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Abstract

Background: Gallstones and alcohol are currently the most frequent aetiologies of acute pancreatitis
(AP). The aim of this study is to quantify these aetiologies worldwide, by geographic region and by
diagnostic method.

Methods: A systematic review of observational studies published from January 2006 to October 2017
was performed. The studies provided objective criteria for establishing the diagnosis and aetiology of AP
for at least biliary and alcoholic causes. A random-effects meta-analysis was used to assess the fre-
quency of biliary (ABP), alcoholic (AAP) and idiopathic AP (IAP) worldwide and to perform 6 subgroup
analyses: 2 compared diagnostic methods for AP aetiology and the other 4 compared geographic
regions.

Results: Forty-six studies representing 2,341,007 patients of AP in 36 countries were included. The
global estimate of proportion (95% ClI) of aetiologies was 42 (39-44)% for ABP, 21 (17-25)% for AAP
and 18 (15-22)% for IAP. In studies that used discharge code diagnoses and in those from the US, IAP
was the most frequent aetiology. ABP was more frequent in Latin America than in other regions.
Conclusion: Gallstones represent the main aetiology of AP globally, and this aetiology is twice as

frequent as the second most common aetiology.
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Introduction

Data from the Global Burden of Disease Study revealed a global
incidence for pancreatitis of 5,210,000 patients in 2016, repre-
senting a 30% increase compared to the incidence in 2006."
Gallstones and alcohol are the most frequent aetiologies of AP,
although their individual incidences vary greatly among popu-
lations.”™ Other causes include trauma, drugs, infections,
hyperlipidaemia, hypercalcemia, HIV, neoplasms and idiopathic
(no cause diagnosed).

This paper is derived from a masters degree dissertation at the Postgraduate
Program in Surgical Sciences, Medical School, Universidade Federal do Rio
Grande do Sul (UFRGS).

HPB 2019, 21, 259-267

In 2006, Yadav and Lowenfels published a systematic review”
on the epidemiology of the first attack of AP without date re-
strictions for the search; however, only European studies were
eligible for inclusion. In 2017, Roberts et al.” published a sys-
tematic review of the incidence and aetiology of AP across
Europe. These previously published systematic reviews on AP
aetiology are region specific, and none have provided a global
representation of AP causation. The objective of this study was to
provide a global picture regarding the aetiology of AP, the dif-
ference in the frequencies between different diagnostic methods
and different geographic regions.

© 2018 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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Methods

Protocol and registration

This systematic review and meta-analysis was performed
following the recommendations of the Meta-Analysis Of
Observational Studies in Epidemiology (MOOSE) group’ and
was registered in the International Prospective Register of Sys-
(PROSPERO) the number

tematic  Reviews under

CRD42016029361.

Search strategy and study selection

MEDLINE, EMBASE, and LILACS were searched for publications
from January 1, 2006 to October 18, 2017 and supplemented
electronic searches with manual searches of the reference lists of
key articles from Google Scholar and abstracts presented in the
Digestive Disease Week and United European Gastroenterology
Week since 2006. The search strategy was developed in collabo-
ration with a medical epidemiologist. The search strategy used
comprehensive strings of words with variations of the terms
OR OR
“pancreatic inflammation” OR “pancreas inflammatory”) in
combination with terms referring to disease frequency and aeti-

“pancreatitis” (“pancreatitis” “acute pancreatitis”

ology (AND “incidence” OR “prevalence” OR “epidemiology” OR
“etiology” OR “aetiology” OR “mortality”). Eligible studies were
limited to those published in English, Spanish and Portuguese.

To be included in this review, studies had to meet all of the
following criteria: (i) observational studies with human subjects,
(ii) the use of objective criteria to establish the diagnosis and
aetiology of AP and (iii) the provision of quantitative reports for
at least biliary AP (ABP) and alcoholic AP (AAP). Studies were
not included if selected only one subgroup of patients with AP
(e.g., that excluded patients with diabetes or hypertension), if
presented more than 30% of missing data and if studies included
patients with exacerbation of chronic pancreatitis without
quantifying its proportion. When studies reported the same
population (database), with an overlap in time, the most recent
study was selected for inclusion. Two independent investigators
(M.B.Z. and A.B.O.) selected articles through review of the titles
and abstracts. Studies satisfying the inclusion criteria and those
with abstracts that lacked crucial information for the decision
regarding their exclusion were retrieved for full-text evaluations.
Eligibility decisions and disagreements were reconciled through
discussion or by a third reviewer (T.EE.).

Attempts were made to reach the authors regarding two
publications: to request a full-text article that we were unable to
access online and to retrieve unpublished supplementary data;
these attempts were unsuccessful.

Data extraction and quality assessment

Data on the populations studied, period of patient inclusion, sex,
age, aetiology, incidence, recurrence, severity, mortality and in-
dividual quality of the included studies were extracted. An
adapted version of a modified Newcastle-Ottawa Scale (NOS)
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was used to assess the quality of nonrandomized studies in meta-
analyses® for individual use in a specific context. A quality score
was calculated on the basis of the following components: selec-
tion of the population of interest (0—3 points), sample size (0—1
points), quality of adjustment for confounding variables (0—3
points), use of appropriate statistical analysis methods related to
the outcome of interest (0—3 points), the amount of missing data
and how these data were handled (0-3 points), use of an explicit
and appropriate methodology for the diagnosis of the stated AP
aetiology (0—3 points) and objectivity of the assessment of the
outcome of interest (0—3 points). A higher score represented
better methodological quality. The scale and results are available
as supplements.

One of the limitations of a meta-analysis of observational
studies is that no appropriate tools are available to assess pub-
lication bias and the fact that the motivation for publication is
not well understood. The best strategy to assess publication bias
in observational studies in epidemiology is a thorough search,
which was performed.

Data synthesis and statistical analysis

Heterogeneity is expected among studies with different popula-
tions. To incorporate part of the heterogeneity, a random-effects
meta-analysis was used and a series of 6 subgroup analysis were
performed concerning geographic regions and diagnostic
method for aetiology. These analyses were performed using
MedCalc (www.medcalc.org).

Results

Literature search and study characteristics

The search retrieved 16,059 studies. Fig. 1 represents PRISMA
flow chart for studies evaluation. The main characteristics of the
included studies are available as Supplementary Table 1.

Aetiology of acute pancreatitis

A total of 2,341,007 patients with AP from 36 countries were
assessed in this review. The global estimate for the mean (95%
CI, P) proportion of ABP was 42 (39-44, 61%)%
(Supplementary Figure 1), followed by AAP at 21 (17-25,
29%)% (Supplementary Figure 2). The global estimate for the
mean (95% CI, %) proportion of IAP was 18 (15-22,59%)%
based on 38 studies’>117131618-26.28-3335-4548-52 Lo ping
109,882 patients with AP (Supplementary Figure 3). Six sub-
group analyses were performed as follows: (i) studies with
population coded diagnoses for AP; (ii) studies with individual
patient medical record reviews; (iii) studies from the US; (iv)
studies from Latin America; (v) studies from Europe; and (vi)
studies from Asia. One international study® presented data from
the US, Mexico, South America, Europe and Asia that were
analysed separately in subgroup analyses by geographic region.
The subgroup analysis with studies that used population coded

7,10,14,17,25,27,34,35,46,47

diagnoses and studies that diagnosed the

© 2018 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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manually searching
46 studies included the reference lists of
in qualitative l‘_ key articles
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46 studies included
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synthesis of
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in quantitative
synthesis of
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and alcoholic acute
pancreatitis

pancreatitis

Figure 1 PRISMA flow chart represents the flow of information through the different phases of the systematic review

aetiology of AP based on chart reviews for all study pa-

8,9,11-13,15,16,18-24,26,28-33,36—-45,48

tients are summarized in

Fig. 2a—c.

Distribution of the 3 major aetiologies by geographic
region

The US analysis included 4
States7,l4,25,47

studies from the United

and one international study.” Five studies
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. . . . 18,21,26,49,51
were included in the Latin America subgroup, 25

with data from Argentina, Chile, Mexico, Jamaica and
Paraguay. The Europe subgroup analysis included 28
studies®10:11:15-17,19,20,02-24,28-32,34-36,38,41-46,48,49 from
Turkey, Ireland, Scotland, England, Germany, Sweden, Czech
Republic, Denmark, Netherlands, Norway, Poland, Serbia,
Croatia, Iceland, Wales, Slovenia, Albania, Hungary, Italy,
Romania, Greece and Lithuania. Only one study'’ from

© 2018 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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Figure 2 a-c. Representation of the combined summary effects measures of the population coded aetiological diagnoses and patient medical

chart reviews for acute biliary pancreatitis, acute alcoholic pancreatitis and idiopathic acute pancreatitis

South Africa met the inclusion criteria of the present anal-
ysis. For the Asia subgroup, 9 studies were
selected”!>27:33:37:39:49:50.52 fom China, India, Taiwan,

Oman, Korea and Thailand. One article from Australia*® was
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included and represented Oceania in the combined summary
effects representation (Fig. 3a—c). Full analyses are available
as Supplementary Data. Table 1 represents summary results
for aetiology in all studies and by geographic region.

© 2018 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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Other causes of AP

~13,15-26,28-33,35-45,47-52
8-13,15-26,28 S=45.47 assessed other less

Forty-one articles
frequent aetiologies of AP and are summarized in Supplementary
Table 2. These miscellaneous causes were responsible for 2—29%
of the presentations with AP. Two studies'®!” reported fre-
quencies of 59% and 68% for aetiology of AP representing all
causes other than biliary and alcohol without specification.The
most frequent miscellaneous causes according to the studies that
specified them were hyperlipidaemia, with frequencies varying
from 3 to 88% of other causes; post-ERCP, ranging from 16 to
97% of other causes; malignancy, ranging from 2 to 67% of other
causes; drugs, ranging from 8 to 41% of other causes; trauma,
ranging from 1 to 69% of other causes; hypercalcemia, ranging
from 2 to 16% of other causes; and infectious origins, ranging
from 2 to 35% of other causes.

Discussion

This study provides a robust review of the major aetiologies of
AP worldwide in studies published since 2006. Gallstones remain
the main aetiology of AP globally and occur twice as frequently as
the second most common cause, with a small 95% CI (42%,
39-44). Alcohol presented a slightly higher estimated mean
effect than idiopathic AP, and their 95% CIs were very similar
(21%, 17-25 and 18%, 15-22, respectively). Because random-
effects measures were used in the analysis and because the Cls
indicated uncertainty in the location of the mean of systemati-
cally different effects in the different studies, it could not be
determined which of the two was more frequent.

Although it was possible to calculate the global frequencies for
the three major aetiologies of AP, the calculated heterogeneity
() was 61% for ABP, 29% for AAP and 59% for IAP. This is
expected since there are different types of study design, methods
for aetiological diagnosis, different study settings as well as
different populations under study. A subgroup analysis was
performed to control for some of the causes of heterogeneity
between the studies that reduced the heterogeneity in all but one
analysis: the estimate of IAP in the US studies had heterogeneity
of 85%. Comparing the studies that used population coded
diagnosis with no access to individual patient medical charts vs.
those that revised patients’ medical charts revealed large dis-
crepancies in the frequencies of ABP and IAP (Fig. 2a—c). In
those studies using population coded diagnosis, IAP was the
most frequent aetiology, and ABP was the least frequent while in
studies using patient chart review the opposite was true. A
diagnosis based on an individual patient record review is ex-
pected to be more accurate than a diagnosis based on an
administrative code, so the high frequency of IAP in these studies
may be a result of the miscoding or undercoding of biliary dis-
ease in the discharge records.

In the systematic review from 2006, the UK studies reported a
higher proportion of gallstone pancreatitis followed by IAP than
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the European non-UK studies, which presented a much higher
proportion of AAP. In the current analysis of the European
studies, 4 from Denmark,”’ Poland,”® Slovenia®® and Albania®’
indicated alcohol abuse as the primary cause of AP, with fre-
quencies varying from 32 to 48%. Two studies from Poland™’ and
the UK™ reported IAP as the primary aetiology, each reporting a
frequency of 41%, which was much higher than the expected rate
of 15-25%. However, another study from Poland”” reported IAP
as the least frequent aetiology.

The results of the studies from Latin America differ greatly
from those of the other subgroups. The Latin American sub-
group had the highest frequency of ABP among all groups,
varying from 50 to 83%, with all studies revealing very similar
results. In Porto Alegre, RS, Brazil, a prospective study that was
published by Osvaldt et al”® showed that gallstones were
responsible for 77% of the presentations with AP and that
alcohol was responsible for only 8%. One possible reason for this
finding is that cholelithiasis has a higher prevalence among
Hispanic, Native and Mexican American populations than
among Eastern European, Chinese, non-Hispanic and African
American populations.”® An expected low frequency of IAP
ranging from 7 to 24% was identified. AAP was the least frequent
aetiology among all Latin American populations, which is
consistent with the lower level of alcohol consumption in Latin
American countries than in the US or in European countries;’”
however, this result may also reflect genetic differences.

The study from South Africa'® presented a unique pattern
with the highest frequency of 70% for AAP, followed by 15% for
ABP and 7% for IAP. These findings are consistent with those of a
previous study from Johannesburg,”® indicating that these data
accurately reflect the frequencies of AP aetiologies in the South
African population rather than representing outliers.

Four of the five studies from the US used discharge hospital
diagnosis codes to assess aetiology, and two’* presented data for
IAP, namely, a frequency of 36%. The one study from the US that
evaluated patient charts individually was a prospective multi-
centre study”’ and revealed a frequency of 20% for IAP. One
possible reason for the high frequency of IAP is that the ICD-9
CM codes used in these studies did not distinguish between
the potential causes of AP, and the authors consequently had to
rely on the presence of associated diagnoses to assign an aeti-
ology, which increased the risk of undercoding.

The current meta-analysis has strengths and limitations that
should be noted. Through an exhaustive systematic search, 46
good-quality studies from 36 countries, with selected studies from
2006 to 2017 that met the up-to-date criteria for an AP diagnosis
and determination of the aetiologies were included. A random-
effects model was used to pool the data to provide a more con-
servative estimate. The main limitations are as follows: (i) infor-
mation from studies published in languages other than English,
Portuguese and Spanish was limited to data provided in the
English-language abstract; (ii) worldwide estimates of AP

© 2018 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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Figure 3 a—c. Representation of the combined summary effects measures of geographic regions for acute biliary pancreatitis, acute alcoholic
pancreatitis and idiopathic acute pancreatitis. * represents frequencies for only one study from Africa and one study from Oceania
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Table 1 Summary results for aetiology of acute pancreatitis
All studies us Latin America Europe Africa® Asia Oceania®
Gallstones 42 26 68 41 16 42 40
Alcohol 21 21 5 23 70 16 22
Idiopathic 18 35 12 18 7 19 26

Results are expressed as percentage.

2 Represents frequencies for only one study from Africa and one study from Oceania.

aetiology frequencies resulted in heterogeneity among the studies
that was not completely explained by subgroup meta-analyses,
which was likely attributable to true differences among the
studies’ populations; (iii) the occurrence of publication bias can
not be excluded despite the thorough literature search; and (iv)
sufficient information to estimate the frequencies of less common
AP aetiologies was not provided by the available studies.

The increased incidence of AP is thought to be related to
increased diagnoses in the emergency setting’’ and epidemic
levels of obesity, which increases the risk of AP via gallstone
formation, hypertriglyceridemia and weight loss in-
terventions.”® The prevalence of gallstones worldwide is be-
tween 10 and 20%,” and gallstones are associated with a
14-35-fold increased risk for AP in men and a 12-25-fold
increased risk for AP in women.®’

Patients who have experienced an AP attack are at risk of
recurrence unless the cause is identified and treated. In a recent
study,’’ during a follow-up of 42 months, 24% of patients
experienced recurrences; 42% of the recurrences were biliary,
12% were idiopathic, 13% were due to alcohol, and 6% were
related to hypertriglyceridemia. Similar recurrence rates were
described in a study by Liinenburg'® in which 17% of the patients
sustained a second attack of pancreatitis. Relapse occurred in
33% of the patients with AAP, 12% of those with biliary AP and
14% of those with IAP. In the first and second studies, only 44%
and 50% of patients who had been diagnosed with ABP,
respectively, underwent cholecystectomy after the first attack. A
systematic review from 2012 suggests that early cholecystectomy
after an episode of mild biliary AP is safe and prevents recurrence
compared to delayed cholecystectomy (after 40 days), which is
associated with an 18% readmission rate.”” Abstinence from
alcohol after the first AP episode protects against recurrent acute
pancreatitis (RAP), even in a long-term follow-up study,” but
abstinence from alcohol is infrequently achieved. Studies
reporting the impacts of brief in-hospital interventions revealed
that these interventions did not prevent RAP.°*®> Continuous
follow-up care is recommended to reduce the recurrence of AAP.

Patients classified as idiopathic, especially those associated
with previous episodes, should be referred to reference centres
for thorough investigations. The increasing availability of
endoscopic ultrasound and genetic testing, as well as an increased
understanding of rare causes such as autoimmune pancreatitis,
are expected to reduce the proportion of IAP.
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Conclusion

Gallstones are the main aetiology of AP worldwide, and this
aetiology is twice as frequent as the alcohol. ABP is substantially
more frequent in Latin America than in other regions. Little is
known about the relative frequencies of less common causes of
AP, and a high prevalence of patients classified as‘idiopathic’re-
mains. Future studies should focus on careful aetiological
determination and descriptions.

Funding sources

None.

Author contributions

M.B.Z performed the search, collected and analysed the data and wrote the
manuscript; A.B.O. designed the study, analysed the data and reviewed the
manuscript; T.F.E analysed the data and reviewed the manuscript;
A.L.F.A.D.S developed the search strategy and reviewed the manuscript; and
V.P.B. designed the study and wrote the manuscript.

Conflicts of interest

None declared.

References

1. Vos T, Abajobir A, Abbafati C, Abbas K, Abate K, Abd-Allah F et al.
(2017) Global, regional, and national incidence, prevalence, and years
lived with disability for 328 diseases and injuries for 195 countries,
1990-2016: a systematic analysis for the Global Burden of Disease
Study 2016. Lancet 390:1211-1259.
Roberts SE, Morrison-Rees S, John A, Williams JG, Brown TH,
Samuel DG. (2017) The incidence and aetiology of acute pancreatitis

p

across Europe. Pancreatology 17:155-165.

®

Yadav D, Lowenfels AB. (2013) The epidemiology of pancreatitis and
pancreatic cancer. Gastroenterology 144:1252-1261.

»

Yadav D, Lowenfels AB. (2006) Trends in the epidemiology of the first
attack of acute pancreatitis: a systematic review. Pancreas 33:
323-330.

Stroup DF, Berlin JA, Morton SC, Olkin |, Williamson GD, Rennie D et al.
(2000) Meta-analysis of observational studies in epidemiology: a pro-
posal for reporting. Meta-analysis of Observational Studies in Epide-
miology (MOOSE) group. J Am Med Assoc 283:2008-2012.

University of Ottawa. (2018) The Newcastle-Ottawa Scale (NOS) for
assessing the quality of nonrandomized studies in meta-analyses. http://
www.ohri.ca/programs/clinical_epidemiology/oxford.asp [accessed
01.01.18].

© 2018 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.


http://refhub.elsevier.com/S1365-182X(18)33932-7/sref1
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref1
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref1
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref1
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref1
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref2
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref2
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref2
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref3
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref3
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref4
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref4
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref4
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref5
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref5
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref5
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref5
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp

266 HPB
7. Frey CF, Zhou H, Harvey DJ, White RH. (2006) The incidence and case- 26. Gonzalez-Gonzédlez  JA, Castafeda-Sepulveda R, Martinez-
fatality rates of acute biliary, alcoholic, and idiopathic pancreatitis in Vazquez MA, Garcia-Compean D, Flores-Rendén AR, Maldonado-
California, 1994-2001. Pancreas 33:336-344. Garza HJ et al. (2012) Caracteristicas clinicas de la pancreatitis aguda

8. Kaya E, Dervisoglu A, Polat C. (2007) Evaluation of diagnostic findings en México. Rev Gastroenterol Mex 77:167-173.
and scoring systems in outcome prediction in acute pancreatitis. World ~ 27. Shen HN, Lu CL, Li CY. (2012) Epidemiology of first-attack acute
J Gastroenterol 13:3090-3094. pancreatitis in Taiwan from 2000 through 2009: a nationwide

9. Bai Y, Jia L, Wang B, Yang B, Wang L, Shi X et al. (2007) Acute population-based study. Pancreas 41:696-702.
pancreatitis in the Guangdong Province, China. Digestion 75:74-79. 28. Bogdan J, Elsaftawy A, Kaczmarzyk J, Jablecki J. (2012) Epidemio-

10. O’Farrell A, Allwright S, Toomey D, Bedford D, Conlon K. (2007) Hospital logical characteristic of acute pancreatitis in Trzebnica district. Pol/
admission for acute pancreatitis in the Irish population, 1997-2004: Przegl Chir 84:70-75.
could the increase be due to an increase in alcohol-related pancreatitis? 29. Bezmarevic M, Mirkovic D, Soldatovic I, Stamenkovic D, Mitrovic N,
J Public Health 29:398-404. Perisic N et al. (2012) Correlation between procalcitonin and intra-

11. Mofidi R, Madhavan KK, Garden OJ, Parks RW. (2007) An audit of the abdominal pressure and their role in prediction of the severity of
management of patients with acute pancreatitis against national stan- acute pancreatitis. Pancreatology 12:337-343.
dards of practice. Br J Surg 94:844-848. 30. Gluszek S, Koziel D. (2012) Prevalence and progression of acute

12. Baig SJ, Rahed A, Sen S. (2008) A prospective study of the aetiology, pancreatitis in the Swietokrzyskie Voivodeship population. Pol Przegl
severity and outcome of acute pancreatitis in Eastern India. Trop Chir 84:618-625.

Gastroenterol 29:20-22. 31. Stimac D, Mikolasevic |, Krznaric-Zmic |, Radic M, Milic S. (2013)

13. Anderson F, Thomson SR, Clarke DL, Loots E. (2008) Acute pancrea- Epidemiology of acute pancreatitis in the North Adriatic region of
titis: demographics, aetiological factors and outcomes in a regional Croatia during the last ten years. Gastroenterol Res Pract 2013:5.
hospital in South Africa. S Afr J Surg 46:83-86. 32. Vidarsdottir H, Moller PH, Vidarsdottir H, Thorarinsdottir H,

14. Wu BU, Johannes RS, Sun X, Tabak Y, Conwell DL, Banks PA. (2008) Bjornsson ES. (2013) Acute pancreatitis: a prospective study on inci-
The early prediction of mortality in acute pancreatitis: a large dence, etiology, and outcome. Eur J Gastroenterol Hepatol 25:
population-based study. Gut 57:1698-1703. 1068-1075.

15. Ellis MP, French JJ, Charnley RM. (2009) Acute pancreatitis and the  33. Albulushi A, Siddigi A, Algarshoubi |, Aladawi M, Alkhadhouri G,
influence of socioeconomic deprivation. Br J Surg 96:74-80. Farhan H. (2014) Pattern of acute pancreatitis in a tertiary care center in

16. Lankisch PG, Breuer N, Bruns A, Weber-Dany B, Lowenfels AB, Oman. Oman Med J 29:358-361.

Maisonneuve P. (2009) Natural history of acute pancreatitis: a long-term  34. Hazra N, Gulliford M. (2014) Evaluating pancreatitis in primary care: a
population-based study. Am J Gastroenterol 104:2797-2805. Quiz 806. population-based cohort study. Br J Gen Pract 64:€295-e301.

17. Sandzén B, Rosenmiiller M, Haapamaki MM, Nilsson E, Stenlund HC, = 35. Roberts SE, Thorne K, Evans PA, Akbari A, Samuel DG, Williams JG.
Oman M. (2009) First attack of acute pancreatitis in Sweden (2014) Mortality following acute pancreatitis: social deprivation, hospital
1988-2003: incidence, aetiological classification, procedures and size and time of admission: record linkage study. BMC Gastroenterol
mortality — a register study. BMC Gastroenterol 9:18. 14:158.

18. Pellegrini D, Pankl S, Finn BC, Bruetman JE, Zubiaurre I, Young P. (2009) 36. Vujasinovic M, Makuc J, Tepes B, Marolt A, Kikec Z, Robac N. (2015)
Acute pancreatitis. Analysis of 97 patients. Medicina 69:239-245. Impact of a clinical pathway on treatment outcome in patients with

19. Vinklerova |, Prochazka M, Prochazka V, Urbanek K. (2010) Incidence, acute pancreatitis. World J Gastroenterol 21:9150-9155.
severity, and etiology of drug-induced acute pancreatitis. Dig Dis Sci  37. Zheng Y, Zhou Z, Li H, Li J, Li A, Ma B et al. (2015) A multicenter study
55:2977-2981. on etiology of acute pancreatitis in Beijing during 5 years. Pancreas 44:

20. Nojgaard C, Bendtsen F, Matzen P, Becker U. (2010) The aetiology of 409-414.
acute and chronic pancreatitis over time in a hospital in Copenhagen.  38. Bertilsson S, Sward P, Kalaitzakis E. (2015) Factors that affect disease
Dan Med Bull 57:A4103. progression after first attack of acute pancreatitis. Clin Gastroenterol

21. Losada M, Munoz C, Burgos S, Silva A. (2010) Retrospective review of Hepatol 13:1662-1669. e3.

251 patients with acute pancreatitis. Rev Chil Cirugia 62:557-563. 39. Cho JH, Kim TN, Kim SB. (2015) Comparison of clinical course and

22. Spanier BW, Nio Y, van der Hulst RW, Tuynman HA, Dijkgraaf MG, outcome of acute pancreatitis according to the two main etiologies:
Bruno MJ. (2010) Practice and yield of early CT scan in acute pancre- alcohol and gallstone. BMC Gastroenterol 15:87.
atitis: a Dutch Observational Multicenter Study. Pancreatology 10:  40. Nesvaderani M, Eslick GD, Vagg D, Faraj S, Cox MR. (2015) Epidemi-
222-228. ology, aetiology and outcomes of acute pancreatitis: a retrospective

23. Phillip V, Huber W, Hagemes F, Lorenz S, Matheis U, Preinfalk S et al. cohort study. Int J Surg 23:68-74.

(2011) Incidence of acute pancreatitis does not increase during Okto-  41. Kurti F, Shpata V, Kugo A, Duni A, Roshi E, Basho J. (2015) Incidence of
berfest, but is higher than previously described in Germany. Clin acute pancreatitis in Albanian population. Mater Sociomed 27:376-379.
Gastroenterol Hepatol 9:995-1000. e3. 42. Weitz G, Woitalla J, Wellhoner P, Schmidt K, Buning J, Fellermann K.

24. Omdal T, Dale J, Lie SA, Iversen KB, Flaatten H, Ovrebo K. (2011) Time (2015) Does etiology of acute pancreatitis matter? A review of 391
trends in incidence, etiology, and case fatality rate of the first attack of consecutive episodes. JOP 16:171-175.
acute pancreatitis. Scand J Gastroenterol 46:1389—-1398. 43. Ahmed Ali U, Issa Y, Hagenaars JC, Bakker OJ, van Goor H,

25. Yadav D, O’Connell M, Papachristou Gl. (2012) Natural history following Nieuwenhuijs VB et al. (2016) Risk of recurrent pancreatitis and pro-

HPB 2019, 21, 259-267

the first attack of acute pancreatitis. Am J Gastroenterol 107:
1096-1103.

gression to chronic pancreatitis after a first episode of acute pancrea-
titis. Clin Gastroenterol Hepatol 14:738-746.

© 2018 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.


http://refhub.elsevier.com/S1365-182X(18)33932-7/sref7
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref7
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref7
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref8
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref8
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref8
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref9
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref9
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref10
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref10
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref10
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref10
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref11
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref11
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref11
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref12
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref12
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref12
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref13
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref13
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref13
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref14
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref14
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref14
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref15
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref15
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref16
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref16
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref16
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref17
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref17
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref17
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref17
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref18
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref18
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref19
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref19
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref19
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref20
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref20
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref20
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref21
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref21
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref22
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref22
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref22
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref22
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref23
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref23
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref23
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref23
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref24
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref24
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref24
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref25
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref25
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref25
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref26
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref26
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref26
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref26
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref27
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref27
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref27
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref28
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref28
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref28
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref29
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref29
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref29
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref29
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref30
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref30
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref30
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref31
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref31
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref31
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref32
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref32
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref32
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref32
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref33
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref33
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref33
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref34
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref34
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref35
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref35
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref35
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref35
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref36
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref36
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref36
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref37
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref37
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref37
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref38
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref38
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref38
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref39
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref39
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref39
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref40
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref40
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref40
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref41
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref41
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref42
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref42
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref42
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref43
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref43
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref43
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref43

HPB

267

HPB 2019, 21, 259-267

Rashidi M, Rokke O. (2016) Prospective evaluation of the cause of acute
pancreatitis, with special attention to medicines. World J Gastroenterol
22:2104-2110.

Parniczky A, Kui B, Szentesi A, Balazs A, Szucs A, Mosztbacher D et al.
(2016) Prospective, multicentre, nationwide clinical data from 600 cases
of acute pancreatitis. PLoS One 11:¢0165309.

Bexelius TS, Ljung R, Mattsson F, Lu Y, Lindblad M. (2017) Angiotensin
Il receptor blockers and risk of acute pancreatitis — a population based
case—control study in Sweden. BMC Gastroenterol 17:36.

Krishna SG, Kamboj AK, Hart PA, Hinton A, Conwell DL. (2017) The
changing epidemiology of acute pancreatitis hospitalizations: a decade
of trends and the impact of chronic pancreatitis. Pancreas 46:482-488.
Maleszka A, Dumnicka P, Matuszyk A, Pedziwiatr M, Mazur-
Laskowska M, Sporek M et al. (2017) The diagnostic usefulness of
serum total bile acid concentrations in the early phase of acute
pancreatitis of varied etiologies. Int J Mol Sci 18:106.

Papachristou GlI, Machicado JD, Stevens T, Goenka MK, Ferreira M,
Gutierrez SC et al. (2017) Acute pancreatitis patient registry to examine
novel therapies in clinical experience (APPRENTICE): an international,
multicenter consortium for the study of acute pancreatitis. Ann
Gastroenterol 30:106-113.

Pongprasobchai S, Vibhatavata P, Apisarnthanarak P. (2017) Severity,
treatment, and outcome of acute pancreatitis in Thailand: the first
comprehensive review using revised Atlanta classification. Gastro-
enterol Res Pract 2017:3525349.

Reid GP, Williams EW, Francis DK, Lee MG. (2017) Acute pancreatitis: a
7 year retrospective cohort study of the epidemiology, aetiology and
outcome from a tertiary hospital in Jamaica. Ann Med Surg 20:
103-108.

Zhu Y, Pan X, Zeng H, He W, Xia L, Liu P et al. (2017) A study on the
etiology, severity, and mortality of 3260 patients with acute pancreatitis
according to the revised Atlanta classification in Jiangxi, China over an
8-year period. Pancreas 46:504-509.

Osvaldt AB, Viero P, da Costa MSB, Wendt LR, Bersch VP, Rohde L.
(2001) Evaluation of Ranson, Glasgow, Apache-ll, and Apache-O
criteria to predict severity in acute biliary pancreatitis. Int Surg 86:
158-161.

Shaffer EA. (2006) Gallstone disease: epidemiology of gallbladder stone
disease. Best Pract Res Clin Gastroenterol 20:981-996.

56.

57.

60,

61

62.

63,

64.

World Health Organization. (2014) Global status report on alcohol and
health. Geneva: World Health Organization.

John KD, Segal |, Hassan H, Levy RD, Amin M. (1997) Acute pancreatitis
in Sowetan Africans. A disease with high mortality and morbidity. Int J
Pancreatol 21:149-155.

Yadav D, Ng B, Saul M, Kennard ED. (2011) Relationship of serum
pancreatic enzyme testing trends with the diagnosis of acute pancre-
atitis. Pancreas 40:383-389.

Khatua B, El-Kurdi B, Singh VP. (2017) Obesity and pancreatitis. Curr
Opin Gastroenterol 33:374-382.

Stinton LM, Shaffer EA. (2012) Epidemiology of gallbladder disease:
cholelithiasis and cancer. Gut Liver 6:172-187.

Moreau JA, Zinsmeister AR, Melton LJ, 3rd, DiMagno EP. (1988) Gall-
stone pancreatitis and the effect of cholecystectomy: a population-
based cohort study. Mayo Clin Proc 63:466-473.

Stigliano S, Belisario F, Piciucchi M, Signoretti M, Fave GD, Capurso G.
(2018) Recurrent biliary acute pancreatitis is frequent in a real-world
setting. Dig Liver Dis 50:277-282.

MC, Besselink MG, Bakker OJ, van Santvoort HC,
Schaapherder AF, Nieuwenhuijs VB et al. (2012) Timing of cholecys-
tectomy after mild biliary pancreatitis: a systematic review. Ann Surg
255:860-866.

Nordback |, Pelli H, Lappalainen-Lehto R, Jarvinen S, Raty S, Sand J.
(2009) The recurrence of acute alcohol-associated pancreatitis can be
reduced: a randomized controlled trial. Gastroenterology 136:848-855.
Beagon C, Bhatt NR, Donnelly SM, Egan M, McKay AP, Mehigan B et al.
(2015) The impact of social work intervention in alcohol-induced
pancreatitis in Ireland: a single-center experience. Alcohol Alcohol 50:
438-443.

Nikkola J, Laukkarinen J, Huhtala H, Sand J. (2017) The intensity of brief
interventions in patients with acute alcoholic pancreatitis should be
increased, especially in young patients with heavy alcohol consump-
tion. Alcohol Alcohol 52:453-459.

Van Baal

Appendix A. Supplementary data
Supplementary data related to this article can be found at https://doi.org/10.
1016/j.hpb.2018.08.003.

© 2018 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.


http://refhub.elsevier.com/S1365-182X(18)33932-7/sref44
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref44
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref44
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref45
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref45
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref45
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref46
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref46
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref46
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref47
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref47
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref47
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref48
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref48
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref48
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref48
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref48
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref49
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref49
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref49
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref49
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref49
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref50
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref50
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref50
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref50
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref51
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref51
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref51
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref51
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref52
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref52
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref52
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref52
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref53
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref53
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref53
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref53
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref54
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref54
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref55
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref55
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref56
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref56
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref56
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref57
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref57
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref57
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref58
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref58
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref59
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref59
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref60
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref60
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref60
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref61
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref61
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref61
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref62
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref62
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref62
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref62
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref63
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref63
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref63
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref64
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref64
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref64
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref64
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref65
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref65
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref65
http://refhub.elsevier.com/S1365-182X(18)33932-7/sref65
https://doi.org/10.1016/j.hpb.2018.08.003
https://doi.org/10.1016/j.hpb.2018.08.003

	A systematic review and meta-analysis of the aetiology of acute pancreatitis
	Introduction
	Methods
	Protocol and registration
	Search strategy and study selection
	Data extraction and quality assessment
	Data synthesis and statistical analysis

	Results
	Literature search and study characteristics
	Aetiology of acute pancreatitis
	Distribution of the 3 major aetiologies by geographic region
	Other causes of AP

	Discussion
	Conclusion
	Funding sources
	Author contributions
	Conflicts of interest

	References
	Appendix A. Supplementary data


