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Abstract Advances over the past decade have indicated that a
complex interplay between environmental factors, genetic
predisposition, alcohol abuse, and smoking lead towards the
development of chronic pancreatitis. Chronic pancreatitis is a
complex disorder that causes significant and chronic incapac-
ity in patients and a substantial burden on the society. Major
advances have been made in the etiology and pathogenesis of
this disease and the role of genetic predisposition is increas-
ingly coming to the fore. Advances in noninvasive diagnostic
modalities now allow for better diagnosis of chronic pancrea-
titis at an early stage of the disease. The impact of these ad-
vances on surgical treatment is beginning to emerge, for ex-
ample, patients with certain genetic predispositions may be
better treated with total pancreatectomy versus lesser proce-
dures. Considerable controversy remains with respect to the
surgical management of chronic pancreatitis. Modern under-
standing of the neurobiology of pain in chronic pancreatitis
suggests that a window of opportunity exists for effective
treatment of the intractable pain after which central sensitiza-
tion can lead to an irreversible pain syndrome in patients with
chronic pancreatitis. Effective surgical procedures exist for
chronic pancreatitis; however, the timing of surgery is unclear.
For optimal treatment of patients with chronic pancreatitis,
close collaboration between a multidisciplinary team

including gastroenterologists, surgeons, and painmanagement
physicians is needed.
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Introduction

Chronic pancreatitis is an irreversible condition of the pancreas
characterized by chronic progressive pancreatic inflammation,
fibrosis, and scarring resulting in loss of both exocrine (acinar)
and endocrine (islet cells) tissue. In the USA, chronic pancrea-
titis is cited as the seventh most commonly noted digestive
disease diagnosis for hospitalization [1]. Annual healthcare
costs associated with the treatment of chronic pancreatitis
exceed $3 billion in the USA, a significant financial burden
[1]. Chronic pancreatitis is more common in men with the sex
ratio (male/female) of 4.6. Men tend to have a higher frequency
of alcohol-related pancreatitis while women have a higher risk
of pancreatitis related to gallstones, endoscopic retrograde
cholangiopancreatography (ERCP), and autoimmune diseases.
In children, pancreatitis is usually associated with cystic fibro-
sis; however, in India, tropical calcific pancreatitis is more
prevalent though the incidence appears to be decreasing [2].
Recent studies suggest that idiopathic pancreatitis may be more
common than classic tropical calcific pancreatitis in India [2].

Pathophysiology of Chronic Pancreatitis

Trypsin metabolism and stellate cell activation play a central
pathophysiological role in chronic pancreatitis [3, 4].
Whitcomb has proposed a model that describes chronic pan-
creatitis as a consequence of two hits [5]. The first hit is
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repeated attacks of acute pancreatitis that initiate the injury
process (Table 1). Any insult that leads to premature activation
of trypsin or persistence of active trypsin in the acinar cell of
the pancreas makes the pancreas vulnerable to an acute in-
flammatory injury and may cause acute pancreatitis. The sec-
ond hit in the progression to chronic pancreatitis is often as-
sociated with factors that promote chronic inflammation or
modify the normal inflammatory response that leads to
sustained activation of pancreatic stellate cells resulting in
chronic fibrosis [4, 5].

Pancreatic stellate cells (PSC) mediate the fibrotic destruc-
tion of the pancreatic gland that is found in chronic pancrea-
titis. PSC are activated either directly by toxins such as alcohol
[3] or by cytokines locally produced during the
necroinflammatory process associated with acinar cell de-
struction during an attack of acute pancreatitis [6]. PSC leads
to the formation of collagen and deposition of the extracellular
matrix proteins in the interstitial space that leads to acinar and
ductal cell destruction. The ultimate consequence of this is
progressive loss of lobular architecture and duct structure of
the pancreas. This fibrotic destruction of the pancreas is irre-
versible and the associated morphological and structural
changes cause loss of exocrine and endocrine function leading
to diabetes and pancreatic insufficiency. The mechanism of
chronic fibrosis seen in chronic pancreatitis may be similar
to that seen in liver cirrhosis as both appear to be mediated
by abnormal activation and functioning of stellate cells [3, 7].

Etiology of Chronic Pancreatitis

The TIGAR-O system for classification of chronic pancreatitis
is presently the most clinically relevant and widely used sys-
tem [8]. TIGAR-O system incorporates new insights on vari-
ous risk factors for chronic pancreatitis and consists of six
groups including toxic, metabolic particularly alcohol, idio-
pathic, genetic, and autoimmune (Table 1). The NAPS2 study
in the USA showed that 45 % of pancreatitis in the USA is
associated with alcohol abuse, 29 % of patients fall into the
idiopathic category, autoimmune pancreatitis accounts for
2.2 % and an underlying genetic disorder for about 9 % [9,
10]. Advances over the past decade have indicated that a com-
plex interplay between environmental factors, genetic predis-
position, and alcohol abuse and smoking lead towards the
development of chronic pancreatitis.

A relationship between alcohol consumption and chronic
pancreatitis has been well recognized. Epidemiological stud-
ies have shown that ingestion of approximately 80 g of alcohol
per day for a minimum of 6 to 12 years is required for devel-
opment of symptomatic chronic pancreatitis [2, 11]. Recent
data suggest that consumption of lesser quantities of alcohol
may also lead to progression of chronic pancreatitis. The M-
Anneheim classification system of chronic pancreatitis has

therefore grouped alcohol consumption into patterns of mod-
erate (<20 g ethanol per day), increased (20–80 g ethanol per
day), or excessive (>80 g ethanol per day) [12]. It is interesting
that while alcohol is the most commonly recognized factor in
the development of chronic pancreatitis, only about 10 % of
chronic alcoholics develop chronic pancreatitis [13]. Recent
studies have demonstrated the importance of genetic muta-
tions particularly in SPINK1, CFTR, and the x-linked
CLDN genes and polymorphisms that confer susceptibility
for alcohol-mediated injury on the pancreas and may explain
why only a subset of the population of chronic alcoholics
develop chronic pancreatitis [11, 14]. Smoking aggravates
the deleterious effect of alcohol on the pancreas. Recent stud-
ies have suggested that smoking has a dose-dependent effect
in potentiating the development of alcoholic chronic pancrea-
titis [11, 15]. When a threshold of 15 smoking pack-years is
reached, chronic alcoholic pancreatitis was diagnosed a de-
cade earlier, and at a nicotine consumption threshold of 20
pack-years, up to 76 % of patients presented with pancreatic
calcifications and duct changes [16]. These studies suggest
that alcohol sensitizes the pancreas to other external factors
such as smoking, diet, and genetic predisposition which inter-
act to augment ethanol toxicity in vivo. It is interesting that
smoking may also be an independent risk factor in chronic
pancreatitis. For example, a recent study reported that

Table 1 TIGAR-O system of classification of chronic pancreatitis

• Toxic–metabolic

Alcoholic

Tobacco smoking

Hypercalcemia

Hyperlipidemia

Medications

Toxins

• Idiopathic

Idiopathic

Tropical

• Genetic

Autosomal dominant

PRSS1 mutation

Autosomal recessive/modifier genes

CFTR mutations

SPINK1 mutations

Anionic trypsinogen gene mutations (PRSS2)

• Autoimmune

• Recurrent and severe acute pancreatitis

Post-necrotic (post-severe acute pancreatitis)

• Obstructive

Pancreatic divisum

Duct obstruction (e.g., tumor, duct injury from post-surgery,
post-necrotizing pancreatitis, post-trauma)
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cigarette smoking increases the risk of pancreatic calcifica-
tions in late onset idiopathic chronic pancreatitis in a popula-
tion that did not consume any alcohol [17].

In 1952, Comfort and Steinberg [18] first described
hereditary chronic pancreatitis as an autosomal dominant
disease. In 1996, the hereditary chronic pancreatitis dis-
ease gene was mapped to chromosome 7q35, which
encodes the cationic trypsinogen gene (PRSS1), and
the first mutation, R122H, was detected [19]. In the past
decade, several genetic mutations have been described
that appear to play a role both in hereditary and in
acquired chronic pancreatitis including alcoholic, idio-
pathic, and tropical chronic pancreatitis. The majority
of the genetic mutations identified induce susceptibility
to chronic pancreatitis by mechanisms that lower thresh-
old for trypsin activation or induce sustained trypsin
activity in the pancreas. The gene locus that includes
the PRSS-1 and PRSS2 genes have been shown to be
associated with reduced expression of trypsinogen [5].
Mutations in PRSS-1 also lead to increased trypsinogen
activation and decrease trypsin degradation [4, 5, 8, 14].
SPINK-1 blocks active trypsin and further activation of
trypsinogen. Mutations in SPINK1 lead to failure of
trypsin degradation [5]. The chemotrypsin C gene
(CTRC) facilitates intracellular trypsin degradation.
Mutations in this gene lead to failure of trypsin degra-
dation [4, 5, 14]. The CaSR gene regulates intracellular
calcium levels. Mutations in this gene lead to high in-
tracellular calcium levels that block trypsin degradation
[4, 5, 14]. All of the above genetic mutations have a
higher prevalence in patients with chronic pancreatitis
compared to the general population. For example, sus-
ceptibility mutations in the SPINK-1 gene are associated
with tropical calcific pancreatitis prevalent in India [20].
Similarly, genetic mutations in the CTRC gene lead to a
higher risk for tropical and idiopathic chronic pancrea-
titis. Mutations in the CaSR gene and the X-linked
CLDN2 gene are associated with a high susceptibility
of alcoholic pancreatitis in men. The function of the
CLDN2 gene is presently not clear [21].

Multiple etiological factors and the complex patho-
physiology of chronic pancreatitis suggest that the term
chronic pancreatitis may encompass many different dis-
eases with each requiring its own tailored treatment. As
we describe in the subsequent sections of this article,
medical and surgical approaches lead to variable out-
comes and the treatment efficacy in an individual patient
cannot be predicted prior to the intervention. Integration
of new findings from genetic analysis into therapeutic
approaches for chronic pancreatitis may allow for devel-
opment of more effective treatments that are better mon-
itored with biomarkers to maintain pancreatic function
and prevent progression of disease in the future.

Diagnosis of Chronic Pancreatitis

The diagnosis of chronic pancreatitis is confirmed by imaging
studies in a patient with an appropriate clinical presentation.

ERCP Previously, ERCP was considered the gold standard
for the diagnosis of chronic pancreatitis. The Cambridge
criteria were developed at an expert consensus conference in
1984 to standardize and classify endoscopic retrograde
pancreaticographic changes in chronic pancreatitis. Changes
are graded as normal (0), equivocal (1), mild (2), moderate (3),
or severe (4) depending on the changes observed in the main
pancreatic duct and side branches. In recent years, MRI and
endoscopic ultrasonography (EUS) have transplanted ERCP
as the imaging modalities of choice. The disadvantages of
ERCP include the risk of development of acute pancreatitis
and the failure of the study to evaluate the pancreatic
parenchyma.

Computerized Tomography (CT) CT scan is often the first
modality that is obtained in a patient with abdominal pain. In
patients with severe pancreatitis, findings such as calcifica-
tions, atrophy, ductal dilatation, and complications of chronic
pancreatitis such as pseudocysts and biliary dilatation may be
seen. In a patient with suspected chronic pancreatitis, an MRI
with MRCP would be the next follow-up study at our
institution.

MRI with MRCPMRCP provides a noninvasive evaluation
of ductal changes and has a higher resolution and sensitivity
than a CT scan. MRI has been reported to have a high sensi-
tivity (88 %), specificity (98 %), and accuracy (91 %) com-
pared to ERCP in identifying pathological ductal changes in
patients with moderate to severe changes of chronic pancrea-
titis as assessed by the Cambridge criteria [22]. While MRI
with MRCP is a very useful study for patients with advanced
changes of chronic pancreatitis, the sensitivity is as low as
25 % in patients with small duct disease or minimal change
chronic pancreatitis. It is this subgroup of patients with early
disease or small duct disease that provides a diagnostic chal-
lenge with noninvasive imaging. However, because of its util-
ity in patients with moderately severe and advance chronic
pancreatitis, MRI with MRCP has replaced ERCP as the ini-
tial diagnostic imaging study of choice in the workup of pa-
tients with chronic pancreatitis.

Endoscopic Ultrasonography EUS is helpful in identifying
early changes of chronic pancreatitis prior to the development
of calcifications, ductal dilatation, and significant atrophy of
the pancreas. In addition to that, EUS may also be helpful in
identifying patients with small duct disease. The accuracy of
EUS in chronic pancreatitis relies on quantitative and qualita-
tive parenchymal and ductal criteria that were established at an
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international consensus conference and are presently known
as EUS-Rosemont criteria. Most centers use at least five EUS-
Rosemont diagnostic criteria to diagnose chronic pancreatitis
[23]. The major limitation of EUS is that it is highly operator
dependent. Furthermore, since most surgeons have limited
experience with EUS and the surgical anatomy is often diffi-
cult to interpret from EUS images, this modality as the sole
imaging modality is not very helpful for the planning of sur-
gical treatment of chronic pancreatitis. If the CT and MRI
imaging studies are equivocal, then EUS is useful for estab-
lishing the diagnosis of chronic pancreatitis. If surgical treat-
ment is a consideration, then the patient may require an ERCP
for further evaluation.

Newer Imaging Options Secretin-enhanced MRCP (S-
MRCP) [24] and EUS elastography [25] are two new diag-
nostic modalities that are currently being evaluated for their
role in the diagnosis of chronic pancreatitis. Secretin admin-
istration stimulates pancreatic juice secretion filling the pan-
creatic side branch ducts and the main pancreatic duct. Side
branch ectasia, mild duct dilatation, and irregularities are often
better appreciated with S-MRCP. Two-dimensional MR is re-
peated every 30 s for 10 min after administration of secretin
for S-MRCP and pre- and post-secretin images are then com-
pared for changes in the main pancreatic duct caliber, vi-
sualization of main and side branches, sphincter of Oddi
function, and the duodenal filling. S-MRCP has potential
for improving the diagnosis of chronic pancreatitis; how-
ever, standardization of S-MRCP reporting including du-
odenal filling volume, ductal changes, and other features
is required to improve its utility [26].

EUS elastography is a real time EUS-guided modality that
analyzes the tissue stiffness of the pancreas quantitatively and
is currently under investigation for its efficacy in the diagnosis
of chronic pancreatitis. Quantitative elastography shows
sensitivity and specificity of 91 % for the diagnosis of
chronic pancreatitis. EUS elastography also allows quan-
tification of the degree of pancreatic fibrosis and thus
severity of the disease [25].

Presently, these two studies are not in widespread use;
however, early experience suggests that they may have tre-
mendous potential in the diagnosis of patients with early
chronic pancreatitis and small duct disease.

Treatment of Chronic Pancreatitis

Surgical treatment of chronic pancreatitis is limited to the
complications associated with this disorder (Table 2).
Steatorrhea and diabetes mellitus are the commonest compli-
cations associated with chronic pancreatitis. While there is
some literature to suggest that early surgical intervention
may ameliorate or delay the development of diabetes and

pancreatic malabsorption [27], current practice dictates that
diabetes and steatorrhea are expectantly treated with medical
therapy and the role of surgery in an otherwise asymptomatic
patient with early diabetes is controversial at best. Chronic
intractable pain is usually the single most common indication
for surgical intervention and is also the most disabling conse-
quence of chronic pancreatitis.

Pain in Chronic Pancreatitis

Pain in chronic pancreatitis has a variable presentation from
intermittent episodic occurrence to severe continues chronic
pain that leads to a substantial limiting of daily activity and
lifestyle of the patient. Chronic pain is also one of the
commonest symptomatic manifestation of chronic pancreati-
tis, and its reported prevalence is 50 to 85 % [1]. The mech-
anism of pain in chronic pancreatitis is controversial as is its
treatment.

One of the earliest proposed mechanisms for the pain in
chronic pancreatitis that also led to the development of the
Peustow procedure is the theory that the blockage of the main
pancreatic duct in the head of the pancreas leads to pancreatic
duct hypertension and pain. Documentation of pancreatic duct
hypertension is controversial as some early studies demon-
strated elevated pressures in the pancreatic duct in patients
with chronic pancreatitis; however, subsequent studies failed
to show a difference in the level of pancreatic duct pressures in
patients with and without pain with chronic pancreatitis [28].
Furthermore, results from studies that have utilized endoscop-
ic manometry have been equivocal with some studies showing
evidence of elevated intraductal pressures while other studies
do not [28–31]. Today, it is considered that pancreatic duct
hypertension may play a role in some patients; however, it is
unlikely that this is the primary mechanism in most patients.
Furthermore, outcomes of the Peustow procedure as discussed
below demonstrate that only a small subset of patients benefit
from the drainage procedure. It has also been proposed that the
fibrosis of the pancreatic parenchyma and peripancreatic soft
tissues produces a compartment-like syndrome. This may
cause secondary ischemia and development of chronic pain
similar to the pathophysiology underlying muscular

Table 2 Indications for surgery in chronic pancreatitis

• Intractable pain

• Common bile duct obstruction

• Pancreatic pseudocyst

• Pancreatic ascites

• Duodenal and colonic obstruction

• Vascular complications such as arterial pseudoaneurysms and vascular
thrombosis associated with mesenteric venous obstruction

• Pancreatic adenocarcinoma
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compartment syndrome. While there is some animal data to
support this, these findings have not been confirmed in human
studies [28, 32]. Based on the evidence at present, it would
indicate that while ductal hypertension and glandular hyper-
tension may be present in some patients, it is unclear whether
this is a significant factor to explain the pain in the vast ma-
jority of patients with chronic pancreatitis.

In the past decade and a half, there has been intense inves-
tigation towards a neurobiological understanding of pain in
chronic pancreatitis [33, 34] (Fig. 1). Reported changes in
pancreatic nerves in chronic pancreatitis include infiltration
of inflammatory cells, neural edema, an increase in neural
density, neural hypertrophy and sprouting, glial proliferation,
and neuritis of the intrapancreatic nerves. These changes col-
lectively known as pancreatic neuropathy have been strongly
associated with clinical pain scores and therefore suggest
that pancreatic neuropathy may play an important factor
role in the pathogenesis of pain in chronic pancreatitis
[35, 36]. Furthermore, evidence suggests that the

pancreatic neuropathy may lead to the remodeling of
intrapancreatic nerve innervation [37].

Associated with changes in pancreatic neural innervation
consistent with a pancreatic neuropathy, there are also changes
in nociception in the pancreas. Nociceptive markers such as
nerve growth factor and brain-derived neurotrophic factor and
many proinflammatory cytokines are upregulated in pancreat-
ic tissue in chronic pancreatitis, and in some cases this upreg-
ulation has been associated with increased pain intensity and/
or frequency. These biochemical changes render the
nociceptors more sensitive to further pain stimulation, thereby
reducing the threshold for activation in response to pain, an
increase in the response to a given pain stimulus, or the ap-
pearance of spontaneous activity of the pain receptors. This
sensitization, called peripheral sensitization, results in an ab-
normal increase of pain signals to the spinal cord. A sustained
and increased peripheral nociceptive drive from the pancreas
may result in an increased responsiveness of central pain-
transmitting neurons in the dorsal horn of the spinal cord.

Fig. 1 Mechanism of pain in
chronic pancreatitis. The
neuropathic pain syndrome
involves molecular and
morphological alterations at
intrapancreatic (peripheral) and
extrapancreatic (dorsal root
ganglia, spinal cord, brainstem,
and cerebrum) sites. Reproduced
with permission from Demir et al.
Langenbeck’s Archives of
Surgery, 2011. 396(2): p. 151–
160 [33]
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This phenomenon is known as central sensitization and may
lead to clinical conditions of abnormal pain perception fre-
quently observed in chronic pancreatitis particularly in pa-
tients on long-standing narcotic medications such as allodynia
(generation of pain from a physiological or non-noxious stim-
ulus) and inflammatory hyperalgesia (amplified pain response
to normal or minimal pain stimuli) [30, 38].

Experimental pain studies have shown that chronic pain
and hyperalgesia are associated with functional reorganization
of the cerebral cortex. Compared to healthy controls, chronic
pancreatitis patients showed reorganization of the brain areas
that are involved in visceral pain processing including the
insula, the secondary somatosensory cortex, and the cingulate
gyrus, changes that are similar to that observed in the phantom
pain syndrome [39]. Diffusion-weighted MRI studies of the
brain in chronic pancreatitis have shown that the microstruc-
tural changes in the insula and frontal brain areas are correlat-
ed with clinical pain intensity and functional scores [40].
Patients with continuous and daily pain demonstrated the most
severe microstructural abnormalities compared to patients
with intermittent episodic pain [40]. These findings suggest
that a central brain neurodegenerative response develops in
chronic pancreatitis patients with chronic severe pain.

Medical Treatment of Pain in Chronic Pancreatitis

Abstinence of alcohol and smoking is a very important ad-
junct to medical and surgical treatment for chronic pancreati-
tis. Continuation of smoking or ingestion of alcoholic bever-
ages leads to progressive damage to the pancreas with an
increase in severity of the underlying chronic pancreatitis.
Persistent alcohol abuse and smoking also increase failure
rates of previous medical or surgical treatments. The role of
antioxidant treatment and drugs such as pregabalin is contro-
versial and has been shown to have a modest effect at best
[41]. Patients who develop significant pain usually progress to
endoscopic treatments. Endoscopic treatment may be indicat-
ed in patients who have a dilated pancreatic duct with stones
or a dominant stricture in the duct. Patients with small duct
disease, multiple strictures, and multiple calculi throughout
the gland are poor candidates for endoscopic treatment.

Endoscopic therapy involves stenting of pancreatic duct
strictures and removal of stones. Extracorporeal shockwave
lithotripsy (ESWL) is usually required to fragment stones in
the pancreatic duct and endoscopic mediated stent placement
and/or dilatation of the pancreatic duct is performed for the
strictures. With ESWL (alone or combined with endoscopic
drainage), more than 70–80% of patients have short-term pain
relief and about 60 % of patients have long-term pain relief
(2–5 years) [42, 43] . The European Society for
Gastrointest inal Endoscopy (ESGE) recommends
ESWL/ERCP as the first-line interventional option for pa-
tients with uncomplicated chronic pancreatitis. The

recommendations are that after 6 to 8 weeks of treatment, if
the clinical response is unsatisfactory, then a surgical option
should be considered [44].

There are only two prospective randomized studies with
small patient numbers that have compared medical and surgi-
cal approaches and both studies show that surgical treatment is
more durable and effective than endoscopic treatment for
chronic pancreatitis. Dite et al. [45] found complete pain relief
in 37% of patients undergoing surgery versus 14% of patients
receiving endoscopic treatment. This study did not include
shockwave lithotripsy, cumulative stentings, or repeat treat-
ments after recurrence of symptoms in the endoscopic treated
arm. Cahen et al. [46] found in patients with chronic pancre-
atitis and pancreatic duct obstruction that surgical drainage is
more effective than endoscopic treatment during a 2-year fol-
low-up. The benefits of surgery were demonstrated by more
rapid, effective, and sustained pain relief, a better state of
health, and few procedures. The mean pain score between
the treatment groups was almost 24 points, a substantial dif-
ference that reflected the difference between having no pain
and having pain daily.

Surgical Procedures to Treat Pain in Chronic
Pancreatitis

Longitudinal studies show that surgery will eventually be re-
quired in about 40 to 75% of patients with chronic pancreatitis
during the course of their disease [43] (Fig. 2). At present,
conservative medical management is usually the first step
and progression to severe and intractable pain is considered
necessary by many clinicians before a referral to surgery is
made. As we will show some data later in this review, this
approach is currently being questioned and the Dutch pancre-
as group is currently conducting a prospective randomized
study of early surgery versus a step-up approach of conserva-
tive and endoscopic treatment prior to surgery [47]. Over the
past five decades, several surgical procedures have evolved to
address the different subtypes of patients with chronic pancre-
atitis. Historically, the Whipple operation was the standard
procedure for chronic pancreatitis. Development of drainage
procedures led to these procedures coming into vogue [48,
49]; however, the high failure rate of these procedures inmany
patients led to the appreciation that the head of the pancreas
may be a pacemaker for pain especially in patients with in-
flammatory masses in the head of the pancreas. This led to the
development of newer procedures such as the Frey [50] and
Beger procedure [51]. There is a subgroup of patients with
small disease in whom these procedures are ineffective, and
in this patient population, the concept of a total pancreatecto-
my with islet cell transplantation has evolved as a viable op-
tion [52]. It is interesting to note as we will emphasize in this
review that patients who have long-standing intractable and
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constant pain, patients addicted to opiates or have been on
opiates for a long time, and patients who have had multiple
failed endoscopic procedures over a long period of time have a
uniformly poor outcome from all of the surgical procedures
[53] and their intractable pain may be a consequence of the
disassociation of their central pain from its peripheral origin.

Puestow Procedure or Longitudinal Side-to-Side
Pancreaticojejunostomy

Puestow and Gillesby first described a side-to-side
pancreaticojejunostomy with a distal pancreatectomy to drain
the dilated pancreatic duct in patients with pain and chronic
pancreatitis [48]. In 1960, this proceeding was modified by
Partington and Rochelle [49] who performed only a side-to-
side pancreaticojejunostomy without a distal pancreatectomy.
This procedure is colloquially known as the Puestow proce-
dure. A longitudinal pancreaticojejunostomy is still the treat-
ment of choice in patients with a dilated pancreatic duct
(≥7 mm), no inflammatory mass in the head of the pancreas,
and evidence of abstinence from alcohol for greater than
1 year.

In this procedure, the pancreatic duct is opened along the
anterior surface of the pancreas from the tail extending as far
into the head as possible. It is the proximal extent into the head
that determines a good outcome of this procedure, and an
attempt should be made to get to within 0.5 to 1 cm of the
ampulla to provide adequate drainage to the duct in the head
of the pancreas. Furthermore, in a significant number of pa-
tients, calcified pancreatic stones are going to be found in the
head of the pancreas and clearing of the duct by removal of the
stones is important for good pain relief. After the duct has
been widely opened and of all stones cleared, a Roux-en-Y
jejunostomy is sutured side to side to the pancreas. The pro-
cedure is associated with a lowmorbidity and mortality (about
1 %). Pain relief is reported in up to 80 % of patients (with a
range of 30–100 %) in the immediate postoperative period. In
follow-up studies, however, the pain relief is shown to disap-
pear in up to 40 % of patients, particularly in patients with
alcoholic pancreatitis who undergo recidivism of their alco-
holism [54]. Most patients who develop recurrent pain are
those who resume heavy alcohol consumption. Complete ab-
stinence from alcohol and smoking has been suggested as an
alternative to reoperation after a Puestow procedure and up to
30 % of patients who stopped all alcohol intake have

Cessa�on of smoking
Cessa�on alcohol
Non narco�c pain meds
Psychosocial issues
Pancrea�c enzymes
Pregabalin

Failed

Failed                                                     Failed

Failed

PAINFUL 
CHRONIC PANCREATITIS

CONSERVATIVE 
TREATMENT

Large duct 
disease

Small duct 
disease

Familial 
pancrea��s

Autoimmune 
Pancrea��s

Steroids
Inflammatory 

mass in the head

Short course of 
endoscopic 

therapy

Puestow or Frey 
procedure

Frey or Beger 
procedure

Total pancreatectomy 
with islet cell 

transplanta�on

No mass No mass

Fig. 2 Algorithm for the
management of painful chronic
pancreatitis
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improvement in pain symptoms [54]. In a study by Prinz and
Greenlee, 23 of 87 patients undergoing Puestow procedure
ceased all alcohol intake, and 21 of them remained pain free;
however, 14 of the 16 who achieved no pain relief had con-
tinued to drink alcohol [55].

This procedure is not indicated in patients with an inflam-
matory mass in the head of the pancreas, small duct disease,
genetic etiology for the chronic pancreatitis, and many patients
with idiopathic pancreatitis who do not have very dilated ducts.
Furthermore, outcome from surgery is strongly influenced by
continued drinking and smoking, and supportive management
in the postoperative period that includes rehabilitation programs
for alcohol and narcotic addiction and smoking cessation pro-
grams is important for durable long-term results for the Puestow
procedure for chronic pancreatitis.

Duodenum-Preserving Pancreatic Head Resection
(DPPHR)

The surgical outcomes of pancreatic duct drainage procedures
and the Whipple operation led to the realization that address-
ing the pancreatic head is critical for long-term pain relief from
chronic pancreatitis. This has led to the concept of the head of
the pancreas being a pacemaker for pain in chronic pancreati-
tis [56]. It has been proposed that this pacemaker function of
the head of the pancreas responsible for the pain in chronic
pancreatitis is best addressed by the Whipple operation and
other procedures directed towards removing a portion of the
head of the pancreas. This pacemaker concept attempts to
account for the superior results of procedures that remove
the head of the pancreas compared to pancreatic drainage pro-
cedures in the treatment of pain for chronic pancreatitis. While
the Whipple operation was shown to be effective for the treat-
ment of intractable pain in chronic pancreatitis, the significant
long-term morbidity of this procedure led to the development
of the Frey and the Beger procedures in which varying
amounts of the head of the pancreas is removed with preser-
vation of the duodenum and the bile duct.

The Frey Procedure

Frey and Smith describe a new operation for management of
pain of chronic pancreatitis in 1987 [50]. In this procedure, the
anterior head of the pancreas incorporating all of the pancre-
atic tissue including the major and minor pancreatic ducts is
excised and the main pancreatic duct is then longitudinally
opened and a Roux-en-Y limb is brought up to complete a
pancreaticojejunostomy. Key steps in the performance of the
Frey procedure include preservation of the pancreatic neck
and the posterior pancreatic head. The posterior limit of resec-
tion is the back wall of the opened duct of Wirsung and minor
pancreatic duct to the uncinate process. All intervening and
overlying tissue in the pancreatic head including the duct of

Santorini is excised. The Frey procedure has excellent periop-
erative outcomes in reported studies with morbidity ranging
between 7.5 and 39 % and mortality rates between zero and
2.4 % [57–65].

In their initial experience, Frey and Amikura reported the
results in 50 cases with a mean follow-up of 3.5 years.
Seventy-five percent of patients demonstrated excellent pain
relief, 13 % had improved symptoms, and only 30 % showed
no improvement in their pain after the Frey procedure. With
respect to pancreatic function, only 11 % had progression of
their diabetes and none of the patients had worsening of the
exocrine function [65]. In a similar study, Negi et al. reported
pain relief in 75 % of patients undergoing a Frey procedure,
7 % develop diabetes mellitus de novo, and none of the pa-
tients showed deterioration of pancreatic exocrine function
over a median follow-up period of 6.4 years [58]. Gestic
et al. in a more recent publication of 73 patients undergoing
a Frey procedure found that 91 % of patients had complete
pain relief after a median postoperative follow-up of 77 (range
12–204) months [63].

Beger’s Procedure

In 1972, Hans Beger performed the first duodenum-
preserving pancreatic head resection, or DPPHR. Key steps
in the DPPHR include identifying and preserving the posterior
branch of the gastroduodenal artery which provides blood
flow to the duodenum, intrapancreatic common bile duct,
and pancreaticoduodenal groove. The neck of the pancreas
overlying the portal and superior mesenteric vein is transected
and all of the head of the pancreas except pancreatic tissue
along the inner aspect of the duodenum is resected [51].

Beger et al. reported excellent surgical outcomes after their
26-year experience of this procedure in 594 patients with
chronic pancreatitis with the hospital mortality of only
0.8 %. Furthermore, in a study on the long-term outcome in
a group of 303 patients, 91.7 % were pain free after a median
follow-up of 5.7 years. These results show that the Beger
procedure is a safe and effective procedure in selected patients
with an enlarged inflammatory mass in the head of the pan-
creas associated with pain in chronic pancreatitis [51].

Comparison of Pancreaticoduodenectomy, the Frey
Procedure, and the Beger Procedure for Treatment
of Pain in Chronic Pancreatitis

Izbicki et al. reported on the first prospective randomized con-
trolled study comparing the Frey procedure to a
pancreaticoduodenectomy [66]. In the interim results reported
24 months after surgery, the rate of in-hospital complications
was 19.4 % in the Frey group and 53.3 % in the Whipple
group, including delayed gastric emptying in 9 of 30 patients
(30 %; p<0.05). The pain score decreased by 94 % after Frey
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procedure and by 95 % after Whipple operation. Global qual-
ity of life improved by 71 % in the Frey procedure and by
43 % in the Whipple group (p<0.01) [66]. Strate et al. report-
ed on an 8-year follow-up results of this study. There was no
difference between the two groups with respect to quality of
life and pain score at 8-year follow-up after the surgical pro-
cedure [60]. Twenty-five percent of patients continued to
drink in the long term, and in this group the pain score and
global quality-of-life scores were lower compared to nonalco-
holic patients.

Farkas et al. compared the Beger procedure to a
pancreaticoduodenectomy in a randomized trial [67]. The
Beger procedure was associated with a significantly lower
morbidity and improvement in body weight, operating time,
and duration of hospital stay compared to the Whipple oper-
ation. The outcome of the two procedures on pain relief was
similar with approximately 85% of patients’ pain free after the
two procedures in the study. Similarly, Buchler et al. random-
ized patients to the Beger procedure or a Whipple opera-
tion [68]. At 14-year follow-up, there were no significant
differences in global health status, endocrine exocrine
insufficiency, and effect of the two procedures on the pain
from chronic pancreatitis [68].

Izbicki et al. randomized 74 patients with chronic pancre-
atitis with an inflammatory mass in the head of the pancreas
and severe recurrent pain attacks requiring opiates to either a
Beger (n=38) or a Frey procedure (n=36) [69]. The Frey
procedure group had a significantly lower morbidity (9 %)
compared to the Beger procedure (20 %); there was no mor-
tality in this study. At 2-year follow-up after surgery, the glob-
al quality-of-life score significantly increased in both groups
from a median preoperative score of 28 to 86 and the pain
score was significantly reduced by an average of 86 % from
a preoperative score of 62 to 23 [61]. Bachmann et al. recently
reported a 16-year follow-up on this study [57]. In the surviv-
ing patients at 16-year follow-up, the median pain score and
global quality-of-life index were found to be similar in
patients who underwent a Beger or a Frey procedure. The
subgroup of patients with continued alcohol consumption
had a significantly lower cognitive functioning, emotional
functioning, and global quality-of-life score (83 vs. 33)
and pain score (3 vs. 50). The prevalence of endocrine and
exocrine insufficiency and survival at 16-year follow-up was
similar in this study compared to a conservatively treated
group of patients reported in the literature with chronic
pancreatitis [57].

Yin and colleagues performed a meta-analysis and selected
15 trials out of 185 articles reviewed (5 randomized and 10
nonrandomized) comparing duodenum-preserving pancreatic
head resections (Beger and Frey operations) with standard
resections (pancreaticoduodenectomy and pylorus-
preserving pancreaticoduodenectomy) in patients with pain
and chronic pancreatitis. The studies had tomeet the following

inclusion criteria: (1) patients presenting with pancreatic head
mass (≥35 mm) based on CT evaluation or with intractable
pain and obstruction of the common bile or the pancreatic
duct, (2) patient had no contraindication for surgical manage-
ment of chronic pancreatitis, (3) postoperative pain relief and
postoperative morbidity were assessed as outcome mea-
sures of the effect of the treatment, (4) the study was
published as a full-length article, and (5) the study in-
cluded at least 30 patients [62].

In the meta-analysis, the short- and long-term results of the
Beger and Frey operations for global quality of life were sig-
nificantly better than the standard resections such as the
Whipple operation. Subgroup analysis, however, reveals the
Beger operation achieves significantly better postoperative
pain relief with perioperative morbidity similar to the standard
resections, whereas the Frey operation has significantly lower
perioperative morbidity but similar postoperative pain relief as
the standard resection techniques [62].

Three decades of randomized and non-randomized trials
have shown that both the Beger and the Frey procedures are
at least as effective as the Whipple operation for the manage-
ment of intractable pain in chronic pancreatitis. The overall
morbidity of the Frey procedure is significantly less than the
Whipple operation and the Beger procedure, and the global
quality-of-life indicators are similar between the Frey and the
Beger procedure after an extended length of follow-up of over
15 years. These two procedures are the treatment of choice in
patients with an inflammatorymass in the head of the pancreas
associated with chronic pancreatitis, and the choice of the
individual procedure should be largely dictated by the local
surgical expertise in the treating institution.

Total Pancreatectomy with Islet Autologous
Transplantation (TP–IAT)

Indications for TP–IAT

A subgroup of patients with chronic pancreatitis have recalci-
trant pain that is resistant to medical and surgical treatments.
In 1977, investigators at the University of Minnesota School
of Medicine pioneered the first total pancreatectomy with islet
autologous transplantation (TP–IAT) [70]. Since then, TP–
IAT has slowly evolved into the mainstream as a therapeutic
option for patients with recalcitrant pain from chronic pancre-
atitis. At present, approximately 12 centers in the USA have
an islet isolation laboratory and offer the procedure. In addi-
tion to that, the technology is evolving for remote isolation
and transplantation in centers that do not have an islet isolation
laboratory.

Selection criteria for patients with TP–IAT are controver-
sial. A recent consensus conference in 2014 suggested that the
primary indication for TP–IAT is to treat intractable pain in
patients with impaired quality of life due to chronic
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pancreatitis or recurrent acute pancreatitis in whom medical,
endoscopic, and prior surgical therapy has failed. Patients with
active alcoholism, active illicit substance abuse, untreated or
uncontrolled psychiatric illness, and patients with poor sup-
port networks are a relative contraindication. Patients who
have C-peptide negative diabetes, type I diabetes, portal vein
thrombosis, and portal hypertension or significant liver dis-
ease should not undergo transplantation [71]. A recent con-
sensus conference at the National Institutes of Health identi-
fied five criteria that have to be fulfilled [72]:

1. The diagnosis of chronic pancreatitis has to be confirmed
by recognized morphological criteria on CT scan and en-
doscopic ultrasound or they should be histopathology
present with a compatible clinical history and documented
hereditary pancreatitis

2. daily narcotic dependence or chronic pain substantially
impairing quality of life

3. complete evaluation to rule out reversible causes of
pancreatitis

4. failure to respond to maximum medical and endoscopic
treatment

5. adequate islet cell function (nondiabetic or C-peptide
positive)

Patients who have failed surgical procedures and patients
who have chronic pancreatitis with small duct disease are
generally accepted indications for TP–IAT. Indications for
surgery in patients with alcoholic pancreatitis, large duct dis-
ease, pancreatic duct stones, and diffuse calcifications are
more controversial. A recent publication from Wilson and
colleagues from the University of Cincinnati reported on the
largest long-term follow-up study with TP–IAT, and in this
study, approximately 75 % had idiopathic pancreatitis, 14 %
had chronic pancreatitis from a genetic disorder, 9 % with
pancreatic divisum, and only 3 % had alcoholic pancreatitis.
Forty percent of patients in this study had a prior pancreatic
operation including a pancreaticoduodenectomy, a Puestow or
Frey procedure, and distal pancreatectomy [73].

Technique for TP–IAT

The techniques for TP–IAT have been increasingly standard-
ized [52, 70, 73–76]. A key surgical consideration is minimiz-
ing the warm ischemia time during the total pancreatectomy.
To this effect, an essential surgical principle during the total
pancreatectomy is to maintain the arterial inflow and venous
outflow in the dissected pancreas specimen to the very end.
This is accomplished by preserving the splenic artery and vein
and the gastroduodenal artery during the resection and litigat-
ing these structures at the very end when the specimen is
nearly out. The spleen is not preserved to minimize
prolonging the ischemic time associated with the additional

time required in dissecting the body and tail off the splenic
vessels and the associated ischemia of the body and tail from
the devascularization.With these caveats, the total pancreatec-
tomy is performed along standard surgical principles.

The explanted pancreas is then placed in an ice-cold pres-
ervation solution and the splenic artery, gastroduodenal artery
(GDA), and pancreatic ducts are flushed with ice-cold preser-
vation solution. Next, the pancreatic duct is distended by in-
fusion with a mixed enzyme solution of collagenases and pro-
teases and the gland is manually dissociated using scissors
into small 5-mm-size chunks of tissue. The entire collected
tissue with enzyme solutions is then placed into a digestive
chamber and the digest is collected for centrifugation. The
final cell palette with the islets is then suspended in albumin
ready for injection into the portal venous system.

Results for TP–IAT

Endocrine Function After autologous islet cell transplanta-
tion, approximately a third of the patients remain insulin in-
dependent, a third of the patients will maintain partial islet cell
function, and the rest of the patients will have minimal islet
cell function. The incidence of unstable severe brittle diabetic
state that predisposes patients to episodes of hypo- and hyper-
glycemia associated with complete graft failure occurs in up to
30% of patients. In the long-term follow-up study reported by
Wilson and colleagues, 38% of patients were insulin indepen-
dent at 1 year, and this declined to 27 % at 5 years [73]. The
number of patients with partial islet function defined in this
study requiring less than 20 U of insulin per day was 38 % at
1 year and 35 % at 5 years. Forty percent of patients required
greater than 20 U of insulin per day at 5 years after TP–IAT.
The study suggested that the subgroup of patients who remain
insulin independent included women and patients injected
with a higher mean islet equivalent and a lower BMI [73].

Pain The primary goal for TP–IAT is to ameliorate the pain
associated with chronic pancreatitis. The reported results of
pain relief from TP–IAT is variable. A recent review on TP–
IAT demonstrated that in over 400 patients reported in the
surgical literature from eight different centers, an average of
23 % to over 80 % of patients were pain free at the end of
1 year [76]. Sutherland and colleagues in the largest study
reported to date showed that 94 % of patients achieved com-
plete and partial pain relief at 1 year after surgery. However,
this data was limited by the short duration of follow-up, and
only 46 % of patients were narcotic free of the end of 1 year
[77]. The Minnesota group recently reported on their long-
term results of TP–IAT and found actuarial patient survival
post-TP–IATwas 96% in adults and 98% in children at 1 year
and 89 and 98 % at 5 years, respectively. At 3 years, 30 %
were insulin independent (25 % in adults, 55 % in children)
and 33 % had partial function. Prior pancreas surgery lowered
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islet yield (2712 vs. 4077/kg, p=0.003). Islet yield [<2500/kg
(36 %), 2501–5000/kg (39 %), >5000/kg (24 %)] correlated
with degree of function with insulin-independent rates at
3 years of 12, 22, and 72 % and partial function of 33, 62,
and 24 % [52]. Pain is the primary reason for TP–IAT, and
therefore it is interesting to note that in this study, after TP–
IAT by 2 years, only 59 % had ceased using narcotics. While
this study reported data over a 30-year period, surprisingly the
data for pain relief is only provided for 2 years and islet func-
tion for 3 years [52].

Wilson and colleagues in the largest long-term follow-up
report showed that narcotic independence at 1 year was 55 %;
however, this continued to improve to 73 % at 5 years. In this
study, a significant portion of the patients continued to require
narcotic analgesia for pain at the end of 5 years [73].

It is interesting to note that the majority of reported studies
with TP–IAT have shown that approximately 15 to 20 % of
patients have persistent pain unchanged from their preopera-
tive status after TP–IAT, and in 3 to 5 % of patients, the pain is
worse after surgery compared to that before surgery. Quality-
of-life assessments have shown an improvement from preop-
erative base baseline in 92 % of patients at 1 year and 85 % of
patients after 5 years [52, 70, 74–76]. The findings that 20 %
of patients will have persistent pain and significant numbers of
patients will continue to be on narcotic pain medication albeit
reduced despite a total pancreatectomy [52, 70, 74–76] under-
score the complex nature of the pathophysiology of pain in
chronic pancreatitis and the potential role of pain of central
origin. These findings also raise the limitations of local solu-
tions directed towards the pancreatic bed in selected patient
subpopulations with chronic pancreatitis.

In patients in whom a future TP–IAT procedure is a con-
sideration, pancreatic resection and pancreatic duct decompres-
sion procedures particularly the Puestow procedure may nega-
tively impact islet yield and therefore should be used as the
initial surgical procedure with caution. The Puestow procedure
is a particular problem for TP–IATsince for adequate islet yield,
the pancreatic duct is infusedwith a collection ofmixed enzyme
solution of collagenase and proteases to digest the exocrine
tissue; this aspect of the islet isolation technique is compro-
mised in a patient with prior Puestow procedure. Recently,
Wilson et al. [74] reported their results with TP–IATon patients
who had previously undergone prior limited pancreatic resec-
tion or a pancreatic drainage procedure. Fifty percent of patients
underwent prior pancreaticoduodenectomy, 17 % distal
pancreatectomy, 13 % Frey, 13 % Puestow, and 8 % Berne
procedures. Islet cell isolation was feasible with an islet cell
autotransplantation of 4737±492 IEQ/kg body weight. Their
median patient follow-up was 21.2 months. Before TP–IAT,
patients required a mean of 120.8 morphine equivalent milli-
grams per day (MEQ/day), which improved to 48.5 MEQ
(p<0.001) compared with preoperative requirements. Forty-
four percent achieved narcotic independence. All patients were

able to achieve stable glycemic control with a mean insulin
requirement of 16 U per day. Twenty percent were insulin
independent and mean C-peptide levels 6 months after
TP–IAP were 0.91 ng/mL (range, 0.1–3.0). The SF-36 QOL
survey administered postoperatively demonstrated improve-
ment in all tested modules. This study showed that salvage
TP–IAT is a feasible procedure in patients who have previously
undergone a drainage procedure or a pancreatic resection for
pain in chronic pancreatitis [74].

The reported results of pain relief and quality-of-life out-
comes with TP–IAT are similar to that previously reported
with surgical procedures for chronic pancreatitis such as
Frey procedure, pancreaticoduodenectomy, and Beger proce-
dure. While reported results from TP–IAT do not appear to be
superior compared to surgical resection procedures, patient
selection and indications are not comparable between the stud-
ies of TP–IAT and patients undergoing pancreatic resection
procedures. TP–IAT should be considered as first-line treat-
ment in patients with small duct disease and particularly pa-
tients with familial chronic pancreatitis (where risk of pancre-
atic cancer is significant). Since TP–IAT is associated with
significant financial resource utilization and the potential for
severe type 3c diabetes and pancreatic malabsorption, these
procedures should be not be primarily used in patients who are
candidates for standard surgical procedures such as Frey and
Beger procedure for chronic pancreatitis. We do not subscribe
to Sutherland and colleagues’ [52] contention that TP–IAT is
the primary surgical option after failed endoscopic procedures
in all patients requiring surgery for pain in chronic
pancreatitis.

Does Early Intervention Improve the Outcome
for Surgery in Patients with Intractable Chronic Pain
from Chronic Pancreatitis?

The understanding of neurobiology of pain in chronic pancre-
atitis shows that pancreatic neuropathy with altered
nociception and peripheral sensitization is an important mech-
anism for pain in chronic pancreatitis. Allowing pancreatic
pain to persist for a prolonged period of time leads to central
sensitization. Furthermore, many patients on chronic narcotics
therapy also develop opioid-induced hyperalgesia, a state of
nociceptive sensitization caused by exposure to opioids. Thus,
there are multiple pathways in patients with intractable pain on
opiates which can lead to a self-perpetuating pain state with
allodynia and hyperalgesia, a condition that is very diffi-
cult to reverse with medical or surgical therapy. Clearly,
the optimum period of intervention should be before the
patient becomes addicted to narcotic medication and
central sensitization develops from the pancreatic neuropathy
[78].

Currently, a conservative step-up approach (medical thera-
py including prescribing of narcotics followed by endoscopic
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treatment and surgery if only both fail) is recommended for
pain in chronic pancreatitis. As discussed above, the outcome
of surgical procedures including total pancreatectomy is poor
in patients who are addicted to narcotic medications, on
prolonged treatment with narcotics, and who have had multi-
ple endoscopic procedures over a long period of time. This is
further supported by several studies that demonstrate good
surgical outcomes in patients with early surgical intervention
and before the patient is on chronic opiates. Ali et al. studied
266 patients undergoing surgery for intractable pain with
chronic pancreatitis with median follow-up of 62 months.
Factors that were independently associated with pain relief
and less endocrine pancreatic insufficiency include surgery
in patients who were not on opioids preoperatively, patients
who had five or fewer endoscopic treatments prior to surgery,
or where surgery was within 3 years of symptoms [53].
Terrace et al. in a review of 22 patients with the Frey proce-
dure and 28 with Puestow procedure found that patients were
significantly more likely to be pain free and require fewer
subsequent hospital readmissions for pain following surgery
if they were opiate free prior to surgery [79]. Van der Gaag
et al. in a study of 223 consecutive patients found that daily
opiate usage and a high number of preoperative endoscopic
procedures were significantly associated with less favorable
outcome after surgery for chronic pancreatitis [80]. A meta-
analysis by Yang et al. showed that early surgery for pain in
chronic pancreatitis was associated with an increased likeli-
hood of complete postoperative pain relief and reduced risk of
pancreatic insufficiency and low re-intervention rates [81].

The timing of intervention remains a dilemma for those
involved in the treatment of patients with chronic pancreatitis.
A largemulticenter randomized trial is currently being conduct-
ed within the Dutch Pancreatitis Study Group: the ESCAPE
trial (Early Surgery versus Optimal Current Step-Up Practice
for Chronic Pancreatitis trial; ISRCTN45877994) that may
help answer the question of whether early surgical intervention
for chronic pancreatitis improves pain control and pancreatic
function compared with the current step-up practice of medical,
endoscopic, and finally surgical treatment in patients with
chronic pancreatitis [47].

Laparoscopic Surgical Procedures for Chronic
Pancreatitis

Laparoscopic techniques have been described for all of the
surgical procedures utilized in the treatment of chronic pan-
c r e a t i t i s i n c l u d i n g s u r g e r y f o r p s e u d o c y s t s ,
hepaticojejunostomy for biliary bypass, Puestow-type lateral
pancreaticojejunostomy, the Frey procedure (Fig. 3), and pan-
creatic head resection. Kurian and Gragner were the first to
perform a successful laparoscopic Puestow procedure in a
report of five cases [82]. Since then, several publications have
shown the technical feasibility of this procedure [83–85]. The

size and identification of the pancreatic duct are critical factors
in performing a successful Puestow procedure. Laparoscopic
ultrasound is very helpful in identifying the pancreatic duct,
and most reported studies have utilized a size diameter of the
pancreatic duct to exceed at least 8 mm. Two of the larger
studies of the Puestow procedure have originated from India
where tropical pancreatitis presents with grossly dilated pan-
creatic ducts [83, 84]. Palanivelu et al. operated in patients
with a main pancreatic duct diameter of 10 mm or larger and
reported no conversions to open surgery [84].

We reported the first laparoscopic Frey procedure and
duodenum-preserving pancreatic head resection in a group
of patients with chronic pancreatitis and IPMN of the head
of the pancreas. Our technique of performing a pancreatic
head resection differs from Beger’s procedure in that we
completely remove all of the pancreatic tissue in the duodenal
C-loop preserving only the posterior pancreatic capsule and
the duodenal vasculature that lies posteriorly on the posterior
pancreatic capsule [86] (Fig. 4).

Complex laparoscopic pancreatic surgery has now evolved
into mainstream practice with a number of centers in the USA
and elsewhere performing advanced procedures such as the
Whipple operation laparoscopically. It is our assessment that
in the next decade, the vast majority of the surgical procedures

Fig. 3 Minimally invasive Frey procedure showing the resection of the
anterior head of the pancreas (a) and reconstruction with robotic lateral
pancreaticojejunostomy (b)
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for chronic pancreatitis will be performed laparoscopically as
expertise with advanced laparoscopic pancreas surgery is
gained in the wider community of hepatobiliary and pancre-
atic surgeons. We believe that caution needs to be practiced
when using laparoscopic techniques in patients who have a
large inflammatory mass in the head of the pancreas from
chronic pancreatitis with extensive fibrotic encasement of
the mesenteric vessels. However, with the exception of this
group, patients with chronic pancreatitis are eminently suit-
able for laparoscopic surgery due to a smaller concern about
the extent of resection for tumor-free tissue margins and an
extensive tumor invading into the mesenteric vessels.

Treatment of Thrombosis of the Splenic Vein, Superior
Mesenteric Vein, or Portal Vein in Patients with Chronic
Pancreatitis

The incidence of mesenteric vein thrombosis (MVT) in chron-
ic pancreatitis ranges from 5 to 37 % in radiological and sur-
gical studies [87, 88]. A local inflammatory response associ-
ated with chronic pancreatitis is the primary cause for the
development of vascular thromboses [89]. A recent study
looked for the presence of thrombophilia and protein C and
S and antithrombin deficiency, factor 2, factor 5, and JAK2
gene mutations, homocysteine, B12, and folate deficiencies,
and the biological antiphospholipid syndrome was not detect-
ed [89]. A prospective study examined patients with chronic
pancreatitis with ultrasonography which was followed by an-
giography or computed tomography (CT) if the ultrasound
examination was positive. An overall incidence of mesenteric
vein thrombosis was found to be 13 % [8 % splenic vein
(SVT), 6 % portal vein PVT, and 1% superior mesenteric vein
(SMT)] [90]. The presence of local complications from

pancreatitis such as pseudocysts seems to increase the fre-
quency of MVT, especially splenic vein thrombosis [89].
Limited data suggest that most of the patients will be asymp-
tomatic fromMVTand the rates of spontaneous recanalization
are up to 30 % predominantly for splenic vein thrombosis
[87].

Isolated PVT/SVTor extension of the thrombus to the PV/
SMV territory is thought to be a more serious condition, and
our experience suggests that the incidence of portal vein hy-
pertension, ascites, and liver failure is significantly increased
in the presence of extensive SVT/PVT. Furthermore, our ex-
perience with patients with SMV and PVT has been that the
incidence of malabsorption, chronic gastrointestinal pain, and
a failure to thrive is also high. At our institution, endovascular
stenting of the portal and superior mesenteric vein in an at-
tempt to restore blood flow has been performed successfully
in a number of symptomatic patients with severe superior
mesenteric vein thrombosis or portal vein thrombosis.
Endovascular techniques may provide new options in the
small group of patients with very difficult management issues
and often a poor long-term outcomewith extensive mesenteric
vein thrombosis.

Surgical intervention is limited to performing a splenecto-
my preferably laparoscopically in patients with left-sided por-
tal hypertension and gastric varices who develop a bleed from
the varices. The incidence of variceal bleed is controversial;
however, it appears to be small. Therefore, there is no benefit
at present in performing prophylactic splenectomy in patients
with left-sided portal hypertension.

Surgery for Bile Duct Obstruction in Chronic Pancreatitis

The prevalence of duct obstruction is between 1 and 40 % in
patients with chronic pancreatitis. In a patient with chronic
pancreatitis with intractable pain, the treatment for the bile
duct obstruction should be part of the surgical procedure for
the chronic pain. A concomitant hepaticojejunostomy is per-
formed together with the pancreatic drainage procedure or a
duodenum-preserving pancreatic head resection for the pain.

In an otherwise asymptomatic patient who presents with
bile duct obstruction in chronic pancreatitis, autoimmune pan-
creatitis should be ruled out by performing serum IgG4 levels
and tissue staining for Ig4 antibody in endoscopic guided fine-
needle aspirates of the pancreatic head [91].

The treatment of bile duct obstruction in patients who are
asymptomatic without clinical jaundice is controversial.
Controversy also exists for the management of an isolated
elevated alkaline phosphatase level of biliary origin in a pa-
tient with chronic pancreatitis. The current consensus is that
asymptomatic bile duct obstruction with or without an isolated
elevation of the alkaline phosphatase level should be treated
conservatively. Surgery is only indicated in a patient who has
a rising alkaline phosphatase level or a patient who is

Fig. 4 Duodenum-preserving pancreatic head resection with complete
resection of the head and uncinate process of the pancreas. A small
remnant of pancreas left on the C-loop of the pancreas, B superior
mesenteric vein, C transected pancreas
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otherwise asymptomatic but develops clinical jaundice [92].
The surgical procedure of choice is a laparoscopic Roux-en-Y
hepaticojejunostomy [93, 94].

Treatment of Patients with Pseudocysts from Chronic
Pancreatitis

Chronic pseudocysts are often associated with an underlying
stricture or obstruction in the main pancreatic duct.
Traditionally, the teaching has been to address the pancreatic
ductal pathology either endoscopically or surgically to avoid
pseudocyst recurrence from a persistent distal obstruction, and
therefore status of the underlying pancreatic duct should be
firmly established with confirmatory imaging before any
planned intervention [95, 96].

Our approach has been to perform a definitive operation
such as a Frey or a Beger procedure with a drainage procedure
to the body and tail of the pancreas in patients who have
chronic pain from their chronic pancreatitis. Patients who have
a complicated pancreatic pseudocyst with compression of
large vessels, gastric or duodenal outlet obstruction, bile duct
obstruction, infection in the cyst, hemorrhage in the cyst, or a
pancreaticopleural or pancreaticoperitoneal fistula should un-
dergo surgical treatment for both the cyst and the underlying
complication [96]. Patients who have incidentally discovered
asymptomatic pseudocysts are expectantly observed if the
cyst is under 6 cm. For symptomatic cysts and cysts over
6 cm, endoscopic techniques such as trans-papillary drainage
or EUS-guided endoscopic cystogastrostomy are utilized as
the initial treatment of choice [97, 98]. Patients who fail en-
doscopic treatment or develop recurrent cysts are then treated
surg ica l ly wi th laparoscopic cys togas t ros tomy,
cystoduodenostomy, or a Roux-en-Y cystojejunostomy
[98–100].

Conclusions

Chronic pancreatitis is a complex disorder that causes signif-
icant and chronic incapacity in patients and is a substantial
burden on the society. Major advances have been made in
the etiology and pathogenesis of this disease, and the role of
genetic predisposition is increasingly coming to the fore.
Advances in noninvasive diagnostic modalities now allow
for better diagnosis of chronic pancreatitis at an early stage
of the disease. The impact of these advances on surgical treat-
ment is beginning to emerge, for example, patients with cer-
tain genetic predispositions may be better treated with total
pancreatectomy versus lesser procedures. Considerable con-
troversy remains with respect to the surgical management of
chronic pancreatitis. Modern understanding of the neurobiol-
ogy of pain in chronic pancreatitis suggests that a window of
opportunity exists for effective treatment of the intractable

pain after which central sensitization can lead to an irrevers-
ible pain syndrome in patients with chronic pancreatitis.
Effective surgical procedures exist for chronic pancreatitis;
however, the timing of surgery is unclear. For optimal treat-
ment of patients with chronic pancreatitis, close collaboration
between a multidisciplinary team including gastroenterolo-
gists, surgeons, and pain management physicians is needed.
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