron-Ruault MC, Jooste V, et al. Mortality rate and risk
factors in patients with hereditary pancreatitis: Uni- and
multidimensional analyses. Am J Gastroenterol 2009;104(9):2312–7.

14. Rebours V, Levy P, Mosnier JF, et al. Pathology analysis reveals that
dysplastic pancreatic ductal lesions are frequent in patients with
hereditary pancreatitis. Clin Gastroenterol Hepatol 2009;8(2):206–12.

15. Whitcomb DC, Frulloni L, Garg P, et al. Chronic pancreatitis: An
international draft consensus proposal for a newmechanistic definition.
Pancreatology 2016;16:218–24.

16. Whitcomb DC. Peering into the “Black Box” of the complex chronic
pancreatitis syndrome. Pancreas 2016;45(10):1361–4.

17. Sahin-Toth M. Genetic risk in chronic pancreatitis: The misfolding-
dependent pathway. Curr Opin Gastroenterol 2017;33:390–5.

18. Forsmark CE, Andersen DK, Farrar JT, et al. Accelerating the drug
delivery pipeline for acute and chronic pancreatitis: Summary of the
working group on drug development and trials in chronic pancreatitis at
the National Institute of Diabetes and Digestive and Kidney Diseases
workshop. Pancreas 2018;47(10):1200–7.

19. Issa Y, Kempeneers MA, van Santvoort HC, et al. Diagnostic
performance of imagingmodalities in chronic pancreatitis: A systematic
review and meta-analysis. Eur Radiol 2017;27(9):3820–44.

20. Gardner TB, Levy MJ. EUS diagnosis of chronic pancreatitis.
Gastrointest Endosc 2010;71(7):1280–9.

21. CatalanoMF, Sahai A, LevyM, et al. EUS-based criteria for the diagnosis
of chronic pancreatitis: The Rosemont classification. Gastrointest
Endosc 2009;69:1251–61.

22. Schneider A, Lohr JM, Singer MV. The MANNHEIM classification of
chronic pancreatitis: Introduction of a unifying classification system
based on a review of previous classifications of the disease.
J Gastroenterol 2007;42:101–19.

23. Alpern MB, Sandler MA, Kellman GM, et al. Chronic pancreatitis:
Ultrasonic features. Radiology 1985;155:215–9.

© 2020 by The American College of Gastroenterology The American Journal of GASTROENTEROLOGY

Chronic Pancreatitis 337

Copyright © 2020 by The American College of Gastroenterology. Unauthorized reproduction of this article is prohibited.



24. Jones SN, Lees WR, Frost RA. Diagnosis and grading of chronic
pancreatitis by morphological criteria derived by ultrasound and
pancreatography. Clin Radiol 1988;39:43–8.

25. ManfrediR,CostamagnaG,BriziMG,et al. Severe chronicpancreatitis versus
suspected pancreatic disease: Dynamic MR cholangiopancreatography after
secretin stimulation. Radiology 2000;214:849–55.

26. Bali MA, Sztantics A, Metens T, et al. Quantification of pancreatic
exocrine function with secretin-enhanced magnetic resonance
cholangiopancreatography: Normal values and short-term effects of
pancreatic duct drainage procedures in chronic pancreatitis. Initial
results. Eur Radiol 2005;15:2110–21.

27. Balci NC, Smith A, Momtahen AJ, et al. MRI and S-MRCP findings in
patients with suspected chronic pancreatitis: Correlation with endoscopic
pancreatic function testing (ePFT). JMagnReson Imaging 2010;31:601–6.

28. Madzak A, Olesen SS, Wathle GK, et al. Secretin-stimulated magnetic
resonance imaging assessment of the benign pancreatic disorders:
Systematic review and proposal for a standardized protocol. Pancreas
2016;45(8):1092–103.

29. Manfredi R, Lucidi V, Gui B, et al. Idiopathic chronic pancreatitis in
children: MR cholangiopancreatography after secretin administration.
Radiology 2002;224:675–82.

30. Cappeliez O, Delhaye M, Devière J, et al. Chronic pancreatitis:
Evaluation of pancreatic exocrine function with MR pancreatography
after secretin stimulation. Radiology 2000;215:358–64.

31. Dimagno EP, Go VL. Exocrine pancreatic insufficiency: Current
concepts of pathophysiology. Postgrad Med 1972;52(1):135–40.

32. Conwell DL, Lee LS, Yadav D, et al. American Pancreatic Association
practice guidelines in chronic pancreatitis: Evidence-based report on
diagnostic guidelines. Pancreas 2014;43:1143–62.

33. Ramesh H. Proposal for a new grading system for chronic pancreatitis:
The ABC system. J Clin Gastroenterol 2002;35:67–70.

34. Bagul A, Siriwardena AK. Evaluation of the Manchester Classification
System for Chronic Pancreatitis. J Pancreas 2006;7:390–6.

35. Vanga RR, Tansel A, Sidiq S, et al. Diagnostic performance of
measurement of fecal elastase-1 in detection of exocrine pancreatic
insufficiency: Systematic review and meta-analysis. Clin Gastroenterol
Hepatol 2018;16:1220–8.

36. Albashir S, Bronner MP, Parsi MA, et al. Endoscopic ultrasound,
secretin endoscopic pancreatic function test, and histology: Correlation
in chronic pancreatitis. Am J Gastroenterol 2010;105:2498–503.

37. Trikudanathan G, Vega-Peralta J, Malli A, et al. Diagnostic performance of
endoscopic ultrasound (EUS) for non-calcific chronic pancreatitis (NCCP)
based on histopathology. Am J Gastroenterol 2016;111(4):568–74.

38. Young MC, Theis JR, Hodges JS, et al. Preoperative computerized
tomography and magnetic resonance imaging of the pancreas predicts
pancreaticmass and functional outcomes after total pancreatectomy and
islet autotransplant. Pancreas 2016;45(7):961–6.

39. Fritscher-Ravens A, Brand L, Knoffel WT, et al. Comparison of
endoscopic ultrasound-guidedfine needle aspiration for focal pancreatic
lesions in patients with normal parenchyma and chronic pancreatitis.
Am J Gastroenterol 2002;97:2768–75.

40. Rosendahl J, Landt O, Bernadova J, et al. CFTR, SPINK1, CTRC and
PRSS1 variants in chronic pancreatitis: Is the role of mutated CFTR
overestimated? Gut 2013;62:582–92.

41. Whitcomb DC; the North American Pancreas Study Group. TIGAR-O
version 2 risk/etiology checklist with topic reviews, updates and use
primers. Clin Trans Gastroenterol 2019;10:e00027.

42. Yadav D, O’Connell M, Papachristou GI. Natural history following the
first attack of acute pancreatitis. Am JGastroenterol 2012;107:1096–103.

43. Kumar S, Ooi CY, Werlin S, et al. Risk factors associated with pediatric
acute recurrent and chronic pancreatitis: Lessons from INSPPIRE.
JAMA Pediatr 2016;170(6):562–9.

44. Ammann RW, Buehler H, Muench R, et al. Differences in the natural
history of idiopathic (nonalcoholic) and alcoholic chronic pancreatitis:
A comparative long-term study of 287 patients. Pancreas 1987;2:368–77.

45. Mullady DK, Yadav D, Amann ST, et al. Type of pain, pain-associated
complications, quality of life, disability and resource utilization in
chronic pancreatitis: A prospective cohort study. Gut 2011;60:77–84.

46. AmmannRW,Akovbiantz A, Largiarder F, et al. Course and outcome of
chronic pancreatitis: Longitudinal study of a mixed medical-surgical
series of 245 patients. Gastroenterology 1984;86:820–8.
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Chronic pancreatitis is a chronic condition characterized by pancreatic inflam-
mation that causes fibrosis and the destruction of exocrine and endocrine tissues. 
Chronic pancreatitis is a progressive disease, and no physiological treatment is 
available to reverse its course. However, with advances in medical technology, the 
existing diagnostic and treatment methods for chronic pancreatitis are evolving. 
Managing patients with chronic pancreatitis is challenging and necessitates a 
multidisciplinary approach. In this review, we discuss the recent advances in the 
diagnosis and management of chronic pancreatitis and introduce future alterna-
tive modalities. 
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Recent advances in the diagnosis and manage-
ment of chronic pancreatitis
Chang-Il Kwon1, Jae Hee Cho2, Sung Hoon Choi1, Kwang Hyun Ko1, Temel Tirkes3, Mark A. Gromski4, 
and Glen A. Lehman4

INTRODUCTION

Chronic pancreatitis is defined as progressive inflam-
matory destruction of the pancreatic parenchyma and 
replacement with fibrous tissue that eventually leads to 
irreversible and permanent dysfunction of the endo-
crine and exocrine pancreatic gland [1,2]. Most cases of 
acute pancreatitis are self-limited and improve without 
complications, but a recent meta-analysis reported a 
22% chance of recurrence and a 10% chance of devel-
oping chronic pancreatitis after an acute pancreatitis 
attack. In addition, 36% of patients with recurrent acute 
pancreatitis progress to chronic pancreatitis [3]. As in 

patients with chronic pancreatitis, the quality of life of 
patients with recurrent acute pancreatitis is impaired 
due to severe pain and related disability [4].

Chronic pancreatitis is an end-stage diagnostic cate-
gory with multiple etiologies (Table 1). The underlying 
causes (e.g., alcohol and hypertriglyceridemia) should 
be treated first for management of the disease, as there 
are no approved medications that reverse the underly-
ing fibrotic nature of the disease. 

Chronic pancreatitis is usually diagnosed based on 
previously determined clinical information, imaging 
findings, and/or pancreatic functional test results [2,5]. 
Although the diagnosis of chronic calcific pancreati-
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tis is usually apparent, early detection of the disease 
is challenging and often based on a combination of 
clinical presentation, imaging findings, and pancreatic 
function test results [2]. Computed tomography (CT), 
transabdominal ultrasound, endoscopic retrograde 
cholangiopancreatography (ERCP), endoscopic ultraso-
nography (EUS), and magnetic resonance imaging (MRI) 
are used to evaluate morphological changes in the 
pancreas. Secretin stimulation endoscopic pancreatic 
function tests (intraductal secretin stimulation test at 
ERCP and duodenal juice collection at EUS), fecal elas-
tase, serum trypsin or secretin-enhanced magnetic res-
onance cholangiopancreatography (MRCP) are used to 
measure the degree of pancreatic exocrine dysfunction. 
However, due to a lack of effective methods to reverse 
chronic pancreatitis, an accurate diagnosis is important 
during the early stages of chronic pancreatitis so that 
risk factors may be mitigated to decrease the chance of 
disease progression. Unfortunately, the modalities used 
to diagnose early-stage chronic pancreatitis show low 
sensitivity or false-positive outcomes [2,5-7]. Therefore, 
most patients with early-stage chronic pancreatitis 
experience a delayed definitive diagnosis and do not 
receive pancreas-specific management until many years 
after symptom onset.

In this review, we describe recent advances in the 
diagnosis and management of chronic pancreatitis, 
focusing on the results of diagnostic and treatment 
modalities, and introduce alternative treatments. The 
problems with managing patients with chronic pancre-
atitis are difficult to solve, and further efforts using a 
multidisciplinary approach are warranted.

UPDATE IN THE DIAGNOSIS OF CHRONIC 
PANCREATITIS

Fecal elastase level
Indirect pancreatic function testing is used in clinical 
practice to screen for pancreatic disease. However, this 
method has a low sensitivity for detecting mild pan-
creatic disease. Among the indirect pancreatic function 
tests, the fecal elastase test is used most commonly in 
clinical practice. However, the major limitations of the 
fecal elastase test are its lower sensitivity and specificity 
compared with endoscopic direct pancreatic function 
testing [8]. 

The accuracy of the fecal elastase test for detecting an 
insufficiency in the exocrine pancreas depends on the 
selected cut-off value. Many studies have used a cut-off 
level of < 200 µg/g stool, but this level represents a high 
false-positive rate [9]. Lowering the cutoff to < 100 µg/
g stool improves the specificity but decreases the sensi-
tivity [10]. 

Serum amylase and lipase levels
As mentioned previously, most patients with early-stage 
chronic pancreatitis experience delays in receiving a de-
finitive diagnosis. Diagnosing early-stage chronic pan-
creatitis remains a challenge in clinical practice. Should 
we recommend routine and regular follow-up with 
expensive tests to all patients with suspected symptoms 
of chronic pancreatitis? No specialist can answer this 
question with confidence, and no investigative algo-
rithm of screening modalities and follow-up intervals 
has been recommended worldwide. The American Pan-
creatic Association recommends that patients should 
not be classified as having chronic pancreatitis until de-
finitive diagnostic features are evident, and it proposes 
a diagnostic sequential algorithm that advances from a 
noninvasive to a more invasive diagnostic approach [11]. 
For this reason, a simple blood test would remain of 
high value in the diagnosis of chronic pancreatitis. 

Chronic pancreatitis involves irreversible damage 
to the pancreas by recurring inflammatory processes 
leading to fibrosis with destruction of the exocrine and 
endocrine tissues. This damage may affect pancreatic 
enzyme synthesis and secretion, resulting in low serum 
enzyme levels. The correlation between severe exocrine 
insufficiency and low serum pancreatic enzyme levels 

Table 1. Etiologies of chronic pancreatitis

Alcohol abuse

Ductal obstruction (tumors, stones)

Trauma

Pancreas divisum

Hypertriglyceridemia

Autoimmune pancreatitis

Idiopathic

Tobacco use

Hereditary pancreatitis
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is well-known. Previous reports noted lower serum 
levels of pancreatic enzymes, particularly lipase, in up 
to 50% of patients with chronic pancreatitis [12-15]. The 
serum trypsin assay has been suggested as a laboratory 
test because serum trypsin levels may be low in patients 
with advanced chronic pancreatitis [16,17]. However, in 
clinical practice, the serum trypsin assay is not routine-
ly used because it is two to four times more expensive 
than the serum amylase and lipase tests, and the results 
are obtained in several days. Although the role of el-
evated serum amylase and lipase levels as a valid tool 
for diagnosing acute pancreatitis and acute episodes 
of chronic pancreatitis is well-established, low serum 
amylase and lipase levels as a screening test for chronic 
pancreatitis is worth considering.

Two recent studies reported low serum amylase and 
lipase levels in patients with advanced chronic calcific 
pancreatitis or non-calcific chronic pancreatitis com-
pared with healthy controls [18,19]. According to those 
studies, when serum amylase and lipase levels are low-
er than the normal range, the specificity to diagnose 
chronic pancreatitis is 100%, once the patient’s status 
with post-pancreatectomy (partial or complete) are ex-
cluded. Therefore, this result should not be overlooked, 
because the probability of underlying pancreatic disease 
is high if serum amylase and lipase levels are below the 
normal range in subjects, warranting further testing for 
an underlying pancreatic disease.

Magnetic resonance imaging
Although the most sensitive test and diagnostic gold 
standard for (early) chronic pancreatitis is the endo-
scopic pancreatic function test, it is invasive and used 
only in some large referral centers [20]. MRI with 
MRCP is a useful tool to evaluate the pancreatic paren-
chyma, pancreatic ductal changes, and surrounding 
tissues, especially in cases of chronic pancreatitis [21]. 
It is also an excellent non-invasive test for diagnosing 
ductal anomalies, such as anomalous union of the pan-
creatobiliary duct, pancreas divisum, pancreas ductal 
strictures, and other ductal obstructions [22]. In partic-
ular, secretin-enhanced MRCP improves visualization 
of the pancreatic duct to ensure better detection of con-
genital anomalies and allows qualitative measurements 
of exocrine pancreatic function (Fig. 1) [23-25]. 

Recent studies have reported that the presence of 

two or more abnormal features of secretin-enhanced 
MRCP are associated with high sensitivity (88%) and 
specificity (78%) for predicting severe fibrosis and that 
secretin-enhanced MRCP has a potential role in the 
detection of exocrine dysfunction in patients with early 
chronic pancreatitis and recurrent acute pancreati-
tis [26-28]. MRI can also detect signal changes in the 
parenchyma related to chronic pancreatitis. Changes 
in the T1-weighted MRI signal of the pancreas are 
correlated with pancreatic exocrine function [27]. This 
observation has been linked to the loss of acinar cells, 
which contain T1 hyperintense, protein-rich cytoplasm 
being replaced by fibrosis. The T1 mapping technique 
measures the specific T1-relaxation time of the tissues; 
therefore, it should be useful to diagnose chronic pan-
creatitis with higher accuracy using the same principle 
and providing pure T1 information [29]. Extracellular 
volume imaging dichotomizes the tissues into intra- 
and extracellular fractions and calculates the extracel-
lular fraction, which increases as a result of repetitive 
adverse tissue remodeling leading to tissue fibrosis. 
The extracellular volume is useful for evaluating chron-
ic pancreatitis [29]. All of this information obtained 
from MRI and secretin-enhanced MRCP is available 
without radiation or anesthesia. In the future, further 
advancements in MRI technology are likely to be devel-
oped, and prospective studies will be conducted to bet-
ter understand the merits of secretin-enhanced MRI/
MRCP to determine changes that occur in early chronic 
pancreatitis [30]. At that time, it may be a good non-in-
vasive diagnostic tool to monitor the progression of 
acute pancreatitis, recurrent acute pancreatitis, and ear-
ly-stage chronic pancreatitis [8].

Genetic testing and consultations
Hereditary pancreatitis is defined as the development 
of pancreatitis in more than one person in a family for 
more than two generations or pancreatitis associated 
with genetic inheritance of a pathogenic mutation in 
the cationic trypsinogen protease serine 1 (PRSS1) gene 
[31]. Although most hereditary pancreatitis cases are 
associated with an autosomal dominant pattern of in-
heritance, familial pancreatitis is a broader term used 
to describe families with pancreatitis with an incidence 
greater than that expected in the general population, 
which may or may not be due to genetic defects [31]. 
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A comprehensive medical history should be recorded 
to help identify the exact etiology of chronic pancreati-
tis. In particular, genetic testing should be performed in 
patients with a family history of the disease or disease 
onset at a relatively young age (< 20 years) that can be 
lifelong [32]. Genetic testing should include testing for 
mutations in PRSS1, serine protease inhibitor Kazal type 
1 (SPINK1), carboxypeptidase A1 (CPA1), chymotrypsin 
C (CTRC), and calcium-sensing receptor (CASR) and 
may include screening for variants of the cystic fibrosis 

transmembrane conductance regulator (CFTR) gene [31]. 
Genetic testing is important in patients with suspect-

ed hereditary pancreatitis because of the high incidence 
of pancreatic cancer, with a cumulative risk of up to 53 
times that of the general population by 70 years of age 
[33,34]. A recent case-control and cohort study of 402 pa-
tients reported that only idiopathic and hereditary pan-
creatitis, but not alcoholic chronic pancreatitis, are risk 
factors for pancreatic cancer [35]. Some authorities rec-
ommend total pancreatectomy and islet autotransplan-

Figure 1. (A) Equivocal chronic pancreatitis (Cambridge grade 1). A 56-year-old male with a history of one documented epi-
sode of pancreatitis. Coronal secretin-enhanced magnetic resonance cholangiopancreatography (MRCP) shows two ectatic 
side branches in the region of the pancreatic body (arrows). The main pancreatic duct is of normal diameter. (B) Mild chronic 
pancreatitis (Cambridge grade 2). (C) Moderate chronic pancreatitis (Cambridge grade 3). A 51-year-old female patient with re-
current acute pancreatitis. Coronal secretin-enhanced MRCP image shows dilated main pancreatic duct measuring 6.48 mm. 
In addition, there are more than three ectatic side branches (arrows). (D) Severe chronic pancreatitis (Cambridge grade 4). An 
18-year-old patient with a history of chronic hereditary pancreatitis. Coronal secretin-enhanced MRCP image shows multiple 
intraductal calculi (arrows) causing dilatation of the main and side-branch ducts.
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tation (TP-IAT) as an early treatment in the absence of 
other better treatments.

Genetic testing should be considered if one or more 
of the following criteria are met [31]: (1) recurrent acute 
pancreatitis or chronic pancreatitis of uncertain etiol-
ogy; (2) early age at onset of idiopathic chronic pancre-
atitis (< 25 years); (3) unexplained pancreatitis during 
childhood; (4) family history of idiopathic chronic 
pancreatitis, recurrent acute pancreatitis, or childhood 
pancreatitis involving first- or second-degree relatives; 
(5) family members of individuals with an identified 
pathogenic gene mutation associated with hereditary 
pancreatitis. 

Confirmed implicated genetic abnormalities serve 
a role in family planning. Thus, genetic counseling 
should be offered in tandem with genetic testing. Spe-
cific therapy for individual gene abnormalities is largely 

not available.

EUS and EUS elastography
EUS is the most sensitive endoscopic test for diagnos-
ing chronic pancreatitis and is recommended for diag-
nosing early stages of the disease or complications that 
may accompany disease progression, such as stones, 
strictures, or concurrent pancreatic malignancy [32]. 
According to a recent analysis of the Rosemont criteria, 
which is a scoring system for EUS to diagnose chronic 
pancreatitis, a “normal” classification is very poorly cor-
related with histopathology, whereas the classification 
“suggestive” of chronic pancreatitis is highly associated 
with histopathology [36]. However, another study of the 
same cohort reported a very poor correlation between 
EUS features and the degree of fibrosis determined by 
histopathology, suggesting that EUS is less accurate 

Figure 2. Representative images of quantitative endoscopic ultrasonography elastography. (A) Normal pancreas with a 
green-colored homogenous pattern (strain ratio, 2.20). (B) Early-stage chronic pancreatitis with a heterogenous pattern (strain 
ratio, 6.78). (C) Chronic pancreatitis with a heterogenous pattern (strain ratio, 11.38). (D) Pancreatic cancer with a blue-colored 
homogenous pattern (strain ratio, 24.89). 
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than previously believed [37]. Therefore, EUS alone is 
not recommended to establish a clinical diagnosis of 
chronic pancreatitis; the diagnosis should be made in 
concert with the clinical presentation, laboratory analy-
sis, and cross-sectional imaging [38]. 

EUS elastography, which may overcome some limita-
tions of EUS, is used to evaluate tissue strain (stiffness) 
and provides semiquantitative data. The correlation 
between EUS criteria and the tissue strain ratio has 
been demonstrated by measuring pancreatic fibrosis 
to diagnose chronic pancreatitis (Fig. 2) [39-41]. EUS 
elastography may play a role in the diagnosis of chronic 
pancreatitis in the future, but further prospective and 
histopathologically matched studies are required.

UPDATE ON THE TREATMENT OF CHRONIC 
PANCREATITIS

Therapy for pancreatic exocrine insufficiency and 
malnutrition
Although chronic uncontrolled pain is the main symp-
tom in most patients with chronic pancreatitis, malnu-
trition is also a primary problem associated with quality 
of life and long-term survival. Exocrine and endocrine 
pancreatic insufficiency and major complications can 
affect the mortality of patients with chronic pancre-
atitis [42,43]. It may be difficult to assess nutritional 
status in patients with chronic pancreatitis; thus, mul-
tiple markers should be considered [44]. A thorough 
nutritional evaluation may include anthropometric 
parameters (body weight, body mass index, and weight 
loss), biochemical nutritional markers (plasma proteins 
[albumin, prealbumin, retinol-binding protein, and 
transferrin], fat-soluble vitamins, magnesium, zinc, and 
visceral fat), and imaging (dual-energy X-ray absorpti-
ometry for bone mineral density measurement and CT 
for muscle mass and visceral fat measurements) [45].

Malnutrition and pancreatic exocrine insufficiency 
should be monitored as chronic pancreatitis progresses. 
As pancreatogenic (type 3C) diabetes may occur at a high 
rate, glucose and glycosylated hemoglobin levels should 
be measured longitudinally. Undiagnosed diabetes can 
significantly affect the nutritional status of these patients 
[44]. Pancreatic exocrine insufficiency appears clinical-
ly as steatorrhea, weight loss, malnutrition, metabolic 

bone disease, and vitamin and mineral deficiencies. As a 
result, these patients are at risk of weight loss and mal-
nutrition due to fat maldigestion and malabsorption. 
Long-term fat malabsorption may also cause deficiencies 
in calcium, magnesium, zinc, thiamin, folic acid, and 
fat-soluble vitamins (A, D, E, and K) [10]. The risk of os-
teoporosis is three times higher in patients with chronic 
pancreatitis than in the general population, even in pa-
tients with adequate excretion function [46].

As the normal pancreas produces at least 90,000 US 
Pharmacopeia (USP) units (1 USP unit equals 1 Europe-
an Pharmacological Unit) of lipase per meal, alternative 
therapies aim to provide a goal of 90,000 USP units per 
meal. The total dose to reach 90,000 is not always nec-
essary because some patients have some residual pan-
creatic secretions, and gastric lipase can compensate 
to some extent. A minimum lipase dose of 40,000 to 
50,000 USP units is recommended with full meals, and 
half that dose is needed with snacks to normalize diges-
tion [10,32]. Enteric-coated oral replacement capsules 
are generally preferred. Pancreatic enzyme replacement 
therapy has been proven effective with respect to fat 
and protein digestion, symptoms, quality of life, and 
nutritional status [45,47,48]. Acidic pH and bacterial 
overgrowth in the intestine play a major role in the lack 
of an appropriate response. Therefore, adding a proton 
pump inhibitor before meals to protect denaturation by 
gastric acid, or special antibiotic treatments for small 
intestinal bacterial overgrowth should be considered in 
cases of an unsatisfactory clinical response to the stan-
dard dose of pancreatic enzyme replacement therapy 
[45,47,49].

Endoscopic treatment in patients with dominant 
main pancreatic duct stricture and stones
Main pancreatic duct benign strictures occur in ap-
proximately 20% of patients with chronic pancreatitis. 
In the past, these strictures were managed by resection 
or bypass drainage surgery. Symptomatic strictures, 
which can be traversed using a guidewire during ERCP, 
are now generally managed by serial plastic or metal-
lic pancreatic duct stenting. After 6 to 12 months of 
an indwelling stent(s), stricture patency is generally 
established. The long-term durability of this therapy 
requires further follow-up. Tissue sampling to assure 
benign stricture is needed.
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Main pancreatic duct stones occur in 10% to 20% of 
chronic pancreatitis patients. Again, in the past, these 
were treated with surgical resection or decompression. 
Similar to managing a kidney stone, extracorporeal 
shock wave lithotripsy has been applied to pancreatic 
head/body stones. One to three sessions are generally 
required to fragment the stones. ERCP is then per-
formed to clear the fragments. Patients with the best 
response to endoscopic treatment are those with ob-
structing stones located within the pancreatic head. 
Some studies have used intraductal laser or electrohy-
draulic lithotripsy with direct peroral pancreatoscopy, 
with technical success rates of 43% to 100% in clearing 
pancreatic stones [50,51]. Further comparative studies 

are needed. 
Endoscopic treatment to remove stones is more 

difficult if the stones are accompanied by a dominant 
main pancreatic duct stricture. Approximately 18% of 
patients with chronic pancreatitis have a main pancre-
atic duct stricture [51]. Ductal pancreatic stones with an 
obstruction are accompanied by a main pancreatic duct 
stricture in 60% to 70% of cases [52,53]. Although there 
are different stent types, a plastic stent larger than 8.5 
Fr should be replaced periodically for at least 1 year to 
prevent recurrence while resolving the stricture [32]. 
Complete and successful removal of the stones after re-
solving the stricture by inserting multiple plastic stents 
requires much time and effort, and the patient may 

Figure 3. Representative cases of insertion of a fully covered self-expandable metal stent (FC-SEMS) for a main pancreatic duct 
stricture. (A) Pancreatographic image showing dilation of the main pancreatic duct with a severe stricture at the head of the 
pancreas. (B) Insertion of a FC-SEMS through the stricture of the main pancreatic duct. (C) Insertion of a plastic stent through 
the stricture of the distal biliary duct. (D) Follow-up cholangiopancreatography image showing further improvement of the 
stricture in the main pancreatic duct compared with the stricture in the distal biliary duct.
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decide to terminate the treatment midway. To reduce 
the number of ERCP sessions and treatment duration, 
resolving a stricture using fully covered self-expand-
able metal stents (FC-SEMSs) has been attempted; the 
results showed a very high success rate and long-term 
efficacy (Fig. 3). However, long-term complications, 
such as stent migration and de novo strictures, should 
be further evaluated in prospective studies involving 
larger sample sizes (Fig. 4) [54-57].

Alternative methods are used during ERCP when 
a guidewire or stone retrieval instrument cannot be 
passed through the main ductal stricture or beyond 
an impacted ductal stone in the main pancreatic 
duct. EUS-guided anterograde FC-SEMS insertion or 

EUS-guided rendezvous cannulation can be attempted 
(Figs. 5 and 6). A retrospective cohort analysis report-
ed a high technical success rate of SEMS insertion for 
EUS-guided pancreatic duct drainage [58]. However, 
EUS-guided pancreatic duct intervention has a relative-
ly lower success rate than that of previous reports due 
to the small diameter of the pancreatic duct, fibrotic 
pancreatic parenchyma, relatively short guidewire 
length, and lack of dedicated devices [59,60]. As there 
are no standard indications or methods for EUS-guid-
ed pancreatic duct intervention, more data about this 
procedure are needed. 

Dorsal duct drainage via the minor papilla is another 
method to treat refractory obstructing chronic calcific 

Figure 4. De novo stricture at the main pancreatic duct after insertion of a fully covered self-expandable metal stent (FC-SEMS). 
(A) Pancreatographic image showing dilation of the main pancreatic duct with a stricture in the head of the pancreas. (B) In-
sertion of a FC-SEMS through the stricture of the main pancreatic duct. (C) Simple abdominal plain X-ray image showing the 
fully expanded FC-SEMS in the main pancreatic duct. (D) Follow-up pancreatography image showing the de novo stricture (ar-
row) just above the upper end of the previously inserted FC-SEMS.
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pancreatitis (Fig. 7) [61,62]. When the ventral pancreatic 
duct is obstructed by a stone and/or a high grade stric-
ture, inserting a plastic stent into the dorsal pancreatic 
duct serves to bypass the refractory stone and main 
ductal stricture and allows decompression of the main 
pancreatic duct. These studies have reported high rates 
of technical success (75% to 91%) and symptomatic pain 
relief (73% to 83.3%).

Biodegradable self-expandable stents have also been 
attempted in patients with a benign pancreatic stric-
ture due to chronic pancreatitis [63]. Despite a clinical 
success rate of only 53%, the stent occlusion rate and 

disease flare rate were high. Although there was no 
mention about the exact mechanism underlying the 
development of complications in that study, it was as-
sumed that the biodegradable wire was not degraded 
uniformly, resulting in fracture of the stent. However, 
biodegradable self-expandable stents may receive great 
attention as an ideal treatment in the near future.

Endoscopic treatment of a biliary stricture
Conventional treatment for a biliary stricture in pa-
tients with chronic pancreatitis involves inserting 
multiple plastic stents, but recent FC-SEMS insertions 

Figure 5. Representative case of endoscopic ultrasonography (EUS)-guided anterograde insertion of a fully covered self-ex-
pandable metal stent (FC-SEMS) for a stricture in the main pancreatic duct. (A) EUS-guided anterograde pancreatographic 
image showing dilation of the main pancreatic duct with a severe stricture at the head of the pancreas. (B) EUS-guided antero-
grade insertion of a FC-SEMS through the stricture of the main pancreatic duct. (C) Simple abdominal plain X-ray showing 
the fully expanded FC-SEMS in the main pancreatic duct and two plastic stents in the biliary and pancreatic ducts for internal 
drainage of pancreatic juice. (D) Endoscopic images showing the status of the end of the FC-SEMS at the ampulla and the end 
of the plastic stent in the body of the stomach.
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showed very high resolution rates, suggesting that it 
may be acceptable as an alternative option [64,65]. How-
ever, as the stricture recurrence rate is as high as 41%, 
surgical treatment should be actively considered if the 
stricture is refractory to endoscopic therapy [66,67]. It 
is likely that extrinsic compression caused by a fibrotic 
pancreatic gland in the distal common bile duct is what 
causes the biliary stricture to be relatively more refrac-
tory than other benign causes. 

Treatment of pancreatic/peripancreatic fluid collection
Pancreatic fluid collection occurs after pancreatitis, trau-
ma, or surgery. In the revised Atlanta classification, pan-

creatic fluid collection was classified as acute or chronic. 
Acute pancreatic fluid collection was further classified 
as acute peripancreatic fluid collection or acute necrotic 
collection according to the presence or absence of pan-
creatic necrosis, respectively. Chronic pancreatic fluid 
collection was further classified as a pseudocyst and 
walled-off pancreatic necrosis (WOPN) [68].

Transmural drainage using EUS was first described 
by Grimm et al. [69] in 1992. Since then, it has been rec-
ognized as an acceptable treatment for pancreatic fluid 
collection because of its high success rate, efficacy, and 
safety. The therapeutic effect of collecting pancreatic 
fluid drainage depends on its position, shape, and pat-

Figure 6. Representative case of endoscopic ultrasonography (EUS)-guided rendezvous cannulation and retrograde insertion 
of a fully covered self-expandable metal stent (FC-SEMS) for a stricture in the main pancreatic duct. (A) EUS-guided antero-
grade pancreatographic image showing dilation of the main pancreatic duct with a severe stricture at the head of the pancreas. 
(B) EUS-guided anterograde insertion of the FC-SEMS for internal drainage of pancreatic juice. (C) EUS-guided anterograde 
insertion of a guidewire into the duodenum through the dorsal pancreatic duct. (D) Endoscopic images showing retrograde 
insertion of a second FC-SEMS into the main pancreatic duct via the minor papilla.
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tern. In particular, the drainage effect differs according 
to the density of the collection contents and the pres-
ence or absence of necrotic tissue. A typical pseudocyst 
heals in more than 90% of cases, whereas pancreatic 
necrosis is effective in only 50% to 60% of endoscopic 
treatments [70].

Because metal stents are relatively larger in diameter 
than plastic stents, it is believed that metal stents have 
less clogging and a better drainage effect, making them 
more desirable than plastic stents to treat pancreatic 
fluid collection. A recent meta-analysis revealed that 
metal stents show a higher clinical success rate (odds 
ratio [OR], 3.39; 95% confidence interval [CI], 2.05 to 5.60) 

and fewer side effects (OR, 0.37; 95% CI, 0.21 to 0.66). 
In the sub-analysis, metal stents showed high success 
rates for pseudocysts (OR, 5.35; 95% CI, 1.35 to 21.19) and 
pancreatic necrosis (OR, 3.37; 95% CI, 1.89 to 5.99) [71]. 

A lumen-opposing metal stent (LAMS) was recently 
developed to expand the indications of SEMS to drain 
pseudocysts and WOPN. The LAMS is a novel “dumb-
bell” design that is easier to deploy than a plastic stent 
and has the effect of decreasing the risk of perforation 
or bleeding during the procedure by closely opposing 
the gastrointestinal wall with the wall of the pseudo-
cyst or WOPN. The characteristic shape of both ends 
of the LAMS prevents stent migration during intu-

Figure 7. Two representative cases of dorsal pancreatic duct bypass. (A) After failure of conventional cannulation into the pan-
creatic duct via the major papilla, deep cannulation of the dorsal pancreatic duct was accomplished. (B) The dorsal pancreatic 
duct was successfully dilated using a Soehendra stent retriever for subsequent insertion of a stent. (C) Image showing multiple 
complex stones in the head of the pancreas and severe stenosis in the ventral pancreatic duct. A guidewire was successfully 
advanced into the dorsal pancreatic duct via the minor papilla. (D) Image of a subsequent dorsal pancreatic stent placed in the 
main pancreatic duct via the minor papilla.
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bation for collection in the case of direct endoscopic 
necrosectomy [72]. However, Bang et al. [73] presented 
three cases of pseudoaneurysmal bleeding: two cases 
of mucosal proliferation that covered the tip of the 
LAMS and one case of bile duct obstruction. Because 
these complications occurred 3 weeks after the proce-
dure, it was recommended that the LAMS be removed 
soon after therapy, with recommended short-term 
follow-up repeat imaging and evaluation (usually 1 to 
2 weeks after deployment). According to a recent Co-
chrane review involving a relatively small number of 
patients, EUS-guided drainage is a reasonable first-
line approach due to its ability to improve short-term 
quality of life and reduce medical costs compared with 

open surgical drainage [74]. Percutaneous, surgical, and 
combination therapy continue to play clinical roles in 
WOPN management. It cannot be emphasized enough 
that the management of WOPN is multidisciplinary, 
with essential input from surgical and interventional 
radiologists. We hope to see a large-scale prospective 
study of long-term patient outcomes after EUS-guided 
drainage.

There have been conflicting reports regarding the 
additional effect provided by transpapillary stent inser-
tion for transmural drainage of pancreatic fluid collec-
tion (particularly pseudocysts). In a recent meta-analy-
sis, transpapillary pancreatic duct stenting provided no 
additional clinical benefit for transmural drainage of 

Figure 8. Laparoscopic longitudinal lateral pancreaticojejunostomy. (A) Localization of the pancreatic duct by laparoscopic 
ultrasonography. (B) The pancreatic duct was opened longitudinally, and the impacted pancreatic stone was extracted. (C) 
The Roux jejunal limb was placed laterally to the opened pancreatic duct, and the jejunum was also opened longitudinally for 
anastomosis. (D) Longitudinal lateral pancreaticojejunostomy was completed.
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pancreatic fluid collection [75,76]. There were a number 
of limitations to the meta-analysis, such as it included 
only nine studies and was retrospective. Oftentimes, 
when MRCP is not clear, ERCP will help definitively 
diagnose an ongoing leak. For these reasons, the results 
of that meta-analysis are difficult to generalize.

Celiac plexus block and celiac plexus neurolysis
EUS-guided celiac plexus block (CPB) or celiac plex-
us neurolysis (CPN) is used to reduce the extremely 
disabling pain associated with chronic pancreatitis or 
pancreatic cancer. CPB is a temporizing treatment, 
most commonly injection of a local anesthetic together 
with a corticosteroid. In contrast, CPN refers to injec-
tion of alcohol or phenol, drugs that generally have a 
more permanent effect [77]. Although these treatments 
are particularly helpful in cases of intolerable adverse 
effects due to opioid therapy, a meta-analysis reported 
a response rate of 59% in chronic pancreatitis, but did 
not interrupt analgesic medication, and the duration of 
pain relief by CPB was approximately 3 months, which 
was shorter than expected [78]. Thus, patients should 
be fully informed of the relatively short anticipated 
duration of benefit [79,80]. A radiofrequency ablation 
(RFA) probe that passes through a EUS fine needle aspi-
ration needle was developed and applied to pancreatic 
tumors. A novel study on EUS-guided RFA of the celiac 
ganglion reported that it provides more pain relief and 
improves quality of life better compared with the EUS-
CPN method [81]. Although a large prospective study 
and long-term data are needed, EUS-guided RFA may 
receive attention as a new treatment method in the near 
future.

Surgical treatment and autologous islet cell trans-
plantation
Although there are no sham-controlled studies on 
surgery for chronic pancreatitis, a Cochrane review re-
ported greater and higher rates of pain relief in patients 
with obstructive chronic pancreatitis treated by surgery 
than by endoscopic treatment [82]. According to that re-
view, current European guidelines indicate that surgery 
is superior to endoscopic treatment for mid- and long-
term pain relief in patients with painful obstructive 
chronic pancreatitis. Total pancreatectomy may be con-
sidered in patients with chronic pancreatitis who do 

not have ductal dilation or who complain of severe pain 
that is not relieved by conventional medical therapy [32].

However, endoscopic and EUS treatments are being 
updated and reported rapidly. Therefore, existing me-
ta-analyses should be updated. We also believe that it 
is necessary to treat patients with a continuous multi-
disciplinary approach as the disease progresses, rather 
than determine the superiority of any treatment meth-
od. If surgical management can be avoided or delayed, 
endoscopic treatment may be considered an acceptable 
choice.

A major reason for preferential conservative treat-
ment is based on the “burnout hypothesis” that chronic 
pancreatitis is a self-limiting disease in which symp-
toms will diminish spontaneously as the pancreatic 
parenchyma is progressively destroyed by the disease 
[13]. However, 50% to 60% of patients have reported 
sustained pain for more than 10 years after onset of the 
disease [83,84]. Current European guidelines recom-
mend that early-stage surgery at a less advanced disease 
stage is favored with respect to optimal long-term pain 
relief, improved quality of life, and a reduced risk of 
pancreatic exocrine insufficiency. Although experimen-
tal and clinical data on the proper timing for surgery 
are scarce, a multicenter cohort study suggested that 
surgical intervention within 3 years of symptom onset 
was an important determinant of long-term outcomes 
regarding pain relief and preservation of pancreatic 
endocrine function [85]. Surgical intervention is gener-
ally more effective for patients with refractory pain and 
a dilated pancreatic duct or refractory obstruction of 
the duodenum, common bile duct, or main pancreatic 
duct, symptomatic pseudocysts, or suspected cancer [2].

Persistence of the inflammatory response in patients 
with chronic pancreatitis leads to various morpholog-
ical changes and clinical features due to progressive 
fibrosis and destruction of the parenchyma [86]. There-
fore, surgery should be tailored to the patient’s ductal 
anatomy. The main types are either drainage based 
(such as pancreatojejunostomy), resection based (in-
cluding pancreaticoduodenectomy, left-sided pancreat-
ic resection, and total pancreatectomy with or without 
auto islet transplantation), or a combination of both 
(such as the Beger and Frey procedures).

Patients with obstructive symptoms and a dilated 
pancreatic duct are amenable to drainage procedures 
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avoiding extensive resection. Drainage procedures 
are less challenging compared with combined type or 
resection procedures in patients with chronic pancre-
atitis. The lateral pancreaticojejunostomy (Peustow 
procedure) is a representative drainage procedure. The 
dilated portion of the pancreatic duct is opened lon-
gitudinally, and a side-to-side anastomosis is created 
with a Roux-en-Y jejunal limb placed laterally to the 
opened pancreatic duct (Fig. 8). Due to recent advances 
in minimally invasive surgery, laparoscopic or robotic 
surgery has been attempted to maximize the desired 
goal of relieving pain [87,88].

The Frey procedure involves the addition of coring 
of the pancreatic head to the lateral pancreaticojeju-
nostomy, so-called duodenum-preserving pancreatic 
head resection, and has been widely used in patients 
with a dilated pancreatic duct [2,89]. A meta-analysis of 
23 studies comparing the Frey procedure with pancre-
atoduodenectomy and the Berger procedure showed 
a shorter surgical time, lower overall morbidity, and 
more favorable quality of life and pancreatic functional 
recovery [90]. Long-term follow-up data also demon-
strated that the Frey procedure is not inferior in many 
respects to the Berger procedure [91].

Decompression surgery cannot be performed in pa-
tients with chronic pancreatitis but without dilatation 
of the main pancreatic duct. In these cases, surgical 
resection should be considered, but adverse effects 
including endoscopy and exocrine insufficiency can 
develop [92]. TP-IAT has already been introduced to 
prevent endocrine function loss, so four decades have 
already elapsed [93,94]. TP-IAT should be considered 
based on the presence of intractable pain with impaired 
quality of life and should be performed when other 
medical, endoscopic, and/or surgical therapies fail in 
patients with an established diagnosis of chronic pan-
creatitis or acute recurrent pancreatitis [95]. Absolute 
contraindications include prohibitive medical compli-
cations, active alcoholism, islet cell failure (poor or no 
C-peptide on provocative testing), poorly controlled 
psychiatric disease, steatohepatitis, and portal vein 
thrombosis [96].

A good therapeutic response for hereditary chronic 
pancreatitis associated with genetic risk factors ac-
counts for a very small proportion of patients undergo-
ing TP-IAT. TP-IAT has a high probability of achieving 

complete pain relief, improved quality of life, discon-
tinued opioid use, and insulin independence. TP-IAT 
can be actively considered when a drainage procedure is 
not possible due to the absence of a dilated main duct, 
because it occurs at a very young age, and the incidence 
of pancreatic cancer increases with disease duration. 
The general TP-IAT treatment effect is good compared 
with total pancreatectomy without IAT. Survival rates 
are reportedly 97% at 1 year, 90% to 94% at 5 years, and 
81% to 84% at 10 years. Opioid independence increases 
with time and is reportedly 73% at 5 years. Islet cell graft 
function is seen in at least 80% of cases, while escape 
from insulin therapy is observed in one-third of pa-
tients and has been observed for more than 15 years [97]. 
However, success rates vary widely among reports de-
pending on various technical factors, injection method, 
implantation site, and number of cells to be injected [98]. 
Therefore, it is preferable that a multidisciplinary team 
performs the procedure at a more specialized center.

CONCLUSIONS

Currently available diagnostic and treatment options 
for chronic pancreatitis are unsatisfactory in terms of 
early detection and prevention of its progression. Most 
novel and experimental therapies aim to limit inflam-
mation and reduce fibrosis and have been tested in 
animal models [89]. Because chronic pancreatitis is a 
slowly progressing and uncurable disease that contin-
ues to afflict patients for life, treatments are relatively 
limited. Once a patient is diagnosed, we should actively 
support lifestyle modifications (cessation of alcohol 
consumption and smoking). As the disease progresses, 
pain control should be managed carefully to prevent 
drug addiction, and exocrine insufficiency and diabetes 
mellitus should be strictly controlled to prevent sec-
ondary complications. It is our task to help the patient 
throughout life using a multidisciplinary approach to 
maximize outcomes
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Background: In collaboration with United European Gastroenterology, the working group on ‘Harmo-
nizing diagnosis and treatment of chronic pancreatitis across Europe’ (HaPanEU) developed European
guidelines for the management of chronic pancreatitis using an evidence-based approach.
Methods: Recommendations of multidisciplinary review groups based on systematic literature reviews
to answer predefined clinical questions are summarised. Recommendations are graded using the Grading
of Recommendations Assessment, Development and Evaluation system.
Results: Recommendations covered topics related to the clinical management of chronic pancreatitis:
aetiology, diagnosis of chronic pancreatitis with imaging, diagnosis of pancreatic exocrine insufficiency,
surgical therapy, medical therapy, endoscopic therapy, treatment of pancreatic pseudocysts, pancreatic
pain, nutrition and malnutrition, diabetes mellitus and the natural course of the disease and quality of
life.
Conclusions: The HaPanEU/United European Gastroenterology guidelines provide evidence-based rec-
ommendations concerning key aspects of the medical and surgical management of chronic pancreatitis
based on current available evidence. These recommendations should serve as a reference standard for
existing management of the disease and as a guide for future clinical research. This article summarises
the HaPanEU recommendations and statements.
© 2018 Published by Elsevier B.V. on behalf of IAP and EPC.
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Introduction

The Harmonizing diagnosis and treatment of chronic pancreatitis
across Europe (HaPanEU) initiative of United European Gastroen-
terology (UEG) aims to provide the community with evidence-based,
state-of-the-art clinical guidelines to help in the management of
patients with chronic pancreatitis (CP) [1]. The statements are based
on the recent guidelines and recommendations published by the
Australian [2], Belgian [3], German [4], Hungarian [5], Italian [6],
Romanian [7], and Spanish [8,9] Societies of Gastroenterology and
Pancreatology, as well as pertinent new literature.

The recommendations format comprised the question, the
statement, its level of evidence and strength of recommendation,
and the percentage agreement of the global consensus group with
the final version. With this aim, the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) system was
applied: strength of recommendation (1¼ strong, 2¼weak) and
quality of the evidence (A¼ high, B¼moderate, C¼ low) [10,11].
Recommendations with �90%, 70e89%, 61e69% or �60%
consensus were defined as strong agreement, moderate agreement,
agreement and weak agreement, respectively.

The full document of the HaPanEU guidelines was published
elsewhere [1]. This article summarises the recommendations and
statements for a rapid overview and quick reference. New papers
published after the HaPanEU guidelines do not contradict these
recommendations.

Definition and aetiology

Definition of CP (regardless of the aetiology)

� CP is a disease of the pancreas in which recurrent inflammatory
episodes result in replacement of the pancreatic parenchyma by
fibrous connective tissue. This fibrotic reorganisation of the
pancreas leads to progressive exocrine and endocrine pancreatic
insufficiency. (Strong agreement).
What needs to be done to define the aetiology of CP patients?

� It is recommended that a comprehensive medical history
(including alcohol abuse, smoking and family history), labora-
tory evaluation (including Ca2þ and triglyceride levels) and
imaging studies (including abdominal ultrasound eUS-,
computed tomography eCT-scan or magnetic resonance chol-
angiopancreatography eMRCP-) are performed in patients with
CP. (GRADE 2C, strong agreement).

� All patients with a family history or early onset disease (<20
years) should be offered genetic testing for associated variants.
Testing should include PRSS1 (sequencing of exon 2 and 3 to
cover mainly p.A16V, p.N29I and p.R122H), SPINK1 (all four
exons, mainly p.N34S and c.194þ2T > C in exon 3 and intron 3),
CPA1 (several variants, mainly in exons 7, 8 and 10), CTRC
(especially exon 7), CEL (hybrid allele only) and may include
screening for variants in CFTR. (GRADE 2C, strong agreement).

� A diagnosis of cystic fibrosis needs to be ruled out in children
and all patients with CP onset before the age of 20 years as well
as in patients with so-called ‘idiopathic’ CP (regardless of the age
of onset). (GRADE 1B, strong agreement).

� If no other aetiology of CP can be identified, then the diagnosis
of autoimmune pancreatitis should be ruled out following cur-
rent consensus guidelines [12]. (GRADE 2C, strong agreement).

� Classification systems like the TIGAR-O [13] and the M-ANN-
HEIM [14] can be used to classify the aetiology of CP. (GRADE 2C,
strong agreement).
Diagnosis

� Endoscopic ultrasound (EUS), magnetic resonance imaging
(MRI), and CT are the best imaging methods for establishing a
diagnosis of CP. EUS outperforms MRI and CT. Abdominal ul-
trasound is the least accurate imaging technique for CP, whereas
endoscopic retrograde cholangiopancreatography (ERCP) is not
considered a diagnostic procedure due to its invasiveness.
(GRADE 1C, strong agreement).

� CT examination is the most appropriate method for identifying
pancreatic calcifications, while for very small calcifications non-
enhanced CT is preferred. (GRADE 2C, strong agreement).
MRI/MRCP examination for the diagnosis of CP

� The presence of typical imaging findings for CP with MRI/MRCP
is sufficient for diagnosis; however, a normal MRI/MRCP result
cannot exclude the presence of mild forms of the disease.
(GRADE 1C, strong agreement).

� The use of intravenous secretin (s-MRCP) increases the diag-
nostic potential of MRCP in the evaluation of patients with
known/suspected CP since it enhances visualization of the main
pancreatic duct and side branches, it reveals strictures or
abnormal dilatations, and it may quantify exocrine secretion
(GRADE 1C, strong agreement).

� Duodenal filling during s-MRCP does not help to evaluate the
severity of CP, but it may assess the exocrine pancreatic func-
tional reserve. (GRADE 2C, moderate agreement).
Abdominal US in patients with suspected or known CP

� Abdominal US can only be used to diagnose CP at an advanced
stage due to its low accuracy. Additional limitations are
operator-dependency and obscured visualization of the
pancreas due to obesity or intestinal gas (GRADE 1A, strong
agreement).

� In recognised CP, US can be used to visualise CP complications
such as pseudocysts and pseudoaneurysms. (GRADE2C, strong
agreement).

� Contrast-enhanced US can increase the diagnostic accuracy in
CP patients with cystic and solid pancreatic lesions. (GRADE 1C,
strong agreement).
EUS in patients with suspected or known CP

� EUS is the most sensitive imaging technique for the diagnosis of
CP, mainly during the early stages of the disease, and its speci-
ficity increases with increasing diagnostic parenchymal and
ductal criteria. (GRADE 1B, strong agreement).

� EUS has a potential role in the follow-up of patients with CP in
the detection of complications, mainly due to its ability in
detecting pancreatic malignancy. (GRADE 2B, strong
agreement).

� EUS is an essential tool in the differential diagnosis of CP with
other pancreatic masses or cystic lesions. EUS-guided fine nee-
dle biopsy can be considered as the most reliable procedure for
detecting malignancy, however its sensitivity decreases in case
of underlying CP. EUS-guided elastography and contrast
enhancement may provide useful information, but their role in
this setting needs to be assessed further in future clinical trials.
(GRADE 2C, strong disagreement).
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Diagnosis of pancreatic exocrine insufficiency (PEI)

� PEI refers to an insufficient secretion of pancreatic enzymes
(acinar function) and/or sodium bicarbonate (ductal func-
tion) to maintain a normal digestion. (GRADE 1A, strong
agreement).

� Due to the large reserve capacity of the pancreas, ‘mild’ to
‘moderate’ exocrine insufficiency can be compensated, and
overt steatorrhoea is not expected unless the secretion of
pancreatic lipase is reduced to <10% of normal (‘severe’/
‘decompensated’ insufficiency). However, patients with
‘compensated’ PEI also have an increased risk of nutritional
deficiencies (in particular, of lipid-soluble vitamins with
respective clinical consequences). (GRADE 1B, strong
agreement).

� In CP, PEI results from a progressive loss of pancreatic paren-
chyma, and exocrine pancreatic function gradually decreases
during the course of the disease. Thus, morphological signs of CP
and functional impairment usually develop in parallel, but this is
not always the case. (GRADE 1B, strong agreement).
s-MRCP for the diagnosis of PEI

� The s-MRCP technique reveals ductal morphological alterations
and simultaneously gives semi-quantitative information on
functional changes. Therefore, s-MRCP is probably the most
appropriate morphological test for the assessment of pancreatic
exocrine function. (GRADE 1C, agreement).
Pancreatic function tests for the diagnosis of PEI

� In a clinical setting, a non-invasive pancreatic function test
should be performed for the diagnosis of PEI. The coefficient of
fat absorption (CFA) is generally accepted as the gold standard,
but it is neither specific nor easily applicable to clinical practice.
The fecal elastase-1 (FE-1) test is feasible and widely available
and is therefore most frequently used in this setting. Very low
FE-1 values are most probably associatedwith PEI, whereas high
values allow to exclude it. The 13C mixed triglyceride breath test
(13C-MTG-BT) offers an alternative to CFA, but availability is
limited. (Grade 1B, agreement).

� A function test is also required for the diagnosis of CP, particu-
larly in patients with inconclusive morphological changes of the
disease. (Grade 2B, strong agreement).

� Every patient with a new diagnosis of CP should be screened for
PEI with a pancreatic function test, since morphological findings
and symptoms are not reliable in this setting. (Grade 1A, strong
agreement).

� In order to detect maldigestion prior to the occurrence of overt
clinical symptoms, the presence of PEI should be evaluated
annually in patients with CP. Apart from this, function tests
should be repeated if previously normal when symptoms occur
or deteriorate and can be attributable to PEI. (Grade 1B, strong
agreement).
Nutritional markers and assessment of efficacy of enzyme
replacement therapy

� To evaluate the efficacy of enzyme replacement therapy, it is
sufficient in most cases to verify the normalisation of
nutritional parameters and symptomatic improvement. When
symptoms of exocrine insufficiency persist in spite of
adequate pancreatic enzyme replacement therapy (PERT),
function tests (13C-MTG-breath test and quantitative faecal
fat) are recommended to evaluate treatment efficacy. (Grade
2B, strong agreement).

� Established blood nutritional parameters such as prealbumin,
retinol-binding protein, transferrin, fat soluble vitamins, and
minerals/trace elements (including serum iron, zinc and mag-
nesium) should be quantified to measure malnutrition in pa-
tients with CP. (GRADE 2C, strong agreement).

Surgical treatment of CP

Surgical treatment has no role in asymptomatic and uncompli-
cated CP. This section deals with the technical aspects of surgical
treatment; the treatment for pain is detailed in section 8.

� Surgery is superior to endoscopy in terms of mid-term and long-
term pain relief in patients with painful CP. (GRADE 2B,
agreement).

� Early surgery is favoured over surgery at a more advanced stage
of the disease in terms of optimal long-term pain relief, long-
term improved QoL, and risk of postoperative PEI (GRADE 2B-
2C, weak agreement). In addition, pancreatic resection tech-
niques have a higher risk of PEI than drainage techniques.
(GRADE 2C, weak agreement). No recommendation can be drawn
from the evidence regarding the effect of early surgery on
developing endocrine pancreatic function. (GRADE 2C, strong
agreement).
Surgical treatment in patients with enlarged pancreatic head

� In patients with CP and an enlarged pancreatic head (>4 cm in
diameter on CT or MRI imaging), duodenum-preserving
pancreatic head resection (DPPHR) and conventional pan-
creaticoduodenectomy (PD) are equally effective for short-
term and long-term pain relieve. Endocrine and exocrine
insufficiency are comparable after both strategies at the short-
term and long-term assessment, and neither DPPHR nor PD
succeed in interrupting the progression of CP toward endo-
crine and exocrine failure. (GRADE 1B, strong agreement). QoL
is significantly improved after DPPHR compared to PD.
(GRADE 1B, agreement), and occupational rehabilitation re-
mains significantly better with DPPHR compared to PD.
(GRADE 2B, strong agreement). There is a non-significant trend
towards improved long-term mortality with DPPHR. (GRADE
2B, strong agreement).

� Modifications of DPPHRe the Beger and Berne procedurese are
equal in terms of pain relief, postoperative morbidity and mor-
tality. The operating time and length of hospital stay is signifi-
cantly shorter for the Berne procedure than for the Beger
procedure. (GRADE 1B, strong agreement). There are no differ-
ences in long-term outcomes between the Beger, Berne and Frey
procedures. (GRADE 1B, strong agreement).
Surgical treatment in patients without duct system dilatation

� A total pancreatectomy should be considered in patients
without duct system dilatation (main duct diameter <5mm),
who have severe pain resistant to conventional medical,
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endoscopic and previous surgical treatment. (GRADE 1C,
agreement).
Surgical treatment in patients with a dilated pancreatic duct

� For patients with painful CP, a dilated main pancreatic duct
(�5mm) and a normal-sized pancreatic head (<4 cm in
diameter), a lateral pancreaticojejunostomy with a Roux-en-Y
loop and Frey's procedure provide comparable pain control
(low quality of evidence). No recommendation can be made
for the preferred surgical technique in these patients. (GRADE
2B, strong agreement).

� An experienced high volume pancreatic centre is recommended
for the surgical treatment of CP. The decision for surgery in CP
should be made by an interdisciplinary expert panel that in-
cludes at least surgeons, endoscopists and gastroenterologists.
(GRADE 2C, strong agreement).
Surgical treatment in patients with groove pancreatitis

� In patients with groove (paraduodenal) pancreatitis, the initial
therapy should involve medical treatment; endoscopic drainage
procedures may occasionally be helpful. If these approaches fail,
the patient should be referred for surgery. (GRADE 2C, strong
agreement).

� Surgery should be aimed at pain relief and/or complete pain
resolution, and should solve the patient's malnutrition status
(body weight gain), on condition that the patient stops alcohol
and drug abuse. (GRADE 2C, strong agreement).

� In expert hands, pancreaticoduodenectomy is the most suitable
surgical option for patients with groove pancreatitis. (GRADE 2C,
strong agreement).

Medical therapy for exocrine pancreatic insufficiency

� PERT is indicated for patients with CP and PEI in the presence of
clinical symptoms or laboratory signs of malabsorption (nutri-
tional deficiencies). An appropriate nutritional evaluation is
recommended to detect signs of malabsorption. (GRADE 1A,
strong agreement).

� Enteric-coated microspheres or mini-microspheres of <2mm in
size are the preparations of choice for PEI. Micro- or mini-tablets
of 2.2e2.5mm in size may be also effective, although scientific
evidence in the context of CP is more limited. Comparative
clinical trials of different enzyme preparations are lacking.
(GRADE 1B, strong agreement).

� Oral pancreatic enzymes should be distributed along withmeals
and snacks. (GRADE 1A, strong agreement).

� A minimum lipase dose of 40,000e50,000 Ph.U. (Eur.Ph.U. or
USP) is recommended with main meals, and half that dose with
snacks. (GRADE 1A, strong agreement).

� The efficacy of PERT can be evaluated adequately by the relief of
maldigestion-related symptoms (e.g. steatorrhoea, weight loss,
flatulence) and the normalisation of the nutritional status of the
patients. In non-responder patients, the use of pancreatic
function tests (CFA or 13C-MTG-BT) with oral enzymes may be of
help. (GRADE 1B, strong agreement).

� In cases of unsatisfactory clinical response, the enzyme dose
should be increased (doubled or tripled) or a proton pump in-
hibitor (PPI) should be used. (GRADE 1B, strong agreement). If
these strategies fail, another cause for maldigestion should be
sought. (GRADE 2B, strong agreement).
Endoscopic therapy (ET)

� ET has no role in asymptomatic and uncomplicated CP. (GRADE
2B, agreement). This section deals with the technical aspects of
ET and the treatment for pain is detailed in section 8.
Patients with painful CP and dilated main pancreatic duct (MPD)

� In patients with uncomplicated painful CP and a dilatedMPD, ET
is recommended as the first-line treatment after failed medical
therapy following discussions by a multidisciplinary team. The
clinical response should be evaluated at 6e8 weeks; if it appears
unsatisfactory, the patient's case should be discussed again by a
multidisciplinary team of endoscopists, surgeons and radiolo-
gists, and surgical options should be considered. (GRADE 2B,
agreement).

� The efficacy of ET has been found to be lower compared with
surgery in a single randomised trial, but this included a small
number of highly selected patients at the later stage of the
disease. (GRADE 2B, agreement).

� The best responders to ET are patients with obstructing stones
located in the head of the pancreas, complete stone clearance
and absence of MPD stricture, with a short disease duration and
a low frequency of pain attacks before ET, together with the
discontinuation of alcohol and tobacco. (GRADE 2B, agreement).
Role of extracorporeal shock wave lithotripsy (ESWL) in patients
with calcifying CP

� ESWL can be considered as first-step treatment for larger,
radiopaque stones (�5mm) obstructing the MPD, and is usually
followed by the endoscopic extraction of stone fragments (Grade
1B). In centres with expertise, ESWL alone may be a more cost-
effective option. (GRADE 2C, agreement).We suggest performing
non-contrast enhanced computed tomography before ESWL to
determine the location, size, number and density of stones
(weak recommendation, low quality evidence). (GRADE 2C,
agreement).

� ESWL should target stones with a minimal diameter of 2e5mm,
starting in the head of the pancreas and progressing to the tail to
permit elimination of stone fragments. (GRADE 2C, agreement).

� Pancreatitis is the most frequent complication of ESWL. Other
complications include haematuria, gastrointestinal bleeding,
hepatic subcapsular haematoma and perforation. (GRADE 2C,
agreement).

� At long-term after ESWL alone or combined with endoscopic
stone extraction, pain relapses requiring analgesics or more
invasive treatment has been reported in 5e45% of patients.
(GRADE 2B, agreement).
ET of dominant main pancreatic duct strictures

� Dominant MPD strictures in the head of the pancreas are
defined as strictures with an upstream MPD dilation �6mm in
diameter or strictures that prevent the outflow of contrast me-
dium. Stricture dilation alone has yielded disappointing results
while satisfactory long-term results have been reported in more
than two-thirds of patients with temporary plastic stenting.
(GRADE 1C, agreement).

� The use of straight polyethylene pancreatic stents (8.5e10 Fr)
with the shortest possible length, tailored to the location of the
MPD stricture is recommended. Thinner MPD stents (�8.5 Fr)
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are associated with more frequent hospitalisations for abdom-
inal pain than 10 Fr stents. (GRADE 1C, agreement).

� Stent exchange may be performed either at regular intervals (for
example, three months) or ‘on-demand’ in patients with a
recurrence of pain and MPD dilatation. However, an “on de-
mand” stent exchange is the preferred strategy, as the duration
of the clinical effect is unpredictable and is not correlated with
stent clogging. (GRADE 1B, agreement).

� It is recommended to treat dominant MPD strictures located in
the head of the pancreas and associated with pain by single
plastic stenting for at least 12 months with at least one planned
stent exchangewithin one year to prevent complications related
to longstanding pancreatic stent occlusion. Criteria used for not
replacing a temporary plastic stent after removal are adequate
contrast medium outflow in the duodenum and easy passage of
a 6 Fr catheter through the residual dilated stricture. (GRADE 1B,
agreement).

� For refractory MPD strictures (defined as persistent symptom-
atic dominant strictures after one year of single stent place-
ment) multiple pancreatic duct stenting, a trial of 3e6 months
with a fully covered self-expandable metallic stent (FC-SEMS) or
surgical pancreaticojejunostomy is recommended. (GRADE 2C,
agreement).

� Simultaneous placement of multiple, side-by-side, pancreatic
stents could be appliedmore extensively, particularly in patients
with MPD strictures persisting after 12 months of single plastic
stenting. (GRADE 1C, agreement).

� Adverse events of pancreatic duct stenting include stent occlu-
sion and stent migration. (GRADE 1B, agreement).
ET for common bile duct (CBD) stricture secondary to CP

� CBD strictures should be treated if responsible for symptomatic
(recurrent acute cholangitis, obstructive jaundice) or persistent
(>1 month) cholestasis. Temporary biliary stenting, usually for
one year with regular stent exchange in the case of plastic stents,
is the mainstay of treatment. We suggest electing ET for patients
deemed to comply with repeat ERCPs and who are at high sur-
gical risk, present with portal hypertension or have local
abdominal conditions contraindicating surgery. Multiple side-
by-side plastic stents or FC-SEMS, no single plastic stents,
should be used. (GRADE 2C, agreement).

� Resective surgery should be considered in other patients as well
as those with an inflammatory mass of the head of the pancreas
or suspected neoplasia. (GRADE 2A, strong agreement).

Treatment of pancreatic pseudocysts (PPC)

� Chronic PPC should be treated in the presence of symptoms,
complications (infection, bleeding, or rupture), or compression
of surrounding organs (gastric, duodenal or biliary obstruction).
(Grade 2A, strong agreement).

� Treating asymptomatic PPCs, which have reached a size of
>5 cm in diameter and which do not resolve within 3e6
months, should also be considered due to the risk of PPC com-
plications. (GRADE 2C, strong agreement).

� In the presence of a recent episode of acute pancreatitis or if the
PPC was not detected on prior examinations, the PPC should be
observed for at least six weeks to allow for either spontaneous
resolution or maturation of the cyst wall. (GRADE 1B, strong
agreement).

� ET is recommended for chronic PPCs whenever possible.
Transpapillary drainage is preferred over transmural drainage
for small (<6 cm) PPCs communicating with themain pancreatic
duct in the head or body of the pancreas. If transmural pseu-
docyst drainage is elected: (a) it should be performed under
echoendoscopic guidance and (b) several double-pigtail plastic
stents should be inserted to drain the PPC into the digestive
lumen until cyst resolution, with a minimum of two months of
stenting. (Grade 2A, strong agreement).

� In the presence of pancreatic duct stones and/or pancreatic duct
stenosis, a pseudocyst should be treated as part of an overall
therapeutic concept. (GRADE 1B, moderate agreement).

� Diagnostic EUS-guided fine needle aspiration of a cyst may be
performed for suspected infected cystic contents or for sus-
pected cystic neoplasm. (GRADE 2C, strong agreement).

� If a malignant cystic lesion is suspected, a surgical therapeutic
approach should be chosen. (GRADE 1C, strong agreement).
Treatment of vascular pseudoaneurysms

� Vascular pseudoaneurysms that develop secondary to CP should
be treated. (GRADE 1C, strong agreement).

� Angiographic embolisation is the method of choice for the
treatment of haemorrhagic pseudoaneurysms. Surgery remains
reserved mainly for patients in whom an operation is also
indicated for other CP complications. (GRADE 1C, strong
agreement).

Treatment of pain in CP

� Pain is the first presentation of CP in the majority of patients.
(GRADE 1B, strong agreement). There is no evidence that pain
symptoms ‘burn out’ in all patients with ongoing CP. (GRADE 2C,
moderate agreement). There is no convincing evidence that
endocrine and exocrine pancreatic insufficiencies are associated
with pain relief. (GRADE 2C, moderate agreement).

� Pain intensity and the pain pattern over time (constant vs
intermittent pain) have been shown to reduce QoL in patients
with CP. (GRADE 1A, strong agreement).

� Pancreatic (stones, strictures, inflammatory masses, PPC) and
extra-pancreatic complications (e.g. peptic ulcer, gastrointes-
tinal cancer) may contribute to pain in the individual patient
and should be thoroughly investigated at the time of diagnosis
and if pain symptoms are worsening. (GRADE 1B, strong
agreement).

� Pain in CP should be assessed using a multidimensional
approach, including evaluation of pain intensity (e.g. VAS), pain
pattern (constant vs intermittent) and its impact on daily
function and QoL (e.g. QLQ-C30). (GRADE 1B, strong agreement).
Medical therapeutic strategies for pain in CP

� Cessation of alcohol, and possibly smoking, improves pain in CP
and is highly recommended. (GRADE 1B, moderate agreement).

� PERT is not recommended for pain treatment in CP, although it
may have beneficial effects on abdominal discomfort related to
PEI. (GRADE 1B, moderate agreement).

� Antioxidants are not generally recommended for pain treatment
in CP. (GRADE 1B, moderate agreement). The efficacy of antioxi-
dant therapy may be related to the aetiology of CP and associ-
ated malnutrition. Although antioxidants can reduce pain
slightly in patients with CP, the evidence is not sufficient to
recommend that therapy be used routinely for the typical
Western CP patient.

� The standard guideline for medical analgesic therapy in CP fol-
lows the principles of the ‘pain relief ladder’ provided by the
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World Health Organization (WHO). (GRADE 1B, strong agree-
ment). Paracetamol is preferred over NSAIDs as level I analgesic
due to its limited side effects. Tramadol is the preferred level II
analgesic due to its efficacy and safety profile. Strong oral opi-
oids, at the lowest possible dose, are indicated as level III anal-
gesia; dose escalation and addiction should be avoided.

� Adjuvant analgesics that can be used for pain in CP include low-
dose antidepressants, gabapentinoids (pregabalin) and
anxiolytics.
Endoscopic therapy for pain in CP

� As described above (point 6), ET is effective in patients with an
obstructive type of pancreatic pain and in patients with
pancreatic duct dilatation. (GRADE 2C, moderate agreement). ET
could be useful as a bridge to surgery. (GRADE 1B, moderate
agreement). ET is less effective for pain in CP and has a shorter-
term effect compared with surgery. (GRADE 1B, moderate
agreement).

� ESWL therapy is effective for disintegrating stones in the main
pancreatic duct and provides pain relief in patients with CP.
(GRADE 2B-2C, weak agreement).
Other nonsurgical treatments for pain in CP

� Treatments such as EUS-guided plexus block, splanchnic nerve
block, spinal cord stimulation, transcranial magnetic stimula-
tion and acupuncture may be effective in selected cases of
painful CP. (GRADE 1C, moderate agreement).
Surgery for pain in CP

� As described above (point 4), different surgical techniques
(resection, decompression or mixed surgical techniques) are
effective for long-term pain relief in patients with CP. (GRADE 1B,
strong agreement). Correct patient selection in a multidisci-
plinary approach and appropriate timing for referral to surgery
are key to a successful outcome.

Nutrition

Nutritional evaluation

� Malnutrition is common among patients with CP. (GRADE 2B,
strong agreement). PEI, anorexia secondary to abdominal pain,
nausea and vomiting, alcohol and other substance abuse and
diabetes mellitus may all contribute to malnutrition in patients
with CP. (GRADE 2C, strong agreement).

� Patients with CP should undergo initial screening for malnu-
trition either with the community malnutrition universal
screening tool (MUST) or hospital nutritional risk screening
(NRS-2002) [15]. More specifically, dietary intake should be
documented as well as symptoms consistent with malnutrition
and those symptoms that have an increased risk of secondary
anorexia (pain, nausea and vomiting). (GRADE 1B, moderate
agreement). A physical examination should be performed and
should include anthropometric measurements of mid-arm
circumference, triceps skin-fold and hand-grip strength.
(GRADE 2B, moderate agreement). Screening for a deficiency of
proteins, fat-soluble vitamins (A, D, E and K), zinc and magne-
sium should be also considered. (GRADE 2A, moderate
agreement).
Prevention and treatment of malnutrition

� Patients who are well nourished should be encouraged to follow
normal healthy eating advice. PEI should be corrected in those
patients who are nutritionally compromised. Improved nutri-
tional status can be achieved with nutritional assessment and
individualised dietary counselling by an experienced dietician.
(GRADE 1B, strong agreement).

� Dietary fat restriction and very high fibre diets should be avoi-
ded. (GRADE 1C strong agreement). Small, frequent, high-energy
meals should be recommended for patients with malnutrition.
(GRADE 2C strong agreement).Nutritional intervention should be
carried out alongside pancreatic enzyme replacement therapy
(PERT). (GRADE 2C, strong agreement).

� For most patients with CP, oral nutritional supplements are not
required. For those who are undernourished and cannot meet
their nutritional requirements orally despite dietary interven-
tion, oral nutritional supplements may be useful. MCT supple-
ments are not recommended. (GRADE 2C, strong agreement).

� Specific recommendations on the supplementation of vitamins
A, E and K are not possible, nor it is possible to provide specific
guidelines on dosage and administration methods, as there are
few studies. Clinical evaluation is advised, along with adequate
PERT and dietary intervention. (GRADE 1B, strong agreement).
Vitamin D deficiency may be treated with oral supplementation
or by a single intramuscular injection. (GRADE 2C, strong
agreement).

� Parenteral nutrition is indicated in patients with gastric outlet
obstruction secondary to duodenal stenosis, in patients with
complex fistulising disease and in patients with apparent severe
malnutrition prior to pancreatic surgery if enteral feeding is not
possible. (GRADE 1C, strong agreement).

� Enteral nutrition is indicated in patients with malnutrition who
are not responding to oral nutritional support. (GRADE 2C, strong
agreement). It is recommended that enteral nutrition be
administered via the naso-jejunal route in patients with pain,
delayed gastric emptying, persistent nausea or vomiting.
(GRADE 2C, strong agreement). Jejunostomy feeding tube inser-
tion should be considered in those requiring enteral nutrition
for longer than 30 days. Peptide, medium chain triglyceride-
based enteral feeds may be used in patients with PEI. (GRADE
2C, strong agreement). Enteral nutrition is indicated with PERT
administered alongside where necessary. (GRADE 2C, strong
agreement).
Evaluation and treatment of osteoporosis in patients with CP

� Patients with CP are at high risk of developing osteoporosis and
osteopaenia (Grade 1A), and are at high risk of suffering a low
trauma fracture (Grade 1B). (GRADE 1B, strong agreement). To
identify those at risk, regular assessment of bone density by
dual-energy X-ray absorptiometry (DXA), along with regular
measurement of serum 25(OH)-vitamin D should be under-
taken. (GRADE 1C, strong agreement).

� Basic preventative measures (adequate diet, particularly cal-
cium and vitamin D intake, regular weight-bearing exercise,
and smoking/alcohol avoidance) should be encouraged for all
CP patients. For those with osteopenia, basic preventative
measures should be implemented and DXA should be
repeated every two years. Patients with osteoporosis (or
vertebral fractures) should receive appropriate medication,
screening for other causes, and/or referral to a bone specialist,
along with basic preventative measures. (GRADE 1C, strong
agreement).
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Evaluation and treatment of diabetes mellitus in CP

Definition and risk factors

� Diabetes mellitus secondary to CP (as well as to other pancreatic
diseases) is classified as pancreatogenic diabetes or, previously,
type 3c diabetes. The American Diabetes Association has
recently classified it as CP-related diabetes (CPRD) [16].

� Diabetes is a common complication of CP, although its occur-
rence varies widely from 5% to >80%, depending largely on
aetiology, geographical location and duration of follow-up. It
appears to be a common complication of both idiopathic/trop-
ical CP and alcoholic CP. (GRADE 1B, strong agreement).

� The risk of developing diabetes increases with surgical inter-
vention (especially distal pancreatectomy), increasing age
(GRADE 1B, strong agreement), (heavy) smoking, the presence of
pancreatic calcifications (GRADE 1C, strong agreement), and with
the duration of CP (GRADE 1B, strong agreement). There is some
evidence of an association with gender and family history.
(GRADE 2A, strong agreement). There is insufficient evidence of a
relationship between diabetes and BMI or zinc status. (GRADE
2C, strong agreement). There is no evidence that a higher dietary
fat intake influences the development of diabetes in CP. (GRADE
2C, strong agreement). The development of diabetes does not
appear to be influenced by the presence of various genetic
mutations associated with CP. (GRADE 1B, strong agreement).
Evaluation and diagnosis of pancreatogenic diabetes

� The initial evaluation of a patient with CP should include fasting
plasma glucose (FPG) and HbA1c. Criteria for a diagnosis of
CPRD are FPG�126mg/dL (7.0mmoL/L) or HbA1c� 6.5%
(48mmoL/mol). (GRADE 1A, strong agreement). An HbA1c<6.5%
does not rule out CPRD due to the limitations of this test in this
patient population. Therefore, normal HbA1c (<6.5%) should
always be confirmed by FPG. (GRADE 1B, strong agreement). In
the absence of unequivocal hyperglycaemia (random plasma
glucose �200mg/dL [11.1mmoL/L]) or in cases of doubt, results
should be confirmed by repeat testing or by the evaluation by a
standard 75 g oral glucose tolerance test (2 h fasting glucose
�200mg/dL [11.1mmoL/L]). (GRADE 1A, strong agreement).
These tests should be performed annually, even in the absence
of typical clinical symptoms of diabetes mellitus. (GRADE 1C,
strong agreement).

� An absent pancreatic polypeptide response to mixed-nutrient
ingestion seems to be a specific indicator of CPRD as
compared to the other types of diabetes. (GRADE 1C, strong
agreement). Due to feasibility, this test is only recommended in
cases of doubt. In patients with an established diagnosis of CP,
diagnosis of CPRD can be based on the absence of type 1 DM-
associated autoantibodies together with the presence of at
least two of the following four criteria: impaired beta-cell
function as evaluated by HOMA-B or C-peptide/glucose ratio,
no excessive insulin resistance, impaired incretin (GIP or GLP-1)
secretion, and fat-soluble vitamins and/or micronutrient
deficiency.

� Laboratory tests to classify the patient as accurately as possible
should be performed at least once. They should include
diabetes-associated antibodies, C-peptide/glucose ratio, and
assessment of exocrine pancreatic function, as well as pancreatic
imaging. (GRADE 1C, strong agreement).

� Patients with CPRD are generally considered difficult to manage,
with potential life-threatening acute complications (hypo-
glycaemia and ketoacidosis). Up to 25% of the patients with
T3cDM have ‘brittle diabetes’ with rapid swings in glucose
levels. (GRADE 1C, strong agreement).

� Chronic microangiopathic complications are as frequent in
CPRD patients as in other diabetic patients. The incidence of
retinopathy is reportedly similar to that observed in type 1
diabetes and its prevalence increases with diabetes duration.
(GRADE 1B, strong agreement). Early signs of renal dysfunction,
such as microalbuminuria or glomerular hyperfiltration, are
similar to that reported in type 1 diabetes mellitus, while
macroalbuminuria and overt renal disease are unusual.
(GRADE 1B, strong agreement). Neuropathy is also described as
a common complication of CPRD. (GRADE 1B, strong agree-
ment). There is a general acceptance that CPRD is not associ-
ated with macrovascular complications. (GRADE 2B, strong
agreement).
Treatment of CPRD diabetes mellitus

� Treatment of CPRD should include efforts to promote lifestyle
changes, which may improve glycaemic control and minimise
the risk of hypoglycaemia. In patients with severe malnutrition,
insulin therapy is commonly used as a first choice due to the
desired anabolic effects of insulin in this special subset of pa-
tients. (GRADE 1C, strong agreement). If hyperglycaemia is mild
and concomitant insulin resistance is additionally diagnosed or
suspected, therapy with metformin may be a choice in the
absence of contraindications. (GRADE 1C, strong agreement).
Sulfonylureas, glinides, thiazolidines, alpha-glycosidase in-
hibitors, incretin-based therapies and sodium glucose co-
transporter-2 (SGLT-2) should not be used for CPRD due to risk
of hypoglycaemia and prominent side effects.

� Ensuring adequate and appropriate PERT is essential for dia-
betes therapy in patients with CP. (GRADE 1C, strong agreement).

Toxic habits and QoL

Evaluation and treatment of smoking

� There is no specific, widely accepted questionnaire for assessing
smoking status. Several studies have reported positive findings
regarding the relationship between smoking and CP using
different questionnaires. (GRADE 2C, strong agreement).

� The key components for the treatment of smoking dependence
are combinations of therapeutic education, behavioural support
and medication. (GRADE 1A, strong agreement). Nicotine
replacement therapy, bupropion and varenicline are efficiently
proven first-line pharmacologic therapies for smoking
cessation.

� There is some evidence to suggest that cessation of smoking
and/or drinking may improve the course of CP; however, the
global benefits of stopping smoking and/or abusive alcohol
consumption are unquestionable. (GRADE 1C, strong agreement).

� Smoking seems to be an independent aetiologic factor for the
development of CP. (GRADE 1C, strong agreement). Early smoking
cessation after the diagnosis of the disease may reduce the risk
of developing pancreatic calcifications. Alcohol abstinence
seems to slow the progression of the illness.
Evaluation of quality of life (QoL) in patients with CP

� Validated questionnaires should be applied for the assessment
of QoL in patients with CP. (GRADE 1A, strong agreement). SF-36,
its shorter version SF-12, EORTC QLQ-C30 with, and without the
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supplementary QLQ-PAD26 questionnaire [17], and GIQLI [18]
can be used for assessing QoL in patients with CP. (GRADE 1C,
strong agreement).

� Health-related QoL should be assessed in both in- and out-
patients and during their follow-up. (GRADE 2C, strong agree-
ment). Assessment of QoL should be included as an endpoint in
clinical treatment studies of CP. (GRADE 2B, strong agreement).
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Chronic pancreatitis is a permanent, progressive de
struction of pancreatic tissue and function. Clinical man
ifestations include disabling abdominal pain, steatorrhea, 
and diabetes mellitus.13 Incidence and prevalence remain 
low and, despite advances in medical imaging, definitive 
diagnosis remains challenging.3 Primary care physicians 
should be familiar with presenting clinical features, as well 
as treatment options and longterm complications.

Etiology
Data from case series and crosssectional studies esti
mate that the incidence of chronic pancreatitis is between 

about four and 12 per 100,000 persons per year. Data on 
prevalence are scarce, with estimates ranging from 37 to 
42 per 100,000 persons.3 Men are affected 1.5 to 3 times 
more than women.4 The average age at diagnosis is 35 to 55 
years. Alcoholism is the most significant risk factor for the 
development of chronic pancreatitis, accounting for 70% 
of cases in adults. Genetic disease, especially cystic fibro
sis, and anatomic abnormalities are the most common 
causes in children. Table 1 includes the TIGARO (toxic
metabolic, idiopathic, genetic, autoimmune, recurrent 
and severe acute pancreatitis, obstructive) classification of 
common risk factors for chronic pancreatitis.4,5 

Pathophysiology
The pathophysiology of chronic pancreatitis involves pro
gressive fibrotic destruction of the pancreas in response 
to inflammation. A simple model involving the “twohit” 
theory has been proposed. The first hit is acute pancreatitis, 
causing injury to the pancreas. The second hit is an abnor
mal inflammatory response to this injury. This causes 
sustained activation of pancreatic profibrotic cells, includ
ing stellate cells. In atrisk individuals, this can result in 
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Chronic pancreatitis is an irreversible and progressive disorder of the pancreas characterized by 
inflammation, fibrosis, and scarring. Exocrine and endocrine functions are lost, often leading to 
chronic pain. The etiology is multifactorial, although alcoholism is the most significant risk fac-
tor in adults. The average age at diagnosis is 35 to 55 years. If chronic pancreatitis is suspected, 
contrast-enhanced computed tomography is the best imaging modality for diagnosis. Computed 
tomography may be inconclusive in early stages of the disease, so other modalities such as magnetic 
resonance imaging, magnetic resonance cholangiopancreatography, or endoscopic ultrasonogra-
phy with or without biopsy may be used. Recommended lifestyle modifications include cessation of 
alcohol and tobacco use and eating small, frequent, low-fat meals. Although narcotics and antide-
pressants provide the most pain relief, one-half of patients eventually require surgery. Therapeutic 
endoscopy is indicated to treat symptomatic strictures, stones, and pseudocysts. Decompressive 
surgical procedures, such as lateral pancreaticojejunostomy, are indicated for large duct disease 
(pancreatic ductal dilation of 7 mm or more). Resection procedures, such as the Whipple procedure, 
are indicated for small duct disease or pancreatic head enlargement. The risk of pancreatic cancer is 
increased in patients with chronic pancreatitis, especially hereditary pancreatitis. Although it is not 
known if screening improves outcomes, clinicians should counsel patients on this increased risk and 
evaluate patients with weight loss or jaundice for neoplasm. (Am Fam Physician. 2018;97(6):385-393. 
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CHRONIC PANCREATITIS

collagen deposition and fibrosis, which can lead to chronic 
pancreatitis.24,68 However, a subset of chronic pancreati
tis is caused by autoimmune and genetic factors. Chronic 
pancreatitis is autoimmune in 5% to 6% of cases.9 Autoim
mune pancreatitis has a distinctive histologic appearance 
with lymphocytic infiltration, but also results in fibrosis 
and loss of pancreatic function.3

Diagnosis of Chronic Pancreatitis
CLINICAL PRESENTATION

Patients most commonly present with recurrent episodes 
of acute pancreatitis. This will often progress to chronic 
abdominal pain that is characteristically located in the epi
gastrium and radiates to the back. The pain is worsened 
by eating and relieved by leaning forward. In time, it may 
spontaneously resolve as the pancreas fails.2,1012 Although 
most patients present with pain, pancreatitis is painless in 
roughly 10% to 20% of patients.1 When about 90% of pan
creatic function is lost, patients will have signs of exocrine 
dysfunction, such as steatorrhea, malabsorption, and fat
soluble vitamin deficiencies (A, D, E, K, B12).1,10,13,14 Endo
crine dysfunction, such as diabetes, will also develop.1,13

DIFFERENTIAL DIAGNOSIS

Table 2 includes a comprehensive differential diagnosis.15 
Amylase and lipase levels may be elevated in patients with 

chronic pancreatitis, but 
these elevations may occur 
with other conditions that 
also present with abdom
inal pain, such as mes
enteric ischemia, biliary 
disease, renal disease, and 
complicated peptic ulcer 
disease.2,13,1618

DIAGNOSTIC TESTING

The diagnosis of chronic 
pancreatitis is made based 
on a patient’s history, clini
cal presentation, and imag
ing findings. There is no 
single test that is diagnos
tic of chronic pancreati
tis, especially in the early 
stages. If chronic pancre
atitis is suspected based 
on history and physical 
examination, a diagnostic 
workup should be initiated. 
Diagnostic tests should be 

chosen based on their availability after consideration of 
risks and benefits.1,2,4,9,1820 Laboratory tests used in the eval
uation of patients with suspected chronic pancreatitis are 
summarized in Table 3.15

Laboratory Testing. In acute pancreatitis, pancreatic 
enzymes are elevated more than three times the upper limit 
of normal.16,18 In chronic pancreatitis, these enzymes may 
be only mildly elevated or normal, especially as the pan
creas is replaced by increasing amounts of fibrotic tissue 
later in the disease process.1 If the biliary tract is obstructed 

WHAT IS NEW ON THIS TOPIC

Chronic Pancreatitis

A meta-analysis of 43 studies that included more than 
3,400 patients concluded that computed tomography, 
magnetic resonance imaging, endoscopic retrograde 
cholan gio pancreatography, and endoscopic ultra-
sonography have comparably high diagnostic accuracy for 
chronic pancreatitis; therefore, a stepwise approach based 
on cost, invasiveness, and availability is recommended.

A Cochrane review of 10 trials involving 361 participants 
suggested that pancreatic enzyme replacement does not 
reduce pain from chronic pancreatitis.

SORT: KEY RECOMMENDATIONS FOR PRACTICE

Clinical recommendation
Evidence 
rating References

Contrast-enhanced computed tomography is the recom-
mended initial imaging study in patients with suspected 
chronic pancreatitis. 

C 3, 10, 22-24 

Endoscopic ultrasonography is favored over endoscopic 
retrograde cholangiopancreatography for the endoscopic 
diagnosis of chronic pancreatitis because of its increased 
safety and ability to evaluate the pancreatic parenchyma 
and duct system. 

C 3

Antioxidant therapy does not improve pain control or mor-
tality outcomes in patients with chronic pancreatitis.

B 10, 35

Pancreatic enzyme replacement is indicated for steatorrhea 
and malabsorption and may help relieve pain in patients 
with chronic pancreatitis. 

B 38-42

Endoscopic drainage of pseudocysts results in a similar rate 
of pain relief as surgery, with equivalent or lower mortality.

B 25, 44-47, 53, 
54 

Pancreatoduodenectomy (Whipple procedure, pylorus- 
preserving, or duodenum-preserving) is indicated in the 
treatment of chronic pancreatitis with pancreatic head 
enlargement and typically results in significant pain relief.

B 8, 49, 55

A = consistent, good-quality patient-oriented evidence; B = inconsistent or limited-quality patient-
oriented evidence; C = consensus, disease-oriented evidence, usual practice, expert opinion, or case 
series. For information about the SORT evidence rating system, go to http://www.aafp.org/afpsort.
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(5% to 10% of cases), bilirubin, alkaline phosphatase, and 
hepatic transaminases may be elevated.1,16

Pancreatic function tests use a catheter inserted into the 
pancreatic duct to directly measure pancreatic enzyme 
secretion. These tests are expensive and challenging to 

perform. The positive predictive value of these tests is just 
45%, but the negative predictive value is 97%. Therefore, 
although they are not recommended as part of the routine 
workup, they can be useful for ruling out chronic pancre
atitis in patients who exhibit clinical features of pancreati
tis but have normal imaging.1,2,4,10,1921 Fecal elastase is an 
indirect measure of pancreatic exocrine function that has 
high sensitivity (65% to 100%) and poor specificity (55%). 
The high falsepositive rate makes this a poor screening 
test, but it can be helpful in ruling out pancreatitis.19

Imaging Studies. The radiologic evaluation of a patient 
with suspected chronic pancreatitis should progress from 
least invasive to more invasive. A metaanalysis of 43 stud
ies that included more than 3,400 patients concluded that 
computed tomography (CT), magnetic resonance imaging 
(MRI), endoscopic retrograde cholangiopancreatography, 
and endoscopic ultrasonography (EUS) have comparably 
high diagnostic accuracy; therefore, a stepwise approach 
based on cost, invasiveness, and availability is recom
mended.22 eTable A includes the sensitivity and specific
ity of available imaging techniques. Contrastenhanced 
CT of the pancreas is the firstchoice modality because 
it is noninvasive and readily available.3 Ductal calcifica
tions are pathognomonic findings of chronic pancreatitis 
(Figure 115). CT can detect conditions that mimic chronic 
pancreatitis, as well as complications of chronic pancreati
tis, such as pseudocysts, ductal dilation, pseudoaneurysms, 
necrosis, and parenchymal atrophy.3,10,2224

If CT findings are equivocal, patients may require refer
ral for more focused pancreatic imaging, such as MRI or 
magnetic resonance cholangiopancreatography, or for 
endoscopic procedures, such as EUS or endoscopic ret
rograde chol an giopan crea to graphy.3 Magnetic resonance 

TABLE 1

TIGAR-O Classification of Risk Factors 
Associated with Chronic Pancreatitis
Toxic-metabolic

Alcohol

Chronic renal failure

Hypercalcemia (hyperparathyroidism)

Hyperlipidemia (rare)

Medications*

Tobacco

Toxins

Idiopathic

Early and late onset

Tropical pancreatitis (tropical calcifying pancreatitis 
and fibrocalculous pancreatic diabetes)

Genetic

Autosomal dominant (cationic trypsinogen [codon 29 
and 122 mutations])

Autosomal recessive modifier genes (CFTR and 
SPINK1 mutations, cationic trypsinogen [codon 16, 22, 
and 23 mutations], alpha1-antitrypsin deficiency)

Autoimmune

Autoimmune chronic pancreatitis associated with 
inflammatory bowel disease, Sjögren syndrome, 
primary biliary cirrhosis

Isolated autoimmune chronic pancreatitis

Recurrent and severe acute pancreatitis

Postirradiation

Postnecrotic (severe acute pancreatitis)

Recurrent acute pancreatitis

Vascular ischemia

Obstructive

Duct obstruction (pancreatic or ampullary tumors) 
posttraumatic pancreatic duct fibrosis)

Pancreas divisum

Sphincter of Oddi disorders

*—Drug-induced pancreatitis is mostly acute or recurrent acute 
pancreatitis, specifically in high-risk populations (e.g., older per-
sons; patients with human immunodeficiency virus infection, 
cancer, or other immunocompromising condition). Common 
drugs that may induce chronic pancreatitis include angiotensin-
converting enzyme inhibitors, statins, didanosine (Videx), azathi-
oprine (Imuran), steroids, lamivudine (Epivir), hydrochlorothiazide, 
valproic acid (Depakene), oral contraceptives, and interferon.

Adapted with permission from Etemad B, Whitcomb DC. Chronic 
pancreatitis: diagnosis, classification, and new genetic develop-
ments. Gastroenterology. 2001;120(3):691, with additional infor-
mation from reference 5. 

TABLE 2

Differential Diagnosis of Chronic 
Pancreatitis
More common

Acute cholecystitis

Acute pancreatitis

Intestinal ischemia 
or infarction

Obstruction of 
common bile duct

Pancreatic tumors

Peptic ulcer disease

Renal insufficiency

Less common

Acute appendicitis

Acute salpingitis

Crohn disease

Ectopic pregnancy

Gastroparesis

Intestinal obstruction

Irritable bowel syndrome

Malabsorption

Ovarian cyst

Papillary cystadenocarcinoma 
of the ovary

Thoracic radiculopathy

Adapted with permission from Nair RJ, Lawler L, Miller MR. Chronic 
pancreatitis. Am Fam Physician. 2007; 76(11): 1681.
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chol angio pan creato graphy 
and EUS are useful for 
evaluating the pancreatic 
parenchyma and duct sys
tem. Endoscopic retrograde 
chol angio pan creato graphy 
has a high risk of compli
cations (e.g., pancreatitis, 
hemorrhage, infection), so 
it is not recommended for 
diagnosis unless all other 
tests are inconclusive.2,25 

APPROACH TO A PATIENT 
WITH SUSPECTED 
CHRONIC PANCREATITIS

Figure 2 shows a fivestep 
diagnostic approach to 
patients with signs and 
symptoms of chronic pan
creatitis. CT will detect 
involvement of large duct 
disease (pancreatic duc
tal dilation of 7 mm or 
more).2,4,10 CT may be 
inconclusive in patients 
with early disease or small 
duct disease (pancreatic 
ductal dilation less than 7 
mm). These patients should 
be referred to a center with 
expertise in pancreatic 
care for an MRI or mag
netic resonance cholangio
pancreato graphy.3 These 
imaging modalities, with 
EUS, are also useful for 
preoperative planning 
in patients with stones, 
strictures, or pseudo
cysts.24,23,2527 If a cystic 
lesion or mass is identified 
on imaging, malignancy 
must be excluded through 
EUS with biopsy and tumor 
marker analysis, specifically 
cancer antigen 199.2,3,28,29 If 
chronic pancreatitis is still 
suspected despite normal 
imaging findings, pancre
atic function tests can be 

TABLE 3

Laboratory Tests Used in the Evaluation of Patients with Suspected 
Chronic Pancreatitis

Tests Comments

Complete blood count Elevated with infection, abscess

Serum amylase and lipase Nonspecific for chronic pancreatitis

Total bilirubin, alkaline phospha-
tase, and hepatic transaminase

Elevated in biliary pancreatitis and ductal obstruction 
by strictures or mass

Fasting serum glucose Elevation suggests pancreatic diabetes mellitus

Pancreatic function tests Sometimes useful in early chronic pancreatitis with 
normal computed tomography or magnetic resonance 
imaging findings

Fecal elastase < 200 mcg per g of stool is abnormal; noninvasive, 
exogenous pancreatic supplementation will not alter 
results, requires only 20 g of stool

Fecal fat estimation > 7 g of fat per day is abnormal; quantitative, requires  
72 hours, should be on a diet of 100 g of fat per day

Secretin stimulation Peak bicarbonate concentration < 80 mEq per L  
(80 mmol per L) in duodenal secretion, best test for 
diagnosing pancreatic exocrine insufficiency

Serum trypsinogen < 20 ng per mL is abnormal

Lipid panel Significantly elevated triglycerides are a rare cause of 
chronic pancreatitis

Calcium Hyperparathyroidism is a rare cause of chronic 
pancreatitis

Immunoglobulin G4 serum 
antibody, antinuclear antibody, 
rheumatoid factor, erythrocyte 
sedimentation rate

Abnormality may indicate autoimmune pancreatitis

Note: Tests are listed in order of most to least commonly performed.

Adapted with permission from Nair RJ, Lawler L, Miller MR. Chronic pancreatitis. Am Fam Physician. 2007; 
76(11): 1681.

FIGURE 1

Contrast-enhanced computed tomography of the upper abdomen showing (A) pan-
creatic calcifications (arrow) with fluid and edema around the pancreas; and (B) pan-
creatic calcifications (arrow) with fluid and edema around the head of the pancreas.

Reprinted with permission from Nair RJ, Lawler L, Miller MR. Chronic pancreatitis. Am Fam Physician. 
2007;76(11):1682.
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performed.24,2729 A small study of 25 patients suggests that 
combining EUS and pancreatic function tests can improve 
the sensitivity of diagnosis.30

Treatment
Treatment of chronic pancreatitis can be medical, endo
scopic, or surgical (Table 4).15 The goals of all treatment 
modalities are improved pain, improved quality of life, 

and decreased morbidity and mortality from endocrine 
and exocrine pancreatic dysfunction. Studies that compare 
conservative medical therapy with invasive endoscopic or 
surgical interventions are lacking. Therefore, treatment 
decisions should be based on careful consideration of the 
goals of treatment and the risks vs. benefits.31,32

MEDICAL

Eliminating alcohol and tobacco use slows disease progres
sion and lessens complications, such as cancer.33 Dietary 
changes, particularly eating small, frequent, lowfat meals, 
can also help decrease pain and complications.2,3,10,34

Disabling pain is the most common symptom of chronic 
pancreatitis. Because treatment with narcotic pain medi
cations can lead to opioid addiction, beginning with non
steroidal antiinflammatory drugs or acetaminophen is 

TABLE 4

Chronic Pancreatitis Treatment Options

Medical

Analgesics (stepwise approach)

Antidepressants (treatment of concurrent depression)

Cessation of alcohol and tobacco use

Denervation (celiac nerve blocks, transthoracic 
splanchnicectomy)

Insulin (for pancreatic diabetes)

Low-fat diet and small meals

Pancreatic enzymes with proton pump inhibitors or his-
tamine H2 blockers

Steroid therapy (in autoimmune pancreatitis)

Vitamin supplementation (A, D, E, K, and B12) 

Endoscopic

Extracorporeal shock wave lithotripsy with or without 
endoscopy

Pancreatic sphincterotomy and stent placement for pain 
relief

Transampullary or transgastric drainage of pseudocyst

Surgical

Decompression

Cystenterostomy

Lateral pancreaticojejunostomy (most common)

Sphincterotomy or sphincteroplasty

Resection

Distal or total pancreatectomy

Pancreatoduodenectomy (Whipple procedure,  
pylorus-preserving, duodenum-preserving)

Not recommended

Allopurinol 

Antioxidant therapy (vitamin C, vitamin E, selenium, 
methionine [no longer available in the United States])

Octreotide (Sandostatin)

Prokinetic agents (erythromycin)

Adapted with permission from Nair RJ, Lawler L, Miller MR. Chronic 
pancreatitis. Am Fam Physician. 2007;76(11):1684.

FIGURE 2

A stepwise approach to imaging for chronic 
pancreatitis.

Step 5

Endoscopic retrograde cholangiopancreatography

Diagnostic criteria met: chronic pancreatitis

Inconclusive or nondiagnostic: monitor symptoms 
and repeat imaging in six months to one year

Step 4

Pancreatic function tests

Diagnostic criteria met: no further imaging

Inconclusive or nondiagnostic: proceed to step 5

Step 3

Endoscopic ultrasonography

Diagnostic criteria met: no further imaging

Inconclusive or nondiagnostic: proceed to step 4

Step 2

Magnetic resonance imaging/magnetic resonance 
cholangiopancreatography 

Diagnostic criteria met: no further imaging

Inconclusive or nondiagnostic: proceed to step 3

Step 1

Computed tomography

Diagnostic criteria met: no further imaging

Inconclusive or nondiagnostic: proceed to step 2

Clinical signs and symptoms of chronic pancreatitis

Abdominal pain

Weight loss

Steatorrhea

Malabsorption

History of alcohol abuse

History of recurrent pancreatitis

Perform history and physical examination

Obtain laboratory testing
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recommended. Adding narcotic pain 
medications in a stepwise approach 
may be necessary to obtain adequate 
pain control. Adjunctive therapy with 
tricyclic antidepressants, selective sero
tonin reuptake inhibitors, and com
bined serotonin and norepinephrine 
reuptake inhibitors is used to act in 
synergy with narcotics and treat con
comitant depression that is common in 
patients with chronic pancreatitis.31,32 

A Cochrane review of antioxidant 
therapy, including selenium, beta car
otene, lmethionine, vitamin C, and 
vitamin E, did not find evidence of 
effectiveness.35 Other studies found that 
octreotide (Sandostatin), allopurinol, 
or vitamin D provided no pain relief.10 
In a threeweek long study funded by the manufacturer, 
pregabalin (Lyrica) decreased shortterm opioid use and 
improved shortterm pain scores.36,37 However, studies with 
longer followup and larger sample size are needed before this 
becomes a standard treatment for chronic pancreatitis pain.

Pancreatic enzyme replacement is beneficial for the treat
ment of steatorrhea and malabsorption.3841 A Cochrane 
review of 10 trials involving 361 participants suggested that 
pancreatic enzyme replacement does not reduce pain from 
chronic pancreatitis, although results of individual studies 
were mixed.42

ENDOSCOPY

Endoscopy can be used to treat symptomatic strictures, 
stones, and pseudocysts. Endoscopic drainage of pseudo
cysts has a similar rate of pain relief as surgery, with 
equivalent or lower mortality.25,4348 Regression of the cyst 
occurs in 70% to 86% of patients after endoscopic drain
age.2528,4346 Endoscopic sphincterotomy or stent place
ment can provide pain relief without the risks of surgery 
in patients with strictures.10,25,27 Extracorporeal shock wave 
lithotripsy with or without endoscopic drainage of the 
pancreatic duct can reduce stone burden and pain.10,25,49,50

SURGERY

Onehalf of patients with chronic pancreatitis will even
tually require surgery,1 most commonly because of intrac
table, disabling pain.51 Indications for surgery are listed 
in Table 5.15 There are two types of surgeries for chronic 
pancreatitis. Decompression procedures are performed on 
patients with large duct disease, whereas resection proce
dures are performed on patients with small duct disease or 
pancreatic head enlargement. 

The most common decompression 
procedure is lateral pan cre atico jejun
ostomy (Figure 3A15). This procedure is 
more effective at providing longterm 
pain relief (60% to 91% of patients) 
than endoscopic approaches.2,5254 Sur
gery may also be performed to drain 
a symptomatic pseudocyst; however, 
because endoscopic approaches are as 
effective at relieving pain with fewer 
risks, surgery is reserved for when 
endoscopic intervention is ineffective 
or for complicated pseudocysts.47,48

Resection procedures55,56 include 
pan  creato duo den ectomy (Whipple  
pro cedure, Figure 3B15), pylorus
preserving pan creato duo den ectomy 
(Figure 3C15), duodenumpreserving 

pancreatic head resection (Beger or Frey procedures), and 
total pancreatectomy (Figure 3D15). The Whipple proce
dure is the most commonly performed surgery in patients 
with chronic pancreatitis because of its high success rate 
(pain relief in 85% of patients) and low mortality (less than 
3%).8,55,56 Pan creato duo den ectomy is indicated with pancre
atic head enlargement and typically results in significant pain 
relief.51 A Cochrane review of five trials including 292 partic
ipants compared the Whipple procedure with duodenum
preserving pancreatic head resection. Although hospital 
stay was shorter for duodenumpreserving pancreatic head 
resection, there was no statistical difference in mortality or 
quality of life.57,58 Total pancreatectomy is rarely performed 
because of high rates of complications and low rates of pain 
relief. Because of the high risk of diabetes in patients with 
chronic pancreatitis, total pancreatectomy should always be 
performed with an autologous islet cell transplant.56,59

Complications
Complications of chronic pancreatitis are summarized in 
Table 6.13,15,55,60 The most common causes of morbidity and 
mortality are chronic debilitating pain, diabetes, pancre
atic pseudocysts, and pancreatic cancer. Although pain is 
often present at diagnosis, it takes roughly five years for 
diabetes to develop.12,13,55,61 Pancreatic pseudocysts are usu
ally asymptomatic but may cause serious complications 
in 25% to 30% of patients with pancreatitis. Pseudocysts 
can lead to rupture, infection, bleeding, and obstruc
tion.10,13,54,55 Recurrent attacks of acute pancreatitis can 
cause pancreatic abscesses and necrosis, sepsis, and multi
organ failure.18 Almost onefourth of patients (23.4%) with 
chronic pancreatitis have osteoporosis and almost two
thirds (65%) have osteoporosis or osteopenia.60 There is 

TABLE 5

Chronic Pancreatitis: 
Indications for Surgery
Biliary or pancreatic stricture

Duodenal stenosis

Fistulas (peritoneal or pleural 
effusion)

Hemorrhage

Intractable chronic abdominal pain

Pseudocysts

Suspected pancreatic neoplasm

Vascular complications

Adapted with permission from Nair RJ, 
Lawler L, Miller MR. Chronic pancreatitis. 
Am Fam Physician. 2007;76(11):1684.
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a markedly increased risk of pancreatic cancer in patients 
with chronic pancreatitis, particularly among those with 
longterm alcohol use or hereditary pancreatitis.2,3,12,14,2528

Surveillance
Patients with hereditary pancreatitis have a 10fold 
increased risk of pancreatic cancer compared with the 

general population.61,62 Therefore, some experts sug
gest offering counseling and screening to patients with 
hereditary pancreatitis beginning at 40 years of age. The 
most recommended screening methods are EUS, CT, and 
endoscopic retrograde cholangiopancreatography; there 
is no consensus on screening interval. Additionally, 
patients with chronic pancreatitis who exhibit a change 

FIGURE 3

Most patients with chronic pancreatitis undergo surgery when initial medical and endoscopic treatments do not 
relieve pain. Surgical interventions include (A) lateral pancreaticojejunostomy, (B) pancreatoduodenectomy (Whip-
ple procedure), (C) pylorus-preserving pancreatoduodenectomy, and (D) total pancreatectomy.

Illustrations by Dave Klemm.

Reprinted with permission from Nair RJ, Lawler L, Miller MR. Chronic pancreatitis. Am Fam Physician. 2007; 76(11): 1685.
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in clinical symptoms (pain, weight loss, jaundice) should 
be evaluated for neoplasm.63 All patients at increased risk 
of cancer should be counseled on mitigating risk factors, 
especially alcohol and tobacco use.62,63 If a malignancy is 
suspected, a triphasic, pancreas protocol CT is the stan
dard for diagnosis. If this test is not available or if the 
patient has an allergy to contrast media, MRI with gado
linium may be used.62

This article updates a previous article on this topic by Nair, et al.15

Data Sources: A PubMed search was completed in Clinical 
Queries using the key terms chronic pancreatitis and pancre-
atitis. The search included meta-analyses, randomized con-
trolled trials, clinical trials, and reviews. Also searched were the 
Agency for Healthcare Research and Quality evidence reports, 
Clinical Evidence, the Cochrane database, the Institute for 
Clinical Systems Improvement, the National Guideline Clear-
inghouse database, Dynamed, and Essential Evidence Plus. 
Search dates: March 18, 2016, and September 20, 2017. 
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CHRONIC PANCREATITIS

eTABLE A

Imaging and Endoscopic Studies for Diagnosing Chronic Pancreatitis

Test Sensitivity (%) Specificity (%) Comment

Contrast-enhanced CT 75 to 90 85 to 91 Initial radiologic test of choice for evaluation of suspected 
chronic pancreatitis; can visualize calcifications, pseudocysts, 
thrombosis, pseudoaneurysms, necrosis, and atrophy

Endoscopic retrograde 
cholangiopancreatog-
raphy

75 to 95 90 to 94 Reference standard in many studies, invasive and associated 
with complications, mainly used in diagnosis of early chronic 
pancreatitis with normal CT and pancreatic function tests

Endoscopic 
ultrasonography

81 to 97 60 to 90 Useful in evaluation of early chronic pancreatitis, pancreatic 
mass, and cystic lesions; can be combined with fine-needle 
aspiration biopsy

Magnetic resonance 
imaging or magnetic 
resonance cholan-
giopancreatography

78 96 to 100 Noninvasive and nonionizing radiation or contrast media, less 
sensitive than endoscopic retrograde cholangiopancreatog-
raphy for evaluation of side branches, can be combined with 
secretin test

Plain abdominal 
radiography

NA NA Not routinely recommended; calcifications may be visible

Ultrasonography 67 98 Rarely diagnostic; may be useful for ultrasonography-guided 
aspiration of cyst

CT = computed tomography; NA = not available.

Adapted with permission from Nair RJ, Lawler L, Miller MR. Chronic pancreatitis. Am Fam Physician. 2007;76(11):1683. 

Additional information from: 
Adler DG, Baron TH, Davila RE, et al.;  Standards of Practice Committee of American Society for Gastrointestinal Endoscopy. ASGE guideline:  the 
role of ERCP in diseases of the biliary tract and the pancreas. Gastrointest Endosc. 2005; 62(1): 1-8.
Issa Y, Kempeneers MA, van Santvoort HC, Bollen TL, Bipat S, Boermeester MA. Diagnostic performance of imaging modalities in chronic pan-
creatitis:  a systematic review and meta-analysis. Eur Radiol. 2017; 27(9): 3820-3844.
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Abstract

Background: Chronic pancreatitis (CP) is a progressive inflammatory disorder currently 

diagnosed by morphologic features. In contrast, an accurate diagnosis of Early CP is not possible 

using imaging criteria alone. If this were possible and early treatment instituted, the later, 

irreversible features and complications of CP could possibly be prevented.

Method: An international working group supported by four major pancreas societies (IAP, APA, 

JPS, and EPC) and a PancreasFest working group sought to develop a consensus definition and 

diagnostic criteria for Early CP. Ten statements (S1–10) concerning Early CP were used to gauge 

consensus on the Early CP concept using anonymous voting with a 9 point Likert scale. Consensus 

required an alpha ≥0.80.

Results: No consensus statement could be developed for a definition of Early-CP or diagnostic 

criteria. There was consensus on 5 statements: (S2) The word “Early” in early chronic pancreatitis 

is used to describe disease state, not disease duration. (S4) Early CP defines a stage of CP with 

preserved pancreatic function and potentially reversible features. (S8) Genetic variants are 

important risk factors for Early CP and can add specificity to the likely etiology, but they are 

neither necessary nor sufficient to make a diagnosis. (S9) Environmental risk factors can provide 

evidence to support the diagnosis of Early CP, but are neither necessary nor sufficient to make a 

diagnosis. (S10) The differential diagnosis for Early CP includes other disorders with 

morphological and functional features that overlap with CP.

Conclusions: Morphology based diagnosis of Early CP is not possible without additional 

information. New approaches to the accurate diagnosis of Early CP will require a mechanistic 

definition that considers risk factors, biomarkers, clinical context and new models of disease. Such 

a definition will require prospective validation.

Introduction.

Chronic pancreatitis (CP) is one of the most difficult medical disorders to diagnose early and 

treat effectively. Advanced or End-stage CP is a well-described syndrome consisting of 

structural features of fibrosis, duct distortion, calcifications and/or atrophy, along with 

variable dysfunctional features of severe chronic pain, maldigestion and diabetes mellitus, 

and a long-term risk of pancreatic cancer. Patients with End-Stage CP typically struggle with 

pain relief, stigmatization, unemployment, and depression and often have among the worst 

quality of life measures for any chronic disease (1–3).

Tremendous effort and resources continue to be directed towards patients with end-stage 

disease. To avoid late stages complications and to improve clinical outcomes, diagnosis and 

treatment are essential at an early stage before CP becomes established and irreversible (4). 

Thus, it is important that increased efforts are directed towards early detection and targeted 

therapy in the hope of mitigating disease progression and improving the quality of life in a 

cost-effective, precision medicine approach (5).

The challenge in clinical care of patients with syndromes such as CP is that a “definitive 

diagnosis” is often only possible too late in the disease course to initiate treatments that 

might limit progression and/or minimize complications (4). Furthermore, between the onset 

Whitcomb et al. Page 2

Pancreatology. Author manuscript; available in PMC 2019 November 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



of various nonspecific signs and symptoms and the definitive diagnosis of CP by 

morphologic criteria, the patient often suffers from years of pain and distress while 

undergoing frequent diagnostic testing, such as in hereditary pancreatitis with an average 

delay of 9–10 years between symptom onset and a diagnosis (6, 7). In patients with atypical 

presentation and/or limited fibrosis (e.g. Cambridge score of <3 and/or not meeting 

Rosemont Criteria on EUS (8)) the diagnosis may be further delayed or missed altogether. 

Other consequences of delaying a definitive diagnosis include withholding effective 

treatments and/or giving inappropriate treatments (9).

A better understanding of the development, progression and treatment of CP is required. 

With that in mind, international experts have sought consensus on definitions, features and 

biomarkers related to the stages of CP. First, a mechanistic definition of CP was developed 

to better structure the features, interactions and stages of CP, and this definition was adopted 

by the major international pancreas organizations (10). A mechanism-based approach to 

assessment and management of pancreatic pain was published in 2017, taking into 

consideration the multidimensional nature of clinical presentation and variable response to 

specific therapies (11). Guidelines for the Diagnostic Cross Sectional Imaging and Severity 

Scoring of Chronic Pancreatitis have also been developed (submitted). But one of the most 

challenging areas for developing consensus is in Early CP because a definitive diagnosis of 

CP is impossible using the widely accepted imaging criteria (12). However, it may be 

possible to make a diagnosis of Early CP, in some cases, when CP is framed using the 

recently endorsed mechanistic definition and progression model (10). The aim was to 

determine whether consensus could be achieved for the definition and diagnostic criteria for 

Early CP and to highlight areas for further basic, translational and clinical research.

Historical definitions of Chronic Pancreatitis

Historically, the diagnosis of the CP syndrome was based on the triad of steatorrhea, 

pancreatic calcifications on abdominal X-ray and diabetes mellitus – evidence of end-stage 

disease. Early attempts to systematically define CP by morphologic, functional and clinical 

criteria occurred between 1963 and 1988 with three “Marseille” conferences (13–15). These 

conferences were fundamental in defining the characteristics of CP, but were relatively 

limited at the that time because of limited understanding of the complex risk factors for CP, 

particularly genetic, lack of sensitive imaging techniques and inadequate biomarkers of 

disease activity and progression. As a result the focus was necessarily on advanced CP with 

gross morphological features (16).

Significant improvements in abdominal imaging in the 1980s with computed tomography 

(CT), magnetic resonance imaging (MRI) and endoscopic retrograde 

cholangiopancreatography (ERCP) allowed more accurate assessments of morphologic 

changes, including the earlier stages of CP. An International Workshop held in Cambridge, 

England in March 1983 advanced the field with a working definition of CP based on 

morphology of the pancreas by ERCP imaging features, and an image-based severity scale 

(Cambridge Score) (12). The committee also recognized the limitations of imaging in 

making an early diagnosis. The conference report noted that the delegates “discussed the 

need for a grouping intermediate between acute and chronic pancreatitis, perhaps only as a 
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‘holding grade’ before final classification. This concept was eventually rejected, it being 

assumed that most clinicians would naturally use the term ‘probable chronic pancreatitis’ 

where necessary.” (12)

‘Early’ Chronic Pancreatitis.

The term “early-stage ACP” was used by Ammann, Heitz and Klöppel (17) to define a 

clinical stage linking alcoholic AP (AAP) and alcoholic CP (ACP). They argued that the 

diagnosis ‘early-stage ACP’ must be confirmed by criteria independent from histology, such 

as “long-term follow-up that eventually revealed the typical clinical features of CP” (17). 

Since Early-stage ACP could not be diagnosed with available clinical tests, the delegates to 

the 1996 Zürich Workshop used the term “Probable ACP” to describe the early phases of CP, 

typically lasting at least 5 years before “Definite ACP” could be diagnosed using 

morphologic features of End-stage CP. Thus, they defined a clinically important early stage 

that, at the time, could only be diagnosed in retrospect.

The majority of subsequent classification systems and consensus guidelines follow the 

Cambridge and Zürich Workshop recommendations of using morphologic criteria and 

applying the term “Probable CP” for cases with a high likelihood of CP but which do not 

meet imaging criteria of definite CP (18–21). For example, The M-ANNHEIM classification 

system follows the Zürich definitions, except for altering the criteria for “probable ACP” to 

“Borderline CP” for patients with “typical symptoms of chronic pancreatitis (i.e., recurrent 

episodes of acute pancreatitis) or with a first episode of acute pancreatitis who present 

without any morphological damage visible by means of pancreatic imaging techniques or 

detectable functional insufficiency suggestive of chronic pancreatitis” (22). The American 
Pancreatic Association (APA) Practice Guidelines in Chronic Pancreatitis (9) provided no 

definition for CP, but suggested classification of patients as “Definitive”, “Probable”, and 

“Insufficient” based on imaging studies or histology. The authors also recommended that 

patients in early stages should not be classified as having CP until definitive diagnostic 

features are evident (9). Most recently the United European Gastroenterology published 

guidelines for the diagnosis of CP (23), following the German S3 guidelines (18, 19) stating 

that the diagnosis of CP should be based on imaging modalities, but emphasized that 

imaging should be performed in symptomatic patients presenting with indicators suggestive 

of pancreatic disease. This reflects the Marseille approach where the diagnosis of CP is 

based on morphologic, functional and clinical criteria, but still with a focus on advanced 

disease.

In summary, these approaches recognized the existence of an early stage in progression of 

CP, but also recognized that the signs and symptoms of early disease are nonspecific, that 

progression is uncertain using the imaging approach to CP (8, 12) and that the diagnostic 

criteria required for a definitive diagnosis of CP using imaging techniques alone are not met. 

However, “Probable CP” (here used interchangeable with “Borderline CP”) is not a 

diagnosis, but rather a “placeholder” state, for those in whom CP high on the differential 

diagnosis list and is considered highly likely. The term “Possible CP” means that that CP 

ranks lower in the differential diagnosis list than other more likely diseases.
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The Japan Pancreas Society (JPS) was the first major body to provide criteria for the 

diagnosis of Early CP (4). The 2009 revision of the diagnostic criteria for CP used the terms, 

“Definite CP”, “Probable CP”, and “Early CP” to classify pancreatic disease patients (4). 

The JPS “Definite CP” and “Probable CP” diagnosis are based on imaging criteria for 

“Advanced CP Findings” and “Probable CP Findings”, respectively (Figure 1). Subjects 

with imaging findings of Probable CP, but who also have two or more of the first three JPS 

functional/clinical findings (Table 1) are diagnosed with “Definite CP”. The JPS definition 

of “Early-CP” requires that cases do not qualify for a “definite” or “probable” diagnosis, that 

they satisfy two or more of the 4 functional/clinical criteria (including persistent drinking 

history of >80 g/day), and demonstrate appropriate imaging findings (4). These imaging 

criteria are based on EUS and/or ERCP examination. The definition of “Possible CP” 

requires that the patient meet the functional/clinical criteria, but do not meet imaging criteria 

(4, 24).

While the JPS approach provides a potentially useful definition of Early CP, it has not been 

accepted internationally. This might be because of two limitations: that the imaging criteria 

have low specificity for Early CP and that continued alcohol use is a requirement. To make 

progress towards a definition and diagnostic criteria for Early CP, these limitations need to 

be overcome and a new paradigm introduced.

Mechanistic Definition of CP.

A new mechanistic definition of CP was proposed to define the mechanism of disease and 

the typical characteristics of established disease (10). In the mechanistic definition, “Chronic 

pancreatitis is a pathologic fibro-inflammatory syndrome of the pancreas in individuals with 

genetic, environmental and/or other risk factors who develop persistent pathologic responses 

to parenchymal injury or stress.” and “Common features of established and advanced CP 

include pancreatic atrophy, fibrosis, pain syndromes, duct distortion and strictures, 

calcifications, pancreatic exocrine dysfunction, pancreatic endocrine dysfunction and 

dysplasia.” Thus, the Mechanistic Definition does not require imaging features to define the 

disease.

Reliance on imaging as an essential requirement for the diagnosis of CP hinders the 

possibility of making early and definitive diagnoses of Early-CP. Initially, the diagnosis was 

hampered by limited sensitivity – but with improvements in imaging technology, the 

specificity of minor morphologic changes becomes the major challenge (25). Furthermore, 

current imaging techniques do not allow for the assessment or measure of most risk factors, 

degree of organ function, disease mechanism or disease activity.

The diagnosis of Early-CP requires a change in the way the CP disease is understood and 

managed. The mechanistic definition of CP (10) introduces a different framework for 

understanding and managing CP within the emerging concepts of precision medicine (5). 

Chronic pancreatitis is viewed as a complex disorder arising in high-risk subjects and 

progressing to end stage disease over time. More specifically, acquired diseases such as CP 

are more likely to develop in patients with one or more underlying molecular disorders, such 

as pathogenic PRSS1, SPINK1, CFTR, CTRC, CEL and CLDN2 genetic variants within a 

stress-provoking environmental context (26–30) and in a clinical context such as RAP. The 
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new definition is built on a progressive model of CP beginning with an asymptomatic “At 

Risk” stage and progressing over time, in some individuals, to “End-Stage CP”. This 

approach is inclusive of any susceptibility or modifying factors causing dysfunction of the 

normal process of Injury → Inflammation → Resolution → Regeneration originating in 

cells of the exocrine pancreas that ultimately lead to the characteristic pathological features 

of CP. The mechanistic definition also excludes disorders that cause pathology in the 

pancreas by different mechanisms, such as extrinsic duct obstruction, fibrosis from the 

desmoplastic reactions in pancreatic cancer or the pancreatopathy of long-standing diabetes 

mellitus and other disorders (25). Since the mechanistic definition of CP defines the process 

leading to the end-stage features of true CP, the earlier detection of this process has the 

potential to provide new diagnostic criteria for Early CP, including consideration of patients 

who are symptomatic but do not meet traditional imaging criteria for CP. Implementation of 

this mechanistic definition in clinical practice could prove beneficial in better defining and 

managing patients who are symptomatic of pancreatic disease, but in whom imaging results 

are non-specific or inconclusive for CP.

Goals and Objectives of an International Consensus Working Group on Early CP

Chronic pancreatitis is recognized as a heterogeneous syndrome that typically progresses 

from acute, recurrent and/or continuous inflammation of the pancreas to destructive and 

irreversible end-stage disease (10). Because of the complexity of CP and the differences 

between countries and populations, it is important that an advance in the understanding of 

this disease draws on international experience and expertise. This challenge is particularly 

relevant to the definition and diagnosis of Early CP where it is necessary to consider new 

ways to frame the disease, including the precision medicine paradigm that allows multiple 

interacting factors to be considered in parallel and sequence (5).

An international effort, including sixteen working groups was organized and commissioned 

to develop international consensus guidelines for the understanding and management of 

chronic pancreatitis in collaboration with the International Association of Pancreatology 

(IAP), American Pancreatic Association (APA), JPS and the European Pancreatic Club 

(EPC). The sub-group on Early CP (Chair; DCW) encompassing experts from the four 

major pancreas societies (IAP, APA, JPS, and EPC) and a PancreasFest working group.

Goals included:

1. To identify and invite a working group of international experts on the methods 

and criteria of the diagnosis of chronic pancreatitis.

2. To review the existing literature and emerging technologies related to Early CP

3. To hold an international consensus conference on Early CP that would be 

cosponsored by the IAP.

4. To develop an international consensus definition of Early CP.

5. To discuss and potentially develop consensus guidelines on the diagnosis of 

Early CP.
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The first three goals were achieved. The last two goals were not achieved, but significant 

progress was made in defining the issues surrounding Early CP, and outlining the needs for 

future research.

Methods

The first approach to developing an international consensus on the definition of CP was a 

“consensus of consensus guidelines” promoted by the organizers of the combined EPC / IAP 

Meeting in Southampton, UK in June 2014. The outcome of this meeting was a draft 

Mechanistic Definition of CP (10) as described earlier. This was presented and accepted by 

voting members of the respective organizations during special sessions of the European 
Pancreas Club in Liverpool, UK (July 9, 2016), PancreasFest 2016 in Pittsburgh, PA, USA 

(July 27, 2016) and the combined international Association of Pancreatology (IAP), Japan 
Pancreas Society (JPS) and the Asian-Oceanic Pancreatic Association (AOPA) joint meeting 

(IAP/JPS/AOPA) in Sendai, Japan on August 6, 2016.

During the 2016 EPC meeting, John P Neoptolemos, David C Whitcomb and Tooru 

Shimosegawa agreed on a joint venture to produce international consensus definitions and 

guidelines on CP with endorsement from the four International societies. The Mechanistic 
Definition of CP was used as a starting point, including a conceptual disease model that 

outlined a sequence of five disease stages representing the progression of CP from pre-

disease state to end-stage features (10). The stages were defined as Stage A, “At Risk”; 

Stage B, “AP-RAP”; Stage C, “Early CP”; Stage D, “Established CP”; and Stage E, 

advanced or “End Stage CP”. This progressive model was designed to organize the 

numerous biomarkers of disease state and disease activity within time frames, to aid in 

defining diagnostic criteria, disease subtypes, disease trajectory toward defined endpoints 

and effectiveness of treatments. Stage C, “Early CP” was included as a ‘place-holder’ while 

the minimum essential criteria for defining Stage C and Stage D were left for future 

discussions.

On August 6, 2016, a special session of the combined meeting of the IAP/JPS/AOPA was 

held in Sendai, Japan entitled “What is early chronic pancreatitis and why is diagnosis 

important?” Fourteen invited experts presented their perspectives on the question of “Early 

CP” based on a review of data from the relevant literature combined with their clinical 

experiences. The method of systematic literature review of major consensus reports, invited 

expert reviews, systematic reviews, and landmark papers that were published between 1965 

and 2016 on recurrent acute pancreatitis (RAP) and CP was previously described (10). The 

international experts provided data and a range of opinions on multiple issues, and no overall 

consensus was reached. Subsequently at the joint IAP/Latin American Pancreas Club 

meeting in Buenos Aires in September 2017, it was agreed to consider 10 statements for 

which the level of consensus was determined.

Grading evidence

Prior to starting, the international experts were asked to vote on their preferred system for 

rating the quality of evidence, which would be used in the international guidelines 

recommendations. The decision was to use the Grading of Recommendations Assessment, 

Whitcomb et al. Page 7

Pancreatology. Author manuscript; available in PMC 2019 November 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Development, and Evaluation (GRADE) approach, as adapted for “UpToDate” (http://

www.uptodate.com/home/grading-tutorial). The quality of evidence supporting the ten 

statements was graded as (i) “high” if there was very low probability of further research 

substantially changing the conclusions, (ii) “moderate” if further research might completely 

change the conclusions, and (iii) “low” if further research was likely to completely change 

the conclusions.

Defining consensus

The ten statements were then voted on by the working group of international experts that 

participated in the meetings and discussions for strength of agreement, using a 9-point Likert 

scale. The results were used to calculate Cronbach’s alpha reliability coefficient (http://

hdl.handle.net/1805/344). The results were classified under “agreement” as either; strong 

(≥80% of votes were 7 or above), conditional (≥65% of votes were 7 or above), and weak 

(<65% of votes were 7 or above). In addition, explanatory comments were compiled to 

frame the issues surrounding the statement, supported by key references. The final results 

were tabulated. Based on these results a final draft of the document was generated and 

circulated to all the authors for final editing and approval.

Results

The ten statements (S) relating to ten questions (Q) for the definition and diagnostic criteria 

of Early-CP are provided with the consensus in respect of the quality of Evidence, strength 

of Recommendation and degree of Agreement, in addition to the Cronbach’s alpha 

reliability coefficient (‘alpha’).

Q1. What is Early Chronic Pancreatitis?

S1. The term Early Chronic Pancreatitis describes the initial stage of definite 

chronic pancreatitis.

(Quality assessment: low; Recommendation: conditional; Agreement: conditional).

Alpha Agreement: 0.77

Explanation: Chronic pancreatitis is an acquired disease that occurs due to a variety of 

causes and has a progressive course. From a normal pancreas to a state of established 

chronic pancreatitis, the disease must progress through an intermediate state characterized 

by subtle features of CP regardless of clinical manifestations or pace of such progression.

Making a definite diagnosis of CP is important for several reasons. First, establishing a 

diagnosis provides answers to the patient as to the cause of signs and symptoms of disease 

that they may be experiencing. Second, it excludes or minimizes further diagnostic testing 

for other disorders within the differential diagnoses. Third, there is prognostic significance 

linked to the natural history of the disease. Fourth, it has management implications, both for 

symptomatic relief and limiting disease progression. Fifth, it triggers strong 

recommendations to avoid further alcohol or tobacco consumption.
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A few of the working group members were concerned about the use of the term “definite” 

(suggesting that a critical number of yet-to-be-defined criteria need to make a diagnosis of 

CP had been met). Specifically, in the setting of subtle and/or non-specific imaging features 

a premature or inaccurate diagnosis of “definite” CP may result in inappropriate radical 

treatments such as total pancreatectomy with islet autotransplantation (TPIAT) (31).

It was generally agreed, but not unanimously, that if the diagnosis of Early-CP were based 

on imaging criteria alone, a “definite” diagnosis could not be made (See Statement 5). To 

some experts the term “Early CP” itself was incompatible with the term “definite” and 

should be considered equivalent to “Possible CP” or “Borderline CP”. In contrast, others 

argued that, in clinical context the term “Definite CP” is relative. It does not mean 100% 

accuracy, but rather an acceptable accuracy for the purposes of clinical classification. The 

idea of “acceptable” balances the concepts of risk versus benefit when making a “definite” 

diagnosis of CP (see Statement 6). It was further recognized that a subset of patients 

classified by imaging criteria as “Possible CP” who also have high-risk etiologic factors (e.g. 

highly pathogenic genetic mutations or heavy alcohol consumption), a clinical setting of AP 

or RAP might be classified as Early-CP. In contrast, other patients with similar imaging 

findings but without high-risk etiology factors or RAP should not be given a diagnosis of 

Early-CP, especially if other diagnoses have not been excluded such as IPMN or acinar cell 

cystadenoma (25).

The idea of “accurately” diagnosing CP prior to advanced imaging findings was considered 

“possible” by most of the working group under some conditions, such as in an individual 

with genetic risk, RAP and “some” features of CP on abdominal imaging (see Statement 6). 

However, since there is low quality of evidence to support this statement, only moderate 

consensus was reached (alpha 0.77).

There was agreement that future studies are required to confirm that CP can be accurately 

diagnosed by new approaches before the development of imaging features of Established CP 

and End Stage CP are detected. to meeting historically established imaging criteria. Until 

such time there may be some uncertainty associated with the diagnosis of Early CP because 

of various conditions that may cause similar histological or morphological changes in the 

pancreas, such as aging and diabetes (Table 2). The benefit of integrating the probabilistic 

advantages of genetic testing with documented environmental factors within appropriate 

clinical settings to define and accurately diagnose Early CP needs to be tested in prospective 

studies.

Q2. What does the word “Early” mean in the definition of Early Chronic Pancreatitis.

S2. The word “Early” in early chronic pancreatitis is used to describe disease state, 

not disease duration.

(Quality assessment: moderate; Recommendation: strong; Agreement: strong).

Alpha Agreement: 1.00

Explanation: Early CP is distinguished from Established CP and End-Stage CP by the 

absence of features of advanced CP (10). The rate of progression from Early CP to 
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Established CP and End-Stage CP varies greatly and the basis of the variation is unclear. It 

follows that the duration of Early CP cannot be defined.

Q3. What does the word “chronic” mean in the definition of Early Chronic Pancreatitis?

S3. The word “Chronic” in early chronic pancreatitis is used to describe disease 

character and duration.

(Quality assessment: moderate; Recommendation: strong; Agreement: conditional).

Alpha Agreement: 0.69

Explanation: The working group members disagreed on what the word “chronic” meant in 

the context of Early-CP. The work “character”, linked to the Mechanistic Definition, refers 

to the molecular characteristic of chronic injury or stress and/or the pathologic response to 

the Injury → Inflammation → Resolution → Regeneration sequence. Some working group 

members still believed that “character” refers more to the morphologic characteristics of 

more advanced stages as used in the Cambridge Score or the Established CP/End-Stage CP 

phases of the mechanistic definition. From this perspective they considered that this term 

was an ‘oxymoron’ in Early CP, as chronic morphologic features cannot occur at an early 

stage. Thus, the term “chronic” defined by features of the late stages of CP and applying it to 

Early CP may be misplaced.

To qualify for the term “chronic” pancreatitis on the basis of the Mechanistic Definition, 

there needs to be evidence of ‘a persistent pathologic response’ (10). This amounts to a 

dysregulation and pathologic persistence of the expected inflammation, recovery and 

regeneration sequence, and indicates an active and progressive pathogenic response linked to 

acinar cells and/or duct cells, depending on the underlying mechanism of injury or stress. 

Furthermore, these changes do not occur in the normal response to AP or RAP. There are, 

however, no widely accepted biomarkers that distinguish the response to AP and RAP from 

CP. Thus, the term “character” depends on the definition of CP, and the corresponding 

disease concepts and models.

The working group members offered different opinions regarding the term “duration”. The 

U.S. National Center for Health Statistics describes a chronic disease as one that last for 

three months or more, but the literature uses the term “chronic disease” variably and it 

depends on the data used for the research and the discipline of the lead authors (32). There 

were some members of the working group that agreed that a period of persistent pathologic 

response for greater than 6 months after AP or RAP was a reasonable and pragmatic 

threshold for the diagnosis of Early CP while others advocated for at least 12 months. Some 

also argued that within that time frame (6 or 12 months) there should be detection of “at 

least some” morphological features diagnostic of Established CP but not enough for 

definitive diagnosis of CP.

Q4. How does Early Chronic Pancreatitis affect pancreatic function?

S4. Early chronic pancreatitis defines a stage of CP with preserved pancreatic 

function and potentially reversible features.
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(Quality assessment: low; Recommendation: strong; Agreement: strong).

Alpha Agreement: 0.83

Explanation: There are two components to this statement. Preserved pancreatic function 

means that viable parenchymal tissue remains that can function in terms of generating 

pancreatic digestive enzymes from acinar cells and secreting a bicarbonate-rich fluid from 

the duct cells. Secondly, the Early CP stage may be early enough that some of the lost 

functional features may return with appropriate treatment. The first concept recognizes a 

gradient from normal function to complete loss of function or organ failure, with the Early 

CP stage being closer to normal. The second concept is more difficult, because it suggests 

that there is a point in CP severity where the damage is irreversible and there is no chance of 

recovery.

There is little clinical evidence for the reversibility of impaired pancreatic function (or 

fibrosis) in CP, although this remains a research aim in developing therapies targeting the 

drivers of CP. However, there are several observations which suggest the potential for 

reversibility in Early-CP

First, in humans, viral hepatitis may lead to liver fibrosis (cirrhosis) and liver failure. 

However, new therapies for hepatitis B and hepatitis C that eliminate the virus can result in 

reversal of fibrosis and improvement in liver function (33–36). Histological regression of 

cirrhosis occurs in only a subset of patients and regression is more likely if the fibrosis 

occurred more recently, if there is effective and long-lasting viral suppression, if there is 

internal capacity to regenerate and if there is no vascular thrombosis (33). Regression of 

fibrosis also occurs in patients with common bile duct stenosis after biliary drainage (37). In 

the liver, elimination of the source of injury is the primary condition needed for the 

regression of cirrhosis, and patients with regression have better clinical outcomes than those 

who do not (36–38). These data indicate that reversal of fibrosis in humans is possible, and 

that in some cases of liver disease, function is at least partially restored.

Second, in animal models of CP, recurrent injury to the pancreas with cerulein-induced 

hyperstimulation to causing AP and RAP leads to pancreatic fibrosis (39–42). Discontinuing 

cerulein injections leads to resolution of the fibrosis and regeneration of normal pancreatic 

tissue, depending on the severity of damage over time (39). This observation indicates that 

elimination of the inflammatory driver at earlier stages can lead to regression in 

experimental models pancreatic fibrosis.

Third, there are conditions in humans in which exocrine pancreatic insufficiency resolves. 

Patients with autoimmune pancreatitis may have exocrine and/or endocrine pancreatic 

insufficiency, and these insufficiencies improve after steroid therapy (43), showing that the 

functional loss is reversible. Finally, pancreatic insufficiency is seen after AP, and generally 

reverses during recovery (44, 45). EPI may persist after AP in up to a third of patients (46–

50), but in some cases the EPI resolves with time (51).

This statement therefore defines the concept of reversibility, within limits, of lost exocrine 

function in Early CP. Future studies are needed to determine whether there are specific 
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subtypes of CP that have a component of reversible pancreatic functions with targeted 

therapies. The line between reversible and irreversible function loss has yet to be 

determined, but will vary depending on the number of factors including the particular 

function, the severity of functional impairment and the efficacy of the treatment.

Q5. Can Early Chronic Pancreatitis be diagnosed by abdominal imaging techniques alone?

S5. Early Chronic Pancreatitis cannot be diagnosed based on currently available 

imaging techniques alone.

(Quality assessment: moderate; Recommendation: strong; Agreement: conditional).

Alpha Agreement: 0.77

Explanation: Continuing improvement in abdominal imaging techniques have allowed 

more subtle changes in pancreatic structure to be detected. And while these imaging features 

are taken as surrogate for histological changes such as fibrosis, these findings are 

nonspecific (25). Many imaging features of Early CP overlap with other conditions 

associated with mild fibrosis, atrophy or altered morphology including old age, long-

standing diabetes mellitus, alcohol abuse without AP, and smoking without AP (52–54) 

(Table 2). EUS is considered the most sensitive modality for detecting Early CP (19, 23), 

although the number and type of diagnostic criteria continue to be debated (55). EUS does 

offer quantitative measures that are useful for staging severity of structural changes, 

calcifications, and fibrosis, especially when coupled with elastography (56–60). 

Furthermore, some patients with definite CP on histology have “normal” EUS using 

Rosemont criteria for CP (8). However, in general, as the threshold number of EUS criteria 

increases, the specificity for a diagnosis of CP increases but the sensitivity decreases (61). 

Since current imaging technology cannot measure and differentiate between the various 

pancreatitis-related or other etiologies of inflammation or fibrosis, it cannot be 

recommended for this purpose.

In contrast, some of the working group members argue that the Early-CP can be diagnosed 

by EUS criteria in the hands of expert physicians. Others suggested that although Early-CP 

cannot be diagnosed by abdominal imaging techniques now, it may be possible in the future 

as technology advances, especially with inclusion of functional measures. Future prospective 

studies are required to determine the accuracy of diagnosing Early CP in populations with 

patients with other disorders with similar or overlapping imaging features.

Q6. Can Early Chronic Pancreatitis be diagnosed by a combination of factors?

S6. Theoretically Early CP can be diagnosed based on a combination of (a) the 

presence of high risk factors for CP, (b) low risk for other disorders with features 

that overlap CP, (c) appropriate clinical context and (d) supportive biomarkers

(Quality assessment: low; Recommendation: strong; Agreement: weak).

Alpha Agreement: 0.62
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Explanation: The working group could not reach consensus on the diagnostic criteria for 

Early CP, although there was general agreement that it should be possible to make a fairly 

accurate diagnosis with the right combination of yet-to-be-determined criteria. There was 

agreement that some clinical features favored the diagnosis of CP, while other features either 

favored alternative diagnoses, or were nonspecific (Table 1). The working group also agreed 

that in addition to a combination of risk factors associated with CP, the clinical context and 

supportive biomarkers were all necessary to establish a “probable” diagnosis of Early CP. 

However, there was only a moderate level of consensus for the statement that a “definitive 

diagnosis” of Early CP could be made (see Statement 1 discussion).

Currently, a diagnosis of CP using imaging criteria is possible when there are advanced 

morphologic changes, but this precludes a diagnosis of early CP. The problem with using 

morphology as the sole diagnostic criteria for CP is that imaging findings do not correlate 

with pain, with disease activity or important outcomes (62, 63). This is especially important 

because clinical management of pancreatitis patients typically focuses on inflammation, pain 

and dysfunction rather than on fibrosis. Thus, the tradeoff of using advanced features of the 

Cambridge Score for a “definitive” diagnosis of CP is very low sensitivity for earlier phases 

of CP in exchange for higher specificity late in the disease. An alternative approach is 

needed that will improve both sensitivity and specificity.

Given that morphological features cannot be relied on for the accurate diagnosis of Early CP, 

other factors will be necessary. The hope is that the mechanistic definition of CP (10), which 

takes into account risk factors, biomarkers of inflammation, pain and functional status within 

the clinical context, will provide a framework for the development of diagnostic criteria that 

will allow the accurate diagnosis of Early CP.

Biomarkers objectively measure and biological and pathogenic processes (64, 65). 

Biochemical analytes, pain scales, imaging features, function tests and histology can each be 

used as biomarkers of different aspects of pancreatic health or disease to determine disease 

stage, state, trajectory or response to treatment. Since RAP and CP are complex disorders 

affecting multiple systems with variable responses, one biomarker, such as a pancreas image, 

cannot serve as a surrogate for all other biomarkers. Biomarkers without a defined context 

are also problematic since they are typically derived from naturally occurring features that 

become abnormal through statistically significant (+/− standard deviation) changes from 

normal in location, amount or timing of the feature. Thus there are inherent challenges with 

sensitivity and specificity; especially since specificity calculations are dependent on the 

population within which the biomarker is tested (66). Indeed, the issue of specificity raised 

the most concern among the working group members that opposed supporting a diagnosis of 

Early CP using imaging criteria alone.

The mechanistic definition of CP includes risk factors as a central part of the definition. 

Unlike biomarkers, risk factors are attributes, characteristics, or exposures that increase the 

likelihood of developing an injury or disease. A number of risk factors for CP, and the 

relative risk or risk ratio (RR) for many of these factors have been calculated (3, 67–69). 

Selecting patients with high risk effectively increase the prevalence of disease within the 

population being evaluated (70) and therefore improves the positive predictive value of the 
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biomarker-based test. Excluding patients with other disorders further increased the accuracy 

by removing potential false positive individuals. The probability that a biomarker of Early 

CP can provide and accurate diagnosis is influenced by the clinical context, and in particular 

the presence of risk factors. For example, a history of heavy alcohol use or RAP will 

increase the accuracy of a diagnostic biomarker of Early CP

Q7. Is acute pancreatitis a mandatory risk factor for Early Chronic Pancreatitis?

S7. A history of acute pancreatitis, and especially recurrent acute pancreatitis, are 

significant risk factors for early chronic pancreatitis, but are not mandatory to make 

a diagnosis.

(Quality assessment: low; Recommendation: conditional; Agreement: weak).

Alpha Agreement: 0.62

Explanation: Animal models of CP, clinical case series and multiple epidemiological 

studies have established that AP often, but not always, precedes CP (47, 49, 50, 71–75). It is 

generally accepted that AP is associated with the sequence of Injury → Inflammation → 
Resolution → Regeneration (10). The likelihood of CP developing is higher in patients with 

previous RAP than previous AP (76). Since AP and RAP are both major risk factors for CP, 

it follows that AP and RAP are also risk factors for Early CP. The members of the working 

group agreed that evidence for a diagnosis of Early CP was strengthened by a history of AP 

and especially RAP. However, some members of the working group felt that prior AP or 

RAP should be mandatory to make a diagnosis of Early CP. The likelihood that imaging 

features of mild pancreatic fibrosis represents Early CP is low in the absence of a history of 

AP. The relationship between the severity and timing of AP and the likelihood and timing of 

Early CP is unknown. The working group agrees that a careful history and documentation of 

risk factors such as a TIGAR-O list (9, 23, 77, 78), previous episodes of AP/RAP and their 

severity should be documented in all patients suspected to have CP.

Q8. Are genetic variants a required risk factor for Early Chronic Pancreatitis?

S8. Genetic variants are important risk factors for early chronic pancreatitis, but 

they are neither necessary nor sufficient to make a diagnosis.

(Quality assessment: moderate; Recommendation: strong; Agreement: strong).

Alpha Agreement: 0.85

Explanation: The discovery of high-risk, high penetrant and highly specific germ line 

mutations that can cause CP supports their use in the diagnosis of Early CP, especially as 

they are present before the onset of symptoms. The use and interpretation of a genetic test to 

evaluate a patient with possible Early CP is different in several ways than genetic testing in 

other settings. First, the testing is not done in asymptomatic patients to calculate life-long 

risk of developing a disease. Secondly, it can be used to determine which physiologic 

process is likely dysfunctional (e.g. duct secretion, trypsin regulation, unfolded protein 

response, oxidative stress). Third, evaluation of pathogenic modifier gene variants can be 

used to assess risk of more rapid progression to later stages of CP and complications (e.g. 
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CTRC linked to high risk with smoking (79), or CLDN2 linked to high risk of progression, 

especially with continued alcohol consumption (80–82)). Fourth, identification of 

pathogenic genetic variants in a symptomatic patient may identify the etiology of AP/RAP 

or pancreatitis-like symptoms and preclude the need for further workup. Finally, genetic 

testing is becoming important in identifying variants that predict response to specific genetic 

variants such as CFTR (83–86). Thus, in symptomatic patients genetic testing is not only 

valuable in determining the likelihood of Early CP, in contrast to other disorders, but it can 

also provide information on disease mechanisms and potential therapeutic targets.

Limitations in the availability and understanding of genetic data make obtaining a clear and 

accurate interpretation of individual genotypes challenging (87). Current genetic testing 

options contain a number of inherent challenges, including genotyping only a limited 

number of genes with small gene panels, incomplete coverage of key genes by focusing on a 

single nucleotide polymorphisms (SNPs), high homology between target genes, homologues 

and pseudogenes (88), and inability to detect many insertions, deletions, tandem repeats, 

copy number variants and fusion genes (89–92). In contrast, larger gene panels or exome/

genome sequencing provide more data but also identify greater numbers of variants of 

unknown significance and may miss correct sequencing of homologous or repeat regions.

The complexity of the CP syndrome is such that subsets of patients possess one or more 

highly pathogenic genetic variants associated with pancreatitis, while others have no 

identifiable genetic risk and yet develop End-stage CP. As with many disorders with a 

genetic component, physicians are faced with the burden of evaluating and managing genetic 

variants of unknown significance, and must recognize that there are likely many additional 

pathogenic variants yet to be discovered. Furthermore, genetic results cannot be interpreted 

outside of the clinical context, and the context of pancreatic diseases is complex. Genetic 

counseling is also important, both for the patient, and to help physicians who have a limited 

background in genetics or do not have the time to stay up to date with this dynamic field. 

However, the genetic counseling framework must be adapted for a complex disease when 

testing is used to evaluate the contribution of multiple modifiers that drive disease, rather 

than a Mendelian trait (93). Genetic testing can provide strong evidence of the etiology for 

RAP and Early CP, and help determine the mechanism of an evolving disease. Therefore, in 

the evaluation of Early CP, genetic testing for pancreatitis susceptibility genes and disease 

modifier genes in patients with RAP or evidence of Early-CP is clinically indicated when 

available (26, 78, 94), and should include both susceptibility genes and modifier genes with 

appropriate counseling.

Q9. Are environmental factors required risk factors for Early Chronic Pancreatitis?

S9. Environmental risk factors can provide important evidence in favor of early 

chronic pancreatitis, but they are neither necessary nor sufficient to make a 

diagnosis.

(Quality assessment: moderate; Recommendation: strong; Agreement: strong).

Alpha Agreement: 0.92
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Explanation: The presence of environmental factors in the right clinical setting highly 

supports the diagnosis of Early CP. The best studied environmental risk factors for chronic 

pancreatitis are heavy persistent alcohol use and cigarette smoking, and the effects are 

additive (95–98) (99). However, the majority of individuals with heavy or very heavy 

alcohol use do not develop chronic pancreatitis (100).

Both alcohol and smoking have direct effects on the pancreatic acinar and duct cells. 

Furthermore, during heavy use there are parenchymal changes in the pancreas that can be 

detected by image techniques such as endoscopic ultrasound (52, 54, 101, 102). In one study 

about 4% of healthy asymptomatic people without history and/or signs of pancreatic disease 

had at least three or more EUS abnormalities consistent with the diagnosis of CP (54). 

However, most of these changes stabilize or may resolve with cessation of the risk factor 

(103, 104). It is not known whether these features represent Early CP with resolution 

following elimination of the disease driver or whether they represents non-specific changes.

Persistent alcohol use and smoking are important but nonspecific risk factors for CP since 

some parenchymal changes can be seen that may not fulfill diagnostic criteria for CP using 

the Cambridge Scale. Use of predictive models that include genetic testing and history of AP 

or RAP may be helpful in classifying these patients in the future, but these clinical studies 

are lacking. The committee members and working group agree that during evaluation, a 

careful qualitative and quantitative history of alcohol and smoking use is required, and this 

information may increase the accuracy of a diagnosis of Early CP. The factors that define 

and drive the early fibro-inflammatory response require further study.

Q10. What is the differential diagnosis for Early Chronic Pancreatitis?

S10. The differential diagnosis for Early CP includes any other disorder with 

features that overlap the features of chronic pancreatitis as defined in the 

Mechanistic Definition of chronic pancreatitis.

(Quality assessment: moderate; Recommendation: strong; Agreement: strong).

Alpha Agreement: 0.83

Explanation: There are many disorders that result in changes in structure, function, 

clinical signs and symptoms and biomarkers that are similar to those that are thought to be 

present in Early CP. This overlap makes definitive diagnosis of Early CP difficult (4, 24, 25). 

The probability that early changes are due to Early CP is directly related to the likelihood of 

CP and inversely related to the likelihood of other disorders. The Mechanistic Definition 

defines the CP as a result of injury or stress (arising from the acinar cells or ducts) that 

generates a persistent inflammatory response (4, 24). This definition excludes autoimmune 

inflammation, inflammation and fibrosis arising from the islets related to long-standing 

diabetes mellitus, renal disease causing secondary effects on the pancreas, medications that 

alter the immune system (e.g. cyclosporine), age-related atrophy or fibrosis, IPMN, acinar 

cell cystadenoma, the desmoplastic response to pancreatic neoplasm, inflammation upstream 

of a duct obstructing mass, etc. Examples of the features that favor CP, or another diagnosis 

are nonspecific are listed in Table 2.
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In the future, clinical studies on patients evaluated for Early CP should also include the 

diagnostic tests and biomarkers that were used to address the differential diagnoses and 

clarify the true etiology of the underlying signs and symptoms. Such data will be useful for 

guiding future recommendations and guidelines.

Discussion:

The concept of Early-CP is well established, but there are no established definitions or 

diagnostic criteria. The goals in defining and developing specific criteria for Early CP are to 

facilitate the early and accurate diagnosis of the underlying disease so that effective, 

mechanism-based therapies can be developed, to minimize or reverse early disease features 

and to avoid late stage complications and poor outcomes (4, 25). A secondary effect is the 

avoidance of further unnecessary diagnostic testing, stopping inappropriate treatments and 

selecting better therapies. Early CP cannot be diagnosed by current imaging technologies 

alone and requires a new approach. In addition to imaging features the clinician must 

consider genetic and environmental risk factors, other biomarkers and functional tests, the 

clinical history and the clinical context. However, application of these concepts into practice 

is proving to be difficult. International consensus on the definition and criteria for 

diagnosing Early CP continues to be needed.

Central to the criteria for diagnosing any disorder is consideration of the risk: benefit ratio 

for doing the testing (e.g. EUS, ERCP) and implementing treatment (e.g. surgery, TPIAT) 

versus an alternative treatment or expectant observation until the disorder “declares itself”. If 

the outcome to be avoided is fibrosis, say in 10 years, and there is no specific therapy, then 

observation and symptomatic treatment may be indicated. If the outcome is severe pain and 

treatment delay results in continued suffering and high likelihood of developing an 

untreatable chronic pain syndrome, then early diagnosis and definitive treatments may be 

very beneficial (11, 105). The type of treatment planned for the current stage of the disease 

and severity of symptoms must also be evaluated. For example, the impact of treating a 

patient with Early CP with antioxidants (linked to a daily cost and inconvenience) is low, 

while the cost of treatment with surgery or TPIAT is high and the treatment is irreversible. 

Also, some treatments such as antioxidants appear to be more effective when started early 

(106). Other examples such as amlodipine (107) or camostat (108) may have positive effects 

but adequate studies are lacking and/or they may not be widely available. New clinical 

studies, utilizing new diagnostic approaches and designs are needed to provide evidence for 

future guidances.

The current report documents the level of agreement among international experts on various 

concepts related to Early CP. There was strong consensus on several statements including 

(Statement 2) the meaning of the word “Early”, (Statement 4) preserved pancreatic function 

and potentially reversible features, the importance of considering (Statement 8) genetic and 

(Statement 9) environmental etiologies and (Statement 10) on the differential diagnosis. 

Statements with moderate or low consensus included making a “definite” diagnosis of CP at 

earlier stages than currently available with the imaging criteria such as the Cambridge Score 

(Statements 1 & 6). Only moderate consensus was achieved with the definition of “chronic” 

in Early CP (Statement 3) and the interpretation and relative importance of imaging features 
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(Statement 5). Furthermore, distinction between Early CP, probable CP, borderline CP and 

possible CP remains unclear, as does the implications of the use of these terms. However, 

Early CP could potentially be diagnosed, with a high degree of accuracy (i.e. not 100% 

denoting “definite”), using a combination of (a) identification of high risk factors for CP, (b) 

the absence of high risk factors for other disorders with features that overlap CP, (c) 

appropriate clinical context and (d) supportive biomarkers including imaging as proposed by 

the JPS. Depending on the purpose of the test (low or high risk intervention), the threshold 

for diagnosis could be set to maximize sensitivity and/or specificity. This requires 

prospective evaluation since at the present time our test panels lack the necessary accuracy 

for routine clinical practice.

Without a definition or diagnostic criteria for Early CP it has not bee possible to conduct 

high quality prospective studies. Several preliminary studies provide an estimate of the 

progression from Early CP to Established CP. In Japan, 113 patients with “Early CP” based 

on clinical factors and EUS and ERCP findings (based on the JPS 2010 Guidelines, Japanese 

Diagnostic Criteria 2009) (4) were recruited by 13 member institutes of the Japanese 

Research Committee of Intractable Pancreatic Diseases (RCIPD) by 31 December 2010 and 

followed up to 31 December 2012(T Shimosegawa, Report of the RCIPD, 2014). Five 

(9.6%) of these 52 patients progressed, 15 (28.8%) were unchanged and 32 (61.5%) 

improved. The diagnosis using the same guidelines two years later was “Definitive CP” in 2, 

“Probable CP” in 3 “Early Suspected CP” in 6 and ‘No symptoms” in 26 (109). Thus 

uncertainty as to any diagnosis of CP remained in over 50% of cases diagnosed with “Early 

CP” more than two years earlier. Partly based on these findings the JPS Guidelines altered 

the diagnostic criteria to include Clinical/Functional features as shown in Table 1 and Figure 

1 (24).

A 20-year study from Liverpool identified 40 (17%) of 807 patients with CP, with the 

findings of minimal change chronic pancreatitis (MCCP) or “Early CP” based on clinical 

factors and EUS findings. On follow-up only 12 (30%) went on to develop radiological 

and/or histological features of definite CP, with a median follow-up of 30 (IQR, 18.75–36.5) 

months. Five (12.5%) had complete regression of MCCP changes and the remaining 23 

(57.5%) demonstrated no progression of radiological features to support a diagnosis of CP 

(110). These studies emphasize the need for better initial diagnostic criteria and prospective 

tracking of patient trajectory in larger cohorts.

In contrast to patients presenting with EUS findings as the initial sign of CP, Skinazi et. al. 

(111) followed 114 alcoholic patients without CP who presented with an initial attack of 

acute alcoholic pancreatitis and were followed prospectively for a minimum of two years. 

Definite CP was identifying in 101 patients (88.6%) by a combination of pancreatic 

calcifications (n = 71), mild to severe imaging abnormalities (n = 19), histological 

examination (n = 8), and perioperative data (n = 3). Four additional patients (3.5%) 

developed DM as the primary clinical feature along with sufficient clinical and imaging 

evidence to classify them using traditional criteria as Probable CP. This prospective study 

confirms the link between AP and CP, and documents the high risk of progression from AP 

to CP in patients with alcoholism.
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One of the major challenges for clinicians is to make a diagnosis in patients with or without 

a history of AP who have persistent exocrine pancreatic insufficiency, pancreatic atrophy, 

post AP diabetes mellitus, or recurrent-persistent abdominal pain following AP without 

morphologic changes of advanced CP. In some cases clinicians have diagnosed these 

patients as “minimal change CP” or “atypical CP” (112, 113). The opportunity to conduct 

future studies that utilize risk profiles, biomarkers of pancreatic injury or stress, tissue 

analysis when available, responses to targeted treatment and outcomes may resolve these 

questions. Better definitions of Early CP, facilitated by the mechanistic definition that helps 

identify the underlying disease drivers and potential therapeutic targets is an excellent 

example of precision medicine. This more holistic and individualized approach should lead 

to a more accurate diagnosis of patients with Early CP, and facilitate prospective studies that 

better define the natural history, rates of progression and more homogenous cohorts for 

intervention studies. It is clear that the approach to the definition and diagnosis of Early CP 

cannot be dependent on morphological changes.

Conclusions.

New approaches to the definition and diagnosis of Early CP should use risk factor analysis, 

biomarkers, clinical context and new models of disease with assessment of overall sensitivity 

and specificity integrated with risk: benefit analysis of treatment. Because these concepts are 

new, well-designed prospective clinical studies with long-term follow-up need to be 

conducted.
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Figure 1. 
Method of diagnosis Definite CP, Probable CP and Early CP using the Japanese Pancreas 

Society Clinical Guidelines, 2015. Clinical and imagine features of early CP are in Table 1. 

Modified from Japanese clinical guidelines 2015, Ito, et al (24).
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Table 1.

Early CP diagnosis from the Japanese clinical guidelines 2015.

A. Clinical/Functional Features.

1 recurrent upper abdominal pain (two or more attacks)

2 abnormal serum/urine enzyme levels,

3 abnormal exocrine function, with an additional criteria for Early CP of

4 continuous heavy drinking (> 80g/d).

B. Imaging findings of early chronic pancreatitis (either a or b)

a. More than two among the following seven features of EUS findings including at least one of (1–4)

1. Lobularity with honeycombing

2. Lobularity without honeycombing

3. Hyperechoic foci without shadowing

4. Stranding

5. Cysts

6. Dilated side branches

7. Hyperechoic MPD margin

b. Irregular dilatation of more than three duct branches on ERCP

EUS endoscopic ultrasonography, MPD main pancreatic duct, ERCP, endoscopic retrograde cholangiopancreatography
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Table 2.

Factors affecting the likelihood of CP. AP, acute pancreatitis; CP, chronic pancreatitis; DM, diabetes mellitus; 

EPI, exocrine pancreatic insufficiency; IPMN, intrapancreatic mucinous neoplasm; PDAC, pancreatic ductal 

adenocarcinoma; RAP, recurrent acute pancreatitis; SDS, Shwachman-Diamond Syndrome.

Pancreatology

Favors CP
 CP Genetic Risk Factors
 CP Genetic Modifiers
 Acute Pancreatitis
 RAP
 Characteristic Pain
 Chronic alcohol abuse and/or smoking (with AP)

Favors other Dx:
 Longstanding DM (e.g. >5 years before first AP)
 Older age
 Renal disease (advanced)
 Drugs (e.g. cyclosporine)
 Elevated IgG4
 High risk of PDAC
 IPMN
 EPI disorders (e.g. SDS)

Nonspecific
 Alcohol Use (without AP)
 Tobacco Smoking (without 
AP)
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Background/objectives: This paper is part of the international consensus guidelines on chronic pancre-
atitis, presenting for interventional endoscopy.
Methods: An international working group with experts on interventional endoscopy evaluated 26
statements generated from evidence on 9 clinically relevant questions. The Grading of Recommendations
Assessment, Development, and Evaluation approach was used to evaluate the level of evidence. To
determine the level of agreement, a nine-point Likert scale was used for voting on the statements.
Results: Strong consensus was obtained for 15 statements relating to nine questions including the
recommendation that endoscopic intervention should be offered to patients with persistent severe pain
but not to those without pain. Endoscopic decompression of the pancreatic duct could be used for im-
mediate pain relief, and then offered surgery if this fails or needs repeated endoscopy. Endoscopic
drainage is preferred for portal-splenic vein thrombosis and pancreatic fistula. A plastic stent should be
placed and replaced 2e3 months later after insertion. Endoscopic extraction is indicated for stone
fragments remaining after ESWL. Interventional treatment should be performed for symptomatic/
complicated pancreatic pseudocysts. Endoscopic treatment is recommended for bile duct obstruction
and afterwards surgery if this fails or needs repeated endoscopy. Surgery may be offered if there is
significant calcification and/or mass of the pancreatic head. Percutaneous endovascular treatment is
preferred for hemosuccus pancreaticus. Surgical treatment is recommended for duodenal stenosis due to
chronic pancreatitis.
Conclusions: This international expert consensus guideline provides evidenced-based statements con-
cerning indications and key aspects for interventional endoscopy in the management of patients with
chronic pancreatitis.
© 2020 IAP and EPC. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Interventions for chronic pancreatitis (CP) may include endos-
copy and extracorporeal shock wave lithotripsy (ESWL) as well as
surgery, but with a wide variation in practice globally for these
various approaches [1,2]. There are several guidelines focusing on
interventional endoscopy in chronic pancreatitis [3e7]. However,
these previous guidelines on CP have tended to be based on one
professional group and/or a single geographical area. The purpose
of these guidelines was to provide internationally applicable rec-
ommendations for practicing clinicians on the indication, selection
and approaches for non-surgical interventions. Multidisciplinary
experts from the International Association of Pancreatology, the
American Pancreatic Association, the Japan Pancreas Society, and
European Pancreatic Club (IAP-APA-JPS-EPC) joined to minimize
intrinsic biases for making The International Consensus Guidelines
on Chronic Pancreatitis (ICGCP). This paper aimed to be part of the
international consensus guidelines on chronic pancreatitis, pre-
senting for interventional endoscopy.

Methods

The process for developing the ICGCP guidelines was
commenced at the EPC Annual Meeting of 2016. A team of world-
wide experts comprising gastroenterologists, surgeons and radi-
ologists with expertise in endoscopy and interventional radiology
as well as surgery was composed, chaired by Masayuki Kitano. In-
ternational experts were selected from members of ICGCP Com-
mittee composed of four societies: EPC, APA, JPS and IAP
(Supplementary table). The first step was to generate clinical
questions and evaluate the evidence. A literature review of invited
expert reviews, systematic reviews, and landmark papers that were
published on CP was performed by 11 guideline members (MK,
TMG, PKG, TI, AI, HI, AK, KT, IY, SI, TS). The 11 guideline members
raised as many clinical questions as possible, and consolidated
them to a smaller number. For each clinical question, several
statements were made. The Grading of Recommendations Assess-
ment, 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 evi-
dence was graded as ‘high’ if there was (very) low probability of
further research substantially changing the conclusions, ‘moderate’
if further research might completely change the conclusions, and
‘low’ if further research was likely to completely change the con-
clusions. Statements were revised by discussion among all guide-
line members for each domain requiring multiple iterations until
there was complete agreement. Overlapping concepts in different
statements were consolidated into a smaller number of statements.
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 in between strong and weak recommendation.

After grading, theworking group of all guidelinemembers voted
on each statement for strength of agreement, using a nine-point
Likert scale. A single round of voting was completed using an
anonymized web-based system, and statements were not further
modified following voting. Out of the results, a Cronbach’s alpha
reliability 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%e80% of votes were 7 or above, and ‘weak’ less
than 65% of votes were 7 or above. In addition, comments to each
question and statements were compiled to explain the surrounding
issues, supported by key references.

Results

Q 1: What are the indications for intervention in chronic
pancreatitis.

Statement 1.1. Endoscopic or surgical treatment should be
offered to patients with chronic pancreatitis with persistent
severe pain. Intervention in the form of either surgery or
endotherapy is not recommended in asymptomatic patients
with chronic pancreatitis who do not have abdominal pain to
improve pancreatic exocrine and/or endocrine function or

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.uptodate.com/home/gradingtutorial
http://www.uptodate.com/home/gradingtutorial
http://hdl.handle.net/1805/344
http://hdl.handle.net/1805/344
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prevent cancer.
Quality assessment: moderate
Recommendation: strong
Agreement: strong
a ¼ 1.00
Statement 1.2. Endoscopic or surgical treatment should be

carried out after careful patient selection for local complica-
tions of chronic pancreatitis with persistent clinical symptoms
such as gastric outlet obstruction, duodenal stenosis, biliary
obstruction with cholestasis and pseudocysts.

Quality assessment: moderate
Recommendation: strong
Agreement: strong
a ¼ 1.00
Statement 1.3. Celiac plexus block may be undertaken in

patients for significant abdominal pain who are not candidates
for pancreatic surgery, or have not responded to endotherapy
and extracorporeal shock wave lithotripsy (ESWL), or have a
poor general condition as a temporizing measure before
definitive therapy.

Quality assessment: moderate
Recommendation: weak
Agreement: weak
a ¼ 0.41

Comment

Although pain is the reason for intervention and key to deciding
timing and type of intervention there is no consensus on how to
assess pain in chronic pancreatitis, but there are several recom-
mendations by the ICGCP for the understanding and management
of pain in chronic pancreatitis [1]. In the clinical situation pain will
normally be rated on an eleven-point numerical scale ranging from
0 (no pain at all) to 10 (worst imaginable pain). Pain characteristics
requiring intervention are that (1) there should be a plausible
relationship between pain and ductal morphology as in large
pancreatic duct disease, (2) the pain is persistent and continuous
with or without exacerbations, (3) that medical treatment is not
successful, and (4) that pain should at last for more than three
months. The likelihood for successful treatment depends on many
factors including age, duration of disease, pain characteristics, and
opioid dependency [2]. Persistent severe pain requires that it
should last for >3 months (i.e. chronic pain according to the new
ICD-11 guidelines), and whilst pain is a composite of sensory in-
tensity, cognitive and affective factors that need to be taken into
consideration for the individual patient, but pain intensity above 3
on the numerical scale with impact on daily life is normally
considered severe [8]. Many factors can bring on pancreatic pain
and shall be considered in the evaluation [9]. Long pain duration
may affect the outcome in a negative way as the sensory system can
undergo permanent neuroplastic changes where pain may become
independent on the peripheral nociceptive drive [10]. More
importantly a temporal association between the development of
pancreatic morphological changes and pain may predict a favorable
prognosis to invasive treatments [2].

It is the general impression that patients with central sensiti-
zation do not respond adequately to treatment [10]. However,
central sensitization is difficult to measure and although quanti-
tative sensory testing, electrophysiological and imaging methods
may reveal some proxies for permanent neuroplastic changes in
the central nervous system, there are no accepted criteria to eval-
uate these findings. Other factors such as anxiety and cognitive
features goes hand in hand with central sensitization and compli-
cates evaluation of the individual patient [1]. Narcotic dependence
normally goes hand in hand with long-lasting pain and central
sensitization and opioid use is associated with a less favorable
outcome [11,12]. It is also of concern that opioids can in some in-
stances contribute to hyperalgesia [8,13]. However, in the individ-
ual patient, it is difficult to determine whether opioids worsen the
response to treatment as these patients have more severe pain and
lower quality of life. This predicts a bad outcome to treatment per
se and complicates the evaluation [2].

Once medical measures have failed, persistent severe pain can
treated by both endoscopic and surgical procedures, although
pancreatic function may not always be improved [14e21]. Early
surgery in two randomized trials was associated with an increased
likelihood of complete pain relief associated with a reduced risk of
pancreatic insufficiency and low re-intervention rates compared to
endoscopic intervention [20,21]. Symptomatic local complications
of chronic pancreatitis including gastric outlet obstruction,
duodenal stenosis, biliary obstruction with cholestasis and pseu-
docysts are also indications for interventional treatment
[15,19e22].

Celiac plexus block (CPB) consists of injecting corticosteroids,
local anesthetics or absolute alcohol into the celiac plexus nerve/
ganglia to disrupt the signaling of painful stimuli through pancre-
atic nerves [23]. Meta-analyses have reported that EUS-guided CPB
may relieve pain in 51%e59% of patients but this is short-lived and
is inferior to surgical management [24e26]. The nerve destruction
may lead to an increase in pain due to neuropathic mechanisms
that develop later and there are potential severe side effects such as
hypotension, hemorrhage, infections and neurological complica-
tions [2,27]. CPB lasts for <3 months and after the neurolysis any
neuropathic pain will worsen and together with the potential se-
vere side effects neurolysis is a contraindication in chronic
pancreatitis [28]. Therefore, we were unable to reach a consensus
about CPB for management of pain in patients with chronic
pancreatitis.

Q 2: What is the best strategy for the treatment of pancreatic
ductal stricture.

Statement 2.1. Non-surgical decompression of the main
pancreatic duct including endoscopic therapy can be selected
for immediate pain relief of chronic pancreatitis before
considering surgery. Surgical intervention should be considered
if endoscopic procedure fails or has temporary success needing
repeated endoscopic therapy.

Quality assessment: moderate
Recommendation: conditional
Agreement: strong
a ¼ 0.88
Statement 2.2. If there are contraindications for surgical

therapy in patients in whom conventional endoscopic therapy
has failed, endosonographic-guided drainage of the pancreatic
duct is another option for pain control.

Quality assessment: moderate
Recommendation: weak
Agreement: weak
a ¼ 0.47
Statement 2.3. Endoscopic drainage should be the preferred

modality for treating pancreatic pain and biliary stricture in
patients with chronic pancreatitis who have associated portal/
splenic vein thrombosis.

Quality assessment: moderate
Recommendation: conditional
Agreement: strong
a ¼ 0.82
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Comment

The main purpose of main pancreatic duct (MPD) decompres-
sion is pain relief [29e38]. The immediate response rates with
endoscopic stenting range from 65% to 95% [16,18,29e38].
Morbidity rates of 18%e58% and mortality rates of 0e5% are re-
ported for both endoscopy and surgery [11,20,21,39e43]. The long-
termpain relief is 54% at 2 years [5], 85% at 2e12 years [29], 64% at 2
years [18], and 58% at 12 years [36]. Failed stone extraction using
endoscopic pancreatic sphincterotomy and a basket or a balloon is
associated with stones >10 mm, diffuse location, stone impaction,
and location upstream from a stricture [44,45]. The success rate of
endoscopic therapy is much higher for strictures and stones in the
head of the pancreas than either the body and/or the tail of the
pancreas [4,19].

Three randomized trials demonstrated that surgery is more
effective than endoscopic treatment for persistent pain relief
[20,21,43,47]. In the randomized controlled study from the Czech
Republic, the initial success rates were similar for both groups, but
at the 5-years, absence of pain weight gain were more frequent in
the surgical group although the partial relief of pain and new-onset
diabetes mellitus were not significantly different [20]. In the ran-
domized trial from the Netherlands, symptomatic patients who
underwent endoscopic treatment as the initial treatment for MPD
obstruction had less pain relief (32% vs 75%, at 2 years; 38% vs 80%,
at 5 years respectively), withmore procedures (median of 12 versus
4 at 5 years respectively), than patients whowere treated surgically
[21,43]. Moreover, 47% of the patients in the endoscopy group
eventually underwent surgery after 5-years follow-up [44]. The
ESCAPE multicenter, randomized trial comprised 88 patients with
chronic pancreatitis, a dilated MPD, and who had only recently
started using prescribed opioids for severe pain (strong opioids for
�2 months or weak opioids for �6 months) [46]. In the early sur-
gery group 44 patients underwent pancreatic drainage surgery
within 6 weeks after randomization and in the endoscopy-first
approach group 44 patients were randomized to medical treat-
ment, endoscopy including lithotripsy if needed, and surgery if
needed. During 18 months of follow-up, patients in the early sur-
gery group had a lower Izbicki pain score than patients in the group
randomized to receive the endoscopy-first approach group (37
versus 49. Complete or partial pain relief at end of follow-up was
achieved in 23 (58%) of 40 patients with early surgery compared
to16 (39%) of 41 in the endoscopy-first group. The total number of
interventions was lower in the early surgery group, although
treatment complications, mortality (0%), hospital admissions,
pancreatic function, and quality of life were not significantly
different between early surgery and the endoscopy-first approach
[46]. Hirota et al. also found that endoscopic stent placement when
necessary for more than one year, was inferior to surgery [47].
These studies require cautious interpretation pending controlled
sham clinical trials [2].

In complex cases when surgical and conventional endotherapy
are not possible, then EUS -guided drainage of the MPD may be an
option for pain control with an overall clinical success rate of 78.8%,
but the adverse event rate (abdominal pain, bleeding, perforation,
fever and severe pancreatitis) of 18.9% with a median (range) stent
patency of 195 (10e780) days [48e54]. More recent developments
include the use of a dedicated plastic stent or a fully covered self-
expandable metal stent (FCSEMS) [55,56]. EUS-guided drainage of
the MPD should only be performed at a center of expertise, pref-
erably in the context of a clinical trial.

Splanchnic venous thrombosis including splenic vein, hepatic
portal vein and mesenteric vein thrombosis leading to extrahepatic
portal hypertension in patients with CP has prevalence of around
11.6% [57]. Endoscopic therapy may be appropriate in this situation
as venous collaterals confer a major risk of complications from
surgery [58].

Q 3: How should endoscopic stent treatment be done for
pancreatic ductal stricture.

Statement 3.1. A straight plastic pancreatic stent should be
placed across the stricture depending on the caliber of the
stricture of the pancreatic duct.

Quality assessment: low
Recommendation: conditional
Agreement: strong
a ¼ 0.88
Statement 3.2. An endoscopic retrograde cholangio-

pancreatography (ERCP) inserted endoscopic stent should be
removed or exchanged at between 2 and 3 months later. At this
time a new stent should be inserted if there is still a significant
stricture.

Quality assessment: low
Recommendation: conditional
Agreement: strong
a ¼ 0.88
Statement 3.3. Multiple stents or a metal stent may be

considered for persisting pancreatic strictures due to severe
chronic pancreatitis.

Quality assessment: low
Recommendation: conditional
Agreement: weak
a ¼ 0.47

Comment

Around 36% of patients who receive pancreatic stenting develop
ductal changes, which are related either to stent occlusion and
direct stent trauma or side branch occlusion [59,60]. Stent
replacement is commonly performed 2e6 months after the initial
stent insertion and not be for >1 year [30e34,36e38,43,47,61e65].

Multiple plastic stents [35], or a removable FCSEMS have been
used to try to achieve quicker stricture resolution [66e68]. Cos-
tamagna et al. found that after a median of three plastic stents (8.5-
Fr to 11-Fr) placed for a mean of 7 months resulted in 84% of pa-
tients being asymptomatic without major complications during a
mean follow-up of 38 months [35]. FCSEMS placement for 2e3
months produced complete pain relief in 86% at a mean follow-up
of 5 months after stent removal but there was a high stent migra-
tion rate [66e68]. However, we were unable to reach a consensus
about multiple stents or a metal stent for treatment of persisting
pancreatic strictures due to severe chronic pancreatitis, because
these previous studies were non-randomized.

Q4: What is the strategy for the treatment of pancreatic ductal
stones.

Statement 4.1. ESWL should be the first-line therapy as non-
surgical intervention for main pancreatic duct stones in pa-
tients with chronic pancreatitis who do not get adequate pain
relief with conservative management although a stent place-
ment may be done first to relieve pain.

Quality assessment: low
Recommendation: conditional
Agreement: conditional
a ¼ 0.71
Statement 4.2. Endoscopic extraction is indicated for small

stones or stone fragments after ESWL.
Quality assessment: moderate
Recommendation: conditional
Agreement: strong
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a ¼ 0.82

Comment

ESWL for MPD stones >5 mm has achieved complete pain relief
in 52.7% of patients who failed conservative pain management and
mild to moderate pain relief in 33.4% at a median (range) of 24
(2e60) months follow-up [69]. Quality of life improved in 88.2%
and complete ductal clearance was achieved in 70.7% patients [69].
Adverse events from ESWL can be achieved in <6.0% of patients
treated [14,70,71].

A randomized controlled study that compared ESWL alone with
ESWL plus endoscopic stent placement revealed no difference be-
tween the groups neither in terms of MPD diameter decrease, nor
in the number of pain episodes/year [70]. Endoscopic intervention
alone for pancreatic duct stones has a low success rate and a high
complication rate [72]. There are however some studies that
showed that combined ESWL and endoscopic therapy might pro-
vide favorable long-term results [73], even with coexisting
pancreatic pseudocysts [74]. Intraductal laser or electrohydraulic
lithotripsy is another option, but success rates vary from 47% to 89%
[75,76]. Although there was no study comparing ESWL and intra-
ductal therapies for treatment of pancreatic stones, intraductal
therapies require insertion of a pancreatoscope into the pancreatic
duct [77e81]. Further study is needed to decide whether these
intraductal therapies can replace ESWL as first-line treatment.

Q5: What is the strategy for the treatment of pancreatic pseu-
docysts in chronic pancreatitis.

Statement 5.1. For pancreatic pseudocysts that cause symp-
toms and/or complications, interventional or surgical treatment
should be performed.

Quality assessment: moderate
Recommendation: strong
Agreement: strong
a ¼ 0.94
Statement 5.2. Underlying stricture or disruption of themain

pancreatic duct with symptoms and/or complications should be
treated with endoscopic transpapillary placement of a pancre-
atic stent for pseudocysts <5 cm and with communication with
the main pancreatic duct.

Quality assessment: moderate
Recommendation: conditional
Agreement: conditional
a ¼ 0.71
Statement 5.3. Asymptomatic and uncomplicated pancreatic

pseudocysts of more than 5 cm in diameter that do not resolve
within six weeks may be treated with transmural drainage.

Quality assessment: low
Recommendation: weak
Agreement: weak
a ¼ 0.53
Statement 5.4. In case of a suspected neoplastic cystic lesion

diagnostic needle aspiration of the cyst may be done.
Quality assessment: low
Recommendation: weak
Agreement: weak
a ¼ 0.53
Statement 5.5. Surgical intervention should be considered if

endoscopic drainage of pseudocysts fails or has temporary
success needing repeated endoscopic therapy, especially when
there is disconnected duct syndrome, inflammatory mass, and
intraductal calculi with duct strictures.

Quality assessment: low
Recommendation: conditional
Agreement: strong
a ¼ 0.82

Comment

Pancreatic pseudocysts occur in 20% and 40% of patients with CP
[82]. Potential complications of the pseudocysts include infection of
the pseudocyst, bile duct or gastric outflow obstruction or duodenal
stenosis, rupture into the peritoneal cavity, pancreato-pleural fis-
tula, portal or splenic vein thrombosis leading to sinistral (left-
sided) portal hypertension, pseudocyst erosion into adjacent ves-
sels resulting in pseudoaneurysm formation, and bleeding into the
gastrointestinal tract or peritoneal cavity [82,83]. MPD disruption
and stricture may lead to delayed resolution or recurrence of
pancreatic pseudocyst in patients with CP.

Pancreatic duct stenting may improve clinical outcomes in pa-
tients with pancreatic duct stricture or leakage [84]. When the
pseudocyst communicates with the MPD, transpapillary approach
is initially recommended. This approach is useful for drainage of
pseudocysts measuring <5 cm that are not suitable for transmural
drainage [85]. Therefore, if pancreatic duct stricture or disruption is
suspected on imaging tests such as CT and MRI, then endoscopic
retrograde pancreatography (ERP) is recommended with pancre-
atic duct stenting across the stricture or disruption prior to pseu-
docyst drainage. In cases with large pseudocysts however, ERP may
be difficult owing to the severe luminal compression of the stomach
or duodenum, so transmural drainage should be performed first.
For larger pseudocysts, endoscopic transmural drainage has a
technical success rate of more than 90% and a treatment success
rate of 75e90% [86]. For transmural drainage, EUS-guided drainage
has mostly replaced conventional endoscopy-guided drainage, as
needle puncture can be made more accurately and more safely by
avoiding any interposed vessel under real-time color Doppler
guidance [87,88].

Spontaneous resolution of pseudocysts in patients with CP may
occur in around 20% of cases whilst independent predictive factors
of persisting symptoms are intrapancreatic pseudocysts greater
than 4 cm or if they are extra-pancreatic [89]. Indications for pro-
phylactic pseudocyst drainage in the absence of symptoms include
compression of major vessels, pancreato-pleural fistula, pseudocyst
size >5 cmwithout any regression after >6 weeks, pseudocyst wall
>5 mm, and pseudocysts associated with advanced MPD changes
or pancreatolithiasis [3,4]. However, we were unable to reach a
consensus about transmural drainage for asymptomatic and un-
complicated pancreatic pseudocysts of more than 5 cm in diameter
because of low level of evidence.

Differentiation between a pseudocyst and a cystic pancreatic
neoplasm is essential [90e92]. The pooled sensitivity (54%) for
diagnostic needle aspiration of the cyst is low, with a 2.7%
morbidity rate [93,94]. Therefore, we were unable to reach a
consensus about diagnostic needle aspiration of the cyst for a
suspected neoplastic cystic lesion.

There are four randomized trials comparing endoscopic with
surgical intervention that showed that both approaches provided
similarly effective treatment for the pancreatic pseudocysts with no
significant differences in mortality [87,88,95,96]. Endoscopic
drainage was superior in terms of short-term quality of life, dura-
tion of hospital stay, the frequency of adverse events, and hospital
costs, although there was a greater need for additional invasive
procedures with endoscopy-based compared to open surgical
drainage. Endoscopic drainage may be preferred to surgical treat-
ment in symptomatic or complicated non-hemorrhagic pancreatic
pseudocysts [5,82,84,97,98]. Endoscopic drainage of hemorrhagic
pseudocysts is contraindicated requiring a combined endovascular
and surgical approach [3,5,82]. Surgery should be undertaken if
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endoscopic drainage is not successful [3,5,82].

Q6: What is the strategy for the treatment of distal main biliary
duct obstruction in chronic pancreatitis.

Statement 6.1. Endoscopic treatment is recommended when
the patients show symptoms related to the distal bile duct
obstruction (obstructive jaundice and/or acute cholangitis), and
in persistent cholestasis with alkaline phosphatase elevation
(>2e3 times) for at least month even in asymptomatic patients.

Quality assessment: low
Recommendation: conditional
Agreement: strong
a ¼ 0.88
Statement 6.2. Endoscopic treatment withmultiple plastic or

covered metal stents may be effective for relieving of the
symptoms related to the distal bile duct obstruction due to
chronic pancreatitis.

Quality assessment: low
Recommendation: weak
Agreement: conditional
a ¼ 0.71
Statement 6.3. In main biliary duct strictures caused by

chronic pancreatitis, biliary stent placement is recommended
for a period of 6 months to 1 year.

Quality assessment: low
Recommendation: weak
Agreement: Weak
a ¼ 0.65
Statement 6.4. Plastic stent replacement formain biliary duct

stricture is recommended every 3 months. The optimal period
for replacement of covered metal stent is currently unknown.

Quality assessment: low
Recommendation: weak
Agreement: Conditional
a ¼ 0.71
Statement 6.5. Endoscopic placement of multiple plastic or

covered metal stent and/or surgery are appropriate to manage
refractory bile duct obstruction.

Quality assessment: low
Recommendation: conditional
Agreement: conditional
a ¼ 0.76
Statement 6.6. Surgical treatment should be planned if bile

duct obstruction reoccurs after one year of endoscopic stent
treatment. For the patients who have significant calcifications
and/or mass of the pancreatic head, surgical treatment may be
preferred as an initial treatment.

Quality assessment: low
Recommendation: strong
Agreement: strong
a ¼ 0.94

Comment

Asymptomatic cholestasis due to intra-pancreatic bile duct
stricture may improve spontaneously during observation, but sec-
ondary biliary cirrhosis may develop due to continuous cholestasis
[15]. Endoscopic stenting for biliary decompression is required in
patients with CP presenting with a � 4-week history of biliary
obstructionwith jaundice, and/or asymptomatic elevation of serum
alkaline phosphatase >2 times the upper limit of normal [4]. Smits
et al. reported good short-term results, but only 27.6% long-term
success [33]. Calcific pancreatitis is a predictive factor for failure
of initial treatment with single plastic stent, and in these cases,
surgical treatment is preferred as an initial treatment [99,100].
Multiple plastic stents [101,102], or a covered SEMS may be used to
manage the refractory cases [66,103,104]. Endoscopic biliary
stenting has no additional effect beyond one year [3,4,33,104e106].
Surgical treatment should therefore be planned if bile duct
obstruction recurs after one year of stent therapy [105,106]. Early
surgical intervention benefits patients in terms of better pain
control and preservation of pancreatic function [40,46,107]. A
resection must be undertaken if malignancy cannot be excluded.

Biliary stricture in calcified CP is difficult to resolve [99,100].
Randomized studies have shown better efficacy of SEMS compared
to multiple plastic stents in treating benign biliary strictures and
need be exchanged every 3e12 months [108,109]. However, there
were low level of evidence about how we should perform endo-
scopic treatment for main biliary duct obstruction in chronic
pancreatitis. In particular, we were unable to reach a consensus
about the duration of stent placement.

Q7: What is the strategy for the treatment of internal pancreatic
fistula and pancreatic pleural effusion and ascites in chronic
pancreatitis.

Statement 7.1. Endoscopic interventional therapy should be
undertaken for themanagement of internal pancreatic fistula in
patients presenting with main pancreatic duct disruption or
obstruction.

Quality assessment: low
Recommendation: conditional
Agreement: Strong
a ¼ 0.88

Comment

Endoscopic interventional therapy for internal pancreatic fis-
tulas such as pancreato-peritoneal and pancreato-pleural fistulas in
CP, includes trans-papillary pancreatic stenting, and endoscopic
sealing of pancreac fistula using glue [110e113]. Early bridging of
the MPD by pancreatic stent can lead to satisfactory outcome
provided this is done before the internal fistula develops are per-
manent fistula tract by granulation tissue and fibrosis [113]. Sur-
gical therapy will be required in patients with complete MPD
obstruction or disruption, or when there is an established internal
fistula [110].

Q8: What is the strategy for the treatment of hemosuccus
pancreaticus in chronic pancreatitis.

Statement 8.1 Percutaneous endovascular treatment should
be the first choice of treatment for hemosuccus pancreaticus in
hemodynamically stable patients. However, patients with he-
modynamic instability and unsuccessful embolization should
undergo surgery.

Quality assessment: low
Recommendation: conditional
Agreement: strong
a ¼ 0.94

Comment

Hemosuccus pancreaticus is a rare form of intermittent gastro-
intestinal blood loss, defined as bleeding into the duodenum from
an internal vascular fistula between a vein or an artery with the
MPD, most commonly due to a pseudoaneurysm [114,115]. Endo-
vascular therapy is preferred ahead of surgery although placing a
stent in the MPD may also work in blocking the fistula. The success
rate of angiographic embolization as the initial therapy is over 70%
whilst surgery tends to be nearly always successful there is a small
risk of post-operative death [115,116].
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Q9: What is the strategy for the treatment of duodenal
obstruction in chronic pancreatitis.

Statement 9.1. Surgical treatment is recommended for
duodenal stenosis associated with chronic pancreatitis, as
endoscopic treatment is difficult in such cases.

Quality assessment: moderate
Recommendation: conditional
Agreement: strong
a ¼ 0.88
Statement 9.2. Duodenal stenosis due to chronic pancreatitis

should be carefully differentiated from pancreatic cancer.
Quality assessment: moderate
Recommendation: strong
Agreement: strong
a ¼ 1.00

Comment

Around 5% of patients with CP have duodenal stenosis due to
inflammation of the pancreatic head or groove pancreatitis, which
occurs locally in the groove formed by the duodenum, pancreatic
head, and common bile duct [15,117]. Groove pancreatitis accounts
for around 6% of CP cases and up to 20% of patients with CP who are
treated by partial pancreaticoduodenectomy [117]. ERCP is techni-
cally challenging in bile or pancreatic duct stenosis with concurrent
duodenum stenosis[44], and EUS-guided drainage of the MPD or
themain biliary duct may be an alternative approach [118]. Surgical
intervention is preferred in patients with biliary and pancreatic
duct strictures due to CP accompanied by duodenal stenosis but
cancer must be excluded [15,119].

Discussion

The aim of the ICGCP (EPC-APA-JPS-IAP) is not only to assist a
more pragmatic basis for patient diagnosis andmanagementbut also
to help accelerate the assessment and hence the development of
newer pharmacological and other therapies. The advantage of ICGCP
over the other guidelines is to provide internationally applicable
recommendations. Regarding interventional endoscopy, previous
guidelines on CP have tended to be based on one professional group
and/ora singlegeographical area [17e20]. By tacklingevidencebased
multi-disciplinary approach across different professional organiza-
tions and different continents intrinsic biases can be minimized. In
addition, most previous guidelines included interventional endos-
copy as a part of therapy. Therefore, detailed statements for inter-
ventional endoscopy were not described in these guidelines. The
European Society of Gastrointestinal Endoscopy (ESGE) reported
guidelines specific to interventional endoscopy on CP, in which
statements for indications, strategy and methods were created only
by endoscopists. The current guidelines of ICGCP are different from
ESGE guidelines in that surgeons and endoscopists from all major
continents contributed to creating detailed statements.

Nine key clinically relevant questions with 26 statements were
eventually chosen to be evaluated. Of these a strong consensus was
obtained for 15 statements relating to nine questions (Table 1). A key
recommendation was that intervention either non-surgical or sur-
gical should be offered to all patients with persistent severe pain and
large duct disease refractory to medical management. This is in line
with the ICGCP guidelines for surgery and the timing of intervention
in CP [120]. Even so at present there is no consensus on how to assess
pain in CP [1,2,8,9]. Whilst many factors can bring on pancreatic pain
[9], previous ICGCP guidelines have made a number several recom-
mendations for the understanding andmanagementof pain in CP [1].
It is important to recognize that long term opioid use is associated
with pain of long duration and is associated with a less favorable
outcome in part due to central sensitization [11,12,107]. Intervention
whether by endoscopic therapy or surgery is better undertaken
sooner rather than later. Early surgery for pain is especially effective
[11,40,46]. Surgery is also an effective treatment for pancreatic ductal
stones compared to endoscopy therapy [20,21]. Non-surgical
decompression of the MPD however could be used for immediate
pain relief, and then the patient offered surgery if this failed. Endo-
scopic drainage is preferred for biliary stricture if there is associated
hepatic portal-splenic vein thrombosis. In terms of endoscopic
techniques, a straight plastic stent should be placed across a
pancreatic stricture and stricture dilatation could thenbeundertaken
dependingonthedegreeofnarrowing;anendoscopic stent shouldbe
removed or replaced 2e3 months later after insertion; and endo-
scopic extraction is indicated for stone fragments following ESWL.
Patientswitha symptomaticpancreaticpseudocyst and/orassociated
with complications should be offered surgical or non-surgical inter-
vention. Endoscopic treatment is recommended for obstructive
jaundice and/or acute cholangitis due to distal bile duct obstruction
and then surgery if this fails. Surgery may be offered if there is sig-
nificant calcification and/or mass of the pancreatic head. Endoscopic
intervention is preferred for an internal pancreatic fistula. Percuta-
neous endovascular treatment is preferred for hemosuccus pan-
creaticus. A duodenum preserving head resection is recommended
for duodenal stenosis due to a CP in the head of the pancreas.

Although there was a strong recommendation for the use of
endoscopic treatment for obstructive jaundice and/or acute chol-
angitis due to distal bile duct obstruction, there was only condi-
tional agreement for the use of biliary stents to manage
uncomplicated or even refractory bile duct obstruction. There was
also conditional agreement on all three statements relating to how
endoscopic biliary drainage could technically be best achieved.
Therewas conditional support for the use of ESWLwithMPD stones
in patients to relieve pain who do not obtain adequate pain relief
with pancreatic duct stent placement. Conditional support high-
lights the need for more focused research on these questions.

There was strong support that symptomatic pancreatic pseu-
docyst should be offered surgical and/or non-surgical intervention.
There was however, only conditional support using endoscopic
pancreatic stents for pseudocysts <5 cm, irrespective of associated
strictures and other features. Also there was only weak support for
transmural drainage of asymptomatic and uncomplicated pancre-
atic pseudocysts >5 cm in diameter that do not resolve within six
weeks, or diagnostic needle aspiration of suspected neoplastic
cystic lesion in the presence of CP.

There was only weak agreement on the use of celiac plexus
block to be undertaken in patients with significant abdominal pain
who are not candidates for pancreatic surgery, or in thosewho have
not responded to endotherapy and ESWL, or in those who have a
poor general condition as a temporizing measure before definitive
therapy. Pain relief only lasts for short term with a risk for side
effects such as postural hypotension and diarrhea [28]. Another
major concern is that the use of celiac plexus block can cause severe
inflammation and fibrosis making subsequent surgery quite diffi-
cult and so celiac plexus block should be abandoned, in line with
the ICGCP consensus guidelines for the understanding and man-
agement of pain in CP [1]. There was weak agreement
endosonographic-guided drainage of the pancreatic duct is an op-
tion for pain control even if there are contraindications for surgical
therapy in patients in whom conventional endoscopic therapy has
failed. This was based on the fact that evidence to support this
approach is weak, whilst there are potential serious complications.
There was also lack of support for the use of multiple stents or a
metal stent for persisting pancreatic strictures, due to lack of good
evidence. The current evidence base does not support strong rec-
ommendations related to the application of endoscopy or surgery



Table 1
Recommendations stratified according to the a score.

Domain Statement a
score

Quality
assessment

Recommendation Agreement

Q1: What are the indications for intervention in
chronic pancreatitis

1.1 Endoscopic or surgical treatment should be offered to patients
with chronic pancreatitis with persistent severe pain.
Intervention in the form of either surgery or endotherapy is not
recommended in asymptomatic patients with chronic
pancreatitis who do not have abdominal pain to improve
pancreatic exocrine and/or endocrine function or prevent
cancer.

1.00 Moderate Strong Strong

Q1: What are the indications for intervention in
chronic pancreatitis

1.2 Endoscopic or surgical treatment should be carried out after
careful patient selection for local complications of chronic
pancreatitis with persistent clinical symptoms such as gastric
outlet obstruction, duodenal stenosis, biliary obstruction with
cholestasis and pseudocysts

1.00 Moderate Strong Strong

Q9: What is the strategy for the treatment of
duodenal obstruction in chronic pancreatitis.

9.2 Duodenal stenosis due to chronic pancreatitis should be
carefully differentiated from pancreatic cancer.

1.00 Moderate Strong Strong

Q5: What is the strategy for the treatment of
pancreatic pseudocysts in chronic pancreatitis.

5.1 For pancreatic pseudocysts that cause symptoms and/or
complications, interventional or surgical treatment should be
performed.

0.94 Moderate Strong Strong

Q6: What is the strategy for the treatment of distal
main biliary duct obstruction in chronic
pancreatitis.

6.6 Surgical treatment should be planned if bile duct obstruction
reoccurs after one year of endoscopic stent treatment. For the
patients who have significant calcifications and/or mass of the
pancreatic head, surgical treatment may be preferred as an
initial treatment.

0.94 Low Strong Strong

Q8: What is the strategy for the treatment of
hemosuccus pancreaticus in chronic
pancreatitis.

8.1 Percutaneous endovascular treatment should be the first choice
of treatment for hemosuccus pancreaticus in hemodynamically
stable patients. However, patients with hemodynamic
instability and unsuccessful embolization should undergo
surgery.

0.94 Low Conditional Strong

Q 2: What is the best strategy for the treatment of
pancreatic ductal stricture.

2.1 Non-surgical decompression of the main pancreatic duct
including endoscopic therapy can be selected for immediate
pain relief of chronic pancreatitis before considering surgery.
Surgical intervention should be considered if endoscopic
procedure fails or has temporary success needing repeated
endoscopic therapy

0.88 Moderate Conditional Strong

Q 3: How should endoscopic stent treatment be
done for pancreatic ductal stricture.

3.1 A straight plastic pancreatic stent should be placed across the
stricture depending on the caliber of the stricture of the
pancreatic duct.

0.88 Low Conditional Strong

Q 3: How should endoscopic stent treatment be
done for pancreatic ductal stricture.

3.2 An endoscopic retrograde cholangio-pancreatography (ERCP)
inserted endoscopic stent should be removed or exchanged at
between 2 and 3 months later. At this time a new stent should
be inserted if there is still a significant stricture.

0.88 Low Conditional Strong

Q6: What is the strategy for the treatment of distal
main biliary duct obstruction in chronic
pancreatitis.

6.1 Endoscopic treatment is recommended when the patients
show symptoms related to the distal bile duct obstruction
(obstructive jaundice and/or acute cholangitis), and in
persistent cholestasis with alkaline phosphatase elevation (>2
e3 times) for at least month even in asymptomatic patients.

0.88 Low Conditional Strong

Q7: What is the strategy for the treatment of
internal pancreatic fistula and pancreatic pleural
effusion and ascites in chronic pancreatitis.

7.1 Endoscopic interventional therapy should be undertaken for
the management of internal pancreatic fistula in patients
presentingwithmain pancreatic duct disruption or obstruction.

0.88 Low Conditional Strong

Q9: What is the strategy for the treatment of
duodenal obstruction in chronic pancreatitis.

9.1 Surgical treatment is recommended for duodenal stenosis
associated with chronic pancreatitis, as endoscopic treatment is
difficult in such cases.

0.88 Moderate Conditional Strong

Q 2: What is the best strategy for the treatment of
pancreatic ductal stricture.

2.3 Endoscopic drainage should be the preferred modality for
treating pancreatic pain and biliary stricture in patients with
chronic pancreatitis who have associated portal/splenic vein
thrombosis.

0.82 Moderate Conditional Strong

Q4: What is the strategy for the treatment of
pancreatic ductal stones.

4.2 Endoscopic extraction is indicated for small stones or stone
fragments after ESWL.

0.82 Moderate Conditional Strong

Q5: What is the strategy for the treatment of
pancreatic pseudocysts in chronic pancreatitis.

5.5 Surgical intervention should be considered if endoscopic
drainage of pseudocysts fails or has temporary success needing
repeated endoscopic therapy, especially when there is
disconnected duct syndrome, inflammatory mass, and
intraductal calculi with duct strictures.

0.82 Low Conditional Strong

Q6: What is the strategy for the treatment of distal
main biliary duct obstruction in chronic
pancreatitis.

6.5 Endoscopic placement of multiple plastic or covered metal
stent and/or surgery are appropriate to manage refractory bile
duct obstruction.

0.76 Low Conditional Conditional

Q4: What is the strategy for the treatment of
pancreatic ductal stones.

4.1 ESWL should be the first-line therapy as non-surgical
intervention for main pancreatic duct stones in patients with
chronic pancreatitis who do not get adequate pain relief with
conservative management although a stent placement may be
done first to relieve pain.

0.71 Low Conditional Conditional

Q5: What is the strategy for the treatment of
pancreatic pseudocysts in chronic pancreatitis.

5.2 Underlying stricture or disruption of the main pancreatic duct
with symptoms and/or complications should be treated with
endoscopic transpapillary placement of a pancreatic stent for

0.71 Moderate Conditional Conditional
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Table 1 (continued )

Domain Statement a
score

Quality
assessment

Recommendation Agreement

pseudocysts <5 cm and with communication with the main
pancreatic duct.

Q6: What is the strategy for the treatment of distal
main biliary duct obstruction in chronic
pancreatitis.

6.2 Endoscopic treatment with multiple plastic or covered metal
stents may be effective for relieving of the symptoms related to
the distal bile duct obstruction due to chronic pancreatitis.

0.71 Low Weak Conditional

Q6: What is the strategy for the treatment of distal
main biliary duct obstruction in chronic
pancreatitis.

6.4 Plastic stent replacement for main biliary duct stricture is
recommended every 3 months. The optimal period for
replacement of covered metal stent is currently unknown.

0.71 Low Weak Conditional

Q6: What is the strategy for the treatment of distal
main biliary duct obstruction in chronic
pancreatitis.

6.3 In main biliary duct strictures caused by chronic pancreatitis,
biliary stent placement is recommended for a period of 6
months to 1 year.

0.65 Low Weak Weak

Q5: What is the strategy for the treatment of
pancreatic pseudocysts in chronic pancreatitis.

5.3 Asymptomatic and uncomplicated pancreatic pseudocysts of
more than 5 cm in diameter that do not resolve within six
weeks may be treated with transmural drainage.

0.53 Low Weak Weak

Q5: What is the strategy for the treatment of
pancreatic pseudocysts in chronic pancreatitis.

5.4 In case of a suspected neoplastic cystic lesion diagnostic needle
aspiration of the cyst may be done.

0.53 Low Weak Weak

Q 2: What is the best strategy for the treatment of
pancreatic ductal stricture.

2.2 If there are contraindications for surgical therapy in patients in
whom conventional endoscopic therapy has failed,
endosonographic-guided drainage of the pancreatic duct is
another option for pain control.

0.47 Moderate Weak Weak

Q 3: How should endoscopic stent treatment be
done for pancreatic ductal stricture.

3.3 Multiple stents or a metal stent may be considered for
persisting pancreatic strictures due to severe chronic
pancreatitis.

0.47 Low Conditional Weak

Q1: What are the indications for intervention in
chronic pancreatitis.

1.3 Celiac plexus block may be undertaken in patients for
significant abdominal pain who are not candidates for
pancreatic surgery or have not responded to endotherapy and
extracorporeal shock wave lithotripsy (ESWL), or have a poor
general condition as a temporizing measure before definitive
therapy.

0.41 Moderate Weak Weak
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for different subsets of CP (eg, multifocal strictures, large calcific
burden, etc.), and that randomized controlled trial level data are
needed.

Clinical practice should be consolidated around the strong rec-
ommendations. Where the recommendations are weak clinical
practice should be curtailed or substantially modified, unless new
good evidence emerges. Interventions with conditional support
should be considered focus areas for active research to produce
further quality evidence to strengthen the particular clinical
approach.
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Pancreatolithiasis, or pancreatic calculi (PC), is a sequel of 
chronic pancreatitis (CP) and may occur in the main ducts, 
side branches or parenchyma. Calculi are the end result, ir-
respective of the etiology of CP. PC contains an inner nidus 
surrounded by successive layers of calcium carbonate. These 
calculi obstruct the pancreatic ducts and produce ductal 
hypertension, which leads to pain, the cardinal feature of 
CP. Both endoscopic therapy and surgery aim to clear these 
calculi and decrease ductal hypertension. In small PC, endo-
scopic retrograde cholangiopancreatography (ERCP) followed 
by sphincterotomy and extraction is the treatment of choice. 
Large calculi require fragmentation by extracorporeal shock 
wave lithotripsy (ESWL) prior to their extraction or spontane-
ous expulsion. In properly selected cases, ESWL followed by 
ERCP is the standard of care for the management of large 
PC. Long-term outcomes following ESWL have demonstrated 
good pain relief in approximately 60% of patients. However, 
ESWL has limitations. Per oral pancreatoscopy and intra-
ductal lithotripsy represent techniques in evolution, and in 
current practice their use is limited to centers with consider-
able expertise. Surgery should be offered to all patients with 
extensive PC, associated multiple ductal strictures or follow-
ing failed endotherapy. (Gut Liver 2016;10:873-880)

Key Words: Chronic, pancreatitis; Pancreatic calculi; Cholan-
giopancreatography, endoscopic retrograde; Extracorporeal 
shockwave lithotripsy 

INTRODUCTION

Chronic pancreatitis (CP) is a disease of diverse etiology char-
acterized by progressive and irreversible changes in the pancre-
as, resulting in loss of exocrine and endocrine functions. Pain, 
either continuous or episodic, is the dominant and distressing 
feature of this illness and significantly worsens the quality of 

life. Alcohol, smoking, genetic factors, metabolic disturbances 
and defects in immunity are some of the known etiological 
agents.1 While alcohol is the commonest etiological agent in 
most industrialized countries, the nonalcoholic idiopathic type 
of CP is more prevalent in some countries.2-4 Pancreatic calculi 
(PC) are the sequelae of CP and can occur in about 50% of pa-
tients.5 These calculi aggravate or produce the typical pancreatic 
pain experienced by patients, by obstructing pancreatic ducts 
and producing upstream ductal hypertension and subsequent 
parenchymal hypertension. Therapy, either endoscopic or surgi-
cal aims at clearing these calculi and reducing the ductal hyper-
tension, relieving pain and improving quality of life. PC seen in 
the nonalcoholic, idiopathic variety of CP tend to be large and 
denser than those seen in the alcoholic variety.6,7 

In this review we will discuss the various aspects of PC with 
special emphasis on extracorporeal shock wave lithotripsy 
(ESWL) and endoscopic management. 

PCs are classified on the basis of type, numbers and location. 
They may be (1) radio opaque, radiolucent or mixed; (2) single 
or multiple; (3) located in the main pancreatic duct (MPD), side 
branches or in the pancreatic parenchyma; and (4) located in 
head, body or tail regions (Fig. 1). Majority of PCs are radio 
opaque while a few are radiolucent or mixed.2 

PATHOGENESIS AND COMPOSITION

Pancreatic stone protein (PSP) plays a key role in the forma-
tion of PC.8 Various factors including gene expression, cause a 
reduction in PSP. Reduction in PSP results in supersaturation of 
calcium carbonate in the pancreatic juice. This calcium carbon-
ate is then deposited over an inner nidus. Irrespective of the eti-
ology of CP, the structure and composition of PC are the same 
suggesting a common pathway for pancreatolithiasis.9 

Scanning electron microscopy and energy dispersive X-ray 
fluorescence have revealed that all PC have an amorphous ni-
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dus, which forms the center of the PC. The nidus contains ele-
ments such as nickel, iron and chromium. It is over this nidus 
that calcium carbonate in the form of calcite is deposited in 
multiple layers and over multiple stages.9 

MODALITIES OF TREATMENT 

As mentioned earlier pain is the dominant symptom in pa-
tients with CP and calculi contribute by obstructing the pancre-
atic ducts and increasing upstream hypertension. A coexisting 
ductal stricture can exacerbate the preexisting hypertension. 

The following are the modalities of therapy for removal of 
PC. 

(1)  Endoscopic therapy: this includes endoscopic retrograde 
cholangiopancreatography (ERCP) and stone extraction 
and ESWL. Pancreatoscopy and intraductal lithotripsy as 
well as and mechanical lithotripsy are lesser-utilized en-
doscopic techniques for PC extraction.

(2)  Surgical therapy: both drainage and resection procedures 
are widely used in the surgical management of CP with 
calculi. 

(3)  Dissolution of PC: even though chemical agents such as 
trimethadione have been earlier shown to dissolve stones, 
these are seldom used in modern day practice. 

1. Endoscopic therapy of PC

Small and floating calculi, <5 mm can be extracted by the 
standard technique of ERCP and pancreatic sphincterotomy (PS) 
followed by balloon trawl or basket. However stones >5 mm 
in size are often impacted and difficult to extract by the above 
mentioned standard technique.2,6,10 These calculi need to be frag-
mented or pulverized to facilitate their extraction. The European 
Society of Gastrointestinal Endoscopy (ESGE) clinical guidelines 

state that endoscopic attempts at MPD stone extraction without 
prior fragmentation are plagued with low success and relatively 
high morbidity.11 These guidelines also state that for uncom-
plicated and painful CP with calculi >5 mm in the MPD, ESWL 
should be the first step followed by extraction of the stone frag-
ments at a subsequent ERCP.11 

The use of Dormia baskets and mechanical lithotripsy fol-
lowing PS for large MPD stones has not been universally suc-
cessful. A retrospective analysis of over 100 patients showed a 
success rate of 9% with the use of Dormia basket.12 In a large 
multicenter study the complication rate with mechanical litho-
tripsy was unacceptably high, thrice that when compared to 
biliary stone extraction.13 ERCP directed lithotripsy techniques 
are far less successful and often more risky when compared to 
those applied in the bile duct because the stones seen in chronic 
CP are often hard and also because of the natural tortuosity of 
the PD. Lithotripsy under direct visualization is more likely to 
be successful and will be discussed subsequently. 

2. Extracorporeal shock wave lithotripsy

ESWL was first introduced in the 1980’s for the fragmenta-
tion of renal and ureteric calculi.14 This application was quickly 
expanded to fragmentation of biliary and PC.15,16 It is now the 
accepted standard of care for the management of large PC at 
major centers all over the world.2,17-24

1) Principle of ESWL
ESWL is based on the principle of shock wave energy. When 

energy is released in an enclosed space shock waves are gen-
erated. The passage of these shock waves through substances 
of different acoustic impedance generate compressive stresses 
on the boundary on the outer surface of these objects. This 
stress overcomes the tensile strength of targeted object (PC in 

A B C

Fig. 1. Pancreatic calculi. (A) Calculi in head. (B) Calculi in head and body. (C) Calculi in head, body and tail.
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this case) and the anterior surface of the calculi crumbles with 
this impact. Shock waves pass through the calculi and are also 
reflected from the posterior surface resulting in further frag-
mentation.25,26 The present day lithotripters consist of an electro-
magnetic shock wave generator, a focusing system for targeting 
the calculi, and a coupling device. Localization of the calculi is 
done either by fluoroscopy or ultrasound technique. 

2) Indications for ESWL in patients with PC
ESWL is indicated in all patients of uncomplicated CP with 

large painful PC not amenable to routine endotherapy and ex-
traction.2,11,26 The aim is to fragment the calculi to <3 mm in size 
or to demonstrate a decrease in stone density or heterogenicity 
of the stones, which occupy the MPD or the side branches.2,17

ESWL should not be performed with extensive calculi in head, 
body and tail. Isolated tail calculi are not targeted at ESWL 
because of greater chance of collateral damage to the spleen. 
Patients with multiple strictures, head mass under evaluation, 
ascites or coexistent pseudocysts are not taken up for ESWL. 
Any existing cholangitis or coagulopathy due to a concomitant 
biliary stricture should be treated prior to subjecting the patient 
to ESWL.2,26 

3) Protocol of ESWL 
A standard protocol is followed at our center for management 

of large PC by ESWL and ERCP (Fig. 2).
ESWL is ideally performed with a third generation lithotripter, 

which uses electromagnetic shock wave for generating shock 
waves. A maximum of 5,000 to 6,000 shocks are delivered per 
session with an intensity of 15 to 16 kV at a frequency of 90 
shocks per minute. The procedure is carried out on successive 
days till the desired fragmentation is achieved.26 At our center 
the procedure is performed under epidural anaesthesia (EA). EA, 
in our experience offers many distinct advantages.27 Parenteral 
sedation, total intra venous analgesia and general anesthe-
sia have been used successfully for ESWL. Lately a mobile or 
transportable mini lithotripter has been successfully employed 
for ESWL in some centers.28 Another approach that has been 
recently reported is the use of IV secretin prior to ESWL. The 
rationale for this approach is to create a fluid-stone interface, 
akin to lithotripsy for ureteric stones, that results in better stone 
fragmentation and clearance.29

4) Results
In properly selected cases ESWL is very rewarding procedure 

Pancreatic calculi with pain
as the dominant symptom

Imaging of pancreas
US/EUS/MRCP/ERCP

Large pancreatic ductal calculi
(head and body)

Radio-opaque

ESWL fragmentation (<3 mm)

ERCP-EPS+PD clearance+stent

Radiolucent

ERCP-PD clearance+stent

ESWL-fragmentation (<3 mm)

ERCP-EPS+NPT

Fig. 2. Protocol for extracorporeal 
shockwave lithotripsy of large pan-
creatic duct calculi.26

US, ultrasound; EUS, endoscopic 
ultrasound; MRCP, magnetic reso-
nance cholangiopancreatography; 
ERCP, endoscopic retrograde chol-
angiopancreatography; ESWL, ex-
tracorporeal shock wave lithotripsy; 
EPS, endoscopic pancreatic sphinc-
terotomy; PD, pancreatic duct; NPT, 
naso-pancreatic tube.

Table 1. Efficacy of Extracorporeal Shockwave Lithotripsy for Pancreatic Calculi26

Author No. of patients Complete clearance, % Pain relief, % Follow-up, mo

Delhaye et al.17  123 59 85 14

Costamagna et al.19  35 74 72 27

Kozarek et al.20  40 - 80 30

Farnbacher et al.12  125 64 48 29

Dumonceau et al.18  29 - 55 51

Adamek et al.33  80 - 76 40

Tandan et al.2 1,006 76 84 6



876  Gut and Liver, Vol. 10, No. 6, November 2016

and the results from some of the larger centers are tabulated 
below (Table 1). In our experience of nearly 2,800 patients with 
large painful calculi, complete clearance (clearance of >90% of 
stone volume) was achieved in 80% (Fig. 3), partial clearance 
(clearance of 50% to 90% of stone volume) in 13.8% while in 
the rest it was unsuccessful (Fig. 4).30 

A meta-analysis of 491 patients in 17 studies revealed a 
clearance rate of 37% to 100% with reduction in pain.31 Anoth-
er systematic review of over 1,100 patients described successful 
stone fragmentation in 89% of patients.32 As CP, especially in 
the tropics, is a disease of young, the beneficial effects of ESWL 
on long-term follow-up are important for the procedure to be 
considered as a standard of care in the management of large 
PC. Relief between 48% and 85% of patients with follow-up be-
tween 6 and 51 months has been reported (Table 1). Long-term 
follow-up following ESWL and endoscopic clearance has been 
described in a few studies.5,18,21,33,34 Pain relief was reported in 
about 60% of patients in a few reports. In a recent retrospective 
analysis of 120 patients on long-term follow-up, partial pain 
relief was reported in 84% and complete pain relief with avoid-
ance of narcotic use in 50% of patients.35 Our own experience 
of long-term follow-up of a maximum of 8 years in over 600 
patients, showed a complete pain relief of 60%. Mild or moder-
ate pain was present in 35.7%, while 4% continued to have se-
vere episodic pain. Pain relief was assessed by decrease in visual 
analogue scale score, reduction in analgesic use and reduction 
in number and days of hospitalization.36 Though 22.8% of pa-
tients on long-term follow-up developed recurrent calculi in 
this study, those effected by pain were much fewer in number 

suggesting that not all patients who have recurrent calculi need 
to be subjected to a repeat endoscopic clearance procedure. The 
persistence of pain seen in some patients could be a combina-
tion of retained or recurrent stones, ongoing active inflamma-
tion or other mechanisms of pain production such as ischemia 
and neural pain. 

5) Complications and limitations of ESWL 
ESWL when performed in centers with experience is a safe 

procedure. Dumonceau et al.11 reported morbidity of 5.8% with 
a single mortality (0.05%) in four large series with over 1,800 
patients. A recent study involving 1,470 ESWL procedures 
reported an overall complication rate of 6.7%.37 In our own ex-
perience of 2,800 procedures complications were minimal and 
mild and could be managed conservatively without the need for 
any intervention or prolongation of hospital stay.2,6,31,36 These 
include pain at the site of shock wave delivery, ecchymotic 

A B C

Fig. 3. Extracorporeal shock wave lithotripsy (ESWL) for large pancreatic calculi.26 (A) Large calculi in main pancreatic duct with proximal stric-
ture. Pre-ESWL. (B) Post-ESWL calculi pulverized. (C) Fragments cleared and stent placed.

Total no. of patients

2,779

2,226 (80.1%)
Complete
clearance

383 (13.8%)
Partial

clearance

170 (5.9%)
Non

fragmented

68% Three sessions or less for fragmentation
81% Short term pain relief

60% Long-term pain relief (636 patients)

Feb 2004-Feb 2014

Fig. 4. Extracorporeal shock wave lithotripsy for large pancreatic cal-
culi (experience at the Asian Institute of Gastroenterology, India).30
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patches on skin, occasional abdominal pain and fever. Accurate 
targeting of the calculi and reduced patient movement decreases 
the extent of collateral damage and minimizes the complica-
tions.2,6,27 A few serious and rare compilations have also been 
described following ESWL. These include perirenal hematoma, 
biliary obstruction, splenic rupture, bowel perforation, liver 
trauma as well as necrotising pancreatitis.38-41 However these 
complications are few and occur infrequently. 

6) Limitations
Despite the safety and efficacy, ESWL has its own limitations. 

The first is the failure of fragmentation seen in a few patients. 
If these calculi could be identified prior to subjecting them to 
ESWL then an alternative procedure can be advised. In a recent 
study Ohyama et al.42 have shown that calculi with density of 
>820.5 Hounsfield units on noncontrast computed tomography 
were associated with reduced stone fragmentation and clear-
ance. Further validation of this could help predict therapeutic 
response to ESWL and avoid the procedure in all those patients 
where the calculi is less likely to fragment. Another drawback, 
the recurrence of calculi following ESWL has been well docu-
mented. The use of pharmacological agents which can prevent 
this reformation would be very beneficial in preventing stone 
recurrence, and reduce the need for repeat interventions. There 
is also no definite evidence of ESWL and stone clearance im-
proving both exocrine and endocrine dysfunction. A few stud-
ies failed to show improvement in both exocrine and endocrine 
function.21,33 Inui et al.23 have reported improvement in both 
endocrine and exocrine functions in their series. In our own 
experience improvement in endocrine function is seen in a few 
patients. The numbers are however all too small to arrive at a 
definitive conclusion.36 There are also no reports to suggest that 
if ESWL is performed early for PC the development of pancre-
atic carcinoma could be reduced or influenced. Another issue 
of debate is the practice of ERCP following ESWL. Two uncon-
trolled studies showed that ESWL alone was adequate in clear-
ing the MPD of calculi.22,23 A randomized trial comparing ESWL 
alone and ESWL followed by ERCP showed equal efficacy in 
either arm. The treatment cost was higher and a longer hospital 
stay was seen in patients who had undergone ERCP in addition 
to ESWL.43 

3. Pancreatoscopy and intraductal lithotripsy

Performance of lithotripsy (electrohydraulic and laser litho-
tripsy [LL]) under direct vision using pancreatoscopes has con-
siderably improved the armamentarium of the endoscopist for 
clearing large PC. There is very limited experience in the use of 
the mother baby cholangioscope (Olympus Medical System, To-
kyo, Japan) in the management of pancreatolithiasis and to the 
best of our knowledge there is no large series or head to head 
comparison with the newer SPY scope system. 

The advent of Spyscope (Spyglass direct visualization system; 

Boston Scientific Corp, Natick, MA, USA) for direct visualiza-
tion of both biliary and pancreatic ductal systems and the con-
comitant use of newer lasers for lithotripsy has provided a new 
dimension in the management of pancreatolithiasis. The newly 
introduced digital Spyglass system should further make the pro-
cedures more convenient and efficient. 

Per oral pancreatoscopy (POP) and electrohydraulic lithotripsy 
(EHL) was successfully used in five of the six patients, where PC 
were cleared in a single session.44 POP guided endotherapy was 
successfully used in 33 patients with EHL and in a further six 
patients LL was used with a complete stone clearance of 70%. 
Adverse effects were reported in 10%.45 LL can fragment firmer 
pancreatic stones and offers a potential advantage over EHL.45 
In a recent retrospective multicentric study of 28 patients some 
of whom had undergone prior ESWL, POP guided LL using a 
holmium laser achieved complete stone clearance in 79% of 
patients and a partial clearance in a further 11%. A median fol-
low-up of 13 months showed improvement of pain in 25 of 28 
patients. Adverse effects were minor and reported in 29% of pa-
tients.46 In these studies POP was performed using the Spyglass 
direct visualization system. The authors suggest that experienced 
pancreatoscopists should consider POP guided pancreatic stone 
removal as a viable alternative or a technique complimentary to 
ESWL. Randomized head to head studies comparing ESWL with 
POP and lithotripsy are warranted and awaited. At present the 
experience with EHL and LL using pancreatoscopes is limited 
to a few centers with considerable expertise. The number of 
patients are small and long-term follow-up results are awaited. 
The main disadvantages of POP guided therapy is that it re-
quires non-standard equipment and considerable expertise. Our 
current opinion is that pancreatoscopy with EHL and LL should 
be considered as a second option for stones that are refractory 
to a adequately performed ESWL. 

4. Medical dissolution of pancreatic stones 

A few earlier anecdotal reports showed efficacy of pharmaco-
logical agents (trimethadione) for dissolving pancreatic stones.47 
These reports are not been validated elsewhere and there are no 
randomized or comparative trails showing their efficacy. ESGE 
guidelines state that this therapy may have significant side ef-
fects and may be attempted in those patients where all other 
methods have failed and who are not fit surgical candidates.11 

5. Role of surgery

A detailed discussion on surgical techniques and benefits 
vis-a-vis endotherapy is beyond the scope of this article. Re-
section, drainage and combined procedure are performed in 
patients with CP. Even after duodenum preserving resection of 
head of pancreas, considered the best surgical approach for CP, 
about 25% of patients experience recurrence of pain.12 Recent 
studies have compared endotherapy and surgery in CP and 
conclude that surgery offers the best long-term results.48-51 Two 
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of these studies however did not include ESWL as a therapeutic 
modality and the selection of patients in the endoscopy and 
surgical arm has been debated. Endotherapy and surgery are 
complimentary not competitive strategies. Endotherapy should 
be offered as a first line therapy in patients with uncomplicated 
PC limited to the head, genu or proximal body, in those patients 
who do not have multiple strictures or associated head mass. A 
failure of single or two sessions of endotherapy does not inter-
fere with subsequent surgical management. For patients with 
extensive calculi, multiple strictures, a suspected pancreatic 
carcinoma or those who have failed endotherapy, surgery is the 
better option. An algorithm for endoscopic and surgical man-
agement of symptomatic PC is shown in Fig. 5. 

CONCLUSIONS

In conclusion PC are the natural sequel of the ongoing pro-
cess of CP. Pain is the dominant symptom of patients with CP 
and various endoscopy and surgical therapy aims at reducing 
this pain by eliminating the calculi. Small PC are cleared by the 
standard technique of PS followed by balloon trawl or basket. 
Large calculi in uncomplicated patients should be subjected to 
ESWL for fragmentation prior to a subsequent ERCP. In prop-
erly selected patients ESWL is an efficient and useful tool and 
provides adequate long-term relief.52 Spyscopy with intraductal 
lithotripsy are newer techniques awaiting validation and com-
parison with ESWL. These procedures should be performed 
at centers with experience in those patients who do not have 
successful fragmentation with ESWL. Patients with extensive 
calculi, multiple strictures, suspicious mass lesions and those 
who have failed endotherapy are ideal candidates for surgery. 
Removal of existing PC by any of these above techniques how-
ever does not provide answers to many questions. These include 
recurrence, persistence of pain despite adequate clearance in 

some patients and the exocrine and endocrine dysfunction, that 
remain largely unaffected after stone clearance. Further research 
in these areas is essential in order to provide a final answer to 
the issues related to PC.
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Review

Endoscopic treatment of pancreatic duct stones under
direct vision: Revolution or resignation? Systematic review

Torsten Beyna, , Horst Neuhaus and Christian Gerges

Evangelisches Krankenhaus D€usseldorf, Department of Gastroenterology, D€usseldorf, Germany

Background and Aim: The main treatment aim in chronic

pancreatitis (CP) is symptom control and especially pain relief.

Management of stone-predominant CP is challenging and

requires a multidisciplinary approach. Extracorporeal shock

wave lithotripsy (ESWL) has emerged as the cornerstone of non-

surgical treatment as a result of disappointing results of

available endoscopic treatment options during the last decades.

With new developments in the field of direct peroral pancre-

atoscopy (POP) and intracorporeal lithotripsy, direct intralumi-

nal treatment of main pancreatic duct (MPD) stones returns to

the spotlight.

Methods: Herein, we reviewed the current data on direct

pancreatoscopic treatment of MPD stones with a focus on

efficiency and safety of available technologies, endoscopes and

lithotripsy devices. A systematic Medline search for relevant

studies was done.

Results: Ten relevant publications meeting the inclusion

criteria were identified (two prospective series, six retrospec-

tive trials, two case reports, n = 87 patients). Successful ductal

clearance for POP-guided treatment was reported as between

43% and 100% compared to ESWL with 59% to 80%. Adverse

event rate for POP-guided therapy was reported as 0–13.5%.
One study showed a noticeable higher adverse event rate of

43%. In this trial, POP was carried out after ESWL. There is no

reported mortality following POP treatment.

Conclusion: Available results are promising in terms of ductal

clearance and pain relief compared to standard endoscopic

techniques and ESWL as the current gold standard for

lithotripsy. Interpretation of this data is limited by the small

number of cases for POP and the lack of prospective random-

ized controlled trials.

Key words: chronic pancreatitis, endoscopy, lithotripsy,

pancreatic ductcal calculus

INTRODUCTION

CHRONIC PANCREATITIS (CP) was first described
surgically in an autopsy report in 1761 by Jean-

Baptista.1 One hundred years later, the first endoscopic
pancreatic sphincterotomy was carried out to remove
pancreatic duct (PD) stones with a basket.2 Howell et al.
first described main pancreatic duct (MPD) stone removal
under direct visualization with a 10-Fr baby endoscope
using an electrohydraulic lithotripsy (EHL) probe in 1999.3

Chronic pancreatitis is an ongoing inflammatory disease that
leads to a fibrotic remodeling of the pancreatic tissue and
finally functional loss with endocrine and exocrine insuffi-
ciency.4 The incidence of CP increases with the consump-
tion of alcohol and has a worldwide incidence of 1.6-23 per
100 000 with an increasing prevalence.5 Moreover, the

idiopathic cause can have a higher prevalence in some
countries, especially inAsia.6,7 It can generally be categorized
as toxic metabolic, idiopathic, genetic (i.e. such as SPINK1-
or CFTR mutation), autoimmune (i.e. autoimmune pancrea-
titis (AIP) or lupus), recurrent and severe acute pancreatitis
and obstruction.8 Patients with CP present with various
types of complications containing ductal strictures or
disruption, biliary strictures, duodenal narrowing, pseudo-
cysts, pancreatic malignancy and calculi.9 Pancreatic calculi
can be found in 50–90% of patients during long-term follow
up.10,11 Pancreatic calculi lead to obstruction (Figs 1,2) of
the duct and the ensuing ductal and parenchymal hyperten-
sion often causes severe pain. The origin of pain seems to
be multifactorial with combinations of mechanisms such as
pancreatic ductal hypertension, increased interstitial fluid
pressure, ischemia and inflammatory damage of pancreatic
nerves.12 As a result of these variations of etiology of pain it
is difficult to determine the leading factor in the individual
case and there is a lack of parameters predicting success of
different therapeutic options. Dilation of the main pancreatic
duct of more than 7 mm is considered an indicator for
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increased ductal and parenchymal pressure causative of
pain. The goal of all therapy in CP is symptom control and
pain relief, which can be achieved by draining the
obstructed main pancreatic duct and/or removal of obstruct-
ing pancreatic duct calculi. This treatment is challenging
and needs a multidisciplinary team approach involving
physician, endoscopist, radiologist and surgeon.9 There are
various treatment options including extracorporeal shock
wave lithotripsy (ESWL), endoscopic retrograde pancre-
atography (ERP), peroral pancreatoscopy and surgery.
Endotherapy is less invasive then surgery and therefore
should be always offered to patients as a first step. In
patients with extensive calculi or multiple strictures,
endotherapy has its limitations. The ability to treat calculi
under direct visualization might be an important step
forward in an extended endotherapy. Our aim was to
review the available data from publications and discuss the
role of this technology in the past and in the future with a
focus on efficacy and safety of different technologies of
peroral pancreatoscopy (POP), endoscopes and lithotripsy
devices.

Indications for endoscopic therapy and
endoscopic treatment strategies

In different parts of the world, etiology, clinical manifestation
and, in particular, patient duct morphology vary consider-
ably.13 Endoscopic treatment of symptomatic chronic pan-
creatitis usually depends on pancreatic ductal morphology
and the presence of pancreatic stones. Complex ductal
morphology and stricture-predominant disease is usually
seen in patients with an alcoholic-related etiology whereas

stone-predominant disease with a uniformly dilated pancre-
atic duct is often seen in patients with an idiopathic or genetic
etiology.12 As pancreatic stones are usually hard and
impacted in the pancreatic duct (Figs 1,2) endoscopic
treatment is often challenging to carry out, especially when
combined with ductal strictures. Thus, ESWL has become the
cornerstone of stone-predominant CP.
Approximately 18%14 of patients with chronic pancreati-

tis present with main MPD strictures and 50% present with
calculi.11 Dominant PD strictures should be treated by
dilatation and subsequent implantation of a single large-bore
plastic stent (i.e. 10 Fr) with stent exchange within 1 year.
Persisting strictures can be treated by simultaneous place-
ment of multiple side-by-side stenting.15 Small calculi can
usually be extracted by Dormia basket or balloon sweep
after endoscopic sphincterotomy (ESP) of the pancreatic
sphincter. Larger calculi need fragmentation prior to endo-
scopic removal, usually done by ESWL.15 Multiple studies
have shown MPD clearance after ESWL of 59–80%16 and
long-term pain relief of 60–90%.16,17 Studies suggest that
even ESWL alone is equal to ESWL followed by endo-
scopic retrograde cholangiopancreatography (ERCP).18–20

However, ESWL has some limitations. It is not everywhere
available, effective pain management with epidural catheter
is recommended, general or i.v. anesthesia is needed and,
particularly with more than one stone in different parts of the
MPD, multiple sessions are required to facilitate effective
fragmentation and MPD clearance. In addition, calculi with
a density of >820.5 Hounsfield units seem to respond less
effectively to ESWL.21 As standard of practice, different
interventions are needed for MPD clearance (ERCP,
ESWL), which leads to additional procedures and costs.
Endoscopic treatment has its limitations when it comes to

Figure 1 Magnetic resonance imaging (MRI) with MR-

cholangiopancreatogram and lumen-filling obstructive

stone (white arrow) of main pancreatic duct (MPD).

Figure 2 Large calcified calculus (white arrow) of main

pancreatic duct (MPD) with lumen obstruction and pre-

stenotic dilation.
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isolated calculi in the tail region, multiple MPD strictures
and stones all along the MPD.17 Surgery should be
considered after unsuccessful endotherapy and as a multi-
disciplinary team decision including radiologist, surgeon
and endoscopist as it is associated with a relatively high
morbidity and mortality rate (18–53% and 0–5%, respec-
tively, for resection,22 and 0–4% mortality for MPD
drainage23).15 Therefore, new therapeutic strategies using
direct visualization are under investigation to achieve MPD
clearance in one ERP session.

METHODS

Search protocol and eligibility criteria

TO DETERMINE THE efficacy and safety of POP-
guided treatment of MPD stones, a systematic Medline

search was conducted. Abstracts from Digestive Disease
Week (DDW) and United European Gastroenterology Week
(UEGW) were searched manually. All published studies and
case reports of pancreatoscopic lithotripsy were eligible.
Search for relevant studies was carried out using the
following text words and corresponding Medical Subject
Headings: pancreatoscopy, chronic pancreatitis, laser litho-
tripsy, electrohydraulic lithotripsy, main pancreatic duct
stones, ductal hypertension.

Available technologies for POP

After technological advances in fiberoptic duodenoscopy
and the advent of small-caliber flexible fiberoptic instru-
ments, peroral cholangioscopy and pancreatoscopy were
introduced into clinical practice in 1976, opening new
diagnostic and therapeutic options in biliopancreatic
diseases.24–26 Cholangiopancreaticoscopy was limited to
visualization only with no therapeutic capabilities for
another 23 years. Howell first reported on therapeutic POP
in 1999, when he used a 10-Fr fiberoptic ‘through the scope’
endoscope (Olympus Medical Systems Corporation, Tokyo,
Japan) to carry out EHL under direct visualization in MPD.3

The ‘mother–baby’ technique represents the predominantly
used approach of POP in contrast to direct peroral pancre-
atoscopy. However, the mother–baby technique never
achieved wide clinical acceptance because of several critical
limitations of the technique in that it requires two experi-
enced endoscopists and the available reusable scopes are
very fragile with high initial and repair costs and provide
only limited maneuverability and poor irrigation capabili-
ties.27 Recently, a prototype video baby endoscope was
developed (Olympus Medical Systems Corporation) and is
currently being evaluated in clinical trials.

To overcome some of these aforementioned limitations,
single-operator cholangioscopy (SOC) technology has been
developed and was introduced in 2007 (SpyGlass DVS;
Boston Scientific, Natick, MA, USA). The legacy system
consisted of a disposable 10-Fr delivery catheter with four-
way deflection capabilities and dedicated irrigation channels
together with a fiberoptic probe with poor image quality for
visualization. In 2015, single-operator video cholangioscopy
(SpyGlass DS; Boston Scientific) was launched (Fig. 3).
The new technique enables high-resolution imaging with a
60% wider field of view, a larger working channel (1.2 mm)
and an additional succinate option. Development of single
operator pancreatoscopy in contrast to conventional POP
technology simplified POP procedure and led to an
increased use, mainly as a rescue therapy after failure of
ESWL in endoscopic centers that have SpyGlass technology
for bile duct interventions available.

Techniques for intracorporeal fragmentation
of pancreatic stones

Fragmentation of complex difficult-to-extract and some-
times cast-like stones is needed to facilitate stone extraction
during ERCP. Despite mechanical lithotripsy and ESWL,
intraductal lithotripsy can be achieved by EHL and laser
lithotripsy (LL).

Electrohydraulic lithotripsy

Electrohydraulic lithotripsy technique consists of a charge
generator and a bipolar probe that generates sparks at its tip
in an aqueous medium (Fig. 4). The sparks create a vapor
plasma and subsequently a cavitation bubble oscillating
around the tip of the probe. Simultaneously, three distinctive
shock-wave pulses are generated. The first shock wave is
produced by rapid expansion of the vapor plasma, whereas
the second and third waves are produced by rebounds of the
cavitation bubble. The energy of these high-frequency
hydraulic pressure waves is absorbed by nearby stones
which results in their fragmentation.28 The shock waves can
cause inadvertent injury or perforation of the bile duct wall
if the probe is not deployed close to the stone and away from
the ductal wall. EHL can be carried out under fluoroscopic
guidance by using centering balloons or direct cholangio-
scopic vision. The disadvantage of using only fluoroscopic
guidance is related to the two-dimensional imaging and the
inability to confirm correct positioning of the probe.
Therefore, direct visualization is frequently preferred to
avoid damage to the duct wall. EHL equipment is compact,
requires no special electricity, and is relatively inexpensive.
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Laser lithotripsy

In laser lithotripsy, laser light at a particular wavelength is
focused on the surface of the stone to induce wave-mediated
fragmentation. The first successful use of a pulsed laser for
shock-wave lithotripsy of bile duct stones was reported in

1986.29 Laser technology is generally limited by reduced
portability, high costs, and availability of more cost-effective
alternatives.26 A neodymium : yttrium-aluminum-garnet
(Nd:YAG) laser produces a local shock-wave effect,
whereas a flash lamp pulsed laser has a thermal mechanism.
The frequency-doubled, double-pulse Nd:YAG (FREDDY)

(a) (b)

(c) (d)

Figure 3 (a) Pancreatogram with lumen obstructing filling defect of main pancreatic duct (black arrow). (b,c) Single-operator

pancreatoscopy with SpyGlass DS (Boston Scientific, Natick, MA, USA). (d) Pancreatogram after successful duct clearance.

(a) (b)

Figure 4 (a) Single-operator pancreatoscopy (SpyGlass DS; Boston Scientific, Natick, MA, USA) and (b) electrohydraulic

lithotripsy (Lithotron EL 27; Walz, Rohrdorf, Germany) with ultrathin 2.4 Fr (0.8 mm) electrohydraulic lithotripsy (EHL) probe.

32 T. Beyna et al. Digestive Endoscopy 2018; 30: 29–37

© 2017 Japan Gastroenterological Endoscopy Society



system, a combination of 532-nm green light (20%) and
1064-nm infrared light (80%), fragments stones through the
initial formation of plasma on its surface, which then
strongly absorbs the infrared light energy and produces a
strong shock wave. Fragmentation by holmium:YAG
lithotripsy occurs primarily by a photothermal mechanism
whereby there is direct transmittance of energy from the
laser to the stone30 (Fig. 5). This mechanism is fundamen-
tally different from other laser lithotripsy modalities and
depends on laser energy absorption of light with a longer
wave length of about 2100 nm on the surface of the stone as
well as in the surrounding fluid. At the stone surface,
melting and ejection of stone material occurs. This is then
swept away by a vapor bubble that is created by water
absorption of the laser energy.31 Because the holmium laser
produces a high effective energy level, clear ductal vision is
important to prevent inadvertent bile duct injury. When done
under direct cholangioscopic or pancreatoscopic vision it
has a good safety profile.31 Holmium:YAG laser lithotripsy
of biliary stones was first reported in 1998.30 Nevertheless,
there are only a few reports of holmium laser lithotripsy of
pancreatic duct stones.31 To date, there is no prospective
trial evaluating the differences in efficiency or safety of
these two different techniques for lithotripsy of pancreatic
calculi.

RESULTS

Role of pancreatoscopic-guided treatment

USING THE AFOREMENTIONED terms, systematic
Medline search and manual search for abstracts

found 42 publications. Of these, 10 relevant publications
meeting the inclusion criteria were identified. There

were only two prospective series, six retrospective trials
and two case reports including 87 patients altogether
(Table 1).3,31–33,36,38–42 Only one trial consisted of more
than 10 patients, prospective randomized controlled trials
lacked completely. Thus, there are only limited, low-quality
data available with small patient numbers mostly originating
from subgroups of larger cohorts of patients out of trials
with the primary aim of cholangioscopic treatment of
common bile duct (CBD) stones.
Available data show successful ductal clearance for POP-

guided treatment of between 43% and 100% (Table 1). The
reported success rate for ESWL is between 59% and 80%.16

These data suggest that POP-guided lithotripsy seems to be
effective in terms of ductal clearance with similar or better
success rates compared to studies using ESWL (Table 1).
Interpretation of these data is limited by the small number of
cases for POP and the lack of prospective randomized
controlled trials. There is only one study retrospectively
comparing single-operator pancreatoscopy (SpyGlass;
Boston Scientific) with the standard mother–baby technique
showing no significant differences in success rate.32 Even
though the role of the different technologies used for
intracorporeal lithotripsy is not yet fully investigated, there
is a tendency for a higher success rate by using holmium
laser in comparison to EHL.
Adverse event (AE) rate for POP-guided therapy is

reported as 0–13.5% (Table 1). One study by Ito et al.
showed a noticeable higher adverse event rate of 43%. In
this trial, POP was carried out after ESWL.33 Adverse
events were described mainly as pain and pancreatitis. There
was no reported mortality following POP treatment.
The adverse event rate in ESWL is described as 5.8–6.7%

with a mortality rate of 0.05% according to publications

(a) (b)

Figure 5 (a) Single-operator pancreatoscopy (SpyGlass DS; Boston Scientific, Natick, MA, USA) and (b) laser lithotripsy with

holmium:YAG laser (Auriga XL, 50 W, wavelength 2080 nm; StarMedTec, GmbH, Starnberg, Germany) with 230 lm optical fiber

at 8 Hz, 1400 mJ.
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with large numbers of patients.15,34,35 Adverse events were
mainly described as pain at the side of shock-wave delivery,
bleeding and fever. A few serious adverse events were
reported. These included internal bleeding, splenic rupture,
biliary obstruction, bowel perforation, liver trauma and
necrotizing pancreatitis.16

Currently, POP-guided lithotripsy is still mostly used as
a third-line therapy for complex and difficult-to-extract PD
stones in centers that have the equipment and expertise on
cholangioscopy and laser lithotripsy or EHL in CBD
stones.31,36 Another potential indication for pancreato-
scopic treatment is emergency lithotripsy for removal of a
ruptured and incorporated Dormia basket after failed
mechanical lithotripsy (Fig. 6). Despite the few data
available with no head-to-head randomized controlled
trial, the current literature suggests an at least equal
success rate compared to ESWL with an acceptable
adverse event rate. A combination of Spyglass/EHL and
ESWL seems to be related with a higher complication
rate.37

DISCUSSION

SINCE THE BEGINNING of endoscopic treatment of
chronic pancreatitis, disintegration and extraction of

complex pancreatic calculi in one ERCP session only was
always welcomed. Technical limitations and drawbacks
prevented a wider clinical use for a long time and led to a
resignation in that field. Despite further technical improve-
ments, therapeutic intervention in PD still seemed to be
unreachable for endoscopists. This clearly changed with the
introduction of the SpyGlass Legacy System (SpyGlass
DVS; Boston Scientific). Since then, more and more studies
investigated the possibility of endoscopic management of
pancreatic calculi under direct vision. Yet, there is only low-
quality evidence on a small number of published cases
available, as most of the reported results are part of
subgroup analysis in studies that had cholangioscopy as
the first intent and therefore must be interpreted with
caution. Nevertheless, the available results are very promis-
ing in terms of ductal clearance and pain relief compared to

Table 1 Ten relevant publications for POP treatment were identified in the present study†

Year Author POP device Method No.

patients

Success

rate (%)¶
FU

(months)

AE

rate

(%)

Study type

1999 Howell et al.3 Olympus CHF BP30,

M/B

EHL 6 83 6 0 Initial experience

2009 Fishman et al.38 SpyGlass EHL 6 50 NA 0 Multicenter

retrospective

2011 Maydeo et al.31 SpyGlass Holmium Laser 4 100 1 13.5 Prospective single

center

2013 Alatawi et al.36 SpyGlass Holmium Laser 5 80 21 0 Prospective single

center

2013 Parsi et al.39 Olympus CHF

Y0002B M/B

EHL 1 100 NA 0 Case report

2014 Ito et al.33 SpyGlass EHL‡ 7 43§ NA 28 Retrospective single

center

2014 Attwell et al.32 Olympus M/B vs

SpyGlass

EHL/Holmium

Laser

46 68 vs 73 1–60
(med. 18)

10 Retrospective cohort

2014 Baron et al.40 SpyGlass Basket 1 100 12 0 Case report

2016 Navaneethan et al.41 SpyGlass DS Laser 5 80 NA 0 Retrospective

bicentric

2017 Bekkali et al.42 SpyGlass/-DS EHL 6 83 30 0 Retrospective

single center

†There were two prospective series, six retrospective trials, two case reports. Single-operator pancreatoscopy with SpyGlass and SpyGlass DS

(Boston Scientific, Natick, MA, USA) and mother–baby pancreatoscopy with ultrathin flexible fiberoptic reusable endoscopes (Olympus Medical

Systems Corporation, Tokyo, Japan) were reported. Success rates were defined as successful ductal clearance. Lithotripsy was carried out by

electrohydraulic lithotripsy (EHL) or laser lithotripsy (LL).
‡Combined with extracorporeal shock wave lithotripsy (ESWL).
§All failures in pancreatic head stones.
¶Defined as main pancreatic duct (MPD) clearance.

AE, adverse event; FU, follow up; POP, peroral pancreatoscopy; med, median; NA, not available;.
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standard endoscopic techniques and ESWL as the current
gold standard for lithotripsy. However, despite these favor-
able results and recent technical improvements, individual
factors of pain onset such as localization of strictures and
stones within the MPD, extent of MPD dilation and
additional inflammation still determine the likelihood of
successful POP-guided treatment. Currently available data
are – probably as a result of the low number of cases – not
adjusted to these parameters and may therefore be biased
because of representing results of a preselected group of
cases with favorable individual anatomical situations. Fol-
lowing the ESGE guidelines, ESWL is still the first-line
therapy in our unit for PD stones. Our clinical experience is
that availability of POP-guided lithotripsy can reduce the
number of ESWL sessions especially in complicated PD
stones and can be a first-line or rescue therapy in special
situations.

Available data show only a low risk of adverse events
following POP-guided treatment. In our view, the results
and adverse event rate of the trial by Ito et al.33 with a

reported seven cases of single-operator pancreatoscopy with
EHL must be interpreted differently, because they represent
results of POP-guided treatment as rescue therapy following
failure of ESWL. This might result in a remarkably lower
success rate and higher rate of overall and severe adverse
events. Reasons for failure of ESWL remain unclear, but all
stones were located in the pancreatic head. This location
may have contributed to failure of consecutive POP-guided
treatment, because stable positioning of the endoscope to
visualize the stone in a location next to the papilla seems to
be more difficult. However, if reported adverse events have
occurred because of ESWL or POP alone, or as a result of a
combination of both approaches, it cannot be clearly
differentiated.

CONCLUSION

WELL‐POWERED RANDOMIZED CONTROLLED
trials, also using large numbers of patients, are

needed to prove efficiency and safety of the new technique

(a) (b)

(c) (d)

Figure 6 (a,b) Incorporated and ruptured Dormia basket with incarcerated main pancreatic duct (MPD) stone and pancreatic

head stricture. (c) Single-operator pancreatoscopy (SpyGlass DS; Boston Scientific, Natick, MA, USA) with intracorporeal

lithotripsy, and (d) pancreatogram after removal and complete ductal clearance.
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before it can be recommended as general practice. Given
these high-quality data, it will then be possible to identify
clinical indicators for prediction of treatment success and
determine the future role of POP-guided treatment within
the multidisciplinary approach. Despite the high costs of the
POP system, a one-session treatment might be cost-effective
and could improve patient comfort.
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IMPORTANCE For patients with painful chronic pancreatitis, surgical treatment is postponed
until medical and endoscopic treatment have failed. Observational studies have suggested
that earlier surgery could mitigate disease progression, providing better pain control and
preserving pancreatic function.

OBJECTIVE To determine whether early surgery is more effective than the endoscopy-first
approach in terms of clinical outcomes.

DESIGN, SETTING, AND PARTICIPANTS The ESCAPE trial was an unblinded, multicenter,
randomized clinical superiority trial involving 30 Dutch hospitals participating in the Dutch
Pancreatitis Study Group. From April 2011 until September 2016, a total of 88 patients with
chronic pancreatitis, a dilated main pancreatic duct, and who only recently started using
prescribed opioids for severe pain (strong opioids for �2 months or weak opioids for
�6 months) were included. The 18-month follow-up period ended in March 2018.

INTERVENTIONS There were 44 patients randomized to the early surgery group who
underwent pancreatic drainage surgery within 6 weeks after randomization and 44 patients
randomized to the endoscopy-first approach group who underwent medical treatment,
endoscopy including lithotripsy if needed, and surgery if needed.

MAIN OUTCOMES AND MEASURES The primary outcome was pain, measured on the Izbicki
pain score and integrated over 18 months (range, 0-100 [increasing score indicates more pain
severity]). Secondary outcomes were pain relief at the end of follow-up; number of
interventions, complications, hospital admissions; pancreatic function; quality of life
(measured on the 36-Item Short Form Health Survey [SF-36]); and mortality.

RESULTS Among 88 patients who were randomized (mean age, 52 years; 21 (24%) women),
85 (97%) completed the trial. During 18 months of follow-up, patients in the early surgery
group had a lower Izbicki pain score than patients in the group randomized to receive the
endoscopy-first approach group (37 vs 49; between-group difference, −12 points [95% CI,
−22 to −2]; P = .02). Complete or partial pain relief at end of follow-up was achieved in 23 of
40 patients (58%) in the early surgery vs 16 of 41 (39%)in the endoscopy-first approach
group (P = .10). The total number of interventions was lower in the early surgery group
(median, 1 vs 3; P < .001). Treatment complications (27% vs 25%), mortality (0% vs 0%),
hospital admissions, pancreatic function, and quality of life were not significantly different
between early surgery and the endoscopy-first approach.

CONCLUSIONS AND RELEVANCE Among patients with chronic pancreatitis, early surgery
compared with an endoscopy-first approach resulted in lower pain scores when integrated
over 18 months. However, further research is needed to assess persistence of differences
over time and to replicate the study findings.
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P ain is the most important clinical problem in chronic
pancreatitis, occurring in 80% to 90% of patients.1,2

It is thought to be caused by obstruction of the pan-
creatic duct. In current practice, these patients are treated
using an endoscopy-first approach. This approach includes
treatment with opioids followed, if necessary, by multiple
endoscopic interventions including stone removal and
stenting of ductal strictures. Surgical intervention is post-
poned until other treatments have failed and pain becomes
unmanageable.3-5 During the disease course of chronic pan-
creatitis, 30% to 75% of patients ultimately undergo sur-
gery, usually in the end stage of the disease.1,6-8 A random-
ized clinical trial (RCT) in patients with chronic pancreatitis in
a late disease phase showed that surgical treatment was more
effective than endoscopic treatment for midterm and long-
term pain relief in patients with refractory pain and long-
term opioid dependency.6,9 Observational studies have sug-
gested that earlier surgery could mitigate disease progression,
providing better pain control and preserving pancreatic
function.10-13 Therefore, the Dutch Pancreatitis Study Group
conducted a multicenter RCT to investigate whether early sur-
gical intervention is more effective than the endoscopy-first
approach for improving clinical outcomes.

Methods
Study Design
The ESCAPE trial was conducted as an unblinded, multi-
center, parallel-group randomized clinical superiority trial (see
study protocol in Supplement 1).14 The study was approved by
the medical ethics committee of the Amsterdam UMC (loca-
tion AMC) and by all participating centers. All patients pro-
vided written informed consent before randomization.

Participants
Adult patients with severe pain due to obstructive chronic
pancreatitis with a dilated pancreatic duct who recently
started opioids because of progressive pain despite non-
opioid medication were eligible for enrollment. Maximal
period of opioid use before inclusion was 6 months for weak
opioids (codeine, tramadol, and hydrocodone) and 2 months
for strong opioids (other opioids) in the last 2 years. Patients
were screened for the detailed eligibility criteria (eTable 1 in
Supplement 2) in 6 university medical centers and 24 large
teaching hospitals of the Dutch Pancreatitis Study Group
with computed tomography (CT) and/or magnetic resonance
imaging (MRI) and, if needed, endoscopic ultrasonography.
Once the Dutch Chronic Pancreatitis Expert Panel confirmed
eligibility, patients were randomized into the early surgery
group or the endoscopy-first approach group. All interven-
tions in both treatment groups were discussed and per-
formed by multidisciplinary teams in 7 predefined chronic
pancreatitis expert centers.

Randomization
Randomization was performed with varying block size (2, 4,
or 6) by the study coordinators using an automatic assign-

ment system that concealed allocation. Randomization was
stratified for pancreatic head enlargement (≥4 cm vs <4 cm).

Early Surgery
A surgical drainage procedure was performed within 6 weeks
after randomization by an experienced pancreatic surgeon who
had performed at least 25 pancreatic operations specifically
for chronic pancreatitis. Patients with a nonenlarged pancre-
atic head (<4 cm) underwent surgical drainage of the entire
length of the pancreatic duct by a lateral pancreaticojejunos-
tomy, according to Partington and Rochelle.15 Patients with an
enlarged pancreatic head (≥4 cm) underwent a duodenum-
preserving pancreatic head resection as described by Frey and
Smith16 and Beger and colleagues.17

Endoscopy-First Approach
The protocol for optimal endoscopy-first approach was de-
signed in consensus by the Dutch Chronic Pancreatitis Expert
Panel and according to recent treatment guidelines.3,5,18

Step 1. Medical Treatment
For optimal pain control, pain medication was provided ac-
cording to the World Health Organization pain ladder.3,19 If ad-
equate pain control was not achieved by conventional medi-
cation, co-medication such as pregabalin for neuropathic pain
was prescribed, and a pain specialist or dietitian was con-
sulted. For detailed information about the medical treat-
ment, see the eAppendix (Supplement 2). Failure of medical
treatment, defined as a pain score of greater than 4 on the vi-
sual analog scale (VAS) for more than 6 weeks, or unaccept-
able adverse effects from the medication were indications for
subsequent endoscopic treatment.

Step 2. Endoscopic Treatment
Endoscopic interventions were performed by experienced en-
doscopists who had performed at least 50 therapeutic endo-
scopic interventions specifically for chronic pancreatitis. Stones
in the pancreatic duct with a diameter of 7 mm or greater were
treated using 3 sessions of extracorporeal shock-wave litho-
tripsy followed by an endoscopic retrograde pancreatogra-
phy. In case of small intraductal stones (<7 mm), patients un-
derwent direct endoscopic retrograde pancreatography

Key Points
Question For patients with painful chronic pancreatitis, is early
surgery more effective than the endoscopy-first approach in
reducing pain?

Findings In this randomized clinical trial that included 88 patients
with obstructive painful chronic pancreatitis, early surgery
compared with an endoscopy-first approach resulted in
significantly less pain over 18 months (area under the curve, 37 vs
49 points measured with the Izbicki pain score (range, 0-100
[increasing score indicates more pain severity]).

Meaning Although early surgery resulted in less pain over 18
months, because of study limitations, further research is needed
to assess persistence of differences over time, as well as to
replicate the study findings.
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without extracorporeal shock-wave lithotripsy. If stone
removal during endoscopic retrograde pancreatography was
incomplete, 1 or more pancreatic stents (7F to 10F catheter)
were inserted and further stone removal was attempted via
a subsequent endoscopic retrograde pancreatography.

After sphincterotomy, strictures were treated by dilata-
tion followed by insertion of 1 or more stents in the pancre-
atic duct. After stent insertion, patients underwent an elec-
tive endoscopic retrograde pancreatography every 3 months.
When complete runoff of contrast material was observed
after stent removal and a 12- to 15-mm extraction balloon
could be passed through the pancreatic duct, endoscopic
treatment was completed, and stenting was stopped. Persis-
tent strictures were treated by repeated endoscopic dilata-
tions and sequential insertion of new stents for a maximal
period of 1 year.

Failure of endoscopic treatment was considered when a
patient had a score above 4 on the visual analog scale for more
than 6 weeks, despite a maximum of 3 endoscopic interven-
tions or when stenting was still needed to provide pain relief
after 1 year of stenting (see eAppendix in Supplement 2 for a
detailed description).

Step 3: Surgical Treatment
Surgical intervention was performed as described in the early
surgery section.

Outcomes
The primary outcome was pain, measured on the validated
Izbicki pain score and integrated over a follow-up period
of 18 months (range, 0-100 [increasing score indicates
more pain severity]; see the eAppendix and eFigure 2 in
Supplement 2).9,20

Secondary pain outcomes were pain relief at end of
follow-up (complete relief, Izbicki pain score ≤10; partial
relief, Izbicki pain score >10 [but more than 50% decrease
compared with the baseline score]) assessed using the visual
analog scale pain score, the Büchler pain score, and a post
hoc analysis of the Izbicki pain score at the end of follow-up
(range for all, 0-100 [increasing score indicates more pain
severity).21 Other secondary outcomes were quality of life
assessed using the 36-Item Short Form Health Survey (SF-36;
score of 50 represents the Dutch population; score range,
0-100 [lower score indicates more disability]),22 disease pro-
gression including development of pseudocysts, chronic use
of opioids (>6 months), hospital admissions for chronic pan-
creatitis flare-ups, pancreatic exocrine insufficiency (fecal
elastase <200 μg/g), endocrine insufficiency (use of diabetes
medication), total number of hospital admissions, number of
interventions, complications of interventions, and death
(eAppendix in Supplement 2).

Data Collection
The primary outcome was assessed every 2 weeks during 18
months using a questionnaire that patients completed either
online or on paper. Laboratory investigations and other out-
comes were collected during scheduled visits to the outpa-
tient clinic at baseline and at 6, 12, and 18 months. A standard-

ized case record form was used to collect the medical data.
A designated study nurse, not involved in patient care, moni-
tored the data collection at all sites. All medical data were col-
lected regarding any hospital admissions, diagnostics, and in-
terventions during the study period. CT and MRI imaging
before randomization were reassessed by a blinded expert pan-
creatic radiologist (T.L.B.). The duct clearance after endo-
scopic intervention was reassessed by an experienced pancre-
atic endoscopist (J.W.P.) by analyzing all images and endoscopic
reports of the last endoscopic intervention.

Safety Monitoring
After every 25 included patients, an independent data and
safety monitoring committee, unaware of the treatment as-
signment, evaluated the trial progress and safety para-
meters. Adverse events were evaluated by the data and safety
monitoring committee and reported online to the central com-
mittee on research involving human study participants.

Statistical Analysis
The hypothesis of this study was that early surgery would be
more effective in pain reduction than the endoscopy-first ap-
proach. The sample size calculation could not be based on pre-
viously published data. Therefore, the Dutch Chronic Pancre-
atitis Expert Panel agreed by consensus on a clinically relevant
difference of 15 points on the Izbicki pain score with a stan-
dard deviation of 20. Together with an expected loss to
follow-up of 10%, a power of 90%, and a 2-sided α level of .05,
a total of 88 patients were needed.

Analyses were performed according to a strict intention-
to-treat principle in which all patients were included. In addi-
tion, a post hoc per-protocol analysis was performed for the
primary outcome (see the eAppendix in Supplement 2 for
patient selection). The primary outcome was analyzed using
a linear trapezoidal area under the curve (AUC) analysis. It
was presented as mean AUC per follow-up moment to pre-
sent a score that is comparable with the mean Izbicki score
during follow-up. A corrected primary outcome was calcu-
lated post hoc by adjustment for age and pancreatic head
enlargement using a generalized mixed model with Tweedie
distribution. No adjustment for baseline Izbicki pain score or
centers was performed (see the eAppendix and eTable 2 in
Supplement 2 for the substantiation). All other repeated mea-
surement outcomes (pain score outcomes and quality of life)
were analyzed as mean scores during follow-up. Missing data
were considered to be missing at random. Only missing data
in the pain score outcomes and quality of life were imputed
using linear interpolation and multiple imputation as these
outcomes were measured during follow-up (see the eAppen-
dix and eTable 3 in Supplement 2). The primary outcome
analysis was performed by a blinded statistician (M.G.D.).
Subgroup analyses were performed for pain pattern as stated
in the protocol. Post hoc subgroup analyses were performed
for etiology and duct clearance after endoscopy (see the eAp-
pendix and eTables 4-6 in Supplement 2 for all subgroup
analyses. Because of the potential for type I error due to mul-
tiple comparisons, findings for analyses of secondary end
points should be interpreted as exploratory.

Effect of Early Surgery vs Stepped Medical-Endoscopic-Surgical Management on Pain in Patients With Chronic Pancreatitis Original Investigation Research

jama.com (Reprinted) JAMA January 21, 2020 Volume 323, Number 3 239

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Harischandra Mishra on 07/06/2021

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2019.20967?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.20967
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2019.20967?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.20967
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2019.20967?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.20967
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2019.20967?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.20967
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2019.20967?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.20967
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2019.20967?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.20967
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2019.20967?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.20967
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.20967


Dichotomous outcomes were presented as numbers and
percentages and compared using the χ2 test or 2-sided
Fisher exact test where appropriate. Normally distributed
continuous measures were expressed as means with 95%
CIs and analyzed using the t test. Continuous data that were
not normally distributed were presented as medians with
interquartile ranges (IQRs) and compared using the Mann-
Whitney U test. A 2-tailed P value of less than .05 was con-
sidered statistically significant. All analyses were presented
with 95% CIs. The Hodges-Lehman method was used to cal-
culate 95% CIs for medians. Data analysis was performed
using SPSS version 25 and R Project software (http://www.r-
project.org).

Results
Participants
Between April 2011 and September 2016, 313 patients were as-
sessed for eligibility, and a total of 88 patients were enrolled

and randomized (Figure 1). Patients were a mean age of 52
years, 24% were women, and 69% had alcohol use as pancre-
atitis etiology. Baseline characteristics were comparable ex-
cept for age (−7 years in favor of early surgery) and are pre-
sented in Table 1. Median duration of weak opioid use before
randomization was 2 months, and median duration was 3
weeks for strong opioid use. Imaging before randomization
showed a median diameter of the pancreatic duct of 8 mm (IQR,
6-10). Imaging showed that 16% of patients had both ductal
stones and strictures, 74% had only ductal stones, and 10% had
only ductal strictures (see eTable 7 in Supplement 2).

Early Surgery
Of the 44 patients randomized to the early surgery group, 41
underwent surgery (median time from randomization to sur-
gery, 40 days [IQR, 32-65]). A lateral pancreatojejunostomy was
performed in 24 patients, and 15 patients underwent a duo-
denum-preserving pancreatic head resection. One patient un-
derwent a distal pancreatectomy and 1 patient had a pylorus-
preserving pancreatoduodenectomy. Three patients refused

Figure 1. Flowchart of Enrollment, Randomization, and Follow-up

313 Patients assessed for eligibility

225 Excluded
98 Did not meet inclusion criteria

104 Met exclusion criteria

23 Declined participation for
other reasons

65 Prolonged opioid use
18 Previous pancreatic

endoscopy or surgery
10 Contraindications for

endoscopy or surgery
7 Biliary obstruction
3 Life expectancy <1 y
1 Suspected malignancy

9 No chronic pancreatitis

74 No severe pain requiring opioids
15 No dilated pancreatic duct

88 Randomized

44 Randomized to receive early surgical treatment
41 Received treatment as randomized
3 Did not receive treatment as randomized
2 Underwent endoscopy
1 Did not receive intervention

44 Randomized to receive the endoscopy-first
approach (step-up practice)
44 Underwent medical management
39 Underwent endoscopy
13 Underwent surgery

2 Lost to follow-up1 Lost to follow-up

44 Included in the primary analysis44 Included in the primary analysis

33 Included in the per-protocol analysis
11 Excluded

7 Time between randomization and
surgery >6 wk

3 No surgery
1 Different type of surgery

32 Included in the per-protocol analysis
12 Excludeda

4 No ESWL despite stones >7 mmb

2 No progressive stenting despite stricture
1 Wrong inclusion (pancreatic carcinoma)
1 No endoscopy
1 No endoscopy and surgery
1 Too long endoscopy (>1 y stenting)b

1 Endoscopy in other center
1 No surgery
1 Surgery in other center

a To see in which step an exclusion
took place, see eTable 9 in
Supplement 2.

b One patient underwent no
extracorporeal shock-wave
lithotripsy (ESWL) despite having
stones greater than 7 mm, and this
same patient also underwent
endoscopies for too long
(>1 year of stenting).
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surgery after randomization, of whom 2 patients were treated
endoscopically and 1 received only medical treatment.

Endoscopy-First Approach
Step 1. Optimal Medical Treatment
All 44 patients started the endoscopy-first approach with op-
timal medical treatment. Step 1 was successful in 2 patients (5%)
and failed in 42 patients (95%).

Step 2. Endoscopic Intervention
In 39 of 44 patients (89%), endoscopy was performed with a
median of 3 endoscopic procedures (IQR, 1-4); 29 patients had
stones and 22 of them required extracorporeal shock-wave
lithotripsy. Thirty-four of 39 patients undergoing endoscopy

had strictures (with or without stones); in 32 patients dilata-
tion was performed. In 29 of 39 patients undergoing endos-
copy 1 or more stents were inserted, of which 18 patients un-
derwent multiple stenting procedures for recurrent stenosis.
Of the 39 patients who were treated endoscopically, com-
plete duct clearance after the last endoscopy was achieved in
24 patients (62%). Further details about endoscopic treat-
ment are available in the eAppendix (Supplement 2).

Endoscopy failed in 24 patients (62%). At the end of follow-
up, 13 of these patients had undergone surgery and another 6 pa-
tients were on the waiting list for surgery. One patient refused
surgery and in another patient, surgery was not deemed possible
due to an atrophic pancreas. An additional 3 patients still under-
went repeated stenting procedures at the end of follow-up.

Table 1. Baseline Characteristics of Patients in the Early Surgery Group vs the Endoscopy-First Approach Group

Early Surgery
(n = 44)

Endoscopy-First Approach
(n = 44)

Age, mean (SD), y 49 (10) 56 (9)

Men, No. (%) 33 (75) 34 (77)

Women, No. (%) 11 (25) 10 (23)

Cause of pancreatitis

Alcohol use 34 (77) 27 (61)

Nonalcoholic 10 (23) 17 (39)

Idiopathic 7 (16) 12 (27)

Hereditary 1 (2) 1 (2)

Other 2 (5) 4 (9)

Body mass index, median (IQR)a 22 (20-24) 22 (19-26)

Continuous pain pattern, No. (%) 29 (66) 35 (79)

Recurrent pain pattern, No. (%) 15 (34) 9 (21)

Enlarged pancreatic head, No. (%) 21 (48) 23 (52)

Izbicki pain score, mean (SD)b 63 (19) 64 (16)

Strong opioid use, median (IQR), moc 0.8 (0.5-1.5) 0.5 (0.4-1.8)

Weak opioid use, median (IQR), moc 2.0 (1.0-4.0) 1.5 (0.3-3.0)

Duration of chronic pancreatitis,
median (IQR), mod

12 (3-60) 12 (5-36)

Smoker, No./total No. (%)

Current 41/44 (93) 36/42 (86)

Past 3/44 (7) 6/42 (14)

Never 0/44 0/42

Smoking pack-years, median (IQR)e 28 (18-43) 23 (9-32)

Alcohol consumption, No./total No. (%)

Current 9/44 (21) 6/42 (14)

Median (IQR), units/d 5 (2-16) 4 (1-7)

Past 32/44 (73) 33/42 (79)

Never 3/44 (7) 3/42 (7)

Exocrine functionf

Insufficiency, No./total No. (%) 33/40 (83) 34/41 (85)

Fecal elastase, median (IQR), μg/g 29 (15-133) 23 (15-122)

Endocrine functiong

Insufficiency, No./total No. (%) 8/42 (19) 10/40 (25)

Hemoglobin A1c, median (IQR), mmol/mol 43 (39-50) 43 (39-55)

Hemoglobin A1c, median (IQR), % 6.1 (5.7-6.7) 6.1 (5.7-7.2)

SF-36 quality of life scores, mean (SD)h

Physical health scale 35 (7) 31 (8)

Mental health scale 38 (13) 36 (11)

Abbreviations: IQR, interquartile
range; SF-36, 36-Item Short Form
Health Survey.
a Calculated as weight in kilograms

divided by height in meters squared.
Assessed in 42 patients in the
endoscopy-first approach group.

b Assessed in 41 of 44 patients in each
study group. Scale ranges from 0 to
100 points (increasing score indicates
more pain severity). Questions
consist of 4 items regarding
frequency of pain, intensity of pain,
use of pain medication, and
disease-related inability to work. For
example, a score of 60 to 65
indicates a patient with weekly pain,
a score on the visual analog scale of
50 while prescribed strong opioids,
and recent inability to work
(eFigure 2 in Supplement 2).

c Weak opioids: codeine, tramadol,
and hydrocodone. Strong opioids:
all other opioids such as morphine,
oxycodone, fentanyl, pethidine, and
buprenorphine.

d Assessed in 42 of 44 patients in
each study group.

e Assessed in 42 patients in the early
surgery group and in 41 in the
endoscopy-first approach group.

f Exocrine level is insufficient when
fecal elastase is less than 200 μg/g.

g Endocrine level is insufficient when
patient needs diabetes medication.

h Physical and mental summary scales
were assessed in 42 patients in the
endoscopy-first approach group.
Scale range: 0 (maximum disability)
to 100 (no disability). A score of 50
represents the general Dutch
population. Subdomains to physical
and mental summary scales are
reported in eTable 11A in
Supplement 2.
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Step 3. Surgical Treatment
Thirteen of the 44 patients in the endoscopy-first approach
group (30%) underwent surgery after a median of 299 days
(IQR, 230-454); 8 patients had a Frey procedure, 3 patients a
lateral pancreatojejunostomy, and 1 patient a pancreatoduo-
denectomy. Another patient had a pancreatic body and tail re-
section with a pancreatojejunostomy at the pancreatic head.
Of the patients with endoscopic duct clearance, 17% under-

went surgery compared with 60% of the patients without en-
doscopic duct clearance (see eFigure 1 in Supplement 2 for a
flowchart of the endoscopy-first approach).

Clinical Outcomes
The primary and secondary outcomes are presented in Table 2.
The primary outcome, the mean AUC for the Izbicki pain score
during follow-up, was 37 (95% CI, 30 to 44) in the early surgery

Table 2. Primary and Secondary Outcomes

Early Surgery
(n = 44)a

Endoscopy-First Approach
(n = 44)a

Early Surgery vs
Endoscopy-First, Difference
(95% CI) P Value

Izbicki score: primary analysisb

Area under curve 37 (25) 49 (25) −12 (−22 to −2) .02

Corrected area under curvec 34 (21) 52 (29) −18 (−29 to −7) .001

Izbicki score: per protocolb

No. of patients 33 32

Area under curve 33 (26) 46 (25) −13 (−25 to −0.1) .05

Corrected area under curvec 30 (21) 50 (30) −20 (−33 to −7) .003

Patients with some pain relief at end
of follow-up, No./total No. (%)

23/40 (58) 16/41 (39) 19 (−4 to 41) .10

Complete reliefd 12/40 (35) 8/41 (20)

Partial reliefd 11/40 (23) 8/41 (20)

Izbicki score at end of follow-upb 31 (29) 42 (32) −11 (−25 to 3) .13

VAS score during follow-upe 28 (22) 36 (17) −9 (−17 to −1) .03

Büchler pain score during follow-upf 36 (26) 51 (21) −14 (−24 to −5) .004

SF-36 quality of life during follow-upg

Physical health scale 39 (12) 36 (9) 3 (−2 to 8) .21

Mental health scale 44 (11) 41 (11) 3 (−2 to 8) .21

Disease progression, No./total No. (%)

Pseudocysts 2/44 (5) 6/44 (14) −9 (−21 to 3) .27

Chronic opioid useh 20/42 (47) 26/42 (60) −14 (−35 to 7) .20

Chronic pancreatitis flare-up 18/44 (41) 20/44 (46) −5 (−26 to 17) .67

Flare-ups per patient, median (IQR) 0 (0 to 1) 0 (0 to 1) 0 (0 to 0) .52

Exocrine insufficiency, No./total No. (%)i 37/40 (93) 37/41 (90) 3 (−10 to 15) >.99

Endocrine insufficiency, No. (%)j 12 (27) 19 (43) −16 (−36 to 4) .12

Hospital admissions, median No. per patient (IQR) 2 (1 to 2) 2 (1 to 4) 0 (−1 to 0) .15

Hospital stay, median (IQR), d 11 (7 to 15) 10 (2 to 19) 1 (−3 to 5) .57

Interventions per patient, median (IQR) 1 (1 to 1) 3 (2 to 4) −2 (−3 to −1) <.001

No. of endoscopic procedures ±ESWLk 0 (0 to 0) 3 (1 to 4)

No. of surgical procedures 1 (1 to 1) 0 (0 to 1)

Treatment complications, No. of patients (%)l 12 (27) 11 (25) 2 (−17 to 21) .81

Abbreviations: ESWL, extracorporeal shock-wave lithotripsy; IQR, interquartile
range; SF-36, 36-Item Short Form Health Survey; VAS, visual analog scale.
a Values are reported as mean (SD) unless otherwise indicated.
b Scale ranges from 0 to 100 points (increasing score indicates more pain

severity). Questions consist of 4 items regarding frequency of pain, intensity
of pain, use of pain medication, and disease-related inability to work. For
example: a score of 30 to 40 indicates a patient with monthly pain, a VAS
score of 30 indicates a short inability to work and treatement with nonopioids
and with short inability to work (eFigure 2, eTable 12 in Supplement 2).

c Post hoc correction by adjustment for age and pancreatic head enlargement
using a generalized mixed model with Tweedie distribution. For detailed
information see the eAppendix in Supplement 2.

d Complete pain relief is defined as having an Izbicki pain score of 10 or less;
partial relief is a score of greater than 10 but decreased by more than 50%
when compared with baseline.

e VAS ranges from 0 (no pain) to 100 (most severe pain imaginable).

f Consists of only the frequency and VAS scale derived from the Izbicki pain
score. Scale ranges from 0 to 100 points (increasing with severity). A score of
35 to 50 indicates a patient with monthly pain and a VAS score of 30.

g Scale range: 0 (maximum disability) to 100 (no disability). A score of 50
represents the general Dutch population. Subdomains to physical and mental
summary scales are reported in eTable 11B in Supplement 2.

h Indicates a daily need for strong opioids for more than 6 months.
i Exocrine level is insufficient when fecal elastase is less than 200 μg/g.
j Endocrine level is insufficient when patient needs use of diabetes medication.
k ESWL sessions with the subsequent endoscopic retrograde cholangiopancrea-

tography were measured as a single endoscopic procedure; 39 patients
underwent endoscopic procedures, of which 22 patients underwent ESWL.

l Treatment complications were complications that were caused by endoscopic
or surgical interventions. Definition of the complications and number of
patients per complication are presented in eTables 10 and 13 in Supplement 2.
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group and 49 (95% CI, 41 to 57) in the endoscopy-first group,
resulting in a difference of −12 points (95% CI, −22 to −2;
[P = .02]). Directly after early surgery, a clear and constant de-
crease in Izbicki pain score was observed (Figure 2).

Complete or partial pain relief at the end of follow-up was
observed in 23 of 40 patients (58%) in the early surgery group
and in 16 of 41 (39%) in the endoscopy-first group (difference,
19% [95% CI, −4% to 41%]; P = .10). Pain relief during follow-up
is visualized in Figure 3. The early surgery group underwent
significantly fewer interventions (between-group difference,
−2 [95% CI, −3 to −1]; P < .001). There was no significant dif-
ference between groups for death (0% [95% CI, 0% to 0%]),
hospital admissions (0 [95% CI, −1 to 0]; P = .15), exocrine pan-
creatic insufficiency (3 [95% CI, −10 to 15]; P > .99), endo-
crine pancreatic insufficiency (−16 [95% CI, −36 to 4]; P = .12),
and quality of life (physical component, 3 [95% CI, −2 to 8];
P = .21 and mental component, 3 [95% CI, −2 to 8]; P = .21).

Adverse Events
Adverse events during follow-up occurred in 12 of 44 patients
(27%) in the early surgery group vs 11 of 44 patients (25%) in
the endoscopy-first approach group, which was comparable.
All adverse events in the early surgery group were postopera-
tive complications. In the endoscopy-first approach group, 7
patients (16%) had a complication after endoscopy and 5 pa-
tients (38%) had a postoperative complication. In the early sur-
gery group, 3 patients had a anastomotic leakage after sur-
gery compared with 2 patients in the endoscopy-first group.
Abdominal bleeding after surgery occurred in 3 patients in the
early surgery group and in 1 patient of the endoscopy-first
group. Nine patients in the endoscopy-first group had a pan-
creatitis flare-up requiring hospitalization (vs 0 patients in the
early surgery group) (severe treatment complications are given
in eTable 8 in Supplement 2).

Post Hoc Analyses
On a post hoc basis, a per-protocol analysis of the primary out-
come was performed that showed the same difference be-
tween the early surgery group vs the endoscopy-first ap-
proach group (−13 points [95% CI, −25 to −0.1]; P = .048). Izbicki
pain score at the end of follow-up showed a difference of −11
points (95% CI, −25 to 3; [P = .13]). Subgroup analysis showed
that in the endoscopy-first group, patients with endoscopic
duct clearance had a mean AUC Izbicki pain score during total
follow-up of 40 (95% CI, 31 to 50) compared with 60 (95% CI,
48 to 72) in patients without endoscopic duct clearance (eFig-
ure 3 and eTable 6 in Supplement 2).

Discussion
In this multicenter RCT among patients with chronic pancre-
atitis, early surgery compared with an endoscopy-first ap-
proach resulted in lower pain scores with fewer interventions
when integrated over 18 months. At the end of follow-up, single
time point pain scores and proportion of patients with com-
plete or partial pain relief were not significantly different. Pan-
creatic function and quality of life were not significantly dif-
ferent between groups.

The findings on the primary outcome, the Izbicki pain score
during 18 months’ follow-up, were consistent with previous
observational studies that concluded early surgery results in
better pain relief compared with postponed surgery in pa-
tients with chronic pancreatitis.10,12 Previous opioid use and
multiple endoscopic interventions before surgery were asso-
ciated with less pain relief, as compared with surgical inter-
vention in an early phase of the disease.10 These factors could
be possible explanations for the beneficial outcome of early
surgery in this study. First, short-term opioid use before surgery

Figure 2. Mean Izbicki Pain Score During 18 Months of Follow-up
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could have led to better pain control since long-term opioid
use leads to opioid dependency. Furthermore, prolonged opi-
oid use is associated with central sensitization and hyperal-
gesia, which can lead to a self-perpetuating state that is im-
possible to treat with interventions such as endoscopy or
surgery.23 Second, in this study, endoscopy failed in two-
thirds of patients, and one-third of the patients from the en-
doscopic group were referred to undergo surgery within a fol-
low-up of 18 months. This number of endoscopy failures and
referrals to undergo surgery were because not all stenoses could
be treated successfully, and strictures and stones often re-
curred. By directly performing pancreatic drainage surgery, all
stenoses can be treated in a single intervention, which may lead
to a more definitive result.

Conversely, proportion of complete or partial pain relief
at the end of follow-up was not significantly different be-
tween early surgery and the endoscopy-first practice. It is pos-
sible that early surgery may be beneficial primarily in the short
term and may become comparable with the endoscopy-first
practice in the long term, when in both groups, patients have
undergone surgery. Also in that case, it is questionable if the

multiple steps of the endoscopy-first approach are worth do-
ing since they fail at a high rate. Furthermore, optimal medi-
cal management as first-step treatment failed in nearly all pa-
tients in the endoscopy-first approach group. This first step
should, therefore, only be used as a short bridging period to
interventional therapy.

Two previous RCTs compared surgery with endoscopy in
patients with chronic pancreatitis, and both concluded that
surgery was more effective in pain relief than endoscopy.9,24

In contrast with the present study, which included patients in
the early phase of treatment with short-term opioid use, the
previous studies included patients in a much later phase of
chronic pancreatitis, with refractory pain and long-term opi-
oid dependency. Cahen et al showed that when compared
with endoscopy, better pain relief was provided with mid-
term surgery (75% vs 32%; P = .007) and also with long-term
surgery (80% vs 38%; P = .04).6,9 These studies have not
changed clinical practice since endoscopic therapy is still pre-
ceding surgery in many cases. What did change is that sur-
gery is considered more often after failed endoscopy, instead
of years of stent exchanges.

Figure 3. Pain Relief During 18 Months of Follow-up
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Complete relief is defined as having
an Izbicki pain score of 10 or less;
partial relief is a score of greater than
10 but decreased by more than 50%
when compared with baseline.
Average pain relief during follow-up
was 44% in the early surgery group
and 30% in the endoscopy-first
approach group (difference, 14%
[95% CI, −7% to 35%]; P = .18). Other
pain relief scenarios at the end of
follow-up are presented in eTable 10
in Supplement 2.
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There is no consensus as to the optimal treatment of pa-
tients with an enlarged pancreatic head. In a recent survey
among pancreatologists, 58% preferred a surgical treatment
vs 42% who would perform endoscopic therapy.25 In a previ-
ous RCT comparing surgery with endoscopy, patients with an
enlarged pancreatic head were explicitly excluded, which made
it difficult to extrapolate the results to all patients with ductal
obstruction.9 In the present study, patients with an enlarged
pancreatic head were also included. The results can therefore
also be extrapolated to patients with an enlarged pancreatic
head and ductal obstruction.

Among patients who received endoscopic treatment, post
hoc analysis showed that complete duct clearance was asso-
ciated with a much lower Izbicki pain score—almost as low as
in the early-surgery group. This might leave the option open
for endoscopy to be tried first in a subgroup of patients, but
complete duct clearance and pain reduction should be ob-
tained and confirmed at short-term follow-up. New endo-
scopic techniques such as intraductal pancreaticoscopy and
endoscopic laser or electrohydraulic lithotripsy are under con-
sideration for future use, which may lead to higher complete
duct clearance rates in the future.

Previous studies have suggested that early surgical inter-
vention can mitigate disease progression and specific loss of
pancreatic function.13,26,27 These findings were not shown in
this trial. Most patients already had pancreatic exocrine in-
sufficiency at randomization, and therefore, no benefit from
either treatment could be obtained. More patients developed
endocrine insufficiency in the endoscopy-first approach group,
as compared with the early-surgery group, but no significant
differences were found. Potentially, there is no beneficial ef-
fect of early surgery on endocrine and exocrine function in pa-
tients who recently started prescription use of opioids be-
cause of progressive pain, or the 18 months’ follow-up was not
sufficient to achieve a significant difference.

Despite lower pain scores during follow-up for the early
surgery group, quality of life was not significantly different be-
tween both groups. Potentially, the differences in pain scores
between both groups were too small to distinguish differ-
ences in quality of life. The fact that both the pain relief dur-
ing follow-up (Figure 3) and pain relief at end of follow-up were
not statistically different supports this concern.

Limitations
This study has several limitations. First, the high frequency
of pain score assessment, together with the subjectivity of the
pain score, could have led to observer bias. The pain score that
was used is a validated pain score that was specifically de-
signed for chronic pancreatitis and used in previous trials.9

Nevertheless, the effect of treatment could have been under-
estimated since repetitive asking about pain potentially re-
sults in patients reporting higher pain scores.

Second, the combination of an unblinded design with the
subjective outcome could have led to biased results. Con-
cerns have been raised that studies on invasive interventions
in chronic pancreatitis never included a sham control group.3

The beneficial effect of interventions may therefore, in theory,
be a placebo effect. Sham-controlled trials are subject to de-
bate because it is ethically questionable to withhold patients
with severe pain from interventions that have shown to be suc-
cessful without sham comparison.

Third, the inclusion of 88 patients in this study was based
on power calculation for the primary outcome, but this small
sample size precluded definitive conclusions regarding sec-
ondary outcomes because of a lack of statistical power. There-
fore, findings for analyses of secondary end points should be
interpreted as exploratory.

Fourth, although it is a strength of this study that all pa-
tients enrolled from 30 participating hospitals were treated by
experts working in multidisciplinary teams, and conse-
quently, these results may not generalize to outcomes at cen-
ters that have less expertise, it can be difficult to have pa-
tients referred for surgery in this early phase of treatment.
Multidisciplinary teams, including gastroenterologists and sur-
geons, are crucial early in the disease course to successfully
treat these patients without large delays.

Conclusions
Among patients with chronic pancreatitis, early surgery com-
pared with an endoscopy-first approach to treatment re-
sulted in lower pain scores when integrated over 18 months.
However, further research is needed to assess persistence of
differences over time and to replicate the study findings.
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United European Gastroenterology evidence-
based guidelines for the diagnosis and therapy
of chronic pancreatitis (HaPanEU)
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Marc Besselink4, Julia Mayerle25, Markus M Lerch5, Stephan Haas1,
Fatih Akisik6, Nikolaos Kartalis7, Julio Iglesias-Garcia2, Jutta Keller9,
Marja Boermeester4, Jens Werner10, Jean-Marc Dumonceau11,
Paul Fockens4,8, Asbjorn Drewes12, Gürlap Ceyhan13, Björn Lindkvist14,
Joost Drenth15, Nils Ewald16, Philip Hardt16, Enrique de Madaria17,
Heiko Witt18, Alexander Schneider19, Riccardo Manfredi20,
Frøkjer J Brøndum21, Sasa Rudolf22, Thomas Bollen23 and Marco Bruno24;
HaPanEU/UEG Working Group

Abstract
Background: There have been substantial improvements in the management of chronic pancreatitis, leading to the pub-

lication of several national guidelines during recent years. In collaboration with United European Gastroenterology, the

working group on ‘Harmonizing diagnosis and treatment of chronic pancreatitis across Europe’ (HaPanEU) developed these

European guidelines using an evidence-based approach.

Methods: Twelve multidisciplinary review groups performed systematic literature reviews to answer 101 predefined clinical

questions. Recommendations were graded using the Grading of Recommendations Assessment, Development and

Evaluation system and the answers were assessed by the entire group in a Delphi process online. The review groups

presented their recommendations during the 2015 annual meeting of United European Gastroenterology. At this one-day,

interactive conference, relevant remarks were voiced and overall agreement on each recommendation was quantified using

plenary voting (Test and Evaluation Directorate). After a final round of adjustments based on these comments, a draft

version was sent out to external reviewers.

Results: The 101 recommendations covered 12 topics related to the clinical management of chronic pancreatitis: aetiology

(working party (WP)1), diagnosis of chronic pancreatitis with imaging (WP2 and WP3), diagnosis of pancreatic exocrine
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insufficiency (WP4), surgery in chronic pancreatitis (WP5), medical therapy (WP6), endoscopic therapy (WP7), treatment of

pancreatic pseudocysts (WP8), pancreatic pain (WP9), nutrition and malnutrition (WP10), diabetes mellitus (WP11) and the

natural course of the disease and quality of life (WP12). Using the Grading of Recommendations Assessment, Development

and Evaluation system, 70 of the 101 (70%) recommendations were rated as ‘strong’ and plenary voting revealed ‘strong

agreement’ for 99 (98%) recommendations.

Conclusions: The 2016HaPanEU/United European Gastroenterologyguidelinesprovide evidence-basedrecommendationsconcerning

key aspects of the medical and surgical management of chronic pancreatitis based on current available evidence. These recommen-

dations should serve as a reference standard for existing management of the disease and as a guide for future clinical research.
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Chronic pancreatitis, Grading of Recommendations Assessment, Development and Evaluation, evidence-based, guidelines,

pancreatic exocrine insufficiency, diabetes mellitus, endoscopic therapy
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Introduction

Chronic pancreatitis (CP) is a serious disorder which
can have a severe impact on the quality of life in add-
ition to life-threatening long-term sequelae. As well as
pain, pancreatic exocrine insufficiency (PEI) can result
in malnutrition – in a population apt to neglect their
nutrition. Long-term complications include diabetes
mellitus and pancreatic cancer. The incidence in
European countries ranges from 5 to 10 per 100,000
inhabitants. With a median survival of 20 years, the
calculated prevalence is around 120/100,000
inhabitants.1

While understanding of this illness is improving,
establishing the formal diagnosis is far from being a
well-known routine. While many patients with CP
enter the healthcare system via a gastroenterologist or
surgeon due to an acute manifestation of acute pan-
creatitis or pain, much of their long-term care is con-
ducted in the community by general practitioners or
diabetologists.

As a consequence, the Harmonizing diagnosis and
treatment of chronic Pancreatitis across Europe
(HaPanEU) initiative of United European
Gastroenterology (UEG) aims to provide the commu-
nity with evidence-based, state-of-the-art clinical guide-
lines to help in the management of these patients.

The statements are based on the recent guidelines
and recommendations published by the Australian,2

Belgian,3 German,4 Hungarian,5 Italian,6 Romanian7

and Spanish8,9 Societies of Gastroenterology and
Pancreatology, and a Cochrane report10 as well as per-
tinent new literature, which have been included in the
study. A list of abbreviations which are defined on first
use in the text is also included in the Supplementary
Material.

Methods

Scope and purpose

The overall objective of these guidelines is to provide
evidence-based recommendations for the diagnosis and
medical, endoscopic and surgical management of CP,
with particular emphasis on the diagnosis and treat-
ment of PEI as the major symptom. One particular
aim is to revisit the following diagnostic tests for pan-
creatic function: the faecal elastase-1 (FE-1) test, the
mixed-triglyceride breath test (MTG-BT), and the
secretin-stimulated magnetic resonance cholangiopan-
creatography (s-MRCP) test. Finally, malnutrition as
a consequence of PEI and the resulting pancreatic
enzyme replacement therapy (PERT) has been another
focus of these guidelines.

Stakeholder involvement

Individuals from all relevant professional groups
involved with CP and PEI have been included. Target
users of the guidelines are clinicians involved in the care
of patients with CP.

General outline of the process

First phase: drafting the work plan. The HaPanEU consor-
tium was formed as a consequence of an open call from
the UEG National Societies Committee. The consor-
tium received endorsements and funding from the
UEG via a LINK award to the Swedish and German
societies of Gastroenterology.11

Second phase: systematic literature reviews. The work was
ordered into 12 working parties (WPs), which are listed
at the end of the document. At the beginning of the

154 United European Gastroenterology Journal 5(2)



process, each WP identified the most important clinical
questions in their field and then the entire group
decided on the final set of questions for each of the
areas under discussion.

Systematic review guidelines

A systematic search for relevant articles was performed
using the PubMed, Embase, and Cochrane databases.
Inclusion criteria were: (a) randomised or observational
cohort studies, including systematic reviews, on
patients with CP, that focused on the speciEc study
questions; (b) studies published in the English language;
and (c) studies available in full text. If review groups
were capable of translating non-English publications
they were encouraged to do so.

Exclusion criteria were: (a) non-randomised studies
with less than 20 patients because of the likelihood of
selection bias; (b) studies on patients with ‘acute-on-
chronic pancreatitis’; and (c) non-randomised studies
prior to 2004. Randomised controlled trials (RCTs)
prior to 2004 could only be excluded if the reviewers
felt that they were not relevant to current practice.

Grading of the evidence

The recommendations format comprised the question,
the statement, its level of evidence and strength of rec-
ommendation, and the percentage agreement of the
global consensus group with the Enal version. In the
present document the statements are followed by qual-
ifying comments, written by each working party and
reviewed by the entire scientiEc board (executive com-
mittee). Relevant comments and suggestions made by
the global consensus group (expert readers) have also
been taken into account. Statements and their comments
should be read together. In certain areas, the evidence
level is low, reFecting paucity of randomised trials and of
good quality diagnostic studies. For some topics, expert
opinion represented the highest level of evidence.
The Grading of Recommendations Assessment,
Development and Evaluation (GRADE) system12,13

(Supplementary Material, Table S1) was applied in line
with the International Association of Pancreatology/
American Pancreatic Association (IAP/APA) guidelines
on acute pancreatitis.14 All reviewers were advised to
take a GRADE system tutorial (link on UpToDate:
http://www.uptodate.com/home/grading-tutorial).

Outcome reporting

The Enal outcomes of the systematic reviews were dis-
cussed amongst the members of the review group (WP).

The review groups provided the following for each clin-
ical question:

1. Recommendation: the GRADE strength of recom-
mendation (1¼ strong, 2¼weak) and the quality of
evidence (A¼ high, B¼moderate, C¼ low),
together with the strength of agreement (strong/
weak)12,13 during plenary voting (see
Supplementary Material, Table S1). Initially, the
GRADE recommendation also included a quality
of evidence level D; however, this was combined
with level C (see Supplementary Material,
Appendix). In the absence of studies speciEcally
addressing a particular question, this had to be
stated and the recommendation was then based on
related studies or expert opinion.

2. Comments: these remarks could discuss any relevant
aspect regarding the recommendation, such as
important exceptions/contra-indications, availabil-
ity, lack of evidence, risks and costs.

Third phase: UEG/European Pancreas Club (EPC) joint meet-

ing, Delphi process. After a meeting during the 47th EPC
(2015) in Toledo, Spain, the questions were answered
and distributed amongst the entire expert group. The
questions and answers that had been agreed upon,
including related comments, were then uploaded to
the Delphi platform and voted upon. Voting participa-
tion was 100% of the expert group. All questions with
less than 80% agreement were discussed at a meeting
during the UEG week (2015) in Barcelona, Spain, with
Test and Evaluation Directorate (TED) voting. The
comments to all questions, and particularly those with
less than 80% agreement during the TED voting, were
returned to the working parties for a final round of
discussion.

Fourth phase: drafting the manuscript. Following the con-
sensus reached after the UEG week (2015) and a final
round of adjustments, a first draft of the manuscript
was issued and agreed upon by the expert group. This
was then sent out to external readers and finalised
according to the comments received. In addition to
this written version, an interactive smartphone app,
Guideline on Chronic Pancreatitis, has been developed
that can be downloaded for free (HaPanEU).

Future aspects

These guidelines reflect current, state-of-the-art proced-
ures and will be updated by the UEG association when
they believe there is a need to do so, but no longer than
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10 years after their publication.15 As sometimes occurs
during literature reviews, when looking for evidence,
the group identified several areas where studies are
lacking and this has been stated.

Results

The 12 main topics are presented consecutively, incor-
porating a total of 101 questions and their respective
answers. The GRADE strength of recommendation (1/
2) and quality of evidence (A, B, or C) is provided12,13

along with the strength of agreement during plenary
voting. For each recommendation the comments from
the reviewers and attendees at the meeting are listed.

Definition

Q0: What is the definition of CP (regardless of the aetiology)?

Statement. CP is a disease of the pancreas in which
recurrent inflammatory episodes result in replacement
of the pancreatic parenchyma by fibrous connective
tissue. This fibrotic reorganisation of the pancreas
leads to progressive exocrine and endocrine pancreatic
insufficiency.4 Diagnosis is established via high quality
imaging modalities, which allow identification of the
following signs: increased density of the parenchyma,
atrophy of the gland, calcification, pseudocysts and
irregularities of the main pancreatic duct and its side
branches. Diagnosis should be based on imaging per-
formed in symptomatic patients presenting with indica-
tors suggestive of pancreatic disease. The diagnostic
criteria have been reviewed elsewhere.4 Complications
of CP encompass strictures of the pancreatic duct and/
or the biliary ducts, pseudocysts, pancreaticolithiasis,
duodenal stenosis, malnutrition, vascular complications
and recurrent or persisting pain. (Strong agreement)

Comments. As pathognomonic symptoms do not
exist for this disease, the diagnosis has to be based on
objective criteria such as cross-sectional imaging.
Minimal suggested imaging requirements are detailed
for both computed tomography (CT) and magnetic res-
onance imaging (MRI) in the Italian guidelines6 and are
specified below. There is a disease continuum from
acute to chronic pancreatitis16 and a significant percent-
age do progress to CP.17

Aetiology of CP (WP1)

Q1-1: What needs to be done to define the aetiology of CP

in adult patients?

Statement 1-1. It is recommended that a comprehen-
sive medical history, laboratory evaluation and imaging

studies are performed in patients with CP. (GRADE

2C, strong agreement)

Comments. CP is a continuing inflammatory disorder
of the pancreas, which leads to replacement of pancre-
atic tissue by fibrotic tissue. As a consequence, endo-
crine and/or exocrine insufficiency can develop.18 In CP
patients the risk of developing pancreatic carcinoma is
elevated.19 CP incidence ranges from between 1.6–23
per 100,000 and an increase in prevalence has been
noted.20

The most common risk factor for CP is alcohol
abuse, with a logarithmic risk increase, although the
type of alcohol consumed is irrelevant.21–27 The
amount and duration of alcohol consumption required
to develop CP has not been unequivocally defined.
Some authors suggest at least 80 g/day for a period of
at least six years. Smoking is most probably an inde-
pendent risk factor. Since smoking leads to the progres-
sion of CP, all patients should be advised to stop
smoking.28

Genetic factors also contribute to CP development.
The most important genetic risk factors are variants in
cationic trypsinogen (PRSS1), serine protease inhibitor
Kazal-type 1 (SPINK1) and carboxypeptidase A1
(CPA1). Further genetic susceptibility genes are cystic
fibrosis transmembrane conductance regulator (CFTR),
chymotrypsinogen C (CTRC) and carboxyesterlipase
(CEL).29–34 Additionally, autoimmune processes can
lead to the development of CP.

To diagnose CP, a complete medical history and
clinical investigations, including imaging technologies
and function tests, need to be applied. The aetiology
of CP is defined after a thorough patient investigation
considering all known risk factors, including alcohol
consumption (for example using the AUDIT question-
naire) and smoking, as well as laboratory values (trigly-
ceride-levels; Ca2þ-levels for ruling out elevated
primary hyperparathyroidism (PHPT); carbohydrate
deficient transferrin (CDT)/phosphatidylethanol
levels), and family medical history.

Autoimmune pancreatitis (AIP) should be ruled out
following current consensus guidelines and when no
other aetiology can be found in patients. AIP signs
include elevated immunoglobulin (Ig)G4 serum levels,
the presence of lactoferrin and carbonic anhydrase
auto-antibodies, and imaging showing a typical ‘sau-
sage-like’ configuration of the pancreas.35

Cholecystolithiasis and/or choledocholithiasis alone
are not considered risk factors for the development of
CP. Protective environmental factors have not been
described. Whether anatomic anomalies such as pan-
creas divisum increase the CP risk is still a matter of
debate; however, with additional risk factors, pancreas
divisum might lead to CP development. If no
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aetiological factor can be identified, genetic screening
for predisposing variants can be offered.

In recent guidelines, CP has been classified into dif-
ferent forms (calcifying, obstructive, autoimmune and
groove). These classifications are based on clinical fea-
tures, morphological characteristics and response to
treatment. In calcifying CP, for example, perilobular
fibrosis and acinar destruction with infiltration of
acute and chronic inflammatory cells are present.
Obstructive CP develops as a secondary complication
due to an area of obstruction with dilatation of the
pancreatic duct proximal to the stenosis, atrophy of
acinar cells and fibrosis. Characteristics of AIP are dis-
cussed in detail in Q1-4. Finally, groove pancreatitis
affects the groove between the pancreatic head, duode-
num and the bile duct (see Q4-1.9–Q4-1.11).

Q1-2: What aetiological factors should be investigated in

paediatric patients with recurrent acute pancreatitis or CP?

Statement 1-2. Cystic fibrosis needs to be ruled out
by chloride iontophoresis, while genetic causes seem to
be much more important in children than in adults.
Laboratory evaluation needs to include Ca2þ and tri-
glyceride levels. Recommended imaging modalities are
abdominal ultrasound or magnetic resonance cholan-
giopancreatography (MRCP). (GRADE 2C, strong

agreement)

Comments. The incidence of CP in children has been
reported at 4–13 in 100,000.36–38 As such it is of great
importance that pediatricians are aware of the differen-
tial diagnosis of CP in children with abdominal pain
and they should attempt to define the aetiology follow-
ing a diagnosis of CP.

Until the first genetic associations were identified,
the aetiology of CP in children was idiopathic in up
to 70% of patients. Inherited CP is characterised by
early onset of the disease (in most cases before 20
years of age) and some patients show a positive
family history. In patients with a positive family his-
tory, dominant PRSS1 mutations (p.N29I and
p.R122H) are frequently found.29 Genetic variants in
SPINK1, CPA1, CTRC, CEL, CFTR and PRSS1
(mainly p.A16V) can be found both in patients with a
positive and negative family history of CP.29–34 In con-
trast, a protective variant, p.G191R, has been identified
in the anionic trypsinogen (PRSS2) gene.39

Patientswith inheritedCPcandevelop their first symp-
toms as early as their first year. In paediatric patients,
genetic variants can be tested after informed consent
and genetic counselling according to country-specific
national guidelines. Genetic testing should be offered to
patients with a positive family history as well as to paedi-
atric patients without an identified aetiological factor.

Testing should include PRSS1 (sequencing of exon 2
and 3 to cover mainly p.A16V, p.N29I and p.R122H),
SPINK1 (all four exons, mainly p.N34S and
IVS3þ 2T>C in exon 3 and intron 3), CPA1 (several
variants, mainly in exons 7, 8 and 10), CTRC (espe-
cially exon 7), CEL (hybrid allele only) and may include
screening for variants in CFTR.

In every paediatric patient, cystic fibrosis has to be
ruled out, since 10–15% of cystic fibrosis patients with
pancreatic sufficiency (comprising 1–2% of all patients
with cystic fibrosis) present clinically with recurrent
attacks of acute pancreatitis.40–42 Other aetiologies
including parasites, hypertriglyceridaemia, hypercalcae-
mia, and anatomic anomalies are rare, but should be
investigated.

Q1-3: In which CP patients should we rule out cystic fibrosis?

Statement 1-3. A diagnosis of cystic fibrosis needs to
be ruled out in all patients with CP onset before the age
of 20 years as well as in patients with so-called ‘idio-
pathic’ CP (regardless of the age of onset). (GRADE

1B, strong agreement)

Comments. The recommended investigations for
ruling out a diagnosis of cystic fibrosis should follow
national and international guidelines.43 Note, this does
not imply a complete sequencing of the CFTR gene but
only of known hotspot variants. Moreover, if no fur-
ther clinical signs of cystic fibrosis are present (for
example, no pulmonary symptoms, no male infertility)
the diagnostic workup should be restricted to sweat
chloride iontophoresis.

The first description of an association between
CFTR variants and CP was published in 1998.31

Several association studies investigated the role of
CFTR variants in CP and concluded that the associ-
ation is not as strong as previously suspected with
odds ratios of around 3–5.44,45

CFTR variants range from severe to mild and
include polymorphisms. CP patients carrying CFTR
variants harbour at least one mild variant allele giving
them residual CFTR function. In many patients, CP is a
complex genetic disease and these patients simultan-
eously carry variants in several different genes (for
example, SPINK1, CTRC, CFTR). The interpretation
of these complex genotypes is difficult and should be
performed in specialised centres in the appropriate
European county. Testing for rare CFTR variants
with, in most cases, unknown functional consequences
should only be performed in a research setting. Certain
complex genotypes with variants in genes such as
SPINK1 and CFTR are associated with CP develop-
ment, while others represent the expected finding of
concomitant variants.
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Q1-4: Should the diagnosis of AIP be ruled out in all pancrea-

titis patients?

Statement 1-4. If no other aetiology of CP can be
identified in a patient then a diagnosis of AIP should
be ruled out. (GRADE 2C, strong agreement)

Comments. AIP is a rare but important differential
diagnosis in patients with acute and chronic pancrea-
titis. As such, the screening for aetiological factors
should include the information needed to diagnose
AIP. AIP was described for the first time in 1961 by
Henri Sarles346 and studies have demonstrated that
males suffer more often from AIP (ratio 2:1).
Approximately 5% of patients with CP also have
AIP. Note, up to 5% of patients with suspected pan-
creatic adenocarcinoma are finally diagnosed as
having AIP.

Symptoms include recurrent attacks of abdominal
pain and jaundice in up to 50% of patients.
Morphological characteristics in up to 40% of cases
comprise a ‘sausage’-like configuration of the pancreas,
and an irregular stenosis of the pancreatic duct without
prestenotic dilatation. In contrast, calcifications are
rare.46–51 AIP can be divided into type 1 and type 2
categories. In type 1 AIP, IgG4 serum levels are ele-
vated in most cases and histological findings are in
accordance with lymphoplasmocytic sclerosing pan-
creatitis (LPSP). Obliterative phlebitis and periductular
fibrosis are also common features of type 1 AIP. In type
2 AIP, IgG4 levels are within the reference level. A
typical histological change is idiopathic duct centric
pancreatitis (IDCP) and granulocytic epithelial lesions
(GELs). While type 1 AIP is associated with the IgG4-
related disease spectrum, type 2 AIP can be accompa-
nied by ulcerative colitis.

Type 1 AIP represents a systemic disease that may
affect various organs.46,49,52,53 The disease is unique
since both pancreatic morphological changes and pan-
creatic insufficiency respond very well to immunosup-
pressive therapy.46–51 Several reports have
demonstrated the normalisation of exocrine and endo-
crine insufficiency under immunosuppressive medica-
tion.46,51,54 However, the diagnosis of AIP remains
challenging since patients with this disease may have
atypical presentations.35,52,55 Thus, AIP may underlie
any inflammation of the pancreas and a complex
workup needs to be performed. Therefore, clinical
and radiological (first choice – MRCP, second – endo-
scopic ultrasonography (EUS)) as well as serological
and immunohistochemical investigations (only in
patients with other signs of AIP or with focal segmental
lesions) are necessary. Some diagnostic autoantibodies
have been described,56,57 however, they are not com-
mercially available.

Q1-5: Is there a recommended classification system that

should be used when defining the aetiology?

Statement 1-5. There is no preferred classification
system for defining the aetiology of CP since the avail-
able classification systems need to be evaluated in ran-
domised prospective trials with endpoints of morbidity
and mortality. Only in this way can a recommendation
be made on which system to use in the future. (GRADE

2C, strong agreement)

Comments. Distinct classification systems have been
developed for CP patients, but only the Toxic/meta-
bolic, Idiopathic, Genetic, Autoimmune, Recurrent
acute pancreatitis, and Obstructive (TIGAR-O) and
the M-ANNHEIM classification systems take the aeti-
ology of CP into account.

Classification systems are of great importance for
guiding management strategies, since treatment strate-
gies cannot rely solely on the type and degree of mor-
phological changes in the pancreas, but need to include
clinical, functional and imaging findings. So far no glo-
bally accepted classification system has been estab-
lished. Classification systems currently in use are:

1. Manchester classification
2. ABC classification
3. M-ANNHEIM
4. TIGAR-O
5. Rosemont classification

TheManchester classification system uses imaging mod-
alities and clinical signs of CP.58 The degree of severity is
mostly influenced by the presence of exocrine and/or endo-
crine insufficiency or the presence of complications, while
imaging findings are of minor importance. The ABC clas-
sification recommends similar findings to the Manchester
classification system.59,60 The Rosemont classification was
developed to diagnose CP using EUS and is described in
the comments for Q2-9.61 In the M-ANNHEIM system,
the stage, severity and clinical findings of CP are inte-
grated.62 The M-ANNHEIM system is the only one offer-
ing a severity index and is used accordingly.63–65 Finally,
after a complex procedure, a score of between 0–25, rep-
resenting the severity of CP, is calculated.66 Different guide-
lines recommend using the TIGAR-O classification.
This system comprises six aetiologic groups: toxic/meta-
bolic, idiopathic, genetic, autoimmune, recurrent acute
pancreatitis, and obstructive groups.67

Q1-6: Are there different courses of the disease?

Statement 1-6. Depending on the aetiology, CP has
different disease courses and long-term complications.
(GRADE 1B, strong agreement)
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Comments. Categorising patients according to the
underlying aetiology is clinically important. The
course of the disease and the risk of developing pancre-
atic cancer vary considerably between different aetiolo-
gies.68,69 For example, epidemiological studies have
shown that calcifications, and exocrine and endocrine
insufficiency, develop after a shorter time period in
alcoholic CP patients compared to other aetiologies.
Although causal treatment options for alcoholic CP
are currently not available, cessation of alcohol con-
sumption may reduce the rate of progression, decrease
pancreatic pain, and partly restore pancreatic exocrine
function (see WP12).70 Smoking has been recognised as
an independent risk factor for the development of CP
and pancreatic calcifications.28,71

In patients with early onset CP, especially hereditary
(<20 years), the risk of pancreatic cancer is increased
considerably, and cessation of smoking may reduce the
risk in this group.72 In addition, patients with different
genetic mutations demonstrate a different clinical pres-
entation (for example later development of diabetes
mellitus, and calcifications) than patients with other
aetiologies.68,69 In patients with genetic predispositions,
the age of onset is generally earlier, and exocrine and
endocrine insufficiency are more prevalent compared to
other aetiologies.68 Patients with inherited CP seem to
have a higher risk of developing pancreatic adenocar-
cinoma: a meta-analysis calculated a 69-fold risk
increase for these patients while other aetiologies had
a 13-fold risk increase.73 This assumption has been
challenged by recent studies that demonstrated that
the risk of developing a pancreatic adenocarcinoma is
unrelated to the genotype.68 Most likely, the early onset
of the disease in these patients and the longer disease
course are the main reasons for an increased risk of
developing pancreatic cancer. According to a recent
epidemiological study, the risk of cancer development
in CP is actually lower than stated in previous
reports.74 Unfortunately, early screening of these
patients for cancer or premalignant lesions is difficult.
To date, no convincing strategy has been recommended
and hopefully further studies will address these issues.
The clinician should strongly advise his patients to stop
smoking and to reduce, or eliminate entirely, the
amount of alcohol consumed.

Finally, recent studies have demonstrated that the
interaction of different genetic risk factors with each
other or the interaction of other risk factors, such as
pancreas divisum, with genetic variations75 might
increase the risk of developing CP. Thus it is essential
for clinicians to determine the aetiology of the disease
correctly.

Q1-7: In which CP patients should genetic screening be

performed and which genes should be investigated?

Statement 1-7. All patients with a family history or
early onset disease (<20 years) should be offered gen-
etic testing for associated variants. (GRADE 2C, strong

agreement)

Comments. Genetic screening for every CP patient
cannot be recommended since alcohol abuse is the pre-
dominant cause of the disease in up to 60% of adult
cases. In patients with early onset CP, genetic screening
can be offered after informed consent (see Statement
1-2). Note, the genetic test results will neither change
the medical treatment offered to the patient nor alter
the disease course. However, it might enable some
patients to understand their disease better and might
even impact family planning. In patients with alcoholic
CP, routine genetic testing cannot be recommended.
Variants in SPINK1 and CTRC, and to a lesser
extent, common single-nucleotide polymorphisms
(SNPs) in the PRSS1 and CLDN2-MORC4 loci, are
associated with alcoholic CP.

Diagnosing CP (WP2 and WP3)

Evaluation of the various cross-imaging modalities
such as MRI and computed tomography (CT) as well
as EUS, contrast-enhanced ultrasound (CEUS) and
even endoscopic retrograde cholangiopancreatography
(ERCP) for diagnosing CP relies heavily on a recent
review and meta-analysis performed by several mem-
bers of the consortium, applying both the Quality
Assessment of Diagnostic Accuracy Studies
(QUADAS-2) and GRADE criteria.76 The results are
summarised in Supplementary Material, Table S2.

Q2-1: What is the best overall imaging modality for

establishing a diagnosis of CP?

Statement 2-1. EUS, MRI, and CT are the best ima-
ging methods for establishing a diagnosis of CP.
(GRADE 1C, strong agreement)

Comments. Imaging modalities are indispensable for
the management of CP. The most frequently used ima-
ging modalities are ERCP, abdominal ultrasonography
(US), EUS, MRI and CT; however, summary estimates
of their accuracy are lacking. The aim of a meta-ana-
lysis76 was to obtain summary estimates of the sensitiv-
ity and specificity of the various imaging modalities
employed for CP assessment. In addition to GRADE,
the QUADAS-2 tool was used to assess the quality of
the methods used in the studies. A bivariate random-
effects model was used to obtain summary estimates of
sensitivity and specificity. Full text was retrieved from
268 studies of which 42 studies evaluating 3392 patients
fulfilled the inclusion criteria. The risk of bias was low

Löhr et al. 159



in only 29% of studies according to QUADAS-2 and
the quality of evidence was very low according to
GRADE. Estimates of sensitivity and specificity are
presented in Supplementary Material, Table S2. A sum-
mary of results from 14 studies with head-to-head com-
parisons of various modalities confirmed the overall
summary estimates (Supplementary Material, Table
S3). EUS, ERCP, MRI and CT all have comparable
high diagnostic accuracy in the initial diagnosis of CP.
EUS and ERCP outperform the other imaging tech-
niques and US is the least accurate. ERCP is no
longer considered to be a diagnostic test for CP. The
choice of imaging modality can therefore be made
based on invasiveness, local availability, experience
and costs.76 Although less complete, the German S3
guidelines came to a similar conclusion.4

Q2-2: Which method is most appropriate for the identification

of pancreatic calcifications?

Statement 2-2. CT examination is the most appropri-
ate method for identifying pancreatic calcifications,
while for very small calcifications non-enhanced CT is
preferred. (GRADE 2C, strong agreement)

Comments. Pancreatic calcifications are common in
patients with CP. It is estimated that up to 90% of
patients will develop calcifications during long-term
follow-up, particularly in those patients with alcohol-
induced CP.77 In the appropriate clinical context, the
presence of pancreatic ductal calcifications is pathogno-
monic for CP and their visualisation using portal phase
contrast-enhanced CT was reported to have moderate
sensitivity and very high specificity (close to 100%).78

However, very small calcifications may be obscured by
pancreatic parenchymal contrast enhancement; there-
fore, a non-contrast-enhanced phase CTmay be a neces-
sary add-on to portal phase contrast-enhanced CT in
order to depict previously undetected calcifications in
the latter phase.

Q2-3: Is the use of MRI/MRCP examination for the assessment

of irregularities in the main pancreatic duct, abnormal side

branches, strictures and dilatations sufficient to diagnose CP?

Statement 2-3. The presence of typical imaging find-
ings for CP with MRI/MRCP is sufficient for diagnosis;
however, a normal MRI/MRCP result cannot exclude
the presence of mild forms of the disease. (GRADE 1C,

strong agreement)

Comments. MRCP is based on heavily T2-weighted
images and has been used in clinical imaging for more
than 18 years in order to evaluate biliary and pancreatic
duct abnormalities. MRCP depicts the pancreatic ductal

system in CP and demonstrates narrowing, dilatation
and filling defects with moderate to high accuracy.79

One of the early studies80 demonstrated very good cor-
relation between ERCP and MRCP findings in patients
with pancreatitis and concluded thatMRCPmayobviate
the need for ERCP. One of the challenges of MRCP in
the diagnostic evaluation of CP is its relatively low sen-
sitivity in mild CP, since subtle changes in the main pan-
creatic duct and the side-branches cannot be identified as
easily with MRCP as with ERCP.

Q2-4: What advantage does intravenous (IV) secretin

administration provide during the MRCP examination for the

evaluation of CP?

Statement 2-4. The use of IV secretin increases the
diagnostic potential of MRCP in the evaluation of
patients with known/suspected CP. (GRADE 1C,

strong agreement)

Comments. The use of IV secretin stimulates pancre-
atic exocrine function and increases fluid excretion via
the main pancreatic duct. It is useful in the evaluation
of CP with MRCP as:

1. It enhances visualisation of the main pancreatic duct
and abnormal side-branches compared to non-s-
MRCP. In a study reviewing a cohort of 95 patients
(both normal individuals and patients with CP), the
overall sensitivity for the detection of CP increased
from 77% to 89% after the use of secretin.81

2. It reveals strictures or abnormal dilatations. In a
study performed in a paediatric population with a
diagnosis of idiopathic CP, the use of secretin
improved the overall sensitivity.82

3. It may quantify exocrine function.83–86

Quantification of exocrine function has been
reviewed in many studies and the results correlate
well with the severity of pancreatitis.83,84

Theoretically, s-MRCP could be helpful in the dif-
ferential diagnosis of intraductal papillary mucinous
neoplasm (IPMN) of the pancreas; however, the only
small study performed was inconclusive.87

Q2-5: Does duodenal filling (DF) during s-MRCP have a

diagnostic value in grading the severity of CP?

Statement 2-5. DF during s-MRCP does not help to
evaluate the grade of severity of CP. (GRADE 2C, mod-

erate agreement)

Comments. It is expected that with increasing sever-
ity of CP there will be a decrease in the amount of
acinar cells and fluid output, which can be detected
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with s-MRCP. However, limited data exist in the litera-
ture on this specific subject. Two studies have evaluated
the potential use of DF score during s-MRCP described
by Matos et al.88 in grading the severity of CP.’’ As it
stands in the text now, it appears that it is Matos et al.
who state that there are two studies that have evaluated
the potential use of DF etc, which is not true. It was
actually Matos et al. that described the DF score during
s-MRCP. The standard of reference in the first study89

was the Cambridge classification of ERCP,90 while in
the second study85 it was MRCP. Both studies agreed
that the grade of CP severity cannot be evaluated on
the basis of DF. This is due to the fact that a substantial
number of patients with severe CP may still have
normal DF (grade 3) and patients with mild changes
may show reduced DF (grade 1 or 2). However, DF has
been shown to correlate well with other methods for
assessing the exocrine pancreatic reserve (see WP4 for
the evaluation of pancreatic function).

Q2-6: What is the role of abdominal ultrasound in

suspected CP?

Statement 2-6. Abdominal US can only be used to
diagnose CP at an advanced stage. (GRADE 1A,

strong agreement)

Comments. Abdominal US is frequently the first line
imaging modality used in patients with abdominal pain
and the suspicion of CP.91,92 US is readily available in
most facilities and can easily be repeated without the
inherent risks of radiation and contrast media of other
techniques. US technology has improved substantially in
the last decade but studies that aim to compare US with
other imaging modalities are still limited. A recent meta-
analysis analysed the diagnostic performance of different
imaging modalities with the inclusion of 10 US studies.
Sensitivity and specificity rates for US (67%/98%) were
lower when compared to CT (75%/91%) and EUS
(82%/91%), respectively. The limitations of US include
operator-dependency and obscured visualisation of the
pancreas, for example, due to obesity or intestinal gas.93

The presence of pancreatic and/or intraductal calcifi-
cations is pathognomonic for CP.94–96 Calcifications are
found in roughly 40%of patients with advancedCP.94 In
US imaging, calcifications exceeding a diameter of 2mm
are visualised as hyperechoic foci with posterior shadow-
ing.Theuse of colourDoppler can facilitate the detection
of small pancreatic calcifications, which can be identified
by the presence of twinkling artifacts.97,98 Other typical
sonographic signs of CP are duct calibre abnormalities,
i.e. a dilated and irregular pancreatic duct.91 Alterations
in the size of the pancreas are nonspecific since a small
atrophic glandwith focal alterations can also be found in
healthy elderly subjects and localised tumour-like lesions

can be present inmalignancy orAIP.99,100 Inmoderate to
severe CP, the pancreatic echotexture is frequently het-
erogeneous during the course of the disease.91,101 In early
CP, there are no (or only subtle) morphological changes
that cannot be detected by conventional US.

Q2-7: What is the role of abdominal US in recognised CP?

Statement 2-7. US can be applied in patients with sus-
pectedCP complications. (GRADE2C, strong agreement)

Comments. US can be used to visualise CP compli-
cations such as fluid collections, pseudocysts, acute CP
flare-ups and pseudoaneurysms.91,94,102 Unfortunately,
prospective randomised studies that compare US with
other imaging techniques are lacking. Pseudocysts and
fluid collections are typically anechoic, while pseudoa-
neurysms can be visualised with colour Doppler.98

Apart from the diagnostic evaluation, US can be
used for US-guided diagnostic and therapeutic pancre-
atic interventions such as biopsies and drainages.103

Q2-8: What are the indications for CEUS?

Statement 2-8. CEUS can increase diagnostic accur-
acy in CP patients with cystic and solid pancreatic
lesions. (GRADE 1C, strong agreement)

Comments. CEUS improves accuracy when charac-
terising pancreatic focal lesions. Note, prospective con-
trolled studies in patients that define the role of CEUS
in CP are lacking. US contrast agents are injected intra-
venously, are confined to the blood pool and allow real-
time characterisation of pancreatic perfusion. Repeated
administration can be performed in the same session if
needed. CEUS has been used extensively in the charac-
terisation of focal liver lesions, whereas CEUS of the
pancreas is less widely used.104–108 Sonovue, approved
for echocardiography and for the differentiation of liver
tumours, is the most widely used contrast agent.

Conventional B-mode US is limited in its ability to
differentiate mass-forming pancreatitis from pancreatic
cancer. When applying CEUS, a ductal adenocarcin-
oma is typically hypoechoic in the arterial phase due
to its low vascularisation, whereas focal CP usually
shows contrast enhancement similar to the surrounding
pancreatic parenchyma.109–111 In advanced CP, hetero-
geneous hypovascularisation due to fibrosis may be
present, making the differential diagnosis of pancreatic
cancer very difficult.107,112

CEUS can also be used to differentiate between neu-
roendocrine tumours that are highly vascularised and
demonstrate a hyperenhancing pattern.105 New algo-
rithms are used to characterise the perfusion pattern
in order to discriminate between normal pancreatic
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perfusion and patterns of tumour perfusion.113 Finally,
CEUS is also useful in differentiating between avascular
debris and vascularised nodules in cystic lesions.

Q2-9: What is the role of EUS in patients with suspected CP?

Statement 2-9. EUS is the most sensitive imaging
technique for the diagnosis of CP, mainly during the
early stages of the disease, and its specificity increases
with increasing diagnostic criteria. (GRADE 1B, strong

agreement)

Comments. EUS is considered to be the most sensi-
tive method for diagnosing CP.114,115 Certain criteria
characterising the disease have been defined and are
divided into parenchymal and ductal criteria116,117 To
date, there is no EUS optimal cut-off for establishing a
diagnosis of CP. However, a cut-off of 3–4 criteria is
often used. With the assumption that not all criteria are
equally important, the Rosemont classification defines
the EUS criteria for CP and their specific validity.61

However, this classification does not improve the diag-
nostic value of the standard criteria.118 Another prob-
lem for the validation of EUS has been the gold
standard: when comparing EUS with ERCP and the
secretin test, the agreement is 100% for severe forms
of CP (>5 criteria), 50% for moderate forms (3–5 cri-
teria) and 13% for mild forms of the disease (0–2 cri-
teria). In fact, close to 25% of patients with normal
secretin-cerulein tests show EUS abnormalities suggest-
ive of CP. When the applied gold standard includes the
sum of the ERCP findings, the secretin test and the
clinical characteristics of the patient, EUS shows a
diagnostic sensitivity >84% and a specificity approach-
ing 100%.119 When compared with histology as the
gold standard, the sensitivity of EUS for the diagnosis
of CP exceeds 80%, with a specificity of 100%.120

Moreover, there is an excellent correlation between
the number of EUS criteria present and CP severity
with respect to the histology.121

Q2-10: What is the role of EUS in the follow-up of patients

with known CP, for the (early) detection of malignancy?

Statement 2-10. EUS has a potential role in the
follow-up of patients with CP in the detection of com-
plications, mainly due to its ability in detecting pancre-
atic malignancy. (GRADE 2B, strong agreement)

Comments. There is a lack of data regarding the role
of EUS in the follow-up of patients with known CP.
However, due to the accuracy of EUS in evaluating
both the pancreatic parenchyma and the ductal
system, this method is very useful for the detection of
complications related to CP,122 such as pancreatic

cancer. EUS was recommended as a screening program
for patients in the high risk group, i.e. those with her-
editary CP.123,124 Although there is no clear consensus
on whether and how to conduct pancreatic cancer
screening, many centres recommend the use of EUS,
based on its ability to identify pancreatic masses smaller
than 1 cm,125 although this ability is reduced in the
presence of CP. In fact, the differential diagnosis
between inflammatory and malignant masses and the
early detection of malignancy in patients with known
CP remains a difficult task for all diagnostic imaging
techniques.122,126

Q2-11: What is the role of EUS (plus elastography,

contrast enhancement, and fine needle biopsy) in the

differential diagnosis of solid pancreatic masses

(mass-forming CP vs pancreatic cancer)?

Statement 2-11. EUS is an essential tool in the differ-
ential diagnosis of CP with other pancreatic masses or
cystic lesions. EUS-guided fine needle biopsy can be con-
sidered as the most reliable procedure for detecting
malignancy. EUS-guided elastography and contrast
enhancement may provide useful information, but
their role in this setting needs to be assessed further in
future clinical trials. (GRADE 2C, strong disagreement)

Comments. Differentiation between mass-forming
CP and other pancreatic lesions remains a chal-
lenge.122,127 Although EUS produces high-resolution
images, this procedure cannot reliably differentiate
between malignant and inflammatory lesions due to
the similar EUS appearance of adenocarcinoma and
focal pancreatitis. In case of doubt, EUS-guided
tissue acquisition can be helpful. In a general setting,
the diagnostic yield of EUS-guided tissue acquisition
for the diagnosis of solid pancreatic masses ranges
from 80–95%.128–133 However, in case of an underlying
CP, the sensitivity of this method can decrease to
between 50–75%.134–138 An especially challenging task
is to differentiate AIP from cancer.139,140 Histological
criteria have been proposed to establish the diagnosis
from EUS-guided biopsies.141 The probability of false
negatives is reported to be between 5–10%, so that
given operable findings on images and a suspected
tumour, surgery is recommended even without prior
cytological confirmation.

Based on imaging techniques, a sensitivity of 84%
and a specificity of 97% have been reported for MRI
combined with MRCP. A sensitivity of 93% and a spe-
cificity of 75% have been calculated for differentiating
between CP and pancreatic carcinoma.76,142 However,
this does not apply when a carcinoma develops in the
presence of CP. In this case, even after exhausting all
diagnostic techniques, the sensitivity for detecting a
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tumour is 67%, with a specificity of 45% – inferior to
that documented for EUS-guided tissue acquisition.

New EUS imaging techniques, such as elastography
and contrast-enhanced harmonic EUS (CEH-EUS)
have been proposed to increase the diagnostic yield
for this condition.127 Several studies aiming to deter-
mine the role of these techniques in the differential diag-
nosis of solid pancreatic masses have been published.
EUS-guided elastography has shown high levels of
accuracy in establishing malignancy in solid pancreatic
lesions, and has been demonstrated as being specifically
useful for distinguishing between mass-forming CP
including AIP and pancreatic cancer, with sensitivities
ranging from 80–95% and specificity from
40–90%.143–152 In fact, the technique may add informa-
tion to EUS-guided tissue acquisition.153 Recent
meta-analyses have demonstrated the ability of EUS
elastography in the characterisation of solid pancreatic
masses, and the detection of malignancy.154–157

CEH-EUS has also demonstrated its usefulness in
differentiating between the vascularisation patterns of
pancreatic lesions, as hypovascular lesions are strong
indicators of malignancy,127,158–160 and this has been
proved in recent studies.159,160 A new development
has been the ability to measure the contrast agent,
and by quantifying the peak of enhancement, the sen-
sitivity and specificity in differentiating between mass-
forming CP and pancreatic cancer reaches
85–95%.161,162 Another advantage of CEH-EUS, as
previously documented for elastography, is its role in
directing EUS-guided tissue acquisition, thus increasing
diagnostic yield.163,164 Although EUS-guided elastogra-
phy and contrast enhancement may deliver accurate
information, their role in this setting needs to be
assessed further in future clinical trials.

In general, it must be clearly stated that all of the
US-based techniques require a great deal of experience
and are very much investigator-related in their diagnos-
tic accuracy; variability is only low in the hands of
experienced investigators.165

Diagnosing PEI (WP4)

Q3-1: How is PEI defined?

Statement 3-1. PEI refers to an insufficient secretion
of pancreatic enzymes (acinar function) and/or sodium
bicarbonate (ductal function). (GRADE 1A, strong

agreement)

Q3-2: What are the clinical consequences of the different

grades of insufficiency?

Statement 3-2. Due to the large reserve capacity of
the pancreas, ‘mild’ to ‘moderate’ exocrine insufficiency

can be compensated, and overt steatorrhoea is not
expected unless the secretion of pancreatic lipase is
reduced to <10% of normal (‘severe’/’decompensated’
insufficiency). However, patients with ‘compensated’
PEI also have an increased risk of nutritional deficien-
cies (in particular, of lipid-soluble vitamins with
respective clinical consequences). (GRADE 1B, strong

agreement)

Comments 3-1 and 3-2. Mild PEI is defined as the
reduced secretion of one or more enzymes with
normal bicarbonate concentration in duodenal juice
and normal faecal fat excretion; moderate PEI is
defined as having a reduced enzyme output and bicar-
bonate concentration but normal faecal fat excretion;
while severe PEI has a reduced enzyme output and
bicarbonate concentration plus steatorrhoea.166

Steatorrhoea and azotorrhoea in severe PEI result
when exocrine (mainly lipase and trypsin) pancreatic
function is reduced by >90%.167,168 Patients with stea-
torrhoea typically report weight loss and an increase in
daily bowel movements, with fatty, bulky stools that
are difficult to flush away; this occurs mainly after
high-fat-containing meals. As steatorrhoea occurs
after meals, it is typically observed 2–3 times a day in
individuals with a normal lipid-content diet.6,169

Clinical symptoms and signs of micronutrient deficien-
cies due to impaired absorption of lipid soluble vita-
mins include: vitamin K deficiency – ecchymoses due
to clotting; vitamin E deficiency – ataxia, peripheral
neuropathy; vitamin A deficiency – impaired night
vision, xerophthalmia; vitamin D deficiency – contrac-
tion or muscle spasms, osteomalacia and osteoporosis.
Further clinical consequences of PEI can include hyper-
oxaluria, urinary oxalate stones, renal insufficiency,
impairment of cognitive functioning and thus working
ability (with resulting financial strain) and reduced
overall quality of life (QoL).3,4,6,9,169

Although it is commonly held that steatorrhoea is
the most important clinical manifestation of PEI, some
studies have shown reduced absorption of fat-soluble
vitamins even in patients with mild to moderate exo-
crine insufficiency.170–173 Importantly, after excluding
patients with steatorrhoea (i.e. severe PEI), it was
found that significantly reduced faecal elastase levels
correlate well with low vitamin D3 levels in patients
with an osteoporotic fracture.174 Accordingly, mild to
moderate exocrine insufficiency also appears to be of
clinical relevance.

Q3-3: What are the main causes of PEI?

Statement 3-3. The main causes of PEI are loss of the
pancreatic parenchyma, obstruction of the main pan-
creatic duct, decreased stimulation of the exocrine
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pancreas and inactivation of pancreatic enzymes.
(GRADE 1B, strong agreement)

Comments. PEI results from a loss of functioning
pancreatic tissue and is seen in patients with CP and
other diseases including severe acute pancreatitis, pan-
creatic carcinoma, cystic fibrosis and partial or total
surgical resection of the pancreas (primary PEI).175

Further potential causes of PEI are obstruction of the
main pancreatic duct, decreased stimulation of the pan-
creas or inhibition of exocrine function by endocrine
tumours or pharmacological treatment (secondary
PEI).175 In CP, PEI results from a progressive loss of
functioning pancreatic tissue, which leads to insufficient
secretion of digestive enzymes into the duodenum.176

CP is the most frequent cause of PEI and, in an unse-
lected group of patients with CP, pancreatic exocrine
function was reduced by about 50–80% compared with
healthy volunteers.177 Other relatively common condi-
tions in which PEI occurs due to a loss of functioning
parenchyma include pancreatic carcinoma and previous
pancreatic resection in adults178 or cystic fibrosis in
children.179 Nearly 90% of patients recovering from
necrotising acute pancreatitis also had PEI, the devel-
opment of exocrine insufficiency strongly correlating
with the extent of pancreatic necrosis.180 However,
PEI has also been reported during the early recovery
phase of acute pancreatitis; in particular, pathological
values for FE-1 were found in 12% of patients with
either mild or severe acute pancreatitis and were signifi-
cantly related to the aetiology of the disease.181

Even in patients with normal secretory capacity of
the pancreas, PEI can be caused by obstruction of the
main pancreatic duct due to benign or malignant dis-
eases.6,169 Reduced endogenous stimulation can cause
or contribute to PEI in coeliac disease, diabetes melli-
tus, inflammatory bowel disease and after gastrointes-
tinal surgery.169,182 PEI has been demonstrated in
approximately 50% of patients with insulin-dependent
diabetes mellitus (IDDM), and in 30–50% of patients
with non-insulin-dependent diabetes (NIDDM),183–188

based on exocrine atrophy.189 Studies using unselected
patients from registries and less sensitive techniques for
pancreatic function testing suggest lower frequencies of
PEI, that is 26% in IDDM and 12% in NIDDM.190–192

Impaired pancreatic function is frequently observed
after partial or total gastrectomy193–196 and results
from various causes, such as a deficient grinding of
nutrients, altered gastric emptying, alteration of pan-
creatic innervation and post-cibal asynchrony.197,198

PEI is also present in patients with marked protein defi-
ciency. Rare causes of PEI include Shwachman-
Diamond syndrome, Johanson-Blizzard syndrome and
congenital enzyme deficiency, such as trypsinogen or
enteropeptidase (enterokinase), as well as isolated

amylase, lipase or other protease deficiencies.178 While
patients with HIV may have PEI,199 association with
other conditions such as irritable bowel syndrome (IBS)
is less clear.200 Somatostatinoma201 and somatostatin
administration202–204 may inhibit exocrine secretion
and thereby cause secondary PEI.175 Furthermore,
insufficient amounts of active enzymes in the intestinal
lumen can be due to their inactivation despite normal
secretory activity of the pancreas, as in
hyperchlorhydria.

Q3-4: When does PEI develop during the course of CP?

Statement 3-4. CP is a progressive disease and exo-
crine function gradually decreases during the course of
the disease. (GRADE 1B, strong agreement)

Comments. The development and timing of the clin-
ical manifestation of PEI in CP depends on the cause of
the disease, among other factors. In patients with alco-
holic CP, severe PEI with steatorrhoea usually appears
about 10–15 years after diagnosis. In patients with early
onset idiopathic CP or an hereditary form of the dis-
ease, exocrine insufficiency often does not manifest
until even later,4,205 despite the destruction of pancre-
atic tissue in the early stages of the disease. This late
onset is due to the large functional reserve capacity of
the pancreas.167,206 However, as shown in a large retro-
spective cohort study, about 10% of patients present
with steatorrhoea at the time of diagnosis.205

Q3-5: Can PEI be diagnosed or excluded using imaging

techniques (morphological tests)?

Statement 3-5.1. Signs of CP (morphological alter-
ations) and functional impairment usually develop in
parallel, but this is not always the case. (GRADE 1B,

strong agreement)

Comments. It is well substantiated that in the major-
ity of patients with CP, a correlation exists between the
extent of the morphological and functional changes.
However, discordant findings with varying degrees of
morphological and functional changes are found in
about 25% of patients.206–208 Even when EUS is used
as the most sensitive technique for the detection of mor-
phological alterations, normal morphological findings
are not always equivalent to normal pancreatic func-
tion.207,209 For example, despite normal morphology,
PEI is often found in patients with the ‘small duct dis-
ease’ type of CP.207 In an important study, in which
EUS and secretin test results were compared with histo-
logical findings as a reference, the sensitivity of EUS for
a diagnosis of ‘CP’ was 84%, and that of the secretin
test was 86%, while a combination of the two methods
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produced a sensitivity level of 100%.210 This implies
that either morphological or functional impairment
can be the only sign of CP.

Statement 3-5.2. The s-MRCP technique reveals
ductal morphological alterations and simultaneously
gives semi-quantitative information on functional
changes.211 (GRADE 1C, agreement)

Comments. Given the statement above, s-MRCP is
probably the most appropriate morphological test for
the assessment of pancreatic exocrine function.211 The
extent of pancreatic fluid secretion can be classified
using the DF score described by Matos et al.88 (grade
0: no fluid signal in the duodenum; grade 1: fluid lim-
ited to the duodenal bulb; grade 2: fluid filling up to the
genu inferius; grade 3: DF beyond the genu inferius).
Pancreatic exocrine function is considered reduced
when the DF score is less than grade 3. The examin-
ation requires about 45 min. The assessment of exo-
crine pancreatic function using the s-MRCP test
correlates with the results of FE-1 measurements, the
pancreolauryl test and the Lundh test,212–215 which can
be utilised in patients with CP as well as in those with
other benign or malignant pancreatic diseases,216

including cystic fibrosis.217 However, minor degrees of
DF are equivocal and require further diagnostic
evaluation.

Q3-6: Which test is clinically indicated for diagnosing exocrine

pancreatic insufficiency?

Statement 3-6. In a clinical setting, a non-invasive
pancreatic function test (PFT) should be performed.
The FE-1 test is feasible and widely available and is
therefore most frequently used in this setting, while
the 13C mixed triglyceride breath test (13C-MTG-BT)
offers an alternative. The s-MRCP test may also be
used as an indicator of PEI but provides only semi-
quantitative data. (Grade 1B, agreement)

Comments. FE-1 is a very simple test for the indirect
and non-invasive evaluation of pancreatic secre-
tion.166,218,219 This test is widely available and only
requires a small stool sample for analysis. It is widely
accepted that the lower the FE-1 concentration, the
higher the probability of PEI. However, guidelines
agree that the FE-1 test is not capable of excluding
mild to moderate PEI,175 and there is no consensus
regarding the cut-off for PEI in patients with CP: fig-
ures of <15, 50, 100 and 200 mg/g have been pro-
posed,168,169,220 and a threshold of 200 mg/g has been
used most frequently in accordance with the intended
use label of the test.175 Very low FE-1 values are most
probably associated with PEI, whereas high values

(>500 mg/g) allow the clinician to exclude that compli-
cation. The probability of false positive results due to
stool dilution should be considered in patients with
diarrhoea.221 Finally, the more specific monoclonal
FE-1 test (rather than the polyclonal FE-1 test) is
most appropriate for use in clinical practice.222

The coefficient of fat absorption (CFA) is generally
accepted as the gold standard for the diagnosis of stea-
torrhoea, which is characteristic of severe PEI.
Currently, it is the only test accepted by the American
Food and Drug Administration (FDA) and the
European Medicines Agency (EMA) for the indication
and monitoring of PERT in clinical trials. The CFA
requires patients to maintain a strict diet containing
100 g of fat per day over five days, and to collect the
total amount of faeces excreted over the last three days
of this five-day period. A CFA< 93% is considered
pathological.167 Apart from detecting only severe PEI,
the test has limitations in terms of specificity (false posi-
tive results in non-pancreatic fat malabsorption), avail-
ability, patients’ compliance and handling of faecal
samples in the laboratory. Therefore, it is no longer
used in some European countries.

The 13C-MTG-BT is an appropriate alternative to
the CFA, both for the diagnosis of PEI and for evalu-
ating the efficacy of PERT in clinical practice.223–225

Modifications of the test may allow the detection of
mild to moderate PEI.226,227 However, the test also
has limitations in terms of specificity (false positive
results in non-pancreatic fat malabsorption),227 and it
is not yet widely available and is only commercialised in
some European countries.

Pancreatic secretion volume can be evaluated semi-
quantitatively by s-MRCP. Pancreatic secretion evalu-
ated by this technique correlates with FE-1 test results;
however, its sensitivity for PEI is as low as 69%.228,229

In addition, there is very limited evidence supporting
this technique for the diagnosis of PEI in clinical
practice.

Only direct tests that require the collection of duo-
denal juice in response to a hormonal stimulus, such as
secretin and/or a cholecystokinin (CCK) analogue (or a
meal), allow the quantification of pancreatic exocrine
secretion and the reliable detection of mild to moderate
exocrine insufficiency.230 Therefore, they have been
accepted as the reference standard.4,175,230

Conventionally, these tests have been performed via
the insertion of a naso-duodenal tube, but endoscopic
variations have also been developed, are currently
favoured in the USA,210 and are increasingly used in
some European countries. However, independent of the
precise method of duodenal juice collection, the exam-
ination is invasive, labour-intensive and expensive.
Therefore, such tests are confined to specialist centres.
On the other hand, SPT and CFA are still required for
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the evaluation of new tests if those are meant to detect
not only severe exocrine insufficiency with overt malab-
sorption but also more gradual changes in pancreatic
function.

Q3-7: Is a pancreatic function test required for the diagnosis

of CP?

Statement 3-7. A function test is required for the
diagnosis of CP. (Grade 2B, strong agreement)

Comments. The morphological grading systems have
pitfalls regarding both sensitivity and specifi-
city,61,208,210,231–233 and it has been shown that either
morphological or functional impairment can be the
only sign of histologically proven CP.210 Thus, a diag-
nosis of CP depends on a combination of clinical, histo-
logical, imaging and functional criteria. Proof of
impaired exocrine function using function testing is
particularly required for diagnosis in CP patients with
inconclusive morphological findings. Moreover, several
diagnostic and classification systems take exocrine
function into account.58–60,62,205,234 However, these
are more important for clinical studies.

Q3-8: Should a pancreatic function test be performed at the

time of diagnosis?

Statement 3-8. Every patient with a new diagnosis of
CP should be screened for PEI. (Grade 1A, strong

agreement)

Comments. The recommendation is based on the fol-
lowing aspects: as explained above, the initial pancre-
atic function test may provide a basis for the diagnosis
of CP in a subset of patients. Moreover, the detection
and treatment of exocrine failure has implications for
patient outcome and follow-up.4,9,10,235 However, exo-
crine failure may be present even when morphological
findings are absent or minimal206,207,209,210,236,237 so
that morphological investigations alone do not allow
for the assessment of exocrine function. In addition,
even with unequivocal morphological findings of CP,
clinical symptoms of exocrine failure are not always
evident at the time of diagnosis and a lack of symptoms
does not allow for the reliable exclusion of exocrine
insufficiency, even if it is severe and associated with
steatorrhoea.167,205,238,239 By contrast, all available
function tests detect these severe forms of the disease.

Q3-9: Should a pancreatic function test be performed during

follow-up, if symptoms of malabsorption occur/deteriorate?

Statement 3-9. In order to detect maldigestion prior
to the occurrence of overt clinical symptoms, the

presence of PEI should be evaluated annually in
patients with CP. Apart from this, function tests
should be repeated if previously normal when symp-
toms occur or deteriorate and can be attributable to
PEI. (Grade 1B, strong agreement)

Comments. It is well substantiated that the state of
exocrine function will deteriorate over time in the
majority of patients due to disease progression.205,238

FE-1, as the most frequently used test, has only
54–75% sensitivity in mild to moderate
PEI218,219,230,240,241 and may therefore have to be
repeated to diagnose progressive PEI. The absence of
severe PEI with steatorrhoea170,171,174,242 or its normal-
isation following PERT223 does not exclude the possi-
bility that PEI complications, such as loss of bone
density and malabsorption of fat-soluble vitamins,
may develop; thus more sensitive tests may be required.

Q3-10: Should a pancreatic function test be performed to

monitor enzyme treatment?

Statement 3-10. To evaluate the efficacy of enzyme
replacement therapy, it is sufficient in most cases to
verify the normalisation of nutritional parameters and
symptomatic improvement. When symptoms of exo-
crine insufficiency persist in spite of adequate PERT,
function tests (13C-MTG-BT, acid steatocrit, and quan-
titative faecal fat) are recommended in order to evalu-
ate treatment efficacy. (Grade 2B, strong agreement)

Comments. In general, a rapid improvement of clin-
ical symptoms and increase in weight and BMI can be
noted once patients with PEI are put on PERT. The
response can be verified by measuring the said nutri-
tional parameters in the serum.243 The latter is import-
ant as a lack of symptoms does not exclude residual
PEI.223

Q3-11: Are there special recommendations for specific patient

groups?

Statement 3-11. Specific attention is required when
screening for PEI in patients with CP and diabetes
mellitus, pancreatic carcinoma, or following pancreatic
resections or gastric resections. (Grade 1B, strong

agreement)

Comments. Diabetes mellitus, pancreatic carcinoma
and pancreatic resections are potential complications
of CP.3,4,9,169,182 On the other hand, even in the absence
of CP, these diseases and conditions can be associated
with PEI. Therefore, the likelihood of PEI is further
increased in patients with both CP and one of these
conditions. Following gastric resections, postcibal
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asynchrony may cause further deterioration of nutrient
digestion and absorption without directly affecting pan-
creatic secretory capacity.177

Q3-12: What are the blood parameters for measuring

malnutrition?

Statement 3-12. Established blood parameters of
malnutrition such as prealbumin, retinol-binding pro-
tein, 25-OH cholecalciferol (vitamin D), and minerals/
trace elements (including serum iron, zinc and magne-
sium) should be measured.173,244,245 (GRADE 2C,

strong agreement)

Comments. The malnutrition resulting from PEI is
no different from malnutrition due to other aetiologies.
Accordingly, the same parameters can be measured.

Treatment for CP

Surgery in CP (WP 5)

Q4-1.1: In patients with symptoms of CP, should endoscopy or

surgery be performed?

Statement 4-1.1. Surgery is superior to endoscopy in
terms of mid-term and long-term pain relief in patients
with painful CP. (GRADE 2B, agreement)

Comments. Physicians face a choice between endos-
copy and surgery in the treatment of patients with CP
and a dilated pancreatic duct (obstructive CP), without
a clear consensus of opinion for this group of patients.
Therefore, we assessed and compared the effects and
complications of surgical and endoscopic interventions
in the management of pain for obstructive CP and
included relevant trials irrespective of blinding, the
number of participants randomised, and the language
of the article.246–250

We identified three eligible trials.246–248 Two trials
compared endoscopic intervention with surgical inter-
vention and included a total of 111 participants: 55 in
the endoscopic group and 56 in the surgical group.
Compared with the endoscopic group, the surgical
group had a higher proportion of participants with
pain relief, both at mid/long-term follow-up (2–5
years: risk ratio (RR) 1.62, 95% confidence interval
(CI) 1.22–2.15) and long-term follow-up (�5 years,
RR 1.56, 95% CI 1.18–2.05). Surgical intervention
resulted in improved QoL and improved preservation
of exocrine pancreatic function at mid/long-term
follow-up, but not thereafter. However, there were no
sham-controlled studies and without this one must be
careful with the conclusions. There is certainly an effect
of invasive procedures, but in RCTs the placebo effect

may be up to 25% and the surgical and endoscopical
studies were not blinded. No differences were found in
terms of major post-interventional complications or
mortality, although the number of participants did
not allow for this to be evaluated reliably.

The third trial, with 32 participants, compared sur-
gical intervention (17 patients) with conservative treat-
ment (15 patients). Surgical intervention resulted in a
higher percentage of participants with pain relief and
better preservation of pancreatic function; however, the
trial had methodological limitations, and the number of
participants was relatively small.

For patients with obstructive CP and a dilated pan-
creatic duct, we find that surgery is superior to endos-
copy in terms of pain relief. Morbidity and mortality
seem not to differ between the two intervention mod-
alities, but the trials identified do not provide sufficient
power to detect the small differences expected in this
outcome.

Q4-1.2: What is the optimal timing for surgical therapy in CP?

Statement 4-1.2a. To achieve optimal long-term pain
relief in patients suffering from CP, early surgery is
favoured over surgery at a more advanced stage of
the disease.251 (GRADE 2B, weak agreement)

Statement 4-1.2b. The risk of developing PEI is lower
after early surgery for CP than after surgery performed
at an advanced disease stage. Pancreatic resection tech-
niques have a higher risk of PEI than drainage tech-
niques. (GRADE 2C, weak agreement)

Statement 4-1.2c. No recommendation can be drawn
from the evidence regarding the effect of early surgery
on developing endocrine pancreatic function during
follow-up since few studies exist and those that do are
contradictory. (GRADE 2C, strong agreement)

Statement 4-1.2d. Long-term QoL is improved after
early surgery (<3 years from onset) compared to sur-
gery at a more advanced stage of disease. (GRADE 2C,

agreement)

Comments. Information was extracted from several
studies.246–250,252,253 Multivariable analysis identified
preoperative opioid use as an independent risk factor
for a lower physical composed score (coefficient �4.81
(�7.36 to �2.28), p< 0.001). For the mental compo-
nent score (MCS), preoperative opioid use was also
independently associated with diminished QoL (coeffi-
cient �5.34 (�8.01 to �2.70), p< 0.001).251

Since QoL data, including assessment of pain relief,
are scarce in the long-term setting, a multicentre trial
evaluated these patient-oriented outcomes by
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comparing early surgery to a step-up approach, includ-
ing endoscopy. Accrual has been completed but results,
including follow-up, will only be available in late 2017
(ESCAPE trial, ISRCTN 45877994; http://www.
pancreatitis.nl).

Q4-1.3: What operative technique should be used for patients

with CP and an enlarged pancreatic head?

Statement 4-1.3a. Duodenum-preserving pancreatic
head resection (DPPHR) was compared to conven-
tional pancreaticoduodenectomy (PD). The available
data show that the DPPHR and PD procedures are
equally effective in relieving postoperative pain.
Endocrine and exocrine insufficiency are comparable
after both strategies at the short-term assessment.
QoL is significantly improved after DPPHR compared
to PD. (GRADE 1B, agreement)

Statement 4-1.3b. Modifications of DPPHR – the
Beger and Berne procedures – are equal in terms of
pain relief, postoperative morbidity and mortality;
however, the operating time and length of hospital
stay is significantly shorter for the Berne procedure
than for the Beger. (GRADE 1B, strong agreement)

Statement 4-1.3c. DPPHR was compared to conven-
tional PD for long-term follow-up (up to 15 years). The
available long-term data show continued pain relief in
the majority of patients, with no differences between
surgical procedures for pain and QoL outcomes.
Occupational rehabilitation remains significantly
better with DPPHR compared to PD. Endocrine and
exocrine insufficiency were comparable after both stra-
tegies on long-term assessment. (GRADE 2B, strong

agreement)

Statement 4-1.3d. There is a non-significant trend
towards improved long-term mortality with DPPHR.
(GRADE 2B, strong agreement)

Statement 4-1.3e. Long-term follow-up of DPPHR
modifications. There are no differences in long-term
outcomes between the Beger, Berne and Frey proced-
ures. (GRADE 1B, strong agreement)

Comments. Pancreatic head resection represents the
surgical treatment of choice for CP with pancreatic
enlargement. PD and all available DPPHR modifica-
tions are potential surgical alternatives, all aiming at
the relief of intractable pain and the decompression of
adjacent organs.254

In order to evaluate short- and long-term outcomes
of DPPHR versus PD in the surgical treatment of CP
with pancreatic head enlargement, a systematic

literature search was performed to identify available
systematic reviews (SRs) and RCTs. A total of 2192
citations were retrieved, one SR254 and 12 publications
relating to seven RCTs were included.255–266 The crit-
ical appraisal revealed trials with heterogeneous meth-
odological qualities. The summarised results comparing
PD versus DPPHR for the surgical treatment of CP
were extracted from the RCT publications and the SR
with meta-analysis. Two RCTs comparing DPPHR
modifications with each other (Beger vs Bern, Beger
vs Frey) were included without meta-analysis (which
was not feasible due to a low sample size). For the
remarks section, surgical aspects were also backed
with non-randomised evidence as necessary.

Statement 4-1.3f. Neither DPPHR nor PD succeed in
interrupting the progression of CP toward endocrine
and exocrine failure. (GRADE 1B, strong agreement)

Comments. Since QoL data, including the assessment
of pain relief, are scarce in the long-term setting, a
multicentre trial evaluated these patient-oriented out-
comes comparing PD versus all modifications of
DPPHR. Results will be available later in 2017
(ChroPac trial, ISRCTN 38973832; http://www.chro-
pac-trial.eu/).

Q4-1.4: What is the definition of an enlarged pancreatic head?

Statement 4-1.4. A normal pancreatic head varies
considerably in size, although a diameter of >4 cm on
CT or MRI imaging is usually considered as enlarged.
(GRADE 1C, agreement)

Comments. The definition of an enlarged pancreatic
head is relatively homogeneous in the literature. A
diameter >35 mm267–269 or 40 mm247,270 is widely
adopted. This diameter should be measured in the
anteroposterior direction on cross-sectional imaging.267

However, some authors do not give data regarding pan-
creatic head size in their series and thus do not modify
the surgical treatment according to this criter-
ion.264,271–273 With a dilated main pancreatic duct
(MPD) and a normal sized pancreatic head the differ-
ential diagnosis of a main-duct IPMN must be
entertained.

Q4-1.5: What is the definition of a dilated main duct?

Statement 4-1.5. In adult patients, a main duct diam-
eter of �5mm in the pancreatic body seems amenable
to ductal drainage for the majority of pancreatic sur-
geons. This threshold of 5mm is therefore proposed as
the definition of a ‘dilated main duct’. (GRADE: 1C,

agreement)
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Comments. The definition of a dilated main duct is
less consensual than that for an enlarged pancreatic
head, since ducts >3–8mm in diameter are considered
as dilated. Regarding dilated pancreatic ducts, all
authors consider only the maximum diameter and
never provide the length and the location (cephalic vs
distal) of dilated segments or the parenchymal thick-
ness. In children with CP, a 5mm diameter is con-
sidered sufficient to indicate surgery.274

Q4-1.6: When should a total pancreatectomy be considered

in CP?

Statement 4-1.6. A total pancreatectomy should be
considered in patients without duct system dilatation,
who are resistant to conventional medical, endoscopic
and previous surgical treatment and who have severe
pain. (GRADE 1C, agreement)

Comments. The group of patients with the features
described above, although small, has a very high
level of suffering and a total pancreatectomy can
be considered in these patients. If available, an
effort should be made to combine the total pancrea-
tectomy with islet autotransplantation (TPIAT);
however, experience of this procedure is rather lim-
ited. This alternative is of particular importance in
patients with an increased risk of developing pancre-
atic cancer (smokers; patients with hereditary
pancreatitis).275

Q4-1.7: How to operate on a patient with painful CP, a dilated

main pancreatic duct and a normal-sized pancreatic head?

Statement 4-1.7a. For these patients, a lateral pan-
creaticojejunostomy with a Roux-en-Y loop and
Frey’s procedure provide comparable pain control
(low quality of evidence). However, no recommenda-
tion can be made for the preferred surgical technique in
these patients. (GRADE 2B, strong agreement)

Statement 4-1.7b. Both a lateral pancreaticojejunost-
omy with a Roux-en-Y loop and Frey’s procedure seem
to provide equivalent pain control in patients with main
duct dilatation and a normal size pancreatic head.
(GRADE 2B, strong agreement)

Comments. In the literature, patients with a docu-
mented normal-size pancreatic head and dilated MPD
were historically treated by Roux-en-Y pancreaticoje-
junostomy according to Partington and Rochelle.
Beger’s procedure was evaluated in this setting in only
one retrospective study.276 Findings were evaluated
according to head size: a good result (opiates with-
drawn) was observed in three out of 11 (27%) patients

without head enlargement and 13 out of 16 patients
(81%) with head enlargement (p¼ 0.018).276 In some
recent series, patients received a pancreaticojejunost-
omy and/or Frey’s procedure according to the sur-
geon‘s preference or the study period. Study
characteristics and the results of Roux-en-Y pancreati-
cojejunostomy and Frey’s procedure are given in
Supplementary Material, Table S4 (those series that
included patients with a so-called ‘cephalic inflamma-
tory mass’ were excluded).277

There is great heterogeneity in patients included in
these series due to the variable prevalence of other
potentially painful conditions (pseudocysts, biliary
obstruction) and persisting alcohol consumption,
which makes the comparison of results difficult. In
one series,277 wide opening of ductal system (MPD)
including in the head was adopted. In another
series,278 extension of drainage by a ductal opening in
the pancreatic head, with or without parenchymal
resection was associated with significantly better pain
control.

Q4-1.8: Is there a volume-outcome relationship in CP surgery?

If so, what should be the minimal annual volume (potentially

based on cancer surgery?

Statement 4-1.8. An experienced high volume pancre-
atic centre is recommended for the surgical treatment of
CP. (GRADE 2C, strong agreement)

Comments. A systematic search in PubMed, Embase,
and Cochrane revealed no publications on the impact
of hospital or surgical volume in CP surgery. Therefore
an experienced high volume centre is recommended for
the surgical treatment of CP. For pancreatic resection
(for pancreatic cancer) several publications were identi-
fied that indicated an advantage (concerning mortality)
for high volume centres.279–283

The cut off (low vs high volume centre) was defined
as between 10–20 cases per year per hospital. The sur-
gical treatment of CP is commonly located in experi-
enced pancreatic centres, as the number of CP patients
is much lower than the number of pancreatic cancer
patients. As resection for CP is technically similar to
that for pancreatic cancer, the total number of pan-
creatic resections is more important than the fre-
quency of surgery for CP. As in resectable
pancreatic cancer, the decision for surgery in CP
should be made by an interdisciplinary expert panel
that includes an endoscopist and gastroenterologist.284

This allows for an individual therapeutic concept so
that each patient may consider non-surgical thera-
peutic options. In CP, improving QoL/pain is the
dominant outcome parameter, while mortality is a sec-
ondary outcome parameter.
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Q4-1.9: What is the role and outcome of surgery in groove

(paraduodenal) pancreatitis?

Statement 4-1.9. Surgery should be performed when
medical and endoscopic options have failed. Surgery
should be aimed at pain relief and/or complete pain reso-
lution, and should solve the patient’s malnutrition status
(body weight gain), on condition that the patient stops
alcohol and drug abuse. (GRADE 2C, strong agreement)

Comments. Groove pancreatitis is a rare yet well-
defined form of CP that may constitute a painful con-
dition in affected patients.285 It presents a diagnostic
challenge.286

Q4-1.10: What is the best timing for surgery in patients suffer-

ing from groove pancreatitis?

Statement 4-1.10. The initial treatment of groove
pancreatitis should involve medical treatment and occa-
sionally, endoscopic drainage procedures may be help-
ful. If these approaches fail, the patient should be
referred for surgery. (GRADE 2C, strong agreement)

Q4-1.11: Which is the most appropriate surgical procedure for

groove pancreatitis?

Statement 4-1.11. In expert hands, pancreaticoduode-
nectomy is the most suitable surgical option for
patients with groove pancreatitis (Supplementary
Material, Table S5). (GRADE 2C, strong agreement)

Comments. There were no RCTs on this topic hence
all of the studies considered are observational cohort
studies or retrospective analyses. The quality of the evi-
dence is predictably low and influenced by selection
bias and we found no study comparing the results of
medical, endoscopic and surgical treatments. Notably,
there are no studies comparing pancreas-preserving vs
pancreas-sparing procedures. Pancreas-sparing proced-
ures have been described as surgical options when only
the duodenum is involved and pancreatic involvement
can be definitely ruled out. An additional argument in
favour of pancreaticoduodenectomy is that there is a
small, but unquantifiable, risk of pancreatic cancer in
patients with presumed groove pancreatitis.287

Medical therapy for exocrine pancreatic
insufficiency (WP6)

Q4-2.1: What are the indications for pancreatic enzyme repla-

cement therapy (PERT) in CP?

Statement 4-2.1. PERT is indicated for patients with
CP and PEI in the presence of clinical symptoms or

laboratory signs of malabsorption. An appropriate
nutritional evaluation is recommended to detect signs
of malabsorption. (GRADE 1A, strong agreement)

Comments. PEI in CP is consistently associated with
biochemical signs of malnutrition.288 The indication for
pancreatic enzyme replacement is classically established
for steatorrhoea with faecal fat excretion of >15 g/day.
Since the quantitative measurement of faecal fats is
often omitted, the indication for enzyme replacement
is also present with a pathological pancreatic function
test in combination with clinical signs of malabsorp-
tion, or anthropometric and/or biochemical signs of
malnutrition.244,289–292 Symptoms include weight loss,
diarrhoea, severe meteorism and flatulence, and
abdominal pain with dyspepsia. Abnormally low nutri-
tional markers associated with PEI and indicating
PERT include fat-soluble vitamins, prealbumin, reti-
nol-binding protein and magnesium, amongst
others.244 Therapy with oral pancreatic enzymes
purely as a trial for 4–6 weeks may also be beneficial
if symptoms are unclear.

Q4-2.2: What are the enzyme preparations of choice?

Statement 4-2.2. Enteric-coated microspheres or
mini-microspheres of <2mm in size are the prepar-
ations of choice for PEI. Micro- or mini-tablets of
2.2–2.5mm in size may be also effective, although sci-
entific evidence in the context of CP is more limited.
Comparative clinical trials of different enzyme prepar-
ations are lacking. (GRADE 1B, strong agreement)

Comments. The efficacy of pancreatic enzyme prep-
arations depends on a number of factors: (a) mixture
with meal; (b) gastric emptying with meal; (c) mixing
with the duodenal chyme and bile acids; (d) rapid
release of enzymes in duodenum.

Pancreatic enzyme preparations are formulated as
pH-sensitive, enteric-coated, mini-microspheres that
protect the enzymes from gastric acidity and allow
them to disintegrate rapidly at pH 5.5 in the duodenum
to release the enzymes.293,294 The efficacy of pH-sensi-
tive, enteric-coated, mini-microspheres in patients with
CP has been demonstrated in several recent stu-
dies.295–298 Enteric-coated preparations have been
demonstrated to be more effective than conventional
uncoated preparations.299 A recent Cochrane review
on the efficacy of pancreatic enzyme preparations in
patients with pancreatic insufficiency secondary to
cystic fibrosis demonstrated a higher efficacy for
enteric-coated microspheres compared to enteric
coated tablets.300 It has been shown that mini-
microspheres of 1.0–1.2mm in diameter are emptied
simultaneously with the meal and are associated with
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higher therapeutic efficacy compared to 1.8�2.0mm
microspheres that still work satisfactory.301

Q4-2.3: How should pancreatic enzymes be administered?

Statement 4-2.3. Oral pancreatic enzymes should be
distributed along with meals and snacks. (GRADE 1A,

strong agreement)

Comments. The effectiveness of pancreatic enzyme
supplements presupposes the mixing of enzymes and
chyme. Thus, enzyme preparations should be taken
with meals. If more than one capsule/tablet per meal
must be taken, it may be beneficial to take one part of
the dose at the beginning with the rest being distributed
during the meal.302,303

Q4-2.4: What is the optimal dose of pancreatic enzymes for

exocrine pancreatic insufficiency in CP?

Statement 4-2.4. A minimum lipase dose of 40,000–
50,000 PhU is recommended with main meals, and half
that dose with snacks. (GRADE 1A, strong agreement)

Comments. Although enzyme preparations include a
large variety of pancreatic enzymes for digestion, the
PERT dosage is based on lipase activity. The recom-
mended initial dose is about 10% of the physiologically
secreted dose of lipase into the duodenum after a
normal meal.177 That means that a minimum activity
of 30,000 IU of lipase is required for the digestion of a
normal meal. Since 1 IU of lipase equals 3 PhU, the
minimum amount of lipase needed for digestion of a
normal meal is 90,000 PhU (endogenous enzyme secre-
tion and the orally administered enzymes taken
together).

Clinical trials have evaluated different enzyme prep-
arations given at different doses. Enzyme activity is
shown in different commercially available products in
accordance with procedures specified by the Fédération
Internationale Pharmaceutique (FIP), the European
Pharmacopoeia (PhEur) or the United States
Pharmacopeia (USP). The equivalence among different
units is as follows: for lipase, 1 FIP/PhEur unit¼ 1 USP
unit; for amylase, 1 FIP/PhEur unit¼ 4.15 USP units;
and for protease, 1 FIP/PhEur unit¼ 62.5 USP
units.304 Thus, since FIP, PhEur and USP are equiva-
lent for lipase, clinical trials evaluating the efficacy of
different preparations and doses on fat digestion can be
compared directly.

The most recent and well-designed RCTs have
shown the efficacy of PERT with enteric-coated mini-
microspheres at a dose ranging from 40,000–80,000
PhU of lipase per main meal, and half that dose per
snack.297,298,303,305–307 Studies evaluating enteric-coated

microspheres have shown a similar efficacy for doses
ranging from 10,000–40,000 PhU of lipase per meal,
indicating the lack of a dose-response relationship
with these preparations.308–310

Q4-2.5: How should be the efficacy of PERT be evaluated?

Statement 4-2.5. The efficacy of PERT can be evalu-
ated adequately by the relief of maldigestion-related
symptoms (e.g. steatorrhoea, weight loss, flatulence)
and the normalisation of the nutritional status of the
patients. In non-responder patients, the use of pancre-
atic function tests (CFA or 13C-MTG-BT) with oral
enzymes may be of help. (GRADE 1B, strong

agreement)

Comments. Although the disappearance of the clin-
ical signs of malabsorption is classically considered as
the most important criterion for the success of PERT,
which is associated with an improvement of the QoL,311

more recent studies have demonstrated that symptom
relief is not consistently associated with normalisation
of the nutritional status.223 A recent review of reported
data supports the concept of normalisation of nutri-
tional parameters (both anthropometric as well as bio-
chemical) as the optimal way to evaluate the efficacy of
PERT.243

If the symptoms do not respond, or respond only
partially, this may be due to other mechanisms.
Several studies have shown that breath tests with 13C-
labelled lipids provide a good measure of fat digestion
and faecal fat excretion and are therefore suitable for
monitoring the effectiveness of enzyme replacement
therapy.223,288,312 The success of replacement therapy
cannot be assessed by measuring the faecal concentra-
tion of elastase, because only the natural human
enzyme, and not the therapeutically administered
enzyme contained in pancreatin, is measured. Faecal
chymotrypsin excretion provides no information
about the effect of enzyme replacement therapy on
nutrient digestion and nutrient absorption; however,
it can be used to test for compliance (low values cor-
respond to inconsistent intake).4

Q4-2.6: What should be done in cases of unsatisfactory clinical

response?

Statement 4-2.6. In cases of unsatisfactory clinical
response, the enzyme dose should be increased
(doubled or tripled) or a proton pump inhibitor (PPI)
should be used. If these strategies fail, another cause for
maldigestion should be sought. (GRADE 2B, strong

agreement)
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Comments. The recommended initial dose of 10% of
the cumulatively secreted lipase activity into the duode-
num after a normal meal (see above) should suffice to
prevent malabsorption and steatorrhoea in more than
half of patients treated. Although solid scientific evi-
dence is lacking, clinical experience shows that a dou-
bling or tripling of this dose is necessary and helpful in
some patients. The inhibition of gastric acid secretion
either by H2-blockers or PPIs is of help in patients with
an insufficient response to the initial enzyme
dose.290,313,314 Whether increasing the oral enzyme
dose is more effective than the addition of a PPI in
these patients is unknown, and both strategies
should be considered as appropriate. If the secretion
of gastric acid is suppressed, then uncoated pancreli-
pase could be used in cases of insufficient clinical
response.

Patients with CP frequently have abnormal bacterial
gut colonisation.315 This may be considered as a pos-
sible cause of persistent symptoms and other disturb-
ances if the above-mentioned measures are
unsuccessful.

Q4-2.7: Should PPIs be added to pancreatic enzyme

supplementation in the treatment of PEI in CP?

Statement 4-2.7. The addition of a PPI to oral pan-
creatic enzymes is of help in patients with an unsatis-
factory response to PERT. (GRADE 1B, strong

agreement)

Comments. Several RCTs have shown that add-
itional acid suppression can improve the effect of
PERT compared with pancreatin alone.290,316–318

However, only very few patients with varying PEI
aetiologies were included in these studies. Moreover,
variable pancreatin preparations and variable drugs
for acid suppression (different H2-antagonists and/or
PPIs) have been investigated. Therefore, the recom-
mendation to add a PPI to oral pancreatic enzymes
in patients with an unsatisfactory response to PERT
is based on data of only moderate quality.
Subgroup analyses suggest that the addition of a
PPI leads to a significant improvement and even
normalisation of fat digestion in patients with PEI
and an incomplete response to enzyme substitution
therapy.313 By contrast, patients with an adequate
response to enzyme substitution therapy did not
profit from an additional PPI313,319 (Supplementary
Material, Table S6). This probably explains why a
recent retrospective analysis of a large patient data-
base did not show superior effects of PERT on fat
absorption in patients who received acid-suppressing
therapy for other indications throughout the
study.319

Endoscopic therapy (ET) (WP7)

Q4-3.1a: To which patients should ET be proposed?

Statement 4-3.1a. In patients with uncomplicated
painful CP and a dilated MPD, we recommend ET as
the first-line treatment after failed medical therapy fol-
lowing discussions by a multidisciplinary team (MDT).
The clinical response should be evaluated at 6–8 weeks;
if it appears unsatisfactory, the patient’s case should be
discussed again by a multidisciplinary team of endos-
copists, surgeons and radiologists, and surgical options
should be considered, in particular for patients with a
predicted poor outcome following ET. The manage-
ment of CP-related complications is discussed below.
(GRADE 2B, agreement)

Q4-3.1b: Is there a role for ET in asymptomatic CP?

Statement 4-3.1b. ET has no role in asymptomatic
and uncomplicated CP. (GRADE 2B, agreement)

Comments. In patients with uncomplicated painless
CP, no study has demonstrated any benefit for ET,
including for the treatment of exocrine or endocrine
pancreatic insufficiency.320–322 Nevertheless, certain
CP complications may indicate treatment even if they
are asymptomatic; for example, some biliary strictures
and pancreatic pseudocysts (PPCs), as discussed below.

Q4-3.1c: How does ET compare with surgery with respect to

timing, efficacy and cost?

Statement 4-3.1c. ET is performed first in most cases,
with surgery reserved to the minority of patients whose
painful symptoms do not respond well to ET. The effi-
cacy of ET has been found to be lower compared with
surgery in a single randomised trial but this included a
small number of highly selected patients at the later
stages of the disease. (GRADE 2B, agreement)

Comments. In an RCT that compared endoscopic
EUS-guided drainage vs surgery for uncomplicated
PPC in 40 patients, endoscopic drainage was significantly
better than surgery in terms of cost, length of hospital
stay andQoL up to threemonths post-procedure.323 At a
median follow-up of 18 months, clinical outcomes and
QoL were similar for both groups. The total mean cost
was lower for patients managed by endoscopy compared
to surgery ($7011 vs $15,052). Moreover, a large review
of a non-comparative historical series of endoscopic and
surgical treatments that included 787 patients showed
similar morbidity (13.3% vs 16.0%, respectively) and
long-term PPC recurrence (10.7% vs 9.8%, respectively)
but lower mortality with the endoscopic method (0.2%
vs 2.5%, respectively).324 Finally, ET does not
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significantly affect subsequent surgical therapy if it
becomes necessary.

Q4-3.1d: Which patients respond best to ET?

Statement 4-3.1d. Pre-treatment factors useful to
identify the best responders to ET are the location of
obstructing stones in the head of the pancreas, the
absence of MPD stricture, a short disease duration
and a low frequency of pain attacks before ET.
(GRADE 2B, agreement)

Comments. Factors independently associated with
long-term (�2 years) pain relief following ET for CP
include the location of obstructive calcifications in the
head of the pancreas (the most robust predictor of good
outcome, identified in an RCT),325 a short disease dur-
ation and a low frequency of pain attacks before ET,
complete MPD stone clearance and an absence of MPD
stricture at initial ET, as well as the discontinuation of
alcohol and tobacco during follow-up.321,326–328 Disease
duration before ET was assessed using the dates of the
first pain attack and most studies reported better clinical
results in patients with a shorter disease duration.

Q4-3.2a: What are the indications for extracorporeal shock

wave lithotripsy (ESWL)?

Statement 4-3.2a. ESWL can be considered as first-
step treatment for larger, radiopaque stones (�5mm)
obstructing the MPD, and is usually followed by the
endoscopic extraction of stone fragments; although, in
centres with expertise, ESWL alone may be a more
cost-effective option (strong recommendation, moder-
ate quality evidence). We suggest performing non-con-
trast enhanced computed tomography (NCCT) before
ESWL to determine the location, size, number and
density of stones (weak recommendation, low quality
evidence). (GRADE 2C, agreement)

Comments. ESWL is the gold standard for non-sur-
gical MPD stone removal. A meta-analysis of 17 stu-
dies (a total of 491 patients) showed that ESWL is
useful for clearing MPD stones and for decreasing
CP-related pain.329 ESWL is highly effective at frag-
menting radiopaque pancreatic stones: a systematic
review of 11 series found that ESWL successfully frag-
mented stones in 89% of 1149 patients.330 However, in
an RCT with long-term follow-up, comparing surgery
with endoscopy plus ESWL, surgery was more effective
than the combination of endoscopy and ESWL for
larger stones.247,248

In general, stone extraction using a Dormia basket
without prior lithotripsy should not be attempted as
this technique fails in a majority of patients (83% and

91% in two series of 46 and 125 patients, respect-
ively);327,331 moreover, it carries a relatively high
morbidity.332

Q4-3.2b: Should some stones be preferentially selected for

treatment (stone size and location)?

Statement 4-3.2b. ESWL should target stones with a
minimal diameter of 2–5mm, starting in the head of the
pancreas and progressing to the head to permit elimin-
ation of stone fragments. (GRADE 2C, agreement)

Comments. In the majority of series, stones targeted
by ESWL were mostly radiopaque stones obstructing
the MPD with a minimal diameter of 2–
5mm.320,325–328,333–337 Endoscopic clearance of MPD
stones targeted by ESWL is more frequently obtained
in the case of single stones and stones confined to the
head of the pancreas.321,325,326,333,338 Other factors
associated with complete stone clearance from the
MPD that require confirmation include: (a) a stone
density <820 Hounsfield units (prospective study,
128 patients),338 (b) intravenous injection of secretin
during ESWL (retrospective study, 233 patients),339

and (c) ERCP performed >2 days as compared with
�2 days following ESWL (retrospective study, 30
patients).340

Q4-3.2c: What are the potential indications for treatment by

ESWL alone?

Statement 4-3.2c. ESWL alone may be the most cost-
effective option but it should be reserved to centres with
expertise in this technique. (GRADE 2C, agreement)

Comments. ESWL without subsequent ERCP may
also be used to treat painful uncomplicated CP: two
uncontrolled series reported spontaneous MPD stone
clearance in 70–88% of 350 patients and pain relief
was achieved at 44 months in 78% of the patients.335,341

In an RCT that compared ESWL alone vs ESWL fol-
lowed by ERCP in 55 patients,325 the only significant
differences between groups were a longer hospital stay
and a higher treatment cost in the ESWL plus ERCP
group.

Q4-3.2d: What are the post-ESWL complications?

Statement 4-3.2d. Pancreatitis is the most frequent
complication of ESWL. (GRADE 2C, agreement)

Comments. In a prospective series of 634 patients
with a treatment protocol that helped to distinguish
between ESWL-related and ERCP-related complica-
tions (ERCP was performed after the last ESWL
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session), 99 complications were attributed to ESWL
(15.6% of patients, 6.7% of ESWL sessions), 16 of
these being classified as moderate to severe (2.5% of
patients). Post-ESWL pancreatitis accounted for two-
thirds of the complications.342 Other adverse events
attributed to ESWL in large series include pancreatitis,
skin erythema, haematuria, gastrointestinal bleeding,
‘steinstrasse’ (acute stone incarceration in the papilla
responsible for MPD dilatation), hepatic subcapsular
haematoma and perforation.320,321,335,337,342

Q4-3.2e: What is the frequency of long-term pain recurrence

after ESWL alone or when combined with endoscopic stone

extraction?

Statement 4-3.2e. At long-term, pain relapses requir-
ing analgesics or more invasive treatment has been
reported in 5–45% of patients. (GRADE 2B,

agreement)

Comments. Long-term, complete or partial pain
relief following ESWL associated with ERCP has
been reported in 70–96% of the patients included in
five retrospective studies (Supplementary Material,
Table S7).320–322,343 In the above-mentioned RCT that
compared ESWL alone vs ESWL followed by ERCP in
55 patients,325 at the end of follow-up (51 months) 31
patients (56%) had no pain relapse with no difference
between the two treatment groups.

Q4-3.3a: How is a dominant pancreatic stricture defined? What

are the long-term results of stricture dilation, temporary single

plastic stenting, temporary multiple plastic stenting?

Statement 4-3.3a. Dominant MPD strictures in the
head of the pancreas are defined as strictures with an
upstream MPD dilation �6mm in diameter or stric-
tures that prevent the outflow of contrast medium.
Stricture dilation alone has yielded disappointing
results while satisfactory long-term results have been
reported in more than two-thirds of patients with tem-
porary plastic stenting. (GRADE 1C, agreement)

Comments. The abovementioned definition is usually
accepted.344,345 Stricture dilation alone is not a stand-
ard treatment option for MPD strictures.347 The same
is true for single plastic stenting for a short period (six
months) even if associated with repeated balloon dila-
tion of the stricture.348

In five retrospective case series with long-term (�24
months) follow-up and a total of 348 patients,349–352

pain improvement was reported in 62–83% of patients
with a mean follow-up of 24–69 months after single
plastic stent removal. In the largest study,350 after a
median stenting duration of 23 months, 62% of

patients maintained satisfactory pain control without
pancreatic stent replacement during a median time of
27 months. The majority of pain recurrence, requiring a
new period of pancreatic stenting, occurred during the
first year following stent removal (79%), with almost all
(97%) having relapsed by 24 months.350 Consequently,
if a patient remains stable during the first year after
stent removal, subsequent relapse and need for re-stent-
ing are less likely.

Results of multiple plastic stenting were reported in
a single study that included 19 patients.353 A median
number of three simultaneous stents (8.5–11.5 Fr) were
left in place for seven months. At a mean follow-up of
38 months following stent removal, 84% (16/19) of the
patients remained pain-free (Supplementary Material,
Table S8).

Q4-3.3b: With temporary plastic stenting, which is the most

appropriate stent design, length and diameter?

Statement 4-3.3b. We recommend using a straight
polyethylene (8.5–10 Fr) pancreatic stent with the
shortest possible length, tailored to the location of the
MPD stricture. (GRADE 1C, agreement)

Comments. The choice of stents is influenced by the
stricture severity (limiting the maximal stent diameter
that might cross the stricture), its location (affecting the
stent’s length) and the shape of the MPD (i.e. difficult
anatomy such as ansa pancreatica).

Although a bench study suggested that stent occlu-
sion is associated with a stent diameter >8.5 Fr,354 a
larger clinical study found that patients with stents
�8.5 Fr (n¼ 129, 79%) were three times more likely
to be hospitalised for abdominal pain than those with
10 Fr stents (n¼ 34, 21%).355 In 2006, a new S-type 10
Fr stent was proposed to prevent stent migration,356

but despite good results in a small study it is not cur-
rently used.

Q4-3.3c: What is the most appropriate stent exchange

schedule?

Statement 4-3.3c. Stent exchange may be performed
either at regular intervals (for example, three months)
or ‘on-demand’ in patients with a recurrence of pain
and MPD dilatation. (GRADE 1B, agreement)

Comments. ‘On-demand’ stent exchange is the pre-
ferred strategy, as the duration of the stent’s clinical
effect is unpredictable and is not correlated with stent
clogging.357 With an ‘on-demand’ strategy, stent
replacement was reported to be required after a mean
period of 8–12 months.350 Criteria used during ERCP
for terminating MPD stenting include: adequate
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outflow of contrast medium 1–2min after ductal filling
upstream from the stricture location after stent
removal, easy passage of a 6 Fr catheter through the
stricture location, and decreased focal narrowing.349–351

Note, complete stricture resolution is not needed for
pain relief.351,358

Q4-3.3d: What are the indications of stenting for MPD stric-

tures? What are the criteria for not replacing a temporary stent

after removal?

Statement 4-3.3d. We recommend treating domin-
ant MPD strictures located in the head of the pan-
creas and associated with pain by single plastic
stenting for at least 12 months with at least one
planned stent exchange within one year. Criteria
used for not replacing a temporary plastic stent
after removal are adequate contrast medium outflow
in the duodenum and easy passage of a 6 Fr cath-
eter through the residual dilated stricture. (GRADE

1B, agreement)

Comments. Satisfactory results reported in Table 4.3-
2 were obtained using the abovementioned treatment
modality. Multiple plastic stenting is another option
but it is technically more complex and it has not been
compared with single plastic stenting.359 Criteria used
during ERCP for terminating MPD stenting include:
adequate outflow of contrast medium 1–2min after
ductal filling upstream from the stricture location
after stent removal, easy passage of a 6 Fr catheter
through the stricture location, and decreased focal nar-
rowing.360–362 Note, complete stricture resolution is not
needed for pain relief.348,362

Q4-3.3e: How are refractory MPD strictures defined and how to

treat them?

Statement 4-3.3e. Refractory MPD strictures are
defined as persistent symptomatic dominant strictures
after one year of single stent placement. We recommend
multiple pancreatic duct stenting for treating a refrac-
tory MPD stricture or a trial of 3–6 months with a fully
covered self-expandable metallic stent (FC-SEMS) or
surgical pancreaticojejunostomy. (GRADE 2C,

agreement)

Comments. The above-mentioned definition is usu-
ally accepted.345,363 For refractory MPD strictures,
besides the insertion of multiple plastic stents, the tem-
porary insertion of a FC-SEMS is an option, although
uncovered and partially covered self-expandable metal-
lic stents (SEMSs) have provided disappointing
results.364 Five recent studies have reported encoura-
ging results with a FC-SEMS in a total of 61 patients;

however, the follow-up after stent removal for
this group was short (Table 4.3-2).363,365,366

Pain improvement was reported in 40/48 patients
(83%). The optimal duration of treatment with FC-
SEMS should probably be around 3–6
months.363,365,366 Furthermore, a recent systematic
review suggested that both FC-SEMS and multiple
plastic stents produce similarly good results.367

Q4-3.3f: How do temporary single plastic stenting, temporary

multiple plastic stenting, temporary SEMS placement and bal-

loon dilatation compare in terms of indications, long-term

results and complications?

Statement 4-3.3f. Polyethylene 10 Fr pancreatic
stents tailored to the shape of the MPD and length of
the stricture are most commonly used. Occlusion of
MPD stents usually occurs within 2–3 months while
symptoms of CP usually recur between 6–12 months.
Thinner MPD stents (�8.5 Fr) are associated with more
frequent hospitalisations for abdominal pain than 10 Fr
stents. Placement of a single pancreatic plastic stent
achieves MPD stricture resolution in nearly 60% of
cases while simultaneous placement of multiple pancre-
atic stents was reported to be of additional benefit in a
single study. Complications related to MPD stenting
are usually mild and managed conservatively. The
European Society of Gastrointestinal Endoscopy
(ESGE) recommends treating dominant MPD stricture
by inserting a single 10 Fr plastic stent, with stent
exchange planned within one year even in asymptom-
atic patients to prevent complications related to long-
standing pancreatic stent occlusion. Simultaneous
placement of multiple, side-by-side, pancreatic stents
could be applied more extensively, particularly in
patients with MPD strictures persisting after 12
months of single plastic stenting. (GRADE 1C,

agreement)

Comments. Stricture dilatation alone is not a stand-
ard treatment option for MPD strictures.330,345 The
same is true for single plastic stenting for a short
period (six months) even if associated with repeated
balloon dilatation of the stricture.358

Q4-3.3 g: What are the adverse events related to pancreatic

stenting in CP?

Statement 4-3.3 g. Adverse events include stent occlu-
sion and stent migration. (GRADE 1B, agreement)

Comments. Pancreatic duct stenting is associated
with complications such as stent occlusion (may
induce the formation of pseudocysts in rare cases),
stent migration, including distal migration to the
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duodenum with the risk of impaction on the opposite
duodenal wall and risk of duodenal perforation, and
proximal migration into the pancreatic duct, with
technical challenges for stent removal. Distal and prox-
imal migration of the pancreatic stent were reported in
1.5–7.5% and 0.8–5.2% of patients in two
studies.368,369

Spontaneous stent migration has been reported in
8% of patients with FC-SEMS, but with large differ-
ences between studies, from 0% in one study363 to 39%
in another study.370 Moreover, adverse events such as
cholestatic liver dysfunction developed in four patients
(without a history of previous endoscopic biliary
sphincterotomy) and may be associated with compres-
sion of the bile duct orifice due to expansion of the FC-
SEMS.363,370

Q4-3.4a: How does ET with temporary single plastic stenting,

temporary multiple plastic stenting, and temporary SEMS pla-

cement compare with surgery for biliary stricture (BS) treat-

ment in terms of long-term efficacy, cost and complications?

How to select patients for ET?

Statement 4-3.4a. Temporary stenting of common
bile duct (CBD) strictures with multiple simultaneous
plastic stents or covered SEMS provide long-term suc-
cess in 90% of cases. This compares with stricture
resolution in a minority of patients only following
temporary stenting with a single plastic stent. No
valid study comparing ET vs surgery was found. We
recommend treating CBD strictures responsible for
symptomatic (recurrent acute cholangitis, obstructive
jaundice) or persistent (>1 month) cholestasis. We
suggest electing ET for patients deemed to comply
with repeat ERCPs and who are at high surgical
risk, present with portal hypertension or have local
abdominal conditions contraindicating surgery.
Multiple side-by-side plastic stents or FC-SEMS, not
single plastic stents, should be used. (GRADE 2C,

agreement)

Comments. We recommend treating CBD strictures
responsible for symptomatic (recurrent acute cholan-
gitis, obstructive jaundice) or persistent (>1 month)
cholestasis (strong recommendation, low quality evi-
dence). We suggest electing ET for patients deemed to
comply with repeat ERCPs and who are at high surgi-
cal risk, present with portal hypertension or have local
abdominal conditions contraindicating surgery. An
effectual recall system should be established in order
to avoid septic complications (weak recommendation,
low quality evidence). Resective surgery should be con-
sidered in other patients as well as those with an inflam-
matory mass of the head of the pancreas or suspected
neoplasia.

Q4-3.4b: What is the indication for biliary stenting in biliary

strictures in CP?

Statement 4-3.4b. CBD strictures responsible for
symptomatic (recurrent acute cholangitis, obstructive
jaundice) or persistent (>1 month) cholestasis are indi-
cation for stenting. We suggest electing ET in patients
deemed to comply with repeat ERCPs and who are at
high surgical risk, present portal hypertension or local
abdominal conditions contraindicating surgery. An
effectual recall system should be established in order
to avoid septic complications. Resective surgery
should be considered in other patients as well as
those with an inflammatory mass of the head of the
pancreas or suspected neoplasia. (GRADE 2A, strong

agreement)

Comments. The indications for the treatment stated
above are generally accepted, with persistent cholestasis
defined as alkaline phosphatase (ALP) levels >2–3
times the upper limit of normal values lasting for
more than one month.371–373

Temporary biliary stenting, usually for one year with
regular stent exchange in the case of plastic stents, is the
mainstay of treatment. In the long-term following stent
removal, stricture resolution persists in 10–38% and
44–92% of patients following single vs multiple plastic
stenting, respectively.330 Treatment with single plastic
stents has been abandoned for this indication345 and
removable covered SEMSs have been proposed as an
alternative to multiple plastic stents, with the advantage
of requiring theoretically only two ERCP proced-
ures.374–378 The use of uncovered SEMSs for this indi-
cation should be banned because of the unavoidable
hyperplastic tissue reaction, which usually impedes
their removal.379,380

An RCT that compared six-month stenting using
multiple plastic biliary stents vs covered SEMSs for
treating CP-related biliary strictures in 60 patients
found similar results with both stent models, including
stent-related morbidity (23% vs 29%, respectively) and
success rates two years after stent removal (90% vs
92%, respectively).381 A meta-analysis of non-com-
parative studies in patients with CP-related biliary stric-
tures found higher success rates at one-year follow-up
with FC-SEMSs vs plastic stents (77% vs 33%,
p¼ 0.06) but these results should not be taken into
account as patients with single and multiple plastic
stenting were grouped, although treatment with single
plastic stents is no longer current practice.382 Economic
evaluations comparing the different treatment options
are unavailable in this setting. With the FC-SEMS, a
multicentre prospective study (127 patients with
CP-related biliary strictures) found that the stricture
had resolved in 90.5% of patients who underwent
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scheduled FC-SEMS removal, with stricture recurrence
observed in 10.5% of patients at 18-months follow-
up.383 Unfortunately, no ‘intention-to-treat’ analysis
was provided.

In patients with CP and alcohol abuse, compliance
with stent exchange may be problematic: in two series
involving 43 patients, 70% of patients had stent-related
complications (fatal in 5% of cases) because they did
not present for scheduled stent exchanges.384,385

A single comparative, retrospective study of endo-
scopic vs surgical treatment for CP-related biliary stric-
tures was identified:386 33 patients had primary ET
(35% covered SEMS and 65% multiple plastic stents,
for a mean stenting duration of 11 months) while six
patients underwent surgery. The success rate at two
years was 12% vs 65% for endoscopic and surgical
treatment, respectively. The success rate reported after
ET is highly discordant from those reported in an RCT
(12% vs 90%)381 and the authors suggested that these
extremely poor results might be related to their defin-
ition of failure that included asymptomatic ALP eleva-
tion about the upper limit of normal values.

Q4-3.5: For children, in which conditions is ET recommended?

Statement 4-3.5. In children with uncomplicated
painful CP and an obstructed MPD, we recommend
ET as the first-line treatment after failed medical ther-
apy. (GRADE 1C, agreement)

Comments. In children, CP usually presents as epi-
sodes of moderate abdominal pain.387 Compared with
adults, paediatric patients have a lower prevalence of
complications including PPC and CBD strictures.388

Three large retrospective series reported that ET
(whether or not combined with ESWL) decreases CP-
related pain in children (Supplementary Material,
Table S9).389–391 In a retrospective study that included
37 children with CP, the recurrence of a flare-up of CP
was more frequent in patients who had ERCP vs sur-
gery; however one-third of patients in the ERCP group
had diagnostic ERCP only.392 Therefore, a therapeutic
step-up strategy similar to that proposed in adults (con-
servative measures/ET/surgery) seems appropriate. The
outcome of this strategy was reported in a prospective
study that included 12 children and 32 months after
treatment (ERCP, n¼ 8; surgery, n¼ 2), all children
were free from a recurrence of pancreatitis without
impairment of everyday activities.393

With respect to procedure-related morbidity, highly
different rates have been reported in paediatric series
(the reader is referred to Oracz et al.391 for a review
of morbidity rates); however, importantly, two large
studies have suggested that morbidity rates are similar
in children compared with adults.388,394

In a common guideline issued by the ESGE and the
European Society for Paediatric Gastroenterology,
Hepatology and Nutrition, therapeutic ERCP is
strongly recommended in paediatric patients (>1
year old) for diseases amenable to endotherapy,
including CP.

Treatment of PPCs (WP8)

The decision in whom, when, and by which procedure
PPCs should be treated has been very controversial in
the past. PPCs develop as a frequent complication of
acute or CP. The prevalence of PPCs in CP lies between
20–40%.395 PPCs occur most often in patients with
alcoholic CP (70–78%),396 while the second most
common cause is idiopathic CP (6–16%). Within the
first six weeks after an acute bout of pancreatitis,
40% of pseudocysts resolve spontaneously, whilst com-
plications occur in 20% of cases indicating the need for
intervention. The spontaneous remission of pseudo-
cysts after 12 weeks is very rare, and complications
are observed in up to two-thirds of cases. An increase
in pseudocyst size to >5 cm is associated with the devel-
opment of complications. If pseudocyst formation
becomes symptomatic, then surgery, percutaneous or
endoscopic drainage can be performed. All of these
procedures demonstrate comparable results regarding
technical success and recurrence rate.396

Q4-4.1: Should pseudocysts be treated?

Statement 4-4.1. We recommend ET for those
patients with uncomplicated chronic PPCs for which
treatment is indicated and that are within endoscopic
reach. Transpapillary (TP) drainage is preferred over
transmural (TM) drainage for small (<6 cm) PPCs
communicating with the MPD in the head or body
of the pancreas, or if TM drainage is contraindicated
or not feasible. If TM pseudocyst drainage is elected:
(a) it should be performed under echoendoscopic guid-
ance if there is no luminal bulging and (b) several
double-pigtail plastic stents (not self-expandable
metal stents) should be inserted to drain the PPC
into the digestive lumen until cyst resolution with a
minimum of two months of stenting. (Grade 2A,

strong agreement)

Comments. Universally accepted indications for PPC
treatment include the presence of symptoms, complica-
tions (infection, bleeding, or rupture), or compression
of surrounding organs (gastric, duodenal or biliary
obstruction).397 Treatment of asymptomatic and
uncomplicated PPCs is not indicated, regardless of
size.398 Note, the duration and size of PPCs do not
accurately predict the probability of spontaneous
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resolution (less than 10% in a CP setting) or the devel-
opment of complications.399,400

Chronic PPCs may be drained by endoscopic, per-
cutaneous or surgical means. Percutaneous drainage
should not be performed in chronic PPCs, except in
patients who are not candidates for other
procedures.401

Q4-4.2: Which treatment modality is recommended for a

chronic pseudocyst?

Statement 4-4.2. ET is recommended for chronic
PPCs whenever possible. If TM pseudocyst drainage
is elected: (a) it should be performed under echoendo-
scopic guidance and (b) several double-pigtail plastic
stents, or self-expandable metal stents if solid debris
(walled-off pancreatic necrosis (WOPN)) is found in
the cavity, should be inserted to drain the PPC into
the digestive lumen until cyst resolution, with a min-
imum of two months of stenting. (Grade 2C, strong

agreement)

Comments. Surgical procedures for treating pseudo-
cysts tend to have higher success rates, but also have a
somewhat higher mortality than endoscopic pseudocyst
drainage into the duodenum or stomach and an inter-
disciplinary therapeutic concept is recommended.396,402

Percutaneous drainage should not be performed in
chronic PPCs, except in patients who are not candi-
dates for other procedures.401

Two endoscopic approaches have been described for
draining PPCs into the gastrointestinal lumen: TP and
TM drainage. TP drainage is feasible only in the case of
direct communication between the PPC and the MPD,
which occurs in 40–66% of all PPCs.402–404 TP and TM
drainage of PPC were compared in three non-rando-
mised studies that included 173 patients (CP was diag-
nosed in 40–92% of patients).402,405,406 Compared with
TM drainage, TP drainage was used for smaller PPCs,
was associated with lower morbidity (1.8% vs 15.4%),
and had similar long-term success.345

With respect to TM drainage, two RCTs compared
X-ray guidance alone vs X-ray guidance combined with
EUS407,408 and found a higher rate of technical success
when EUS guidance was used because it can be per-
formed even in the absence of intraluminal PPC bul-
ging, which is observed in approximately half of
cases.406 Following TM drainage, early stent removal
is associated with more PPC recurrences compared with
stent maintenance, according to an RCT (28 patients)
and a retrospective study (92 patients) that identified a
stenting duration >6 weeks and the insertion of mul-
tiple double-pigtail stents as independent predictors of
a favourable outcome.401,409 SEMS should not be used
to drain PPCs as it is more expensive and has no

advantage over plastic stents, according to a systematic
review that included 17 non-comparative studies.410

Some associated lesions may affect the strategy of
PPC treatment: If extrahepatic portal hypertension is
present, EUS-guided PPC drainage has been recom-
mended to decrease the risk of bleeding.411 This strat-
egy has not been compared with conventional TM
drainage but it has been reported to be safe in a small
series of patients.412

The success rate in a published study of 1126
patients with TM drainage of a PPC was reported as
79.2%, with more recent studies reporting success rates
significantly over 85%, which corresponds to surgical
results. The mortality rate in a series involving over 30
patients was 0.2%, the recurrence rate was reported as
7.6% and the complication rate was 12.8%.396

Q4-4.3: Is EUS guidance needed for TM drainage of

a pseudocyst?

Statement 4-4.3. TM drainage should preferably be
done under EUS guidance. (GRADE 1B, strong

agreement)

Comment. EUS is a procedure that can best assess
the appearance of the pseudocyst wall, its content, loca-
tion and relationship to adjacent blood vessels.
Therefore, endoscopic TM drainage should be per-
formed under EUS guidance to reduce the rate of
failed puncture attempts and complications.408 A
direct comparison of the complication rate for TM
needle drainage without ultrasound guidance is not
available. With respect to TM drainage, when two
RCTs compared X-ray guidance alone vs X-ray guid-
ance combined with EUS,407 they found a higher rate
of technical success when EUS guidance was used
because this can be performed even in the absence of
intraluminal PPC bulging, which is observed in
approximately half of the cases.408 If extrahepatic
portal hypertension is present, EUS-guided PPC drain-
age has been recommended to decrease the risk of
bleeding;411 this strategy has not been compared with
conventional TM drainage but it has been reported to
be safe in a small series of patients.412

Q4-4.4: When is TP drainage preferred over TM drainage

in PPCs?

Statement 4-4.4. We recommend ET for those
patients with uncomplicated chronic PPCs for which
treatment is indicated and that are within endoscopic
reach. TP drainage is preferred over TM drainage for
small (<6 cm) PPCs communicating with the MPD in
the head or body of the pancreas, or if TM drainage is
contraindicated or not feasible. If TM pseudocyst
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drainage is elected: (a) it should be performed under
echoendoscopic guidance if there is no luminal bulging
and (b) several double-pigtail plastic stents (not self-
expandable metal stents) should be inserted to drain
the PPC into the digestive lumen until cyst resolution
with a minimum of two months of stenting. (GRADE

2B, strong agreement)

Comments. Universally accepted indications for PPC
treatment include the presence of symptoms, complica-
tions (infection, bleeding or rupture), or compression of
surrounding organs (gastric, duodenal or biliary
obstruction).397 Treatment of asymptomatic and
uncomplicated PPC is not indicated, regardless of
size.398 Note, the duration and size of PPCs do not
accurately predict the probability of spontaneous reso-
lution (less than 10% in a CP setting) or the develop-
ment of complications.399,400

Chronic PPCs may be drained by endoscopic, percu-
taneous or surgical means. Percutaneous drainage
should not be performed in chronic PPC, except in
patients who are not candidates for other procedures.401

Q4-4.5: When should asymptomatic pseudocysts be treated?

Statement 4-4.5. Asymptomatic PPCs, which have
reached a size of >5 cm in diameter and which do not
resolve within 3–6 months, should be treated. (GRADE

2C, strong agreement)

Comments. PPCs which are shown to be enclosed by
a fibrous wall of >5mm on imaging, are particularly
suited for endoscopic or surgical drainage. Gouyon
et al. were able to show, in a multivariate analysis,
that a pseudocyst size <4 cm is the only prognostically
favourable factor for spontaneous resolution,413 while
untreated cysts >5 cm result in complications (rupture,
infection, jaundice or haemorrhage) in 41% of cases.414

This was confirmed in a prospective case series in which
up to 67% of patients with a PPC still present six
months after the diagnosis of PPC suffered from
nausea, vomiting and intense pain.415

With respect to the timing of PPC drainage, no com-
parative study is available and we suggest the following:
if no recent episode of acute pancreatitis has been iden-
tified, PPC that are thought to be the main cause of
pain or complications should be drained promptly as
the spontaneous resolution of PPC is uncommon and is
observed mostly for small (<3 cm) intrapancreatic col-
lections with a long follow-up;413 if a recent episode of
acute pancreatitis has been identified, or if the PPC was
not detected on prior examination, the PPC should be
observed for up to six weeks to allow for either spon-
taneous resolution or maturation of the cyst wall;416

MRI and/or EUS should be performed to distinguish

between an acute effusion or collection (with or without
necrosis) and a previously undiagnosed chronic
collection.

Q4-4.6: What is the role of fine needle aspiration of cystic

lesions?

Statement 4-4.6. Diagnostic needle aspiration of a
cyst may be performed for suspected infected cystic
contents or for suspected neoplasm. (GRADE 2C,

strong agreement)

Comments. If diagnostic needle aspiration of the cyst
confirms an infection of the contents, then drainage of
the pseudocyst is indicated. Surgical resection should be
carried out if malignancy is detected. In summary: If
EUS-guided needle aspiration of a cyst reveals a carci-
noembryonic antigen (CEA) level >400 ng/ml, a vari-
ably increased or low amylase (lipase) level, high
viscosity, mucin or epithelial cells in the cyst contents,
then the presence of a mucinous neoplasm must be
assumed. It is then usually a mucinous cystic neoplasm
(MCN), which is more prevalent in women aged
between 30–50 years of age, is located usually in the
pancreatic tail and demonstrates mural nodules on ima-
ging. In this situation, the so-called eggshell pattern of
calcification is typical. Prognosis after surgery is good
in the presence of non-invasive growth. If, however,
invasive growth is confirmed, then the average survival
is 45 months.417

Aspiration biopsy of an MCN differs very little
from an IPMN; which is regarded as a precancerous
lesion. Its malignant potential depends on its location
(main duct or side branch duct) and the size of the
lesion as well as its solid parts. An IPMN originating
from the main pancreatic duct should always be
resected because in 52–92% of cases a carcinoma
will develop from this lesion within a period of eight
years. For lesions of the side branch duct this amounts
to 6–46%.417 Those lesions <1 cm on MRI or EUS
and originating from a side branch duct may be fol-
lowed-up by imaging after one year. Side-branch
lesions, which are between 1–3 cm in size and exhibit
no solid components, should be followed up after six
months. On the other hand, lesions that are >3 cm or
exhibit mural nodules or cytology with higher-grade
dysplasia must be resected. Serous cystadenoma is
diagnosed as pancreatitis in 30% of cystic lesions
and virtually never turns malignant. In this case,
aspiration of the cyst is negative for mucin, CEA
and amylase and the cytology reveals glycogen-rich
epithelium. Direct SpyGlass pancreatoscopy with
related techniques (biopsy, confocal laser microscopy)
may increase diagnostic accuracy in selected cases to
determine small or focal dysplasias.418,419
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Q4-4.7: What is the indication for surgery of cystic lesions?

Statement 4-4.7. A surgical approach should be
chosen for a suspected malignant cystic lesion.
(GRADE 1C, strong agreement)

Comments. In 2–3% of all CT scans of the abdomen,
a cystic lesion of the pancreas is discovered as an inci-
dental finding,420 while with MRI, it can be up to 10%.
More than two-thirds of these lesions are dysontoge-
netic cysts or PPCs. The prevalence of PPCs in CP lies
between 20–40%, and of the cystic lesions which are
not PPCs but genuine cystic neoplasms, 30% are
benign serous cystadenomas, 45% of the resected
lesions are MCNs and 25% are IPMNs. Solid pseudo-
papillary tumours or cystic acinic cell carcinoma are
less frequently encountered. For a classification of the
differential diagnosis of cystic tumours in asymptom-
atic patients, the question of connection to the pancre-
atic duct (IPMN and PPC) and the size of the cystic
lesion (indication for resection in the case of IPMN or
therapeutic indication for pseudocysts) is essential.421 A
short MR protocol may be used.422 Diagnostic needle
aspiration of a pseudocyst with the aid of EUS helps in
differentiating between premalignant cystic neoplasms,
cystic malignancies and pseudocysts. There is an urgent
indication for surgery if malignancy is suspected, given
that healing can be achieved in this situation with a five-
year survival rate of 63% after resection of a malignant
tumour.396,423,424

Q4-4.8: What is the role of non-invasive duct visualisation

for PPC?

Statement 4-4.8. Visualisation of the pancreatic duct
can be performed before endoscopic or surgical drain-
age of the pseudocyst. (GRADE 2B, strong agreement)

Comments. Whether an attempt to drain the pseudo-
cyst via the papilla should be performed using ERCP
before transgastric or transduodenal pseudocyst drain-
age is still a matter of controversy. On the one hand,
drainage of the pseudocyst via a stent in the pancreatic
duct is the ‘most physiological’ form of drainage.
Depending on the study, 22–57% of PPC have a con-
nection with the pancreatic ductal system.425 Based on
current data, endoscopic retrograde pancreatography
(ERP) can precede endoscopic TM drainage in order
to detect a connection with the duct or to exclude rup-
ture of the pancreatic duct (8% after acute necrotising
pancreatitis). If a complete MPD rupture is present, TP
stent placement upstream from the rupture should be
attempted.426,427 This has been shown to improve the
success of TM PPC drainage in a retrospective series.428

If the MPD rupture cannot be bridged, TM stents

should be left in place for as long as the disconnected
pancreatic tail secretes pancreatic juice (typically, for
years).426 In a retrospective series of 29 patients,
removal of TM stents after PPC resolution led to
PPC recurrence in half the cases.429 TM drainage in
the presence of an undetected rupture of the pancreatic
duct or a connection of the PPC with an obstructed
pancreatic duct is less promising with regard to a suc-
cessful long-term therapeutic outcome. The success rate
of attempted TP drainage reaches a maximum of
60%.402 Peri-interventional antibiotic prophylaxis
before ERCP is indispensable if PPC are suspected or
if they are the indication for ERCP or ERP. Without
antibiotic prophylaxis, the examination-related inci-
dence of infected pseudocysts and pancreatic abscesses
after ERCP increases.430

Q4-4.9: What are the roles of duct changes and pancreatic

duct stones in the presence of a PPC?

Statement 4-4.9. In the presence of pancreatic duct
stones, a pseudocyst should be treated as part of an
overall therapeutic concept. (GRADE 1B, moderate

agreement)

Comments. A relative indication for treating pancre-
atic cysts is the presence of CP with pancreatic duct
anomalies or pancreatic ductal stones, because in this
situation the rate of spontaneous resolution, even for
small cysts, is a maximum of 10–26% due to the con-
stant inflammatory stimulus.402

Q4-4.10: When should pancreatic stenting be performed?

Statement 4-4.10. ET of pancreatic duct obstruction
can be undertaken in patients with a PPC, prestenotic
duct dilatation or fistula formation. (GRADE 2C,

strong agreement)

Comments. PPCs are maintained by pancreatic duct
obstruction in the presence of prestenotic duct dilata-
tions or fistulae if these stenoses represent a blockage to
drainage. In such cases, treatment of the pancreatic
duct obstruction is recommended.

Q4-4.11a: Do vascular pseudoaneurysms warrant treatment?

Statement 4-4.11a. Vascular pseudoaneurysms that
develop secondary to CP should be treated. (GRADE

1C, strong agreement)

Comments. There are no comparative studies avail-
able that compare the active treatment of vascular
pseudoaneurysms with mere observation. Nor are
there studies examining the best moment for the
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treatment of vascular pseudoaneurysms at different
time points.

Q4-4.11b: What is the method of choice for the treatment of

vascular pseudoaneurysms?

Statement 4-4.11b. Angiographic embolisation is the
method of choice for haemorrhagic pseudoaneurysms.
(GRADE 1C, strong agreement)

Comments. If a pseudoaneurysm is detected in the
vicinity of the PPC, selective angiographic embolisation
prior to any attempt at PPC drainage should be con-
sidered because haemorrhages associated with a PPC
carry a high mortality.431,432 Surgery should be reserved
as a second-line treatment when embolisation does not
resolve the bleeding.433–435

There is a systematic review of case series and case
reports available on this issue.433 In this assessment, the
success rate of angiographic treatment was 66%. The
complication rate is less than that for surgical treatment
and was associated with a shorter hospital stay. Surgery
should remain reserved for patients not bleeding
acutely and in a good general condition, in whom an
operation is also indicated for other CP complications.

Q4-4.12: What is the minimal follow-up time before endo-

scopic intervention in PPC after an acute episode of CP?

Statement 4-4.12. In the presence of a recent episode
of acute pancreatitis or if the PPC was not detected on
prior examinations, the PPC should be observed for at
least six weeks to allow for either spontaneous reso-
lution or maturation of the cyst wall.416 (GRADE 1B,

strong agreement)

Comments. MRI and/or EUS should be performed to
distinguish an acute effusion or fluid collection, with or
without necrosis, from a previously undiagnosed
chronic fluid collection. Timing in the case of necrosis
due to acute-on-CP should be similar to what is advised
in acute pancreatitis: for patients with proven or sus-
pected infected necrotising pancreatitis, invasive inter-
vention should be delayed where possible until at least
four weeks after the initial presentation to allow the
collection to become ‘walled-off’.436 EUS and MRI
are the most useful techniques for assessing the presence
of debris within walled-off pancreatic necrosis.437,438

Pancreatic pain (WP9)

Q5-1: What is the natural history of pain in CP?

Statement 5-1.1. Pain is the first presentation of CP in
the majority of patients. (GRADE 1B, strong agreement)

Comments. Pain is the most disabling and dominant
symptom in patients with CP. Even though some stu-
dies have found that a substantial proportion (5–50%)
of patients do not report pain, most recent studies
reveal that intermittent or constant pain of varying
severity is present in most patients.439–442 In a recent
study exploring the pain pattern in 106 patients with
CP, only 6% were pain-free.443 The origin of the pain is
not fully understood but is likely to be multifactorial
and therefore the first appearance of pain can vary con-
siderably.444 Pain was previously believed to be a result
of structural changes in the gland such as duct strictures
and stones with local tissue hypertension.445,446

Although this may be true in selected patients and in
the early phase of the disease, the pain quickly becomes
more ‘neurogenic’ where there is evidence of massive
changes in the pancreatic nerves.447 As a consequence
of these peripheral changes, the central nervous system
becomes sensitised and a range of persistent neuroplas-
tic changes takes place. Hence, it has been suggested
that pain probably has a neuropathic origin in
CP.443,448,449 Thus there may be an evolution of the
pain pattern over time from the initial stages, which
are dominated by ‘true visceral pain’ to a neuro-
pathic-like pain with irreversible central sensitisation.
However, this hypothesis requires confirmation from
observational studies.

Statement 5-1.2. There is no evidence that pain symp-
toms ‘burn out’ in all patients with ongoing CP.
(GRADE 2C, moderate agreement)

Comments. It has been hypothesised that, due to
ongoing inflammation, pancreatic parenchymal
destruction will eventually lead to a decrease in pain
symptoms (‘burn-out’), especially in patients with alco-
holic CP.439 While some studies have reported a
decrease in pain symptoms after follow-up, others
have shown the opposite. For example, in patients
with alcoholic CP, a pain-free period of at least two
years was seen in 50% of CP patients within six
years, and in 80% of patients within 10 years after
the first documented episode of pancreatitis. In non-
alcoholic CP the pain-free period occurred in around
30% of patients within six years of the first documented
episode of pancreatitis.439,450 While in another study,
relief or improvement of pain in up to 73% of the
patients was seen in a follow-up of >5 years.440

In patients with idiopathic and alcoholic CP, pain
decreased or disappeared in 64–77% of patients over a
median follow-up period of 12–25 years.205 There is
little difference in subgroups of patients with (67–
74%) and without (56–79%) pancreatic surgery.205

However, other studies have reported an incidence of
relapsing pain attacks in 50% of alcoholic CP patients
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and 38% of non-alcoholic CP patients after a follow-up
of >10 years, with little difference in the course of pain
between the two groups.451 However, more recent stu-
dies have not reproduced these findings and have found
that pain does not resolve over time in most patients.442

Statement 5-1.3. There is no convincing evidence that
endocrine and exocrine pancreatic insufficiencies are
associated with pain relief. (GRADE 2C, moderate

agreement)

Comments. Endocrine and exocrine pancreatic insuf-
ficiencies have been associated with pain relief. Studies
have reported that patients who became pain-free had
greater pancreatic insufficiency than patients with pain.
One study reported that the incidence of endocrine and
exocrine insufficiency was approximately 20% and 55%
at six years and 50% and 80% at 10 years from onset,
respectively.450 Others have found differences in pan-
creatic insufficiency in patients with CP, for example,
31% painless vs 3% painful CP.452 However, other
studies have reported that the development of pancre-
atic insufficiency did not significantly influence the
course of pain, in which 54% (alcoholic CP) and 73%
(non-alcoholic CP) of patients still had pain attacks,
despite PEI.205,451

There are only a few studies relating to this topic,
often with different patient selection criteria, different
measurements of pancreatic function, and different def-
initions of pain and painlessness as well as mixed
groups of patients with, and without, intervention (sur-
gery and endoscopy).

Q5-2: Does pain influence quality of life in patients with CP?

Statement 5-2. Pain intensity and the pain pattern
over time (constant vs intermittent pain) have been
shown to reduce QoL in patients with CP. (GRADE

1A, strong agreement)

Comment. Both a high pain intensity and constant
pain, as compared to intermittent pain, have been
shown to reduce QoL in patients with CP and are asso-
ciated with greater rates of disability and health
resource utilisation.10,442,453

Q5-3: Which type(s) and causes of pain should be

investigated in CP?

Statement 5-3. Pancreatic and extra-pancreatic com-
plications may contribute to pain in the individual
patient and should be thoroughly investigated at the
time of diagnosis and if pain symptoms are worsening.
(GRADE 1B, strong agreement)

Comments. The mechanisms underlying pain in CP
are complex and highly variable between patients. A
number of pancreatic and extra-pancreatic causes of
pain should be thoroughly investigated and treated.
Peptic ulcers, gastrointestinal cancers and other comor-
bidities are reported to have an increased prevalence in
CP.74 In addition, pseudocysts and obstruction of the
duodenum or CBD are important sources of pain and
should be investigated with an appropriate radiological
work-up and then treated accordingly.444

The presence of pancreatic pathologies, such as pan-
creatic duct stones and strictures as well as inflamma-
tory masses of the pancreatic head are considered by
most clinicians as important sources of pain and com-
prise the basis for invasive treatments. These include
endoscopic stone removal, pancreatic duct dilatation
and stenting, as well as surgical resections and drainage
procedures.454 There is, however, no direct relationship
between pancreatic morphology and pain symptoms.455

In a large group of patients no clear source of pain is
identifiable and many of these patients, commonly
labelled as ‘minimal change CP’, may suffer from
neurogenic pain.446 Finally, adverse effects in response
to medical treatment such as opioid-induced bowel syn-
drome as well as endoscopic and surgical complications
may contribute to pain in a subset of patients.456

Q5-4: How should pain in CP be assessed?

Statement 5-4. Pain in CP should be assessed using a
multidimensional approach, including evaluation of
pain intensity, pain pattern and its impact on daily
function and QoL. (GRADE 1B, strong agreement)

Comments. Pain is complex, thus a multidimensional
approach is recommended for pain assessment and to
document treatment effects. In addition to pain inten-
sity, which is the only outcome reported in most previ-
ous studies, pain pattern over time, functional
impairment and QoL should also be documented to
capture the different aspects of pain.457

Pain intensity should be documented using a numer-
ical scale, such as the visual analogue scale (VAS).
Additionally, the pain pattern over time (constant vs
intermittent pain),) and the frequency of pain exacer-
bations should be characterised.442,453 Various ques-
tionnaires have been used to evaluate the impact of
pain on patients’ QoL, but only the European
Organisation for Research and Treatment of Cancer
(EORTC) QLQ-C30 questionnaire has been formally
validated for CP.458 The Izbicki pain score has been
developed to capture some of the aforementioned
dimensions of pain and provides a surrogate score
based on the pain attack frequency, pain intensity
score (VAS), analgesic use, and duration of
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disease-related inability to work.261 However, it has,
never been strictly validated in patients with CP.

Q5-5: Does cessation of smoking and alcohol influence pain

in CP?

Statement 5-5. Cessation of alcohol, and possibly
smoking, improves pain in CP. (GRADE 1B, moderate

agreement)

Comments. Cessation of alcohol has beneficial effects
on disease progression and pain in patients with alco-
holic CP.459,460 In addition, increasing evidence
suggests that tobacco use is an important and inde-
pendent risk factor for CP and that cigarette smoking
accelerates disease progression.28,461 Hence, tobacco
cessation is highly recommended, although an associ-
ation between smoking and CP pain has yet to be
determined.

Q5-6: Does pancreatic enzyme supplementation influence

pain in CP?

Statement 5-6. Pancreatic enzyme supplementation is
not recommended for pain treatment in CP. (GRADE

1B, moderate agreement)

Comments. Pancreatic enzyme therapy for pain con-
trol in CP has been the subject of several randomised
trials. Only non-enteric coated enzyme formulations
have documented improvement in pain, while enteric-
coated preparations have not shown any effects.462 A
meta-analysis combining all studies found no effect of
enzymes on pain relief in CP.463 Nevertheless, combin-
ing the two types of enzyme formulations in a meta-
analysis is probably not appropriate given their diverse
mechanisms of action.464 At present, pancreatic enzyme
supplementation is not recommended for pain relief in
CP, although it may have beneficial effects on abdom-
inal discomfort related to PEI (e.g. gas and bloating).

Q5-7: Does treatment with antioxidants influence pain in CP?

Statement 5-7. Antioxidants are not recommended
for pain treatment in CP. (GRADE 1B, moderate

agreement)

Comments. Antioxidant therapy was associated with
significant and prolonged pain relief in a randomised
placebo-controlled trial from India,465 but the findings
were not reproduced in a subsequent study from North
America.466 A possible explanation for this dichotomy
may relate to differences in study populations; while the
Indian study mostly included patients with trophic cal-
cifying pancreatitis and malnutrition (and hence

deficiency in antioxidants), the American study
included a more elderly population who had alcohol
as the leading aetiology of CP and a normal nutritional
condition. Hence, the efficacy of antioxidant therapy
may be related to the aetiology of CP and its associated
malnutrition.467 A recent Cochrane analysis concluded
that: ‘the current evidence shows that antioxidants can
reduce pain slightly in patients with CP. The clinical
relevance of this small reduction is uncertain, and
more evidence is needed’.468 Taken together, the evi-
dence is not sufficient to recommend that antioxidant
therapy be used routinely for the typical Western CP
patient with alcoholic pancreatitis.

Q5-8: Which analgesics are recommended for pain in CP?

Statement 5-8. The standard guideline for medical
analgesic therapy in CP follows the principles of the
‘pain relief ladder’ provided by the World Health
Organization (WHO). (GRADE 1B, strong agreement)

Comments. The WHO ‘pain relief ladder’ was intro-
duced for the treatment of cancer-related pain (not
chronic pain). The principle is based on the sequential
introduction of drugs with increasing analgesic
potency, titrated until pain relief is obtained.469

Paracetamol is the preferred level I analgesic due to
its limited side effects, while non-steroidal anti-inflam-
matory drugs (NSAIDs) should be avoided due to their
gastrointestinal toxicity.470 If necessary, PPIs should be
used in patients with CP who are at high risk of
developing peptic ulcers.

Tramadol is the preferred level II analgesic and was
shown to be superior to morphine in patients with CP,
with fewer gastrointestinal side effects for the same level
of analgesia.471 Although speculative, this may relate to
the many peripheral and central actions of this drug as
compared to traditional opioids.

Level III analgesia comprises the group of strong
opioids, such as morphine, which are widely used for
pain relief in CP. The potential for dependency and side
effects is high, but unfortunately no other strong anal-
gesics are available. Opioid treatment can be challen-
ging in this patient group, as the tendency to addiction
may be strong in the subset of patients with alcohol-
induced pancreatitis. Furthermore, the metabolism of
many opioids is dependent on a preserved liver and gut
function, which may not be the case in many
patients.472 Although not especially documented in
this patient group, there are major differences in the
positive and negative effects of opioids. However,
animal and human studies suggest that some drugs,
such as oxycodone, may be more efficacious for the
attenuation of visceral pain, including pain in
CP.473–475 This should also be taken into consideration,
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as some patients who may not tolerate one opioid find
effective pain relief with another. This rational for
opioid rotation may be advantageous in difficult
patients.472

The indication for opioid therapy follows the usual
guidelines and varies somewhat between countries; for
a comprehensive review the reader is referred to the
following website: http://americanpainsociety.org/
uploads/education/guidelines/chronic-opioid-therapy-
cncp.pdf. In general the lowest possible dose should be
used and the drug should always be taken orally to
avoid dose escalation and addiction. Note, in many
patients (up to 50% of chronic pain patients in gen-
eral) opioids do not alleviate pain and treatment
should be stopped. Transdermal administration of
opioids is not recommended as first-line opioid ther-
apy, and should be reserved for patients having trou-
ble with tablet ingestion and where malabsorption is
suspected.476 The clinician should also be aware that
opioid-induced bowel dysfunction may lead not only
to constipation, but to a variety of symptoms such as
reflux, gas and abdominal distension, which can them-
selves be painful.477 Hence, the tapering of opioids or
opioid antagonists with local effects on the gut may
improve pain and associated symptoms.444 Finally, it
has been estimated that up to 5% of patients undergo-
ing opioid therapy may develop ‘narcotic bowel syn-
drome,’ which is a paradoxical increase in abdominal
pain when the opioid dose is increased.478 This corres-
ponds to opioid-induced hyperalgesia of the somatic
tissues and the only treatment is tapering of the
opioids.

Adjuvant analgesics are a heterogeneous group of
drugs initially developed for indications other than
pain and include antidepressants, anticonvulsants
(including gabapentinoids) and anxiolytics. Although
adjuvant analgesics have been widely used in the
clinic to treat pain in CP, only the gabapentinoid,
pregabalin, has been investigated in a placebo-con-
trolled randomised trial and was found to induce
moderate pain relief with relatively limited side
effects.443 However, in selected patients anti-depres-
sive drugs in low doses may be recommended, and
in particular, drugs with serotonin–noradrenaline
reuptake inhibition may be preferred due to the
reduced adverse effect profile. In patients with a
severe and debilitating pain pattern, a more aggres-
sive top-down approach, using opioids combined with
adjuvant analgesics as first line therapy, is recom-
mended to control pain.462

Q5-9: Is endoscopic treatment effective for pain in CP?.

Statement 5-9.1. ET is effective in patients with an
obstructive type of pancreatic pain and in patients

with a pancreatic duct dilatation. (GRADE 2C, moder-

ate agreement)

Statement 5-9.2. ET could be useful as a bridge to
surgery. (GRADE 1B, moderate agreement)

Statement 5-9.3. Endoscopic drainage treatment is
less effective and has a shorter-term effect compared
with surgery. (GRADE 1B, moderate agreement)

Comments. Overall, surgical procedures may be more
effective in ameliorating pain in CP247–249

(Supplementary Material, Table S10). According to the
ESGE guidelines,345 the German S3 guidelines,4 Spanish
Pancreatic Club recommendations,8,9 the Belgian con-
sensus on CP,3 Italian consensus guidelines for CP6

and other publications, ET for painful CP is indicated
in patients with an obstructive form of CP due to stric-
tures and intraductal stones.325,353,479 The aim of this
therapy is decompression of an obstructed main pancre-
atic duct. However, as in surgery, all studies have used
historic controls, have compared different active treat-
ments, or have some other methodological draw-
backs.247,248 Hence, neither the natural history of the
disease nor the strong placebo effects associated with
invasive procedures are taken into consideration,480,481

which limits the generalisation of the studies.
With these limitations in mind, ET proved to be

effective after short-term follow-up in patients with
obstructive types of painful disease as it decreased the
numbers of hospitalisations for pancreatic pain and
reduced the intake of analgesics.249 Therefore, ET
could be recommended as a first choice therapy in
patients with obstructive CP and could serve as a
bridge in situations, when surgical therapy is indicated
and will follow eventually.

Q5-10: Is ESWL an effective approach for pain treatment in CP?

Statement 5-10.1. ESWL therapy is effective for dis-
integrating stones in the main pancreatic duct.
(GRADE 2C, weak agreement)

Statement 5-10.2. ESWL provides pain relief in
patients with CP. (GRADE 2B, no agreement)

Comments. ESWL therapy in painful CP is indicated
when the stone obstructs the main pancreatic duct,
when endoscopic extraction of the stone is limited by
the size and location of the stone and by the presence of
an MPD stricture.345 ESWL stone fragmentation has
the potential to clear the pancreatic duct and restore
pancreatic duct flow.344

ESWL therapy and its effects have been documented
in several studies.329 In one randomised study
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comparing ESWL alone versus ESWL combined with
endoscopy, no significant differences were found.325 In
other studies, ESWL þ endoscopy was found to be
better than ESWL alone for the prevention of pain482

(Supplementary Material, Table S10). However, the
long-term effects of ESWL therapy depend on the cor-
rect indications for stone dissolution: ESWL therapy
alone can be effective if the stone size is >5mm, the
stone is located in the head or pancreatic body, and
there are no strictures of the main pancreatic duct.343

However, for large stones with pancreatic duct stric-
ture, ESWL should be combined with endoscopic
therapy.

Q5-11: Are other treatments effective in selected cases of

painful CP?

Statement 5-11. Treatments such as EUS-guided
plexus block, splanchnic nerve block, spinal cord stimu-
lation, transcranial magnetic stimulation and acupunc-
ture may be effective in selected cases of painful CP.
(GRADE 1C, moderate agreement)

Comments. A percutaneous coeliac plexus block has
been successfully used for the treatment of pancreatic
cancer pain in patients with a short life expectancy, but
it has been disputed for CP. Compared to the posterior
blind approach used previously, EUS-guided, trans-
gastric coeliac plexus blocks are considered safer with
respect to serious complications like paraplegia and
pneumothorax.483 Local anaesthetics are used, as neu-
rodestructive methods with alcohol or phenol are con-
traindicated due to the high risk of severe
deafferentation syndromes. Studies have shown
improvements in pain and decreased opioid consump-
tion for a limited period of time. However, the use of
EUS-guided coeliac plexus blocks cannot be recom-
mended as routine therapy for pain in CP since only
one-half of the patients experience pain reduction.
Furthermore, the beneficial effect tends to be short-
lived, as <10% experience pain relief for >24
weeks.484 Typical adverse effects to EUS-guided ther-
apy are the transient worsening of pain, as well as diar-
rhoea and hypotension due to the unopposed
parasympathetic activity reported in about 40% of
the patients.485

Other methods for blocking pain transmission are
radiofrequency and transthoracic splanchnic block.
After a diagnostic block with a local anaesthetic, radio-
frequency lesions at the Th11 and Th12 level may result
in pain relief.486 Transthoracic splanchnicectomy is also
reported to decrease pain frequency and intensity as
well as opioid consumption. A recent review including
16 studies and 484 patients concluded that 62% of all
patients were responding (regarded as successful), and

opioid use dropped from 85% to 49% of patients at
follow-up after a mean of 21 months.487 However, most
patients were still suffering from pain, and no studies
included a sham group. With an expected placebo
response of 30%,488 the data do not support the general
use of splanchnicectomy in CP, but it may be indicated
in selected patients where conventional pain therapy is
not effective.

Intrathecal morphine therapy via continuous infu-
sion pumps has been described in case series with
good analgesic results.489 Radiation therapy to the pan-
creas has also been studied as a treatment for CP
pain.490 In the most recent study, a single dose of
8Gy resulted in a complete absence of symptoms in
13 out of 15 patients.491 However, the studies need to
be replicated in a controlled situation before the meth-
ods can be recommended in clinical practice.

Spinal cord stimulation via epidural lead placement
at the T6–T7 level has been shown to alleviate various
kinds of visceral pain including pain in CP.492

However, the effect in CP still needs to be documented
in controlled studies. Transcranial magnetic stimula-
tion is a non-invasive technique that has also been
used to treat chronic pain of various origins. In a
sham-controlled study it was shown to relieve pain
associated with CP.493 Although considered a phase
II study, the findings are interesting as there were
almost no adverse effects. Therefore, both spinal
cord stimulation and transcranial magnetic stimula-
tion may be used in selected centres with sufficient
expertise, but data are still preliminary and call for
further studies.

There are only a few studies available where ‘real’
acupuncture has been compared to ‘placebo acupunc-
ture’. An older study showed no effect of electro-acu-
puncture and transcutaneous electrical nerve
stimulation in CP, although pain relief, as measured
on a VAS, was significantly better in the active acu-
puncture arm.494 However, the study was flawed, as
the placebo arm was not sufficiently blinded. Recent
studies where an improved sham methodology was
used showed that electro-acupuncture was superior in
the treatment of postsurgical pain and therefore an
effect on painful CP should also be expected.495 As acu-
puncture is virtually harmless and without side effects it
may be an interesting topic for further research and
could be useful in selected patients.

Q5-12: What is the optimal surgical approach for alleviating

pain in CP?

Statement 5-12. Resection, decompression or mixed
surgical techniques achieve pain relief that is main-
tained over time in approximately 80% of patients.
However, as studies are not sham-controlled the effect
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of surgery is still debatable. (GRADE 1B, strong

agreement)

Comments. Surgery in patients with CP may be indi-
cated for relieving pain. The rationale being that pain
may be caused by increased intraductal and/or paren-
chymal pressure caused by decreased drainage of pan-
creatic juice into the duodenum, or by the release of
inflammatory mediators from masses usually located
in the head of the pancreas. However, recent literature
(Supplementary Material, Table S10) does not support
the contention that the micro/macrostructural changes
of the pancreas are exclusively related to the pain, and
in many patients other mechanisms, such as nerve
damage, seem to play a role.446,455,496,497

Furthermore, as for endoscopy, all surgical studies
have compared different procedures and have not been
sham-controlled. Hence, the natural course of the dis-
ease and any placebo effects have not been taken into
consideration. On the other hand, the very high efficacy
for pain relief in many series (up to 90%) points
towards an effect in selected patients. In many countries
invasive treatment is recommended in patients where
pain cannot be controlled without the use of strong
opioids, which carry a risk of adverse effects and addic-
tion. Although opioid treatment may result in bowel
dysfunction that may be painful per se, the rationale
for this surgical indication is not clear as the so-called
weak opioids and adjuvant therapies may also be
addictive and in some patients cause similar or even
worse adverse effects.498 Different studies have com-
pared surgical procedures vs ET for pain in CP and
most have documented substantial pain relief in
patients undergoing both derivative and resective oper-
ations.247,249,255,257,258,264,499 Moreover, two of these
studies showed a significant benefit of surgery over
ET for pain control in patients with pancreatic duct
obstruction.247,249 Along these lines, an observational
study documented that invasive-based treatments
(endotherapy and/or surgery) were superior to a con-
servative (medical) treatment approach.479 Taken
together, surgery may be an option for treatment of
painful CP, but the evidence for its indication and
timing is limited.

Surgical options for pain are classified into three
categories: (a) decompression (focusing on ductal
hypertension), (b) resection (focusing on inflammatory
masses in the pancreatic head), and (c) mixed tech-
niques (see section 4.1.7).

a. Decompression techniques have been recommended
in patients with a dilated MPD (>7–8mm)500 and
no inflammatory mass. This constitutes a rather
simple procedure with a low risk of postoperative
complications and of exocrine and endocrine

insufficiency. It provides pain relief in 66%–91%
of patients with a low morbidity (20%) and mortal-
ity (2%).247 However, the long-term results show
that up to 50% of patients experience a recurrence
of pain.501

b. Resection is indicated in patients with an inflamma-
tory mass or post-obstructive CP affecting the pan-
creatic body or tail502,503 and is partly based on the
belief that the pancreatic head is a ‘pacemaker’ for
the pain. Pancreaticoduodenectomy has demon-
strated long-term pain relief in about 75% of
patients,504 although long-term postoperative mor-
bidity is significant, involving up to 20% of cases,262

and most authors favour the more conservative
mixed techniques with resection and drainage
procedures.

c. Mixed techniques are based on the removal of the
inflammatory mass in the pancreatic head and
drainage of the obstructed pancreatic region
(body and tail). The most widely used techniques
are the duodenal preservation (Beger) technique or
the Frey method, which involves the coring out of
the pancreatic head associated with a longitudinal
pancreaticojejunostomy.505 Here, the duodenum
and intrapancreatic bile duct remain preserved,
with advantages for post-operative nutritional
status, pancreatic exocrine function, delayed gastric
emptying and QoL. In RCTs, mixed interventions
have shown short-term pain relief in 70–100% of
patients and long-term pain relief in 82–
100%.264,268

Other surgical procedures that may be useful in small
duct disease without an inflammatory mass include a
longitudinal V-shaped excision of the ventral aspect of
the pancreas combined with a longitudinal pancreatico-
jejunostomy.256 Total pancreatectomy with islet trans-
plantation is the most aggressive surgical approach, but
has poor evidence and obvious selection bias, and there
is no prospective randomised study comparing total
pancreatectomy with other surgical treatments. Insulin
independence rates are substantial (around 50%) at five
years, but case series have shown a reduction in mor-
phine requirements and improved QoL.506 However,
total pancreatectomy is seldom performed in Europe
mainly due to the long-term complications and a recur-
rence of pain in many cases. Other, less common indi-
cations for surgery are complications that unequivocally
require a surgical approach, such as pseudocysts and the
involvement of the biliary tree and duodenum.

In conclusion, resection, decompression or mixed
techniques achieve pain relief that is maintained over
time in approximately 80% of patients, but drainage
surgery in combination with limited duodenum-
preserving pancreatic head resection appears to be
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the best surgical strategy. Surgery is in most cases
superior to endoscopy but correct patient selection
in a multidisciplinary approach and appropriate
timing for referral to surgery are key to a successful
outcome.507

Nutrition and malnutrition (WP10)

Q6-1: What is the risk of developing malnutrition in CP and

what are the causes of malnutrition?

Statement 6-1.1. Malnutrition is common among
patients with CP. (GRADE 2B, strong agreement)

Statement 6-1.2. PEI, anorexia secondary to abdom-
inal pain, nausea and vomiting, alcohol and other sub-
stance abuse and diabetes mellitus may all contribute to
malnutrition in patients with CP. (GRADE 2C, strong

agreement)

Comments. Malnutrition can be defined as ‘a state
resulting from lack of uptake or intake of nutrition
leading to altered body composition (decreased fat-
free mass) and body cell mass leading to diminished
physical and mental function and impaired clinical out-
come from disease’.508,509 The European Society of
Clinical Nutrition and Metabolism (ESPEN) has
recently suggested that diagnostic criteria for malnutri-
tion should be a body mass index (BMI)< 18.5 kg/m2

or unintentional weight loss (>10% regardless of time
or >5% over three months), combined with either a
low BMI (<20 kg/m2 if <70 years of age or <22 kg/
m2 if >70 years of age) or a free-fat mass index
(FFMI) <15 kg/m2 in women and <17 kg/m2 in
men.508 However, malnutrition exists in many forms
and sarcopaenia and deficiencies of specific nutrients
frequently occur despite the absence of weight loss or
an abnormally low BMI.

Nutritional status based on anthropometric meas-
urements and biochemical analysis of different micro-
and macronutrients has been investigated in patients
with CP in several studies but definitions have been
inconsistent. Therefore, it is impossible to give a com-
pound estimate of the prevalence of malnutrition in CP.
It has been repeatedly demonstrated that patients with
CP have lower BMI than controls. The prevalence of
being underweight in CP patient series differs from
8–39%510–515 with a higher prevalence rate reported
in studies from India. Weight loss among patients
with CP appears to be common and has been observed
in 20%512 and 49%516 of cases. However, the number
of studies of the prevalence of low BMI and/or weight
loss in CP is low.

Studies investigating deficiencies of different lipid-
soluble vitamins have reported prevalence rates of

1–16% for vitamin A deficiency,517–521 33–87% for
vitamin D deficiency,518–521 2–27% for vitamin E defi-
ciency519–522 and 13–63% for vitamin K deficiency.
There is significant heterogeneity between studies,
which are of variable quality, as well as differences in
measurement techniques and ranges. Whilst biochem-
ical deficiency of the fat-soluble vitamins appears to be
reasonably common, clinical manifestations of defi-
ciency in CP are rare, take years to develop, and
occur when there is an additional co-morbidity such
as diabetes, celiac disease or after surgery.

Deficiencies of water-soluble vitamins in CP are less
frequent but studies are scarce;243 however, the risk of
thiamine deficiency secondary to concomitant alcohol-
ism has to be considered. Serum concentrations below
normal values of different plasma proteins is another
finding that has been used as a marker for malnutrition
and PEI in patients with CP. Low levels of plasma pro-
teins are an infrequent finding in patients on PERT
treatment included in RCTs,296,511 but higher preva-
lence rates have been reported from observational stu-
dies with low levels of albumin, prealbumin/
transthyretin and retinol-binding protein in the ranges
of 6–30%,244,523,524 12–37%244,288,523 and 12–68%,244,288

respectively. Minerals and trace elements have also been
investigated in CP in case-control studies with partially
conflicting results.243 Lower levels of zinc, selenium525

and magnesium244 have been observed in some,244,525

but not all, studies comparing CP patients with controls.
However, despite differences demonstrated at group
level, most patients with CP still present within normal
range values of these parameters and the prevalence of
clinically overt deficiencies is low.243,244

In general, studies on the nutritional status of CP
patients are hampered by patient selection, small
patient numbers, varying rates of concomitant PEI
and the use of PERT, thus the generalisability of
reported rates of deficiencies can be questioned.

No studies have specifically addressed the relative
importance of the different causes of malnutrition in
patients with CP. PEI is the most important cause of
malnutrition in CP and should always be considered
when malnutrition is suspected in these patients.8

Q6-2: How is malnutrition detected in patients with CP?

Statement 6-2.1. Patients with CP should undergo
initial screening for BMI either with the community
malnutrition universal screening tool (MUST) or hos-
pital nutritional risk screening (NRS-2002). More spe-
cifically, dietary intake should be documented as well as
symptoms consistent with malnutrition and those
symptoms that have an increased risk of secondary
anorexia (pain, nausea and vomiting). (GRADE 1B,

moderate agreement)
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Statement 6-2.2. A physical examination should be
performed, if ascites or oedema are present and
should include anthropometric measurements of mid-
arm circumference, triceps skin-fold and hand-grip
strength. (GRADE 2B, moderate agreement)

Statement 6-2.3. Screening for a deficiency of fat-
soluble vitamins (A, D, E and K), zinc, magnesium
and glycated haemoglobin (HbA1c) should be con-
sidered. (GRADE 2A, moderate agreement)

Comments. Nutritional screening should be a simple
and rapid process using the community MUST, which
can be extended to the NRS-2002 tool in hospitals, and
is recommended by ESPEN.526 Although not specific-
ally designed or tested in CP, both tools have a high
degree of inter-rated reliability (k¼ 0.88–1.00) for iden-
tifying patients that will benefit from nutritional inter-
vention. These tools have been retrospectively validated
and subsequently prospectively validated in an RCT of
212 patients.527–529 A previous RCT showed that diet-
ary counselling for a balanced diet is as good as com-
mercial food supplements and that dietary intake
should be addressed early.530

Two prospective studies of 58 and 62 patients with
CP have shown a significant decrease in the lean muscle
mass and body fat compared to controls.170,510

Deficiency of fat-soluble vitamins, magnesium, haemo-
globin, albumin, prealbumin, retinol-binding protein
and HbA1c levels above the upper limit of normal have
been associated with pancreatic insufficiency.173,244,520,522

Q6.3: What recommendations regarding diet and intake of

proteins, fat and carbohydrates can be given to patients

with CP?

Statement 6-3.1. Patients who are well nourished
should be encouraged to follow normal healthy eating
advice. PEI should be corrected in those patients who
are nutritionally compromised. Improved nutritional
status can be achieved with nutritional assessment
and individualised dietary counselling by an experi-
enced dietician. (GRADE 1B, strong agreement)

Statement 6-3.2. Dietary fat restriction and very high
fibre diets should be avoided. (GRADE 1C strong

agreement)

Statement 6-3.3. Small, frequent, high-energy meals
should be recommended for those with malnutrition.
(GRADE 2C strong agreement)

Statement 6-3.4. Nutritional intervention should be
carried out alongside PERT. (GRADE 2C, strong

agreement)

Comments. Professional dieticians or nutritionists
should be involved.2,175 Sixty CP patients, defined as
malnourished (>10% weight loss within six months
and/or a BMI< 18.5 kg/m2), were randomised to
receive individualised dietary counselling by an experi-
enced dietician or a polymeric medium chain triglycer-
ide (MCT) oral nutritional supplement. There was a
significant improvement in anthropometric measure-
ments (p¼ 0.001), a reduction in pain (p¼ 0.001) and
fat malabsorption (p< 0.007) in both groups. However,
there was no significant difference between the two
arms of the study, leading to the conclusion that dietary
intervention by a specialist dietician was as effective as
oral nutritional supplements in patients with CP.530

An observational study of 40 male patients with CP
identified higher energy intakes than healthy male con-
trols (p< 0.01). Despite this, nutritional markers were
lower in the CP group (p< 0.001), even though PERT
had been used in 32/40 patients.531 Nutritional require-
ments are estimated at 25–35 kcal/kg and 1.2–1.5 g
nitrogen/kg532,533 and this study serves as a useful
reminder that malabsorption will render these estimates
inaccurate for oral and enteral nutrition in the presence
of malabsorption.

Whilst low fat diets remain commonplace, studies
show that 30–33% of energy from dietary fat is well
tolerated by patients with PEI.530 Carbohydrate and
protein malabsorption is significant, and can account
for between 10–30% of dietary carbohydrate malab-
sorption,534 and >7 g nitrogen malabsorption535 per
day. In energy terms, 7 g nitrogen equates to 44 g pro-
tein, resulting in a 175 kcal loss from nitrogen malab-
sorption. Assuming a 50% carbohydrate, 2000 kcal/day
diet, carbohydrate malabsorption may account for up
to 300 kcal per day. Consequently, dietary fat restric-
tion is only recommended as a last resort for control-
ling symptomatic steatorrhoea in patients where dose
adjustments in pancreatic replacement therapy and the
addition of PPIs have not resulted in satisfactory symp-
tom relief.175,536,537 The inappropriate use of low fat
diets can mask clinical symptoms of malabsorption;
however, some patients avoid fat unconsciously.

Dietary fibre has been associated with a reduction in
enzyme availability in a trial with 12 CP patients com-
paring a normal diet and a diet supplemented with 75–
80 g dietary fibre. Fat intake was controlled at 100 g fat
per day.538 Significant increases in faecal fat (p< 0.005)
were observed in the fibre-supplemented group; there-
fore, very high fibre diets are not recommended.532

Q6-4: Are oral nutritional supplements, with or without MCTs,

indicated in CP?

Statement 6-4.1. For most patients with CP, oral
nutritional supplements are not required. For those
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who are undernourished and cannot meet their nutri-
tional requirements orally despite dietary intervention,
oral nutritional supplements may be useful.

Statement 6-4.2. MCT supplements are not recom-
mended. (GRADE 2C, strong agreement)

Comments. For most patients with CP, oral nutri-
tional supplements are not required to maintain nutri-
tional status. In CP patients, 10–15% are estimated to
require oral nutritional supplements, whilst >80% can
be managed by diet and PERT when necessary.289 The
theoretical advantage of MCTs is that they are less
dependent on lipase activity for their absorption.535

However, initial studies have not shown any clear bene-
fit of MCTs over standard long-chain triglycerides
when used in combination with PERT.535,539

Therefore, the use of MCTs has either not been recom-
mended at all3,4,6 or only as a last resort289,540 in
recently published guidelines.

One RCT investigated the efficacy of oral nutritional
supplements in patients with CP and severe malnutri-
tion (with a BMI< 18.5, or >10% weight loss over six
months).530 Dietary counselling achieved equal gains in
BMI, mid-upper-arm circumference and triceps skin-
fold thickness compared to the use of a commercial
supplement enriched with MCTs. However, both
groups also received PERT and it is not possible to
conclude from this study what the additional gain
from dietary intervention was over PERT treatment.
Furthermore, the study was performed in India on
very malnourished subjects who consumed a mainly
vegetarian diet, limiting the generalisability to CP
patients in the western world.

To date, no other study has investigated the effect-
iveness of oral nutritional supplements in CP, which
constitutes an important gap in research. For under-
nourished patients with CP, as with all undernourished
patients, it is more desirable to implement dietary stra-
tegies to improve oral intake (rather than using supple-
ments or nutritional support), not least for economic
reasons. For those who are unable to meet their
requirements with dietary intervention alone, oral
nutritional supplements are a simple way to improve
oral intake, and might delay or reduce the need for
enteral tube feeding.

Q6-5.1: When is micronutrient supplementation indicated

in CP?

Statement 6-5.1. Specific recommendations on the
supplementation of vitamins A, E and K are not pos-
sible, as there are few studies. Clinical evaluation is
advised, along with adequate PERT and dietary inter-
vention. (GRADE 1B, strong agreement)

Q6-5.2: How should it be administered?

Statement 6-5.2. Vitamin D deficiency may be treated
with oral supplementation or by a single intramuscular
(IM) injection. (GRADE 2C, strong agreement)

Comments. There is a dearth of studies on the man-
agement of nutrient deficiency in CP, with the exception
of vitamin D. One study541 found that oral vitamin D
(1520 IU/day) was significantly more effective at
increasing serum 25 hydroxyvitamin D (25[OH]D)
than UVB radiation in patients with CP. This level of
oral supplementation achieved an increase of
32.3 nmol/l (95% CI 15–50) over the 10-week trial.
Another study542 supplemented 40 patients with trop-
ical CP with either 600,000 IU or 300,000 IU (single IM
injection) or IM saline. All three groups received daily
calcium and oral vitamin D3 (500 IU). After nine
months, the higher dose was more effective at increas-
ing serum vitamin D levels. There were no reports of
hypervitaminosis or hypercalcaemia, despite the high
doses.

It seems practical to replace fat-soluble vitamins in
those patients with low serum levels along with docu-
mented malabsorption and poor dietary intakes; how-
ever, few, if any studies have examined the efficacy or
safety of supplementing vitamin E, vitamin A or vita-
min K in patients with biochemical deficiencies. This
constitutes a significant research gap. In addition, at
least one study518 has reported excess levels of vitamin
A in patients with CP. Therefore, blanket supplemen-
tation for all CP patients is not advised, nor is it pos-
sible to provide specific guidelines on dosage,
administration methods or specific patient types that
will benefit from supplementation. Therefore, for
these nutrients, a case-by-case clinical judgment
approach is advised. Where possible, fat-soluble vita-
min levels should be measured as part of the overall
nutritional work-up. In all cases, appropriate and ade-
quate PERT should be established, and priority should
be given to optimising nutrient intake, including
detailed dietary assessment and monitoring.532,543

Q6-6. When is parenteral nutrition indicated in CP and by

what means should it be provided?

Statement 6-6. Parenteral nutrition is indicated in
patients with gastric outlet obstruction secondary to
duodenal stenosis, in patients with complex fistulating
disease and in patients with apparent severe malnutri-
tion prior to pancreatic surgery if enteral feeding is not
possible. (Level 1C, strong agreement)

Comments. More than 80% of patients suffering
from CP can be treated adequately with normal food
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supplemented by pancreatic enzymes and only about
10–15% of all patients will require oral nutritional sup-
plements.526 Enteral nutrition preserves immune func-
tion and mucosal architecture and decreases the
possibility of hyperglycaemia while parenteral nutrition
increases the risk of catheter infections and sepsis com-
plications.289 Tube feeding is indicated in approxi-
mately 5% of patients with CP.526 Therefore,
parenteral nutrition is only indicated if the patients
do not reach their requirements because gastric empty-
ing is blocked, the patient needs gastric decompression,
it is impossible to introduce a tube into the jejunum, or
a complicated fistula is present.8,289,526,533 Parenteral
nutrition is mainly performed over a short-term
period and long-term studies are lacking.

Q6-7. When is enteral nutrition indicated in CP and by what

means should it be provided?

Statement 6-7.1. Enteral nutrition is indicated in
patients with malnutrition who are not responding to
oral nutritional support. (GRADE 2C, strong

agreement)

Statement 6-7.2. It is recommended that enteral
nutrition be administered via the naso-jejunal route in
patients with pain, delayed gastric emptying, persistent
nausea or vomiting. (GRADE 2C, strong agreement)

Jejunostomy feeding tube insertion should be con-
sidered in those requiring enteral nutrition for longer
than 30 days. Peptide, medium chain triglyceride-based
enteral feeds may be used in patients with PEI.
(GRADE 2C, strong agreement)

Statement 6-7.3. Enteral nutrition is indicated with
PERT administered alongside where necessary.
(GRADE 2C, strong agreement)

Comments 6-7.1-3. Oral nutritional support is ade-
quate for improving nutritional status in the majority
of patients with CP.530 RCTs that specifically investi-
gate indications for, as well as optimal administration
of, enteral nutrition in CP are generally lacking and
current guidelines are based on observational studies,
expert opinion and clinical experience. ESPEN states
that enteral nutrition is indicated if the patients
cannot ingest sufficient calories or prior to surgery.544

A retrospective review of 58 patients545 and a case
series of three patients544 demonstrated the benefits of
naso-jejunal feeding, which was associated with an
improvement in nutritional status, and a reduction in
pain, pseudocysts and inflammation.544,545

Enteral nutrition should be used alongside an oral
diet in those with poor oral intake, and parenteral
nutrition should be used when enteral nutrition is not

tolerated.289,526 Enteral nutrition by the naso-jejunal
route may be beneficial in those patients with post-
prandial pain, persistent nausea, vomiting, obstructed
pancreatic ducts, or are unable to tolerate gastric feed-
ing. Surgical jejunostomy should be considered in those
requiring enteral nutrition for longer than 30
days.289,533 The successful use of naso-jejunal feeding
alongside naso-gastric drainage has been reported in
CP patients with gastric outflow obstruction.546

There is limited high quality evidence for the com-
position of enteral feeds in CP. However, most clin-
icians support the use of small peptide/MCT feeds,547

and improvements in nutritional status have been
reported in over 70 CP patients receiving this compos-
ition of feed.544–546 Pancreatic enzymes can be admin-
istered alongside the feed539,548 in those patients whose
nutritional status does not improve with peptide/MCT-
based feeds.

Q6-8.1: What is the risk of developing osteoporosis/

osteopaenia in CP?

Statement 6-8.1. Patients with CP are at high risk of
developing osteoporosis and osteopaenia (Grade 1A),
and are at high risk of suffering a low trauma fracture
(Grade 1B). (GRADE 1B, strong agreement)

Q6-8.2: How can those at risk of developing osteoporosis/

osteopaenia be identified?

Statement 6-8.2. To identify those at risk, regular
assessment of bone density by dual-energy X-ray
absorptiometry (DXA), along with regular measure-
ment of serum 25(OH)D should be undertaken.
(GRADE 1C, strong agreement)

Q6-8.3: What is the recommended management for the

prevention and treatment of these conditions?

Statement 6-8.3. Basic preventative measures (ade-
quate diet, particularly calcium and vitamin D intake,
regular weight-bearing exercise, and smoking/alcohol
avoidance) should be encouraged for all CP patients
(Grade 1C). For those with osteopaenia, basic pre-
ventative measures should be implemented and DXA
should be repeated every two years (Grade 1C).
Patients with osteoporosis (or vertebral fractures)
should receive appropriate medication, screening for
other causes, and/or referral to a bone specialist,
along with basic preventative measures. (GRADE 1C,

strong agreement)

Comments 6-8.1-3. A systematic review and meta-
analysis510 found that, in a pooled sample of 513
patients from 10 studies, almost a quarter (23.4%) of
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patients with CP had osteoporosis and 39.8% had
osteopaenia, with a combined osteoporosis/osteopaenia
rate of 65% (95% CI 54.7–74). The corresponding
osteoporosis rate for controls was 8.6–10.2%, based
on only two studies with usable data.549 In general
the studies were heterogeneous and not amenable to
subgroup analysis, however five studies172,511,520,550,551

found an association between bone mineral density
(BMD) and fat malabsorption, while there was no
clear relationship overall between serum 25(OH)D
and BMD. A study of bone histomorphometry in CP
found that patients exhibited loss of cortical thickness
and trabecular bone volume with micro-architectural
deterioration compared to controls.552

The high prevalence of osteoporosis and osteopaenia
appears to correlate with clinically relevant outcomes.
A higher-than-average fracture rate was noted among
CP patients compared to population-based controls in
a study from Denmark (adjusted hazard ratio (HR) 1.7,
95% CI 1.6–1.8).553 Likewise, in a US American
study,554 the rate of low-trauma fracture was similar,
or higher, in patients with CP compared to other ‘high-
risk’ gastrointestinal diseases. In the latter study, the
risk of fracture for CP was 4.8%, compared to coeliac
disease (5%), Crohn’s disease (3%), gastrectomy
(5.4%), cirrhosis (4.8%) and controls (1.1%). Several
factors contribute to low BMD in CP, serum 25(OH)D
insufficiency, poor diet, smoking, malabsorption and
poor physical activity levels. More recently, an associ-
ation between chronic systemic inflammation and ele-
vated bone turnover in CP was reported. While DXA
remains the primary diagnostic tool, bone turnover
markers173,522 could act as useful complementary mar-
kers where the mechanisms of bone turnover are
unclear, or to evaluate the use of therapeutic agents,
thereby reducing the necessity for repeated BMD
assessments.

Interventional studies on bone health in CP are lack-
ing. One study of 30 patients found that enteral vitamin
D supplementation at a relatively modest dose (1520 IU
daily) was effective in increasing serum 25(OH)D in CP
patients with confirmed fat malabsorption (change in
25(OH)D levels: 32.3 nmol/l, 95% CI 15–50).541

Unfortunately, there is a dearth of studies investigating
the efficacy of therapeutic agents for osteoporosis in
patients with CP, which constitutes a significant
research gap. Direction may be sought from existing
bone management guidelines for other malabsorptive/
gastrointestinal diseases.

The American Gastroenterological Association
(AGA) recommends that patients with inflammatory
bowel disease, coeliac disease and post-gastrectomy
should undergo DXA if they have at least one other
additional osteoporosis risk factor.555 Similar select-
ive testing in CP would mandate DXA for

post-menopausal women, those with previous low-
trauma fractures, men >50 years, and those with mal-
absorption. However, given the high risk for osteopor-
osis and fracture (and associated morbidity and cost), it
may be prudent to extend a baseline bone density
assessment to all patients with CP, as well as ensuring
that basic preventative measures are implemented in
standard clinical practice.543 For those with osteopae-
nia, basic preventative measures should be imple-
mented in line with the AGA recommendations for
other gastrointestinal conditions, and DXA should be
repeated every two years.

Diabetes mellitus (WP11)

Introduction. Diabetes mellitus is defined as a regulatory
dysfunction of the metabolism mainly characterised by
chronic hyperglycaemia. The underlying causes may be
impaired insulin secretion or insulin resistance or a
combination of both. Due to this causal heterogeneity,
diabetes mellitus is currently classified as four different
types, comprising types I–IV.556,557

Diabetes mellitus secondary to pancreatic diseases
(such as CP) is classified as pancreatogenic diabetes
or Type IIIc diabetes mellitus (T3cDM) according to
the current classification of diabetes mellitus.556,557

Exocrine pancreatic diseases underlying T3cDM
include both benign and malign conditions such as
acute, relapsing and CP of any aetiology, haemo-
chromatosis, cystic fibrosis, fibrocalculous pancreato-
pathy, pancreatic trauma, pancreatectomy, pancreatic
agenesis and pancreatic cancer. Even within this
T3cDM group, there may be different diabetes subtypes
relating to different pathophysiologies of the underlying
pancreatic diseases.558 Therefore, it is important to
stress that the following suggestions focus solely on
T3cDM due to CP. A summary diagram is provided
(Supplementary Material, Figure S1).

Q7-1: What is the risk of developing T3cDM diabetes in CP?

Statement 7-1. Diabetes is a common complication
of CP, although its occurrence varies widely from 5%
to >80%, depending largely on aetiology, geographical
location and duration of follow-up. It appears to be a
common complication of both idiopathic/tropical CP
and alcoholic CP. (GRADE 1B, strong agreement)

Comments. Type of diabetes: T3cDMmay be misclas-
sified (usually as type 2 diabetes); however, most studies
on the risk of diabetes in CP do not specify the type of
diabetes.559 Factors that influence the risk of developing
type 2 diabetes (such as family history and BMI) are
certain to impact the occurrence of T3cDM in CP, as
both type 2 and T3cDM can co-exist.560
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Aetiology and geography: Several studies noted that
an alcohol aetiology increased the risk of developing
diabetes compared to other aetiologies.561–564

However, diabetes was diagnosed in as few as 5%
(Australia) and 7% (South Korea) of CP patients,565

where alcohol-induced pancreatitis patients were in the
majority. Meanwhile, the occurrence of diabetes in
Malaysia and Southern India was reportedly 50%
and 55% respectively565 with a majority of tropical or
idiopathic pancreatitis diagnoses. There is regional
variation even within India, with patients in Northern
India566 having a lower occurrence of diabetes (31%)
than in the South (65%),565 along with a lower percent-
age of tropical pancreatitis aetiology. In Indian idio-
pathic CP, those with late-onset disease tend to
develop diabetes more frequently.562,566 In Japan,
three studies identified that 30%,565 39.7%564 and
46.3%563 of CP patients had a diagnosis of diabetes,
with the latter identifying the diabetes as a ‘true’
T3cDM, that is, being diagnosed following a CP diag-
nosis. For autoimmune CP, the pre-steroid therapy
occurrence was 24%, doubling post-steroid therapy to
48% in one small study of 21 patients.305 Over a quar-
ter (26%) of subjects developed diabetes in a French
study of 200 hereditary CP patients.567

Q7-2: What factors affect the risk of developing diabetes in CP?

Statement 7-2.1. The risk of developing diabetes
increases with surgical intervention (especially distal
pancreatectomy) and with increasing age. (GRADE

1B, strong agreement)

Statement 7-2.2. The evidence appears to support
an association between (heavy) smoking and the
development of diabetes. Most studies support a
link between the presence of calcifications and the
risk of developing diabetes. (GRADE 1C, strong

agreement)

Statement 7-2.3. Most studies show that the risk of
diabetes increases with the duration of disease.
(GRADE 1B, strong agreement)

Statement 7-2.4. There is some evidence of an asso-
ciation with gender and family history. (GRADE 2A,

strong agreement)

Statement 7-2.5. There is insufficient evidence of a
relationship between diabetes and BMI or zinc status.
(GRADE 2C, strong agreement)

Statement 7-2.6. There is no evidence that a higher
dietary fat intake influences the development of dia-
betes in CP. (GRADE 2C, strong agreement)

Statement 7-2.7. The development of diabetes does
not appear to be influenced by the presence of various
genetic mutations. (GRADE 1B, strong agreement)

Comments. Surgery: Those who undergo pancreatic
resection have an increased risk of diabetes, with 37%
of previously non-diabetic patients developing de novo
diabetes following surgery.253 The type of surgery may
impact the likelihood of developing diabetes; those
undergoing distal pancreatectomy had a risk ratio of
2.4 for the development of diabetes (57% of distal pan-
createctomy patients had diabetes after five years, com-
pared to 36% of pancreaticoduodenectomy patients,
and in fact there was no increased risk for diabetes
associated with pancreaticoduodenectomy compared
to the natural history of CP).568 A study of Chinese
patients also identified distal pancreatectomy as being
an independent risk factor for developing diabetes (HR
of 5.4).569 Other risk factors for developing diabetes
following surgery for CP include an increased BMI,
and higher pre-operative fasting glucose/glycosylated
haemoglobin (HbA1c) levels (570) (Supplementary
Material, Figure S1).

Smoking: In a five-country study of smoking in alco-
holic CP, smoking was shown to increase the risk of
developing diabetes after the diagnosis of CP by an HR
of 2.3.28 In an Italian cohort of idiopathic CP patients,
heavy smoking was associated with the development of
diabetes (HR 3.9).571 A second study on early-onset
idiopathic CP found that smoking was a strong inde-
pendent risk factor (odds ration (OR) 4.252) for
developing diabetes (and that alcohol was of lesser
importance).562 In a study of 445 patients from
China, smoking was an independent risk factor for
developing diabetes both before and after invasive ther-
apy (endoscopy and surgery).569 In patients with AIP,
high tobacco usage was associated with the occurrence
of diabetes, with those with a >10-pack year history of
smoking developing diabetes more frequently than
‘low’ smokers (including never- and ex-smokers), 50%
vs 27% respectively.572 Conversely, a study of 241
patients with CP found that smoking was not asso-
ciated with the development of diabetes,573 and
Malka and colleagues568 found that smoking was not
a risk factor for the development of diabetes in a multi-
variate analysis of 500 patients. However, the latter
study compared the percentage of smokers between
diabetes and non-diabetes groups, without examining
the degree of smoking.

Calcifications: Diabetes tends to develop more fre-
quently in those with calcific CP566 with the relative risk
varying from 3.2 (in surgical patients)568 to 7.7 (in idio-
pathic CP).562 The presence of calcifications was an
independent risk factor for developing diabetes (prior
to invasive therapy) in a study of Chinese patients
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with CP.569 Conversely, no association was found
between the presence of calcifications and the risk of
developing diabetes in a surgical group.253

Duration of disease: The diabetes risk was 50% after
10 years, increasing to 83% after 25 years.568 Insulin
requirement increased from 26% to 53% during the
same time-frame. Ito and colleagues563 also reported
that the prevalence of diabetes increases with time. In
a cohort of 418 patients with hereditary pancreatitis in
14 countries, there was a clear, linear, cumulative risk
of endocrine failure from 1.3% at age 10 years, to
79.1% at age 80 years.68 However, in a surgical
group, there was no association between the develop-
ment of diabetes and the length of post-operative
follow-up, pre-operative duration of CP, or the total
duration of CP (median follow-up, 56 months).253

Age: In hereditary CP, the mean age of diabetes
occurrence in France was 38 years, according to a
study published in 2009.567 The risk of diabetes
increases considerably with age, and patients over the
age of 40 years carried an OR of 9.2 for the develop-
ment of diabetes.562

BMI/lean body mass: Aside from pre-operative BMI,
there are few studies examining the effect of lean body
mass, fat mass, or obesity on the risk of developing dia-
betes in patients with CP. One study (idiopathic patients
from India) found that BMI was not an independent
risk factor for diabetes on univariate analysis.562

However, as type 2 diabetes may be superimposed
onto T3cDM in CP, it must be supposed that increasing
BMI also increases the risk of diabetes in CP.

Gender: A strong gender variation was noted in one
study564 in which 42.4% of males developed diabetes
versus 27.8% of females. However in an all-India
study,561 the reverse was noted, with non-alcoholic
females (44%) being more likely to develop diabetes
than non-alcoholic males (31%).

Family history: In idiopathic CP, a positive family
history resulted in an OR of 3.5 for developing dia-
betes.562 As with BMI, since type 2 diabetes and
T3cDM may co-exist, a family history of type 2 dia-
betes is likely to impact the development of diabetes in
patients with CP.

Genetic mutations: In a small study of 79 patients,
there was no significant difference in the risk of
developing diabetes for those with both the secretory
trypsin inhibitor (SPINK 1) and PiZ mutations vs no
mutations.574 In a cohort of 200 patients with heredi-
tary CP, the presence, or absence, of a PRSS1 gene
mutation did not influence the diabetes risk.567 In
another cohort study of hereditary pancreatitis, specific
gene mutations had no influence on the age of onset of
diabetes.68

Diet and nutrition: In a study from Spain575 on the
effect of a high-fat diet (defined as >30% of total daily

calorie intake from fat) on complications in CP, there
was no evidence that a high-fat diet resulted in a higher
risk of developing diabetes. One study of 101 CP
patients (34 alcoholic and 67 tropical aetiologies)
showed that erythrocyte zinc levels were lower in
those with diabetes than in non-diabetics.524

Q7-3: How should T3cDM be diagnosed in CP?

Statement 7-3.1. The initial evaluation of a patient
with CP should include fasting plasma glucose (FPG)
and HbA1c. Criteria for a diagnosis of T3cDM are
FPG� 126mg/dl (7.0mmol/l) or HbA1c� 6.5%
(48mmol/mol). (GRADE 1A, strong agreement)

Statement 7-3.2. An HbA1c< 6.5% does not rule out
T3cDM due to the limitations of this test in this patient
population. Therefore, normal HbA1c (<6.5%) should
always be confirmed by FPG. (GRADE 1B, strong

agreement)

Statement 7-3.3. In the absence of unequivocal
hyperglycaemia (random plasma glucose �200mg/dl
(11.1mmol/l)) or in cases of doubt, results should be
confirmed by repeat testing or by the evaluation by a
standard 75 g oral glucose tolerance test (OGTT, 2 h
fasting glucose �200mg/dl (11.1mmol/l)). (GRADE

1A, strong agreement)

Statement 7-3.4. These tests should be performed
annually, even in the absence of typical clinical symp-
toms of diabetes mellitus. (GRADE 1C, strong

agreement)

Comments 7-3.1-4. Current clinical criteria issued by
the WHO, many national European diabetes associ-
ations and the American Diabetes Association (ADA)
are based on FPG and 2 h plasma glucose (2hPG) fol-
lowing an OGTT (Supplementary Material, Figure S1).
FPG� 126 mg/dl and/or HbA1c� 6,5% and/or plasma
glucose �200mg/dl confirmed by a 2 h glucose meas-
urement after ingestion of 75 g oral glucose (OGTT) are
cut-off points for diagnosing diabetes mellitus.557,576

Although there are several other methods of assessing
the insulin reserve in CP (serum/urinary insulin, serum/
urinary C-peptide, beta-cell stimulation with arginine,
glucagon or tolbutamide), there is little evidence that
these have any effect on clinical decision-making.577–579

The argument for FPG and/or HbA1c over 2hPG is
primarily related to feasibility. HbA1c is known to
have limitations in CP patients suffering from multiple
conditions;580 therefore, a negative HbA1c (<6.5%)
does not rule out diabetes in this population.

In summary, since there is a high prevalence of dia-
betes mellitus in CP as described above and the
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deterioration of glucose metabolism is well known to be
associated with multiple serious health risks, an early
diagnosis of diabetes mellitus is crucial and annual
screening is suggested.

Q7-4: How to distinguish T3cDM from type 1 and type 2 dia-

betes mellitus?

Statement 7-4.1. An absent pancreatic polypeptide
response to mixed-nutrient ingestion seems to be a spe-
cific indicator of T3cDM as compared to the other
types of diabetes. (GRADE 1C, strong agreement)

Comments. Due to feasibility, this test is only recom-
mended in cases of doubt. As differentiating between
the two types of diabetes is not easy, the criteria
below might be helpful (Supplementary Material,
Figure S1):

Major criteria (must be present):

. Established diagnosis of CP

. Absence of type 1 diabetes mellitus-associated auto-
immune markers

Minor criteria (two of four must be present):

. Impaired beta cell function (e.g. homeostatic model
assessment for beta-cell dysfunction (HOMA-B),
C-peptide/glucose ratio)

. No excessive insulin resistance

. Impaired incretin secretion (e.g. glucagon-like pep-
tide-1 (GLP-1), pancreatic polypeptide)

. Deficiencies of fat-soluble vitamins and/or presence
of micronutrient deficiency/insufficiency (in the
absence of enzyme therapy and/or nutrient
supplementation)

Statement 7-4.2. Laboratory tests to classify the
patient as accurately as possible should be performed
at least once. They should include diabetes-associated
antibodies, C-peptide/glucose ratio, and assessment of
exocrine pancreatic function, as well as pancreatic ima-
ging. (GRADE 1C, strong agreement)

Comments. One of the most problematic issues with
T3cDM is defining it precisely and differentiating it
from the other types of diabetes as different types
might precede each other or might be superimposed
on each other. To date, certain diagnostic criteria,
which have been proposed by two research groups,
appear helpful.560,581 However, probably due to the
potential overlap of the different diabetes types, they

all fall short to a certain degree. An absent pancreatic
polypeptide response to mixed-nutrient ingestion seems
to be a specific indicator of pancreatogenic diabetes.560

Q7-5.1: What is the prevalence of acute diabetes complications

for patients with T3cDM?

Statement 7-5.1. Patients with T3cDM are generally
considered difficult to manage, with potential life-threa-
tening acute complications (hypoglycaemia and ketoa-
cidosis). Up to 25% of the patients with T3cDM have
‘brittle diabetes’ with rapid swings in glucose levels.
(GRADE 1C, strong agreement)

Comments 7-5.1. Patients with T3cDM can develop
potential life-threatening acute complications578,582–586

may develop ‘brittle diabetes’587–593 with rapid swings
of glucose levels from hyperglycaemia (due to unsup-
pressed hepatic glucose production) to severe hypogly-
caemia after administration of exogenous insulin (due
to the lack of a contra-regulatory hormone
response).594–600 Repeated hypoglycaemic events may
result in hypoglycaemia unawareness because of the
progressive decrease in the glucose threshold for trig-
gering symptoms.601

Total or partial pancreatectomy is often associated
with the resection of the duodenum, gallbladder, distal
common bile duct and, often, distal stomach. The con-
sequences of such extensive ablative surgery result, not
only in pancreatic hormone deficiency, but also in the
deterioration of gut hormones.257,602 However, several
authors have recently reported that the glycaemic con-
trol of patients with T3cDM has improved compared to
that reported in earlier studies.603–608 Several factors
may explain these changes: nowadays insulin-depen-
dent diabetes and malabsorption can be controlled
more effectively than in the past with new drugs, includ-
ing insulin analogues. Moreover, the rate and severity
of hypoglycaemia are affected by the underlying pan-
creatic disease. For example, in patients undergoing
total pancreatectomy for alcoholic CP, hypoglycaemic
events are more frequent and severe if alcohol abuse
persists.

Finally, improving patient awareness and compli-
ance irrespective of socio-economic class, increasing
referrals to a diabetes centre, and the widespread use
of glucose meters may have contributed to the improve-
ment of glycaemic control and stability over time.
However, although there are no large, prospective con-
trolled clinical trials estimating the true incidence of
brittle diabetes after total pancreatectomy, in clinical
practice the diabetes management of these patients is
often problematic, especially in relatively young indi-
viduals where the risk of developing chronic
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complications later in life has to be carefully balanced
against the risks of repeated life-threatening severe
hypoglycaemia.

Q7-5.2: What is the prevalence of chronic diabetic

complications for a patient with T3cDM?

Statement 7-5.2a. Chronic microangiopathic compli-
cations are as frequent in T3cDM patients as in other
diabetic patients. The incidence of retinopathy is
reportedly similar to that observed in type 1 diabetes
and its prevalence increases with diabetes duration.
(GRADE 1B, strong agreement)

Statement 7-5.2b. Early signs of renal dysfunction,
such as microalbuminuria or glomerular hyperfiltra-
tion, are similar to that reported in type 1 dia-
betes mellitus, while macroalbuminuria and overt
renal disease are unusual. (GRADE 1B, strong

agreement)

Statement 7-5.2c. Neuropathy is also described as a
common complication of T3cDM. (GRADE 1B, strong

agreement)

Statement 7-5.2d. There is a general acceptance that
T3cDM is not associated with macrovascular compli-
cations. (GRADE 2B, strong agreement)

Comments 7-5.2a-d. Chronic diabetic complications
(microangiopathy and macroangiopathy): The underly-
ing pancreatic disease and the relatively short duration
of follow-up make it difficult to estimate the incidence
and prevalence of diabetes complications in these
patients.609–619 The incidence of retinopathy is similar
to that in type 1 diabetes mellitus and its prevalence
increases with diabetes duration.611,613,620–624

Early signs of renal dysfunction, such as microalbu-
minuria or glomerular hyperfiltration, are similar to
that reported in type 1 diabetes mellitus,613,625,626

while macroalbuminuria and overt renal disease are
unusual.627–630 Neuropathy is also described as a
common complication of T3cDM.563,630 It is generally
accepted that T3cDM is not associated with macrovas-
cular complications since concomitant PEI, lower chol-
esterol levels and lower caloric intake may all reduce
cardiovascular risk. However, with increasing life
expectancy, cases of diabetic macrovascular complica-
tions have been reported in patients after pancreatic
surgery.609,612,631 These data support the need to treat
patients with diabetes after pancreatic surgery with the
goal of preventing long-term complications while mini-
mising the risk of life-threatening severe
hypoglycaemia.632–639

Q7-6: What is the optimal pharmacological treatment

for T3cDM

Statement 7-6.1. No evidence-based study relating to
treatment practice in T3cDM has been reported to
date. Treatment should include efforts to promote life-
style changes, which may improve glycaemic control
and minimise the risk of hypoglycaemia. In patients
with severe malnutrition, insulin therapy is commonly
used as a first choice due to the desired anabolic effects
of insulin in this special subset of patients. (GRADE

1C, strong agreement)

Statement 7-6.2. If hyperglycaemia is mild and con-
comitant insulin resistance is additionally diagnosed or
suspected, therapy with metformin may be a choice in
the absence of contraindications. (GRADE 1C, strong

agreement)

Statement 7-6.3. Ensuring adequate and appropriate
PERT is essential. (GRADE 1C, strong agreement)

Comments 7-6.1-3. No evidence-based study relating
to treatment practice in T3cDM has been reported to
date and all the large clinical diabetes trials have spe-
cifically excluded patients with T3cDM. The commonly
prescribed agents are the same as for type 2 diabetes
(Supplementary Material, Figure S1). The maldigestion
of carbohydrates due to coexisting PEI, concomitant
alcohol consumption and hepatic disease, a lack of
compliance with the prescribed diet and/or med-
ical therapy, and enhanced intestinal transit ham-
per the appropriate glycaemic treatment of these
patients.

Treatment should include efforts to promote lifestyle
changes (minimise high glycaemic-index foods, healthy
diet, physical activity, abstinence from alcohol and
smoking cessation, etc.), which may improve glycaemic
control and minimise the risk of hypoglycaemia. Some
authors suggest a trial of oral antidiabetic agents fol-
lowed by insulin therapy when the need arises.640,641 In
patients with severe malnutrition, insulin therapy is
commonly used as a first choice therapy due to the
desired anabolic effects of insulin in this distinctive
subset of patients. If hyperglycaemia is mild and con-
comitant insulin resistance is additionally diagnosed or
suspected, therapy with metformin may be a choice in
the absence of contraindications. However, metformin
treatment might not be tolerated by a majority of
patients since its main side effects include nausea,
abdominal complaints, diarrhoea and weight reduc-
tion.642 Metformin should be avoided in patients with
ongoing alcohol abuse because of the risk of lactic
acidosis.
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Regarding the prescription of other oral agents for
the treatment of diabetes:

Sulfonylureas are associated with an increased risk of
severe and prolonged hypoglycaemia, are often contra-
indicated due to the accompanying liver disease643 and
should not be prescribed.
Glinides are also associated with an increased risk of
hypoglycaemia; however, their half-life is much shorter
than that of sulfonylureas and glinides at low doses
may be considered before switching the patient to insu-
lin therapy.
Thiazolidines should be avoided due to prominent side
effects (bone fractures, fluid retention, congestive heart
disease).
Alpha-glycosidase inhibitors can aggravate existing exo-
crine insufficiency and should not be prescribed.
Incretin-based therapies are reported to have a high fre-
quency of prominent gastrointestinal side effects.
Additionally, they are currently under discussion
because of a potential association with an increased
risk of pancreatitis.644–647

Sodium glucose co-transporter-2 (SGLT-2) inhibitors
have been described as being able to induce euglycae-
mic diabetic ketoacidosis in insulin-deficient patients
(both type 1 diabetes and T3cDM)648,649 and should
not be prescribed until they are proven safe in these
patients.

Most patients do not respond satisfactorily to oral
agents and should be switched to insulin treatment, for
example, twice-daily pre-mixed insulin or multiple daily
injections.650 Patients should be treated using general
insulin dosage guidelines as established for type 1 dia-
betes mellitus. Insulin pump therapy may also be con-
sidered for patients who experience a brittle form of
diabetes mellitus despite being sufficiently motivated.
A helpful algorithm for diabetes therapy in T3cDM
was suggested.640

Establishing adequate oral PERT is very important
in T3cDM651 since patients are likely to develop mal-
nutrition-related problems due to the lack of exocrine
pancreatic enzymes. Thus ensuring adequate and
appropriate PERT should be instituted early on to pre-
vent qualitative malnutrition and metabolic complica-
tions.520,521,652 Malnutrition may also affect glucose
management, increasing the susceptibility of patients
to swings in glucose levels.653,654

Assessments and quality of life (WP12)

Life-style factors influencing the natural course
of CP as well as the outcome in terms of QoL
have been brought more into focus during recent
years.453,655

Q8-1: How should smoking be assessed in patients with newly

diagnosed or suspected CP?

Statement 8-1. There is no specific, widely accepted
questionnaire for assessing smoking status. Several stu-
dies have reported positive findings regarding the rela-
tionship between smoking and CP using different
questionnaires. (GRADE 2C, strong agreement)

Comments. The studies addressing the role of smok-
ing on the aetiology and clinical course of CP have
categorised the patients in different
ways.27,28,461,573,656–662

The NAPS2460,659,663 classified smoking status as
‘never smoked’ (<100 cigarettes in lifetime), or ‘ever
smoked’ (>100 cigarettes). ‘Ever smokers’ were then
categorised as ‘past’ or ‘current’ smokers. The
amount of smoking was classified as <1 or 1 or more
packs per day (ppd). The number of pack-years of
smoking was calculated from the self-reported
amount of smoking (average number of cigarettes
smoked per day and the duration of smoking) and stra-
tified as <12, 12–35, and >35 pack-years.

A Danish group461 calculated grams of tobacco con-
sumed, assuming one cigarette to be equivalent to 1 g of
tobacco, one cheroot or one pipe to 3 g of tobacco, and
one cigar to 5 g of tobacco, and separated the patients
into five groups (‘never-smokers’, ‘ex-smokers’, and
smokers of 1–14, 15–24, and >24 g/d of tobacco).
Pack-years of smoking were calculated as (years of
smoking� daily grams of tobacco)/20.

The European Smoking Cessation Guidelines,664

issued in 2012, recommend that smoking status be
defined using the following questionnaire:

1. Have you ever smoked?
2. How many cigarettes have you smoked in your life?

Is it more or less than 100? (80 cigarettes¼ 100 g of
tobacco as one cigarette contains 0.8 g of tobacco).

3. Do you smoke every day/on certain days/in specific
situations? Which situations?

4. How many years have you been smoking?
5. How many cigarettes (or other tobacco products,

e.g. pipes, cigars etc.) do you usually smoke per day?
6. For how many years/months have you quit

smoking?

Definitions: a ‘daily smoker’ is a person who has
smoked on a daily basis for at least three months; an
‘occasional smoker’ is a person who has smoked, but
not on a daily basis; a ‘non-smoker’ is a person who has
not smoked more than 100 cigarettes in his/her life-time
(or <100 g of tobacco, in the case of pipes, cigars or
other tobacco products); an ‘ex-smoker’ is a person
who has quit smoking for at least six months.
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Q8-2: What are the most efficacious methods for treating

nicotine dependence in patients with CP?

Statement 8-2. The key components for the treat-
ment of smoking dependence are combinations of
therapeutic education, behavioural support and medi-
cation. (GRADE 1A, strong agreement)

Comments. Smoking is the leading preventable cause
of death worldwide. There are no specific studies com-
paring different methods for treating nicotine depend-
ence/smoking cessation in CP. Furthermore, the
treatment of smoking dependence should not depend
on a single method: according to the European
Smoking Cessation Guidelines, issued by the
European Network for Smoking and Tobacco
Prevention (ENSP), the key components of successful
cessation (remission) are combinations of therapeutic
education, behavioural support and medication; how-
ever, the preparation and motivation to quit, age,
comorbidity and numerous personal factors affect the
chances of success.665 About 90–95% of unaided
attempts to quit smoking end in failure. A detailed
protocol for smoking cessation is beyond the scope of
this document. Trained personnel should manage the
treatment of smoking dependence.

In the setting of primary care, the classic steps known
as the ‘5 As’ are helpful for planning the treatment:666

Ask: Systematically identify all tobacco users at every
visit.
Advise: Strongly urge all tobacco users to quit.
Assess: Determine willingness to make a quit attempt.
Assist: Aid the patient in quitting (provide counselling-
style support and medication).
Arrange: Ensure follow-up contact.

Systematic reviews have shown that a combination
of counselling and pharmacotherapy for treating nico-
tine dependence is more effective for smoking cessation
than each of the two methods taken separately.667,668

Nicotine replacement therapy, bupropion and vareni-
cline are efficiently proven first-line pharmacologic
therapies for smoking cessation according to the
ENSP guidelines.665 Second-line medications include
clonidine and nortriptyline.665 In addition to pharma-
cological therapy, patients benefit from individual cog-
nitive-behavioural counselling, telephone support,
group counselling and educational materials.665

Q8-3.1: What are the effects of smoking on the

progression of CP?

Statement 8-3.1. There is some evidence to suggest
that cessation of smoking and/or drinking may improve

the course of CP; however, the global benefits of stop-
ping smoking and/or abusive alcohol consumption are
unquestionable. (GRADE 1C, strong agreement)

Comments. Smoking seems to be an independent
aetiologic factor for the development of CP; with evi-
dence from case-control studies,27,656,657 cross-sectional
studies658 and cohort studies.460,461,659 Smoking is asso-
ciated with progression from acute to CP,669 to a more
frequent and earlier development of calcifica-
tions28,573,660–662 and also to increased mortality670

although there are conflicting reports.671 In some stu-
dies, an association between smoking and the develop-
ment of diabetes mellitus28,662 and PEI573 has been
described, but there are conflicting reports regarding
both diabetes573,661 and PEI.661

It has been reported that patients in constant pain
are more likely to be ‘current’ (rather than ‘past’ or
‘never’) smokers compared to patients with an intermit-
tent pattern of pain.442 An absence of smoking at the
last follow-up evaluation has been associated with long-
term clinical success of ET for pain.328 Smoking is an
established risk factor for pancreatic adenocarcinoma
in the general population, and it is reported to increase
the risk of this serious complication in patients with
hereditary pancreatitis.672

Q8-3.2: Once the disease has been diagnosed, what impact

does stopping drinking and/or smoking have on the course of

the disease?

Statement 8-3.2. Smoking seems to be an independ-
ent aetiologic factor for the development of CP.
(GRADE 1C, strong agreement)

Comments. There are few studies that focus specific-
ally on the effects of smoking and/or alcohol cessation
in the natural course of established CP. However, there
is evidence from observational studies that early smok-
ing cessation after the diagnosis of the disease reduces
the risk of developing pancreatic calcifications.673 In
addition, alcohol abstinence seems to slow the progres-
sion of the illness674 and may result in better pain
control.675

Q8-4: How do we assess quality of life in patients with CP?

Statement 8-4. Validated questionnaires should be
applied for the assessment of QoL in patients with
CP. (GRADE 1A, strong agreement)

Comment. Different validated questionnaires have
been applied to assess QoL in CP patients. The use of
questionnaires enables a standardised multidimensional
evaluation of QoL. The following questionnaires are
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most frequently used in CP patients: Short-Form
Health Survey 36 (SF-36) and its shorter version, SF-
12; EORTC QLQ-C30 with, and without, the supple-
mentary QLQ-PAN26 questionnaire; the
Gastrointestinal Quality of Life Index (GIQLI) was
specifically developed for patients with gastrointestinal
diseases.676 The pain dimension can be assessed either
using a VAS677 or the Izbicki pain score261 (see Q5-4:
‘How should pain in CP be assessed?’). GIQLI was first
introduced in 1995, comprises 36 questions and is
intended for use in patients with a range of different
gastrointestinal diseases, including CP.676,678 No ques-
tionnaire has been designed specifically for patients
with CP.

The EORTC QLQ-C30 was originally designed to
assess QoL in patients with all types of cancer and con-
sists of 30 questions.458 It has been used frequently in
CP patients and most items of the QLQ-C30 question-
naire are highly relevant for CP patients (for example,
questions relating to pain and diarrhoea). This tool
comprises one global item (global health), five func-
tional domains evaluating physical, cognitive, emo-
tional and social domains, three symptom scales
(fatigue, pain, and nausea/vomiting), five single items
for symptoms (dyspnoea, loss of appetite, insomnia,
constipation, diarrhoea), and one item for the financial
impact of the disease. Changes in the mean QoL score
of 5–10%, 10–20% and >20% represent small, moder-
ate and large changes in QoL, respectively.679

As a supplement to the QLQ-C30 form, a question-
naire was developed that specifically addresses patients
with pancreatic cancer (QLQ-PAN26) and includes 26
questions.458 The module was intended particularly for
patients with pancreatic cancer undergoing surgical
resection, palliative surgical intervention, endoscopic
palliation or palliative chemotherapy. Both QLQ-C30
and QLQ-PAN26 have also been validated in patients
with CP.680 The QLQ-PAN26 modification includes
two extra questions having significance for patients
with alcoholic CP (guilt about alcohol consumption
and the burden of abstinence).

The SF-36 was initially designed for non-disease-spe-
cific population studies but proved to be a reliable and
valid tool for assessing QoL in patients with CP.681 The
test includes eight different domains (including phys-
ical, emotional, mental, social and general health sec-
tions) with 36 questions for measuring physical,
emotional and social role functioning and symptoms
such as bodily pain.

A study using a shorter version of the survey with
only 12 items (SF-12) demonstrated that the loss of
information in applying the SF-12 rather than the
longer survey was very low and that the SF-12 was a
viable alternative to the SF-36.515 The scores for each
version range from 0–100.515

Q8-5: When do we assess quality of life in patients with CP?

Statement 8-5.1. Health-related QoL should be
assessed in both in- and out-patients and during their
follow-up. (GRADE 2C, strong agreement)

Statement 8-5.2. Assessment of QoL should be
included as an endpoint in clinical treatment studies
of CP. (GRADE 2B, strong agreement)

Comments. Assessing QoL in both in- and out-
patients with CP is rarely done nowadays in routine
clinical practice and is mostly limited to clinical studies.

In a modern, patient-centred healthcare system
patients should be assessed with regard to their
health-related QoL, which is the perceived QoL of a
patient represented by social, mental and physical
well-being in relation to health and disease. This is par-
ticularly important in patients with chronic diseases
such as CP, which is a chronic and still incurable dis-
ease that frequently affects all dimensions of a patient’s
well-being. Multidimensional QoL questionnaires
facilitate a multidimensional approach to the patient
and problematic issues can be met by a multidisciplin-
ary team of general practitioners, gastroenterologists,
surgeons, psychologists, pain specialists, dieticians,
social workers and others.

QoL questionnaires have shown that the following
factors (amongst others) contribute to lower QoL in
CP: pain, a low BMI, early retirement, unemployment,
depression, fatigue, fear of the future. These question-
naires can be used in the follow-up of patients with CP
for investigating changes in QoL over time,682 and the
results can be used in the modification and adjustment
of treatment decisions.

QoL questionnaires have been used extensively as an
endpoint in evaluating treatment outcomes in patients
with CP. Accordingly, QoL is assessed prior to and
after endoscopic and surgical procedures, EUS-guided
coeliac plexus blockade,683 thoracosopic splanchnicect-
omy,684 ESWL,343,685 ERCP322 enzyme replacement
therapy and medical management of pain.

Q8-6: Which questionnaire should be used to assess QOL in

patients with CP?

Statement 8-6. SF-36, its shorter version SF-12,
EORTC QLQ-C30 with, and without the supplemen-
tary QLQ-PAD26 questionnaire, and GIQLI can be
used for assessing QOL in patients with CP. It takes
12min to complete the SF-36 form but only 2min to fill
out the SF-12 questionnaire – making this test suitable
as a screening tool even for the daily busy clinical prac-
tice. (GRADE 1C, strong agreement)
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Comments. In the setting of clinical studies, the
QLQ-C30 and SF-36 are the most widely used ques-
tionnaires studying QOL in patients with CP. No stu-
dies have been performed to compare the validity and
reliability of both tests in patients with CP in order to
determine whether one test is superior to the other.

Even in a busy outpatient clinic, CP patients can use
the waiting time before consultation to fill out the SF-12
questionnaire. The less time-consuming questionnaire
may even increase the motivation and participation of
patients in clinical studies to complete QoL question-
naires. The SF-12 showed excellent correlation with the
longer SF-36 questionnaire (r¼ 0.960, p< 0.001).515 In
one study, SF-12 was compared to QLQ-C30 in 163
patients with CP and the SF-12 was found to be more
reliable and easier to use in routine clinical practice.686

Conclusions

The HaPanEU/UEG guidelines on the management of
CP are the result of an international, multidisciplinary,
evidence-based approach. These guidelines provide rec-
ommendations for key aspects of the medical and sur-
gical management of CP combined with comments
based on the available literature and the opinions of
leading pancreatologists from Europe.

The focus should now shift towards the optimal dis-
semination and implementation of these guidelines,
which is not a given likelihood.687 Several studies
have indicated that guideline implementation is fre-
quently suboptimal, at least in acute pancreatitis,688,689

and hence a structured, ongoing effort is required, espe-
cially since guidelines in gastroenterology tend to fall
short of other disciplines.690 To overcome these short-
comings, guideline dissemination will be facilitated by
free online access. There will also be a Smartphone
application (HaPanEU) available to allow easy access
and facilitate guideline use in daily practice as such
apps are becoming increasingly popular.691–693

Although there is no optimal strategy for ensuring
good implementation of any set of guidelines,694 there

is clearly a role for pancreatologists in this process. By
informing specialist and non-specialist colleagues and
encouraging them to use these guidelines, by presenting
the guidelines at local or national meetings, and by writ-
ing about and referring to these guidelines in national
and international journals, pancreatologists can opti-
mise their implementation. Some evidence also suggests
that instituting aprocess of audit feedback could increase
awareness and improve guideline implementation,695

These guidelines will also be useful when designing
future studies as they reflect the current ‘benchmark’
for diagnosing and treating CP. This holds particularly
true for imaging techniques. The existence of evidence-
based guidelines obviously does not relieve clinicians
from their professional obligation to keep up-to-date
with new developments in CP. In particular, the results
of ongoing RCTs (www.clinicaltrials.gov) should be
taking into account. How then to decide when to
update these guidelines? Some have argued that clinical
guidelines should be updated continuously. Although
appealing, this is clearly impractical and the HaPanEU
working groupwill use a published framework on how to
decide when to initiate an update.15

The HaPanEU/UEG evidence-based guidelines on
themanagement of CP should result in reduced variation
in practice and an improvement in patient outcome
across Europe. The challenge now is to ensure high com-
pliance in clinical practice and future trial design.453
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Abstract
Chronic pancreatitis is a chronic inflammation of the pan-
creas with pain as its severest symptom and often an im-
paired quality of life. Surgical intervention plays an impor-
tant role in the management of pain but is generally kept as 
a last resort when conservative measures and endoscopy 
have failed. However, in the last few years multiple studies 
suggested the superiority of (early) surgical treatment in 
chronic pancreatitis for multiple end points, including pain 
relief. In this paper we highlight the most recent high-quali-
ty evidence on surgical therapy in chronic pancreatitis and 
the rationale for early (surgical) intervention.

© 2019 The Author(s)
Published by S. Karger AG, Basel

Introduction

Chronic pancreatitis is an inflammatory disease of the 
pancreas characterized by fibrosis and irreversible mor-
phological changes, with permanent loss of endocrine 
and exocrine function. The natural history of chronic 
pancreatitis patients is unpredictable, symptoms (espe-
cially pain) seem not always directly correlated with the 
morphological changes of the pancreas and its surround-
ing tissues [1].

Pain is the most frequent and debilitating symptom, 
and the pattern of pain varies widely between patients, 
ranging from mild complaints to recurrent attacks or 
continuous uncontrollable pain. Additional symptoms 
may develop from extension of the pancreatic inflamma-
tion and fibrosis to adjacent organs and vascular struc-
tures leading to i.e. duodenal and bile duct stenosis, and 
progressive loss of endocrine and exocrine function re-
sulting in diabetes and maldigestion [2]. Management of 
chronic pancreatitis should be in a multidisciplinary ap-
proach including radiological, endoscopic and surgical 
expertise combined with pain management, nutritional, 
endocrinological and psychological support. Still, the op-
timal treatment of chronic pancreatitis pain has been de-
bated for many years, and therefore practice differs. Dif-
ferences in opinions are fuelled by the lack of knowledge 
on the natural course and origin of pain in chronic pan-
creatitis, together with a lack of a clear correlation be-
tween the severity of complaints and the presence and 
extent of morphological abnormalities. There is a relative 
lack of high-quality data on the treatment of chronic pan-
creatitis which means that the indications for treatment, 
ranging from conservative treatment with analgesic med-
ication to invasive treatments by interventional endos-
copy or surgery, differ between specialists, specialties and 
centres.

In 2017 the international evidence based HaPanEU 
guideline was published [3]. This guideline propagates a 
multidisciplinary step-up approach for the treatment of 
chronic pancreatitis pain. However, solid data that sup-
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Attribution-NonCommercial-4.0 International License (CC BY-NC) 
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the online version of the article only. Usage and distribution for com-
mercial purposes requires written permission.
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port this approach are partly lacking. The first step of 
treatment in this guideline is conservative therapy, in-
cluding lifestyle management (e.g., cessation of smok-
ing), pain medication and dietary advice. When pain per-
sists despite proper pain therapy, endoscopy is suggested 
to treat i.e. outflow problems of the pancreatic duct in the 
case of strictures and obstruction by stones. Sometimes as 
a last resort, surgical drainage and/or resection proce-
dures are proposed in the case endoscopy fails. In the re-
cent years increasing evidence tested the step-up ap-
proach, and multiple studies suggest the superiority of 
surgery compared to conservative and endoscopic mea-
sures [4–6]. This article describes the indications and dif-
ferent surgical procedures in chronic pancreatitis and 
puts focus on the timing of surgery in relation to other 
treatment modalities.

Pain Mechanisms in Chronic Pancreatitis
Traditionally, pathophysiological mechanisms on the 

origin of chronic pancreatitis pain were mainly focussed 
on structural abnormalities of the pancreas. Three mecha-
nisms have been suggested to cause pain in chronic pan-
creatitis: (1) inflammation of the pancreas; (2) increased 
intrapancreatic pressure within the parenchyma and/or 
pancreatic duct causing tissue ischaemia, due to pancre-
atic duct strictures and/or stones; and (3) (late) pancreatic 
and extrapancreatic complications (i.e., pseudocysts, por-
tal thrombosis, bile duct/duodenal strictures and peptic 
ulcers) [7–12]. However, these three mechanisms do not 
explain why there is sometimes a discrepancy between 
complaints and structural abnormalities of the pancreas; 
i.e., intense pain with hardly any morphological abnormal-
ities of the pancreas. Rather than a single mechanism of 
pain, recent research favours a more complex interaction 
between structural and morphological changes of the pan-
creas, neurobiological mechanisms and structural abnor-
malities in the peripheral and central nervous system [13]. 
Peripheral and central sensitization of the nervous system 
together with alternative nociceptive pathways may ex-
plain why pain processing can change during disease pro-
gression and pain may persist after successful interven-
tions [14, 15]. Therefore, not only morphological changes 
should guide clinicians in their decision for any treatment, 
but also the source and character of pain should be consid-
ered for the success and timing of an invasive intervention.

Step-Up Approach for the Treatment of Chronic 
Pancreatitis Pain

Medical Therapy
Pain management in chronic pancreatitis is based on 

the approach of the World Health Organization [16]. 
Based on this approach, when pain control is not reached 

with non-opioids, weak opioids such as tramadol are ad-
vised, followed by strong opioids. Occasionally, S-ket-
amine or gabapentinoids can be added to this regime and 
have shown beneficial short-term results [17, 18]. Long-
term beneficial effects of opioids on chronic pancreatitis 
pain are not proven; still, 50% of chronic pancreatitis pa-
tients use opioids on a daily basis [19]. Interestingly, pain 
relief can be achieved in a large proportion of these pa-
tients by treating their morphological abnormalities by 
interventional endoscopy or surgery [3, 20–23]. Bearing 
in mind that the longer patients are treated with opioids, 
the greater the risk of opioid dependence and opioid-in-
duced hyperalgesia, it seems better to use opioids as a 
bridge to invasive treatment when morphological abnor-
malities are present instead of definitive treatment [3, 24].

Interventional Endoscopy
Endoscopic interventions to treat chronic pancreatitis 

pain are mainly aimed at resolving obstruction of the 
pancreatic duct by dilation or stenting of strictures in the 
pancreatic and common bile duct or by pancreatic duct 
stone removal [25]. Technical success can be reliably 
achieved in appropriately selected patients (i.e., manage-
able stone size and disease predominantly in the pancre-
atic head). One of the largest series of 1,018 patients with 
painful obstructive chronic pancreatitis who were treated 
endoscopically, reported pain relief in 65% of patients af-
ter a mean follow-up of 5 years [20]. Interestingly, a study 
in 70 chronic pancreatitis patients treated by endoscopy 
showed short-term pain relief of 97%, but 21 of the 70 
(30%) patients had a pain relapse within 1 year after treat-
ment [26]. Extracorporeal shock wave lithotripsy (ESWL) 
and endoscopic stone extraction can be effective in pa-
tients with large intraductal stones (> 5 mm). One ran-
domized controlled trial in 55 patients, in which ESWL 
with and without endoscopic stone extraction was anal-
ysed, showed that pain relief after 2 years was comparable 
between both groups (55 vs. 62%) [27].

Surgical Treatment
Pain is the main indication for surgery in the vast ma-

jority of chronic pancreatitis patients. Surgery in chronic 
pancreatitis can be technically demanding and carries a 
significant risk of postoperative morbidity but a low risk of 
mortality [28–30]. A series on surgical treatment in chron-
ic pancreatitis shows excellent long-term results [30]. The 
optimal timing of surgery, however, continues to be a point 
of debate [3, 4]. Whereas previously surgeons tried to hold 
off surgery until all medical and endoscopic options were 
exhausted, more recently others advocate early surgery be-
cause of its suggested superiority in treating pain.

Surgical procedures in chronic pancreatitis involve 
pancreatic parenchymal resection, pancreatic duct drain-
age or a combination of both (Fig. 1). The choice of op-
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eration depends mainly on the morphological changes of 
the pancreas. Often seen are patients with changes in the 
pancreatic head demonstrating an inflammatory mass, 
sometimes considered to be the “pacemaker” of chronic 
pancreatitis [31]. Others have a more extensive and dif-
fuse disease including the majority of the pancreatic duct 
with strictures and stones. Occasionally the disease seems 
limited to only the body or tail.

Two randomized controlled trials have been per-
formed in patients with painful obstructive chronic pan-
creatitis comparing endoscopic with surgical interven-
tions [28, 32]. Both studies reported long-lasting superi-
ority of the surgical approach for pain relief, quality of life 
and other end points. In the study of Díte et al. [32], 72 
patients with painful chronic pancreatitis were random-
ized and after 5 years of follow-up 34% of patients had 
complete and 52% partial pain relief after surgery, versus 
15% complete pain absence and 46% partial pain relief 
after endoscopy. However, no ESWL was applied in this 

study [32]. In the study of Cahen et al. [28], 39 patients 
with painful chronic pancreatitis were randomized be-
tween surgery and endoscopy, and after 2 years of follow-
up 75% pain relief after surgery was reported versus 32% 
after endoscopy (including ESWL). Also, after 6 years of 
follow-up these results remained significant, with 80% 
pain relief in the surgery group versus 38% pain relief in 
the endoscopy group. In 53% of patients after surgery ver-
sus 25% after endoscopy no pain was reported [33].

Based on the available evidence, surgery provides a su-
perior outcome to interventional endoscopy overall, but 
there are clearly some patients who may benefit from the 
latter due to its less invasive approach [3]. Patients best 
suited to endoscopic intervention include those with 
stones or strictures confined to the head of the pancreas 
and where complete ductal clearance can be achieved. In 
current practice, a substantial part of chronic pancreatitis 
patients is offered interventional endoscopy first causing 
a delay in referral for surgery.

Fig. 1. Surgical treatment of chronic pancreatitis. a Lateral pancreaticojejunostomy. b Beger procedure. c Frey 
procedure. d Pancreaticoduodenectomy (picture used with permission from Nederlands Tijdschrift voor Ge-
neeskunde) [65].
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Chronic Pancreatitis with Large Duct Disease

A dilated main pancreatic duct is defined by a size of 
at least 5 mm [3]. Ductal dilation may be diffuse along the 
pancreas or more located upstream from a single stric-
ture. In many patients, stones may be present in the main 
or secondary duct(s).

Partington-Rochelle or (Modified) Puestow  
Procedure – Lateral Pancreaticojejunostomy
The Partington-Rochelle procedure is the procedure 

of choice for main pancreatic duct dilation in the absence 
of an inflammatory mass and no biliary obstruction in the 
pancreatic head [34]. During this procedure the pancre-
atic head and duodenum are fully mobilized (Kocher’s 
manoeuvre), and the anterior surface of the pancreas is 
fully exposed by accessing the omental bursa through 
splicing the gastrocolic ligament. The gastroduodenal ar-
tery is routinely identified and suture ligated at the supe-
rior and inferior border of the pancreas to prevent bleed-
ing when the pancreas is opened. On the surface of the 
pancreas either the dilated pancreatic duct can be seen or 
palpated or can be accessed by aspiration through a fine 
needle or identified with intra-operative ultrasound. The 
duct is then incised longitudinally for the full length of the 
pancreas so that stones could be cleared and all strictures 
opened. A lateral pancreaticojejunostomy is created us-
ing a Roux-en-Y anastomosis.

Results of the Partington-Rochelle procedure are gen-
erally favourable. In well-selected patients (i.e., without an 
inflammatory mass) 70–80% durable pain relief is achieved 
during 5–10 years of follow-up [29, 35]. After a Parting-
ton-Rochelle procedure, morbidity is low, especially com-
pared to other pancreatic procedures, and generally the 
endocrine and exocrine function is preserved because 
hardly any parenchyma is resected [35]. Failure of lateral 
pancreaticojejunostomy is described, most of the times 
this is in patients where inflammation of the pancreas 
(head) should have been resected or ongoing fibrosis of 
the peripancreatic tissue causes neuropathic pain [35].

Chronic Pancreatitis with Enlarged Pancreatic Head

Lateral pancreaticojejunostomy has limited applica-
bility in patients in main duct dilatation who also have an 
inflammatory head mass (> 4 cm) [3]. Multiple studies 
showed that isolated drainage procedures in patients with 
inflammatory changes of the head, body or tail result in 
poor long-term pain control and progression to exocrine 
insufficiency [36, 37].

For patients who have an isolated inflammatory mass 
of the pancreas without main duct dilatation, outcome 
appears to be better with a resection or a hybrid proce-

dure where resection and drainage procedures are com-
bined. The four most used procedures are: (1) pancreati-
coduodenectomy (with or without pyloric preservation), 
or a duodenum-preserving procedure, (2) the Frey pro-
cedure, (3) the Berne procedure, and (4) the Beger proce-
dure [31, 38–40].

Pancreaticoduodenectomy
The advantages of a pancreaticoduodenectomy over a 

duodenum-preserving procedure is that when there is a 
suspicion of a tumour in the pancreatic head an onco-
logical radical procedure can be performed. Concomitant 
obstruction of the common bile duct or duodenum is also 
treated by this procedure. A disadvantage of the pancre-
atoduodenectomy is the resection of the duodenum 
which has beneficial effects on the hormonal axis in the 
gastrointestinal tract and leads to faster recovery of weight 
with a better glucose homeostasis [41].

Frey Procedure 
The Frey procedure combines a duodenum-preserv-

ing head resection with drainage of the main pancreatic 
duct of the pancreatic body and tail.

In this procedure, the pancreatic head is not fully re-
sected, but cored out until there is only a rim of pancre-
atic tissue left on the duodenum and portal vein. The 
main pancreatic duct is then drained longitudinally for its 
full length into the pancreatic tail. A lateral pancreatico-
jejunostomy is used to fully cover and drain the pancreas.

An advantage of the Frey procedure compared to pan-
creatic head resection is that it also can treat duct disease 
in the pancreatic remnant and that coring out the pancre-
atic head appears to be safer than a pancreatic head resec-
tion when portal hypertension or thrombosis is present. 
A disadvantage could be that a rim of pancreatic tissue of 
the pancreatic head with active disease is left in place.

Berne Procedure
In the presence of an inflammatory mass of the pan-

creatic head and in the absence of an enlarged pancreatic 
duct, the Berne procedure could be performed. The surgi-
cal approach and steps are similar to the Beger procedure. 
However, instead of a resection of the pancreatic head the 
head is cored out in a similar fashion as the Frey proce-
dure, and no dissection of the portal and superior mesen-
teric vein is needed. No further drainage of the pancre-
atic duct is performed, and a pancreaticojejunostomy is 
made on the pancreatic head. 

Beger Procedure
The duodenum-preserving pancreatic head resection 

was first described by Beger et al. [42] and developed to 
avoid some of the adverse sequelae of the pancreatico-
duodenectomy. A pancreatic head resection is performed 
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and only a small part of pancreatic tissue is left on the 
duodenum to preserve the duodenum. In this procedure 
the stomach and common bile duct are not divided. In 
25% of the cases it is still necessary to perform a biliary 
anastomosis on the intrapancreatic part of the common 
bile duct [42]. A two-sided pancreaticojejunostomy is 
performed on the small part of pancreatic tissue on the 
duodenum and on the pancreas remnant.

Compared to the pancreaticoduodenectomy an ad-
vantage of the Beger procedure is that the duodenum is 
preserved and that only an anastomosis should be made 
on both sides of the pancreas. A disadvantage is that it can 
be a technically demanding operation with a technical 
difficult anastomosis.

Outcome of Surgery for Enlarged Pancreatic Head in 
Chronic Pancreatitis
Six randomized clinical trials have focussed on the 

comparison of the pancreaticoduodenectomy and duo-
denum-preserving operations such as the Frey and Beger 
procedures [41, 43–47]. In a meta-analysis of the first 4 
trials all studies showed low morbidity and mortality with 
excellent perioperative outcomes [30]. Overall, no differ-
ences between the duodenum-preserving head resection 
and pancreaticoduodenectomy could be found. Long-
term results of these trials did not show any differences 
between procedures for pain relief; all studies showed a 
long-term pain relief of around 80% after 7–15 years of 
follow-up and equal exocrine and endocrine function 
[30]. Additionally, all studies showed shorter operation 
times in the duodenum-preserving group and improved 
postoperative weight. It should be noted that some pa-
tients who were operated with a Beger or Frey procedure, 
compared to the pancreaticoduodenectomy, had more 
re-operations in the long term for duodenal or bile duct 
stenosis. A recently published German multicentre ran-
domized controlled trial compared duodenum-preserv-
ing pancreatic head resection with partial pancreatico-
duodenectomy in 250 patients with chronic pancreatitis 
and an inflammatory pancreatic head mass. Two years 
after surgery, pain scores and the mean quality of life had 
significantly improved in both groups, without signifi-
cant differences between treatment groups [47].

In various studies, the Frey and Beger procedures were 
compared [41, 44–46]. Postoperative mortality was low 
(< 1%) for both procedures, and morbidity ranged be-
tween 19 and 32%. In 75% of the patients, good pain relief 
was obtained in the short-term. After follow-up as long 
as 9 years, no significant differences were found in pain 
scores and endocrine and exocrine insufficiency. Compa-
rable results were found in studies comparing the Beger 
and Berne procedure [48].

An international survey among surgeons showed that 
US surgeons tend to favour the pancreaticoduodenecto-

my and European surgeons (in particular German sur-
geons) tend to favour the duodenum-preserving resec-
tions [49]. Differences in morphology (more often en-
larged pancreatic head in Germany compared to the 
USA), anatomical complications and indications might 
explain the difference between the choice of surgery be-
tween countries.

In spite of the lack of data supporting the superiority 
of any given procedure, we believe that every procedure 
has some disease-specific advances. A pancreaticoduode-
nectomy should be performed when there are doubts 
about the presence of a pancreatic head tumour. Patients 
with a dominant pancreatic head mass, no enlarged pan-
creatic duct and no biliary obstruction are served best 
with a Berne or Beger procedure. When a pancreatic head 
mass is present with an enlarged pancreatic duct, a Frey 
procedure should be performed. In case of a concomitant 
biliary obstruction, a lateral hepaticojejunostomy can be 
created downstream on the same Roux loop as used for 
the pancreatic anastomosis.

Chronic Pancreatitis with Small Duct Disease or 
Diffuse Sclerosis

When chronic pancreatitis progresses, in many pa-
tients there will be no dominant focus of ductal obstruc-
tion or inflammatory mass. In these patients, the mor-
phology of the disease is characterized by diffuse fibrosis 
of the pancreas with calcifications and atrophy of the pa-
renchyma. Treating these patients is a major challenge, 
because a target for endoscopy or surgery is lacking. Total 
or near-total pancreatectomy could be performed in these 
cases but were often avoided in the past due to significant 
morbidity associated with endocrine (brittle diabetes) 
and exocrine insufficiency. 

Since its introduction in 1977, around 1,000 total pan-
createctomies with islet auto-transplant (TPIAT) have 
been described in the literature [50, 51]. During TPIAT 
the complete pancreas is removed and the source of pain 
(in the majority of patients) is directly treated, while 
maintaining islet cell function by reimplanting the pa-
tient’s own islet cells in the portal circulation [51]. In most 
expert centres, indications for TPIAT in chronic pancre-
atitis are (must have all): (1) chronic narcotic depen-
dence, (2) impaired quality of life, (3) no reversible cause 
of chronic pancreatitis, (4) unresponsive to maximal 
medical, endoscopic and sometimes surgical therapy and 
(5) adequate islet cell function (non-diabetic). TPIAT is 
thought to be most effective in patients with small duct 
disease, hereditary pancreatitis and paediatric patients. 
Prior pancreatic surgery (i.e., Beger, Frey or pancreatico-
duodenectomy) is in some centres a contra-indication for 
TPIAT because surgery significantly decreases islet yield. 
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Effectiveness of TPIAT was evaluated in a single-centre 
study, and in 215 of 742 patients undergoing TPIAT sus-
tained pain relief was observed in 82% after 10 years and 
90% after 15 years, with 50% partial or full islet graft func-
tion [51].

Surgical Strategy in Complications of Chronic 
Pancreatitis

During the course of chronic pancreatitis about a third 
of patients will develop complications leading to con-
siderable morbidity. Modern imaging facilitates tailored 
treatment, either surgery, interventional radiology or en-
doscopy.

Pancreatic fluid collections and pseudocysts are often 
present in chronic pancreatitis and differ from those seen 
in necrotizing pancreatitis because they hardly contain 
any necrotic material, have a higher incidence of direct 
communication with the pancreatic duct and are less like-
ly to resolve spontaneously [52]. Asymptomatic collec-
tions/cysts, in general, can be safely observed. Symptom-
atic collections/cysts will require drainage. High-quality 
evidence is lacking, but accumulating evidence has shown 
good results of endoscopic transduodenal and transgas-
tric drainage [3, 25, 53, 54]. Pancreatic ascites and pleural 
effusions can occur when there is a disruption or a leak 
from a pancreatic fluid collection or pseudocyst. The nat-
ural course of pancreatic ascites varies, but in some pa-
tients, it will resolve spontaneously or after conservative 
measures like parenteral or nasojejunal feeding. When 
unsuccessful, endoscopic intervention with papillotomy 
and/or stenting of the pancreatic duct have shown benefi-
cial results [3, 25, 55].

Bile duct obstruction is often seen in advanced stages 
of chronic pancreatitis and is usually directly related to an 
inflammatory mass in the pancreatic head. Symptomatic 
obstructions should be treated. Stenting of the bile duct is 
performed most often, but surgical drainage/bypass re-
mains the most definitive long-term solution [3, 25]. Sur-
gery should be considered in all patients who are fit for 
surgery and those without portal hypertension. The type 
of surgery depends on other associated morphological 
abnormalities. When an enlarged pancreatic head and/or 
duodenal stenosis is present, a pancreaticoduodenecto-
my seems most suitable. When an enlarged pancreatic 
duct is present, a Frey procedure with hepaticojejunos-
tomy can be considered.

Duodenal obstruction can be stented temporarily by 
endoscopy. However, surgery should provide the defini-
tive solution. The type of surgery depends on the mor-
phological abnormalities, ranging from kocherisation for 
a fibrotic band surrounding the duodenum, to a bypass 
operation i.e. gastroenterostomy or a pancreaticoduode-

nectomy when an inflammatory mass in the head of the 
pancreas is present [3, 25].

Haemorrhage associated with chronic pancreatitis can 
be due to portal hypertension with gastric varices, peptic 
ulcer disease and aneurysms of the vessels surrounding 
the pancreas. Depending on the cause, most cases can be 
managed endoscopically or by interventional radiology. 
Surgery should be the last resort and is aimed at control-
ling the bleeding [56].

Timing of Surgery in Chronic Pancreatitis

In the current literature and guidelines for painful 
obstructive chronic pancreatitis, inconsistency is found 
regarding the timing and choice for surgery or endos-
copy first [3, 23, 25]. Recently, multiple studies have sug-
gested that early surgery is superior in providing pain 
relief and improvement of quality of life, compared to 
the step-up approach in which medical therapy is fol-
lowed by endoscopy and finally surgery [4–6]. Delaying 
invasive treatment such as surgery was negatively asso-
ciated in an observational study, with the duration of 
pre-operative opioid use, multiple endoscopic interven-
tions and the duration of chronic pancreatitis [4]. In 
general, it has been shown for multiple disorders, in-
cluding chronic pancreatitis, that delayed interventions 
for chronic pain lead to ongoing opioid use, repeated 
episodes of intense pain, which are all directly related to 
poor pain outcome and the development of difficult to 
control chronic pain syndromes [13]. To provide an-
swers to the optimal timing of surgery in chronic pan-
creatitis, the Dutch Pancreatitis Study Group started the 
ESCAPE trial [57] Patients with painful obstructive 
chronic pancreatitis were included in an early phase of 
their disease, prior to any interventions and with a max-
imum of 2 months of opioid use. Patients were random-
ized to either surgery within 6 weeks after randomiza-
tion or the current step-up approach including endos-
copy. The Izbicki pain score, a validated pain score 
specific for chronic pancreatitis, was used as a primary 
outcome [28, 45, 58]. The study is not yet published, but 
an abstract confirming the superiority of early surgical 
intervention was presented at the United European Gas-
troenterology Week 2018.

Neuropathic Pain 

Failure to treat pain after invasive procedures in chron-
ic pancreatitis is not uncommon. A plausible explanation 
for these failures can be due to changes in pain processing 
[13, 23, 59]. Nociceptive input from the pancreas to the 
central nervous system can be altered by structural chang-
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es of the nerves innervating the pancreas resulting in hy-
peralgesia. Ongoing pain may induce peripheral sensiti-
zation (increased excitability) which will increase the no-
ciceptive drive to the central nervous system resulting in 
an increased reaction of pain-transmitting neurons (in-
crease in pain). This process may result in structural 
changes of the brain which makes patients vulnerable to 
a complex pain syndrome where nociceptive drive is not 
only located in the pancreas, but also in the peripheral 
and central nervous system.

In these categories of patients, it is very difficult to re-
solve pain by surgery or endoscopy. Neuropathic pain 
medication such as pregabalin and S-ketamine have 
shown some short-term beneficial results [17, 18]. A ran-
domized controlled trial with S-ketamine is currently on-
going [60]. Neuro-ablative procedures such as (endo-
scopic) celiac plexus blockade and bilateral thoracoscop-
ic splanchnicectomy were performed often in the past. 
Despite short-term benefits, long-term benefits were of-
ten absent; therefore, these procedures are only indicated 
in selected cases [61–63].

Future Perspectives

Patient selection for invasive procedures and timing of 
procedures seems to be crucial in the success of treat-
ments in chronic pancreatitis. Future research should aim 
at unravelling the full complexity of pain in chronic pan-
creatitis so we could better define different patient sub-
groups (continuous vs. recurrent pain patterns) and bet-
ter predict the success of interventions aimed to treat 
pain. Several prospective cohorts of patients are current-

ly focussing on pain characteristics, and these will result 
in a better understanding of the aspects of pain that are 
most amenable to treatment [64].

Conclusion

Based on recent high-quality evidence, (early) surgery 
is the most effective treatment for painful obstructive 
chronic pancreatitis. Interventional endoscopy still has an 
important role with good success rates, particularly in 
chronic pancreatitis patients with abnormalities confined 
to the head of the pancreas and when good ductal clear-
ance can be achieved. The preliminary results of the ES-
CAPE trial showed that early surgery outperforms conser-
vative treatment and endoscopy. When these data are 
confirmed in the final publication, this may have signifi-
cant implications for daily clinical practice. This would 
mean that early in the disease course chronic pancreatitis 
patients need to be discussed in multidisciplinary groups 
in expert centres and early surgery needs to be considered. 
If the present step-up approach of conservative treatment 
and endoscopy is followed, one should bear in mind not 
to miss an early window of opportunity to operate on sur-
gical treatable disease in chronic pancreatitis. Future re-
search should focus on the many aspects of pain in chron-
ic pancreatitis and how this is influenced by our interven-
tions to improve patient selection for invasive treatment.
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Laparoscopic Longitudinal Pancreaticojejunostomy for Chronic 
Pancreatitis
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ABSTRACT
Chronic pancreatitis is characterized by severe abdominal pain and progressive insufficiency of pancreatic endocrine/exocrine 
function. Pancreatic ductal drainage is one of the most important factors for the management of chronic pancreatitis. A longitudinal 
pancreaticojejunostomy is a simple and radical surgical treatment for pancreatic ductal drainage. However, in recent years laparoscopic 
pancreatic procedures have developed rapidly, and reports concerning laparoscopic pancreatic resection including laparoscopic longitudinal 
pancreaticojejunostomy have increased in number. Nevertheless, the benefits of laparoscopic longitudinal pancreaticojejunostomy 
for chronic pancreatitis compared with conventional open surgery are unclear. In this review, we note that laparoscopic longitudinal 
pancreaticojejunostomy is a technically feasible, safe and effective surgical procedure in selected patients with chronic pancreatitis. 
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INTRODUCTION
In patients with chronic pancreatitis, severe recurrent 

abdominal pain and functional endocrine/exocrine 
insufficiency of the pancreas are common and frequently 
debilitating [1–7]. The elevated pressure in the pancreatic 
ducts due to the obstruction of the pancreatic ducts is 
one of the main causes of the severe abdominal pain [8–
10]. The combination of the ductal decompression and 
continuous drainage using a surgical procedure or an 
endoscopic approach comprise the basis for the treatment 
of patients with chronic pancreatitis [11–14]. With the 
recent development of various endoscopic instruments 
and techniques, endoscopic treatment can now be used 
as a first-line medical option for chronic pancreatitis 
[15–19]. However, the authors of two studies that 
compared endoscopic and surgical treatments of chronic 
pancreatitis patients reported that surgical treatment was 
more effective than endoscopic treatment [20, 21]. In a 
prospective randomized trial, Dite et al. [20] observed that 
surgical treatment was superior to endoscopic treatment 
for long-term pain reduction in patients with painful 
obstructive chronic pancreatitis. Cahen et al. [21] also 
reported that the benefits of a surgical drainage procedure 
were demonstrated by more rapid, effective, and sustained 
pain relief compared to endoscopic treatment. In addition, 

Laramée et al. [22] found that surgical drainage treatment 
was highly cost-effective compared to endoscopic 
drainage treatment for patients with obstructive chronic 
pancreatitis.

Laparoscopic surgery was proposed as a minimally 
invasive alternative surgical procedure in the field 
of the pancreatic surgery [23–27]. Longitudinal 
pancreaticojejunostomy is a common and suitable 
surgical procedure to treat chronic pancreatitis patients 
with an obstructed and dilated main pancreatic duct 
[28–32]. Many studies of limited series of laparoscopic 
longitudinal pancreaticojejunostomy for the management 
of chronic pancreatitis have been reported [33–43], 
but the evaluations of the laparoscopic longitudinal 
pancreaticojejunostomy procedure have been limited and 
controversial. In this review, we discuss the current status 
of laparoscopic longitudinal pancreaticojejunostomy for 
chronic pancreatitis.

OPERATIVE TECHNIQUE
Laparoscopic trocars position of laparoscopic 

longitudinal pancreaticojejunostomy is about the same 
with laparoscopic distal pancreatectomy. We used 
five trocars (Figure 1). Severe adhesion between the 
posterior wall of the stomach and the anterior surface of 
the pancreas is often observed in patients with chronic 
pancreatitis. Such adhesion has been released with the 
use of several laparoscopic devices including laparoscopic 
coagulating shears (SonoSurg; Olympus, Tokyo), a 
vessel-sealing instrument (LigaSure; Covidien, Norwalk, 
CT), and an ultrasonically activated scalpel (Harmonic 
ACE; Ethicon, Cincinnati, OH). In these procedures, it is 
important to obtain a sufficient working space and ensure 
an adequate laparoscopic view. To maintain the exposure 
of the pancreas, the stomach is taped using sutures in two 
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Figure 3. (a.). Laparoscopic ultrasound is useful to identify the dilated 
main pancreatic duct, ductal strictures, pancreatic calcification, and 
pancreatic stones. (b.). Intraoperative laparoscopic ultrasound showing 
a dilated main pancreatic duct and a pancreatic stone.

places, and then the stomach is fixed to the abdominal 
wall. We called this method of retraction of the stomach 
the “stomach-hanging method” (Figure 2) [44]. It is often 
difficult to secure an adequate laparoscopic surgical field 
at the pancreatic tail. In this case, we used an endoscopic 
surgical spacer (Securea; Hogy Medical Co., Tokyo) to 
make the surgical space with appropriate isolation of the 
stomach and mesocolon without grasping organs [45].

In the longitudinal pancreaticoduodenectomy 
procedure for chronic pancreatitis, the main pancreatic 
duct is opened wide for complete drainage of the main 
pancreatic duct. To identify the main pancreatic duct, a 
thin needle such as a lumbar puncture needle is useful 
[36, 37]. The main pancreatic duct is confirmed by 
aspirating pancreatic juice. Laparoscopic ultrasound also 
helps to identify the dilated main pancreatic duct [43]. In 
addition, ultrasound is a useful tool for detection of the 
pancreatic stones in the pancreatic duct. We used a flexible 
laparoscopic ultrasound probe (Hitachi Aloka, Ltd., Tokyo) 
(Figures 3a, b). Pancreatic stones cause the obstruction of 
the main pancreatic duct and then cause the elevation of 
the pressure in the main pancreatic duct. The removal of 
the pancreatic stones is necessary to release the elevated 
pressure in the main pancreatic duct.

Usually, the pancreatic stones are removed under 
direct vision using laparoscopic grasping forceps. Sahoo 
et al. [43] reported that an endoscopic retrograde 
cholangiopancreatography basket viewed under a 
cystoscope was useful to remove leftover pancreatic 
stones in both the pancreatic head and tail end during 
a laparoscopic longitudinal pancreaticojejunostomy. 
However, the identification of the main pancreatic duct 
under laparoscopic guidance is unexpectedly difficult. 
In fact, Tantia et al. [36] reported that four patients 
required conversion to open surgery, and in three of these 
procedures the main pancreatic duct could not be isolated 
laparoscopically.

Figure 1. Placement of the five trocars.

Figure 2. To maintain the exposure of the pancreas, the stomach is 
taped using sutures in two places, and then the stomach is fixed to the 
abdominal wall.
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Pancreatic fistula is one of the most common and 
serious complications after pancreatic surgery [49–
51]. We suspected that a laparoscopic longitudinal 
pancreaticojejunostomy for chronic pancreatitis would 
require a long operative time, but this procedure is safer 
for chronic pancreatitis. Glaser et al. [35] reported the 
use of a laparoscopic linear stapler device in laparoscopic 
longitudinal pancreaticojejunostomy. Anastomosis using 
a laparoscopic linear stapler is a familiar procedure for 
the drainage of the pancreatic pseudocyst. This technique 
is simple, easy and useful when the main pancreatic duct 
is extremely dilated and there are no residual pancreatic 
stones or stenosis of the main pancreatic duct.

OPERATIVE OUTCOMES
The main published series of laparoscopic longitudinal 

pancreaticojejunostomy for chronic pancreatitis are 
listed in Table 1. A total of 60 patients in the 11 available 
reports are featured in this review. Conversion to open 
surgery was required in five patients (8%). The reason for 
conversion was an inability to detect the main pancreatic 
duct under laparoscopic guidance in three of the patients 
and bleeding from branches of the splenic vein in the 
other two patients. The operating times ranged from 103 
to 390 min. The case with the longest operative time was 
performed by robotic surgery. There were no operative 
mortalities. Postoperative complications were observed in 
five of the 60 patients (8%).

One of the most common and serious complications after 
pancreatic surgery is pancreatic fistula. In this series, only 
one patient (2%) showed postoperative pancreatic fistula. 
Several studies have shown that nonfibrotic pancreas, so-
called ‘soft pancreas,’ is one of the most important risk 
factors for postoperative pancreatic fistula after pancreatic 
surgery [46–48]. Chronic pancreatitis is characterized by 
severe pancreatic fibrosis with the destruction of endocrine 
and exocrine pancreatic function [1–7]. Both pancreatic 
fibrosis and low pancreatic function are favorable to 
prevent a pancreatic fistula in chronic pancreatitis. Nealon 
et al. [12] reported that the complication rate, including 
pancreatic fistula, in conventional pancreaticojejunostomy 
for chronic pancreatitis was 4% for 124 patients.

The length of hospital stay can provide a valid measure 
of the invasiveness of an operative procedure. In this series 
of 60 patients, the range of length of hospital stay was 
from 3 days to 10 days. These length of hospital stay data 
are probably affected by a bias, because the studies were 
retrospective and the sample sizes were too small. Another 
parameter of invasiveness is intraoperative blood loss. 
Laparoscopic approaches using a magnified view have a 
potential advantage in that there is improved visualization 
of the anatomy for the resection of adhesive tissues and 
vessels along appropriate planes during a laparoscopic 
longitudinal pancreaticojejunostomy for chronic 
pancreatitis. However, there has been no randomized 
controlled study on laparoscopic versus conventional 
open longitudinal pancreaticojejunostomy for chronic 

Khaled et al. [42] reported that the diameter of 
the main pancreatic duct in five patients who had 
undergone a complete laparoscopic longitudinal 
pancreaticoduodenectomy was 6–11 mm. They also 
noted that the use of laparoscopic ultrasound facilitated 
the identification of the pancreatic duct. Palanivelu et 
al. [37] reported that a good candidate diameter of the 
main pancreatic duct for a laparoscopic longitudinal 
pancreaticoduodenectomy was approx. 10 mm or larger. 
Sahoo et al. [43] reported that all 12 of their patients 
showed a diameter of more than 14 mm.

In most cases, a Roux loop of jejunum is fashioned and is 
brought to the lesser sac via the retrocolic route. A side-to-
side longitudinal pancreaticojejunostomy is reconstructed 
laparoscopically using a single layer of continuous 
or interrupted sutures. The pancreaticojejunostomy 
should cover nearly the entire length of the dilated main 
pancreatic duct; otherwise, the insufficient length of the 
pancreaticojejunostomy presents the risk of obstructing 
the pancreaticojejunostomy, and this result causes the 
recurrence of the severe pancreatic pain post-surgery. We 
opened widely the main pancreatic duct using SonoSurg 
(Olympus) (Figure 4).

In general, it is difficult to suture laparoscopically in a 
pancreaticojejunal anastomosis for chronic pancreatitis, 
because chronic pancreatitis is accompanied by hard 
pancreatic parenchyma due to severe inflammation 
and pancreatic fibrosis. Santoro et al. [34] reported a 
laparoscopy-assisted longitudinal pancreaticojejunostomy 
with the mini-laparotomic left subcostal procedure for 
chronic pancreatitis patients with severe fibrotic pancreatic 
parenchyma. The hand-assisted laparoscopic surgery 
(HALS) strategy is also useful for pancreaticojejunal 
anastomoses for hard pancreatic parenchyma. The handling 
of a needle during pancreaticojejunal anastomoses for 
chronic pancreatitis is technically difficult because of the 
hard pancreatic parenchyma. However, it is well known 
that the postoperative risk of a pancreatic fistula of a hard 
pancreas such as that observed in chronic pancreatitis is 
low [46–48].

Figure 4. The main pancreatic duct is opened longitudinally.
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pancreatitis, and it is thus difficult to determine whether 
a laparoscopic longitudinal pancreaticojejunostomy is less 
invasive compared to an open conventional operation.

Pain relief is the most important endpoint in evaluating 
the success of a longitudinal pancreaticojejunostomy for 
chronic pancreatitis [1–7]. In the present series, Tantia et 
al. [36] reported that 82% of their 17 patients were pain-
free. In reports of more than 10 cases, Palanivelu et al. [37] 
reported the rate of 83% of complete pain relief, and Sahoo 
et al. [43] reported the rate of 100% pain relief. However, a 
consensus statement by the American Gastroenterological 
Association following a review of studies evaluating the 
conventional longitudinal pancreaticojejunostomy for 
chronic pancreatitis stated that 60%–70% of the patients 
achieved continued pain relief [31]. These findings suggest 

that there are no significant differences between the 
laparoscopic and conventional procedures concerning 
pain control.

Another important endpoint is the preservation of 
pancreatic function. One of the postoperative advantages 
of longitudinal pancreaticojejunostomy compared to 
pancreatic resection for chronic pancreatitis is the 
preservation of the pancreatic function based on the 
preservation of the pancreatic parenchyma. Palanivelu et al. 
[37] reported that all 10 patients (100%) who underwent 
a laparoscopic longitudinal pancreaticojejunostomy 
achieved significant weight gain due to the improvement 
of their nutrition state. A recent systemic review by Yang 
et al. [52] supported early surgical treatment for chronic 
pancreatitis patients, not only for pain management but also 

Table 1. Main published series of laparoscopic longitudinal pancreaticojejunostomy for chronic pancreatitis.

Authors Published 
Year

No. of 
Patients

Conversion to 
Open Surgery

Operating 
Time (min)

Blood Loss 
(mL)

Mortality 
(%)

Morbidity 
(%)

Hospital 
Stay (days)

Follow-up

Kurian et al. 
[33]

1999 5 1, bleeding 240a NAb 0 20 
1, 

pancreatic 
fistula

3 - 7 5 to 30 months; 3 patients 
obtained pain relief,one patient 
died of coronary insufficiency, 

one paient had recurrence 
of pain which necessitated a 

thoracoscopic splanchnicectomy
Santoro et al. 
[34]

1999 1 0 140 NA 0 0 7 NA

Glaser et al. 
[35]

2000 1 0 115 NA 0 0 NA 8 months; no dilatation of the 
pancreatic duct and no recurrent 

pancreatitis
Tantia et al. 
[36]

2004 17 4 
3, inability to 

isolate the main 
pancreatic duct;                                  

1, bleeding

277a 
377a, three 

patients 
were 

performed 
aditional 

procedures

NA 0 11.8 
1, wound 
infection;
1, internal 
herniation

4 - 7 3 to 12 months, 14 patients 
obtained pain relief, 16 patients 

showed no weight loss, one 
patient increased pain

Palanivelu et 
al. [37]

2006 12 0 178.5 (113-
225)a

NA 0 8                                    
1, wound 
infection

4 - 7 6 to 84 months, 10 patients 
obtained pain relief, all patients 
showed significant weight gain

Khaled et al. 
[38]

2011 1 0 360 200 0 0 5 7 months, pain relief and showed 
resolution of the pancreatic ductal 

dilatation
Palanivelu et 
al. [39]

2011 1c 0 220 NA 0 0 5 3 months, pain relief and all 
pancreatic enzyme supplements 

were withdrawn
Meehan et 
al. [40]

2011 1d 0 390 NA 0 0 8 24 months, pain relief

Zhang et al. 
[41]

2012 4e 0 121 (103 - 
154)a

minimal 0 0 4 - 6 3 to 25 months; all patients 
obtained pain relief, all patients 
showed significant weight gain

Khaled et al. 
[42]

2014 5 0 270 (250 - 
360)a

150 (50-
320)f

0 20 
1, post-

operative 
pancreatic 
bleeding

5 - 8 10 to 35 months; 4 patients 
obtained pain relief, 1 patient had 

reduced pain

Sahoo et al. 
[43]

2014 12 0 262.5 (210-
310)a

NA 0 0 5 - 10 1 to 28 months; all patients 
obtained pain relief, all patients 

showed normal pancreatic 
anatomy by CT

aMedian (range)
bNA: Not available
cSingle-site surgery
dRobotic surgery
eAll patients were children who underwent pancreatic ductal dilatation.
fIncluding one patient who underwent the Beger procedure
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for a reduced risk of pancreatic insufficiency. In the near 
future, laparoscopic longitudinal pancreaticojejunostomy 
at the early stage will be justified as a minimally invasive 
treatment for chronic pancreatitis.

CONCLUSION
Laparoscopic longitudinal pancreaticojejunostomy is a 

feasible, safe and effective surgical procedure for chronic 
pancreatitis patients with a dilated main pancreatic duct in 
the absence of an inflammatory pancreatic head mass, as 
well as conventional open surgery. However, at the present 
time, laparoscopic longitudinal pancreaticojejunostomy is 
still in the early phase of introduction, and we recommend 
that this procedure is performed only in carefully selected 
patients by highly skilled laparoscopic pancreatic surgeons 
with an experienced surgical team at a high-volume 
pancreatic surgery center.
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Laparoscopic Lateral Pancreatico-jejunostomy: An Experience from 
a Tertiary Care Center
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ABSTRACT

Background: Surgical options for patients of chronic pancreatitis with refractory pain include drainage and/or resectional 
procedures. Lateral pancreatojejunostomy (LPJ), the commonly performed drainage operation has traditionally been 
done as open procedure.  Laparoscopic LPJ is a technically demanding procedures and is presently gaining acceptance 
in many centers.
Patients and methods: Retrospective analysis of prospectively maintained patient database of chronic pancreatitis at our 
center from January 2007 to April 2018.
Results: During the study period, 41 patients underwent laparoscopic LPJ and constituted the study group. Of the 41 
patients, 26 were male.Their mean age was 30.7 (7-51) years. Pain was the main indication of surgery. Nine patients 
had diabetes and 6 had steatorrhea. The mean MPD diameter was 13.6 (8-25) mm. The mean duration of surgery was 
180 (140-340) min and blood loss was 110 ml. There was no mortality. Postoperative hospital stay was 5 (3-9) days and 
satisfactory pain relief was seen in 91% on at least 3 months follow-up. Follow-up period ranged from 1 to 109 months 
(average-43.6 months).
Conclusions: Laparoscopic LPJ is feasible and safe with good short and long-term outcomes in selected groups of 
patients.However, it is a technically demanding procedure and should be done by a surgeon well versed with laparoscopic 
skills including suturing and knotting.. 

KEYWORDS: Laparoscopic, Lateral pancreatico-jejunostomy, Chronic pancreatitis.

Introduction

Chronic pancreatitis (CP) is a chronic inflammatory 
condition characterized by fibrosis of the gland. It 
clinically manifests with severe abdominal pain, exocrine 
and endocrine insufficiency. Although there are many 
mechanisms of pain in CP, the most accepted one is 

increased intraductal/intraparenchymal pressure, known 
as‘ theplumbing theory’, which forms the theoretical 
background of most interventions including surgical and 
endoscopic drainage procedures1. Several studies have 
suggested that surgical procedures are superior to and more 
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effective than endoscopic therapy for management of CP2,3.  
Surgical procedures for CP are divided into resectional 
procedures, drainage procedures and a combination of 
both of these. Lateral pancreatojejunostomy (LPJ) is the 
commonly done drainage procedure. It is traditionally 
done as an open procedure. With advancement in 
laparoscopic surgery, laparoscopic LPJ is recently 
gaining acceptance in many centers. However, many 
studies are limited to case reports/case series. Our center 
isa tertiary care referral center for hepato-pancreato-
biliary (HPB) diseases with a dedicated and experienced 
team of laparoscopic surgeons. We have earlier published 
our experience of managing HPB diseases including 
malignancies laparoscopically4,5. Hereby we would 
like to share our experience of laparoscopic LPJ in the 
management of CP and to the best of our knowledge; it is 
one of the largest series in the world.

Patients and Methods

We did a retrospective analysis of a prospectively 
maintained patient database of chronic pancreatitis 
patients undergoing surgical intervention in the department 
of surgical gastroenterology, GB Pant institute of Post 
Graduate Medical Education and Research, New Delhi  
from January 2007 to April 2018. 

 Of more than 450 patients who underwent surgical 
intervention for CP during the study period, 41 patients 
were treated by laparoscopic LPJ which constituted the 
study group. Before subjecting the patients to surgery, 
their need for surgery and the expected outcomes were 
discussed in a multidisciplinary meeting consisting of 
surgeons, medical gastroenterologists and radiologists.  
Once the decision for surgery was undertaken, all patients 
were thoroughly evaluated by history and physical 
examination. Routine blood investigations including 
hemogram, liver function tests (LFT), kidney function 
tests (KFT), serum electrolytes (SE), blood sugar, chest 
X ray and electrocardiogram (ECG) were done in all the 
patients. Blood sugar levels were optimised in diabetic 
patients and HbA1c was done before surgery. Tumour 
markers (carcino-embryonic antigen CEA and CA 19-9)
were done in patients suspected to have a mass in the 
pancreatic head.

 Radiological investigations performed in 
patients with suspected pancreatic head mass included 
ultra-sonography (USG), contrast enhanced computed 
tomography (CECT) (Figure 1a and 1b), magnetic 
resonance imaging with cholangio-pancreatography 
(MRCP) (Figure 1c and 1d), and endoscopic ultrasound 
(EUS) with or without fine needle aspiration cytology 
(FNAC). 

Surgical Technique

After induction by general anesthesia, nasogastric tube 
and Foleys catheter were inserted. Patients were placed 
in supine leg split position with 45 degree elevation. 
Pneumoperitoneum was created by Veress needle through 
Palmer’s point.

Port positioning

11 mm camera port- 3 cm, infra umbilical in the midline.

5 mm ports- right and left para rectal, above and lateral to 
camera port.

5 mm port- epigastric. 

12 mm port- right iliac fossa in the midclavicular line.

Figure 1 (a & b): CECT abdomen of a patient with 
chronic pancreatitis showing atrophic pancreas with 
dilated pancreatic duct with intraductal calculi;  
(c & d): MRCP showing dilated main pancreatic duct 
and side branches with intraductal filling defect. 
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Exposure of the pancreas

The lesser sac was entered by dividing the gastro-
colic omentum away from the gastro-epiploic arcade  
(Figure 2a). Adhesions between the pancreas and 
posterior surface of the stomach were released if present. 
Right gastro epiploic vessels were ligated if necessary. 
The entire anterior surface of the pancreas from C-loop 
of the duodenum to the tail of the pancreas was exposed. 

Lifting the stomach away from the pancreas

Nylon suture 2-0 was passed from the left side of the 
abdominal wall, two sero-muscular bites were taken from 
the posterior surface of the stomach and then brought out 
through the abdominal wall on the right side. Both ends 
are tied on the abdominal wall lifting the stomach away 
from the pancreatic surface.

Identifying and opening the pancreatic duct

In patients with dilated pancreatic duct, studded with 
multiple large stones, the duct was opened directly using 
a harmonic scalpel keeping the active limb directly over 
the stone. In other patients, needle puncture was done to 
confirm the site of duct (Figure 2b) and then the puncture 

site was enlarged using the harmonic scalpel (Figure 2c).
The duct was opened on both the sides, extending from 
tail of the pancreas to within 1cm of C-loop of duodenum 
(Figure 2d). Stones were removed by using Maryland 
dissector and endo-bowel grasper (Figure 3a) and were 
collected in an endobag and removed. (Figure 3b)

Creating the Roux limb of jejunum

The jejunal limb was divided 20 cm distal to duodeno-
jejunal (DJ) flexure by using endo GIA stapler. The Roux 
limb was taken to the supracolic compartment through the 
mesocolic window and fixed to the tail of the pancreas. 
Side to side jejuno-jejunal (J-J) anastomosis was done 
by using endo GIA stapler (Figure 3c), and the common 
enterotomy site was closed by using polypropelene 3-0, in 
single layer continuous fashion.

Lateral pancreatico-jejunosotomy (LPJ)

The jejunal limb was opened in the ante-mesenteric border 
using harmonic scalpel. LPJ was done by using PDS 3-0, 
in continuous fashion, starting from the tail end, initially 
in the posterior layer, and then continued anteriorly at the 
head region towards the tail of the pancreas (Figure 3d).

Figure 3 (a & b): Removal of Stones using Maryland 
dissector and endo-bowel grasper and collecting in 
an endobag; (c): Side to side jejuno-jejunal (J-J) 
anastomosis  using endo GIA stapler; (d): LPJ using 
PDS 3-0, in continuous fashion, starting from the tail 
end, initially in the posterior layer, and then continued 
anteriorly at the head region towards the tail of the 
pancreas. 

Figure 2 (a): Opening of the lesser sac by dividing the 
gastro-colic omentum away from the gastro-epiploic 
arcade; (b): Needle puncture  to confirm the site of 
duct; (c & d): Laying open the pancreatic duct and 
extending on both the sides, from tail of the pancreas 
to within 1cm of C-loop of duodenum.
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Drain placement

After ensuring haemostasis, drain was placed into the 
lesser sac.
The port sites (>10 mm) sheaths were closed using 
Vicryl No1 suture and the skin was closed with staples  
(Figure 4).
Patients were allowed orally on post operative day  
(POD) 1. The drain was removed when the output was 
less than 50 ml. 
Follow up was done 1week after discharge and 1month 
after discharge followed by once every 3 months.

Results

During the study period, 41 patients underwent a 
laparoscopic LPJ and constituted the study group. Patients 
who were converted to open procedure and lap assisted 
procedures were excluded from the study. There were 26 
males and 15 females. The mean age of the subjects was 
30.7 (7-51) years. 2 patients were children (<12 years).
Pain was the main indication of surgery in all the patients. 
Nine patients had diabetes and 6 patients had steatorrhea. 
None of the patients had gastric outlet obstruction or 
gastro-intestinal bleeding. The mean MPD diameter 
was 13.6 (8-25) mm. Almost all patients had pancreatic 
ductal calculi with or without parenchymal calcifications. 
The pancreatic duct was opened from head to tail of the 
pancreas, removing all the stones from the MPD and 
dilated side branches if any. 

 The mean duration of surgery was 180 minutes 
(140-340). The duration of surgery was more for 
the initial few cases and gradually decreased as the 
experience increased. In addition the surgical duration 
was also determined by the presence of peri-pancreatic 
adhesions and difficulty in identifying MPD in patients 
with small-sized ducts.However, with proper patient 
selection like absence of inflammatory changes and 
dilated MPD on preoperative imaging, the surgical 
duration could be reduced in a good number of patients.
There was no procedure related mortality and no major 
complications. None of the patients developed pancreatic 
leak. Postoperative hospital stay was 5 (3-9) days and 
satisfactory pain relief was seen in 91% of patients with 
mean follow up of 43 months.

Discussion

Chronic pancreatitis (CP) is a progressive inflammatory 
disorder characterized by irreversible destruction of 
pancreatic parenchyma, associated with disabling chronic 
pain and permanent loss of exocrine and endocrine 
function6. Although there is limited understanding of the 
pathophysiological process of pain, ductal decompression 
remains the most effective and commonly done procedure 
in patients with dilated MPD and intractable pain. Surgical 
intervention for chronic pancreatitis is commonly accepted 
as the most effective therapeutic option for pain control 
and management of complications. When compared to 
endotherapy, surgery is associated with superior long-
term pain reduction in patients with painful obstructive 
chronic pancreatitis. Surgical procedures are commonly 
divided into decompressive and resectional procedures 
or a combination of both. There is some evidence that 
early surgical duct decompression in patients with a 
dilated pancreatic duct andrelatively preserved glandular 
function can delay the onset of pancreatic exocrine and 
endocrine failure.

 Lateral Roux-en-Y pancreatojejunostomy 
(Partington–Rochelle’s technique) is the most commonly 
done surgical decompression procedure, especially in 
patients with dilated pancreatic duct and without head 
mass. Traditionally, the procedure is done as an open 
technique.

Figure 4: Postoperative abdominal scars following a 
laparoscopic LPJ.
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 As the exposure in laparoscopic procedures 
increases, the advantage of minimal access surgery can 
be extended to CP in selected group of patients. There 
has been a slow and steady rise in the application of 
minimally invasive surgery to pancreatic surgeries as 
is evident by the increasing number of laparoscopic 
pancreaticodudoenectomy series being published. 
However, there have been fewer series of laparoscopic 
LPJ.

 Technical difficulty in controlling hemorrhage in 
the pancreatic region, dissection around important blood 
vessels, difficulty in identification of the duct, especially 
in the absence of laparoscopic ultrasound and the 
complexity involved in reconstruction have necessitated 
a steep learning curve for surgeons. Less bleeding in 
laparoscopic surgery has been attributed to magnification 
and better visualization. Few case series have concluded 
that laparoscopic LPJ being safe, feasible and effective in 
selected patients with CP. However, the basic requirement 
for the same is mastery in the technique of intra corporeal 
knotting and suturing8. 

 Kurian and Gagner were the first to perform 
successful laparoscopic pancreaticojejunostomy. In their 
study, four of the five patients were pain-free, with 5- to 
30-month follow-up. They concluded that laparoscopic 
pancreaticojejunostomy can be performed safely in 
selected patients with chronic pancreatitis9. 

 In patients without a pancreatic head mass, both 
Frey’s and LPJ are equally efficacious in pain relief10. 
Although laparoscopic Frey’s procedure for CP is 
feasible in carefully selected patients, the risk of bleeding 
is more compared to simple drainage procedure leading 
to increased rates of conversion to open procedure11. In 
a study comparing LPJ and Frey’s procedure, both the 
procedures had equivalent benefit in terms of short-term 
pain reduction in selected patients. The authors also 
concluded that decompression of the pancreatic duct 
carried completely into the pancreatic head is a critical 
component in the success of the procedure10. All our 
patients underwent ductal decompression throughout the 
length of the gland as well from within 1cm of the ‘C’ 
loop of the duodenum to the tail of the pancreas. In our 
study, we excluded patients with suspected pancreatic 

head mass on preoperative imaging. We believe that, in 
patients without pancreatic head mass, head coring is not 
required, and ductal drainage alone is sufficient. Ductal 
drainage also helps decrease the morbidity associated 
with Frey’s procedure. 

 Another important factor to be considered while 
selecting patients for LLPJ is the diameter of the MPD, as 
it is technically easier to do intracorporeal suturing with 
larger duct as compared to small duct disease. The mean 
MPD diameter in our study was 13.6 mm with the smallest 
diameter being 8 mm. Identification of the pancreatic duct 
itself is an important part of the procedure, as few of our 
patients in the initial part of the study needed conversion 
to open procedure due to difficulty in identifying the duct.
In patients with dilated pancreatic duct, studded with 
multiple large stones, the duct can be opened directly 
with a harmonic scalpel, keeping the active limb directly 
over the stone. In other patients, needle puncture and 
aspiration can be done to confirm the site of duct followed 
by enlarging the puncture site using the harmonic scalpel. 
Duct opening extending from the tail of the pancreas to 
within 1cm of the C-loop of the duodenum is critical as 
inadequate opening can lead to recurrence of pain. Stones 
which are present in the side branches should also be 
removed. Stones were removed using Maryland dissector 
and endo-bowel grasper and were collected in an endobag.

 In the preoperative workup, it is essential to 
exclude the presence of any pancreatic and peripancreatic 
inflammatory changes as they may be associated with 
adhesions between the pancreas and the posterior gastric 
wall. In addition there may be excessive bleeding and 
difficulty in identifying the duct.

Variables
Age in years (mean, range) 30.7 (7-51)
Male:Female 26:15
Diabetes 9
Exocrine insufficiency 6
MPD diameter in mm (mean, range) 13.6 (8-25)
Duration of surgery in minutes (mean, range) 180 (140-340)
Blood loss in ml (mean, range) 110
Follow up in months (range, mean) 1-109 (43.6)

Table 1: Demographic data.
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 Mastery in intracorporeal suturing and knotting 
is an essential component of LLPJ. We did pancreatico-
jejunal anastomosis by both interrupted and continuous 
suture technique. Although both the techniques are equal 
in terms of pancreatic leak, continuous suturing is less 
time consuming and bleeding from the cut edges of the 
duct and jejunum, if any, is better controlled. Single layer 
anastomosis was done using 3-0 PDS suture,starting from 
the tail end of the pancreas posteriorly and continuing into 
the anterior part at the head region.

 Laparoscopic LPJ is an effective decompressive 
procedure for pain relief in patients with chronic 
calcific pancreatitis with ductal dilatation with the 
added advantages of minimal invasive surgery like 
cosmesis, less pain and a short hospital stay. The mean 
hospital stay was 5 days, which is shorter than that of 
open pancreaticojejunostomy (median hospital stayof 8 
days)12. Similar to adults, LLPJ for children with chronic 
pancreatitis is safe and effective. In a study by Jin-Shan 
Zhang et al. 4 patients with chronic pancreatitis underwent 
LLPJ, with operative times ranging from 103 to 154 min. 
The averagepostoperative hospital staywas 4 to 6 days13. 
However, all the patients had protein plugs causing ductal 
obstruction. In our study, 2 patients were children (<12 
years) and both had dilated ducts with multiple calculi.
Mean follow up was 43.6 months (ranging from 1-109 
months).

 In the initial few cases, laparoscopic assisted 
LPJ was done with the open part involving mainly the 
LPJ anastomosis. However, with increase in experience 
we were able to complete the procedure laparoscopically 
with simultaneous improvement in the operating time. 
Few cases also needed conversion to open procedure 
due to dense adhesions and bleeding. However, both 
laparoscopic assisted and laparoscopic converted 
procedures were excluded from the study.

 The successful outcome of LLPJ is mainly based 
on the selection of patients preoperatively. To summarize, 
dilated ducts without head mass and inflammatory changes 
are the key to success of the surgery and better post-
operative outcomes. Cross sectional imaging, especially 
CECT abdomen is the main imaging modality that helps 
us in the proper selection of these patients.

Conclusions

Laparoscopic LPJ is feasible and safe with good short 
and long-term outcomes in selected groups of patients. 
However, it is a technically demanding procedure and 
should be done by a surgeon well versed with laparoscopic 
skills including suturing and knotting.
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Guideline summary
Diagnosis and management of pancreatic
exocrine insufficiency
Mehrdad Nikfarjam1,2, Jeremy S Wilson3, Ross C Smith4, Australasian Pancreatic Club Pancreatic Enzyme Replacement
Therapy Guidelines Working Group
Abstract
ancreatic exocrine insufficiency (PEI) occurs when normal
digestion cannot be maintained due to insufficient
 Introduction: In 2015, the Australasian Pancreatic Club (APC)

published the Australasian guidelines for the management of
pancreatic exocrine insufficiency (http://pancreas.org.au/2016/
01/pancreatic-exocrine-insufficiency-guidelines). Pancreatic
exocrine insufficiency (PEI) occurs when normal digestion
cannot be sustained due to insufficient pancreatic digestive
enzyme activity. This may be related to a breakdown, at any
point, in the pancreatic digestive chain: pancreatic stimulation;
synthesis, release or transportation of pancreatic enzymes; or
synchronisation of secretions to mix with ingested food.

Main recommendations: The guidelines provide advice on
diagnosis and management of PEI, noting the following:
� A high prevalence of PEI is seen in certain diseases and

conditions, such as cystic fibrosis, acute and chronic
pancreatitis, pancreatic cancer and pancreatic surgery.

� The main symptoms of PEI are steatorrhoea or diarrhoea,
abdominal pain, bloating and weight loss. These symptoms
are non-specific and often go undetected and untreated.

� PEI diagnosis is predominantly based on clinical findings and
the presence of underlying disease. The likelihood of PEI in
suspected patients has been categorised into three groups:
definite, possible and unlikely.

� If left untreated, PEI may lead to complications related to fat
malabsorption and malnutrition, and have an impact on
quality of life.

� Pancreatic enzyme replacement therapy (PERT) remains the
mainstay of PEI treatment with the recommended adult
initial enzyme dose being 25 000e40 000 units of lipase per
meal, titrating up to a maximum of 75 000e80 000 units of
lipase per meal.

� Adjunct acid-suppressing therapy may be useful when
patients still experience symptoms of PEI on high dose PERT.

� Nutritional management by an experienced dietitian is
essential.

Changes in management as a result of these guidelines: These
are the first guidelines to classify PEI as being definite, possible
or unlikely, and provide a diagnostic algorithm to facilitate the
early diagnosis of PEI and appropriate use of PERT.
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P pancreatic digestive enzyme activity in the small in-
testines.1 PEI has non-specific symptoms shared with other
pancreatic diseases and gastrointestinal conditions2-4 and can
result from damage to the pancreas where gross alteration of
structure or functional change occurs.1

The main clinical PEI symptoms are steatorrhoea or diarrhoea,
abdominal pain and weight loss.5 If left untreated, PEI can lead to
malnutrition and related complications,6 as well as poor quality of
life due to persistent gastrointestinal symptoms.7,8 An early and
accurate PEI diagnosis and successful treatment are clinically
important and of clear benefit to patients.5

Methods

This article summarises the Australasian guidelines for the manage-
ment of pancreatic exocrine insufficiency, published by the Austral-
asian Pancreatic Club (APC) in 2015.9 The guidelines apply a
diagnostic algorithm to categorise patients into three groups based
on the likelihood of PEI: definite, possible, and unlikely.9 The
recommendations are based on the Oxford Centre for Evidence-
based Medicine system for grading the level of evidence
(http://www.cebm.net/oxford-centre-evidence-based-medicine-
levels-evidence-march-2009), with the addition of level 3c: critical
review of literature (Box 1). Strength of agreement for recom-
mendations was gauged through electronic questionnaires
distributed to the members of the working group.

Recommendations

Prevalence
A number of diseases and conditions are known to be associated
with PEI. For example, PEI is estimated to occur in 94% of patients
with chronic pancreatitis (10e15 years after clinical onset);10,11

> 85% of patients with cystic fibrosis;12-14 74% of patients after
pancreatic resection surgery;15 and 92% of patients with unre-
sectable pancreatic cancer.16 The general level of PEI prevalence
(high to low probability) can be assigned to different patient pop-
ulations (Box 2).9

There are limited reliable data on the prevalence of PEI in the
general population.5 PEI often goes undetected and patients
referred from primary care may not represent the majority of PEI
sufferers within the community.3,4,17,18

Pathophysiology
Various factors, including extrapancreatic conditions, may reduce
pancreatic enzyme activity within the intestinal lumen if they
interrupt the chain of events required for normal meal digestion.
Failure at any stage in the process — which includes pancreatic
1 Austin Health, Melbourne, VIC. 2University of Melbourne, Melbourne, VIC. 3South Weste
Royal North Shore Hospital, University of Sydney, Sydney, NSW. mehrdad.nikfarjam@
stimulation, synthesis and release of digestive enzymes by
pancreatic acinar cells, enzyme transportation through the duct
system, and synchronisedmixing of the pancreatic secretions with
ingested food— may lead to PEI.5

The pathophysiology of PEI has four possible aetiologies:1

� Damage: the pancreatic parenchyma is no longer able to
synthesise the required amounts of digestive enzymes.

� Asynchrony: dissociation of normal postprandial digestive
enzyme secretions and intestinal meal delivery. This can occur
in conditions such as short bowel syndrome, Crohn’s disease
or after gastric, biliary or pancreatic resections or bypass
procedures.
rn Sydney Clinical School, Liverpool Hospital, UNSW, Sydney, NSW. 4Kolling Institute,
gmail.com j doi: 10.5694/mja16.00851
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1 Levels of evidence*

1a Systematic reviews (with homogeneity) of RCTs

1b Individual RCTs (with narrow confidence interval)

1c All or none RCTs

2a Systematic reviews (with homogeneity) of cohort studies

2b Individual cohort study or low quality RCTs (eg, < 80% follow-up)

2c Outcomes research; ecological studies

3a Systematic review (with homogeneity) of caseecontrol studies

3b Individual caseecontrol study

3c Critical review of the literature, including multiple experimental
and observational studies

4 Case series (and poor quality cohort and caseecontrol studies)

5 Expert opinion without explicit critical appraisal, or based on
physiology, bench research or first principles

RCT ¼ randomised controlled trial. * Adapted from the Australasian Pancreatic Club
guidelines,9 based on the Oxford Centre for Evidence-based Medicine system for
grading the level of evidence (http://www.cebm.net/oxford-centre-evidence-
based-medicine-levels-evidence-march-2009). u
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� Obstruction: pancreatic duct blockage affects the transport of
digestive enzymes and other secretions into the duodenum.

� Decreased endogenous stimulation: decreased stimulation of
enzyme production is particularly noted with coeliac disease.

Pancreatic exocrine secretions may be substantially reduced
without producing clinical manifestations of PEI.5 Pancreatic
lipases, for example, need to be reduced to 5e10% of normal post-
prandial levels before steatorrhoea, the main PEI clinical symptom,
is evident.19 This is linked to compensatory enzyme mechanisms
and the high reserve capacity of the pancreas.19 Themechanisms for
2 Likelihood of pancreatic exocrine insufficiency (PEI) in
various patient populations*

Patient groupy Likelihood of PEI

Cystic fibrosis (pancreatic insufficiency) 100% (definite)

Total pancreatectomy

Severe chronic pancreatitis (with calcific
changes, steatorrhoea, weight loss)

Tumour destroying head of pancreas

Acute pancreatitis destroying head of pancreas

Mild and moderate chronic pancreatitis 30e70% (possible)

After severe acute pancreatitis

After severe pancreatitis

After pancreatic surgery (Whipple procedure)‡

Type 2 diabetes < 10% (unlikely)

Irritable bowel syndrome

Coeliac disease

Inflammatory bowel disease

Older people (with weight loss)

Bowel resection

* Adapted from the Australasian Pancreatic Club guidelines.9 † Diseases and
conditions either associated with or known to cause PEI. ‡ After pancreatic surgery
in the setting of pancreatic cancer (which is often associated with chronic
pancreatitis) and in the setting of chronic pancreatitis alone may be more
definite indications for PEI. u
development of PEI and its clinical consequences are sum-
marised in Box 3.
Diagnosis
The symptoms of PEI are gastrointestinal-related and non-specific.
If undiagnosed, patients may have ongoing symptoms such as
diarrhoea and abdominal pain that can sometimes bemistaken as a
functional bowel disorder.3,18 PEI symptoms can vary frompatient
to patient, and are dependent on the degree of PEI experienced and
its aetiology.5

In practice, an initial suspicion of PEI is based on the clinical
assessment of the patient, self-reported bowel movements, and
weight loss (or failure to thrive in children).However, an important
factor to remember is that the reliance on patient symptoms alone
may lead to under- or overdiagnosis.5

Morphological and functional assessments can bemade to confirm
diagnosis (Box 4). Initially, computed tomography can identify
gross pancreatic structural changes and is readily available.
However, these changes are not always specific and may require
further investigation with magnetic resonance imaging, endo-
scopic ultrasound and, rarely, secretin-enhanced magnetic reso-
nance cholangiopancreatography or endoscopic retrograde
cholangiopancreatography.9,20,21 Additionally, PEI may still occur
in patients with a morphologically normal pancreas.22 Direct
functional tests, such as the secretinecholecystokinin stimulation
test and endoscopic pancreatic function test, involve the collection
of pancreatic secretions while the pancreas is stimulated.5 Direct
tests are sensitive and specific, but are also invasive, costly and
therefore have limited routine clinical use.23 Indirect functional
tests (eg, faecal, breath and blood tests) are cheaper and easier to
use, but are generally less sensitive and less specific.23 Screening for
nutritionalmarkers in the blood, includingmagnesium, fat-soluble
vitamins and lipoproteins, can help assess nutritional deficiencies
and may be used to support a PEI diagnoses as well as to monitor
treatment effectiveness.5,24,25
3 Mechanisms for the development of pancreatic exocrine
insufficiency and its clinical consequences*

* Adapted from the Australasian Pancreatic Club guidelines.9 u
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4 Pancreatic exocrine insufficiency (PEI): diagnostic
pathway*

BMD ¼ bone mineral density. CCK ¼ cholecystokinin. CT ¼ computed tomography.
ePFT ¼ endoscopic pancreatic function test. ERCP ¼ endoscopic retrograde
cholangiopancreatography. EUS ¼ endoscopic ultrasound. FE-1 ¼ faecal elastase-1.
FFA ¼ faecal fat analysis. IBD ¼ inflammatory bowel disease. IBS ¼ irritable bowel
syndrome. Mg ¼ magnesium. MRCP ¼ magnetic resonance cholangiopancreatog-
raphy. PERT ¼ pancreatic enzyme replacement therapy. * Adapted from the
Australasian Pancreatic Club guidelines.9 y After pancreatic surgery in the setting of
pancreatic cancer (which is often associated with chronic pancreatitis) may be a
more definite indication for PEI. u
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The 2015 PEI management guidelines9 graded patients with clini-
cally suspected PEI into three subgroups with corresponding rec-
ommended investigations and treatment options (Box 4):

� PEI definite: if the presentation falls within this group, a
diagnosis of PEI can be made solely on clinical grounds. In this
situation, gross changes to the pancreas are present (eg, total
pancreatectomy or radiologic investigations show severe
calcific pancreatitis or neoplasms in the head of the pancreas)
along with symptoms suggestive of severe steatorrhoea,
weight loss and fat-soluble vitamin deficiency.

� PEI possible: if only moderate pancreatic structural changes
are seen, then a PEI diagnosis is suggested if the patient also
presents with nutritional impairment and diarrhoea, although
there could be other reasons for these symptoms. The proba-
bility of a positive objective test, and therefore response to
pancreatic enzyme replacement therapy (PERT), is 30e70%.

� PEI unlikely: conditions seen within this group may only occa-
sionally be associated with or caused by PEI. PEI symptoms are
likely tobe seen in< 10%of cases and theprobability of a positive
objective test and response to PERT is estimated to be < 10%.

Although these guideline recommendations were produced
through a consensus process in light of the best available evidence,
they are not yet validated.
Complications
If left untreated, PEI can lead to serious complications including:

� Weight loss and malnutrition.6,11,26

� Nutritional deficiencies: malabsorption of micronutrients
(including zinc, magnesium, calcium, thiamine and folic acid)
and lipid-soluble vitamins increases the risk of malnutrition-
related complications.6 Almost two-thirds of patients with
chronic pancreatitis have either osteoporosis or osteopenia
(combined prevalence rate of 65%).27 PEI in these patients is
significantly correlated with reduced bone mineral density
and decreased levels of the fat-soluble vitamin D required for
normal bone metabolism.27,28

� Reduced quality of life8,29,30 related to persistent gastrointes-
tinal and pain symptoms, as well as other factors such as
inability to work and financial strain.8

� High morbidity and mortality through the increased risk of
malnutrition-related complications and cardiovascular
events.31-33

Management
The primary treatment goal for PEI is to restore the normal diges-
tion process in order to maintain adequate nutrition. PEI-related
symptoms also need to be alleviated and disease progression
prevented.5 The fundamental elements of current PEImanagement
in adults are outlined in the PEI management algorithm in
Box 5:5,9,34

� PERT (evidence level 1b);

� lifestyle modifications: primarily alcohol abstinence, cessation
of smoking and consumption of a well balanced diet (level 5);

� trial of acid-suppressing agents in patients who continue
to experience symptoms of PEI despite high doses of PERT
(level 1b);

� diet adjustments: small frequent meals, normal fat intake
and vitamin supplementation (lipid-soluble vitamins A, D, E
and K) (level 5); and

� follow-up of patients: focusing on nutritional deficiencies,
symptoms of maldigestion, treatment of any causative dis-
eases and ensuring treatment compliance (level 5).

Pancreatic enzyme replacement therapy. PERT is the mainstay
of PEI treatment. Encapsulated microgranules deliver pancreatic
extracts (a combination of lipase, amylase and protease) into the
duodenal lumen, providing sufficient enzymatic activity so that
nutrient digestion is restored and malabsorption is prevented.23

The microgranules are taken with a meal and mix intragastrically
with the chyme, but are protected from acid degradation by an
enteric coating. They are then released from the stomach alongwith
the chyme into theduodenum.ThepH-sensitive coatingdissolves in
the duodenum’s alkaline environment, releasing the enzymes at the
optimum point for digestion and absorption. Variation in enzyme
content, the size of the enzyme particles and the dissolution prop-
erties of the enteric coating can influence the effectiveness of PERT
and the bioequivalence of different formulations.1

Some patients may require adjuvant treatment with acid sup-
pressors (eg, proton pump inhibitors) if the pH of their duodenum
is lower than normal (eg, in patients with bicarbonate deficiency;
level 1b). A lower pH may affect the dissolution of the enteric
coating and reduce the effectiveness of enzymes.1

PEI severity varies from patient to patient, and the relationship
between the dose of pancreatic enzymes and response to therapy is



5 Pancreatic exocrine insufficiency (PEI) management
(adults)

* Adapted from the Australasian Pancreatic Club guidelines.9 u
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not linear. PERT dosage therefore needs to be individually titrated
to the lowest effective dose to avoid gastrointestinal complications
associated with higher enzyme doses and to prevent treatment
burden.5,35-37 Very high doses of PERT have been associated with
fibrosing colonopathy, and themaximumdose recommendation is
10 000 units of lipase/kg/day.36

The APC-recommended PERT starting dose for adults is
25 000e40 000units of lipase (Box 5) (level 3c) takenwith eachmeal
(level 2b).9 If there is insufficient response to the initial dose, it
should be titrated up to a maximum of 75 000e80 000 units of
lipase per meal (level 3c). The guidelines also outline recom-
mended PERT doses for children and infants (including breastfed
infants), which may be per gram of dietary fat, per feed or calcu-
lated by bodyweight.9

Long term, it is important to monitor and follow up patients with
PEI to ensure sufficient PERT response, treat any causative dis-
eases, prevent complications and confirm treatment compliance. If
PERT is ineffective even with correct administration, dosage
optimisation and adjuvant treatment with acid suppressors (level
1b), other reasons for a poor response should be considered (such
as bacterial overgrowth) or the PEI diagnosis may need to be
reconsidered.1,31

Nutritional management. Dietary management is an important
issue with PEI, and it is essential that patients be referred to a
dietitian to oversee the process. Dietary advice should be tailored
specifically to the individual patient’s requirements in terms of
their nutritional and weight status, macronutrient intake and
micronutrient deficiencies. Recommended nutritional assessments
carried out by dietitians include:9

� Aetiology of PEI: recommendations of meal size and fre-
quency, and nutritional supplementation can vary with
different diagnoses.

� Diet history: to establish baseline diet, understand how the
patient eats and define alcohol habits (level 5).

� Malnutrition assessment: additional anthropometric measures
(such as mid-arm circumference, mid-arm muscle circumfer-
ence, triceps skinfold or subjective global assessment) should
be used in conjunction with body mass index. Weight and
body mass index assessments alone may be misinterpreted,
for example, as a result of fluid changes due to ascites or
oedema.7

� Nutritional deficiencies: these are not always clinically
apparent, and screening for nutritional markers (including
magnesium, fat-soluble vitamins, vitamin B12, iron and lipo-
proteins) is needed at the time of diagnosis so that appropriate
supplements can be given and their status monitored (level 5).

� Bone health: osteoporosis or osteopenia may be a long term
complication of PEI, and early assessment and appropriate
treatment is essential (level 2a).

� Fat requirement: low fat or reduced fat diets are not recom-
mended with optimised PERT. A target of 30% total energy
from dietary fat is now considered appropriate, but adverse
symptoms such as steatorrhoea need to be monitored (level 5).
Changes in management

PEI is an underdiagnosed and often undertreated
condition.3,5,18,38-41 The dilemma for the clinician, therefore, is to be
able to determine which patients will benefit from further in-
vestigations and PEI treatment. The latest guidelines for the man-
agement of PEI, developed by the APC, grade presentation types
based on the likelihood of PEI being present (ie, definitely, possibly
andunlikely PEI). In thisway, the difficulties of diagnosing PEI can
be taken into account, while relating the value of investigation and
treatment to eachdiagnostic category.9 The guidelines alsoprovide
consensus recommendations on the use of PERT for each category.
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Both acute and chronic pancreatitis are frequent diseases of the pancreas, which, despite being of benign
nature, are related to a significant risk of malnutrition and may require nutritional support. Acute
necrotizing pancreatitis is encountered in 20% of patients with acute pancreatitis, is associated with
increased morbidity and mortality, and may require artificial nutrition by enteral or parenteral route, as
well as additional endoscopic, radiological or surgical interventions. Chronic pancreatitis represents a
chronic inflammation of the pancreatic gland with development of fibrosis. Abdominal pain leading to
decreased oral intake, as well as exocrine and endocrine failure are frequent complications of the disease.
All of the above represent risk factors related to malnutrition. Therefore, patients with chronic pancre-
atitis should be considered at risk, screened and supplemented accordingly. Moreover, osteoporosis and
increased facture risk should be acknowledged in patients with chronic pancreatitis, and preventive
measures should be considered.

© 2020 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Introduction

Acute pancreatitis (AP) is the most common acute gastrointes-
tinal disease requiring hospital admission [1], with the outcome
being favorable in most cases (80%) [2]. However, acute necrotizing
pancreatitis (ANP) may develop in up to 20% of patients and is
associated with significant rates of early organ failure (38%), need
for intervention (38%), and death (15%) [2]. Catabolism is very high
in this setting; therefore, nutritional support is one of the
c.be (M. Arvanitakis).

for Clinical Nutrition and Metabo
cornerstones of management [3]. A significant amount of research
has shown the superiority of enteral over parenteral nutrition in
ANP, creating a paradigm shift a decade ago and modifying the
management strategy [3]. Nevertheless, additional questions
regarding the timing, route and type of enteral nutrition (EN), as
well as the place of oral refeeding, are still the objects of clinical
investigations.

Chronic pancreatitis (CP) is a disease in which recurrent in-
flammatory episodes lead to replacement of the pancreatic pa-
renchyma by fibrous connective tissue [4]. The major consequence
of CP is the loss of functional exocrine and endocrine pancreatic
lism. All rights reserved.
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Abbreviations

ACS Abdominal Compartment Syndrome
ANP Acute Necrotizing Pancreatitis
AP Acute Pancreatitis
BMI Body Mass Index
CP Chronic Pancreatitis
DPEJ Direct Percutaneous Endoscopic Jejunostomy
DXA Dual-energy X-ray Absorptiometry
EN Enteral Nutrition
IAH Intra-abdominal Hypertension
IAP Intra-abdominal Pressure
MCT Medium Chain Triglycerides

MUST Malnutrition Universal Screening Tool
NAFLD Non Alcoholic Fatty Liver Disease
ONS Oral Nutritional Supplements
PEG-J Percutaneous Endoscopic Gastrostomy with Jejunal

Extension
PEI Pancreatic Exocrine Insufficiency
PERT Pancreatic Enzyme Replacement Therapy
PN Parenteral Nutrition
PPI Proton Pump Inhibitor
RCT Randomized Controlled Trial
SIBO Small Intestinal Bacterial Overgrowth
VARD Video-assisted Retroperitoneal Debridement
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tissue, thus resulting in both exocrine and endocrine insufficiency
[4]. Pain is also frequently encountered in patients with CP, and
seems to be related to a multitude of factors such as pancreatic
neural remodeling and neuropathy, increased intraductal and
parenchymal pressure, pancreatic ischemia and acute inflamma-
tion during an acute relapse [5]. Both pain and loss of pancreatic
function can lead to malnutrition in patients with CP [4]. Moreover,
other long-term consequences such as osteoporosis are frequently
overlooked, despite their potential impact on quality of life in pa-
tients with CP. Therefore, screening formalnutrition and nutritional
support play a crucial part in themultimodalmanagement required
in this setting.

Although recent guidelines for AP [2] and CP [4] have been
published, a dedicated consensus on nutritional support in
pancreatic diseases is lacking.

2. Methods

The present guideline was developed according to the standard
operating procedure for ESPEN guidelines [6]. The guideline was
developed by an expert group of 13 authors from eleven European
countries.

2.1. Methodology of guideline development

Based on the standard operating procedures for ESPEN guide-
lines and consensus papers, the first step of the guideline devel-
opment was the formulation of so-called PICO questions which
address specific patient groups or problems, interventions,
compare different therapies and are outcome-related [6]. In total,
31 PICO questions were created and split into two main chapters,
“Acute pancreatitis” and “Chronic Pancreatitis”. To answer these
PICO questions, a literature search was performed to identify suit-
able meta-analyses, systematic reviews and primary studies, pub-
lished from 1977 up to December 2018. The PICO questions were
allocated to subgroups/experts for the different subjects who
created 42 recommendations and seven statements. For grading
the literature, the grading system of the Scottish Intercollegiate
Guidelines Network (SIGN) was used [7]. Allocation of studies to
the different levels of evidence is shown in Table 1. Supportive of
the recommendations, the working group added commentaries to
the recommendationswhere the bases of the recommendations are
explained.

The recommendations were graded according to the levels of
evidence assigned (Table 2). The wording of the recommenda-
tions reflect the grades of recommendations, level A is indicated
by “shall”, level B by “should” and level 0 by “can/may”. The good
practice point (GPP) is based on experts' opinions due to the lack
of studies, here, the wording can be chosen deliberately.

Online voting on the recommendations was performed on the
guideline-services.com platform. All ESPEN members were invited
to agree or disagreewith the recommendations and to comment on
them. A first draft of the guideline was also made available to the
participants; on that occasion 36 recommendations and all seven
statements reached an agreement of >90%, six recommendations
reached an agreement of 75e90% and no recommendation an
agreement of <75%. Those recommendations with an agreement of
>90%, which means a strong consensus (Table 3) were passed
directly; all others were revised according to the comments and
voted on again during a consensus conference, which took place on
29th April 2019. All recommendations received an agreement of
>90%. During the consensus conference, one of the original rec-
ommendations was considered redundant and one statement was
transformed into a recommendation. Therefore, the guideline
comprises 42 recommendations and six statements. To support the
recommendations and the assigned grades of recommendation, the
ESPEN guideline office created evidence tables of relevant meta-
analyses, systematic reviews and randomized controlled trials
(RCTs). These evidence tables are available online as supplemental
material to this guideline.

2.2. Search strategy

A comprehensive literature research including systematic re-
views, controlled clinical trials and cohort studies, with the key-
words and filters presented in Table 4 was performed. We initially
searched Pubmed, Cochrane Library and EMBASE for recent,
rigorous systematic reviews and meta-analyses that answered our
clinical questions. In the absence of these, we looked for compar-
ative studies, whether randomized or not. The search phrases
included the following terms: (acute pancreatitis OR acute necro-
tizing pancreatitis OR chronic pancreatitis OR pancreatitis OR
hypertriglyceridemic pancreatitis OR hyperlipidemic pancreatitis)
AND (nutritional status OR nutritional assessment OR nutritional
screening OR malnutrition OR oral feeding OR enteral nutrition OR
tube feeding OR parenteral nutrition OR intravenous nutrition OR
timing OR formula OR formulation OR nasogastric tube OR naso-
jejunal tube OR digestive intolerance OR necrosectomy OR mini-
mally invasive OR increased intra-abdominal pressure OR
abdominal compartment syndrome OR open abdomen OR immu-
nonutrition OR glutamine OR antioxidants OR probiotics OR
enzyme supplementation OR enzyme replacement therapy OR
micronutrients OR macronutrients OR nutrient deficiency OR diet
OR fat OR nitrogen OR dietary protein OR carbohydrates oral

http://guideline-services.com


Table 1
Levels of evidence.

1þþ High quality meta-analyses, systematic reviews of RCTs, or RCTs with a very low risk of bias
1þ Well-conducted meta-analyses, systematic reviews, or RCTs with a low risk of bias
1- Meta-analyses, systematic reviews, or RCTs with a high risk of bias
2þþ High quality systematic reviews of case control or cohort studies. High quality case control or cohort studies with a very

low risk of confounding or bias and a high probability that the relationship is causal
2þ Well-conducted case control or cohort studies with a low risk of confounding or bias and a moderate probability that the relationship is causal
2- Case control or cohort studies with a high risk of confounding or bias and a significant risk that the relationship is not causal
3 Non-analytic studies, e.g. case reports, case series
4 Expert opinion

According to the Scottish Intercollegiate Guidelines Network (SIGN) grading system. Source: SIGN 50: A guideline developer's handbook. Quick reference guide October 2014
[SIGN 50]. RCT ¼ randomized controlled trial.

Table 2
Grades of recommendation [6].

A At least one meta-analysis, systematic review, or RCT rated as 1þþ, and directly applicable to the target
population; or A body of evidence consisting principally of studies rated as 1þ, directly applicable to the target population,
and demonstrating overall consistency of results

B A body of evidence including studies rated as 2þþ, directly applicable to the target population; or A body of evidence
including studies rated as 2þ, directly applicable to the target population and demonstrating overall consistency
of results; or Extrapolated evidence from studies rated as 1þþ or 1þ

0 Evidence level 3 or 4; or Extrapolated evidence from studies rated as 2þþ or 2þ
GPP Good practice points/expert consensus: Recommended best practice based on the clinical experience of the guideline development group

RCT ¼ randomized controlled trial.

Table 3
Classification of the strength of consensus.

Strong consensus Agreement of >90% of the participants
Consensus Agreement of >75e90% of the participants
Majority agreement Agreement of 50e75% of the participants
No consensus Agreement of <50% of the participants

According to the AWMF (Arbeitsgemeinschaft der Wissenschaftlichen Medi-
zinischen Fachgesellschaften, Association of the Scientific Medical Societies in
Germany) methodology [8].

Table 4
Criteria for systematic search for literature e databases, filters and keywords.

Publication date From 1977 to December 2018
Language English
Databases Pubmed, EMBASE, Cochrane library
Filters human
Publication type Cohort study, controlled trial, systematic review
Keywords Acute pancreatitis, chronic pancreatitis, nutrition

All patients with predicted mild to moderate AP should be

screened using validated screening methods such as the

Nutritional Risk Screeninge 2002 (NRS-2002); however, the

patients with predicted severe AP should always be

considered at nutritional risk.

Grade of Recommendation B e Strong consensus (100%

agreement).
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supplementation OR medium chained triglycerides OR osteopo-
rosis OR osteopenia).

Finally, 88 articles were selected for the AP chapter, and 111
articles for the CP chapter.

3. Results

3.1. Acute pancreatitis

1. Which patients with AP are considered at nutritional risk?
Statement 1
Patients with AP should be considered at moderate to high

nutritional risk, because of the catabolic nature of the dis-

ease and because of the impact of the nutritional status for

disease development.

Strong consensus (97% agreement).
Recommendation 1
Commentary

Fortunately, the majority of patients with AP have predicted
mild or moderately severe forms of the disease that are self-limited
with fully recovery in less than aweek, inwhom oral feeding can be
started within few days after the onset of AP [9]. Gut-barrier
dysfunction may occur in up to 60% of patients with AP; mostly
in severe AP and it is thought to lead to bacterial translocation and
infection of necrosis [10]. Along with the increased catabolic state
related to the disease, patients with predicted severe AP are
considered at nutritional risk [11]. Nevertheless, malnourished
patients should also be considered at nutritional risk, even if they
have predicted mild AP, because of their pre-existing condition.
Similarly, patients with increased alcohol consumption are
frequently malnourished [12]. Scoring systems such as the NRS
2002 [13], can be helpful in identifying these patients [14e17].
These scores have been validated in hospitalized, as well as criti-
cally ill patients. Nevertheless, no studies have validated these
scoring systems in a specific population of patients with AP [18].

A low body mass index (BMI) may also identify patients who are
at nutritional risk. Nevertheless, obesity is a known risk factor for
severe AP and is, therefore, a disease severity-related nutritional
risk [19].

2. Is early oral feeding feasible in patients with predicted mild AP?
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Recommendation 2
Oral feeding shall be offered as soon as clinically tolerated

and independent of serum lipase concentrations in patients

with predicted mild AP.

Grade of Recommendation A e Strong consensus (100%

agreement).

In patients with AP and inability to feed orally, EN shall be

preferred to parenteral nutrition (PN).

Grade of Recommendation A e Strong consensus (97%

agreement).
Recommendation 3
Low-fat, soft oral diet shall be used when reinitiating oral

feeding in patients with mild AP.

Grade of Recommendation A e Strong consensus (100%

agreement).
EN should be started early, within 24e72 h of admission, in

case of intolerance to oral feeding.

Grade of Recommendation B e Strong consensus (92%

agreement).
Commentary

Most patients with AP suffer from disease of a mild to moderate
severity, non-necrotizing typewith an uncomplicated clinical course.
Four RCTs have shown that patients with mild to moderate AP can
tolerate early oral feeding and this strategy is related with a shorter
length of stay compared with conventional oral feeding (introduced
after enzyme decrease, pain resolution and bowel movement)
[9,20e23]. Furthermore, one of these trials revealed that oral food
intake is safe and well-tolerated independently of the course and
normalizationof serumlipase [20]. Immediateoral feedingwitha soft
diet seems to bemore beneficial regarding caloric intake and equally
tolerated compared with clear liquid diets [23e25]. A meta-analysis
confirmed that early oral feeding was feasible in patients with pre-
dictedmildAPand reduced lengthof stay [26].A recentmeta-analysis
including 17 studies identified that 16.3% of patients with AP will
subsequently have intolerance to oral feeding [27]. Predictive factors
included the presence of pleural effusions and/or collections and
severity (higher Ranson/Glasgow and Balthazar scores).

Hyperlipidemia is the third most common cause of AP and ac-
counts for 4e10% of cases [28]. It was reported that hyperlipidemia is
associatedwith aworse prognosis of AP than other etiological factors
[28e30]. The initial management of hyperlipidemic AP is the same as
for all other causes of the disease, but subsequent management in
addition to generalized supportive measures may include etiology-
specific targeted therapies. These include initially putting patients
on a nil by mouth regimen for 24e48 h, subsequent dietary modifi-
cations, medical management with the different classes of anti-
hyperlipidemic agents, in-hospital pharmacological treatment with
insulin and/or heparin and plasmapheresis. Whilst these measures
are effective in lowering triglyceride concentrations, they do not
appear to affect the outcome of AP [28,29]. However, tight regulation
of triglyceride concentration after presentationwith APwas found to
reduce the risk of recurrence. These include a low fat diet, encour-
agement of weight loss and treatment with a fibrate, with the addi-
tion of a statin if hypercholesterolemia is present in addition to
hypertriglyceridemia [28].

3. If required, what type of medical nutrition (enteral or paren-
teral) is preferable in patients with AP?
Recommendation 4
Commentary

EN is supposed to preserve the integrity of the gut mucosa,
stimulate intestinal motility, prevent bacterial overgrowth, and
increase the splanchnic blood flow [10]. Currently there are twelve
RCTs and eleven systematic reviews/meta-analyses including a
Cochrane-standard meta-analysis which clearly prove that in pa-
tients with severe AP, EN is safe and well-tolerated, with significant
decreases in complication rates, multi-organ failure, and mortality,
compared with PN [31e41]. The meta-analysis by Al-Omran et al.
was performed to Cochrane-standards on the basis of eight RCTs
with 348 patients and clearly shows that early EN when compared
with initial total PN, significantly decreases mortality by 50% (OR
0.50 [95% CI 0.28 to 0.91]), rate of infection (OR 0.39 [95% CI 0.23 to
0.65]), multi-organ failure (0.55 [95% CI 0.37 to 0.81]) as well as the
necessity for operation (OR 0.44 [95% CI 0.29 to 0.67]) [35].
Furthermore if only patients with severe AP were included in this
meta-analysis, mortality further decreased by more than 80% [0.18
[95% CI 0.006 to 0.58]) [35]. These results were confirmed by more
recent meta-analyses, including a latest publication including only
critically ill patients with AP [39]. Compared with PN, EN was
associated with a significant reduction in overall mortality (RR 0.36,
95% CI 0.20 to 0.65, p¼ 0.001) and the rate of multiple organ failure
(RR 0.39, 95% CI 0.21 to 0.73, p ¼ 0.003).

4. What is the optimal timing for initiating EN in patients with AP?
Recommendation 5
Commentary

Several meta-analyses have investigated the clinical effects and
tolerance of early EN in patients with AP either within 24 h [42e44]
or 48 h [45e47] of admission. All thesemeta-analyses clearly reveal
that early EN is feasible, safe andwell-tolerated and associatedwith
substantial clinical benefits regarding mortality, organ failure and
infectious complications for both time-points compared with
delayed EN. Nevertheless, a potential bias could be that five of these
meta-analysis included studies which had patients receiving PN in
their control groups [42e46]. One meta-analysis, compared early
(within 24 h) with late enteral nutrition (after 72 h), but no com-
parison was made between 24 and 48 h [44].

In contrast to these data from the aforementioned meta-
analyses that provided strong evidence for early EN within
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24e48 h, a multicenter RCT (208 patients with predicted severe
AP) found no difference in the rate of major infection or death
between early EN, started within 24 h after admission, and an
oral diet initiated 72 h after admission [48]. A second RCT (214
patients with AP) confirmed these results, showing no significant
reduction in persistent organ failure and mortality in patients
receiving early EN compared with patients receiving no nutri-
tional support [49]. A plausible explanation could be that these
trials included mostly patients with mild or moderate AP (in the
Bakker trial there were only 63% of cases with necrotizing AP
[48]); therefore, the beneficial effect of early EN could be less
pronounced.

Finally, a prospective cohort study including 105 patients
with AP concluded that the third day after hospital admission
was the best cut-off time for early EN (with an area under the
curve of 0.744), by reducing the risk of secondary infection and
improving the nutritional status of patients, with a better
tolerance [50].

5. What type of EN is indicated?
Recommendation 6
In patients with AP a standard polymeric diet shall be used.

Grade of Recommendation A e Strong consensus (97%

agreement).

PN should be administered in patients with AP who do not

tolerate EN or who are unable to tolerate targeted nutri-

tional requirements, or if contraindications for EN exist.

Grade of Recommendation GPP e Strong consensus (97%

agreement).
Commentary

Most studies that evaluated the clinical benefits of early EN in
comparison with total PN used semi-elemental formulas while the
recent studies were performed with polymeric formulas. In all
studies both types of formulas were proven to be feasible, safe and
well-tolerated. One small RCT in 30 patients found that both for-
mulas were safe and well-tolerated (based on a visual analog scale
and number of stools per day) with some clinical benefits for
semielemental diets, including length of stay (23 ± 2 vs. 27 ± 1 days,
p ¼ 0.006) and weight maintenance [51]. On the other hand an
indirect adjusted meta-analysis of Petrov et al. on 428 patients
using PN as a reference treatment showed no differences regarding
tolerance, rate of infection and mortality between both formulas
[52]. Finally, a second, more recent meta-analysis, including 15
trials (1376 participants), showed no evidence to support a specific
enteral formula [53]. Nevertheless, a subgroup of patients with
severe AP may have malabsorption and therefore, semi-elemental
diets could be of interest.

6. What route should be used for EN in patients with AP?
Recommendation 7
If EN is required in patients with AP, it should be adminis-

tered via a nasogastric tube. Administration via a nasoje-

junal tube should be preferred in case of digestive

intolerance.

Grade of Recommendation B e Strong consensus (95%

agreement).
Commentary

Three RCTs compared nasojejunal with nasogastric support
route in patients with severe AP [54e56] showed no differences
regarding tolerance, complications rates and mortality. Four meta-
analyses [57e60] conclude that nasogastric tube feeding is feasible,
safe and well-tolerated and, compared with nasojejunal tube
feeding, does not increase complication rate, mortality, refeeding
pain recurrence or prolong hospital stay in patients with severe AP.
Compared with nasojejunal tubes, nasogastric tubes are much
easier to place, more convenient and cheaper. Nevertheless, about
15% of patients will experience digestive intolerance, mostly
because of delayed gastric emptying and gastric outlet syndrome
[57,58] and in this situation, nasojejunal tube feeding is required.
Furthermore, potential bias arises from the small number of pa-
tients included in the aforementioned trials and the use of different
criteria to define severe AP.

7. In patients with AP, when should PN be initiated?
Recommendation 8
Commentary

The primary nutritional route in all patients with severe AP
should be enteral, as this route has been shown to have benefits
over other regimens. However, PN is indicated in patients with
severe AP who do not tolerate EN or who are unable to tolerate
targeted requirements, or if there exists contraindication for EN
overall. Complications of severe AP, which may occur and represent
a contraindication for EN, include bowel obstruction, abdominal
compartment syndrome, prolonged paralytic ileus and mesenteric
ischemia [61]. Similar to critically ill patients with other diseases,
approximately 20% of patients with severe AP have complications,
which are associated with absolute or relative contraindications for
EN (Fig. 1) [17].

8. How should medical nutrition be provided in case of necrosec-
tomy (endoscopically or by minimally invasive surgery) in pa-
tients with severe AP?
Recommendation 9
Oral food intake in patients undergoing minimally invasive

necrosectomy is safe and feasible and should be initiated in

the first 24 h after the procedure, if the clinical state (he-

modynamic stability, septic parameters, gastric emptying)

of the patient allows it.

Grade of Recommendation GPP e Strong consensus (95%

agreement).
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Recommendation 10
In patients undergoing minimally invasive necrosectomy

who are unable to be fed orally, EN is indicated via naso-

jejunal as preferred route.

Grade of Recommendation B e Strong consensus (91%

agreement).
Recommendation 11
PN is indicated in patients undergoing minimally invasive

necrosectomy who do not tolerate EN or who are unable to

tolerate targeted nutritional requirements, or if there exist

contraindications for EN.

Grade of Recommendation GPP e Strong consensus (94%

agreement).

In patients with severe AP and intraabdominal pressure

(IAP) < 15 mmHg early EN shall be initiated via nasojejunal,

as the preferred route, or nasogastric tube. IAP and the

clinical condition of patients during EN shall be monitored

continuously.

Grade of Recommendation A e Strong consensus (91%

agreement).
In patients with severe AP and IAP > 15mmHg EN should be

initiated via nasojejunal route starting at 20 mL/h,

increasing the rate according to the tolerance. Temporary

reduction or discontinuation of EN should be considered

when IAP values further increase under EN.

Grade of Recommendation B e Strong consensus (94%

In patients with severe AP and IAP > 20 mmHg or in the

presence of ACS, EN should be (temporarily) stopped and

PN should be initiated.

Grade of Recommendation GPP e Strong consensus (94%

agreement).

In patients with severe AP and open abdomen EN should be

administered, at least in a small amount. If required for

achievement of nutritional requirements, supplementary or

total PN should be added.

Grade of Recommendation B e Strong consensus (97%

agreement).
Commentary

Approximately 10e20% of patients with AP will develop ne-
crosis of the pancreas and/or peripancreatic tissue (ANP) [1,2].
These patients with ANP havemoderate or severe forms of AP, and a
higher risk for development of multiple organ failure, secondary
infection of the necrosis, and death [62]. After proven benefits of
the “step-up” (minimally invasive approach) over the open
approach for the treatment of ANP [63], minimally invasive tech-
niques have been used extensively [64]. Furthermore, the Dutch
Pancreatitis Study Group recently showed a lower rate of pancreatic
fistula and better cost benefits of endoscopic over surgical step-up
approach for infected necrotizing pancreatitis [65]. Unfortunately,
to date there are no published data on nutritional support in pa-
tients with AP treated by the minimally invasive approach. In the
aforementioned trial [65], all patients received oral nutrition, if
tolerated. If this was not tolerated, a nasojejunal feeding tube was
introduced and EN was started. If gastrointestinal feeding was
contraindicated, the patient received PN. No specific data were
reported regarding nutrition-related outcomes.

In the RCT by Bakker et al. [48], there was no superiority of early
(first 24 h) nasojejunal tube feeding when compared with an oral
diet after 72 h in reducing the rate of infection or death in patients
with predicted severe AP. In this trial interventional procedures due
to necrotizing pancreatitis included percutaneous catheter
drainage, endoscopic transgastric drainage or necrosectomy and
surgical necrosectomy (without information on the type of surgery
performed e minimally invasive or open approach). The authors
did not find any difference in the number of patients who under-
went interventions between groups (24 percutaneous drainages in
early EN group vs. 46 in the on demand feeding group, p ¼ 0.13;
eight endoscopic transgastric drainage or necrosectomy in the early
EN group vs. six in the on-demand feeding group, p ¼ 0.53; and
three surgical necrosectomy in the early EN group vs. seven in the
on-demand feeding group, p ¼ 0.49). In this trial PN was not used,
as it was not mentioned in the feeding protocol of the study. In a
retrospective series of 37 patients undergoing laparoscopic trans-
gastric necrosectomy, an oral food intake 24e48 h after the pro-
cedure was feasible and safe [66]. In one prospective study on
video-assisted retroperitoneal debridement (VARD) the feeding
regimen was reported but without specified time of initiation and
reasons for shifting oral nutrition to EN or PN [67]. Forty patients in
that study were fed by nasojejunal tube as the preferred route
when tolerated; otherwise, PN was given [67]. Therefore, based on
small series, nasojejunal feeding seems safe in patients having
undergone minimally invasive necrosectomy. Nevertheless, defin-
itive data are missing.

9. How should medical nutrition (EN and PN) be provided in
critically patients with severe AP (intra-abdominal hypertension
(IAH), abdominal compartment syndrome (ACS) with need for
open abdomen)?
Recommendation 12
Recommendation 13
Recommendation 14
agreement).
Recommendation 15



Fig. 1. Algorithm suggesting nutritional management in acute pancreatitis. HTG: hypertriglyceridemia; EN: enteral nutrition; PN: parenteral nutrition. Adapted from Adiamah
et al. [28].
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When EN is not feasible or contraindicated and PN is indi-

cated, parenteral glutamine should be supplemented at

0.20 g/kg per day of L-glutamine. Otherwise, there is no role

for immunonutrition in severe AP.

Grade of Recommendation B e Strong consensus (94%

agreement).

Probiotics cannot be recommended in patients with severe

AP.

Grade of Recommendation 0 e Consensus (89%

agreement).
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Commentary

The mortality of patients with severe AP who develop IAH/ACS
during the course of the disease rises from 25% up to 66% [68,69].
Energy expenditure in patients with AP is increased by 1.49
(1.08e1.78) � the predicted resting energy expenditure; 58% of
patients with severe AP have an increase in energy expenditure,
approximate net nitrogen loses are 20e40 g per day, and proteol-
ysis can be increased by 80% [70,71]. There are no data available
regarding energy requirements in patients with both AP and IAH/
ACS, however, energy expenditure in such patients may be
increased due to several reasons (decreased splanchnic blood flow,
acidosis and bacterial translocation) [17,72].

It has been clearly demonstrated that EN in patients with severe
AP reduces mortality and infectious complications, decreases organ
failure and surgical intervention rate, has a trend towards reduction
of hospital stay, and is safer and more effective than PN [17].
Nevertheless, it has been reported that EN may increase intra-
luminal pressure with subsequent elevation of IAP and develop-
ment of severe complications [73,74]. Therefore, it is recommended
that EN should be administered with caution when IAP reaches
15 mmHg and over [74]. In an observational study, 274 patients
with AP had IAH and 103 developed ACS. The intolerance of EN was
more frequent in patients with grade III and IV IAH (n ¼ 105) and
62/105 (59%) required PN [75]. In only one RCT including 60 pa-
tients, comparing early with delayed EN in patients with IAH and
severe AP, it was found that early EN had benefits in patients with
IAP <15 mmHg preventing development of IAH. In patients with
IAP above 15 mmHg abdominal distension was more frequent in
the early EN group. The group of patients with early EN experienced
feeding intolerance more often than patients in delayed EN group.
However, early EN did not increase IAP and was able to ameliorate
clinical course of the disease [76]. Because the majority of patients
with IAH have gastrointestinal symptoms and signs (absence of
bowel movements, abdominal distension, high gastric residual
volume, etc.), EN should be initiated via nasojejunal tube [77]. From
a practical point of view, in patients with severe AP and IAH the
initiation of EN should be at 20 mL/h, increasing the rate according
to the tolerance. The reduction of EN from higher rates to 20 mL/h
should be considered when IAP increases between 15 and
20 mmHg. In patients with IAP above 20 mmHg or in the presence
of ACS, EN should be (temporarily) stopped [74]. When it is
impossible to meet nutritional goals with EN only, supplementary
or total PN should be considered.

A decompressive laparotomy (laparostomy) may be necessary in
up to 74% of patients who develop ACS during course of AP [72].
Patients with an open abdomen are in a hyper-catabolic state with
high nitrogen losses and negative nitrogen balance. It has been
estimated that such patients have nitrogen loss of almost 2 g/L of
abdominal fluid output and, therefore, nutritional therapy in pa-
tientswith an open abdomen is essential [78]. Several cohort studies
reported that initiation and feeding by EN was feasible and safe
despite a relatively high rate of digestive intolerance, ranging from
48 to 67% [78e83]. Two studies concluded that early EN in patients
with an open abdomen resulted in higher fascial closure rates, lower
fistula rates, reduced nosocomial infections and lower hospital costs
[82,83]. In the multicenter analysis by Burlew et al., out of 597 with
an open abdomenpatients, ENwas successfully initiated in 39% [81].
For the 307 patients without a bowel injury, logistic regression
indicated that ENwas associatedwithhigher fascial closure rates (OR
5.3; p < 0.01) decreased complication rates (OR, 0.46; p ¼ 0.02), and
decreased mortality (OR 0.30; p ¼ 0.01) [81].
10. Is there any role for immunonutrition (glutamine, antioxi-
dants) in severe AP?

Recommendation 16
Commentary

An initial meta-analysis including eleven RCTs assessed the ef-
fect of antioxidants (five RCTs on glutamine and six on various other
antioxidants) on the outcome of patients with AP [84]. Among
patients with AP, antioxidant therapy resulted in a borderline sig-
nificant reduction in hospital stay (mean difference 1.74; 95% CI
3.56 to 0.08), a significant decrease in complications (RR 0.66; 95%
CI 0.46 to 0.95) and a non-significant decrease in mortality rate (RR
0.66; 95% CI 0.30 to 1.46). Nevertheless, these results were mostly
attributed to the effect of glutamine. Recently, a Cochrane Review
assessed the effects of different pharmacological interventions
including antioxidants in patients with AP [85]. Very low-quality
evidence suggested that none of the pharmacological treatments
decreased short-term mortality in patients with AP.

Regarding glutamine, four meta-analyses have been published.
A meta-analysis of ten RCTs including 433 patients with severe AP
revealed a significant decrease in the incidence of infectious com-
plications and mortality in the patient group with glutamine-
enriched nutrition [86]. Another meta-analysis of twelve RCTs
(including 505 patients) demonstrated a significantly reduced
infection rate and mortality after glutamine supplementation in
patients with AP [87]. In the subgroup analyses, only patients who
received total PN demonstrated a significant benefit in terms of
study outcomes. Two recently published meta-analyses showed
beneficial effects of glutamine supplementation in patients with AP
in the terms of elevation of serum albumin concentrations,
decrease in serum concentrations of C-reactive protein, and re-
ductions in infectious complications, mortality and hospital stay
[84,88]. Nevertheless, the risk of bias of the included studies is
important due to many reasons: (i) small sample size in most of the
studies, (ii) possible heterogeneity in disease severity and (iii)
confounding factors such as other interventions that may change
outcome (drainage, debridement or surgery).

11. Is there any role for probiotic use in severe AP?
Recommendation 17
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Commentary

A meta-analysis of six RCTs including 536 patients revealed no
significant benefit of probiotics on pancreatic infection rate,
overall infection rate, operation rate, length of hospital stay and
mortality [89]. Significant heterogeneity was observed in the
type, dose and treatment duration of probiotics in these trials. In
one of these RCTs the patient group assigned to a particular
combination of probiotic strains showed similar pancreatic
infection rate but increased mortality when compared with the
placebo group [90].

12. Is there any role for the use of oral enzyme supplementation
in AP?

Recommendation 18
Pancreatic enzymes should not be supplemented generally

except in patients with obvious pancreatic exocrine insuf-

ficiency (PEI).

Grade of Recommendation B e Strong consensus (97%

agreement).
Commentary

There are only two RCTs with a total of 78 patients randomized
to pancreatic enzyme supplementation or placebo [91,92]. In the
study by Kahl et al. 20 of the 56 patients showed low fecal
elastase values indicating PEI. Although the pancreatic enzyme
supplement group showed a tendency for better outcome this did
not reach statistical significance [91]. In the second small study by
Patankar et al. there was also no significant difference in labo-
ratory or clinical outcomes [92]. Therefore, no conclusion can be
drawn, but enzyme supplementation should be considered in
patients with proven or obvious exocrine insufficiency and
malabsorption with steatorrhea.
Pancreatic insufficiency, abdominal pain, alcohol abuse,

lower food intake, diabetes mellitus and smoking are the

main causes of malnutrition in CP.

Strong consensus (97% agreement).

3.2. Chronic pancreatitis

13. What are the risks of developing malnutrition in patients
with CP?

Statement 2
Risk of malnutrition in CP is high and malnutrition is com-

mon in patients with CP.

Strong consensus (100% agreement).
Commentary
CP is a disease with progressive and irreversible inflammatory
changes in the pancreas that result in permanent structural damage
with fibrosis, which can lead to abdominal pain and to impairment
of exocrine (pancreatic insufficiency) and often endocrine function
[4,93e95].
Malnutrition is often a late, but important manifestation in the
course of CP and depends on the intensity and duration of the
underlying disease. There are differences in the onset of pancreatic
insufficiency andmalnutrition between patients with alcoholic and
idiopathic CP. The latency between onset of first symptoms and
signs of CP, including pain and malabsorption/malnutrition is be-
tween five to ten years in alcoholic, but delayed in non-alcoholic
pancreatitis [94].

Despite the inconsistency of the data there is an evident risk of
malnutrition in patients with CP [95e97]. According to a recent
study medium or higher risk for malnutrition based on Malnutri-
tion Universal Screening Tool (MUST) score of one or higher was
found in 31.5% patients [98]. Similarly, 26% underweight patients
with a nutritional risk were identified in a study of outpatients with
CP [99].

At the same time a recent prospective cohort study on 62 pa-
tients with CP and 66 controls showed that over half of the patients
with CP were overweight or obese [100]. Nevertheless, significant
differences in handgrip strength were shown in patients with CP
when compared with controls.

In patients with CP with moderate to severe weight loss,
decreased lean body mass and sarcopenia may lead to decreased
functional capacity, which may have an impact on quality of life
[101,102]. In addition, PEI leads to the increased risk of devel-
oping significant bone loss and severe osteoporosis [103,104]. A
recent prospective study [102] including 182 patients with CP
showed that sarcopenia was present in 17% (74% of patients with
CP had a BMI > 18.5 kg/m2). During follow-up, sarcopenia was
associated with an increased risk of hospitalization (OR 2.2; 95%
CI 0.9 to 5.0; p ¼ 0.07), increased number of in-hospital days
(p < 0.001), and reduced survival (HR 6.7; 95% CI 1.8 to 25.0;
p ¼ 0.005).

14. What are the causes of malnutrition in patients with CP?
Statement 3
Commentary
Multiple risk factors for developing nutrient deficiencies and
malnutrition co-exist in patients with CP. First of all, pancreatic
insufficiency (exocrine but also often endocrine) can lead to mal-
digestion and malabsorption. Clinical signs of PEI include steator-
rhea, abdominal pain, weight loss andmalnutrition [4]. Recent data
showed endocrine insufficiency and/or clinical steatorrhea in 41%
and 36% of 809 patients [93]. Moreover, increased resting energy
expenditure can be seen in up to 50% of patients with CP, thus
leading to a negative energy balance and malnutrition [105].
Furthermore, abdominal pain, which is frequent in patients with CP,
can lead to suboptimal dietary intake and also contribute to
malnutrition [4].

Tobacco is an independent risk factor for CP, and can also be a
disease modifier, acting in synergy with alcohol intake, and
therefore, adds to the nutritional risk factors [93].
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15. Which diagnostic tests are preferred to assess nutritional
status in patients with CP?

Recommendation 19
Nutritional status should be assessed according to symp-

toms, organic functions, anthropometry, and biochemical

values. Solely BMI should not be used, because it does not

register sarcopenia in the obese patient with CP.

Grade of Recommendation GPP e Strong consensus (97%

agreement).

Patients should undergo screening for micro- and macro-

nutrient deficiencies at least every twelve months;

screening may need to occur more frequently in those with

severe disease or uncontrolled malabsorption.

Grade of Recommendation GPP e Strong consensus (100%

agreement).
Commentary

Studies assessing malnutrition have identified many
biochemical factors that are associated with malnutrition
[106,107] and prevalence studies show a diverse presentation of
malnutrition. Olesen et al. identified that 26% of patients with
CP were underweight in a cross-sectional study of 166 patients
with CP [99], whereas Duggan et al. highlighted that over half of
the patients in their prospective controlled cohort study
(n ¼ 128) fell into the overweight/obese category using BMI
[100]. However, patients had lower muscle stores and reduced
functional status assessed using hand-grip strength than
healthy controls. Consequently, BMI alone is not considered an
adequate method of assessing nutritional status. Percentage
weight loss is considered a more reliable indicator of the onset
of malnutrition and is associated with an increased risk in the
surgical setting [108].

Consequently, nutritional assessment should allow for detection
of simple malnutrition, sarcopenia and micronutrient deficiencies
in addition to identifying symptoms that may predispose patients
to worsening malnutrition (Table 5).
Table 5
Nutritional assessment in the patient with chronic pancreatitis.

Anthropometric
assessment

Biochemical
assessment

Symptom
assessment

Body
composition

� Change in body
weight

� Functional
assessment:
Hand-grip
strength dyna-
mometry/6-min
walk tests/sit to
stand tests.

� Skin fold
thickness, waist
circumference
and mid arm
muscle
circumference.

� Presence of
ascites/edema

� Fat soluble
vitamins (A,
D, E, K)

� Bone health
(Parathyroid
hormone)

� Trace
elements
(magnesium,
selenium,
zinc)

� Anemia
screen (iron
studies, B12,
folate,
ferritin and
CRP)

� Glycemic
control:
HbA1c and
random
glucose

� Change in dietary
intake

� Appetite
� Presence of

symptoms that
impact on oral
intake (nausea/
pain/indigestion/
early satiety)

� Presence of
exocrine/
endocrine
dysfunction

� CT/US
imaging of
muscle stores
(muscle
mass)

� DXA
scanning
(bone
mineral
density)

CRP ¼ C-reactive protein, HbA1c ¼ hemoglobin A1c, CT ¼ computed tomography,
US ¼ ultrasound, DXA ¼ dual-energy X-ray absorptiometry.
16. What is the frequency of screening for micro- and macro-
nutrient deficiencies in patients with CP?

Recommendation 20
Commentary

Patients with CP are at high risk of malnutrition, both in terms of
body weight and altered body composition [100]. This has an impact
on quality of life [99] and survival after surgery [109,110]. Nutritional
intervention can improve nutritional markers and is associated with
reduced pain [111] and, therefore, routine screening to trigger nutri-
tional intervention should be undertaken. Deficiencies in micro-
nutrients (vitamin B12, folic acid, vitamin A, D and E, zinc, selenium,
iron) are well documented in patients with exocrine insufficiency,
these are diverse in presentation with some studies reporting
biochemical deficiencies [100,103,112] and case reports document
clinical manifestations including night blindness [113,114]. However,
there are no data recommending the frequency of assessment or the
likely timing of progression to micronutrient deficiency. As clinical
manifestation of deficiency represents a late presentation, routine
screening should be implemented to detect early signs of deficiency.

17. What recommendations regarding diet and intake of fat, car-
bohydrates and proteins should be given in patients with CP?

Statement 4
Patients with CP do not need to follow a restrictive diet.
Recommendation 21
Strong consensus (94% agreement).
CP patients with a normal nutritional status should adhere

to a well-balanced diet.

Grade of Recommendation GPP e Strong consensus (94%

agreement).
Recommendation 22
Malnourished patients with CP should be advised to

consume high protein, high-energy food in five to six small

meals per day.

Grade of Recommendation GPP e Strong consensus (94%
agreement).
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Recommendation 23
In patients with CP, diets very high in fiber should be

avoided.

Grade of Recommendation B e Strong consensus (91%

agreement).

If adequate enzyme supplementation and exclusion of

bacterial overgrowth has not led to relief of malabsorption

and its accompanying symptoms, ONS with MCT can be

administered.

Grade of Recommendation 0 e Strong consensus (97%

agreement).
Statement 5
In patients with CP, there is no need for dietary fat restric-

tion unless symptoms of steatorrhea cannot be controlled.

Strong consensus (100% agreement).
Commentary
Fat-soluble (A, D, E, K) and water-soluble (vitamin B12, folic
There are very little data to suggest the optimal dietary man-
agement for patients with CP. Historically, patients were encour-
aged to have a low-fat diet, and studies in the Netherlands suggest
48e58% of patients still restrict dietary fat [104,115]. International
guidelines are consistent in their recommendation that patients
should have a balanced diet and avoid fat restriction [4,116e119].

The role of dietary fat has been examined in small studies,
suggesting an improvement in dyspeptic symptoms in patients
with very mild pancreatic disease who did not consume alcohol
regularly when a very low fat diet was consumed (<20 g fat per day)
[120] and patients who consumed a higher fat diet were thought to
be diagnosed at a younger age, and had an increased probability of
continuous abdominal pain [121] suggesting a potential role in the
initial development of CP. However once CP was diagnosed, there
was no difference in severity or complications of disease. An RCT
comparing dietary counseling and nutritional supplements in a
cohort of 60 malnourished patients with CP found that nutritional
intervention in which 33% of energy was derived from fat was well
tolerated [111]. Improvements in nutritional status and pain control
were observed in patients receiving nutritional intervention and
the authors did not report any adverse events [111].

Patients consuming very high fiber diets reported increased
flatulence, and increased fecal weight and fat losses were observed
in a small trial (n ¼ 12) in patients with CP. This study suggested
that very high fiber diets may inhibit pancreatic enzyme replace-
ment therapy, thus resulting inmalabsorption. Thus, very high fiber
diets are not recommended in this patient group [122].

18. Are oral supplements, with or without medium-chain tri-
glycerides (MCTs), indicated in patients with CP?

Recommendation 24
Oral nutritional supplements (ONS) should be prescribed to

undernourished patients only if oral nutrition is insufficient

for reaching the calorie and protein goals.

Grade of Recommendation GPP e Strong consensus (100%

agreement).

acid, thiamine) vitamins as well as minerals such as mag-

nesium, iron, selenium and zinc should be monitored (if

available) and administered if low concentrations are

detected or if clinical signs of deficiency occur. Supple-

mentation should be proposed to patients with known

malabsorption.

Grade of Recommendation GPP e Strong consensus (95%

agreement).
Recommendation 25
Commentary

Very few studies have investigated the benefit of ONS in pa-
tients with CP. Eighty percent of patients can be treated with diet
and enzyme supplementation, the rest need oral supplementa-
tion [96].

ONS can be of benefit in undernourished patients with CP,
especially if the caloric and protein goals cannot be reached with
normalmeals and counseling. ONS are a simpleway to improve oral
intake, but long-term compliance may be a problem.

There are no RCTs investigating the relative efficacy of different
formulas (e.g. standard or peptide-based with MCT). However, in
the presence of PEI, enteral formulas consisting of pre-digested
products and a mixture of long chain fatty acids and MCT would
seem, theoretically, to have potential advantage. MCTs are less
dependent on lipase activity for their absorption [123].

A reduction in oral fat intake or the replacement of dietary fat
with MCT risks a reduction in energy intake and, therefore, a
negative energy balance. MCTs have an unpleasant taste and are
associated with adverse effects like cramps, nausea, and diarrhea.
Up to now, studies have not shown any clear benefit of MCTs over
standard long-chain triglycerides when used in combination with
enzyme supplementation [123,124]. One RCT investigated the ef-
ficacy of ONS in patients with CP and severe malnutrition [111].
Dietary counseling achieved equal results compared with the use of
a commercial supplement enriched with MCTs. Both groups also
received enzyme supplementation and so it is not possible to
explain the additional gain from dietary MCTs over enzyme
supplementation.

If MCTs are being considered, their dose should be increased
slowly depending on the patient's tolerance.

19. When is micronutrient supplementation indicated in pa-
tients with CP (not including osteoporosis prevention)?

Recommendation 26
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Commentary
Semi-elemental formulas with medium chain triglycerides

can be used if standard formulas are not tolerated.

Grade of Recommendation GPP e Strong consensus (94%

agreement).

Pancreatic enzymes should be supplemented in patients

requiring EN, if signs of exocrine failure manifest.

Grade of Recommendation GPP e Strong consensus (100%

agreement).
The reported prevalence of deficiency of fat-soluble vitamins is
3e14.5% for vitamin A deficiency [100,103,125], 58e77.9% for
vitamin D deficiency [100,103,125,126], 9e24% for vitamin E defi-
ciency [100,103,106,125,126] and 13e63% for vitamin K deficiency
[100,103,125,126]. In a prospective controlled cohort study of 128
subjects and 66 age/gender-matched controls, 14.5% and 24.2%
were deficient in vitamins A and E, respectively, with a significant
difference compared with controls. Nineteen percent of patients
had excess serum vitamin A concentrations [100]. This must be
taken in account and a blind supplementation of all fat-soluble
vitamins for all patients with CPs is not advised.

Deficiencies of water-soluble vitamins in patients with CP are
less frequent. A recent study with 301 patients with CP and 266
controls showed that patients with CP had significantly lower
concentrations of vitamins A, D and E, but no difference regarding
vitamin B12 [103]. Similarly, another cohort study of 114 patients
with CP (33% with exocrine failure) did not show any significant
deficiencies of vitamin B12 (0%) and folic acid (2.2%) [127].

Thiamine deficiency secondary to concomitant alcoholism must
be considered [106].

Minerals and trace elements deficiencies have been reported in
patients with CP in some case-control studies. The results are con-
flicting. Lower concentrations of zinc, selenium [106] and magne-
sium [127] have been observed. Furthermore, low magnesium
concentrations seemed to correlate with exocrine failure [127].

20. When is EN indicated in patients with CP and how should it
be administered?

Recommendation 27
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EN should be administered in patients with malnutrition

who are not responding to oral nutritional support.

Grade of Recommendation GPP e Strong consensus (100%

agreement).
Recommendation 28
EN should be administered via the nasojejunal route in

patients with pain, delayed gastric emptying, persistent

nausea or vomiting and gastric outlet syndrome.

Grade of Recommendation GPP e Strong consensus (100%

agreement).
Recommendation 29
Long-term jejunostomy access (percutaneous endoscopic

gastrostomy with jejunal extension (PEG-J) or direct

percutaneous endoscopic jejunostomy (DPEJ) or surgical

jejunostomy) can be used in those requiring EN for more

than 30 days.

Grade of Recommendation GPP e Strong consensus (97%

agreement).
Recommendation 30
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Recommendation 31
Commentary
Oral nutritional support with dietary counseling is usually suf-
ficient to improve nutritional status in patients with CP [111]. EN is
indicated in approximately 5% of patients with CP [97]. Regarding
indications and outcomes of EN in these patients, evidence is based
on few cohort studies and RCTs are generally lacking [4].

Four retrospective series have shown the benefits of EN in pa-
tients with CP regarding weight gain and pain control [128e131].
Two of them included 58 [129] and 50 patients [131] respectively,
in whom a naso-jejunal tube was placed. Long-term access with
PEG-J or DPEJ was used in 57 [128] and 58 patients [130]. All studies
showed that this type of nutritional support was safe and effective
in patients with CP, even in case of gastric outlet syndrome
[130,131].

There is limited high quality evidence for the composition of
enteral formulas in patients with CP. However, there is a rationale
that semi-elemental enteral formulas with MCTs are more adapted
for jejunal nutrition, compared with polymeric formulas [132]. In
two of the aforementioned studies [129,131], semi-elemental for-
mulas were used with good digestive tolerance. Nevertheless, the
cost of these feeds is higher and data on cost-effectiveness are also
lacking.

In patients with exocrine failure, who do not improve with
semi-elemental formulae, pancreatic enzymes can be administered
with the formula [133]. This involves opening the capsules and
suspending the enzyme microspheres in thickened acidic fluid
(such as the mildly thickened or “nectar-thick” fruit juice used for
dysphagia) for delivery via the feeding tube.

21. When is PN indicated in patients with CP and how should it
be administered?

Recommendation 32
PN may be indicated in patients with gastric outlet

obstruction and in those with complex fistulating disease,

or in case of intolerance of EN.

Grade of Recommendation GPP e Strong consensus (100%

agreement).
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Recommendation 33
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For PN the preferable route is central venous access.

Grade of Recommendation GPP e Strong consensus (100%

agreement).
Commentary

PN is infrequently uses in patients with CP [4,97]. EN preserves
immune function and mucosal architecture and decreases the
possibility for hyperglycemia while PN also increases the risk of
catheter-related infections and septic complications [96,119]. PN is,
therefore, only indicated when it is impossible to use EN (e.g.
presence of gastric outlet obstruction, the need for gastric decom-
pression, when it is impossible to introduce a tube into the
jejunum, or a complicated fistula is present) or if requirements are
only partly reached by EN. PN is mainly administered over a short-
term period and long-term studies are lacking. In this case, a
standard nutritional solution should be administered via central
venous access such as a peripherally inserted central catheter.
Contraindications to PN do not differ from general contraindica-
tions to medical nutrition.

22. What are the indicators for starting pancreatic enzyme
replacement therapy (PERT) in patients with CP?

Recommendation 34
When PEI is diagnosed through clinical signs and symp-

toms and/or laboratory tests of malabsorption, PERT shall

be initiated. An accurate nutritional assessment is manda-

tory to detect signs of malabsorption.

Grade of Recommendation A e Strong consensus (100%

agreement).

pH-sensitive, enteric-coated microspheres pancreatic
enzyme replacement preparations shall be used for treating

PEI.

Grade of Recommendation A e Strong consensus (100%

agreement).
Commentary

PEI is defined as an insufficient secretion of pancreatic enzymes
(acinar function) and/or sodium bicarbonate (ductal function) [4].
Diagnosis of PEI can be challenging in practice because pancreatic
function and secretion are not solely reliant on the quantity or
quality of pancreatic tissue [134] but also depend on complex
pancreatic stimulatory mechanisms [135]. Moreover, different PEI
biomarkers and their threshold values have been used in the cur-
rent literature [136]. For these reasons a wide range (from 22% to
94%) of prevalence rates for PEI among patients with CP has been
reported [98,106,137e146].

The most frequent clinical sign of PEI is steatorrhea [147],
defined as presence of fat in the stool, and associated generally with
flatulence, bloating, dyspepsia, urgency to pass stools, and cramp-
ing abdominal pain. In a recent systematic review, including 14
studies on pancreatic enzyme supplementation in patients with CP,
the criteria for the diagnosis of PEI were the measurement of the
coefficient of fat absorption with a threshold <80% or the fecal fat
absorption less than 7e15 g of fat per day [136].

Overt steatorrhea is not expected unless there is severe or
decompensated PEI (i.e. when secretion of pancreatic lipase is less
than <10% of normal). However, the absence of overt steatorrhea is
not always an indicator of adequate absorption and nutritional
status. PEI is consistently associated with biochemical and clinical
signs of malnutrition [148]. Management of PEI involves replacing
the inadequate pancreatic enzymes, which should be used to
maintain weight and improve the symptoms of maldigestion [149].

Awareness of PEI among many physicians is poor outside of
referral centers and especially among physicians in primary care
[115]. Consequentially, patients who present with symptoms of PEI
may be overlooked or advised to adopt inappropriate dietary re-
strictions in an attempt to control the symptoms. A study identified
that the primary unmet patient needwas the difficulty inmanaging
gastrointestinal symptoms, diet, and digestion; indeed, many of
these patients and caregivers cited delays in dietary assessment
and initiation of PERT causing additional distress that could have
been prevented [150]. Untreated PEI has also a deleterious impact
on the quality of life of patients [151]. As the quantitative mea-
surement of fecal fat is often omitted, it is recommended that
enzyme replacement is started when clinical signs of malabsorp-
tion, or anthropometric and/or biochemical signs of malnutrition
are present [96,127,152e154]. Symptoms include weight loss,
alteration of body compartments at bioimpedance analysis, and
low nutritional markers (albumin, cholinesterase, prealbumin,
retinol-binding protein, and magnesium) [127]. Although it is
assumed that steatorrhea is the most important clinical manifes-
tation of PEI, several studies have shown reduced absorption of fat-
soluble vitamins even in patients with mild to moderate PEI
[155e158].

Non-alcoholic fatty liver disease (NAFLD) is also a poorly
recognized complication of PEI. Themechanisms underlying NAFLD
in PEI is different fromNAFLD associated with metabolic syndrome,
because it is mainly due to malabsorption of essential amino acids
such as choline which leads to a decrease in plasma concentrations
of apoprotein B [159], a major component of very-low-density
lipoprotein.

23. What are the enzyme preparations of choice for PERT?
Recommendation 35
Commentary

There are multiple pancreatic enzyme replacement prepara-
tions that are now licensed around the world. All are of porcine
origin and contain, with varying concentrations and mixtures,
pancreatic lipase, amylase, protease, and other pancreas-derived
proteins and nucleic acids. Several factors affect the efficacy of
pancreatic enzyme supplementation: (a) mixture with meal; (b)
gastric emptying with meal; (c) mixing with chyme and bile acids
and rapid release of enzymes in duodenum [160].

Nowadays, most of the pancreatic enzyme preparations are
formulated as pH-sensitive, enteric-coated, capsules containing
microspheres or tablets that protect the enzymes from gastric
acidity and allow them to disintegrate rapidly at pH > 5.5 in the
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duodenum [160,161]. Non enteric-coated, conventional powder or
tablet formulations have been abandoned because they are less
effective in treating PEI as pancreatic enzymes are partially inac-
tivated by pepsin and gastric acidity [162].

The efficacy of these more recent formulations has been
demonstrated in several recent studies [163e166] and in a recent
meta-analysis [136]. A Cochrane review on the efficacy of pancre-
atic enzyme preparations in patients with pancreatic insufficiency
demonstrated a higher efficacy for enteric-coated microspheres
compared with enteric-coated tablets [167]. Mini-microspheres
1.0e1.2 mm in diameter seem to be associated with higher thera-
peutic efficacy compared with 1.8e2.0 mm microspheres that still
have an optimal therapeutic action [168]. Another trial compared
two enteric-coated pancreatic enzyme preparations. One moisture-
resistant, formulated to contain between 90% and 110% labeled
lipase content over the shelf life of the product and the other
potentially unstable in the presence of moisture and degradable
over time. The characteristics of the moisture-resistant formulation
should have allowed more accurate dosing, both providing more
predictable therapeutic effects and reducing the risk of overdose,
which is assumed as a potential risk factor for fibrosing colonop-
athy. The results suggested a comparable efficacy and safety in
patients with cystic fibrosis for the treatment of PEI [169].

24. How should enzyme supplementation be administered?
Recommendation 36
Oral pancreatic enzymes should be distributed along with

meals and snacks.

Grade of Recommendation B e Strong consensus (100%

agreement).
The efficacy of PERT should be evaluated by the relief of

gastrointestinal symptoms and the improvement of nutri-

tional parameters (anthropometric and biochemical). In

patients who do not respond, the evaluation should be

extended to pancreatic function tests (fecal fat excretion or
13C-MTG-breath test).

Grade of Recommendation B e Strong consensus (97%

agreement).
Commentary

The efficacy of pancreatic enzyme supplements presupposes the
mixing of enzymes and chyme [161]. While one study evaluating
the impact of the scheduling of PERT administration on fat
malabsorption suggested the optimal timing of administration was
during or after meals, no significant difference was observed when
patients took PERT immediately before meals [170]. In practice,
although many patients prefer to take PERT at the beginning of
meals, they should be encouraged to spread the capsules out over a
meal when using multiple capsules or with larger meals [162,170].
If the patient is taking the older preparations of pancreas powder,
they should take about a third of the dose immediately before, one
third during, and one third immediately after the meal. This con-
cerns only meals and snacks that contain fat (e.g. not for fruit).

25. What is the optimal dosage of enzyme supplementation?
Recommendation 37
The posology aims at individual needs and depends on the

severity of the disease and the composition of the meal. In

practice, a minimum lipase dose of 20,000e50,000 PhU

(based on the preparation) shall be taken together with

main meals, and half that dose with snacks.

Grade of Recommendation A e Strong consensus (100%

agreement).
Commentary
The dosage recommended depends on the patient's clinical
response, but the dosage and dosing will need to be monitored
carefully, as well as altered, depending on patient's food intake/
pattern of eating, method of cooking, portion sizes, and disease
evolution.

For the digestion of a normal meal a minimum activity of
30,000 IU of naturally secreted pancreatic lipase is required. The
recommended initial dose is about 10% of the physiologically
secreted dose of lipase after a normal meal [171]. Since 1 IU of
naturally secreted lipase equals 3 PhU in commercial prepara-
tions, the minimum amount of lipase needed for digestion of a
normal meal is 90,000 PhU (endogenous plus orally administered
lipase).

The results of several RCTs have proven the efficacy of pancreatic
enzyme replacement therapy with enteric-coated mini-micro-
spheres at a dose ranging from 40,000e80,000 PhU of lipase per
main meal, and half dose per snack [165,166,170,172e174]. Studies
evaluating enteric-coated microspheres have shown a similar effi-
cacy for doses ranging from 10,000e40,000 PhU of lipase per meal,
indicating the lack of a dose-response relationship with these
preparations [175,176].

Dose escalation may be warranted according to response. In
adults there is no upper limit to dosing, as there is no risk of
overdose because pancreatic enzymes exceeding the needs are
eliminated through stools. Caution for dosage should be placed
in children in whom colonic strictures have been described after
high dose of the enteric coated, delayed release preparations
[177].

26. How should the efficacy of enzyme supplementation be
evaluated?

trition 39 (2020) 612e631 625
Recommendation 38
Commentary

The aforementioned recent meta-analysis including 14 RCTs
[136] showed that PERT increased the coefficient of fat absorption,
as well as improved gastrointestinal symptoms, compared with
baseline or placebo. Two open label extensions up to one year from
RCTs included in the meta-analysis demonstrated significant
improvement in nutritional parameters and weight [164,178]. A
review of reported data [106] as well as the recent guidelines on the
therapy for CP [4] support the use of nutritional parameters as an
optimal way to assess the efficacy of PERT. Dietary intake and
nutritional status should be monitored regularly to maximize pa-
tient compliance and specialist dietetic assessment sought in pa-
tients with underlying malnutrition [179].
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In patients who do not respond, pancreatic function tests [136]
while on PERT can monitor effectiveness. 13C-MTG-breath test is a
useful method that can replace the somewhat cumbersome fecal
fat excretion tests and can be used for patients on PERT [180].

27. What should be done in cases of unsatisfactory clinical
response?

Recommendation 39
In case of unsatisfactory clinical response, PERT dosage

should be increased or a protein pump inhibitor (PPI)

should be added. If these methods fail, other causes of

malabsorption such as small intestinal bacterial overgrowth

(SIBO) should be excluded.

Grade of Recommendation B e Strong consensus (97%

agreement).
Patients with CP are at risk for osteoporosis (almost one out

of four) and at high risk (about two out of three), for oste-

opathy (either osteoporosis or osteopenia).

Strong consensus (97% agreement).
Commentary

The recommended dose of 20,000e50,000 PhU with main
meals has been shown to improve symptoms in more than half the
patients [136]. Dose escalation may be warranted according to
response. In adults there is no upper limit to dosing, as there is no
risk of overdose because pancreatic enzymes exceeding the needs
are eliminated in the stool. Caution for high PERT dosage should be
exercised in children, in whom colonic strictures have been
described after high dose of the enteric coated, delayed release
preparations [177].

The inhibition of gastric acid secretion by PPIs can lead to a
significant improvement and even normalization of fat digestion in
patients with an incomplete response to PERT, as shown in a pro-
spective cohort study of 21 patients with CP (43% had an initial
incomplete response to PERT, and 29% normalized their function
after addition of a PPI) [181]. Nevertheless, a review including 34
clinical trials failed to show improvement in the efficacy of PERT
with PPI or histamine-2 receptor antagonists [182]. It is noteworthy
that the populations included and the therapeutic schemes were
very heterogeneous, therefore, suggesting significant bias.

SIBO can also explain persistent symptoms. A recent prospective
case-control study revealed that SIBO was present in 15% of pa-
tients with CP whereas no healthy control was tested positive by
means of a fasting glucose hydrogen breath test [183].

28. Does the surgical technique for treating CP affect PERT and
nutritional status?

Recommendation 40
Long-term PERT and nutritional status are similarly affected

by all surgical procedures. Tissue-preserving procedures

shall be preferred.

Grade of Recommendation A e Strong consensus (100%

agreement).
Commentary

Surgical intervention is effective in carefully selected patients.
Common indications for surgical intervention in CP include poorly
controlled pain, duodenal, biliary and pancreatic duct obstruction,
and suspicion of cancer [184].

Surgery for CP can be broadly classified into three categories:
drainage procedures, partial pancreatic resection including or not
the duodenum, and total pancreatectomy. Recently, Kamper et al.
[185], reviewed all the available techniques in detail. In drainage
procedures a dilated pancreatic duct is cut open and anastomosed
to the proximal jejunum. The most common drainage procedures
are the modified Puestow procedure, also known as lateral
pancreatico-jejunostomy, and the Frey procedure, which in addi-
tion to a pancreaticojejunostomy includes coring of the pancreatic
head. In patients with persistent inflammation of the pancreatic
head without upstream ductal dilatation, a resective surgery such
as a classic pancreaticoduodenectomy or a duodenum-preserving
head resection (Beger procedure) can be performed.

Theoretically, the type of procedure may deeply affect short-
and long-term nutritional outcomes, since the extension of the
parenchyma resection, as well as the preservation of the duodenum
and bile natural transit, and pancreatic secretionmay represent key
factors for endocrine and exocrine functions [186,187].

Meta-analyses showed better postoperative pain relief and
improved quality of life with the Beger procedure compared with
conventional pancreaticoduodenectomy [188,189]. However, the
studies included had a high grade of heterogeneity and a recent
large prospective large RCT showed no significant difference be-
tween procedures in the long-term nutritional status, quality of life,
and preservation of the exocrine pancreatic function [190].

A 2015 meta-analysis of 23 studies compared outcomes of the
Frey procedure with pancreaticoduodenectomy and the Berger
procedure [191]. Short-term quality of life and pancreatic function
outcomes were more favorable in patients who had the Frey pro-
cedure than in those who had pancreaticoduodenectomy. Long-
term follow-up data from an RCT comparing the Frey and Berger
procedures for CP showed no significant difference in endocrine or
exocrine insufficiency more than a decade after surgery [192].

29. What is the risk of developing osteoporosis or osteopenia in
patients with CP?

Statement 6
Commentary
Osteoporosis is characterized by structural deterioration of bone
tissue and low bone mass, leading to bone fragility and increased
risk of fracture [193]. Osteoporosis and osteopenia are defined by
the World Health Organization according to T-scores (a T-score
between �1.0 and �2.5 standard deviations is defined as osteo-
penia; a T-score below 2.5 standard deviations is defined as oste-
oporosis), T-scores compare bone density values with those of
young adults (peak bone mass) [194]. Osteoporosis and osteopenia
can also be defined according to Z-score (Z-score < �1 defined as
osteopenia, Z-score < �2 defined as osteoporosis). The Z-scores
represents gender- and age-matched controls for the evaluation of
secondary osteoporosis, they are usually used in premenopausal
women, men under the age of 50, and in children [195].



Basic preventive measures should be advised to all patients

with CP including adequate calcium/vitamin D intake and, if

indicated, pancreatic enzyme supplementation, regular

weight-bearing exercise and smoking and alcohol avoid-

ance. Additional pharmacologic treatment should be

reserved for patients with osteopathy and, in particular,

osteoporosis.

Grade of Recommendation GPP e Strong consensus (97%

agreement).
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A systematic review and meta-analysis including ten studies
applied the definition in accordance with the T-scores in eight and
the Z-scores in two studies. It revealed that, based on the random-
effects model of the total 513 patients with CP included, a pooled
prevalence rate of osteoporosis of 24.3% (95% CI 16.6e32.0%) and
osteopathy (either osteoporosis or osteopenia) of 65% (95% CI
54.7e74.0%) [196]. Two of the included studies revealed osteopo-
rosis rate for controls respectively 8.6 and 10.2%. All the included
studies had relatively small sample sizes (<100) and considerable
heterogeneity; therefore, subgroup analyses were not acquiescent.
Certain patterns were, however, evident from the studies included,
like an association between pancreatic enzyme insufficiency and
lower bone mineral density. On the contrary, the available data
failed to show direct associations between serum vitamin D con-
centrations and low bone mineral density. These data suggest that
vitamin D deficiency is not the sole driver of bone demineralization,
other factors that may be of importance for premature bone
demineralization in CP are heavy smoking, low physical activity,
and chronic inflammation [197].

The important clinical endpoint of osteoporosis is bone fracture.
Two large retrospective studies shed light on this regarding pa-
tients with CP. The first is a cohort database study, examining pa-
tients with CP at a single tertiary care center. A total of 3192 patients
with CP and 1,436,699 controls were included in the study. The
fracture prevalence (patients with fracture per total patients) was
1.1% in controls (16,208/1,436,699) and 4.8% in patients with CP
(154/3192); in comparison Crohn's disease revealed a risk of 3.0%
(182/6057); liver cirrhosis 4.8% (805/16,658) and celiac disease 5.0%
(74/1480) [198].

The second, a Danish retrospective cohort study including 2594
patients with CP revealed an adjusted hazard ratio for any fracture
of 1.7 (95% CI 1.6 to 1.8) [199]. Patients with CP receiving PERT for fat
malabsorption had a lower risk of fractures than other CP patients
(HR 0.8; 95% CI 0.7 to 0.9).

30. What methods should be used to identify patients who are at
risk?

Recommendation 41
Dual-energy X-ray absorptiometry (DXA) shall be used to

identify patients with CP with osteopathy.

Grade of Recommendation A e Strong consensus (100%

agreement).
Commentary

The American College of Radiology aims to rate the appro-
priateness of several radiological modalities for specific patient
populations. Although they do not mention CP explicitly, they do
state that in premenopausal females and males 20e50 years of
age with malabsorption, DXA of the lumbar spine and hip(s) or
distal forearm is usually an appropriate diagnostic modality to
identify low bone mineral density [200]. It is not yet well defined
when and to whom these tests should be offered in patients with
CP. However, there are recommendations from the American
Gastroenterological Association on the detection of osteoporosis
in other gastrointestinal diseases: recommending that patients
with at least one additional osteoporosis risk factor should un-
dergo initial screening with DXA [201]. This recommendation was
specifically for inflammatory bowel disease, celiac disease, and
post-gastrectomy patients. The recently published HaPanEU
guidelines on CP argued that bone density testing by DXA should
be extended to patients with CP with an additional risk; post-
menopausal women, those with previous low-trauma fractures,
men over 50 years and those with malabsorption [4]. They further
stated that considering the associated morbidity and cost of bone
fractures when prevention is within range [202], a baseline bone
density assessment for all patients with CP may be worth
considering.

31. What is the recommended management for the prevention
and treatment of these conditions?

Recommendation 42
Commentary

The reasons for osteopathy in CP are multifactorial; (i) low
serum vitamin D concentrations due to impaired absorption of
fat-soluble vitamin D, poor dietary intake (including calcium)
and/or sunshine exposure, (ii) smoking and alcohol intake, (iii)
low physical activity, and (iv) chronic inflammation, all
contribute. Therefore, basic preventive measures should be
advised to all patients with CP including adequate calcium/
vitamin D intake and PERT if indicated, regular weight-bearing
exercise and avoidance of smoking and alcohol [4]. Research on
pharmaceutical supplementation of vitamin D and calcium in
patients with osteopenia and adding bisphosphonates in osteo-
porosis has mainly been performed in post-menopausal women
and elderly patients. Based on these findings, and bearing in mind
that the cost and side effects are limited, one could consider in
patients with osteopathy to supplement vitamin D (800 IU) and
calcium (500e1000 mg) daily [149]. In patients with osteopenia it
is recommended to repeat the DXA every two years, whereby in
patients with osteoporosis there are no specific recommendations
beside appropriate medication, screening for other causes and/or
referral to a bone specialist [4].
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