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Introduction

Pancreatitis, especially chronic, is a low prevalence dis-
ease. Consequently, the focus of epidemiologic studies of
pancreatitis has primarily been to define the disease at the
level of individual patients. In the past two decades, the
importance of understanding the distribution of risk fac-
tors and disease at the population level has been recog-
nized. This has enabled determination of disease estimates
and understand the relationship between acute pancreati-
tis (AP) and chronic pancreatitis (CP) at the population
level. Demonstration that subsets of patients with AP
develop recurrent acute pancreatitis (RAP) and/or pro-
gress to CP provides empiric evidence that these condi-
tions represent stages of a disease continuum. Knowledge
of the risks and factors associated with disease progres-
sion will help in risk stratification, prediction, and devel-
oping strategies for altering the natural history of disease.

This chapter will focus on the burden of disease, natu-
ral course and survival of AP, RAP, and CP. For AP, the
emphasis will not be on the severity and outcome of the
initial attack, but rather the risk of readmissions, recur-
rences, and progression to CP. In CP, the prevalence and
natural history of clinical features, i.e., pain, endocrine
and exocrine insufficiency, bone health, and the risk of
pancreatic cancer will be discussed. Finally, we will sum-
marize available data on the quality of life.

Natural History After First Attack of AP

Disease Burden, Etiology, and Severity

AP is one of the leading gastrointestinal causes of hospi-
talization in the United States [1]. The estimated inci-
dence of AP in recent studies is 30-50 per 100,000

population. AP affects all age groups, but is most frequent
in middle-aged and older individuals [2]. Gallstones and
excessive alcohol consumption account for about 60—70%
of all cases, the latter being more common in men when
compared to women. Other etiologies include metabolic
factors (hypertriglyceridemia, hypercalcemia), endo-
scopic retrograde cholangiopancreatography (ERCP),
medications, genetic mutations (PRSSI, SPINK1, CFTR,
CTRC), obstructive causes (such as pancreatic duct stric-
ture, etc.), and trauma. In 10-25% patients no identifiable
etiology is found on evaluation [2]. The two main deter-
minants of mortality in AP are the presence of infected
necrosis and organ failure, especially when persistent
(>48h) or involving more than one organ [3]. The risk of
death increases with age and comorbidities [4]. Increased
morbidity is seen in patients with local complications
who do not have organ failure [5].

Readmissions

After the first attack of AP, about 20-30% patients are
readmitted to hospital (Table 40.1). The reason for read-
mission differs based on time since discharge from the
hospital. Vipperla et al. [6] differentiated between early
(<30 days after index AP) and late (>30 days) readmis-
sions and found that early readmissions were more likely
due to smoldering symptoms from AP and/or local com-
plications, whereas late admissions were more likely to
be due from recurrent AP episodes. Younger age, alcohol
use and/or alcohol-related etiology, non-private medical
insurance, increased length of stay during index admis-
sion, and discharge to long-term care facilities have been
identified as predictors of readmissions [6—8].

The Pancreatitis Activity Scoring System (PASS) was
developed in 2017 as a tool to measure disease activity
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Table 40.1 Summary of recent studies examining rates and risk factors for readmission after a first attack of acute pancreatitis.

Readmission rate (%)

Time to readmission

Author, year, design Cohort size Follow-up time (months) Overall Alcoholic Biliary Idiopathic (months) Risk factors for readmission
Yadav et al., 2014 [7] 5239 39.0 22 40 15 32 Unclear Younger age Alcoholic etiology
Retrospective Subsequent diagnosis of CP
Vipperla et al., 127 36.0 34 60 29 59 1.3 Younger age Male gender

2014 [6] Alcoholic or idiopathic etiology
Retrospective Severe disease at index attack
Garg et al., 2018 [8] 243816 Unclear 16 Not stated Unclear Younger age

Retrospective Non-private medical insurance

Discharge to long-term care
facilities
Increased length of stay

CP: chronic pancreatitis.

85US017 SUOWWOD BA1ES.ID 3(dedt(dde ay) Aq peusenob ke ool YO 8sN 0 Sa|N1 1o} A%iq1T 8Ul|UQO AB]1A UO (SUONIPUOD-PUE-SLUIBY WD A 1M Aleaq 1 uljuo//:Sdny) SUORIPUOD pue swie 1 8y 89S *[9202/20/02] Uo Akiqisuljuo AB|iM ‘saLeiq) AISeAIuN elqwiniod Aq 0po°2009.86TTT8.6/200T OT/I0p/W0d A im Aleiq 1 puljuo//sdny Wo.j papeo|umod ‘0vuo™2009.86TTT8L6/200T 0T



336

Natural History of Recurrent Acute and Chronic Pancreatitis

and better predict the prognosis of AP. PASS incorpo-
rates organ failure, systemic inflammatory response syn-
drome (SIRS), abdominal pain, opiate requirement and
diet tolerance, with each component having a different
weight according to their prognostic importance [9]. In a
prospective study examining the predictive utility of
PASS, a score of >60 was highly associated with readmis-
sion within 30 days of AP discharge [10].

These data suggest that focused discharge planning
may reduce the risk of early readmissions—i.e., ensuring
that the patients’ symptoms are well controlled and they
have received counseling for behavior modification. In
patients with severe AP, close follow-up with relevant
specialists (e.g., nutrition, gastroenterologist, surgeon) is
helpful to determine the need and timing of cross-
sectional imaging, duration of enteral feeds, and “step-
up” therapy. Many patients with severe AP need
short-term stay at a transitional care facility or rehabili-
tation unit prior to safe discharge home.

First Recurrence

The risk of recurrent AP (RAP) after the first attack has
been evaluated in several, mostly retrospective, popula-
tion and nonpopulation based studies (Table 40.2). The
overall risk of a subsequent attack of AP is ~20% during
a median follow-up period ranging from 4 to 8 years.
Similar to the first attack, among patients with a second
attack of AP, alcohol, gallstones, and idiopathic are the
most common etiologies [11-13]. When compared with
the first attack of AP, subsequent recurrence is generally
milder with an overall lower mortality [14].

The risk of recurrent attack is highest among patients
with alcohol etiology (35-40%) followed by idiopathic
and biliary AP (both 10-20%) [11-13]. Takeyama et al.
noted that the risk of subsequent recurrence was directly
related to continued alcohol consumption—the risk was
highest in patients who continued drinking at the same
level, and lowest among patients who stopped drinking
completely [15]. Contrary to what many physicians may
believe, counseling against alcohol consumption has a
significant impact on patient behavior. This was tested
empirically in a randomized controlled trial (RCT),
where repeated counseling of patients led to a significant
decrease in the risk of abdominal pain attacks, AP epi-
sodes and hospitalizations [16].

After an attack of biliary pancreatitis, the risk of recur-
rence can be dramatically reduced by early cholecystec-
tomy. This has been demonstrated in RCTs, as well as in
meta-analyses of published data [17]. In patients with
mild biliary pancreatitis, cholecystectomy should be con-
sidered as close to the attack of AP as possible, preferably
during the same admission. In patients with severe AP,
cholecystectomy should be delayed until resolution of

inflammatory changes in the pancreas/pancreatic area. In
patients with pancreatic/peripancreatic collections that
need drainage, a surgical approach (preferably laparo-
scopic or minimally invasive) to address this along with a
cholecystectomy should be considered [18]. In patients
with another known etiology, i.e., medications, hypertri-
glyceridemia, hypercalcemia, etc., addressing the inciting
cause will decrease the risk of recurrence [19].

Tobacco abuse has been a consistent association with
the risk of recurrent AP (odds ratio 1.5-2) [11,13,20].
Therefore, after an attack of AP, patients should be
informed about this risk and counseled for tobacco ces-
sation. This will be especially relevant in patients in
whom the cause was alcohol, hypertriglyceridemia,
genetic or idiopathic, or if the AP attack was moderate to
severe. Individual studies have also shown that age and
severity of initial attack may also play a role in recurrent
attacks [11,13,20].

The burden of recurrent AP at a population level is not
well defined. Using information on the total number of
admissions for AP in the USA and applying the incident
AP rates from California, approximate number of recur-
rent attacks can be estimated [1,21]. Among the 275,000
annual admissions for AP in the USA, approximately
150,000—160,000 would be incident attacks, while the
remaining 115,000-125,000 would represent RAP (first
or subsequent recurrences), readmissions for ongoing
symptoms or complications of AP, or acute CP.

Subsequent Recurrences

Alcohol is the most common etiology of subsequent
recurrences, followed by idiopathic pancreatitis, genetic
causes, hypertriglyceridemia, and underlying CP as
other important causes. The role of pancreas divisum
and sphincter of Oddi dysfunction in causing initial or
recurrent AP attacks is controversial [22].
Approximately one-third of patients who have a recur-
rence after the first attack of AP will have one or more
subsequent recurrences. Burden of recurrent AP was
further quantified in in two previous studies. Among 562
patients with a first attack of alcoholic AP who survived
the index admission, Sand et al. reported at least one
recurrence in 260 (46%) patients. Among these patients,
133 (51%) had only one recurrence, 49 (19%) had two
recurrences, 39 (15%) had three recurrences, and 39
(15%) had four or more recurrences [23]. Among patients
who underwent a cholecystectomy for presumed biliary
pancreatitis, Trna et al. noted the risk of subsequent
attacks to be related to the presence of abnormal liver
function tests and documentation of gallbladder stones
or sludge. Among patients who did not have either, 26%
had a second attack, and 9% had a third attack of AP [24].
Although few empiric data is available, the risk of
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Table 40.2 Summary of recent studies examining the rate and risk factors for development of recurrent acute pancreatitis (RAP) after a first attack of acute pancreatitis.

RAP rate (%)
Follow-up Time to recurrence
Author, year Cohort size time (years) Overall Alcoholic Biliary Idiopathic (months) Risk factors for RAP
Lankisch et al., 2009 [12] Prospective 532 8.0 17 33 12 14 Unclear Younger age Alcoholic
etiology Male gender
Yadav et al,, 2012 [13] Retrospective 7456 3.3 29 52 18 26 7.2 Younger age Alcoholic
etiology Tobacco use
Bertilsson et al., 2015 [11] Retrospective 1457 4.2 23 37 17 24 5.1 Alcoholic etiology Severe

disease at index attack
Tobacco use

Ahmed Ali et al., 2016 [20] Prospective 669 4.8 17 Not stated 5.0 Younger age Idiopathic
etiology Tobacco abuse
Severe disease at index attack
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multiple attacks of AP seems high in patients with
genetic mutations (e.g., PRSS1, CFTR) [25]. The risk of
recurrences would also be higher in patients with uncom-
mon causes of AP, such as hypertriglyceridemia, hyper-
calcemia, etc., especially if the underlying cause is not
corrected, but definitive data on the burden of attacks in
these patients is limited.

Diabetes and Exocrine Insufficiency After AP

Recent data have documented that AP increases the risk
of diabetes mellitus (DM) and exocrine pancreatic insuf-
ficiency (EPI) irrespective of severity. In two population-
based studies patients with mild AP were about two
times more likely to develop DM than age- and sex-
matched controls [26,27]. In a systematic review of 24
prospective studies, the pooled prevalence of newly
diagnosed DM after the first episode of AP was reported
to be 23% (95% CI 16—31%), and increased with the dura-
tion of follow-up [28]. The risk of DM after AP is greater
in patients with severe AP, necrotizing pancreatitis and
in those with alcohol etiology. The mechanisms leading
to DM are not well defined.

With regards to EPI, a meta-analysis of 39 studies
reported that the pooled prevalence of EPI after an index
episode of AP was 35% and the prevalence was greater
during the time of AP hospitalization [29]. The risk of
EPI increased with disease severity, presence of necrosis,
and alcohol etiology.

Quality of Life After AP

Several studies have demonstrated that AP deleteriously
impacts quality of life. In a single-center prospective
study of 91 patients, patients who experienced AP had a
significantly lower physical healthcare-related quality of
life (HRQOL) as compared to controls even after
14 months of AP [30]. Factors associated with lower
physical HRQOL included the presence of ongoing
abdominal pain and use of analgesics, disability, and
smoking. Multiorgan failure was the only disease-related
factor associated with a lower physical HRQOL.

Progression to CP

Many studies evaluating the natural history after a first
attack of AP have determined the risk of progression to
CP (Table 40.3) [11-13,20]. In a meta-analysis of 14 stud-
ies consisting of 8492 patients, Sankaran et al. reported
that following a sentinel attack of AP the pooled preva-
lence of RAP was 22% (38% for alcohol etiology, 17% for
biliary etiology) and of CP was 10% [31]. The three fac-
tors consistently shown to have an independent effect on

disease progression have been alcohol etiology, tobacco
abuse, and RAP. The association with severity of AP is
less consistent and has been noted in some studies.

Lankisch et al. noted that progression to CP occurred
almost exclusively in patients with alcohol etiology [12].
However, in other studies progression was also noted
with nonalcoholic or idiopathic CP, albeit at a lower rate.
The role of tobacco, especially in combination with alco-
hol in disease progression is important. Ali et al. reported
that while the cumulative risk of progression to CP over-
all was 7.6%, it was 18% among current smokers, and
increased to 30% in current smokers who also had alco-
hol etiology [20]. Therefore, including the counseling of
tobacco cessation along with alcohol abstinence should
be emphasized. Genetic factors also seem to play a role
in the development of CP, but outside of hereditary pan-
creatitis, little empiric data is available [25].

Perhaps the strongest risk factor for disease progres-
sion is RADP, and the risk of progression in these patients
is ~30—40%. Bertilsson et al. noted that among patients
who transitioned to CP, 74% had at least two AP attacks,
and 54% had more than two attacks. When compared
with alcohol or tobacco (hazard ratio between 2 and 3),
the risk of progression to CP in RAP is much higher
(hazard ratio ~6) [11].

Natural History of Chronic
Pancreatitis

Disease Burden, Demographics, and Etiology

Recent population studies estimate that the incidence
of CP ranges from 4 to 14 per 100,000 per year, and the
prevalence ranges from 42 to 73 per 100,000 popula-
tion [19,32]. The prevalence of CP peaks at the age of
45-55 years and has a male predominance [32]. Alcohol
is the most common cause of CP worldwide (frequency
~40-70%), followed by idiopathic etiology (frequency
~20-30%) [19]. Smoking is a well-recognized factor for
CP and works in a dose-dependent manner—the risk of
CP is fivefold greater in those smoking over 35 pack-
years compared to never smokers [33]. The role of
genetic factors is increasingly recognized and muta-
tions in some susceptibility genes (PRSSI, SPINKI,
CFTR, CTRC, CPA, CASR) are found in 10-15% of CP
patients. Alcoholic CP is seen more commonly in men,
while the other etiologies are more evenly distributed
in both sexes [33]. The diagnosis of CP is preceded by
AP in at least 50% of patients [34]. This has been well
demonstrated in patients with hereditary and alcoholic
CP, in whom AP precedes the progression of CP by
10 years [19].
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Table 40.3 Summary of recent studies examining the incidence and risk factors for development of chronic pancreatitis after acute pancreatitis.

CP rate (%)

Author, year Cohortsize Follow-up time (years) Overall Alcoholic Idiopathic RAP Time to CP (months)  Risk factors for RAP

Lankisch et al., 2009 [12] Prospective 532 8.0 4 13 0 22 Unclear Alcoholic etiology Recurrent
acute pancreatitis Tobacco
use

Yadav et al., 2012 [13] Retrospective 7456 3.3 13 28 10 32 10.4 Alcoholic etiology Recurrent
acute pancreatitis Tobacco
use

Bertilsson et al., 2015 [11] Retrospective 1457 4.2 5 17 6 Not stated 5.1 Alcoholic etiology Recurrent
acute pancreatitis Severe
disease at index attack
Tobacco use

Ahmed Ali et al., 2016 [20] 669 4.8 8 Not stated 21.0 Younger age Idiopathic

Prospective etiology Tobacco abuse

Severe disease at index attack

AP: acute pancreatitis; CP: chronic pancreatitis; RAP: recurrent acute pancreatitis.
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Natural History of Pain

Abdominal pain is the hallmark of CP, and often prompts
patients to seek medical attention. A recent systematic
review of 42 studies demonstrated that 88% of CP
patients experience abdominal pain at some point during
the disease course [35]. Emerging data has demonstrated
that the temporal nature of pain is a more important
determinant of patient outcomes than the intensity of
pain [36,37]. On cross-sectional assessments of abdomi-
nal pain in CP patients, approximately 60—70% have con-
stant pain and 30-40% have intermittent pain; however,
60% alternate between pain patterns during the disease
course [36,37]. Constant pain is associated with lower
quality of life, higher rates of disability, and greater need
for resource utilization (e.g., hospitalizations, pain medi-
cations) as compared to intermittent pain [36—38]. This
effect is independent of the intensity of abdominal pain.

The mechanisms of pain in CP are complex, multifac-
torial, and poorly understood. Pain can be due to struc-
tural complications in the pancreas (pancreatic duct
obstruction from stricture or stone, pancreatic inflam-
mation, pseudocyst) or peripancreatic organs (bile duct
stricture, duodenal obstruction). Resolution of these
complications does not always result in pain control, and
many patients with painful CP do not have these struc-
tural complications, suggesting sensitization of periph-
eral and/or central nociceptive pathways [33]. However,
differentiating visceral pancreatic pain from central nerv-
ous system alterations is challenging in clinical practice,
and novel pain assessment tools (e.g., comprehensive
pain assessment score, pancreatic quantitative sensory
testing) are being investigated to better classify pain pro-
files and to more effectively guide treatment choices.

Although medical management with nonopioid analge-
sics is the first step in the management of painful CP, this
is often insufficient. In a recent US population study, 25%
of CP patients are prescribed opiates and CP had the high-
est prescription rates among all GI disorders [39]. This is
concerning, given the adverse events associated with opi-
oid use. Endoscopic and surgical interventions are needed
in a subset of patients with pain refractory to noninvasive
interventions. In a US population-based study, 22% of CP
patients required endoscopic procedures and 11% under-
went surgical interventions over 10-year follow-up; how-
ever, a higher proportion of patients receive endoscopic
and/or surgical interventions at referral centers [40].

One aspect that has recently been investigated is the
interaction of psychiatric comorbidities with pain in CP.
In a recent retrospective US cohort, patients with CP had
sevenfold greater risk of anxiety (37%) and fivefold
greater risk of depression (47%) compared with the gen-
eral population [41]. The presence of psychiatric comor-
bidities in CP patients has been associated with higher
pain prevalence, pain severity, and pain interference

scores [42]. These data indicate that psychiatric comor-
bidities should be evaluated in CP patients, and their
management is likely to improve pain management.

The concept of pain burn-out in CP was proposed by
Ammann et al. decades ago, based on the observation
that over 80% of patients with alcoholic CP became pain-
free at a median of 5 years from disease onset. In recent
years, an accumulating body of evidence has emerged
that refutes this theory. In a large single-center retro-
spective cohort of 279 CP patients, 47% still complained
of abdominal pain at a median period of 12 years from
disease onset [43]. In multivariate analysis, this and other
studies have shown that disease duration is not associ-
ated with pain relief [37,43].

Approximately 1 in 10 patients experience a painless
disease course, with the majority of these (57%) having
idiopathic/genetic etiology [35]. Patients with painless
CP are diagnosed when undergoing abdominal imaging
for other reasons and are found with calcifications and/or
significant ductal changes. In general, these patients do
not benefit from endoscopic or surgical interventions.

Diabetes Mellitus

Diabetes mellitus (DM) is a well-known complication of
CP. In a recent systematic review of 15 studies, the inci-
dence of new-onset DM was 15% within 3 years and 33%
after 5 years of CP diagnosis [44]. In prospective studies
with longer follow-up, the cumulative incidence of DM is
40-50% at 10 years and >80% at 25 years [40,45]. The
pathogenesis of DM in CP has been thought to be a result
of progressive parenchymal fibrosis with impaired insulin
secretion. Several epidemiologic studies have supported
this theory, by demonstrating that the risk of DM increases
with certain CP specific characteristics (disease duration,
calcifications, exocrine insufficiency, pancreatic sur-
gery) [46,47]. This pathophysiologic paradigm has been
challenged by recent large cross-sectional multicenter
studies that reported an increased risk of DM in CP with
traditional type 2 DM risk factors (age, overweight/obe-
sity, family history of DM, dyslipidemia) [46,47]. This has
suggested that DM in CP, at least in a subset of patients,
may be a subtype of type 2 DM, and future studies are
needed to better define the mechanisms of DM in CP.

Diabetes in CP is difficult to treat and about half
become insulin dependent [44]. The risk of all-cause
mortality and hospitalizations in CP patients with diabe-
tes is greater than in patients with type 2 DM [48].

Exocrine Pancreatic Insufficiency

Initially CP patients lose pancreatic enzyme output,
measured by direct or indirect pancreatic function tests,
but maintain adequate digestive capacity, quantified by
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normal coefficient of fat absorption (CFA>93%). The
term exocrine dysfunction (stage I and II) has been
coined for these patients, who do not have symptoms or
vitamin deficiencies, and would not benefit from treat-
ment [49]. As pancreatic function loss reaches near total
(>90%), patients develop abrupt and marked impairment
in digestive capacity (CFA <85%), with clinical manifes-
tations, and micronutrient deficiencies [50]. This state of
insufficient digestive capacity due to severe loss of pan-
creatic function represents exocrine pancreatic insuffi-
ciency (EPIL stage III and IV) [49] The burden of EPI in
CP is difficult to estimate, given the absence of simple
and accurate tests to diagnose EPI in clinical practice. A
recent US population study showed a cumulative inci-
dence of 30% at 10 years of follow-up [40]. In other series,
the prevalence of EPI ranges from 35% to 75%, with
higher risk in alcoholic CP and with longer disease
duration [51]

EPI from CP is frequently experienced as diarrhea,
foul-smelling stools, flatulence, meteorism, abdominal
discomfort/pain, and weight loss. Persistent malabsorp-
tion can cause deficits of fat-soluble vitamins A, D, E,
and K, calcium, magnesium, zinc, thiamine and folic
acid. Fortunately, EPI can be treated with the initiation of
pancreatic enzyme replacement therapy (PERT), which
has been shown to improve symptoms, nutritional status
and quality of life. A minimal dose of at least 40,000 USP
units of lipase with each meal is recommended. Despite
its importance, a recent US study of administrative
claims demonstrated that only 6.5% of CP patients
receive any testing for EPI, and that among those treated
with PERT, only 32% are prescribed appropriate dos-
ing [51]. In this study, seeing a GI physician and formal
testing for EPI were strong predictors for prescribing
PERT and using an appropriate dose.

Metabolic Bone Disease

Long-term malnutrition from EPI and CP can lead to
metabolic bone disease. In a systematic review of 10
studies reporting osteopathy in CP, the prevalence of
osteopenia was 40% and of osteoporosis was 23% [52].
Similar estimates were reported in a recent multicenter
US study of 282 patients with definitive CP, in which 39%
had osteopenia and 17% had osteoporosis at the time of
baseline DXA scan [53]. Risk factors independently asso-
ciated with osteopathy included underweight body mass
index, older age, female sex, and white race [53]. In a
large VA cohort, CP was independently associated with
greater risk of total fractures (5%), vertebral fractures
(1%), and hip fractures (2%), compared to non-CP con-
trols [54]. Therefore, assessments of bone mineral den-
sity are recommended for CP patients. However, this is
often underperformed, and a recent single center study

Conclusion

showed that a dual-energy X-ray absorptiometry test
(DXA) was performed in only 21% of CP patients [55].

Pancreatic Cancer

Within the first 2 years of CP diagnosis, there is an excess
of pancreatic cancer diagnosis, that may represent early
cancers misdiagnosed as CP [56]. When excluding
patients diagnosed with pancreatic cancer within 2 years
of CP diagnosis, a meta-analysis of 13 observational
studies showed that the risk of pancreatic cancer in CP is
16-fold greater than in the general population [57]. Even
when excluding pancreatic cancer patients diagnosed
within 5 years of CP, patients with CP still have eightfold
greater risk of pancreatic cancer [57]. In a recent US pop-
ulation based study, the cumulative incidence of pancre-
atic cancer from initial CP diagnosis was 2% at 2 years
and 3% at 5 years [58]. Age, obesity, and pancreatic ductal
dilation are risk factors associated with higher incidence
of pancreatic cancer [58].

Quality of Life

CP is a debilitating disease that negatively impacts qual-
ity of life. Factors that significantly decrease quality of
life include constant pain, disability/unemployment,
current smoking, and other comorbidities [38]. In a mul-
ticenter prospective study, anxiety and depression were
also noticed to negatively impact quality of life in CP [42].

Survival

The overall survival and the standardized mortality ratio
in CP patients is two- to fourfold higher when compared
with the general population [59]. Most patients die from
nonpancreatic causes such as cancers and cardiovascular
diseases.

Conclusion

Studies in the past two decades have provided an insight
into the population distributions and natural history of
different stages of pancreatitis. Readmission to hospital
is frequent after AP. After the first attack of AP, about
1 in 5 patients develop a recurrence and 1 in 10 pro-
gresses to CP. Alcohol and tobacco abuse are the main
predictors of recurrence, and these along with RAP are
the main predictors of progression to CP. Abdominal
pain is the main symptom of CP, and a significant frac-
tion of these patients develop exocrine and/or endocrine
insufficiency during the disease course. CP is an estab-
lished risk factor for pancreatic cancer, although, the
absolute risk of this is low.

341

85US017 SUOWWOD BA1ES.D 3(dedt(dde ay) Aq peuenob ke ool YO 9SN J0 S9N 1o} A%eiq1T 8Ul|UQO AB]1A UO (SUONIPUOD-PUE-SLUIBY WD A3 1M Aleaq 1 uljuo//Sdiy) SUORIPUOD pue swie 1 ) 89S *[9202/20/02] Uo Akeiqiauljuo AB|im ‘saLeiq) AISeAIuN elqwiniod Aq 0po°2009.86TTT8.6/200T 0T/I0p/W0d A im Aleiq i puljuo//sdny Wo.j popeo|umod ‘0vuo™2009.86TTT826/200T 0T



342

Natural History of Recurrent Acute and Chronic Pancreatitis

References

10

11

12

13

14

15

Peery AF, Crockett SD, Barritt AS et al. Burden of
gastrointestinal, liver, and pancreatic diseases in the United
States. Gastroenterology 2015;149(7):1731-1741.e3.
Yadav D, Lowenfels AB. The epidemiology of pancreatitis
and pancreatic cancer. Gastroenterology 2013;144(6):
1252-61.

Machicado JD, Gougol A, Tan X et al. Mortality in acute
pancreatitis with persistent organ failure is determined
by the number, type, and sequence of organ

systems affected. United European Gastroenterol |
2021;9(2):139-149.

Frey C, Zhou H, Harvey D, White RH. Co-morbidity is a
strong predictor of early death and multi-organ system
failure among patients with acute pancreatitis.

] Gastroenterol Surg 2007;11(6):733-742.

Koutroumpakis E, Dasyam AK, Furlan A et al. Isolated
peripancreatic necrosis in acute pancreatitis is infrequent
and leads to severe clinical course only when extensive: a
prospective study from a US tertiary center. ] Clin
Gastroenterol 2016;50(7):589-95.

Vipperla K, Papachristou GI, Easler J et al. Risk of and
factors associated with readmission after a sentinel attack
of acute pancreatitis. Clin Gastroenterol Hepatol 2014;
12(11):1911-1919.

Yadav D, Lee E, Papachristou GI, O’Connell M. A
population-based evaluation of readmissions after first
hospitalization for acute pancreatitis. Pancreas 2014;43(4):
630-637.

Garg SK, Campbell JP, Anugwom C et al. Incidence and
predictors of readmissions in acute pancreatitis: a
nationwide analysis. Pancreas 2018;47(1):46—54.

Wu BU, Batech M, Quezada M et al. Dynamic
measurement of disease activity in acute pancreatitis: the
Pancreatitis Activity Scoring System. Am ] Gastroenterol
2017;112(7):1144—1152.

Buxbaum J, Quezada M, Chong B et al. The Pancreatitis
Activity Scoring System predicts clinical outcomes in
acute pancreatitis: findings from a prospective cohort
study. Am ] Gastroenterol 2018;113(5):755-764.
Bertilsson S, Sward P, Kalaitzakis E. Factors that affect
disease progression after first attack of acute pancreatitis.
Clin Gastroenterol Hepatol 2015;13(9):1662—1669.€3.
Lankisch PG, Breuer N, Bruns A, Weber-Dany B,
Lowenfels AB, Maisonneuve P. Natural history of acute
pancreatitis: a long-term population-based study. Am

J Gastroenterol 2009;104(11):2797-2805; quiz 2806.
Yadav D, O’Connell M, Papachristou GI. Natural history
following the first attack of acute pancreatitis. Am

] Gastroenterol 2012;107(7):1096—1103.

Yadav D, Lowenfels AB. Trends in the epidemiology of the
first attack of acute pancreatitis: a systematic review.
Pancreas 2006;33(4):323-330.

Takeyama Y. Long-term prognosis of acute pancreatitis in
Japan. Clin Gastroenterol Hepatol 2009;7(11 Suppl):
S15-17.

16

17

18

19

20

21

22

23

24

25

26

27

28

29

Nordback I, Pelli H, Lappalainen-Lehto R, Jarvinen S, Raty
S, Sand J. The recurrence of acute alcohol-associated
pancreatitis can be reduced: a randomized controlled trial.
Gastroenterology 2009;136(3):848-855.

Zhong FP, Wang K, Tan XQ, Nie J, Huang WF, Wang XF.
The optimal timing of laparoscopic cholecystectomy in
patients with mild gallstone pancreatitis: a meta-analysis.
Medicine (Baltimore) 2019;98(40):e17429.

Fong ZV, Peev M, Warshaw AL et al. Single-stage
cholecystectomy at the time of pancreatic necrosectomy is
safe and prevents future biliary complications: a 20-year
single institutional experience with 217 consecutive patients.
] Gastrointest Surg 2015;19(1):32—37; discussion 37-8.
Machicado JD, Yadav D. Epidemiology of recurrent acute
and chronic pancreatitis: similarities and differences. Dig
Dis Sci 2017;62(7):1683—1691.

Ahmed Ali U, Issa Y, Hagenaars JC et al. Risk of recurrent
pancreatitis and progression to chronic pancreatitis after a
first episode of acute pancreatitis. Clin Gastroenterol
Hepatol 2016;14(5):738—46.

Frey CF, Zhou H, Harvey DJ, White RH. The incidence
and case-fatality rates of acute biliary, alcoholic, and
idiopathic pancreatitis in California, 1994—2001. Pancreas
2006;33(4):336—344.

Cote GA, Imperiale TF, Schmidt SE et al. Similar efficacies
of biliary, with or without pancreatic, sphincterotomy in
treatment of idiopathic recurrent acute pancreatitis.
Gastroenterology 2012;143(6):1502—1509.e1.

Pelli H, Sand J, Laippala P, Nordback I. Long-term
follow-up after the first episode of acute alcoholic
pancreatitis: time course and risk factors for recurrence.
Scand ] Gastroenterol 2000;35(5):552—555.

Trna J, Vege SS, Pribramska V et al. Lack of significant
liver enzyme elevation and gallstones and/or sludge on
ultrasound on day 1 of acute pancreatitis is associated with
recurrence after cholecystectomy: a population-based
study. Surgery 2012;151(2):199-205.

Whitcomb DC. Genetic risk factors for pancreatic
disorders. Gastroenterology 2013;144(6):1292—1302.

Lee YK, Huang MY, Hsu CY, Su YC. Bidirectional
relationship between diabetes and acute pancreatitis: a
population-based cohort study in Taiwan. Medicine
(Baltimore) 2016;95(2):e2448.

Shen HN, Yang CC, Chang YH, Lu CL, Li CY. Risk of
diabetes mellitus after first-attack acute pancreatitis: a
national population-based study. Am ] Gastroenterol
2015;110(12):1698-1706.

Das SL, Singh PP, Phillips AR, Murphy R, Windsor JA,
Petrov MS. Newly diagnosed diabetes mellitus after acute
pancreatitis: a systematic review and meta-analysis. Gut
2014;63(5):818—831.

Hollemans RA, Hallensleben NDL, Mager DJ et al.
Pancreatic exocrine insufficiency following acute
pancreatitis: systematic review and study level meta-
analysis. Pancreatology 2018;18(3):253-262.

85US017 SUOWWOD BA1ES.D 3(dedt(dde ay) Aq peuenob ke ool YO 9SN J0 S9N 1o} A%eiq1T 8Ul|UQO AB]1A UO (SUONIPUOD-PUE-SLUIBY WD A3 1M Aleaq 1 uljuo//Sdiy) SUORIPUOD pue swie 1 ) 89S *[9202/20/02] Uo Akeiqiauljuo AB|im ‘saLeiq) AISeAIuN elqwiniod Aq 0po°2009.86TTT8.6/200T 0T/I0p/W0d A im Aleiq i puljuo//sdny Wo.j popeo|umod ‘0vuo™2009.86TTT826/200T 0T



30

31

32

33

34

35

36

37

38

39

40

1

42

43

a4

45

Machicado JD, Gougol A, Stello K et al. Acute pancreatitis
has a long-term deleterious effect on physical health
related quality of life. Clin Gastroenterol Hepatol
2017;15(9):1435-1443.€2.

Sankaran SJ, Xiao AY, Wu LM, Windsor JA, Forsmark CE,
Petrov MS. Frequency of progression from acute to
chronic pancreatitis and risk factors: a meta-analysis.
Gastroenterology 2015;149(6):1490-1500.e1.

Machicado JD, Dudekula A, Tang G et al. Period
prevalence of chronic pancreatitis diagnosis from
2001-2013 in the commercially insured population of the
United States. Pancreatology 2019;19(6):813-818.

Singh VK, Yadav D, Garg PK. Diagnosis and management
of chronic pancreatitis: a review. JAMA 2019;322(24):
2422-2434.

Hori Y, Vege SS, Chari ST et al. Classic chronic
pancreatitis is associated with prior acute pancreatitis in
only 50% of patients in a large single-institution study.
Pancreatology 2019;19(2):224—229.

Bhullar FA, Faghih M, Akshintala VS et al. Prevalence of
primary painless chronic pancreatitis: a systematic review
and meta-analysis. Pancreatology 2022;22(1):20—29.
Mullady DK, Yadav D, Amann ST et al. Type of pain,
pain-associated complications, quality of life, disability
and resource utilisation in chronic pancreatitis: a
prospective cohort study. Gut 2011;60(1):77—-84.
Kempeneers MA, Issa Y, Verdonk RC et al. Pain patterns
in chronic pancreatitis: a nationwide longitudinal cohort
study. Gut 2021;70(9):1724-1733.

Machicado JD, Amann ST, Anderson MA et al. Quality of
life in chronic pancreatitis is determined by constant pain,
disability/unemployment, current smoking, and
associated co-morbidities. Am ] Gastroenterol
2017;112(4):633-642.

LeBrett WG, Chen FW, Yang L, Chang L. Increasing rates
of opioid prescriptions for gastrointestinal diseases in the
United States. Am ] Gastroenterol 2021;116(4):796—-807.
Machicado JD, Chari ST, Timmons L, Tang G, Yadav D. A
population-based evaluation of the natural history of
chronic pancreatitis. Pancreatology 2018;18(1):39-45.
Alkhayyat M, Abou Saleh M, Coronado W et al. Increasing
prevalence of anxiety and depression disorders after
diagnosis of chronic pancreatitis: a 5-year population-
based study. Pancreas 2021;50(2):153-159.

Phillips AE, Faghih M, Drewes AM et al. Psychiatric
comorbidity in patients with chronic pancreatitis
associates with pain and reduced quality of life. Am

] Gastroenterol 2020;115(12):2077-2085.

Vipperla K, Kanakis A, Slivka A et al. Natural course of
pain in chronic pancreatitis is independent of disease
duration. Pancreatology 2021;21(3):649-657.

Zhu X, Liu D, Wei Q et al. New-onset diabetes mellitus
after chronic pancreatitis diagnosis: a systematic review
and meta-analysis. Pancreas 2019;48(7):868—875.

Malka D, Hammel P, Sauvanet A et al. Risk factors for
diabetes mellitus in chronic pancreatitis. Gastroenterology
2000;119(5):1324-1332.

46

47

48

49

50

51

52

53

54

55

56

57

58

59

References

Bellin MD, Whitcomb DC, Abberbock J et al. Patient and
disease characteristics associated with the presence of
diabetes mellitus in adults with chronic pancreatitis in the
United States. Am ] Gastroenterol 2017;112(9):1457—-1465.
Olesen SS, Poulsen JL, Novovic S et al. Multiple risk
factors for diabetes mellitus in patients with chronic
pancreatitis: a multicentre study of 1117 cases. United
European Gastroenterol ] 2020;8(4):453-461.

Cho J, Scragg R, Petrov MS. Risk of mortality and
hospitalization after post-pancreatitis diabetes mellitus vs
type 2 diabetes mellitus: a population-based matched
cohort study. Am ] Gastroenterol 2019;114(5):804—812.
Khan A, Vege SS, Dudeja V, Chari ST. Staging exocrine
pancreatic dysfunction. Pancreatology 2022;22(1):
168-172.

DiMagno EP, Go VL, Summerskill WH. Relations between
pancreatic enzyme outputs and malabsorption in severe
pancreatic insufficiency. N Engl ] Med 1973;288(16):
813-815.

Forsmark CE, Tang G, Xu H, Tuft M, Hughes SJ, Yadav D.
The use of pancreatic enzyme replacement therapy in
patients with a diagnosis of chronic pancreatitis and
pancreatic cancer in the US is infrequent and inconsistent.
Aliment Pharmacol Ther 2020;51(10):958-967.

Duggan SN, Smyth ND, Murphy A, Macnaughton D,
O’Keefe SJ, Conlon KC. High prevalence of osteoporosis in
patients with chronic pancreatitis: a systematic review and
meta-analysis. Clin Gastroenterol Hepatol 2014;12(2):
219-228.

Hart PA, Yadav D, Li L et al. High prevalence of osteopathy
in chronic pancreatitis: a cross-sectional analysis from

the PROCEED Study. Clin Gastroenterol Hepatol
2022;20(9):2005-2013.

Munigala S, Agarwal B, Gelrud A, Conwell DL. Chronic
pancreatitis and fracture: a retrospective, population-
based veterans administration study. Pancreas
2016;45(3):355-361.

Kanakis A, Vipperla K, Papachristou GI et al. Bone health
assessment in clinical practice is infrequenty performed in
patients with chronic pancreatitis. Pancreatology
2020;20(6):1109-1114.

Munigala S, Kanwal F, Xian H, Agarwal B. New diagnosis
of chronic pancreatitis: risk of missing an underlying
pancreatic cancer. Am J Gastroenterol 2014;109(11):
1824-1830.

Kirkegard J, Mortensen FV, Cronin-Fenton D. Chronic
pancreatitis and pancreatic cancer risk: a systematic
review and meta-analysis. Am ] Gastroenterol 2017;112(9):
1366-1372.

Jeon CY, Chen Q, Yu W et al. Identification of individuals
at increased risk for pancreatic cancer in a community-
based cohort of patients with suspected chronic
pancreatitis. Clin Transl Gastroenterol 2020;11(4):e00147.
Yadav D, Timmons L, Benson JT, Dierkhising RA, Chari
ST. Incidence, prevalence, and survival of chronic
pancreatitis: a population-based study. Am ] Gastroenterol
2011;106(12):2192-2199.

343

85US017 SUOWWOD BA1ES.D 3(dedt(dde ay) Aq peuenob ke ool YO 9SN J0 S9N 1o} A%eiq1T 8Ul|UQO AB]1A UO (SUONIPUOD-PUE-SLUIBY WD A3 1M Aleaq 1 uljuo//Sdiy) SUORIPUOD pue swie 1 ) 89S *[9202/20/02] Uo Akeiqiauljuo AB|im ‘saLeiq) AISeAIuN elqwiniod Aq 0po°2009.86TTT8.6/200T 0T/I0p/W0d A im Aleiq i puljuo//sdny Wo.j popeo|umod ‘0vuo™2009.86TTT826/200T 0T





