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CHAPTER 1

Epidemiology and genetics of pancreatitis
David C. Whitcomb
Division of Gastroenterology, Hepatology and Nutrition, Departments of Medicine, Cell Biology & Physiology, and Human Genetics,

University of Pittsburgh/UPMC, Pittsburgh, PA, USA

Definition

Chronic pancreatitis (CP) can be defined as “a continu-

ing inflammatory disease of the pancreas, characterized

by irreversible morphological change, and typically

causing pain and/or permanent loss of function” [1].

This definition is intentionally pragmatic, as developed

by the members of the Pancreatic Society of Great

Britain and Ireland in March 1983 in Cambridge,

England as a pretext to the morphology-based Cam-

bridge classification of CP severity [1]. The definition

is vague but has stood the test of time and has been

followed in consensus statements by nearly all societies

and expert groups for the subsequent two decades.

The pragmatic nature of the Cambridge definition

speaks to the challenges in defining a syndrome with

multiple etiologies, variable features, unpredictable

clinical course, and inadequate treatment [2]. As a

morphology-based definition, it also ignores key his-

tologic, clinical, and functional features that dominate

the definitions from the Marseilles meetings [3, 4]

and ignores the possibility of “minimal change” CP

[5a], functional changes such as pancreatitis-associated

chronic pain syndrome and/or pancreatic insufficiency,

or autoimmune pancreatitis. Furthermore, the defini-

tion is independent of etiology, it cannot differentiate

progressive disease from old scars from a bout of acute

pancreatitis (AP), and it has little prognostic value. A

new, two-part mechanistic definition of CP has been

proposed that focuses on disruption of the normal

injury → inflammation → resolution → regeneration

sequence. The definition includes the essence of CP,

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

“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 the characteristics of CP, “Common

features of established and advanced CP include

pancreatic atrophy, fibrosis, pain syndromes, duct dis-

tortion and strictures, calcifications, pancreatic exocrine

dysfunction, pancreatic endocrine dysfunction, and

dysplasia.” This new definition opens the door to new

diagnostic criteria that distinguishes CP from other

disorders with CP-like features, provides a method

for diagnosing “early CP,” and may improve methods

of mechanism-based therapies – which is the goal of

personalized medicine [5b].

Burden of disease

Epidemiologists struggle to determine the incidence and

prevalence of CP – in part because of the vague defini-

tions and different detection approaches [6, 7]. Admin-

istrative data, such as ICD-9 codes used in the United

States, have limited value because the same code, 577.1,

is used for recurrent acute pancreatitis (RAP) as well as

CP. Indeed, authoritative studies of the burden of diges-

tive diseases in the United States found it impossible to

distinguish AP fromCP using public records and grouped

the two entities into one big problem [8].

Autopsy studies using histologic criteria such as duct

ectasia, periductal fibrosis, ductular proliferation, acinar

ductular metaplasia, and interstitial inflammation or

1
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2 Pancreatitis

fibrosis suggest that the incidence of CP is as high as

12–14% [9, 10], with abnormal fibrosis in up to 39%

[10]. Histologic changes suggestive of CP are even

more prevalent in patients with very common chronic

disorders such as renal disease (up to 56%) [9] and

diabetes mellitus (DM) (∼7% by clinical evaluation

but much higher in diabetes autopsy databases such as

nPOD [11] – noting the problem of reverse causality

[12]). However, it is well recognized that interstitial

inflammation and fibrosis alone are not sufficient to

make a diagnosis of CP [13].

The emergence and widespread use of sensitive

abdominal imaging techniques has helped standardize

epidemiological approaches when morphologic criteria

are used. While morphology is not the only criteria used

in epidemiology studies, it does serve as an equalizing

factor. Thus, the burden of CP in terms of disease

prevalence from more recent surveys is more useful.

In the United States the best estimate comes from

Minnesota, where the age-adjusted prevalence of CP

was estimated at 41.8 cases per 100,000 population [7].

In contrast to earlier studies, the prevalence between

males and females was similar, as reported in the North

American Pancreatitis Study 2 (NAPS2) reports [14, 15].

In Japan the prevalence of CP was similar to the United

States, with 36.9 cases per 100,000 population [16]. In

France the prevalence of CP was 26.4 cases per 100,000

population [17], with a strong male predominance. The

lowest prevalence was in China, which was only 3 cases

of CP per 100,000 population in 1996 but had risen

rapidly to 13.5 per 100,000 population by 2003 [18].

The highest rates were in Southern India, where the

prevalence of CP is 114–200 per 100,000 population

[19]. In addition to difference in prevalence, there are

marked differences in rates of the etiologic diagnoses,

with alcoholic and idiopathic being the most common

causes in all studies. Alcohol etiology is consistently

more common in men than in women.

Clinical features

The clinical features of CP include recurrent and

chronic inflammation, fibrosis, duct distortion, pseudo-

cysts, atrophy, pancreatic exocrine insufficiency, DM,

multiple pain patterns, stones, and risk of pancreatic

cancer. These features vary with etiology and environ-

mental factors, and none of them are present in all

patients – except for when duct distortion is used as the

diagnostic criteria as in the Cambridge definition [1].

Diagnosis

Using the Cambridge definition of CP, a “clinical”

diagnosis of CP can usually be made without ambiguity

when significant morphologic features are documented.

The problem with the Cambridge definition is the

requirement of “irreversible morphological change” in

the pancreas, how it is defined, and when it occurs.

Indeed, patients may have symptoms of CP for 5–10

years before irreversible morphologic changes are

documented, resulting in presumably unnecessary pain,

anxiety, uncertainty, suffering, and numerous diagnos-

tic tests. The result of the process is a “diagnosis,” with

continued symptomatic treatment. Furthermore, the

consequence of classifying CP based on morphologic

criteria is that, while all investigators and clinicians

agree on what end-stage CP looks like, they continue to

sharply disagree on the border between “normal” and

“abnormal” and on the minimal required features.

Many experts also deviate from the Cambridge

definition, recognizing the limitations of morphology

alone and the possibility of minimal change CP with

prominent functional features such as pancreatic juice

with low bicarbonate concentrations or pancreatitis-like

pain syndromes. This view is supported by the clinical

improvement in some patients diagnosed with minimal

change pancreatitis and pain who find relief with total

pancreatectomy and islet autotransplantation (TPIAT)

[20–23]. These differences in perspectives on traditional

views of CP make a consensus definition of early CP

nearly impossible, with a ripple effect of making the

criteria for early diagnosis somewhat arbitrary.

Animal models of early CP

The use of model organisms to understand human

diseases remains a critical component of biomedical

research. A good model should be a simplified version

of something that reflects its primary components and

is useful to study its characteristics under a variety of

conditions. In the case of CP, animal models demon-

strated that multiple injuries and inflammation resulted

in parenchymal pathology, including scaring, but did
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not provide insight into human disease, which appeared

stochastic in onset and highly variable in progression,

clinical features, and outcomes. Thus, animal models

provided insight into downstream pathology but failed

to provide insight into etiologies, susceptibility, and

variable progression.

Genetic risk factors for CP

In 1996 we discovered that hereditary pancreatitis (HP),

a rare, autosomal dominant, highly penetrant, and

early-onset syndrome of RAP and CP, was caused by

a gain-of-function mutation in the cationic trypsinogen

gene (PRSS1) [24–26]. The discovery immediately

implicated prematurely activated trypsin as a key factor

in the pathogenesis of AP and CP in humans, indicated

that RAP can lead to typical CP, and introduced the

possibility that other genetic factors associated with

trypsin regulation may increase the risk of RAP and/or

CP. Further, study of HP families indicated that even

with inheritance of the most virulent of pathogenic

variants, the age of onset, the progression to CP, DM,

pain syndromes, and PDAC were highly variable – even

among identical twins [27]. Finally, the high sensitivity

of HP patients to alcohol and the strong effect of smok-

ing on the risk of PDAC provided new insights into the

role of environmental modifying factors [28].

Since 1996, many additional genetic factors linked

to trypsin regulation proved to be strongly associated

with susceptibility to and severity of RAP and CP. These

include SPINK1 [29, 30], cystic fibrosis transmembrane

conductance regulator (CFTR) [31, 32], and CTRC

[33–36]. In our US population pathogenic mutations

in these four genes are found in 26% of RAP patients

and 21% of CP patients [37], not counting the common

CTRC G60G risk allele, which is in another 18% of CP

patients [36]. Other CP risk genes were also discovered

using other candidate gene approaches, including CPA1

[38], and linkage studies including CEL [39] or other

approaches such as GGT1 [40].

In 2012 we published the first pancreatitis

genome-wide association study (GWAS) [41]. This

study identified two major loci, a common PRSS1–PRSS2

haplotype with reduced PRSS1 expression that is

protective for multiple etiologies and a common CLDN2

haplotype on the X chromosome, associated with risk of

CP, especially in alcoholics. These findings have recently

been replicated in a European cohort [42]. These data

suggest multiple etiologies and susceptibility factors,

with several strong modifying factors that determine the

risk of progression and other clinical features of CP. This

concept is extended with a recent paper demonstrating

that the risk of the common CTRC G60G haplotype is for

CP, but not RAP, and is strongly associated with smoking

[36].

Mendelian genetic syndromes

An understanding of genetic should begin with simple

Mendelian disorders. These disorders are caused by

strong pathogenic variants in a single gene that cause

well-defined syndromes. In the case of CP, the two

most important Mendelian disorders are HP and cystic

fibrosis (CF).

Hereditary pancreatitis
HP is defined either by two or more individuals with

pancreatitis in two or more generations of the family

(i.e., an autosomal dominant pattern of inheritance) or

pancreatitis associated with a known disease-causing

germ line mutation in the cationic trypsinogen gene

PRSS1. The term familial pancreatitis is used when more

than one person in the family has RAP or CP – regardless

of etiology – since the incidence is above the expected

rate in the population by chance alone.

HP has been conclusively linkedwith gain-of-function

mutations in PRSS1 [43–46]. Gain-of-function muta-

tions increase autocatalytic conversion of trypsinogen

to active trypsin causing premature, intrapancreatic

trypsinogen activation. Trypsin, as the master enzyme

regulating activation of the other pancreatic zymogens,

is thought to cause widespread enzyme activation,

autodigestion of the pancreatic parenchyma, and

release of danger-associated molecular pattern (DAMP)

molecules that activate the immune system causing AP.

Trypsin, chymotrypsin, and other digestive enzymes

may also cross-activate the immune system by acti-

vating the thrombin pathway or protease-activated

receptors [47–51].

Many rare genetic variants in PRSS1 have been

reported (see www.pancreasgenetics.org), but the

majorities of families either have the PRSS1 N34S or

R122H gain-of-function mutation or less commonly,

copy number variants (CNV). The other variants may be
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loss-of-function variants that cause pancreatic stress and

injury signaling through an unfolded protein response

[52, 53].

The clinical features of HP have been defined in

several large studies [54, 55]. In the European Registry

of Hereditary Pancreatitis and Pancreatic Cancer [54],

the cumulative risk at 50 years of age for patient with

HP for exocrine failure was 37.2%, for endocrine

failure 47.6%, and pancreatic resection for pain 17.5%.

The cumulative risk of pancreatic cancer was 44.0%

at 70 years. In a French study patients with HP

reported pancreatic pain (83%), AP (69%), pseudo-

cysts (23%), cholestasis (3%), pancreatic calcifications

(61%), exocrine pancreatic insufficiency (34%), DM

(26%), and pancreatic adenocarcinoma (5%). In both

studies the median age of onset of symptoms was about

age 10, with about half the patients developing CP

by age 20 years, followed over the next 10 years by

pancreatic exocrine insufficiency and DM in up to 40%

of patients. The risk of cancer in the fifth to sixth decade

of life replicated the studies by Lowenfels [28, 56]. Of

note, the incidence of pancreatic cancer is cut in half and

delayed by a decade in patients who do not smoke [56].

The diagnosis of HP is made on clinical grounds and

genetic testing (see www.pancreas.org). Genetic testing

is warranted when there is unexplained documented

episode of AP in childhood; recurrent acute attacks

of pancreatitis of unknown cause; CP of unknown

cause, particularly with onset before age 25 years; and

a family history of RAP, CP, or childhood pancreatitis

of unknown cause in first-, second-, or third-degree

relatives or relatives known to have a mutation in a

gene associated with HP [46, 57, 58].

The utility of genetic testing is in making an early

diagnosis of a high-risk condition that may explain early

functional symptoms and signal the likelihood that the

person may develop some or all of the complications of

CP. A positive result, in the context of pancreatitis-like

symptoms, has a very high likelihood of the symptoms

coming from the pancreas. No further diagnostic testing

for the etiology of CP-like symptoms is needed. A

negative genetic testing result for HP suggests that the

etiology is not pathogenic PRSS1 variants, although

many other pathogenic genetic variants in other loci

are also possible (see Chapter 12). Genetic testing, in

the future, may also provide guidance on likelihood of

specific syndromes, such as constant pain or diabetes,

although these ideas currently remain at a research

stage.

Cystic fibrosis
CF refers to an autosomal recessive disorder affecting

secretory epithelial cells of glands, respiratory mucosa,

and the digestive system. The term “cystic fibrosis” refers

to the CP (with pseudocysts and fibrosis) that occurs in

all affected individuals, beginning in utero.

The disease is caused by mutations in the CFTR

gene [59–61]. The CFTR protein forms a regulated

anion channel that facilitates transport of chloride and

bicarbonate across the apical membrane of epithelial

cells during active secretion and/or absorption. CFTR

is the most important molecule for the function of the

pancreatic duct cell – there are no significant alternate

molecules for physiologic anion secretion. Loss of CFTR

results in failed flushing of digestive zymogens out of

the pancreas and into the intestine. Thus, dysfunction

of CFTR results in retention of zymogens in the duct

where they can become active and begin digesting the

surrounding pancreas, leading to AP. Since the pancreas

is so strongly dependent on CFTR function, the severity

of pathogenic CFTR variants can be estimated from the

effects on the pancreas. Furthermore, pancreatic injury

can typically be detected at birth, justifying CF screening

using serum trypsinogen measurements, and end-stage

CP with pancreatic exocrine insufficiency often occurs

during the first year of life. Thus, the disease was

characterized by failure to thrive and salty sweat with

death in infancy until pancreatic enzyme replacement

therapy was developed. Only after surviving pancreatic

exocrine insufficiency will a child begin developing

respiratory failure.

The organs that are most strongly affected by

CFTR mutations include the pancreas, sweat glands,

sinuses, respiratory system, gastrointestinal track,

male reproductive system, and liver. The features of

CFTR-associated diseases depend on the functional

consequences of specific mutations on the two CFTR

alleles [62, 63], as well as mutations in modifier genes

and effects of environmental factors. CF is caused by

two severe mutations (CFTRsev/CFTRsev). Residual CFTR

function can occur with some milder mutations, and

the severity of CF is linked to the least severe mutation.

The milder forms of CF can be referred to as atypical

CF (aCF) and are caused by mild-variable mutations

with two possible genotypes: (CFTRm-v/CFTRsev) or
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(CFTRm-v/CFTRm-v). In these cases there is residual

function of the various organs that use CFTR for

fluid secretion, and disease occurs later in life, with

organ specificity determined by modifying genetic and

environmental factors [61, 64].

In 1989 two groups reported that patients with

idiopathic CP had a greater-than-expected prevalence

of pathogenic CFTR variants [31, 32]. In many CP cases

it appeared that heterozygous pathogenic CFTR variants

were found in individuals who also harbored SPINK1

variants as (CFTRsev/CFTRwt; SPINK1N34S/SPINK1wt)

genotypes [65–67], a phenomenon called epistasis.

Thus, these cases of idiopathic CP were clearly examples

of complex trait genetics.

In 2011 we reported that a common CFTR vari-

ant, R75Q, affected bicarbonate conductance while

maintaining chloride conductance and had major

effects on the pancreas but minimal effects on the

lungs, presumably because the pancreas uses CFTR

as a bicarbonate channel [67]. Since the functional

effect of CFTR genotypes is determined by the least

severe mutation, either two bicarbonate defective (BD)

variants (CFTRBD/CFTRBD) or one BD and one severe

variant (CFTRBD/CFTRsev) can result in a monogenic

pancreatitis-predominant disorder. We then made

a screening panel of 81 previously reported CFTR

single-nucleotide polymorphisms (SNPs) and screened

nearly a thousand patients with pancreatitis from the

North American Pancreatitis Study 2 (NAPS2) cohort

[68]. We identified nine CFTR SNPs that were classified

as benign by pulmonologists but were associated with

pancreatitis: R74Q, R75Q, R117H, R170H, L967S,

L997F, D1152H, S1235R, and D1270N. When these

variants were cloned into wild-type CFTR genes and

expressed in experimental cells, they had normal

chloride conductance but failed to transform into

bicarbonate-conducting channels when CFTR was

activated with WNK1/SPAK [68]. Molecular modeling

demonstrated that four different mechanisms were

involved in this transformation and/or regulation of

bicarbonate conductance.

The pancreas is susceptible to variants that impair

CFTR-mediated bicarbonate conductance because of

the way it makes bicarbonate-rich pancreatic juice

[68, 69]. Since other organs also use CFTR to secrete

bicarbonate, we evaluated the risk of rhinosinusitis and

male infertility in patients with CP, with or without

the CFTRBD/CFTRother genotypes. We found that CFTRBD

significantly increased the risk of rhinosinusitis (OR 2.3,

P<0.005) and male infertility (OR 395, P≪ 0.0001).

Thus, a variant subtype of CF has been defined that is

characterized by CP and dysfunction of other organs

that utilize CFTR for bicarbonate secretion, but without

lung disease.

A new paradigm of personalized
medicine

To advance our understanding of CP, we require a

paradigm shift. It is recognized that CP is a complex

disorder. It is useful to understand a complex disorder

in contrast to a simple disorder [70]. A simple disorder

is when a specific microorganism invades a host and

causes a specific clinical syndrome. Modern Western

medicine has been built on the germ theory of dis-

ease, which organizes the study of simple disorders

using Koch’s postulates to test a defined hypothesis.

In simple diseases the pathologic agent is sufficient

to cause the disease syndrome. In contrast, complex

disorders typically include acquired conditions caused

by complex gene–environment, gene–gene, or multiple

gene–environmental interactions where the pathologic

agents are neither necessary nor sufficient to cause the

disorder. Further complexity occurs if a sequence of

pathologic events is needed before enough qualifying

features of the syndrome emerge to meet diagnostic

criteria. In complex disorders the “scientific method”

used in medical research to identify the etiology of

disease by applying Koch’s postulates fail, since none of

the hypothesized pathogenic agents will meet the four

criteria. The challenges of evaluating and managing

a complex disorder include developing a new way

of thinking about the diagnosis and management of

these disorders, integration of complex genetic risk

into the paradigm, and developing new tools to assist

the practitioner. Specifically, personalized medicine

demands going beyond a simple Boolean operator of

the germ theory (is a pathologic agent present, yes

or no?) to more sophisticated disease modeling and

outcome simulation where the influence of multiple

variables of different effects can be assessed under

different conditions.

The terms personalized medicine and precision

medicine are used interchangeably. We will use the

term personalized medicine as a medical model that
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utilizes genetic information and biomarkers of disease

activity to define the specific mechanism of disease

within a subject from among multiple possibilities and

target disease management at the specific mechanism.

In contrast, we use the term precision medicine to define

a medical model that optimizes the treatment of the

patient within a disease mechanism. Thus, in our view,

personalized medicine defines the underlying prob-

lem, whereas precision medicine defines the optimal

treatment for the problem.

Driven by multiple genetic discoveries and environ-

mental risk assessments on the one hand and a failure

to effectively define and treat pancreatic diseases on the

other, the CP disease model shifted from “germ theory”

(a single agent causing a stereotypic disorder) to a “com-

plex genetic disorder” with individual patients harboring

different combinations of pathogenic factors that alone

are neither necessary nor sufficient to cause pancreatic

disease [70]. This approach may have profound implica-

tions for both early detection and disease management.

The new and exciting opportunity is to define the spe-

cific risk complex in individual patients, to monitor dis-

ease activity and to target pathogenic pathways so that

the pathologic endpoints are never reached (see Chapter

12b). This is personalized medicine [70, 71], and this

must be the future direction for the pancreatic diseases

management since the end stages are irreversible.
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CHAPTER 2

PART A: Pathobiology of the acinar cell in acute pancreatitis

Stephen J. Pandol
Basic and Translational Pancreas Research Program, Cedars-Sinai Medical Center, Los Angeles, CA, USA

Overview of the acinar cell
morphology and function

The acinar cell of the exocrine pancreas is responsible

for the synthesis, storage, and secretion of digestive

enzymes. Acinar cells are organized into spherical and

tubular clusters called acini with a central lumen. With

neurohumoral stimulation as what occurs during a

meal, the acinar cells secrete their digestive enzyme

stores into the lumenal space which is connected to the

pancreatic ductal system for transport of the digestive

enzymes into the gastrointestinal tract.

The acinar cell’s organization and function are cus-

tomized to perform its major tasks of synthesis, storage,

and secretion of large amounts of protein in the form of

digestive enzymes (Figure 2A.1). The basal aspect of the

acinar cell contains abundant rough endoplasmic retic-

ulum (ER) for the synthesis of proteins, while the api-

cal region of the cell contains electron-dense zymogen

granules, the store of digestive enzymes. The apical sur-

face of the acinar cell also possesses microvilli. Within

the microvilli and in the cytoplasm underlying the api-

cal plasma membrane is a filamentous actin meshwork

that is involved in the exocytosis of the contents of the

zymogen granules [1, 2]. Secretion is into the lumen of

the acinus which is connected to the ductal system. The

importance of the ductal system is that its cells (ductal

cells) secrete large amounts of fluid rich in bicarbonate

ion necessary to carry the digestive enzymes to the gas-

trointestinal lumen (Figure 2A.1). Of note, blockade of

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

secretion due to total obstruction of the ductal system as

occurs in biliary pancreatitis, defect ductal secretion as

occurs with cystic fibrosis, or destruction of the filamen-

tous actin network all lead to injury of the acinar cell

and pancreatitis [2–5].

Tight junctions between acinar cells and duct cells

form bands around the apical aspects of the cells and

act as a barrier to prevent passage of large molecules

such as the digestive enzymes into the blood [6]. Injury

to the tight junctions between the cells of the acinus as

occurs in pancreatitis leads to “leakage” of the digestive

enzymes into the blood resulting in the increased

concentrations of digestive enzymes in the blood as a

hallmark of pancreatitis.

The acinar cell is endowed with a highly developed

ER to accomplish its function of protein synthesis. In

addition, the ER is also the major store of intracellular

calcium which the acinar cell uses to signal exocyto-

sis and secretion of stored digestive enzymes [7–9].

Abnormalities in calcium signaling are also involved

in causing pancreatitis as will be discussed later [9].

Each protein synthesized in the ER must undergo

specific secondary modifications as well as folding in

order for it to be properly transported to destination

organelles such as Golgi, zymogen granule (storage for

the digestive enzymes), and lysosome or membrane sites

(Figure 2A.2). Furthermore, the acinar cell systems for

protein synthesis and processing must be able to adapt

because of variation in the demand for protein synthesis

as a function of diet and because protein processing in

10
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Figure 2A.1 Ultrastructure of acinar and duct cells of the exocrine pancreas. The pancreatic acinar cell has prominent basally located
rough endoplasmic reticulum for the synthesis of digestive enzymes and apically located zymogen granules for the storage and
secretion of the digestive enzymes. The zymogen granules undergo exocytosis with stimulation of secretion. The secretion is into the
lumen of the acinar formed by the apical surfaces of the acinar cells with their projecting microvilli. Not visualized because of the
relatively low magnification is the subapical actin network, the tight junctions, and the gap junctions. Pancreatic duct cells contain
abundant mitochondria for energy generation needed for its ion transport functions. The ductal cells also project microvilli into
the luminal space. Adapted from Gorelick F, Pandol, SJ, Topazian M. Pancreatic physiology, pathophysiology, acute and chronic
pancreatitis. Gastrointestinal Teaching Project, American Gastroenterological Association. 2003.

the ER could be adversely affected by environmental

factors such as alcohol, smoking, metabolic disorders,

and xenobiotics. As discussed later, inability to adapt

completely to these environmental factors can also lead

to acinar cell injury and pancreatitis [10–14]. Secretion

of the digestive enzymes occurs by exocytosis as a

result of hormone- and neurotransmitter-generated

intracellular signals [15].

Environmental and genetic stressors
and the exocrine pancreatic unfolded
protein response (UPR)

Because its chief function is to synthesize, store, and

secrete large amounts of protein, the acinar cell has

a highly developed ER system for protein translation

and modification as well as a set of organelles such as

the Golgi, lysosomes, and zymogen granules to further

process the proteins using internal bonds for folding

(i.e., disulfide bonds) and secondary modifications (i.e.,

glycosylation) for transport and targeting the proteins

to the correct destination including zymogen secretory

granules for exocytosis. Factors such as mutations in

digestive enzymes, alcohol abuse, smoking, diabetes,

and medications can put stresses on the system by

preventing proper folding and other necessary post-

translational modifications because of a critically located

mutation or an abnormal physiochemical environment

altering catalytic reactions. In order to adapt to the ER

stressors that the genetic and environmental factors

pose, the ER of the pancreatic acinar cell has a highly

responsive sensing and signaling system called the

unfolded protein response (UPR) [13]. The sensors

of the UPR are responsive to unfolded and misfolded

proteins by initiating several processes that are needed

to alleviate the ER stress. These include synthesis of

chaperones and foldases to facilitate increased capacity

as well as upregulation of the systems involved in

the degradation of unfolded and misfolded proteins

called ER-associated protein degradation (ERAD),

which is required to rid the cell from accumulation of

permanently misfolded and unfolded proteins that are

toxic to the cell. If the ER stress exceeds the capacity of

the UPR to correct the problem or if the mechanisms
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Figure 2A.2 Electron micrograph of the pancreatic acinar cell. This electron micrograph shows the key cellular structures involved
in synthesis, processing, and storage of digestive enzymes. On the left is the rough endoplasmic reticulum, in the middle is the
Golgi complex, and on the right are zymogen granules. Adapted from Gorelick F, Pandol, SJ, Topazian M. Pancreatic physiology,
pathophysiology, acute and chronic pancreatitis. Gastrointestinal Teaching Project, American Gastroenterological Association. 2003.

for correction are blocked, the ER initiates a death

response to rid the organ of dysfunctional cells. The

death response can be associated with inflammation

(pancreatitis).

Both ER-initiated adaptive responses to prevent the

effect of toxic insults on cell death and inflammatory

responses have been found in exocrine pancreas with

stress insults [10, 12–14, 16–20]. An important and

provocative observation in these studies is that alcohol

abuse causes upregulation of an adaptive and protective

UPR [12]. This may explain why alcohol abuse only

uncommonly results in pancreatitis. Also, these studies

suggest the possibility that treatments and strategies

that promote the adaptive and protective UPR in the

acinar cell can be used to prevent acute pancreatitis

(AP) and recurrent acute pancreatitis.

Calcium signaling and pancreatitis

Intracellular changes in ionized calcium [Ca2+]i rep-

resent the major signaling system mediating protein

secretory responses [8]. Activation of G-protein coupled

receptors for agonists cholecystokinin and acetyl-

choline receptors leads to a phospholipase C–mediated

hydrolysis of phosphatidylinositol 4,5-bisphosphate

to 1,2-diacylglycerol and inositol 1,4,5-triphosphate

(IP3) [7, 21]. IP3, in turn, releases calcium from ER

stores through IP3 receptors on the ER [22, 23]. The

calcium release into the cytosol causes a rapid rise in

[Ca2+]i, which mediates the secretory response. With

physiologic concentrations of agonists, the increase

in [Ca2+]i initiates in the apical area of acinar cell in

the vicinity of the zymogen granules followed by a

propagated “wave” toward the basolateral area of the

cell [24–27]. Also, the increases in [Ca2+]i are transient

giving an oscillatory pattern. Each spike in [Ca2+]i
leads to a “burst” in zymogen granule exocytosis and

secretion. Calcium release into the cytosol is also medi-

ated by other intracellular mediators and receptors as

well which are involved in propagating and regulating

the “waves” and “oscillations” that are essential for

physiologic [Ca2+]i signaling [7].
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In contrast to the “waves” and “oscillations” that

comprise physiologic [Ca2+]i, pathologic stimuli can

cause sustained increases in [Ca2+]i that result in

pancreatic acinar cell injury and necrosis. This pattern

of [Ca2+]i signaling is due to the influx of Ca
2+ from the

extracellular space through a channel called ORAI-1

that is regulated by the depletion of the amount of Ca2+

that is in the ER [9, 28–37]. Examples of pathologic

stimuli that deplete ER Ca2+ stores resulting in ORAI-1

mediated Ca2+ entry and sustained [Ca2+]i are high

doses of the cholecystokinin, acetylcholine, and physio-

logic concentrations of bile acids [9, 36]. Of considerable

importance are findings that pharmacologic agents spe-

cific for inhibition of ORAI-1 are able to inhibit ER store

activation Ca2+ entry and prevent pancreatic necrosis in

human acinar cells and pancreatitis in different models

of experimental pancreatitis [36]. Inhibition of Ca2+

entry with pancreatitis causing stimuli acts in good part

by preventing mitochondrial failure as discussed in the

next section.

Mitochondrial function in pancreatitis

Mitochondria play a central role in generating energy

for sustaining function in the pancreatic acinar cell.

There is increased energy demand during secretion that

is met by rises in [Ca2+]i with physiologic neurohumoral

stimulation which, in turn, leads to increased produc-

tion of NADH through the effect of Ca2+ on Krebs cycle

enzymes [38–40]. The increase in NADH generates a

proton motive force resulting in ATP production needed

for the energy of secretion. On the other hand, when

the increase in [Ca2+]i is sustained, the ability of the

mitochondria to produce ATP stops because the Ca2+

overload causes dissipation of the proton motive force

preventing ATP production [41–44]. This process leads

to cellular failure and necrosis.

Recent evidence indicates that the effect of excess

mitochondrial Ca2+ on mitochondrial function is due to

the opening of a mitochondrial pore termed the mito-

chondrial permeability transition pore (MPTP) [45, 46].

The opening has been found to require the presence of

a mitochondrial matrix protein cyclophilin D (CypD)

[45, 46]. Both genetic deletion and pharmacologic

inhibition of CypD prevent the pathologic responses in

several models of experimental pancreatitis [45, 46].

Inflammatory signaling
of pancreatitis

Inflammation is the hallmark of AP and the inflamma-

tory response begins in the acinar cell [47–51]. In most

cases the acute inflammatory response is limited to the

pancreas, but in severe cases there can be progression

to a systemic inflammatory response syndrome (SIRS)

causing organ failure which can lead to mortality

[52–54]. SIRS is mediated by pancreas-generated

increased levels of circulating cytokines that affect sev-

eral organs especially the lungs leading to pulmonary

failure [55].

The studies that show that the acinar cell is the initial

site of inflammatory signaling come from experiments

that show that this cell produces a variety of inflam-

matory mediators with stressors that cause pancreatitis

[47, 56, 57]. These mediators are then involved in the

recruitment of neutrophils followed by macrophages,

monocytes, and lymphocytes into the pancreas. Impor-

tantly, infiltrating inflammatory cells (both neutrophils

and macrophages) mediate the pathologic, intra-acinar

activation of trypsinogen which is involved in the

promotion of the acinar cell injury and is a key feature

of pancreatitis [58–61]. Furthermore, the inflammatory

cell infiltrate exacerbates pancreatic necrosis. Although

all the mechanisms for promotion of necrosis are not

elucidated, another feature of inflammation is that it

shifts apoptosis–necrosis balance of acinar cell death

toward necrosis of the parenchymal tissue which is

associated with a greater severity of disease [4, 62–69].

The severity of pancreatitis in experimental models

improves with various strategies that inhibit inflamma-

tory cell recruitment including neutralizing antibodies

[58, 59, 70, 71], genetic deletion of specific integrins

[59, 61], or inhibition of complement [72].

Although the exact mechanisms involved in initiat-

ing inflammatory signaling in the acinar cell are not

completely understood, there are key transcription

factors that are involved which are generally known to

regulate inflammatory mediators. These include nuclear

factor kappa-B (NF-𝜅B), activator protein-1 (AP-1), and

nuclear factor of activated T-cells (NFAT) [56, 73–82].

These transcription factors are, in turn, regulated by

upstream intracellular signaling systems that include

[Ca2+]i, calcineurin, novel isoforms of protein kinase

C, and protein kinase D [48, 50, 51, 82–95]. For both

the transcription factors and the signals that regulate
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Mitochondrial depolarization inhibitors

Summary of therapeutic targets for acute pancreatitis
and acute recurrent pancreatitis
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Specific vasoactive agents
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Figure 2A.3 Potential therapeutic targets. (−1) UPR activators to enhance the adaptive response to injurious agents; (1) inhibitors
of Ca2+ influx to prevent the effect of increased [Ca2+]i on mitochondrial function and inflammatory signaling; (2) mitochondrial
depolarization inhibitors to prevent cellular ATP depletion; (3) inflammatory signal inhibitors to attenuate the inflammatory response
and its effect on promoting further cellular injury; (4) leukocyte inhibitors to prevent infiltration and/or activation of leukocytes to
prevent their injurious effects on the acinar cell; (5) specific vasoactive agents to both prevent inflammatory cell infiltration and
promote the microcirculation which is compromised during pancreatitis.

them, the studies cited show that in animal models

and in vitro studies using acinar cells, the inhibition of

the pathways leads to attenuation of the severity of

pancreatitis (and cellular injury) pointing to the central

role played by the acinar cell and its inflammatory

signaling in pancreatitis.

Summary and potential therapeutic
targets

The elucidation of the roles of the acinar cell pathophys-

iology in AP allows for predicting classes of agents that

should be considered for potential therapy. Figure 2A.3

provides a summary of these targets. Moreover, as

indicated earlier, treatments for one class of targets

can have beneficial effects on a broad set of pathologic

responses as discussed with respect to the inflammatory

response. In this context, recent reports show that

supporting organellar function can lead to attenuation

of several pathophysiologic responses. For example,

prevention of mitochondrial failure by blocking the

opening of the mitochondrial permeability pore with

pharmacologic and genetic inhibitors of CypD has

effects on inflammation [45, 46].
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Introduction

Acute pancreatitis (AP) is initiated in the acinar cell,

but the prime determinants of severity occur at the

tissue and organ levels [1]. The key intra-acinar events

(see Chapter 2a) are important in understanding the

common pathways by which the diverse etiologies

initiate AP. The extra-acinar events are important in

understanding the local and systemic complications of

AP which determine the severity and outcome or more

specifically the development of infected pancreatic

necrosis and persistent organ failure [1]. This chapter

focuses on the locoregional pathophysiology of AP with

a specific emphasis on the key pancreatic and intestinal

events and their interplay and contribution to the

development of the local and systemic complications

of AP (Figure 2B.1). Aspects of the pathophysiology

that are of relevance to the management of AP will be

highlighted.

Pancreatic pathophysiology

Morphology and local complications
of acute pancreatitis
AP is a protean disease with a range of etiologies,

severities, complications, and outcomes. The acute

inflammatory process in the pancreas results in edema

of the pancreatic interstitium and peripancreatic tissues.

The development of edema is due to capillary leak,

a cardinal feature of inflammation. Morphologically

on computed tomography (CT), interstitial edematous

pancreatitis (IEP) (Figure 2B.2a) is characterized by

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

enlargement of the pancreas, homogenous enhance-

ment, and peripancreatic fat stranding [4].

The presence or absence of necrosis on contrast-

enhanced CT is important because it is an independent

predictor of severity [4, 5] (Figure 2B.2b). Pancreatic

necrosis is due to microcirculatory stasis [6] and/or

failure [7, 8]. Three morphological forms of pancreatic

necrosis have been described [9] based on their histo-

logical appearance. Type I, the most common (95%), is

characterized by perilobular fatty tissue necrosis with

subsequent necrosis of surrounding blood vessels, acinar

cells, and ducts. Type II begins with ductal necrosis and

is seenmore often in patients with prolonged circulatory

failure. Type III represents acinar cell necrosis without

pancreatic autodigestion [9]. Peripancreatic necrosis

can occur with or without pancreatic necrosis [4]. It has

been suggested that peripancreatic necrosis is due to the

liberation of activated lipase into peripancreatic fat [10].

The local complications of AP can be classified on the

basis of chronicity, content, and infection (Table 2B.1)

[11]. Acute peripancreatic fluid collections (APFCs)

have no defined wall, have a homogenous appearance,

rarely become infected, and usually resolve without

intervention [4]. APFCs are thought to derive from

aggregated loci of inflammatory edema and exudate.

When an APFC is present in this state for more than

4 weeks, it is defined as a “pseudocyst.” A pseudocyst

only contains fluid and is not diagnosed in the presence

of necrotizing pancreatitis. In the situation where there

are also disrupted pancreatic ductules (in the absence

of necrosis), the fluid collection is more likely to persist

and becomes walled off. The underlying duct disruption

involved in the etiology of this lesion also explains why
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Pancreas

Intestine

Figure 2B.1 Complex interactions between the pancreas and the intestine in the pathogenesis of severe acute pancreatitis. [1. Reflex
vasoconstriction can be increased by nonselective inotropes; 2. fluid resuscitation can promote reperfusion injury; 3. experimental
evidence suggests that altered mesenteric lymph can promote necrosis, but this requires confirmation.] Modified from [2].

(a) (b)

Figure 2B.2 CT images of interstitial edematous (a) and necrotizing pancreatitis (b). Modified from [3].

the pseudocyst fluid has an elevated pancreatic enzyme

concentration.

The development of necrosis occurs in 5–10% of

patients with AP [4]. The natural history of necrosis is

variable, as it can liquefy or remain solid, be sterile or

become infected, and persist or resolve. Morphologically

this can result in an acute necrotic collection (ANC) or

walled-off necrosis (WON), both of which can remain

sterile or become infected (Table 2B.1). Disruption of

the main pancreatic duct by necrosis results in a fluid

collection and potentially the “disconnected pancreatic

duct syndrome” (Table 2B.1) [7] with almost certain

persistence of what is now termed WON.

Pancreatic microcirculation
Before discussing the development of pancreatic necro-

sis in detail, it is important to review the control of

normal pancreatic vascular perfusion. The pancreas is

richly supplied by both the celiac and superior mesen-

teric arteries. The head of the pancreas has an anterior
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Table 2B.1 Definitions of local complications of acute pancreatitis based on CT morphology.

Content Acute (<4 weeks, no defined wall) Chronic (<4 weeks, defined wall)

No infection Infection No infection Infection

Fluid Acute pancreatic fluid collection Infected APFC Pseudocyst Infected pseudocyst

Solid±fluid Acute necrotic collection Infected ANC Walled-off necrosis Infected WON

Modified from [11].

and posterior arcade derived from both of these arteries,

while the pancreatic body and tail is supplied primarily

from the splenic artery. Blood flow to the pancreas is

regulated by neural, hormonal, and local (paracrine)

factors [12]. Neural control is by dual sympathetic

and parasympathetic innervation. Parasympathetic

fibers release acetylcholine to cause vasodilation. Post-

ganglionic sympathetic fibers release noradrenaline

during hypovolemia resulting in vasoconstriction and

a reduction in pancreatic blood flow. Autoregulation

by local paracrine factors includes nitric oxide and

endothelin modulation of the sympathetic response

through reactive hyperemia and hypoxic vasodilation

[13]. Animal models suggest that pancreatic tissue oxy-

gen extraction is maintained via this mechanism until

blood flow is reduced to 60% of the normal flow [12].

The pancreas has endocrine islets juxtaposed beside

exocrine tissue, and the existence of an insuloacinar

portal venous system suggests that the hormones from

the pancreatic islet cells might influence the exocrine

pancreas and blood flow [14]. Experimental studies of

sepsis and hemorrhage [11, 12] have also demonstrated

that pancreatic perfusion is affected to a greater extent

than in other splanchnic organs (Figure 2B.3) and does

not readily recover after intestinal ischemia–reperfusion

[16]. The failure of autoregulation in the pancreas com-

pared with the intestine (see Figure 2B.3) shows that

there is no significant improvement in perfusion during

the period of hypotension. There is also a significant

regional variation in the blood flow in the pancreas

during severe AP, with some areas of vasoconstric-

tion/necrosis alongside other areas of normal perfusion.

The extent to which the regulatory elements have a

role in severe AP remains uncertain. And the failure of

the microcirculation in regions of necrosis is also due,

in part, to the proteolytic action of pancreatic enzymes.

Figure 2B.3 Changes in the superior mesenteric artery (SMA)
flow and in microcirculatory blood flow (MF) in the jejunal
mucosa and in the pancreas after hemorrhage and after
retransfusion of shed blood. (*P<0.05 compared with base-
line.) Redrawn from [15].

Pancreatic inflammation and interstitial
edema
The release of activated pancreatic enzymes from the

acinar cell into the interstitium promotes autodigestion

of the pancreas and initiates an inflammatory response

(see Chapter 2a). This response consists of recruitment

and activation of inflammatory cells [17] and initiation

of plasma-derived inflammatory pathways (including

complement, coagulation, kallikrein–kinin, and fibri-

nolysis) [10]. Early in the inflammatory process, there is

an increased vascular permeability ("capillary leak") due

to a number of different factors. Neutrophils increase

capillary permeability following adherence to postcap-

illary venules [6], while activated pancreatic enzymes

attack the components of the endothelial wall. Both

cellular and humoral mediators of inflammation have

been implicated in the development of increased capil-

lary permeability. Substance P, a neuropeptide released

from nerve endings, increases the permeability of the

vascular endothelium in AP [17]. The inflammatory
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mediator platelet-activating factor (PAF) released by

a number of cells (e.g., endothelial, epithelial, mast,

macrophages) also increases capillary permeability [17].

Bradykinin and thromboxane A2 are also associated

with early increased capillary permeability in AP [6].

Pancreatic hypoperfusion
The arrangement of the pancreatic microcirculation

makes it susceptible to ischemia [6], and the severity of

AP was reported to be proportional to the severity of

microvascular dysfunction [18]. The microcirculatory

changes occur early with histological confirmation

occurring within 30 minutes of the onset of AP in an

animal model [19]. Local vasoconstriction in response

to endothelins [8] results in progressive exclusion of

capillaries from the pancreatic circulation. This creates

discrete areas of physiological shunt within the pancreas

leading to areas of pancreatic ischemia. The hetero-

geneous distribution of the shunting leads to other

areas of vasodilation and hyperemia [6] contributing to

edema formation.

Vascular luminal factors also impact blood flow

through the pancreatic capillary bed by promoting

microcirculatory stasis. Leukocytes also have a role

in promoting plaque formation and obstruction of

postcapillary venules [6]. The coagulation cascade

activated early in AP [10] leads to multiple intravascular

thrombi [6]. This hypercoagulable state appears to be

mediated by both activated pancreatic proteases and

fibrinolysis [20, 21]. The empiric evidence to support

this hypothesis includes the fact that both fibrinogen

and D-dimer (a marker of fibrinolysis) levels are raised

in humans with AP [20]. The role of coagulation in

pancreatic microcirculatory failure in AP is supported

by the fact that heparin administration in experimental

AP improves pancreatic blood flow [22]. Furthermore,

platelet levels [21] are increased and activated in AP

[23]. Hemoconcentration [24] from third-space fluid

loss in AP also contributes to microcirculatory stasis.

Pancreatic necrosis
Persisting microcirculatory stasis contributes to pan-

creatic necrosis [18]. A recent observational study

demonstrated that pancreatic necrosis was not detected

within the first 4 days of hospital admission [25]. CT

imaging of necrotizing pancreatitis reveals progressive

changes from patchy attenuation in the early stages

to areas of hypoperfusion before these become well

demarcated and confluent [10, 26] (Figure 2B.2b).

These observations suggest that this necrosis develops

over several days. While some microcirculatory factors

(e.g., reduced capillary flow, vasoconstriction, and

shunting) are important early in AP [8, 19, 27], other

factors must come into play during the development

of necrosis. In promoting the inflammatory response

and the development of severe pancreatitis [10], tumor

necrosis factor α (TNF-α) can act directly on the pancreas
to cause death by either apoptosis [28] or necrosis [25].

A porcine model of AP has demonstrated that apoptosis

is associated with interstitial oedematous pancreatitis

(IOP), while necrotic cell death is a feature of pancreatic

necrosis [29]. The effect of fluid resuscitation on the

development of pancreatic necrosis requires further

study, as ischemia–reperfusion injury of the pancreas is

likely to be an important factor in the development of

pancreatic necrosis [13].

Infection of pancreatic necrosis
The infection of pancreatic necrosis usually heralds a

worse clinical outcome and is an important determinant

of AP severity [1, 5]. Although it may develop at any

time during the disease course, infection most often

occurs 2 weeks or more after the onset (Figure 2B.4)

[30]; however up to a quarter of infected necrosis occurs

before this time [31]. The bacteriology of the infected

necrosis indicates that roughly half of the bacteria

cultured are of enteric origin [32–34]. There has been a

Figure 2B.4 Timing of diagnosis of infections (pneumonia,
bacteremia, and infected necrosis) in 173 patients during a first
episode of acute pancreatitis. Modified from [30].
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shift toward gram-positive cocci and fungi in cultures

from infected pancreatic necrosis, possibly due to the

use of prophylactic antibiotics in some centers [32, 35].

A recent systematic review has highlighted the potential

importance of extrapancreatic infections as a potential

source of seeding bacteria and most notably bacteremia

and pneumonia [36]. The extrapancreatic infections

occur in a third of patients and at a mean interval

of a week, which is well before the mean interval to

infection of pancreatic necrosis (Figure 2B.4). It has

been shown that bacteremia doubles the risk of infected

necrosis and mortality [30]. The route by which bacteria

infect the necrosis has been the subject of speculation,

but the aforementioned evidence supports a hematoge-

nous route, at least in some cases [37]. The paradox

of this route is that antibiotics are currently delivered

to the vascular compartment despite the fact that the

target areas in the pancreas are necrotic and therefore

lack a blood supply to deliver them. Other routes

of infection seeding from the intestine are possible,

including from duodeno-biliary–pancreatic reflux [38],

bacterial translocation [39], transperitoneal [40], and

lymphogenous [40]. Our group recently demonstrated

in an experimental model that bacteria can rapidly

pass by mesenteric lymph from the intestine into the

pancreas through peripancreatic nodes [41]. It has been

shown that mesenteric lymph can promote growth

(or not) depending on the bacterial species and the

inoculum size [42].

Intestinal pathophysiology

The intestine is no longer considered a passive bystander

but an active contributor to the course and complications

of AP [43]. As such the intestinal dysfunction associated

with AP can be both a consequence and a cause of

pathophysiology. Further, aspects of AP management

can induce or exacerbate this intestinal dysfunction,

including fluid resuscitation (ischemia–reperfusion

injury), “nil per os” (failure of gut barrier), narcotic

analgesia (ileus), nonselective inotropes (ischemia),

and antibiotics (dysbiosis) (Figure 2B.1). The intestine,

in its own right, should be considered one of the end

organs that become dysfunctional and fail in AP, but

current accepted organ failure scoring systems (e.g.,

SOFA, Marshall, and APACHE II) do not include the

intestine.

Intestinal morphology and local
complications in acute pancreatitis
The intestine undergoes characteristic changes in

severe AP. While the intestine often appears normal

on inspection during laparotomy, there can be sig-

nificant underlying mucosal ischemia [44, 45]. The

intestine may also become distended and adynamic

[46], especially with heavy narcotic requirements,

developing intestinal ileus. These patients might also

develop enteral feeding intolerance [47]. Patients who

remain hypovolemic, especially those on inotropes,

may develop more obvious intestinal ischemia [48],

often evidenced by Pneumatosis intestinalis. Rarely the

intestine can become necrotic and perforate, leading to

contamination and peritonitis [49].

Intestinal barrier
The intestine forms an anatomical, functional, and

immunological barrier between the external environ-

ment (including intestinal lumen) and the internal

milieu [50, 51]. The intestinal epithelium has several

important roles including nutrient homeostasis, as

a source of hormones, cytokines, and antimicrobial

peptides as well as a physical barrier against pathogens

[51]. The integrity of this epithelial layer is maintained

by apical tight junctions and junctional adherens

molecules regulated by myosin phosphorylation and

the contraction of actomyosin complexes [52]. Disrup-

tion of these junctions increases intestinal permeability

exposing the intestinal wall and the immune system to

luminal content [52]. In addition to the epithelial layer

and the junctional complexes, the intestinal barrier is

maintained with the aid of other elements including

the mucus layer, intestinal blood flow, lymphoid tissue,

enteric nervous system, and the luminal microbiome

[50–52]. A recent meta-analysis revealed that 60% of

patients with AP have measurable intestinal barrier

dysfunction [53]. An example of the significance of this

dysfunction is the correlation between endotoxemia

and outcome in AP [43, 53].

Intestinal mucus
The mucus layer, comprised of mucin glycoproteins,

oligosaccharides, antimicrobial products, and secre-

tory IgA, provides a hydrophobic barrier preventing

microflora from adhering to the gut wall and digestive

enzymes from disrupting the epithelial barrier [51].

Intestinal ischemia–reperfusion injury causes an acute
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loss in the mucus layer, which increases gut perme-

ability [54]. Experimentally, pancreatic proteases in

the intestinal lumen have been shown to compound

mucus injury [55, 56]. In hemorrhagic shock ligation

of the pancreatic duct reduced the effect of mucosal

villous injury and mucus loss suggesting that luminal

pancreatic proteases are involved in these events [57].

Intestinal blood flow
The arterial supply to the intestine is from the celiac

trunk and superior and inferior mesenteric arteries [58].

Ultimately blood flow from these major vessels reaches

the serosal, submucosal, and mucosal plexi of the intes-

tine. It is the mucosal plexi that ultimately supply the

intestinal mucosa, including the villi [59]. In the villous

the artery and vein run parallel to form a rich capillary

network at the tip. As blood flows in opposite directions,

a countercurrent flow of oxygen results, lowering the

pO2 at the tip rendering it susceptible to ischemia [58].

Intestinal blood flow is regulated by intrinsic and

extrinsic mechanisms. Intrinsic mechanisms include

local metabolic and myogenic control, reflexes, and the

paracrine influence of vasoactive substances. Extrin-

sic mechanisms are sympathetic innervation, humoral

vasoactive substances, and hemodynamic changes. Both

septic [60] and hemorrhagic [15] models of shock have

demonstrated an ability to maintain microcirculatory

flow to jejunal mucosa indicating the presence of an

autoregulatory mechanism (Figure 2B.3). Potentially,

blood flow from the muscularis layer is directed by neu-

rohumoral factors to the mucosa probably by increased

vascular tone in tissues with low oxygen demand to

supply tissues with higher demand [15]. Prolonged

hypoperfusion mediated by splanchnic vasoconstriction

leads to regional ischemia (nonocclusive mesenteric

ischemia or NOMI) [13] as the autoregulatory mech-

anisms that extract oxygen to perfuse tissues become

saturated [2].

Intestinal ischemia–reperfusion injury
Important to the development of intestinal dysfunc-

tion/failure is the role of ischemia–reperfusion injury.

Hypotension is a feature of severe AP and is largely due

to third-space fluid loss secondary to increased capillary

permeability and the development of edema [2, 6].

Reflex sympathetic vasoconstriction of splanchnic post-

capillary veins and venules in response to hypotension

is necessary to maintain perfusion of vital end organs

[61]. The consequence of this in the intestine is mucosal

ischemia. Nasogastric tonometry has demonstrated that

a low pHi (derived gastric intramucosal pH) correlates

with severity and outcome in AP [44, 45]. This intestinal

ischemia is an early event in AP with experimental

studies documenting mitochondrial dysfunction in both

the pancreas and jejunum within hours of the onset of

AP [62]. With ischemia the epithelial cells separate at

the tip and then down the sides of the villous [63]. Fluid

resuscitation exposes tissue to a reoxygenation injury

as the splanchnic bed is reperfused [64], but since it is

the last organ to be reperfused, the intestine is subjected

to an ongoing ischemic injury, compounding by the

subsequent reperfusion injury. Reperfusion exacerbates

microvascular dysfunction by impairing arteriolar dila-

tion, leukocyte–endothelial adherence, enhancing fluid

leak, and leukocyte plugging of capillaries [65]. There

is also a surge in the production of oxygen radicals and

a reduction in nitric oxide leading to increased inflam-

matory mediators (PAF, TNF-α). Together these events,
which are characteristic of ischemia–reperfusion injury,

lead to mucosal cell apoptosis [66] and disruption of the

intestinal mucosal barrier [13]. Intestinal ischemia also

impairs pancreatic microcirculation (velocity mm/s)

on intravital microscopy (Figure 2B.5) and increases

the severity of experimental AP through the effect

of mesenteric lymph [15]. Periods of fasting (nil by

mouth), including during parenteral nutrition, induce

atrophy of the intestinal mucosa [68] and increase

enterocyte apoptosis [69]. Histologically, villous atro-

phy has been documented in patients with AP [70].

And the histological changes seen following intestinal

ischemia–reperfusion in experimental models are

similar to that seen following AP [67, 71], including

following pancreatic transplantation [72].

Intestinal microbiome
The human microbiome consists of more than 100

trillion microorganisms [73]. These organisms interact

with their human host in a mutualistic relationship

by producing vitamins and hormones and consuming

nutrients necessary for pathogenic organisms as well

as secreting substances to inhibit their growth [52].

Microbes indirectly affect epithelial permeability by

acting on host immune cells via cytokines to increase

(TFG-β IL-10) or decrease (TNF-α IFN-γ) permeability

[74]. In acute and critical illness, including AP, the

microbiome can sense host factors that lead to the
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Figure 2B.5 Intravital microscopy sodium taurocholate model of acute pancreatitis effect on erythrocyte velocity (mm/s) with
intestinal ischemia. (*P<0.05 for difference between IV with both V and VI). Modified from [67].

development of increased virulence factors [51]. The

predominance of enteric organisms cultured from

infected pancreatic necrosis suggests that the intestinal

microbiome is a major source of pathogens [75]. Lacto-

bacilli are important in regulating the microbiome and

are significantly reduced early in AP coinciding with

a subsequent increase in enterobacterial overgrowth

[76, 77]. Overgrowth is associated with translocation

and ileus, where the interstitial cells of Cajal and

myenteric neurons modulate slow wave propagation

[78]. It is common in traditional Chinese medicine to

administer an oral cathartic agent to cause diarrhea and

decrease the bacterial load [79]. Prebiotics and probiotics

have been promoted as possible treatment for restoring

the dysbiosis in AP [51]. One study when Lactobacillus

was administered early in AP documented a significant

reduction in the subsequent rate of infected pancreatic

necrosis [80]. Oral or enteral feeding is also important

to prevent bacterial overgrowth, as well as maintain

the enterocyte population, prevent mucosal and villous

atrophy, and increased intestinal permeability [81]. By

these means enteral nutrition in AP reduces infectious

complications, pancreatic infections, and mortality

[82]. But there is evidence from critically ill patients

that standard enteral feeding (lacking in fiber) with

proton-pump inhibitors is associated with dysbiosis [83].

Intestinal lymph
Intestinal barrier dysfunction is related to end-organ

failure (see Chapter 2c). Throughout the 1980s the

intestine was thought to contribute to multiorgan

failure (MOF) through bacterial translocation [51],

which has been documented in AP [53]. However,

this theory was challenged by Moore in 1994 [84]

who proposed that neutrophils are primed by passing

through the mesenteric circulation after it has been

exposed to ischemia and reperfusion. It was proposed

that activated neutrophils via the portal venous cir-

culation mediate end-organ dysfunction/failure. A

third model has been proposed by Deitch in which

intestinal lymph containing toxic factors released from

the ischemic intestine, transported by the thoracic duct,

and bypassing the portal venous circulation and liver

are responsible for driving organ dysfunction/failure

[85, 86]. It is likely that both neutrophils primed in the

ischemic intestine and toxic lymph derived from the

intestine have important roles in the development of

the systemic complications of AP.

Conclusion

The impact of AP on the pancreas and the intestine is

profound. The pathophysiological events in these organs

and the complex interplay between them are important

in driving the disease course. These events include acti-

vation of the inflammatory pathways, microcirculatory

failure, alterations in the microbiome, and breakdown

of the intestinal barrier. Research priorities include

understanding the mechanisms that determine why

some patients develop pancreatic necrosis and why

some subsequently develop infection. It is time that

the intestine is considered an end organ in its own

right, which necessitates an understanding of how the

intestine fails and contributes to the severity of AP. The

role of altered mesenteric lymph in the development of
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infected necrosis and end-organ dysfunction warrants

further investigation, and this might offer new targets

for treatment.
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Acute pancreatitis (AP) runs a severe course in 20–30%

of patients with a mortality of up to 40% [1]. Severe

pancreatitis is associated with systemic inflammation

and remote organ dysfunction [2]. There is a correlation

between the extent of pancreatic necrosis and organ

failure [3, 4]. Although there has been a decline in

mortality due to improved intensive and minimally

invasive care [5], a substantial reduction in mortality

will require a breakthrough in our understanding of the

critical molecular pathways leading to severe AP.

It is helpful to recognize three phases in the evo-

lution of AP: (i) initiation, (ii) perpetuation, and (iii)

secondary escalation phases. The initiation phase starts

in the pancreatic acinar cells leading to cellular injury

and inflammation within the pancreas (Chapter 2a).

The perpetuating events in the inflammatory pro-

cess involve recruitment and activation of immune

cells mainly leukocytes, in the pancreas and intes-

tine (Chapter 2b). In the secondary escalation phase,

infection of pancreatic necrosis leads to an accentuated

systemic inflammatory response and organ dysfunction.

The patterns of inflammation and its consequences are

reasonably similar between different acute diseases,

including AP, sepsis, burns, hemorrhage, and major

trauma. In AP, inflammation is initiated from within the

acinar cell, which leads to pancreatic and peripancreatic

inflammation, and then to systemic inflammation

and organ dysfunction. This chapter focuses on the

pathophysiology of the systemic inflammatory response

syndrome (SIRS) and multiple organ dysfunction

syndrome (MODS) in AP.
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Systemic inflammatory response
syndrome

(SIRS) SIRS is a clinical syndrome comprising at least

two of these four features: tachycardia, tachypnea,

leukocytosis, and altered body temperature. The diag-

nostic criteria of SIRS are given in Table 2C.1. SIRS

persisting for more than 48hmay indicate severe AP [6],

and it is one of the predictors currently recommended

for severity assessment [7].

Multiple organ dysfunction syndrome
(MODS)

Severe systemic inflammation is associated with

dysfunction of vital end organs, including the cardio-

vascular, respiratory, and renal systems. While the

inflammatory and immune responses to acute disease

can be protective, in the setting of severe AP, there

is an out of proportion and dysregulated immune

response and hyperinflammation, which can result in

end-organ dysfunction and failure. This can occur at

anytime during the course of AP, but it appears that

early and late organ dysfunction result from different

mechanisms. Early organ dysfunction occurs as a result

of severe systemic inflammatory response. Pancreatitis

with early organ failure developing within a few days

of its onset, termed early severe acute pancreatitis

(ESAP), carries a high mortality [8]. This is mainly due

to sterile inflammation whereas late organ dysfunction

29



�

� �

�

30 Pancreatitis

Table 2C.1 Diagnostic criteria for systemic inflammatory response syndrome.

Body temperature >38 ∘C (100.4 ∘F) or <36 ∘C (96.8 ∘F)
Heart rate >90/min

Respiratory rate >20 breaths/min or PaCO2 <32mmHg

Total leukocyte count >12,000/cmm or <4,000/cmm or >10% immature cells

Initial pancreatic injury

Necrosis

Secondary infection

Infected necrosis

Sepsis

Cytokines

Organ failure

Enzymes

Cytokines

Vascular injury

Organ failure

Figure 2C.1 Representation of different mechanisms of organ
failure during early and late phases of acute pancreatitis due to
sterile inflammation and sepsis, respectively.

follows secondary infection of pancreatic necrosis with

sepsis. The pathophysiological mechanisms driving

these phases of organ dysfunction in AP are different

and not well understood (Figure 2C.1). As the pattern

and consequences of SIRS and MODS are similar in

sepsis, hemorrhage, and trauma, it is worth considering

some of the insights gained from the study of these

acute diseases. Organ dysfunction of at least grade 2 that

persists for >48h defines severe AP [9]. The modified

Marshall’s system has been recommended for scoring

organ dysfunction in AP (Table 2C.2).

Activation of innate immune system

The innate immune system is activated by foreign (non-

self) antigens particularly microbe-related peptides. Cells

involved in innate immunity possess pattern recogni-

tion receptors (PRRs), which recognize what are termed

as “pathogen-associated molecular patterns” (PAMPs)

present on the microbes. There are four types of

receptors: Toll-like receptors (TLRs), nucleotide-binding

oligomerization domain (NOD)-like receptors (NLR),

retinoic acid-inducible gene 1-like receptors, and C-type

lectin receptors. The NLR act in concert with cytoplas-

mic protein complexes called inflammasomes. When

stimulated by PAMPs through PRRs, the immune cells

(especially macrophages) become activated and secrete

cytokines and chemokines, which lead to inflammation.

Similar to microbe-related PAMPs, there are certain

self molecules that can stimulate immune cells. These

molecules are normally not exposed to the immune cells

but are released from dying cells (e.g., necrotic acinar

cells in AP). These molecules also stimulate the innate

immune cells through the same receptors, that is, PRRs.

These self molecules are called “damage-associated

molecular patterns” (DAMPs). Various molecules that

act as DAMPs include high-mobility group (HMG)

proteins particularly B1 (HMGB1), S100 proteins,

extracellular double-stranded DNA (dsDNA), ATP, and

many others. The subsequent activation of immune

cells and inflammatory response are similar through

the PAMP and DAMP pathways, that is, whether they

follow microbial infection or sterile inflammatory

diseases.

DAMPs, inflammation, and acute
pancreatitis

Different DAMPs activate different PRRs on immune

cells. For example, HMGB1 activates TLR-4 while

dsDNA activates TLR-9. Following activation of the

surface receptor, downstream signaling involves the

NF-kB pathway to upregulate gene transcription

of proinflammatory cytokines (e.g., pro-IL-1 and

pro-IL-18) (Figure 2C.2). DAMP also mediates another

signal, for example, ATP acting on the immune cell

P2X7 surface receptor and NLRP3 cytoplasmic recep-

tor complex “inflammasome.” Activation of NLRP3

inflammasome releases caspase-1 that mediates the

conversion of pro-IL-1 and pro-IL-18 to active IL-1 and

IL-18. Caspase-1 activity has been correlated with the

severity of sepsis. Inhibition of caspase-1 prevented

acute kidney injury induced by endotoxin and acute

lung injury in AP [10, 11]. HMGB1, a potent DAMP,

has been found to be increased in patients with AP, and
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Table 2C.2 Modified Marshall’s scoring system for grading organ failure.

Grade

Organ system 0 1 2 3 4

Respiratory (PaO2/FIO2) >400 301–400 201–300 101–200 ≤101

Renal (serum creatinine, mg/dl) <1.5 1.5–1.9 1.9–3.5 3.5–4.9 ≥5

Cardiovascular (systolic blood pressure, mmHg) >90 <90 Fluid responsive <90 Not fluid responsive <90, pH <7.3 <90, pH <7.2

NFkB

Pro-IL1
Pro IL18

IL-1, IL18

Caspase 1

NLRP3
Inflammasome

P2X7
ATP

TLR 9

dsDNA

HMGB1

TLR 4

Figure 2C.2 Schematic representation of activation of immune
cells by damage-associated molecular pattern (DAMP) through
pattern recognition receptors (PRRs) and release of inflamma-
tory mediators.

serum levels of HMGB1 correlate with disease severity

[12, 13]. Inhibition of HMGB1 release from necrotic

pancreatic tissue protects against systemic organ injury

in experimental AP [9].

Consistent with the role of TLR-4 through which

HMGB1 acts, it was shown that the severity of AP

and associated lung injury was ameliorated in a TLR-4

knockout mouse model of experimental pancreatitis

[14]. In experimental pancreatitis, ethyl pyruvate

decreased the levels of HMGB1, TNF-α, and IL-1β,
and this decreased the severity of AP and also reduced

associated lung injury [15].

Serum levels of extracellular DNA are increased in

experimental AP. Following activation of TLR-9 by

mitochondrial DNA (ATP6 gene), there was a marked

secretion of IL-1β, a mediator of inflammation [16].

Biochemical inhibition of TLR-9 resulted in decreased

inflammation and severity of AP and subdued inflam-

mation. Similar findings were noted in TLR-9 knockout

animals [16].

Interestingly, TLR-4 and TLR-9 are expressed on pan-

creatic ductal cells and resident macrophages but not on

acinar cells, which suggests that it is the immune cells

and not acinar cells that produce the proinflammatory

cytokines in response to DAMPs.

Escalation of systemic inflammation

After activation, immune cells secrete many proin-

flammatory cytokines, including TNF-α and IL-1. The

initial inflammatory response by itself does not have

significant clinical consequences, but it leads to the

adherence, migration, and activation of leukocytes.

The different types of leukocytes (i.e., neutrophils,

monocytes, and lymphocytes) play important roles

in escalating the local inflammation and promoting

systemic inflammation and organ dysfunction.

The infiltration of leukocytes is an orderly process that

requires upregulation of vascular endothelial adhesion

molecules and interaction of activated leukocytes with

these adhesion molecules via their ligands, namely,

selectins and integrins [17]. P-selectin and E-selectin

are upregulated in experimental pancreatitis. The inter-

action of endothelial and leukocyte selectins is involved

in leukocyte attachment and rolling prior to their

migration across the endothelium [18]. Blood levels

of soluble P-selectin and E-selectin correlated with the

severity of pancreatitis and lung injury, respectively,

in a human study [19]. Upregulation of endothelial

cell adhesion molecule ICAM-1 has been well studied

in experimental AP [20]. Mac-1 and LFA-1 integrins

act as intercellular ligands for the endothelial adhesion

molecules facilitating leukocyte migration [21, 22].

Anti-ICAM-1 antibodies reduce the severity of exper-

imental AP and its associated lung injury suggesting

that leukocyte infiltration is an important event in

determining the severity of AP [23].
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The leukocytes have complimentary roles in pro-

moting inflammation. The effects of the neutrophils

are mediated through their enzymes such as MPO

and proteases, that is, elastase. Neutrophilic elastase is

considered responsible for tissue damage such as lung

injury [24]. Monocytes also infiltrate the pancreas along

with neutrophils. Monocytes secrete proinflammatory

cytokines such as IL-1, IL-6, and TNF-α. Il-6 levels in the

blood have been shown to correlate with organ injury

and severe pancreatitis in humans [25]. Lymphocytes,

mediator of the adaptive immune response, have

also been shown to be involved in AP. CD4-positive

cells are found within the pancreas within 6h of

caerulein-induced AP [26]. Serum levels of soluble CD4

receptors were significantly higher in patients with AP

compared with healthy controls [27].

Inflammatory mediators in AP

Inflammatory cytokines are considered to play a central

role in pathophysiology of AP, including the develop-

ment and progression of MODS [28, 29]. Some are

proinflammatory and others anti-inflammatory. Many

inflammatory mediators have been studied in AP as risk

factors, prognostic markers, and possible therapeutic

targets. The array of proinflammatory cytokines has

been described as a cascade, with multiple complimen-

tary roles and significant redundancy. A description

of the multiple roles of the numerous inflammatory

cytokines is beyond the scope of this chapter. However,

three key cytokines merit a brief description.

Interleukin-1 (IL-1) produced by activated macro-

phages mediates recruitment of neutrophils and other

immune cells to promote inflammation. IL-1β has

been most extensively studied for its role in AP. TNF-α
is a proinflammatory cytokine that plays a pivotal

role in AP. It is one of the earliest cytokines which

is increased in AP. It can cause upregulation of other

cytokines, synthesis of free radical species, cell death,

and endothelial activation. It is an important determi-

nant of the systemic progression and organ failure in

AP [30, 31]. TNF-α and IL-1 augment inflammatory

response by activating macrophages to release other

inflammatory mediators (IL-6, IL-8, and MIF) and

reactive oxygen and nitrogen species leading to organ

dysfunction [32]. Injection of TNF-α and IL-1 causes a

septic shock-like syndrome in experimental animals,

which act synergistically [33]. IL-6 is another important

and extensively studied molecule in AP. IL-6 levels rise

subsequent to TNF-α and IL-1 release. IL-6 activates

B and T lymphocytes and the coagulation system. In

IL-6-knockout mice, lung inflammation was signifi-

cantly less in a model of acute lung injury, and there

was protection from organ failure in a model of acute

peritoneal inflammation with decreased mortality [34].

Many studies have shown that levels of IL-6 correlate

with organ failure and mortality [25, 35, 36].

Circulatory disturbances
Circulatory disturbances in AP contribute to systemic

organ dysfunction. Both pancreatic microcirculation

and systemic circulation are affected [37]. At the

local level, microcirculatory changes include reduced

pancreatic blood flow leading to pancreatic ischemia

and increased capillary permeability [38]. Endothelial

cell dysfunction leads to loss of barrier function that

promotes capillary leakage, edema formation, and

sequestration of activated immune cells into tissues.

Increased vascular permeability is an important con-

sequence of AP that results in edema and systemic

effects such as pleural effusion and ascites [39]. It

also exacerbates the systemic hemodynamic distur-

bances. Such changes in the circulation affect tissue

oxygenation and lead to distant organ dysfunction.

The relationship of circulatory changes with AP is

bidirectional. Severe AP may cause profound adverse

effect on systemic hemodynamic status that may result

in circulatory failure with hypotension and acute renal

failure. Myocardial contractility is suppressed by high

levels of inflammatory mediators including NO [40].

Circulatory changes in turn may further exacerbate AP

due to pancreatic ischemia.

Coagulopathy and systemic
inflammation

The systemic inflammatory response is associated with

coagulation abnormalities [41]. Intravascular coagu-

lation may exacerbate pancreatitis by impairing the

microcirculation, and microthrombi may be seen in AP

[42]. Derangement in the coagulation might be due

to a protease-mediated state of hypercoagulability and

activation of fibrinolysis. Raised D-dimer serum levels

on admission predict severe AP, the development of
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organ failure [41], and clinical outcome [43]. Heparin

improves the microcirculation in experimental AP,

particularly decreasing leukocyte–endothelium inter-

actions. Both antithrombin III and heparin have been

shown to reduce the severity of AP in animal models

[44, 45]. A recent randomized controlled clinical trial

from China showed that heparin improved survival

over conventional treatment in severe AP [46].

Visceral adipose tissue and systemic
inflammation

In addition to the pancreas, the intestine and adi-

pose tissue also contribute to systemic inflammation

(Figure 2C.3). The important role of the intestine in

the pathophysiology of AP has been covered in the

chapter 2B. Adipose tissue also has a role in promoting

systemic inflammation. Clinical observations have

consistently shown that obese patients have a more

severe course of pancreatitis [47]. In a systematic

review, obesity was found to be associated with an

augmented inflammatory response and a worse out-

come in AP [48]. Visceral adipose tissue appears to

be the major culprit [49] and acts as an endocrine

organ, releasing many proinflammatory cytokines and

adipokines (including adiponectin and leptin). These

correlate with the severity of AP and other prognostic

markers such as APACHE II and serum CRP levels

[50]. Another mechanism is lipolysis of adipose tissue

by activated pancreatic enzymes that releases toxic

lipids which act as proinflammatory mediators. In an

Inciting event: gallstones, alcohol

Acinar cell injury and local
Inflammation Adipose tissue Fat

necrosis

Adipokines
Proinflammatory lipids

Systemic inflammation

Organ failure

Intestine

• Ischemia-perfusion
• Intestinal permeability
• Bacterial transmigration
• Intestinal lymph (toxins)

Figure 2C.3 Drivers of systemic inflammation in acute pancre-
atitis: apart from the pancreas itself, intestine and adipose tissue
play major roles in the development of MODS.

experimental study, unsaturated fatty acids from lipol-

ysis of visceral fat by pancreatic lipases converted mild

AP into severe AP in obese mice [51]. In another study,

necrotic collections from patients with AP showed

higher levels of fatty acids, IL-8, and IL-1β compared

with pseudocyst fluid. In a rodent study, administration

of free fatty acids and IL-1 resulted in more pancreatic

necrosis, but administration of triolein caused more

severe MODS and mortality [52]. In a clinical study,

the increased volume of intrapancreatic adipocytes was

associated with more pancreatic necrosis and MODS

[53]. In a human study, it has been shown that the

levels of proinflammatory cytokines were significantly

higher in patients with central fat distribution and the

levels correlated with the severity of AP [54]. Thus,

there are experimental and clinical evidences to show

that excess visceral adipose tissue contributes to a more

marked systemic inflammatory response and organ

dysfunction in AP.

Inflammation and organ dysfunction

An intense systemic inflammatory response is associated

with an increased risk of organ dysfunction, failure,

and death in patients with AP. The key pathophysiology

events in the different end organs are (i) circulatory

changes such as vasodilation, capillary leakage, and

edema, (ii) tissue hypoxia due to hypotension and

coagulation abnormality, and (iii) cellular injury medi-

ated by inflammation and mitochondrial injury. These

common manifestations of end-organ dysfunction in

different diseases suggest common pathophysiological

mechanisms. It is unlikely that systemic inflammation

promoted by events in the pancreas, the intestine, and

the adipose tissue are sufficient to explain the devel-

opment MODS. There is emerging evidence that the

altered composition of mesenteric lymph, draining from

the pancreas, intestine, and adipose tissue may promote

MODS, the so-called “gut lymph hypothesis” [55].

While there is evidence of migration of inflammatory

cells (neutrophils and macrophages), increased capillary

leak, and edema in end organs, there is surprisingly little

apoptotic or necrotic cell death. Recovery of end-organ

function is usually rapid and complete, which suggests

that organ failure is more of a functional issue than

tissue injury. This realization has increased the interest

in the role of mitochondrial dysfunction in MODS.
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Mitochondrial dysfunction in MODS

Mitochondria provide ATP for cellular processes, con-

sume 98% of the body’s oxygen, and generate reactive

oxygen species (ROS). The excess production of ROS,

NO, and other compounds cause direct damage to

mitochondria [56]. Sustained opening of mitochondrial

permeability transition pore, commonly referred to as

the mitochondrial permeability transition (MPT), leads

to loss of the chemiosmotic gradient generated across

the inner mitochondrial membrane by proton pumping

and the ability to produce ATP. When ATP generation is

reduced to below a critical threshold, as with hypoten-

sion and microcirculatory disturbances, mitochondrial

dysfunction may induce cellular necrosis. Apopto-

sis is also initiated through release of mitochondrial

cytochrome c into the cytoplasm. Mitophagy is a process

of degrading damaged mitochondria as a protective

response. Increased oxidative stress and other processes

can inactivate mitophagy. Mitophagy has been shown

as a part of general autophagy (macroautophagy) in AP

[57]. Impaired autophagy has been observed in a mouse

model of AP [58]. Inadequate ATP production can also

lead to a hibernation state [59]. The reduced cellular

activity due to mitochondrial dysfunction may translate

into organ dysfunction. Recovery of organs within days

to weeks after controlling the infection or resolution of

AP suggests that the cellular and possible mitochondrial

dysfunction rather than cell death is the main driver of

organ dysfunction.

Areas for future research

A complete understanding of the pathophysiology

of AP is still far from clear. In experimental AP, the

pancreatic injury is predictable and measurable, but the

situation is different in humans. Patients with AP may

have a wide range of causes, severities, and outcomes.

Some patients may develop early severe or fulminant

pancreatitis that is associated with a high mortality [2].

Further research is required to confirm preliminary

data that suggest that genetic polymorphism of certain

proinflammatory genes may confer additional risk of

developing more severe pancreatitis [60, 61]. Another

important area for research and one that is directly

related to the outcome is developing specific treatments

targeting systemic inflammation and organ dysfunction.

In experimental models, a variety of agents have been

shown to reduce the severity of AP, especially when

used prophylactically. However, these experimental

treatments have failed in clinical settings. Examples

include lexipafant (antiplatelet-activating factor),

antioxidants, and probiotics [62, 63]. Anti-TNF-α and

anti-IL-1 treatments have also failed in clinical trials for

MODS secondary to sepsis. Reasons for this may include

a relatively brief therapeutic window, the inability to

provide prophylactic treatment in humans, and/or the

redundancies in the cytokine pathways [64]. Block-

ing one cytokine is probably not enough as multiple

pathways are involved and are mediated by a variety

of cytokines and chemokines. Furthermore, the precise

temporal relationship of various deranged pathways

remains to be elucidated preventing intervention timed

at the most effective time point in the evolution of AP.

Further research is also required in understanding the

way in which gut-derived factors transported in lymph

might contribute to systemic inflammation and organ

dysfunction.

In summary, great advances have taken place in

our understanding of the pathophysiology of AP,

including the drivers of SIRS and MODS. And although

there appears to be an orderly sequence from initia-

tion within the acinar cell, the development of local

pancreatic inflammation, the elaboration of systemic

inflammation, and the dysfunction in end organs, the

underlying mechanisms are complex and not fully

understood. Deciphering the molecular mechanisms

at work is necessary if we are to develop targeted

treatments that will have a meaningful impact on the

clinical outcome of patients with AP.
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Diagnosis, prediction, and classification
Efstratios Koutroumpakis & Georgios I. Papachristou
Division of Gastroenterology, Hepatology and Nutrition, University of Pittsburgh Medical Center, Pittsburgh, PA, USA

Introduction

Acute pancreatitis (AP) is an inflammatory disease of

the pancreas with an increasing incidence over the last

20 years [1]. Currently, AP results in 270,000 hospital

admissions per year in the United States, which is more

than any other GI-related cause of hospitalization. This

leads to a high economic burden, exceeding 2.5 billion

dollars annually in the United States alone [2].

The majority of AP cases follow a mild course with

inflammation and edema confined to the pancreatic

gland. However, in about 20% of patients, the inflam-

mation becomes more extensive resulting in local

complications (e.g., inflammation, edema, necrosis

of the pancreas and peripancreatic fat, and infection

of local complications) and/or systemic complica-

tions (e.g., systemic inflammation and end-organ

dysfunction/failure). Patients with local and systemic

complication have a higher morbidity and mortality

rate, reaching as high as 30%.

During the past two decades, intensive pancreatic

research has led to better understanding of the patho-

physiology of AP (Chapter 2). This in addition to

advancements in imaging and management of AP has

revealed a need for better definitions, predictors, and

classification of severity. The aim of this chapter is to

summarize the advances in these areas.

Diagnosis

The diagnosis of AP is established when two out of the

three following criteria are present: (i) pancreatic-type

abdominal pain, (ii) elevated serum amylase and/or

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

lipase more than three times the upper limit of normal,

and/or (iii) imaging findings consistent with AP [3, 4].

The diagnosis of AP should be considered when

patients present with acute onset, severe, upper abdom-

inal pain that often radiates to the back, and is associated

with nausea and vomiting. Physical examination reveals

epigastric tenderness but usually without peritoneal

signs.

In patients with symptoms typical for AP, the mea-

surement of elevated serum pancreatic enzymes (amy-

lase and/or lipase) three times the upper limit of normal

can confirm the diagnosis of AP. Studies have shown

that the threefold elevation criteria are associated with

a moderate sensitivity (55–100%) and a high specificity

(93–99%) and that this is more accurate than lower cut-

off values [5].

Among the pancreatic enzymes measured in clinical

practice, there are certain limitations associated with

the use of serum amylase. Amylase levels may remain

normal in up to 20% of AP patients, especially in those

with alcoholic and hypertriglyceridemic etiologies [6].

Furthermore, high serum amylase is not specific for

AP as it can be found in patients with macroamy-

lasemia, inflammation of the salivary glands, decreased

glomerular filtration rate, and other intra-abdominal

inflammatory processes. Although serum lipase has

been recommended as a more specific diagnostic test

[7], it also has limitations. Lipase levels may increase

in certain extrapancreatic abdominal inflammatory

processes such as appendicitis or cholecystitis, in renal

disease, and in macrolipasemia, similarly to macroamy-

lasemia. Additionally, diabetic patients appear to have

higher median serum lipase levels [8], and a higher

cutoff may be required for the diagnosis of AP in this

38



�

� �

�

Chapter 3: Diagnosis, prediction, and classification 39

population. Because of these limitations, clinicians

should always correlate serum amylase/lipase levels

with patient symptomatology [3].

Additionally, urinary trypsinogen-2 dipstick (positive

if >50ng/mL) is a fast bedside diagnostic test, which has

been shown in several studies to be as accurate as the

aforementioned criteria for amylase and lipase [5, 9].

Although urinary trypsinogen-2 dipstick has not been

established in clinical practice, it may be an alternative

test to serum pancreatic enzymes for the AP diagnosis

given its convenience, as a blood sample is not required.

The diagnosis of AP is made in the majority of

patients on the basis of characteristic abdominal pain

and increased pancreatic enzyme levels. In such

patients, there is no need to perform imaging for diag-

nostic purposes. However, there is a group of patients

with either characteristic symptoms and enzyme levels

less than three times the upper limit of normal (as

in delayed presentations) or high enzymes levels in

the absence of characteristic symptoms (as in patients

with inability to give clear history), in which imaging

is necessary to establish the diagnosis of AP. CT scan

has more than 90% specificity and sensitivity for AP

diagnosis [10]. In these settings CT and MRI scanning

have an accuracy of more than 90% [10, 11], although

CT is generally preferred due to its wide availability

and lower cost. Ultrasound scanning has limited role

in diagnosing AP, especially as bowel gas in associated

intestinal ileus (i.e., “sentinel loop” seen on plain

radiography) often obscures the view of the pancreas.

Imaging is also important in the early diagnosis of

etiological factors and local complications such as

gallstones, pancreatic tumors, acute peripancreatic fluid

collections, pancreatic necrosis, intestinal ischemia, and

bleeding. As (peri)pancreatic necrosis develops over

several days, the diagnosis of the extent of necrosis

is best made by delaying contrast-enhanced imaging

aiming for at least 72hours after admission.

Prediction

AP is a highly variable inflammatory disease with a

broad range of outcomes. This wide range covers mild

self-limited disease to severe progressive complications

and death. The local complications themselves may

range from peripancreatic fat stranding, peripancre-

atic fluid collections, splanchnic vein thrombosis,

peripancreatic fat, and/or pancreatic gland necrosis to

infection of pancreatic fluid collections and necrosis.

This variability in disease course results in high variabil-

ity in disease morbidity and mortality. Characteristically,

it has been reported that mortality in the mild interstitial

AP is less than 1% but increases to 17% when AP is

complicated with pancreatic necrosis and may exceed

30% when multiple system organ failure develops

[12–14]. Early identification of patients at risk of severe

disease is important for the decision about patient

triaging, transfer, and treatment to improve clinical

outcomes. It is also important for accurate allocation

to groups in randomized trials. Recognition of the

importance of severity prediction has resulted in a sig-

nificant body of research literature over several decades.

Prediction of disease severity can be approached in three

ways: identification of host risk factors, stratification of

clinical risk, and determination of response to initial

therapy [4].

1 Host risk factor identification

A thorough history is helpful not only for the diag-

nosis and etiology but also for severity prediction in

AP patients. There are some demographic and envi-

ronmental factors that relate to disease severity. Fur-

thermore, there are pilot studies that support the role

of genetic polymorphisms in predisposing to worse

disease outcomes:

a) Demographic and environmental risk

factors:

Demographic and environmental factors that

increase the risk of more severe AP include older

age, male sex, obesity, underlying comorbidities, and

excessive alcohol consumption.

There are several studies reporting that older

age predisposes to development of organ failure

and early mortality. The age cutoff in the different

reports ranges from 55 to 75 years [15, 16]. Male sex

has been correlated with severe disease outcomes

in some studies [16]; however, other reports have

shown conflicting findings [17].

Obesity (BMI ≥30) has been studied thoroughly

and established as an important risk factor for disease

severity [18, 19]. In a meta-analysis of more than

700 patients, obesity was significantly associated with

local complications, systemic complications, andmor-

tality with odds ratios ranging between 2 and 4 [20].

Other preexisting chronic comorbidities including

malignancy, heart failure, kidney, or liver disease
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have also been shown to be related with early death,

likely because the reserves of vital organs in such

patients are limited [16]. Finally, AP of alcoholic

etiology has been shown to run a more complicated

course. A recent report indicates that chronic alcohol

consumption of two or more alcoholic drinks per day

is a risk factor for severity regardless of AP etiology

[21, 22].

b) Genetic risk factors:

Recent studies have suggested that host genetic

factors can contribute to AP severity. A few single

nucleotide polymorphisms (SNPs) mainly in genes

coding inflammatory cytokines have been identified

as disease severity modifiers. A small pilot study sug-

gested that a polymorphism in the promoter region

of the monocyte chemotactic protein-1 (MCP-1)

gene (−2518 G allele) increases the risk for organ

failure [23]. Expression-enhancing SNPs in areas

−1031 and −863 of the promoter of tumor necrosis

factor α (TNF-α) gene have been correlated with the

development of multiorgan dysfunction syndrome

[24]. Furthermore, the A/T heterozygosity in the

−251 region of the interleukin-8 gene [25] and SNPs

in the genes encoding human defensins 1 and 2 [26]

have been associated with increased risk for severe

disease. Genetic analysis may evolve into a critical

tool for both susceptibility/severity stratification and

eventually management of patients with pancreatic

disorders, including AP.

2 Clinical risk stratification

Clinical and radiologic scoring systems and labora-

tory markers have been extensively studied and are

inwidespread use as predictive tools for disease sever-

ity in patients with AP.

Clinical scores

Ranson was the first to use clinical criteria to

predict AP severity, and they have been widely used

in clinical practice and research for four decades.

The Ranson criteria comprise 11 variables that are

scored at 2 time points, on admission and within

48hours. A score of 3 or more is required for pre-

dicted severe AP and is usually associated with a

worse outcome. Since the development of Ranson’s

score, several additional clinical scores for predicting

severity have been developed. They incorporate

clinical, laboratory, and occasionally radiographic

findings and include in chronological order (i) the

Glasgow criteria (also known as Imrie score), (ii) the

acute physiology and chronic health examination

(APACHE) II score, (iii) the systemic inflammatory

response syndrome (SIRS) score, (iv) the Panc 3

score, (v) the pancreatitis outcome prediction (POP)

score, (vi) the bedside index for severity in acute

pancreatitis (BISAP) score, (vii) the revised Japanese

severity score (JSS), and (viii) the harmless acute

pancreatitis score (HAPS) [27] (Table 3.1).

A recent large study that head-to-head compared

all available clinical scores in a large cohort of

prospectively enrolled AP patients and subsequently

validated the results in an independent cohort

showed that all perform with moderate accuracy

(around 80%) and are comparable in predicting

severe disease [27] (Table 3.2). One major limitation

of the available scoring systems is that they mainly

convert continuous into binary values of equal

weight and thus fail to capture synergistic effects

based on the interactions of interdependent systems

[28]. It appears that the current clinical predictive

scores have reached their maximum efficacy, and

novel approaches for severity prediction are needed.

Pancreatic societies and expert recommendations

have proposed SIRS as an easy-to-remember and

easy-to-apply clinical predictive score, which is based

on vital sign measurements and simple laboratory

values [3, 4]. It involves four criteria and is positive

when two or more of them are present: (i) heart rate

>90 beats/min, (ii) core temperature <36 or >38 ∘C,
(iii) white blood count <4000 or >12,000/mm3, and

(iv) respirations >20/min or PCO2 <32mmHg:

a) Radiologic scores

Since the early 1980s with the advent of computed

tomography, several radiologic predictive scores

have been developed. Balthazar’s criteria were

reported as early as 1985. It evaluated the pancreatic

and peripancreatic inflammatory changes based on

unenhanced imaging. Another score that focused

only on changes in the pancreas gland is the “pan-

creatic size index” (PSI). Other scores, based on

unenhanced CTs, that evaluate extrapancreatic com-

plications are the “mesenteric edema and peritoneal

fluid” (MOP) and the “extrapancreatic inflamma-

tion on CT” (EPIC) scores. In addition, radiologic

scores based on contrast-enhanced CT (CECT) have

been developed, namely, the “CT severity index”

(CTSI), which has been widely studied, and the

“modified CTSI” (MCTSI) which, in addition to
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Table 3.1 Available clinical scoring systems predicting severity in chronological order.

Scores Year Cutoff Variables assessed at admission and 48hours

Ranson’s 1974 3 Admission: age (>55 y), WBC (>16,000/mL), glucose (>200mg/dL), LDH

(>350 IU/mL), AST (>250 IU/mL) 48 hours: hematocrit (decrease >10%),

BUN (increase >5mg/dL), calcium (<8mg/dL), PaO2 (<60mmHg), base

deficit (>4mEq/L), fluid sequestration (>6 L)

Glasgow 1984 2 Age (>55 y), WBC (>15,000/mL), glucose (>180mg/dL), BUN (>45mg/dL),

PaO2 (<60mmHg), calcium (<8g/dL), albumin (<3.2 g/dL), LDH (>600 IU/L)

APACHE-II 1989 8 Age, temperature, MAP, heart rate, respiratory rate, A-aPaO2 or PaO2,

arterial pH or HCO3, sodium, potassium, creatinine, hematocrit, WBC,

Glasgow Coma Score, chronic health problemsa

SIRS 2006 2 Temperature (<36 ∘C or >38 ∘C), heart rate (>90/min), respiratory rate
(>20/min or PaCO2 <32mmHg), WBC (<4000/mm3, >12,000/mm3 or

>10% bands)

Panc 3 2007 1 Hematocrit (>44%), BMI (>30 kg/m2), pleural effusion

POP 2007 9 Age, MAP, PaO2:FiO2, arterial pH, BUN, calcium
a

BISAP 2008 2 BUN (>25mg/dL), impaired mental status (Glasgow Coma Score <15), SIRS

(≥2), age (>60 y), pleural effusion

JSS 2009 2 Base excess (≤3mEq/L), PaO2 (≤60mmHg or respiratory failure), BUN

(≥40mg/dL) or Cr (≥2mg/dL), LDH (≥2× upper limit of normal), platelet

(≤100,000/mm3), calcium (≤7.5mg/dL), CRP (≥15mg/dL), SIRS (≥3), age

(≥70 y)

HAPS 2009 1 Abdominal tenderness, hematocrit (>43% for men or >39.6% for women),

creatinine (>2mg/dL)

WBC: white blood cell count, LDH: lactate dehydrogenase, AST: aspartate aminotransferase, BUN: blood urea nitrogen, BMI: body mass index,

MAP: mean arterial pressure, CRP: C-reactive protein, FiO2: fraction of inspired oxygen.
aCutoff values were not indicated for APACHE-II and POP variables since instead of cutoffs they utilize value ranges for each variable (but

overall they did use cutoffs).

Mounzer 2012 [27]. Reproduced with permission of Elsevier.

Table 3.2 Performance of clinical scoring systems on admission in predicting persistent
organ failure; prospective data from a large tertiary US center.

Scoring system Sensitivity Specificity Accuracy

Ranson 0.66 (±0.09) 0.78 (±0.10) 0.72 (±0.06)
Glasgow 0.85 (±0.08) 0.83 (±0.07) 0.84 (±0.06)
APACHE-II 0.84 (±0.11) 0.71 (±0.06) 0.77 (±0.07)
SIRS 0.70 (±0.18) 0.71 (±0.04) 0.70 (±0.10)
Panc 3 0.76 (±0.15) 0.52 (±0.05) 0.64 (±0.06)
POP 0.57 (±0.15) 0.76 (±0.06) 0.67 (±0.09)
BISAP 0.61 (±0.20) 0.84 (±0.04) 0.72 (±0.10)
JSS 0.59 (±0.13) 0.92 (±0.05) 0.76 (±0.07)
HAPS 0.70 (±0.11) 0.53 (±0.21) 0.62 (±0.06)

Scoring systems are presented in chronological order.

Values in parentheses represent standard deviations.

Mounzer 2012 [27]. Reproduced with permission from Elsevier.
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(peri)pancreatic inflammatory changes in CTSI, also

assesses extrapancreatic complications [29].

Although all of these scores have been correlated

with disease morbidity and mortality, they have

shown only moderate predictive accuracy. Studies

comparing the radiologic scores with the clinical

scores have shown that they both perform similarly

[28, 29].

The major limitation of radiologic scores is that

they predominantly focus on local pancreatic com-

plications and because these are best assessed after a

delay of at least 72hours. Therefore, the radiologic

scores have no routine role in early prediction of

AP severity. Considering the higher cost, radiation

exposure, and moderate predictive accuracy, it is

recommended that CECT scan in AP patients be used

early when there is diagnostic uncertainty or when

there is the suspicion of acute abdominal complica-

tions (e.g., bowel ischemia, perforation, bleeding) or

local pancreatic complications (e.g., acute pancreatic

fluid collections and (peri)pancreatic necrosis) [29].

b) Laboratory markers

Several individual measures of inflammation have

been studied as markers of severe disease. These

include C-reactive protein, interleukins 1, 6, and

8, procalcitonin, polymorphonuclear elastase, and

trypsinogen activation peptide. With the exception

of CRP, none of the aforementioned markers has

become established in clinical practice and probably

because it is routinely available from laborato-

ries. Three other more widely available laboratory

markers, namely, hematocrit, blood urea nitrogen

(BUN), and creatinine have also been investigated as

predictors of AP severity.

Elevated hematocrit levels on admission have been

associated with development of pancreatic necrosis

[30, 31]. Furthermore, low hematocrit levels have

shown a high negative predictive value for necrosis

[32]. This association has been attributed to the

fact that systemic inflammation leads to vascular

leak, third-space fluid loss, and hemoconcentration,

which impacts pancreatic microcirculation and

contributes to the formation of necrosis [33, 34].

Increased admission hematocrit levels have also

been correlated with development of organ failure,

prolonged hospitalization, and ICU stay [31, 32]. The

cutoff values of hematocrit proposed in the different

studies range from 44% to 47%.

There are two large studies reporting that early

BUN levels represent an independent predictor of

mortality in patients with AP. The first study utilized

large hospital databases and suggested that with

each 5mg/dL increase in BUN, the odds ratio for

mortality in AP increases by 2.2. The same study

showed that BUN is the most accurate predictor

of in-hospital mortality when compared to other

routine labs to include calcium, hemoglobin, creati-

nine, white blood cell count, and glucose levels [35].

The second study was a multicenter international

study of prospectively enrolled patients, where BUN

≥20mg/dL was associated with a 4.6 odds ratio

for mortality and BUN levels were comparable to

admission creatinine and APACHE-II in predicting

mortality [36].

The role of creatinine as a predictor of severity was

examined in a recent prospective study where it was

found that increased creatinine levels was associated

with development of pancreatic necrosis. More

specifically, peak creatinine >1.8mg/dL during the

first 2 days from hospital admission had the highest

odds ratio for development of necrosis (OR=35)

when compared to admission hematocrit and BUN

levels [37]. However, a follow-up study did not

reproduce impressive results, and this was attributed

to the heterogeneity of the patient population in the

two studies [38, 39].

CRP levels have also been studied as a predictor

of AP severity. In a recent retrospective study, CRP

levels at 48hours predicted organ failure, pancreatic

necrosis development, and mortality with moderate

efficacy at cutoff values of 190, 190, and 170mg/L,

respectively [40]:

3 Determining response to initial treatment

A third strategy for the prediction of severity is

to evaluate the patient’s response to initial treat-

ment. There are several laboratory markers used

to assess response to initial therapy, guide further

management, and predict prognosis.

This has been demonstrated by the change in

the acute physiology component of the APACHE-II

score in response to initial intensive care treatment.

It was highly predictive of mortality, although less

so in patients with low and very high scores (Flint

et al. [41]). More recently the failure of hematocrit

to decrease within the first 24hours in response to

fluid therapy has been associated with development
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of pancreatic necrosis and organ failure [30, 31].

Furthermore, failure of BUN levels to decrease

within the first 2 days has been correlated with

increased mortality [36]. As mentioned earlier, an

increase in creatinine within the first 48hours has

been strongly associated with pancreatic necrosis

development [37].

In summary, numerous scoring systems and mark-

ers have been investigated for the prediction of AP

early in the disease course, but all perform with only

moderate accuracy. While they are valued in analyz-

ing groups of patients, they are not accurate enough

in themanagement of individual patients. This means

that we are still in search of the Holy Grail – a simple,

inexpensive, and accurate predictive tool.

Classification

In contrast to prediction, which is about predicting

severity sometime in the future, the classification of

severity is about grading severity at a particular time.

And this might be any time during the disease course

or it might be applied to the time when severity peaks.

The classification of severity is useful for clinical and

research purposes.

Although mild and severe pancreatitis had been

distinguished for over 100 years, it was the Atlanta

classification in 1992 which brought it into widespread

clinical usage [42]. This was a breakthrough consensus

that has proven useful to clinicians and researchers

for more than 20 years. However, the original Atlanta

classification has several limitations. The definition

of severe disease is broad and even includes two

predictive scoring systems, Ranson’s and APACHE-II.

Furthermore, all local complications are included in

the severe disease group. It is currently clear that the

clinical significance of an acute nonnecrotic pancreatic

fluid collection is significantly less than extensive

pancreatic necrosis. Through the last 10 years, our

increased knowledge and better understanding of the

pathophysiology and natural course of AP, along with

the advancements in diagnostic imaging, have rendered

the binary classification of mild and severe disease

simplistic. In particular, it has become apparent that the

severe category, as classified, comprised subgroups with

different clinical courses.

Two new severity classification systems for AP were

published recently, the determinant-based classification

(2012) and the revised Atlanta classification (2013).

They were developed by different processes, which

account for their differences. The revised Atlanta clas-

sification defines three grades of severity. Severe AP

is defined by the presence of persistent organ failure,

moderate severity by transient organ failure (less

than 48hours), local complications, including infected

pancreatic necrosis, and/or exacerbation of existing

comorbidities, and mild severity when the aforemen-

tioned features are absent [12]. The determinant-based

classification defines four severity categories based on

local and systemic complications. Critical is defined by

the presence of both infected pancreatic necrosis and

persistent organ failure, severe by infected pancreatic

necrosis or persistent organ failure, moderate by sterile

pancreatic necrosis and/or transient organ failure, and

finally the rest of the cases are classified as mild [13]

(Table 3.3).

Recent studies comparing these two severity classifi-

cations showed that they perform similarly in clinical

practice [45, 46]. The key difference is the importance

ascribed to infected pancreatic necrosis. The revised

Atlanta classification does not define it as a feature of

severe AP, whereas the determinant-based classification

does. Further research is required to further improve

the classification of severity.

Conclusion

The diagnosis, prediction, and classification of the

severity of AP are practical issues that affect the clinical

management of cases. Diagnosis is based on the pres-

ence of two out of three simple and well-established

criteria. There are many scoring systems and markers

to predict the severity of AP, but they all perform with

only moderate accuracy. The recent consensus is that

the SIRS score should be used for the early prediction

of severity, but greater accuracy is required in the care

of individual patients. The classification of severity is

also important and two recent approaches have been

proposed. Both the determinant-based classification

(four categories) and the revised Atlanta classification

(three grades) reflect a better understanding of the

pathophysiology of AP and are reasonably equivalent in
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Table 3.3 Classification systems for AP severity.

Atlanta 1992 Mild AP Severe AP

Locala complications No Yes

And/or

Organ failureb No Yes

And/or

APACHE-II ≥8 or Ranson’s ≥3 No Yes

RAC Mild AP Moderately severe AP Severe AP

Localc or comorbiditiesd No Yes

And/or

Organ failuree No Transient Persistent

DBC Mild AP Moderate AP Severe AP Critical AP

(Peri)pancreatic necrosis No Sterile Infected Infected

And And/or Or And

Organ failuref No Transient Persistent Persistent

AP: acute pancreatitis, RAC: revised Atlanta classification, DBC: determinant-based classification.
aLocal: acute fluid collection, pancreatic necrosis, pseudocyst, and pancreatic abscess.
bCardiovascular: systolic BP<90mmHg, respiratory failure: PaO2 ≤60mmHg, renal failure: creatinine≥2mg/dL, and/or gastrointestinal bleeding

>500mL/24 hours.
cLocal: acute peripancreatic fluid collection, pseudocyst, acute necrotic collection, and walled-off necrosis.
dExacerbation of preexisting comorbidity.
eOrgan failure is defined as a score ≥2 in modified Marshall score which evaluates cardiovascular, respiratory, and renal systems [43].
fOrgan failure is defined as either a score ≥2 in the sepsis-related organ failure (SOFA) score [44] or based on the following parameters:

cardiovascular, requirement for inotropic support; respiratory, PaO2/FiO2 ≥300mmHg; and renal, creatinine ≥2mg/dL.

Nawaz 2013 [45]. Reproduced with permission from Nature Publishing Group.

their ability to discriminate subgroups of patients with

different outcomes.
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CHAPTER 4

Medical treatment
Andree H. Koop & Timothy B. Gardner
Department of Medicine, Geisel School of Medicine at Dartmouth, Hanover, NH, USA

Introduction

Acute pancreatitis (AP) is a common inflammatory

condition of the pancreas with significant morbidity,

mortality, and health-care costs [1]. In 2009, it was the

single most common inpatient gastrointestinal diagno-

sis with over 270,000 hospitalizations and estimated

inpatient costs over 2.6 billion dollars [2]. It is well

known that the incidence of AP is increasing despite

continued advancements in medical therapy, with an

overall mortality rate of approximately 5%, but as high

as 30% in severe cases [3–6]. Originally published in

1992 and updated in 2012, the Atlanta classification

subdivides AP into two types: mild pancreatitis and

severe AP. Mild pancreatitis, also known as intersti-

tial edematous pancreatitis, is defined as pancreatic

inflammation without necrosis or organ failure and is

generally self-limited, resolving within 1 week. Severe

AP is less common, occurring in approximately 20% of

cases, and is defined by organ failure and complications

such as pancreatic necrosis, abscess, and pseudocyst.

This category is further subdivided into moderate and

severe pancreatitis according to the persistence of organ

failure for more than 48hours [7]. This chapter focuses

on the initial medical treatment of AP, specifically the

importance of intravenous fluid resuscitation and the

evidence for pharmacologic and antibiotic therapy.

Further treatment regarding nutritional management

and the local and systemic complications of AP are

presented in other chapters.

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

The importance of underlying etiology

The diagnosis of AP is made if two of the following three

features are present: (i) characteristic abdominal pain,

(ii) elevation of pancreatic specific enzymes, and/or

(iii) characteristic findings on cross-sectional imaging

[7]. During the initial diagnosis, it is critical to identify

the etiology of disease to determine those causes that

may affect acute management and those that may

be eliminated to prevent recurrent disease [8]. The

most common causes of AP are gallstones and heavy

alcohol consumption. Less common etiologies include

post-endoscopic retrograde cholangiopancreatogra-

phy (ERCP), hypertriglyceridemia, hypercalcemia,

postsurgery, and malignancy and can be HIV related

and medication induced [3, 6]. Patients should be

questioned about their history of biliary disease, alcohol

consumption, medication and drug intake, known

hyperlipidemia, abdominal trauma, recent invasive

procedures such as ERCP, weight loss and symptoms

suggesting malignancy, and a family history of pan-

creatitis suggesting a hereditary cause of disease. In

addition to physical exam, minimum work-up within

the first 24hours should include laboratory serum

tests with liver enzymes, calcium, and triglycerides

and imaging such as right upper quadrant ultrasound

[9, 10]. Should any causative abnormality be found,

for example, biliary disease or hypertriglyceridemia, it

should be treated prior to discharge. Treatment of AP

involves correction of these underlying etiologies and

47
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control of the inflammatory process to prevent severe

complications such as multiorgan failure and infected

pancreatic necrosis [11].

The pancreatic microcirculation

Alterations to the pancreatic microcirculation play a

central role in the pathophysiology and treatment of AP,

specifically intravenous fluid resuscitation. Branches

of the celiac and superior mesenteric arteries divide to

form an intricate network of capillaries that supply the

pancreatic acinus with a rich blood supply, referred to

as the pancreatic microcirculation [12]. This microcir-

culation is susceptible to ischemia which may promote

the development of pancreatitis [13]. Additionally, evi-

dence suggests that disrupted perfusion of the pancreatic

microcirculation is an important factor in the transition

from mild interstitial edematous pancreatitis to severe

necrotizing pancreatitis [14–16]. Several causes are

implicated in disrupting the pancreatic microcirculation

in AP including hypovolemia, increased capillary per-

meability, hypercoagulability with microthrombi, and

endothelial damage from oxidative free radicals [12].

Regardless of the underlying pathophysiologic etiology,

these disruptions increase the degree of pancreatic

ischemia, the release of cytokines and inflammatory

mediators, and local vasodilatation and vascular per-

meability. This can lead to the systemic inflammatory

response syndrome (SIRS) and multiorgan failure and

increase the risk for severe AP with pancreatic necrosis.

Fluid resuscitation

Long underappreciated intravenous fluid resuscita-

tion is now recognized as the cornerstone of medical

treatment for AP [17]. The goal of fluid resuscitation

is to adequately perfuse the pancreatic microcircu-

lation to prevent pancreatic ischemia and hopefully

limit progression to pancreatic necrosis, SIRS, and

multiorgan failure. Perfusion to the pancreatic and

intestinal microcirculation is also important to prevent

intestinal ischemia and translocation of enteric bacteria

with secondary infection of pancreatic necrosis [18].

Additionally, patients with AP are at risk for underlying

hypovolemia and require fluid replacement as they

commonly present clinically with vomiting, diaphoresis,

and fever [9, 11].

Laboratory markers of intravascular volume deple-

tion, specifically hematocrit, creatinine, and BUN, have

been shown to predict the severity of AP. Two studies

have demonstrated that an elevated hematocrit at

admission or a failure to decrease hematocrit 24hours

after admission is a risk factor for the development of

pancreatic necrosis [19, 20]. Another study found that

the development of pancreatic necrosis was strongly

associated with an increase in serum creatinine within

48hours of admission [21]. Finally, in a meta-analysis

published in 2011 analyzing 1043 cases of AP, a BUN

level of 20mg/dL or greater at admission and BUN rise

within 24hours of hospitalization were associated with

an odds ratio of 4.6 and 4.3, respectively, for increased

mortality and death [22]. These simple laboratory

markers illustrate the importance of intravascular

volume in the progression of AP.

The evidence for intravenous fluid resuscitation in

AP continues to grow; studies are listed in Table 4.1.

Inadequate fluid resuscitation has been associated

with the development of acute necrotizing pancreatitis

[28]. Recent studies have shown the importance of

early fluid resuscitation. A retrospective study of 35

patients with severe AP studied patients in early and

late resuscitation groups. Early fluid resuscitation was

defined as receiving greater than one-third of the total

first 72hour fluid volume administered within the first

24hours, and late resuscitation as receiving less than

one-third. The investigators found that patients in the

early resuscitation group experienced less mortality

than those in the late resuscitation group. Although

they advocate early fluid resuscitation, they did not

suggest a specific fluid volume to be infused [23].

Following this study, a retrospective analysis of 436

patients with AP similarly examining early versus late

fluid resuscitation found that early resuscitation was

associated with decreased SIRS, decreased organ failure

at 72hours, a lower rate of admission to the intensive

care unit, and a decreased length of hospital stay [24].

Despite widespread acceptance that fluid resusci-

tation is critical in the treatment of AP, no standard

guidelines specify the optimal fluid type, volume,

rate, and duration of treatment. Further randomized

controlled trials are needed to determine standardized

recommendations [29]. Regardless of the lack of specific

guidelines, most experts recommend starting infusion
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Table 4.1 Studies of fluid resuscitation in acute pancreatitis.

Study type No. of patients Comparison Outcome

Retrospective [23] 45 Early versus late fluid resuscitation Greater mortality in the late

resuscitation group

Retrospective [24] 434 Early versus late fluid resuscitation Less SIRS and organ failure, fewer ICU

admissions, and a shorter length of

hospital stay in the early resuscitation

group. No difference in mortality

Randomized controlled trial [25] 40 Resuscitation with lactated Ringer’s

solution versus normal saline

Decreased SIRS and CRP levels in

patients resuscitated with lactated

Ringer’s solution

Retrospective [26] 99 Fluid resuscitation with greater than 4 L

of fluid versus less than 4 L within the

first 24 hours of admission

Patients receiving >4 L of fluid had more

respiratory complications and a greater

need for intensive care

Randomized controlled trial [27] 115 Fast hemodilution versus slow

hemodilution with a goal hematocrit

below and above 35%, respectively,

within 48 hours of treatment onset

A higher incidence of sepsis, an earlier

onset of sepsis, and a lower survival rate

in the fast hemodilution group

Prospective cohort study [66] 247 Patients were stratified into three

groups, those receiving <3.1 L (low

volume), 3.1–4.1 L (intermediate

volume), or >4.1 L (high volume) of

fluid volume in the first 24 hours of

admission

The high-volume group had the highest

risk of persistent organ failure (OR 9.1)

and acute collections (OR 2.3). The

low-volume group had a moderately

reduced risk of organ failure (OR 4.1).

The intermediate volume group had the

best outcomes

in AP with a rate between 250 and 300mL/h or enough

to produce a urine output of at least 0.5mL/kg [30].

This infusion follows a 1–2 L fluid bolus given to the

patient in the emergency department. A total fluid

infusion of 2.5–4 L in the first 24hours will generally

suffice to reach resuscitation goals [10]. Initial adjust-

ments in the rate of fluid administration should be

made based on the patient’s age, weight, physical exam

findings, and comorbid conditions. The adequacy of

fluid resuscitation should be monitored with vital signs

and urinary output, and a Foley catheter is generally

not required if fluid intake and output can be accurately

recorded. As discussed previously, laboratory markers

including hematocrit, BUN, and creatinine are indirect

measures of intravascular fluid volume and perfusion of

the pancreatic microcirculation and should be measured

at admission and at 12hour intervals to guide fluid

management. Symptoms and signs of pulmonary edema

should also be monitored [17].

In 2011, Wu et al. published the first randomized

controlled trial on early fluid resuscitation in AP. The

trial compared the outcomes of fluid resuscitation with

two different crystalloid fluids, lactated Ringer’s solu-

tion versus normal saline, during the first 24hours of

hospitalization in 40 consecutive patients with AP. They

found a significant reduction in systemic inflammation

with lactated Ringer’s solution compared to normal

saline as measured by SIRS and CRP [25]. It is well

known that large volume saline infusion is associated

with hyperchloremic metabolic acidosis, and studies

have shown that acidosis and an acidic extracellular

environment may play a key role in the pathophysi-

ology of AP [31–33]. The investigators concluded that

the more pH-balanced lactated Ringer’s solution may

provide improved pH and electrolyte homeostasis when

compared to normal saline, leading to less pancreatic

and systemic inflammation [25]. Further randomized

controlled trials are needed to evaluate fluid manage-

ment in AP, but lactated Ringer’s solution in initial fluid

resuscitation may be preferable to normal saline.

Two studies in patients with severe AP have concluded

that aggressive fluid resuscitation is potentially harmful,
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although these conclusions are limited by study design.

The first study was a retrospective analysis of 99 patients

with severe AP. This study found that patients receiv-

ing 4 L or more of fluids in the first 24hours follow-

ing admission developed more respiratory complications

and had a greater need of intensive care than patients

who received less than 4 L of fluid. The respiratory com-

plications were unspecified although no patients devel-

oped pulmonary edema [26].

The second study included 115 patients with severe

AP in China randomized to slow and fast hemodilution

groups. Patients with rapid hemodilution had a goal

hematocrit below 35% at 48hours after admission, and

patients with slow hemodilution had a goal hematocrit

of 35% or above at 48 hours from admission. They

found more sepsis and mortality in the rapid hemodi-

lution group. Fluids were administered over 72hours

in this study, with the majority in the second 24 hour

period. As discussed previously, evidence suggests that

the best clinical outcomes are obtained by administering

more than one-third of the total 72hour fluid volume

in the first 24hours after admission. All participants

were also treated with antibiotics and somatostatin,

controversial treatments in AP, as well as Chinese

traditional and herbal medicines [27].

There is strong evidence that intravenous fluid resus-

citation is important in the medical treatment of AP, and

more studies are required before we can conclude that

it may be harmful.

Targeted pharmacologic therapy

Despite thousands of animal studies and numerous

human trials published on the treatment of AP, there

are still no proven pharmacological therapies [34, 35].

Several drugs have been evaluated that specifically tar-

get the pathophysiologic process of AP with no benefit

in important outcomes in randomized controlled trials

[34]. A list of failed major pharmacologic trials is shown

in Table 4.2.

These agents include those directed at reducing

pancreatic secretions – specifically atropine, glucagon,

cimetidine, somatostatin, and its long-acting analog

octreotide [34]. A meta-analysis published in 2002 of

five randomized controlled trials evaluating cimetidine

in AP showed that cimetidine is not more effective than

placebo in reducing complications or pain, but in fact

may increase them [49]. Somatostatin and octreotide

have had similarly poor results. A randomized con-

trolled trial in 1994 of 302 patients with AP treated with

octreotide showed no significant difference in mortality

or development of complications when compared with

controls [44].

Antiproteases such as gabexate mesilate and apro-

tinin, hypothesized to inhibit the autodigestive process

from proteases in AP, are also ineffective in treatment

[34, 50, 51]. Lexipafant is an antagonist targeted against

platelet-activating factor, an inflammatory mediator

increased in AP, but treatment in randomized controlled

trials has shown no significant decrease in mortality

[51, 52]. There is no evidence that other pharmacologic

therapies such as antioxidants, nitroglycerin, nons-

teroidal anti-inflammatory drugs, corticosteroids, IL-10,

or TNF-𝛼 antibodies are effective in the treatment of AP

[34].

Although no medications are proven to be effective in

treating AP, randomized controlled trials have validated

indomethacin and sublingual nitroglycerin in prevent-

ing post-ERCP pancreatitis in high-risk individuals.

It is unclear if these interventions benefit all patients

undergoing ERCP; in fact, preliminary data from a large

multicenter trial at lead by our center indicates that

indomethacin may even be harmful in non-high-risk

patients. No other medications are proven effective in

the prevention or treatment of post-ERCP pancreatitis

[53, 54].

Antibiotics

In patients who survive the early phase of AP, the most

common cause of death is infection of pancreatic necro-

sis by enteric bacteria. Patients with pancreatic necrosis

have an especially high risk of infection which occurs in

50–70% of cases. Although only 5% of patients with AP

develop infected pancreatic necrosis, this complication

may account for up to 70% of all deaths [3, 6]. There-

fore, there has been much interest in the use of prophy-

lactic antibiotics to prevent these infections in patients

and reduce morbidity, mortality, and health-care costs.

Antibiotic treatment in AP is a subject of considerable

debate with conflicting studies and no clear guidelines.

The use of prophylactic antibiotics in severe AP to pre-

vent pancreatic infection is currently not recommended

[9].
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Table 4.2 Randomized controlled trials in the pharmacological management of acute pancreatitis.

Target Treatment

group

No. of

patients

Trial Outcomes

Antisecretory

agents

Atropine [36] 51 RCT No difference in days of fever, amylase elevation, or length of hospital stay

Glucagon [37] 66 DBT No difference in abdominal pain, analgesia, laboratory values including

amylase, length of hospital stay, or mortality

Glucagon [38] 22 DBT No difference in abdominal pain, laboratory values including amylase,

serious complications, or mortality

Cimetidine [39] 27 DBT The mean daily serum amylase was higher in the cimetidine group on

hospital days 1 and 2. No difference in abdominal pain, analgesia, or other

laboratory values

Cimetidine [40] 60 DBT No difference in abdominal pain, analgesia, serum amylase, or

complications

Cimetidine [41] 116 RCT No difference in length of hospital stay, fever, hyperamylasemia, analgesia,

complications, or death

Cimetidine [42] 45 DBT The cimetidine group had higher mean serum amylase at 48 and 72 hours

and serum lipase at 48 hours, slower return of urine amylase to normal,

and longer duration of abdominal pain

Cimetidine [43] 88 RCT No difference in abdominal pain, analgesia, laboratory values including

amylase and lipase, or length of hospital stay

Octreotide [44] 302 DBT No difference in mortality, complications, abdominal pain, surgical

interventions, or length of hospital stay

Octreotide [45] 58 RCT No difference in mortality or complications

Somatostatin [46] 46 RCT No difference in the length of hospital stay or mortality but the

somatostatin group required fewer overall surgical interventions

Antiproteases Gabexate [47] 223 DBT No difference in mortality or complications.

Platelet-activating

factor antagonists

Lexipafant [48] 290 DBT Fewer patients in the lexipafant group developed pseudocysts and systemic

sepsis. No difference in new organ failure, mortality, adverse events,

length of hospital stay, or overall development of local complications

RCT: randomized controlled trial; DBT: randomized double-blind controlled trial.

Earlier meta-analyses of antibiotic treatment in AP

showed that broad-spectrum antibiotics may improve

outcomes and reduce mortality. Thus, in the past, use

of antibiotics in all patients with acute necrotizing pan-

creatitis was recommended and widespread [51]. One

of these meta-analyses, published in 2001, evaluated

three randomized controlled trials comparing antibi-

otic prophylaxis versus no prophylaxis in 160 cases

of acute necrotizing pancreatitis. In patients treated

with prophylactic antibiotics, they found a significant

reduction in sepsis and mortality by 21.1% and 12.3%,

respectively, but no difference in the incidence of local

pancreatic infection [55]. Subsequent meta-analyses

have had conflicting results.

An updated meta-analysis was published in 2008,

which included the same three trials and also four new

randomized controlled trials comparing prophylactic

antibiotics versus controls with a total of 467 patients.

They found no difference in the rates of infected pan-

creatic necrosis or mortality between the antibiotic and

control groups [56]. A Cochrane review of the same

seven trials published in 2010 did not find a significant

difference in mortality, but did find a significant differ-

ence in pancreatic infection when imipenem was used

alone in treatment [57].

The most recent meta-analysis was published in 2011

and evaluated 14 randomized controlled trials with a

total of 841 patients. They found no significant differ-

ence between antibiotic and control groups in mortality,

incidence of infected pancreatic necrosis, nonpancreatic

infections, and surgical interventions [58]. Furthermore,

antibiotic use may be associated with an increased risk
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of pancreatic fungal infections [59]. As a result of these

most recent meta-analyses, prophylactic antibiotics are

not recommended for use in AP and should not be used

in the first 24hours of treatment unless there is a sus-

pected or documented infection. As evidence continues

to accumulate, antibiotics are appearing less helpful in

the treatment of AP.

Probiotic prophylaxis, as shown in a meta-analysis

in 2009, is not recommended for treating AP as it does

not reduce the risk of infected pancreatic necrosis or

decrease mortality [60]. In one randomized controlled

trial, probiotics were actually associated with an increase

in mortality [61]. Selective gut decontamination, which

involves oral administration of antibiotics to eliminate

enteric Gram-negative rods and reduce the risk of bacte-

rial translocation from the intestine to the pancreas, may

be beneficial in preventing infected pancreatic necrosis,

but further studies are necessary. Only one randomized

controlled trial in 1995 evaluated this treatment, which

showed improvement in mortality [62].

It is important to note that in the initial hospital

course of patients with severe AP and pancreatic necro-

sis, they may appear septic with SIRS and/or multiorgan

failure. If infection or sepsis is suspected, treatment with

antibiotics is appropriate while conducting a thorough

evaluation for infection including blood cultures and

cultures of a fine-needle aspirate from the site of pan-

creatic necrosis. If the infectious work-up is negative,

antibiotics should be stopped [9].

Enteral feeding

Although not the primary topic of this chapter, enteral

feeding is important in the medical management of

AP. In mild AP, enteral feeding is generally started

within 1 week of hospitalization following reduction

in abdominal pain, absence of nausea and vomiting,

cessation of parenteral analgesics, return of bowel

sounds, and improvement in the overall clinical picture

[9]. It can be started with a low-fat diet, and nutritional

support is generally not required [63].

In severe AP or predicted severe pancreatitis, enteral

feeding via tube feedings should be started within

72hours of hospitalization. Multiple studies have

shown that enteral feeding is superior to parenteral

feeding in severe AP as it maintains the gut barrier.

In a meta-analysis published in 2012 of 381 patients

with severe AP randomized to total parenteral nutrition

versus total enteral nutrition, total enteral nutrition was

superior regarding mortality, infectious complications,

organ failure, and lower surgical intervention rate [64].

Although historically nasojejunal feeding has been pre-

ferred, nasogastric feeding may be just as effective [65].

If it is clear that the patient is not meeting nutritional

goals within the first week of hospitalizationwith enteral

feeding, parenteral nutrition should be initiated. How-

ever, enteral feeding should be continued even at low

rates to maintain gut barrier function and prevent bac-

terial translocation.

Conclusion

In summary, despite high morbidity, mortality, and

health-care costs, the medical treatment of AP remains

largely supportive with no pharmacologic therapies

verified to improve important clinical outcomes. Intra-

venous fluid resuscitation, especially within the first

24hours of presentation, is the cornerstone of treat-

ment and critical to maintaining the microcirculation

of the pancreas to prevent progression from mild to

severe AP and complications such as SIRS, multiorgan

failure, and pancreatic necrosis. Further randomized

controlled trials are needed to create specific guidelines

on the optimal type, volume, and rate of intravenous

fluid resuscitation. Antibiotics are not recommended in

the prevention of infected pancreatic necrosis as they

have shown no benefit in overall mortality in multiple

meta-analyses.
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Introduction

The last half-century has seen several advances in

the early management of acute pancreatitis. These

include emergence of randomized controlled trials on

fluid resuscitation and analgesia, more data (albeit

conflicting) on the prophylactic use of antibiotics, and

restriction of indications for early therapeutic endo-

scopic retrograde cholangiopancreatography to patients

with coexisting acute cholangitis. However, the most

notable and consistent improvement in outcomes has

come from the use of nutrition in patients with acute

pancreatitis [1–4].

Type of nutrition

The importance of providing nutritional support in

patients with acute pancreatitis has been known since

the 1970s. Parenteral nutrition was regarded as the

standard of nutritional management for nearly four

decades due to the advocacy of the “pancreatic rest”

concept [5–7]. The rationale for this concept was to rest

the inflamed pancreas, thereby preventing stimulation

of exocrine function and release of proteolytic enzymes.

However, critics argued that, in addition to cost- and

catheter-related sepsis, parenteral nutrition might lead

to electrolyte and metabolic disturbances, gut barrier

alteration, and increased intestinal permeability [8–13].

Comparison of total parenteral nutrition and total

enteral nutrition in patients with predicted severe acute

pancreatitis was the subject of several randomized

controlled trials (Table 5.1) [14–21]. The results were

statistically aggregated in a number of meta-analyses, all
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David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

of which demonstrated the benefits of enteral over par-

enteral nutrition [22–26]. In particular, a meta-analysis

of high-quality randomized controlled trials only has

shown a significant twofold reduction in the risk of total

and pancreatic infectious complications and a 2.5-fold

reduction in the risk of death in patients receiving total

enteral nutrition [25].

Despite the evident clinical benefits of enteral over

parenteral nutrition in terms of the reduction in risk of

infectious complications and mortality, the exact mech-

anism of its favorable effect remains unclear [27–29].

It is believed that enteral nutrition may prevent or

attenuate the mucosal barrier breakdown and subse-

quent bacterial translocation that is thought to play a

pivotal role in the development of infectious complica-

tions in the course of severe acute pancreatitis. When

monitoring mucosal barrier function, permeability of

the structural mucosal barrier is the usual parameter

measured. Unfortunately, there is no consistency in

the clinical studies with regard to gut permeability. On

the one hand, three clinical studies of acute pancre-

atitis showed increased intestinal permeability to both

micromolecules and macromolecules in patients with

predicted severe acute pancreatitis when compared

with those with predicted mild acute pancreatitis and

healthy volunteers [30, 31]. On the other hand, the

randomized controlled trial by Powell and colleagues, in

which patients with predicted severe acute pancreatitis

were randomized to receive either enteral nutrition or

no artificial nutritional support, showed significantly

increased intestinal permeability by day 4 in patients

allocated to the enteral nutrition group [32]. Similarly,

the randomized controlled trial of nasogastric versus

parenteral feeding in predicted severe patients by
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Table 5.1 Randomized controlled trials of total enteral versus total parenteral nutrition in patients with predicted severe acute
pancreatitis.

Reference Setting Patients (n) Allocation

concealment

Reduction of infectious

complications and mortality

Enteral

nutrition

Parenteral

nutrition

Kalfarentzos et al. [14] Greece 18 20 Open label Significantly lower rate of pancreatic

infection in the total enteral nutrition

group

Gupta et al. [15] United Kingdom 8 9 Open label Nonsignificantly lower rate of pancreatic

infection in the total enteral nutrition

group

Louie et al. [16] Canada 10 18 Open label Nonsignificantly lower rate of pancreatic

infection in the total enteral nutrition

group

Eckerwall et al. [17] Sweden 23 25 Open label No significant difference in outcomes

Petrov et al. [18] Russia 35 34 Open label Significantly lower rate of pancreatic

infection and mortality in the total

enteral nutrition group

Casas et al. [19] Spain 11 11 Open label Nonsignificantly lower rate of pancreatic

infection in the total enteral nutrition

group

Doley et al. [20] India 25 25 Open label No significant difference in the

outcomes

Wu et al. [21] China 53 54 Open label Significantly lower rate of pancreatic

infection and mortality in the total

enteral nutrition group

Eckerwall and colleagues demonstrated impaired gut

permeability on day 3 in the enteral nutrition group

[17]. It should be noted that both randomized controlled

trials included patients with mild acute pancreatitis (11

of 27 and 26 of 48, respectively), in whom intestinal

permeability is not likely to change.

Furthermore, concentrations of antiendotoxin core

antibodies for immunoglobulin M were also used as

an indirect marker for intestinal permeability. Results

of the randomized controlled trial from the United

Kingdom showed that serum immunoglobulin M

antibodies decreased significantly following 7 days of

enteral nutrition when compared with the parenteral

nutrition group (P<0.05) [9]. Similarly, the randomized

controlled trial by Gupta and colleagues demonstrated

that immunoglobulin M antibodies fell significantly in

the enteral nutrition group (P= 0.03) and tended to

rise in the parenteral nutrition group over the week of

treatment [15]. Conversely, the randomized controlled

trial by Eckerwall and colleagues found decreasing

levels of immunoglobulin M antibodies in both the

enteral nutrition and parenteral nutrition groups, with

no significant difference at any time point during

10 days of observation [17]. The mechanism of the

beneficial effect of enteral nutrition in acute pancreatitis

warrants further investigation, and more studies on the

use and effect of enteral nutrition in patients with acute

pancreatitis are needed.

Route of enteral nutrition

The previous section has demonstrated that enteral

nutrition is preferred to parenteral nutrition because

it leads to significantly better clinical outcomes. With

these benefits apparent, the next important question

to discuss is: what is the optimal site to deliver enteral

nutrition? The usual options are postpyloric (mainly,

nasojejunal) and prepyloric (nasogastric) tube place-

ment. The former usually requires the assistance of an
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endoscopist or a radiologist, and this may result in a

delay in commencing enteral nutrition. This delay may

have an impact on the clinical outcome because it is

now believed that enteral nutrition should commence

as soon as possible after adequate fluid resuscitation

in order to maximize clinical benefit. In contrast, a

nasogastric feeding tube can usually be inserted imme-

diately allowing prepyloric feeding to start without

delay [33–36].

The question of optimal site of enteral feeding in acute

pancreatitis also relates to the “pancreatic rest” concept.

The central tenet of this concept is that enteral nutrition

delivered into any part of the upper gastrointestinal

tract other than the jejunum stimulates pancreatic

secretion and, consequently, exacerbates the severity

of acute pancreatitis [35]. Given that this concept

remained unchallenged for decades, the majority of

clinical studies in the field of acute pancreatitis were

conducted using nasojejunal tube feeding. However,

accumulating evidence from other fields, particularly

critical care medicine, suggests that nasogastric feeding

may be as safe and effective as nasojejunal feeding,

at least in some patients. Thus, there is a need and

justification for exploring questions concerning the

optimal route of enteral nutrition delivery to be used in

patients with acute pancreatitis.

A number of randomized controlled trials and a

meta-analysis have demonstrated the equivalence of

nasogastric and nasojejunal tube feeding in terms of

safety and tolerance in critically ill patients [37–40].

While this may be true for this group of patients,

it is recognized that patients with acute pancreatitis

are particularly prone to gastric ileus because of the

subjacent inflamed pancreas. This has been given as

a reason for preferentially providing enteral nutrition

into the jejunum [34]. Another reason given is to

avoid the provision of enteral nutrition proximal to the

jejunum where there is concern that it might induce

exocrine pancreatic stimulation and consequently a

risk of increasing the severity of acute pancreatitis.

Most studies in patients with acute pancreatitis have

employed nasojejunal tube feeding, but there are some

studies that employed nasogastric tube feeding, and

they were systematically reviewed to determine the

safety and tolerance of nasogastric tube feeding alone

and to assess the relative efficacy of nasogastric versus

nasojejunal feeding in patients with acute pancreatitis

[40]. Table 5.2 demonstrates the characteristics of

studies included in this review.

Nasogastric feeding-related outcomes, including

safety and tolerance, are presented in Table 5.3. Full

tolerance was achieved in 107 of 131 (82%) patients

who did not require temporary reduction, stoppage,

or withdrawal of nasogastric feeding. The 24 patients

who had a modification of the nasogastric tube feeding

regimen presented signs of gastric ileus (n=7) and

troublesome diarrhea (n= 14) or repeatedly removed

their feeding tube (n= 3).

Table 5.2 Characteristics of studies of nasogastric tube feeding.

Reference Setting Design Control

group

APACHE II

Score

Feeding

start

Feeding

formulation

Duration of

nutrition

Eatock et al. [9] United Kingdom Cohort study N/A 10 (4–28)a <48hours of

admission

Semielemental Not stated

Eatock et al. [37] United Kingdom RCT Nasojejunal 10 (7–18)a 72 (24–72) hours

after onset

Semielemental 5 days

Kumar et al. [38] India RCT Nasojejunal 10.5±3.8b 48–72 hours of

admission

Semielemental 7 days

Eckerwall et al. [17] Sweden RCT Parenteral 10 (8–13)a <24hours of

admission

Polymeric 6 (5–9)a days

Singh et al. [39] India RCT Nasojejunal 8.5 (2–19)a 10 (4–23)a days

after onset

Semielemental 7 days

APACHE, acute physiology and chronic health evaluation; RCT, randomized controlled trial; N/A, not available.
aValues are median (range).
bValues are mean± standard deviation.
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Table 5.3 Safety and tolerance of nasogastric tube feeding in acute pancreatitis.

Reference Total

patients

Troublesome

diarrhea,

n (%)

Tube

removal,

n (%)

Gastric

retention,

n (%)

Exacerbation of

pain following

feeding, n (%)

Achievement of

nutritional goal

Full tolerance of

feeding, n (%)a

Eatock

et al. [9]

26 3 (11.5) 1 (3.8) 3 (11.5) 0 (0) Not stated 19 (73.1)

Eatock

et al. [37]

27 3 (11.1) 1 (3.7) 0 (0) 2 (7.4) 21 patients (78%) after

60 hours

23 (85.1)

Kumar

et al. [38]

16 4 (25) 1 (6.3) 0 (0) 1 (6.3) 16 patients (100%) by

day 7b
11 (68.8)

Eckerwall

et al. [17]

23 0 (0) 0 (0) 3 (13) Not stated 15 patients (66%) by

day 7

20 (86.9)

Singh et al.

[39]

39 4 (10.4) 0 (0) 1 (2.5) 3 (7.7.) Not stated 34 (85.6)

Total 131 14 (10.7) 3 (2.3) 7 (5.3) 6 (4.5) N/A 107 (82.0)

N/A, not available.
aDid not require temporary reduction, stoppage, or withdrawal of feeding.
bSix patients were supplemented by parenteral nutrition during the commencement of feeding.

The meta-analysis was restricted to randomized stud-

ies of nasogastric versus nasojejunal feeding [37–39]. In

three eligible trials, a total of 82 patients received enteral

nutrition via the nasogastric route and 75 patients via

the nasojejunal route. The use of nasogastric feeding

resulted in a nonsignificant reduction in the risk of death

(relative risk: 0.71; 95% confidence interval: 0.38–1.32;

P= 0.28). The number of nutrition-associated adverse

events was similar between the two groups. As a

consequence, nasogastric feeding was associated with

a nonsignificant increase in the risk of troublesome

diarrhea (relative risk 1.39; 95% confidence interval

0.57–3.36; P= 0.47) and a nonsignificant decrease in the

risk of pain relapse following feeding (relative risk 0.84;

95% confidence interval 0.27–2.59; P= 0.76). Overall,

patients in both groups did not differ significantly in

terms of intolerance to feeding (relative risk 1.23; 95%

confidence interval 0.59–2.55; P=0.57). There was

no heterogeneity between the study results for all

comparisons (I2 = 0%).

This systematic review demonstrated the safety and

tolerance of nasogastric tube feeding in at least four out

of five patients with acute pancreatitis [40]. The study

population was limited to patients with a predicted

severe acute pancreatitis and the clinical outcomes were

within the expected range for this category of patients.

Nasogastric tube feeding-related problems occurred

in less than 20% of patients; they were relatively

minor, and there were no recorded cases of aspiration

pneumonia.

Three randomized controlled trials included in the

meta-analysis consistently yielded no tangible difference

between nasogastric and nasojejunal feeding in terms

of safety and tolerance [37–39]. It should be acknowl-

edged that the trials had some flaws. In particular, it

was argued that it is likely that jejunal feeding in the

trial from Glasgow was actually duodenal (because true

jejunal placement would have been difficult with the

types of feeding tubes and placement techniques used),

meaning that both feeding arms may have caused

equivalent stimulation of pancreatic secretion [37].

The shortcoming of the randomized controlled trial by

Kumar and colleagues was that there was a considerable

delay (7.8±6.5 and 5.7±4.7 days after symptom onset

in the nasogastric and nasojejunal groups, respectively)

and that enteral nutrition was commenced late [38].

In addition, the authors observed a high mortality

(31% and 29% in the nasogastric and nasojejunal

groups, respectively) which might reflect the tendency

toward conservative management of patients with

infected pancreatic necrosis. The randomized controlled

trial by Singh and colleagues suffered from the same

shortcoming, that is, the feeding protocol in both

groups was commenced relatively late (10 [4–23] and
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11 [3–48] days after symptom onset in the nasogastric

and nasojejunal groups, respectively) [39]. Apart from

these concerns, the three randomized controlled trials

were insufficiently powered individually to detect any

difference or to demonstrate equivalence between the

studied groups in terms of mortality. An adequately

powered randomized controlled trial would need to

enroll nearly 200 patients per arm in order to show

a decrease in mortality from 14% (average rate in

the nasogastric group in the present review) to 6%

(best results in the nasojejunal group of randomized

controlled trials on enteral vs. parenteral nutrition) with

80% power and 𝛼 =0.05 (two sided). Such a sample

size is appreciably large, even for a multicenter study.

Another relevant issue in considering nasogastric

tube feeding is the effect on exocrine pancreatic func-

tion. It was shown by O’Keefe and colleagues that

all forms of enteral nutrition stimulate pancreatic

secretion [41, 42]. In particular, when compared with

placebo saline, an oral liquid polymeric diet resulted

in a significantly higher level of amylase (P<0.01)

and lipase (P<0.01); a duodenal polymeric enteral

formula led to increased levels of amylase (P< 0.01),

lipase (P< 0.01), and trypsin (P< 0.01); and a duodenal

elemental feeding formula resulted in an elevated level

of lipase (P< 0.05). The same research group also com-

pared the pancreatic secretory response to tube feeding

delivered into the duodenum and the mid (40–60 cm

distal to the ligament of Treitz) and distal (100–120 cm

distal to the ligament of Treitz) jejunum [40, 42]. Even

though the authors did not find a direct relationship

between the decrease in enzyme secretion and distance

down the mid–distal jejunum, they demonstrated

significantly lower secretion of trypsin (P<0.01) and

lipase (P<0.05) in response to the elemental formula

delivered into the jejunum (40 cm or more distal to the

ligament of Treitz) in comparison with the duodenum.

Moreover, the trypsin and lipase secretory response

in the mid–distal jejunum group was as low as in the

control group (fasting).

However, it should be noted that these studies of the

effects of enteral feeding on exocrine pancreatic func-

tion were in healthy subjects. There is now convincing

evidence that patients with acute pancreatitis have

significantly lower rates of enzyme secretion compared

with healthy subjects [41, 43]. Furthermore, when

patients with mild to moderate acute pancreatitis were

compared with those with severe acute pancreatitis, a

lower secretion of trypsin (sixfold), amylase (22-fold),

and lipase (42-fold) was found in the latter group,

suggesting that pancreatic enzyme secretion is inversely

related to the severity of acute pancreatitis. In line

with this finding, another study showed an 86% rate

of pancreatic exocrine insufficiency (measured by fecal

pancreatic elastase-1) in patients recovering from severe

attacks of acute pancreatitis. Moreover, the severity

of pancreatic exocrine insufficiency correlated with

the extent of pancreatic necrosis. These data suggest

that injured acinar cells are not able to respond fully

to the physiological stimuli of secretion which may

go some way toward explaining the findings of this

study that, contrary to popular belief, nasogastric tube

feeding does not appear to aggravate the severity of

acute pancreatitis.

Enteral nutrition formulations

There are more than 100 different enteral nutrition for-

mulations available [44]. These can be broadly classified

into the following categories:

• Elemental – comprising amino acids or oligopeptides,

maltodextrins, and medium-chain and long-chain

triglycerides

• Polymeric – comprising nonhydrolyzed proteins, mal-

todextrins and oligofructosaccharides, as well as

long-chain triglycerides

• Immune enhancing – comprising substrates that have

been hypothesized to modulate the activity of the

immune system, for example, immunonutrition (glu-

tamine, arginine, and omega-3 fatty acids), probiotics,

fiber-enriched formulation)

A comprehensive systematic literature review has

compared the safety, tolerance, and efficacy of all

enteral nutrition formulations used in randomized

controlled trials of patients with acute pancreatitis [45].

A total of 20 randomized controlled trials, encompassing

1070 patients, met all the inclusion criteria. Patients

received an elemental formulation in eight arms of

the included trials, a polymeric formulation in seven

arms, a fiber-enriched enteral formulation in six arms,

enteral nutrition supplemented with probiotics in four

arms, and immunonutrition (glutamine, arginine, and

omega-3 fatty acids) in three arms (Table 5.4).

One randomized controlled trial directly compared an

elemental formulation with a polymeric formulation in
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Table 5.4 Characteristics of randomized controlled trials of various enteral nutrition formulations.

Reference Intervention group Control group Number of patients

Intervention group Control group

McClave et al. [48] Semielemental EN PN 15 15

Kalfarentzos et al. [14] Semielemental EN PN 18 20

Windsor et al. [49] Polymeric EN PN 16 18

Powell et al. [32] Polymeric EN NN 13 14

Hallay et al. [50] EN with fiber+glutamine+ arginine EN with fiber 11 8

Olah et al. [51] Elemental EN PN 41 48

Abou-Assi et al. [52] Elemental EN PN 26 27

Olah et al. [51] EN with fiber+ probiotics EN with fiber 22 23

Gupta et al. [15] Polymeric EN PN 8 9

Louie et al. [16] Semielemental EN PN 10 18

Lasztity et al. [53] Polymeric EN+n-3 PUFAs Polymeric EN 14 14

Pearce et al. [54] EN with

fiber+ glutamine+ arginine+omega-3

fatty acids

EN with fiber 15 16

Tiengou et al. [55] Semielemental EN Polymeric EN 15 15

Eckerwall et al. [17] Polymeric EN PN 23 25

Petrov et al. [18] Semielemental EN PN 35 34

Casas et al. [19] Semielemental EN PN 11 11

Olah et al. [56] EN with fiber+probiotics EN with fiber 33 29

Karakan et al. [57] EN with fiber Polymeric EN 15 15

Besselink et al. [58] EN with fiber+probiotics EN with fiber 152 144

Qin et al. [59] Semielemental EN+ probiotics PN 36 38

EN, enteral nutrition; PN, parenteral nutrition; PUFA, polyunsaturated fatty acid.

30 patients with mild or severe acute pancreatitis. Given

that direct meta-analysis was not possible, the two

formulations were compared using the methodology of

indirect adjusted meta-analysis. A total of 10 random-

ized controlled trials comprising 428 patients compared

elemental and polymeric formulations indirectly, using

parenteral nutrition as a reference treatment. In all

patients with acute pancreatitis, the use of an elemental

formulation did not result in a significant difference in

risk of infectious complications (indirectly estimated

relative risk 0.48; 95% confidence interval 0.06–3.76;

P= 0.482) and death (indirectly estimated relative risk

0.63; 95% confidence interval 0.04–9.86; P= 0.741).

The risk of feeding intolerance did not differ significantly

between the two formulations (indirectly estimated

relative risk 0.62; 95% confidence interval 0.10–3.97;

P= 0.611).

A total of three randomized controlled trials com-

prising 403 patients directly compared a fiber-enriched

formulation supplemented with probiotics and a

fiber-enriched formulation only. In all patients with

acute pancreatitis, the use of probiotics did not result

in a significant difference in the risk of infectious com-

plications (relative risk 0.71; 95% confidence interval

0.40–1.27; p = 0.250) or death (relative risk 0.85;

95% confidence interval 0.18–4.14; P=0.850). The

risk of feeding intolerance did not differ significantly

between the two formulations (relative risk 0.69; 95%

confidence interval 0.43–1.09; P=0.110).

The major finding of this systematic literature review

was that the use of a polymeric, in comparison with an

elemental, enteral nutrition formulation was not associ-

ated with a statistically significant difference in tolerance

of feeding or risk of infectious complications andmortal-

ity. In addition, it showed that a fiber-enriched formu-

lation may be safely administered in patients with acute

pancreatitis, and its supplementation with immunonu-

trition or probiotics does not improve clinically mean-

ingful outcomes [46, 47].
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Conclusion

Nutritional treatment of patients with acute pancreatitis

rapidly evolves. The findings presented in this chapter

highlight the importance of enteral nutrition in the

management of acute pancreatitis. There is ample evi-

dence in the literature that the use of nasojejunal tube

feeding improves outcomes in patients with predicted

severe course of acute pancreatitis. Several studies have

demonstrated the safety and efficacy of nasogastric tube

feeding in these patients. Lastly, optimal enteral feeding

formulations have been determined based on the best

available data.
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Abbreviations

ALT alanine transaminase

AP acute pancreatitis

CBD common bile duct

CCY cholecystectomy

CT computed tomography

ERCP endoscopic retrograde

cholangiopancreatography

ES endoscopic sphincterotomy

EUS endoscopic ultrasound

IOC intraoperative cholangiogram

MRCP magnetic resonance

cholangiopancreatography

SIRS systemic inflammatory response syndrome

TUS transabdominal ultrasound

US ultrasound

Summary

Acute pancreatitis (AP) is the leading gastrointestinal

disorder requiring hospitalization in the United States,

and gallstone disease is the most common etiologic

factor worldwide [1]. Recurrence and complications

of gallstone pancreatitis may be avoidable with proper

diagnosis and treatment. Clinical history coupled with

laboratory and imaging is accurate in diagnosing gall-

stone disease, particularly with the advent of magnetic

resonance cholangiopancreatography (MRCP) and

endoscopic ultrasound (EUS). While less utilized as a

diagnostic test, endoscopic retrograde cholangiopan-

creatography (ERCP) remains the preferred approach

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

for the treatment of choledocholithiasis and concomi-

tant cholangitis or biliary obstruction in the setting

of severe AP. When performed in a timely manner,

cholecystectomy (CCY) is highly effective in preventing

recurrent gallstone pancreatitis. Among poor operative

candidates, ERCP with biliary sphincterotomy is a

reasonable surrogate. This chapter reviews the current

evidence for diagnosing and treating acute gallstone

pancreatitis.

Introduction

Gallstone disease represents the single leading cause of

acute pancreatitis (AP), accounting for approximately

50% of cases in the Western world [2, 3]. The majority

of AP patients will experience a benign course and

rapid recovery with supportive management. However,

up to 20% develop severe pancreatitis with systemic

(organ failure) or local complications that may result

in mortality, with rates quoted as high as 15% [4].

Although there is a definite correlation between gall-

stones and AP, the precise pathophysiology of gallstone

(a.k.a., biliary) pancreatitis remains unclear. The most

important purported mechanisms include (i) transient

or sustained occlusion of the pancreatic duct leading to

an increase in intraductal pressure and (ii) bile reflux

into the pancreatic duct [5].

When a patient presents with AP, the clinician often

jumps to the conclusion that the underlying cause

is alcohol or gallstones. While there are numerous

alternative etiologies that will be discussed in other

chapter(s), our discussion is organized by several key
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questions that should be considered by the treating

physician:

1 How is gallstone pancreatitis diagnosed?

2 What tests are available to evaluate for common bile

duct (CBD) stones?

3 For patients with gallstone pancreatitis, what is the

role of ERCP in the acute setting?

4 What is the impact of CCY for the prevention of recur-

rent gallstone pancreatitis, andwhen should it be per-

formed?

5 What is the benefit of ERCP for patients who are poor

candidates for CCY?

In this chapter, we review the definition of gallstone

pancreatitis and themethods bywhich gallstonesmay be

implicated as the cause. We underscore the indications

for ERCP and CCY and alternative strategies to attenuate

the disease course and prevent its recurrence.

How is gallstone pancreatitis
diagnosed?

Once a diagnosis of AP is established, identifying

gallstones as the underlying cause is crucial since

complications and recurrence may be avoidable with

interventions such as CCY and ERCP (Figure 6.1) [6].

CCY is highly effective in preventing recurrent episodes

of AP, but only when the etiology is gallstones [7].

Therefore, gallstone pancreatitis should be confirmed

by documenting gallbladder stones on cross-sectional

imaging, transient fluctuation in liver chemistries >3×
upper limit of normal, or both. If neither is present, the

benefit of empiric CCY is unproven [8].

Laboratories
An early clue that gallstones are the primary etiology is

the relative elevation of serum amylase, which is often

disproportionately higher in comparison to other etiolo-

gies [9]. However, amylase levels tend to drop rapidly

and even normalize within 24hours. In contrast, lipase

remains elevated for a longer period; among patients

who present several days after symptom onset, the

amylase may have normalized/near-normalized while

the lipase remains elevated [10]. Serum lipase is more

sensitive and specific than amylase for establishing

the diagnosis of AP since lipase persists longer than

amylase, and there are fewer nonpancreatic etiologies

for elevations in serum lipase (Table 6.1) [11].

Beyond characterizing the pattern of pancreatic

chemistry elevation, marked increases (>3× upper

limit of normal) in liver chemistries are useful for

distinguishing gallstones from alternative etiologies.

Alanine transaminase (ALT) is probably the single most

reliable test, having a positive predictive value of 93%

for a biliary cause when elevated threefold [12, 13].

However, up to 15% of patients with biliary pancreatitis

have normal liver chemistries at presentation, and any

cause for AP may induce elevation of these parameters

simply by extrinsic compression of the extrahepatic

biliary tree [14].

Cross-sectional imaging
Given its wide availability, lack of ionizing radiation,

low cost, minimal interoperator variability, and high

sensitivity/specificity (>95%) for gallbladder stones,

transabdominal ultrasound (TUS) is the preferred initial

imaging modality for patients with suspected gallstone

pancreatitis [15]. However, in the setting of AP, the

sensitivity is reduced to approximately 60% due to

bowel distension and poor patient compliance with the

examination: deep probing of the upper abdomen with

the ultrasound (US) transducer is rarely feasible in such

individuals. In addition, the sensitivity for diagnosing

bile duct stones is even lower (20–50%), particularly

in the setting of obesity. Moreover, the lack of biliary

dilation does not rule out a biliary etiology during the

first 48hours [16].

Compared to TUS, computed tomography (CT) is

marginally better for detecting CBD stones. While useful

for diagnosing local complications of AP, CT during the

first 48hours of AP should be reserved for uncertain

diagnoses, since iodinated contrast may precipitate

renal failure or even pancreatic necrosis [17].

Although sonographic characteristics of gallstones are

the same when detected by TUS or EUS, the latter has a

higher sensitivity (85–100%) in diagnosing gallbladder

stones (especially small stones and sludge) due to the

proximity of the US transducer to the gallbladder [18].

MRCP is also more sensitive than TUS and can identify

local complications of AP and pancreatic ductal anatomy

at the same time [19].
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Acute pancreatitis

Demographic factors
suggesting GS 

Age > 50 years

Female

History of gallstone
disease 

Laboratories

Transient increase in
liver chemistries

(especially ALT) >3×
ULN 

Yes?

High probability of GS
AP --> proceed to CCY 

Imaging

TUS or CT

GB stones present

High probability of GS
AP --> proceed to CCY 

No stones

Consider further
imaging (MRCP/EUS)
and other work-up to
identify an etiology

Figure 6.1 Confirming a diagnosis of gallstone pancreatitis. TUS, transabdominal ultrasound; CT, computed tomography; CCY, chole-
cystectomy; GS, gallstone; GB, gallbladder; MRCP, magnetic resonance cholangiopancreatography; EUS, endoscopic ultrasound; ULN,
upper limit normal; AP, acute pancreatitis; ALT, alanine transaminase.

Table 6.1 Nonpancreatic etiologies for elevation in serum amylase or lipase.

Causes Amylase Lipase

Abdominal pathology Peptic ulcer disease Mesenteric ischemia Acute

appendicitis Cholecystitis Intestinal obstruction

Gynecological disorders

Peptic ulcer disease Mesenteric ischemia Acute

appendicitis

Extra-abdominal

pathology

Salivary gland disease Pneumonia Head injury Bone fractures Crush injury Fat embolism

Metabolic disorders Renal failure Liver failure Diabetic ketoacidosis

Anorexia nervosa and Bulimia

Renal failure

Others HIV Macroamylasemia Cigarette smoking

Neoplasms: lung, gastric, breast, and myeloma

Since there are fewer causes for elevation in serum lipase (specificity), and it remains elevated longer than serum amylase (sensitivity), lipase is

considered more specific and sensitive for the diagnosis of acute pancreatitis.

What tests are available to evaluate
for common bile duct stones?

While CCY is highly effective in preventing recurrent

bouts of gallstone pancreatitis, unrecognized CBD

stones are likely to cause additional complica-

tions – including AP – even following CCY. In all

cases of gallstone pancreatitis, the possibility of chole-

docholithiasis must be considered in any management

algorithm (Figure 6.2). Usually, gallstone pancreatitis is
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Gallstone
pancreatitis 

TUS, clinical,
biochemistries 

Low suspicion
- No intermediate

or high factors

CCY

Intermediate
suspicion

Dilated bile duct

CCY ± IOC
MRCP
EUS

High suspicion
Persistent

elevation/increasing liver
chemistries, jaundice

Dilated bile duct with 1–2×
elevation in liver chemistries 

EUS --> if
positive

convert to
ERCP + ES 

CCY ± IOC --> ERCP + ES if
unable to extract BD stones 

laparoscopically¥ 

CBD stone
confirmed 

ERCP + ES
Laparoscopic CCY

with CBD stone
extraction¥ 

Mild and persistent
elevation of liver

chemistries 

Figure 6.2 Recommended algorithm for diagnosing choledocholithiasis. TUS, transabdominal ultrasound; CCY, cholecystectomy; IOC,
intraoperative cholangiogram;MRCP,magnetic resonance cholangiopancreatography; ERCP, endoscopic retrograde cholangiopancre-
atography; EUS, endoscopic ultrasound; CBD, common bile duct. IOC is an option; the CBD should be imaged by some modality, that
is, MRCP, ERCP, and IOC. ¥Being highly operator dependent, the best strategy between laparoscopic and endoscopic stone extraction
will be determined by the availability of local expertise and technology.

caused by the spontaneous passage of a CBD stone into

the duodenum. Since the majority of patients do not

have retained CBD stones, diagnostic testing should be

titrated to the level of clinical suspicion (Figure 6.2).

ERCP
ERCP is the gold standard for diagnosing CBD stones,

but its risk profile [20] and the advent of less invasive

imaging modalities have significantly reduced its utility

as a purely diagnostic test. Furthermore, cholangiog-

raphy may miss small gallstones [21]; in cases where

there is a very high suspicion for or prior confirmation

of CBD stones, ERCP with endoscopic sphincterotomy

(ES) and balloon sweep is typically performed. If avail-

able, laparoscopic surgical expertise with CBD stone

extraction actually appears preferential to an ERCP-first

strategy; in this scenario, the surgeon performs a CCY

and attempts to clear the CBD laparoscopically, using

ERCP with sphincterotomy only if unsuccessful. Even

when the pretest probability of CBD stones approaches

100%, an intraoperative cholangiography (IOC)-first

as opposed to ERCP-first strategy is more cost effective

[22]. In our experience, most surgeons prefer to have

the CBD cleared preoperatively via ERCP when this is

readily available so as to minimize the morbidity of CCY.

Regardless of local expertise, ERCP should no longer

be considered a diagnostic test for bile duct stones. The

availability of EUS andMRCP, lower-risk and highly sen-

sitive imaging modalities for suspected choledocholithi-

asis, has relegated ERCP to a therapeutic intervention

when stones are present assuredly.

Intraoperative cholangiography (IOC)
In the United States, IOC is performed in approximately

30% of individuals undergoing CCY. Its sensitivity

varies from 59% to 100% and specificity from 93% to

100% in detecting CBD stones and is highly operator

dependent [23, 24]. In patients with mild gallstone

pancreatitis but no ongoing biliary obstruction, the

optimal approach to clearing the CBD is to perform

CCY with IOC first using ERCP to clear stones that are

retained postoperatively [25]. Since most stones have

already passed into the duodenum and only a minority

of patients have CBD stones at the time of CCY, ERCP

is unnecessary for most patients presenting with acute

gallstone pancreatitis [26, 27]. By performing IOC first,

fewer patients undergo unnecessary ERCP (and other

diagnostics), and the length of hospitalization can be

shortened.
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However, many surgeons perform IOC infre-

quently – and fewer are comfortable with laparoscopic

removal of bile duct stones [22, 25, 28–32]. Some

surgeons have proposed laparoscopic CBD exploration

as an excellent single-step approach for CBD stone

clearance [33, 34], but this technique is infrequently

performed [35]. The single-stage laparoendoscopic

treatment (a.k.a., “rendezvous technique”) is an alter-

native to laparoscopic stone extraction. During IOC, a

guidewire can be advanced under fluoroscopic guidance

and in an antegrade manner across the sphincter of

Oddi. A duodenoscope is advanced per os to the major

papilla, where the wire is grasped and the bile duct

accessed without the need for traditional cannulation

maneuvers [36]. This results in high rates of BD stone

clearance during CCY and is less invasive and costly

than sequential CCY followed by ERCP under a second

sedative. This combination approach has not been

widely accepted since laparoscopic and ERCP expertise

usually obligates two physicians, creating a logistical

conundrum [37]. For these reasons, EUS and MRCP

have been increasingly utilized in these cases of gall-

stone pancreatitis with question of retained CBD stones

[38, 39].

MRCP
MRCP has high sensitivity (81–100%) and specificity

(92–100%) for the diagnosis of choledocholithiasis [40].

However, the sensitivity of MRCP is directly related to

the size of gallstones, so its diagnostic yield is lowest for

small (<5mm) stones and sludge [41, 42]. This means

that a negative MRCP cannot always exclude gallstones

as the etiology since small stones are often the cause

of AP [16]. In addition, patients must be able to hold

their breath for approximately 20 seconds to acquire

images of reasonable quality. However, MRCP has the

advantage of being noninvasive, more widely available,

and less operator dependent than EUS [43].

EUS
Several studies have shown that EUS is highly sensitive

(>90%) for detecting choledocholithiasis when conven-

tional imaging is negative [18, 44]. EUS is comparable

or superior to cholangiography in detecting biliary

stones [45, 46], and its performance is not influenced

by stone size or bile duct diameter [21]. In an economic

evaluation, an EUS-based approach was superior to

ERCP with ES in severe biliary AP (costing C$742 less

per patient) and only slightly more expensive in the

setting of nonsevere biliary AP; using an EUS-first as

opposed to ERCP-first approach was associated with

fewer complications (3% fewer cases of post-ERCP pan-

creatitis) [47]. Moreover, in a meta-analysis comparing

EUS to ERCP in patients with acute biliary pancreatitis,

EUS avoided unnecessary ERCP in up to 71% of cases

(another reminder that most patients with gallstone

pancreatitis pass the CBD stone spontaneously) [48].

In the appropriate setting, patients with a moderate

suspicion of CBD stones may be consented for EUS and

ERCP in the same setting. An EUS should be performed

initially, and if a CBD stone is identified, the procedure

may be converted to ERCP with ES during the same

session (Table 6.2).

Table 6.2 Cross-sectional imaging for gallstone disease.

Modality Sensitivity/accuracy Risk profile Cost

CBD stones GB stones

TUS + +++ − +
CT ++ ++ − ++
EUS ++++a ++++b + +++
MRCP ++++ ++++b + +++
ERCP ++++ ++ +++ +++

CBD, common bile duct; GB, gallbladder; TUS, transabdominal ultrasound; CT, computed tomography; EUS, endoscopic ultrasound; MRCP,

magnetic resonance cholangiopancreatography; ERCP, endoscopic retrograde cholangiopancreatography.
aEUS has a better sensitivity than MRCP and ERCP in detecting small stones (<5mm) and sludge.
bAlthough the sensitivity of EUS and MRCP is higher than the sensitivity of TUS in identifying gallstones, they are rarely used as a first-line

technique due to their cost, availability, and slightly higher risk profile.
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In summary, the decision to perform an MRCP,

EUS, ERCP, or IOC depends on pretest probability

and local expertise. In cases of low to intermediate

suspicion, where the probability of a bile duct stone is

approximately 30% or less, laparoscopic CCY with IOC

first is probably the most expeditious and cost-effective

strategy, assuming local surgical expertise. If a stone

is identified during IOC and it cannot be extracted

or flushed through the sphincter of Oddi during

laparoscopy, then ERCP with ES within 24hours is

appropriate. In cases of higher suspicion or known

choledocholithiasis preoperatively, EUS with a plan to

convert to ERCP during the same session is the preferred

approach. In these cases, next-day laparoscopic CCY

would result in the shortest hospitalization [49]. MRCP

is an excellent and minimally invasive tool to guide

management when laparoscopic IOC and EUS expertise

are lacking.

For patients with acute gallstone
pancreatitis, what is the role for ERCP
in the acute setting?

At this point, the clinician has established a diagnosis

of gallstone pancreatitis and the probability of chole-

docholithiasis. In specific cases, early ERCP – typically

defined as within 72hours of clinical presentation – may

impact the disease course. In a nutshell, early ERCP

reduces the complications of AP when patients have

concomitant acute cholangitis or predicted severe AP

with biliary obstruction (Figure 6.3). There are a variety

of scoring systems to assess disease severity, including

Ranson’s criteria, APACHE-II score, BISAP score, Balt-

hazar CT severity index, and the systemic inflammatory

response syndrome (SIRS) score [50–54]. Due to their

simplicity and reasonable predictive value, we prefer to

couple clinical judgment with SIRS, serum blood urea

nitrogen, and hematocrit at the time of admission and

after 24–48hours to make this determination [55–58].

Ample evidence supports performing early ERCP

(<72hours) with or without ES, in patients with

gallstone pancreatitis and concurrent signs or symp-

toms of cholangitis (typically fever, jaundice, sepsis

physiology, and rigors, among others) [59, 60]. In a

meta-analysis of seven randomized controlled trials

including 757 patients, Tse et al. confirmed a significant

reduction in mortality (relative risk (RR) 0.20, 95% CI

0.06–0.68) and local (RR 0.45, 95% CI 0.20–0.99) and

systemic complications (RR 0.37, 95% CI 0.18–0.78)

using an early ERCP strategy for patients with AP and

concomitant acute cholangitis [61]. There were no

differences in outcome between individuals undergoing

ERCP within 24 or 72hours. However, in patients with

acute cholangitis, we advocate urgent ERCP [6, 55].

Individuals with predicted severe gallstone AP and

coexisting biliary obstruction (a conjugated bilirubin

level >5mg/dL) also benefit from early ERCP [3, 62].

This strategy can reduce the frequency of local (RR

0.53, 95% CI 0.26–1.07) and systemic (RR 0.56 95%

CI 0.30–1.02) complications [61]. In the absence of

cholangitis or biliary obstruction, the role of urgent

ERCP remains controversial even in predicted severe

AP [60].

Stone removal may not always be accomplished

especially in the setting of suppurative acute cholangitis

or in cases of large (>1.5 cm) or multiple CBD stones.

In these situations, placing a bridging plastic stent is a

reasonable temporizing measure in order to achieve

short-term biliary drainage [63, 64]. Moreover, stent

placement may help by softening or fracturing large

CBD stones. Studies have shown that stones are smaller

and occasionally even absent several weeks after stent

placement [65, 66]. Whenever possible, multiple stents

should be placed since the rate of stent occlusion and

secondary cholangitis is smaller compared to one stent

[67]. Stents with a double pigtail configuration, as

opposed to flanged stents, probably have a lower risk of

migration below retained stones.

In addition to CBD stone extraction and assuring bile

duct drainage, there are limited data suggesting the ben-

efit of early pancreatic duct stent placement to assure

pancreatic duct drainage/decompression. In a pilot study

of 27 patients, Fejes and colleagues evaluated the feasi-

bility and safety of urgent ERCP with pancreatic stent

placement in patients with biliary AP [68]. The authors

observed a significantly lower rate of local (pancreatic

necrosis, phlegmon, pseudocyst, abdominal fluid collec-

tions) and systemic complications (sepsis and shock) and

organ failure in those who underwent PD stent place-

ment (7%) than in controls who underwent ERCP with

ES alone (25%); mortality rates (0% vs. 7%, respec-

tively) also favored pancreatic stent placement, although

this did not reach statistical significance. These data have

been supported by two other small studies [69] [70].

However, in all three reports, pancreatic stent placement
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Acute biliary

pancreatitis 

High suspicion/confirmed

choledocolithiasis 

Acute cholangitis

Present

Early ERCP 

Absent

Predicted severe AP

with biliary obstruction 

Early ERCP*

All others

Elective ERCP prior to

discharge when AP is

resolved/nearly resolved 

Figure 6.3 Indications and timing of ERCP in acute biliary pancreatitis. *Early ERCP is defined as ERCP within 72hours of clinical
presentation. AP, acute pancreatitis; ERCP, endoscopic retrograde cholangiopancreatography.

was performed only in individuals considered high risk

(difficult sphincterotomies) for post-ERCP pancreatitis.

The role of urgent PD stent placement as an interven-

tion to attenuate the disease course for patients with

gallstone (or other causes) pancreatitis requires further

investigation, as there are inherent potential hazards of

applying ERCP to this population.

What is the impact
of cholecystectomy on the prevention
of recurrent gallstone pancreatitis,
and when should it be performed?

Once the patient recovers from an episode of mild

gallstone pancreatitis, laparoscopic CCY should be

performed during the same hospitalization to prevent

the recurrence of gallstone-related complications [6,

55, 71]. If the gallbladder is left in situ, pancreatitis

may recur in 30–50% [72]. The risk is higher in the

first month following index gallstone AP [73, 74].

In contrast, when early CCY is performed, the risk

can be reduced to <5%; the reasons for recurrence

following CCY include inadequate clearance of the

CBD at the time of initial presentation and incorrectly

attributing gallstones as the underlying etiology for AP

[75, 76]. Same-stay CCY is preferred to a postdischarge

strategy based on several studies including a systematic

review that included 998 patients, which found higher

readmission rates (18% vs. 0%, P< 0.0001) in those

who did not undergo same-stay CCY [77]. Additionally,

early CCY is associated with reduced length of stay and

total hospital charges [78].

Among patients who are good operative candidates,

CCY following ERCP with ES is superior to ES alone for

the prevention of recurrent gallstone AP [79, 80]. In a

cohort of 4682 patients admitted with their first episode

of acute gallstone AP, the rate of recurrent AP was sig-

nificantly lower for those who had ES+CCY (1.2%) as

compared to those who underwent CCY alone (4.4%,

P<0.05) or ES alone (6.7%, P=0.0001) [7]. Addition-

ally, while ES significantly decreases the rate of recurrent

gallstone AP (compared to medical management), ES

alone does not prevent other complications of retained

gallbladder stones [77].
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In patients with severe gallstone AP and evolving local

complications such as fluid collections, laparoscopic CCY

during the index admission is technically difficult and

has greater morbidity, particularly from postoperative

infection [81, 82]. In these cases, CCY should be delayed

until peripancreatic fluid collections/necrosis resolve or

if they persist at least 6 weeks, at which time CCY can

be safely performed as part of the surgical management

of organized pancreatic necrosis [55].

What is the benefit of ERCP
for patients who are poor candidates
for cholecystectomy?

In patients who are poor candidates for CCY, such as

those with Child class B or C cirrhosis, ERCP with ES

is an acceptable therapeutic alternative to CCY, irre-

spective of the presence of CBD stones [7, 83]. Hwang

et al. found that the probability of developing recurrent

attacks of pancreatitis after 1, 2, and 5 years among

individuals with gallstone pancreatitis and gallbladder in

situ was significantly lower in patients who underwent

ERCP (5%, 7% and 11%, respectively) compared to

those who did not (11%, 16%, and 23%; hazard ratio

0.45 [95% CI, 0.30–0.69]; P<0.01) [84]. However, it

is worth reiterating that other complications related

to gallstone disease such as cholecystitis and/or biliary

pain may still occur [75].

Summary

Gallstones represent one of few etiologies of AP where

appropriate and timely intervention may significantly

impact the patient’s short- and long-term prognosis.

While confirming the diagnosis of gallstone pancreatitis

is fairly straightforward, it is inappropriate to assume

gallstones as the underlying etiology without supporting

evidence, since CCY and ES have no proven benefit

for individuals with AP secondary to other etiologies.

With improvements in laparoscopy, EUS, and MRCP,

diagnostic ERCP should be avoided almost without

exception. A multidisciplinary approach to patients

with known or suspected gallstone AP should include

the input of surgeons, gastroenterologists, and radiolo-

gists in deciding the need for and appropriate sequence

of imaging and interventions. With rare exception,

gallstone pancreatitis is now a curable disease.
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Introduction

The recently revised Atlanta classification addresses

the clinical presentation, types, and (clinical and mor-

phologic) complications of acute pancreatitis [1]. This

revised classification aims to clarify terminology and

stimulate the use of uniform definitions and standard-

ized reporting in patients with acute pancreatitis. Local

complications are peripancreatic fluid collections, pan-

creatic and peripancreatic necrosis (sterile or infected),

pseudocyst, and walled-off necrosis (WON; sterile or

infected) (Table 7.1).

About 80% of patients with acute pancreatitis have

mild disease and symptoms that usually resolve within 1

week with basic supportive care [1, 2]. The remainder of

the 20% of patients develops a severe form of pancreati-

tis (moderately severe or severe acute pancreatitis) with

usually persistent organ failure and pancreatic or peri-

pancreatic tissue necrosis (necrotizing pancreatitis). In

this group of patients, the first 1–2 weeks are marked by

a persisting systemic inflammatory response syndrome

and/or (multiple) organ failure. Mortality is high despite

maximal supportive care in the intensive care unit [3, 4].

In at least 30% of patients with necrotizing pancre-

atitis, the necrosis becomes infected [5]. This group of

patients is at risk for major morbidity with a mortality of

around 32% [6]. Infected necrosis should be suspected

when clinical and biochemical deterioration is present

after an initial period of clinical improvement or when

patients fail to show clinical improvement from their

systemic inflammatory response syndrome and/or organ

failure. In these clinical scenarios, a contrast-enhanced

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

computed tomography (CECT) is indicated, which may

show acute necrotic collection(s) or WON [1, 2]. Gas

bubbles in collections are pathognomonic for infected

necrosis and are caused by gas-forming bacteria or

fistulas between the collection and intestines [7]. If the

diagnosis of infected necrosis is unclear, fine-needle

aspiration (FNA) of the collection can be obtained but

is usually not required. One has to bear in mind that up

to 20% of FNAs may be false negative [8].

In the case of proven or suspected infected necrosis,

intravenous broad-spectrum antibiotics should be

started. Positive cultures of infected collections usually

result in a switch from broad-spectrum antibiotics to

narrow-spectrum antibiotics specifically aimed at those

microorganisms [2]. At present, there is no evidence for

prophylactic antibiotics [9]. Recovery with antibiotics

has been described in some patients with infected

necrosis [5]. But in the vast majority of patients, antibi-

otics should be regarded as supportive care during the

disease course, where drainage and necrosectomy of

necrotic collections are regarded as definitive treatment.

Traditionally, major surgery was performed early in

the clinical course of necrotizing pancreatitis. Nowa-

days, interventions are postponed whenever feasible

until WON is present on CECT, a process that usually

takes 3–4 weeks [7]. During this period, antibiotics

should be continued and patients should be stabilized

on the intensive care unit if needed. Delayed inter-

vention, until the stage of complete encapsulation of

collections, probably reduces morbidity and mortality

compared with an early laparotomy in the first 2

weeks [5, 10].
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Table 7.1 Collections as defined in the revised Atlanta classification.

Definition Description

Acute fluid collection

(less than 4 weeks after

onset)

• Homogenous fluid density

• Confined by normal peripancreatic fascial planes

• No definable wall encapsulating the collection

• Adjacent to pancreas (not intrapancreatic)

Pseudocyst (usually

more than 4 weeks

after onset)

• Well circumscribed, usually round/oval

• Homogenous fluid density

• Well-defined wall and completely encapsulated

• Adjacent to pancreas (not intrapancreatic)

Acute necrotic

collection (less than 4

weeks after onset)

• Heterogeneous and nonliquid density

• No definable wall encapsulating the collection

• Location: intrapancreatic and/or extrapancreatic

Walled-off necrosis

(usually more than 4

weeks after onset)

• Heterogeneous and nonliquid density

• Well-defined wall and completely encapsulated

• Location: intrapancreatic and/or extrapancreatic

Revised definitions of morphological features of acute pancreatitis [1].

In the acute phase, there is no indication for inter-

vention to treat sterile collections. These collections tend

to have a mild clinical course and are usually absorbed

within weeks to months [2]. Performing interventions

for sterile collections carries a risk of introducing infec-

tion, thereby increasing morbidity and mortality [11].

However, in rare cases, interventions for sterile collec-

tions may be needed. Such indications include obstruc-

tion of the biliary or gastrointestinal tract, long-lasting

pain, and collections resulting from a disrupted pancre-

atic duct [2].

Invasive treatment

Open necrosectomy
Laparotomy with complete necrosectomy has long been

the standard intervention in patients with necrotizing

pancreatitis who showed clinical deterioration. Morbid-

ity (up to 95%) and mortality (11–39%) for this pro-

cedure were high [12, 13]. Recent studies have shown

that the success rate of open necrosectomy has improved

significantly (11–19%), probably due to better support-

ive care on the intensive care unit and optimal timing of

surgery [14, 15].

The indications for laparotomy have sharply dimin-

ished in recent years due to minimally invasive

procedures, which have improved outcome in these

patients [10, 15, 16]. Albeit rare, some acute abdom-

inal complications in acute pancreatitis still require

laparotomy. Bowel ischemia, bowel perforation, and

abdominal compartment syndrome have high rates of

mortality and usually require emergency laparotomy

[5, 17–19]. When a laparotomy is performed, it is

recommended not to explore the retroperitoneum,

because the retroperitoneal collections may not be

infected at that time.

Minimally invasive intervention
Several minimally invasive intervention strategies are

available for drainage and/or debridement of infected

necrotizing pancreatitis. Instead of complete removal of

all nonviable tissue by laparotomy [20], the first step of

minimally invasive interventions is to drain the infected

collections. If needed, the next step is necrosectomy of

nonadherent necrotic tissue. This approach reduces the

risk of iatrogenic damage and hemorrhage. Less surgical

injury accelerates patient recovery and decreases com-

plications in an already critically ill patient population.
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Percutaneous catheter drainage [21], percutaneous

necrosectomy [22], video-assisted retroperitoneal

debridement (VARD) [23], laparoscopic necrosectomy

[24], and endoscopic transluminal drainage and necro-

sectomy [25] are all examples of minimally invasive

interventions.

Percutaneous catheter drainage
and video-assisted retroperitoneal
debridement
The concept of percutaneous catheter drainage is to

drain “pus under pressure” in the necrotic collection

for sepsis control and to serve as a bridge to definitive

surgery. First described by Freeny et al. [21], it is the

least invasive procedure and the most widely available

technique.

Success rates of percutaneous catheter drainage up to

50% have been described [26, 27]. Success is defined as

full recovery with percutaneous catheter drainage alone

without additional necrosectomy (Figure 7.1). In the

Dutch randomized multicenter PANTER trial, patients

with (suspected) infected pancreatic necrosis were ran-

domized between open necrosectomy (by laparotomy)

and a surgical step-up approach, which consisted of

percutaneous catheter drainage first, followed, if no

improvement was present after 72hours [15], by VARD.

In this trial, success rate of percutaneous catheter

Figure 7.1 Contrast-enhanced CT scan of a patient with infected
necrotizing pancreatitis. A single large percutaneous drain was
placed through the left retroperitoneum. The patient recovered
fully after the drainage procedure without additional drainage
procedures and without necrosectomy.

drainage only was 35%, and reversal of sepsis after per-

cutaneous catheter drainage occurred in 62–84%. The

latter was important because this created a time interval

where collections could become more encapsulated and

necrosis could mature, facilitating the effectiveness of

necrosectomy.

Nearly all peripancreatic collections can be reached

percutaneously either via the retroperitoneal or

transperitoneal route [15, 28]. However, the retroperi-

toneal route is preferred because it is associated with

less complications. Also, it prevents the advancement

of infection to the intraperitoneal space, and it can be

used as guidance for minimally invasive retroperitoneal

necrosectomy (Figure 7.2).

Data on the impact of drain size and management on

outcome are scarce. One study described a success rate

of 43% without necrosectomy in 80 patients who were

drained with 8–24 French drains [30]. In the PANTER

trial, the minimal drain size was 12 French, and drains

were irrigated 4 times daily with 250 cc normal saline to

keep the drains open. Aggressive lavage of the necrotic

cavity with multiple drains has been advocated by some

authors although the evidence for this approach is (yet)

limited [31]. Placement of additional drains and drain

upsizing are methods to deal with inadequately drained

collections.

In a systematic review of percutaneous drainage

including 384 patients, complication rates of 20%

were reported [26]. Most common complications

were the formation of pancreaticocutaneous and pan-

creaticoenteric fistula, which usually can be treated

nonoperatively. Catheter dislodgement, abdominal pain,

and pneumothorax are less common complications.

Rare life-threatening complications are bowel perfo-

rations and vascular damage, necessitating immediate

intervention.

If additional intervention is needed after percuta-

neous catheter drainage, a VARD procedure can be

performed as part of the surgical step-up approach

[15]. Because percutaneous catheter drainage only

can prevent necrosectomy in 35–50% of patients, it is

recommended that VARD should always be preceded

by percutaneous catheter drainage [2, 26]. The VARD

procedure was first described by Horvath et al. in the

United States in 2001 [23]. Under general anesthesia,

the patient is placed in the right lateral position. A

subcostal incision of a few centimeters is made near

the exit of the drain. Guided by the drain and imaging,
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Figure 7.2 Percutaneous catheter drainage and video-assisted retroperitoneal debridement. (a) A transverse cross-sectional image
as can be seen on a contrast-enhanced CT image of a patient with necrotizing pancreatitis. The preferred route for catheter
drainage is through the left side of the retroperitoneum. (b) More detail on the drained area. (c) A small subcostal incision is
made near the puncture site of the percutaneous drain. The drain is used as a guide through the retroperitoneum to the necrotic
collection. All visible necrosis is removed directly. (d) A videoscope is introduced and further debridement is performed with
laparoscopic instruments. Reprinted from: van Brunschot S, Bakker OJ, Besselink MG, et al. Treatment of necrotizing pancreatitis.
Clinical Gastroenterology and Hepatology: The Official Clinical Practice journal of the American Gastroenterological Association
2012;10:1190–1201, with permission from Elsevier [29].

the route is chosen through the retroperitoneum to

the necrotic collection. When the collection is entered,

visible nonadherent necrosis is removed with grasping

forceps. A 0∘ videoscope is introduced in the cavity

and, if needed, CO2 can be inflated through the drain.

With laparoscopic instruments only loosely adherent

necrosis is removed, to reduce the risk of bleeding from

viable underlying tissue. Subsequently, all drains and

instruments are removed, and two large catheters are

placed in the cavity for postoperative lavage (up to 10 L

per 24hours). Finally, the fascia and skin are closed

(Figure 7.2).

The PANTER trial showed that the surgical step-up

approach is superior to primary open necrosectomy

[15]. The step-up approach showed a significant lower

rate of the combined endpoint of mortality and major

complications (40% vs. 69%, P=0.006). Other compli-

cations of the step-up approach also compared favorably

with open necrosectomy: pancreatic fistula formation

(28% vs. 38%, P=0.33), incisional hernia (7% vs.

24%, P=0.03), and new-onset diabetes (16% vs. 38%,

P=0.02). Overall, patients treated with the step-up

approach had significantly less new-onset of multiple

organ failure and less need for interventions including

necrosectomies. In only three patients, the step-up

approach was technically not successful because the

retroperitoneal collection could not be reached. In these

cases, laparotomy was needed.
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There are numerous variations of the VARD pro-

cedure, that is, single-port, three-port, and flexible

endoscope necrosectomy. In small series, all show

similar results compared with VARD [32–34].

Sinus tract necrosectomy
Originally described by the group of Carter et al. from

Glasgow, sinus tract necrosectomy was one of the first

minimally invasive procedures in infected necrosis [22].

Prior to surgery, a CT-guided retroperitoneal drain is

placed in the necrotic collection. The tract is stepwise

dilated until 30 French, which is used as an entry for

a nephroscope to enter the collection during surgery.

With grasping forceps only loosely adherent necrosis

is removed. After surgery the cavity is continuously

rinsed with fluids. Success of a single procedure is

limited. However, necrosectomy can be repeated and

usually three to four procedures are needed [35, 36].

In up to a quarter of patients, conversion to an open

procedure was needed. Fistula formation (4–22%) and

bleeding (10–17%) are common procedure-related

complications. Mortality of patients treated with sinus

tract necrosectomy is reported to be between 9% and

19% [35–37].

Laparoscopic necrosectomy
Laparoscopic cystogastrostomy is the most frequently

described minimally invasive transperitoneal approach

[24]. With this technique, instruments are introduced

in the abdominal cavity, and an anterior gastrostomy

is performed. Subsequently, the necrotic collection is

located and entered through a posterior gastrostomy.

A wide cystogastrostomy is created with an endoscopic

stapling device, and necrosectomy is performed. After

the debridement, only the anterior gastrostomy is

closed, either with sutures or by staples.

Scientific evidence on this approach is limited.

Some retrospective studies suggest that this laparo-

scopic approach is associated with low morbidity and

mortality rates [24, 38–41]. However, the quality

of these studies is difficult to assess since important

baseline characteristics such as preoperative disease

severity are often missing. A recent retrospective study

of 76 patients compared laparoscopic necrosectomy

with open necrosectomy and found the laparoscopic

approach superior regarding the rate of postoperative

complications [42].

Endoscopic drainage and necrosectomy
In the past decade, endoscopic transgastric drainage and

necrosectomy of pancreatic necrosis have gained popu-

larity [25, 43, 44]. Comparable with the surgical step-up

approach, a step-up approach can also be applied endo-

scopically: endoscopic transluminal catheter drainage

followed, if needed, by endoscopic transluminal necro-

sectomy. When an infected pancreatic collection lies

close to the duodenum or stomach, endoscopic translu-

minal drainage can be considered. The patient is placed

in left lateral position under deep sedation or general

anesthesia (in case of high risk of aspiration or prefer-

ence of the anesthesiologist). Endoscopic ultrasound is

used to examine the size, content, and relation to other

structures of the collection [45]. The optimal puncture

site of gastric wall or the duodenum to the collection is

chosen by endoscopic ultrasound. Endoscopic drainage

without ultrasound is possible, but the technical success

is inferior compared with ultrasound-guided drainage

procedures [46, 47].

A 19-gauge FNA needle is used to access the collection

through the intestinal wall. Aspiration of the content

and injection of contrast into the cavity can be used

to check the proper location. A sample of the fluid in

the collection is always sent for culture. Under fluoro-

scopic guidance, a guidewire is introduced and looped

in the collection [48]. By using electrocauterization

and/or balloon dilatation, a larger fistula tract is created

between the collection and the intestinal lumen. Initial

dilation is usually performed up to 8–12mm, and two

double pigtails and a nasocystic catheter are placed

into the cavity. Specially designed metal stents are used

progressively as they have the advantage of creating and

maintaining a larger opening (1 cm or more) [49, 50]

(Figure 7.3). Alternatively, self-expandable metallic

stents from 16×30mm up to 23×105mm have been

placed in the fistula tract during the first procedure

[51]. Through these stents future endoscopic interven-

tions could be performed. Initial reports showed that

a mean of five interventions per patient were needed

and a success rate of 88% with low morbidity and

mortality [49, 51]. The use of stents seems promising

regarding the ease of the endoscopic procedure and

drainage of the cavity. Further prospective trials are

necessary to assess the indication and effectiveness of

stenting, together with stent choice and duration of

stenting.
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Figure 7.3 Endoscopic transluminal drainage and endoscopic transluminal necrosectomy. Endoscopic transluminal intervention
through the posterior wall of the stomach. (a) The necrotic collection is punctured through the stomach wall, and a guidewire is
placed in the collection, if needed under the guidance of endoscopic ultrasound. The tract is balloon dilated over the guidewire.
Two pigtail drains and a nasocystic catheter are placed into the collection for continuous lavage. (b) The cystogastrostomy is further
dilated and the collection is entered by an endoscope. Under direct vision a necrosectomy can be performed. Reprinted from: van
Brunschot S, Bakker OJ, Besselink MG, et al. Treatment of necrotizing pancreatitis. Clinical Gastroenterology and Hepatology: The
Official Clinical Practice journal of the American Gastroenterological Association 2012;10:1190–1201, with permission from Elsevier
[29].
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The nasocystic catheter is used to flush the contents

of the collection into the stomach (1 L per 24hours).

Noncommunicating collections can be drained by

multiple cystogastrostomies. Drainage of WON by

multiple cystogastrostomies or combined endoscopic

and percutaneous drainage has shown good results,

but these results need to be confirmed in well-designed

trials [52–54].

Comparable with the surgical step-up approach, an

endoscopic necrosectomy is performed if a patient does

not improve within 72hours after drainage. The fistula

tract is dilated up to 15–18mm with a forward-viewing

endoscope. After dilation, the endoscope is advanced

into the collection, and with endoscopic accessories

(i.e., snares, baskets, nets, and forceps), necrosectomy is

performed through this tract, leaving the debris in the

stomach. After removing the loosely adherent necrosis,

pigtails and again a nasocystic catheter are left into

the cavity to leave the fistula tract open [48, 55, 56].

Endoscopic necrosectomy is repeated every 48hours

until most necrotic material is removed.

Clinical success rate up to 91% with a 97% tech-

nical success rate in 1134 cases of pancreatic fluid

collections [45]. A systematic review of 455 patients

found that clinical recovery with endoscopic necro-

sectomy only was achieved in 81% of patients [57].

Infected necrosis was diagnosed in 57% of all patients,

and overall morbidity was 36% with 8% mortality.

Major complications were bleeding (18%), pancre-

atic fistula (5%), and spontaneous perforation of a

hollow organ (4%). Rare complications such as air

embolisms have been described, and hence CO2 insuf-

flation is recommended although this is not 100%

protective since endoscopes insufflate without pressure

control.

Combined techniques
To reduce pancreaticocutaneous fistula, the group

from Seattle developed a “dual-modality drainage”

combining both percutaneous and endoscopic drainage

[53, 54, 58]. Compared with percutaneous drainage

only, this dual-modality drainage reduced hospital stay.

In 117 patients, outcomes were promising with low

rates of additional necrosectomy, pancreaticocutaneous

fistula, and mortality. Prospective data, however, are

awaited.

Which technique to choose?

Currently, there is lack of definitive evidence regarding

the optimal technique for necrosectomy. The most

recent studies suggest that minimally invasive proce-

dures are superior to open necrosectomy. However,

there are no trials directly comparing open necrosec-

tomy with minimally invasive necrosectomy. Even in

the PANTER trial, there was no head-to-head compari-

son between open necrosectomy and VARD, because a

VARD was always preceded by percutaneous drainage.

When comparing sinus tract necrosectomy with

VARD, it seems that in sinus tract necrosectomy, more

procedures are needed [35, 36]. This is explained by the

fact that in VARD the 3–5 cm incision facilitates necro-

sectomy, but incisional hernias are reported in up to 7%

of patients [15]. Overall, sinus tract necrosectomy and

VARD seem comparable with regard to complications

and mortality.

The PENGUIN trial was a pilot study comparing

VARD with endoscopic transluminal necrosectomy

in 22 patients with infected necrosis. The postop-

erative proinflammatory response was significantly

more reduced after endoscopic necrosectomy than

after VARD. Also, the combined endpoint of major

complications and death was in favor of the endoscopic

approach [59]. These data suggest the superiority of

an endoscopic necrosectomy over VARD. A large ran-

domized controlled multicenter trial, the TENSION trial

(ISRCTN09186711), is currently comparing endoscopic

step-up approach with the surgical step-up approach

regarding major morbidity and mortality [60]. At

present, endoscopic necrosectomy is comparable to

VARD regarding morbidity (36% vs. 28–50%) and

mortality (6% vs. 3–19%) [15, 57, 61].

IAP/APA guideline

In 2013, the IAP/APA evidence-based guideline for

the management for acute pancreatitis was published

[2]. Experts from around the world formed 12 multi-

disciplinary review groups that performed systematic

literature reviews to answer predefined clinical ques-

tions. Subsequently, a joint meeting was held to finalize

all the discussions and come to overall agreement.

The following recommendations were made regarding

interventions in necrotizing pancreatitis [2]:
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A. Indications for intervention in necrotizing pancreati-

tis are (i) clinical suspicion or documented infected

necrotizing pancreatitis with clinical deterioration

and (ii) ongoing organ failure for several weeks after

the disease onset in the absence of documented

infected necrotizing pancreatitis.

B. Indications for intervention in sterile necrotizing

pancreatitis are (i) ongoing gastric outlet, intestinal,

or biliary obstruction due to mass effect of WON

(i.e., arbitrarily more then 4–8 weeks after onset

of acute pancreatitis), (ii) persistent debilitating

symptoms in patients with WON without signs of

infection (i.e., arbitrarily more than 8 weeks after

onset of acute pancreatitis), and (iii) disconnected

duct syndrome with persisting symptoms (e.g., pain

and obstruction) collection(s) with WON.

C. For patients with proven or suspected infected necro-

tizing pancreatitis, invasive intervention should be

preferably delayed until at least 4 weeks after

initial presentation to allow collections to become

“walled-off.”

D. The optimal interventional strategy for patients

with suspected or confirmed infected necrotizing

pancreatitis is initial image-guided percutaneous

(retroperitoneal) catheter drainage or endoscopic

transluminal drainage, followed, if necessary, by

endoscopic or surgical necrosectomy.
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Introduction

Approximately 80% of all patients with acute pancreati-

tis present with self-limiting organ inflammation. These

cases typically resolve within the first week by engaging

in only medical treatment. The remainder is character-

ized by a more severe disease course that is associated

with an exacerbated inflammatory response, local and

systemic complications, and increased mortality.

Mortality is classically described by a bimodal distribu-

tion curve. Up to half of all deaths occur within the first

week, secondary to an overactive systemic inflamma-

tory response and subsequent multiple organ dysfunc-

tion. Mortality after the second week results from local

complications, infection, and/or sepsis. In both scenar-

ios, organ failure is a major determinant of disease sever-

ity and a common final event directly associatedwith the

majority of deaths.

Initial retrospective studies outlining organ system

dysfunction in acute pancreatitis date to the 1970s [1–3].

Respiratory dysfunction remains the most common

extrapancreatic organ failure, reported in up to 25% of

cases. More specifically, early deaths most often result

from progressive respiratory deterioration followed by

cumulative involvement of renal and cardiovascular

systems. Despite the lack of uniform diagnostic criteria

among early studies, organ system dysfunction has been

long recognized as a major prognostic factor in acute

pancreatitis.

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

The prognostic value of organ dysfunction was

contemplated in the 1992 Atlanta severity classifica-

tion system for acute pancreatitis [4]. Severe disease

was defined by the occurrence of either organ failure

or local complications. Definitions for specific local

complications and organ failure were also proposed. It

became the most widely employed classification system

for acute pancreatitis.

In the mid-2000s, the importance surrounding the

time of onset and duration of organ failure was further

explored [5–7]. Mortality in severe acute pancreatitis

was reported as 11–14%. Furthermore, early organ

failure was found in 44–60% of patients with severe

acute pancreatitis. Organ dysfunction persisting more

than 48hours was associated with higher mortal-

ity (34.9–67%) compared with transient organ failure

(0–8.3%). In comparison, mortality in severe acute pan-

creatitis without early organ failure was only 2.6–3.2%.

These deaths occurred secondary to local complications

and systemic infection. As a whole, it became clear then

that persistent organ failure is a major determinant of

disease severity.

Revision of the Atlanta classification system was

concluded in 2012. The goal of this project was to refine

the severity classification, as well as to review and

clarify definitions of local and systemic complications

[8]. A new intermediate severity group (moderately

severe acute pancreatitis) was described by the presence

of either transient organ failure (<48hours) or local

85
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Table 8.1 Revised Atlanta classification (2012).

Mild acute pancreatitis

• No organ failure

• No local systemic complications

Moderately severe acute pancreatitis

• Organ failure that resolves within 48 hours (transient organ

failure)

• Local or systemic complications without organ failure

Severe acute pancreatitis

• Persistent organ failure (<48 hours)

– Single organ failure

– Multiple organ failure

Modified Marshall scoring system for acute pancreatitis

Respiratory Pa O2/Fi O2

Renal Serum Cr

Cardiovascular Systolic BP

complications. Consequently, the definition of “severe

disease” was limited to patients with organ failure per-

sisting beyond 48hours. The multiple organ dysfunction

score, also known as Marshall score [9], was also used

to simplify and standardize the clinical assessment of

organ dysfunction (Table 8.1).

The Marshall scoring system was originally developed

to quantify multiple organ dysfunction syndromewithin

critical illnesses. Scoring of respiratory, renal, hepatic,

cardiovascular, hematologic, and neurologic dysfunction

is based on objective and reproducible physiologic mea-

sures. Score stratification correlates with mortality on

admission to the ICU and during follow-up [10]. A mod-

ified version of the Marshall score limited to the respira-

tory, renal, and cardiovascular systems was proposed by

the 2012 revised Atlanta classification. It can be engaged

on admission and repeated daily and is also applicable for

patients managed outside the critical care unit. Stratifi-

cation of organ dysfunction severity based on this score

is also possible but was not included in the Atlanta clas-

sification system.

Similar to the Marshall score, the sequential organ

failure assessment (SOFA) score [11] is another system

used to quantify organ dysfunction. The same six organ

systems were originally included, but the descriptor

for the cardiovascular system reflects requirement for

vasopressor support, instead of physiologic parameters.

The SOFA score was recommended for the assessment

of respiratory, renal, and cardiovascular dysfunction by

the determinant-based classification of acute pancre-

atitis [12]. The determinant-based system is a severity

classification system proposed almost simultaneously

to the 2012 revised Atlanta version, with an additional

higher risk category characterized by both organ failure

and infected necrosis (critical acute pancreatitis).

Physiological scoring systems have also been proposed

to predict persistent organ failure in acute pancreatitis.

Since the initial publication by Ranson in 1974, multiple

scoring systems based on combinations of clinical, bio-

chemical, and radiologic parameters have been proposed

to predict varied clinical outcomes (local complications,

systemic complications, ICU length of stay, mortality).

Unfortunately, accuracy to predict persistent organ fail-

ure at admission is merely modest [13]. Furthermore,

a recent systematic review found that the use of scor-

ing systems within 48hours of admission to predict per-

sistent organ failure is not justifiable based on current

evidence [14].

Respiratory dysfunction

Pulmonary complications occur in up to 55% of patients

with acute pancreatitis [15] and typically fall within

the spectrum of acute respiratory distress syndrome.

Respiratory failure is reported in 10–25% of all cases

[16], but variable diagnostic criteria based on respira-

tory rate, hypoxemia levels, and/or treatment-related

parameters have been classically employed. Marshall

and SOFA scores are currently recommended to define

respiratory dysfunction in acute pancreatitis and are

based on oxygen exchange assessment as determined

by PaO2/FiO2 ratio.

Respiratory distress also represents the earliest extra-

pancreatic organ dysfunction with an incidence that

is directly related to the magnitude of the systemic

inflammatory response. Mortality usually results from

cumulative involvement of other organ systems due

to a persistently overactive inflammatory cascade or

a secondary insult (most often infection). Respiratory

failure accounts for approximately 60% of all deaths

from acute pancreatitis [17].

Acute lung injury within acute pancreatitis is char-

acterized by diffuse lung inflammation. The initial

exudative phase results from increased permeability

of epithelial and endothelial pulmonary membranes
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leading to interstitial and alveolar infiltration with

exudate and inflammatory cells. Systemic release of

pancreatic proteases also appears to contribute to the

inflammatory lung injury [18]. Edema and diffuse

damage to respiratory membranes cause impaired

oxygen exchange and hypoxemic respiratory failure,

typically in the absence of increased cardiac filling

pressure.

During the subsequent fibroproliferative phase, res-

olution of the systemic inflammatory response allows

lung repair through proliferation of fibroblasts and type

II pneumocytes. At this stage, however, a second insult,

such as ventilator-induced lung injury, pneumonia, bac-

terial translocation, or catheter-associated infection, can

rapidly accentuate respiratory dysfunction and lead to

multiple organ failure.

Chest radiographs reveal nonspecific alveolar infil-

trate in 10–26% of patients [15]. Pleural effusion

has been reported in up to 17% of cases [19], most

commonly left sided, and occasionally amylase-rich

effusions. Large left-sided pleural effusion may also be

associated with subdiaphragmatic collections.

The optimal treatment of respiratory failure relies on

ventilatory support using low tidal volumes, limitation

of plateau pressures, and appropriate PEEP to minimize

ventilator-induced pulmonary injury [20]. Despite

the inflammatory nature of lung damage, no benefit

from specific systemic agents has been demonstrated in

severe acute pancreatitis. Clinical trials utilizing anticy-

tokine therapy have also failed to decrease associated

mortality.

Cardiovascular dysfunction

A hyperdynamic circulatory state is present during the

initial inflammatory phase of acute pancreatitis. Despite

the myocardial depression associated with the systemic

inflammatory state, an increase in the cardiac index

dominates, secondary to a low peripheral vascular

resistance and concurrent tachycardia [21, 22]. Focal

and transient stress-induced contractility abnormalities

in the absence of structural damage have also been

reported [23].

Metabolic and electrolyte abnormalities are also com-

mon in the early phase of severe pancreatitis. Hyper-

glycemia, hypocalcemia, and acidosis within 48hours of

admission are classic prognostic factors contemplated in

Ranson’s criteria. Suchmetabolic imbalances can further

compromise cardiac rhythm and function.

Low calcium levels occur in 30–60% of patients

with acute pancreatitis [24]. However, only ionized

calcium level, low in less than one-third of patients [25],

affects myocardial function. Decreased contractility and

electrocardiographic changes (prolongation of the QT

interval and changes in the ST segment) can result

from low levels of ionized calcium. Hypomagnesemia is

often associated with hypocalcemia in acute pancreatitis

[26] and can precipitate myriad electrocardiographic

disturbances.

Alcohol abuse, one of the most important etiolog-

ical factors for acute pancreatitis, is also associated

with phosphate deficiency, which can adversely affect

myocardial contractility and the oxygen dissociation

curve. Dilated cardiomyopathy and vitamin deficiencies

(thiamine, pyridoxine, folic acid, cyanocobalamin, and

others) must also be considered as possible causes

of cardiovascular dysfunction in alcohol-dependent

patients.

Fluid resuscitation and correction of electrolyte and

metabolic abnormalities are the basis for cardiovascular

supportive treatments in patients with severe acute pan-

creatitis.

Acute kidney injury

The reported prevalence of acute kidney injury in

acute pancreatitis ranges from 14% to 42% [27–30].

Such wide variability is partly explained by the use

of heterogeneous diagnostic criteria, most often based

on serum creatinine values. A major advance over the

past decade included the development of consensus

definitions for acute kidney injury overall [31], as

well as specifically in the context of acute pancreatitis

[9, 11].

Depletion of intravascular volume is the leading cause

of kidney injury and begins before hospital admission.

Experimental models in the 1960s demonstrated that up

to a 40% loss of circulating plasma volume occurs due

to extensive abdominal fluid sequestration [24]. Resul-

tant hypovolemia, in conjunction with impaired control

of glomerular perfusion due to inflammatory microcir-

culation abnormalities, leads to ischemic renal damage.

Acute kidney injury also results from increased levels of
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phospholipase A2 in the blood filtrate causing tubular

deposits and direct injury to the nephrons [32].

Renal hypoperfusion may also result from intra-

abdominal hypertension, an early complication sec-

ondary to extensive intra- and retroperitoneal fluid

sequestration, paralytic ileus, and possibly excessive

fluid resuscitation. Abdominal compartment syndrome

is reported in up to 27% of patients [33] and has

recently been considered to be associated with early

aggressive fluid resuscitation. This syndrome is inti-

mately linked with both respiratory and renal failure

[34]. Goal-directed hydration based on periodic mon-

itoring of physiologic parameters has therefore gained

more popularity in the past decade [35].

Treatment of established renal failure in acute pan-

creatitis is based upon supportive measures, ultimately

involving renal replacement therapy. The use of contin-

uous hemodiafiltration or veno-venous hemofiltration

to balance fluid replacement and remove proinflamma-

tory cytokines has also been considered outside the renal

failure scenario. This therapy is still investigational and

lacks appropriate quality evidence to be applied in rou-

tine clinical practice.

Coagulation abnormalities

Consumption coagulopathy in acute pancreatitis has

been repeatedly demonstrated in both animal models

and small cohorts of patients since the early 1980s

[36–38]. Decreased platelet counts, low values of

coagulation factors, and exhaustion of the fibrinolytic

system are directly related to the magnitude of the

acute pancreatitis [39]. Variable clinical manifestations

may result from vascular thrombosis to disseminated

intravascular coagulation.

Although coagulation abnormalities are not included

in contemporary severity classification systems, the

coagulation system is actively involved in the pathogen-

esis of severe acute pancreatitis. Endothelial production

of platelet-activating factor (PAF) in response to

inflammatory mediators is known to amplify cytokine

production and activate inflammatory cells and platelets,

leveraging the inflammatory response to a systemic

level.

The resulting combination of a hypercoagulable state

and systemic inflammation may accelerate progression

to multiple organ dysfunction and death. Unfortunately,

the use of PAF antagonist (lexipafant) in acute pan-

creatitis did not prevent adverse outcomes in clinical

trials [40]. In the absence of specific therapies targeting

the coagulation system and inflammatory response,

appropriate treatment of coagulation abnormalities in

acute pancreatitis relies on early supportive measures.

Close monitoring for both thrombotic events and coag-

ulopathy is crucial to prevent additional complications

in patients with severe disease.

Gut barrier dysfunction

Gut barrier dysfunction is characterized by increased

permeability of the intestinal barrier allowing translo-

cation of intraluminal bacteria and their toxic products

and inflammatory compounds produced within the

intestinal wall into the portal blood and mesenteric

lymph. Disruption of structural and functional compo-

nents of this barrier in critical illnesses results mainly

from inflammation and ischemia/reperfusion injury

and is intensified by prolonged fasting and mucosal

atrophy.

Translocation of intestinal bacteria is implicated in

the pathogenesis of secondary infection of pancreatic

necrosis, sepsis, and progression to multiple organ

failure. A recent meta-analysis including 44 prospective

series using a variety of noninvasive tests identified

gut barrier dysfunction in 59% of patients with acute

pancreatitis [41]. Unfortunately, precise association of

gut barrier dysfunction, disease severity, and mortality

is still unclear.

The role of enteral nutrition to prevent gut barrier

dysfunction in acute pancreatitis is also unclear, but

a reduction in mortality compared with parenteral

nutrition is extensively supported in the literature

[42]. Possible mechanisms include prevention of

intestinal mucosa atrophy and stimulation of gut

motility to avoid intestinal bacterial overgrowth. Early

enteral nutrition, started within 48hours of admis-

sion, is also associated with reduced risk of multiple

organ failure and infectious complications compared

with delayed onset of enteral nutrition after the first

week [43].

The preferential route for enteral nutrition, naso-

gastric, or nasojejunal is still debated [44]. Despite

the convenience of nasogastric feeding, arguments

against this route include a potentially increased



�

� �

�

Chapter 8: Treatment of systemic complications and organ failure 89

risk of pulmonary aspiration and worsening of local

inflammation by stimulating pancreatic secretions. A

recent meta-analysis including 157 patients from three

randomized clinical trials comparing nasogastric and

nasojejunal feeding found no significant differences in

mortality, tracheal aspiration, or exacerbation of pain

between the two groups [45].

Conclusion

Acute pancreatitis represents a unique model of sys-

temic inflammatory response, sepsis, and multiple

organ dysfunction syndrome where the patient often

presents early in the disease course. Progression from

localized inflammation to multiple organ dysfunction

remains difficult to predict. Early and precise resus-

citation measures require continuous monitoring of

respiratory, cardiovascular, and renal systems. Timely

and appropriate fluid resuscitation and correction of

electrolyte abnormalities represent the basic initial

measures to prevent organ failure.

Persistent organ dysfunction after 48hours is associ-

ated with a significant increase in mortality. No specific

systemic therapy is proven to be beneficial, and current

treatment of organ failure in severe acute pancreati-

tis consists of supportive measures often involving

ventilatory and cardiovascular support and renal

replacement therapy. Additional recommendations to

prevent second-insult organ dysfunction include early

enteral nutrition, judicious use of antibiotics, and close

monitoring for thromboembolic events.
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Introduction

Acute pancreatitis (AP) is a leading cause of emergency

hospitalization for gastrointestinal (GI) disease that

results in substantial morbidity, mortality, and financial

burden on health-care services [1]. The mortality of

AP rises to ∼30% in the patients with persistent organ

failure with or without infected necrosis [2]. The

incidence and the rates of hospitalization continue to

increase, and yet AP is without specific, licensed drug

therapy. Pancreatic necrosis and organ failure are two

key determinants of the severity and outcome of AP

[3], both of which often take several days to develop

and might be targeted by specific drug treatment. In this

chapter, we discuss the current understanding of the

pathogenesis of AP and discuss preclinical and clinical

studies undertaken in the light of this. We also highlight

potential novel therapeutic targets and make proposal

for future clinical trial design that may contribute to the

successful development of effective therapies.

Pathogenesis of acute pancreatitis

The initial injury occurs within pancreatic acinar cells

(PACs; [4]), which make up the bulk of the organ, and

pancreatic ductal cells (PDCs; [2]). Sustained elevation

of cytosolic Ca2+ concentration ([Ca2+]i) is the earliest

intracellular event in response to pancreatitis-associated

toxins (bile acids, alcohol metabolites, hyperstimulation;

[4]). After Ca2+ release from endoplasmic reticulum

(ER) via second messenger Ca2+ release channels, there

is activation in Ca2+ influx through store-operated

Ca2+ entry (SOCE) channels on the plasma membrane,

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

maintenance of which is a critical rate-limiting step of

initial PAC injury [4]. While Ca2+ release from the ER

and uptake by mitochondrial is essential for normal ATP

production such that in PACs stimulus–secretion cou-

pling is matched by stimulus–metabolism coupling, the

excessive Ca2+ release induced by toxins and sustained

by continued Ca2+ entry overwhelms mitochondria

[5]. As a result normal mitochondrial synthesis and

supply of ATP is impaired and mitochondria may

respond by shutting down the cell through apoptosis,

an energy-dependent process, or necrosis [5]. The

severity of AP correlates directly with the extent of

necrosis and inversely with apoptosis in experimental

AP (EAP; [6]). Mitochondrial dysfunction is a key

determinant of disease severity during EAP [7]. Most

recently, programmed necrotic cell death (necroptosis)

has been implicated in the pathogenesis of AP [8].

Other early intracellular events, notably trypsinogen

activation and nuclear factor-kappaB (NF-𝜅B) activa-

tion, also contribute to AP pathogenesis and severity

[9–11]. Intracellular digestive enzyme activation has

long been considered the hallmark of AP [9, 10], and

while this is an important component, the early events

within PACs described earlier have been identified as

critical upstream determinants [4]. NF-𝜅B activation

within injured PACs causes the release of cytokines to

drive innate and adaptive immunity [11]. Tumor necro-

sis factor-alpha (TNF-α) is foremost among the cytokines

in promoting recruitment of inflammatory cells into the

pancreas that exacerbate the initial injury and cause

this to spread systemically [12]. Damage-associated

molecular patterns (DAMPs), including extracellular

ATP, high-mobility group box 1 (HMGB1), and S100A,

are released from dying or dead cells and bind to

91
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Figure 9.1 Pathogenesis of acute pancreatitis. In response to pancreatitis-associated toxins the release of Ca2+ from endoplasmic
reticulum (ER) causes a delayed activation of sustained Ca2+ influx through store-operated Ca2+ entry (SOCE) channels and cytosolic
Ca2+ overload. Mitochondrial injury characterized as ΔΨm depletion and impaired ATP production is the key determinant of AP
severity, mediated through mediating cell death pathway activation. Intracellular trypsinogen and nuclear factor-𝜅B (NF-𝜅B) are
activated independently and in parallel at an early stage during AP. Injured pancreatic acinar cells (PACs) activate innate and adaptive
immunity. The release of inflammatory mediators prompts inflammatory infiltration that causes further local damage, release of
multiple cytokines and danger-associated molecular patterns (DAMPs) from PACs and infiltrating inflammatory cells, leading to
systemic inflammatory response syndrome (SIRS) and multiple organ failure (MOF).

specific sensors on/in inflammatory cells, subsequently

leading to sterile inflammation that contributes to local

and systemic injury in AP [13, 14]. These intra-acinar

and immunological events are two key synergistic

components that contribute to AP initiation, severity,

progression, and resolution (Figure 9.1).

Lessons from animal experiments

There are many preclinical studies reported that have

tested a large range of agents in rodent EAP, the

majority of which reported protective effects in at least

one model of EAP [15]. Disappointingly, none of these

agents have been successfully developed as clinical

therapies (see Table 9.1; [16–25]), for which there are

several possible explanations. First, it must be noted

that many of the agents have not been tested clinically,

either because the evidence has not been considered

sufficiently compelling, there has been a lack of interest

from expert teams, there has been no suitable agent

developed, there has been insufficient resource, or there

have been other obstacles to undertaking clinical trials

in AP. Specifically, there have been no trials of agents

that block Ca2+ entry, inhibit Ca2+ release, prevent

mitochondria-mediated cell death, or inhibit cytokine

release or actions. Second, many of these agents have

been administered prophylactically (i.e., before the

induction of EAP) rather than therapeutically. This does

not represent the majority of clinical scenarios that

patients present at hospitals with AP, when therapy can

only be given hours or even days after the onset of the

symptoms. Nevertheless, prophylactic agents may be

useful in the prevention of AP from endoscopic retro-

grade cholangiopancreatography. Third, the majority

of the preclinical studies have tested agents in only

one model, limiting the generalizability of potential

treatments. With the addition of likely publication bias,

such incomplete preclinical assessment may provide

misleading data for potential clinical development.

Fourth, EAP does not represent all aspects of clinical

AP, and caution is required in the extrapolation of

findings in animals to humans [15]. The most widely

used model is hyperstimulation with caerulein, which is

reproducible and noninvasive, but hyperstimulation is a

rare cause as in organophosphate insecticide poisoning

and Tityus spp. scorpion bites [26]. Amino acid-induced

pancreatitis such as induced by L-arginine is another

relatively easy and noninvasive model but of limited

clinical relevance. Only a small number of inborn errors
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Table 9.1 Selected agents tested in EAP but have not translated to clinical trials.

Agents Species EAP model Preclinical outcome References

Secretion inhibitors

Somatostatin Rat Pancreatic duct ligation Reduce disease severity Berthet et al. [16]

Octreotide Rat Cerulein IV infusion

glycodeoxycholic acid pancreatic

duct + cerulein IV infusion

Reduced disease severity in less severe

form

Küçüktülü et al. [17]

Protease inhibitors

Camostat mesilate Mouse Taurocholate pancreatic duct

injection

CDE-diet

Reduced disease severity given

prophylactically and at the beginning of

disease induction

Lankisch et al. [18]

Ulinastatin Mouse Pancreatic duct obstruction +
cerulein + systemic hypotension

Reduced disease severity given both

prophylactically and therapeutically

Hirano et al. [19]

Antioxidant

NAC Mouse Cerulein IP Reduced disease severity given

prophylactically, but not therapeutically

Demols et al. [20]

Selenium Rat l-Arginine IP Reduced disease severity Hardman et al. [21]

Inflammatory modulators

PAF antagonist Mouse Cerulein IP Reduced disease severity given

therapeutically in mild form

Lane et al. [22]

Pentoxifylline Rat Taurocholate pancreatic duct

injection

Reduced disease severity de Campos et al.

[23]

Others

Heparin Rat Cerulein IV infusion

Glycodeoxycholic acid pancreatic

duct + cerulein IV infusion

Pancreatic duct obstruction

Reduced disease severity given

prophylactically

Hackert et al. [24]

APC Rat Taurocholate pancreatic duct

injection

Reduced disease severity given 6 h after

induction

Yamanel et al. [25]

EAP, experimental acute pancreatitis; IV, intravenously; CDE, choline-deficient ethionine-supplemented; NAC, N-acetylcysteine; IP, intraperi-

toneally; APC, activated protein C.

of amino acid metabolism, which are rare, cause AP.

The models that mimic biliary and alcohol-associated

AP, such as those induced by duct ligation/infusion [27]

or intraperitoneal ethanol and fatty acid [28] may be

more valuable for preclinical evaluation of agents that

might subsequently be tested in patients with AP.

Potential novel therapeutic targets

There are several criteria that can help define a

potentially effective therapeutic target: (i) the target

is upstream in the pathogenesis of the disease, close

to the first initiating event; (ii) the target has a key

role in a rate-limiting step in the disease process; (iii)

modulation of the target does not have a major impact

on physiological processes or exacerbate other diseases;

(iv) the target is not uniformly expressed throughout

the body; (v) potential side effects can be favorably

predicted according to phenotype data; (vi) a target

and/or disease-specific biomarker exists to monitor

therapeutic efficacy [29, 30]. Not all of these features

are needed to ensure success but at least one key

feature is desirable. All the aforementioned criteria

apply to the development of any potential drug for AP,

principal features of which are pancreatic injury and

the immunological response that follows.

Store-operated Ca2+ entry (SOCE) channels
SOCE channels on the plasma membrane, notably

Ca2+ release-activated Ca2+ (CRAC) channels, meet

several of the criteria listed earlier for a potential
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therapeutic target. The criteria met are that SOCE

channels are upstream in the initiation of the dis-

ease, are rate-limiting in Ca2+-dependent PAC injury,

and have enriched expression in non-excitable cells,

including PACs and immune cells [31]. The CRAC

channel and transient receptor potential canonical

(TRPC) channels are two main SOCE channels present

on PACs. These channels work interdependently [32]

and are gated by stromal interacting molecule 1 (STIM1;

[33]), although this gating applies particularly to Orai

channels (discussed later). STIM1, an ER sensor protein,

responds to Ca2+ ER store depletion by eliciting Ca2+

influx following translocation to the plasma membrane

to form the puncta with Ca2+ entry channels [34].

Orai has three isoforms – Orai1, Orai2, and Orai3; Orai

proteins shared no homology with any other known

ion channel protein [35]. Orai1 was first identified as

a key molecular component of CRAC channels in two

distinct ways: (i) by genotyping and analyzing cells

from patients with hereditary severe combined immune

deficiency (SCID) syndrome and (ii) by genome-wide

RNA interference (RNAi) screening followed by sec-

ondary patch-clamp screening [36, 37]. PACs contain

two pools of Orai1: an apical pool that colocalizes

and interacts with IP3Rs and a basal pool that inter-

acts with STIM1 following Ca2+ store depletion [38].

GSK-7975A is a novel molecular entity developed by

GSK, which blocks Orai1 and Orai3 channels with an

IC50 of approximately 4.1 and 3.8 μM, respectively [39].

Inhibition of Orai by GSK-7975A was shown to prevent

Ca2+ entry in a concentration-dependent manner, by

more than 90%, and markedly reduce both murine and

human PAC necrosis in vitro [31, 39]. Orai inhibition

with GSK-7975A dramatically reduced EAP severity in

three clinically representative models [31]. Although

GSK-7975A is not being taken forward for clinical

development, Calcimedica’s compound CM_128 has

the same actions and is being taken forward for clinical

development [31] (Figure 9.2a). Furthermore, unlike

GSK-7975A, CM_128 does not lose efficacy at high con-

centrations [31]. Both GSK-7975A and CM_128 were

found to be significantly more effective in aborting AP if

given within an hour in comparison with 6 hours after

induction of AP [31]. Some of the effects of targeting

Orai may be mediated by inhibition of inflammatory

cell function; inhibition of Orai or STIM has been found

Figure 9.2 Novel drug targets for acute pancreatitis. (a) Following endoplasmic reticulum (ER) Ca2+ release through inositol
(1,4,5)-triphosphate receptor (IP3R) and ryanodine receptor (RyR) Ca2+ channels, the ER Ca2+ sensor protein-stromal interact-
ing molecule 1 (STIM1) translocates to below the plasma membrane and forms puncta with SOCE channels. Sustained Ca2+ influx
from the external environment is the rate-limiting step of cytosolic Ca2+ overload. Ca2+ release-activated Ca2+ (CRAC) channels,
namely Orai and transient receptor potential canonical (TPRC) channels, are the principal SOCE channels in PACs. (b) In response to
cytosolic Ca2+ overload, the mitochondrial Ca2+ uniporter takes up Ca2+ to buffer high cytosolic Ca2+ concentrations. Ca2+ overload
of the mitochondrial matrix leads to mitochondrial permeability transition pore (MPTP) opening and cell death pathway activa-
tion. The exact molecular components of MPTP are not clearly defined. Cyclophilin (Cyp D) is a mitochondrial matrix protein with
peptidyl-prolyl cis–trans isomerase activity encoded by the Ppif gene, a critical regulator of MPTP opening.
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to reduce neutrophil activation and ROS production

and migration [40]. The same effects on both PACs and

immune cells might be achieved through the inhibition

of second messenger Ca2+ release channels, notably

inositol trisphosphate receptor channels, but there is

considerable medicinal chemistry required as the best

lead is caffeine that is limited by neurotoxicity [41].

A further possible approach to SOCE in PACs could

be to inhibit TRPC channels, as PACs express TRPC1,

TRPC3, and TRPC6 [42]. Genetic depletion (Trpc3−/−)

and pharmacological inhibition of TRPC3 using pyrazole

3 resulted in ∼50% reduction of Ca2+ influx and ∼50%
reduction of pancreatic injury, notably hyperstimu-

lation EAP, although the model used was mild with

four injections of caerulein [43]. Nevertheless, the

experimental data targeting TRPC channels do confirm

proof of principle that targeting SOCE could lead to

development of an effective therapy for AP.

Mitochondrial permeability transition pore
(MPTP)
The MPTP is a multiprotein channel that forms at

contact sites between the OMM and IMM, allowing

through solutes of up to 1500Da. Two open confor-

mations of the MPTP have been proposed, the first

being a low-conductance mode contributing to normal

regulation of Ca2+ homeostasis [44]. The switch to

the second high-conductance mode is considered an

irreversible process dependent on mitochondrial Ca2+

± reactive oxygen species (ROS) overload, resulting in

loss of mitochondrial membrane potential and of ATP

production, followed by necrotic cell death pathway

activation [44]. A number of proteins have been pro-

posed to make up the MPTP, including the adenine

nucleotide translocator (ANT), voltage-dependent

anion channel (VDAC), peptidyl-prolyl isomerase F

(cyclophilin D (Cyp D) encoded by the Ppif gene), and

phosphate carrier (PiC) [45]. Genetic deletion studies

have not confirmed that any are structurally essential to

the MPTP, although there are many data demonstrating

that the mitochondrial matrix protein Cyp D is a key

regulator [45]. Further studies indicate that the F0F1
ATP synthase forms the MPTP [46], regulated by Cyp

D. Cyp D-deficient (Ppif−/−) mice are viable, fertile, and

have little abnormal phenotype, although older mice

have obesity and learning defects [47]. PACs from Ppif−/−

mice have significantly less necrosis when exposed to

pancreatitis toxins and Ppif−/− mice develop markedly

less severe forms of AP in response to pancreatitis toxins

[48, 49]. These findings are born out in other organs as

Ppif−/− mice are protected against necrosis induced by

Ca2+-overload and oxidative stress, resulting in signifi-

cantly reduced disease severity in ischemic/reperfusion

(I/R) injury in vivo models [50]. Cyp D inhibitors, such

a cyclosporine A (CsA), sanglifehrin A, and NIM811

protect against cardiac I/R injury in vitro and in vivo [45].

Moreover, a proof-of-concept clinical trial with 58 acute

ST-elevation myocardial infarction patients showed that

the administration of CsA resulted in smaller infarct

size compared to a placebo group [51]. CsA also binds

to Cyp A, then complexing with calcineurin to greatly

inhibit immune responses, which could be deleterious

in AP as infection is a major contributor to morbidity

and mortality [2]. The immunosuppressive actions of

CsA may be avoided, however, by using analogs that are

not immunosuppressive, for example, Debio-025 [49],

which has been in clinical trials for other indications

[52]. Thus, Cyp D meets more than one criterion as a

suitable drug target for AP and there are agents that

could be applied clinically; furthermore, new agents

are under development for acute tissue injury (e.g.,

Cypralis) that might be suitable for AP (Figure 9.2b).

Immune signaling pathways
Despite the concern that profound, generalized

immunosuppression would be deleterious in AP, inhi-

bition of specific pathways may have a role. TNF-α
is released in AP by injured PACs to initiate immune

responses in which TNF-α has a central role [12,

53], driving many deleterious inflammatory cascades

[54–58]. The central role of TNF-α has been shown

in animal AP models, with marked amelioration from

anti-TNF treatment [53]. TNF-α rises in human AP for a

week or more, proportional to disease severity [54–57],

and anti-TNF treatment used for other indications

reduces the incidence of AP to less than one-tenth

of that without anti-TNF treatment [58]. Anti-TNF

therapy has been documented to abrogate human AP

[59]. Also, TNF-α expression-enhancing −1031C and

−863A alleles significantly increase the risk of organ

dysfunction in AP [60]. TNF-α, therefore, meets more

than one criterion of a suitable drug target for AP. A

pilot trial of pentoxifylline, which has anti-TRF effects,

found the administration of this agent to be associated

with reduced admission to and length of intensive

care, although no disease parameter was modified [61],
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suggesting the requirement of more powerful anti-TNF

therapy. Biologics have been in use for two decades,

including those targeting TNF-α signaling, as well as

other specific inflammatory pathways implicated in AP,

including that mediated by interleukin-6 (IL-6; [62]).

There is significant opportunity, therefore, for trials of

biologics that target TNF-α and, potentially, IL-6.

Lessons from clinical trials

There have been >300 clinical trials published evalu-

ating drug therapy in AP, including late-phase clinical

trials (see Table 9.2; [63–68]), but results have been

disappointing and no therapy has been licensed specif-

ically for AP. Consideration of the possible causes of

failure may inform and guide us toward improved

study designs. First, the choice of agent may have

been unsatisfactory. There has been a lack of trials

of anti-inflammatory agents and there have been no

trials of biologics, for example, anti-TNF or anti-IL-6

therapies. Second, almost all the clinical trials have

restricted recruitment to patients with predicted severe

AP, who comprise up to one-third of patients. This is

predicated on the use of mortality or new organ failure

as the primary outcome measure, as these end points

do not occur in two-thirds of patients with AP and their

inclusion would greatly increase the necessary sample

size required to demonstrate efficacy. Nevertheless,

milder forms of AP are responsible for significant health

service costs, affecting the majority of AP patients with

inpatient stays of up to a week or more. Were there to

be an effective therapy that was shown to abort mild AP,

a major impact would be made on this disease. It is of

note in this regard that milder forms of EAP are easier to

ameliorate than more severe forms [2, 15]. Third, trial

treatment has been initiated after some delay, random-

ization typically being conducted within 72–120hours

after the onset of symptoms or admission to hospital.

This is partly because the typical investigations required

to predict severity are more accurate if conducted on

the second rather than first day. Initiation of treatment

Table 9.2 Selected drugs from phase II/III clinical trials of AP.

Drugs Patients

(sample size)

Intervention

duration

Primary

endpoint

Outcome References

Secretion inhibitors

Octreotide Moderate to severe AP

within 96 h after the

onset of symptoms

(302)

Three times daily for 7

days

Mortality 15

complications

No benefit Uhl et al. [63]

Protease inhibitors

Gabexate mesilate Severe AP (223) Once daily for 7 days Mortality 14

complications

No benefit Büchler et al. [64]

Antioxidant (N-acetylcysteine, selenium, vitamin C)

Combined antioxidant Severe AP within 48 h

of admission (43)

Once daily for 7 days Presence of organ

dysfunction at day 7

No benefit Siriwardena et al.

[65]

Inflammatory modulators

PAF antagonist Severe AP within 72 h

after the onset of

symptoms (290)

Once daily for 7 days Reduction rate of

complication

No benefit Johnson et al.

[66]

Others

APC AP with one or more

organ failure less than

48 h (32)

Once daily for 5 days The change in SOFA

during day 0–day 5

No benefit Pettilä et al. [67]

Severe AP (44) Continuous IV infusion

for 24 h

The occurrence of a

serious bleeding event

No significant

benefit

Miranda et al.

[68]

AP, acute pancreatitis; PAF, platelet-activating factor; APC, activated protein C; SOFA, sequential organ failure assessment; IV, intravenous.
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by this time may be too late for a significant impact on

the disease, in particular to prevent organ dysfunction

and/or pancreatic necrosis. Fourth, heterogeneous

patient populations with different AP etiologies may

influence responses to treatment.

Future clinical trial design

In view of the issues highlighted, we propose that future

clinical trials in AP should (i) test agents for which there

is sound rationale as targeting central pathways in AP

in line with the criteria listed earlier, whether new

or repositioned drugs; (ii) administer trial treatments

as early as possible in the course of AP, in line with

acute treatments for other medical emergencies, and

at the very latest within 24hours; (iii) administer trial

treatments to establish rapid bioavailability and avoid

failure of GI absorption, usually by an intravenous

route; (iv) develop biomarkers and/or scoring systems

that facilitate recruitment of all patients with AP, rep-

resentative of the whole natural history and outcome

of AP, rather than restricting recruitment to predicted

severe AP, which may slow down trial entry and

depends on prediction methods that have inaccuracies.

Such biomarkers would preferably be linked to the drug

target and its modulation by any trial treatment.

As discussed, agents are either in development or are

available now for repositioning. Taking this forward

depends on collaborations between academia, the

pharmaceutical and biotechnology sectors, regulators,

patients, and the public. The means to pursue these

collaborations include national and international ini-

tiatives such as the International Pancreatitis Study

Group [69] and the Scientific Advisory Board of the

International Association of Pancreatology.
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Sequelae of acute pancreatitis
Nicholas J. Zyromski & Lucas McDuffie
Department of Surgery, Indiana University School of Medicine, Indianapolis, IN, USA

Introduction

Contemporary management of patients with severe

acute pancreatitis (SAP) has evolved dramatically over

the past decade. Improved overall understanding of

the acute pancreatitis (AP) disease process has led to

the adoption of properly timed and more minimally

invasive intervention to treat acute complications such

as infected peripancreatic and pancreatic necrosis [1–4].

Judicious use of antibiotic treatment and advances in

critical care medicine improve the support to patients

with pancreatitis through the initial severe phase as well

as the second more chronic phase of disease. The overall

mortality of SAP patients surviving the initial storm of

multiple organ dysfunction appears to be decreasing

[3, 4]. Nevertheless, AP (particularly in its severe form)

remains a formidable problem and is accompanied

by numerous complications (“sequelae”). Remarkably

few data are available particularly cataloging those

complications seen in the longer term. This chapter

provides a brief review of individual complications,

highlighting diagnosis and therapy.

Sequelae of mild acute pancreatitis

In the United States alone, each year over 270,000

patients are hospitalized with the primary ICD-9 diag-

nosis 577.0 – “Acute Pancreatitis (AP)” [5]. More than

80% of these patients will manifest a relatively mild

disease course, with spontaneous resolution of pain

and the inflammatory process. Sequelae of mild AP

include exocrine and endocrine insufficiency; data

regarding pancreatic function after mild AP are scant.

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

The primary sequelae of mild AP must be considered to

be recurrent AP.

Population-based studies estimate the incidence of

recurrent AP to range from 25% to 45% [6–11]. A

recent thorough analysis of nearly 7500 Pennsylvania

residents documented a 22% incidence of recurrent AP

after initial insult; smoking and alcohol were significant

independent predictors of a recurrent pancreatitis

episode [6]. These authors’ data also confirmed the

well-documented increased risk of recurrent biliary AP

with delay of cholecystectomy – 29.5% increased risk

when cholecystectomy was delayed past 6 months.

Clinicians caring for AP patients must be aware of

and work to address the underlying pathology. These

treatments include timely cholecystectomy for biliary

pancreatitis, promoting alcohol or tobacco cessation

programs, and aggressive management of metabolic

conditions such as hypertriglyceridemia and hypercal-

cemia. In older patients with idiopathic pancreatitis, the

clinician will do well to consider cystic pancreatic dis-

ease (intraductal papillary mucinous neoplasm – usually

obvious on imaging study) or small solid malignant neo-

plasm (often more subtle on imaging study, occasionally

presenting as mild pancreatic duct (PD) stricture) as

causative agents.

Sequelae of severe acute
pancreatitis/necrotizing pancreatitis
(SAP/NP)

SAP is accompanied by mortality of approximately

20%. A large proportion of SAP/necrotizing pancreatitis

(NP) mortality is observed within the first 48hours
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and is related to multiple organ failure in patients who

lack the physiologic reserve to withstand this massive

inflammatory insult [12]. Those patients surviving

the early phase of SAP/NP may experience myriad

complications related to the inflammatory process, mass

effect from acute or walled-off pancreatic/peripancreatic

collections or as a consequence of intervention aimed

toward treating these collections. Complications may

arise during the acute phase of disease or months to

years remote from the initial disease insult. Anticipating

these sequelae permits prompt recognition, expeditious

treatment, and optimal patient outcomes.

Disconnected pancreatic duct syndrome
Kozarek coined the term “disconnected pancreatic

duct syndrome” (DPDS) to describe the situation of

upstream viable pancreatic tail in the setting of pan-

creatic neck/body necrosis that completely disrupts the

main PD (Figure 10.1) [13]. This situation has also been

termed the disconnected pancreatic tail syndrome and

disconnected left pancreatic remnant and occurs in

30–50% of patients suffering an episode of NP [14, 15].

The pancreatic neck is a relative vascular “watershed”

between the pancreaticoduodenal arcades supplying

the head and the transverse pancreatic arterial branches

from the splenic artery that supply the body and tail

[16]. As such, the neck is susceptible to insult from

hypotension, which may perpetuate parenchymal

necrosis.

Complete PD disruption may be suspected clinically

early in the patient’s course by the pattern of necrosis

observed on contrast-enhanced cross-sectional imaging

and by the observation of enlarging peripancreatic col-

lections during the first few weeks following the initial

insult of pancreatitis (Figure 10.1).

The DPDS anatomy with necrosis/fluid collection

localized to the lesser sac lends itself ideally to transgas-

tric drainage. This approach may be either endoscopic or

surgical depending on the volume of solid necrosis, need

for cholecystectomy (favors surgical), and local exper-

tise. External drainage of the disconnected tail – either

percutaneous or operative – will result in pancreatic

fistula. Proper management of pancreaticocutaneous

fistula in these cases is challenging. Some suggest simply

removing the drain and that most of these fistulae will

heal spontaneously (likely working their way into a loop

of adjacent intestine). Our experience has been that

these problems are not solved so easily. Our approach

Figure 10.1 Disconnected pancreatic duct syndrome
(DPDS) – typical computed tomography finding (coronal)
of patient with DPDS 4 weeks into the course of severe
acute pancreatitis. Note large peripancreatic collection in
lesser sac with viable pancreatic head (long arrow) and small
disconnected pancreatic tail (two short arrows).

has been to offer patients internal drainage into a Roux

limb of jejunum if they have a large enough remnant, or

tail remnant resection for those with smaller remnants

and left-sided portal hypertension [14, 17].

Importantly, early enthusiasm for drainage into the

fistula track (as opposed to the pancreatic remnant

itself) has been tempered with time. This operation

(fistula tract-jejunostomy) is easier technically than

formal pancreaticojejunostomy; however, not surpris-

ingly, the narrow, nonepithelialized tracks tend to close

and the patients present with recurrent pancreatitis or

pseudocyst [18]. South American pancreatic surgeons

call the DPDS “el Diablo” – this devilish problem is

exemplified by patients with a small pancreatic remnant

that will not make enough exocrine secretion to keep

a track open and may present with recurrent pain

(typically left upper quadrant) and intra-abdominal

collections. Resection is most appropriate in these cases.

Pseudocyst/pancreatic duct stricture
Pseudocysts by definition are related to PD disruption

and contain mostly fluid with minimal amount of
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necrotic material. Clarity of terminology is important

and stressed in the revised Atlanta criteria [19]. Most

peripancreatic collections in early AP are just “acute

fluid collections” and not “pseudocysts.” Many acute

collections resolve without intervention or with simple

aspiration of the fluid. It is critically important not

to confuse walled-off necrosis with a “pseudocyst” as

the treatment of these two entities is different. True

pseudocysts occur later in the course of SAP and may

even present years after the initial insult (Figure 10.2).

Most pseudocysts are discovered as a consequence

of patient symptoms such as pain, early satiety, or

progressive bloating. Proper therapy of pseudocyst is

directed by understanding the underlying pancreatic

ductal anatomy [20]. Drainage into the alimentary

tract may be accomplished endoscopically or surgically.

The durability of endoscopic drainage and optimal

timing of endoscopic stent removal are currently

unknown. Other important considerations are how

much pancreatic parenchyma remains and the presence

of venous collateral formation. Small-volume remnant

pancreas produces less pancreatic secretion and has

less of a chance to keep the enteral connection open.

The presence of venous collateral disease complicates

surgical drainage; resection may be more prudent in

this situation [14].

PD strictures as a consequence of SAP typically

manifest within the first few years of the initial insult

[21]. Presenting symptoms are commonly recurrent

pancreatitis attacks, though PD stricture may also

present as pseudocyst. Interestingly, patients with PD

Figure 10.2 Symptomatic pseudocyst (arrow) in a patient 7
years after “definitive” treatment of necrotizing pancreatitis
including debridement of peripancreatic necrosis.

stricture in the tail often report more left-sided or left

upper quadrant abdominal pain (as opposed to the

classic epigastric pain of AP). Treatment of PD stricture

depends largely on anatomic location and local exper-

tise. Endoscopic (transpapillary) stricture treatment

becomes harder with strictures further out the body

and tail of the gland. Isolated neck or body strictures

may be amenable to middle segment pancreatectomy

[22], while strictures with PD dilation upstream toward

the tail may be best approached by lateral pancreatico-

jejunostomy. Multidisciplinary input from experienced

endoscopists and surgeons is important in treatment

planning.

Recurrent retroperitoneal
collection/abscess
Classic surgical reports from the era of open pancreatic

debridement document a 10–30% incidence of recur-

rent intra-abdominal and retroperitoneal collections

following operative debridement [4, 23]. In the con-

temporary era, a parallel is seen in patients treated with

percutaneous drainage or the “step-up” approach, many

(most) of whom require more than one drain and/or

upsizing of the drains to achieve definitive drainage

[24]. Retroperitoneal collections may be related to

persistent leak of pancreatic digestive juice or may be

abscess of infectious origin.

Recurrent retroperitoneal collections should be

considered in a patient whose recovery plateaus or

deteriorates after a period of recuperation (particu-

larly after intervention). These collections are easily

diagnosed by cross-sectional imaging and are largely

amenable to drainage by the percutaneous approach.

Understanding the underlying pancreatic ductal

anatomy is an essential tenet in treating SAP/NP

patients in general; this knowledge is particularly

important in treating those with recurrent retroperi-

toneal collections. Leakage of pancreatic juice from

small branch ducts may cause problems in the anatomic

distribution of either the head or the tail. These side

branch leaks may not be obvious from computed

tomography (CT) or even magnetic resonance cholan-

giopancreatography (MRCP) andmay only be diagnosed

by ERCP. ERCP may prove to be therapeutic as well as

diagnostic; PD strictures may be dilated and stented, and

some PD disruptions may be amenable to bridging with

a stent. Alternatively, ERCP may diagnose complete PD

disruption, in which case management should proceed
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(a)

(b)

Figure 10.3 (a) Computed tomography shows surgical drain adjacent to disconnected tail (arrow). (b) Sinogram through drain illu-
minates pancreatic duct in the body and tail (arrow).

along the pathway described earlier for the DPDS.

Performing sinogram through an existing catheter is

an inexpensive and simple diagnostic test that is often

overlooked (Figure 10.3). Sinogram may diagnose

communication with pancreatic ductal system; on the

other hand, a “negative” sinogram does not necessarily

rule out PD disruption.

Many retroperitoneal collections are related to leak

from the disrupted PD, though other collections may

simply be abscess secondary to infected pancreatic

necrosis. Treatment of retroperitoneal abscess is almost

always possible with percutaneous drainage; systemic

antibiotic therapy should be tailored to the cultured

organism(s). After source control has been achieved,

the optimal duration of antibiotic treatment is poorly

defined. The clinician must be aware that drug phar-

macokinetic distribution into the retroperitoneum

is different from that in the peritoneal cavity and

that discontinuing antibiotics too soon may lead to

recurrent abscess. We have found that a 7–10-day

course is typically sufficient after source control has been

achieved. Pancreatic and peripancreatic collections

may become infected by resistant organisms such

as methicillin-resistant Staphylococcus aureus (MRSA),

vancomycin-resistant Enterococcus (VRE), and other

multidrug-resistant strains (E. coli, Pseudomonas, etc.).

These resistant organisms are particularly difficult to

clear from the retroperitoneum – recurrent abscess is

relatively common, and protracted courses of systemic

antibiotic treatment may be necessary to achieve

bacterial clearance.

Ischemic colon
From 10% to 27% of patients with SAP/NPmay develop

some form of colonic complication – stricture, perfora-

tion, fistula, or ischemia [25, 26]. Colonic ischemia is

an important but underrecognized problem in SAP/NP

patients. The true incidence of colonic ischemia is

difficult to estimate for several reasons: this problem is

commonly reported in conjunction with other colonic

problems and in some cases may occur as a consequence

of pancreatic debridement. The pathophysiology of de

novo (as opposed to perioperative) colonic ischemia

is most likely due to venous thrombosis secondary to

local inflammatory effect. The ischemic process may be

initiated or perpetuated by an episode of hypotension.

Colonic ischemia is notoriously challenging to diag-

nose preoperatively but should be suspected in patients
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who suddenly deteriorate after a stable clinical course. A

large systematic review found the median time to pre-

sentation of colonic ischemia to be 25 days [27]. Unfor-

tunately, no imaging test is completely accurate to either

rule in or rule out colonic ischemia; the diagnosis must

be secured at the time of laparotomy. It is worth men-

tioning that even at laparotomy, the profound inflam-

matory response accompanying NP may make diagnosis

of ischemic colon difficult.

Treatment of ischemic colon is by resection of the

affected colon with proximal diversion. Some authors

have advocated diverting ileostomy while leaving the

affected colon in situ; our feeling is that ischemic organs

should be removed unless the patient’s physiologic

condition and/or the density of inflammatory response

absolutely prohibits resection.

Not surprisingly, NP patients with colonic compli-

cations have significantly worse outcomes compared

to those without colon problems. Review of 344 NP

patients treated at our institution identified 37 requiring

colectomy. Colectomy patients had longer length of stay,

higher readmission rate, and 19% mortality compared

to 5% mortality in a control group.

Enteric fistula
Fistulae from the stomach, small bowel, colon, or pan-

creas typically arise after intervention for complications

of NP, but may also present later – even months after

“resolution” of initial disease. Interestingly, the inflam-

matory response surrounding peripancreatic collections

(walled-off necrosis) not uncommonly creates internal

fistulae, particularly to the proximal small bowel under

the overhanging transverse mesocolon. These fistulae

may be suspected when a large volume of gas becomes

apparent in the walled-off necrosis.

The incidence of postoperative enteric fistulae ranges

from 9% to 22% after open pancreatic debridement [3,

28–30]. Enteric fistulae may also occur after retroperi-

toneal debridement and percutaneous drainage of

pancreatic collections (Figure 10.4), though robust data

describing their true incidence have yet to accrue.

Diagnosis of enterocutaneous fistula is usually

straightforward when succus entericus is visualized

in drain effluent or draining through an incision.

Cross-sectional imaging provides information about

the portion of bowel involved as well as any adjacent

residual inflammatory collections (which may delay

or prevent spontaneous fistula closure). Anatomical

information is supplemented by enteric contrast studies

and sinogram through existing fistula. Predictors of

spontaneous closure are similar to those for enteric

fistulae arising in other settings – long fistula tract,

resolution of local inflammation, and absence of distal

obstruction. Optimizing nutritional status is also impor-

tant; few fistulae close spontaneously in a catabolic

patient.

Should operative correction be required, proper

timing of surgery is a critical consideration. Delaying

operation as long as possible from primary debridement

permits softening of intra-abdominal adhesive disease.

On the other hand, the clinician must be acutely

aware of the patient’s nutritional state – experienced

judgment will identify a patient who has reached

optimal condition. High-volume fistulae (arbitrarily

>500mL/day) and those with little (or no) track length

between the fistula and the atmosphere are unlikely to

close spontaneously and place a tremendous metabolic

demand on the patient. Such patients will never be

“perfect” for operation; the clinical judgment lies in

selecting appropriate time for operative repair before

the fistula atrophies the patient’s underlying physiologic

state.

A special note regarding duodenal fistulae is worth-

while, as these patients often present a formidable

management challenge. Duodenal fistula may be

extremely high volume; these patients have high

electrolyte, fluid, and protein loss and can become

metabolically wasted in a very short time. In some

circumstances, complete diversion of biliopancreatic

secretion by percutaneous transhepatic drain placement

may facilitate spontaneous closure [31]. This interven-

tional radiology procedure is often quite challenging

in the setting of a nondilated intrahepatic biliary tree.

Refeeding biliopancreatic secretions distally in the

intestine via jejunostomy tube simplifies fluid and

electrolyte management and prevents the high protein

loss associated with external bile drainage.

Biliary stricture
Biliary stricture is typically a consequence of SAP/NP

involving the pancreatic head. The true incidence of bile

duct stricture complicating NP is unknown; in fact, the

medical literature contains only sporadic case reports

describing this problem. In clinical practice, biliary

obstruction may present either early or relatively late in

the disease process.
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Figure 10.4 Sinogram through drain (arrowhead) illuminates duodenum (long arrow) and biliary tree (short arrows).

Biliary obstruction presenting in the first few weeks

of SAP/NP is easily diagnosed by clinical examination

(jaundice) and confirmed by the finding of elevated

bilirubin and alkaline phosphatase on laboratory anal-

ysis. Hepatic transaminases are also typically elevated.

Endoscopic biliary stenting is the treatment of choice,

although endoscopic access to the major papilla may

prove difficult because of duodenal or papillary edema.

In this case, percutaneous transhepatic drainage (PTD)

may be necessary. It is prudent to correct aberrant

coagulation parameters prior to intervention (either

endoscopic sphincterotomy or PTD); vitamin K and/or

intravenous plasma administration is typically effective.

If the patient does NOT have pancreatic head necrosis,

endobiliary stenting often provides durable treatment,

and the biliary stents may be removed after the disease

process has resolved (Figure 10.5).

Patients with pancreatic head necrosis present a more

substantial problem in general. These patients mayman-

ifest biliary obstruction either early or later (months)

in the disease course. Unfortunately, biliary stenting in

this setting is much less effective as a durable therapy

due to the dense fibrotic process involving the pancreatic

head. Surgical biliary bypass is often required, but is a

challenging technical exercise. Pancreatic head necrosis

is commonly associated with thrombosis of the supe-

rior mesenteric vein (SMV) and/or portal vein (PV) with

subsequent collateral venous development around the

pancreatic head. This so-called cavernous transforma-

tion in the porta hepatis increases operative complexity

dramatically. In the setting of cavernous venous trans-

formation, side-to-side choledochoenterostomy may be

a safer option than attempting to dissect the bile duct

circumferentially. Suture ligation of the collateral veins

at the periphery of planned choledochotomy minimizes

hemorrhage.

Long-term follow-up of patients surviving an episode

of SAP/NP should include periodic (annual) evaluation

of liver chemistry tests. Early diagnosis of impending bil-

iary stricture may be suspected by observing elevation of

the serum alkaline phosphatase and/or bilirubin.

Duodenal stricture
Similar to biliary stricture, pancreatic head necrosis may

lead to duodenal stricture. Duodenal strictures may

present early or late in the disease course. Endoscopic

duodenal stenting has emerged as an effective thera-

peutic option for patients with duodenal obstruction

from malignancy. Experience with these endoscopic

duodenal stents in the setting of NP is limited, but may

effectively temporize a challenging clinical situation

and permit accelerated recuperation by enhancing

enteral nutritional intake. Surgical duodenal bypass is

often required for definitive therapy; however, surgical

gastrojejunostomy is notorious for poor efficacy. Gastric

dysfunction in these situations is almost certainly mul-

tifactorial and includes gastric atony from long-standing

obstruction and gastropathy related to left-sided portal

hypertension. Prokinetic agents may be beneficial.
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(a) (b)

Figure 10.5 Biliary stricture during acute episode of necrotizing pancreatitis (a, arrows) resolved after 3 months of biliary stenting (b,
arrows).

Venous thrombosis
Acute thrombosis of the SMV, PV, and splenic vein (SV)

is a common complication of SAP/NP. These thromboses

are most likely related to a combination of the inflam-

matory process and local mass effect of necrosis on the

adjacent vascular structures. Contemporary analyses

have documented 16–23% incidence of mesenteric

venous thrombosis in AP patients, with substantially

increased incidence in patients with pancreatic and

peripancreatic necrosis [32–34]. Review of 171 NP

patients at our institution identified 56% with venous

thromboembolism (including splanchnic, central, and

extremity veins), 38% with SMV/PV thrombosis, and

41% with SV thrombosis (unpublished data). Based

on these data, periodic ultrasound screening seems

reasonable.

Cavernous transformation around the pancreatic

head or porta hepatis in isolation typically does not

cause measurable clinical consequence, though hor-

monal and absorptive perturbations related to relative

extrahepatic portal hypertension are difficult to quan-

titate. Less commonly, these collateral veins may

cause gastrointestinal hemorrhage that is challeng-

ing to diagnose and control. Isolated SV thrombosis

causes left-sided “sinistral” portal hypertension from

decompression through the short gastric veins around

the gastric fundus and the epiploic veins. A recent

systematic review of sinistral portal hypertension

identified 23% incidence in AP patients [32]. Overall,

53% of patients developed gastric varices (including

805 patients with AP and chronic pancreatitis (CP);

the overall incidence of gastrointestinal bleeding was

12%. Both sinistral portal hypertension and cavernous

transformation complicate intervention (endoscopic

and surgical), in some cases making intervention

prohibitively hazardous. In rare cases, recanalization

of the SMV/PV may be possible through the interven-

tional radiology approach; these procedures should be

performed by experienced clinicians (Figure 10.6).

Most authorities recommend no anticoagulation for

acute SV thrombosis. No consensus exists regarding the

utility of anticoagulation in the setting of acute SMV/PV

thrombosis. In patients with persistent mass effect

(necrosis/peripancreatic collection), these thrombi are

unlikely to resolve. On the other hand, aggressive
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(a) (b)

Figure 10.6 (a) Massive cavernous venous transformation (arrows) around pancreatic head in a survivor of SAP (necrosis originally
involved pancreatic head). (b) Portal vein recannulation after transsplenic placement of SMV/PV stent.

anticoagulation of nonocclusive thrombi (or in an acute

setting after treatment of the local collection) often

leads to resolution and avoidance of problems related

to cavernous transformation. Obviously, hemorrhagic

risk must be weighed carefully in any decision to

anticoagulate.

Visceral arterial pseudoaneurysm
Pseudoaneurysm (PSA) may arise from virtually any

branch of the visceral arterial tree; this potentially

life-threatening pathology must be taken seriously

[35]. The most common presenting symptoms of PSA

are significantly increased abdominal/back pain (in

patients who have not had intervention), gastrointesti-

nal bleeding, or the presence of blood in a surgically or

radiologically placed drain. The suspicion of PSA should

prompt evaluation by cross-sectional imaging such

as contrast-enhanced CT, or ideally CT angiography.

First-line therapy for any visceral PSA is angiographic

exclusion, either by coil embolization or by intra-arterial

stent placement. These techniques successfully arrest

hemorrhage in nearly all patients. The rare patient who

presents with hemodynamic instability precluding radi-

ological evaluation should undergo emergent operative

exploration; in this situation, the surgeon should give

strong consideration to “damage control” techniques

with focus on hemostasis allowing time for resuscitation

[36]. Mortality in patients who require operative repair

of pseudoaneurysmal bleeding is extremely high.

Endocrine and exocrine insufficiency
Most data regarding the incidence of endocrine and

exocrine insufficiency come from patients who have

undergone intervention to debride pancreatic necrosis

[37–40]. Overall, between 33% and 43% of patients will

develop endocrine insufficiency after an episode of NP

requiring intervention. Rates of exocrine insufficiency

vary between 9% and 25%, possibly depending on
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the defining metric – symptoms of diarrhea, need for

exocrine replacement enzymes, or documentation

of decreased fecal pancreatic enzyme (elastase) con-

centration. The Mayo Clinic group performed early

thorough analysis of their patients and described the

correlation between greater amount of parenchymal

necrosis and increased pancreatic insufficiency [37].

These investigators also highlighted the important

point that pancreatic insufficiency develops and con-

tinues to progress with time beyond the initial disease

treatment.

Ventral hernia
Not surprisingly, patients requiring surgical intervention

to treat complications of SAP/NP have an extremely high

rate of postoperative ventral hernia – as much as 42%

in one large series [41]. These patients are subjected to

operation under the terrible circumstances of local and

systemic infection and ubiquitous malnutrition. Mini-

mally invasive interventions most likely will decrease

this hernia burden as they are more widely employed.

Intra-abdominal catastrophe/multivisceral
transplant
SAP may lead to intra-abdominal catastrophe such

as short gut or multiple and refractory enterocuta-

neous fistula in a “frozen” abdomen. Some patients

will develop hepatic cirrhosis as a consequence of

prolonged parenteral nutrition administration. In rare

instances, multivisceral solid organ transplantation

offers a lifesaving option for patients in these extreme

circumstances.

Palliative care

Clinicians caring for SAP/NP patients are acutely aware

of the fact that this disease process is not at all “benign.”

Advances in disease understanding and particularly in

the treatment of critical illness and organ failure have

enabled protracted support and patient salvage in what

previously would have been fatal pancreatitis insults.

Salvage of life for patients at the extreme end of the

severe disease severity spectrum is often accompanied

by a substantial negative impact on quality of life (QOL).

Experienced and empathetic clinicians should keep in

mind the end goals of reasonable QOL from early in the

disease course. Open and frank dialogue with family

members throughout the disease process facilitates

difficult discussions regarding goals of treatment and

end of life.

Recurrent acute pancreatitis
Currently, chronic pancreatitis is generally thought to

develop along a spectrum of AP to recurrent AP to

chronic pancreatitis. Multinational population-based

data document an approximately 20% chance of

recurrent AP among patients with an initial episode of

mild AP. Most studies suggest that alcoholic etiology

is associated with increased risk of recurrent AP. For

example, Finnish population-based studies documented

25–45% recurrent AP after an initial attack of alcoholic

AP [8]. More recent studies segregating patients by AP

etiology have confirmed similar and significant num-

bers of patients (about 20%) experiencing recurrent

AP after initial insult from ANY etiology [9–11]. Not

surprisingly, delay in cholecystectomy was associated

with increased incidence of recurrent AP in patients

with biliary etiology [6].

A thorough population analysis from Allegheny

County, Pennsylvania, took advantage of a unique data

set linking longitudinal inpatient and outpatient data

for 7456 patients at the individual patient level. These

investigators found that readmission for recurrent AP

was common – 22% for all etiology, 43% for alcoholic

etiology, and 11% for biliary etiology. However, progres-

sion to chronic pancreatitis was generally rare; only 6%

of patients with initial AP diagnosis were subsequently

admitted with diagnosis of chronic pancreatitis.

Quality of life
QOL studies in AP patients are hampered in general by

small sample size, nonstandard follow-up duration, and

use of variable quality indices. A recent systemic review

identified 10 different QOL instruments used in 16 stud-

ies, a situation that obviously challenges systematic anal-

ysis of outcomes [42].

Findings from published pancreatitis QOL studies are

variable. Some reports suggest that patients surviving

an episode of AP recuperate QOL similar to age- and

sex-matched healthy individuals, while others docu-

ment significantly decreased QOL after an episode of

AP – particularly SAP.

The largest series in the literature queried 174

Finnish SAP patients treated over a 9-year period [39].

An outstanding 83% response rate provided data on
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145 patients, who were surveyed with the validated

RAND-36 QOL metric. When compared to age- and

sex-matched control patients from the general popula-

tion, the only difference was found in the category of

“General Health.” Pancreatitis patients had a statistically

significantly decreased general health score; however,

the z score was less than 2 and the difference between

means was less than 10, leading the investigators to

conclude that this statistical difference was not clinically

significant. Sixty percent of pancreatitis survivors were

able to return to work during the follow-up period of

5.5 years.

In contrast, a few other smaller studies have found sig-

nificantly decreased QOL in pancreatitis patients, partic-

ularly in the short term. Wright and colleagues prospec-

tively assessed pancreatitis survivors 3, 6, and 9 months

after hospital discharge using the quality metric SF-36v2

Health Survey [43]. Seventeen of 21 survivors enrolled

in the study, which included functional assessment by

a 6-minute walk test. Over the year following hospi-

tal (ICU) discharge, significant improvement in physical

function QOL was seen. However, at the study endpoint

of 12 months, all QOL domains were significantly lower

than would be expected based on national norms.

Clearly, an episode of AP affects QOL in the short

term, and while many patients recuperate good physical

functionality and QOL, some appear to have long-term

decreased QOL. Future research will benefit from

standardizing QOL metrics and evaluating larger patient

populations including multicenter and multinational

groups.

Summary

Treating patients with SAP remains a formidable chal-

lenge. Advances in understanding the disease process,

intervention technique and timing, and care for the crit-

ically ill patient have improved survival of NP patients.

With more NP patients surviving, long-term sequelae of

the disease are encountered more frequently. Clinicians

transitioning care of NP patients to primary care physi-

cians should emphasize the need for routine follow-up

to diagnose common sequelae such as endocrine and

exocrine insufficiency. Pancreatic specialists should also

be available to provide care for more complex problems

such as enteric strictures, vascular pathology, and recur-

rent AP.
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This international symposium on the Medical and

Surgical Treatment of Chronic Pancreatitis has brought

together more than 45 international thought leaders

and specialists in chronic pancreatitis. Organized by

David Adams, Peter Cotton, Horacio Rilo, and Nicholas

Zyromski, the symposium includes thought leaders

in medicine, surgery, psychology, physiology, phar-

macology, and genetics. The goals of this symposium

were to exchange ideas, to give thought to important

unresolved issues in the medical and surgical treatment

of chronic pancreatitis, and to plan future research.

The history of chronic pancreatitis is beautifully

described in two outstanding books [1, 2]. The modern

era is generally thought to date back to 1946, when

Comfort and associates described the clinical course,

pathology, and treatment of chronic relapsing pancreati-

tis and confirmed an association with excessive alcohol

use [3]. Since then, the early features and natural

history of chronic pancreatitis have been well described

[4, 5]. There have been numerous efforts to classify and

stage chronic pancreatitis [6–13] starting with the 1963

Marseille Meeting [6]. A listing of etiologic risk factors

associated with chronic pancreatitis – the TIGAR-O

Classification System – was outlined in 2010 [13]. This

article defined chronic pancreatitis as “A continuing

inflammatory disease of the pancreas characterized by

irreversible morphologic changes that typically cause

pain and/or permanent loss of function” [13].

Regarding etiologies of chronic pancreatitis, there has

been considerable interest in tropical calcific pancreatitis

[14], early- and late-onset idiopathic pancreatitis [15],

autoimmune pancreatitis [16–19], and genetic predis-

positions [13, 20–28]. The association between chronic

pancreatitis and pancreatic cancer has been firmly

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

established [29]. The effect of alcohol and smoking on

the development and severity of chronic pancreatitis

has been well described [30, 31].

The pathophysiology of chronic pancreatitis initially

focused on the importance of protein plugs within

pancreatic ducts [32] and components of these plugs

including GP2 [33]. More recently, emphasis has been

placed on the activation of pancreatic stellate cells such

as by ethanol [34, 35], the concept that sequential

episodes of necrosis leads to fibrosis [3, 36, 37], and

the sentinel acute pancreatitis event (SAPE) hypothesis

model, which outlines the importance of metabolic and

oxidative stress in the development of acute pancreatitis

and the importance of activation of stellate cells which

leads to fibrosis [22].

A variety of imaging techniques including abdomi-

nal ultrasound, CT scan, MRI, ERCP, and endoscopic

ultrasound are now in use to support a diagnosis of

chronic pancreatitis but thus far have not achieved

sufficient accuracy to confirm a diagnosis of early

chronic pancreatitis [13, 38–41].

Pancreatic function tests utilizing intravenous secretin

with collection of pancreatic juice initially via a gas-

troduodenal tube and more recently via an endoscope

have been utilized to identify a decrease in exocrine

pancreatic function [41–43]. Fecal elastase test [44] has

been shown to be significantly decreased in moderate

to severe chronic pancreatitis but not mild chronic

pancreatitis. The 13C-mixed triglyceride breath test has

been shown to be an accurate alternative to fecal fat

quantification to detect fat maldigestion and to evaluate

the effect of enzyme therapy on fat digestion [45].

The importance of pancreatic juice in digesting fat

was demonstrated in 1856 by Bernard [46]. It was

113
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established by DiMagno and associates in 1973 that

steatorrhea does not occur until lipase output from the

pancreas was 10% or less of normal [47]. The impor-

tance of curbing gastric acid output among patients who

fail to respond to pancreatic enzymes replacement was

established in 1977 [48]. Ways to improve efficiency

of enzyme replacement therapy has recently been

established [49].

In 1988, an analysis of nerves in chronic pancreati-

tis revealed evidence of edema in the nerve bundle and

loss of barrier function by the perineural sheath [50]. In

recent years, the neurobiology of pain in chronic pancre-

atitis has come under intense investigation [51–55]. In

a recent randomized controlled trial, pregabalin reduced

pain among patients with chronic pancreatitis [56].

Despite advances in our understanding of the neu-

robiology of chronic pancreatitis and despite numerous

articles that report efficacy with a variety of treat-

ments, effective therapies to relieve the pain of chronic

pancreatitis are lacking. There have been two recent

studies that have evaluated the efficacy of antioxidant

therapy [57, 58]. One carried out in India mostly among

patients with tropical pancreatitis reported a reduction

in pain compared to the placebo [57]. The second

among patients predominately with alcoholic chronic

pancreatitis did not find a reduction in pain [58]. The

use of pancreatic enzymes to reduce pain has been asso-

ciated with uncertain benefit [59, 60]. Extracorporeal

shock-wave lithotripsy of pancreatic calculi has been

reported to decrease pain but has not been subjected to

randomized prospective trials involving control patients

who did not undergo shock-wave lithotripsy [61,

62]. Endoscopic ultrasound-guided celiac plexus block

has not proven to be beneficial [63, 64]. Endoscopic

therapy has been reported to relieve pain in chronic

pancreatitis [65], but randomized prospective trials have

suggested that surgical therapy is superior to endoscopic

therapy for long-term pain reduction [66–68]. Several

randomized prospective trials have compared surgical

techniques to relieve pain associated with chronic pan-

creatitis and have determined that pain relief is compa-

rable among the various techniques that were compared

[69–75]. Total pancreatectomy with islet autotransplan-

tation is now carried out in numerous medical centers.

It has been pointed out that a multicenter registry will

be very important to advance our knowledge of the

efficacy of this technique and that well-designed clinical

trials will be required to validate the benefit [76].

Despite a large number of recent articles on the

diagnosis and treatment of chronic pancreatitis, many

important questions remain unanswered, and many

areas of research need to be addressed. Several are as

follows:

• We need to be able to make an accurate diagnosis

of early chronic pancreatitis. This will make possi-

ble the planning of randomized prospective trials

on treatment options before the disease becomes

firmly entrenched. It will also allow us to distinguish

patients with early chronic pancreatitis from those

with a chronic pain syndrome. Proteomic analysis of

pancreatic fluid has identified candidate proteins that

are being evaluated as possible biomarkers of early

chronic pancreatitis [77].

• We need to have a better understanding of the natural

history of chronic pancreatitis. At the present time,

early intervention which may be ineffective may

be altering the natural history of the disease such

that it becomes impossible to distinguish changes in

structure, function, and clinical features caused by

the therapy itself versus the natural history of chronic

pancreatitis. The Dutch Pancreatitis Study Group has

undertaken a long-term prospective study of patients

with chronic pancreatitis with active collaboration of

33 hospitals to study the natural history of the disease

and the impact of treatment strategies [78].

• We need to have a better understanding of the impact

of genetic mutations and ways to prevent and treat

acute pancreatitis associated with these mutations.

• We need to improve our studies on the treatment of

pain with emphasis on uniform criteria for the eval-

uation of pain and standardized reporting of patient

outcomes [79, 80].

• We need rigorously designed controlled clinical trials

to assess outcomes of treatment. Studies are needed to

compare treatment alternatives such asmedical versus

surgical strategies.

• We need studies on the quality of life among patients

with chronic pancreatitis and the impact of the dis-

ease on employment and other life domains affected

by chronic pancreatitis [81].

• We need to identify new treatments of pain. New

treatments may become available as a result of our

better understanding of the neurobiology of pain.

• We need a better understanding of stellate cell func-

tion. A goal of this research would be to find ways to

prevent and/or eliminate pancreatic fibrosis.
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PART A: Epidemiology and pathophysiology: epidemiology and risk factors

Dhiraj Yadav & Julia Greer
Division of Gastroenterology & Hepatology, Department of Medicine, University of Pittsburgh Medical Center, Pittsburgh, PA, USA

Introduction

Chronic pancreatitis (CP) is a multifactorial disease char-

acterized by long-standing inflammatory infiltration

and destruction of pancreatic parenchyma, leading to

glandular fibrosis, progressive endocrine, and exocrine

failure. CP was first described in 1788 by Sir Thomas

Cawley, when he remarked at autopsy that the pancreas

of a diabetic patient was atrophied and full of calculi

[1]. Further studies conducted in 1889 by Minkowski

and von Mering demonstrated that removing the

pancreas of various animals – including “dogs, cats, pigs,

carnivorous birds, frogs, and turtles” – often resulted in

permanent glycosuria similar to that seen in diabetics,

and that death followed quickly for these animals [1].

Our understanding of the disease has grown sig-

nificantly in the past few decades. How we define

and characterize CP has also changed over the years.

Terms that were previously used, such as chronic cal-

cific pancreatitis, chronic obstructive pancreatitis, and

relapsing alcoholic pancreatitis, have generally been

replaced with “chronic pancreatitis” and “recurrent

acute” or “acute recurrent pancreatitis.” Advancements

in medical imaging and endoscopy allow detailed

evaluation of the morphology and functionality of the

pancreas. CP is now more accurately diagnosed based

on the widespread usage of computed tomography

(CT), magnetic resonance imaging (MRI), magnetic

resonance cholangiopancreatography (MRCP), and

endoscopic ultrasound (EUS). The inception of thin

slice, multidetector CT images provides excellent visual

resolution for determining parenchymal and ductal

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
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changes as well as complications of CP. Population esti-

mates of disease burden are now possible, due in large

part to advances in computer technology and software

programs that easily allow quantitative information

to be captured and analyzed. Finally, advances in our

understanding of genetic factors that increase the risk

of pancreatitis, and ongoing molecular research hold

promise into providing answers to the pathophysiology

and course of this once considered enigmatic disease.

Changing epidemiology of chronic
pancreatitis

Understanding the epidemiology can provide us with

an understanding of disease estimates and trends, while

elucidating risk factors and their respective degrees

of disease association. Between the 1950 and 1990s,

well-conducted, mostly single-center studies, consisting

predominantly of male patients with alcoholic CP,

defined the clinical presentation and natural course of

CP [2–6]. A diagnosis of CP was established by imaging

(abdominal X-ray, ultrasonography, or endoscopic

retrograde cholangiopancreatography [ERCP] and CT

scan in later years), functional testing or histology.

Diagnosis was often possible only after substantial struc-

tural changes or functional alterations were detected.

Although empiric data are not available, advancements

in imaging technology, ability to study large popula-

tions, and performance of genetic testing in the past 2–3

decades have likely had an impact on the epidemiology

of CP.
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High-quality imaging studies enable the identification

of subtle changes in pancreatic morphology and offer

the ability to indirectly assess pancreatic function

(secretin-stimulated MRCP). This may in turn lead to

the detection of disease at a stage before the devel-

opment of significant functional alterations. Imaging

studies may also help to differentiate conditions that are

not easily distinguishable from CP-related changes, such

as cystic tumors of the pancreas (especially intraductal

papillary mucinous neoplasms), or newly described

entities such as autoimmune pancreatitis. Availability

of population-based data provides a broader context of

the distribution of risk factors and disease burden in

a population and understanding of its natural history.

Genetic discoveries provide insights into the mechanis-

tic basis of disease, which can be studied through more

focused evaluation of disease pathways.

It is also valuable to note that the epidemiology of CP

may be modified by fluctuating predisposing factors at a

population level in many regions of the world. Alcohol

and cigarette smoking are becoming more common

habits in less developed countries, resulting in rising

rates of CP [7, 8]. With some exceptions, the per capita

alcohol consumption in the Western countries is either

stable or decreasing. In the United States, the per capita

alcohol consumption has remained mostly constant but

the habit of cigarette smoking is on the decline [9].

Adding to the medical literature, a growing number

of studies that focus on unusual causes of CP, such as

celiac disease and inflammatory bowel disease [10, 11],

are being published.

Disease burden

Data on incidence and prevalence of CP are available

from many populations [12–23] (Tables 12A.1 and

12A.2). The yearly incidence of CP ranges from 1.77

to 11.9 per 100,000 population and is generally higher

in men when compared with women. The observed

variability between studies and populations is related

to definitions used for patient ascertainment, study

design, and distribution of risk factors. As an example,

a population-based cohort from Olmstead County,

Minnesota, reported a yearly incidence rate from 1997

to 2006 to be 4.4 per 100,000 population [19]. Studies

from Germany and the Czech Republic using a similar

study design during roughly the same time period found

Table 12A.1 Incidence of chronic pancreatitis in
population-based studies after 1985.

Population Year(s) of

study

Incidence

per 100,000

population

Lunenburg County,

Germany

1988–1995 6.4

Moravia, Czech Republic 1999 7.9

Olmsted County,

Minnesota, USA

1997–2006 4.4

Japan 1994 5.4

Japan 2007 11.9

Japan 2011 14.0

Britain 1999–2000 8.6

USA 1988–2004 8.1

Netherlands 2000–2005 1.77

Netherlands 2004 8.4

Allegheny County,

Pennsylvania, USA

1996–2005 7.8

Refs [12–15, 17–22].

Table 12A.2 Prevalence of chronic pancreatitis in
population-based studies after 1985.

Population Year(s) of

study

Prevalence

per 100,000

population

Japan 1994 28.5

Japan 2007 36.9

Japan 2011 52.4

France 2003 26.4

Olmsted County, USA 2006 41.8

Refs [14, 16, 19, 23].

incidence rates to be higher (6.4 and 7.9 per 100,000)

[12, 15]. Within the United States, the incidence rate

of CP varied from 4.4 to 7.8 and 8.1 per 100,000

depending on study design [18–20]. Based on the US

reports, using a strict definition, there are an estimated

15,000–25,000 incident cases each year and between

150,000 and 200,000 prevalent cases of definite CP in

the United States [19, 20, 23].

In Olmsted County, MN, the age- and gender-adjusted

prevalence rate per 100,000 individuals was 41.76 (95%

CI 30.21–53.32) [19]. An increase in the prevalence

rate was noted in Japan over a 17-year period from
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28.5 in 1994 to 52.4 per 100,000 population in 2011.

An increase in the prevalence of CP was also described

from 6 urban health-care regions and 22 hospitals in

China from 1996 to 2003: 3.08, 3.91, 5.28, 7.61, 10.43,

11.92, 12.84, and 13.52 per 100,000 inhabitants [8].

Risk factors

Alcohol consumption
Heavy alcohol consumption is the most prominent

risk factor for pancreatitis. However, the relationship

between alcohol and pancreatitis is complex. While

there is no doubt that the risk of both acute and chronic

forms of pancreatitis is heightened by alcohol consump-

tion, only ∼5% alcoholics develop clinical pancreatitis

[24, 25]. Studies have explored the reasons for this

individual susceptibility in several ways, including the

amount, style (e.g., binge drinking) [26], type of alcohol

[27], role of cofactors, and genetic susceptibility.

The degree of statistical association with the amount

of alcohol consumption is valuable information to

know. Data from a sizeable cohort study, the Copen-

hagen Heart Study, noted that risk of pancreatitis

increased in a dose-dependent manner [28]. Among

their 17,905 male and female participants, hazard ratios

(HRs) for pancreatitis associated with drinking 1–6,

7–13, 14–20, 21–34, 35–48, and >48 drinks/week were

1.1 (95% CI 0.8, 1.6), 1.2 (95% CI 0.8, 1.8), 1.3 (95%

CI 0.8, 2.1), 1.3 (95% CI 0.7, 2.2), 2.6 (95% CI 1.4, 4.8),

and 3.0 (95% CI 1.6, 5.7), respectively, compared with

0 drinks per week [P(trend)< 0.001]. An amply sized

case–control study (416 cases, 555 controls) from the

United States (NAPS2) found the risk of CP to increase

at or beyond a threshold of approximately 5 drinks/day

(odds ratio, 3.1) [29]. However, a systematic review

and meta-analysis of 6 studies, including 146,517

individuals with 1671 cases of pancreatitis, found that

CP risk was increased among individuals who drank

4 or more alcoholic beverages per day but not among

lower drinking categories [30]. Finally, a recent study

from Japan, not included in the systematic review

and meta-analysis, also reported a dose-dependent

increase in the risk of CP with alcohol consumption

of ≥20 g/day [31].

A common environmental factor affiliated with

alcohol consumption is cigarette smoking. Together, the

risk of pancreatitis may be multiplicative in the presence

of both behaviors [29]. Genetic susceptibility has been

linked to polymorphisms in alcohol-metabolizing genes

[32], and more recently to a factor identified on the

X-chromosome at the Claudin-2 locus, which may

explain the heightened risk of alcoholic pancreatitis,

especially in men [33].

Cigarette smoking
As early as 1982, it had been shown that cigarette smok-

ing was associated with the development of chronic or

recurrent pancreatitis, especially among males [34]. A

decade later, a study that included 145 patients with CP

noted that 94% were both smokers and drinkers and

that the mean age at onset of pancreatitis was lower

among smokers [35]. A 1999 Italian study noted that

the risk of developing CP correlates with both alcohol

intake and cigarette smoking, with a trend indicating

higher risk with increasing levels of each factor; in addi-

tion, the authors of the study determined that alcohol

and smoking are statistically independent risk factors for

CP [36]. In the multi-institutional NAPS2 study, 47.3%

of CP patients were current smokers, 24.1% were past

smokers, and 28.6% reported being never smokers. The

prevalence of smoking was noted to grow incrementally

with the quantity of alcohol consumed, which reflects

that these two habits often coexist [29].

In a meta-analysis of 10 case–control and 2 cohort

studies that included 1705 patients, the pooled risk

estimates of CP were 2.5 (95% CI, 1.3, 4.6) when the

analysis was adjusted to control for alcohol consump-

tion. Risk was more than doubled to 2.4 (95% CI,

0.9, 6.6) among participants who smoked <1pack of

cigarettes per day and increased to 3.3 (95% CI, 1.4 7.9)

among those smoking ≥1 packs per day [37]. Smoking

has been shown to increase the risk of developing

CP independent of alcohol, although the pathologic

impact of cigarette smoking appears to be greatest for

patients with alcohol-related CP, providing evidence

that it enhances the effects of alcohol consumption

[29]. In a retrospective 5-country cohort study of 934

patients with chronic alcoholic pancreatitis where infor-

mation on smoking was available, CP was diagnosed,

on average, 4.7 years earlier in smokers than in non-

smokers (P= 0.001) [38]. Tobacco smoking significantly

increased the risk of pancreatic calcifications (HR 4.9

(95% CI 2.3, 10.5) for smokers vs. nonsmokers) and to

a lesser extent the risk of diabetes (HR 2.3 (95% CI 1.2,

4.2)) during the course of pancreatitis [38].
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There is high variability among physicians in the

recognition of smoking as a risk factor for CP. In the

NAPS2 study, among self-reported smokers, physicians

recognized smoking to be a risk factor in only 45.3%

ever, 53% current, and 49.8% heavy smokers and

in 54.5% with alcohol etiology [39]. These findings

highlight the need for educating physicians and the

public on the potential benefits of smoking cessation.

Although empiric data are not available, the effects of

tobacco products other than cigarette smoking (e.g.,

tobacco chewing) could be similar to cigarette smoking.

Counseling should also be extended to patients who

indulge in these habits.

Genetic factors
One of the original reports on familial inheritance of

pancreatitis was published over six decades ago [40].

It was only in 1996 that the genetic basis was first

described when investigators traced the susceptibility

to pancreatitis in multiple members of a large family to

mutations in the cationic trypsinogen gene (PRSS1) in

an autosomal dominant pattern [41]. This finding has

been replicated from different parts of the world. Since

then, several additional genes that affect susceptibility

to pancreatitis have been identified (Table 12A.3)

[42]. With ongoing research, many more genetic

susceptibility factors are expected to be discovered.

Genetic causes are associated with an earlier age of

disease onset and more often are noted among patients

who do not have alcohol etiology. About one-fourth

of patients with idiopathic CP are identified to have

CFTR mutations. A 2010 study found that 242 of 411

(58.9%) CP patients at a tertiary care center in India

had idiopathic chronic pancreatitis, with close to half of

the individuals in this subgroup carrying a SPINK1 N34S

Table 12A.3 Genetic factors associated with chronic
pancreatitis.

Gene

Cationic trypsinogen (PRSS1, PRSS2)

Pancreatic secretory trypsin inhibitor (SPINK1), cystic fibrosis

transmembrane conductance receptor (CFTR)

Chymotrypsin C (CTRC)

Calcium-sensing receptor (CASR)

Carboxypeptidase A1 (CPA1)

Claudin-2

mutation, while 50 patients carried either a mutation

or polymorphism in the CFTR gene [43].

The mechanisms by which genetic mutations increase

the risk of pancreatitis may involve trypsin activity

or degradation (PRSS1, SPINK1, and CTRC), reduction

of fluid secretion that may affect flushing of pan-

creatic enzymes from the ductal system (CFTR) or

non-trypsin-dependent mechanisms (CPA1, Claudin-2).

Clinical pancreatitis with CFTR mutations has been

correlated with the degree of residual CFTR function.

In an elegant study, the risk of clinical pancreatitis in

patients with cystic fibrosis was correlated with the

degree of residual CFTR function. In pancreas sufficient

cystic fibrosis patients, the risk of clinical pancreatitis

was noted to be ∼25% (which is ∼50-fold higher than

the general population) [44]. More recently, a set of

CFTR mutations previously considered to be benign

were demonstrated to specifically affect bicarbonate

transport, thereby increasing the risk of pancreatitis but

not lung disease [45].

Anatomic abnormalities
Obstruction of the pancreatic duct can lead to changes

of CP in the upstream segment. On pathology, CP

changes are often described in surgical specimens from

patients with pancreatic ductal adenocarcinoma, even

when CP was not the predisposing factor. Changes of

CP, including calcifications, can also be seen in patients

with long-standing pancreatic duct strictures or from

intermittent duct obstruction from mucin production in

patients with intraductal papillary mucinous neoplasms

[46]. Other uncommon causes would include anoma-

lous pancreaticobiliary junction or annular pancreas.

The role of pancreas divisum and sphincter of Oddi

dysfunction in the causation of CP remains uncertain.

Physicians often consider these as potential etiologies in

patients with otherwise unexplained pancreatitis. In a

recent small study, the prevalence of CFTR mutations

was noted to be significantly higher among patients with

CP who also had pancreas divisum compared with con-

trols and other forms of CP [47], suggesting that pan-

creas divisum may increase the risk of CP only in the

presence of additional factors. These findings need to be

replicated in a larger cohort and from other centers. In a

large fraction of patients with recurrent acute pancreati-

tis, pancreatic sphincter pressures were noted to be high,

raising the possibility that the increased pressure could

be an effect of pancreatitis rather than its cause [48].
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Other risk factors
Many nontraditional risk factors were identified in the

TIGAR-O classification for pancreatitis proposed in 2001

[49]. Empiric data on the distribution of risk factors in a

cohort of CP have been published in abstract form; for-

mal results are anticipated to be published soon.

Etiology of chronic pancreatitis

Alcohol continues to be the most common etiology

for CP in developed countries. With increasing afflu-

ence, the proportion of cases attributed to alcohol

has also increased in other parts of the world. The

etiologic spectrum of CP is broadening to recognize

entities such as genetic, autoimmune, obstructive,

and others. Data on the current etiologic distribution

of CP published from select large studies in different

regions are shown in Table 12A.4 [7, 8, 13, 50, 51].

Data have been collected in a nationwide registry from

Netherlands the results of which will be forthcoming

soon [52].

In the US, Italian, and Japanese studies, alcohol was

considered to be the primary cause of CP in 43–67.5%

of patients, while a sizeable fraction (17–28.6%) had

idiopathic disease. Data from a multicenter study from

India reported idiopathic disease to be most common

(60.2%) followed by alcohol (38.7%). Only 3.8% of

cases could be described as “tropical pancreatitis” using

well-delineated criteria. In a multicenter study from

China, alcohol and biliary causes were each attributed

to about one-third cases, while 12.9% cases were

diagnosed with idiopathic disease.

There are etiologic differences based on sex and

age. Alcohol is the predominant etiology in men, and

idiopathic is most common in women. The median age

of diagnosis of CP is around 50–55 years. In patients

with alcoholic etiology, symptoms typically begin

between ages 40 and 50 years. Patients with genetic

etiologies usually present between ages 10 and 30 years.

Idiopathic CP can have a bimodal distribution. For

reasons that have not been clearly defined, blacks have

a two- to threefold higher risk of pancreatitis when

compared with whites [18].

Natural history

The clinical course of patients with CP is highly

variable and can include any combination of the

following – episodes of acute pancreatitis, pain expe-

rience (none to severe, intermittent, or constant),

endocrine and/or exocrine insufficiency, or local compli-

cations such as pseudocysts, compression of neighboring

structures such as common bile duct or gastric outlet,

and occlusion of peripancreatic vessels. The natural

history of CP has been described for two broad etiologic

subgroups: alcoholic and nonalcoholic [3, 53]. Patients

with alcoholic CP have a more aggressive clinical course

with development of calcifications, and exocrine and

endocrine insufficiency over a period of few years. They

have a higher chance of developing local complications.

The majority of patients with early-onset idiopathic CP

have abdominal pain and episodes of acute pancreatitis,

but development of morphological changes, diabetes

and exocrine insufficiency evolves slowly over a period

Table 12A.4 Etiology of chronic pancreatitis in selected recent large cross-sectional studies from different regions of the world.

% USA (n=539) Italy (n= 893) Japan (n=1734) China (n= 2008) India (n= 1033)

Alcohol 44.5 34.0 67.5 35.11 38.7

Alcohol plus obstructive - 9.0 - - -

Idiopathic 28.6 17.0 20.0 12.90 60.2

Obstructive 8.7 27.0 - - -

Genetic 8.7 4.0 0.3 7.22 -

Autoimmune 2.2 4.0 0.7 - -

Other 7.2 6.0a 11.5 44.77b 1.1

aDystrophy (6%).
bBiliary stone disease (34.36%), pancreatic trauma (10.41%).

Refs [7, 8, 13, 48, 50].
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of two to three decades. Patients with late-onset idio-

pathic CP have a somewhat milder clinical course with

less frequent abdominal pain and acute pancreatitis

episodes when compared with early-onset and alcoholic

CP. The clinical course of patients with specific nonalco-

holic etiologies (e.g., genetic causes) generally mimics

those with idiopathic CP.

CP has a profound effect on the physical quality of

life and a significant effect on mental quality of life

when compared with control subjects. Quality of life

in CP patients is similar or worse when compared with

many other chronic medical conditions. The NAPS2

study quantified the impact of CP on the physical and

mental quality of life (a reduction of 12.02 and 4.24

points, respectively; a difference of 3 points of statistical

significance) when compared with control subjects after

accounting for demographic, lifestyle factors, and a

limited number of medical comorbidities [54].

When compared with age- and sex- matched subjects

in the general population, the lifespan of CP is signif-

icantly shorter. However, it is important to recognize

that although CP has high morbidity, most patients die

from causes other than CP [19]. CP increases the risk of

pancreatic cancer, especially in patients with hereditary

pancreatitis [55].

Evolution of chronic pancreatitis

There is growing recognition that acute, recurrent

acute, and CP represent a disease continuum. In pop-

ulation studies, the risk of recurrence after the first

episode of acute pancreatitis is about 20–25%. A similar

fraction of patients with recurrent acute pancreatitis

may transition to CP. The risk of progression is greater

among patients with alcohol etiology when compared

with nonalcoholic etiologies. In a Japanese study of

2533 patients with a first episode of moderate or severe

acute pancreatitis, individuals who continued to drink

at similar levels to what they drank prior to the acute

event had a 41% chance of progressing to develop CP

compared with 23% progression among those with

decreased, but moderate, drinking; among patients who

became abstinent to alcohol or only drank occasionally,

the rate of progression to CP was only 14% [56]. Thus,

decreasing the level of alcohol consumption diminishes

the likelihood of disease progression. This observation is

confirmed in a randomized controlled trial that enrolled

patients with a first episode of acute alcoholic pancre-

atitis. Subjects were randomized to repeated counseling

every 6 months and compared with usual care after an

initial counseling session. It was demonstrated that the

risk of hospitalizations and recurrences of pancreatitis

were significantly reduced in the intervention arm

[57]. Smoking has also been associated with the risk of

recurrent pancreatitis and progression of CP. Therefore,

an important component of management should be

to identify patients who may benefit from behavior

modification and offer such services.

The risk of disease progression is high in patients with

genetic etiologies, especially hereditary pancreatitis and

subsets of patients with CFTR mutations. At present,

there are no specific treatment options available to

reduce the risk of disease progression in patients with

genetic abnormalities.

Future directions

Many advances have been made in our understanding

of the epidemiology of CP in the past few decades.

Future studies in different populations should define

disease estimates, evolution, and natural history more

precisely. Studies that use information from genetic

discoveries to identify disease mechanisms are needed

to help design treatment strategies that may alter disease

course.
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Introduction

Chronic pancreatitis (CP) is a clinical syndrome defined

by the consequences of pancreatic injury, inflammation,

morphologic changes, and dysfunction of the systems

affecting the pancreas (acinar, duct, and islet), the

immune system, the nervous system, and the regenera-

tive processes. As discussed previously (Chapter 1), most

clinical consensus reports define CP with a pragmatic

approach as “a continuing inflammatory disease of the

pancreas, characterized by irreversible morphological

change, and typically causing pain and/or permanent

loss of function” [1]. While this definition has practical

utility in distinguishing more advanced cases from other

gastrointestinal pathologies, it fails to capture early or

variant cases, and provides no insight or guidance into

etiology, trajectory, complications, or optimal treatment

or (better yet) preventative approaches. This critique on

the limitations of morphologic features does not mean

that imaging has no value, but only that it must be

interpreted within a larger context.

A fundamental limitation to both clinical and basic

science investigations of the pancreatitis and resulting

efforts to develop definitions, primary etiologies, and

prognostic indicators of CP in the twentieth century was

the medical paradigm of the germ theory of disease. The

germ theory reduces diseases into simple disorders such

as a specific microorganism causing a specific clinical

syndrome. CP cannot be properly described and evalu-

ated within this paradigm because it is a complex disorder

caused by complex gene–environment, gene–gene, or

multiple gene–environment interactions where the

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

pathologic agents are neither necessary nor sufficient

to cause the disorder. The challenges of evaluating and

managing a complex disorder include developing a new

way of thinking about the diagnosis and management

of complex disorders. The new approach falls under the

idea of complex gene–environment interactions, which

is the basis of personalizedmedicine. This change reflects

a paradigm shift, in which multiple factors related to

the conceptual framework, data organization, predicted

behavior within the paradigm, and other factors must

all be changed at once. This is typically challenging,

and there is always resistance to change. However, the

failure of an early paradigm to address key issues, the

availability of a new paradigm in which the failure

is overcome, and a crisis to compel change from one

paradigm to another is typically necessary for a paradigm

shift. A paradigm shift in approaching CP is needed.

Some of the factors that distinguish the germ theory and

a complex gene–environment disease model of person-

alized medicine are given in Table 12B.1 to help under-

stand the differences in structure, approach, and utility.

The practical application of the new paradigm to

the study of CP is that the underlying mechanisms

in many cases are not morphologic in nature; they

are functional – with morphological changes coming

as an eventual consequence in some cases, but not

others. Thus, CP should be viewed as a broad “catch

all” syndrome, which includes some simple etiologies,

such as rare infections, duct obstruction, trauma, or

catastrophic acute pancreatitis, and complex etiologies

that are only understood in a new framework such as

more complex genetics.

126
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Table 12B.1 Contrasting medical paradigms and disease models.

Domain Germ theory and simple disorders Complex gene-environment

Overarching goal Treatment of disease Prevention of disease

Enabling technology Microscope, culture techniques, biopsies NGS, biomarkers, computers

Paradigm-shifting force Flexner Report of 1910 Economics

Education focus Disease diagnosis and classification Normal responses, assessment of

variants

Scientific focus Determine associations Determine mechanisms

Scientific approach Koch’s postulates, global statistics Modeling and simulation, performance

characteristics

Disease classification Tissue pathology, clinical syndromes Genetic and environmental risks,

surrogate endpoints

Disease time frame Static, cross-sectional Dynamic, longitudinal

Physician focus Overall organ dysfunction Activity and trajectory of dysfunctional

systems

Assessment Disease classification Outcome prediction

Treatment Trial and error Targeted, optimized

Success measures Population based Individual based

Utility of the paradigm Infectious diseases, Mendelian genetics,

single-agent disorders, cancer detection

Inflammatory disease, complex genetics,

functional disorders, cancer control,

others

NGS, next generation sequencing.

Modified from [2].

Overview of genetics

Two examples of classic genetic disorders that cause

CP are hereditary pancreatitis (HP) and cystic fibrosis

(CF) (see Chapter 1). HP is caused by mutations in the

cationic trypsinogen gene (PRSS1) and CF is caused

by mutations in the cystic fibrosis transmembrane

conductance regulator gene (CFTR). These disorders

provide indisputable evidence that genetic variants

increase susceptibility to CP. Of the two, HP is most

informative because it provides critical insights into

more complex gene–environment interactions.

The first observation is that HP is not a congenital

disorder. Indeed, some patients with the worst known

variant, PRSS1 R122H, can be asymptomatic into their

nineties with absolutely pristine pancreatic histology

[3]. In contrast, the average PRSS1 mutation carrier

develops symptoms by the age of 10 years, with a wide

variation in the age of onset [4] (Figure 12B.1). This

reminds us that a mutation does not equal a disease,

but it alters the risk for a disease or disease feature.

An acquired disease occurs when there is an abnormal

response of a biological system linked to an organ when

components of the organ are under sufficient stress.

The second observation from HP is that the compi-

lations of CP in affected subjects are not uniform in

their age of onset, or in their incidence or prevalence.

The major complications in HP are recurrent acute

pancreatitis (RAP), which occurs in about 80% of

mutation carriers, and pancreatic exocrine insufficiency

(PEI) and diabetes mellitus in about 40% of mutation

carriers (Figure 12B.1). Since the underlying mutation

is the same in all subjects, these complications must

involve either additional severity factors or modifying

factors, with the consequence that some patients are

affected and others are not.

The third observation in HP is that pancreatic duc-

tal adenocarcinoma (PDAC) occurs only late in life, and

in some patients but not others. Cancer risk is strongly

affected by smoking history, as the incidence of PDAC is

doubled, and the age of onset is shifted a decade earlier

in smokers [5]. This observation demonstrates that envi-

ronmental factors can serve as disease modifiers, rather

than primary susceptibility factors. We also note, from

our HP Registry, that some large kindreds have no cases
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Figure 12B.1 Age of onset of HP-associated symptoms. The cumulative incidence of features and complications of pancreatitis
associated with mutations in the PRSS1 gene. Howes 2004 [3]. Reproduced with permission of Elsevier.

of PDAC,while others suffer from PDAC commonly. This

suggests that HP itself provides a high-risk environment

for other genetic and environmental factors to manifest.

Thus, PDAC in HP is at least a gene × gene × environ-

ment condition in most affected patients.

The other informative Mendelian genetic disor-

der is CF, as reviewed in Chapter 1. Two severe

CFTR mutations (CFTRsev/CFTRsev) result in classic CF,

with pancreatic destruction beginning in utero. With

mild-variable mutations (CFTRm-v) the onset and sever-

ity of pancreatic disease can be delayed and present as

RAP and/or CP (Table 12B.2). The first observations

with classic CF is that the pancreas develops normally

until trypsinogen is expressed, followed by progressive

destruction of the developing pancreas. This and other

lines of evidence tie duct dysfunction to mishandling of

trypsinogen and injury linked to the effects of trypsin

activation. Second, disease occurs with milder muta-

tions, illustrating the fact that to cross the threshold

required to cause disease is a function of the severity of

the genetic variant and the severity of environmental

stressor. As the functional effects of pathogenic variants

within the gene become weaker, the strength of the

environmental stressors must become stronger to

overcome the disease-triggering threshold.

Johanson–Blizzard syndrome is a rare but informative

disorder with multiple developmental features, as well

as CP [6, 7]. The key point of this disorder is that the

pathogenesis involves acinar cell stress related to failed

clearance of misfolded proteins linked to autosomal

mutational loss of UBR1 function [8]. Thus, it appears

that CP can be driven by strong stress signaling from

dysfunctional acinar cell biology, eventually linked to

the immune–inflammatory systems, and independent

of trypsin activation.

Complex genetics

Mutations associated with failed trypsin
regulation
Mechanistic insights from HP and CF led to the discov-

ery of multiple genetic factors in HP using a candidate

gene approach. Currently, mutations in the coding

region of four additional genes linked to the control

of trypsin activity in the pancreas have been identified

and well defined. Mutations in CFTR are among the

most important and common risk factors for CP by

diminishing the flushing for trypsin from the pancreatic

duct, as discussed previously. The expression-altering,

loss-of-function genetic variants in the regulatory

region of the serine peptidase inhibitor, Kazal type 1

gene (SPINK1) represent common and strong-effect risk

for CP. Pathogenic variants in both alleles of the gene

are commonly seen as major etiologic factors in familial

pancreatitis because the threshold for loss of trypsin

regulation is presumably very low and requires limited

stressors to initiate disease. Smaller risks for CP are seen

with mutations in the chymotrypsin C (caldecrin) gene

(CTRC) and the calcium-sensing receptor gene (CASR)
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Table 12B.2 Examples of genotype–phenotype correlation and multiorgan syndromes.

Genotype (variants) Phenotype (syndromes) Comment

PRSS1 (gain-of-function) Hereditary pancreatitis (HP) Genetic counseling recommended

PRSS1/any HP, worse clinical course Genetic counseling recommended

PRSS1 (misfolding) Sporadic, familial (CP) Pancreatitis only – not well studied

CFTRsev/CFTRsev Cystic fibrosis (CF) Manage with a CF center

CFTRsev/CFTRm-v Atypical CF Manage with a CF center

SPINK1/SPINK1 Familial pancreatitis Usually progresses to severe CP

CFTRbicarb/CFTRany Pancreas/sinus/CBAVD Newly defined syndrome

CFTRany/SPINK1 RAP/CP Pancreas only

CFTRany/CTRCsev RAP/CP Pancreatitis only

CTRCsev/SPINK1 RAP/CP Pancreas only – not well studied

CTRCG60G/ETOH/smoke CP CP only

CASR+/alcohol RAP/CP Pancreas only – not well studied

CASR−/SPINK1 RAP/ CP, familial CP CP in FHH and sporadic CP

CASR−/CFTR RAP/CP Pancreas only – not well studied

PRSS1–PRSS2 locus Lower RAP/CP risk Trypsin-linked pathways only

CLDN2 risk allele CP Alcoholic, males more common

CEL MODY 7, CP/DM Familial, not well studied

CPA1 CP Mostly children

GGT1 CP, PDAC Not well studied

MMP1 CP Not well studied

MTHFR CP Not well studied

CFTR: sev, severe mutations (typically functional classes I–III); m-v, mild-variable mutations; (typically CFTR functional class IV), bicarb, bicarbonate

conductance disrupting variant (e.g., R75Q); any, either severe, mild-variable, or bicarbonate-disrupting variants. CASR+, gain-of-function
mutations; CASR−, loss-of-function mutations; FHH, familial hypocalciuric hypercalcemia.

(see recent reviews [9–13]), presumably because they

require additional susceptibility risk before their effects

are relevant. Indeed, these trypsin-controlling gene

variants are often seen together in complex, multigenic

genotypes [14].

Mutations associated with activation of the
unfolded protein response
CEL gene
A different mechanism of CP was discovered in a

Norwegian family with maturity-onset diabetes of the

young (MODY) type 7 [15]. The majority of the affected

family members were found to have steatorrhea, and

finally the underlying defect was traced to the carboxyl

ester lipase (CEL) gene [16, 17], which is a digestive

enzyme [18]. The mutations did not appear to cause

premature enzyme activation, such as trypsin, but

rather processing and folding defects in the CEL gene

resulting in failed secretion and, presumably, triggering

the unfolded protein response (UPR) and activation of

stress signals resulting in inflammation and CP.

CPA1 gene
Carboxypeptidase A1 is a digestive enzyme that is syn-

thesized in very high amounts, second only to cationic

trypsinogen. Using a candidate gene approach, it was

found that rare mutations in the carboxypeptidase A1

gene (CPA1) were associated with CP, especially in chil-

dren [19]. Functional analysis determined that the vari-

ants associated with CP were not secreted from test cells,

but other variants that were not associated with CP were

secreted. The interpretation was that this represented

another example of CP related to chronic stress signaling

from the UPR [19].

PRSS1
Cationic trypsinogen (PRSS1) variants that cause

gain-of-function changes in the protein are associated

with HP (A16V, N29I, and R122H). There are also a
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number of mutations in PRSS1 that are associated with

specific cases of CP, but do not result in HP. These appear

to cause folding defects resulting in failed secretion, and

presumably UPR, stress, and CP [20–22].

Alcohol- and smoking-associated risks of CP
Alcohol as long been recognized as a risk factor for CP,

but it is also clear that alcohol alone is not sufficient

since the majority of heavy drinkers do not have CP,

and animals fed high doses of alcohol for years do not

develop CP.

Individuals that drink alcohol are also more likely to

smoke cigarettes. This fact confounds the analysis of

population or cohort data where the effects of alcohol

and drinking are being analyzed. Only large studies with

well-characterized exposures to alcohol and smoking

and variable experiences are needed to tease out the

independent and synergistic effects. Compared with

Europe, studies in the United States, such as the North

American Pancreatitis Study II (NAPS2), are more

powerful because of significant numbers of people who

smoke but do not drink, who drink but do not smoke,

who smoke and drink at different levels, or who neither

drink nor smoke.

The year 2009 was a breakthrough year for recogniz-

ing the importance of smoking in the etiopathogenesis

of CP. Credit for drawing attention to the potential role

of smoking in CPmust be given to previous investigators

[23–27]. However, three large studies with different

approaches were published from Denmark [28], Italy

[29], and the United States [30], with almost identical

findings and convincing evidence for both a limited

role for alcohol and a major role for smoking. Among

these, the American study from the NAPS2 project [30]

had methodological advantages to provide the greatest

insight into the question of the role of alcohol and

smoking.

The first major finding was that by regression analy-

sis, the risk of CP related to alcohol required very heavy

drinking – equal or greater than 5 drinks with 12 g of

alcohol per day (>60 gm/day) [30]. Alcohol alone, in

patients without smoking, did not have a significant risk

of pancreatitis, although there was a trend. Second, in

contrast to alcohol, there was a dose-dependent risk of

CP with the amount of smoking. Third, the risk of CP

in patients with both smoking and drinking was quadru-

pled over either alone, demonstrating a synergist effect.

Complex gene–environment interactions
with alcohol and smoking
Further insight into the risk and mechanisms of alcohol-

and smoking-related CP were obtained using an unbi-

ased genome-wide association study (GWAS) [31].

Using the deeply phenotyped samples from the NAPS2,

we discovered genetic variants in noncoding regions

within the PRSS1–PRSS2 locus and CLDN2 locus [31].

Rather than classic susceptibility genes, these loci appear

to be very important pancreatitis-risk-modifying factors

[32].

PRSS1–PRSS2 locus
The PRSS1–PRSS2 locus is linked to variants in regu-

latory elements that result in decreased expression of

cationic trypsinogen. This results in some protection

from CP risk factors associated with control of trypsin

activation and activity. The PRSS1–PRSS2 protective

haplotype reduces the likelihood of alcoholic pancre-

atitis, demonstrating that alcohol is working, in part,

through a trypsin-dependent pathway, as predicted by

animal studies [33–39].

CLDN2 locus
A surprising locus was CLDN2 [40]. CLDN2 codes for

the claudin-2 protein, a tight junction protein that is

expressed in the pancreas between duct cells along with

claudin-4 and other tight junction proteins. Claudin-4

is the common protein that forms a seal between the

duct cells to prevent water and solute molecules from

crossing the epithelial barrier. Claudin-2 is normally

inside the duct cells, but we believe that it is rapidly

transferred to the tight junctions in exchange for

claudin-4 during active secretion. Claudin-2 differs

from claudin-4 because it forms channels that are

permeable to water and sodium ions. This is crucial

for fluid secretion, as the duct cells secret bicarbonate

through CFTR. Together, they produce juice that is high

in sodium bicarbonate. This process appears to be nor-

mal in patients with the high-risk CLDN2 haplotype, but

claudin-2 may have another biological function related

to the immune system. We hypothesize that claudin-2

becomes expressed in acinar cells after acute pancreatitis

(AP) as the acinar cells partially dedifferentiate during

the regeneration process. Patients with the high-risk

CLDN2 haplotype have overproduction and mislocaliza-

tion of claudin-2 to interact with macrophages and/or

other inflammatory cells to drive further inflammation
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and the progression from AP to CP. Of note, the CLDN2

gene is on the X chromosome, and risk in men is directly

proportional to the minor allele frequency of the risk

allele in the population, ∼26%, since men only have

one chromosome [40]. In contrast, women have two

X chromosomes, with one silenced, such that their risk

is only 0.26×0.26=0.068, or ∼7% of the population.

The risk is also strongly associated with alcohol. Since

at-risk drinking in men is ∼16% and women is ∼10%,

the high risk for CP from this mechanism is ∼4% of

men, and 0.7% of women. This finding may also partly

explain the male predominance of CP in many studies.

CTRC G60G
More insight comes from studies of CTRC variants in the

United States. As noted earlier, rare CTRC variants were

reported in Europe, India, and China in patients with

CP [41–44], but this was not replicated in the NAPS2

study [45]. Instead, we discovered a strong association

with the CTRC G60G variant, associated with a high-risk

haplotype that may affect CTRC expression under some

conditions [45]. This was not seen in the European

study, but the population was mostly children, who do

not smoke or drink. On subset analysis, we found that

the risk of CP in CTRC G60G carriers was limited to the

alcohol-smoking subset, and especially in smokers [45].

Furthermore, the effect was not seen in RAP but only in

CP, suggesting that CTRC is not a typical susceptibility

factor, but is important in modifying the response of the

body to AP in patients who smoke and/or drink.

Other genetic variants associated with CP
GGT1
γ-Glutamyltransferase is an important enzyme used by

many cells for detoxifying natural and xenobiotic com-

pounds. We found an association between mutations in

γ-glutamyltransferase gene (GGT1) and PDAC [46], as

well as CP [47]. Further studies on this important path-

way are needed.

MMP-1, MTHFR, IL23R
Several genetic factors have been reported that

have not been replicated or fully investigated as to

functional role in CP. These include mutations in

the matrix metalloproteinase-1 gene (MMP-1) [48],

the 5,10-methylenetetrahydrofolate reductase gene

(MTHFR) [49], carboxyl ester lipase (CEL) gene – CEL

pseudogene (CELP) fusion gene [50].

Framework for understanding
genetics of pancreatitis

AP and CP are the most common disorders of the

exocrine pancreas. The major risk for the development

of these diseases lies with the risk of premature activa-

tion of trypsin, followed by zymogen activation, tissue

autodigestion, and the generation of a robust immune

response with all of its consequences [51]. Of emerging

importance is the consequence of protein misfolding

and the UPR. Autoimmune pancreatitis (AIP), not

discussed here further, is another important entity that

is likely a complex disorder.

As noted earlier, the problem with clinicopathologic

definitions of disease is that descriptive definitions can-

not clearly define very mild or early disease and cannot

provide guidance into the design of targeted treatment

strategies. Additional challenges for physicians include

the variability and unpredictability of disease onset,

severity, complications, and managing the clinical

course of these disorders. As a result, therapies are

primarily symptomatic and supportive rather than

targeted at the underlying mechanism and preventing

diseases progression. A new conceptual framework is,

therefore, needed to better understand and manage

patients with pancreatic diseases (reviewed in [2]).

Models of pancreatitis
In simple terms, CP can be viewed as a “two-hit”

disorder [52, 53] with the “first hit” being AP, which

activates the immune system and starts the process. The

magnitude of the triggering event is dependent on the

underlying susceptibility factors for trypsin activation

and/or injury signaling. As an acquired disorder, the tim-

ing of exposure to sufficient stress or injury is random

(stochastic) and marks a major change as the patient

transfers from disease risk to disease activity and/or

outcome. The immune system–activating insult may

be recognized clinically as AP. We call this the sentinel

acute pancreatitis event (SAPE) model (Figure 12B.2).

In our current model, susceptibility to acute pancreatic

injury is linked to premature activation of trypsin,

either within the acinar cell or in the pancreatic duct.

In addition, there are trypsin-independent mechanisms

of injury that can activate the inflammatory process

such as direct trauma, toxicity, or immune-mediated

mechanisms such as AIP.
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(a) Normal Stochastic
injury

Progression
pathways

Susceptibility
factors

(Asymptomatic)

Years Days Months Remainder of life

Immune system
activation (SAPE) Variables

Resolve

Fibrosis

Acinar loss

Islet loss

Pain syndromes

Metaplasia

(b) Acute pancreatitis (c) Chronic pancreatitis

Figure 12B.2 SAPE model of chronic pancreatitis. (a) Patients may spend years with multiple susceptibility risk factors (left) but
remain asymptomatic. (b) A stochastic injury to the pancreas is believed to initiate AP, which typically lasts a few days. This is
critical to activating the immune system at multiple levels. The resolution phase is affected by multiple variables (yellow diamond)
as genetic and environmental risk factors or modifiers that may alter the healing process, leading to progression of pathology
depending on the cell type and system. (c) Pathologic variants to the biology of the stellate cell leads to fibrosis, acinar cell loss leads
to PEI, islet loss lead to DM, altered neural mechanisms leads to pain syndromes, and altered DNA repair leads to metaplasia and
cancer. Modified from Whitcomb [54].

Inflammation is a normal response to injury and,

under ideal conditions, should lead to tissue repair and

regeneration. A “second hit” that modifies the normal

inflammatory response leading to sustained pancreatic

stellate cell activation and fibrosis, or other irreversible

structural or functional changes, is thought to be needed

for development of CP (see reviews [52, 53]). While

the first hit centers on factors that cause injury, the

second hit centers on factors that drive inflammation

and inflammation-associated complications such as

fibrosis and sclerosis, failed acinar cell regeneration

and atrophy, distorted architecture with morphologic

signs of CP, progressive loss of normal parenchyma

with exocrine pancreatic insufficiency, metaplasia,

dysplasia, cancer, and a variety of pain syndromes.

Without the “second hit” (or modifying factors), the

pancreas regenerates after mild to moderate injury and

resumes normal function. Different genetic variants

and environmental factors are relevant to each of these

systems as well.

The development of disease models is impor-

tant for disorders with multiple variables. Modeling

allows for the organization of known risk factors and

disease-modifying factors into compartments for further

study and for providing insight into how multiple risk

factors likely interact. In addition, it allows for the

organization of sequential events, in which responses

are seen to be dependent on initiating conditions thus

facilitating the anticipation of potential downstream

effects when initial conditions are met. Finally, risk

categories can be constructed based on similarities of

therapeutic approaches, linking risk factors with specific

therapies.

Susceptibility to AP and RAP

Disorders of the pancreas can be congenital or acquired

through trauma, infection, or gallstones, or linked to

alcohol, smoking, or genetic factors – or unknown

factors (idiopathic disease). The fact that most people

do not have pancreatic disease suggests that the system

is robust, and that various alternative, adaptive, and

protective mechanisms exists.

One of the approaches we have taken to understand

the complex genetics is to focus on the specialized

cells, which mediate organ function and response to

injury. Fortunately, for those who study pancreatitis,

the exocrine pancreas is simple, with two major cell

types: acinar and duct. Furthermore, each cell has

one function, and we know the mechanisms of these

functions in detail.

Acinar cells biology and risk of AP
The acinar cells are the primary functional unit of

the exocrine pancreas. The primary purpose of the

acinar cell is to rapidly produce large amounts of

pancreatic digestive proenzymes (zymogens) that are

delivered to the duodenum where they are activated

and digest ingested nutrients. The key molecule is
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trypsin, a protease digestive enzyme targeting inter-

nal arginine and lysine residues in a peptide chain.

Trypsin also serves as the master enzyme in that it

is the primary activation mechanism for all of the

other zymogens. Pathologically, trypsin can activate the

immune system by mimicking the action of the mast

cell enzyme tryptase in initiating prolonged immune

system signaling through protease-activated receptors

[55]. Therefore, maintaining trypsin in its zymogen

form as trypsinogen is critical to pancreatic health.

The most important signaling molecule in the acinar

cell is calcium [56]. Release of calcium from internal

stores is critical for excitation–secretion coupling and

expulsion of the zymogen granule content from inside

the acinar cell to the duct lumen. Calcium levels are

tightly regulated, with ATP required to pump calcium

into internal stores and out of the cell [57]. Calcium

is also an important modulator of trypsin activity, so

danger exists inside the acinar cell when calcium levels

are high.

Multiple lines of evidence point to premature activa-

tion of trypsin within the acinar cell as a mechanism

for initiating acinar cell injury and triggering and

inflammatory response recognized clinically as AP (see

reviews [57–61]). Trypsinogen is activated to trypsin

with the cleavage of trypsinogen activation peptide

(TAP) an eight amino acid N-terminus extension that

forms a calcium-binding site [62–64]. When the calcium

concentration is elevated, the activation site is stabilized

allowing trypsin to cleave TAP. Super-physiological

calcium concentrations in acinar cells are linked to

trypsin activation and the initiation of pancreatitis [58,

65]. Of note, excessive alcohol may disrupt the ability to

effectively regulate calcium by damaging mitochondria,

which is needed to produce large amounts of ATP to

lower intracellular calcium levels [58, 65].

Trypsin activity is also pH dependent [66], with

an optimal pH between 7 and 8 [66, 67]. Low pH

(e.g., <7.15) as seen in diabetic ketoacidosis or with

manipulation of acinar cell pH also promotes activa-

tion of trypsin and pancreatitis [68–70] possibly in

conjunction with cathepsin B [71].

There are multiple protective mechanisms within the

acinar cells that are trypsin specific. The first acinar

cell–specific mechanism is trypsin self-destruction

(autolysis) in which another trypsin molecule attacks

the R122 site. In HP, this site is changed to H122, which

is resistant to cleavage. CTRC is another pancreatic

protease activated by trypsin that attacks the trypsin

molecule to complete degradation at L81 [72, 73].

However, there is a second calcium-binding site on

the trypsin molecule, and calcium binding blocks the

R122 and L81 cleavage sites to protect active trypsin

[18, 63, 73]. In low calcium concentrations, trypsin is

not activated (calcium-binding site 1), but if it is, the

molecule is quickly degraded (calcium-binding site 2).

Trypsin activity can be blocked by a second mecha-

nism. In the setting of inflammation, there is marked

upregulation of SPINK1 [2, 74], which codes for the pan-

creatic secretory trypsin inhibitor (PSTI) that effectively

blocks the activity of trypsin. The risks of pancreatitis

arising from the acinar cell are linked to trypsin regu-

lation, specifically the molecular structure, the calcium

concentration, and the pH. Other key factors for trypsin

regulation over time include the upregulation of CTRC

and SPINK1.

Alcohol as a risk for AP
Multiple studies have linked alcohol consump-

tion with an increased risk of developing AP (see

reviews [53, 75, 76]). Animal studies suggest that the

increased risk is related to lowering the threshold for

hyperstimulation-associated pancreatic injury [34, 37].

Other studies suggest that chronic alcohol consumption

alters the neurohormonal mechanisms of pancreatic

activation with hyperstimulation occurring with alco-

hol withdrawal (disinhibiting excitatory nerves that

adapted to alcohol-associated inhibition) and nutrient

feeding (resulting in hyperstimulation) [77], which is

consistent with clinical observations [78]. Each of these

mechanisms appears to be linked to acinar cell calcium

regulation.

Epidemiology studies reveal that less than 3% of

heavy alcoholics develop CP [79], and the risk of

alcoholic pancreatitis, when adjusted for smoking in

regression analysis is low [30]. Furthermore, as noted

earlier, a threshold of >5 drinks a day or 35 drinks a

week are necessary to detect any risk of pancreatitis

[30, 53]. These data indicate that alcohol is a weak

susceptibility factor (first hit), but as is discussed later, it

is a very strong modifier factor (second hit), especially

with smoking [30] and the CLDN2 risk allele [40].

Duct biology
The primary function of the duct cell is to secrete a

bicarbonate-rich fluid to flush the zymogens out of the
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pancreas and into the duodenum. The most important

molecule within the duct is CFTR, an anion channel

that is used to transport both chloride and bicarbonate

with variable permeability ratios being controlled by

duct cell sensors and second messengers [80]. The

electrochemical mechanism of pancreatic chloride and

bicarbonate secretion has been well defined in animal

and mathematical models [81, 82]. The fluid produced

in pancreatic ducts is high in calcium (favoring trypsin

activation and reducing degradation) but has a high pH

(>8), which maintains trypsin in an inactive state.

Risk for pancreatitis is linked with the zymogens

within the duct rather than within the duct cell, since

risk of CP is diminished in patients with pathogenic

CFTR variants plus PRSS1–PRSS2 protective alleles.

The duct cells express multiple sensors on the luminal

surface that are protective since they sense trypsin

activity (e.g., protease activated receptors, PAR 1, PAR2

[83, 84]), while other molecules may sense the calcium

concentration and ATP release as an injury signal (e.g.,

purinoceptors, P2Y2, P2X4, and P2X7 [85]). Activation

of these sensors results in the opening of the CFTR

channel, secretion of a bicarbonate-rich fluid, and

flushing the duct contents into the duodenum [85].

At low intracellular chloride levels, WNL1, an internal

sensor, signals CFTR to favor bicarbonate conductance

[80, 81]. In addition, there are multiple types of duct

cells with different characteristics – with the duct

cells nearest to the acinar cells having the highest

concentration of CFTR molecules [81]. The duct also

contains mucus-secreting cells to further protect the

pancreatic duct form zymogens. These sensors and

protective mechanisms work in different ways to reduce

the risk of injury from active trypsin.

Genetic risk of duct cell dysfunction and AP
Mutations in CFTR cause CF, an autosomal recessive

disease, which is characterized by the development of

CP beginning in utero. About 2000 variants in CFTR

have been identified (http://www.genet.sickkids.on.ca/

app), but the functional effect of most of them remains

unknown (CFTR2 project – http://www.cftr2.org). The

more common variants are classified clinically as severe

or mild-variable, based on their effect on the pancreas.

In 1998, two reports noted that there were more

CFTR variants in patients with idiopathic and some

alcoholic CP patients than could be explained by chance

[86, 87]. These findings have been replicated in mul-

tiple studies from the United States [88], Europe [14,

89–91], India [92], and China/Taiwan [93, 94]. In most

cases, single nucleotide polymorphism (SNP) panels,

plus the F508del variant, were tested, and extensive

genotyping was not done. In some cases, investigators

tested for the SPINK1 N23S variant. Thus, it could

not be determined whether the cases had atypical CF

or another CFTR-related disorders with underlying

complex, pancreas-specific mechanisms [95–98].

Recently, we investigated patients with RAP and

CP from the NAPS2 cohort for all CFTR variants ever

reported more than once in CP cases, plus the more

common pathogenic SNPs (n=81) [99]. We discovered

nine CFTR variants in patients with CP that we previ-

ously reported to be benign based on association with

normal lung function or sweat chloride levels: CFTR

R74Q, R75Q, R117H, R170H, L967S, L997F, D1152H,

S1235R, and D1270N. In collaboration with Professor

Min Goo Lee’s group [80, 81], we found that each

of these variants, when cloned into wild-type CFTR

gene and expressed in experimental cells, had normal

chloride conductance, but failed to transform into bicar-

bonate channels when activated with WNK1–SPAK

stimulation [99]. These variants were scattered across

the coding region of the CFTR gene, but when folded

into functional conformations, it became apparent

that the variants were blocking bicarbonate by four

mechanisms.

The findings could be by chance, and the importance

of these CFTR variants in vivowas unclear. We, therefore,

looked for organ dysfunction in tissues that use CFTR

to secrete bicarbonate, namely the sinuses and the male

reproductive system. Comparing pancreatitis patients

and controls, the CFTR bicarbonate-defective variants

significantly increased the risk for rhinosinusitis (OR

2.3, P<0.005) and male infertility (OR 395, P≪ 0.0001)

[99]. These findings demonstrate that any CFTR variant

that affects overall function or just bicarbonate conduc-

tance without a lung or sweat chloride phenotype are

major risk factors for CP.

Progression from RAP to CP

The previous discussion demonstrates that there are

multiple etiologies for CP. Modeling CP as a disorder that

progresses over years from initial injury to complete
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gland destruction under the influence of one or more

etiologic pathways, however, may be useful for targeting

treatments to stop the process, and allow healing and

regeneration. We wanted to test the SAPE hypothesis to

see whether AP and/or RAP lead to CP. This has recently

been tested in a population-based study from Allegheny

County (Pittsburgh), PA [100] (Figure 12B.3). These

data suggest that following AP, patients progress to CP at

different rates based on etiology, with alcohol etiology

having the highest risk (Figure 12B.3a) and that the

mechanism is linked to RAP (Figure 12B.3b).

SAPE hypothesis – second hit
The SAPE hypothesis model (Figure 12B.2) is built

on the observation that individuals go through life for

many years with multiple risk factors for CP, then sud-

denly the process begins and CP develops [52, 53]. The

“first hit” is a stochastic event resulting in the activation

of the immune system, such as occurs with an episode

of AP (SAPE). The outcome of an episode of AP can

be either complete recovery, necrosis–fibrosis following

severe AP, susceptibility to RAP, or the “second hit” with

initiation of progressive inflammation and compilations

of CP over time. Since there is a time period between

AP and CP (Figure 12B.2), there is an opportunity

to intervene and stop progression. Of note, there are

now multiple cell types involved in injury-recovery

process that may not respond properly (Figure 12B.2c).

Misfunction of the stellate cells results in fibrosis, failed

regeneration results in atrophy, susceptibility of islet

cells to inflammation results in diabetes mellitus (Type

3c), variant nervous system responses result in chronic

pain syndromes, and failed DNA repair results in PDAC.

The approach to preventing RAP and/or progression

should therefore be initiated early and be etiology based

(such as a cholecystectomy in patients with gallstone

pancreatitis but not in patients with alcohol or genetic

etiologies), with attention to high-risk of secondary

complications such as fibrosis or diabetes. Risk factors

for RAP and progression of fibrosis are addressed.

Trypsin activation and progression from
RAP to CP
Studies on patients with HP provide an example of how

a major susceptibility factor such as PRSS1 R122H muta-

tions becomes risk factors for AP and CP through RAP [4,

101, 102]. The example of HP provides some evidence

that RAP may eventually lead to CP.
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Figure 12B.3 Population-based on 7456 Allegheny County, PA,
residents following their first (sentinel) episode of AP. (a) Risk
of developing RAP based on etiology. (b) Risk of CP based on
the presence or absence of documented RAP. From Yadav,
O’Connell and Papachristou [100].

Two genes are important for directly limiting trypsin

activity in the pancreas: SPINK1, a trypsin inhibitor, and

CTRC, a trypsin destroyer. The SPINK1 N34S-haplotype,

the most frequent risk variant, likely acts as a disease

modifier rather than a susceptibility factor [103, 104].

This is based on the observation that the SPINK1 N34S

high-risk haplotype is common (1–3% of most popu-

lations) while CP is uncommon (42/100,000 persons

[105]). However, the SPINK1 N34S variant increases the
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risk of alcoholic CP (OR 5), idiopathic CP (OR 15), and

tropical CP (OR 19) [106]. Furthermore, it is unlikely

that SPINK1 is a susceptibility factor for AP but is closely

linked to CP [107, 108]. This suggests that SPINK1 is

normally effective in controlling the effects of recurrent

intrapancreatic trypsin activation from a variety of

etiologies and that mutations in SPINK1 allow recurrent

trypsin-associated injury to drive fibrosis. Furthermore,

in genetic studies testing multiple genes, heterozygous

SPINK1mutations are only seen in patients with RAP or

CP when there is also a mutation in a susceptibility gene

associated with recurrent trypsin activation such as

PRSS1, CFTR, or CASR [14, 88, 92]. Thus, heterozygous

SPINK1 mutations do not cause pancreatitis – they

make the clinical outcomes of patients with recurrent

pancreatic injury from trypsin activation worse. Of

note, SPINK1mutations are only slightly more common

in alcoholic pancreatitis patients than in the general

population [109–112], suggesting that the pathologic

pathway from pancreatic injury to CP in patients with

alcoholic CP is different [106, 113].

Similarly, the CTRCG60G appears to be a disease mod-

ifier [45]. The variant is present in about 11% of the

general population, making it unlikely that it is an inde-

pendent susceptibility factor. The frequency of the risk

allele is similar in RAP and controls, but significantly

increased in CP, and especially CP from alcohol or smok-

ing [45].

Specific therapy for trypsin-related RAP and CP

have not been developed and/or tested in adequate

human trials. Because of the central role of trypsin in

pancreatic exocrine function, it is unclear to our group

if targeting trypsin activity directly will be effective in

preventing CP.

Alcoholic pancreatitis and progression
from RAP to CP
Patients with alcoholic AP are at high risk of RAP [114]

and progression fromRAP to CP if they continue to drink

alcohol and/or smoke [27, 100, 115, 116]. In the NAPS2,

the prevalence of CFTR variants was equal in RAP and

CP, yet only 25% of RAP and 46% of CP subjects had

at-risk alcohol drinking [30]. This suggests that alcohol

and/or smoking are associatedwith rapid transition from

RAP to CP, decreasing the prevalence in the first category

while increasing it in the second.

There are multiple alcohol-associated risks. Alcohol

accelerates the rate of fibrosis in animal models beyond

what is expected from RAP alone [117, 118]. The

mechanism appears to be related to alteration in the

immune response to recurrent injury [117]. Alcohol acts

synergistically with smoking, and additional pathogenic

genetic variants of CLDN2 and CLDN2 further increase

the risk.

From a therapeutic standpoint, interventions into

slowing progression from alcoholic AP to CP are avail-

able – namely cessation of alcohol and smoking. In

one interesting study, Takeyama et al. [119] found that

in patients who continued drinking after developing

AP had a 58% chance of RAP and 41% chance of CP.

Decreasing drinking but continuing at a lower daily

dose resulted in decrease to RAP 37% and CP 23%,

while decreasing to occasional or complete cessation

decreased recurrence to about 20% for RAP and 13%

for CP. These data confirm the premise that alcoholic

AP leads to CP and also demonstrate that the risk is

reduced with proportional decrease in continued risk

exposure.

Relation between developing fibrosis,
diabetes, pain, and cancer
In Figure 12B.2c, the complications of CP are listed. As

noted earlier, these are all linked to different cell types.

The SAPE hypothesis suggests that after the sentinel

event, specific secondary risk factors influence the

recovery or pathologic complications of failed recovery

in the various cell types. While little research has been

carried out in this area, a study from the NAPS2 cohort

suggests that there is poor correlation between fibrosis

(stellate cells) and pain (nerves) [120]. This suggests

that the relevant genes and other risk factors differ

between these cell types. Similarly, Rebours et al. [121]

found that PDAC development in patients with HP did

not correlate with severity of inflammation and fibrosis.

These findings are very important because it tells us

that if we are only looking for the morphologic changes

in the pancreas to define CP, then we are missing AP

followed by pain syndromes, AP followed by diabetes,

and so on. In fact, there is no consensus on what to

call these disease variants that are clearly part of the

CP syndrome in the context of fibrosis – but not in the

absence of fibrosis. More work is needed on the new

paradigm.
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Future directions

Insights gained from the study of genetic variations

and/or environmental factors have transformed our

understanding of CP. The older approach to making a

diagnosis of CP inflammation without infection leading

to irreversible damage must be replaced with new

disease models that help target therapy. We now under-

stand that CP is a process that begins with immune

system activation (first hit), and progression to fibrosis,

atrophy, diabetes, pain, and/or cancer if there are addi-

tional risk and disease modifiers (second hits). Thus, the

future will be one in which patient with early signs of

pancreatic disease will receive a structured evaluation

that includes genetic testing, and this will provide

the data for disease modeling and etiology-targeted

treatment. The effectiveness of treatment will be moni-

toredwithmodel-specific biomarkers, leading to therapy

adjustments to keep the pancreas close to normal. Such a

clinic has already been developed and is operational [2].
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Introduction

Chronic pancreatitis, regardless of etiology (alcohol,

hereditary, and idiopathic) is characterized by progres-

sive destruction of the pancreas leading to exocrine and

endocrine insufficiency [1]. Histologically, the gland

exhibits necrotic and atrophied acinar elements sur-

rounded by abundant fibrous tissue [2] (Figure 12C.1).

It has now been recognized that the endocrine pancreas

(pancreatic islets) also exhibits significant peri- and

intra-islet fibrosis in chronic pancreatitis. As recently as

two decades ago, the abundant fibrosis of chronic pan-

creatitis was thought to be a mere end point of chronic

inflammation. However, this view changed dramatically

in 1998, with the isolation and characterization of

the cells responsible for fibrogenesis in the pancreas,

namely, pancreatic stellate cells (PSCs). As is discussed

in more detail later, evidence that strongly supports the

concept of fibrogenesis as an active, dynamic process

has now accumulated, suggesting that interventions

(at least in the early stages) have the potential to

retard/reverse the process.

In contrast to the pancreas, fibrogenesis in the liver

has been studied for over a century, ever since the first

description of hepatic stellate cells by the renowned

pathologist Kupffer [3]. Thus, the hepatic stellate cell

biology field has a significant march over the PSC field.

PSCs themselves were first described by Watari [4] in

1982 as a result of electron microscopy studies of both

rodent and human pancreas. However, it was another

16 years before a method was developed to isolate

and culture PSCs from rodent pancreas [5]. The same

method was subsequently adapted for the isolation

of PSCs from the human pancreas [6]. This isolation

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

method took advantage of the capacity of PSCs to store

vitamin A within lipid droplets in their cytoplasm.

The cells could, therefore, be separated from other

pancreatic cells using a density gradient centrifugation

method. The ability to isolate PSCs from the pancreas

provided the much-needed impetus to the pancreatic

fibrosis field, and characterization of PSCs has moved

forward at a rapid pace over the past 17 years.

PSCs are resident cells of the pancreas, located in close

proximity to acinar cells (Figure 12C.2), and comprise

about 4–7% of all pancreatic parenchymal cells. They

have a central cell body and several cytoplasmic exten-

sions that extend around the basolateral aspect of acinar

cells. PSCs have also been found around small ducts and

blood vessels. In the healthy pancreas, PSCs are in their

quiescent state with abundant vitamin A–containing

lipid droplets in their cytoplasm (Figure 12C.3). They

also stain for the selective markers desmin, glial fibrillary

acidic protein (GFAP), nestin, and other neuroectoder-

mal markers; these characteristics help to distinguish

PSCs from fibroblasts. During pancreatic injury, PSCs

are activated by numerous factors that are known

to be upregulated in necroinflammatory states of the

gland (listed later), but can also be activated directly by

toxic factors such as alcohol and its metabolites (well

established causative agents for alcoholic pancreatitis).

Upon activation, PSCs invariably lose their vitamin

A stores, exhibit a myofibroblast-like phenotype,

and express the cytoskeletal protein alpha-smooth

muscle actin (αSMA). Activated PSCs have been well

identified in fibrotic areas of human chronic pancre-

atitis sections using immunohistochemistry of serial

sections for PSC selective markers such as GFAP and

αSMA (Figure 12C.4a) [7] or dual staining of sections
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Figure 12C.1 Chronic pancreatitis – a hematoxylin and eosin (H&E) stained section of the pancreas from a patient with chronic
pancreatitis showing abundant fibrosis, acinar atrophy, and distorted and dilated ducts. Used with Permission. Copyright, American
Gastroenterological Association Institute, Bethesda, MD.

Desmin-stained PSCs

PSC

(a) (b)

A

Figure 12C.2 Pancreatic stellate cells in rat pancreas stained for
the selective marker desmin. (a) A representative photomi-
crograph of normal rat pancreas immunostained for desmin.
(b) The corresponding line diagram. Desmin-positive PSCs
with long cytoplasmic projections are located at the basolateral
aspect of acinar cells (A). Apte et al., Gut, 1998. Reprinted
with permission from BMJ Group.

showing colocalization of αSMA-positive areas with

positive staining for ECM proteins such as collagen

(Figure 12C.4b). Importantly, using dual staining tech-

niques, it has been unequivocally demonstrated that

the αSMA-positive cells in the stroma are the source

of the collagen that comprises fibrous tissue in chronic

pancreatitis and pancreatic cancer [8, 9].

Over the past decade, the number of factors reported

to activate PSCs (based on in vitro studies) has increased

exponentially, with new activators being identified

on a regular basis. A detailed description of the role

and postulated mechanism of action of each activating

factor is beyond the scope of this article (please refer

to the review by Apte et al. [10]). However, it would

be pertinent to list the major factors identified to date.

As noted earlier, the commonest association of chronic

pancreatitis in the western world is alcohol abuse. It is

well established that the pancreas has the capacity to

metabolize alcohol to its toxic metabolites, which exert

injurious effects on the gland. In this regard, it is of

interest that both rat and human PSCs have the capacity

to metabolize alcohol via the oxidative pathway, due

to the activity of the ethanol-metabolizing enzyme

alcohol dehydrogenase 1 (ADH1), within the cells [11,

12]. These in vitro observations are supported by an

in vivo study, demonstrating increased expression of

ADH1C (an ADH1 isozyme), namely in activated PSCs

in histological sections of the pancreas from patients

with chronic pancreatitis and pancreatic cancer [12].
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(a)

Freshly isolated PSCs PSCs in early culture

(b) (c)

Figure 12C.3 Freshly isolated pancreatic stellate cells and PSCs in early culture. (a) Cytospin of freshly isolated PSCs exhibiting
desmin staining (brown) in the cytoplasm adjacent to the nucleus (blue). (b) PSCs in early culture exhibiting a flattened polygonal
shape with abundant lipid droplets (containing vitamin A) in the cytoplasm, surrounding the central nucleus. (c) PSC in early
culture showing positive desmin staining characteristic of a cytoskeletal protein. Apte et al., Gut, 1998. Reprinted with permission
from BMJ Group.

Other known PSC-activating factors closely relevant

to the setting of pancreatic injury include oxidant stress,

inflammatory mediators (cytokines, chemokines),

cyclooxygenase 2, hypoxia, hyperglycemia, and

angiotensin. One of the intriguing features with regard

to PSC activation is the fact that upon activation by the

exogenous factors noted earlier, PSCs are themselves

able to secrete cytokines, which can act on the cells in an

autocrine manner. This ability to produce endogenous

cytokines confers on the cells a capacity to remain in

a perpetually activated state (even when the original

activating factors are no longer present) (Figure 12C.5).

This can lead to uncontrolled production of ECM

proteins eventually leading to pathological fibrosis.

In parallel with studies identifying the exogenous

factors responsible for activating PSCs during pancreatic

injury, researchers have been assessing the signaling

pathways that may mediate the responses of PSCs to

such activating factors. It is now well established that

PSC functions such as proliferation, αSMA expression,

migration, and ECM expression are regulated by the

MAP kinase, PI3 kinase, and PKC pathways [13–15].

More recently, the Hedgehog pathway has also been

implicated in PSC migration [16], while downstream

signaling molecules such as JAK-STAT and Smads

regulate cell proliferation and ECM synthesis, respec-

tively [17, 18]. Rho kinases are thought to regulate

cytoskeletal stress protein expression in PSCs [19],

while transcription factors such as AP-1, NF-𝜅B, and

Gli-I act as downstream regulators of several PSC

functions. While the pathways noted earlier generally

regulate the induction of the activating process in PSCs,

there is one pathway that is unique because it mediates

the inhibition of PSC activation – thus, binding of glita-

zone ligands to their receptor, peroxisome proliferator

activator receptor-gamma (PPARγ), has been shown to

prevent/retard the activation process in PSCs [20].

Although initial interest in PSC biology revolved

around their possible role in pathological fibrosis, recent

studies indicate a wider functional scope for these

cells, such as protecting the pancreas against initial

pancreatic injury via their role in innate immunity [21].

In this regard, PSCs have been shown to express the

receptors that recognize pathogen-associated molecular

patterns (PAMPs), namely toll-like receptors 2, 3, 4,

5, and 9 [22]. Moreover, they have been shown to
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(a)

(b)

H&E ααSMA GFAP

Figure 12C.4 Human chronic pancreatitis sections. (a) Serial sections from a patient with chronic pancreatitis stained with H and E
and immunostained for α-smooth muscle actin (αSMA) and glial fibrillary acidic protein (GFAP), demonstrating positive staining for
the PSC activation marker αSMA and the PSC selective marker GFAP in fibrotic areas. Tahara et al., Laboratory Investigation, 2013.
Reprinted with permission from Nature Publishing Group. (b) Dual staining of a human chronic pancreatitis section immunostained
for the PSC activation marker αSMA and for collagen using Sirius Red. The brown staining for αSMA is colocalized with the red
staining for collagen indicating the presence of activated PSCs in fibrotic areas of the pancreas. Haber 1999. Reproduced with
permission of Elsevier.

have a capacity for endocytosis and phagocytosis of

necrotic cells. However, in contrast to hepatic stellate

cells, PSCs appear to be unlikely to play a role in

acquired immunity since they do not appear to function

as antigen-presenting cells as evidenced by lack of

expression of antigen-presenting cell markers such as

MHC class II molecules or HLA-DR molecules [23].

This difference between HSCs and PSCs may reflect the

fact that HSCs are routinely exposed to antigens via

the portal circulation, whereas PSCs are located in a

relatively sheltered microenvironment.

PSCs and chronic pancreatitis

In order to elucidate the specific role of PSCs in chronic

pancreatitis, researchers have assessed pancreatic

sections from patients with chronic pancreatitis (these

are necessarily cross-sectional studies) and in experi-

mental models of pancreatic injury, which allow the

examination of chronological changes during disease

development.

Human chronic pancreatitis sections have been

stained for ECM deposition (using trichrome stains),

collagen (using Sirius Red), and also immunostained

for ECM proteins, PSC selective markers, fibrogenic

cytokines such as TGFβ and other indices of injury

such as oxidant stress. It has now been consistently

demonstrated that fibrotic areas in chronic pancreatitis

exhibit the presence of increased numbers of activated

PSCs [9]. Moreover, using dual staining techniques for

αSMA and procollagen mRNA, it has been shown that

activated PSCs are the predominant source of collagen

in pancreatic fibrosis [9].
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Inflammatory disease
process

Activation

Perpetuation of activation

Cytokines (autocrine and
paracrine effects)
TGFβ, CTGF, MCP-1,
IL-1, IL-8, IL-15, RANTES

Pancreatic fibrosis

Figure 12C.5 Perpetuation of PSC activation. A diagrammatic
representation of the postulated pathway for a perpetually
activated state for PSCs. Pancreatic stellate cells are acti-
vated via paracrine pathways by exogenous factors during
pancreatic necroinflammation. Activated PSCs synthesize and
secrete endogenous cytokines, which influence PSC function
via autocrine pathways. It is possible that this autocrine loop
in activated PSCs perpetuates the activated state of the cell,
even in the absence of the initial trigger factors, leading to
excessive ECM production and eventually causing pancreatic
fibrosis.

As noted earlier, a number of PSC-activating factors

have been identified through in vitro studies, including

cytokines, growth factors, and oxidant stress. Supportive

evidence for a role of these factors during the develop-

ment of pancreatic fibrosis comes from the following

observations : (i) significantly increased expression of

the profibrogenic cytokine transforming growth factor

beta (TGFβ) in acinar cells in the vicinity of fibrotic

areas and in spindle-shaped cells within fibrotic bands,

suggesting a paracrine effect of the growth factor on

PSC activation [9]; (ii) increased expression of the

receptor for platelet-derived growth factor (PDGF, a

well-known mitogenic factor for PSCs) in areas of

fibrosis, suggesting that PDGF-induced proliferation

is responsible for the increased numbers of PSCs in

chronic pancreatitis [9]; (iii) increased expression of

nerve growth factor (NGF, a PSC selective marker)

in chronic pancreatitis [24], indicating that apart

from neuronal cells, PSCs may also contribute to the

observed increase in NGF expression in chronic pan-

creatitis; and (iv) increased evidence of oxidant stress

(as assessed by the staining for 4-hydroxynonenal, a

lipid peroxidation product) in fibrotic areas of chronic

pancreatitis [25].

Animal models

Researchers turned to experimental models of

pancreatic fibrosis to overcome the limitation of

“point-in-time” studies using human chronic pancre-

atitis sections. Several animal models (mostly rodent

models) have been described in the literature, the

majority of which have used relatively nonphysiological

interventions to cause pancreatic fibrosis (see review

Apte et al. [10]). A detailed description of each of these

models is not within the scope of this chapter, but the

approaches used to produce pancreatic fibrosis in rats

have included retrograde infusions of toxins into the

pancreatic duct [9], duct ligation with simultaneous

secretory stimulation (hypertension obstruction model)

[26], repeated injections of a superoxide dismutase

inhibitor (thus causing increased oxidant stress within

the gland) [27], chronic alcohol administration with

repeated cyclosporine and caerulein injections [28], and

chronic alcohol administration followed by endotoxin

(LPS) challenge [29]. A model of spontaneous chronic

pancreatitis in Wbn/Kob rats has also been studied

[30]. Mouse models of pancreatic fibrosis have involved

the use of transgenic animals overexpressing TGF or

the EGF receptor ligand heparin epidermal growth

factor-like growth factor (HB-EGF) [31] or IL-1β [32]

and chronic pancreatitis produced by repeated injections

of supraphysiological caerulein [33].

Each of the models noted earlier has provided useful

experimental evidence in support of a role for PSCs

in progressive pancreatic fibrosis, but only one of the

models could be said to closely represent the clinical

situation, that is, the rat model of alcoholic chronic pan-

creatitis produced by repeatedly challenging alcohol-fed

rats with endotoxin (LPS) [29]. This model is based on

the well-recognized clinical observation of endotoxemia

in heavy drinkers (secondary to alcohol-mediated

increase in gut mucosal permeability) [34]. In this

model, a synergistic effect of alcohol and LPS was

observed whereby pancreatic injury was significantly

more severe (as evidenced by acinar atrophy and fibro-

sis) in rats treated with alcohol and LPS, compared with

animals treated with either factor alone (Figure 12C.6).

Regardless of the model used however, in general,

the aforementioned studies have demonstrated that

PSCs are activated early during pancreatic injury. Once

activated they not only produce significantly increased
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Figure 12C.6 Rat model of alcoholic chronic pancreatitis involv-
ing chronic ethanol administration and repeated endotoxin
(LPS) challenge. (a) Graphical representation of histological
injury in four groups of rats as assessed by scoring for vac-
uolization, necrosis, inflammatory infiltrate, hemorrhage, and
edema: (i) control diet–fed rat, no alcohol (C); (ii) alcohol-fed
rat (A); (iii) control diet–fed rat challenged with repeated LPS
injections (CLr) ; (iv) alcohol-fed rat challenged with repeated
LPS injections (ALr). Alcohol and LPS alone caused minimal
histological damage to the pancreas. ALr animal exhibited the
highest histological injury scores compared with the other three
groups. 25 HPF/section, three sections per rat were examined
(*P<0.001 ALr vs. CLr, A and C; n= 7 rats/group). (b) Masson’s
trichrome staining for pancreatic connective tissue: representa-
tive micrographs from CLr and ALr animals showing increased
fibrosis (blue Masson’s staining) in the latter group. (c) αSMA
staining for activated PSCs: representative micrographs from
CLr and ALr animals showing significantly increased αSMA in
the latter group. Vonlaufen 2007. Reproduced with permission
of Elsevier.

amounts of ECM proteins but also modulate the propor-

tion of matrix-degrading enzymes and their inhibitors,

such that deposition of excess ECM is facilitated.

One of the well-recognized complications of chronic

pancreatitis is diabetes, postulated to occur due to islet

cell destruction secondary to progressive fibrosis. Inter-

estingly, recent evidence using Goto-Kakizaki rats (a

model of type 2 diabetes) indicates that activated PSCs

(as identified by positive immunostaining for αSMA

and the PSC selective marker GFAP) are present in

fibrotic areas around and within pancreatic islets [35].

In vitro studies by Kikuta et al. [36] have examined the

interaction between PSCs and β-cells and have reported
increased apoptosis and decreased insulin production

by β-cells upon co-incubation with PSCs. In turn,

β-cells (specifically the beta cell line INS-1) have been

shown to increase proliferation, while at the same time,

inhibiting ECM synthesis and cytokine production by

PSCs [37]. The authors hypothesize that the inhibitory

effects of beta cells on PSCs may represent a mechanism

by which β-cells protect themselves from PSC-induced

injury. Although further studies will be required to

clarify the observed differential responses of PSCs to

islet cells, the aforementioned work suggests a role for

PSCs in chronic pancreatitis–related islet dysfunction.

While it is agreed that a major proportion of the

increased numbers of activated PSCs in experimental

chronic pancreatitis reflect increased proliferation of

resident PSCs, it is possible that a small fraction of

activated PSCs in the diseased pancreas come from cir-

culating bone marrow cells. Using a chimeric approach,

where bone marrow from male, GFP-enhanced trans-

genic mice was infused into irradiated female mice that

were then subjected to repeated caerulein injections

to produce chronic pancreatitis, Watanabe et al. [38]

demonstrated that at least 20% of αSMA-positive (acti-

vated) PSCs were sourced from the bone marrow. These

findings support the concept that during pancreatic

injury, bone marrow–derived PSCs home to areas of

injury, thereby contributing to the fibrotic process in

the injured gland.

Reversal of pancreatic fibrosis
in chronic pancreatitis

In view of the central role of activated PSCs in the fibro-

sis of chronic pancreatitis, any steps to retard/reverse
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the process would necessarily entail removal of excess

ECM from the pancreas and restitution of the activated

and proliferating PSC population to its normal quiescent

phenotype. Loss of activated PSCs could occur through

a reversion to quiescence, apoptosis, or senescence. In

vitro studies have shown that culture of cells on Matrigel

(a basement membrane-like matrix) [39] or exposure

of cells to albumin [40] or retinol metabolites such as

all trans-retinoic acid (ATRA) [13] can induce a partial

reversion to quiescence. ATRA treatment in vivo, albeit

in a model of pancreatic cancer, has been shown to

inhibit PSC activation [41]. However, there are no in

vivo studies yet pertaining to ATRA treatment in chronic

pancreatitis. Apoptosis of PSCs has been better studied,

with both in vitro and in vivo evidence demonstrating

that withdrawal of alcohol from culture medium, or

from the diet in rats, promoted PSC apoptosis and a

reversal of fibrosis [42]. Interestingly, Li and colleagues

[43] have reported that an acute phase reactant protein

(pancreatic stone protein, PSP, known to be upregulated

in pancreatitis) can induce apoptosis of PSCs and also

decreases TIMP production by the cells, effectively

facilitating MMP activity, which eventually leads to

fibrinolysis.

Based on accumulating knowledge regarding the

mechanisms mediating PSC activation and quiescence,

several potentially useful antifibrotic strategies have

now been trialed in vivo although these have been

limited mainly to experimental models. Significant

reductions in fibrosis have been reported using the

following approaches: (i) inhibition of cytokines such as

TGFβ or TNFα by decreasing production (e.g., pentoxi-

fylline for TNFα) [44], by using neutralizing antibodies

to prevent cytokine activity [45, 46], or via inhibition of

relevant signaling pathways (e.g., halofuginone to sup-

press downstream Smad3 phosphorylation in the case of

TGFβ) [47]; (ii) inhibition/prevention of oxidant stress,

using antioxidants such as vitamin E, xanthine oxidase

inhibitors, and free radical scavengers [44, 48–51]; (iii)

inhibition of inflammation using protease inhibitors

or the synthetic carboxamide derivative IS-741, which

reduces macrophage infiltration of the injured pan-

creas [52, 53]; (iv) stimulation of the PPARγ pathway

using its ligand troglitazone [20]; (v) inhibition of the

renin–angiotensin system using the antiangiotensin

drug losartan [54]; (vi) decreasing collagen synthe-

sis via silencing of collagen mRNA in PSCs, using

vitamin A–coupled liposomes containing siRNA for a

collagen-specific chaperone [55] and (vii) calcipotriol, a

vitamin D receptor ligand recently shown to induce PSC

quiescence [56]. As regards alcohol-induced pancreatic

fibrosis, it has now been shown by Vonlaufen and

colleagues [42] that withdrawal of dietary alcohol from

rats with established alcoholic pancreatitis can reverse

parenchymal injury as well as fibrosis in the pancreas.

Notably, these findings provide the first experimental

evidence to support the clinical advice of abstinence

that is routinely offered to heavy drinkers by their

treating doctors.

In conclusion, cellular and molecular mechanisms

regulating fibrogenesis in the pancreas in health as

well as in disease have become increasingly clarified

over the past 15 years. Through in vitro and in vivo

studies, researchers have unraveled some of the com-

plex interactions between PSCs and other cells as well

as between PSCs and the extracellular matrix in the

pancreatic parenchyma. Furthermore, using the infor-

mation gained, novel therapeutic options have been

tested and these have proved reasonably successful

in reducing/preventing fibrosis in the experimental

setting. Transferring these new insights into the clinical

situation is the next logical step in this field. Our

improved understanding of PSC biology in animal

models as well as in humans provides a firm foundation

for the genesis of new approaches in the near future,

which can successfully interrupt pathological fibrosis in

the clinical setting, thereby improving patient outcome

in diseases such as chronic pancreatitis.

References

1 Forsmark CE. Management of chronic pancreatitis.

Gastroenterology 2013; 144:1282–1291; e3.

2 Kloppel G. Pathology of chronic pancreatitis and pancreatic

pain. Acta Chirurgica Scandinavica 1990; 156:261–265.

3 Friedman SD. The cellular basis of hepatic fibrosis. New

England Journal of Medicine 1993; 328:1828–1835.

4 Watari N, Hotta Y, Mabuchi Y. Morphological studies on

a vitamin A-storing cell and its complex with macrophage

observed in mouse pancreatic tissues following excess vita-

min A administration. Okajimas Folia Anatomica Japonica

1982; 58:837–858.

5 Apte MV, Haber PS, Applegate TL, et al. Periacinar stellate

shaped cells in rat pancreas - identification, isolation, and

culture. Gut 1998; 43:128–133.

6 Vonlaufen A, Phillips PA, Xu ZH, et al. Isolation of quies-

cent human pancreatic stellate cells; a useful in vitro tool to

study hPSC biology. Pancreatology 2010; 10:434–443.



�

� �

�

150 Pancreatitis

7 Tahara H, Sato K, Yamazaki Y, et al. Transforming growth

factor-alpha activates pancreatic stellate cells and may be

involved in matrix metalloproteinase-1 upregulation. Lab-

oratory Investigation 2013; 93:720–732.

8 Apte MV, Wilson JS, Lugea A, Pandol SJ. A starring role

for stellate cells in the pancreatic cancer microenvironment.

Gastroenterology 2013; 144:1210–1219.

9 Haber P, Keogh G, Apte M, et al. Activation of pancreatic

stellate cells in human and experimental pancreatic fibrosis.

American Journal of Pathology 1999; 155:1087–1095.

10 Apte MV, Pirola RC, Wilson JS. Pancreatic stellate cells: a

starring role in normal and diseased pancreas. Frontiers in

Physiology 2012; 3:344.

11 ApteMV, Phillips PA, Fahmy RG, et al. Does alcohol directly

stimulate pancreatic fibrogenesis? Studies with rat pancre-

atic stellate cells. Gastroenterology 2000; 118:780–794.

12 Chiang CP, Wu CW, Lee SP, et al. Expression pattern,

ethanol-metabolizing activities, and cellular localization of

alcohol and aldehyde dehydrogenases in human pancreas:

implications for pathogenesis of alcohol-induced pancreatic

injury. Alcoholism: Clinical and Experimental Research

2009; 33:1059–1068.

13 McCarroll JA, Phillips PA, Santucci N, Pirola RC, Wilson JS,

Apte MV. Vitamin A inhibits pancreatic stellate cell activa-

tion: implications for treatment of pancreatic fibrosis. Gut

2006; 55 1:79–89.

14 McCarroll JA, Phillips PA, Kumar RK, et al. Pancreatic

stellate cell migration: role of the phosphatidylinositol

3-kinase(PI3-kinase) pathway. Biochemical Pharmacology

2004; 67:1215–1225.

15 McCarroll JA, Phillips PA, Park S, et al. Pancreatic stellate

cell activation by ethanol and acetaldehyde: is it mediated

by themitogen-activated protein kinase signaling pathway?

Pancreas 2003; 27:150–160.

16 Shinozaki S, Ohnishi H, Hama K, et al. Indian hedgehog

promotes the migration of rat activated pancreatic stellate

cells by increasing membrane type-1 matrix metallopro-

teinase on the plasma membrane. Journal of Cellular

Physiology 2008; 216:38–46.

17 Masamune A, Satoh M, Kikuta K, Suzuki N, Shimosegawa

T. Activation of JAK-STAT pathway is required for

platelet-derived growth factor-induced proliferation of

pancreatic stellate cells. World Journal of Gastroenterology

2005; 11:3385–3391.

18 Ohnishi H, Miyata T, Yasuda H, et al. Distinct roles

of Smad2-, Smad3-, and ERK-dependent pathways in

transforming growth factor-beta1 regulation of pancreatic

stellate cellular functions. Journal of Biological Chemistry

2004; 279:8873–8878 ; Epub 2003 Dec 18.

19 Masamune A, Shimosegawa T. Signal transduction in

pancreatic stellate cells. Journal of Gastroenterology 2009;

44:249–260.

20 Shimizu K, Shiratori K, Kobayashi M, Kawamata H.

Troglitazone inhibits the progression of chronic pancreatitis

and the profibrogenic activity of pancreatic stellate cells via

a PPARgamma-independent mechanism. Pancreas 2004;

29:67–74.

21 Shimizu K, Kobayashi M, Tahara J, Shiratori K. Cytokines

and peroxisome proliferator-activated receptor gamma lig-

and regulate phagocytosis by pancreatic stellate cells. Gas-

troenterology 2005; 128:2105–2118.

22 Masamune A, Kikuta K,Watanabe T, Satoh K, Satoh A, Shi-

mosegawa T. Pancreatic stellate cells express Toll-like recep-

tors. Journal of Gastroenterology 2008; 43:352–362.

23 Shimizu K, Hashimoto K, Tahara J, Imaeda H, Andoh A,

Shiratori K. Pancreatic stellate cells do not exhibit features

of antigen-presenting cells. Pancreas 2012; 41:422–427.

24 Friess H, Zhu ZW, di Mola FF, et al. Nerve growth factor and

its high-affinity receptor in chronic pancreatitis. Annals of

Surgery 1999; 230:615–624.

25 Casini A, Galli A, Pignalosa P, et al. Collagen type I

synthesized by pancreatic periacinar stellate cells (PSC)

co-localizes with lipid peroxidation-derived aldehydes in

chronic alcoholic pancreatitis. Journal of Pathology 2000;

192:81–89.

26 Murayama KM, Barent BL, Gruber M, et al. Characteriza-

tion of a novel model of pancreatic fibrosis and acinar atro-

phy. Journal of Gastrointestinal Surgery 1999; 3:418–425.

27 Matsumura N, Ochi K, Ichimura M, Mizushima T, Harada

H, Harada M. Study on free radicals and pancreatic

fibrosis–pancreatic fibrosis induced by repeated injec-

tions of superoxide dismutase inhibitor. Pancreas 2001;

22:53–57.

28 Gukovsky I, Lugea A, Shahsahebi M, et al. A rat model

reproducing key pathological responses of alcoholic chronic

pancreatitis. American Journal of Physiology: Gastrointesti-

nal and Liver Physiology 2008; 294:G68-G79.

29 Vonlaufen A, Xu ZH, Joshi S, et al. Bacterial endotoxin – a

trigger factor for alcoholic pancreatitis? Findings of a novel

physiologically relevant model. Gastroenterology 2007;

133:1293–1303.

30 Ohashi K, Kim JH, Hara H, Aso R, Akimoto T, Nakama K.

WBN/Kob rats. A new spontaneously occurring model of

chronic pancreatitis. International Journal of Pancreatology

1990; 6:231–247.

31 Blaine SA, Ray KC, Branch KM, Robinson PS, Whitehead

RH, Means AL. Epidermal growth factor receptor regulates

pancreatic fibrosis. American Journal of Physiology: Gas-

trointestinal and Liver Physiology 2009; 297:G434-G441.

32 Marrache F, Tu SP, Bhagat G, et al. Overexpression of

interleukin-1beta in the murine pancreas results in chronic

pancreatitis. Gastroenterology 2008; 135:1277–1287.

33 Neuschwander-Tetri BA, Burton FR, Presti ME, et al. Repet-

itive self-limited acute pancreatitis induces pancreatic fibro-

genesis in the mouse. Digestive Diseases and Sciences 2000;

45:665–674.

34 Bode C, Fukui H, Bode JC. Hidden endotoxin in plasma of

patients with alcoholic liver disease. European Journal of

Gastroenterology and Hepatology 1993; 5:257–262.



�

� �

�

Chapter 12C: Pancreatic stellate cells: what do they tell us about chronic pancreatitis? 151

35 Saito R, Yamada S, Yamamoto Y, et al. Conophylline

suppresses pancreatic stellate cells and improves islet

fibrosis in Goto-Kakizaki rats. Endocrinology 2011; 153:

621–630.

36 Kikuta K, Masamune A, Hamada S, Takikawa T, Nakano

E, Shimosegawa T. Pancreatic stellate cells reduce insulin

expression and induce apoptosis in pancreatic beta-cells.

Biochemical and Biophysical Research Communications

2013; 433:292–297.

37 Li F, Chen B, Li L, et al. INS-1 cells inhibit the production

of extracellular matrix from pancreatic stellate cells. Journal

of Molecular Histology 2013; 45:321–327.

38 Watanabe T, Masamune A, Kikuta K, et al. Bone marrow

contributes to the population of pancreatic stellate cells in

mice. American Journal of Physiology: Gastrointestinal and

Liver Physiology 2009; 297:G1138–G1146.

39 Apte MV, Yang L, Phillips PA, et al. Extracellular matrix

composition significantly influences pancreatic stellate cell

gene expression pattern: role of transgelin in PSC function.

American Journal of Physiology: Gastrointestinal and Liver

Physiology 2013; 305:G408–G417.

40 Kim N, Choi S, Lim C, Lee H, Oh J. Albumin mediates

PPAR-gamma or C/EBP-alpha-induced phenotypic changes

in pancreatic stellate cells. Biochemical and Biophysical

Research Communications 2010; 391:640–644.

41 Froeling FE, Feig C, Chelala C, et al. Retinoic acid-induced

pancreatic stellate cell quiescence reduces paracrine

Wnt-beta-catenin signaling to slow tumor progression.

Gastroenterology 2011; 141:1486–1497; 1497.e1–e14.

42 Vonlaufen A, Phillips P, Xu ZH, et al. Alcohol withdrawal

promotes regression of pancreatic fibrosis via induction

of pancreatic stellate cell (PSC apoptosis). Gut 2011;

60:238–246.

43 Li L, BachemMG, Zhou S, et al. Pancreatitis-associated pro-

tein inhibits human pancreatic stellate cell MMP-1 and -2,

TIMP-1 and -2 secretion and RECK expression. Pancreatol-

ogy 2009; 9:99–110.

44 Pereda J, Sabater L, Cassinello N, et al. Effect of simulta-

neous inhibition of TNF-alpha production and xanthine

oxidase in experimental acute pancreatitis: the role of

mitogen activated protein kinases. Annals of Surgery 2004;

240:108–116.

45 Hughes CB, Gaber LW, Mohey el-Din AB, et al. Inhibi-

tion of TNF alpha improves survival in an experimental

model of acute pancreatitis. American Surgeon 1996;

62:8–13.

46 Menke A, Yamaguchi H, Gress TM, Adler G. Extracellular

matrix is reduced by inhibition of transforming growth fac-

tor beta1 in pancreatitis in the rat. Gastroenterology 1997;

113:295–303.

47 Zion O, Genin O, Kawada N, et al. Inhibition of trans-

forming growth factor beta signaling by halofuginone as a

modality for pancreas fibrosis prevention. Pancreas 2009;

38:427–435.

48 Gomez JA, Molero X, Vaquero E, Alonso A, Salas A,

Malagelada JR. Vitamin E attenuates biochemical and

morphological features associated with development of

chronic pancreatitis. American Journal of Physiology: Gas-

trointestinal and Liver Physiology 2004; 287:G162–G169;

Epub 2004 Mar 4.

49 Lu XL, Dong XY, Fu YB, et al. Protective effect of salvianolic

acid B on chronic pancreatitis induced by trinitrobenzene

sulfonic acid solution in rats. Pancreas 2009; 38:71–77.

50 Suzuki N, Masamune A, Kikuta K, Watanabe T, Satoh K,

Shimosegawa T. Ellagic acid inhibits pancreatic fibrosis in

male Wistar Bonn/Kobori rats. Digestive Diseases and Sci-

ences 2009; 54:802–810.

51 Tasci I, Deveci S, Isik AT, et al. Allopurinol in rat chronic

pancreatitis: effects on pancreatic stellate cell activation.

Pancreas 2007; 35:366–371.

52 Gibo J, Ito T, Kawabe K, et al. Camostat mesilate attenu-

ates pancreatic fibrosis via inhibition of monocytes and pan-

creatic stellate cells activity. Laboratory Investigation 2005;

85:75–89.

53 Kaku T, Oono T, Zhao H, et al. IS-741 attenuates local

migration of monocytes and subsequent pancreatic fibrosis

in experimental chronic pancreatitis induced by dibutyltin

dichloride in rats. Pancreas 2007; 34:299–309.

54 Madro A, Korolczuk A, Czechowska G, et al. RAS inhibitors

decrease apoptosis of acinar cells and increase elimination

of pancreatic stellate cells after in the course of experimen-

tal chronic pancreatitis induced by dibutyltin dichloride.

Journal of Physiology and Pharmacology 2008; 59 Suppl

2:239–249.

55 Ishiwatari H, Sato Y, Murase K, et al. Treatment of

pancreatic fibrosis with siRNA against a collagen-specific

chaperone in vitamin A-coupled liposomes. Gut 2012;

62:1328–1339.

56 Sherman MH, Yu RT, Engle JE, et al. Vitamin D

Receptor-Mediated Stromal Reprogramming Suppresses

Pancreatitis and Enhances Pancreatic Cancer Therapy. Cell

2014; 159(1):80–93.



�

� �

�

PART D: Autoimmune pancreatitis: an update

Thiruvengadam Muniraj1, Raghuwansh P. Sah2, & Suresh T. Chari2,
1Section of Digestive Diseases, Yale University School of Medicine, New Haven, CT, USA
2Division of Gastroenterology and Hepatology, Mayo Clinic College of Medicine, Rochester, MN, USA

Introduction

Autoimmune pancreatitis (AIP) is rare but distinct form

of chronic pancreatitis that mimics pancreatic cancer

in presentation and is characteristically responsive to

steroids. Initially reported from Japan in 1995, AIP is

now increasingly recognized worldwide [1]. High serum

IgG4, first described in AIP patients in 2001 [2], was

thought to be a characteristic feature of the disease;

now it has become clear that a subset of AIP patients do

not have elevated serum IgG4. With increasing recog-

nition of this disease, several other distinct features

have now been recognized. Over the last decade, these

features have resulted in the formulation of diagnostic

criteria such as the Japan Pancreas Society, Mayo

Clinic (HISORt), Korean, Asian, and European criteria.

Recently, international consensus diagnostic criteria

(ICDC) have been formulated for a consistent platform

for the diagnosis of AIP across the world. The process

of recognition of this disease, description of various

features, and development of the diagnostic criteria and

treatment strategies over the last 20 years has yielded

in several key lessons for the pancreas community in

general. In this review, we provide a concise update

on AIP and discuss various lessons learnt from the

developments in AIP.

Consensus definition and subtypes

AIP is a distinct form of pancreatitis characterized clini-

cally by frequent presentation with obstructive jaundice

with or without a pancreatic mass, histologically by a

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

lymphoplasmacytic infiltrate and fibrosis, and therapeu-

tically by a dramatic response to steroids [3].

Two distinct subtypes of AIP, namely Types 1 and 2

AIP, are now recognized [3, 4].

Type 1 AIP
Type 1 AIP is characterized by lymphoplasmacytic

inflammatory infiltration of the pancreas with abun-

dant IgG4-positive plasma cells. Serum IgG4 elevation

is seen in up to 80% patients [5]. A multifocal disease

beyond the pancreas, with histopathologic features in

other involved organs paralleling that in the pancreas,

is seen in a large proportion of Type 1 AIP patients.

In fact, this observation was critical in the recognition

of a novel disease entity called IgG4-related disease

(IgG4-RD) associated with IgG4-positive plasma cell

infiltration in the affected organs. Now, it is clear that

Type 1 AIP is the pancreatic manifestation of IgG4-RD

(Figure 12D.1). The list of affected extrapancreatic

organs continues to expand. The well-characterized

and frequently affected organs include extrapancreatic

bile duct, salivary and lacrimal glands, lymph nodes,

retroperitoneum, kidneys, lungs, prostate, and so on.

Type 2 AIP
Type 2 AIP is characterized by the presence of gran-

ulocyte epithelial lesions (GEL) in the pancreas along

with lymphoplasmacytic inflammatory infiltrate. Type

2 AIP appears to be a pancreas-specific disorder that

is not associated with serum IgG4 elevation or tissue

infiltration with IgG4+ cells. Type 2 AIP differs from

Type 1 AIP not only in clinical presentation but also in

relapse rate. The recurrences are infrequent, if not rare,

in Type 2 AIP [5].
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Sclerosing
sialadenitis

Retroperitoneal
fibrosis (IRPF)

Interstitial
nephritis (ITIN)

IgG4-associated
cholangitis (IAC)

Autoimmmune
pancreatitis

Figure 12D.1 AIP and other organ involvement in IgG4 related
disease [6]. Adapted from Chari et al. Gastroenterology 2008;
134:625–8.

Table 12D.1 Summary of the clinical profile of Types 1 and 2 autoimmune pancreatitis (AIP).

Type 1 AIP (n= 116) Type 2 AIP (n=44) P value

Age at diagnosis, mean (SD) 63.4 (13.3) 37.0 (19.2) <0.01

Male gender, n (%) 93 (80.2) 26 (59.1) <0.01

Presenting symptoms

Jaundice 75 (64.7) 18 (40.9) <0.01

Pancreatic mass 48 (41.4) 14 (31.8) 0.27

Pancreatitis 13 (11.2) 24 (54.5) <0.01

Other 8 (6.9) 2 (4.5) 0.72

Serum IgG4 status

>ULN, n (%) 71/99 (71.7) 2/33 (6.1) <0.01

>2×ULN, n (%) 41/99 (41.4) 0/33 <0.01

Parenchymal imaging at presentation

Diffuse enlargement 49 (30.6) 11 (25.0) 0.04

Focal enlargement 20 (17.2) 6 (13.6) 0.64**

Indeterminate (includes atypical) 27 (23.3) 23 (52.3) <0.01

N/A 20 (17.2) 4 (9.1)

Biliary involvement at presentation

Distal only 54 (46.7) 20 (45.4) 0.90

Proximal± distal 30 (25.9) - <0.01

None 32 24 <0.01

Other organ involvement (excluding IBD) 58 (50.4) 0 <0.01

Relapses (at least one relapse) 50 (44.2) 4 (9) <0.01

Data reported based on the Mayo Clinic Cohort. Percentages are reported in parentheses.

Epidemiology

Based on the experience over the last few decades, it

is clear that AIP is an uncommon disease. However,

no population-based studies have evaluated the inci-

dence or prevalence of AIP. Based on the nationwide

hospital-based survey conducted in Japan in 2002

in which a total of 900 AIP patients were found,

the prevalence of AIP was estimated to be 0.82 per

100,000 individuals [7]. This study also estimated

the male:female ratio of 3:1 and the mean age at

onset over 45 years. Another similar hospital-based

survey in 2009 noted an increase in prevalence with

a total of 2709 patients with AIP seen in that year

and an additional 5190 patients with IgG4-RD without

pancreatic involvement [8]. The mean age at pre-

sentation in our cohort at Mayo Clinic is 63 and 37

years, respectively, with a male:female ratio of 4:1 and

1.5:1, respectively, for Type 1 AIP and for Type 2 AIP

(Table 12D.1).
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Pathogenesis

An autoimmune mechanism is generally thought to be

the most probable pathogenic mechanism responsible

for the development of AIP based on multiple lines of

evidence including lymphoplasmacytic inflammatory

infiltration, association with serum autoantibodies

including IgG4 and others, improvement with steroids,

recent studies linking HLA haplotypes with IgG4-RD,

and lack of other obvious inciting factors. However,

a pathogenic antibody has not been recognized so

far in Types 1 or 2 AIP. In 2010, the Italian group

described a novel antibody that showed homology with

plasminogen-binding protein of Helicobater pylori [9].

This and other prior reports led to the hypothesis that

H. pylori infection through antigen mimicry resulted

in AIP in “genetically” susceptible individuals. An

alternate hypothesis proposed based on the association

of eosinophilia and allergic diseases with AIP is that an

allergic IgE-mediated pathogenesis might be involved

in AIP [10]. However, so far no further evidence has

emerged for these hypotheses that remain speculations

at best.

HLA haplotype DRB1*0405-DQB1*0401 was found

to be associated with Japanese patients [11]. This

was not confirmed in Korean patients, but instead

this population seemed to have association with

substitution of aspartic acid at DQβ1 57, which was

identified as a genetic factor predisposing to relapses in

AIP [12].

T-cell-mediated responses have been recognized in

AIP and IgG4-RD with contradicting observations of

Th1 responses predominating in peripheral blood [13],

whereas Th2 responses predominating in the affected

organs in Type 1 AIP [14] lead to the hypothesis that Th1

cytokines may be important in disease induction and

Th2 cytokines in disease progression [15]. Th2-mediated

responses and increased expression of a specific subset

of Tregs leading to IL-10 production, which induces class

switching to IgG4 subtype, and TGFβ production, which
leads to fibrosis, has been suggested in IgG4-RD includ-

ing Type 1 AIP [14, 16]. It is still unclear if the increased

IgG4 levels constitute pathogenic phenomenon causing

AIP or they just represent an epiphenomenon. No IgG4

antibodies are found against any specific antigens. The

increase in IgG4 responses are known to be controlled

by Type 2 helper T-cells [17, 18]. Mislocalization of

CFTR in pancreatic ducts was demonstrated in AIP

that was corrected with steroid treatment suggesting

possible CFTR-mediated duct dysfunction as a potential

pathogenic mechanism. However, duct dysfunction and

CFTR mislocalization have now been demonstrated in

other forms of chronic pancreatitis as well. A recent

study induced AIP-like changes in a mouse model by

acinar-specific overexpression of lymphotoxin 𝛼 and 𝛽

[19]. Recently, based on flow cytometry on AIP patient

blood samples compared with other pancreatic diseases,

a specific subset (CD19+ CD24high CD27+) were demon-

strated to be deregulated in AIP [20]. While the ultimate

question of pathogenesis of AIP is still not resolved,

treatment directed toward the ablation of B-cells

(plasma cells are mature form of B-cells that secrete IgG

antibodies) with sole agent CD20 antibody, rituximab,

has shown a dramatic response even in hard-to-treat

patients such as relapsing patients after steroids, and

steroid-intolerant and immunomodulator-resistant

patients [21].

Clinical profile of AIP

The common clinical presentation of AIP (both

subtypes) is obstructive jaundice and pancreatic

enlargement on imaging, which can be diffuse or focal.

The presentation closely mimics pancreatic cancer [3,

22, 23]. Abdominal pain can be seen during acute

presentation but chronic pain is uncommon. Acute

pancreatitis is a common at presentation in Type

2 AIP (50% cases), while only 10% of Type 1 AIP

patients present with acute pancreatitis [22]. While

features of chronic pancreatitis including steatorrhea

and pancreatic atrophy generally develop in the course

of AIP, these can occasionally be the only presenting

features (late presentation). In addition, patients with

Type 1 AIP can have symptoms related to involvement

of other organs such as biliary strictures, cholangitis,

interstitial nephritis, and retroperitoneal fibrosis with

complications [24]. Type 2 AIP is frequently associated

with inflammatory bowel disease. The differences

between the clinical profile of Types 1 and 2 AIP have

been summarized in Table 12D.2. Type 2 patients

are clearly distinct with younger age of presentation,

lack of other organ involvement (OOI), frequent pre-

sentation with acute pancreatitis, lack of association

with IgG4, higher incidence of IBD, and infrequent

relapses [5].
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Table 12D.2 Summary of diagnostic features in the
International consensus diagnostic criteria (ICDC) for
autoimmune pancreatitis (AIP).

Features Level 1 (strong) Level 2 (supportive)

International consensus diagnostic criteria (ICDC) for AIP diagnosis

Histology (see

text)

At least 3/4

histological

features

Two histological features

Imaging (see text) Typical Supportive/atypical/

indeterminate

IgG4 serology IgG4 >2×ULN IgG4 >1 but <2×ULN
Other organ

involvement (OOI)

(any one of the

listed features)

1 Proximal BD

2 RPF

3 At least 3/4

histological

features on

biopsy

1 Renal

2 Salivary/lacrimal gland

3 IgG4+ lymphoplas-

macytic infiltration on

biopsy

Response to steroids (dramatic radiologic improvement at 2 weeks)

For other organ involvement, evidence may be radiologic for bile

duct, RPF, and renal involvement and clinical for salivary/lacrimal

gland enlargement. See text for details.

ULN, upper limit of normal; BD, bile duct; RPF, retroperitoneal

fibrosis.

Diagnosis of AIP

The diagnosis of AIP can be a challenge, particularly

as AIP can mimic pancreatic cancer. In the past, many

diagnostic criteria have been published from different

countries, focusing more on Type 1 AIP [23, 25–28].

The ICDC for AIP have been proposed understanding

the differences in subtypes of AIP and geographical

variations [3]. ICDC incorporated the five cardinal

components of AIP as proposed by HISORt criteria

[23, 27], Histology (H), Imaging (I), Serology (S), OOI,

and Response to steroid treatment (Rt), which are

described later and in Table 12D.2.

Histology
The four histologic features of Type 1 AIP (in the pan-

creas) and IgG4-related disease (in the affected organs)

are

1 periductal lymphoplasmacytic infiltrate without

granulocyte infiltration

2 obliterative phlebitis

3 storiform fibrosis

4 abundant (>10 cells/HPF) IgG4-positive cells.

Type 2 AIPmay demonstrate lymphoplasmacytic infil-

trate with storiform fibrosis on histology but it is consid-

ered diagnostic in the presence of both

1 granulocytic infiltration of duct wall (GEL) with or

without granulocytic acinar inflammation,

2 absent or scant (0–10 cells/HPF) IgG4-positive cells.

Parenchymal imaging
The following features, which are similar in both AIP

subtypes, may be seen on pancreatic parenchymal imag-

ing with a CT/MRI scan

1 Diffuse enlargement of the pancreas (also called

“sausage-shaped” pancreas) with delayed enhance-

ment (considered typical imaging). A capsule-like

rim surrounding the diffusely enlarged gland can

sometimes be seen.

2 Focal/segmental enlargement with delayed enhance-

ment (considered supportive imaging).

3 Atypical features (low density mass, upstream duct

dilatation, pancreatic duct cut-off, and distal atro-

phy), which are strongly suggestive of pancreatic

cancer. Normal looking pancreas (indeterminate

imaging) can be seen occasionally.

Ductal imaging
ERP features of long (>1/3 length of the main pancreatic

duct) or multiple strictures without marked upstream

dilatation (duct size <5mm) are strongly suggestive of

Type 1 AIP while segmental/focal narrowing without

marked upstream dilatation are supportive.

Diagnostic strategy
We recommend review of parenchymal imaging and

collateral evidence (OOI or IgG4 serology) in suspected

patients for diagnosis of AIP and differentiating them

from pancreatic cancer. In the absence of typical imag-

ing features, next steps in diagnosis should only be

considered after a negative work-up for pancreatic

cancer.

Type 1 AIP can be diagnosed if one of the following is

fulfilled:

1 Level 1 histologic features in the pancreas.

2 Level 1 parenchymal imaging features with any

(Level 1 or 2) collateral evidence.

3 Positive response to steroid trial in patients without

typical (Level 1) parenchymal imaging and one

strong (Level 1) collateral evidence or (Level 2)
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supportive collateral evidence+ consistent ERP

features (ductal imaging).

A definitive diagnosis of Type 2 AIP can be made in

the presence of characteristic histology.

Though histology from tissue obtained through

EUS-core biopsy provides definitive diagnosis, this

requires high level of expertise and may not be readily

available [29, 30]. We also wish to highlight here that

the elevation in IgG4 alone is not sufficient to make a

diagnosis of AIP. In addition, steroid trial should only be

considered in a select patient group as noted in point 2

earlier after a negative work-up for pancreatic cancer.

Management and long-term outcomes

AIP (both subtypes) dramatically responds to corticos-

teroids. Use of steroids have shown to have significantly

higher remission rates (98%) and lower relapse rates,

and rapid symptom alleviation when compared with not

using steroids [31–33]. Therefore, the administration of

oral steroid is the standard treatment for inducing remis-

sion in active AIP [32, 34]. At Mayo Clinic, we use pred-

nisone 40mg daily for 4 weeks followed by a taper of

5mg per week (total 11-week course). By then, most

patients have had their biliary stents removed, are clini-

cally asymptomatic, and are not placed on maintenance

treatment [34]. In Japan, slower taper over 3–6 months

followed by low-dose maintenance steroid for up to 3

years is routinely used [32]. The response is assessed

based on radiological improvement and improvement of

liver function tests (LFTs). Symptoms alone or serologi-

cal monitoring is not useful for monitoring of responses.

The advantages of long-term steroid maintenance have

not been established.

Disease relapse is common in Type 1 AIP, while

relapses in patients with Type 2 AIP are very infrequent

[5, 35]. During a median clinical follow-up period of 42

and 29 months, respectively, 47% of patients with Type

1 AIP and none of those with Type 2 AIP experienced

a relapse [5]. Relapses seem to occur most frequently

in the proximal bile duct (in 60% of patients with

relapses), presenting as biliary stricture, jaundice, and

cholangitis. Relapses can also affect the pancreas (in

25% of patients in relapses) and other extrapancreatic

organs with lesser frequency [5, 36]. Patients with prox-

imal bile duct involvement or diffuse enlargement of the

pancreas at presentation are more likely to experience

relapses [5]. These patients should be monitored closely

for relapses. The treatment of relapses is also variable

among different centers. We typically use short course

of steroids for the induction of remission combined with

12–18 months of azathioprine for the maintenance of

remission [21]. In steroid-intolerant patients or those

who relapse while on azathioprine, we use rituximab

[21].

The long-term survival in both Types 1 and 2 AIP

patients are found to be similar [5]. Despite long-term

complications such as pancreatic insufficiency, diabetes,

extrapancreatic involvement, and complication related

to therapy, both Types 1 and 2 AIP do not alter the

long-term survival of the patients [5]. However, a

recent UK study showed that the risk of death in Type

1 AIP and IgG4- related sclerosing cholangitis was

increased compared with matched population [37].

Reports on the risk of malignancy in AIP are conflicting.

Kamisawa et al. have noted significant frequency of

KRAS mutation occurring in the pancreatobiliary region

of AIP patients, rendering them at high risk of pancre-

atobiliary cancers [38]. Huggett et al. recently noted

11% malignancy shortly before or after the diagnosis

of AIP/IgG4-RD [37]. Our own data did show any

increased risk in AIP compared with matched cohort of

controls.

Lessons learnt from AIP experience

Recognition of an uncommon disease
AIP is an increasingly diagnosed clinical entity in recent

years; however, for a long time this disease went unrec-

ognized. There were clues on AIP described as early as

in 1961 when Sarles et al. noticed chronic inflammatory

sclerosis of the pancreas and proposed the idea of

autoimmune pancreatic disease [39]. In 1963, two

case reports of steroid-responsive pancreatic mass with

biliary obstruction were reported from Mayo Clinic,

though they could not derive a clear etiopathogenesis at

that time [16]. Similarly, in 1965, Wenger et al. reported

a patient who presented as obstructive jaundice, serum

gamma-globulin elevation with nonmalignant diffuse

thickening of bile duct walls, responding well to steroids

[40]. It is fascinating that many important features

that we discuss currently in AIP were described so

many years ago but remained undiagnosed for all this

period. Cumulative knowledge over the decades led
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to the recognition of unusual subsets of pancreatic

inflammation that had been given various names

including lymphoplasmacytic sclerosing pancreatitis

(LPSP), nonalcoholic duct destructive pancreatitis

(NADDP), idiopathic duct centric pancreatitis (IDCP),

“sausage” pancreatitis, and so on. Increasing experience

of this steroid-responsive pancreatitis or pancreatic mass

over the decades resulted in the recognition of AIP as a

distinct entity in 2003.

An example of controversies
and collaboration
Even though both Types 1 and 2 are called “autoim-

mune” pancreatitis, it took many years to reach this uni-

fying diagnosis. Historically, what is now called as Type

1 AIP was proposed mainly in Japan focusing mainly on

clinical phenotype [1, 4, 5, 26, 41, 42]. Later, the con-

cept of what was termed later as Type 2 AIP was first

proposed in Europe, based on histopathologic features

[43]. The American contribution and further collabora-

tion paved the way for incorporating these two diseases

as subtypes of a single disease AIP [4, 5].

In 2011, a multinational collaborative group formed a

consensus diagnostic criteria unifying the different diag-

nostic criteria around the world and incorporating both

subtypes of AIP [3]. The diversity of diagnostic criteria

for AIP from individual countries reflected differences in

practice patterns, for example, Asian diagnostic criteria

have focused on Type 1 AIP, and American and Italian

diagnostic criteria may pertain to both subtypes. Though

the individual items of these criteria are very similar, the

approach for analyzing each feature varies depending

on the country. For example, Japanese criteria mandate

endoscopic retrograde pancreatography (ERP) but are

usually precluded in the United States to avoid causing

or worsening pancreatitis [44]. According to the ICDC,

the performance of diagnostic ERP is not mandatory and

reserved only for a subset of patients without typical

parenchymal imaging features and only supportive

(level 2) collateral evidence (see Table 12D.2) under

consideration of a steroid trial [3, 45].

Is neuritis the cause of chronic pain in CP?
Despite the presence of intense inflammation, AIP is

relatively painless. Even when patient presents with

pain, this is often mild and resolves with treatment.

Chronic pain, which is common in chronic pancreatitis,

is almost unheard of in AIP patients. It is currently

believed that pancreatic neuritis and sensitization of

visceral nerves in chronic pancreatitis is responsible

for chronic pain. Recent studies have even suggested

that nerve growth factors and receptors such as TRPV1

may be an exciting new target for treating the pain of

chronic pancreatitis [46]. However, the fact that AIP has

intense inflammation and fibrosis but lacks pain raises

the question whether inflammation in CP (along with

accompanying neuritis) is indeed responsible for pain.

Furthermore, if this were true, how can the lack of pain

in AIP be explained? Another possibility is something

unique about chronic inflammation in AIP that renders

it painless despite the intense inflammation. These

issues need to be explored in future studies and exem-

plify how characterization of an uncommon form of

chronic pancreatitis (AIP) is affecting our understanding

about chronic pancreatitis, chronic pain, and pancreatic

neuroinflammation in a broader sense.

Do other forms of CP have distinct
histologies?
Recognition of distinct histopathologic features in AIP

brought up an interesting question whether histology

can be used to distinguish other etiologies of CP. To

answer this, a blinded two-phase study was conducted

at Mayo Clinic involving 13 pathologists to study a

mixed group of resected specimens of AIP, and other

forms of CP. Pathologists were able to distinguish AIP

from other causes of CP and Type 1 AIP from Type 2

AIP. But they were not able to differentiate alcoholic CP

from other forms of obstructive CP [47].

Recognition of IgG4-related disease
In 2003, Kamisawa et al. found that IgG4-positive

plasma cells had extensively infiltrated the organs and

tissues of patients with AIP, and this led to the novel

proposal that AIP is not simply pancreatitis but that it

is a pancreatic lesion involved in IgG4-related systemic

disease [4, 41]. This concept was similar to that proposed

by Comings et al. on multifocal fibrosclerosis [48]. The

steroid responses and the prognoses of AIP patients with

sclerosing cholangitis differ from patients with primary

sclerosing cholangitis (PSC), which suggests that they

are different pathological conditions. These findings led

to the concept of “IgG4-related disease” and suggestion

that AIP is a pancreatic lesion reflecting this systemic

disease [49, 50].



�

� �

�

158 Pancreatitis

The OOI seen in patients with Ig4-RD associ-

ated with AIP include chronic sclerosing sialadenitis

(CSS), IgG4-associated retroperitoneal fibrosis (IRPF),

IgG4-associated nephritis (ITIN), and IgG4-associated

cholangitis (IAC)) (see Figure 12D.1) [6]. The frequency

of OOI varies depending on which organ is the focus

of study as the primary manifestation. Whether AIP

is necessarily “the center of the universe” of ISD is

not clear [6]. A nephrologist might see ITIN as a more

common manifestation as opposed to a pancreatol-

ogist noticing AIP as the commonest presentation of

IgG4-RD. Though it is still unclear, it is likely that the

indication for treatment, response to treatment, and

natural history of disease may vary with the organ

affected.

Is serum IgG4 a good marker for AIP?
Elevated serum IgG4 levels are characteristic of Type 1

AIP, first recognized in 2001. A diagnostic test for AIP

appeared to have been found, and IgG4 in some sense

got popularized as a success story in medical diagnosis

understanding that a single diagnostic test is uncommon

for many diseases. However, it is now clear that IgG4

level alone has poor diagnostic accuracy for Type 1

AIP [51]. Despite this, measurement of serum IgG4

is popularly perceived as the diagnostic test for AIP.

Recently, in a study of 4366 unique patients who had

IgG4 levels measured, we have found that the positive

predictive value of elevated IgG4 is low for Type 1 AIP

and IgG4-related diseases. We now understand that

IgG4 measurement is useful for AIP diagnosis when

used in combination with other diagnostic features and

IgG4 elevations in patients with low pretest probability

of having AIP are likely to represent false positives.

Is response to steroids diagnostic of AIP?
AIP closely mimics relatively more common pancreatic

cancer and, therefore, any false diagnosis of AIP could

be disastrous. However, differentiating AIP and cancer

based on a steroid trial has been proposed sometimes to

be useful in the diagnosis of AIP based on a study of 22

patients who received a 2 week steroid trial [52]. This

brings up the danger of indiscriminate use of this strat-

egy and delaying cancer diagnosis. Diagnosis of AIP can

be challenging without biopsy, and steroid trial is useful

in a select situation (as discussed earlier in this chapter)

for a noninvasive diagnosis after a thorough negative

work for excluding pancreatic cancer. Steroid trial can

be tempting but it is important to emphasize here that

the strategy “If it responds, it must be AIP,” is dangerous.

Summary

AIP is a chronic fibro-inflammatory disease of the pan-

creas, only recently recognized. Two distinct subtypes

are now characterized. Steroids are the mainstay of

treatment of both subtypes of AIP. Recognition of extra-

pancreatic organ involvement in AIP has led now to the

recognition of systemic disease – IgG4-related disease,

with Type 1 AIP being the pancreatic manifestation.

With increasing recognition of AIP, our experience with

this novel disease is increasing.
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Alcoholic chronic pancreatitis (ACP) is the commonest

type of chronic pancreatitis seen in the Western world,

while in the tropics there is a distinct nonalcoholic type

of chronic pancreatitis of uncertain etiology, which is far

more common. It is seen almost exclusively in develop-

ing countries of the tropical world (23.5∘ to either side of
equator), which include parts of Asia, Africa, and Cen-

tral America.

First report about tropical pancreatitis (TP) came from

Zuidema in 1959 from Indonesia who reported a series

of 45 patients with pancreatic calcification with diabetes

mellitus who were poor and consumed a protein- and

calorie-deficient diet, and also had striking clinical fea-

tures of malnutrition [1]. The largest series was reported

by Geevarghese, a pioneer in this field from Kerala,

India, who immortalized the uniqueness of this entity by

the aphorism “pain in childhood, diabetes in adolescence

and death during prime of life” [2]. This was followed by

a series of reports of similar patients from various tropi-

cal countries following which TP came to be recognized

as a distinct entity with unique clinical and epidemio-

logical features different from that of ACP [2–7].

Highest prevalence of chronic pancreatitis has

been reported from Kerala state of South India, that

is, 125/100,000 population, which is much higher

than chronic pancreatitis reported from Japan – 45/

100,000, and West where prevalence is 10–15/100,000

population [6].

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

Definition

TP is a juvenile form of chronic calcific, nonalcoholic

pancreatitis. Some of its distinctive features are younger

onset, presence of large intraductal calculi, accelerated

course of the disease, and high susceptibility to pancre-

atic cancer.

The classical triad of clinical presentation includes

abdominal pain, maldigestion leading to steator-

rhea, and diabetes (fibrocalculous pancreatic diabetes

(FCPD)). Diabetes is inevitable and occurs a decade or

two after first episode of abdominal pain and is related

to the duration of pain and calcification but unrelated to

exocrine deficiency. Diabetes tends to be severe, and up

to 90% of patients require insulin, often in high doses.

Episodes of hypoglycemia are common, whereas ketosis

is uncommon. Demonstration of high blood sugar

level and pancreatic calculi on plain abdominal X-ray

clinches the diagnosis. Microvascular complications are

as frequent as Type 2 diabetes, while macrovascular

complications are uncommon [8, 9].

Etiology

Although the etiology of TCP is not clearly deter-

mined, epidemiologic, clinical, and experimental data

strongly suggest a certain pattern, which include role
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of malnutrition, dietary toxins, oxidant stress, trace ele-

ment deficiency, familial clustering, and genetic factors.

Malnutrition

TP is reported primarily in poorer population of devel-

oping world where the diet is poor in proteins and

rich in carbohydrates. Moreover, earlier reports on TP

emanated from southern India and most patients with

TP were undernourished, implicating malnutrition as a

cause [2, 10, 11].

Hair and skin changes, cyanotic lips, bilateral parotid

gland enlargement, and pancreatic fibrosis were seen

in both TP and classic kwashiorkor. Structural and

functional changes in the pancreas in primary protein

deficiency also supported malnutrition as a possible

etiological candidate [1].

However, recent observations question this hypoth-

esis. The large pockets of malnutrition in many parts

of the world present with relative low frequency of TP,

for example, Ethiopia [12], which suggests that malnu-

trition by itself is unlikely to have an etiological role.

Furthermore, kwashiorkor seldom leads to permanent

pancreatic damage, and pancreatic stones are absent

even in advanced stages of kwashiorkor [8, 13].

In an experiment on monkeys, Sandhyamani et al.

[14] studied the effect of high-carbohydrate and

low-protein diet and observed that monkeys developed

inflammatory and vascular changes in the pancreas.

These lesions were different from that seen in chronic

pancreatitis. The heart and vessels were predominantly

involved.

Ironically Kerala, a state in southern India with the

highest literacy and lowest infant mortality rates, has

the highest prevalence of TP. Malnutrition may be the

effect rather than the cause of the disease because atten-

dant malabsorption could itself lead to malnutrition.

This is borne out by two recent studies as well. In the

recent study by Regunath and coworkers [15], it was

found that malnutrition occurred equally commonly

in TP and ACP, and this appears to develop after the

onset of illness. In the study by Sathiaraj et al. [16], it

was also noticed that malnutrition was not a cause of

TP (idiopathic CP) as only 15% patients were malnour-

ished before the onset of disease and 52% lost weight

subsequently.

The consensus, therefore, is that protein calorie mal-

nutrition cannot be considered as the main etiological

factor of TCP.

Cassava toxicity (cyanogen toxicity)

Cassava (tapioca, Manihot esculenta) is a tuber consumed

as a staple food by poor people in some parts of the

world including Kerala. A potential toxic effect of

Cassava through its content of cyanogenic glycosides

(linamarin and linamarase) is cited as a possible etiologic

factor based on epidemiologic data [17, 18]. It is seen

that TCP is prevalent in those areas, where people eat

Cassava as their staple diet such as Kerala, Nigeria,

Indonesia, Uganda, Malawi, and Thailand.

Cassava root contains 65mg of toxic glycosides/l00 g.

Hydrocyanic acid is liberated when the glycosides react

with HCL in the stomach, which is alleged to cause

pancreatic injury. The enzyme rhodanase acts on hydro-

cyanic acid to produce thiocyanate in the presence of

adequate amounts of methionine and cystine, which

are deficient in protein malnutrition [17, 18].

Experimental evidence in support of Cassava as a

cause of TCP was obtained from rats fed with a diet

containing 22.8 g of cassava for 18 months. The pan-

creatic changes noticed were dilated ductules, papillary

infoldings, eosinophilic materials in ductular lumina,

and round cell infiltration, as seen in TP [19].

However, none of the rats developed permanent dia-

betes or chronic pancreatitis. A recent study on rats fed

cassava diets for up to 1 year did not produce either pan-

creatitis or diabetes [20]. Thus, the cassava hypothesis

lacks experimental support.

Epidemiologic studies also have shown conflicting

data. In the study by Chari et al. [21], none of their

patients consumed cassava as a staple diet. Also, TP

is prevalent in many parts of India and Africa where

cassava is not consumed, and TP is also not seen in a

rural West African population consuming a high cassava

diet [22].

At the same time, these findings do not rule out

these factors completely, as in any chronic diseases

the suggested etiologic factor cannot be demonstrated

in 100% of cases. Cyanogens impair a number of

enzymes including superoxide dismutase, an important

scavenger of free radicals, which can cause cell injury.

On the other hand, malnutrition such as deficiencies of
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methionine, zinc, copper, and selenium interferes with

cyanogen detoxification. Cassava containing cyanogen

along with malnutrition creates an ideal setting for

free radical injury by promoting the generation of free

radicals and by decreasing the ability to scavenge them.

From these discussions, it may be presumed that TCP

is a multifactorial disease. Malnutrition and cyanogen

toxicity may lead to free radical injury but there might

be other etiologic factors such as genetic, familial, and

immunological.

Xenobiotics and micronutrients

The role of xenobiotic on pathogenesis of chronic

pancreatitis has been highlighted by Braganza et al.

[23]. Inhaled xenobiotics that survive the pulmonary

circulation could pose the biggest threat by striking

this xenobiotic-metabolizing organ directly via its rich

arterial supply. The authors found increased exposure

to xenobiotics, especially polycyclic aromatic hydro-

carbons (cigarette and firewood smoke and vehicular

fumes) in patients of TP compared with controls. This

was associated with rapid theophylline clearance (a

marker for heightened cytochrome P450-I activity) in

TP subjects compared with controls, suggesting a role of

oxidant stress in causation of TP [24, 25].

Studies on the antioxidant status of TP patients

showed low levels of vitamin C and 𝛽-carotene, and

this may well tilt the balance in favor of oxidant stress

[26]. Malnutrition induces a state of defective ability

to scavenge free radicals, which could enhance the

susceptibility for organ damage [23]. In a randomized

controlled trial [27], cocktail of antioxidant supple-

mentation was associated with relief in abdominal pain

and decrease in oxidative stress, thus supporting the

oxidative stress hypothesis.

These interesting observations need to be substanti-

ated before an etiological role to these factors can be

assigned.

Familial aggregation

TP sometimes affects many members of the same family

[28, 29]. In one study [28], familial aggregation was

seen in 8% of TP patients. In some families, there

was evidence of vertical transmission of TP from the

parents to the offspring, while in others there was

horizontal distribution of the disease among siblings.

Familial aggregation suggests, but does not necessarily

prove, a hereditary etiology for TP, since several family

members could be exposed to the common toxic or

other environmental factors.

Genetic factors
The description and characterization of genetic factors in

TP has added a new dimension to the understanding of

pathogenesis of the disease.

Mutations in a gene that regulates inactivation of

excess trypsin produced by pancreatic acinar cells by

autolysis, the SPINK1 (serine protease inhibitor, Kazal

type 1), was the first gene associated with TP. Since the

inhibitory molecule provides the first line of defense

against premature activation of trypsinogen inside the

pancreas, it has attracted a lot of attention as a possible

cause of chronic pancreatitis. The association between

the SPINK1 gene and TP has now been reported by a

number of groups [30–32].

Since all the aforementioned studies on TP and on

other forms of chronic pancreatitis have shown a strong

association with this gene, it is likely that this could be

at least one of the genes predisposing to chronic pan-

creatitis in general and TCP in particular and present

consensus is that this plays a “modifier role” rather than

disease inducer [33–35].

Loss-of-function alterations in chymotrypsin C

(CTRC) could predispose to pancreatitis by diminishing

its protective trypsin-degrading activity [36]. A large

study from India [37] examined role for chymotrypsin

C variants in the pathogenesis of TP. Authors investi-

gated its interaction with p.N34S SPINK1, which is the

strongest predictor of risk for TP, and also with cathepsin

B. Cathepsin B can activate trypsinogen, while CTRC

is capable of inactivating trypsinogen, the probable

gain-of-function mutation in CTSB and loss-of-function

mutations in CTRC could increase susceptibility to

pancreatitis in Indians. However, the findings of the

study suggest a role for chymotrypsin C variants in

exons 3 and 7 in the pathogenesis of TP independent of

SPINK1 and CTSB mutations.

The molecular basis for hereditary pancreatitis has

been attributed to mutations in exons 2 and 3 of the

trypsinogen gene [38]. Hassan et al. did not find

the link between CP/FCPD and common mutations

in the trypsinogen gene [39].
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Mutations in the CFTR (cystic fibrosis transmembrane

conductance regulator) gene could be important in TCP

[40]. Cathepsin B, anionic trypsinogen, and CASR genes

are few other genes studied [41].

Despite these recent advances, we still find that many

patients do not carry mutations in any of the known

pancreatitis susceptibility genes, suggesting the involve-

ment of other yet unidentified genes.

In a recent review, a two-hit model for the pathogen-

esis of tropical calcific pancreatitis was proposed. The

first hit may be loss of balance between activation and

degradation of trypsin leading to the presence of persis-

tent “super-trypsin” within the acinar cell, due to muta-

tions in one or more genes such as SPINK1, CTSB, CTRC,

and other yet unidentified genes, resulting in inflamma-

tion. Presence of additional genetic and/or environmen-

tal factors, which constitute the second hit, may lead to

one or more phenotypes such as stone formation, fibro-

sis, and/or diabetes mellitus [9].

Pathology of tropical pancreatitis

There is marked heterogeneity from one area to another

resulting in soft to firm hard areas along with ductal cal-

culi in the main ducts. Microscopically, these are seen

as areas of normal pancreas to areas of fibrosis and fat

replacement, with other areas showing ductal dilatation

with concretions and periductal fibrosis (Figure 12E.1).

Figure 12E.1 Photomicrographs show marked heterogeneity
of pathology ranging from normal acini to ductal concretions
with periductal fibrosis and lymphoid follicles indicating chronic
changes. (H&E, ×10 original magnification.)

Figure 12E.2 Photomicrographs show dilated duct with denuded
epithelium contains concretions with extensive periductal fibro-
sis. (H&E, ×20 original magnification.)

Ducts show dilatation and contain calcified stone/

concretions resulting in surface denudation at the site

of impaction (Figure 12E.2). It results in periductal

fibrosis, which extends as interlobular fibrosis.

Acinar tissue show infiltration by lymphomononu-

clear cells along with eosinophils. This results in acinar

loss and lipoid metaplasia of acinar cells (Figure 12E.3).

Acinar tissue is replaced by fibrosis and later lipoid

metaplasia replaces fibrosis with mature adipose tissue.

Neural hyperplasia and perineural inflammation can be

seen (Figure 12E.4).

Figure 12E.3 Photomicrographs show mild peripheral lym-
phomononuclear infiltration with lipoid metaplasia of acinar
cells, which is seen in early phase. (H&E, ×40 original magnifi-
cation.)
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Figure 12E.4 Photomicrographs show neural hyperplasia with
perineural inflammation. (H&E, ×40 original magnification.)

Figure 12E.5 Photomicrographs show areas of acinar destruction
replaced by young fibroblasts accompanied by edema separating
islets of Langerhans. (H&E, ×20 original magnification.)

Islets are entrapped in fibrous tissue and later seen

floating in adipose tissue (Figures 12E.5 and 12E.6). Loss

of islets and hyperplasia along with nesidioblastosis has

been documented.

Pathophysiology

Pancreatic calculi
In over 90% of patients with TP, pancreatic calculi

may be detected especially in the later stages. Stones

vary from small sand particles to large stones weighing

Figure 12E.6 Photomicrographs show areas of acinar destruction
replaced mature adipose tissue separating islets of Langerhans.
(H&E, ×40 original magnification.)

up to 20 g. The calculi may be smooth, rounded, or

stag-horn-like in shape and are usually incarcerated in

the main pancreatic duct or its branches [42].

Maldigestion/steatorrhea
Overt steatorrhea is only present in about 20% of

patients. The low frequency of steatorrhea is attributed

to the low fat intake in the diet. When the fat intake of

the diet was experimentally increased to 100 g/day from

the average intake of 27 g/day, 76% of TCP patients

developed steatorrhea [43].

Pancreatic diabetes

Diabetes in TCP is called FCPD, which is now classified

under the broad category of other specific types both in

the American Diabetes Association and the WHO con-

sultation classifications of diabetes [44].

One of the characteristic clinical features of FCPD

is that despite requiring insulin for control, patients

rarely become ketotic on withdrawal of insulin. Ketosis

resistance may be attributed to the following factors

[45]:

1 residual β-cell function, adequate to prevent ketosis;

2 concomitant destruction of α-cells and thus loss of

glucagon, a major ketogenic hormone;

3 subcutaneous fat loss and, therefore, reduced supply

of NEFA – the fuel for ketogenesis;
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4 resistance to subcutaneous adipose tissue lipolysis by

adrenalin;

5 carnitine deficiency affecting transfer of NEFA across

mitochondrial membrane.

Complications related to diabetes

It was earlier believed that patients with FCPD do

not develop long-term complications of diabetes. This

belief was based mainly on the assumption that being a

secondary form of diabetes, patients with FCPD do not

live long enough to develop specific diabetes-related

complications, which normally set in only after 10–15

years of diabetes. However, it has been shown that

both microvascular and macrovascular complications

do occur in patients with FCPD [46]. Macrovascular

complications, though, are rare in FCPD. This is believed

to be due to three reasons: the patients are young, lean,

and have low lipid levels [8].

Changing scenario

The presentation of the disease has become more

heterogeneous, though about 10–15% of patients still

present with the classical picture of TP. In the patients

without a classical clinical picture, no definite clinical

or biochemical markers are available to confidently

diagnose TP, as distinct from idiopathic CP [9]. Com-

pared with the very young age in the earlier reports,

the mean age of patients with CP is reported to be late

twenties and early thirties. Now, the patients are not

dying in their second or third decade of life probably

due to earlier detection, improvement in hospital

care, and overall improved facilities. However, overall

disease frequency is not decreasing simultaneously.

Moreover, it is also detected even in obese and business

executives. Unchanged are its geographical segregation,

occurrence in strict nonalcoholics, and early onset of

the disease [9, 47, 48]. Most patients still present with

pain, though milder and often controlled with drugs.

The diabetes is milder, and can often be controlled using

dietary measure and oral hypoglycemic agents; about

one-third of the patients require insulin. Many patients

initially have diabetes and develop pain a few years

later [9]. These recent studies describing the change in

phenotype of idiopathic chronic pancreatitis in India

make us ponder why this change has happened in last

two decades. It probably appears that this change has

been brought about by changes in diet and environment

caused by economic development in India. We feel that

genetic studies will probably throw more light on the

pathogenesis of this intriguing disease and answer some

important questions like whether TP of south India

and Idiopathic pancreatitis of North seen now are same

or different diseases. However, despite this change in

phenotype, patients with classical features of TP are

still seen occasionally in north India also. Till the time

we are able to better understand the pathogenesis of

idiopathic chronic pancreatitis, we will continue to

designate this disease by geographical locations [49].

Quite intriguingly, TP has recently been reported from

northern India, Bangladesh, and even China, regions

that fall outside the “tropics” [48, 50, 51].
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Introduction

Severe, disabling abdominal pain is the hallmark of

chronic pancreatitis. Currently available treatments

for pancreatitis pain are inadequate and expensive,

both in health-care dollars and in lost productivity.

Pain is the most common reason for hospitalization

among chronic pancreatitis patients, and as many as

40% require three or more admissions during their

lifetime for pain management [1]. Improved treatments

depend on a better understanding of the mechanisms

of chronic visceral pain, a subject that has gained

attention recently with the development of suitable

animal models and reproducible experimental measures

of sustained pancreatic pain.

Manifestations and treatment of
pancreatic pain

Chronic pain syndrome: a downward spiral
Among the many clinical sequelae of chronic pancreati-

tis, pain has been shown to be the most important factor

affecting quality of life [2]. The pain often becomes

the focal point around which work, leisure activities,

and relationships must revolve. In a study of 265

patients, Wehler et al. showed that as abdominal pain

index scores increased across subgroups, there was a

significant and profound decrease in all quality-of-life

indices. Since eating can trigger pain exacerbations,

patients typically respond by decreasing food intake.

Many patients also suffer nutrient malabsorption due to

pancreatic exocrine insufficiency, and this combination

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

leads to progressive weight loss and malnutrition.

Decreased BMI has been correlated with impairment in

quality-of-life measurements [3].

Pain theories
Traditional theories of the origin of pancreatic pain in

chronic pancreatitis focused on structural abnormalities

causing ductal hypertension [4]. Such abnormalities

ranged from stones and strictures to fibrosis due

to toxic effects and ischemia [5]. While this ductal

obstruction theory is logical, studies in patients with

chronic pancreatitis have failed to show a correlation

between ductal pressure and pain levels; moreover,

ductal pressures do not accurately predict the suc-

cess of ductal decompression procedures [6–9]. In

fact, Bornman et al. demonstrated that there was no

significant difference in either the anatomy or the

morphological changes between groups of patients with

either painful or painless pancreatitis [10]. Rather than

a single mechanism of pain, recent research has favored

a more complex relationship between these structural

and morphological components, and their interaction

with neurobiological mechanisms [11]. Nociceptive

pathways, inflammatory mediators, and sensitization of

both central and peripheral pathways have been shown

to play important roles in pancreatic pain [12].

Models
Pancreatic atrophy and fibrosis can be induced exper-

imentally in a variety of ways; however, measures of

visceral pain have proven more difficult. Studies in rats

evaluated spontaneous activity qualitatively by video

tracking and sensitivity of the abdomen to mechanical

169
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and electrical stimulation [13]. The most widely used

of these rat models was developed in 1996 by Puig

et al. who injected trinitrobenzene sulfonic acid (TNBS)

directly into the pancreatic duct of rats to induce early

severe acute pancreatitis that evolved over weeks into

painful chronic pancreatitis [14]. This model was further

characterized and modified to provide better face valid-

ity and generalization to human disease byWinston et al.

in 2005. This model has proved invaluable in providing

insight into the complex nature of pain from chronic

pancreatitis. Further progress in identifying specific

pathways that might be therapeutic targets, however,

was hampered by the lack of a murine model in which

putative mediators could be genetically deleted.

Adaptation of the TNBS model to mice was fraught

with early experimental failure related to the high

mortality of severe acute pancreatitis in the physiologi-

cally fragile mice. Our laboratory adapted the model to

mice by dramatically reducing the dose of TNBS and by

providing perioperative fluid resuscitation during the

first 24hours [15]. The resultant chronic pancreatitis is

apparent after 1–2 weeks with severe fibrosis, monocyte

infiltration, atrophy, and fatty replacement of the gland.

We used Von Frey filament probing of the abdomen to

demonstrate referred mechanical hyperalgesia, in which

heightened withdrawal responses were measured to a

mildly painful stimulus, as well as allodynia, in which

probes that do not cause pain in control mice evoke

withdrawal responses. TNBS-injected mice also showed

reduced spontaneous activity (distance and time) on a

running wheel and longer periods of immobility during

open field testing. This model can be used to examine

both peripheral and central mechanisms of sustained

pain and for comparison with models of somatic pain,

such as peripheral or spinal nerve ligation, so that both

shared and unique pathways can be identified.

Components of pancreatic pain

Nociceptive neurons
In addition to parasympathetic cholinergic innervation

from the vagus nerve and sympathetic innervation

mainly derived from the celiac ganglia, the pancreas

is also innervated by nociceptive sensory neurons.

These afferent neurons have their cell bodies in the

dorsal root ganglia (DRG), and they give off projections

that map to the dorsal horn of the spinal cord [12]

(Figure 12F.1). They are responsible for transmission of

noxious visceral stimuli from the pancreas and the relay

of this information to the central nervous system.

Uncontrolled proteolysis
The pancreas is rich in cysteine and serine proteases

that can be released following a variety of insults and

are known to activate, either directly or indirectly,

nociceptive neurons. Using a near infrared-labeled

activity-based probe that covalently modifies active

cathepsins, our laboratory found significant accumula-

tion of cathepsins B, L, and S in both the inflamed rodent

pancreas and in human juice from patients with painful

chronic pancreatitis [16]. Cathepsins, in turn, cleave

and activate trypsinogens, yielding active trypsins, some

of which are resistant to endogenous degradation by

ubiquitous inhibitors, and are thereby free to bind

and activate receptors on peptidergic neurons [17].

Following activation, peptidergic neurons release neu-

ropeptides and inflammatory mediators including cal-

citonin gene–related peptide (CGRP), substance P (SP),

vasoactive intestinal polypeptide (VIP), and bradykinin,

that act both peripherally where they promote vasodi-

lation, plasma extravasation, and neutrophil infiltration

(so-called neurogenic inflammation) and centrally

where they activate central pain pathways [18].

Sensory neuron receptors

Vanilloid receptors
One of the best characterized pain receptors is transient

receptor potential vanilloid 1 (TRPV1). A member of

the family of vanilloid nociceptive receptors found on

sensory neurons, it functions as a nonselective cation

channel, permitting flow of sodium and calcium into

cells, leading to depolarization of the cell membrane and

release of neurotransmitters such as SP and CGRP [12].

Originally known as the capsaicin receptor, it is acti-

vated by heat and local acidification, as well as multiple

endogenous chemical mediators including leukotrienes

and arachidonic acid metabolites [19]. Caterina et al.

used TRPV1 knockout mice to clearly demonstrate the

role of TRPV1 in nociception and tissue-injury-induced

hyperalgesia [20]. We showed that TRPV1 plays an

important role in nociceptive mediation in acute

pancreatitis through the induction of SP and CGRP

release by pancreatic sensory nerves, increasing c-fos
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Figure 12F.1 Pathways of pancreatic pain signal transmission in chronic pancreatitis with emphasis on mechanisms of sensitiza-
tion. Peripherally, extracellular inflammatory agents including NGF, trypsin, and tryptase sensitize and activate pancreatic afferent
nociceptive neurons through integrative calcium signaling pathways. Centrally, sensitization is mediated through positive feedback
loops among dorsal horn neurons and the activated neuronal supporting cells, microglia and astrocytes, via Cat S-mediated cleavage
and release of soluble FKN. Abbreviations: ROS, reactive oxygen species; AA, arachidonic acid metabolites; TRPV, transient receptor
potential vanilloids; NGF, nerve growth factor; PAR2, protease-activated receptor 2; PLC, phospholipase C; PKC, protein kinase C;
PKA, protein kinase A; DRG, dorsal root ganglia; EET, epoxyeicosatrienoic acids; TrkA, trypomyosin-related kinase A; SP, substance
P; FKN, fractalkine; sFKN, soluble fractalkine; Cat S, cathepsin S; CCR2, chemokine receptor 2; CCL2, chemokine ligand 2; MAPK,
map kinase pathway; ERK, extracellular signal–regulated kinase pathway.

expression in the spinal cords of rats. Administration of

a TRPV1 antagonist attenuated this effect [21]. TRPV1

is upregulated in chronic pancreatitis and has been

demonstrated as a mediator of hyperalgesia and inflam-

mation in this condition [22]. In addition, it has been

implicated to have interactions with other TRP recep-

tors as well as protease-activated receptor 2 (PAR2), a

G-protein-coupled receptor with unique roles in inflam-

mation and pain sensitization [12], described later.

TRPV1 can work alone or in concert with other TRP

receptors, such as TRP Ankyrin 1 (TRPA1), to amplify

nociceptive signaling. Required for sensory neuron exci-

tation, TRPA1 functions as a “gatekeeper” of chronic

inflammation by serving two major roles: controlling

peripheral release of inflammatory neuropeptides and

facilitating neuronal activation by inflammatory medi-

ators released through local tissue injury [23]. Though

it had been previously shown to mediate inflammation

and visceral pain in acute pancreatitis [24], the first

evidence of TRPA1’s direct role in pain from chronic

pancreatitis came in 2013 with the establishment of

a TNBS murine model of chronic pancreatitis. In this

model of painful chronic pancreatitis following severe

acute pancreatitis, we found that TRPA1 knockout

mice had less inflammation and fibrosis and markedly

reduced pain indices, including referred mechanical

hyperalgesia, spontaneous running activity, and mobil-

ity in open field testing, as compared with wild-type

controls [15].

Over the past decade, it has been demonstrated using

knockout mice [20, 25, 26], TRPA1 knockdowns [27],

and the use of antagonists [28] that TRPA1 works in

concert with TRPV1 to mediate inflammation-induced

stimulus transmission in sensory neurons. Evidence
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for a direct interaction between the two channels was

shown by Staruschenko et al. using FRET constructs

of the respective channels [29]. Recently, TRPA1 and

TRPV1 were implicated in the transition from acute to

chronic inflammation in the pancreas. Schwartz et al.,

using a cerulein model of acute pancreatitis, demon-

strated that morphologic acute to chronic changes were

mitigated by the administration of TRP antagonists [30].

Increasing evidence also supports a role for TRPV4

in pancreatic pain. TRPV4 is directly activated by

shear stress, osmotic stimuli, and lipid mediators, as

well as indirectly via G-protein-coupled receptors that

regulate TRP channels [31, 32]. TRPV4 knockout mice

[33] and TRPV4 knockdowns [34] have demonstrated

abnormal osmotic regulation and decreased responses

to changes in pressure and tonicity. Alessandri-Haber

et al. proposed the attractive notion that the “soup”

of inflammatory mediators that surround local tissue

injury, including bradykinin, SP, prostaglandin E2

(PGE2), serotonin, and histamine, among others, may

induce mechanical hyperalgesia through activation

of TRPV4, sensitizing it for a triggering event. They

demonstrated that activation of TRPV4 by hypotonic

saline was enhanced in the presence of PGE2, and

increased nociceptive behavior in rats. These effects

were absent in their TRPV4 knockout rats [34]. They

also demonstrated the involvement of protein kinase

A and C intracellular second messenger pathways in

the activation of TRPV4 [35]. This activation in turn

mediates pain transmission through subsequent acti-

vation of nociceptive spinal neurons in the superficial

laminae of the spinal cord. In the pancreas, we showed

that injection of a TRPV4 agonist into the pancreatic

duct increased c-Fos-LI expression in the spinal cord in

the input regions of pancreatic sensory neurons located

by retrograde tracing, suggesting that TRPV4 could

play a role in pain signaling in the inflamed pancreas

[24]. Further experiments are needed to clarify the

importance of TRPV4 in acute and chronic pancreatic

inflammatory pain.

Protease-activated receptor 2 (PAR2)
Protease-activated receptor 2 (PAR2) is one of the

four GPCRs that is activated by serine proteases such

as trypsin and thrombin. These proteases cleave an

N-terminal fragment, revealing a tethered receptor

agonist (ligand), which can then bind and activate

signaling pathways [36]. Steinhoff et al. provided initial

evidence of a neurogenic inflammatory role for PAR2

by demonstrating its coexpression with neuropeptides

CGRP and substance P in DRG neurons. Activation of

PAR2 leads to release of neuropeptides in peripheral

tissues as well as the spinal cord, increasing local

inflammation and edema [37].

In addition to causing the direct release of inflam-

matory neuropeptides from sensory neurons, activated

PAR2 leads to increased intracellular calcium, which

lowers the threshold for activation of TRP channels by

other inflammatory mediators and products of tissue

injury, so-called “sensitization.” Thus, the addition of

trypsin or PAR2-activating peptide (AcPep) in dorsal

root ganglion cell culture led to significantly increased

capsaicin-evoked CGRP release, an indication of PAR2

sensitization of TRPV1. In vivo, preinjection of AcPep

into the pancreatic duct increased capsaicin-induced

FOS expression in pancreatic spinal cord segments

compared with the control peptide, suggesting that

PAR2 sensitizes TRPV1 in the pancreas [38]. Under

normal physiologic conditions, concentrations of active

trypsin in the pancreas are low due to its release in

a zymogen form as trypsinogen. However, following

pancreatic inflammation, early activation of trypsins by

cysteine proteases, as well as the recruitment of mast

cells that release tryptase, can, in turn, activate PAR2

[39]. Indirect evidence of the importance of mast cell

products in chronic pancreatitis pain derives from the

observation that mast cells were present in significantly

higher numbers in patients with painful chronic pancre-

atitis than in patients with nonpainful pancreatitis (33.8

vs. 9.4 average mast cell/10 high power field; P<0.01)

or with healthy controls (33.8 vs. 6.1 average mast

cell/10 high-power field; P<0.01) [40]. Intraductal

injection of trypsin into the pancreatic duct of mice

in subinflammatory concentrations causes increased

FOS expression in pancreas-specific spinal cord DRG.

This effect was mitigated by pretreatment with AcPep,

indicating that PAR2 and trypsin may share this pain

pathway [41]. PAR2 activation in these neurons leads

to sustained hyperalgesia [42]. Thus, serine proteases

contribute to pancreatic pain via multiple pathways

mediated by PAR2 activation [17].

PAR2 has also been shown to sensitize both TRPV4

and TRPA1, and thereby lower the threshold for

activation of pancreatic sensory neurons [43, 44].

PAR2-mediated sensitization of these TRP channels

has been associated with neuropathic pain induced
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by the chemotherapy agent paclitaxel, which indi-

cates that these pathways have clinical importance

[45]. Peripheral sensitization represents an important

pathway by which the painful effects of inflammatory

mediators that result from tissue injury are amplified

and sustained.

Nerve growth factor (NGF) and receptor
tyrosine kinase A (TrkA)
Nerve growth factor (NGF), a protein that contributes

to the development and survival of neurons, also

plays an important role in the peripheral sensitization

of sensory neurons [46]. It acts mainly through its

high-affinity tyrosine kinase receptor, TrkA, which is

found in highest concentration within the pancreas in

the perineurium. Coexpression of TrkA with NGF is

increased in the pancreas from patients with chronic

pancreatitis [47]. NGF exerts its effects through multiple

mechanisms including a direct effect on ion channels,

posttranslational modifications by second messengers,

as well as by translocation of the NGF/trkA complex to

the nucleus where it regulates transcriptional modifica-

tions to certain genes [48]. Early evidence for its role in

mediating visceral pain came from expression studies

by McMahon et al. in 1994, which demonstrated that

almost all afferent neurons innervating visceral targets

expressed trkA, while its expression in those innervating

skeletal muscle was very low [49]. Immunodepletion

studies using a trkA–IgG on cultured neurons, showed

a sustained hypoalgesia and a downregulation of CGRP

[50]. This was further supported by studies using

animals lacking the trkA gene, which also experienced a

significant hypoalgesic state [51]. This same hypoalgesic

effect was noted after administration of a blocking anti-

body for NGF to rats with chronic pancreatitis, which

significantly increased A-type potassium currents,

thereby decreasing the likelihood of depolarization

[52]. Conversely, both neonatal and adult rats that

were injected with excess exogenous NGF showed a

profound behavioral hyperalgesia [53]. Recent reports

suggest that NGF/trkA can sensitize neurons via inter-

action with the vanilloid receptor TRPV1, and NGF can

regulate TRPV1 expression through both transcriptional

and posttranslational mechanisms (Figure 12F.1) [48].

Neurokinin receptor 1 (NK-1R)
Substance P, neurokinin A (NKA), and neurokinin B

(NKB) are the main tachykinins involved in sensory

neural transmission and nociception. Substance P and

NKA share a receptor, neurokinin receptor 1 (NK-1R),

and NKB binds preferentially to neurokinin receptor 2

(NK-2R) [54]. Through a study of human pancreatic

tissue, Di Sebastiano et al. found that although there

was an increase in substance P surrounding pancreatic

nerve fibers, there was not a concomitant increase in

the gene encoding substance P. This observation led

to the early understanding that substance P was being

synthesized in extrapancreatic ganglia and transported

to the pancreas [55]. Thus, activation of peripheral

sensory nerve endings leads to the release of substance

P and CGRP peripherally within the pancreas, where

they promote neurogenic inflammation in a positive

feedback loop that leads to amplification of inflamma-

tory pain, and centrally, where substance P binds to

NK-1R in the dorsal horn of the spinal cord and activates

central pain pathways [56, 57] Shrikhande et al. was

the first to examine NK-1R expression in pancreata

from patients with painful chronic pancreatitis. They

established a definitive relationship between mRNA

levels and intensity, frequency, and duration of pain in

these patients [58].

Central sensitization

Nervous system support cells
Microglia
Microglia are immune cells in the central nervous

system that respond to tissue injury by switching from

a quiescent to an active state, in which they secrete

inflammatory mediators to recruit other immune cells

and promote cellular hypertrophy and proliferation

[59, 60]. Their function in the CNS is similar to that of

macrophages in peripheral tissues.

How are microglia activated? The initial activation of

microglia likely occurs through multiple pathways.

Excitation of nociceptive neurons leads to release of

the chemokine CCL2 that binds to its receptor CCR2

on microglia, a critical signaling event in microglial

activation [61] that promotes pain signal amplification

(Figure 12F.1). Another potential pathway is through

the receptors P2X4 and P2X7, which are upregulated in

microglia after nerve injury and activated in response

to injury by ATP released by primary sensory and dorsal

horn neurons as well as dorsal horn astrocytes [62]. P38,

a mitogen-activated protein kinase (MAPK) has been
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implicated as a major participant in the activation of

spinal microglia (Figure 12F.1). Originally demonstrated

in a neuropathic pain model using sciatic nerve ligation,

Jin et al. showed early p38 activation in spinal microglia

(12–24hours after injury), with subsequent activation

in DRG neurons [63]. Inhibition of this activation with

a p38-inhibitor also inhibited the development of pain

hypersensitivity [59]. P38 activation has also been

reported in the rat model of chronic pancreatitis pain

by Liu et al., suggesting that this pathway is important

in sustained visceral pain [64]. Once activated, these

loops can function without further external stimulus.

Thus, excitation of nociceptive spinal neurons leads

to activation of spinal microglia via multiple parallel

pathways that provide an efficient means to amplify

inflammatory nociceptive signals.

How does microglial activation cause sustained pain? It has

been well established that support cells of the nervous

system participate in maintaining neuropathic pain

pathways in somatic pain models [59, 65, 66]. Activa-

tion of spinal microglia leads to the release of the soluble

chemokine fractalkine (FKN), which is expressed in

CNS sensory neurons as a transmembrane protein that

can be cleaved to a soluble form (Figure 12F.1). This

cleavage was originally shown to occur after excitotoxic

stimuli, suggesting that fractalkine cleavage represented

an early event in the neurogenic inflammatory process

[67]. It is now known that membrane-bound FKN is

cleaved by the cysteine protease cathepsin S (Cat S),

which is secreted peripherally by macrophages [68]

and centrally by activated microglia. Cat S cleaves FKN

on dorsal horn neurons, releasing its soluble form,

which then binds its own receptor CX3CR1 [69]. This

receptor is only expressed in microglia that is in the

activated state [70] and binding further activates the

p38 pathway in a positive feedback loop. Using the rat

model of peripheral nerve ligation, Clark et al. showed

that using a Cat S inhibitor reduced pain behavior 7-

and 14-days after sciatic nerve ligation in rats, whereas

it did not prevent the initial development of pain. This

suggests that Cat S is important in the maintenance

of neuropathic pain, rather than the development of

hyperalgesia [69]. The release of Cat S and subsequent

binding and activation of the p38 pathway is dependent

on microglial activation.

Recent evidence supports the importance of activated

microglia in the development and maintenance of

sustained visceral pain. In a rat model of TNBS-induced

chronic pancreatitis, Liu et al. found that the microglial

activation inhibitor, minocycline, significantly decreased

nociceptive behavior, and that withdrawal of minocy-

cline caused a return to baseline. Also, pretreatment

with minocycline, prior to injection of TNBS, prevented

chronic visceral hyperalgesia for as long as 3 weeks [64].

We found similar results in the TNBS-induced chronic

pancreatitis mouse treated with minocycline, with

normalization of the expected heightened responses

to Von Frey filament probing (unpublished results).

These data suggest that microglial activation may play

an important role in sustained pancreatic pain.

Astrocytes
Astrocytes demonstrate activated morphology in neu-

ropathic pain models [71], and drugs used to treat pain

in these experimental conditions attenuate activation

[66, 72]. Activation of astrocytes by mediators, such

as ATP, SP, prostaglandins, and glutamate, released by

sensory nerves in response to injury stimulates release

of proinflammatory mediators. These mediators include

cytokines such as IL-1B, IL-6, and TNF𝛼, as well as

the molecules that activate them, including ATP and

prostaglandins [66]. Multiple intracellular signaling

pathways have been implicated in the regulation of

astrocyte activation, including p38, c-Jun-N-terminal

kinase (JNK) and, perhaps most importantly, the

extracellular signal–regulated kinase (ERK) pathway

[73]. Zhuang et al. demonstrated increased expression

of phosphorylated ERK in both microglia and dorsal

horn astrocytes 10 days after spinal nerve ligation. In

this study, intrathecal injection of an ERK inhibitor

significantly reduced mechanical allodynia [74]. In the

rat model of TNBS-induced chronic pancreatitis pain,

Feng et al. reported an increase in glial fibrillary acidic

protein (GFAP), an astrocyte marker that is upregulated

in somatic models of neuropathic pain. This study

also importantly demonstrated that attenuation of

neuropathic pain in this model was possible using

l-𝛼-aminoadipate (LAA), a specific inhibitor of astrocyte

activation, [75] suggesting a potential therapeutic

target.

Reorganization
Observational studies in humans with chronic visceral

pain have led to the notion that changes in inhibitory

and amplification processes in the CNS contribute to

reorganization of referred pain signal mapping. Mertz
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et al. meticulously mapped pain patterns in patients

with inflammatory bowel syndrome (IBS). In response

to rectal distension, IBS patients had increased hyper-

sensitivity in areas remote from the stimulus, as well

as larger overall pain areas, as compared with healthy

controls. These changes were associated with increased

thalamic activation in the brain. They suggested that

increased afferent signaling from the gut may lead to

perceptual reorganization of pain signals [76]. Inter-

estingly, in contrast to these results, Dimcevski and

colleagues reported that chronic pancreatitis patients

had hypoalgesia in response to balloon distension

of viscera surrounding the pancreas compared with

healthy controls [77]. It is worth noting that duode-

nal distension is less well established as a marker of

referred visceral hyperalgesia than rectal distension,

which could contribute to these results. In other stud-

ies by this group, electrical visceral pain stimulation

in chronic pancreatitis patients was associated with

reduced evoked potential latency in the brain, thereby

suggesting that central modulation of pain pathways

contributes to visceral hypersensitivity. Similar to prior

findings in IBS patients, chronic pancreatitis patients

also demonstrated an increase in the mean size of areas

of referred pain following electrical visceral stimulation,

suggesting reorganization of pain perception [78].

Opioid-induced hyperalgesia
Opioids are the mainstay of treatment for patients

with severe chronic pancreatitis pain. As early as the

nineteenth century, it was recognized that chronic

opioid use leads not only to tolerance and physical

and psychological dependence but, ironically, also to

increased sensitivity to painful stimuli or opioid-induced

hyperalgesia (OIH). Unlike opioid tolerance, OIH cannot

be mitigated by increased dosage regimens [79]. Mul-

tiple studies in animal models have shown a reduction

in mechanical and thermal thresholds to nociceptive

stimuli with opioid treatment [80–82]. Similarly, there

have been multiple clinical studies in humans describ-

ing varying levels of hyperalgesic states among both

patients and healthy controls treated with chronic

opioids [83–86]. Much remains to be defined about the

mechanisms of this hyperalgesia, but they are thought

to be closely intertwined with the pathways of opioid

tolerance. Pathways involving the N-methyl-d-aspartate

receptor (NMDAR), spinal glutamate activity, protein

kinase C activity, and spinal dynorphin have all been

implicated as vital to both tolerance and hyperalgesia

[87]. It is likely that this phenomenon contributes, in

part, to the exasperation experienced by both patients

and physicians at the progressive worsening of chronic

pancreatitis pain experienced by some patients on

escalating opioid dosages.

Conclusion

Research into the mechanisms of chronic pancreatitis

pain has been accelerated by the recent availability of

validated rat and mouse models, which provide inter-

ested investigators with a wider array of reproducible

measures of experimental visceral pain. Emerging

models illustrate the complexity, redundancy, inter-

connectedness, and plasticity of chronic visceral pain

pathways. Current treatments do not address the

underlying mechanisms of sensitization and amplifica-

tion of both peripheral and central pain signals, which

may, in part, explain the high level of medical and

surgical treatment failure. In the periphery, integrative

channels offer potentially high-leverage targets, as

do positive feedback loops in the spinal cord, where

selective inhibition could have profound beneficial

results. The development of clinically useful inhibitors

of these potential targets is expected to improve both

treatment effectiveness and quality of life for patients

with debilitating chronic pancreatitis pain.
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PART A: Imaging of chronic pancreatitis

Ferenc Czeyda-Pommersheim, Bobby Kalb & Diego Martin
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Introduction

Chronic pancreatitis (CP) is a common cause of chronic

abdominal pain, with a significant health burden in the

United States, associated with approximately 86,000

admissions annually [1]. CP is a progressive disease

in which the normal pancreatic acinar tissue and islet

cells are destroyed and replaced by fibrosis. Although

the exact etiology remains to be clearly defined, it is

thought that the histological events leading to CP are

initiated by clinical or subclinical episodes of acute

pancreatitis in genetically susceptible individuals [2].

Regardless of the etiology, affected patients present with

chronic abdominal pain and varying levels of exocrine

and endocrine insufficiency. However, many patients

with early CP and parenchymal fibrosis demonstrate

no biochemical abnormalities and present a diagnostic

challenge for accurate diagnosis.

Various imaging modalities have been used in the

evaluation of CP. When patients present with advanced

disease, the morphological changes of pancreatic

atrophy, pancreatic duct dilatation, and parenchymal

calcifications are straightforward and easily evaluated

with noninvasive imaging methods. However, a large

number of patients with early or minimal change CP

demonstrate symptoms with no identifiable changes in

the morphology of the pancreas. Laboratory analyses,

including directed pancreatic function testing of chole-

cystokinin and other biochemical markers, are also

not reliable in early-stage disease. There is a continued

need for reliable methods of disease detection that

can provide a noninvasive analysis of pancreatic tissue

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

composition in the absence of morphologic changes.

Ultrasound (US) and computed tomography (CT)

have been the most highly utilized imaging methods

for evaluation of the pancreas; however, they have

been unable to reliably differentiate normal from early

fibrotic disease. Magnetic resonance imaging (MRI)

is a noninvasive imaging method that has excellent

soft tissue contrast compared with US and CT. For this

reason, MRI has potential with regard to development

of noninvasive imaging biomarkers for the diagnosis

of early CP, where accurate diagnosis relies upon the

differentiation of different tissue types (such as fibrosis

and normal pancreatic tissue) rather than morphologic

changes of parenchymal atrophy and duct dilatation. In

this chapter, we discuss the imaging methods commonly

employed for the diagnosis of CP, with special emphasis

on MRI as the optimum imaging technique for early

disease detection through a combination of established

methods and novel MRI techniques that hold promise

for more reliable detection of minimal change disease.

Imaging modalities

Ultrasound
Transabdominal US has been widely used to image the

pancreas due to its availability, speed, and relatively

low cost. However, transabdominal US may be limited

by gas in the stomach or large bowel, patient body

habitus, operator skill, and the difficulty to obtain an

adequate scan window to image the distal body and tail,

all of which decrease the utility for assessing pancreatic
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pathology. The diagnostic criteria for CP on US depend

exclusively on gross morphologic changes. When these

changes are detected, they often indicate CP that is

highly advanced. Many of the typical sonographic find-

ings such as gland atrophy, heterogeneous parenchymal

echotexture, calcification, and irregular central duct

may be absent even in moderate disease. Punctate

parenchymal calcifications, for example, are identified

in only 40% of patients [3]. In early or moderate

disease, the pancreas often is sonographically normal

[4]. As an additional confounder, focal CP may present

as a focal hypoechoic lesion, which is rarely possible to

confidently distinguish from ductal adenocarcinoma on

sonography alone.

Compared with transabdominal imaging, endoscopic

ultrasound (EUS) is more reliable in identifying CP

[5, 6]. However, similar to transabdominal US, diag-

nostic criteria again depend on morphologic changes.

When using the diagnostic criteria of hyperechoic

foci, parenchymal strands, lobulations, hyperechoic

duct wall, irregular duct, visible side branches, ductal

dilation, calcification, and cysts, EUS has a positive

predictive value of 85% to diagnose CP when two

or more of the criteria are present [7, 8]. How-

ever, the utility of EUS is limited by its invasive

nature – a disadvantage compared with both transab-

dominal scanning and other cross-sectional imaging

modalities.

Computed tomography
The use of CT has increased exponentially over the past

two decades. Due to its ready availability and ease of use,

CT is currently the most commonly used modality to

image inflammatory and neoplastic diseases of the pan-

creas. Compared with US, CT is less operator dependent,

less affected by patient body habitus, and in the majority

of cases allows visualization of the entire gland. Com-

prehensive evaluation by CT requires the administration

of iodinated intravenous contrast. Since iodinated con-

trast is nephrotoxic, its use is often contraindicated in

patients with borderline (Stage 3 and below) kidney

function who are not on dialysis. In addition, CT imag-

ing protocols for dedicated pancreatic evaluation often

require thin collimation scanning and multiple scan

phases with and without contrast, which results in a

relative increase in radiation exposure when compared

with routine, single-phase abdominal CT protocols.

Similar to US, diagnostic criteria for CP with CT

depends entirely on morphologic changes in the gland,

which are frequently absent in early or moderate

cases. Intraductal calcifications, representing calcium

carbonate within inspissated protein plugs in the main

duct, and punctate parenchymal calcifications are the

most sensitive finding of CP on CT [4]. Other findings

include atrophy or enlargement of the gland, ectasia,

and irregularity of the main pancreatic duct and/or side

branches and parenchymal calcifications.

Compared with US, CT provides a more comprehen-

sive evaluation of the peripancreatic soft tissues and

retroperitoneum. CT provides a more detailed evalua-

tion of complications related to acute pancreatitis, such

as pseudocysts, splenic vein thrombosis, and splenic

artery pseudoaneurysm, and is also more sensitive

for the detection of pancreatic neoplasms. Similar to

US, it may be difficult to distinguish focal pancreatitis

from pancreatic ductal adenocarcinoma on CT [9]. The

sensitivity of CT for CP is 65–95%, though the gland

often appears normal in early or mild disease [10].

MRI
MRI provides excellent soft tissue resolution of the

abdominopelvic visceral tissues, which aids in the detec-

tion of parenchymal changes of CP, even in the absence

of morphologic changes [11]. MRI does not employ

ionizing radiation, and the gadolinium-chelate-based

intravenous contrast does not have the nephrotoxicity

associated with iodine-based CT contrast agents. MRI

may be contraindicated in some patients with implanted

metallic hardware; however, many devices – including

most implanted cardiac devices – can safely be scanned

with proper institutional safety protocols.

Advanced morphological changes of CP are easily

demonstrated on MRI, including abnormalities of the

main pancreatic duct and side branches, parenchy-

mal atrophy, duct strictures, and intraductal stones.

Parenchymal calcifications are not well seen by MRI,

and CT is the most sensitive exam for the detection

of CP-associated pancreatic calcifications. However,

calcifications remain a late-stage finding of CP, and MRI

may detect parenchymal signal changes of diseased and

fibrotic tissue in early-stage disease, well before the

development of parenchymal calcifications. The subtle

signal alterations due to histological changes of fibrosis

is more easily identified with MRI due to its superior soft

tissue contrast, with new techniques that allow for the
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assessment of active inflammation, lipid content, and

parenchymal perfusion on dynamic contrast-enhanced

imaging [12]. This allows earlier detection of disease,

serial follow-up of disease severity in the same patient

over time, and comparison of disease severity among

different patients. MRI may also more confidently dif-

ferentiate pancreatic adenocarcinoma from its mimics of

focal pancreatic fat infiltration or focal pancreatitis [13].

MRI features of chronic pancreatitis

While MR imaging protocols have the potential to

be complex and widely varied, we have advocated a

simplified, uniform protocol that may be applied to

multiple indications, including pancreatic assessment.

This protocol consists of dynamic contrast-enhanced

T1-weighted (T1W) multiphase imaging, which allows

for the assessment of parenchymal perfusion patterns

that may be indicative of fibrosis. Arterial phase images

are acquired at an 8–10 second delay from the bolus

trigger point; venous phase imaging is initiated at

70 seconds and delayed phase imaging at 180 seconds

after the trigger point. Motion-insensitive T2-weighted

(T2W) sequences are the second major component of

this simplified imaging protocol, providing an alternate

method of tissue interrogation, which helps increase the

specificity of diagnosis, especially to more reliably differ-

entiate acute from chronic pancreatitis (Figures 13A.2d,

13A.4d). Magnetic resonance cholangiopancreatogra-

phy (MRCP) techniques are T2W sequences that provide

excellent visibility of the pancreatic duct morphology

and are helpful in tumor diagnosis and presurgical

planning. Finally, diffusion-weighted imaging (DWI)

is an additional noncontrast technique that has the

potential to improve sensitivity for small malignant

lesions in certain pancreatic tumor subtypes, especially

related to neuroendocrine tumors.

Normal pancreas
Normal pancreatic parenchyma is filled with zymogens

and other proteinaceous material. The pancreas is

also well vascularized by an extensive peripancreatic

vascular plexus. These features of the normal pancreatic

parenchyma have a direct influence on the appearance

of the gland on MRI. On precontrast, fat-saturated

T1W sequences, the pancreas shows uniformly high

signal, typically demonstrating the highest signal

intensity of all solid visceral organs in the abdomen

and pelvis (Figure 13A.1a). The extensive arterial

vascular network supplying the pancreas causes the

peak parenchymal enhancement to occur in the arterial

phase, with relatively less enhancement in venous and

interstitial delayed phase images (Figure 13A.1b,c).

On T2W images, the pancreatic signal is isointense to

normal hepatic and adrenal tissues (Figure 13A.1d). The

pancreatic duct is thin and uniform, measuring no more

than 1–2mm in diameter. Pancreatic duct side branches

are not typically seen on MRI unless diseased.

Chronic pancreatitis
A variety of insults to the pancreas may result in

increased pressure within the duct and side branches,

leading to periductal inflammation and progressive

cycles of parenchymal necrosis and hemorrhage, result-

ing in parenchymal fibrosis and glandular atrophy

[14]. The proteinaceous fluid content of the pancreas is

diminished due to the process of chronic inflammation

and fibrosis, causing a decrease in the intrinsic T1 signal

of the pancreas on precontrast fat-suppressed T1W

images (Figures 13A.2a, 13A.3a, 13A.4a and 13A.6a)

[12, 15]. A resultant decrease in parenchymal vascular-

ity causes a decrease in early arterial enhancement of

the pancreatic parenchyma; the fibrotic tissue replacing

the pancreatic parenchyma shows delayed uptake of

the intravenous gadolinium chelate. For these reasons,

patients with CP have a shift in peak enhancement of

the parenchyma to the late venous phase, instead of

the normal early arterial peak (Figures 13A.2b, 13A.2c,

13A.3b, 13A.3c, 13A.4b,13A.4c, 13A.5b, 13A.6b and

13A.6c) [16, 17]. Note that (unlike CT and US), these

MR features do not rely on late-stage morphologic

changes of the pancreas, such as parenchymal atrophy

and duct obstruction. While these findings are also

well-depicted with MRI, the early findings of fibrosis

result in alterations of the intrinsic signal features of

the pancreas on MRI, allowing for earlier detection of

disease before morphologic changes become evident.

T2W images are the mainstay for imaging of the

pancreatic duct in the setting of CP. Tortuosity, stric-

ture, calcification, and side branch dilation of the

pancreatic duct often develop due to strictures in the

main pancreatic duct and are features of moderate to

severe CP (Figure 13A.3d). Due to an imbalance of the

components of pancreatic fluid, protein plugs consisting

of precipitated pancreatic enzymes and other proteins
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(a)

(c) (d)

(b)

Figure 13A.1 Normal pancreas. Axial precontrast T1W3D gradient echowith fat saturation (3DGRE FS) (a) shows that T1 signal in the
normal pancreas (arrows) is more intense than that of the liver and spleen. Axial postcontrast T1W 3D GRE FS in the arterial (b) and
delayed (c) phase shows the normal peak enhancement of the pancreas, in the arterial phase, with relative decreased enhancement
in the delayed phase. Axial T2W image (d) demonstrates the normal T2 signal is similar in the pancreas compared with the liver.

form and serve as a nidus for the deposition of calcium

carbonate seen as intraductal calcification. In severe

cases due to multiple plugs and strictures, the duct

assumes the classic “chain of lakes” configuration of

strictured segments alternating with dilated duct seg-

ments and several cystic-appearing dilated side branches

[14]. The anatomic depiction of the pancreatic duct

is well seen on heavily T2W MRCP sequences, which

provide the most sensitive noninvasive imaging method

for the detection of pancreatic duct abnormalities.

Novel MRI techniques

T1 mapping
Since the intrinsic T1 signal of the normal pancreas is

diminished in CP due to a decrease in the proteina-

ceous fluid content of the gland, mapping of T1 values

allows both for qualitative global assessment and also

more quantitative assessment through calculation of

T1 relaxation times at various locations in the gland.

By measuring T1 values for each voxel, the degree

of parenchymal changes may be directly measured to

provide improved reproducibility, instead of relying on

subjective comparison of signal intensities of normal

versus diseased gland parenchyma. T1 mapping tech-

niques have been in routine clinical use in cardiac MRI

to quantify postinfarction myocardial scar and are easily

adapted to the abdomen [18]; newer techniques have

recently been developed with significant gains in scan

time and further improved by automated postprocess-

ing [19] that would allow for application to abdominal

viscera, including the pancreas.

Perfusion
In addition to changing the intrinsic T1 signal of

the pancreas, CP also alters the perfusion dynamics

of the gland, shifting the peak enhancement to the

venous/delayed phase in a dynamic contrast-enhanced

study. Objective quantification of gland perfusion

may be performed by MRI perfusion mapping. This

technique uses a high temporal resolution T1-weighed

spoiled gradient echo sequence to follow contrast agent

uptake and washout in the pancreas during a dynamic
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(a)

(c) (d)

(b)

Figure 13A.2 Chronic pancreatitis, presumed due to radiation therapy for esophageal cancer. Axial precontrast T1W 3D GRE FS
image (a) shows relative decreased T1 signal intensity of the pancreas (arrows) compared with the liver. Postcontrast arterial (b) and
delayed phase (c) T1W images demonstrate that peak enhancement has shifted to the delayed phase. On the axial T2W fat-saturated
image (d), there is uniform increased T2 signal throughout the pancreas.

contrast-enhanced examination. The entire gland can

usually be imaged with adequate spatial resolution,

allowing for comparison of the relative severity of

involvement in various anatomic locations through

the gland. To quantify enhancement at a specific

anatomic location, specific regions of interest may be

drawn and signal intensity versus time curves may

be obtained [20]. The spoiled gradient echo method

is heavily influenced by multiple factors including

intrinsic T1 tissue properties and scan parameters such

as TR, TE, and the flip angle. As an alternative, T1

mapping–based perfusion analysis can avoid many of

these pitfalls. Techniques recently developed for rapid

combined T1/B1 mapping are relatively independent

of scan parameters, tissue variables, and extrinsic

factors [21].

T2 mapping
Active inflammation causes an increase of the intrinsic

T2 signal of the pancreas. Characterization of the pancre-

atic T2 signal can be performed qualitatively or quantita-

tively. The pancreas normally has relatively hypointense

T2 signal and may be visually compared with another

visceral organs (typically isointense to normal hepatic

parenchyma) for qualitative assessment of its intrinsic

signal.

T2 mapping provides an objective technique for

quantitative assessment of pancreatic T2 signal. Radial

acquisition-based fast spin-echo methods allow for rapid

measurement of T2 values and are relatively unaffected

by the challenges in signal-to-noise ratio or motion

artifacts encountered in HASTE or 2D-FSE imaging

[22].
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(a)

(c) (d)

(b)

Figure 13A.3 Chronic pancreatitis due to pancreatic ductal adenocarcinoma. Axial precontrast T1W 3D GRE FS image (a) shows
decreased T1 signal throughout the pancreas (short white arrows) with peak enhancement shifted to the delayed postcontrast phase
(c) compared with the arterial phase (b). The T2W fat-saturated image (d) demonstrates dilation of the pancreatic duct (red arrows).
A mass in the head of the pancreas (long white arrow in b and c) was biopsied, showing ductal adenocarcinoma.

Dixon method
The Dixon acquisition using a rapid gradient echo

sequence allows quantitation of microscopic lipid in

a single breath-hold [23]. This technique exploits the

difference in precessional frequency of protons in water

and fat in an external magnetic field. The difference in

precessional frequency produces a phase shift, which

brings the magnetization vector of water and fat protons

in and out of alignment at periodic intervals. When

water and fat protons are present in the same voxel and

process in phase, their signal is additive, and when they

are out of phase, their combined signal is decreased

(Figure 13A.5). The data acquired during an “in phase”

and “opposed phase” scan may be postprocessed to

display a “fat only” and a “water only” image and

quantify the degree of fat deposition.

MR spectroscopy
High-speed T2 corrected multiecho proton MR spec-

troscopy (HISTO-MRS) allows for the rapid acquisition

of multiple echoes to simultaneously assess tissue lipid

and water content. This sequence may be collected

in a single breath-hold (approximately 15 seconds)

with highly reproducible results both in vivo and in

vitro. This technique allows for reproducible, quan-

titative assessment of hepatic lipid and iron content,

helpful for presurgical planning especially for potential

total pancreatectomy with auto-islet cell transfusion

(Figure 13A.6d). Postprocessing is automated, making

this technique a robust tool even for sites with limited

experience in advanced MRI techniques [24].

Elastography
MR elastography provides quantitative assessment of

the mechanical properties of tissues based on the prop-

agation of shear waves and has been successfully used

in abdominal imaging for tissue characterization [25].

The MR elastography system consists of an acoustic

driver for the generation of shear waves in the tissue

of interest. The tissues are then imaged with a conven-

tional MR pulse sequence with the inclusion of motion

encoding gradients, which allow the propagating shear

waves to be imaged. These images are postprocessed to

generate quantitative images that depict tissue stiffness

(elastograms).



�

� �

�

Chapter 13A: Imaging of chronic pancreatitis 185

(a)

(c) (d)

(b)

Figure 13A.4 Chronic pancreatitis. Axial precontrast T1W 3D GRE FS image (a) shows relative decreased T1 signal intensity of
the pancreas (arrows) compared with the liver. Postcontrast arterial (b) and delayed phase (c) T1W images demonstrate that peak
enhancement has shifted to the delayed phase. On the axial T2W fat-saturated image (d), there is uniform mildly increased T2 signal
throughout the pancreas.

(a) (b)

Figure 13A.5 Fatty infiltration of the pancreas in chronic pancreatitis. In-phase (a) and opposed-phase (b) T1W images show marked
signal dropout on the opposed-phase image due to microscopic lipid throughout the pancreas (arrow).



�

� �

�

186 Pancreatitis

(a)

(c) (d)

(b)

Figure 13A.6 Chronic pancreatitis in a patient status post-Whipple procedure. Axial precontrast T1W 3D GRE FS image (a) shows
relative decreased T1 signal intensity of the pancreas (arrow) compared with the liver. Postcontrast arterial (b) and delayed phase (c)
T1W images demonstrate that peak enhancement has shifted to the delayed phase. (d) Spectroscopic analysis demonstrates hepatic
lipid correlating to 11%; quantitative evaluation of hepatic lipid and iron may be routinely obtained with MRI.

The use of elastography has been well documented in

the quantification primarily of hepatic fibrosis and has

been found to be technically feasible in other organs

including the pancreas [26, 27]. While this technique

continues to undergo research, some preliminary

studies using US elastography have shown success

in distinguishing focal pancreatitis from pancreatic

adenocarcinoma [28].

Conclusion

Multiple imaging modalities are available for evaluation

of the pancreas, aiding the diagnosis of CP, identifying its

complications, and following disease progression. MRI,

well validated as a potent diagnostic tool in pancreatic

diseases, is the subject of ongoing research that in

recent years has shown its reliability for quantitative

and qualitative assessments of the gland. With increas-

ing awareness of the risks of ionizing radiation and the

ongoing development of novel sequences that allow

rapid, tissue-level characterization of the gland, MRI

holds advantages with respect to noninvasive imaging

of CP, especially for early or minimal change disease

in the absence of typical morphologic changes to the

gland.
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Introduction

Chronic pancreatitis (CP) is characterized by inflam-

mation and irreversible changes in the pancreatic

parenchyma. Those changes may lead to chronic

abdominal pain and both exocrine and endocrine insuf-

ficiency. The diagnosis of CP is often suggested by the

clinical manifestations of the disease (i.e., abdominal

pain, steatorrhea); however, a diagnosis should be

confirmed by imaging the pancreas. Despite recent

advances in high-resolution cross-sectional imaging,

the diagnosis may be elusive. Endoscopic ultrasound

(EUS) has a theoretic advantage over other modalities

in that the probe in placed in the gastrointestinal tract

in close proximity to the pancreas, allowing improved

visualization. The role of EUS in patients with CP can

be categorized as follows:

• Establishing the diagnosis through established criteria.

• Expanding the differential diagnosis: exclusion of

other causes of recurrent pancreatitis or chronic pain.

• Excluding malignancy: detection of small neu-

roendocrine tumors or evaluation of pancreatic

masses.

• Providing therapy: neurolysis, cyst drainage, accessing

obstructed bile duct, or pancreatic ducts.

Endoscopic ultrasound features of the
normal pancreas

With EUS, the normal pancreas appears as a homoge-

nous structure with a fine, diffusely speckled pattern

(“salt-and-pepper” appearance). The pancreatic duct is

seen as a smooth anechoic tubular structure that can

be traced from the head to the tail of the pancreas.

The normal pancreas measures 10–15mm in thickness

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

(anterior–posterior). A thickness of <10mm would

qualify as “atrophy,” although the clinical significance

of this finding is unclear. The normal pancreatic duct

measures 3mm in the head and should taper to 2mm in

the body and 1mm in the tail of the pancreas. Of impor-

tance, it is common to see a distinct transition between

the ventral and dorsal anlage, as the ventral anlage

appears less echogenic and overall darker as compared

with the brighter dorsal anlage, and this should not be

confused as an abnormal finding. When assessing for

CP, it should be noted that the head of the pancreas is

generally more heterogeneous in appearance than the

body or tail. Therefore, when assessing the pancreatic

parenchyma for criteria of CP, only the appearance of

the body and tail should be taken into account.

Endoscopic ultrasound features
of chronic pancreatitis

EUS was first developed in the early 1980s as a means

to better examine the pancreas. As endosonographers

gained experience, the sonographic criteria for diagnos-

ing CP were identified and expanded upon. William

Lees can be credited as the first to recognize many

of the features still used in modern EUS classifica-

tions for CP [1]. The characteristics he described and

examples of normal and abnormal scans are shown

in Figures 13B.1–13B.3. Many of these features were

adapted from the parenchymal changes seen on trans-

abdominal ultrasound and the Cambridge classification

(Table 13B.1) of ductal changes noted on endoscopic

retrograde cholangiopancreatography (ERCP) [2].

These features were initially studied in symptomatic

patients only; Wiersema and his colleagues later studied

these criteria in normal, asymptomatic subjects in

188
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Reported EUS features of

chronic pancreatitis

• Ductal
 –  Dilatation
 –  Echogenic walls
 –  Irregular contour
 –  Side branch dilation
 –  Calcifications

• Parenchymal
 –  Echogenic foci
 –  Small cysts
 –  Lobular outer contour
 –  Echogenic strands
 –  Inhomogeneity

Lees WR, Scandinavian Journal of Gastroenterology
1986; 21:123–129

Figure 13B.1 EUS features of chronic pancreatitis.

Histologic correlates

• Echogenic walls
• Irregular duct wall
• Intraductal foci
• Echogenic foci
• Cysts
• Lobularity
• Echogenic strands

• Periductal fibrosis
• Obstruction
• Stones
• Fibrosis
• Duct leaks
• Acute inflammation
• Fibrosis

Lees WR, Scandinavian Journal of Gastroenterology, 1986

Figure 13B.2 Histologic correlates of EUS features of chronic
pancreatitis.

addition to patients with chronic abdominal pain [3].

Using logistic regression analysis, the EUS features

most indicative of CP were identified. These criteria

have become the accepted standard, or “conventional”

EUS criteria (synonymous with Wiersema criteria), as

shown in Table 13B.2. Furthermore, the investigators of

this study developed a receiver operating characteristic

(ROC) curve to define the number of criteria needed to

achieve maximum sensitivity and specificity in making

a diagnosis of CP. Of the nine accepted criteria, four

(hyperechoic foci, hyperechoic strands, hypoechoic

lobules, and cysts) describe features of the pancreatic

parenchyma. The remaining criteria (irregular duct,

visible side branches, hyperechoic duct margins, dilated

main duct, and intraductal stones) describe the features

of the pancreatic duct.

In the standard, or “conventional,” classification sys-

tem, equal weight is given to each of the nine criteria,

and the absolute score is used. The presence of 0–2 cri-

teria represents a normal pancreas, or low probability

of CP. The presence of three or four criteria represents

indeterminate or intermediate probability. The presence

of five or greater criteria is determinate, or high proba-

bility, for CP.

Most gastroenterologists would agree that certain cri-

teria are more important than others, with the finding

of parenchymal calcifications and lobules being the most

meaningful. In an attempt to rank the criteria in order of

importance, a group of experienced endosonographers

under the auspices of the American Society of Gastroin-

testinal Endoscopy met in Rosemont, Illinois, to develop

a consensus [4]. The result of their efforts was the Rose-

mont criteria (RC), which is summarized in Table 13B.3.

The differences between the conventional and RC and

classification systems are illustrated in Tables 13B.4 and

13B.5.

Inter- and intraobserver variability
in chronic pancreatitis

In order for EUS to be considered a reliable diagnostic

test for CP, it is important to establish that the cri-

teria are reproducible for the observer and for other

endosonographers. Wallace and colleagues [5] per-

formed the first intraobserver study utilizing video clips.

Eleven experienced endosonographers were blinded

to clinical information and independently evaluated

videotaped examinations for the presence of CP based

on conventional criteria (CC). There was moderately

good agreement on the diagnosis of CP, with kappa of

0.45. Although this was a modest result, it did compare

favorably with other gastrointestinal studies, including

a study on intraobserver agreement of hemorrhage

stigmata in bleeding peptic ulcers [6]. A later study

by Lieb and colleagues [7] used 30 EUS images from

patients with suspected CP, and showed them twice in

random order to five different blinded endosonogra-

phers. The intraobserver agreement was good among all

five endosonographers. It was found to be better than

the previously published interobserver agreement for

EUS features and was better than published intraob-

server agreement for ERCP imaging for CP. Another

study by Gardner et al. [8] evaluated back-to-back

EUS examinations performed on the same day by two

different endosonographers, which showed good Kappa

scores for the presence of hyperechoic strands and

parenchymal cysts only – but not for other features.

After the RC were published, Kalmin et al. [9]

performed a study to determine and compare the
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Normal

Chronic

pancreatitis

Panc. Duct
in body

Panc body
and tail

Lobulations
Hyperechoic
foci & strands

Dilated
irregular
duct

Figure 13B.3 EUS images demonstrating normal pancreatic parenchymal and ductal anatomy in comparison to EUS features in
chronic pancreatitis.

Table 13B.1 Cambridge classification.

Classification Main

duct

Abnormal side

branches

Additional

features

0: Normal Normal None

1: Equivocal Normal <3

2: Mild changes of chronic

pancreatitis

Normal ≥3

3: Moderate changes of chronic

pancreatitis

Abnormal >3 Presence of small cysts (<10mm)

4: Marked/severe changes of

chronic pancreatitis

Abnormal >3 Presence of any of the following: large cysts

(>10mm), gross irregularity of the main duct,

intraductal calculus, stricture, obstruction with

severe dilation of main duct

interobserver reliability and intertest agreement of the

CC versus the RC in diagnosing CP. Images from 36

consecutive patients who underwent EUS for suspected

CP were reviewed separately by three sonographic

experts who were asked to record the presence of

both CC and RC features. The kappa for interobserver

agreement for CC was higher than that for RC for both

agreement on the classification of CP and for agreement

on a positive diagnosis. This was further studied by Del

Pozo et al. [10] who had 69 patients undergo same day

back-to-back EUS procedures by different endosono-

graphers. Data were collected in regard to findings of

both CC and RC, and interobserver agreement was cal-

culated. The kappa was slightly higher for conventional

as compared with Rosemont, and the authors drew the

conclusion that the RC did not provide an advantage in

diagnosing CP as compared with the CC. Given the lack

of evidence to support benefit with using the RC, it has

not been widely adopted.



�

� �

�

Chapter 13B: Endoscopic ultrasonography in chronic pancreatitis 191

Table 13B.2 Wiersema (conventional) criteria.

Endoscopic

ultrasound criteria

Classification

Parenchymal criteria

Hyperechoic foci Normal (or low

probability)

Hyperechoic strands 0–2 criteria

Hypoechoic lobules,

foci, or areas

Cyst Indeterminate or

intermediate

probability 3–4 criteria

Duct criteria

Irregular duct contour

Visible side branches High probability

Hyperechoic duct

margin

5–9 criteria

Dilated main duct Presence of

calcifications/stones

Intraductal stone

Table 13B.3 Rosemont criteria.

Endoscopic

ultrasound criteria

Classification

Major criteria A Consistent with CP:

Hyperechoic foci with

shadowing

2 major A criteria

Major duct calculi 1 major A+1 major B

criteria

1 major A+≥3 minor

criteria

Major criteria B Suggestive of CP:

Lobularity with

“honeycombing”

1 major A+<3 minor

criteria

Minor criteria 1 major B+≥3 minor

criteria

Cyst ≥5 minor, no major

criteria

Dilated main duct

Irregular duct contour Indeterminate for CP:

Dilated side branch 1 major B+<3 minor

criteria

Hyperechoic duct wall

Hyperechoic strands Normal:

Hyperechoic foci without

shadowing

<3 minor, no major

criteria

Lobularity without

“honeycombing”

Table 13B.4 Conventional and Rosemont EUS criteria for
diagnosis of chronic pancreatitis.

Conventional Rosemont

Parenchymal criteria Major criteria A

Hyperechoic foci Hyperechoic foci (>2mm in

length/width) with

shadowing

Hyperechoic strands Major duct calculi

Hypoechoic lobules, foci, or

areas

Cyst Major criteria B Lobularity

with “honeycombing” (≥3

contiguous lobules)

Duct criteria

Irregular duct contour Minor criteria

Visible side branches Cyst

Hyperechoic duct margin Dilated main duct (≥3.5mm

in body or >1.5mm in tail)

Dilated main duct Irregular duct contour

Intraductal stone Dilated side branch (>3

each measuring ≥1mm in

width)

Hyperechoic duct wall

Hyperechoic strands

(≥3mm in at least 2

dimensions)

Hyperechoic foci without

shadowing (>2mm in

length/width)

Lobularity without

“honeycombing” (>5mm,

noncontiguous lobules)

EUS in comparison with ERCP

ERCP is limited as a diagnostic tool in that it can only

assess for ductal changes and/or the presence of cysts

that communicate with the pancreatic ducts. It is unable

to assess for parenchymal changes outside of the ducts,

except in cases where there are large radiopaque stones

that can be seen on fluoroscopy. On the other hand, EUS

is able to assess both for parenchymal changes and duc-

tal changes to help make a diagnosis of CP. This allows

for the detection of more subtle changes not easily

detected with ERCP. However, the primary advantage

of EUS over ERCP is that EUS is an inherently safer test

and carries no risk of causing acute pancreatitis (except

when performing EUS-FNA, which carries 1–2% risk).

As summarized in Table 13B.6, studies have shown
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Table 13B.5 Classification of patients based on conventional
and Rosemont EUS criteria.

Conventional Rosemont

Normal (or low

probability)

Consistent with CP:

0–2 criteria 2 major A criteria

1 major A+ 1 major B

criteria

Indeterminate or

intermediate probability

1 major A+≥3 minor

criteria

3–4 criteria Suggestive of CP: 1 major

A+<3 minor criteria

High probability 1 major B+≥3 minor

criteria

5–9 criteria ≥5 minor, no major criteria

Presence of

calcifications/stones

Indeterminate for CP:

1 major B+<3 minor

criteria

Normal:

<3 minor, no major criteria

that higher number of EUS criteria (≥3) has strong

correlation to higher Cambridge classification by ERCP.

It is not clear whether those patients who meet criteria

for CP by EUS but have normal diagnostic ERCP have

early disease or are overdiagnosed. There have been few

studies that have included clinical follow-up of patients

as it relates to the diagnostic performance of EUS. Chen

et al. (abstract) [16] performed a retrospective study

of 19 patients with suspected CP who underwent EUS

and ERCP that were then repeated >12 months later.

They found that 5/6 patients (83%) who had normal

initial ERCP but abnormal EUS were found to have

abnormalities consistent with CP on the repeat ERCP,

suggesting that the early changes of CP seen on EUS

progressed to more advanced disease that was later

detectable by ERCP.

EUS versus pancreatic function testing

There are multiple forms of pancreatic function testing

available, and they can be neatly divided into two

groups: noninvasive (indirect) and invasive (direct)

testing. Noninvasive testing includes fecal fat analysis,

measurement of fecal chymotrypsin, the measurement

of fecal elastase, the 13C-mixed triglyceride breath test,

and the plasma pancreatic polypeptide test. Invasive

testing includes the secretin-stimulated bicarbonate

testing on duodenal aspirates or pure pancreatic juice.

Despite the multitude of options, pancreatic function

testing remains of limited value. None of the available

tests are able to accurately and reliably detect mild or

moderate pancreatic insufficiency [17]. On the other

hand, EUS is very sensitive but not specific for late CP.

It is unclear whether it is more or less sensitive than

pancreatic function testing for early CP. Of the multiple

studies performed, the data still seem mixed. In a study

by Dominguez-Munoz et al. [18], 128 consecutive

patients with CP were evaluated to see whether EUS

could serve as an indirect measure of exocrine insuffi-

ciency. All patients underwent 13C-mixed triglyceride

breath testing as a means to diagnose pancreatic insuf-

ficiency. EUS was then performed and the EUS criteria

for CP was evaluated and recorded by two separate

endosonographers who were blinded to the results of

the breath test. The investigators found a direct corre-

lation between the number of EUS criteria present and

the probability of the patient having pancreatic insuf-

ficiency. In addition, the presence of pancreatic ductal

calcifications, main duct dilation, and hyperechoic foci

with shadowing were all independently associated with

the presence of pancreatic insufficiency.

EUS in comparison to other imaging
modalities

Computed tomography (CT) and magnetic resonance

imaging (MRI) are commonly used imaging modalities

that are often utilized in making a diagnosis of CP. In

fact, the first studies of CT scan for CP date as far back

as the 1970s. Imaging quality has clearly improved over

the years, particularly for pancreatic protocol CT and for

secretin-stimulated MRCP. However, the sensitivity for

diagnosing CP with cross-sectional imaging still remains

poor, especially in the early stages of the disease. The

diagnosis of CP with MRI relies on findings of pancreatic

duct dilation and the presence of cysts calcifications – all

findings that are included in the ERCP Cambridge

criteria as markers of severe disease.
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Table 13B.6 Diagnostic performance of EUS versus ERCP and PFTs in diagnosis of chronic pancreatitis (CP).

Study Number of

patients

Design Results

Wiersema et al.

[3]

89 Prospective. 20 asymptomatic patients

underwent EUS only, and 69 patients with

abdominal pain underwent EUS followed by

ERCP. 16/69 patients also underwent

secretin-stimulated PPJ collection

30/69 patients found to have CP based on

clinical, ERCP, and/or PPJ data. EUS was

abnormal in 24/30 patients with CP. 22/30

patients with CP had “early disease” (none or

minimal changes per ERCP). Sensitivity,

specificity, and accuracy of EUS in diagnosing CP

were 80%, 86%, and 84% respectively. Versus

ERCP, SN was 100% and SP was 79% for EUS.

Catalano et al.

[11]

80 Prospective. 80 patients with recurrent

pancreatitis underwent ERCP, EUS, and

secretin test.

Abnormal studies were EUS=63, ERCP= 36,

secretin test=25. SN 86% and SP 95% for EUS

versus ERCP. EUS criteria of 0 had 100% NPV,

1–2 had 17% +ERCP and 13% +secretin, 3–5
criteria 92% +ERCP and 50% +secretin, ≥6
criteria had 100% PPV.

Sahai et al. [12] 126 Prospective. 126 patients undergoing ERCP

for suspected CP underwent EUS by blinded

endosonographers.

For EUS, NPV <85% when <3 criteria present.

PPV >85% when ≥ 6 criteria present. SN and SP

not specified.

Hollerbach

et al. [13]

37 Prospective. 37 patients with suspected CP

underwent ERCP, EUS, and indirect pancreatic

function testing. EUS-FNA was performed in

27 of the patients.

For EUS without FNA, SN was 97% with SP 60%

versus ERCP. With FNA, SP increased to 67% but

caused acute pancreatitis in 2/27 (7%) patients.

SN was 52% with SP 75% vs. indirect PFT.

Chowdhury

et al. [14]

21 Prospective. 21 patients with suspected CP

that underwent secretin testing also

underwent EUS.

For EUS, ≥4 criteria yielded SN 57% and SP

64% as compared with direct PFT. SP increased

to 92% with ≥6 criteria.

Stevens et al.

[15]

83 Retrospective. 83 patients with suspected CP

who underwent EUS, ERCP, and secretin PFT.

Secretin PFT used as “gold standard” for

diagnosis.

EUS and ERCP had similar SN (68% vs. 72%)

and SP (79% vs. 76%). Associations were similar

for both mild and moderate–severe disease.

EUS, endoscopic ultrasound; ERCP, endoscopic retrograde cholangiopancreatography; CP, chronic pancreatitis; PPJ, pure pancreatic juice; SN,

sensitivity; SP, specificity; PPV, positive predictive value; NPV, negative predictive value; PFT, pancreatic function tests.

Therapeutic EUS

To date, the main therapeutic applications of EUS have

been in the management of pseudocysts and providing

pain relief by celiac plexus neurolysis. These techniques

are covered in separate chapters.
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PART A: Pancreatic enzyme replacement therapy (PERT)
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Pancreatic enzyme replacement
therapy

Oral pancreatic enzymes have been utilized for more

than a century to treat maldigestion associated with

pancreatic exocrine insufficiency [1]. The main goal of

the use of pancreatic enzymes is to restore near-normal

digestion and, in doing so, improve nutritional status,

symptoms, and quality of life. Although the general

principle of delivering the right amount of pancreatic

enzymes to the duodenum and proximal jejunum at

the right time and in the right milieu (an alkaline

environment) seems achievable, this is often not the

case in practice. This chapter briefly reviews the basic

physiology of pancreatic secretion and digestion, out-

lines the most effective approaches to diagnosis and

monitoring of exocrine insufficiency, and discusses the

currently available enzyme formulations with a focus

on appropriate patient selection and dosage needed to

achieve reasonable digestion of fats, carbohydrates, and

protein.

The pancreas produces about 500–1000mL of diges-

tive juices per day [2]. This process is tightly controlled

and hormonally mediated. Entry of food from the

stomach into the small intestine is the most potent

stimulator. This effect is mediated mainly through two

hormones: notably, secretin, which acts on the pancre-

atic and biliary ducts to stimulate bicarbonate secretion,

and cholecystokinin (CCK), which acts on acinar cells

to stimulate enzyme secretion [3]. The normal pancreas

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

secretes approximately 900,000USP units of lipase with

each meal. While lipase and amylase are secreted in an

active form, the proteolytic enzymes (trypsinogen, chy-

motrypsin A and B, procarboxypeptidase A and B) are

stored and secreted as inactive zymogens. Trypsinogen

is activated to trypsin in the duodenum by the brush

border enzyme enterokinase, and trypsin then activates

the other proteases in the duodenum. In the basal state,

the pancreas secretes protein-rich and mildly alkaline

fluid. Pancreatic enzymes are secreted rapidly after food

ingestion and reach their peak effect in about an hour.

This is followed by a continuous sustained release of

enzyme secretion for about 3–4hours following meal

ingestion [4].

The majority of digestion occurs in the duodenum

and most absorption occurs in the duodenum and

jejunum. As exocrine pancreatic insufficiency devel-

ops, fat maldigestion occurs first and is more severe

than protein or carbohydrate maldigestion. There

are a number of reasons for this, including increased

opportunities for compensatory mechanisms for carbo-

hydrates (salivary amylase) and proteins (brush border

enteropeptidases and pepsin) than for lipase (only

a small increase in gastric lipase). In addition, lipase

is a rather fragile enzyme and is rapidly denatured.

Normal fat and fat-soluble vitamin absorption is a

closely coordinated and complex process, which begins

with nutrient delivery to the intestines. Subsequent

bicarbonate secretion by the pancreatic and biliary ducts

neutralizes gastric acid. This is an essential step, as both
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lipase and bile acids may be irreversibly denatured in

the presence of acid. Appropriate control of luminal pH,

coupled with the presence of sufficient concentrations

of both digestive enzymes and bile acids, is necessary

for fat digestion. The human pancreas has a substantial

reserve capacity for secretion, and pancreatic exocrine

insufficiency does not appear until lipase secretion is

reduced by 90% or more [5]. This would suggest that

delivering approximately 10% of normal pancreatic

enzyme output of enzyme replacement therapy with

each meal would be sufficient to eliminate maldigestion

and exocrine insufficiency.

A number of disorders may result in disruption of the

normal process of pancreatic enzyme secretion. These

conditions include loss of acinar cell mass (chronic pan-

creatitis, necrotizing acute pancreatitis, or pancreatic

surgery), obstruction of the pancreatic duct (benign,

premalignant, and malignant causes), rare genetic syn-

dromes (Shwachman–Diamond and Johanson–Blizzard

syndromes), previous upper gut surgery leading to

asynchronous delivery of enzymes and food to the

intestine, and reduced pH in the duodenum leading to

inactivation of enzymes and bile acids.

Chronic pancreatitis is associated with slowly progres-

sive fibrosis and destruction of the gland. In addition

to destruction of parenchyma, a number of ductal

changes including strictures and stones may result in

duct blockage, which augments exocrine insufficiency.

Steatorrhea and other signs of maldigestion generally do

not occur until late in the course of chronic pancreatitis

[6], often years or even decades after disease onset.

Exocrine insufficiency is seen most commonly in those

with chronic pancreatitis due to alcohol or smoking, and

in certain genetic causes (e.g., hereditary pancreatitis or

cystic fibrosis). In addition, these patients often undergo

pancreatic surgery, which may further reduce enzyme

secretory capacity. A majority of patients continue

to require pancreatic enzyme supplementation after

surgical treatment [7].

Patients with severe acute pancreatitis with compli-

cations such as pancreatic necrosis are at a high risk of

developing pancreatic insufficiency. The risk of pancre-

atic exocrine (and endocrine) insufficiency is highest in

patients who have undergone necrosectomy due to the

resulting loss of pancreatic parenchyma, but exocrine

insufficiency may occur after less severe episodes of

acute pancreatitis [8]. Pancreatic cancer patients are

also at risk of pancreatic insufficiency depending on the

location and degree of pancreatic ductal obstruction.

These can include patients with ductal adenocarcinoma

of the pancreatic head, which prevents enzyme access

to the duodenum. Exocrine insufficiency may also be

seen due to intraductal papillary mucinous neoplasms

(IPMN) involving the main pancreatic duct, in which

the gelatinous mucin obstructs the pancreatic duct.

Most patients with tumors in the pancreas requiring

pancreatic resection either had exocrine insufficiency

at diagnosis or became exocrine insufficient soon after

surgical resection [9].

Patients who undergo upper gastrointestinal surgery

are at risk of asynchrony of pancreatic secretions in

response to nutrient entry into the lumen, thereby

causing inadequate mixing of enzymes with food result-

ing in malabsorption [10]. This occurs most frequently

in patients who have a Roux limb from surgery. In

these patients, the enzymes have to travel through

the Roux limb before entering the efferent limb where

nutrients are entering the digestive tract. Malabsorption

can ensue, as simultaneous mixing following nutri-

ent intake does not happen [11]. This contributes to

the maldigestion and malabsorption associated with

Roux-en-Y gastric bypass.

Low intraluminal pH in the duodenum results in

inactivation of lipase and bile acids, which can result

in maldigestion. This is seen in gastric hypersecretory

states such as Zollinger–Ellison syndrome, which is a

result of autologous gastrin secretion by gastrinoma.

The duodenal bicarbonate concentration may be

insufficient to neutralize the acid, thereby resulting

in malabsorption [12]. Another mechanism for low

duodenal pH is dumping of gastric contents too quickly

into the duodenum, thereby giving inadequate time for

bicarbonate action. This can result in denaturation of

pancreatic enzymes [13]. It is noteworthy that patients

with chronic pancreatitis often have a lower duodenal

pH than normal controls, and this may also contribute

to the maldigestion seen in these patients.

Diagnosis of pancreatic exocrine
insufficiency

Two diagnostic challenges exist in these patients. The

first is establishing accurately the diagnosis of chronic

pancreatitis or alternative diagnosis that may cause

exocrine insufficiency. That topic is covered in other
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sections. The second challenge is establishing the pres-

ence of exocrine insufficiency. Patients with pancreatic

exocrine insufficiency do not present clinically until

the majority of glandular production of enzymes has

been compromised. In careful analyses, fat maldiges-

tion does not occur until pancreatic lipase falls below

10% of normal secretion [5]. However, patients who

have pancreatic cancer may present with maldigestion

after removal of as little as 30% of the parenchyma.

This is probably the result of diminished functional

capacity of the remnant parenchyma, coupled with

asynchrony after surgery. Patients may present with

oily clay colored stools, abdominal bloating and gas,

loose stools or diarrhea, and an inability to maintain

weight despite adequate oral intake. It is important to

note that diarrhea is probably present in only about

50–60% of patients with confirmed maldigestion [14].

Many patients can have dramatic steatorrhea, despite

having only one formed bowel movement a day. The

lack of diarrhea is often attributed to better preserved

carbohydrate and protein digestion, compared with

diseases of the small bowel producing malabsorption of

all dietary components.

Clinical symptoms are insufficient for diagnosis. The

most accurate diagnosis of steatorrhea requires mea-

surement of the coefficient of fat absorption (CFA – %

of dietary fat digested and absorbed). Measuring unab-

sorbed carbohydrates or protein is also possible, but

more complex than fat. The 72-hour fecal fat test was

designed to quantify fat malabsorption, which remains

the gold standard for quantification of steatorrhea.

Patients are required to go off of pancreatic enzymes

for at least a week and should be consuming at least

100 g/day of fat for 3 days preceding the test as well

as the 3 days during the test. The fat in the diet needs

to be high and needs to be precisely quantified. It is

noteworthy that unlike when the test was originally

developed, an intake of 100 g/day of fat is significant

but is still less than the average daily fat intake in

the United States (>160 g daily per capita) and many

other developed countries. The need to know rather

precisely the fat content of the diet during the test

makes it difficult to perform accurately in an outpatient

setting and often requires the services of a dietician or a

metabolic kitchen. In the setting of normal fat digestion

and absorption, the CFA should be at least 93% (i.e.,

presence of greater than 7 g/day of fecal fat on a 100 g

fat/day intake is diagnostic of steatorrhea). The levels

of steatorrhea are often much higher (>20 g/day) in

patients with confirmed pancreatic disease [15]. This

test proves the presence of steatorrhea, but does not

determine the cause. The test is not widely used in

clinical practice, due to the number of practical and

logistical issues mentioned earlier. Spot fecal fat testing

involves Sudan staining of random stool samples. The

test is simpler than a 72-hour fecal fat analysis but

must also be performed on a high-fat diet. The finding

of >100 fat globules/HPF or the presence of larger

fat globules >6 μm is abnormal. This is a relatively

insensitive test with positive results mainly in patients

who have greater than 25 g of fecal fat per day [16].

A similar test, which is not available, is the acid steat-

ocrit in which stool is acidified and centrifuged, with

the height of the fat layer compared with the total

height of the sample being used to quantify fat in stool

(>31% fat layer of total sample height in a test tube is

abnormal).

Several noninvasive tests have also been developed

over time to diagnose pancreatic insufficiency in the

outpatient and inpatient setting. Measuring the pres-

ence of pancreatic enzymes in stool is one such test.

Chymotrypsin is one of the relatively stable enzymes

secreted by the pancreas. Chymotrypsin avoids degra-

dation in the small bowel by binding to insoluble debris

in the stool and remains detectable for several days.

Fecal chymotrypsin below 3U/g of stool is suggestive

of pancreatic insufficiency [17]. Pancreas elastase −1 is

a pancreas-specific elastase that evades digestion and

degradation in the small bowel and can be reliably

detected in stool. Similar to fecal chymotrypsin, the lev-

els correlate well with the functionality of the pancreas.

Typically, values less than 100mcg/g of stool is diag-

nostic of pancreatic insufficiency [18]. The accuracy of

fecal elastase exceeds that of fecal chymotrypsin, and it

is preferred as it is more stable during intestinal passage

[19, 20]. A number of conditions other than exocrine

insufficiency can produce a falsely low fecal elastase.

Chief among these is watery diarrhea, in which the

enzyme is diluted. Similarly, the test may be abnormal

in diabetics. Fecal elastase (human) may be measured

while the patient is taking exogenous porcine enzymes

as the assay is not affected. Serum measurements are

also available to estimate pancreatic function. Serum

trypsin is abnormally low in patients with advanced

chronic pancreatitis and steatorrhea, but may be normal

in other conditions associated with pancreatic exocrine
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insufficiency and in those with less-advanced chronic

pancreatitis. Low levels below 20mg/mL are consistent

with advanced chronic pancreatitis [21].

A number of breath tests have also been developed

to identify exocrine insufficiency, using triglycerides

radiolabeled with 13C or 14C. In the presence of suffi-

cient lipase, the radiolabeled carbon is liberated during

lipolysis, and the excreted CO2 can be measured.

Mass spectrometry or infrared analysis is required to

measure 13C. These tests are available at a few research

centers but are not available for patients in the United

States [20].

Direct measurement of pancreatic secretion is also

possible. The conventional secretin stimulation test

(SST), involves placing a 26-Fr oroduodenal tube with

both gastric and duodenal ports. The tube is introduced

fluoroscopically with the weighted tip positioned close

to the ligament of Treitz and the tapered radiopaque

portion of the tube is kept close to the pylorus [22].

Basal duodenal and gastric pH along with the volume

secreted is then measured over 15minutes. This is

followed by the injection of a supraphysiologic dose of

synthetic human secretin at a dose of 0.2mg/kg [23].

Secretin stimulates the ducts in the pancreas to secrete

bicarbonate [24]. SST has mainly been used as a test to

diagnose chronic pancreatitis, rather than to determine

the presence or absence of exocrine insufficiency. It does

appear to be reasonably sensitive and specific as a diag-

nostic tool, with sensitivities of over 90% for late stages

of chronic pancreatitis, and about 75% in early-stage

chronic pancreatitis [25]. After secretin infusion, the

duodenal fluid is then collected every 15minutes for

60minutes, and this fluid is measured for volume,

pH, and bicarbonate concentration in mEq/L. The

normal range for peak bicarbonate secretion is about

80–130mEq/L. The secretin test measures maximal

stimulated secretory capacity of ductal cells and is not

a direct measurement of enzyme secretion. Maximum

stimulated secretory capacity drops prior to the later

development of exocrine insufficiency, but there is not

a specific bicarbonate concentration cutoff below which

exocrine insufficiency invariably occurs. In general,

however, peak bicarbonate concentrations less than

50mEq/L are associated with exocrine insufficiency

while levels of 50–80 are often not.

CCK can also be used to test the functional capacity

of the pancreas with the CCK stimulation test and, in

the past, has also been combined with secretin. The

CCK stimulation test is a better test for pancreatic

insufficiency than the SST, as it measures actual enzyme

output. As a diagnostic tool for chronic pancreatitis, it

parallels the overall accuracy of the SST [26]. In the CCK

stimulation test, a tube with gastric and duodenal ports

(Dreiling tube) is placed, followed by the collection and

measurement of basal secretion. Subsequently, CCK

is injected and collection of duodenal contents is per-

formed at 20-minute intervals for a total of 80minutes.

During the first 20–40minutes, CCK stimulates the

contraction of the gallbladder followed by the secretion

of bile, which affects the measurement of pancreatic

output. The fluid is analyzed for lipase secretion, which

has shown to be sensitive for diagnosis of early- and

late-stage chronic pancreatitis [27].

The CCK stimulation test is no longer performed,

owing to a variety of reasons. Even the secretin test is

rarely performed except at a few research centers, and

even there it was not possible for several years due to an

unavailability of secretin. Both tests require unsedated

placement of a relatively large caliber oroduodenal tube,

which also limits their acceptability by patients. One

alternative to conventional pancreatic function testing

is to utilize endoscopy to collect fluid in the duodenum

after secretin injection. This test is called endoscopic

SST or eSST [28]. Endoscopic SST has shown results

that are similar to conventional SST, although with

less specificity as the collection time is often shortened

to 30–45minutes. This test is likely better tolerated

than the Dreiling tube insertion under fluoroscopy as

the patient is well sedated for the procedure. There

are, however, cost and time constraints in using an

endoscopy room for 60minutes for the procedure.

Similar to the standard secretin test, the eSST is mainly

used for the diagnosis of less-advanced chronic pan-

creatitis, rather than the documentation of exocrine

insufficiency.

In addition to testing of pancreatic function to deter-

mine the presence of pancreatic exocrine insufficiency,

the presence of exocrine insufficiency may be suspected

based on imaging tests of the pancreas documenting

features consistent with advanced chronic pancreatitis.

In the case of chronic pancreatitis, the development

of a dilated pancreatic duct, pancreatic gland atrophy,

or diffuse pancreatic calcification often signal disease,

which is advanced enough to be likely associated with

exocrine insufficiency. These features may be visible on
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EUS, CT, or MRI with MRCP. A quasi-function test uti-

lizing MRCP examination of the pancreas coupled with

secretin stimulation can estimate pancreatic function

(ductal fluid secretion rather than enzyme secretion)

and is used in some centers. This secretin-enhanced

MRCP (S-MRCP) assesses the volume of fluid in

the duodenum after secretin injection. One of the

main drawbacks with this system is that it measures

volume rather than bicarbonate concentration. In

addition, obstructive lesions of the ampulla can also

give false-positive results [29].

Pancreatic function tests, whether invasive or non-

invasive, do very well in detecting advanced disease,

the setting in which exocrine insufficiency is most

commonly encountered. However, the diagnosis of

early chronic pancreatitis or even the diagnosis of

pancreatic exocrine insufficiency is more challenging.

In many patients, the diagnosis of exocrine insuf-

ficiency is empiric, considered in the right clinical

setting and with the right constellation of symptoms

and supported by tests such as fecal elastase or serum

trypsin.

Consequences of pancreatic exocrine
insufficiency

In addition to diagnosis, additional testing of nutritional

status is often useful to gauge the degree and severity

of nutritional complications of exocrine insufficiency

as enzyme therapy is begun. This testing may include

anthropometric measurements (BMI or change in BMI

over time), serum measures of general malnutrition

(albumin, prealbumin, cholesterol, RBP, CBC with

lymphocyte count), and measures of fat-soluble vitamin

deficiency (INR, vitamins D, A, and E levels). Those with

exocrine insufficiency may develop frank malnutrition,

although this is unusual unless p.o. intake is signifi-

cantly restricted as well. In those without malnutrition,

deficiencies of fat-soluble vitamins may develop even

in the presence of rather mild steatorrhea. Deficiency

of vitamin D is particularly important, and numerous

studies have documented high rates of osteopenia and

osteoporosis in patients with chronic pancreatitis. Thus,

it is important to not only measure vitamin D levels at

the onset of therapy but to monitor this over time and

to also assess bone density.

Pancreatic enzymes

Pancreatic enzyme products (PEPs) contain a mixture of

digestive enzymes including amylase, lipase, and vari-

ous proteases. For many years, these products weremar-

keted in the United States as unapproved products. As a

result, the PEPs contained variable amounts of enzyme

concentrations, and a concern was raised as to quality of

manufacture and resulting under- or overdosing caus-

ing patient intolerance or side effects. In July 1991, the

US Food and Drug Administration (US FDA) intervened

and announced that all PEPs should be approved, and

any new product should submit a New Drug Application

(NDA) before marketing it. The drug companies were

instructed to demonstrate that they were able to man-

ufacture their products with sufficient consistency and

quality to ensure that patients did not experience dose

variation. The goal was to assure safety, effectiveness,

and product quality for all the PEPs. In 2004, the US

FDA notified manufacturers of its intent to permit mar-

keting of the unapproved products while the companies

were working on their applications. In 2006, the US FDA

issued guidance documentation about the requirements

manufacturers had to meet for the US FDA approval.

In 2007, the US FDA extended the deadline of approval

to April 28, 2010 due to the difficulties encountered in

manufacturing these products. The guidelines for effi-

cacy were based on CFA, and the minimum change on

enzyme therapy was defined as an increase of 10% or

more. In addition, in those with a CFA <40% at baseline

an increase of at least 30% was considered a clinically

meaningful change. Approval was based on these cri-

teria in at least 200 patients studied over 6 months (or

100 patients over 1 year). Approval was granted for both

cystic fibrosis and chronic pancreatitis, even if the sup-

porting clinical studies only analyzed those with cystic

fibrosis. Currently, there are six products that are US

FDA approved (Table 14A.1). The approved list includes

the following:

• Creon and Zenpep – approved 2009

• Pancreaze – approved April 2010

• Ultresa and Viokace – approved March 2012

• Pertzye – approved May 2012.

Five of these products are capsules containing

enteric-coated microspheres, including one (Pertzye)

that includes bicarbonate. One product (Viokace) is a

not enteric coated and is supplied as a tablet. Pancreatic
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Table 14A.1 Current food and drug administration approved pancreatic enzyme replacement therapy.

Product Formulation Manufacturer Lipase content/capsule or pill

Zenpep® Enteric-coated porcine Aptalis 3,000; 5,000; 10,000; 15,000; 20,000; 25,000

Creon® Enteric-coated porcine AbbVie 3,000; 6,000; 12,000; 24,000; 36,000

Pancreaze® Enteric-coated porcine Janssen 4,200; 10,500; 16,800; 21,000

Viokace® Tablet non-enteric-coated porcine Aptalis 10,440; 20,880

Ultresa® Enteric-coated porcine Aptalis 13,800; 20,700; 23,000

Pertzye® Enteric-coated porcine with bicarbonate Digestive care 8,000; 16,000

enzymes (particularly lipase) become irreversibly dena-

tured in the acidic gastric environment, hence the fact

that most preparations are available in an enteric-coated

formulation. The microspheres in these enteric-coated

agents have a polyacrylic acid layer that dissolves only

in an environment with pH >5.5 [30]. This prevents the

granules from being released in the stomach where the

pH is normally less than 4. Once in the intestinal lumen,

the contents are released for digestion, but this may

occur significantly downstream in the small bowel. In

the normal state, these enzymes are most active in the

duodenum, whereas in patients on pancreatic enzyme

replacement therapy the release may be in the distal

jejunum or even the ileum. This creates some limitation

on effectiveness. These capsules are designed to be

taken orally as whole capsules without being chewed

[31]. Viokace is the only non-enteric-coated pancreatic

enzyme preparation. Since it will be deactivated in

an acidic environment, it is necessary to coadminister

proton pump inhibitors (PPIs) or H2-receptor antago-

nists to increase the pH of the gastric environment and

prevent deactivation.

There is some evidence to suggest that the addition

of a PPI even in patients on enteric-coated PEPs may

enhance efficacy [32], although the data on this point

are mixed. There are several potential explanations. In

addition to enzyme secretion, the pancreas secretes a

significant quantity of bicarbonate, which is respon-

sible for maintaining an alkaline milieu in the small

intestine. This also facilitates interaction between fatty

acids and bile. In an acidic environment, even bile

acids are precipitated. Studies have demonstrated that

bicarbonate secretion may not drop proportionately

to the degree of enzyme secretion drop in pancreatic

insufficiency. Therefore, not all patients require PPI

therapy in order for PEPs to function optimally [14].

There is no evidence to suggest that enteric-coated PEPs

are superior to non-enteric-coated PEPs and vice versa

in terms of absolute capacity to reduce steatorrhea. It

is, however, definitely worth considering a trial of PPI

in patients who are not responding to high doses of

enteric-coated PEPs.

The goal of enzyme supplementation is the elim-

ination of steatorrhea with normal absorption of fat

and fat-soluble vitamins, protein, and carbohydrates.

Completely normal absorption is difficult to achieve.

In clinical practice, a goal of improved absorption,

maintenance or gain of weight and muscle mass, and

avoidance of complications (e.g., vitamin D deficiency

and osteoporosis) is reasonable. For proper digestion,

the enzymes need to adequately combine with nutrients

and interact within the digestive lumen. The timing is

crucial. Normally, the enteric-coated capsule covering

disintegrates once they enter the stomach. At this point,

the microspheres are released and can mix with the

food ingested. The microspheres remain inactive until

they reach the intestine where the alkaline milieu

releases the enzymes. Peak activity is reached about

30minutes after ingestion, and the enzymes remain

active for about 2hours. Studies have demonstrated

that pancreatic enzymes taken with food report superior

absorption compared with those taken after meals [33].

It is crucial for physicians to stress the importance of

dosing and timing of the enzymes. More often than

not, patients are left with minimal instructions, and

studies have shown a large percentage of patients still

symptomatic while on therapy [34].

In patients with surgically altered anatomy, such

as partial gastrectomy, duodenectomy, or Roux-en-Y

anatomy, it may be difficult to achieve adequate mixing

of enzymes and food. Delayed gastric emptying or

rapid intestinal transit can create a delay in activation
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of these enzymes [35]. Due to delayed activation, the

enzymes do not have adequate time to mix with the

food, thereby decreasing their efficacy. Endogenous

lipase achieves highest concentrations in the duodenum

and progressively reduces to nearly undetectable levels

in the ileum. One study demonstrated that exogenous

lipase supplementation of about 40,000U with meals

increased the duodenal concentrations only minimally,

but enormously increased the ileal concentrations due

to limited proximal release of enzymes. Therefore, the

enteric-coated enzymes abolished the normal postcibal

lipase gradient between the duodenum and ileum. In

this situation, the majority of ingested enzyme is wasted

as fat hydrolysis does not occur before the ileum where

surface area for digestion and absorption is minimal.

Even though enzyme supplementation managed to

reduce steatorrhea in patients with severe pancreatic

insufficiency, the small bowel digestive and absorptive

capabilities were only partially utilized [36].

The goal of enzyme supplementation is to abolish

steatorrhea and ensure adequate absorption of nutrients

but especially fat, fat-soluble vitamins, and essential

fatty acids. While all enzyme products contain proteases,

lipase, and amylase, it is the lipase content that is most

clinically important. Endogenous or exogenous lipase

activity can be measured in International Units (IU) or

United States Pharmacopeia (USP) units. Commercial

products in the United States are rated in USP units

(1 IU=3USP units). In a single normal meal, more

than 900,000USP units of lipase are delivered into the

duodenum from the pancreas. Clinical studies have

demonstrated that when this falls to about 10% of that

normal amount, steatorrhea develops. This has led to

a minimum target for enzyme replacement therapy of

around 90,000USP units of lipase with each meal. Not

all patients require this amount, some require more. Fat

digestion is aided by gastric lipase, which is increased

in a compensatory manner in those with advanced

chronic pancreatitis. In addition, even in patients with

advanced chronic pancreatitis, there may remain some

residual enzyme secretion.

Some studies have documented that lower doses of

enzymes may be effective in certain situations. In one

study, around 30,000USP units of unprotected lipase

given with meals abolished steatorrhea as long as the

enzymes were able to mix with meals and were not

destroyed by gastric acidity [37]. Studies have shown

that the effect of therapy on steatorrhea is greater

in individuals where the gastric and duodenal pH

remained greater than 4 for longer periods [38]. Reli-

able enzyme therapy is more achievable in achlorhydria

patients where the pH barrier is absent. Graham et al

demonstrated that administration of a smaller dose

(about 18,000USP units) in microsphere formulation

that is enterically coated is also effective in abolishing

steatorrhea [39]. Nonetheless, the effectiveness of

exogenous enzyme supplementation is often substan-

tially less than this, and higher dosages are required in

the vast majority of patients.

In the clinical studies of recently approved enzyme

products [40–44], the overall change in CFA ranged

from 26% to 41% (Table 14A.2). In those with a

baseline CFA <40%, improvements of 52–60% were

demonstrated, while in those with better CFAs the

improvement is more modest (20–30%). It should

be noted that these registration trials were largely in

patients with CF, not chronic pancreatitis. These studies

generally treated patients with 6000–11,000USP units

of lipase/kg/day). These are substantially greater than

the 10% of normal range mentioned earlier. For an

average 70 kg patient with chronic pancreatitis, this

could be 140,000–250,000USP units of lipase with each

of three daily meals, which is approximately 3–5 times

the typical dosage.

Recent reviews suggest a starting dose of 40,000–

50,000USP units of lipase with each meal, which

assumes some gastric lipase activity remains and some

residual pancreatic secretion remains. The dose is

increased based on clinical response. Underdosing

is very common. Two surveys from the Netherlands

[34, 45] noted that significant underdosing was com-

mon in patients with chronic pancreatitis, pancreatic

surgery, and pancreatic cancer. In these surveys, nearly

three-fourths of the patients continued to experience

steatorrhea despite enzymes, and more than 40% had

ongoing weight loss. Another impediment to effective

prescribing is the cost of medications. As no generic

enzymes remain, the cost per prescription tripled over

the last 5 years, reaching a level of nearly $600/month.

A reasonable approach is to make sure the diagnosis is

accurate and to identify patients with possible exocrine

insufficiency based on the appropriate clinical situa-

tion (e.g., evidence of chronic pancreatitis, previous

pancreatic surgery, pancreatic cancer, or IPMN) and/or

suspicious clinical features (steatorrhea, weight loss,

vitamin D deficiency, etc.). The diagnostic suspicion
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Table 14A.2 Some randomized controlled trials on PERT, study design and outcome.

Drug Study Patients, N Study design Change in CFA or CFA

Creon Safdi [15] CP, N=27 DBRPC Δ 37% vs. 12%

Whitcomb [40] CP or pancreatic surgery, N=54 DBRPC Δ 32% vs. 9%

CF, N=36 DBRPC Δ 35% vs. 3%

CF, N=16 DBRPC 83% vs. 47%

Pancreatic surgery, N=58 DBRPC Δ 21% vs. 4.2%

Ramesh [43] CP, N=62 DBRPC Δ 18% vs. 4.1%

Zenpep Toskes [42] CP, N= 72 DBR crossover 90% vs. 80%

CF, N=33 DBRPC 88% vs. 63%

Pancreaze CF, N=40 DBRPC Δ 34% vs. 1.5%

Δ= change in fat absorption with drug versus placebo. Percentages without Δ imply absolute values of CFA in drug versus placebo.

CP, chronic pancreatitis; CF, cystic fibrosis; DBRPC, double-blind randomized placebo-controlled study; CFA, coefficient of fat absorption.

may be able to be confirmed by fecal elastase, serum

trypsin, or fecal fat. Baseline assessment can include

anthropometrics, albumin, prealbumin, cholesterol,

retinal binding protein, CBC with lymphocyte count,

and fat-soluble vitamin levels (A, D, E, and K). Therapy

should begin with at least 40,000USP units of lipase

with each meal (taken during the meal). There is no

need to restrict fat in the diet. In some patients, a higher

initial dose may be considered (significant pancreatic

resection, pancreatic cancer, or IPMN blocking the main

pancreatic duct). The response to therapy can be mea-

sured by clinical features (weight gain, less steatorrhea),

fecal fat tests, or laboratory tests of fat-soluble vitamin

levels. When enzyme therapy does not seem to be

effective, the most likely explanation is an inadequate

dose (either prescribed or unable to afford drug). The

wrong timing of ingestion is also a common reason for

inadequate response. If neither of these is responsible,

consider adding acid suppression therapy. If still not

effective, consider alternative diagnoses and especially

small intestinal bacterial overgrowth, gastroparesis, or

secondary pancreatic cancer.
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Introduction

Chronic pancreatitis (CP) is defined as an inflammatory

disorder of the pancreas characterized clinically by

recurrent abdominal pain associated with the eventual

development of pancreatic exocrine and endocrine

insufficiency [1]. These changes are matched histo-

logically by loss of normal parenchymal architecture

with replacement by fibrotic scar tissue, parenchymal

and ductal calcification together with distortion and

abnormalities of the main pancreatic duct.

Abdominal pain is the dominant symptom and has

a complex basis of origin [2]. Current concepts of pain

in CP suggest that there is a pancreatic glandular com-

ponent, probably related to parenchymal inflammation

and ductal obstruction or hypertension and that in addi-

tion there is an extra-pancreatic component related to

changes in visceral afferent pain nerves and also to alter-

ations in central nervous system perception and process-

ing of pain [3, 4].

As neither endoscopic nor surgical intervention

provide reliable pain relief in all patients, the search

for alternative treatments led Braganza and colleagues

to propose the oxidative stress paradigm of cellular

injury in CP [5]. This theory proposed that CP arose as

a result of pathologic exposure of pancreatic acinar cells

to short-lived oxygen-derived free radicals produced

as a result of an imbalance between their production

and quenching [5]. Essential cellular oxygen reduc-

tion (redox) pathways were overcome in CP leading

to the clinical syndrome. Micronutrient antioxidant

therapy was developed as a tablet-based medication to

restore components of these deficient pathways and

was introduced into clinical practice in Manchester,

England, in the 1980s, setting up a controversy in

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

pancreatology that to some extent continues to this day.

In its favor, the oxidative stress hypothesis is elegant and

scientifically plausible with micronutrient antioxidant

therapy having the attraction of treating all disease

variants of CP and of avoiding surgical intervention.

Against the hypothesis questions are raised as to the

validity of the evidence base underlying both the

hypothesis and the clinical effectiveness of antioxidant

therapy.

This chapter provides a concise review of the hypoth-

esis (and the evidence base for this) and undertakes a

reappraisal of current evidence for antioxidant therapy

as a treatment for CP.

Basis of the “oxidative
stress–micronutrient antioxidant”
hypothesis

There were four key components of the micronutrient

antioxidant hypothesis [5]. The first premise of the

hypothesis was that exposure to toxic xenobiotic sub-

stances (such as inhaled volatile hydrocarbons) caused

pancreatic injury. The second premise was that the

mechanism of injury was by pathological induction

of the cytochrome P450 system within the pancreatic

acinar cell. The third was that hepatic cytochrome

P450 induction led to the exposure of pancreatic

acinar cells to oxidative stress by-products by reflux of

liver-originated toxic compounds into the pancreatic

duct via passage in the bile duct, and the final pillar

of this concept was that micronutrient antioxidant

therapy given in tablet form would restore intra-acinar

pharmacological balance, reduce inflammation, and

thus be a treatment for pain in CP.
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Modern re-appraisal of the “oxidative
stress–micronutrient antioxidant”
hypothesis

Much of the evidence for the first component of the

hypothesis comes from an occupational health study

carried out in Manchester, UK, in the 1980s [6].

McNamee and colleagues matched 102 cases of CP

with 204 age and sex-matched referents from the same

geographic areas of the Manchester conurbation obtain-

ing information about their occupational histories,

alcohol intake, cigarette smoking, and diet. Exposure

to hydrocarbons was inferred from interview responses

by four assessors who were blind to disease state and

these data were then summarized by a cumulative

hydrocarbon exposure (CHE) score. The key finding

of the study was that high hydrocarbon exposure was

present in 24 (24%) of patients with CP compared with

21 (10%) of controls. The authors concluded “These

results support the original hypothesis.”

A modern reappraisal of this evidence immediately

highlights two important deficiencies. First, high hydro-

carbon exposure was present in only 24 of 102 patients

with CP; thus, high hydrocarbon exposure is not a nec-

essary prerequisite for the development of CP.

Second, this study does not adequately control for

the confounding effect of alcohol with almost half of

patients in the CP group consuming over 50 units of

alcohol per week.

A computerized literature search reveals that only one

other study examines the role of xenobiotic exposure as

an etiological agent for CP and this South African study

takes the form of an interview with a case series of

112 patients with CP [7]. Although 86 (77%) described

exposure to burning firewood and coal, 104 (93%)

consumed alcohol, with 44 (39%) of these patients

consuming alcohol on a daily basis.

In summary, occupational exposure to hydrocarbons

is not a necessary etiological agent for the development

of CP.

The second component of the hypothesis is that

xenobiotic exposure leads to induction of cytochrome

P450 within pancreatic acinar cells [5]. The pancreas is

recognized as one of the extrahepatic sites of production

of cytochrome P450. Chronic exposure to xenobiotics,

either in the form of ingested toxins such as alcohol

or inhaled volatile chemicals was hypothesized as

leading to cytochrome induction. In turn, cytochrome

metabolism led to the intra-acinar generation of toxic

free radicals.

The past three decades have witnessed a substantial

increase in the understanding of cytochrome biology

both in terms of function, role in drug detoxification,

and in terms of patterns of differential expression and

function [8, 9].

However, in relation to the pancreas, modern knowl-

edge suggests that intra-acinar functional expression of

cytochromes is a small fraction of hepatocyte expres-

sion of these proteins and a further consistent finding

is that much pancreatic expression is within islets [10].

Thus, although intra-acinar expression of cytochromes

in response to toxins is likely to occur, it is a small com-

ponent of a pathophysiological response to injury and

not the key or unique step it was once thought to be.

The third component of the hypothesis was that

hepatocyte-derived oxidant by-products may contribute

to pancreatic injury by passage along the bile duct and

reflux into the pancreatic duct. This theory led to the

highly idiosyncratic operation of bile duct ligation to

divert bile in patients with CP [11]. These patients

continued to experience recurrent pancreatitis after

biliary diversion, and it is clear that bile duct ligation

has no helpful effect on the clinical course of CP.

Taken together, the evidence base for these three

components of the hypothesis is not strong. Setting this

evidence in the context of current knowledge of the

pathophysiology of CP would suggest that free-radical-

mediated cellular injury is one of a host of cell damage

mechanisms rather than an isolated causal factor.

Importantly, in terms of practical clinical advice to

patients, there is no strong evidence linking xenobiotic

exposure to subsequent CP.

However, a nonsustainable hypothesis does not neces-

sarily preclude antioxidant therapy from being effective

and thus the clinical evidence for this treatment should

be assessed separately.

Clinical trials of antioxidant therapy
in chronic pancreatitis

Assessment of the clinical efficacy of antioxidant

therapy for pain relief in CP is affected by the lack

of consistency in the use of the term antioxidant.

Furthermore, antioxidant therapy has been evaluated

in a range of pancreatic inflammatory diseases including
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acute pancreatitis with a broad range of therapeutic

interventions in a range of clinical disease with a variety

of endpoints. Thus, conventional systematic review

is not applicable. These limitations notwithstanding,

Cai and colleagues undertook a systematic review of

nine randomized controlled trials (RCTs) of antioxidant

therapy in CP [12]. It is noteworthy that the nine trials

contained in their systematic review include a total

of 390 patients highlighting the relatively small size

of the majority of these trials. Their key finding was

that overall, antioxidant therapy was not associated

with a reduction in pain in patients with CP while

there was evidence that antioxidant therapy increased

adverse effects [12]. The broad range of interventions

for which the label “antioxidant therapy” is attached

is seen as the systematic review included trials of

compound selenium-methionine-based antioxidant

therapy, curcumin, allopurinol, and selenomethionine.

Also, the duration of therapy, patient populations, and

assessment of interventions and endpoints differ with

only one study undertaking a formal assessment of the

effect of intervention on quality of life. Broadly similar

findings were reported in a recent Cochrane systematic

review [13].

To provide a more in-depth assessment of the

potential clinical role of antioxidant therapy in

CP, the randomized trials of compound selenium/

methionine/vitamin C-based antioxidant therapy can

be dichotomized into the older small trials and two

more recent larger and well-conducted trials from the

twenty-first century.

In the former category, the index Manchester

study was a randomized, placebo-controlled trial in

20 patients with recurrent acute pancreatitis, which

used a cross-over design comparing 10 weeks of antiox-

idant therapy with placebo [14]. The principal clinical

outcome was the assessment of frequency of episodes of

pancreatitis, and there were six episodes of pancreatitis

on placebo versus none on treatment (P= 0.032).

A more recent randomized, placebo-controlled trial in

19 patients with well-characterized CP from Belfast used

compound antioxidant therapy (antox; Pharmanord,

UK) as an intervention and compared 10 weeks of

treatment with 10 weeks of placebo in a cross-over

design [15]. The primary endpoint was completion of

the Short Form-36 (SF-36) questionnaire. The principal

clinical outcome was that 17 patients reported improve-

ment in quality of life on antox compared with 7 on

placebo. Eight patients reported improvement in social

functioning on antox compared with seven on placebo.

These results highlight the importance of the placebo

response in assessing interventions in patients with CP.

For their time, these were pathfinding studies. How-

ever, they were trials of small sample size assessing an

intervention of unknown efficacy in a disease with an

unknown responsiveness to this intervention. The prob-

ability of type I error is high, and no modern treatment

strategy can any longer be based on this evidence.

Modern randomized controlled
clinical trials of antioxidant therapy
in chronic pancreatitis

The modern era features two larger and well-conducted

RCTs of antioxidant therapy in CP. Bhardwaj and

colleagues from Delhi undertook a double-blind,

placebo-controlled randomized trial of antioxidant ther-

apy in CP [16]. Patients were selected for inclusion on

the basis of magnetic resonance (MR) scan, endoscopic

retrograde pancreatography (ERP), or computed tomog-

raphy (CT). There was no prior pancreatic intervention

of any form and those who were narcotic addicts

were excluded. The study intervention was compound

antioxidant therapy in the form of 600 μg selenium,

ascorbic acid, β-carotene, α-tocopherol, and methionine

manufactured commercially as Betamore (G Osper,

India). Pain was assessed as the number of “painful

days.” The patient profiles show that the majority had

idiopathic CP and that the median body mass index in

the treatment group was 20.2± 3.1 (compared with

19.7±3.5 in placebo). Strikingly, 18 (32%) patients in

the treatment group were malnourished with a BMI

of <18.5 (with a comparable number in placebo). The

principal outcome was a reduction in days in pain

in the treatment arm from 9.1±7.6 at baseline to

1.6±2.8 at 6 months. This reduction was significant

when compared with the placebo group at 6 months.

However, the striking finding in this assessment is the

dramatic placebo response (at 6 months: 3.3± 4.3 days

in pain from a baseline level of 7.2± 5.3 days in pain).

Almost in parallel to this trial, the ANTICIPATE study

in Manchester set out to evaluate the effect of antox

(a compound antioxidant therapy) in patients with

established painful CP [17]. Patients with a clinical

diagnosis of CP were identified by a combination of
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CT scan and assessment of pancreatic elastase. Patients

maintained pain diaries in a 1-month run-in period

to establish that their symptoms were stable and that

self-scored pain was at least 5 on at least 7 in 30 days on

a numerical rating scale (NRS) of 11 points from 0 to 10.

Patients were randomized to receive either compound

antioxidant therapy (Antox, Morpeth, UK) with each

tablet of antox comprising 480mg methionine, 38.5mg

of selenium, and 126.3mg of ascorbic acid (vitamin C)

or a matched placebo. The primary endpoint was pain

scores assessed in the outpatient clinic at 2, 4, and 6

months. Secondary endpoints included pain diary pain

scores maintained by patients (as a correlate to the

scores assessed in clinic) and quality of life assessed by

a variety of measures including the EORTC QLQ-Pan28

score validated for use in CP. Patients were stratified by

prior pancreatic intervention.

A total of 356 patients were screened and 92 random-

ized with 70 completing 6 months of either intervention

or placebo (37 in placebo and 33 in antioxidant arm).

The demographic profile revealed a median (range)

age of 49.8±12.7 years in the antioxidant group. This

was not significantly different from the 50±9 years

in the control group but this represents a much older

age group than that seen in the Delhi trial. Further the

demographic profile of ANTICIPATE comprised mainly

male patients with a disease duration of 4.2± 2.4

years, with clinic pain scores of 5.2±1.6 (on a 0–10

scale) at baseline and a predominantly alcohol-related

etiology (72% in the antioxidant arm and 73% in the

placebo arm).

A further important difference between the Delhi

and Manchester trials is in the morphology of CP, as

in the Manchester study only 45% of patients in the

treatment arm had pancreatic duct dilatation with the

majority having the European normal disease variant

of a pancreatic head mass.

The final results of ANTICIPATE showed that there

was no difference in the primary endpoint with clinic

pain scores Similarly, there was no difference in any of

the secondary endpoints of patient-recorded diary pain

scores or quality-of-life measures. Antioxidant therapy

was associated with a significant elevation in antioxidant

levels (change from baseline for selenium values in the

placebo group was 0.92 (12.39) mg/mL compared with

an increase in the treatment arm: change from baseline

to 6 months in the treatment arm: 42.73 (32.27) mg/mL

with this difference being significant (P<0.001).

Thus, ANTICIPATE concluded that “in patients with

painful chronic pancreatitis of predominantly alcoholic

origin, antioxidant therapy does not reduce pain or

improve quality of life, despite increasing blood levels

of antioxidants.”

Comparing and contrasting the Delhi
and Manchester clinical trials

Whenever two similar trials reach contrasting conclu-

sions, there is an apparent discord. Both studies are

credible and can be believed so how can the apparent

difference be reconciled? Although both studies used

antioxidant therapy, the specific intervention was dif-

ferent and thus potentially of different efficacy. It is also

possible that the differences arise simply from chance.

However, the likely explanation lies in the different

demographic profiles with the Delhi study including

predominantly young patients with idiopathic CP and

significant malnutrition.

The benefits seen in the Delhi study may be related

to the treatment of malnutrition in a cohort of patients

where up to a third had a BMI of <18.5. At the least, the

confounding effect of treatment of malnutrition cannot

be excluded.

Interestingly in the Delhi study, there was no bene-

fit of antioxidant therapy in the subgroup with CP of

alcohol etiology.

Risks associated with high-dose
selenium therapy

It could be argued that a pragmatic approach to antioxi-

dant therapy could be adopted with the reasoning being

that if treatment may benefit some patients it could

continue to be evaluated as a first-line treatment. The

risk with this approach is that there is an increasing

body of evidence suggesting that selenium therapy may

be harmful. For example, SELECT an RCT of selenium

+ vitamin E (alone or combined) for the reduction of

prostate cancer risk in 35,333 participants reported that

while neither selenium nor vitamin E supplementation

reduced risk, selenium was associated with a 91%

increase in the risk of prostate cancer (P<0.007) with

vitamin E also increasing the risk of prostate cancer
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[18]. Thus, casual use of antioxidant therapy should be

discouraged.

Current recommendation
for antioxidant therapy in chronic
pancreatitis

In its time, the micronutrient antioxidant theory pro-

vided a genuine stimulus to research and clinical practice

in pancreatology. Free-radical-induced cellular damage

is accepted as one of the mechanisms of acinar injury

in CP. However, the passage of time makes it clear that

the assumption that biochemical pathways were com-

promised as a result of cytochrome P450 induction due

to environmental xenobiotic exposure is not sustainable

on reappraisal of evidence applying modern assessment

criteria.

Although the hypothesis does not stand the test of

time, is it still possible that micronutrient antioxidant

therapy could be beneficial in CP? The two large con-

temporary trials from Delhi and Manchester were both

conducted and reported to acceptable standards but

reached different conclusions. Reaching a sustainable

consensus view from both trials, it appears that antiox-

idant therapy is ineffective in patients in their fourth

or fifth decades of life with disease of alcohol etiology.

The apparent benefit in patients in their twenties with

idiopathic CP may relate to the benefits of treatment of

malnutrition.

Casual prescription of antioxidant therapy cannot be

sustained in view of the well-demonstrated risks associ-

ated with the use of selenium and vitamin E therapy.

The EUROPAC 2 study evaluating antox is ongoing

(having opened to recruitment in 2005) and, although

this study evaluates antioxidant therapy only in heredi-

tary pancreatitis and idiopathic CP, it is still to report and

no final conclusion has been reached until this time [19].

However, the current recommendation, pending

the reporting of this final study is that antioxidant

therapy should no longer be prescribed for patients with

painful CP.
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Introduction

Pancreatogenic diabetes, also referred to as pancreatic

diabetes or apancreatic diabetes, is a form of secondary

diabetes classified as type 3c diabetes (T3cD) by the

American Diabetes Association (ADA) [1]. Although

known as a form of diabetes from the time of Von

Mering and Minkowski’s demonstration in 1889 of the

diabetogenic effects of pancreatectomy [2], the clinical

incidence and prevalence of T3cD are incompletely

understood, and it is frequently misdiagnosed as either

type 1 diabetes (T1D) or type 2 diabetes (T2D) [3].

The purposes of this review are threefold: (i) to

review the known causative illnesses, prevalence, and

mechanism(s) associated with T3cD, (ii) to describe the

practical importance of distinguishing T3cD from other

types of diabetes and the evidence that identifies T3cD

as a high-risk group for the subsequent development

of pancreatic ductal adenocarcinoma (PDAC), and (iii)

to provide a rationale for the approach to management

of T3cD.

Etiology of T3cD

Classification of T3cD by ADA
The ADA characterizes the types of diabetes that

are caused by underlying diseases or conditions as

secondary, or type 3, diabetes [1] (see Table 14C.1).

Included within the category of T3cD are those con-

genital or acquired diseases of the exocrine pancreas,

including (acute or chronic) pancreatitis, pancreatic

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

resection or trauma, pancreatic neoplasia, cystic fibro-

sis, hemochromatosis, and pancreatic agenesis. This

classification system has been adopted by the Centers

for Disease Control and Prevention [4], The European

Association for the Study of Diabetes [5], and the World

Health Organization [6].

Despite the widespread recognition of T3cD, there are

no guidelines for the treatment of T3cD by these orga-

nizations, and no universally accepted procedure or sys-

tem for the identification of T3cD separately from other

forms of diabetes. A consensus conference on T3cD sec-

ondary to chronic pancreatitis (CP) was organized by

the annual PancreasFestmeeting in 2012, and consensus

recommendations from that conference regarding the

diagnosis and treatment of T3cDwere published by Rick-

els et al. [7].

Clinical characteristics and prevalence
of T3cD
T3cD has a variable clinical presentation, which

ranges from mild glucose intolerance to severe periods

of hyperglycemia alternating with profound hypo-

glycemia. The most extreme pattern is also referred

to as “brittle diabetes,” which implies ongoing insulin

dependency despite exaggerated sensitivity to insulin

[8]. Several clinical and laboratory findings distinguish

T3cD from T1D and T2D, and help to explain the mech-

anisms for the “brittleness” (see Table 14C.2). Because

T3cD is usually accompanied by exocrine insufficiency,

metabolic abnormalities include nutritional abnormali-

ties, vitamin deficiencies, and malnutrition in addition

to diabetes. Moreover, exocrine insufficiency results in

211
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Table 14C.1 American Diabetes Association etiologic classification of diabetes mellitus.

I. Type 1 diabetes (β-cell destruction, usually leading to absolute insulin deficiency)

a) Immune mediated

b) Idiopathic

II. Type 2 diabetes (insulin resistance with relative or severe insulin secretory deficiency)

III. Other specific types (secondary diabetes)

a) Genetic defects of β-cell function (such as chromosomal defects causing maturity-onset diabetes of the young, or MODY,

syndromes)

b) Genetic defects in insulin action (such as type A insulin resistance, leprechaunism, and lipoatrophic diabetes)

c) Diseases of the Exocrine Pancreas

i. Acute and chronic pancreatitis

ii. Trauma/pancreatectomy

iii. Neoplasia

iv. Cystic fibrosis

v. Hemochromatosis

vi. Fibrocalculous pancreatopathy

vii. Pancreatic agenesis

viii. Others

d) Endocrinopathies (such as acromegaly, Cushing syndrome, glucagonoma, somatostatinoma, pheochromocytoma)

e) Drug or chemical induced (such as glucocorticoids, diazoxide, thiazide diuretics, cyclosporine, dilantin, β-adrenergic agonists)
f) Infections (such as congenital rubella, cytomegalovirus)

g) Uncommon forms of immune-mediated diabetes (such as Stiff-man syndrome)

h) Other genetic syndromes sometimes associated with diabetes (such as Down syndrome, porphyria, Prader–Willi syndrome,

myotonic dystrophy)

IV. Gestational diabetes mellitus

Adapted from: American Diabetes Association [1] with permission.

Table 14C.2 Clinical and laboratory findings in types of diabetes.

Parameter T1D T2D T3cD

Ketoacidosis Common Rare Rare

Hyperglycemia Severe Usually mild Mild

Hypoglycemia Common Rare Common

Peripheral insulin sensitivity Normal or increased Decreased Increased

Hepatic insulin sensitivity Normal Normal or decreased Decreased

Insulin levels Low High Low

Glucagon levels Normal or high Normal or high Low

PP levels High (early), low (late) High Low

GIP levels Normal or low Normal or high Low

GLP-1 levels Normal Normal or high Normal or high

Typical age of onset Childhood or adolescence Adulthood Any

Adapted from: Cui and Andersen [9] with permission.

fat malabsorption, which results in an impaired incretin

response to nutrients [10]. Therefore, the mechanisms

of disordered glucose metabolism in T3cD are complex

and incompletely understood.

There are no published data on the prevalence of

T3cD in North America. In the most definitive study

available, Hardt and Ewald studied over 1900 diabetic

patients referred to an academic medical center in



�

� �

�

Chapter 14C: Pancreatogenic diabetes: etiology, implications, and management 213

Germany and carefully examined the records, clinical

findings, and laboratory studies of this population. They

found that 8% of their entire diabetic population were

properly characterized as T3cD and that half of this

cohort had been previously misdiagnosed as T1D (6%)

or T2D (45%) [3]. CP was found to be the etiology in

78% of patients with T3cD (see Figure 14C.1).

Diabetes caused by CP is an important contributor to

the T3cD population. The prevalence of diabetes in CP

varies from 20% to 70% in various studies [11–13] and

is dependent of the duration of the CP. A study of 500

patients with mostly alcoholic CP revealed that 85% of

patients eventually developed diabetes when followed

for over 25 years [14]. Progressive fibrosis with loss of

vascularity and ischemic atrophy of the pancreas results

in eventual loss of islet tissue and is assumed to be the

cause of T3cD secondary to CP.

Recently, a study by Das et al. revealed that diabetes

and/or “prediabetes” was seen in 37% of people after

an initial episode of acute pancreatitis (AP) [15]. In

this meta-analysis of over 1100 patients described in 24

clinical studies, newly diagnosed diabetes developed in

15% of patients within 12 months after a single episode

of AP. Furthermore, the prevalence of this otherwise

uncharacterized diabetes increased progressively over

the following 5 years. Surprisingly, there was no associa-

tion with the severity (i.e., extent of pancreatic necrosis)

of AP and the subsequent development of diabetes, nor

any correlation with the age of the patient at the time of

AP. It is not known whether these patients progressed

to CP, although patients with a known diagnosis of

CP were excluded from the analysis. Furthermore, the

incidence of diabetes exceeded the known rate for the

development of CP after an episode of AP. As AP is

now the leading hospital discharge diagnosis of gas-

trointestinal disease in the United States, representing

over 270,000 patients annually [16], the implication of

these findings is that a single prior episode of AP alone

may be an important etiologic event in the subsequent

development of T3cD.

Pathophysiology of T3cD
Pancreatogenic diabetes was known to be associated

with low levels of circulating insulin and a compensatory

increased sensitivity to insulin by the early 1980s [17],

but the alterations in insulin action in T3cD were poorly

understood until the glucose clamp technique of Andres

[18] was used with isotopic glucose infusion in dogs

with CP. Sun et al. showed that although levels of cir-

culating insulin were low, hepatic sensitivity to insulin

was greatly reduced despite normal or increased periph-

eral insulin sensitivity [19]. This dichotomy in insulin

sensitivity explained the hyperglycemia of the condi-

tion, due to unsuppressed hepatic glucose production,

despite increased glucose uptake by peripheral tissues

when insulin was administered. Subsequently, such

paradoxical hepatic insulin resistance was documented

in T3cD secondary to pancreatic resection [20], CP [21],

pancreatic carcinoma [22], and cystic fibrosis [23].

The cause of persistent hepatic glucose production

and isolated hepatic insulin resistance in T3cD appears

to be multifactorial. Insulin-regulated hepatic glucose

T3cDM
8%

T1DM
12%

Pancreatic resection
3%

Chronic pancreatitis
76%

Cystic fibrosis
4%

Hemochromatosis
8%

Pancreatic
neoplasia

9%

(a) (b)

T2DM
80%

Figure 14C.1 Prevalence of types of diabetes. (a) Distribution of types of diabetes and (b) causes of type 3c (pancreatogenic) diabetes
based on studies of 1922 diabetic patients reported by Hardt et al. [3]. From Cui and Andersen [9] with permission.
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production is dependent upon the availability and

function of insulin receptors as well as the availability

and function of glucose transporter type 2 (GLUT2)

proteins on the hepatocyte plasma membrane [24].

Seymour et al. showed that in T3cD, due to CP, the

number of available hepatic insulin receptors was

significantly decreased [25], and Nathan et al. showed

that the internalization (endocytosis) of hepatocyte

plasma membrane GLUT2 is impaired in CP [26].

Further studies by this group suggested that insulin

receptors and GLUT2 transporters are physically

linked on the hepatocyte plasma membrane and that

impaired clathrin-mediated endocytosis of an insulin

receptor–glucose transporter complex may explain the

dual abnormality, which results in persistent hepatic

glucose production [27].

In addition to altered insulin receptor availability,

altered hepatic insulin function in CP has also been

linked to inflammation-based activation of hepatocyte

I-kappa beta kinase (IKK)-beta (IKK-β) and nuclear

factor-𝜅B (NF-𝜅B) [28]. Blockade of NF-𝜅B activa-

tion results in improved hepatic insulin sensitivity,

possibly due to suppressed expression of proinflam-

matory cytokines [29]. This effect can be achieved

by the activation of peroxisome proliferator-activated

receptor-gamma (PPAR-γ), which is the mechanism of

action of the thiozolidinedione (TZD) class of antidia-

betic drugs; the TZD rosiglitazone has been shown to

reverse hepatic insulin resistance in rats with CP [30].

Diagnosis of T3cD
A prior history of pancreatic disease, such as acute or CP,

is an important factor in making the diagnosis of T3cD,

but this alone does not rule out the possibility that the

diabetes was antecedent to the development of pancre-

atitis. Therefore, Ewald and Hardt screened patients with

anti-β-cell antibodies to rule out autoimmune disease. In

addition, they performed screening studies of exocrine

function (fecal elastase levels) and selected pancreatic

imaging to detect those patients with undiagnosed but

clinically detectable pancreatic disease [3].

In their consensus conference report on the diabetes

associated with CP, Rickels et al. stressed that patients

with CP should be screened annually with fasting

glucose levels and hemoglobin A1c levels [7]. If either of

these values becomes abnormal, formal glucose toler-

ance testing should be performed to confirm a diagnosis

of diabetes. In addition to the historical and laboratory

Table 14C.3 Criteria for the diagnosis of pancreatogenic (type
3c) diabetes.

1 Absence of anti-islet antibodies

2 Documented history or radiographic evidence of pancreatic

disease

3 Pancreatic exocrine insufficiency

4 Deficient pancreatic polypeptide response to ingested nutri-

ents

From: Rickels et al. [7] with permission.

criteria used by Ewald and Hardt, however, Rickels

and colleagues recommended testing for a failure of

nutrient-induced release of pancreatic polypeptide (PP)

as a specific indicator to differentiate T3cD from the

10-fold more prevalent T2D (see Table 14C.3).

Pancreatic polypeptide (PP) – a marker
for T3cD?

PP physiology and pathophysiology
PP was discovered by Kimmel et al. as a by-product

during the purification of avian insulin [31]. Simulta-

neously, it was found by Chance and coworkers to be

an islet hormone in several species [32]. It is a highly

conserved 36 amino acid peptide, which is secreted

almost exclusively from the F-cells, or PP-cells, of the

pancreatic islet (see Figure 14C.2). PP-cells are found

predominantly in islets located in the uncinate process

or posterior pancreatic head. In these islets, the PP-cells

form a mantle around the periphery of the islet and are

second only to β-cells in their concentration. A small

number (∼5%) of PP-cells are scattered throughout

the dorsal pancreas [34]. The uncinate process of the

pancreas originates as the ventral pancreatic bud, which

eventually fuses with the dorsal pancreatic bud in ges-

tational week 5. The dorsal pancreas (the origin of the

body and tail of the pancreas) is relatively rich in 𝛼-cells

or glucagon-containing cells, which are nearly absent

from the ventral pancreas. Therefore, the contrasting

presence of PP- or 𝛼-cells is the only histologic feature

that differentiates the ventral and dorsal portions,

respectively, of the pancreas [35] (see Figure 14C.3).

PP is one of three members of the “PP family” of

regulatory peptides. Neuropeptide Y (NPY) and peptide

YY (PYY) comprise the other members of the family

and share considerable amino acid sequence homology
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Figure 14C.2 Pancreatic polypeptide. The amino acid structure of (canine) pancreatic polypeptide (PP) and the connected icosapeptide
that is synthesized as a precursor molecule in PP- or F-cells of the pancreatic islets. The amino acids that differ in mammalian PPs are
shown in the box. The “hairpin fold” of the peptide is conserved among all members of the PP family of peptides. From Schwartz
[33] with permission.

[36]. Despite their similar chemical structure, the PP

family members have distinct regulatory roles. PYY

is released from small intestinal “L” cells where it is

colocalized with the incretin glucagon-like peptide-1

(GLP-1) and serves as a regulator of pancreatic growth

and function. NPY is a neuropeptide that regulates food

intake, among other functions, and is found within the

central nervous system. A class of six G-protein-coupled

receptors named “Y” receptors binds the PP family

members with variable affinity [37]. The Y4 receptor

subtype has the highest affinity for PP and is located

throughout the gastroenterohepatic system as well as in

the central nervous system [38].

Soon after its discovery, PP was found to be released

promptly after ingestion of nutrients, with a four- to

fivefold increase in plasma levels that lasted for up to

3hours after a meal [39]. This response was initially

found to be stimulated by cholecystokinin (CCK) [40],

and has been shown to be linked to the secretion of

glucose-dependent insulinotropic polypeptide (GIP)

[41, 42]. The PP response to nutrients is exquisitely

cholinergically dependent, however, and is obliterated

by truncal vagotomy or atropine [33, 43]. The pro-

longed release and vigorous response of PP after feeding

suggested that it had a regulatory role in digestion or

metabolism, but studies of purified PP administration

in normal human volunteers failed to demonstrate any

changes in glucose, insulin, glucagon, or other nutrients

or hormones [44]. Laboratory studies suggested that PP

had an inhibitory effect on choleresis [44] and pancre-

atic exocrine secretion [45, 46], but the physiologic role

of PP remained obscure until studies were performed in

states of PP deficiency.

Early clinical studies demonstrated that PP levels

were elevated in obesity, in normal aging, in T2D, and

in early T1D [47–49]. In addition, PP levels were seen

to be markedly elevated in pancreatic neuroendocrine

tumors [50, 51] although no symptoms were associated

with PP hypersecretion per se. Decreased PP levels after

nutrient ingestion were observed in severe CP [52, 53],

after proximal pancreatectomy [54], in cystic fibrosis

[55], and in diabetic autonomic neuropathy [56]. The

observations of increased PP levels in glucose intolerant

states associated with T2D suggested a role of PP in

the regulation of glucose metabolism, and laboratory

studies of congenitally obese rodents suggested an

insulin-sparing effect of PP [57, 58]. However, the early

studies of PP administration to normal volunteers were

unrevealing, so the role of PP and its relationship to

glucoregulation remained unclear.

Clinical studies of PP deficiency and PP
replacement
As PP deficiency was known to be a feature of CP

[52, 53], the effect of PP replacement was examined

in a canine model of T3cD due to CP. Although acute
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(a)

(b)

(c)

(d)

(e)

Figure 14C.3 Endocrine anatomy of pancreatic islets. Serial
sections of a representative islet found in the head or ventral
(left panel) and tail or dorsal (right panel) portions of the
pancreas. (a) Tissue stained with hematoxylin and eosin.
(b) β-Cells immunohistochemically stained with anti-insulin
antibody. (c) 𝛼-Cells stained with antiglucagon antibody. (d)
Pancreatic polypeptide (PP) cells stained with anti-PP antibody.
(e) 𝛿-Cells stained with antisomatostatin antibody. Note the
differential presence of 𝛼-cells and PP-cells in the dorsal and
ventral portions of the pancreas, respectively. Adapted from:
Orci [35] with permission.

treatment with PP resulted in no apparent effect [59],

prolonged PP administration was found to reverse the

hepatic resistance to insulin and to reverse the glucose

intolerance in animals with CP [19]. To determine

whether this effect was a direct result of hepatic dys-

function, Seymour et al. applied a rodent model of CP

and found that in vitro perfusion of livers harvested

from rats with CP also demonstrated hepatic insulin

resistance [60] and that this resistance was reversed by

PP administration [61]. The hepatic defect was found to

be due to a loss of hepatic insulin receptor availability in

PP-deficient animals, and PP was subsequently shown

to increase hepatic insulin receptor availability and

hepatic insulin receptor gene expression [62].

PP deficiency had been documented in patients who

had undergone proximal pancreatectomy [54], and in

a study of patients who had recovered from pancre-

atic resections performed for trauma Seymour et al.

showed that PP-deficient patients demonstrated hepatic

insulin resistance during isotopic glucose clamp studies,

whereas subjects with normal PP levels after distal

pancreatectomy did not [20]. After an 8-hour intra-

venous infusion of PP, the hepatic insulin resistance was

reversed in PP-deficient subjects, whereas PP admin-

istration had no effect on the normal hepatic insulin

sensitivity of subjects with normal levels of PP. Subse-

quently, Brunicardi et al. performed the same studies in

patients with documented CP and showed that a similar

period of PP administration reversed the hepatic insulin

resistance of PP-deficient subjects [21]. Furthermore,

the PP infusion resulted in lowered glycemic levels in

CP patients with hyperglycemia after oral glucose chal-

lenge (see Figure 14C.4). The association of impaired

hepatic insulin sensitivity was subsequently shown in

patients with pancreatic cancer [22] and in patients with

cystic fibrosis [23]. Finally, in a randomized, blinded,

placebo-controlled study, a 72-hour subcutaneous infu-

sion of PP was found to improve overall insulin sensi-

tivity in PP-deficient type 1 and type 3c diabetic patients

who were on chronic insulin pump therapy [63].

So PP is a glucoregulatory hormone that regulates

hepatic insulin sensitivity, and PP deficiency is a ubiqui-

tous finding in all of the forms of T3cD studied thus far.

Preliminary clinical studies suggest that PP replacement

may have a therapeutic role in this form of diabetes,

but native PP is rapidly metabolized in the circulation

with a half-life of about 7minutes. Therefore, recent

efforts have focused on methods to protect PP from

rapid degradation by lipid encapsulation [64] or other

methods [65] to facilitate further studies of a possible

therapeutic role on PP in T3cD.

Role of PP measurement in differentiating
T3cD from T2D
The loss of PP responsiveness to ingested nutrients in

T3cD contrasts dramatically with the elevated levels of

PP seen in T2D and in normal aging (see Figure 14C.5),

and this difference forms the basis for differentiating the

less common T3cD from the larger population of T2D.

In addition to a deficiency in the PP response to ingested
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Figure 14C.4 Hepatic insulin sensitivity and glucose tolerance in patients with chronic pancreatitis before, during, and after PP
administration. (a) Percent suppression of hepatic glucose production (Ra) during 2.0mU/kg/min insulin infusion in six normal
subjects (NL) and five patients with chronic pancreatitis accompanied by PP deficiency (CP), before (Study 1), during (Study 2),
and 1 month after (Study 3) an 8-hour infusion of 2.0 pmol/kg/min of bovine PP. *P<0.05 versus NL, ‡P<0.05 versus Study 1.
(b) Mean plasma glucose concentration during 180-minute oral glucose tolerance test in 6 normal subjects and 10 patients with
chronic pancreatitis before (OGTT 1), 18 hours after (OGTT2), and 1 month after (OGTT3) an 8-hour infusion of 2.0 pmol/kg/min of
bovine PP. Closed circles indicate normal glucose tolerance status on initial testing; open circles indicate impaired glucose tolerance
or diabetes on initial glucose tolerance testing. After PP infusion, every patient with abnormal glucose tolerance demonstrated a
lower mean glucose value. From Cui and Andersen [9] with permission.

nutrients, the absence of circulating anti-islet antibodies,

a history or imaging evidence of pancreatic disease, and

the demonstration of pancreatic exocrine insufficiency

(PEI) have been proposed as the criteria for the diagno-

sis of T3cD [7, 67]. Further validation studies are needed,

however, to determine whether these criteria are appro-

priate for all forms of T3cD.

PP deficiency cannot be determined from basal levels

of the hormone; basal levels are similar in normal and

PP-deficient subjects. PP secretion in response to oral

nutrients varies with the type of nutrient; glucose is

a relatively weak stimulant for PP release, whereas a

mixed meal or a combined protein–fat–carbohydrate

supplement is a strong stimulus for PP release. An 8

ounce volume of a commercial dietary supplement

such as Boost® or Ensure® serves as a convenient

standard test meal (STM) for the stimulated release of

PP (and other enteric hormones) [7, 9]. Peak PP levels

are seen 30–60minutes after STM ingestion; a loss of

PP responsiveness in the setting of fasting glucose levels

greater than 126mg/dL (7mmol/L) or a hemoglobin

A1c level greater than 7% is consistent with a diagnosis

of T3cD.

Implications for risk for other
diseases in T3cD

Metabolic disorders associated
with exocrine insufficiency
In T3cD due to CP, the loss of exocrine function usually

precedes the loss of endocrine function, as the islets

remain relatively conserved despite progressive replace-

ment of acinar tissue with fibrosis [24]. Therefore,

patients with T3cD uniformly demonstrate PEI when

it is quantified. As a result of a deficiency in lipase

secretion, fat digestion is impaired, as is the absorption

of the fat-soluble vitamins A, D, E, and K [9, 68].

The most prevalent adverse effect of the loss of

fat soluble vitamins is the development of metabolic

bone disease due to vitamin D deficiency. Osteope-

nia, osteoporosis, and an increased incidence of bone
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Figure 14C.5 PP responses to oral glucose in young normal,
old normal, and old diabetic subjects. Serum PP responses to
75 g glucose ingested at time 0 in 10 healthy subjects aged
less than 40 years with normal glucose tolerance (Young NL),
19 healthy subjects aged greater than 65 years with normal
glucose tolerance (Old NL), and 21 elderly subjects with T2D
(Old DM). Data are shown as mean ± SE. From Magruder
et al. [66] with permission.

fractures have been documented in patients with CP,

both without and with pancreatic enzyme replacement

therapy (PERT) [68, 69].

Fat malabsorption is manifested by steatorrhea in

some patients, but is not uniformly reported by patients

with PEI. Some patients spontaneously adhere to a

low-fat diet when they discover that “rich foods” result

in multiple bowel movements and “indigestion.” Other

patients report that they can eat “whatever I want” but

never gain weight. These symptoms of malabsorption

should prompt assessment of exocrine function with

fecal elastase levels or serum trypsin measurement [70].

When PEI is confirmed, restoration of adequate fat

absorption helps to correct the consequences of vitamin

deficiency and also helps to restore normal function

of the incretin-based augmentation of insulin release

[9, 71].

In addition to metabolic bone disease, nonalcoholic

fatty liver disease (NAFLD) and nonalcoholic steatohep-

atitis (NASH) have been found to be associated with PEI

in patients undergoing pancreatic resection [72, 73].

Treatment with PERT has been shown to improve the

findings of NAFLD on serial imaging. NAFLD and NASH

are known to be associated with diabetes, and it is likely

that T3cD is an important predisposing condition.

Association of T3cD with pancreatic ductal
adenocarcinoma (PDAC)
Epidemiologic studies have repeatedly demonstrated an

increased risk of PDAC in patients with both diabetes

[74] and CP [75], and patients with PDAC are known to

have coexisting diabetes in at least half of all cases [76,

77]. In most cohort studies, however, the type of dia-

betes has not been well characterized, or characterized

at all, and the risk related to T3cD, per se, has remained

unclear [66]. Two recent studies have appeared in which

the risk of PDAC was examined in large populations

of patients in which a history of CP was accompanied

by (presumably type 3c) diabetes. In an examination

of 200,000 patients enrolled in the Taiwan National

Health System database, Liao and colleagues found

that the risk of PDAC was increased 33-fold in patients

in whom CP was accompanied by diabetes [78]. In

a similar study of 9 million British National Health

System patients, Brodovicz et al. found that the risk of

PDAC was increased more than 12-fold in patients with

a history of CP accompanied by diabetes [79].

In CP, the development of T3cD is a late manifestation

of pancreatic exocrine destruction, and therefore the

increase in PDAC risk associated with the presence

of T3cD may merely reflect the advanced degree of

the inflammatory processes, which contribute to the

development of the malignancy. However, in patients

with PDAC in whom no history of CP is present, new

onset diabetes occurs in 25–50% of patients [74, 80].

This new-onset diabetes typically occurs anywhere from

6 months to 3 years before the PDAC is diagnosed and

is believed to be caused by the PDAC due to an as yet

unknown mechanism; roughly half of the patients with

new-onset diabetes show improvement or resolution

of their diabetes after resection of the malignancy

[77, 81, 82]. Because PDAC is typically diagnosed at an

advanced stage of disease, the presence of new-onset

diabetes has been examined as a possible harbinger

of the presence of otherwise asymptomatic PDAC.

Unfortunately, due to the relatively low incidence of

PDAC and the high incidence of diabetes in the aging

population, new-onset but otherwise uncharacterized

diabetes is not a sufficiently strong risk factor to justify

imaging studies for PDAC [83–85]. In a study of over
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2000 new-onset adult diabetic subjects in Ohmsted

County, Minnesota, fewer than 1% developed PDAC

within 3 years of the diagnosis [86].

It is, therefore, important to identify the T3cD that

is caused by PDAC, as differentiated from the T2D that

is the cause of new-onset diabetes in 99% of adults.

One indicator of the presence of T3cD due to PDAC in a

new-onset diabetic is the absence of a family history of

diabetes and the presence of weight loss (or the absence

of obesity). A history of prior pancreatitis or symptoms

of exocrine insufficiency are additional historical clues.

A family history of PDAC in two or more relatives

increases the risk further and is taken as an indication

for imaging studies of the pancreas [87]. Historical and

clinical features do not clearly differentiate patients with

PDAC-induced T3cD from patients with new-onset T2D,

however, and hormonal markers have been evaluated

as indicators of T3cD due to PDAC.

An elevated glucagon-to-insulin ratio in oral glucose

tolerance test samples has been reported to correlate

significantly with PDAC-induced diabetes as opposed

to T2D [88], but it is unclear whether this can identify

PDAC-associated diabetes with specificity. To distin-

guish T3cD caused by PDAC from T2D, Hart et al. have

reported a pilot study in which the PP response to a

mixed meal was significantly blunted in patients with

PDAC with new-onset diabetes compared with T2D

controls [89]. Not surprisingly, the effect was more

pronounced in patients with tumors located in the

pancreatic head, but the results suggest that larger

studies are indicated to assess the value of surveying the

PP response to nutrients.

Several investigators have searched for a biomarker

of PDAC-induced T3cD. Pfeffer et al. described

connexin-26, a gap junction protein, as being highly

overexpressed in diabetic patients with PDAC [90], and

a PDAC-derived S-100A8 N-terminal peptide has been

described as a diabetogenic agent by Basso et al. [91].

Huang et al. described two upregulated genes in 27

patients with PDAC associated with new-onset diabetes,

vanin-1 and matrix metalloproteinase 9, that showed

high correlation [92] and a variety of micro-RNA

fragments have been suggested as possibly having pre-

dictive usefulness [93]. Chari’s group at the Mayo Clinic

has suggested adrenomedullin as a peptide mediator

of the impaired insulin sensitivity and secretion seen

in PDAC-associated T3cD [94]. Adrenomedullin is a

multifunctional vasoactive peptide, which has been

implicated in inflammation and sepsis [95]. Together

with vanin-1, which is also expressed in response to

inflammation, these finding suggest that mediators of

inflammation may play a role in altered islet function

and insulin action in PDAC. Further studies are cur-

rently underway to determine the usefulness of these

and other markers of PDAC-associated T3cD.

The implications of validating T3cD as a harbinger

of PDAC is an important goal, but there are several

steps that remain to be delineated in order to progress

from the identification of new-onset T3cD to the

identification of early, potentially curable PDAC. The

discrimination of T3cD from the larger population of

new-onset T2D is a first step. Then, the etiology of T3cD

needs to be established, to separate the minority of

patients with T3cD who actually harbor PDAC from the

majority who do not. Finally, if an early, curable, but

probably radiographically invisible tumor is present, it

remains to be determined what additional information

or findings are needed in order to proceed with a

therapeutic intervention.

Management of T3cD

The overriding principle in the care of patients with

T3cD is that both exocrine and endocrine deficiencies

exist, and both require treatment. Because exocrine

insufficiency precedes endocrine dysfunction, essen-

tially all patients with T3cD require treatment with

PERT. If no symptoms of maldigestion are present, it

is recommended that fecal elastase or serum trypsin

levels be obtained and documented as normal before

PERT is declined, as failure to correct indolent lipase

deficiency greatly increases the risk of metabolic bone

disease and fractures [96]. It has been estimated that

90,000 USP units of lipase are needed for adequate

digestion after a meal, so it is reasonable to begin PERT

with 70,000–80,000 USP units of enzyme (1000 USP

units per kg) administered in divided doses during and

after a meal [70, 96]. Enteric-coated products are more

resistant to breakdown by gastric acid, and uncoated

preparations usually require combination with an

antacid medication [70]. Dose modifications are based

on the resolution of symptoms and the measurements

of vitamin levels.

Exocrine insufficiency also contributes to glucose

abnormalities due to an impaired secretion of the
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incretin hormones, GIP and GLP-1. Therefore, exocrine

replacement improves glucose homeostasis and should

be the first line of drug therapy after the patient has

been counseled on weight loss, smoking cessation, and

abstention from alcohol, if needed (see Figure 14C.6).

Although no clinical guidelines for the treatment of

T3cD have been published, initial therapy with an

antidiabetic drug should follow the recommendations

of the ADA-EASD consensus group, which advises a

trial of metformin as first-line oral therapy for T2D

[97]. When hyperglycemia is mild and (hepatic) insulin

resistance is suspected, therapy with metformin should

be considered in the absence of contraindications

and provided it is well tolerated [7]. Side effects of

metformin include nausea, abdominal discomfort, and

diarrhea, with which the patient with T3cD may have

particular difficulty, but a trial of gradually increasing

doses beginning with 500 mg once or twice a day esca-

lating up to 2000 or 2500mg per day as tolerated can

usually result in a substantial improvement in HgbA1c

levels (see Table 14C.4). The choice of what to do if

metformin fails to control HgbA1c, or if metformin is not

tolerated, is unclear. Sulfonylureas are commonly pre-

scribed, but their associated side effects of hypoglycemia

are of particular concern in patients with T3cD. In

addition, insulin secretagogues are a concern in patients

At diagnosis

of T3cDM

Escalation of treatment based on A1c levels >7%

Lifestyle Δ

+
Metformin

+
Panc Enz Rx

Lifestyle Δ

+
Metformin

+
TZD or αGl

+
Panc Enz Rx

Lifestyle Δ

+
Metformin

+
Basal insulin

+
Panc Enz Rx

Lifestyle Δ

+
Metformin

+
Intensive

insulin Rx

+
Panc Enz Rx

Lifestyle Δ

+
Metformin

+
Intensive

insulin Rx

+
Adjunct Rx

+
Panc Enz Rx

→

→ → → →

Figure 14C.6 Suggested algorithm for the treatment of patients with T3cD. Recommend and reinforce lifestyle changes (weight
loss if obese, exercise, diet, abstention from alcohol, and smoking cessation) at every visit. Begin metformin and advance to
maximum dose based on blood glucose and hemoglobin A1c (HgbA1c) levels. Add pancreatic enzyme replacement therapy
(Panc Enz Rx) if fecal elastase C1 is less than 100ug/g or patient has signs or symptoms of pancreatic exocrine insufficiency.
If HgbA1C levels persist above 7%, add an additional oral agent such as a thiazolidinedione (TZD), an 𝛼-glucosidase inhibitor
(𝛼GI), or a sodium glucose cotransporter-2 inhibitor. If HgbA1c > 7% persists, add basal intermediate- or long-acting insulin.
Convert to intensive (multidose) insulin treatment but continue metformin if HgbA1c persists > 7%. Consider adjunct treatment
(Adjunct Rx) such as pramlintide before escalating insulin dose if HgbA1C > 7% persists. From Cui and Andersen [9] with permission.

Table 14C.4 Titration of metformin.

1 Begin with low dose (500mg) of metformin taken once or twice a day (before breakfast and/or dinner) or 850mg once a day

before breakfast.

2 After 5–7 days, if gastrointestinal side effects have not occurred, advance dose to 850–1000mg twice a day.

3 If gastrointestinal side effects appear as dose is increased, drop back to previous dose and wait 2–4 weeks before increasing

the dose again.

4 Maximum effective dose is 1000mg twice a day, although increasing the dose to 2500mg per day may have additional benefit

if gastrointestinal side effects do not intervene.

5 Generic metformin is preferred based on cost considerations but a longer acting formulation that may allow once-a-day dosing

is available in some countries. Metformin is contraindicated in patients with renal failure or in whom glomerular filtration rate

is less than 30mL/min.

Adapted from Nathan et al. [97] with permission.
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at increased risk for recrudescence of pancreatitis and

pancreatic cancer. For this reason, the incretin-based

therapies of GLP-1 receptor agonists and dipeptidyl

peptidase-4 inhibitors are discouraged in T3cD until

clinical studies confirm their safety in patients with

T3cD [7]. Although no clinical trials have been pub-

lished, thiazolidinediones, 𝛼-glucosidase inhibitors, and

sodium-glucose cotransporter-2 inhibitors all seem to be

reasonable choices in patients with T3cD as second-line

drugs. Rosiglitazone has been shown to improve hepatic

insulin resistance in an animal model of CP [30],

and similar to the TZD compounds, both 𝛼-glucosidase

inhibitors and sodium glucose cotransporter-2 inhibitors

avoid the hyperinsulinema and hypoglycemia risks of

sulfonylureas and incretin-based therapies [98, 99].

In patients with elevated HgbA1c levels refractory

to these agents, baseline insulin therapy with low

doses of insulin with intermediate length of action is

often a necessary next step. If this fails to control the

hyperglycemia, multiple-dose insulin schedules are

reasonable, but it is advisable to continue metformin

therapy if side effects can be avoided, as metformin

may have preventative effects on the risk of pancreatic

cancer [100]. The important goal is to reduce HgbA1c

levels to less than 7%, as the retinal and renal risks of

persistent hyperglycemia are the same in T3cD as they

are in T1D and T2D [101].

Summary

Pancreatogenic or T3cD probably accounts for 5% or

more of the diabetic patient population in western

countries. More than 75% of T3cD is due to CP, but it is

also caused by pancreatic cancer, pancreatic resection,

and cystic fibrosis. The spectrum of severity of the

diabetic state in T3cD ranges from mild to severe. The

most difficult pattern to treat is referred to as “brittle

diabetes,” due to enhanced peripheral sensitivity to

insulin combined with hepatic insulin resistance, caused

by the combined deficiencies of insulin and PP secretion.

The combination of CP and T3cD carries an especially

high risk for the development of metabolic bone disease

and pancreatic cancer. Insulin secretagogues have

been associated with the risk of pancreatic cancer, so

metformin should be the first-line therapy of T3cD, with

avoidance of newer secretagogue therapy until studies

confirm safety. Aggressive replacement of pancreatic

enzymes can reduce the risk of disease due to a loss of

fat-soluble vitamin absorption. New onset T3cD is an

indication to consider screening for pancreatic cancer.
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Introduction

Chronic pancreatitis (CP) is a disease of chronic inflam-

mation of the pancreas leading to progressive fibrosis

and loss of functional parenchyma. Pancreatic insuf-

ficiency results when there is insufficient exocrine

pancreatic function. Most patients only become

symptomatic when 90% of the exocrine pancreas is

nonfunctional [1]. Despite surgical resections of the

pancreas usually only removing 30–70%, the majority

of major pancreatic resections, estimated 56–98% of

patients undergoing pancreaticoduodenectomy (PD),

will experience pancreatic exocrine insufficiency post-

operatively with an estimated 12–80% of patients with

distal or central resections will experience exocrine

insufficiency [2]. The clinical manifestations are most

commonly chronic abdominal pain and exocrine and

endocrine insufficiency related to loss of pancreatic

acinar cells and islet cells, respectively. The estimated

incidence in the United States is approximately 5 new

cases per 100,000 persons per year. The cost burden

is primary related to repeat hospitalization with an

estimated 19,000 hospitalizations per year at a yearly

cost of $172 million [3]. There are multiple etiologies

for exocrine pancreatic insufficiency (EPI), the most

common etiologies being cystic fibrosis, CP, and loss

of functional pancreatic tissue following necrotizing

pancreatitis. Others include surgical resection for

benign or malignant disease, obstruction of the main

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

pancreatic duct from stones, neoplasm or stricture,

acid-mediated inactivation of pancreatic enzymes in

hypersecretory states such as in Zollinger–Ellison syn-

drome, and secondary causes of exocrine dysfunction

from loss of stimulatory capacity such as in the settings

of autoimmune enteropathy, short-gut syndrome

with enteropathy, inflammatory bowel disease [4],

or maldigestion or inadequate mixing of food and

exocrine pancreatic enzymes following foregut surgery

[5]. Essentially, 100% patients who undergo total pan-

createctomy for islet cell transplantation or malignancy

suffer from pancreatic insufficiency symptoms and

require meticulous attention to enzyme replacement

therapy and dietary restriction [6].

Pancreatic function in normal
digestion

The pancreas secretes a bicarbonate-rich fluid that

contains multiple enzymes that aid in the digestion

of carbohydrates, protein, and fat into component

molecules that are then absorbed by the gut using

a variety of transport mechanisms. The majority of

pancreatic enzymes, except amylase, are secreted as

inactive precursor molecules called zymogens that

are ultimately activated by enzymatic cleavage in the

gut lumen. The activity of pancreatic enzymes and

thus the function of the pancreas in digestion are
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highly dependent on intestinal pH. The bicarbonate in

pancreatic fluid is essential in creating a postprandial

environment suitable for enzymatic activity.

Exocrine pancreatic insufficiency

EPI can be broadly defined as inadequate pancreatic

exocrine function to meet the nutritional and metabolic

needs of the patient. The etiology of EPI can be classified

as either primary or secondary. Primary EPI results from

either loss of functional pancreatic parenchyma, for

example, surgical resection, CP with parenchymal fibro-

sis, or from absence of delivery of pancreatic secretions

to the intestinal lumen such as an ampullary tumor

or stricture causing obstruction of the main pancreatic

duct. Secondary EPI implies that pancreatic function is

preserved but there are other processes that create a

clinical syndrome consistent with exocrine insufficiency.

An example would be Zollinger–Ellison syndrome with

high gastric acid output leading to acidic inactivation of

pancreatic enzymes. Another less common scenario is

an enteropathy causing loss of intestinal brush border

function with associated malabsorption in conditions

such as autoimmune enteropathy, short-gut syndrome

with enteropathy, or inflammatory bowel disease. The

distinction of primary versus secondary EPI highlights

the important fact that EPI is not always attributable

to loss of pancreatic enzymes in the intestinal lumen

and that pancreatic function in digestion is highly

dependent on other associated factors including luminal

pH, relative intestinal blood flow, as well as intestinal

motility and brush border integrity [2, 4].

Carbohydrate digestion

Carbohydrate digestion begins in the mouth with

salivary amylase, which breaks down complex car-

bohydrates into component polysaccharides. This

process continues in the stomach and duodenum,

where pancreatic amylase functions similarly to salivary

amylase. The final step in carbohydrate digestion lies

with intestinal brush border enzymes that further break

down polysaccharides into monosaccharides. The end

product monosaccharides are then absorbed [7].

Amylorrhea is defined as inadequate digestion of car-

bohydrates such that they are lost in stool. The clinical

symptoms associated with amylorrhea are abdominal

distention, flatulence, and loose stools [8, 9]. While

amylorrhea can occur with pancreatic insufficiency, it

is not a common initial finding because digestion of

carbohydrates is not solely dependent on pancreatic

secretions. Because of the redundancy of enzymes that

participate in carbohydrate digestion, loss of pancreatic

amylase can be compensated for and amylorrhea

is seldom seen clinically. This specifically occurs by

salivary amylase and brush border enzymes such as

𝛼-glucosidase, sucrase, maltase, and lactase. In addition,

amylase is much less susceptible to acidic and prote-

olytic mechanisms in the intestinal lumen and has been

shown to have approximately 35% activity in the ileum

[10]. Carbohydrate digestion can occur rather effec-

tively in the setting of EPI and complete pancreatectomy

as long as dietary recommendations are followed.

Protein digestion

Protein digestion begins in the stomach where gas-

tric pepsin cleaves dietary proteins, primarily the

intramolecular protein bonds, thereby essentially

unraveling the complex structure of the protein and

revealing enzymatic targets for the proteases in the

small bowel lumen. Gastric pepsin is secreted as an

inactive zymogen and is activated by the acidic envi-

ronment in the stomach lumen. The next phase occurs

in the duodenum where pancreatic secretions include

numerous enzymes including trypsin, chymotrypsin,

and an assortment of carboxypeptidases. These enzymes

continue the process of breaking down polypeptides

into smaller oligopeptides and amino acids. Finally,

intestinal brush border peptidases cleave oligopep-

tides into dipeptides and tripeptides, which are then

absorbed into the enterocyte and further broken down

by cytosolic peptidases to amino acids to be absorbed

at the basolateral membrane by facilitated diffusion,

entering the portal system. The process of absorption

of di- and tripeptides from the intestinal lumen into

the enterocyte is largely governed by a broad-specificity

transport protein, peptide transporter-1 (PEPT-1).

PEPT-1 is a sodium-specific cotransporter, utilizing a

sodium–hydrogen ATPase to create an electrochemical

gradient. The PEPT-1 transporter is a very nonspecific

transporter and can transport an estimated 8000 combi-

nations of di- and tripeptides. Ultimately, approximately
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70% of consumed protein mass is absorbed as small

peptides via PEPT-1 [11, 12].

Azotorrhea is defined as greater than 2.5 g fecal

protein loss and associated with ascites and periph-

eral edema. While pancreatic insufficiency can lead

to malabsorption of proteins, the loss of significant

protein calories is relatively uncommon, provided

there is a functioning intestinal brush border. Intestinal

brush border peptidases, including aminopeptidases,

dipeptidyl-aminopeptidase, and dipeptidases, can com-

pensate for much of the loss of pancreatic peptidases in

many cases [12].

Lipid digestion

Dietary lipids are essential for myriad physiologic pro-

cesses that make them essential for normal metabolism.

Independent of the human requirement for the essen-

tial fatty acids, linolenic and linoleic acids, lipids are

energy dense and aid in the absorption of fat-soluble

vitamins. They are also crucial for cell membrane

function and fluidity, gene expression, cell signaling

pathways, eicosanoid metabolism, and cytokine produc-

tion [13]. Lipid digestion begins first with the formation

of micelles in which the ingested lipids are enveloped

by amphipathic molecules and stabilized for enzymatic

degradation. This stabilizes the lipid in an aqueous envi-

ronment. The lipids within micelles are then cleaved

into monoacylglycerol and fatty acids by pancreatic

lipase. Absorption of fatty acids occurs in the proximal

one-third of the small intestine and transported to the

portal bloodstream or lymphatics. The majority of fatty

acids with carbon chains greater than 14 carbons are

required to pass via the lymphatics as chylomicrons.

The medium-chain fatty acid and short-chain fatty acid

(SCFA) can pass into the portal vein or the lymphatics,

and the majority pathway will depend on conditions in

the gastrointestinal tract [14]. Unlike carbohydrate and

protein digestion, the pancreas plays a crucial role in

lipid absorption. Pancreatic lipase is responsible for 90%

of fat digestion [15], and there is little redundancy in

lipid metabolism that compensates for absent pancreatic

function. The normal pancreas produces over 700,000

units of lipase per day, and 90% of pancreatic function

must be lost before symptoms of fat malabsorption

are present. In addition, pancreatic insufficiency is

associated with decreased bicarbonate secretion, which

decreases duodenal pH where pancreatic lipase is much

more susceptible to luminal degradation. Thus, the

effects of decreased lipase production are typically seen

before those of carbohydrate or protein malabsorption.

Steatorrhea is defined as greater than 7 g fecal fat per

day, and because 90% of pancreatic function must be

lost before steatorrhea is present, it can be seen as a

clinical marker of severe EPI [16].

Vitamin malabsorption

Specific receptors have now been described for the

absorption of all the water-soluble vitamins. These

include SVCT-1 (ascorbic acid), SMVT (biotin), PCFT

and RFC (folate), and THTR and THTR-1 (thiamine).

Our knowledge of the mechanisms and regulation of

intestinal absorption of water-soluble vitamins under

normal physiological conditions has greatly expanded.

The water-soluble vitamins share the feature of being

essential for normal cellular functions, growth, and

development, and their deficiency leads to a variety

of clinical abnormalities including anemia, growth

retardation, and neurologic disorders. Since these

water-soluble vitamins cannot be synthesized by the

human body, interference with intestinal absorption,

can lead to significant deficiency [17, 18].

The fat-soluble vitamins A, D, E, and K may also

be affected in EPI, but less so. Vitamins E and A are

relatively easy to replace, but are generally low in

most studies of EPI. Vitamin K malabsorption is usu-

ally not as much of a problem as more than 50% of

vitamin K is produced by colonic bacteria. Vitamin

D supplementation can be a problem, and patients

generally begin having clinical evidence of deficiency

when 25-OH vitamin D levels are less than 20ng/dL

[17, 18].

Nutritional issues

The nutritional disturbances observed in EPI can be

related to the destruction of functional gland, pancreatic

duct obstruction, or altered anatomy secondary to

surgical resection, and the most immediate conse-

quence is weight loss. Regardless of etiology, exocrine

insufficiency is associated with clinical manifestations of

diarrhea, bloating, and steatorrhea. Importantly, these
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symptoms are consistently linked to the poor quality of

life associated with EPI [19, 20].

Nutritional assessment

Though malnutrition in patients with pancreatic insuf-

ficiency is accepted as an important sequelae of the

disease process, it is not entirely clear how often and

how severely patients are affected. Using indirect indica-

tors of malnutrition such as low body mass index (BMI)

and decreased lean body mass, conservative estimates

range from 20% to 30% of patients being malnour-

ished, though these estimates are probably quite low,

especially with CP [21]. Thorough assessment of the

patient with suspected EPI begins with the assessment of

malnutrition. A multidisciplinary approach is preferred

[22]. While it is important to assess for clinical indicators

of maldigestion such as bloating, flatulence, and steat-

orrhea, significant malabsorption and malnutrition may

be present before these symptoms appear [22]. Thus,

in assessing for malnutrition, specific inquiry must be

made regarding recent weight loss and current dietary

intake and limitations as well as measurement of BMI

[23]. Assessment should provide insights into the cause

of malnutrition in the event it is suspected. In patients

with pancreatic insufficiency, the cause is either due to

lack of nutrients, that is, underconsumption secondary

to pain, nausea and vomiting, or anorexia, or secondary

to malabsorption due to EPI. A useful adjunct to assess-

ing the patient’s nutritional status is anthropometric

measurement, which involves measurements of arm

circumference and triceps skinfold. Whereas BMI and

body weight can be misleading in certain cases such as

shifts in patient volume status, anthropometrics offers

measurements that can be compared with normative

standards. However, it is important to note that both

arm circumference and triceps skinfold thickness may

be affected by tissue edema. Indeed, it has been shown

that patients may be obese according to BMI and

malnourished according to other clinical indicators

[24]. Historically, serum markers, namely albumin and

prealbumin, have been used as objective measures of

nutritional status but recent guidelines have discour-

aged this practice because they are felt to be markers

of inflammation and do not reliably correlate with

weight loss or calorie restriction [25]. Visceral protein

biomarkers may be considered in stable patients where

acute inflammation is playing less of a role. However, it

should be noted that there is currently little consensus

with respect to screening for malnutrition nor is there

consensus as to what defines malnutrition [26]. There

may be additional tools for assessment in the future

including cross-sectional assessment of muscle wasting

and body composition. This may be done using axial

computed tomography, magnetic resonance imaging, or

ultrasonography [27].

Pancreatic function testing is also necessary. The most

invasive test is the secretin/CCK test, which involves IV

administration of secretin and CCK with measurement

of gastric and duodenal luminal secretions. This test

carries the highest potential sensitivity with moderate

specificity (86–94% sensitive and 67–70% specific) [18].

Although this test provides the most direct assessment

of pancreatic function, it is invasive and considered

impractical in certain settings [28]. Indirect testing

is commonly done using quantitative fecal fat testing is

used as a surrogate for exocrine insufficiency. While

protocols vary, the patient typically consumes 100 g of

dietary fat followed by stool collection for 72hours with

15 g per day of fecal fat considered severe steatorrhea

[29]. A newer test that is becoming increasingly avail-

able is fecal elastase-1 measurement. The test is easily

performed from a stool specimen and is a good approx-

imation of pancreatic enzyme production. However,

because of limited sensitivity it does not detect mild and

moderate insufficiency [30]. The 13C-triglyceride breath

test requires a 6-hour exam but is a very accurate test

and can be used for compliance testing and efficacy of

treatment [18].

Dietary recommendations

The essential paradigm of recommended diet is pro-

vision of adequate calories in order to meet energy

demands, macro and micronutrient requirements, and

ultimately maintain weight and lean body mass. Other

important considerations include improved quality of

life with reduction in symptoms and increased func-

tional capacity. Abstinence from alcohol is essential.

Most agree that dietary habits should consist of sev-

eral (4–8) small meals per day with limitation on the

amount of carbohydrates consumed. Special emphasis is

placed on the importance of not skipping meals. Protein

consumption should be approximately 1.5–2 g/kg/day.
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As stated earlier, in contrast to fat digestion, the enzy-

matic redundancy within the mucosal border allows

for compensation for EPI in carbohydrate and protein

digestion, provided that dietary recommendations are

followed. Carbohydrates should be complex if possible,

but also note that too much fiber will decrease the activ-

ity of pancreatic enzyme replacement therapy (PERT).

Patients are advised to minimize high-sugar foods or

fluids as these may lead to osmotic diarrhea. The main

source of macronutrient loss is malabsorption of dietary

long-chain fat (LCT). Since fat is energy dense yielding

9 calories per gram, malabsorption of fat plays a major

role in weight loss and malnutrition. It is recommended

that 30–40% of calories consist of dietary fat. In the

event of persistent weight loss or severe steatorrhea, a

diet containing additional medium-chain triglycerides

(MCTs) and less LCTs can be attempted. MCTs are

absorbed without the participation of pancreatic lipase

and, therefore, can provide a valuable source of lipid

calories in EPI. The limitations of this approach are

side effects including bloating, cramping, and diarrhea;

therefore, small amounts with gradual increase should

be started. In addition, consumption of MCTs is limited

to 50 g/day. Patients should be provided a standard

multivitamin supplementation with periodic testing for

deficiencies. To ensure adequate nutritional intake, it is

advised that patients be seen regularly for assessment

by a dietician familiar with EPI, and consider the use of

a detailed food diary for ensure adequate intake.

Options for nutritional support in the setting of

inability to maintain weight and persistent malnutrition

include enteral nutrition (EN) and parenteral nutrition

(PN). EN can be considered in cases where the primary

source of malnutrition is inadequate delivery of calories

either due to altered anatomy, decreased absorptive

surface area, or patient symptoms preventing adequate

intake. In CP, tube feeding is indicated in only about 5%

of patients with parenteral feeding being required on

<1% of patients [18]. In EPI resulting from resectional

therapy or even total pancreatectomy, enteral and

parenteral requirements are higher but still should

be less than 10–15%. EN can be pursued either as

a short-term intervention via a nasoenteral tube or

through more permanent enteral access. The goal is

to provide adequate calories and micronutrients and

this can be accomplished in either a supplementary

fashion or, if needed, a patient’s entire dietary needs

can be met. Specialized EN is needed in less than 5% of

cases, and elemental or semi-elemental formulas can be

considered, but no large trials have been done and most

of the data on selection of the type of enteral formula

is considered expert opinion based on theory and not

data. Notably, there is no consistent data for the use of

immune or metabolic formulas. PN should be limited to

only severe cases in which there is complete inability

to tolerate EN or if there is insufficient intestinal length

to absorb adequate nutrients [31]. PN is associated with

the loss of intestinal mucosal architecture and immune

barrier. It is also associated with serious complications

including central line infections and bacteremia as well

as parenteral nutrition–associated liver disease (PNALD)

noted clinically first as cholestatic jaundice [32]. If

needed, PN is typically used only for short intervals.

Its long-term use has not been studied in patients

with EPI. More recent dietary considerations include

probiotic supplementation. Lactobacillus plantarum has

been found to have a high lipase activity, remaining

active at a maximum pH of 7.5, and still having 40%

activity at a lower pH of 5.

Final consideration includes the use of colon to

scavenge carbohydrates via the process of fermentation.

When carbohydrates and soluble fiber enter the colon,

bacteria can ferment these nonabsorbed carbohydrates

into SCFAs. Known substrates include resistant starch,

nonstarch polysaccharides, nondigestible oligosaccha-

rides, and some nonabsorbed mono- and disaccharides.

Acetate, propionate, and butyrate comprise 83% of

SCFAs. They enhance the structure and function of the

colonic mucosa by causing mucosal proliferation in the

colon, ileum, and jejunum, and improve transport activ-

ity, in addition to being a source of calories absorbed by

the colon. The colon can be a source of up to 300–500

calories per day in patients with severe malabsorption

in the proximal gut, in short-bowel syndrome, and in

some cases EPI [33].

If the aforementioned are not controlling symp-

toms, or patients continue to experience symptoms

of abdominal pain, bloating, or steatorrhea/diarrhea,

consider small-bowel bacterial overgrowth (SBO). SBO

is reported in up to 40% of patients with CP and occurs

due to the degradation of carbohydrate by enteric

bacteria with the production of SCFAs, carbon dioxide,

hydrogen, and methane. Patients experience acidic

stools, abdominal distension, pain, and flatulence.

Hydroxylated fatty acids stimulate the secretion of

water and electrolytes along with bile acids, leading to
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watery diarrhea [2]. Signs include macrocytic anemia

due to vitamin B12 deficiency, large joint arthritis due

to toxin production by bacteria, and it is important to

recognize that altered gut motility is a complex issue

secondary to opiates and previous surgery.

Pancreatic enzyme replacement
therapy

PERT is essential in EPI. The goals of enzyme replace-

ment are twofold. The first is to improve the digestion

of carbohydrates, protein, and fat, thereby improv-

ing nutritional status, and the second is to alleviate

the symptoms associated with the loss of pancreatic

enzymes, for example, steatorrhea. The instrumen-

tal role PERT plays in nutritional management is

attributable to replacing pancreatic lipase. It has been

shown that the greatest benefit received is among

patients with greater than 15 g/day fecal fat excretion

[34, 35]. Several randomized, blinded studies have

demonstrated improved fat absorption with PERT,

with improvements ranging from 10% to 20% from

baseline absorption [36]. It has also been shown that

enzyme supplementation significantly improves BMI

and reduces stool frequency. However, these effects

were not seen until 6 months to 1 year of therapy.

Though there are several commercial preparations

available, all enzyme replacement products contain

pancrelipase, which is a mixture of amylase, protease,

and lipase [37]. Dosing is based on the lipase compo-

nent. It is estimated that 1000 units of lipase are needed

to digest 1 g of fat. A common starting regimen is 40,000

units with meals and 20,000 units with snacks. The

dose can be increased based on patient symptoms and

nutritional improvement [38]. The preparations are

available in both enteric-coated and non-enteric-coated

formulations. The enteric-coated formulations are

intended to resist gastric degradation and become

active in the relatively alkaline environment in the

duodenum. It is recommended that the non-enteric

formulations be administered with concurrent proton

pump inhibitor (PPI) therapy. Though this is in theory

not required with enteric-coated formulations, consid-

eration must be given when desired effects are not seen

with appropriate dosing, especially in cases of altered

anatomy or gastrointestinal function, for example,

gastroparesis. Administration with or after meals has

been shown to be more effective than dosing prior

to meals [38]. Efficacy of enzyme supplementation is

primarily determined by clinical response in terms of

weight gain, reduction in steatorrhea, and improvement

in symptoms. Pancreatic function tests such as fecal fat

excretion or fecal elastase can also be used to monitor

treatment response [39].

Summary

EPI can result in malnutrition and maldigestion, but the

good news is that most patients can be managed if a

thoughtful and practical nutrition plan is devised and the

patient is compliant. By combining dietary support with

compliance, use of PERT, as well as cessation of both

tobacco and alcohol use, the vast majority of patients can

be managed successfully [18]. Requirements for nutri-

tional intervention will depend on the remaining func-

tional pancreatic parenchyma and mucosal enzymatic

integrity. The extreme of total pancreatectomy with or

without islet transplantation will need intensive nutri-

tional training to maintain lean body mass and a mul-

tidisciplinary team should being involved with routine

follow-up. Future treatment possibilities include use of

lipid nanoparticles, more targeted probiotic therapy to

secrete lipase, and the use of resistance exercise with

high protein intake to improve lean body tissue synthesis

and prevent loss. Exercise in combination with adequate

amino acid/protein consumption has been shown to be

anabolic in multiple models, including ICU, burn, and

cancer patients [40]. Better understanding of existing

therapies may have an added role to already effective

treatment of these patients.

References

1 Berry AJ. Pancreatic enzyme replacement therapy during

pancreatic insufficiency. Nutrition in Clinical Practice 2014;

29:312–321.

2 Phillips ME. Pancreatic exocrine insufficiency following

pancreatic resection. Pancreatology 2015; 15:449–455.

3 Yadav D, Timmons L, Benson JT, et al. Incidence,

prevalence, and survival of chronic pancreatitis: a

population-based study. American Journal of Gastroen-

terology 2011; 106:2192–2199.

4 Lindkvist B Diagnosis and treatment of pancreatic exocrine

insufficiency. World Journal of Gastroenterology 2014;

19:7258–7266.



�

� �

�

Chapter 14D: Nutrition without a pancreas: how does the gut do it? 231

5 Pongprasobchai S Maldigestion from pancreatic exocrine

insufficiency. Journal of Gastroenterology and Hepatology

2013;28 Suppl 4:99–102.

6 Bellin MD, Freeman ML, Gelrud A, et al. Total pancreatec-

tomy and islet autotransplantation in chronic pancreatitis:

recommendations from PancreasFest. Pancreatology 2014;

14:27–35.

7 Wright E et al. Sugar absorption. In: Johnson L (ed), Physi-

ology of the Gastrointestinal Tract 4th edn. San Diego, Aca-

demic Press. 2006: 1653–1666.

8 Sjölund K, Häggmark A, Ihse I, et al. Selective deficiency of

pancreatic amylase. Gut 1991; 32:546–548.

9 Frederiksen HJ, Mogensen NB, Magid E. The clinical signif-

icance of salivary amylase in duodenal aspirates in evalu-

ation of exocrine pancreas function. Scandinavian Journal

of Gastroenterology 1985;20:1046–1048.

10 Hammer HF. Pancreatic exocrine insufficiency: diagnostic

evaluation and replacement therapy with pancreatic

enzymes. Digestive Diseases 2010; 28:339–343.

11 Pieri M, Gan C, Bailey P, Meredith D. The transmem-

brane tyrosines Y56, Y91 and Y167 play important

roles in determining the affinity and transport rate of

the rabbit proton-coupled peptide transporter PepT1.

International Journal of Biochemistry and Cell Biology

2009;41:2204–2213.

12 Ganapathy V, Martindale R. Protein digestion and

absorption. In: Johnson L (ed), Physiology of the Gastroin-

testinal Tract 4th edn. San Diego, Academic Press. 2006:

1667–1692.

13 Calder PC. Functional roles of fatty acids and their effects on

human health. Journal of Parenteral and Enteral Nutrition

2015; 39:18S–32S.

14 Abumrad N, Storch J. Role of membrane and cytosolic

fatty acid binding proteins in lipid processing by the

small intestine. In: Johnson L (ed), Physiology of the

Gastrointestinal Tract 4th edn. San Diego, Academic Press.

2006: 1693–1710.

15 DiMagno EP, Go VL. Exocrine pancreatic insufficiency. Cur-

rent concepts of pathophysiology. Postgraduate Medicine.

1972;52:135–140.

16 Gupte AR, Forsmark CE. Chronic pancreatitis. Current

Opinion in Gastroenterology 2014; 30:500–505.

17 Rasmussen HH, Irtun O, Olesen SS, et al. Nutrition in

chronic pancreatitis. World Journal of Gastroenterology

2013; 19:7267–7275.

18 Afghani E, Sinha A, Singh VK. An overview of the diag-

nosis and management of nutrition in chronic pancreatitis.

Nutrition in Clinical Practice 2014; 29:295–311.

19 Epelboym I, Winner M, DiNorcia J, et al. Quality of life

in patients after total pancreatectomy is comparable with

quality of life in patients who undergo a partial pancreatic

resection. Journal of Surgical Research 2014; 187:189–196.

20 Barbier L, Jamal W, Dokmak S, et al. Impact of total pan-

createctomy: short- and long-term assessment. Hepato Pan-

creato Biliary (Oxford). 2013; 15:882–892.

21 Armbrecht U Chronic pancreatitis: weight loss and

poor physical performance - experience from a special-

ized rehabilitation centre. Rehabilitation (Stuttg) 2001;

40:332–336.

22 Duggan S, O’Sullivan M, Feehan S, et al. Nutrition treat-

ment of deficiency andmalnutrition in chronic pancreatitis:

a review. Nutrition in Clinical Practice 2010; 25:362–370.

23 Sorensen J, Kondrup J, Prokopowicz J, et al. EuroOOPS: an

international, multicentre study to implement nutritional

risk screening and evaluate clinical outcome. Clinical Nutri-

tion 2008; 27:340–349.

24 Duggan SN, Smyth ND, O’Sullivan M, et al. The preva-

lence of malnutrition and fat-soluble vitamin deficiencies

in chronic pancreatitis. Nutrition in Clinical Practice

2014;29:348–354.

25 White JV, Guenter P, Jensen G, et al. Consensus statement

of the Academy of Nutrition and Dietetics/American

Society for Parenteral and Enteral Nutrition: characteristics

recommended for the identification and documentation

of adult malnutrition (undernutrition). Journal of the

Academy of Nutrition and Dietetics 2012; 112:730–738.

26 Soeters PB, Reijven PL, van Bokhorst-de van der Schueren

MA, et al. A rational approach to nutritional assessment.

Clinical Nutrition 2008; 27:706–716.

27 Prado CM, Heymsfield SB. Lean tissue imaging: a new era

for nutritional assessment and intervention. Journal of Par-

enteral and Enteral Nutrition 2014; 38:940–953.

28 Tran TC, van Lanschot JJ, Bruno MJ, van Eijck CH. Func-

tional changes after pancreatoduodenectomy: diagnosis

and treatment. Pancreatology 2009; 9:729–737.

29 Nakajima K, Oshida H, Muneyuki T, Kakei M. Pancrelipase:

an evidence-based review of its use for treating pancreatic

exocrine insufficiency. Core Evidence 2012; 7:77–91.

30 Benini L, Amodio A, Campagnola P, et al. Fecal elastase-1

is useful in the detection of steatorrhea in patients with

pancreatic diseases but not after pancreatic resection. Pan-

creatology 2013; 13:38–42.

31 Seres DS, Valcarcel M, Guillaume A. Advantages of enteral

nutrition over parenteral nutrition. Therapeutic Advances

in Gastroenterology 2013;6: 157–167.

32 Beath SV, Kelly DA. Total parenteral nutrition-induced

cholestasis: prevention and management. Clinics in Liver

Disease 2016; 20:159–176.

33 Pezzilli R Chronic pancreatitis: maldigestion, intestinal

ecology and intestinal inflammation. World Journal of

Gastroenterology 2009; 15:1673–1676.

34 Domínguez-Muñoz JE, Iglesias-García J, Vilariño-Insua M,

Iglesias-Rey M. 13C-mixed triglyceride breath test to assess

oral enzyme substitution therapy in patients with chronic

pancreatitis. Clinical Gastroenterology and Hepatology

2007; 5:484–488.

35 Domínguez-Muñoz JE. Chronic pancreatitis and persistent

steatorrhea: what is the correct dose of enzymes? Clinical

Gastroenterology and Hepatology 2011; 9:541–546.



�

� �

�

232 Pancreatitis

36 Thorat V, Reddy N, Bhatia S, et al. Randomised clinical

trial: the efficacy and safety of pancreatin enteric-coated

minimicrospheres (Creon 40000 MMS) in patients

with pancreatic exocrine insufficiency due to chronic

pancreatitis--a double-blind, placebo-controlled study.

Alimentary Pharmacology and Therapeutics 2012; 36:

426–436.

37 Whitcomb DC, Lehman GA, Vasileva G, et al. Pancrelipase

delayed-release capsules (CREON) for exocrine pancreatic

insufficiency due to chronic pancreatitis or pancreatic

surgery: a double-blind randomized trial. American

Journal of Gastroenterology 2010; 105:2276–2286.

38 Domínguez-Muñoz JE, Iglesias-García J, Iglesias-Rey M,

et al. Effect of the administration schedule on the thera-

peutic efficacy of oral pancreatic enzyme supplements in

patients with exocrine pancreatic insufficiency: a random-

ized, three-way crossover study. Alimentary Pharmacology

and Therapeutics 2005; 21:993–1000.

39 Dumasy V, Delhaye M, Cotton F, Deviere J. Fat malabsorp-

tion screening in chronic pancreatitis. American Journal of

Gastroenterology 2004; 99:1350–1354.

40 Morton RW, McGlory C, Phillips SM. Nutritional inter-

ventions to augment resistance training-induced skeletal

muscle hypertrophy. Frontiers in Physiology 2015; 6:245.



�

� �

�

CHAPTER 15
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Introduction

Chronic abdominal pain is themain symptom in patients

with chronic pancreatitis (CP). The mechanisms of pain

in CP are multifactorial, involving pancreatic duct (PD)

obstruction with increased PD pressure, ischemia, and

neural inflammatory processes. Complications of CP

such as PD/common bile duct (CBD) strictures, pseu-

docysts, and PD fistulas can contribute to abdominal

pain. Treatment focused on treating only one mech-

anism of pain may fail to alleviate the patient’s pain.

Medical management in CP includes dietary alterations,

discontinuing alcohol, analgesics/octreotide admin-

istration, pancreatic enzyme supplements, reducing

oxidant stress, and neuromodulators. Interventional

treatment with endotherapy is based on the theory that

PD hypertension is the cause for pain in patients with

CP. Certain pathologic alterations of PD, CBD, and/or

sphincter lend themselves to endoscopic treatment.

Endoscopic modalities, including endoscopic retrograde

cholangiopancreatography (ERCP) and endoscopic

ultrasound (EUS), can provide duct decompression

and pseudocyst drainage. Furthermore, celiac plexus

block performed during EUS can be helpful for CP pain.

In this chapter, we present the role of endoscopy in

the management of CP, with a particular emphasis on

PD/CBD strictures and pancreatic pseudocysts.

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

Endotherapy in chronic pancreatitis

Both endoscopic and surgical interventions play an

important role in the treatment for patients with painful

obstructive CP. To date, there are two randomized

controlled trials (RCTs) comparing endoscopic and

surgical management in patients with painful CP with

ductal obstruction [1, 2]. In Dite and colleagues’ study

(64 for endotherapy vs. 76 for surgery), pain relief (92%

vs. 92%) as well as weight gain (66% vs. 60%) were

similar between both groups at the 1-year follow-up

period [1]. Nevertheless, at 5 years, patients undergoing

surgery reported better pain control (86% vs. 65%;

P=0.009) and gained more weight (52% vs. 27%;

P=0.002) compared to those having endoscopic inter-

vention. Similarly, Cahen and colleagues demonstrated

significantly better pain relief in patients treated with

surgery compared to endotherapy after 2 years (75% vs.

32%; P= 0.007) [2]. Patients having surgery were more

likely to have better pain control than those undergoing

endoscopic intervention for those followed for 5 years

(80% vs. 38%; P= 0.042) [3]. Patients having surgical

treatment required significantly fewer procedures

than those treated endoscopically [3]. There was no

significant difference in Izbicki pain score, quality of

life scores, health utility scores, exocrine/endocrine

insufficiency, length of hospital stay, and overall cost
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between groups at 5 years [3]. Although these RCTs

suggested that surgery provides better pain control

compared with endotherapy, the strength of these

data are limited by small sample size and the various

endoscopic and surgical techniques performed. Due

to its less invasive approach, endoscopic treatment is

recommended as the first-line approach for properly

selected patients with painful obstructive CP who do

not respond to medical therapy or who are poor surgical

candidates [4–7]. According to a European Society of

Gastrointestinal Endoscopy (ESGE) guideline, factors

independently associated with long-term (≥2 years)

pain relief following endotherapy include obstructing

stones in the pancreatic head, short disease duration,

low frequency of pain attacks, complete main PD

stone clearance, absence of main PD stricture at initial

treatment, and discontinuation of alcohol and tobacco

during follow-up [4].

Pancreatic duct strictures

Role of endotherapy in PD strictures
Benign PD strictures, which occur as a consequence

of periductal fibrosis or acute inflammatory changes

around the main PD, are common complications of

CP [8, 9]. It is critical that malignancy be ruled out

once a PD stricture is found. A contrast-enhanced

CT scan and/or EUS±fine-needle aspiration (FNA)

can be helpful for cancer diagnosis. In addition, tis-

sue sampling can be performed at the stricture site

during ERCP if no mass is identified. The endoscopic

management of benign PD strictures includes pancreatic

sphincterotomy and stent placement (Figures 15A.1a–c

and 15A.2a–d). Dilatation of PD stricture can be per-

formed using a balloon-dilatation catheter or graduated

dilating catheter. However, simple balloon dilatation

is not adequate for long-term patency due to the

dense fibrosis of PD strictures [10]. Therefore, one

or more pancreatic stents are required to expand the

lumen chronically. In general, the stent caliber should

not exceed the diameter of the downstream duct. In

order to prevent stent migration, we prefer to use

a pancreatic stent with an external pigtail and an

internal flange. Single or multiple 5–10 Fr stents are

usually placed. The best candidates for endoscopic PD

stricture management are patients with symptomatic

CP having a focal head stricture with upstream duct

dilation [9–12]. Patients with complex multifocal stric-

tures, small diameter ducts, and diffuse duct disease

are at risk of a poor outcome after pancreatic stent

placement.

Results of endotherapy in PD strictures
In patients with CP, the response rate of pancreatic

stent placement depends on PD morphology. Patients

with no PD dilation/stricture, either PD stricture or

dilation, and PD stricture with upstream dilation

improved in 47%, 64%, 67%, and 100%, respectively

(P=0.003). Based on the results of selected studies

(12 series during 1988–2013; n=556) [9, 13–23],

technical success of pancreatic stent placement was

reported in 91% for patients with CP with a dominant

stricture. During a mean follow-up period of 34 months,

(a) (b) (c)

Figure 15A.1 (a) Main pancreatic duct stricture in the head of pancreas. (b) and (c) Multiple pancreatic stents placed. Note that a
biliary stent was placed for a bile duct stricture.
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(a) (b)

(c) (d)

Figure 15A.2 (a) Main pancreatic duct stricture in the head of pancreas. (b) Balloon dilation of pancreatic duct stricture in the head
of pancreas. (c) Fully covered self-expandable metallic stent placement. (d) Pancreatic duct stricture resolution after temporary fully
covered self-expandable metallic stent was removed.

symptom improvement was identified in 62%. Major

complications were seen in 18% with a 0.6% mortality

rate. Although placement of a single plastic stent (PS)

provided good short-term pain relief (70–94%) in

patients with CP with PD stricture, repeated stent

change/surgery was required due to persistent and

recurrent PD strictures. Given the excellent outcomes

associated with treating postoperative biliary strictures

with multiple PS, the efficacy of multiple PS was

evaluated in a study of 19 patients with refractory PD

strictures [22]. The feasibility and safety of placement of

multiple 8.5–11.5 Fr PS were demonstrated with 95%

stricture resolution rate and 11% recurrent strictures.

The median number of stents was 3 placed for 6–12

months. During a median follow-up period of 38

months, 84% of patients were symptom free after stent

removal. Although placement of multiple simultane-

ous PS may have a better outcome in the long term

compared with single PS insertion, RCTs comparing

single versus multiple PS are required to confirm this

benefit.

Based on earlier studies with PS placement [9,

13–23], refractory/recurrent PD strictures were reported

in 10–38%. Due to its larger diameter (8 or 10mm),

the insertion of a self-expandable metal stent (SEMS)

has been reported in an effort to maintain PD patency

long-term for benign PD stricture treatment [24–27]. In

the Brussels study of SEMS placement for benign PD

obstruction, 20 patients treated with uncovered SEMS

(USEMS) had immediate pain relief [24]. Nevertheless,

55% of patients developed stent occlusion because of

epithelial hyperplasia and tissue ingrowth. Moreover,

USEMS are not removable. Thus, this modality is not

an option for the long-term treatment of dominant

PD strictures. Fully covered SEMS (FCSEMS) provide

potential advantages, including superior patency,

maximal dilation during the first ERCP, requiring less

number of procedures, and removability. Recently, in
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three series, all 47 patients had stricture resolution after

4 months of temporary FCSEMS placement [25–27].

At 5–20 months follow-up, symptom improvement

was reported in 85%; 13% had recurrent strictures.

The disadvantages of FCSEMS include stent oversiz-

ing, stent migration, high cost, and obstruction of

side branches leading to pancreatitis. Furthermore,

long-term follow-up data are lacking. A recent systemic

review (n=80) compared FCSEMS versus multiple PS

for refractory PD strictures in CP [28]. There was no

significant difference in technical success rate (100%

vs. 100%), pain improvement (85.2% vs. 84.2%), stent

migration (8.2% vs. 10.5%), and re-intervention rate

(9.8% vs. 15.8%) between the groups.

Although the ESGE guideline recommends treating

dominant main PD strictures with a single 10-Fr PS,

with stent exchange performed at regular intervals (e.g.,

3 months) for 1 year duration [4], refractory/recurrent

strictures are common with a single PS placement. The

role of multiple PS and FCSEMS warrants further study.

Based on earlier RCTs comparing endotherapy versus

surgery in patients with painful obstructive CP, surgery

appears to be more durable. Endotherapy may predict

response to surgical drainage and may also be applied

as a bridge to surgery [29]; however, this does not

preclude subsequent surgery.

Chronic pancreatitis-induced common
bile duct strictures

Role of endotherapy in CP-induced CBD
strictures
Biliary strictures occur in 3–23%% of patients with

CP [30]. The patients may present with pain, jaundice,

cholangitis, and secondary biliary cirrhosis [31, 32].

Malignancy should be ruled out with CT scan and

EUS±FNA once CBD strictures are identified in the set-

ting of CP [11]. Benign CBD strictures may be secondary

to acute inflammation, chronic scar formation leading to

a periductal fibrotic stenosis or the development of a

pancreatic pseudocyst causing extrinsic compression on

the BD [32]. The indications for biliary drainage include

jaundice, cholangitis, biliary cirrhosis, complicating CBD

stones, progression of bile duct stricture, and persistent

alkaline phosphatase elevation for more than 1 month

(2–3 times above the upper normal limit) [4, 33–35].

Traditionally, surgical drainage has been recommended

as the definitive treatment for symptomatic patients

with a CP-induced CBD stricture. However, there are

some disadvantages for surgical intervention such as

high morbidity, long recovery time, anastomotic steno-

sis leading to ascending cholangitis, and high cost [36].

An endoscopic approach is an alternative to surgery

in the management of symptomatic biliary strictures

in the setting of CP [35, 37]. Endoscopic treatment

for CP-induced CBD stricture include PS or SEMS

placement (Figures 15A.3a–c and 15A.4a–d). Currently,

USEMS are not recommended due to its lack of remov-

ability [38, 39]. Moreover, long-term failure because of

tissue ingrowth limits their use [40]. Although covered

SEMSs have recently been increasingly utilized as a

treatment of benign CBD strictures, previous studies

showed a lower resolution rate of CP-induced CBD

strictures in comparison with other causes (46–77% vs.

80–100%) [41, 42]. In a prospective follow-up study,

calcifications of the pancreatic head were identified as

a risk factor for failure of endoscopic stenting of CBD

strictures in CP (17-fold increased risk of failure of a

12-month course of stent placement) [43].

Results of endotherapy in CP-induced CBD
strictures
Previous studies (9 series from 1990 to 2005; n= 350)

showed excellent short-term relief with use of a single

stent for CBD strictures in CP [36, 37, 43–49]. However,

stricture resolution rarely occurs during long-term

follow-up; treatment success was reported in 31% dur-

ing a mean follow-up period of 42 months after stent

removal. Clogging and migration have been reported as

major complications (0–36% and 1–23%). Three small

series (n=50) demonstrated long-term success of 66%

with multiple PS during a mean follow-up period of 45

months after stent removal in patients with CP-induced

CBD strictures [36, 50, 51]. Compared with single

stent placement, multiple simultaneous stents provided

better clinical success rate (reduction in liver function

tests, episodes of cholangitis, and the diameter of the

CBD stenosis before and after treatment) (24% vs. 92%,

P<0.01) [36]. During long-term follow-up (4 years),

92% of patient withmultiple PS remained symptom free

after stent therapy, whereas 38% of patients with single

PS had persistently elevated liver function tests that

required intermittent stent exchange [36]. Although

multiple PS may provide long-term benefit in patients

with CP with CBD strictures, several ERCP sessions are
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(a) (b) (c)

Figure 15A.3 (a) Chronic pancreatitis–induced common bile duct stricture (arrow). (b) Balloon dilation of common bile duct stricture.
(c) Multiple plastic stents placed.

(a) (b)

(c) (d)

Figure 15A.4 (a) Chronic pancreatitis–induced common bile duct stricture. (b) Balloon dilation of common bile duct stricture.
(c) and (d) Fully covered self-expandable metallic stent placement.
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required for stent exchange to prevent cholangitis and

to resolve the stricture. Due to its larger diameter, SEMS

has become an established therapy for malignant biliary

obstruction, but its role is unclear for benign biliary stric-

tures [38, 42, 52–54]. Six published series between 2008

and 2014 (n=153) showed the efficacy of FCSEMS for

CP-induced CBD strictures [54–59]. Stricture resolution

was reported in 69% after a mean stenting duration

of 7 months. Stricture recurrence occurred in 13%

during a mean follow-up time of 23 months. However,

a major adverse event of FCSEMS is stent migration.

RCTs comparing multiple PS versus FCSEMS are

required to clarify the best option of endoscopic stenting

in properly selected patients with CP-induced CBD

stricture.

Pancreatic pseudocysts

Role of endotherapy in pancreatic
pseudocysts
Pancreatic pseudocysts are defined as localized collec-

tion of pancreatic juice enclosed by a nonepithelialized

wall. These can arise as a consequence of acute pan-

creatitis, CP, or pancreatic trauma and typically require

4 weeks or more to form [60]. Pancreatic pseudocysts

occur in 20–40% of patients during the course of

CP [61–63]. Based on the American Society for Gas-

trointestinal Endoscopy (ASGE) guideline, pseudocyst

drainage is required in symptomatic patients, rapidly

enlarging collections, and/or complications (such as

gastric outlet/duodenal/biliary obstruction or infection)

[64]. Pseudocyst drainage can be performed by surgical,

endoscopic, or percutaneous approaches. A recent RCT

of 40 patients with pseudocyst demonstrated equal

success rate of endoscopic (n=20) and open surgical

cystogastrostomy (n= 20) (95% vs. 100%; P=0.50)

[65]. After a follow-up period of 24 months, there

was no pseudocyst recurrence in patients undergoing

endoscopic drainage and 1 in the surgically treated

group (P=0.50). Complications were lower in patients

undergoing endoscopic approach compared with those

having surgical drainage (0% vs. 10%; P=0.24). In

addition, endoscopic treatment was associated with a

shorter hospital stay (2 days vs. 6 days; P<0.001) and

lower costs ($7011 vs. $15,052; P=0.003). Recently,

a retrospective study demonstrated similar clinical

success rates for symptomatic pseudocysts treated

by endoscopic and percutaneous methods (71% vs.

72%; P=0.36) [66]. Nevertheless, the percutaneous

approach was associated with significant higher rates

of re-intervention (42% vs. 10%; P=0.001), longer

length of hospital stay (15 days vs. 6 days; P=0.001),

and increased number of follow-up abdominal imaging

studies (6 vs. 4; P=0.02).

Endoscopic drainage of a pseudocyst can be performed

by conventional techniques using a duodenoscope

(or end viewing scope) or under EUS guidance

(Figures 15A.5a–f and 15A.6a–e). The route of endo-

scopic therapy for pseudocysts involves transpapillary,

transmural (cystogastrostomy or cystoduodenostomy),

or combined techniques. The transpapillary approach is

preferred if a relatively small pseudocyst (less than 5 cm)

communicates with the main PD. Endoscopic cystoen-

terostomy may be considered without EUS guidance

if there is a visible luminal bulge, absence of collateral

vessels, and the cyst-to-lumen distance is less than 1 cm

[11]. The aim of cystoenterostomy is to create a commu-

nication between the cyst cavity and gastric or duodenal

lumen. Currently, EUS techniques have expanded the

patient population eligible for endoscopic treatment.

EUS-guided drainage compared with blind puncture

provides potential advantages including avoidance of

intervening vascular structures, assessment of degree

of necrosis, determination of cyst wall maturity, and

the ability to perform cyst sampling for exclusion of a

mucinous neoplasm. Moreover, the number of patients

eligible for endoscopic drainage has been expanded, as

a visible bulge is not necessary for drainage [4]. The

first step of the transmural technique is to puncture

the gastric/duodenal wall at the visible bulge using a

needle-knife via a duodenoscope, or a 19-guage FNA

needle via a linear echoendoscope. Under fluoroscopy,

a guidewire is subsequently advanced through the

needle knife or FNA needle into the cyst cavity and

looped at least twice to maintain secure access. Then, a

balloon dilator (8–10mm) is utilized for expanding the

cystoenterostomy tract. Due to aggressive flow of pseu-

docyst fluid from the cyst cavity to the gut lumen, head

elevation of the fluoroscopy table and suction should be

performed to prevent aspiration. In general, at least two

double-pigtail stents are placed transmurally into the

cyst cavity and can be removed when the pseudocyst

resolves. However, several attempts to access the cyst

cavity are needed for multiple PS insertion. Moreover,

a 10-Fr PS may be hard to deploy through the relative
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(a) (b) (c)

(d) (e) (f)

Figure 15A.5 (a) Pancreatic pseudocyst seen on EUS. (b) Pseudocyst is punctured using a 19-guage needle. (c) and (d) Balloon dilation
to enlarge the cystogastrostomy tract. (e) and (f) Two double-pigtail plastic stents placed transmurally.

small 3.7-mm channel of the therapeutic linear echoen-

doscope. Recent studies have demonstrated the feasi-

bility of temporary FCSEMS placement for transmural

pseudocyst drainage [67–71]. The potential advantage

of placing FCSEMS for this indication is the use of a

single stent that has a larger diameter than the PS. How-

ever, FCSEMS may have higher rate of stent migration.

Placement of a double pigtail PS through the FCSEMS

has been shown to be an effective way to reduce migra-

tion [67]. In the setting of CP, it is very important that

associated ductal disease be treated to obtain the best

outcome.

Results of endotherapy in pancreatic
pseudocysts
Previous studies showed the technical success rate of

endoscopic pseudocyst drainage, ranging from 73%

to 100% [14, 72–80]. Initial resolution of pancreatic

pseudocysts was reported in approximately 90%.

Recurrence and complications were estimated in 13%

and 14%, respectively. Recently, a meta-analysis of four

studies (two RCTs and two prospective nonrandomized

trials) compared EUS guided drainage and conventional

techniques [81]. Due to the failure of conventional

techniques when a visible bulge is not present, EUS

guidance provided a significantly higher technical

success rate than conventional drainage. A total of

18 patients who failed conventional drainage were

successfully treated by EUS guidance on crossover.

Nevertheless, EUS-guided drainage was not superior to

conventional drainage regarding short- or long-term

resolution. Several studies of PS placement for trans-

mural pseudocyst drainage demonstrated successful

treatment in 84–94% [82–85]. In a recent retrospective

study of patients having single or multiple, 7 or 10 Fr

double-pigtail PS placement for transmural drainage of

uncomplicated pancreatic pseudocysts, the stent size

(OR 1.54) and number (OR 1.15) were not associated
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(a) (b) (c)

(d) (e)

Figure 15A.6 (a) Pancreatic pseudocyst seen on EUS. (b) Pseudocyst is punctured through the duodenal wall using a 19-guage needle.
(c) A guidewire is looped twice to maintain secure access. (d) and (e) Fully covered self-expandable metallic stent placed transmurally.

with the number of interventions required for treatment

success when adjusted for pseudocyst size, location,

drainage modality, the presence or absence of PD stent,

and luminal compression [84]. Although, the evidence

showed a high treatment success rate (78–100%) of

temporary FCSEMS placement for transmural drainage

[67–71], there are no RCTs comparing FCSEMS and PS

for pseudocyst drainage regarding treatment efficacy,

complication, and recurrence.

Conclusion

Management of symptomatic CP requires a multidis-

ciplinary team approach to achieve the best treatment

outcome. Although the evidence appears to favor

surgery in patients with obstructive CP, endotherapy

may still be the first-line treatment option in a properly

selected group due to its less invasive approach. In

patients with dominant PD head strictures, PS place-

ment provides an acceptable short-term treatment of

pain/pancreatitis. However, refractory and recurrent

strictures commonly occur with a single PS insertion.

The role of multiple PS and FCSEMS in the management

of PD strictures warrants further study. PS placement is

a good alternative to surgery for short-term treatment of

CP-induced CBD strictures complicated by cholestasis,

jaundice, or cholangitis. The long-term efficacy of

single PS insertion is much less satisfactory as stricture

resolution rarely occurs. More data on long-term

outcome with multiple PS and FCSEMS for treating

CP-induced CBD strictures are needed. Endoscopic

pseudocyst drainage has similar efficacy as open surgery

at lower cost and shorter hospital stay. For the bulging
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pseudocyst, conventional transmural techniques can

be performed. EUS guidance is preferred when there

is a nonbulging lesion or collateral vessels are present.

Further RCTs comparing the efficacy of FCSEMS

and PS are required to determine the best option of

endoscopic stent placement for transmural pseudocyst

drainage.
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Introduction

Pain is the dominant and most compelling symptom of

chronic pancreatitis (CP) that mandates intense medical

attention. Pain in CP is multifactorial. From a broad

mechanistic perspective, pain results from a composite

of persistent inflammation and neurobiologic interac-

tions that involves the pancreatic nerves, dorsal root

ganglia, and the pain-modulating architecture within

the brain [1]. It has long been held that ductal hyperten-

sion that results from obstructing pancreatic duct calculi

and strictures is a major driver of pancreatic pain [2].

Experimental studies have recently shown that ductal

hypertension can cause activation of pancreatic stellate

cells, which generates oxidative stress and inflammation

[3]. These observations justify ductal decompression as

a major approach to ameliorate pain. Several surgical

and endoscopic modalities have evolved over the years.

We discuss the current status of endotherapy for

pancreatic ductal stones, with emphasis on shockwave

lithotripsy.

Modalities for stone fragmentation

The primary goal of endotherapy is to break the calculi

into small fragments. This can be achieved directly

during endoscopic retrograde cholangiopancreatog-

raphy (ERCP) (with mechanical, electrohydraulic,

or laser-guided lithotripsy) or with extracorporeal

shockwave lithotripsy (ESWL).

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

ERCP methods

Endotherapy usually involves a pancreatic sphinctero-

tomy [4] and standard accessories (balloons, baskets,

and biopsy forceps) are used to extract stones and frag-

ments [5]. Stents may be placed to facilitate extraction

of fragments after ESWL, especially in patients with

concomitant ductal strictures.

ERCP-directed lithotripsy techniques are far less suc-

cessful (and more risky) than when applied in the bile

duct because stones are often very hard and because of

the natural tortuosity of the duct.

Intraductal mechanical lithotripsy is now

rarely used because of a low success rate and signif-

icant complications [6, 7]. A particular problem for

through-the-scope mechanical lithotripsy is the poten-

tial for the baskets to get trapped or broken, sometimes

requiring surgical removal [8].

Electrohydraulic and laser lithotripsy techniques

are performed under direct visualization using pan-

creatoscopes, which is important since the duct wall is

easily damaged if the energy is misdirected. This risk can

be reduced by using a dual-laser system that recognizes

its target before firing. Experience with these meth-

ods is limited, results are suboptimal, and long-term

follow-up data are nonexistent [9–11]. Currently, EHL

and laser lithotripsy may be considered only as a second

option for stones refractory to a technically sound

ESWL.
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Extracorporeal shockwave lithotripsy
(ESWL)

ESWL has emerged as the preferred method for man-

aging large stones and has been recommended as the

first-line treatment by the ESGE [12]. This is particularly

true for large (>5mm) obstructive calculi located in the

head and body regions. The goal is to reduce the stones

to fragments smaller than 3mm.

Techniques: ESWL machines have four different

components: a shockwave generator, a focusing sys-

tem, a coupling mechanism, and a localizing unit

[13]. Currently available third-generation lithotripters

are equipped with bi-dimensional fluoroscopic and

ultrasonic targeting systems, which have shown better

results (as opposed to the older generation lithotripters)

in patients of any age and stage of the disease. In the

presence of multiple ductal stones, the ones nearest to

the duct orifice should be targeted first. Isolated intra-

ductal stones located in the tail need not be treated with

ESWL. A maximum of 5000 shocks per session with an

intensity of 15,000–16,000Kv and 90 shocks per minute

are usually delivered [14]. The mean number of sessions

required in our cases is 3, with a range of 1–8. ERCPwith

pancreatic sphincterotomy is usually performed after

ESWL to remove the stone fragments. Stenting may

be performed in select situations, for example, in the

presence of a pancreatic ductal stricture. ESWL has been

described as effective in some patients without any use

of ERCP/sphincterotomy, before or afterward [15]. In

patients with radiolucent stones, pancreatic sphinctero-

tomy and nasopancreatic tube placement are performed

before ESWL to facilitate targeting [16]. However,

radiolucent stones tend to be soft and can often be

managed with ERCP extraction techniques alone.

The addition of secretin stimulation for pancre-

atic ESWL was recommended recently. It produces a

fluid–stone interface, akin to that in ureteral stones that

is supposed to result in more efficient fragmentation.

Choi et al. reported in a cohort of 233 patients that

intravenous administration of 16mcg secretin prior to

ESWL resulted in a 63% stone clearance compared with

46% when secretin was not used [17]. Analysis showed

that secretin and pre-ESWL pancreatic stenting were

independent predictors of complete or near-complete

stone clearance.

Anesthesia: ESWL has traditionally been performed

under general anesthesia. In our experience, thoracic

epidural anesthesia (TEA) with bupivacaine 0.25%

(with or without clonidine) to cause D6–D12 segmental

block had yielded favorable results. TEA also offers the

advantage of a reduced procedural time when compared

with the use of standard anesthesia [18].

Precautions: ESWL should be avoided in patients with

stones only in the pancreatic tail, stones all along the

main pancreatic duct, multiple ductal strictures, and

presence of moderate to massive ascites, large pancreatic

pseudocysts, and pancreatic head masses [19].

Efficacy: Several studies have reported rates of com-

plete stone fragmentation, stone clearance, and pain

relief with or without ERCP (Table 15B.1). Recently,

we have demonstrated complete pain relief in 69%

and 60% patients on intermediate (2–5 years) and

long-term (>5 years) follow-up, respectively, after

ESWL in a cohort of 636 patients [25]. ESWL resulted

in complete clearance of stones in 77% and 76% in the

intermediate and long-term follow-up groups, respec-

tively. Fourteen percent of patients in the intermediate

follow-up group and 22.8% in the long-term group had

stone recurrence. However, repeat ESWL was required

in only 4% of patients on intermediate follow-up while

none in the long-term follow-up patients. This study

suggested that pain relief is likely to persist for a longer

duration if ESWL is initiated early on.

In a previous retrospective study of 120 patients by

Seven et al. [24], complete pain relief was observed

in 50%, along with a significant improvement in

quality-of-life scores (VAS) [7.3 (2.7) vs. 3.7 (2.4);

P<0.001). Pain relief was observed in 85% patients

after a mean follow-up of 4.3years. Longest follow-up

period in this study was over 7 years. Proportion of

pain-free patients followed-up for over 4years was

significantly higher than those who underwent surgery

[61% vs. 21%; P= 0.009]. This was in contrast to the

study by Tandan et al., in which most patients were

below the age of 40 years and nearly all of them were

idiopathic [25].

ESWL is effective in stone clearance and amelioration

of pain across different age groups and all etiologies.

We have recently demonstrated that ESWL can be

performed for large stones safely and effectively in

children [26]. In this study, 34.9% children who had

pancreatic ductal calculi greater than 5mm size were

treated with a total of 57 ESWL sessions (range 1–3

session per patient). There were no intraprocedural
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Table 15B.1 Studies evaluating the efficacy of ESWL with or without ERCP for the treatment of pancreatic ductal calculi.

Author Year Treatment Follow-up

in months

N Complete duct

clearance (%)

Overall (complete)

pain relief (%)

Kozarek et al. [20] 2002 ESWL+ ERCP 30 40 NA 80

Farnbacher et al. [7] 2002 ESWL+ ERCP 29 125 64 (48)

Delahaye et al. [21] 2004 ESWL+ ERCP 173 56 48 66

Inui et al. [22] 2005 ESWL+ ERCP 44 237 73 91

ESWL 318 70

Dumonceau et al. [23] 2007 ESWL+ ERCP 52 29 NA 55

ESWL 26 NA 58

Tandan et al. [18] 2010 ESWL+ ERCP 6 1006 76 84

Seven et al. [24] 2012 ESWL+ ERCP 51 120 NA 50

Tandan et al. [25] 2013 ESWL+ ERCP 96 636 76 60.6

adverse events, and only eight (4.8%) patients over-

all (which also included children undergoing only

ERCP) developed postprocedure adverse events in the

form of mild AP in two and abdominal pain in six

patients.

Adverse events: ESWL has a much better safety profile

compared with that of mechanical and electrohydraulic

lithotripsy. Usual complications include acute pancreati-

tis, splenic injury, skin petechiae, bleeding, steinstrasse,

and perforation, with acute pancreatitis being the most

important. A recent study on 1470 pancreatic ESWL pro-

cedures on 634 patients reported an overall complication

rate of 6.7%. Presence of pancreas divisum and the inter-

val between diagnosis of CP and ESWL were risk fac-

tors for developing post-ESWL complications with odds

ratios of 1.28 each. On the other hand, male gender, dia-

betes, and steatorrhea were associated with odds ratios

for complications of 0.50, 0.45, and 0.19, respectively,

indicating that these are protective factors. Out of these

three, male gender emerged as the single independent

protective factor against moderate-to-severe complica-

tions (odds ratio 0.19) [27].

Conclusion

The published literature and our own large experience

show that ESWL, with or without ERCP, is a major

advance in the management of pancreatic stones. The

technology and specific methods deserve to be more

widely applied, akin to the universal popularity of

ESWL for kidney stones.
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PART C: Endoscopic management: celiac plexus blockade
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Introduction

Pain is the dominant symptom for many patients

with chronic pancreatitis (CP), and its management

is difficult. Opioid analgesics are often prescribed, but

they carry the risk of tolerance, addiction, and a myriad

of gastrointestinal side effects with prolonged use.

Blocking the relevant afferent nerves in the celiac

plexus is a logical approach to treatment. This has been

achieved during surgery, and by percutaneous injection,

which was first described in 1914 [1]. Localization of

the site of injection by fluoroscopy was superseded by

CT guidance; more recently, endoscopic ultrasound

(EUS) has become the preferred method.

Technique

The patient is placed in the left lateral decubitus

position and sedation is administered. A linear array

echoendoscope is advanced to the takeoff of the celiac

artery from the aorta, which is seen just after traversing

the gastroesophageal junction. The celiac plexus is

located anterolateral to the celiac artery and is com-

posed of paired ganglia. Under Doppler guidance, a

fine-needle aspiration (FNA) needle, without a stylet

and preflushed with saline to remove air, is advanced

into the soft tissue anterocephalad to the celiac artery

(central injection; see Figures 15C.1–15C.3), into the

soft tissue on either side of and caudal to the celiac

artery (bilateral injection) or directly into the celiac

ganglia (oblong hypoechoic structures with hyperechoic

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

foci; see Figures 15C.1 and 15C.4). The 19-gauge needle

is more difficult to insert, particularly when there is a

short distance between the gastric wall and the intended

site or structure for injection, but generally allows for

easier injection due to its larger diameter. Conversely,

the 22-gauge needle is easier to insert but more difficult

to inject through given its smaller diameter. Care must

be taken to evaluate the anatomic structures near the

celiac artery takeoff, particularly the left adrenal gland,

which can be easily mistaken for a celiac ganglion; to

aspirate prior to each injection to ensure no return of

blood; and to administer prophylactic antibiotics. The

injectate for a celiac plexus block typically consists of a

local anesthetic (usually 20 cc of 0.25% bupivacaine)

and a corticosteroid (usually 80mg of triamcinolone).

This is in contrast to a celiac plexus neurolysis where

alcohol is used instead of a corticosteroid in order to

ablate the plexus. The total quantity of injectate can be

administered centrally or into the ganglia or divided in

half for bilateral injections.

Complications
Minor but more frequently occurring complications

of celiac plexus blockade are due to sympathetic

blockade and include transient hypotension, diar-

rhea, and an increase in pain. This suggests that they

should be considered to be side effects as opposed

to true complications of the procedure. Major but

infrequent complications that have been previously

reported include retroperitoneal abscess and bleeding,

ischemia, and empyema. It is possible that retroperi-

toneal abscesses are more likely to occur in patients

249
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Figure 15C.1 The celiac ganglia, measuring 1.45 cm, is seen just
anterior to the takeoff of the celiac artery from the aorta.

Figure 15C.2 Color Doppler shows flow in the aorta.

who either do not receive prophylactic antibiotics or

use acid suppressive therapies. A recent large case series

evaluated 128 patients who underwent a total of 189

procedures and reported a total complication rate of

1.6%, with 0.5% and 1.1% categorized as major and

minor, respectively, and 0.5% considered minor and

lasting for greater than 48hours [2]. When the authors

pooled their results with those of prior studies, they

reported a total complication rate of 4.7% with 0.6%

and 4%, categorized as major and minor, respectively,

and 1.9% considered minor and lasting for greater than

48hours [2]. There have been two reports of fatality

Figure 15C.3 A 19-gauge needle is inserted into the celiac gan-
glia.

Figure 15C.4 A 1-cm celiac ganglia is seen as a hypoechoic
oblong structure with hyperechoic foci.

after EUS-guided celiac plexus neurolysis, one occurring

after inadvertent injection into the celiac artery [3] and

the other after 13 procedures over 4 years resulted in

gastric and aortic necrosis and perforation [4]. While

there have been six reports of permanent paraplegia

[5–10] as well as three reports of reversible paraplegia

[11–13] occurring after percutaneous celiac plexus

blockade, permanent paraplegia due to the endoscopic

approach has been only reported once [14].

Outcomes
Despite the heterogeneity of prior studies of endoscopic

celiac plexus blockade with regard to patient selection,

technique, and assessment of outcome, two reviews
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reported pooled rates of pain relief of 51.5% [15] and

59.5% [16]. These reviews incorporated unpublished

abstracts and studies that utilized the same patients

in two separate publications. However, even after

excluding these abstracts and duplicated patients, the

pooled pain relief rates for endoscopic celiac plexus

blockade is 50% (see Table 15C.1). Unfortunately, the

mean duration of pain relief has been reported to be

approximately 1 month [16].

Two randomized trials have compared endoscopic

versus percutaneous celiac plexus blockade. The first

by Gress et al. randomized a total of 18 patients: 10

to endoscopic and 8 to percutaneous bilateral celiac

plexus blockade with short-term pain relief rates of

50% and 25%, respectively. The median pain score

decreased from 8 to 1 versus 10 to 9 at weeks in the

endoscopic versus percutaneous arms, respectively [23].

Overall, 30% of patients had relief at 24 weeks in the

endoscopic arm but only 12% did at 12 weeks in the

percutaneous arm. The second study randomized a total

of 56 patients: 27 to endoscopic and 29 to percutaneous

bilateral celiac plexus blockade with pain response in

70% versus 30% (P=0.04), respectively [20]. Both

studies were small and had methodologic limitations.

However, the endoscopic approach may better localize

the site of injection as there is considerable topographic

variation of the celiac artery and, therefore, location

of the celiac plexus [24]. This is also one potential

reason why there have been no differences between

central versus bilateral celiac plexus blockade. A cohort

study evaluating central versus bilateral injection for

blockade and neurolysis in patients with CP (n= 79)

and pancreatic cancer (n= 72), respectively, found that

bilateral injection is an independent predictor of pain

relief (OR 3.55, 95% CI: 1.72–7.34, P= 0.001) [24]

but this was not supported by a recent trial utilizing

this technique for celiac plexus neurolysis in patients

with pancreatic cancer [25]. There have also been

no differences in rates of pain relief between 1 or 2

injections in patients undergoing celiac plexus blockade

for CP [19] or celiac plexus neurolysis for pancreatic

cancer [26].

Levy et al. demonstrated that direct visualization

and injection of the celiac ganglia in patients with

CP resulted in pain relief in 80% (4/5 undergoing

neurolysis) and 38% (5/13 undergoing blockade) [17].

Subsequent studies have established the superiority of

celiac ganglia over celiac plexus neurolysis for pain relief

in patients with pancreatic cancer [27, 28]; however,

there have been no trials evaluating celiac ganglia

blockade in patients with CP. It is possible that the

celiac ganglia are more commonly visualized in patients

with pancreatic cancer, particularly in advanced stages,

due to metastases to the celiac axis. There have been

other techniques used for pain relief in patients with

pancreatic cancer, including EUS-guided insertion of

radioactive seeds into the celiac plexus [29] and broad

plexus neurolysis over the superior mesenteric artery

[30]. However, neither is in widespread use and neither

have been evaluated for CP.

Table 15C.1 Studies evaluating celiac plexus block for chronic pancreatitis.

Author

[Refs]

Year Number of

patients

Response Number of

EUS criteria

Calcifications? ERCP

Levy [17] 2008 18 5/13 steroid 4/5

alcohol

≥4 Not stated No

Gress [18] 2001 90 50/90 Not stated Not stated Cambridge

classification

Leblanc [19] 2009 50 31/50 10% in those

who had repeat

block

≥3 Yes Cambridge

classification, 49%

with mild CP

Santosh [20] 2009 27 19/27 ≥6 Yes No

Sahai [21] 2009 79 Not reported for CP ≥5 Yes No

Stevens [22] 2012 40 6/40 Rosemont

Indeterminate or

higher

Not stated No
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While alcohol was used to perform neurolysis in five

patients with CP in the study by Levy et al. [17], alcohol

is typically avoided in benign conditions such as CP for

two reasons. The first is the theoretical concern that

permanent ablation of the celiac plexus will lead to

unopposed parasympathetic activity. However, a small

study of six patients undergoing percutaneous celiac

plexus neurolysis found that permanent denervation

does not occur as cardiovascular parameters (blood

pressure, pulse) returned to normal after 1 day, pan-

creatic hormone levels remained constant, and pain

returned 1 week after neurolysis [31] possibly because

the celiac plexus is only partially destroyed on histologic

examination [32]. The second is the concern that

the use of alcohol in CP could lead to a desmoplastic

reaction that could make subsequent pancreatic surgery

more difficult and unsafe but there is no data to support

or refute this claim.

A recent well-designed randomized trial of bilateral

celiac plexus blockade in patients with CP compared

bupivacaine (n=19) versus the combination of bupi-

vacaine and triamcinolone (n=21) and found 1 month

response rates of 15.8% versus 14.3% (P=0.64),

respectively [22]. The study concluded that the addi-

tion of triamcinolone did not augment the effect of

bupivacaine alone.

Editorials on endoscopic celiac plexus blockade

have been advocating for a sham-controlled trial for

many years [33, 34], and this led to a multicenter

effort to conduct a randomized, double-blinded, and

sham-controlled trial of patients with painful CP. The

interim analysis of this trial, presented at DDW 2014,

showed a significant reduction in pain scores at 1

month, assessed by the visual analog scale, of −29±46%
versus +1±26% for bilateral endoscopic celiac plexus

block (n=18) and sham (n=18) (P=0.011), respec-

tively. However, there was no difference in the use

of morphine between the two groups. The planned

enrollment is 40 patients per arm [35].

Limitations of celiac plexus blockade
There are two primary limitations of all studies evaluat-

ing celiac plexus blockade for pain relief in CP. The first

is the method by which CP was defined as there is no

“gold-standard” for the diagnosis of noncalcific CP.

While histopathology has commonly been used as

the “gold standard,” there is no consensus among

pathologists on the quantity and extent of fibrosis and

chronic inflammation necessary to diagnose noncalcific

CP. Since tissue acquisition can cause acute pancreatitis

and histologic evaluation often demonstrates focal and

patchy disease in noncalcific CP, routine biopsy is not

performed. It is also known that histologic fibrosis is

commonly found in asymptomatic individuals who are

older [36], consume alcohol [37] and/or smoke [38],

and are obese [39]. Upper abdominal pain alone is nei-

ther sensitive nor specific for noncalcific CP as a number

of other conditions present with similar symptoms. Even

in patients with established findings of CP on CT imag-

ing, there is a poor correlation between those findings

and pain [40]. Histology is often obtained at the time

of surgical intervention in most patients with CP, which

biases the performance characteristics of any preopera-

tive diagnostic test to those with more severe disease.

EUS was the primary diagnostic test used to diagnose

CP in prior studies evaluating celiac plexus blockade

(see Table 15C.1). Based on studies utilizing histology

as the reference standard, EUS was reported to have

sensitivities of 75–91% and specificities of 80–100%

for CP [41–43]. However, these studies had many

limitations, including surgical resection for cancer in

95% [41], high pretest probability of CP based on

smoking (72%) and history of acute pancreatitis (94%)

[43], and variable thresholds of fibrosis utilized to

define CP [41–43]. Only one study to date, published in

abstract form, evaluated the ability of EUS to diagnose

noncalcific CP in 50 patients undergoing total pancrea-

tectomy over a 2.5-year period [44]. EUS demonstrated

poor discrimination with an AUC of 0.59. The positive

predictive value for an abnormal EUS was 72% when

six or more criteria were present. There was a clear

selection bias for patients with severe or suspected

severe disease, and it is not known whether this cohort

represented consecutive patients or only patients in

whom histology was obtained. Overall, the lower

threshold for EUS criteria increases sensitivity, whereas

the higher threshold increases specificity for a diagnosis

of CP. Given the high interobserver variability for the

standard EUS criteria [45, 46], the Rosemont criteria

were developed in 2009 as a four-level probability

classification system that assigns weights and numerical

thresholds to the different EUS criteria [47]. However,

the Rosemont criteria are more cumbersome, based

on expert opinion as opposed to a histological stan-

dard, and have not improved interobserver variability

[48, 49].
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The second and more important limitation of endo-

scopic celiac plexus blockade is the lack of recognition

that the mechanisms of pain in CP are complex. It is

clear that ongoing peripheral nociceptive input from a

chronically inflamed pancreas results in altered central

pain processing [50]. For this reason, endoscopic and

surgical interventions have variable efficacy and most

patients ultimately will require opioid analgesics for

the management of their pain, which only increase

central sensitization, lead to tolerance, and a myriad of

gastrointestinal side effects, including narcotic bowel

syndrome. Opioid dependence has been shown to be

a factor associated with a reduced pain response in

patients with CP undergoing celiac plexus blockade

[51] as well as another denervation procedure, tho-

racic splanchnicectomy [52]. Peripheral nerves also

display a remarkable ability to regenerate [53], and this

might also explain the limited efficacy of celiac plexus

blockade.

Indications
The technique and risks of endoscopic celiac plexus

blockade are now well established, and it has an

unequivocal palliative role in patients with pancreatic

cancer. However, the rather short duration of any bene-

fit (weeks or months) reduces its value in patients with

CP. It should also be noted that the role of celiac plexus

blockade for the treatment of chronic upper abdominal

pain of unclear etiology has not been established. There

are limits to the number of times the procedure should

be repeated. The respite from pain may be valuable as a

temporizing measure and as a bridge to more definitive

surgical therapy or chronic pain management. Some

practitioners advocate the use of celiac plexus blockade

as a patient selection tool for total pancreatectomy but

this requires further study.

Conclusion

Endoscopic celiac plexus blockade is a useful tool in

managing painful CP, but with limited indications.
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Although the history of pancreatic surgery extends

functionally back into the late 1800s, what we call

the start of our understanding of modern pancreatic

surgery for chronic pancreatitis really began in the

1940s. Indeed, pancreatic surgery lagged behind the

surgery of other visceral organs, probably because of

several aspects well voiced by von Mikulicz-Radecki

in 1903 [1]: “The cause of the tardy development of

the surgery of the pancreas… three reasons… 1) the

topographical relations to other organs; 2) the difficulty

in diagnosis; and 3) the operation… is more dangerous

than an operation upon any other abdominal organ.”

When one considers these points pre-1940, experience

with pancreatectomy (for cancer) was just beginning,

because of several reasons: an objective, radiographic

diagnosis was not possible, and the concepts of critical

care medicine were only starting to develop. Specifically,

for chronic pancreatitis, no imagining procedure could

differentiate dilated from nondilated pancreatic ducts

preoperatively (no CT, MRI, ERCP, etc.) or reliably rec-

ognize the extent of the inflammation (or lack thereof),

and many (if not most) of the patients were alcoholics

and malnourished. Thus, our starting point of modern

pancreatic surgery begins at about 1940. This review

focuses primarily on the seminal publications/thoughts

that laid the foundation for our current understanding

of the surgical approaches to chronic pancreatitis.

The approaches to treating chronic pancreatitis that

have persisted to date are as follows:

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

a. denervation of the pancreas – visceral, autonomic

splanchnicectomy

b. pancreatic resection – distal based versus proximal

based

c. ductal drainage (± an element of resection)

d. islet (auto)transplantation after resection.

These are the principles from which our current oper-

ative strategies to the treatment of chronic pancreatitis

derive. This review represents our interpretation and is

not exhaustive, but it is rather a recounting of what we

consider to be the important surgeons and operative pro-

cedures introduced.

Pancreatic denervation

The primary symptom of chronic pancreatitis is

PAIN – and the visceral, autonomic nerves rather than

the somatic nerves mediate this form of deep-seated,

boring epigastric and back pain. The approach to the

pain of chronic pancreatitis differed radically from the

approach to the management of pancreatic neoplasms.

Moreover, in the 1940s, pancreatic resectionwas fraught

with multiple problems related to the reconstruction of

the upper gut after a major resection, pancreatic fistulas,

and nutritional support in often malnourished patients,

many of whom were alcoholics. Indeed, experience was

limited, and a neurectomy from a translumbar approach

was a much less morbid operation. From 1942 onward,

Mallet-Guy and colleagues [2–4] from Lyons, France,

256
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and DeTakats and Walter did much to popularize (and

study) the procedure of operative splanchnicectomy and

celiac ganglionectomy for “chronic relapsing pancreati-

tis” having diverse etiologies. According to Mallet-Guy,

those patients with dilated pancreatic ducts, pancreatic

duct calculi, and patients with pancreatic cysts were

not suitable candidates for splanchnicectomy or celiac

ganglionectomy. Consequently, his procedure excluded

more than half the patient population with chronic

pancreatitis. Interestingly, Mallet-Guy maintained that

the operation was not directed at so much the pain but

rather at the process of recurrent, relapsing pancreatitis.

Thomas White in 1965 spent a year in Lyon, France,

while on a Guggenheim fellowship reviewing the

records of all patients undergoing splanchnicectomy

and celiac ganglionectomy performed by Mallet-Guy up

to 1965 [5]. White felt many of the patients’ records he

reviewed had acute gallstone pancreatitis from which

they recovered after cholecystectomy and remained

pain free. Indeed, many of this group of patients would

have been expected to remain pain free with or without

splanchnicectomy, as well as incurring further damage

to the pancreatic parenchyma. Others who tried to

duplicate Mallet-Guy’s procedure at the time found that

a large percentage of their patients failed to obtain or

sustain pain relief.

The early 1990s saw a transient resurgence of inter-

est in splanchnicectomy for chronic pain with the ability

to perform a splanchnic nerve transection thoracoscop-

ically; results have been mixed and did not yield a long

duration of pain relief [6, 7].

Pancreatic resection

Prior to the 1950s, pancreatectomy was not performed

commonly, and especially so for chronic pancreatitis.

Experience with resection for pancreatic cancer was

growing via work by Whipple, Brunschwig, and many

others [1] – remember, there was no cross-sectional

imaging available, so most resections were explorations

for “painless jaundice” for presumed pancreatic cancer.

Distal pancreatectomy avoided the need for pancreato or

bilioenteric anastomosis, and (probably) the assumption

that the amount of pain was proportional to the amount

of diseased parenchyma or to preserve the duodenum

led to the left-to-right-sided approach to resection;

that is, a 60% distal pancreatectomy to 80% subtotal

pancreatectomy to 95% near total pancreatectomy to

100% pancreatectomy – total pancreatectomy. Many

centers adopted this approach of “creeping” proximal

resections suggested early on by Child, Frey, Braasch,

Warren, Clagett, Longmire, White, Cattell, Jordan, and

others [8–12].

Parenchymal resections of ≥80% produced pain relief

in 80% of patients, which was no better than operations

such as pancreatoduodenectomy that preserved a

greater amount of pancreatic parenchyma. Extensive

pancreatic resections (80% or more) were abandoned

by their proponents including Child and Frey after

they presented their results with 77 patients at the

American Surgical Association due to the devastating

consequences of the procedure, which led to brittle

diabetes and pancreatic insufficiency in a majority of

patients. As stated by Dr Child who originated the 95%

distal pancreatectomy, “it was an experiment which

failed” even surprisingly after total pancreatectomy and

eventuated in pancreatic insufficiency in an already

difficult patient population (largely alcoholics).

The success of the 95% distal pancreatectomy and

pancreatoduodenectomy focused attention to the head

of the pancreas as the principal anatomic target in pain

relief. Longmire referred to the head of the pancreas as

“the pacemaker of pain” (Traverso, personal communi-

cation). This concept led Longmire in the United States

to suggest a proximal resection (pancreatoduodenec-

tomy) [13] and Beger in Germany [14] to concentrate

on resecting the head of the pancreas as the source

of the majority of the pain in chronic pancreatitis.

Their approach designed to preserve the parenchyma

of the body and tail of the pancreas had surprisingly

good results (prolonged pain relief in up to 85% of

patients). The concomitant growing experience with

pancreatectomy for pancreatic cancer further supported

this practice and offered operative experience with the

technical aspects and postoperative care of the post-

pancreatic patient. Currently, this approach of proximal

resection persists for small-duct chronic pancreatitis.

Ductal drainage (± partial,
nonanatomic resection)

Two types of chronic pancreatitis were noted both intra-

operatively and preoperatively with the development

of cross-sectional imaging: small-duct disease and
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large-duct disease. The latter was presumed to be

related to ductal obstruction with related increases in

intraductal pressure leading to the presumed associated

pain of chronic pancreatitis – thus the concept of “ductal

drainage” by some form of pancreaticoenterostomy. One

of the earliest “successful” ductal drainage procedures

was a true tube pancreatostomy by Link in 1909 [15];

this surgeon mobilized the body/tail of the pancreas,

filleted open the dilated pancreatic duct, placed a tube

within the duct, closed the duct/parenchymal pancreatic

incision (pancreatotomy), brought the gland through

the mesocolon, and exteriorated the tube (wow!).

Thereafter, a number of anecdotal attempts at enteric

ductal drainage were made but were unsuccessful.

Similarly, an era of interest in sphincterotomy of the

ampullary sphincter ensued under the impression

that proximal “relief” of the ductal obstruction by

sphincterotomy would prevail [16, 17], but results were

inconsistent.

The first real breakthrough came from the work of

DuVal in 1954 [18] in which he performed a limited

resection of the tail of the pancreas (with splenec-

tomy) to which a Roux limb was sewn for retrograde

drainage of the pancreatic duct in two patients with

good results. Over the next 6 years, modifications of the

pancreatojejunostomy were evaluated. The procedure

was improved on by Puestow and Gillesby in 1958

[19], when they reported their experience with 22

patients in whom they not only performed the short

distal pancreatectomy (with splenectomy) to help

locate the pancreatic duct, but they also filleted open

the duct proximally and sewed a Roux limb onto this

filleted-open pancreatic ductotomy. Their work was

based on their five basic principles (the following four

of which are still largely believed to be true today):

(i) the pain of chronic pancreatitis is secondary to

increased intraductal pressure; (ii) calcification/stone

formation is from calcium-soap formation within the

duct (stasis); (iii) the pancreatic duct often has multiple

sites of obstruction, all of which require drainage;

and (iv) inflammation of the ductal system occurs

when strictures are present that prevent free com-

munication of ductal fluid throughout the duct. This

concept of multiple sites of ductal obstruction proved

to be a major advance in our understanding of the

success of ductal drainage procedures and appears to be

why proximal-based sphincterotomy and distal-based

drainage alone (per DuVal) did not always work.

Besides, it is often overlooked that they also described a

pancreaticogastrostomy as well. Partington and Rochelle

[20] further improved the technique by accomplishing

a similar, total ductal drainage via a side-to-side pancre-

aticojejunostomy but without the added morbidity of a

distal (albeit limited) pancreatectomy and without the

need for a concomitant splenectomy and its morbidity.

These forms of ductal drainage persisted as the pro-

cedure of choice for large duct disease until the 1980s,

when the work of Frey and Smith [21] extended this

concept by adding a concomitant, nonanatomic, subto-

tal pancreatic head resection to the ductal drainage. This

procedure was based on their observations that drainage

of the main duct alone often left multiple side branches

undrained usually in the head of the gland (where the

duct dives posteriorly) due to inflammatory obstruction

of segmented ducts and on occasion an enlarged head

of the gland. This concept was influenced by the suc-

cess of the 95% pancreatectomy in achieving pain relief

with the removal of the head of the pancreas and also

possibly influenced by the work of Beger [14] as well as

Longmire’s contention that the pacemaker of the pain

was in the head of the pancreas. Frey and Smith “cored

out” the head of the pancreas without the need for full

mobilization of the posterior surface of the gland, often

the trickiest part of the mobilization for either a Beger

procedure or a pancreatoduodenectomy, and especially

so in some patients with severe, chronic inflammatory

changes involving the retropancreatic superior mesen-

teric vein.

Islet cell autotransplantation

With the growing success of organ transplantation,

the transplant surgeons approached this disorder in

a different and complimentary fashion in the mid- to

late-1960s. From a metabolic standpoint, one of the

major drawbacks of any pancreatic resective procedure

is the potential for the development of pancreatic

insufficiency and especially the brittle diabetes that

can ensue in an already compromised (often alcoholic)

patient. Why not resect the offending organ (the pan-

creas), but then (auto)transplant the islets to prevent

(or at the least ameliorate) the resultant diabetes. While

some groups were developing whole organ pancreatic

transplants for diabetes [22], others were concentrating

on selective forms of islet cell (auto)transplantation.
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A major advance was the use of collagenase digestion

by Moskalewski [23] to help disperse the islet cells

from the pancreatic tissue. Lindal et al. [24] improved

the islet cell purification via the use of Ficoll gradient

separation, although yields were low. Nevertheless,

Ballinger and Lacy [25] first reported the success of

these islets in reversing the diabetes in rats as a proof of

principle. Mirkovitch and Campiche [26] approached

the concept of auto islet cell transplantation by using

digested pancreatic tissue rather than isolated islets.

Their concept was adopted clinically by others [27,

28] with some success, but the process of infusion of

“digested” pancreatic tissue into the portal system had

too many potential side effects. Since then, the work

of many groups (Sutherland, Lacy, Najarian, Sharp,

and others) have further perfected the isolation and

culture of pancreatic islets and sparked our current pro-

grams in total or near-total pancreatectomy with auto

islet transplantation in selected patients with chronic

pancreatitis.

Summary

Our current approach to the operative treatment of

chronic pancreatitis is founded on this prior work

of many different innovative investigators around the

world and still remains founded on the concepts of

neural mediation of pancreatic pain, resection of the

inflamed pancreatic parenchyma, ductal drainage, and

auto islet transplantation. But admittedly, we treat

the symptoms. Maybe the next advance will be its

prevention through genetic screening for identifying

the population at risk for developing pancreatitis (not

all alcoholics develop acute or chronic pancreatitis),

environmental “epigenomic” factors, nutritional or

anti-inflammatory supplements, and of course, a more

effective educational program of intervention BEFORE

the process becomes established.
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Introduction

With the development of subspecialization in the field

of pancreatic diseases over the last two decades, there

has been a gradual paradigm shift away from the

nihilistic view that other than for complicated disease,

surgery has a limited role in the management of pain

in patients with chronic pancreatitis (CP), in particular

in the alcohol-induced group. In the past, surgery

has not enjoyed a good track record because of the

morbidity and mortality of major resection operations,

the development of exocrine and endocrine insuffi-

ciency, and shortened life expectancy. In the 1980s, the

conservative school enjoyed further support when the

Zurich group introduced the concept of the “pancreatic

burn out syndrome.” Their long-term studies on the

natural history of CP showed that pain relief developed

pari passu with the deterioration of pancreatic function

and that this followed a predictable pattern [1]. They

and others [2] championed the view that by waiting

long enough, less patients would require surgery for

pain. However, subsequent studies have challenged

this concept [3–6]. These showed that at best relief of

pain occurred mostly in the subgroup of patients with

mild recurrent relapsing pancreatitis and not in the

group with severe and persistent pain who required

opiates for pain control. In the words of Warshaw [7], It

seems unreasonable to tell a patient to wait an indeterminate

number of years in the hope of spontaneous subsidence of

pain when surgery can offer a 75% success rate. Yet, it took

some time for the “burn out” concept to be debunked

in the context of delaying surgery in suitable cases. In

recent times, the advent of endoscopic stenting and

extracorporeal shockwave lithotripsy (ESWL) [8] has,

Pancreatitis: Medical and Surgical Management, First Edition.
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to a certain extent, changed the pattern of referral of

patients for surgery.

Subspecialization in pancreatic surgery has signifi-

cantly improved the results after surgery in CP by virtue

of increasingly sophisticated imaging and, refinement

of surgical procedures with the emphasis on maximum

organ preservation. In addition, improved quality of

anesthesia and ICU care and minimally invasive proce-

dures has further reduced post operative morbidity [9].

As a consequence, tailoring of the procedure according

to morphological changes of the pancreas has improved

and made these much safer operations in the hands

of expert pancreatic surgeons. Satisfactory pain relief

can now be achieved with acceptable preservation

of pancreatic function [10]. Whether these improved

results have resulted in an increase in the number of

referrals for surgery remains unclear but at least surgery

has now assumed an important role in the treatment

of patients with persistent and intractable pain who

have failed to improve despite receiving adequate

conservative treatment.

Indications for surgery

Failure of conservative treatment
measures to control intractable pain
in uncomplicated disease
Patients should only be considered for invasive inter-

ventional procedures once all forms of conservative

treatment have been exhausted in order to achieve

satisfactory relief of intractable pain over a reasonable

period of time. Such a period may vary from patient to

patient but it is advisable to err on the conservative side
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unless there is concern about opiate dependency (see

Section “Timing of surgery”).

Details of conservative treatment are discussed in

Chapters 11 and 14. The reader is also referred to recent

published guidelines on CP [11–13].

In summary, the following principles should be

adhered to.

i. Multidisciplinary care

It is imperative that these patients should be man-

aged by a multidisciplinary subspecialist group

experienced in the management of patients with CP.

At the very least, the team should consist of a medical

gastroenterologist, hepatopancreaticobiliary (HPB)

surgeon, an experienced endoscopic interventionist,

and an HPB radiologist. It is prudent to have further

support from a psychiatrist/psychologist, a social

worker, a dietician, and a pain management team.

Close cooperation between gastroenterologists and

surgeons are of paramount importance to avoid

unnecessary and prolonged conservative treatment

on the one hand and premature intervention on the

other (discussed later).

ii. Behaviour modification

Abstinence from both alcohol [14, 15] and smoking

[16] remains the cornerstone of conservative treat-

ment. This can best be achieved with the assistance of

an alcohol dependency counselor or psychologist. In

many countries, patients with alcohol-induced pan-

creatitis live in a poor socioeconomic environment.

Under these circumstances, the assistance of a social

worker is invaluable to provide a holistic approach to

patient management.

There are now well-documented pain control

regimes based on a sequential step-up approach

[11–13, 17]. The mechanisms of pain in CP are

poorly understood and may differ among patients

and change in the individual patient over a period

of time. Two categories mostly seen are those who

present with frequent acute attacks of pain requiring

hospitalization with pain-free periods in between

and those who suffer from severe intractable pain

[4–6]. It is important to exclude other causes of pain

that may mimic pancreatic pain (i.e., NSAID-induced

ulcer disease) and to be aware of the development

of possible complications such as pancreatic fluid

collections (PFCs), when there is a change in the

severity or pattern of the pain.

For all the aforementioned reasons, it is important

to monitor the patient’s progress over a reasonable

period of time before a decision is taken to intervene.

Complications
The most common complications seen in CP are bil-

iary obstruction and PFCs. Duodenal obstruction and

bleeding from segmental portal hypertension or false

aneurysms are much less common. Apart from bleeding

or secondary infections of PFCs, there is seldom a need

for urgent intervention in the other complications and

in many instances these can be managed conservatively

(see Chapter 16c).

Another important indication for surgery is a strong

suspicion of an associated malignancy, which cannot be

excluded on preoperative imaging.

Timing of surgery

The decision and timing of both surgery and other inter-

ventional procedures remain controversial. It is impor-

tant to stress that while the indications for less invasive

nonoperative procedures are currently the same as for

surgery [18], this may change in future with the refine-

ment and further development of minimally invasive

techniques.

The main purpose of any interventional procedure

is to relieve pain so that patients no longer require

opioids, to preserve maximal pancreatic function, and

to restore the quality of life (QOL) [19]. There is a

fine line between the risks associated with surgery and

the problem of addiction to opioids when conservative

treatment is unnecessarily prolonged [18]. There is now

good evidence that prolonged usage of opioids is one

of the important predictors of failure after surgery, both

in terms of pain relief and QOL [20–24]. In addition

to the problem of opioid dependency, there is evidence

to suggest that poor pain outcome after surgery is

associated with greater central sensitization and more

pronociceptive descending modulation, which results

after periods of prolonged pain [25]. It is questionable

whether earlier surgery will prevent this phenomenon.

Trials on this important issue of timing of intervention

are currently being performed. At present, there are no

clear guidelines on how long it is safe to keep patients on

maintenance opioid therapy before it compromises the

results of surgery and other interventional procedures.
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On balance, it would seem reasonable to consider

some form of intervention when opioids are required

for adequate pain control for periods longer than 6

months. However, the decision to intervene early may

be delayed by other factors such as the severity of

comorbid disease and those with small-duct disease,

which often limits the choice of organ-preserving

operations.

Prolonged and repeated pancreatic stenting has been

identified as a risk factor for failure after subsequent res-

cue surgery [22]. Apart from the delay in referral for

definitive surgery, it is conceivable that stent-induced

pancreatitis and a “foreign body” effect may be addi-

tional contributing factors. There is now ample evidence

that surgical drainage operations afford patients signifi-

cantly better long-term pain relief and improved QOL

when compared with endoscopic drainage of the pan-

creatic duct [23, 25, 26]. Endoscopic drainage with or

without ESWL will continue to play an important role

in the management of these patients but it is important

to identify those who will benefit most from this less

invasive interventional approach. In this regard, guide-

lines such as those provided by the European Society

of Gastrointestinal Endoscopy (ESGED) [27] have been

invaluable although further refinement based on level 1

studies are eagerly awaited.

Similarly, guidelines are required for the timing of

referral for surgery when endoscopic drainage has

failed. The proposed randomized trial by the Dutch

Pancreatic Study Group on Early Surgery versus Opti-

mal Step-up Practice for Chronic Pancreatitis (which

will include endoscopic drainage) may provide answers

to these questions [28]. It is also anticipated that the

study will shed more light on the supposition that

early drainage surgery preserves or improves pancreatic

function [29–31]. This will probably be the most difficult

question to answer because progressive deterioration

in pancreatic function is usually inevitable in the

majority of patients despite successful surgical drainage

procedures [10].

Summary and conclusion

Much of the success in the treatment of patients with

CP who have intractable pain depends on a detailed and

holistic approach by a multidisciplinary team of experts.

It is important to ensure, however, that these patients,

who require considerable support, are not stranded

between the various disciplines within the team frame-

work. Ideally, they should primarily be evaluated by

and cared for by a medical gastroenterologist in order

to establish a rapport with the emphasis on monitoring

response to pain control and to adjust medication

requirements accordingly. The recent development of

guidelines with treatment algorithms are encouraging

as are the proposed studies to improve the timing and

selection of interventional procedures.
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Introduction

Complications occur in about a third of patients with

chronic pancreatitis (CP) during the course of the

disease and may lead to considerable morbidity if not

managed appropriately. Modern imaging has become

invaluable in the assessment of the nature and extent

of these complications, while radiological and endo-

scopic interventional procedures have broadened the

treatment armamentarium. This section provides basic

guidelines on management strategies in CP with an

emphasis on a multidisciplinary approach to the most

common complications.

Pancreatic fluid collections

Pathogenesis and pathology
Pancreatic fluid collection (PFC) is now the accepted

nomenclature for the commonly used term pseudocyst.

It is important to stress that PFCs in CP differ from those

seen as a consequence of acute necrotizing pancreati-

tis. The fluid content seldom contains overt necrotic

material; PFCs have a higher incidence of persistent

communication with the pancreatic duct, are often rich

in amylase, and are less likely to resolve spontaneously.

The pathogenesis is thought to be due to one of two

mechanisms: either “retention cysts” secondary to

ductal obstruction or duct disruption with leakage of

pancreatic juice due to focal pancreatic necrosis after

an episode of acute CP [1]. The former tend to present

as “intrapancreatic cysts” and occur most commonly

in the head of the pancreas [2] (Figure 16C.1a), while

Pancreatitis: Medical and Surgical Management, First Edition.
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the latter are “extrapancreatic” and are confined to

the lesser sac (Figure 16C.1b,c) or, occasionally, to

the tail region with or without extension into the

subcapsular plane of the spleen (Figure 16C.1d). These

extrapancreatic fluid collections may leak into the

peritoneal cavity resulting in pancreatic ascites or may

extend along the retroperitoneal space into the pleural

cavity and present as an isolated left-sided pleural

effusion (Figure 16C.2a). The leak may also extend

into the mediastinum or rarely into the pericardial

sac causing cardiac tamponade. Other complications

include secondary infection (pancreatic abscess) or

compression of the bile duct and duodenum causing

obstructive jaundice and gastric outlet obstruction.

These amylase-rich fluid collections may erode into a

contiguous visceral artery causing a false aneurysm,

which may bleed into the PFC or the pancreatic duct,

resulting in hemosuccus pancreaticus.

Management
The treatment of PFCs is determined by several factors.

These include the severity of the patient’s symptoms,

whether their symptoms are attributable solely to the

PFC, the development of secondary complications, the

nature of the PFCs (i.e., intra- or extrapancreatic), and,

importantly, the morphological changes of the remain-

der of the pancreas. Careful evaluation of the patient’s

general state of health, severity of symptoms, and

detailed imaging of the pancreas and biliary system are

required to individualize treatment. CT and MRI/MRCP

are the key investigations used to select the appropriate

treatment. Endoscopic ultrasound (EUS) has become

an important adjunct, both diagnostically to exclude an
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(a) (b)

(d)(c)

Figure 16C.1 Spectrum of pancreatic fluid collection in chronic pancreatitis. (a) CT: Intra-pancreatic head. (b) MRCP: pancreatic duct
obstruction and lesser sac collection. (c) CT: extra-pancreatic lesser sac collection. (d) CT: extra-pancreatic tail of pancreas collection.

underlying malignancy and therapeutically for trans-

mural endoscopic drainage (ED) [3–5]. ERCP is now

reserved for transampullary endoscopic intervention.

Asymptomatic PFCs
Asymptomatic or minimally symptomatic PFCs are

often discovered incidentally while investigating a

patient with CP. Asymptomatic cysts can usually be

observed but there is a notion that cysts >5–6 cm and

those which persist for longer than 6 weeks should be

drained because these do not resolve spontaneously and

there is a higher risk of complications [6]. However, the

data from which this recommendation was formulated

were retrospective studies that included postnecrotic

PFCs. In general, asymptomatic PFCs can be safely

observed [7, 8].

Symptomatic PFCs
Most patients with symptomatic PFCs will require

drainage, but under certain circumstances conservative

treatment can be tried first if, for example, there is

concern about the “maturity” of the PFC or when major

surgery will be required to address associated pancreatic

pathology.

There is a paucity of level I evidence to support

any particular method of drainage, but there is now

accumulated evidence that when feasible, either trans-

duodenal or transgastric ED should be the first line of

treatment [9] preferably with EUS guidance [3–5]. ED

is less invasive than surgical drainage, is safe in skilled

hands, and has a high success rate [8, 10]. Transpapillary

stent drainage is mostly reserved for smaller cysts that

are not amenable to transmural drainage and when

there is communication with the pancreatic duct or

an associated stricture [11]. Intuitively, surgery with

a lateral pancreaticojejunostomy would be the first

choice if there is associated pancreatic duct obstruction

with pancreatic dilatation. However, there is scant

data to support this approach other than that surgical

drainage of the pancreatic duct in this setting is all

that is required [12]. On the other hand, it could be
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(a) (b)

(c) (d)

Figure 16C.2 (a) CT: pancreatic duct obstruction with ascites. (b) XR: Isolated left pleural effusion. (c) ERCP: showing an obstructed
pancreatic duct with stones. (d) Endoscopy: Pancreatic duct stent.

argued that when considering the safety record and

high success rate of ED of PFCs, patients should have ED

first and that surgery should be reserved for failures of

ED [13].

Surgery has now taken a secondary role in the man-

agement of PFCs unless concomitant complications such

as biliary obstruction need to be addressed. A Frey pro-

cedure would be the operation of choice when intrapan-

creatic cysts in the head of the pancreas coincides with

upstream pancreatic duct dilatation.

Pancreatic ascites and pleural effusions
Pancreatic ascites and pleural effusions occur when

there is disruption or a leak from an extrapancreatic fluid

collection and may be associated with a PFC/pseudocyst

(Figure 16C.2a,b). The typical presentation is the

insidious onset of ascites, which is often mistaken for

ascites secondary to decompensated liver disease. The

natural history of pancreatic ascites varies but given

time will resolve spontaneously in a substantial number

of cases. This has made it difficult to determine the

efficacy of conventional treatment aimed at “resting

the pancreas” by nutritional support (parenteral/or

nasojejunal feeding), paracentesis, and suppression

of pancreatic secretion by somatostatin analogs [14].

Prolonged conservative treatment increases the risk

of sepsis in these patients who are usually poorly

nourished.

Endoscopic intervention (papillotomy/stenting) with

the aim of sealing the leak (Figure 16C.2c,d) is an attrac-

tive alternative [15–17] and should now be considered

earlier when rapid response to conventional treatment

is not apparent. In more advanced disease, placement of

a stent beyond the leak or obstruction may be more dif-

ficult to achieve in which case a pancreatic duct drainage

operation remains a viable alternative.
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Bile duct obstruction

Pathogenesis and pathology
Bile duct obstruction (BDO) is commonly seen during

the advanced stages of CP when there is an associated

inflammatory mass and calcification in the head of

the pancreas. The obstruction can be caused by edema

during an acute on chronic attack, compression of a

contiguous intrapancreatic fluid collection, or fibrosis.

The presentation and natural history vary according

to the predominant underlying pathology. The clinical

spectrum ranges from an incidental finding on imaging

with a disproportionately raised alkaline phosphatase

level to overt obstructive jaundice with associated

severe pain. The natural history is often unpredictable

but it should be noted that jaundice may resolve in half

of patients after resolution of an acute on chronic attack

[18]. There are conflicting reports on the risk of devel-

oping secondary biliary cirrhosis. In 11 publications, the

overall incidence was 7.3% and in 4 of these no case

with cirrhosis was reported [19].

Management
There are several clinical and morphological factors that

need to be considered in order to achieve optimal treat-

ment of a BDO in CP.

In addition to the patient’s physical fitness, the four

elective clinical scenarios to consider are as follows:

1 an incidental finding in a nonjaundiced patient with

minimal symptoms;

2 clinical jaundice with or without minimal pain;

3 a combination of jaundice and pain;

4 low-grade BDO (dilated biliary systemwith biochem-

ical cholestasis) in patients who require surgery for

pain.

With regard to pancreatic morphology, consideration

should be given to the following factors:

a. the presence of an inflammatory mass in the head of

the pancreas;

b. bile duct compression by an intrapancreatic fluid col-

lection;

c. size of the pancreatic duct;

d. presence of segmental portal hypertension;

e. concern about an underlying malignancy.

As with PFCs, the morphological changes of the pan-

creas and biliary system need to be carefully mapped by

CT and MRI/MRCP (Figure 16C.3). EUS and biopsy are

indicated when there is a concern about an underlying

malignancy.

Based on the aforementioned information, the man-

agement can be individualized with the size of the pan-

creatic duct having a pivotal role in the decision making

(Figure 16C.4).

1 Asymptomatic or minimally symptomatic low-grade

strictures should be treated conservatively and mon-

itored every 6 month with repeated liver function

tests. Stenting should be avoided as this will result

in bacterial colonization of the biliary system and an

unnecessary long-term commitment to stenting. The

need for a biliary drainage when the alkaline phos-

phatase remains >2–3 times higher than the upper

range of normal [9] remains unclear as are the pro-

posed rationale and timing for surveillance liver biop-

sies [20].

2 Cholecystectomy and hepatico-jejunostomy are the

treatments of choice for patients with persistent jaun-

dice and minimal pain. A Frey procedure should be

considered when there is an associated inflammatory

mass and a dilated pancreatic duct because an appre-

ciable number of these patients will eventually return

with significant pain.

3 In those patients who have significant pain associated

with jaundice, a hepatico-jejunostomy in combina-

tion with a Frey procedure is the ideal operation in

the presence of an inflammatory mass in the head of

the pancreas and a dilated pancreatic duct.

4 Whether a bile duct drainage procedure (hepatico-

jejunostomy) should be added to a Frey procedure

in patients with a low-grade BD stricture (without

jaundice) is unclear but it would seem reasonable

to proceed if the bile duct is significantly dilated.

It is often difficult to determine at the time of

the operation whether the bile duct is adequately

decompressed after “coring out” the inflammatory

mass in the head. The addition of a bile duct drainage

procedure to the Frey procedure does not seem to

increase the morbidity [21].

5 A pylorus-preserving pancreatico-duodenectomy

(PPPD) should be performed if there is doubt about

the presence of an underlying cancer.

6 The surgical options when encountering scenarios 3

and 4 in the presence of a nondilated duct are a PPPD,

Berger procedure, or one of the other hybrid duo-

denal preserving operations. Personal preference and

experience will dictate the choice of operation.
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(a) (b)

(d)(c)

Figure 16C.3 (a and b) ERCP and MRCP: high grade distal bile duct obstruction. (c). CT: grossly dilated bile duct and pancreatic duct.
(d) CT: demonstrating large calcified mass in head of pancreas without dilated pancreatic duct.

Endoscopic treatment
Stenting is the preferred treatment option in patients

who are unfit for surgery and those with associated por-

tal hypertension. In addition, stenting has an important

role in patients who present with cholangitis. In some

cases with an intrapancreatic fluid collection, drainage

may suffice but underlying fibrosis and calcifications

may prevent complete resolution.

Long-term stenting (plastic or expandable) has a

variable track record which is marred by recurrent

blockage and biliary septic complications [8, 9, 22],

although a recent RCT reports, with a 6 month stenting

period, minimal septic complications and a 90% stric-

ture resolution after five years, in those randomized to

removable covered metal stents [23]. While stents are

frequently employed for BDO, surgical bypass remains

the most definitive long-term treatment and should

be considered in all patients who are fit for surgery or

can be made fit when their infective and nutritional

complications have resolved.

Summary
The management algorithm of BDO in CP may at times

become convoluted both in terms of timing and selection

of treatment options. Careful evaluation of symptoms

and morphological changes of the pancreas are required

to tailor the appropriate surgical procedures. Since jaun-

dice frequently resolves spontaneously there is no need

for urgent intervention unless there is associated cholan-

gitis. The overzealous use of stenting should be avoided

when there is asymptomatic low-grade BDO [13, 22].

Duodenal obstruction

Overt duodenal obstruction is less frequently seen

in CP but many patients with advanced disease will
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Clinical presentation 

1. Jaundice and minimal pain
2. Pain and jaundice
3. Pain and low-grade obstruction

Morphological changes 

A. Inflammatory mass
B. Pancreatic duct > 5 mm.
C. Cancer concern

Treatment strategy based on clinical features and pancreatic morphology

H-J, hepatico-jejunostomy;  Frey, Frey procedure; B or H, Beger
PPPD, pylorus preserving pancreatico-duodenectomy;  

1 + A & B 

H-J +? Frey

2 + A & B 

H-J + Frey

3 + A & B 

Frey + H-J

C

PPPD

Treatment algorithm for bile duct obstruction in the presence of a dilated  pancreatic duct 

Treatment algorithm for bile duct obstruction in absence of a dilated  pancreatic duct 

1 + A & B 

H-J +? B or H

2 + A & B 

H-J + B or H

3 + A & B 

B or H + H-J

C

PPPD

Figure 16C.4 Management algorithm for bile duct obstruction according to the size of the main pancreatic duct.

(a) (b)

(d)(c)

Figure 16C.5 (a) ERCP: Bleeding from the ampulla of Vater. (b) CT: false aneurysm in head of pancreas. (c) Selective angiography:
false aneurysm arising from gastro-duodenal artery. (d) Selective angiography: successful embolization.
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have subclinical evidence of delayed gastric emptying.

As with biliary obstruction, an inflammatory mass is

frequently present in the head of the pancreas and

occasionally a contiguous PFC may be an important

contributing factor.

There is no clear consensus on the best surgical

bypass procedure for persistent duodenal obstruction.

The options are kocherization of the duodenum if the

cause is a dominant fibrotic band or a bypass operation

(i.e., duodenoduodenostomy or gastroenterostomy). A

PPPD should be considered when duodenal obstruction

is associated with a BDO and an inflammatory mass in

the head of the pancreas.

Temporary duodenal stenting may be an option in

poorly nourished patients and those who are unfit for

surgery.

Hemorrhage

Hemorrhage associated with CP may be due to

analgesic-induced peptic ulcer disease, false aneurysms

(Figure 16C.5a,b) related to PFCs or gastric varices sec-

ondary to segmental portal hypertension. Surprisingly,

the risk of bleeding from gastric varices is low and there

is no need for prophylactic intervention. Most cases

with bleeding from false aneurysms can be successfully

managed by selective angiographic embolization) [24]

(Figure 16C.5c,d). Surgery should be the last resort and

is aimed at vascular control rather than performing a

major resection unless the aneurysm is situated in the

body or tail of the pancreas.

Overall summary

Complications in CP may occur in isolation or in

combination in about a third of patients during the

course of their disease and are often associated with

pain. Before embarking on therapy, a multidisciplinary

approach is essential and should be based on a full

morphological and clinical assessment. There is robust

evidence for the use of minimally invasive solutions for

PFC, hemorrhage, and pancreatic ascites as first-line

and often definitive therapy. Surgery remains the most

definitive treatment for the drainage of symptomatic

BDO. Additional procedures on the pancreas are often

required when severe pain is associated with BDO.
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Introduction

The first pancreatic duct drainage procedure was

described by DuVal in 1954, which entailed a distal

pancreatectomy and caudal pancreaticojejunostomy

[1]. The operation was then modified by Puestow who

introduced the longitudinal pancreaticojejunostomy of

the body and tail, and shortly thereafter it was mod-

ified to a side-to-side anastomosis. This longitudinal

side-to-side Roux-en-Y pancreaticojejunostomy (LPJ)

was later described in detail by Partington–Rochelle

[2] to whom this operation is now commonly referred

to. This operation is less commonly referred to as a

“modified Puestow procedure.”

This section covers pancreatic duct drainage proce-

dures for pain in uncomplicated chronic pancreatitis

(CP). The surgical strategies for complications such as

bile duct obstruction, pancreatic cysts, and duodenal

obstruction are reviewed in Chapter 16C. Other new

concepts of combining the drainage of the duct and

(organ sparing) resection, the so-called hybrid proce-

dures such as the Frey procedure [3, 4], and the Beger

procedure and Bern procedure are described in detail in

Chapter 16E.

Patient selection

Persistent uncontrolled pain after adequate medical

treatment is the most common indication for surgical

drainage procedures [5–8]. As with other interventional

procedures, patients should first undergo an adequate

trial of intensive medical therapy before a pancreatic

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

drainage operation is considered. This should include

eliminating etiologic factors such as alcoholic consump-

tion, optimal pain medication in a step-up fashion, and

when appropriate administration of pancreatic enzymes

for exocrine insufficiency and control of diabetes melli-

tus [5–8]. Autoimmune pancreatitis is a separate entity

with the opportunity to start with specific treatment

options such as corticosteroids, which might even be

effective in management of ductal stenosis [5–7].

The selection for either a minimally invasive endo-

scopic drainage procedure or one of the different surgical

procedures will depend mainly on morphological fea-

tures as determined by contrast-enhanced computed

tomography (CT) or magnetic resonance imaging (MRI)

[5–8]. The most common morphological changes are an

inflammatory mass and local fibrosis, pancreatic duct

dilatation and stenosis, and ductal stones. Associated

complications such as pseudocysts, bile duct stenosis,

and duodenal stenosis are also frequently encountered.

Considering surgical series from major centers around

the world, there seems to be a remarkable difference

in the morphological changes between series from

the United States and some countries in Europe [9].

When comparing the median sizes of the pancreatic

heads in patients who underwent surgery, Keck et al.

showed a significantly larger pancreatic head mass

in the German group (4.5 cm) when compared with

an American group (2.6 cm) [9]. This resulted in a

different surgical approach. They suggested that the

population might be different in Europe [9]. The results

of a recent analysis from the Netherlands mirrored the

American experience showing that 65% of the patients

underwent a drainage procedure because of a small

273



�

� �

�

274 Pancreatitis

pancreatic head mass while only 18% had a pancreatic

head resection [10]. It remains difficult to explain these

differences of treatment in the same area in Europe.

This might be due to a different treatment philosophy;

delay in referral may also result in more advanced

disease by the time patients come to surgery. A survey

from the Netherlands indeed highlighted a conservative

approach among internists and gastroenterologists

who consider (local) inflammation in the pancreas as

a self-limiting disease, which should “burn out” over

the years, while patients with dilated ducts and stones

are treated primarily with interventional endoscopic

procedures [11]. An inflammatory mass in the head of

the pancreas is a relative contraindication for a drainage

procedure; these are best treated by a resection or a

hybrid procedure (resection and drainage). Patients

best suited for a pancreatic drainage procedure are

those without an inflammatory mass and dilated main

pancreatic duct greater than 5mm in diameter.

Pancreaticojejunostomy
(Partington–Rochelle procedure)

A bilateral subcostal incision provides the best exposure

of the pancreas. This is achieved by full Kocherization of

the duodenum, mobilization of the hepatic flexure of

the colon, and division of the gastrocolic ligament

toward the splenic flexure of the colon. The neck

of the pancreas is usually the best site to enter the

pancreatic duct. The pancreatic duct is identified using

palpation and a syringe or, if these fail, by intraoperative

ultrasonography. The longitudinal incision into the

main pancreatic duct is extended as far as possible

toward the tail and the head. The extension into the

head, as in the Frey procedure, is a new addition to

the original description of the operation and helpful to

remove stones. When the pancreatic duct is exposed,

a biopsy is taken for frozen section if there is any

doubt about a malignancy and stones are removed.

The side-to-side anastomosis with the jejunal limb

is carried out with a one layer continuous or inter-

rupted monofilament 4/0 sutures. The longitudinal

pancreaticojejunostomy is shown in Figure 16D.1. The

Roux-en-Y loop is then completed with a one layer

continuous 3/0 monofilament sutures.

Results of lateral
pancreaticojejunostomy (LPJ)

LPJ is associated with a low morbidity (20%) and mor-

tality (1%) rate. The early and long-term pain relief is

reported to vary between 42% and 100% [3–7, 12, 13].

The outcome of LPJ in studies that included >20

patients is summarized in Table 16D.1 [13]. In these

studies, long-term pain relief was better in patients with

a dilated duct >7mm, while pain relief is relatively low

in patients with nondilated ducts with some studies

achieving only 50% pain relief after 5 years. These

poor results have been attributed to undrained side

duct in an inflammatory mass in the pancreas head and

those with small-duct disease. The alternative drainage

operation for small-duct disease is the V-shaped excision

Figure 16D.1 The longitudinal side-to-side pancreaticojejunostomy. The opened pancreatic duct with ductal mucosa. The posterior
layer is sutured and a start is made for the anterior layer at the schematic drawing.
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Table 16D.1 Results of drainage procedure by pancreaticojejunostomy in series of >20 patients.

Reference No. of patients Complete or partial

pain relief (%)

Mortality (%) Mean follow-up

(months)

Sarles et al. [14] 69 85 4 60

Warshaw [12] 33 83 3 43

Morrow et al. [15] 46 80 0 72

Sato et al. [16] 43 100 0 110

Bradley [17] 48 66 0 69

Nealon et al. [18, 19] 41 93 0 15

Drake and Fry [20] 23 90 0 60

Greenlee and Prinz [21]a 86 80 3 95

Adloff et al. [22] 105 93 2 65

Wilson et al. [23] 20 76 5 60

Delcore et al. [24]b 28 86 0 42

Adams et al. [25] 85 55 0 76

Buhler et al. [26]c 35 42 0 48

Sielezneff et al. [27] 57 84 0 65

Sakorafas et al. [28] 120 81 0 96

Boerma et al. [29, 30] 50 88 0 27

Mean results (±SD) 889 80.1 ± 14.8 1.1 ± 1.7 62.7 ± 24.9

aStudy consisted of 91 patients, 5 omitted who underwent a caudal PJ.
bEighty nine percent of the patients without dilated pancreatic ducts.
cEither ductal or cyst drainage.

Adapted from van der Gaag et al. [13], Aliment Pharmacol Ther 2007; 26 Suppl 2:221–232.

operation described by Izbicki and the Hamburg group

[31]. By excision of the ventral pancreas and removing

a small segment of parenchyma, the duct is opened and

partly a new artificial channel for drainage is created. It

is also a combination of drainage and decompression of

the pancreas [31]. A lowmorbidity (20%) and mortality

(0%) have been reported, with long-term complete

pain relief in 73% of patients after a median follow-up

of 83 months. These results appear to be superior to the

standard LPJ for small-duct disease, but the downside

of this operation is a relatively high rate of new onset

exocrine and endocrine insufficiency. The V-shaped

excision procedure is not widely practiced and as such

there is a paucity of data to support the Hamburg

experience.

Surgical versus endoscopic drainage
procedures

Endoscopic stenting techniques with and without extra-

corporeal shockwave lithotripsy (ESWL) have been

introduced in the 1990s as alternative minimally inva-

sive therapy to surgical drainage operations. Apart from

less morbidity and mortality, these minimally invasive

options may also be associated with fewer new-onset

endocrine and exocrine pancreatic insufficiencies. As

a consequence, endoscopic interventional procedures

have enjoyed increasing support as first-line treatment

for pain due to CP. A review of the short-term results

of endoscopic pancreatic duct drainage for painful CP

showed complete or partial pain relief in 74% of cases

[13]. However, the initial enthusiasm for endoscopic

intervention has been dampened by subsequent studies

showing disappointing long-term results of pain relief

[32, 33]. The first randomized controlled trial (RCT) by

Dite et al. compared endoscopic drainage and different

types of surgical treatment and showed significantly

better pain control in the surgical arm [32]. In the

second RCT, the Dutch group restricted the surgical

procedure to an LPJ, which eliminated the bias in favor

of surgery when there is an inflammatory mass in the

head of the pancreas [33]. After 24-month follow-up,

patients who underwent surgery had lower Izbicki pain
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Figure 16D.2 The mean Izbicki Pain scores at baseline and
6 weeks up to 24 months after endoscopic and surgical
drainage. Adapted from the Cahen et al. [33], NEJM 2007;
356:676–684.

scores (25 vs. 51) and better physical health scores

compared with those who were treated endoscopically

(Figure 16D.2). Complete or partial pain relief was

obtained in 75% after surgery compared with 32%

after endoscopic therapy [33]. A recent analysis with

a longer follow-up period of 79 months showed that

68% of patients treated by endoscopy needed repeated

endoscopic drainage. About half of these patients

needed surgery as opposed to 5% in the surgical group

[34]. Pain relief in the surgery and endoscopy groups

was 80% and 38%, respectively. Costs of surgery were

also lower compared with endoscopy treatment. A

recent meta-analysis confirmed that surgery is superior

to endoscopy in patients with a dilated pancreatic duct

[35].

While it should be conceded that the current studies

comparing surgery with endoscopic treatment for CP

are small and have methodological shortcomings, there

is mounting evidence that surgery provides superior

long-term pain relief when compared with current

endoscopic interventional procedures. Therefore, the

current recommendation from the recent guideline

of the ESGE that endoscopic intervention should be

considered as first-line interventional therapy for pain

in CP should be revisited [36].

Timing for surgical drainage
in relation to other procedures

Considering the relatively high percentage of patients

who need additional surgery after long-term stenting

and on the other hand the good relatively early results,

the choice first stenting, and timing of surgery in this

ongoing disease process needs to be evaluated further.

Older studies did not show a negative effect of previous

stenting [29], but a recent series from the Academic

Medical Center demonstrated that poor response to

surgical treatment for CP in terms of pain relief and

good quality of life was related to increasing numbers

of stenting procedures prior to surgery [37]. Surgery

after more than 3 years of symptomatic disease was

another important risk factor [38]. An experimental

study in pigs also suggested that early surgery resulted

in less histological damage and better exocrine function

[30]. The fact that surgical intervention is generally

performed at a later stage of disease a trial comparing

early surgery versus optimal current step-up practice

for CP is currently performed [39]. In the previous

RCT, it was not allowed to perform a Frey procedure

because only surgical and endoscopic drainage of the

pancreatic duct should be compared [34]. In patients

with intraductal stones in the pancreatic head area, it

is sometimes difficult to remove these stones without

removing a wedge of the pancreatic tissue ventrally to

the duct. Therefore, pancreatic parenchyma in this area

toward the duodenum/papilla is now more frequently

removed to have better access to the duct and this

concept is also accepted in the new ESCAPE trial

[39]. Many surgeons believe nowadays that, therefore,

resection should be part of a surgical procedure. This

might be an explanation for the increasing popularity of

the Frey procedure and other organ-sparing resection

procedures such as the Beger and Bern procedure

(Chapter 16E).

Summary and conclusion

The longitudinal pancreaticojejunostomy (LPJ) has

been used for decades as the only therapeutic drainage

procedure in CP and is nowadays a relatively safe

procedure, but with certain limitations for long-term

pain relief. The introduction of duodenal preserving

resection operations with or without drainage of the
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pancreatic duct has to a large extent superseded LPJ,

especially in those cases with an inflammatory mass

in the head of the pancreas. Yet, this operation still

deserves its rightful place when there is a dilated

main pancreatic duct without an inflammatory mass

in the head of the pancreas. There is good reason to

believe that LPJ should yield results that are similar

to the duodenum-preserving resection operations if

the operation is restricted to these selection criteria.

The proposed RCT comparing Frey and LPJ operations

to endoscopic stenting should throw more light on the

overall role of LPJ in the management of patients with

CP with intractable pain. Timing of surgical drainage

procedures (combined with partial resection) in relation

to long-term outcome, pain relief, and function is an

important subject for new studies.
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Introduction

All hybrid procedures share the concept of resection

of the so-called pacemaker of progression of chronic

pancreatitis (CP), the inflammatory pancreatic head,

while on the other hand the duodenum is preserved.

Duodenum-preserving pancreatic head resection in the

last 20 years has augmented the armamentarium of

the pancreatic surgeon to efficiently address pain and

complications in CP. All procedures – the Berne, Frey,

and Beger procedures – have been proven to be highly

efficient in pain reduction, improvement of life quality,

and avoidance of progression to organ complications

of CP such as duodenal obstruction, bile duct stenosis,

or portal vein thrombosis. In addition, it has been

demonstrated that these procedures can be performed

with a low perioperative morbidity and mortality,

preservation of endocrine and exocrine function of

the organ, and low recurrence rates. The procedures

vary in their extent of resection of the pancreatic

head, the extent of portal vein decompression, and

the inclusion of a biliary anastomosis. Accordingly,

the procedures in part vary in the technical approach

and technical level of difficulty performing these

operations.

Indications for surgery

Pain is the leading symptom of recurrent CP. After

failure of initial limited conservative treatment, oper-

ative treatment for CP is indicated. It is of essential

importance to know that conservative treatment is

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

limited in its efficacy for pain control and has been

shown to be inferior in the efficacy of pain control in

comparison to operative drainage of the pancreatic duct

[1, 2]. Pathophysiologically, pain has been attributed

to multifactorial genesis inxcluding ductal and intra-

parenchymatous hypertension as well as peripancreatic

neuromodular nociception [3, 4]. Procedures addressing

the inflammatory pancreatic head mass (IPHM), the

so-called pacemaker of the inflammation [5], have been

shown in several studies to be even more efficient than

drainage procedures addressing the pancreatic duct

alone [6, 7] (Figures 16E.1 and 16E.2).

Apart from pain, long-lasting pancreatitis might lead

to further mechanical complications in direct proximity

of the pancreatic head such as duodenal stenosis,

cholestasis due to biliary duct stenosis within the

pancreatic head, and partial or complete obstruction of

the mesentericoportal axis leading to portal hyperten-

sion. Local, relatively seldom complications might also

include pseudocyst formation, pancreaticopleural fistula

formation, or pseudoaneurysms at the gastroduodenal

or splenic artery. In the choice of the most effective

hybrid procedure, these mechanical complications have

to be considered when choosing the most effective

operation among the hybrid procedures for CP.

Duodenum preservation or no
duodenum preservation – is that
the question?

Alternatively, procedures that resect the duodenum

together with the pancreatic head usually used for

279
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Figure 16E.1 Progression of the pancreatic head tumor 2 years after a drainage operation. Limiting the operation to the pancreatic
duct in the pancreatic body and tail of the pancreas might lead to persistent symptoms due to the pacemaker function of the pancreatic
head.
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Figure 16E.2 Comparison of long- and short-term results
comparing drainage procedures (D) to resection procedures
(R). On the long-term procedures resecting the pancreatic head
are more effective than simple drainage procedures. Cumulated
data from 13 studies, adapted from [19].

oncologic patients also have been promoted for CP. The

pylorus-preserving pancreatoduodenectomy (PPPD)

[20] and the classic Whipple operation [21, 22] have

been compared with duodenum-preserving opera-

tions in several randomized controlled trials (RCTs;

Figure 16E.3). Whereas the long-term results of these

trials show no difference in the endocrine and exocrine

functions of the remaining pancreas, the efficacy

of pain reduction, and the patients’ quality of life

(QOL), two trials have shown a potential benefit of

Büchler 
(1995)

P.o. mortality
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Figure 16E.3 Randomized controlled trials comparing
duodenum-preserving operations (Frey and Beger) to onco-
logical operations (PPPD and Whipple operation). o, no
difference; +, superiority of duodenum-preserving operation;
p.o., postoperative; QOL, quality of life.

the duodenum-preserving operation in a short-term

perioperative evaluation.

Today, we know from bariatric surgery that preserva-

tion of the duodenum additionally has several beneficial

effects on the hormonal axis in the gastrointestinal tract

that have not been in the focus of the RCTs conducted

earlier for duodenum preservation in CP. It has been

shown, however, that duodenum preservation leads to

a faster recovery of weight and a better glucose home-

ostasis [25].
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Beger operation – duodenum-
preserving pancreatic head resection

Comparative studies have shown that there are dif-

ferences between the determination of size of the

inflammatory head mass between Germany and the

United States [26]. In 1972, Beger et al. [27] developed

an operation to specifically address the IPHM in CP

and at the same time preserve the function of the duo-

denum. This hybrid operation combined elements of

resection and drainage. During this procedure, the pan-

creas is transected over the mesentericoportal axis and

a subtotal resection of the pancreatic head is performed

leaving a small rim of pancreatic tissue on the duodenal

aspect of the pancreas. Leaving this rim not too small

is important for the arterial perfusion of the duodenum

(Figure 16E.4). The reconstruction is performed using

a retrocolic-guided Roux-en-Y loop. One anastomosis is

performed as terminolateral pancreaticojejunostomy to

the pancreatic tail; to this same loop, the second anasto-

mosis is performed as a laterolateral pancreatojejunos-

tomy to the remaining pancreatic rim on the duodenum,

and a third anastomosis is performed as an anastomosis

between the common bile duct in its intrapancreatic

course and the jejunal loop, usually as a laterolateral

anastomosis. The addition of the biliary anastomosis is

necessary in around 25% of the cases when a Beger

procedure is performed [27, 17]. Throughout the

development of this procedure, several modifications

have been published by the group. One modification is

the extension of the resection to the pancreatic tail and

the combination of the original Beger operation with a

drainage procedure leading to a laterolateral pancreato-

jejunostomy instead of a terminolateral anastomosis in

the aforementioned first anastomosis [28]. In any case,

a revision of the pancreatic duct for potential pancreatic

stones in the remaining pancreatic tail has to be per-

formed during this operation. Fresh frozen sections of

pancreatic tissue have to be examined for the detection

of potential occult small pancreatic cancer within the CP.

Given the complexity of the operation, this operation

has the most benefits in cases where due to partial

obstruction of the portal vein this needs to be liberated.

Biliary obstruction in the context of CP is another good

indication; however, there is a biliary restenosis rate of

approximately 4% requiring secondary reoperation or

intervention in the long run after the Beger operation

Figure 16E.4 Beger operation. After a subtotal resection of the
pancreatic head two anastomoses are performed to the remain-
ing pancreatic tail and a rim of pancreas on the duodenum. The
operation can be combined with a biliary anastomosis to the
intrapancreatic part of the biliary duct.

[15]. A comparison of the different hybrid operations

for CP is presented in Figure 16E.5.

Frey operation – duodenum-
preserving pancreatic head resection

Following the aforementioned Beger operation, several

other hybrid operations have been developed. In 1987,

Charles Frey presented an operation that combined a

duodenum-preserving wide excavation of the pancre-

atic head with a side-to-side pancreaticojejunostomy

(Figure 16E.6) [29]. This operation does not need a

dissection of the pancreas at the mesentericoportal axis,

which makes it much easier to perform especially in the

context of severe portal hypertension when dissection

in the plain of the mesentericoportal axis in some cases

might not be possible anymore. Longitudinal resection

of the tissue covering the pancreatic duct is obligatory

in this operation leading to a long laterolateral pancre-

aticojejunostomy. The wide excavation including the

uncinate process is an important step of the operation,

and some authors suggest weighing the resected volume

of the pancreatic tissue in the pancreatic head to guaran-

tee an adequate resection of the pancreatic head tumor.
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Figure 16E.5 Comparison of the various commonly used hybrid techniques. +, always performed; ±, sometimes performed; −, rarely
performed.

The Frey operation by some authors is considered a

limited resection of the pancreatic head [30] in compar-

ison to the subtotal resection achieved with the Beger

procedure. Comparative studies between the Frey and

the Beger operations, however, do not show significant

differences between those two procedures concerning

pain, QOL, as well as postoperative endocrine and

exocrine functions (Figure 16E.7). Given the fact that

both procedures are equally effective, the Frey opera-

tion is much easier to perform and, therefore, is the first

procedure of choice in many centers for the surgical

treatment of CP without further organ complications.

Berne operation – duodenum-
preserving pancreatic head resection

In 2001, Büchler and his group in Berne, Switzerland

[31], published a modified hybrid technique that was

later named the Berne procedure. This operation is a

true hybrid as it combines parts of the Beger operation

and the Frey operation. In detail, the more extended

pancreatic head excavation of the Frey operation is

combined with an anastomosis to the intrapancreatic

common bile duct within the cavity of the pancreatic

head. The Berne operation does not include a long lat-

erolateral pancreaticojejunostomy. By this procedure, a

common cavity of bile and pancreatic juice is generated

in the pancreatic head excavation. Similar to the Frey

operation, there is no dissection of the pancreas on the

mesentericoportal axis. This fact and the limitation of

necessary reconstructive work have shown, in an RCT

with 32/33 patients in each group and a follow-up of

2 years, that the time of the operation and the length of

stay in the hospital were significantly reduced in com-

parison to the Beger operation with similar functional

results [32, 33].

Comparison of hybrid procedures
and PPPD/Whipple operation

There is a very good basis for the evaluation of

duodenum-preserving operations versus non-

duodenum-preserving pancreatic head resection

from a variety of randomized clinical trials. Currently,

five RCTs address this question [23, 24, 34–36]. A recent

meta-analysis by Diener et al. [37], which included the

first four RCTs, did not show differences in perioperative

morbidity. All RCTs have in common that surgery for

CP is associated with excellent perioperative results, and

low morbidity and mortality rates. In addition, there

was no difference between the duodenum-preserving

and non-preserving operations [23, 24, 34–36]. The
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Figure 16E.6 Frey operation. A wide excision of the pancreatic head is combined with a longitudinal drainage procedure. A latero-
lateral pancreaticojejunostomy is performed in a Roux-en-Y fashion.

Author/year

Izbicki et al. [36] 20 vs. 22 NS

NS

NS

NS

≈ 1.5 yrs

≈ 2.5 yrs

≈ 9 yrs

≈ 5 yrs

38 vs. 36

34 vs. 33

42 vs. 50

Izbicki et al. [35] f/u

Strate et al. [40] f/u

Keck et al. [24, 37]

Beger vs. Frey Differences Follow-up

Figure 16E.7 Comparison between the Frey and the Beger operations as short- and long-term observations. f/u, follow-up of the
previous study; NS, no differences in pain, QOL, and endocrine and exocrine functions.

meta-analysis of the first four RCTs [37] and the latest

study, not included in this meta-analysis [24], all

showed that the time for the operation was shorter in

the duodenum-preserving group. In the last studywhere

the Beger and Frey operations were included, this was

attributable to the Frey operation [24]. Long-term obser-

vation of functional results did not show a significant dif-

ference as to endocrine and exocrine functions in those

RCTs. Postoperative weight gain, however, was signif-

icantly improved in the duodenum-preserving groups

when evaluated [34, 36]. The current prospective multi-

center RCT ChroPac demonstrates whether these results

can be transferred to a wider group of surgeons [41].
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Introduction

Chronic pancreatitis (CP) is a debilitating disease char-

acterized by pain, local mechanical complications such

as biliary or duodenal obstruction, and endocrine and

exocrine insufficiency that may lead to a poor quality

of life (QOL) in many patients. Over the last 30 years,

significant developments in the philosophy of man-

agement of CP have occurred. This has been driven by

improvements in imaging, endoscopic techniques, and

the advent of innovative surgical approaches such as the

Frey and the Beger procedures, as well as total pancrea-

tectomy and islet autotransplantation. The history of the

evolution of surgical approaches to management of CP

is covered in detail in Chapter 16A. There now exist a

variety of surgical options for managing CP, which begs

the question of the precise role of pancreatoduodenec-

tomy (PD) among the surgical alternatives currently

available. In this chapter, we endeavor to define both

the indications and the selection of candidates for PD in

patients with CP.

Although the surgical options available have

expanded, the indications for intervention in patients

with CP have remained the same; namely, chronic

pain, either intermittent or constant, is by far the most

common indication. Mechanical complications such

as pseudocysts, pancreatic duct leak or obstruction,

obstructive jaundice, duodenal or colonic obstruction,

hemorrhage, and portal venous obstruction are well

recognized and may need surgical or in some cases

endoscopic intervention. Lastly, at times, distinguishing

an inflammatory mass from a neoplastic head mass

may be difficult and head resection may be necessary to

exclude malignancy.

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

Conservative management with analgesic medica-

tions is typically the initial treatment. Nonoperative

approaches have generally been employed and

exhausted by the time surgical consultation is obtained.

In patients whose QOL has been significantly compro-

mised by pain or mechanical complications, delaying

operative intervention may be counterproductive. Once

the patient has developed neuropathic pain and narcotic

dependence, even complete removal of the pancreas

may not result in pain relief [1]. Moreover, in random-

ized controlled trials (RCTs), surgical intervention has

been shown to be superior to endoscopic treatment

[2–4].

Surgical options for management
of chronic pancreatitis

The choice of operation for patients with CP should

be tailored to both the indication for operation as well

as the morphology of the pancreas itself. With regard

to morphology, patients can be categorized as having

large-duct (7mm or greater) or small-duct disease.

Drainage procedures such as the lateral pancreati-

cojejunostomy have been shown to be effective in

large-duct disease and are particularly suitable when

there is not an inflammatory mass in the head of the

gland. Drainage procedures are covered in Chapter 16E.

Conversely, small-duct disease (6mm or less) has been

best managed with some form of pancreatic resec-

tion. Ideally, the operation chosen should match the

morphology of the gland and address the indications

for operation. If a patient has small-duct disease and

a resective procedure is chosen, it should address

286
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Pylorus preserving pancreatoduodenectomy

Figure 16F.1 Pylorus-preserving pancreatoduodenectomy. Note
the end-to-side mucosa-to-mucosa pancreaticojejunostomy. If
the pancreatic duct in the distal pancreatic remnant is very
dilated (greater than 7mm) lateral pancreatoduodenectomy is
an alternative.

pain, any mechanical complications, if present, and

both exclude and surgically treat malignancy if this

is an issue preoperatively. Although improvements in

cross-sectional imaging have decreased the frequency

with which this question needs to be addressed, the

distinction between benign and malignant disease

remains a dilemma in 6–8% of patients [5].

The resective procedures include the standard PD

(with distal gastrectomy), the pylorus-preserving

pancreatoduodenectomy (PPPD) (Figure 16F.1), the

duodenum-preserving pancreatic head resection

(DPPHR) (Beger procedure) (Figure 16F.2), and the

local resection of the pancreatic head with longitudinal

pancreaticojejunostomy (LR-LPJ) (Frey procedure)

(Figure 16F.3). The latter two procedures are theoret-

ically attractive because they appear to interfere less

with postprandial digestive physiologic function (gastric

emptying) and the postprandial milieu (preservation of

duodenal enteroendocrine cells).

Duodenum-preserving pancreatic
head resection (Beger procedure)
and local head resection of the
pancreatic head and longitudinal
pancreaticojejunostomy (Frey
procedure)

Extensive literature has focused on the comparison of

PD to duodenum-preserving operations such as the

(a)

(b)

Figure 16F.2 (a) Beger procedure with near complete resection
of pancreatic head. Note the preservation of posterior capsule of
pancreas and bile duct. If obstructed, the intrapancreatic portion
of the common bile duct can be opened in the proximal pan-
creatic head remnant and included in the proximal side-to-side
pancreaticojejunostomy. (b) Note two pancreatic anastomoses
for reconstruction: end-to-end pancreaticojejunostomy to the
distal pancreatic remnant and a-side to-side pancreaticojejunos-
tomy to the proximal pancreatic remnant.

(a)

(b)

Figure 16F.3 (a) Frey procedure with filleting of the pancreas
longitudinally from splenic hilum to medial wall of duodenum.
The head of the gland is unroofed or “cored out.” Care needs
to be taken to protect the common bile duct as it courses pos-
teriorly. (b) Longitudinal pancreaticojejunostomy includes the
filleted portion of the pancreatic duct in the neck, body, and tail
as well as the excavation cavity in the head of the gland.

Beger [6] and Frey [7] procedures. Multiple RCTs com-

paring the short-term outcomes of PD with the Beger

and Frey procedures have been performed, demonstrat-

ing lower morbidity with both when compared with

PD. Klempa et al. [8] compared Whipple (n=22) with

Beger (n=21) and demonstrated that patients who

underwent the Beger procedure experienced a more
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rapid convalescence of 16.5 versus 21.7 days. Buchler

et al. [9] compared PPPD (n=20) with the Beger proce-

dure (n=20) and demonstrated that after duodenum-

and pylorus-preserving resections, morbidity was 15%

and 20%, respectively. After 6 months, patients who

underwent the duodenum-preserving resection had

less pain, greater weight gain, better glucose tolerance,

and a higher insulin secretion capacity [9]. Izbicki et al.

[10] compared PPPD (n=32) with the Frey procedure

(n= 32) and found that in-hospital complications were

53.3% and 19.4% (P< 0.05), respectively. They noted

delayed gastric emptying in 9 of 32 patients in the PPPD

group. Mechanical complications of adjacent organs

were definitively resolved in 100% in the PPPD group

and 93.5% in the Frey group. The pain score decreased

by 95% after PPPD and 94% after the Frey procedure.

Global QOL improved by 43% in the PPPD group and

71% in the Frey group (P< 0.01). Farkas et al. [11]

compared PPPD (n=20) with an “organ-sparing pan-

creatic head resection” (n= 20) and demonstrated that

the mortality rate was zero for each, and the morbidity

rates observed were 40% in the former and 0% in the

latter (P<0.05). After 1 year, the pain relief was equally

effective in both groups.

A meta-analysis including the aforementioned RCTs

was performed by Diener et al. [12] comparing PPPD to

both the Beger and Frey procedures. No significant dif-

ference relative to postoperative pain relief was detected,

but concerning the QOL, the Beger and Frey procedures

were found to be superior to PPPD. In addition, oper-

ating time, duration of hospital stay, and the need for

blood replacement were reduced after both Beger and

Frey procedures. With regard to weight gain and occu-

pational rehabilitation, the organ-preserving resections

were superior as well.

Although short-term follow-up has favored the

organ-sparing pancreatic head resections after the

techniques of Beger and Frey, long-term outcomes in

comparison to PD have been recently reported and are

most interesting.

Long-term follow-up of PPPD versus
Beger operation for chronic
pancreatitis

Muller et al. [13] performed an updated analysis of

the 40 patients in the aforementioned RCT by Buchler

et al. [5] at a median follow-up of 14 years. When

comparing PPPD with Beger, no differences were noted

in pain status and exocrine pancreatic function. Loss of

appetite was significantly worse in the PPPD group at

14-year follow-up, but there were no other differences

in QOL parameters examined. After 14 years, diabetes

mellitus was present in 7 of 15 patients who had the

Beger procedure and 11 of 14 patients after PPPD

resection (P= 0.128). Long-term survival was similar,

however, two patients in the Beger cohort required

reoperation for bile duct stenosis and stricture of the

pancreaticojejunostomy.

Long-term follow-up of PPPD versus
Frey procedure for chronic pancreatitis

Strate et al. [14] performed an intermediate analysis

(median follow-up 7 years) of the previously men-

tioned study by Izbicki [10] comparing PPPD (n=32)

to Frey (n=32) and found that both procedures were

equally effective in pain control with no differences in

long-term functional or symptom-related QOL scores

or endocrine or exocrine parameters of pancreatic

function. This study also showed that several patients

in the Frey group required reoperations for mechanical

complications not relieved by the initial procedure.

This suggested that PPPD may be superior in managing

biliary and duodenal stenosis. Long-term follow-up of

this same cohort was reported with a median follow-up

of 15 years by Bachmann et al. [15]. No difference in

pain scores were observed between the two groups.

QOL was better with regard to physical status after

the Frey procedure. A higher long-term mortality was

noted after PPPD (53%) than that found after the Frey

procedure (30%), resulting in a longer mean survival

(14.5 vs. 11.3 years; P=0.037). The authors concluded

that both provide good pain relief, but the Frey proce-

dure is superior due to better short-term results, better

QOL with long-term follow-up, and survival.

Differences in patient populations

Although a number of randomized trials support superi-

ority of the Beger and Frey procedures relative to PPPD

for the surgical management of CP, these data should be

placed in perspective. It is noteworthy that all such trials
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Table 16F.1 Results of Pancreatoduodenectomy for Chronic Pancreatitis.

Source No. of

patients

Operative

mortality (%)

Operative

morbidity (%)

Pain

relief (%)

Follow-up

(years)

Stapleton and Williamson [18] 52 0 46 80 4.5

Martin et al. [19] 54 1.8 30 92 5.2

Rumstadt et al. [20] 134 0.7 18 88 8.3

Traverso and Kozarek [21] 47 0 NA 100 3.5

Sakorafas et al. [17] 105 3.0 32 89 6.6

Jimenez et al. [22] 72 1.4 45 70 3.6

Schnelldorfer et al. [23] 97 1.0 51 34 4.9

Croome et al. [24] 166 1.8 30 7.9±3.5 preoperativea

1.6±2.6 postoperative

15

NA, not available.
aMean preoperative and postoperative (±SD) pain scores (on scale 1–10) in 54 of 81 surviving patients responding to survey median of 15

years following pancreatoduodenectomy for chronic pancreatitis (P<0.001).

Adapted from Sakorafas et al. [17]. Pancreatoduodenectomy for Chronic Pancreatitis. Long-term Results in 105 Patients. Arch Surg. 2000

May;135:517–524. Used with permission. (Copyright (2000) AMA. All rights reserved.)

have been conducted in Germany. There is reasonable

evidence to suggest that themorphology andmechanical

complications encountered in the US and German popu-

lations are different. In an intercontinental comparison,

patients in Germany were found to have a significantly

larger head mass when compared with a US cohort (4.5

vs. 2.6 cm, P<0.001) [16]. The different morphology,

anatomic complications, and indications for surgerymay

explain why German surgeons select duodenum pancre-

atic head resection more frequently than in the United

States. Moreover, when the inflammatory mass causes

portal hypertension, anatomic pancreatic head resection

may be unsafe. In such circumstances, a “coring out”

of the pancreatic head such as a Frey procedure or the

Berne modification of the Beger procedure may be a

safer option. The latter procedure consists of excavation

of the pancreatic head without attempting to develop a

plane between the neck of the pancreas anteriorly and

the pancreas posteriorly.

Mayo Clinic experience
with pancreatoduodenectomy
for chronic pancreatitis

TheMayo Clinic experiencewith theWhipple procedure

for CP in 105 patients was previously published [17]. In

that study, the operation was found to be safe with a

morbidity of 32% and a mortality of 3%. Of patients

with pain prior to operation, relief was substantial or

complete in 89% with a median follow-up of 6.6 years.

See Table 16F.1 for selected series of patients undergoing

PD for CP.

In preparation for the International Symposium on

the Medical and Surgical Treatment of Chronic Pancre-

atitis held in Kiawah Island, South Carolina, in February

2014, the authors conducted a review of theMayo Clinic

experience with 166 consecutive patients undergoing

PD for CP between 1976 and 2013. This study comprised

both the 105 patients previously reported and included

61 additional consecutively treated patients. Our goals

were to update our experience and to assess our

patients with an extended follow-up period. The study

was approved by the institutional review board. The

data were presented at the International Symposium in

February 2014 and have been published [25]. Alcohol

was the most common underlying etiology (51%),

while the most common clinical manifestation was

abdominal pain in 146 patients (88%). Uncertainty or

suspicion of malignancy prior to surgery was identified

in 48% of patients. A low operative mortality (1.8%)

and low rate of pancreatic leak were observed (8%).

It should be noted that an operative mortality has not

been experienced since 1997.

A survey including the SF-12 questionnaire was

administered to all eligible patients. On the SF-12,
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mean physical component score (PCS) was 43.8±11.8

and mental component score (MCS) was 54.3±7.9.

Patients were significantly lower on the PCS (P<0.001)

and significantly better on the MCS (P=0.001) than

the general US population. Mean pain score out of 10

was significantly lower after surgery (1.6±2.6) than

before surgery (7.9±3.5; P< 0.001). In our long-term

follow-up, we demonstrated a relatively high preva-

lence of insulin-dependent diabetes mellitus (34%)

with new onset of diabetes since the time of surgery in

28% of patients. As previous studies have shown, we

found the patients to experience a good QOL regardless

of pancreatic insufficiency, underscoring the impact of

chronic pain on the patient’s QOL [14]. Survey results

are shown in Table 16F.2. Of the 81 patients alive and

eligible for the survey, 54 subjects (67%) participated.

Three patients refused, and 24 patients were unable

to be contacted despite multiple attempts. Median

follow-up for those that completed the survey was 15

years.

Long-term survival was examined in all patients.

We found an inferior survival compared with the

age-matched US population in patients undergoing PD

for CP (Figure 16F.4). This finding is consistent with

previous studies examining the natural history of CP

[26]. We speculate that the inferior survival observed is

due to both the underlying CP as well as comorbidities

inherent in this population. This is underscored by the

large proportion of alcoholic pancreatitis observed in

our study (51%) and the deaths secondary to causes

such as alcoholic cirrhosis seen in the follow-up period.

Previous epidemiologic studies in patients with CP have

demonstrated frequent alcohol abuse and cigarette

smoking with high rates of related deaths due to causes

such as cirrhosis of the liver, cardiovascular disease, and

malignancies of the mouth, esophagus, and lungs [27].

It should be noted, however, that our Kaplan–Meier

survival curves become parallel for the study patients

and the matched general US population beyond 10

years of follow-up. Survival beyond 10 years in this

cohort suggests survival similar to age-matched controls

thereafter (Figure 16F.4).

Preoperative considerations

Cross-sectional imaging is critical in the surgical plan-

ning process in patients with CP. Our preference is

Table 16F.2 Long-term results from survey of 54 Mayo Clinic
patients undergoing pancreatoduodenectomy for chronic
pancreatitis (median follow-up 15 years).

N=54 P value

SF-12 Scorea

Physical (PCS)b 43.8±11.8 <0.001c

Mental (MCS)d 54.3±7.9 <0.001c

Pain (scale 1–10)e

Before 7.9±3.5 <0.001f

After 1.6±2.6

Pain medication

None 35 (65%)

Non-narcotic 9 (17%)

Occasional narcotic 3 (6%)

Regular narcotic use 7 (13%)

Endocrine insufficiency

Insulin 17 (31%)

Oral drugs 2 (4%)

Diet controlled 2 (4%)

New diabetes since surgery 15 (28%)

Pancreatic enzymes 23 (43%)

Frequent diarrhea 8 (15%)

Weight

Increased 21 (39%)

Decreased 13 (24%)

Same 20 (37%)

Resumed drinking

Never 34 (63%)

Occasionally 16 (30%)

Frequently 4 (7%)

Return to work after surgery

No 10 (19%)

Yes 31 (57%)

Not applicable 13 (24%)

Working now

No 34 (63%)

Retired 22 (41%)

Too ill 12 (22%)

Yes 20 (37%)

Reoperation related to

pancreatoduodenectomyg
3 (6%)

Readmission 16 (24%)

aSF-12 – 12-item short-form health survey.
bPCS – mean physical component score on SF-12.
cSignificantly different compared with general population.
dMCS – mean mental component score on SF-12.
ePain – mean pain score± standard deviation on scale 1–10.
fSignificantly different preoperatively compared with postopera-

tively.
gOne completion pancreatectomy, one bowel obstruction, one

incisional hernia.
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Kaplan–Meier survival estimates
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Figure 16F.4 Kaplan–Meier survival curves for 166 patients
undergoing pancreatoduodenectomy at Mayo Clinic from 1976
to 2013 (blue) and for age-matched control patients with life
expectancy based on US life tables (red). Survival was signifi-
cantly less for patients with chronic pancreatitis.

triple phase, thin-slice helical abdominal computed

tomography (CT). This is used to evaluate the mor-

phology of the pancreas, the presence of stones, ductal

dilation if present, and importantly to ascertain if the

inflammatory process extends beyond the pancreatic

parenchyma to involve the surrounding vasculature

(see Figure 16F.5). Precise pancreatic and biliary ductal

anatomy is also very important. Endoscopic retrograde

cholangiopancreatography (ERCP) is the gold standard

and our preference (see Figure 16F.6). We acknowledge

that well-performed magnetic resonance imaging with

magnetic resonance cholangiopancreatography (MRCP)

is a useful noninvasive alternative for mapping ductal

anatomy. Endoscopic ultrasound (EUS) is used selec-

tively. While EUS allows for fine-needle aspiration or,

if possible, core-needle biopsy of the pancreas, if there

is suspicion of malignancy, a negative biopsy does not

exclude cancer and therefore resection may be indi-

cated. Also, biopsy may be useful when autoimmune

pancreatitis is suspected.

Evaluation preoperatively of the peripancreatic vas-

cular anatomy is crucial for the following reasons. First,

celiac stenosis, either due to atherosclerotic disease or

median arcuate ligament compression, may result in

hepatic ischemia if not recognized prior to pancreatic

head resection. While celiac stenosis can be seen on

sagittal views of the celiac and superior mesenteric

arteries, suspicion of celiac artery stenosis should be

raised by seeing a plethora of arterial collaterals coursing

through the head of the pancreas on arterial phase of

the abdominal CT on axial and coronal images. In

such patients, if resection is to be undertaken, a plan

for dealing with the celiac artery stenosis should be

developed prior to operation. Options include preoper-

ative catheter-based angioplasty, intraoperative median

arcuate ligament release, celiac artery angioplasty, or

bypass. Second, extrahepatic portal hypertension due

to either entrapment of the portomesenteric vein by the

inflammatory process or portomesenteric thrombosis is

a contraindication to Whipple resection in our hands.

Pancreatic head resection in this setting may be fraught

with massive intraoperative hemorrhage, postoperative

hepatic portal venous ischemia, or mesenteric venous

congestion.

The extent of the peripancreatic inflammatory process

should be evaluated on preoperative imaging as well.

If tissue planes around the peripancreatic vasculature

are obliterated by inflammation, safe development of

dissection planes between the pancreas and surround-

ing arterial and venous structures may be extremely

hazardous and result in hemorrhage or vascular injury.

If pancreatic head resection is contemplated in such

circumstances, a “coring out” of the head of the pan-

creas without dissecting out vessels would be advised.

Either the Frey procedure or the “Berne modification”

of the Beger procedure would be a viable option (see

Chapter 16D, Hybrid Procedures).

In addition to alcohol abuse, most patients with

painful CP have long-standing narcotic dependence. We

do insist that patients be abstinent from alcohol before

considering surgery. Because of the severity of the pain

experienced by such patients, it is neither practical

nor humane to insist on abstinence from narcotics

preoperatively. Accordingly, management of pain in the

postoperative period is a substantial challenge, and we

engage a dedicated pain management service to help

not only with pain control but also with a weaning

protocol for controlled substance withdrawal.

Pancreatoduodenectomy for chronic
pancreatitis in perspective

While this chapter addresses the role of Whipple proce-

dure in patients with CP, a few comments regarding our

overall surgical approach to the disease is in order. For
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(a) (b)

(c)

Figure 16F.5 (a and b) Abdominal computed tomography with intravenous contrast in axial views reveals inflammatory pancreatic
head mass and macrocalcification. Note the patency of portal vein and preservation of tissue planes between the pancreas and the
peripancreatic vessels. (c) Coronal image in same subject with inflammatory head mass, macrocalcification, and moderate pancreatic
duct dilation noted in proximal body of the pancreas. The patient underwent pylorus-preserving pancreatoduodenectomy with
satisfactory outcome.

patients with large-duct disease (greater than 7mm),

our preference is to perform a Frey procedure. If the

patient has large-duct disease and a head mass or too

large a stone burden in the head to “core out,” our

preference is to perform a PPPD with a lateral pan-

creaticojejunostomy. For head dominant, small-duct

disease, our preference is the PPPD. In those patients

with chronic obstructive pancreatitis resulting in a

disconnected segment of pancreas, we typically perform

a distal pancreatectomy. Lastly, total pancreatectomy

with islet autotransplantation is recommended for those

patients with hereditary pancreatitis and intractable

pain. We do not recommend total pancreatectomy in

patients with hereditary pancreatitis prophylactically

in the absence of intractable pain.

To provide context and to place the role of PD in

perspective, in a recent 2-year period (2009–2010),

49 patients underwent operation for CP. A drainage

procedure was performed in 13 (27%) and resection in

36 (73%). Of the 36 patients who underwent resection,

standard or pylorus-preserving Whipple procedure

was performed in 14, which is 39% of the patients

undergoing resection for CP and 29% of patients

undergoing any type of operation for CP. The remaining

22 patients undergoing resective procedures included

15 distal pancreatectomy, 5 total pancreatectomies,

1 Beger procedure, and 1 central pancreatectomy. The

senior author considers the Frey procedure, a drainage

procedure, and during the same 2-year period, five such

procedures were performed [28].
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Figure 16F.6 Endoscopic retrograde cholangiopancreatography
in a different patient with intractable abdominal pain, weight
loss, and impending obstructive jaundice. Double duct sign sus-
picious for malignancy. Head mass and duodenal stenosis was
present. Pylorus-preserving pancreatoduodenectomy was cho-
sen to rule out malignancy and to treat both intractable pain
and mechanical complications.

Summary

Pancreatoduodenectomy is a viable option for selected

patients in need of a resective procedure for CP. DPPHRs

such as the Beger and Frey procedures have been

shown to have advantages in the short term, but these

advantages are less evident with very long-term (15

year) follow-up. All of the prospective, randomized

trials comparing Beger and Frey procedures with PD

were conducted in Germany. There is evidence that

both the morphology and mechanical complications

differ between US and German populations. Candidates

for PD include patients with CP with intractable pain,

small-duct, head-dominant disease in whom perivascu-

lar tissue planes are preserved and portal hypertension

is absent. In such patients, biliary or duodenal obstruc-

tion, and particularly suspicion of malignancy, should

prompt the surgeon to consider PD as the procedure

of choice. In experienced hands, the operation can be

performed safely and provides good QOL and durable

pain relief in more than 80% of patients. Operation does

not alter the inexorable development of endocrine and

exocrine insufficiency. Long-term survival of patients

with CP is less than that of the general population.

References

1 Ceyhan GO, Bergmann F, Kadihasanoglu M, Altintas B,

Demir IE, Hinz U, Muller MW, Giese T, Buchler MW,

Giese NA, Friess H. Pancreatic neuropathy and neuropathic

pain – a comprehensive pathomorphological study of 546

cases. Gastroenterology 2009;136:177–186.

2 Cahen DL, GoumaDL, Nio Y, Rauws EAJ, BoermeesterMA,

BuschOR, Stoker J, Lameris JS, DijkgraafMGW, Huibregtse

K, Bruno MJ. Endoscopic versus surgical drainage of the

pancreatic duct in chronic pancreatitis. New England Jour-

nal of Medicine 2007;356:676–684.

3 Cahen DL, Gouma DJ, Laramee P, Nio Y, Rauws EAJ, Boer-

meester MA, Busch OR, Fockens P, Kuipers EJ, Pereira SP,

Wonderling D, Dijkgraaf MGW, Bruno MJ. Long-term out-

comes of endoscopic vs surgical drainage of the pancreatic

duct in patients with chronic pancreatitis. Gastroenterology

2011;141:1690–1695.

4 Dite P, Ruzicka M, Zboril V, Novotny I. A prospective, ran-

domized trial comparing endoscopic and surgical therapy

for chronic pancreatitis. Endoscopy 2003;35:553–558.

5 Buchler MW, Warshaw AL. Resection versus drainage

in treatment of chronic pancreatitis. Gastroenterology

2008;134(5):1605–1607.

6 Beger HG, Witte C, Krautzberger W, Bittner R. Experiences

with duodenal-sparing pancreas head resection in chronic

pancreatitis. Chirurgie 1980; 51(5):303–307.

7 Frey CF, Smith GJ. Description and rationale of a new

operation for chronic pancreatitis. Pancreas 1987;2(6):

701–707.

8 Klempa I, Spatny M, Menzel J, Baca I, Nustede R, Stock-

mann F, Arnold W. Pancreatic function and quality of

life after resection of the head of the pancreas in chronic

pancreatitis. A prospective, randomized comparative study

after duodenum preserving resection of the head of the

pancreas versusWhipple’s operation. Chirurgie 1995;66(4):

350–359.

9 Buchler MW, Friess H, Muller MW, Wheatley AM, Beger

HG. Randomized trial of duodenum-preserving pancre-

atic head resection versus pylorus-preserving Whipple

in chronic pancreatitis. American Journal of Surgery

1995;169(1):65–69; discussion 69–70.

10 Izbicki JR, Bloechle C, Broering DC, Knoefel WT, Kuechler

T, Broelsch CE. Extended drainage versus resection in

surgery for chronic pancreatitis: a prospective randomized

trial comparing the longitudinal pancreaticojejunostomy

combined with local pancreatic head excision with the

pylorus-preserving pancreatoduodenectomy. Annals of

Surgery 1998;228(6):771–779.

11 Farkas G, Leindler L, Daroczi M, Farkas G Jr., Prospective

randomized comparison of organ-preserving pancreatic

head resection with pylorus-preserving pancreaticoduo-

denectomy. Langenbecks Archives of Surgery 2006;391:

338–342.

12 Diener MK, Rahbari NN, Fischer L, Antes G, Buchler

MW, Seiler CM. Duodenum-preserving pancreatic head

resection versus pancreatoduodenectomy for surgical

treatment of chronic pancreatitis: a systematic review and

meta-analysis. Annals of Surgery 2008;247:950–961.



�

� �

�

294 Pancreatitis

13 Muller MW, Friess H, Martin DJ, Hinz U, Dahmen R,

Buchler MW. Long-term follow-up of a randomized

clinical trial comparing Beger with pylorus-preserving

Whipple procedure for chronic pancreatitis. British Journal

of Surgery 2008;95(3):350–356.

14 Strate T, Bachmann K, Busch P, Mann O, Schneider C,

Bruhn JP, Yekebas E, Kuechler T, Bloechle C, Izbicki JR.

Resection vs drainage in treatment of chronic pancreatitis:

long-term results of a randomized trial. Gastroenterology

2008;134(5):1406–1411.

15 Bachmann K, Tomkoetter L, Kutup A, Erbes J, Vashist Y,

Mann O, Bockhorn M, Izbicki JR. Is the Whipple procedure

harmful for long-term outcome in treatment of chronic

pancreatitis? 15-years follow-up comparing the outcome

after pylorus-preserving pancreatoduodenectomy and

Frey procedure in chronic pancreatitis. Annals of Surgery

2013;258(5):815–821.

16 Keck T, Marjanovic G, Fernandez-del Castillo C, Makowiec

F, Schafer AO, Rodriguez JR, Razo O, Hopt UT, Warshaw

AL. Significant differences in the anatomic pathology of

German and American Patients with chronic pancreatitis

determine very different surgical strategies. Annals of

Surgery 2009;249(1):105–110.

17 Sakorafas GH, Farnell MB, Nagorney DM, Sarr MG, Row-

land CM. Pancreatoduodenectomy for chronic pancreatitis.

Archives of Surgery 2000;135:517–524.

18 Stapleton GN, Williamson RCN. Proximal pancreatoduo-

denectomy for chronic pancreatitis. British Journal of

Surgery 1996;83:1433–1440.

19 Martin RF, Rossi RL, Leslie KA. Long-term results of

pylorus-preserving pancreatoduodenectomy for chronic

pancreatitis. Archives of Surgery 1996;131:247–252.

20 Rumstadt B, Forssmann K, Singer MV, Trede M.

The Whipple partial duodenopancreatectomy for the

treatment of chronic pancreatitis. Hepatogastroenterology

1997;44:1554–1559.

21 Traverso LW, Kozarek RA. Pancreatoduodenectomy for

chronic pancreatitis: anatomic selection criteria and sub-

sequent long-term outcome analysis. Annals of Surgery

1997;226:429–438.

22 Jimenez RE, Fernandez-del Castillo C, Rattner DW, Chang

Y, Warsaw AL. Outcome of pancreaticoduodenectomy with

pylorus preservation or with antrectomy in the treatment

of chronic pancreatitis. Annals of Surgery 2000;231:

293–300.

23 Schnelldorfer T, Lewin DN, Adams DB. Operative man-

agement of chronic pancreatitis: long-term results in 372

patients. Journal of the American College of Surgeons

2007;204(5):1039–1047.

24 Croome KP, Farnell MB. Who needs a Whipple procedure

for chronic pancreatitis? Presented at: The International

Symposium on the Medical and Surgical Treatment of

Chronic Pancreatitis. 2014 February 6–8; Kiawah Island,

South Carolina.

25 Croome KP, et al. Pancreatoduodenectomy for chronic pan-

creatitis: results of a pain relief and quality of life survey

15 years following operation. Journal of Gastrointestinal

Surgery 2015;19:2146–2153.

26 Sakorafas GH, Farnell MB, Nagorney DM, Sarr MG. Surgi-

cal management of chronic pancreatitis at the Mayo Clinic.

Surgical Clinics of North America 2001;81(2):457–465.

Review.

27 Cavallini G, Frulloni L, Pederzoli P, Talamini G, Bovo P,

Bassi C, De Francesco V, Vaona B, Falconi M, Sartori N,

Angelini G, Brunori MP, Filippini M. Long-term follow-up

of patients with chronic pancreatitis in Italy. Scand Journal

Gastroenterology 1998;33(8):880–889.

28 Farnell MB, Levendale A. Chronic pancreatitis surgery.

Commentary. In: Mantke R, Lippert H, Buchler MW, Sarr

MG (Eds). International Practices in Pancreatic Surgery.

Springer-Verlag. Heidelberg. 2013. 105–115.



�

� �

�

CHAPTER 17

PART A: Total pancreatectomy and islet cell autotransplantation:
patient selection

Sydne Muratore, Martin Freeman & Greg Beilman
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Introduction

Worldwide, over 1000 total pancreatectomy islet auto-

transplants (TPIATs) have been reported in the literature

to date since its inception in 1977 at the University of

Minnesota [1]. Selecting total pancreatic extirpation as

the treatment for chronic pancreatitis (CP) or relapsing

acute pancreatitis (RAP) is complicated given the

potential lifelong risks of insulin and pancreatic enzyme

dependence. This must be carefully weighed against

the potential therapeutic benefits of pain relief and

mitigation of diabetic side effects by islet autotransplant.

Correct diagnosis

Despite the presence of abdominal pain in the majority

of CP/RAP patients, there is no pathognomonic pattern

or rate of progression to guide the clinician’s approach to

diagnosis and management [2]. Commonly associated

symptoms include nausea, vomiting, food intolerance,

and diarrhea. Due to this, thorough evaluation to rule

out other causes of abdominal pain must be undertaken.

This can include an exhaustive list of imaging and test-

ing, depending on the patient and clinical scenario.

Cessation of alcohol and tobacco use, evaluation for

constipation or gastroparesis, treatment of peptic ulcers,

evaluation for biliary obstruction or dyskinesia, and

evaluation for pancreatic lesions (benign or malignant)

are common considerations.

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

In order to guide clinicians in making the correct diag-

nosis, the only published criteria for TPIAT come from

the University of Minnesota [3, 4] and was recently

adapted and included in the summary of the National

Institute of Diabetes and Digestive and Kidney Diseases

2014 Workshop [5] (see Table 17A.1). This includes

radiographic evaluation to detect morphologic changes

within the pancreas using computed tomography (CT),

magnetic resonance imaging (MRI), ultrasound, mag-

netic resonance cholangiopancreatography (MRCP),

endoscopic retrograde cholangiopancreatography

(ERCP), and/or endoscopic ultrasound using Rose-

mount classification: hyperechoic parenchymal foci,

hypoechoic lobules, cysts, main duct contour irregular-

ity, ductal dilation, strands, hyperechoic duct walls, side

branch dilation, stones, and calcifications [6]. Utilization

of pancreatic function testing with secretin stimula-

tion may also help identify exocrine insufficiency.

Particularly in young patients, or those with a family

history of pancreatitis, genetic counseling and testing

should also be considered early, as those patients may

be appropriate to intervene with TPIAT at an earlier

stage given some evidence of improved pain response in

patients with genetic mutations and the increased risk

of malignancy with advancing years [7]. PRSS1 is the

most common genetic mutation followed by SPINK1

and CFTR. Additional gene variations continue to be

identified as conferring increased risk of developing

CP [7].
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Table 17A.1 TPIAT University of Minnesota criteria [4].

DEFINITIONS

(must have one of the following: A, B, or C)

A) Chronic Pancreatitis: (must have one of 1, 2, or 3) Patients with chronic abdominal pain, lasting >6 months, features consistent with

that of pancreatitis, and evidence of CP as evidenced by at least one of the following:

1) Morphologic/functional evidence of CP [CT of abdomen with evidence of CP (calcifications), or ERCP evidence of pancreatitis]

2) EUS of ≥6/9 criteria positive of CP

3) At least two of the following three findings:

– Secretin MRCP or ERCP, with findings suggestive of CP (abnormal duct/side branch) or MRI T2 evidence of fibrosis

– EUS with ≥4/9 criteria positive for pancreatitis

– Abnormal exocrine pancreatic function tests (peak bicarbonate <80)

B) Relapsing Acute Pancreatitis: (must have both)

• Three or more episodes of documented AP with ongoing episodes over >6 months.

• No evidence of current gallstone disease or other correctable etiology such as autoimmune pancreatitis

C) Documented hereditary pancreatitis with compatible clinical history.

INDICATIONS

(must have each of the following: 1–5)

Documented CP or relapsing AP with chronic or severe abdominal pain, directly resulting in at least one of the following:

1) Chronic narcotic dependence (patient requires narcotics on a daily or nearly daily basis for >3 months)

2) Impaired quality of life, defined by at least one of the following:

• Loss of job

• Inability or significantly reduced ability to work or attend school

• Frequent absences from school

• Frequent hospitalizations

• Loss of ability to participate in usual age-appropriate activities

3) Complete evaluation, with no reversible cause of CP or relapsing AP present or untreated

4) Unresponsive to maximal medical therapy and endoscopic therapy, with ongoing abdominal pain requiring routine narcotics for CP or

relapsing AP

5) Adequate islet cell function (nondiabetic or noninsulin-requiring diabetes with C-peptide positive)

AP, acute pancreatitis; CP, chronic pancreatitis; CT, computed tomography; ERCP, endoscopic retrograde cholangiopancreatography; MRCP,

magnetic resonance cholangiopancreatography; MRI, magnetic resonance imaging; EUS, endoscopic ultrasonography.

To be considered for TPIAT, patients must meet criteria mentioned in sections I and II and have no contraindications.

Failure of medical and surgical
therapy

To ensure that the patient does not have a reversible

cause of CP or RAP, exhaustion of medical and endo-

scopic therapies should be completed. That being said,

careful consideration must be taken for balancing the

risk of islet mass burnout with protracted exposure

to the inflammation, fibrosis, and atrophy of CP.

In addition, the clinician should take into account

the potential years of lost time at work or school,

and increasing risk of narcotic bowel syndrome and

opioid-induced hyperalgesia associated with chronic

narcotics and pain [8]. In order to optimize the balance

of these challenges, evaluation for TPIAT should be done

within a multidisciplinary team who will direct pre-,

peri-, and postoperative care to ensure comprehensive

assessment and close adherence to follow-up care.

Attenuation of pancreatitis pain should first be

approached with non-narcotic analgesics if possible.

Thoughwith refractory pain, many progress to requiring

narcotics and adjuncts such as tricyclic antidepressants,

selective and nonselective serotonin reuptake inhibitors,

and alpha 2-delta inhibitors. Pancreatic enzymes can be

used to help with symptoms associated with pancreatic

insufficiency as well as an attempt at pain mitigation.

Radiographic or endoscopically guided celiac ganglion

blocks or neurolysis with alcohol injections offer pain
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relief for a small number of patients, though often

only transiently [2]. ERCP with sphincterotomy, gall-

stone removal, stent placement, or balloon dilatation

may be undertaken as appropriate. Patients should

be evaluated for potential cholecystectomy. Some

patients are candidates for partial resection such as

a distal pancreatectomy in the setting of a disrupted

duct or tail-only disease. Surgical drainage procedures

(Puestow, Beger, Frey, etc.) can sometimes be utilized

for main pancreatic duct dilation. This should be

considered with caution, however, given the growing

evidence that prior pancreatic procedures significantly

decrease islet yield, which can in turn affect long-term

metabolic outcomes if a patient has progressive disease

or is unresponsive to this treatment and later requires

TPIAT [9–12].

Disability

In a paper examining published quality-of-life eval-

uations for CP, the authors found that, of possible

factors related to this condition, pain was the only

factor able to impair all eight domains evaluated by

the questionnaires [13]. Patients with impairment in

ability to function in normal life activities should have

increasing consideration for more definitive treatment,

such as TPIAT, as appropriate. Longer duration of pain is

generally associated with higher patient disability, with

exceptions. These disabilities include inability to work,

go to school, or perform normal daily activities. This is

often coupled with repeated hospitalization and count-

less emergency department and office visits. Presence

of pain greater than 6 months with a constant narcotic

requirement has been suggested as a requirement for

consideration in institutional criteria for TPIAT [3, 4].

Preoperative evaluation

Preoperative assessment to determine appropriateness

to undergo major abdominal surgery and postoperative

treatment regimens should occur early. Malnutrition

may be amenable to improvement prior to surgery

with enteral or parenteral nutrition. The patient should

be assessed for the presence of diabetes with a fasting

glucose and hemoglobin A1c, using diabetes diagnosis

criteria set forth by the American Diabetes Association

(fasting glucose ≥126mg/dL or HbA1c ≥6.5%) [9, 14].

Although C-peptide-positive diabetes is not a con-

traindication to surgery, patients have a higher chance

of postoperative insulin independence if not already

diabetic [15]. Islet function is assessed with stimulatory

testing. Evaluation can be done with orally administered

glucose or mixed meal test, or intravenously dosed glu-

cose or arginine; the latter being the most informative

study, particularly in patients with impaired fasting

glucose [5]. Assessment of liver health and patency

of portal vein is also necessary. Portal hypertension

or thrombosis, cirrhosis, or advanced liver disease is a

relative contraindication to major pancreatic surgery,

and consideration must be given to the increased risk

of portal vein thrombosis associated with embolization

of islets to the liver. Finally, the clinician should ensure

appropriate immunization status prior to surgery if

concurrent splenectomy is planned or likely.

Contraindications

Patients who are determined to be medically unsuitable

for a major abdominal operation should not undergo

TPIAT. This includes conditions such as end-stage

pulmonary disease, cirrhosis, or severe atherosclerotic

heart disease. Given the complexity of postoperative

management, patients with poorly controlled psy-

chiatric conditions or those unable to comply with

postoperative treatment regimens are poor candidates

for this treatment, and alternate therapies should be

sought or resources provided to mitigate these factors

prior to consideration for surgery. TPIAT is contraindi-

cated in patients who are unable to comply with pain

medication tapers, adherence to diabetes care, close

follow-up, and pancreatic enzyme treatment. Other

contraindications within the United States include

active alcoholism, current illegal drug use, pancreatic

cancer, and intraductal papillary mucinous neoplasm.

TPIAT has been performed in the setting of the latter

two conditions outside of the United States, however,

that remains a contraindication here due to the risk of

dissemination of malignancy with islet autotransfusion.

Finally, patients with C-peptide-negative diabetes or

type 1 diabetes are currently not thought to benefit

from islet autotransfusion given the lack of functioning

islets; therefore, TPIAT is not recommended for this

subset of patients at this time [9].
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Introduction

Carefully selected candidates with chronic pancre-

atitis (CP) may undergo total pancreatectomy and

islet autotransplantation (TPIAT) for definitive disease

management at a center experienced with the surgical

procedure and with an onsite or a collaborative remote

islet-processing facility. The pancreatic resection proce-

dure involves complete resection of the pancreas, partial

duodenectomy, restoration of gastrointestinal luminal,

and biliary system continuity (usually with Roux-en-Y

or duodenoduodenostomy, and choledochojejunos-

tomy or choledochoduodenostomy), with or without

splenectomy [1]. Islets, which make up only 2% of the

pancreatic mass, are separated from the exocrine por-

tions of the pancreas using enzymatic and mechanical

digestion performed in a good manufacturing prac-

tices cell-manufacturing facility, and are subsequently

returned back to the patient, most commonly by infu-

sion into a tributary of the portal vein [2] (Figure 17B.1);

intrahepatic islet engraftment is gradual over the follow-

ing months. The first successful islet autotransplantation

(IAT) procedure was reported in 1977, in a recipient

who achieved insulin independence [3].

The technical procedure of intraportal IAT is similar

to that performed for patients with labile type 1 diabetes

who receive allogenic islet transplants from cadaveric

donors. However, unlike a conventional transplant,

patients receiving autologous islet infusions after total

pancreatectomy are not at risk for rejection of their islet

graft, and thus do not need require immunosuppressive

therapy; probably for this reason, autologous islet

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.

grafts have better function relative to the number of

islets transplanted [4, 5]. However, similar to allogenic

islet transplants, autologous islet grafts are susceptible

to damage from innate inflammation triggered by

intraportal infusion, activation of beta-cell apoptotic

pathways, and hyperglycemic stress during islet engraft-

ment in the liver [6–11]. Thus, the technical challenge

of IAT lies in facilitating as successful as possible the

recovery of healthy islets from the native pancreas and

transfer into the new “home” of the liver. The first step

is to successfully isolate islets from the pancreas; the

second step is to optimize conditions for engraftment

and function after transplantation into the liver. We

discuss both of these critical steps in the subsequent

sections.

Islet isolation techniques
for maximizing islet yield

Despite many advances in the technical aspects of

human islet isolation, it still remains a challenging

procedure. The single most critical factor predicting

insulin independence after transplantation is the islet

cell mass acquired from the isolation procedure [12]. We

have successfully optimized the islet isolation process,

especially the pancreas digestion phase, to yield a higher

islet mass in those pancreases affected by CP [13]. In

contrast to islet allografts, autografts are routinely

conducted in the absence of factors affecting cadaveric

donors. The islet isolation process involves specialized

techniques for obtaining a maximum number of islets,
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Figure 17B.1 Illustration of the procedure of total pancreatectomy and intraportal islet infusion. Following the complete resection of
the pancreas, the islets are isolated and gently infused back into the portal vein of the patient. Blondet 2007 [1]. Reproduced with
permission of Elsevier.

in particular taking into account some of the specific

features in the CP pancreas, such as fibrosis.

The islet isolation procedure is divided into the

following essential steps: ductal cannulation, enzyme

distention, tissue digestion, tissue recombination, islet

purification, islet viability assessment, and final trans-

plant preparation [14]. There are points in each step

designed to be adaptable to the different situations

that may arise with the wide variety of CP pancreases.

Adequate laboratory preparation prior to the isolation

procedure is important so that the team is ready to

begin as soon as the pancreas arrives to the clean-room

facility.

Pancreas transport and pancreas
trimming

After pancreatectomy, the pancreas is immersed imme-

diately in a cold organ preservation solution. The

pancreas is then packed in cold conditions according

to the hospital’s protocol and transported to the islet

isolation facility. The pancreas is transported for a short

distance so that the two-layer pancreas preservation

method, hypothermic machine perfusion, hypother-

mic persufflation, and/or gaseous oxygen perfusion

methods are not required [15]. It is critical that the

pancreas be kept cold from the time of organ removal

to the initiation of enzymatic digestion [16]. Once the

pancreas arrives at the facility, the organ is unpacked

inside a biosafety cabinet using sterile techniques.

Before touching the pancreas, a sample of the transport

solution is taken and sent to the microbiology lab to

determine the presence of any contamination prior to

the isolation process.

After visual inspection, the pancreas is then placed

into a sterile pan and the dissection step begins. Excess

fat and connective tissue are removed aseptically. The

pancreatic capsule should be intact to reduce the like-

lihood of enzyme leakage during ductal perfusion. The
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pancreas is submerged in antibiotic solution or povidone

iodine that has been checked against potential patient

allergies before treating the pancreas. The gross mor-

phology of every pancreas is different andwe assess each

as mild, moderate, or severe to determine enzyme dose

and digestion conditions [14].

Pancreas cannulation

The pancreas typically arrives as a whole, intact organ.

However, in some cases, due to surgical complications

an organ may arrive as a partial organ or a whole organ

in multiple pieces. When the organ is intact, there has

been more success in distention when the head and the

body–tail portions are cannulated individually. Severely

fibrotic organs may require a metal or Christmas

catheter, while less fibrotic organs typically require

catheters in the range of 14–24 G [14] (Figure 17B.2).

Pancreas distention with collagenase
enzymes

Enzymatic tissue dissociation has been used to separate

the exocrine and endocrine components of the pancreas

and the best tissue dissociation resulting after the duc-

tal perfusion of a blend of collagenase (Col) and neutral

protease (NP) enzymes into the main pancreatic duct.

This can be done by either hand syringe injection or

using a semi-automated system with a peristaltic pump

connected to the main pancreatic duct of a whole or

segmented (head and body/tail sections) pancreas. The

infused enzyme blends digest the extracelluar matrix of

pancreas and release islets and exocrine cells.

The pancreas distention with enzyme is the critical

step in islet isolation. Any problems that arise during

the distention phase must be addressed immediately and

resolved effectively to ensure proper enzyme distribu-

tion throughout the pancreas. Leaksmay be solved using

hemostats and ductal occlusions may be bypassed with

catheters of a higher gauge.

In some pancreases, the tissue is so fibrotic that ductal

enzyme perfusion is insufficient at distributing the

enzyme solution throughout the whole organ. When

this is the case, interstitial perfusion can be employed to

inject enzyme into the rest of the pancreas. Interstitial

perfusion is performed by continuously injecting the

enzyme solution manually with a needle and syringe

throughout the pancreas. In addition, if the pancreas

is distended as a whole organ, partial distention may

occur. This is due to ductal inflammation or calcification

deposits that obstruct the flow of the enzyme to the

rest of the pancreas. In these cases, it is acceptable to

make a complete transverse cut before the distal section

after the proximal end has finished distending, and

recannulate the distal end to attempt further distention

in this area.

We have continuously improved the islet yield

using new enzymes and combinations in different

quantities [13, 17]. The enzyme dose delivered to the

pancreas should be based on the degree of fibrosis

of the pancreas. The standard dose of 18–26 W U of

Col (Collagenase-HA, VitaCyte LLC, Indianapolis, IN),

and 0.75–1.75 DMC U of NP (SERVA Electrophoresis

GmbH, Heidelberg, Germany) per gram pancreas is

delivered to minimally diseased pancreases by diluting

the enzyme in 350mL of Hanks Balanced Salt Solution

with 10U/mL heparin. This standard dose can be, and

is often, modified by increasing the amount of enzyme

for more fibrotic, and younger donor pancreases.

During enzyme distention, infusion pressure

(60–180mmHg), enzyme flow rate (>30mL/min),

enzyme temperature (6–16 ∘C), and time (∼12minutes)

are carefully monitored. Initially, the enzyme solution

is perfused at a minimal flow rate. The flow rate is

gradually increased throughout the distention period.

Enzyme flow is important than distention pressure for

CP pancreas.

Because distention is the most important step,

all efforts should be employed to distribute enzyme

throughout the entire pancreas so as to maximize diges-

tion efficiency. Once the pancreas has been distended, a

quick, final trimming is performed to remove any excess

surface fat and connective tissue that may interfere with

the digestion phase. The pancreas is then cut into small

pieces of 2–5 cm in diameter and placed in the Ricordi

chamber along with any enzyme solution remaining

after the distention phase [14].

Pancreas digestion using
semi-automated method

The digestion phase begins immediately after the

post-distention trimming and utilizes a semi-automated
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Figure 17B.2 Islet isolation process: pancreas dissection, ductal cannulation, collagenase enzyme distention, digestion setup, and
isolated islets.

method of tissue dissociation. The digestion system

consists of a specialized Ricordi chamber [18] with a

wire mesh screen and marbles to add a mechanical

aspect of digestion, a closed circuit consisting of silicon

tubing and clamps, a sample port for monitoring the

digestion progress, and a peristaltic pump for circulating

the solution throughout the system. A heating coil is

attached to the tubing and placed in a water bath to

maintain the desired temperature range.

After the pancreas is transferred to the Ricordi cham-

ber, a known volume of solution is added to the circuit

and the pump begins circulating the fluid through the

heating coil. The heating coil is suspended in a water

bath that has been heated to 40–42 ∘C prior to receipt

of the pancreas. The initial flow rate of the solution is

200mL/min as the solution is heated to 34–35 ∘C over

the first several minutes. Once the solution reaches the

desired temperature, the flow is reduced to 100mL/min

and the chamber is shaken vigorously. After about

8minutes, samples of 1–2mL are taken and stained

with dithizone then observed under a microscope to

monitor the extent of dissociation. Phase-1 of digestion

is considered complete when successive samples contain

large quantities of free islets.

As phase-2 begins, the flow rate is increased to

200mL/min and the temperature inside the chamber is

reduced. The circuit is opened at one end by manipu-

lating clamps on the tubing, and tissue is collected into

collection (Erlenmeyer) flasks that have been prefilled

with cold collection media (RPMI 1640+ 2.5% HSA).

RPMI 1640 is added as a dilution media to replace

dispensed volume. As the tissue is collected in the

flasks, any remaining enzyme is deactivated by the drop

in temperature and the presence of serum albumin to

protect against any further damage to the islets.
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Samples should continue to be collected at 5, 10,

and 20minutes postswitch to assess the efficiency of

the dissociation. Once samples beyond 20minutes do

not contain islets, the end of phase-2 begins, and air is

introduced to the system. The remaining digest slurry

is emptied, and the amount of undigested tissue is

assessed.

The extent of chemical and mechanical agitation

can be controlled by islet technicians by manipulating

temperature and the level of mechanical agitation. By

increasing the temperature in the system, the activity

of the enzyme is increased and a more chemical dis-

sociation is achieved. A more chemical dissociation is

favorable when samples reveal large chunks of acinar

tissue containing islets embedded within. If dissociation

is slow to begin during phase-1, additional enzyme may

be added directly to the digest circuit. It is imperative

to minimize the amount of undigested tissue left in the

chamber. Therefore, it is essential that islet isolation

technicians understand how manipulating digestion

parameters may affect the quality and rate of tissue

dissociation [14].

Tissue recombination

The recombination phase begins as soon as the first

collection flask is filled with tissue and serves to collect

and combine the digested product into a single tissue

pellet. The slurry in each collection flask is divided into

four 250mL conicals and centrifuged at 140×g to obtain
small pellets. The supernatant is poured off and the

tissue pellets are transferred to a single recombination

flask filled with Cold Storage/Purification Stock solution

(Mediatech, Inc.) with 2% Penta Starch and 10U/mL of

heparin.

After all digested slurry has been transferred into the

single recombination flask, it is once again divided into

four 250mL conicals and centrifuged once more. The

four conicals are then combined into a single conical for

final tissue characterization. Two samples are taken from

the final conical and stained with dithizone for a postdi-

gest count. Both quality and quantity are noted, along

with apparent purity and proportion of embedded islets.

As the samples are being evaluated, the final tissue sus-

pension should be washed with media and centrifuged

to remove any dead cells. Heavily diseased CP pancreases

may have calcification present in the pellet after several

centrifugations. These calcifications should be removed

by aspiration. After the final wash, the tissue volume is

estimated [14].

Tissue purification

Whether purification should be performed or not

depends on several factors. If a small tissue volume

(<15mL) is obtained from the digestion phase, purifi-

cation is generally not necessary as smaller volumes

can be safely infused into the portal infusion site. A

tissue volume of 20mL or greater is generally always

purified to reduce tissue volume and prevent potential

portal hypertension following infusion [19]. As the total

IEQ/kg recipient weight infused is currently the most

well-known predictor of a successful clinical outcome

[20, 21], the decision to purify should be carefully

weighed in each unique case.

The current purification method utilizes a continuous

density gradient with iodixanol gradient solutions

in combination with a COBE 2991 cell processor. A

volume of 125mL of gradient stock solution (den-

sity=1.110 g/cm3) is loaded into the COBE bag with a

peristaltic pump. A gradient maker is then used to grad-

ually mix heavy (1.100 g/cm3) and light (1.060 g/cm3)

solutions as they are loaded into the COBE machine

that is spinning at 1800 rpm. Acinar tissue has a heavier

density and will gravitate toward the heavier gradient at

the bottom of the bag. Pure islets, with a lighter density,

will remain on the top of the bag. After 3minutes of

centrifugation, the tissue is pushed out of the machine

via a diaphragm into twelve 25-mL fractions diluted by

225mL of cold CMRL media. A sample is taken from

each fraction and stained with dithizone to assess the

purity and quantity of islets. As a post-COBE islet count

is taken, the fractions are centrifuged to determine the

final pellet volume [14].

Transplant product preparation

A final sterility sample is taken from the supernatant

of the tissue before the bags are filled. In addition,

100𝜇L of suspended islets are taken to determine

viability. While not currently standard routine, newer

techniques to assess islet quality have been reported,
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including beta-cell counts and islet viability by oxygen

consumption ratios (OCR) in the islet product [22, 23].

Following the assessment of the post-COBE fractions,

the isolation staff will choose which combination

of fractions will produce the most efficient product

(most IEQ per mL of packed tissue), while keeping in

mind that the tissue limit for each transplant infusion

bag is 10mL of tissue. Infusion bags are prepared by

adding up to 10mL of packed tissue suspended in

100mL of transplant media, along with ciprofloxacin

(1%= 10,000 μg/mL). If the program director decides

to increase the total IEQ brought to the OR, additional

infusion bags may be used and the transplant surgeon

should be notified. If this happens, the infusion bag

with the highest IEQ/volume should be infused first.

In this way, in the event that the surgeon must stop

intraportal infusion of the islets due to patient safety

concerns, an alternate site may be chosen for the less

pure transplant bags. The ultimate goal is to transplant

as many IEQ as possible into the portal venous system,

the most effective islet engraftment site [1], in order to

increase the probability of transplant success.

Islet infusion, from pancreas to liver

Within the native pancreas, islets are highly vascularized

and innervated. Although islets comprise only 2% of the

pancreatic mass, they receive up to 15% of the arterial

blood flow [24]. There is a low rate of beta-cell turnover

within the native pancreas, although the sources of new

beta cells in adult humans are not entirely clear; beta-cell

replication or neogenesis from ductal precursors are pro-

posed [25], the latter directly observed in some younger

patients with severe CP [26]. This native environment

is invariably disrupted when islets are isolated from the

pancreas and infused into the intrahepatic environment.

During isolation, islets are unavoidably devascular-

ized, deinnervated, and removed from the potentially

supportive structure of the surrounding pancreas.

Histological and functional evidence of reinnervation

have been reported in rodent models of islet transplant

[27, 28] although it is not clear if functional islet

reinnervation occurs in clinical IAT recipients. Revascu-

larlization occurs over a period of 14 days to 3 months

posttransplant [29–32], triggered by vascular endothe-

lial growth factor secretion from the transplanted

islets [33]. In a murine model of syngeneic intraportal

islet transplant, hypoxia was frequent in 1-day- and

1-month-old islet grafts but significantly lower by 3

months after transplant, corresponding to a time during

which vascular density was increasing within the islet

grafts [31]. Thus, transplanted islets are exposed to

conditions of relative hypoxia for the first 1–3 months

after intraportal islet infusion. Large islets may be more

vulnerable than small islets to central necrosis and

beta-cell loss during this period of hypoxia [34, 35].

In IAT recipients with a marginal islet mass trans-

planted, grafts with a greater predominance of small

islets were superior in restoring insulin independence

posttransplant [36].

Isolation and subsequent postinfusion events trigger

beta-cell apoptosis at a rate significantly higher than in

the healthy pancreas [9, 10]. In animal models, beta-cell

apoptosis remains even at 30 days after islet transplanta-

tion and is upregulated by both inflammatory cytokine

exposure and hyperglycemia [11, 37]. To best protect

islet mass, insulin should be administered in the peri-

and postoperative periods. In murine models, as many

as twice as many islets are required to reverse diabetes

when hyperglycemia is not controlled with insulin

treatment [11]. Thus, in clinical IAT recipients, mainte-

nance of euglycemia is targeted after islet infusion, with

intravenous insulin infusion and subcutaneous insulin

analogs.

When islets are infused into the portal blood stream,

tissue factor expressed on the surface of the islets an

instant blood-mediated inflammatory reaction (IBMIR),

in which complement and coagulation cascades are

activated and innate inflammation is triggered. This

nonspecific inflammatory response is proposed to con-

tribute to substantial islet loss in some recipients [6, 7,

38, 39]. Multiple proinflammatory cytokine/chemokine

pathways are upregulated in the 1-week period

following surgery in clinical IAT recipients [6, 40].

Anti-inflammatory approaches are currently under

study to target this potential source of islet loss [8].

Islet physiology and function
following TPIAT

Ultimately, the goal of the IAT is to preserve endoge-

nous insulin secretion in those patients who require

total pancreatectomy for relief of severe, unrelenting

pancreatic pain. Total pancreatectomy alone often



�

� �

�

Chapter 17B: Total pancreatectomy and islet cell autotransplantation 305

results in labile diabetes mellitus (DM), due to com-

plex medical disease, malabsorption from exocrine

insufficiency, lack of any basal or counter-regulatory

glucagon production, and, importantly, the complete

reliance on subcutaneous insulin injections [41]. Simply

restoring some ability to endogenously regulate insulin

secretion, even in the absence of insulin independence,

significantly reduces the risk for this labile form of DM.

TPIAT confers a long-term survival advantage over total

pancreatectomy alone for CP [42].

Glucose-dependent insulin secretion is preserved in

the transplanted islets. Thus, as ambient blood glucose

rises, glucose travels freely into the beta cell through

an insulin-independent glucose transporter and stim-

ulates the secretion and synthesis of insulin. The

pulsatile pattern of insulin secretion, which is present

in the native pancreas, is restored in intrahepatic islet

transplant recipients [43]. Islet function and insulin

dependence are highly dependent upon the islet mass

transplanted [21, 44]. Overall, islet function is present

in about 90% and insulin independence is achieved

in about 30% of IAT recipients in the first year after

surgery (Figure 17B.3), although attrition of insulin

independence occurs over time [4, 21, 45, 46]. While

surgery is approached cautiously in younger children,

the youngest IAT recipients are frequently insulin

independent, and this insulin independence is sustained

long term [20, 47]. Because prior surgical resection

or surgical drainage procedures (Puestow, or similar)

reduce the islet mass available for transplant, a history

of prior pancreatic surgery reduces the likelihood of islet
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Figure 17B.3 Proportion of patients who are insulin indepen-
dent at various time points after TPIAT, by the number of
islets (IEQ/kg) transplanted. Bellin 2012 [2]. Reproduced with
permission from Springer.

autotransplant success [21, 48]; thus, such procedures

are often avoided as a temporizing measure in those

likely to require IAT such as young patients with genetic

disease [49, 50].

When islets are transplanted intrahepatically, the

alpha cells produce normally basal and arginine

(protein)-stimulated glucagon. However, in contrast,

the expected elevation of glucagon in response to

hypoglycemia is absent in IAT recipients with intrahep-

atic islet grafts, even when a large number of islets are

transplanted. This appears to be a transplant site–specific

defect; when a portion of the islets are placed in the

peritoneal cavity, a normal counter-regulatory rise

of glucagon during hypoglycemia is restored [51]. At

this time, intraportal infusion remains the preferred

approach to IAT, based on the vast experience with

this site, clear potential for beta-cell longevity, and

superior performance of this site historically in animal

models. However, alternative sites remain under study,

with the potential advantage of restoring glucagon

counter-regulation, as well as other benefits including

avoidance of IBMIR and exposure to toxins in the liver

[29].

Conclusions

Recent advances in islet autotransplantation have

expanded our ability to successfully isolate islets from

patients with CP. Once transplanted into the intrahep-

atic environment, islets require several weeks to months

to engraft and reestablish a vascular supply. However,

remarkably once transplanted and engrafted, islets can

function nearly normally and sustain function for years.

Control of detrimental factors such as posttransplant

beta-cell apoptosis and control of the IBMIR will be

critical to continue to advance our success with this

procedure.
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Introduction

Diabetes and chronic pancreatitis
Any process that leads to the destruction/reduction

of the pancreatic parenchyma and particularly the

endocrine component (progressive fibrosis, surgery or

trauma) will result in hormone deficiencies and altered

responses of organs to these pancreatic hormones. This

results in a type of impaired glucose metabolism known

as pancreatogenic diabetes [1]. The American Diabetic

Association classifies this type of diabetes mellitus as

"other specific type of diabetes mellitus" [2] as opposed

to the previous classification in 2003 as type lll.C.1 [3].

Pancreaticogenic diabetes following surgical resection

differs from type 1 and type 2 diabetes in a number

of respects. In particular, as type 1 diabetes mellitus is

caused by cell-mediated autoimmune destruction of

beta cells, it carries a significant risk of hyperglycemia

and ketoacidosis both of which are uncommon with

pancreaticogenic diabetes.

Pancreaticogenic diabetes is also unlike type 2

diabetes mellitus, which is characterized by insulin

resistance and relative insulin deficiency, because

patients with pancreatic diabetes are sensitive to insulin

[1]. In addition, the increased peripheral sensitivity

to insulin and reduced glucagon levels with pancre-

aticogenic diabetes means that exogenous insulin

administration frequently causes hypoglycemic attacks,

and this response is the reason for the use of the term

"brittle diabetes." The consequence of this sensitivity

is frequent iatrogenic hypoglycemia with exogenous

insulin, which can be severe and cause hospitalization,

irreversible central nervous system damage, and even

fatalities [4–8]. As a consequence, glycemic control can

Pancreatitis: Medical and Surgical Management, First Edition.
David B. Adams, Peter B. Cotton, Nicholas J. Zyromski and John Windsor.
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be extremely challenging to manage with HbA1c levels,

which are generally high and not infrequently associ-

ated with chronic diabetic complications (nephropathy,

neuropathy, and retinopathy) in the longer term [6, 9].

Diabetes following total pancreatectomy
Total pancreatectomy (TP) without an islet autotrans-

plant has an inevitable consequence of diabetes, and (in

addition to the brittle nature) it is believed that rapid

intestinal transit due to pancreatic insufficiency results

in unpredictable glucose absorption and exacerbates the

recurrent episodes of iatrogenic hypoglycemia. Fear of

this “brittle” diabetes is one of the main reasons that

referral for surgery is often much delayed, which fur-

ther contributes to the potential for complications in the

long term [10, 11]. Islet autotransplantation following

pancreatectomy offers the opportunity to ameliorate the

complete loss of endocrine function normally associated

with TP with resultant improvements in the quality of

life (QoL) and diabetic control. Hence, long-term assess-

ment of graft function must include QoL assessment, in

addition to physiological parameters.

Quality of life

Quality of life in patients with chronic
pancreatitis
Although QoL in patients suffering from CP is invari-

ably poor and associated with significant domestic and

social disruption, quantitative assessment is difficult.

In the past, the Short Form-36 (SF-36) was used

for measuring health in gastroenterology but was

not validated for chronic pancreatitis. The European

Organisation for Research and Treatment of Cancer
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Quality of Life Questionairre-30 (EORTC QLQ-C30)

and the Quality of Life Questionnaire Pancreatic Can-

cer Module (QLQ-PAN28) have also been used to

provide CP specific information [12–14]. Fitzsimmons

and colleagues developed the EORTC QLC-C30 in a

multicenter study of patients with chronic pancreatitis

but did not validate it with appropriate controls. They

also modified the QLQ-PAN26 (a pancreatic specific

module) and produced a CP-specific module, which was

renamed QLQ-PAN28 [15, 16]. They concluded that

QLQ-C30 and QLQ-PAN26 showed strong associations

between conceptually related scales and discriminated

between patients on the basis of performance status and

their requirements for opiate analgesics. More recently,

The Short Form-12 Health Survey forms have been

assessed and compared with the EORTC QLQ-C30 in a

number of different cohorts [17, 18] and are presently

the accepted tools in CP.

The largest study ever conducted on the pain from CP

was able to demonstrate that for all categories of CP pain

including mild/moderate intermittent to patients with

constant severe pain almost half used pain medication

for their condition, almost a quarter were on disability

allowance, and patients had been admitted a median of

once in the preceding year. The same study also demon-

strated that constant pain regardless of severity was sig-

nificantly associated with higher levels of hospitalization

[19]. Those with constant pain were more likely to have

been hospitalized on more than 10 occasions in the last

year and have a higher need for incapacity benefit com-

pared with sufferers of intermittent pain of all severities

(42.1% vs. 17.5%, OR 3.2 (95% CI 2.0–5.1). Based on

these assessments, the authors made the suggestion that

treatments that eradicate pain (radical surgery) rather

than therapeutic options that reduce pain scores (celiac

plexus block, Puestow (drainage) procedure, and pan-

creatic enzyme supplementation) are the most effective

strategies.

It is also known that at least 50% of patients who suf-

fer from CP will ultimately require some form of surgi-

cal intervention due to persistent refractory pain and/or

complications of the disease [20–23]. With such a high

proportion of patients ultimately requiring surgery TP

(which has been shown to result in the eradication of

CP-related pain in the majority of patients) [24] is indi-

cated in those patients with small duct/minimal change

disease and previously failed surgery where other forms

of treatment are very unlikely to succeed.

Quality of life following total
pancreatectomy with and without
islet transplantation

The first TP was performed by Rockey in 1943 [25], but

for several decades the procedure was only employed in

an attempt to improve the clearance and R0 resection

rates in patients with pancreatic malignancies. As the

management of these patients improved, consideration

was given to its use for other (nonadenocarcinoma)

tumors and benign conditions such as chronic pan-

creatitis. Unfortunately, prior to the advent of islet

autotransplantation, the inevitable consequence of the

surgery was immediate and complete exocrine and

endocrine deficiency, which produced malabsorption

and “brittle” diabetes [26].

Improvements in surgical technique and postopera-

tive caremeans that TP is now associated with a very low

mortality and a dramatically reducedmorbidity [24], but

without a concomitant islet autotransplantation it is still

associated with significant postoperative problems. The

principle problem that affects the QoL in these patients is

poor glycemic control despite the use of frequently very

complex insulin regimens [27]. The impact of the dia-

betes following TP is demonstrated in a study by Billings

and colleagues who demonstrated the safety of the pro-

cedure but found that QoL was significantly inferior to

age- and gender-matched controls but was no different

from comparable patients with diabetes [4].

Several groups have recently reexamined the QoL

in these patients in the light of further advances in

surgical technique and progress in the management of

the diabetes. A study from Italy looked at the QoL and

long-term complications in a tertiary referral center

between 1994 and 2006 and used the EORTC QLQ-C30

questionnaire to evaluate surviving patients. Ninety one

percent of patients complained of hypoglycemia (at least

once a week in 72%), and steatorrhea and abdominal

pain were found in 66%. These problems resulted in

major impairments of leisure and work activities in 56%

and 31%, respectively. There were similar findings in a

study from the Mayo Clinic that examined patients hav-

ing TP between 2002 and 2008 and found that patients

lost about 8 kg in weight, which was also associated

with elevated HbA1c values and over 50% of patients

requiring rehospitalization within 12 months [28].

The addition of an islet autotransplant is able to

abrogate the majority of the symptoms and problems
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outlined here that are associated with TP alone [29–31].

In a study from Cincinnati examining the role of

TP and islet cell autotransplantation for genetically

linked pancreatitis, insulin requirements reduced

to a mean of 15U/days by 22 months and 25% of

patients were insulin independent. Narcotic use fell

dramatically following surgery with a 63% rate of

narcotic independence (at last outpatient visit), which

was also associated with a significantly improved QoL

(analysis of the 36-item short-form health survey and

the McGill pain questionnaire) [29]. There are similar

findings in children having a TP and islet autotrans-

plant by the Minneapolis group who used the Medical

Outcome Study 36-item short form (SF-36) before

and after surgery and demonstrated a below-average

health-related QoL preoperatively (mean physical

component summary (PCS) score of 30 and mental

component summary (MCS) score of 34 (2 and 1.5

standard deviations, respectively, below the mean for

the US population). By 1 year following surgery, the

PCS and MCS scores had improved to 50 and 46, respec-

tively (PCS P< 0.001, MCS P= 0.06) and mean scores

had also improve for all eight-component subscales.

In addition, more than 60% of patients were insulin

independent or required minimal insulin [32].

A recent meta-analysis has also attempted to deter-

mine the reduction inmorbidity andmortality conferred

by the addition of an islet autotransplant to a TP [31].

The study found a very low 30-day mortality of between

1% and 2% (median of 0%) and insulin independence

rates of 4.62 per 100-person years and 8.34% per

100-person years at last follow-up and transiently,

respectively. Dong and colleagues did not examine

the results for QoL related to insulin independence,

reduced requirements, or glycemic control but this was

examined in a study from the Cleveland Clinic this year

[33]. The stated aim of the study was “to improve QoL

by alleviating pain and discontinuing narcotics while

preventing or minimizing surgical diabetes”. Patients

were examined pre- and postoperatively using the

Depression Anxiety Stress Scale (DASS) and the Pain

Disability Index (PDI). A visual analog pain scale was

used to assess global pain and diabetes was examined by

the use of HbA1c. Depression and anxiety were classed

as mild, moderate, severe, and extremely severe and the

effect on family/home responsibilities, recreation, social

activity, occupation, sexual behavior, self-care, and

life-support activities studied. Results for the impact of

Table 17C.1 Improvements in quality of life following total
pancreatectomy and islet autotransplantation for chronic
pancreatitis.

Pre-operative

state

Post-operative

state

Family/home responsibilities 12 (61%) 2 (10%)

Recreation 16 (80%) 4 (20%)

Social activities 13 (66%) 3 (15%)

Occupation 14 (70%) 3 (20%)

Sexual behavior 11 (55%) 2 (10%)

Self care 6 (39%) 0 (0%)

Life support activity 9 (45%) 1 (10%)

Depression 4 (19%) 0 (0%)

Anxiety 1 (4%) 1 (4%)

Pain scale 11 (55%) 2 (10%)

the surgery and islet autotransplant on those activities

severely affected are shown in Table 17C.1. These

results are extremely encouraging and demonstrate that

there has been a steady improvement in the QoL of the

patients over the last three decades, brought about by a

standardization of surgical technique, the involvement

of multidisciplinary teams in the postoperative period

and refinements in islet isolation [34–38].

Assessment of graft function

Long-term follow-up protocols have been employed

in Leicester since 1994. Patients are routinely assessed

for the development of diabetes and attention paid

to changes in blood glucose levels with adjustments

in insulin doses as appropriate by a consultant dia-

betologist. In addition, there is protocol evaluation of

diabetic status at 1, 3, 6 and 12 months and at yearly

intervals thereafter. This includes the response to an

oral glucose tolerance test as well as measurement of

levels of C-peptide and HbA1c. Formal evaluation of

QoL is performed periodically using regular assessments

by a medical psychologist. In this way, a full picture of

the effects of surgery can be obtained, which includes

the following:

1 Insulin requirements.

2 HbA1c as an index of average glucose levels.

3 Responses to mixed meals and oral/intravenous

glucose.
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4 Formal assessment of QoL, including changes in pain

and narcotic use performed by a consultant medical

psychologist.

5 Assessment of development of diabetic complications

including regular eye screening to monitor retinopa-

thy, urine examination to look for microalbuminuria,

and regular clinical examination to look for evidence

of diabetic neuropathy.

6 Annual abdominal ultrasound examinations.

Annual ultrasound examination is part of the stan-

dard follow up of patients with bilioenteric anastomoses

to prevent complications following an insidious bilioen-

teric stenosis. In addition, infusion of islets into the

portal venous system may induce long-term structural

changes in the liver. Several authors have described

periportal hepatic steatosis in patients who have under-

gone islet transplantation [39, 40].The hepatic steatosis

seen in islet transplant patients differs from that seen in

the general population in that it produces a heteroge-

neous nodular or granular pattern of liver involvement.

It can be seen as early as 6–12 months following an islet

transplant (Figure 17C.1) but does not produce clinical

(a) (c)

(b) (d)

Figure 17C.1 (a and b) Abdominal ultrasound images of two patients following a pancreatectomy and islet cell autotransplant (more
than 12 months earlier). The images demonstrate nodular echogenicity of the liver found in 25% of the patients. The changes occur
from 6 to 12 months following the islet infusion and are not found in patients following a total pancreatectomy alone. (c and d)
The liver appearances are not associated with clinical, biochemical, or radiological evidence of liver dysfunction or progression of the
appearances once established. (c and d) show the same patient with stable ultrasound appearances over a 2-year period.
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problems or abnormalities of liver function even in the

long-term and does not progress on imaging. It is a

benign condition thought to result from the paracrine

action of high local concentrations of insulin and is

believed to be a positive finding acting as a surrogate

marker for persistent islet graft function. Magnetic

resonance imaging (MRI) of these liver appearances

suggests that the appearances are due to localized patch

steatosis [41].

Although long-term prevention of diabetes remains

the goal of the islet autotransplantation (IAT) pro-

cedure, significant insulin and C-peptide secretion is

the main measure of the success of the procedure.

Background C-peptide secretion will lessen the severity

of diabetes even if some exogenous insulin is required,

allowing easier control of blood glucose. The improved

diabetic control will reduce or abrogate the onset of

secondary chronic diabetic complications. Together

with the improved control of blood glucose, cessation

of narcotics will produce a significantly improved QoL.

Clinical outcomes following total
pancreatectomy and islet
autotransplantation

The Minneapolis program
Islet autotransplant programs throughout the world

attempt to mimic the success of the Minneapolis trans-

plant team (headed by Prof. David Sutherland), which

was started in 1977 and now boasts the largest and most

experienced team of islet autotransplant physicians and

scientists in the world.

Insulin requirements
IAT has been shown to fully abrogate diabetes in

approximately one-third of patients (32% were insulin

independent at 1 year), while 65% of patients (also

at 1 year) showed partial function and were classified

as euglycemic recipients on once-daily long-acting

insulin. The procedure has also been used to suc-

cessfully treat 24 children to date with 56% showing

insulin independence at 1 year posttransplant [42]. A

more recent report following insulin requirements of

patients with hereditary and nonhereditary chronic

pancreatitis demonstrated that 16 of the 80 TP-IAT

patients with hereditary/genetic chronic pancreatitis

(HGP) attained complete insulin independence at some

time after islet infusion (20%). This compares with 133

of the 404 (32.9%) with a nonhereditary cause. Insulin

requirements in general decreased for the first 2–3 years

following TP/IAT with deterioration in the percentage

of patients remaining insulin-free after this [43].

HGP was associated with a significantly reduced

likelihood of insulin independence compared with

nonhereditary causes (odds ratio [OR]=0.33; 95%

confidence limits [CL], 0.1 and 0.84; P=0.019). Inde-

pendent risk factors for insulin independence included

recipient age, severity of pancreatic fibrosis, recipient

body mass index, and transplant IEQ/kg body weight.

The number of IEQs was the strongest independent pre-

dictor for insulin independence. C-Peptide levels were

maintained in at least 80% of patients although the rate

of decline was greater in patients with HGP [43]. Rates

of long-term insulin independence were higher in a

pediatric population of 75 patients undergoing TP/IAT

at 41.3% [43]. By multivariate analysis, three factors

were associated with insulin independence after TP-IAT:

(i) male sex, (ii) lower body surface area, and (iii)

higher total IEQ per kilogram body weight. Total IEQ

(100,000) was the single factor most strongly associated

with insulin independence (OR=2.62; P< 0.001) [44].

Formal assessment of quality of life
QoL following TP/IATwas significantly improved in both

pediatric and nonpediatric populations. Ninety percent

of patients had statistically significant improvement in

their pain and health-related QoL [43, 44]. As a global

measure of physical health, PCS scale scores were unre-

lated to insulin status. However, in the aggregate, phys-

ical health declined more rapidly for those who were

insulin dependent compared with those less dependent

on insulin. Among those that were insulin dependent,

the PCS scale scores dropped by a mean of 7.07 points.

This is a marked decline considering that the MCS and

PCS are standard normalized to have an SD of 10 points

[43] emphasizing the impact of graft function on over-

all QoL.

Previous work by the Minneapolis group has shown

that patients who had not had previous pancreatic

surgery and those who had previously had procedures

to the head of the pancreas were more likely to have

a greater islet yield and achieve insulin independence.

Patients who had previously had distal resections or

hybrid techniques were more likely to require exoge-

nous insulin administration and they consequently
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advocate TP and IAT at an early stage in the disease

course [45].

The Leicester program
Within the Leicester group, 74% of patients who were

treated presented with nonalcohol-induced CP with

the onset of the disease reported as young as 6 years

old. Sixty patients have undergone pancreatectomy and

IAT to date, and a further 50 patients have had a pan-

createctomy alone. The pancreatectomy-alone patients

were on insulin at presentation, had severely abnormal

GTTs, or were found (eight patients) to be unsuitable

intraoperatively. Intraoperative problems related to a

small number of patients where the calcification/fibrosis

of the gland prevented the recovery of a significant or

sufficient number of islets to justify autotransplantation.

This represents the cohort where late diagnosis/referral

was accompanied by the well-recognized reduction

in islet mass and the onset of IDDM. In Leicester,

IDDM or a severely abnormal GTT is considered to be a

contraindication to attempting an IAT because the small

increase in the risk of the procedure cannot be justified

by the likely small islet yield (autotransplantation of

very small numbers of islet does not produce significant

endogenous insulin production in the long term, and

these patients become C-peptide negative).

Insulin requirements
Thirty seven percent of patients have experienced

insulin independence, and 32% were insulin free

at 1 year posttransplant (Figure 17C.2). Unlike islet

allotransplantation, optimal graft function was not

achieved until 1 year following transplantation as

evidenced by the highest serum C-peptide levels and

lowest requirements of exogenous insulin. In those

patients who are not insulin independent, the daily

requirements are low with the majority requiring

less than 20 units and C-peptide secretion preserved

(Figure 17C.3) in response to glucose stimulation.

Both C-peptide secretion and HbA1c demonstrated

some deterioration over time, but overall remained

satisfactory throughout the follow-up period.

Formal assessment of quality of life
Following surgery, there was a significant reduction

in the patients’ visual analog pain score from 9.7 to

3.7 (P<0.001) with a concomitant improvement in

QoL (Figure 17C.4). Long-term follow-up showed that

regular opiate use had reduced from 90.6% to 40.2%

by the end of the first year following resection, to

15.9% at 5 years, and 7.9% at 10 years. This trend

continued beyond 10 years, and at the maximum

follow-up in the early patients in the series opiate use

approaches zero. Finally, long-term follow-up of IAT
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Figure 17C.4 Patient postoperative satisfaction survey. (Adapted from Garcea et al [46].)

patients demonstrated that survival was superior in

patients with grafts than those undergoing TP alone

(Figure 17C.5) suggesting (although not definitely prov-

ing) that functioning IAT could ameliorate long-term

complications of diabetes [46].

Further developments in improving long-term
graft function
As with all branches of transplant surgery, research and

development allows progressive improvements in graft

function and survival. The extensive global interest in
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islet allotransplantation for the treatment of diabetes

mellitus means that there are a plethora of research

strategies to improve islet isolation and transplanta-

tion and to prolong graft survival. Although data on

international budgets spent on islet-related research

are not available, Diabetes UK spends an estimated

£6 million per annum on islet research. A Pubmed

search of islet-related research (search term: pancreatic

islets) results in 41,298 peer-reviewed articles spanning

1907 to July 2011 and specifically 9039 related to

islet transplantation. Research strategies developed for

allotransplantation programs can be directly utilized to

improve rates of insulin independence following auto-

transplantation. Unpublished data (Leicester) suggests

that the rates of insulin independence have improved

with the last eight patients transplanted (five of eight

patients have shown periods of insulin independence),

and this coincides with the introduction of the newly

formulated low endotoxin GMP-grade collagenase

enzyme (Figure 17C.6).

Reproducible clinical success

Analysis of the three centers with the longest con-

tinuous islet autotransplant programs in the world

shows remarkably similar patient outcomes, with low

mortality (1–2% in the first year posttransplant) and

insulin independence rates of between 32% and 40% at

1-year posttransplant. Although insulin independence

rates appear relatively low compared with 85% at 1 year

achieved following islet allotransplantation, it is difficult

to directly compare these two groups. Pancreatectomy

and IAT are performed as salvage procedures in patients

whose pancreases are severely damaged (and has often

been operated on previously) and when only one gland

is available. Islet allografting is performed following

harvesting of islets from (by definition) normal glands,

and frequently multiple transplants from different

donors are employed. Following transplantation, how-

ever, the situation is different and insulin requirements

have been shown to remain relatively stable in islet

autotransplant recipients. In Leicester, all patients

transplanted since 1994 have retained insulin secretion

based on continued C-peptide detection [47]. Based

on the attributes of the three lead centers in the world

and local experience, the key components needed for

successful IAT program are as follows:

• Long-standing experience in complex pancreatic

surgery in tertiary referral centers

• Experience in endocrine replacement therapy by

transplantation

• Human tissue authority accredited clean room facili-

ties

• Experienced islet isolation scientists with a keen inter-

est in research and development

• A multidisciplinary team to fully assess patients’

suitability for surgery and an islet autotransplant who

will be involved in the long-term management of the

recipients to follow-up the function of the islet graft.

What should be monitored
postoperatively?

Following TP and IAT, patients should be carefully mon-

itored for the development of diabetes. There should

be protocolled evaluation of diabetic status at 1, 3, 6,

and 12 months and at yearly intervals thereafter. These

should include responses to an oral glucose tolerance

tests as well as measurement of levels of C-peptide

and HbA1c. Continuous glucose monitoring sensors

(CGMS) could be used to get detailed information about

variation in glucose levels in normal life. Formal eval-

uation of QoL should also be assessed periodically by a

medical psychologist. In this way, a full picture of the

effects of surgery can be obtained and the results used
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Figure 17C.6 Effect of collagenase on islet isolation: Insulin-independent patients.

to determine the success of TP/IAT and compare inter-

group outcomes. Additional data need to be gathered by

methods that assess whether patients have developed

or are at risk of developing diabetic complications,

including regular eye screening to monitor retinopathy,

urine testing to look for microalbuminuria, and regular

clinical examination to look for evidence of diabetic

neuropathy.

Although long-term prevention of diabetes remains

the goal of the IAT procedure, significant insulin and

C-peptide secretion will remain the main measure of the

success of the procedure. Background insulin secretion

will lessen the severity of diabetes, allow easier control

of blood glucose, improve QoL, and reduce or abolish the

onset of secondary diabetic complications. Reductions in

pain and narcotic use are also important endpoints and

together with the improved glycemic control will con-

tribute to improvements in QoL and reduce or abolish

hospital admissions.

The future of TPIAT

Increasingly centers are able to perform TPIAT and the

availability of encouraging long-term results means

that the number of procedures performed is likely

to steadily increase. The surgical technique is largely

established and advances in islet isolation continue; and

this combined with the lack of an immune response

in patients undergoing TPIAT provides valuable data
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for the islet allografting community. In addition, a

number of units are considering approaches that may

modify the immediate posttransplant environment to

facilitate and improve early graft implantation. The

ability to monitor the environment greatly facilities

observations about the effect of a wide range of possible

approaches, particularly improving portal oxygen levels

and pharmacological manipulations. Access to the portal

system for islet infusion can be performed using the

recannulated umbilical vein and an indwelling catheter

that can be left in situ for up to 6 days. This allows for

hemodynamic measurements and potentially venous

sampling to assess the effect of any pharmacological

manipulation.

Nevertheless, the number of patients undergoing

TPIAT is likely to remain modest and in the longer

term more meaningful data are likely to accrue from

a collaborative approach between units or ideally

collaboration on a national level working to common

protocols and maintaining a joint database. Presently,

in the UK, consideration is being given by NHS England

to designation of a National network for TPIAT. The

proposed network is based upon four centers in Leices-

ter, Oxford, Newcastle, and Kings College London and

co-lead by a multidisciplinary group of pancreatic sur-

geons, transplant surgeons, physicians, diabetologists,

and scientists who have examined and considered the

available options and compared them with the latest

data relating to TP and IAT. “State-of-the-art” treatment

of diabetes and its complications is available in the

four centers and includes complex exogenous insulin

regimens, segmental pancreatic autotransplantation,

and pancreas allotransplantation. Of these options,

none offers the potential to manage glycemic control

as comprehensively or simply as TP/IAT, either due to

problems with diabetic control or need for life-long

immunosuppression. The consortium will work to

common protocols and maintain a centralized database

for collation. Audit and governance of the supraregional

islet autotransplant program will be established and

managed through the islet autotransplant consortium.

Data collection will include details of the preoperative

work-up and indications for surgery, operative proce-

dure, and duration quality control of the islet isolation

process in line with the current NHS England–funded

islet allograft program, islet isolation number, and portal

pressures during infusion. Postoperatively, surgical

complications, insulin independence rates, analgesic

usage, HbA1c levels, fasting and stimulated glucose tol-

erance, and C-peptide in addition to clinical outcomes

including formal QoL assessment, pain scores, and hos-

pital admission data will be collected. This collaborative

approach will provide a complete long-term picture

of the most appropriate work-up, perioperative care,

postoperative management, and follow-up of patients

following TPIAT.
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