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Preface

The field of clinical pancreatology has been transformed in
the last several years by many notable developments in
almost all aspects of care. The discovery and application of
genetic markers has revolutionized the diagnosis of pancre-
atitis and helped to better define prognosis and treatment
options. Minimally invasive endoscopic and surgical tech-
niques have allowed patients to undergo complex procedures
with faster recoveries. The development of total pancreatec-
tomy with islet cell transplant has revolutionized therapy of
benign pancreatic disease and offered hope to many patients
previously thought to be incurable. As with other complex
disease processes, the optimal care of the patient requires a
dedicated team approach.

This clinical casebook provides a comprehensive, state-of
the-art review and will serve as a valuable resource for clini-
cians, surgeons, researchers, and technology companies inter-
ested in caring for patients with pancreatic disease. It is
focused on the diagnosis and early detection of pancreatitis
and pancreatic cancer, including new developments in the
field of genetics. Updates in the management of acute pan-
creatitis in the hospitalized patients are addressed. The treat-
ment of complications from acute pancreatitis, especially
focusing on new randomized trial data comparing minimally
invasive endoscopic vs surgical techniques, is highlighted. The
role and controversy of neoadjuvant therapy for pancreatic
cancer is illustrated. Finally, the emerging treatment algo-
rithms for chronic pancreatitis, including total pancreatec-
tomy with islet autotransplant, are featured.
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This textbook will serve as a very useful resource for phy-
sicians and researchers interested in all aspects of
pancreatology. Its concise, yet comprehensive, case-based
format summarizes the current data in the field and also
serves as a clinical resource. From a research perspective, new
areas for investigation and discovery are highlighted.

We would like to acknowledge the authors for their work
in putting together their collective experiences, observations,
and interpretation of the clinical controversies and treatment
options available to patients suffering from pancreas
disorders.

Lebanon, USA Timothy B. Gardner
Lebanon, USA Kerrington D. Smith
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Chapter 1

Risk Factors for Acute
and Chronic Pancreatitis

Kartik Sampath and Timothy B. Gardner

Case Study

A 57-year-old female presented to the emergency room (ER)
with 1 day of severe midepigastric pain radiating to the back.
In the ER, she intimated severe nausea and had a witnessed
non-bloody emesis episode. The patient was given intravenous
hydration, ondansetron, and hydromorphone, which partially
improved her symptoms.

Her past medical history was pertinent for gastroesopha-
geal reflux disease (GERD) and ulcerative colitis (UC).
Her UC was diagnosed 5 years ago, with a colonoscopy not-
ing moderate pancolitis. Azathioprine (100 mg daily) was
initiated and she has since been in clinical remission. This
patient had no surgical history and denied any history of
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2 K. Sampath and T.B. Gardner

substance abuse (alcohol, tobacco, or illicit drug use). There
was no family history of pancreatitis or gastrointestinal-based
malignancy.

Her physical exam was notable for mild tachycardia with a
normal temperature and oxygen saturation. She was noted to
be in mild distress and anicteric and have slightly dry mucous
membranes with normal breath sounds. Her abdomen was
tender in the midepigastrium. Labs were notable for a white
blood cell (WBC) count of 14,300, hematocrit of 46%, BUN
of 27 mg/dL, and a creatinine of 0.97 mg/dL. Liver tests were
within normal limits and a lipase was noted at 740 unit/L
(upper limit of normal was 60 unit/L). CT scan (see Fig. 1.1)
demonstrated interstitial pancreatitis.

My Management

A. She likely does not need a CT scan given the diagnosis is
not in doubt.

B. The fact that her lipase is greater than three times the
upper limit of normal in the context of appropriate clini-
cal symptoms solidifies the diagnosis of acute pancreatitis.

C. We need to proceed with trying to determine the etiology
for the episode of acute pancreatitis in order to prevent
another attack from occurring.

Diagnosis and Assessment

AP is one of the most common reasons for gastrointestinal-
based hospitalization [1]. Based on the 2012 revised Atlanta
criteria, acute pancreatitis is defined by three factors: midepi-
gastric pain radiating to the back, lipase elevation (three times
the upper limit of normal), and a CT scan revealing evidence
of AP [2]. To meet the criteria for diagnosis, two of the three
criteria must be met. A CT scan can be normal early in the
course of AP and is typically not ordered during the time of
initial admission. In this particular case, the diagnosis is
attained by the pain character and significant lipase elevation.
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Ficure 1.1 CT imaging of the pancreas revealed evidence of inter-
stitial pancreatitis. In this case the pancreas was well perfused,
edematous, without evidence of biliary or pancreatic duct dilation.
Pancreatitis findings can also include indistinct pancreatic margins,
peripancreatic fat stranding, and pancreatic hypoperfusion concern-
ing for necrosis
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Etiologies of Acute Pancreatitis

The most common cause of acute pancreatitis is gallstone
pancreatitis (GP), which represents 45% of cases [3]. There
are three types of gallstones: black, brown, and yellow stones.
Black stones are related to active hemolysis. Brown stones
are the sequelae of chronic biliary-based infections often in
the setting of biliary obstruction. Yellow cholesterol stones
are the most common; risk factors include female sex, preg-
nancy, obesity, physical inactivity, and overnutrition [4]. GP
presentation typically includes cholestatic liver tests. An ala-
nine aminotransferase (ALT) enzyme elevation three times
the upper limit of normal in the setting of AP is associated
with a positive predictive value of 95% for GP. A subset of
GP is microlithiasis-induced pancreatitis. In these cases, cho-
lestatic liver tests are noted; however abdominal imaging
does not reveal evidence of biliary obstruction or gallstones.
EUS can be useful in diagnosing subtle pancreatobiliary-
based sludge. The management of biliary pancreatitis is dis-
cussed at length in a separate chapter.

Alcoholic pancreatitis accounts for an estimated 30% of
cases. Interestingly, only 5-10% of chronic alcoholics develop
acute pancreatitis [5]. Following AP management, alcohol
cessation is recommended. In patients with continued alcohol
abuse, there is an increased risk for RAP. Other less common
causes of toxin-induced pancreatitis include methanol,
organophosphate exposure, and scorpion venom.

Idiopathic pancreatitis (IP), where no definitive etiology
can be ascertained, occurs in an estimated 15-25% of AP
cases. [P is considered when an extensive negative workup
has occurred which often includes serological workup, CT,
MRCP, and/or EUS studies. It should be noted that smok-
ing represents an independent risk factor for acute
pancreatitis [6].

Hypertriglyceridemia pancreatitis (HTGP) represents 3%
of AP cases and often can lead to RAP. HTGP can be genetic
or acquired [7]. Familial hypertriglyceridemia increases the
risk for AP and therefore family history represents a potential
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risk factor. Acquired HTG occurs in the context of diabetes
mellitus (DM), hypothyroidism, pregnancy, nephrotic syn-
drome, steroid use, beta-blockers,and tamoxifen use. Typically
triglyceride levels over 1000 mg/dL significantly increase the
risk for HTGP. Management includes aggressive hydration,
analgesia, and IV insulin with IV dextrose. Plasmapheresis
filters and effectively removes triglycerides. It is often
reserved for TG levels greater than 1000 mg/dL with evi-
dence of hypocalcemia and/or end-organ damage. Long-term
management includes the use of fibrates, as well as optimiz-
ing predisposing comorbidities such as diabetes or hypothy-
roidism. Given that predisposing conditions such as DM or
familial HTG can be difficult to control, HTGP patients often
have an increased risk for RAP and severe pancreatitis-
related morbidity.

Hypercalcemia is associated with acute pancreatitis in
1.5% of cases. Excess calcium is thought to promote pancre-
atitis via calcium-mediated activation of trypsinogen and
pancreatic duct (PD) calcification deposition. Risk factors
include hyperparathyroidism, malignancy, and numerous
alternative etiologies of chronic hypercalcemia. Initial
management includes IV hydration and treatment of the
underlying etiology.

Medication-induced pancreatitis represents an estimated
1-2.5% of AP cases. Medication-induced pancreatitis litera-
ture ranges from case reports to larger observational studies
to medication rechallenge trials [8]. The commonly associ-
ated drugs include azathioprine, estrogen, 5-ASA, sulfasala-
zine, metronidazole, pentamidine, didanosine, L-asparaginase,
valproic acid, sulindac, salicylates, hydrochlorothiazide, and
furosemide. The key management strategy is cessation of the
offending medication and monitoring for RAP.

Due to extensive genetics research, hereditary pancreatitis
(HP) is an increasingly diagnosed cause of RAP [9]. PRSS1 is
a gain of function serine protease mutation that leads to auto-
somal dominant inheritance. The serine protease inhibitor
Kazal type 1 (SPINK1) mutation leads to increased pancre-
atitis susceptibility. Mutation of the CFTR gene also leads to
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HP via an autosomal recessive inheritance pattern. Key clini-
cal risk factors include a family history of pancreatitis, pre-
sentation of RAP, and/or young age of initial presentation.
HP is important to diagnose early on due to the increased
risk for developing chronic pancreatitis and pancreatic
cancer.

Acquired structural and congenital pancreatic abnormali-
ties can increase the risk for AP. Pancreatic malignancy and
pancreatic cysts such as main duct intraductal papillary muci-
nous neoplasms (IPMNs) can obstruct the pancreatic duct
and lead to AP. Management involves surgical resection
depending on lesion location and/or malignancy staging.
Pancreatic divisum is estimated to arise in 10% of the general
population [10]. RAP is noted in a subset of 8-10% of these
patients. Minor duct papillotomy can be performed in these
patients to facilitate pancreatitis duct drainage.

Autoimmune pancreatitis (AIP) is a rare but increasingly
diagnosed cause of RAP. Keys to the diagnosis include the
HISORT criteria: histology, imaging (inflamed pancreas with-
out pancreatic duct dilation), serology (IgG4), other organ
involvement, and response to steroid therapy [11]. AIP can
be further substratified into type I and type II AIP. Type II
AIP is associated with other autoimmune conditions such as
inflammatory bowel disease (IBD). AIP diagnostic workup
and management is discussed at length in a separate chapter.

Tatrogenic pancreatitis occurs post-ERCP or postsurgery.
Post-ERCP pancreatitis occurs in 5% of patients; risk factors
include performing an ERCP on patients with normal liver
tests or a nondilated common bile duct [12]. Procedural-
based risks include repeated pancreatic duct cannulation and
contrast injection into the pancreatic duct. Postsurgical pan-
creatitis occurs due to blunt pancreatic trauma or injury dur-
ing operative intervention. Management depends on the
nature of the injury; however in cases where PD disruption is
noted, pancreatic duct stenting may be of benefit.

Infections can lead to the development of AP, especially
in children [13]. Viral infections associated with pancreati-
tis include mumps, coxsackie, hepatitis B, cytomegalovirus,
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varicella zoster, herpes zoster, and human immunodeficiency
virus. Predisposing bacterial infections include mycoplasma,
legionella, leptospirosis, and salmonella. Fungal infections
include aspergillosis and parasite-based infections include
toxoplasmosis, cryptosporidium, and ascaris. Management
consists of infection identification and subsequent treatment.

Peripancreatic vascular insufficiencies can lead to
ischemia-induced pancreatitis. Global hypoperfusion states,
atherosclerosis to peripancreatic arteries, and systemic vas-
culitis conditions such as lupus or polyarteritis nodosa can
lead to pancreatitis. Management involves hydration and
treatment of the underlying vascular-based disease process.

Other less common AP causes include trauma, pregnancy,
post-renal transplantation, and alpha-1 antitrypsin deficiency.
As prefaced above, the key is identifying and managing modi-
fiable risk factors of AP in order to prevent progression to
severe AP or RAP.

Etiology of Chronic Pancreatitis

CP represents the progression of chronic pancreatic inflam-
mation to irreversible fibrosis. CP can present with chronic
abdominal pain with or without pancreatic endocrine and
exocrine dysfunction [14]. Typically there is evidence of CP
on imaging (abdominal X-ray, CT, MRCP, and EUS) along
with evidence of pancreatitis pain, diabetes, and/or fat malab-
sorption. The extensive diagnostic workup for CP is discussed
at length in a separate chapter.

The most common cause of CP is alcohol abuse, where
alcoholic chronic pancreatitis represents 50-70% of chronic
pancreatitis cases. Idiopathic CP represents the next most
common etiology, where despite extensive workup, no under-
lying cause has been determined. Smoking is an independent
risk factor for CP. Hereditary pancreatitis has been increas-
ingly identified in the previously diagnosed idiopathic chronic
pancreatitis population. Structural and congenital pancreatic
abnormalities can lead to PD reflux and the development
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of CP. Risk factors include pancreatic pseudocysts, retained
pancreatic duct stents, trauma, pancreatic duct stones, tumors,
and pancreatic divisum.

Less common CP etiologies include HTGP, systemic vas-
culitis conditions, hyperparathyroidism, and autoimmune
pancreatitis. Tropical pancreatitis has been described in the
Southeast Asian population; however the exact pathogenesis
is unclear and supportive care is generally advised.

Outcome

For the case study patient, an abdominal ultrasound was
ordered which revealed no evidence of cholelithiasis, biliary
dilation, or choledocholithiasis. The patient was treated with
aggressive IV hydration. Subsequent hemoglobin Alc, lipid
profile, and IgG4 labs were normal. An MRCP revealed no
common bile duct or pancreatic duct abnormalities. Given
the extensive targeted negative workup, it was suspected that
the azathioprine was responsible for the AP presentation.
This medication was discontinued and the patient was subse-
quently placed on infliximab. In follow-up, the patient was
clinically doing well with no evidence of RAP.

Clinical Pearl/Pitfalls

e Acute pancreatitis diagnosis requires two of the fol-
lowing three criteria: epigastric abdominal pain radi-
ating to the back, lipase elevation (three times the
upper limit of normal), and CT findings consistent
with AP.

e Alcohol and gallstone disease represent the most
common etiologies of acute pancreatitis.

e Toxin-/medication-induced pancreatitis necessitates
the removal of the toxic agent.

e Hypertriglyceridemia pancreatitis often occurs in
the context of diabetes, hypothyroidism, or famil-
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ial hypertriglyceridemia and is managed with IV
hydration and IV insulin. Plasmapheresis is reserved
for severe HTGP with evidence of end-organ
dysfunction.

e Idiopathic pancreatitis is the third most common
etiology of acute pancreatitis.

e Hereditary pancreatitis is associated with the PRSS1,
SPINK1, and CFTR mutations and can often present
with recurrent acute pancreatitis.

* Autoimmune pancreatitis is diagnosed with the HISORt
criteria and can be associated with other autoimmune
disorders.

e Chronic pancreatitis diagnosis consists of abnormal
pancreatic imaging coupled with pancreatitis-type
abdominal pain and/or pancreatic insufficiency.

e Alcohol is the most common cause of chronic
pancreatitis.
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Chapter 2

Hereditary Pancreatitis

Gordon P. Bensen and Timothy B. Gardner

Case Study

A 29-year-old female presents for evaluation of three episodes
of acute pancreatitis in the context of having cystic fibrosis (CF).
She was diagnosed at age 16 with CF due to recurrent pneumo-
nias, sinus disease, and respiratory ailments. She is heterozygous
for the E60X and AYSSE mutations in the CFTR gene. On aver-
age she is admitted to the hospital 1-2 times per year for CF
flares due to her lung dysfunction. One year ago she had a fecal
elastase performed showing she was pancreatic sufficient.

The woman reports having three discreet episodes of
acute pancreatitis where she was hospitalized for up to a
week in all three instances. In each case she had considerable
amounts of abdominal pain and recorded lipase values over
1500. She claims to feel fine in between episodes.

Her past medical history includes cystic fibrosis, Chiari mal-
formation, mild depression, status post ventral hernia repair
times two, status post lung embolization, and status post chole-
cystectomy. She reports no family history of pancreatic disease or
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Ficure 2.1 Representative CT scan from a patient with CFTR-
induced pancreatitis. Note extensive calcifications, atrophy, and
dilated main pancreatic duct

of CE. Two CT scans within the past year show and a cholecystec-
tomy a few months ago ruled out biliary disease as a cause of her
pancreatitis. She does however have extensive calcifications and
pancreatic atrophy (Fig. 2.1). Her triglyceride and calcium levels
are normal and she does not drink alcohol nor does she smoke.

My Management

1. Consider other causes of acute pancreatitis that could be
also contributing to her disease such as pancreas divisum.

2. Evaluate for other concomitant problems related to CF
such as fat-soluble vitamin deficiency.

3. If she has not been referred to a designated cystic fibrosis
center, she should be referred at this time.
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Diagnosis and Assessment

Hereditary pancreatitis is defined as chronic or recurrent acute
pancreatitis that occurs as a result of abnormalities of specific
pancreatitis-causing genes [1, 2]. Hereditary pancreatitis has
three different inheritance patterns: autosomal dominant
hereditary pancreatitis, autosomal recessive pancreatitis, and
complex genetics. Autosomal dominant hereditary pancreatitis
usually derives from a mutation in the PRSS1 (serine protease
1) gene. Autosomal recessive pancreatitis is most commonly
from chronic pancreatitis associated with cystic fibrosis; how-
ever an autosomal recessive pattern can also emerge due to a
mutation in the SPINKI1 (serine protease inhibitor Kazal type
1) gene. Finally, multiple family members can face recurrent
acute or chronic pancreatitis due to a combination of genetic
and environmental factors—most commonly seen through
patients with heterozygous SPINK1 mutations. No matter
what the inheritance pattern, the basis of hereditary pancreati-
tis lies in having a specific disease-causing gene mutation.

There are many different gene mutations that can result in
hereditary pancreatitis. Eighty percent of patients with
hereditary pancreatitis have mutations in their PRSS1 gene.
This gene codes for trypsin-1 (cationic trypsinogen).
Mutations in the PRSS1 gene lead to malfunctioning trypsin-
1 in which intracellular trypsinogen is converted to trypsin
too early while still within the pancreas. Premature activation
of trypsinogen then causes pancreatitis. The defense mecha-
nism which allows for the premature activation is inhibited
by mutations in the PRSS1 gene and in genes that encode
molecules that protect the pancreas from active trypsin
(these include SPINK1, CTRC, and CFTR).

The most common mutations in the PRSS1 gene include
point mutations at the p. R122H and p. N291 loci—both of
which have high penetrance. More than 20 PRSS1 mutations
are known with new ones routinely being discovered. Nearly
all mutations are associated with one of trypsin’s two regula-
tory sites.
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The SPINK1 gene is expressed in pancreatic acinar cells
during an inflammatory process in which it inhibits trypsin
secretion from the pancreas. Many people have a SPINK1
mutation; however <1% of carriers develop pancreatitis. The
majority of patients with a SPINK1 mutation are heterozy-
gous for that mutation. SPINKT1 is only required by the body
to work correctly when there is recurrent trypsin activation,
and thus it most likely acts as a disease modifier where it low-
ers the threshold for developing pancreatitis due to other
genetic or environmental factors. If some environmental or
genetic incident causes the amount of trypsin activation to
spike, SPINK1 would act as the feedback inhibitor that would
perform the protective duty required to combat the trypsin.
If the SPINK1 gene is mutated, this response won’t occur, the
pancreas won'’t be protected from activated trypsinogen, and
pancreatitis may result.

The cystic fibrosis transmembrane conductance regulator
(CFTR) gene is the most common gene that is coupled with
SPINKI1 resulting in hereditary pancreatitis [3-6]. The CFTR
gene encodes for proteins that create channels for sodium and
bicarbonate. These cross-membrane channels create gradients
for cell-produced material to move freely in and out of adja-
cent cells. These channels are needed in cells that create
mucus, sweat, saliva, tears, and digestive enzymes. Properly
functioning chloride channels are incredibly important for
many organs and tissues as they allow for the production of
thin and free-flowing mucus to protect the walls of the
respiratory system, digestive tract, reproductive system, etc.
The channels also ensure the proper secretion/activation rate
of pancreatic enzymes that help digest foods by lining the
pancreatic duct walls. Mutations in the CFTR gene (located
on chromosome 7) result in cystic fibrosis (CF). CF mostly
affects the lungs but also has the potential to damage the pan-
creas, liver, and vas deferens. The mutated CFTR causes the
channels to malfunction resulting in a thick (instead of thin)
mucus layer to line the duct walls, which in turn obstructs the
minor duct and doesn’t allow for proper secretion. This in turn
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causes premature activation of pancreatic enzymes within the
acinar cell which leads to pancreatitis.

CFTR mutations can cause pancreatitis whether or not the
patient has other manifestations of cystic fibrosis. There are
over 2000 mutations of the CFTR gene that can lead to mal-
function. There are four main patterns seen in the relation-
ship between CFTR mutation and pancreatitis:

1. Homozygote or compound heterozygote for two acute
CFTR mutations. In this case, the CFTR protein is com-
pletely nonfunctioning. The patient shows classic symp-
toms of cystic fibrosis and usually acquires pancreatic
insufficiency at an early age. Sometimes, these patients are
pancreatic sufficient early in life and then are at risk for
development of acute pancreatitis. CF patients who are
pancreatic sufficient are the CF patients at risk for acute
pancreatitis.

2. Homozygote or compound heterozygote for a CFTR muta-
tion where at least one of the gene copies has a moderate
variant. In this case, the CFTR protein retains part of its
function. The patient shows signs of mild cystic fibrosis.
Acute pancreatitis is very likely. The CFTR R75Q muta-
tion is the most common example of this.

3. CFTR variants that cause selective deficiency in bicarbonate
conductance, labeled CFTR-BD. In this case, patients have
a very high risk of recurrent acute and chronic pancreatitis
along with male infertility and chronic sinusitis. These
patients, however, have no lung disease.

4. Heterozygote for CFTR mutation. In this case, patients
show an increased risk of three- to fourfold for developing
chronic pancreatitis when compared to the general popula-
tion; however, 99% of these patients are healthy. Patients
who do not develop chronic pancreatitis most often have a
coexisting SPINK1 or chymotrypsin C (CTRC—see below)
mutations leading to the conclusion that these genes are
undergoing epistasis. These patients may have a higher risk
of pancreatitis if they also have pancreatic divisum.
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Three more gene mutations that can lead to hereditary
pancreatitis include chymotrypsin C (CTRC), claudin-2
(CLDN?2), and carboxypeptidase A1 (CPA1). Mutations in
the CTRC gene convey a mild risk for pancreatitis—usu-
ally manifestations only appear with the presence of a
mutation in the CFTR or SPINKI1 gene as well
Chymotrypsin C is a digestive enzyme that communicates
with activated trypsin. Some rare mutations cause chronic
pancreatitis in children, while the most common muta-
tion— G60G —causes chronic pancreatitis in adults. CLDN2
and CPA1 mutations are associated with recurrent acute
and chronic pancreatitis. CLDN2 mutations may cause
alcoholic chronic pancreatitis in alcohol-abusing patients.
The gene lies on the X chromosome and thus the risk for
men is dominant. Carboxypeptidase Al is the second most
abundant enzyme in pancreatic juice after trypsinogen.
Mutations in the CPA1 gene lead to nonalcoholic chronic
pancreatitis. The development of pancreatitis from a CPA1
mutation is not dependent on trypsin activity.

Our patient’s episodes of acute pancreatitis undoubtedly
come from her cystic fibrosis. She is heterozygous for two
CFTR mutations (E60X and AYS55E) that caused her CF. As
described above, a heterozygote CFTR mutation carrier is
one of the four main patterns seen between CFTR muta-
tions and pancreatitis. It is also possible that she is actually
compound heterozygous as she has symptoms of typical
cystic fibrosis (sinus issues, lung issues, etc.) and pancreatic
sufficiency which fall in line with the compound heterozy-
gote CFTR mutation and pancreatitis pattern. Two or three
of CF patients are pancreatic insufficient from birth and
another 20-25% develop it early in life. Thus, most CF
patients are pancreatic sufficient, leading to pancreatitis.
Because our patient is pancreas sufficient, she developed
pancreatitis later in life. As described above, she is in the
minority of CF patients who are pancreatic sufficient in
their childhood and are at risk for developing acute and
chronic pancreatitis later in life [7].
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Management

Most importantly, the patient must continue to avoid alcohol
and tobacco as these toxins can contribute to progression of
her pancreatitis symptoms. Her pancreatitis can also be exac-
erbated due to emotional stress and high intake of dietary fat.
Our patient needs to make sure she continues to try and eat a
healthy, low-fat diet. Referring the patient to a nutritionist
may be beneficial. It may also be necessary to look into her
source of depression to make sure that it is not stress related.
From a genetic perspective, often times the CFTR mutation is
not the only one at work. Genetic testing could be performed
to determine if there may be a SPINK1 mutation that is con-
tributing to the problem. Genetic testing is often done to look
at the PRSS1, CFTR, SPINK1, and CTRC genes. Determining
what other genes may or may not be involved will not change
our management approach or her condition and risk stratify
her for eventually developing a pancreatic malignancy.

In managing our patient’s pancreatitis, the most important
initial treatment is pain control. Next, the patient should have
a CT scan and/or MRCP performed to look into the ductal
anatomy of the pancreas and see if there is anything obstruc-
tive that could be treated endoscopically or surgically. We
know that in the heterozygous CFTR/pancreatitis pattern,
the CFTR mutations may only cause pancreatitis in the pres-
ence of pancreatic divisum. If the CT scan or MRCP shows
evidence of obstruction of the minor duct, we may be able to
fix the issue endoscopically with ERCP.

Outcome

Patients with hereditary pancreatitis have a very high risk
of developing pancreatic cancer. Studies have shown that
there is an overall 40-45% chance that patients with PRSS1
mutations will develop pancreatic adenocarcinoma by age 70.
However, the likelihood changes depending on a number of
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different factors such as age, smoking habits, and prevalence
of diabetes. As the patient ages, the chance of developing
pancreatic cancer increases significantly (one trial found
that from ages 50-75, the likelihood increased from 10% to
54%). For nonsmokers, the chances of developing pancreatic
cancer drop significantly to less than 20%, while the risk
increases by approximately twofold for smoking patients.
Furthermore, smoking patients with hereditary pancreatitis
also develop pancreatic cancer an average of 20 years earlier
than nonsmokers. Finally, hereditary pancreatitis patients
with diabetes have a much higher chance of developing
pancreatic cancer. Due to these risks, screening patients for
pancreatic cancer has been advocated. Total pancreatectomy
with autoislet transplant surgery is performed usually for
pain management, although may be performed in this set-
ting as a means of reducing the risk of developing pancreatic
adenocarcinoma.

Clinical Pearls/Pitfalls

e Hereditary pancreatitis should be considered in
younger patients with idiopathic pancreatitis or in
any patient with a strong family history of pancreati-
tis and/or pancreatic cancer.

e Evaluating for hereditary pancreatitis is performed
via readily available serum tests.

e PRSSI1, SPINK1, and CFTR mutations are the most
common genes implicated in hereditary pancreatitis.

e Patients with hereditary pancreatitis are at
high risk for eventually developing pancreatic
adenocarcinoma.

References

1. Dorfman R. Cystic fibrosis mutation database. In: Cystic fibrosis
mutation database; 2011. http://www.genet.sickkids.on.ca/cftr/
home.html. Accessed 17 Jun 2016.


http://www.genet.sickkids.on.ca/cftr/home.html
http://www.genet.sickkids.on.ca/cftr/home.html

Chapter 2. Hereditary Pancreatitis 19

. Freedman SD. Treatment of chronic pancreatitis. In: UpToDate.
http://www.uptodate.com/contents/treatment-of-chronic-
pancreatitis?source=see_link; 2014. Accessed 17 Jun 2016.

. CFTR. In: Genetics home reference. https://ghr.nlm.nih.gov/
gene/cftr#conditions; 2016. Accessed 17 Jun 2016.

. Katkin JP. Cystic fibrosis: genetics and pathogenesis. In: UpToDate.
http://www.uptodate.com/contents/cystic-fibrosis-genetics-and-
pathogenesis; 2014. Accessed 17 Jun 2016.

. Katkin JP. Cystic fibrosis: clinical manifestations and diagnosis.
In: UpToDate. http://www.uptodate.com/contents/cystic-fibrosis-
clinical-manifestations-and-diagnosis; 2016. Accessed 17 Jun
2016.

. Whitcomb DC. Cystic fibrosis. In: Pancreas.org: information and
help about pancreatic diseases. https://pancreas.org/patients/
cystic-fibrosis/; 2009. Accessed 17 Jun 2016.

. Whitcomb DC. Hereditary pancreatitis. In: UpToDate. http://www.
uptodate.com/contents/hereditary-pancreatitis; 2016. Accessed 17
Jun 2016.


http://www.uptodate.com/contents/treatment-of-chronic-pancreatitis?source=see_link
http://www.uptodate.com/contents/treatment-of-chronic-pancreatitis?source=see_link
https://ghr.nlm.nih.gov/gene/cftr#conditions
https://ghr.nlm.nih.gov/gene/cftr#conditions
http://www.uptodate.com/contents/cystic-fibrosis-genetics-and-pathogenesis
http://www.uptodate.com/contents/cystic-fibrosis-genetics-and-pathogenesis
http://www.uptodate.com/contents/cystic-fibrosis-clinical-manifestations-and-diagnosis
http://www.uptodate.com/contents/cystic-fibrosis-clinical-manifestations-and-diagnosis
https://pancreas.org/patients/cystic-fibrosis/
https://pancreas.org/patients/cystic-fibrosis/
http://www.uptodate.com/contents/hereditary-pancreatitis
http://www.uptodate.com/contents/hereditary-pancreatitis

Chapter 3

Hospital Management
of Acute Pancreatitis

Nigeen H. Janisch

Case Study

A 56-year-old woman presents with a 10-year history of
recurrent abdominal pain in her right upper quadrant with a
cholecystectomy 5 years ago. Her previous workups revealed
a mild transient transaminase elevation with a normal lipase
and amylase. All subsequent imaging was unremarkable.
During this presentation, AST and ALT were 304 and 280,
respectively, and an ultrasound showed the common bile duct
to be dilated at 10 mm. Patient history and clinical symptoms
suggested a possible sphincter of Oddi dysfunction, so ERCP
with sphincterotomy was scheduled for the next day. About
4 h post-procedure, the patient complained of continuous,
severe epigastric pain radiating to the back along with intrac-
table nausea and vomiting. Lipase at this time was 1500 and
vital signs were stable. Diagnosis of post-ERCP acute pancre-
atitis was made, and the patient was admitted to an ICU step-
down unit on intravenous lactated Ringer’s at 250 ml/h.
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My Management

A. Agree with current management.

B. Continue aggressive fluid resuscitation at 250 ml/h.
C. Monitor BUN, Cr, and hematocrit at least every 12 h.
D. Attempt enteral feeding orally within 48 h.

Diagnosis and Assessment

The risk of post-ERCP pancreatitis after diagnostic ERCP
is thought to be 0.4-1.5%, while therapeutic ERCP is
1.6-5.4%. However, some risk can be as high as 10-20% in
certain demographics, including those undergoing ERCP for
the evaluation of sphincter of Oddi dysfunction and those
with a past history of post-ERCP pancreatitis [1]. Etiology
of acute pancreatitis in patients receiving ERCP is usu-
ally due to instrumentation with specific attention given
to difficult cannulation of the biliary tree and needle-knife
sphincterotomy [2].

Diagnosis of acute pancreatitis has been established by the
presence of two of the following three criteria: (1) abdominal
pain, (2) serum amylase or lipase greater than three times the
upper limit of normal, and (3) suggestive findings on imaging
[3]- However, imaging is not required for diagnosis if clinical
suspicion is high, and a CT scan may not even show signs of
acute pancreatitis if done within 3 h of symptom onset. Once
a patient is diagnosed, resuscitation should begin immedi-
ately based on the patient’s hemodynamic status. Clinical
evaluation should consider the need for admission to an ICU
or step-down unit depending on the patient’s course of dis-
ease and presence of organ failure signs. Our patient was
correctly managed after diagnosis with immediate fluid
resuscitation and placement into an intermediate care unit to
increase the staff’s ability for frequent reevaluation [3].

The revised Atlanta classification from 2013 divides acute
pancreatitis into mild, moderately severe, and severe [4]. Mild
pancreatitis, or interstitial edematous pancreatitis, features
pancreatic inflammation without necrosis or organ failure
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and usually resolves within 1 week without any further
sequelae. Moderately severe pancreatitis requires the pres-
ence of local complications or transient organ failure that
resolves by the 48 h mark. Severe pancreatitis, however, may
result in pancreatic necrosis, abscess formation, and pseudo-
cysts and is characterized by persistent organ failure lasting
longer than 48 h [4]. With acute pancreatitis, timing, evalua-
tion, and prompt treatment of the patient in the first 48 h
after diagnosis are critical.

Predicting the severity of acute pancreatitis can be chal-
lenging. Laboratory abnormalities in hematocrit, creatinine,
and blood urea nitrogen (BUN) have been studied as prog-
nostic indicators [5-7]. The risk of pancreatic necrosis may
increase with elevated hematocrit at admission or failure to
decrease said value after 24 h [5]. Increased creatinine within
48 h of admission has also been implicated in poor outcomes
[6]. Lastly, BUN >20 mg/dl at admission or a rise within the
first 24 h poses a poor prognosis [7].

Management

With a diagnosis of acute pancreatitis following an ERCP
procedure, the most important initial step is fluid resuscita-
tion with two general rules—high volume and immediate
initiation. Though our patient is presently hemodynamically
stable, acute pancreatitis can cause an intense hypovolemia
along with a devastating combination of microangiopathic
effects and pancreatic edema that leads to pancreatic necrosis
and ongoing pancreatic enzyme release. This patient’s initial
intravenous fluid rate of 250 ml/h is at the lower end of the
ACG recommended spectrum of 250-500 ml/h [3]. Though an
optimal rate has not been agreed upon, evidence does show a
decreased morbidity and mortality with aggressive hydration
in the first 24 h, while 48 h has no effect on patient outcome.
For this patient, we would recommend continued close moni-
toring and reevaluation of the fluid rate every 6 h using a
decreasing BUN and a urine output greater than 0.5 ml/kg as
markers for improvement [8, 9].
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Prognosis for patients such as this can be difficult to deter-
mine. While the lipase is paramount in diagnosis, it is not a
good tool to trend for severity. Studies have suggested that
decreases in hematocrit, creatinine, and BUN within the first
24 h are more accurate indicators of a good prognosis. While
there are no numeric goals to decrease to, a BUN greater
than 20 mg/dl at admission or a rise within the first 24 h has
been linked to an increased risk of mortality and death [7].

In the past, this patient would have been kept NPO until
pain resolution. However, bowel rest is now thought to be
associated with intestinal mucosal atrophy and thus increased
infectious complications via bacterial translocation. Therefore,
enteral feeding is now recommended to start within the first
72 h of hospitalization with tube feeds as tolerated. Studies
have shown benefits in mortality, infection, organ failure, and
lower surgical rate in patients given enteral feeds compared to
parenteral feeds [10]. We were able to use nasojejunal feeding
in this patient after 48 h that was fairly well tolerated, though
a nasogastric feed is similar in effect if better for the patient.

Pancreatic necrosis as a complication of acute pancreatitis
is always a worry as it is responsible for up to 70% of all
deaths, though only present in 5% of patients presenting with
acute pancreatitis [11]. Previously, prophylactic antibiotic
therapy was thought to be a reasonable solution to this seri-
ous infectious complication and has been heavily debated
through the years. However, it is currently not recommended
for the prevention of pancreatic necrosis. Antibiotic therapy
should be strictly avoided in patients with acute pancreatitis
and not administered within the first 24 h unless there is clini-
cal suspicion for concurrent infection [3].

Outcome
This patient had an initial BUN of 12 mg/dl, with no history

of renal disease, taken at the time of the original elevated
lipase. The patient remained on 250 ml/h lactated Ringer’s for
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24 h with some mild respiratory desaturations to 88%, which
was corrected with nasal cannula oxygen. The BUN after 24 h
was 10 mg/dl with a reduction in abdominal pain and nausea.
Enteral feeding was attempted at 48 h and tolerated well at
slow rates and small volumes. The patient was eventually
discharged 5 days post-ERCP with no signs of pancreatic
necrosis or pseudocyst formation, though confirmation may

be needed with imaging at a later date.

Clinical Pearls/Pitfalls

Early aggressive fluid resuscitation with the use of an
isotonic crystalloid fluid, lactated Ringer’s, running
at 250-500 ml/h is recommended within the first 24 h
of admission.

Fluid boluses of 1-2 1 during initial evaluation may
be helpful in those presenting with severe volume
depletion.

Fluid resuscitation end point goals are a urine output
greater than 0.5 ml/kg and a decreasing hematocrit
and BUN after 24 h.

Total infusion within the first 24 h to be 2.5-4.0 1 with
reassessment of fluid requirements every 6 h.
Etiology must be addressed, as some causes of acute
pancreatitis are reversible.

Antibiotics are not recommended for prophylaxis of
necrotizing acute pancreatitis and should only be
used for a documented infection.

Enteric feeding may be attempted within the first
72 h of admission if tolerated and may be supple-
mented with an oral low-fat diet if needed.

There are no currently targeted pharmacologic thera-
pies indicated for the treatment of acute pancreatitis.
For patients at high risk for post-ERCP pancreatitis,
it is recommended to administer 100 mg rectal indo-
methacin for post-procedure prophylaxis.



26

N.H. Janisch

References

10.

11.

. Arata S, Takada T, Hirata K. Post-ERCP pancreatitis.

J Hepatobiliary Pancreat Sci. 2010;17:70-8.

. Masci E, Toti G, Mariani A. Complications of diagnostic and

therapeutic ERCP: a prospective multicenter study. Am
J Gastroenterol. 2001;96:417-23.

. Tenner S, Baillie J, et al. American College of Gastroenterology

Guideline:Management of acute pancreatitis. AmJ Gastroenterol.
2013;108:1400-15.

. Banks PA, Bollen TL, Dervenis C, et al. Classification of acute

pancreatitis 2012: revision of the Atlanta classification and defi-
nitions by international consensus. Gut. 2013;62:102-11.

. Brown A, Orav J, Banks PA. Hemoconcentration is an early

marker for organ failure and necrotizing pancreatitis. Pancreas.
2000;20:367-72.

. Muddana V, Whitcomb DC, Khalid A, et al. Elevated serum cre-

atinine as a marker of pancreatic necrosis in acute pancreatitis.
Am J Gastroenterol. 2009;104:164-70.

. Wu BU, Bakker OJ, Papachristou GI, et al. Blood urea nitrogen

in the early assessment of acute pancreatitis. Arch Intern Med.
2011;171:669-76.

. Talukdar R, Vege SS. Early management of severe acute pancre-

atitis. Curr Gastroenterol Rep. 2011;13:123-30.

. Besselink M, van Santvoort H, Freeman M, et al. IAP/APA

evidence-based guidelines for the management of acute pancre-
atitis. Pancreatology. 2013;13:e1-15.

YiF, Ge L, Zhao J, et al. Meta-analysis: total parenteral nutrition
versus total enteral nutrition in predicted severe acute pancre-
atitis. Intern Med. 2012;51:523-30.

Appelros S, Lindgren S, Borgstrom A. Short and long term out-
come of severe acute pancreatitis. Eur J Surg. 2001;167:281-6.



Chapter 4

Acute Biliary Pancreatitis

Haaris A. Beg

Case Study

A 45-year-old woman came into the emergency department
presenting with a 1-h history of sudden onset, severe epi-
gastric pain radiating to the back. She reports having had a
similar episode of abdominal pain after eating a fatty meal
several months ago, but the pain was duller and resolved
after a few hours. She has a past medical history significant
only for hypertriglyceridemia. On presentation, serum amy-
lase and lipase were 50 U/L and 100 U/L, respectively, but
both had increased to >400 U/L when taken 6 h later. The
patient continued to have persistent severe pain over the
next 48 h, along with fever and nausea, despite aggressive
hydration. Contrast-enhanced CT imaging (CECT) showed
evidence of a stone in the distal common bile duct. With
the possibility of severe acute pancreatitis and obstructing
gallstone, the consulting gastroenterologist decided to admit
the patient for an endoscopic retrograde cholangiopancrea-
tography (ERCP) procedure.
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My Management

a. Agree with the consulting gastroenterologist to admit the
patient for an ERCP.

b. Continue aggressive intravenous hydration for the next
24-72 h.

Diagnosis and Assessment

This is a patient who fulfills the diagnostic criteria for acute
pancreatitis (AP) given both the history of sudden, severe
pain radiating to the back and having elevated pancreatic
enzymes, i.e., amylase and lipase. The most common causes of
AP are gallstones (40-70%) and alcohol (25-35%). Due to
the high prevalence of gallstones, which often cause recurrent
disease, abdominal ultrasound should be performed on all
patients presenting with AP. Ultrasound detects gallstones as
small as 2 mm with a sensitivity >95% and can also rapidly be
performed at the bedside [1]. If abdominal ultrasound is not
performed upon presentation, it is important to get a thor-
ough history.

Patients with acute biliary pancreatitis, or pancreatitis
caused by gallstones, often have had episodes of biliary colic
before presenting with AP. Biliary colic occurs when the gall-
bladder contracts against a cystic duct obstructed by a gall-
stone. Similar to this patient, biliary colic causes right upper
quadrant pain that may radiate to the shoulder and often
occurs after a fatty meal. The pain, however, often does not
last beyond a few hours. There may be associated nausea and
vomiting as well.

Identifying risk factors for developing gallstones is also
important for diagnosis. These include age >40, female sex,
family history, obesity, and certain ethnicities including
Northern Europeans and Hispanics [2]. A simple pneumonic
often used to remember the risk factors is “fat, forty, female,
fertile, and fair.” Lab criteria for diagnosis require serum amy-
lase and/or lipase greater than three times the upper limit of
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normal. Serum amylase cannot be used alone for diagnosing
AP, and serum lipase is preferred. It should be noted that both
enzymes rise within a few hours after onset of symptoms.
Additional tests that can help differentiate biliary pancreatitis
from other causes of pancreatitis include the liver function
tests. For example, a recent study has shown that the specificity
of a serum ALT >150 IU/L for diagnosing gallstone pancreati-
tis was 96%, although the sensitivity is only about 50% [3].
Gallstones that cause biliary colic, or even full-blown AP,
most often pass to the duodenum and are lost in stool. There
is a minority of patients, however, that can have ongoing pan-
creatic duct and/or biliary tree obstruction due to having
persistent gallstones. This can lead to severe AP, as occurred
in our patient, and/or cholangitis, which is an infection of the
biliary tract that often causes fever, jaundice, and right upper
quadrant pain. The diagnosis of severe AP is made when
patients fail to improve clinically within the first 48-72 h
despite appropriate initial therapy, such as IV hydration [4].
Those that fail to improve often have persistent severe pain,
fever, nausea, vomiting, or are unable to start oral feeding.
Although imaging beyond an ultrasound is usually not rec-
ommended when a patient initially presents with AP as most
have a mild, uncomplicated course, this patient has not been
getting better and has many risk factors for having a retained
gallstone causing continued pancreatic inflammation and dam-
age. In this setting, further investigation is required and CECT
or MRI imaging is the next step. CECT imaging has a 90%
sensitivity and specificity for diagnosing AP. Furthermore, it may
help visualize bile duct stones, as it did in this patient, and also
allows providers to assess the extent of pancreatic damage,
which can help predict the severity of disease. The CT finding of
CBD stones may have sensitivity as high as 80% [5]. MRI, on
the hand, is better able to detect gallstones in the bile ducts
down to 3 mm diameter by employing magnetic resonance chol-
angiopancreatography (MRCP). MRI is also more advanta-
geous to use in patients with a contrast allergy and/or renal
disease [6]. MRI, however, has a longer scanning time compared
to the CT and is often difficult to perform in severely ill patients.
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In conclusion, this patient, with a history of biliary colic
and who has several risk factors for developing gallstones,
already had a high probability of acute biliary pancreatitis.
Ultimately, this was confirmed with imaging.

Management

The confirmation of a bile duct stone via imaging in a patient
who has not been improving clinically over the last 48-72 h
warrants an ERCP. If the stone was found on early initial
imaging, it is most appropriate to treat conservatively in most
patients who lack laboratory or clinical evidence of ongoing
biliary obstruction, which includes bowel rest and intrave-
nous fluid replacement before considering a more invasive
intervention such as an ERCP. ERCP is a specialized tech-
nique used to study the bile ducts, pancreatic duct, and gall-
bladder. A physician passes an endoscope through the
patient’s mouth all the way into the duodenum until it
reaches the point where the ducts from the pancreas and
gallbladder drain into the duodenum. X-rays are subse-
quently taken. The endoscope allows for small tools to past
through, enabling physicians to biopsy abnormal tissue,
remove gallstones, open a narrowed bile duct, and even insert
stents in the duct. Often times ERCPs necessitate the use of
sphincterotomy, which involves cauterizing the sphincter of
Oddi (a muscle that controls flow of pancreatic juices and
biles into the duodenum) to further extract bile duct stones
and facilitate the placement of stents. The procedure is not
without complications, the most common of which is post-
ERCP-induced pancreatitis, occurring at a rate of nearly
3-5% [7]. Other serious yet less common complications
include perforation (esophagus, stomach, duodenum, or jeju-
num), bleeding, and sepsis.

An ERCP is strongly recommended for patients with
both AP and concurrent acute cholangitis within 24 h of
admission [8]. Our patient initially had a mild-moderate
course and did not present with cholangitis so was managed
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conservatively. She eventually began having worsening
symptoms concerning for cholangitis and was therefore
immediately taken for an ERCP. Studies have also found
that patients with acute biliary pancreatitis with a severe
predicted course had fewer complications, such as organ
failure and/or necrosis, if they underwent early ERCP
(within 72 h of admission). Mortality, however, was not sig-
nificantly different between the two groups [9, 10]. Recent
studies have also confirmed that early ERCP within 24 h of
admission decreases morbidity and mortality in patients with
AP complicated by biliary sepsis or infection that has spread
to the bloodstream causing organ damage. The utility of
early ERCP, however, continues to be studied with often
conflicting results.

Importantly, if gallstones are found to be the cause of
AP, the patient should immediately be referred for a chole-
cystectomy to prevent recurrent attacks and potential bili-
ary sepsis [11]. This is also true of patients who have
undergone endoscopic sphincterotomy [12]. In patients
who have mild pancreatitis, cholecystectomy can be per-
formed within 7 days after recovery and often times within
the same hospitalization period after the patient gets better
with conservative management [13, 14]. If a cholecystec-
tomy is not performed in a patient with gallstone pancreati-
tis, there is a 25-30% risk of recurrent acute pancreatitis,
cholecystitis, or cholangitis within 6-18 weeks [15]. To pre-
vent these complications, it is imperative all patients with
gallstone pancreatitis be referred for cholecystectomy after
they recover.

Outcome

The patient was admitted for an ERCP, during which the
gastroenterologist passed an endoscope to the duodenum,
performed a sphincterotomy, and was successfully able to
extract a 1 cm gallstone. The patient was monitored closely
for the next 12 h after the procedure for signs of pancreatitis,
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bleeding, perforation, or infection. Asymptomatic and hemo-
dynamically stable, the patient was able to resume normal
diet the following morning with follow-up amylase levels
now decreased to <100 U/L. She was referred for cholecys-
tectomy to be accomplished as an outpatient a few days after

H.A. Beg

discharge.

Clinical Pearls/Pitfalls

AP is most commonly caused by gallstones, which
can be quickly and very accurately diagnosed via
abdominal ultrasound at the bedside.

Thorough history taking and identifying risk factors
are crucial to diagnosis. Remember the pneumonic
“fat, forty, female, fertile, and fair” as means to
quickly identify those of high risk of developing
gallstones.

A low serum amylase and lipase level does not
exclude pancreatitis, as these levels tend to rise hours
after the onset of symptoms.

Severe AP is diagnosed when patients fail to improve
with IV hydration within 48-72 h, often having per-
sistent pain and inability to tolerate diet by mouth.
CT or MRI is recommended when patients fail to
improve within 48-72 h, allowing providers to both
visualize gallstones and evaluate extent of pancreatic
damage. Of note, these tests are less sensitive at
detecting stones than ultrasound.

ERCEP is a specialized endoscopic technique allowing
gastroenterologists to remove gallstones utilizing
special tools under fluorescent guidance.

ERCP is warranted when a bile duct stone has not
only been confirmed via imaging but also if a patient
hasn’t improved in 48-72 h with conservative
therapy.

ERCP is first-line treatment for any patient present-
ing with both AP and acute cholangitis within 24 h.
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e Always monitor patients closely after ERCPs for
complications, especially ERCP-induced pancreatitis
which can occur nearly 3-5% of the time.

e The majority of patients are able to return to a nor-
mal diet the morning after an ERCP and are often
discharged asymptomatic without complication.

e All patients found to have pancreatitis secondary to
bile duct stones should be referred for cholecystec-
tomy as they have a high risk of repeat pancreatitis,
cholecystitis, and cholangitis.
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Chapter 5

Classification
and Management
of Pancreatic Cysts

Katerina L. Byanova and Timothy B. Gardner

Case Study

A 65 year-old woman is referred to Gastroenterology for evalu-
ation of a pancreatic cyst found incidentally on a non-contrast
CT obtained 2 weeks prior. At the time the imaging was
obtained, the patient had presented to the ED with classic symp-
toms of nephrolithiasis (flank pain, hematuria, nausea/vomit-
ing), which have since resolved completely. CT obtained in the
ED as part of the workup revealed a 3 cm cystic structure in the
head of the pancreas. Due to limitations of the study, the size of
the pancreatic duct and the cyst was not characterized further.
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The patient is anxious and surprised by the finding. She
denies any history of pancreatitis or jaundice, as well as any
recent infections or history of inflammatory disease. She has
no relevant past medical history. She has never smoked ciga-
rettes and also does not consume alcohol. There is no per-
sonal history of cancer, nor any family history of pancreatic
or other cancers.

The patient undergoes MRI of the abdomen with contrast,
which measures the cyst at 3.1 cm and the pancreatic duct at
5 mm. There is no wall enhancement, but a mural nodule is
noted within the cyst.

My Management

A. I will recommend an endoscopic ultrasound with fine nee-
dle aspiration.
B. I will refer to surgery.

Diagnosis and Assessment

Pancreatic cysts are fluid-filled lesions of various etiologies.
They are frequent incidental findings on imaging in asymp-
tomatic patients, seen in 20% of all MRIs and 3% of all CTs
of the abdomen. With the increasing use of higher resolution
and more sophisticated imaging modalities, pancreatic cysts
are now also diagnosed not only more frequently but also at
a smaller size [1-3].

When a cyst is found, like in our patient, the first step is to
differentiate between a pancreatic pseudocyst and a true
cyst. A pseudocyst is a lesion without a true wall that usually
forms in the context of acute pancreatitis and resolves over
the course of several months [2]. A true pancreatic cyst is
more likely if there is no history of pancreatitis, inflamma-
tion, recent infection or pancreatic disease [2].

If the clinical presentation suggests a true cyst, the next
step is to determine the type of cyst, as each type confers
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different risk of malignancy and thus a different prognosis.
There are five types of cysts to be considered—mucinous
cystic neoplasia (MCN), intraductal papillary mucinous neo-
plasia (IPMN: could be main duct, MD-IPMN, or branch
duct, BD-IPMN), serous cystadenoma (SCA), solid pseudo-
papillary neoplasia (SPN), and cystic pancreatic neuroendo-
crine tumor (CPEN) [2]. These lesions can be differentiated
at least partly based on patient characteristics, cyst localiza-
tion, or associated symptoms; for example, a single lesion in a
symptomatic female in her 20s or 30s strongly points to SPN,
while a cyst in the head of the pancreas in an elderly man with
symptoms of pancreatitis or obstructive jaundice raises the
suspicion for a MD-IPMN [1, 2, 4]. A summary of the key
characteristics of each type of cystic lesion and their malig-
nant potential follows:

® Mucinous cystic neoplasia (MCN): Comprises a fourth of
all resected pancreatic cysts. These cysts are commonly
found in women in their 40s and may present with
abdominal pain, jaundice, or pancreatitis. MCNs are
notable for their ovarian stroma-like lining, lack of com-
munication with the pancreatic duct, and mucin-contain-
ing fluid [2, 4]. Because of 20% risk of progression to
malignancy, these cysts are typically resected [2, 4]. Long-
term outcomes depend on whether the lesion was inva-
sive at the time of surgery, with excellent 5-year survival
if not malignant [2].

e IPMN: Altogether, IPMNs account for 38% of all resected
pancreatic cysts [2]. These cysts occur as single or multiple
lesions and are unique in their communication with the
pancreatic duct. They are found equally in men and
women, usually in their 60s. While some patients are
asymptomatic, others, especially with MD-IPMN, will pres-
ent with obstructive symptoms such as jaundice, pancreati-
tis, and abdominal pain [4].

— MD-IPMN: Main-duct IPMNs carry a significantly
higher risk of malignancy compared to BD-IPMN.These
cysts classically cause recurrent pancreatitis and dilation
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of the pancreatic duct, as well as changes in the
morphology of the papilla (“fish-mouth” papilla) [4].
MD-IPMNs have a malignancy rate of over 60% and
warrant a resection [4, 5]. Five-year survival is 95-100%
if no evidence of invasion is found on resection, but
only 40-60% if malignant [2]. See Figs. 5.1 and 5.2.

Figure 5.1 MRI image of a main duct [IPMN
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FiGure 5.2 Resection specimen demonstrating a main duct IPMN

— BD-IPMN: These are the most common cysts found
incidentally on imaging. They can present as solitary
cysts or as multiple lesions across the pancreas. BD-
IPMNs are often asymptomatic and their potential for
malignancy varies based on features such as size, pres-
ence of mural nodules, and main pancreatic duct dila-
tion. The rate of malignancy for these cysts is lower than
for MD-IPMNs (15-20%), and they do not always war-
rant a resection [2, 4].

e Serous cystadenoma (SCA): SCAs make up about 16%
of all resected pancreatic cysts [2]. They tend to present
as isolated lesions. Classic SCAs are composed of multi-
ple cysts with a “honeycomb” appearance and a charac-
teristic central fibrotic scar [2, 4]. These cysts occur in
patients over 60 years of age, and they have a male pre-
dominance if macrocystic and female predominance if
microcystic [4]. SCAs are usually hypervascular [4] and
lined by cuboidal epithelium [2]. They can occasionally
present with abdominal pain, but most frequently they
are asymptomatic. A small fraction of SCAs are second-
ary to mutation in VHL (von Hippel Lindau gene).
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Ficure 5.3 CT scan image of a large serous cystadenoma in the tail
of the pancreas

SCAs generally require resection only if they are causing
symptoms due to size rather than concern for malignancy [2].
See Figs. 5.3 and 5.4.

e Solid pseudopapillary neoplasia (SPN): These are rare
(3% of all resected pancreatic cysts) tumors found almost
exclusively in women in their 20s and 30s who are symp-
tomatic on presentation with abdominal pain or, less fre-
quently, jaundice or pancreatitis. Risk of malignancy is
10-20% and warrants surgical resection [2, 4]. Five-year
postoperative survival is 80%, with rare recurrences noted
up to a decade after initial presentation [2]. See Figs. 5.5
and 5.6.

e Cystic pancreatic endocrine neoplasm (CPEN): Rarely,
pancreatic neuroendocrine tumors may be cystic rather
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FIGURE 5.4 Resection specimen demonstrating a large serous cyst-
adenoma

FIGURE 5.5 CT scan demonstrating a solid pseudopapillary tumor of
the pancreas
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FIGURE 5.6 Resection specimen demonstrating a large pseudopapil-
lary tumor of the pancreas

than solid. These tumors generally occur after age 50 and
are found equally in women and in men. They are associ-
ated with multiple endocrine neoplasia (MEN-1) syn-
drome and the MEN-I gene mutation. On imaging they
reveal enhancement of the cyst wall. Cyst fluid positive for
chromogranin A and synaptophysin is both a sensitive and
specific finding in these patients. Once disease is con-
firmed, most patients undergo resection with survival rate
of over 87% at 5 years. Risk of malignancy with these
tumors is 11-14% [2].

Based on the findings in our patient, her most likely diag-
nosis is BD-IPMN, although an MCN or a serous cyst (SCA,
CPEN) cannot be excluded. Of note, lack of history of pan-
creatitis makes a pseudocyst unlikely.

Our patient underwent an abdominal MRI as part of her
initial workup. Abdominal imaging with an MRI (with or
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without contrast) or with a pancreas protocol CT is the first
step in both characterizing and risk stratifying the lesion [1-
6]. If the diagnosis is still uncertain based on clinical and
imaging findings, or if there are additional risk factors, an
endoscopic ultrasound with fine needle aspiration (EUS/
FNA) may be pursued. Risk factors that prompt further
workup include symptomatic initial presentation with
obstructive jaundice or pancreatitis, main duct dilation (diam-
eter of 5-9 mm is considered worrisome, while >10 mm is
high risk), cyst size >3 cm, and a mural nodule within the cyst
[1,2,5,6]. According to the 2012 International Association of
Pancreatology guidelines, one risk factor is sufficient to rec-
ommend EUS, while the 2015 American Gastroenterological
Association guidelines require at least two risk factors [1]. In
the case of our patient, her cyst size and possible mural nod-
ule warrant a referral for EUS/FNA.

EUS/FNA can help visualize the cyst better, evaluate pos-
sible connections to the pancreatic ducts, visualize a potential
mural nodule, and sample the cyst fluid for cytology. EUS/
FNA results are still largely operator dependent [1, 5].
Findings on FNA may also vary significantly; thus, the pres-
ence of a marker can help classify cysts better, but the
absence of one is more difficult to interpret. A useful finding
on FNA is the presence of a “string sign” (when cystic fluid
stretches between two surfaces over 1 cm), which is highly
specific for mucinous cysts [1, 4]. Low amylase levels in the
fluid rule out a pseudocyst; however, high levels of amylase
are seen in both pseudocysts and in mucinous cysts [1, 4].
CEA levels on cytology are helpful if elevated over 192—
200 ng/ml in identifying mucinous cyst (MCN or IPMN), as
they are typically low in serous cysts or pseudocysts; CEA is
not a predictor of malignancy, however [1, 2, 4-6]. Further,
while cytology findings are rare, they can be highly specific,
especially if atypical epithelial cells are found [1,5]. Mutations
in GNAS or KRAS are very specific for IPMNs (>90%, with
one of the two mutations present in over 95% of all IPMNSs),
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but these findings have not been fully validated and are not
used on a daily basis [1, 4-7]. Finally, work is underway to
identify additional markers within the cyst fluid, such as miR-
NAs and VEGF [2,5,7].

Management

Management of an asymptomatic patient without red flags
on imaging is generally limited to serial imaging to monitor
progression. The 2012 IAP guidelines recommend surveil-
lance with CT/MRI with frequency that depends on the cyst
size [1, 6]. The 2015 AGA recommendations simplify the
algorithm and recommend MRI in 1 year, with follow-up
studies every 2 years for up to 5 years if no changes are noted
[1,5].

Surgical resection should be discussed if findings suggest
high risk of malignancy and the patient is likely to tolerate
the procedure. The type of surgery and extent of pancreatic
resection depend on the features and location of the cyst
within the pancreas. Follow-up imaging after surgery for
MCNs and SCAs is only indicated if there is clear pathologi-
cal evidence of invasion [1, 5, 6]. On the other hand, surveil-
lance recommendations for IPMNs postoperatively vary
based on the guidelines. According to the IAP, imaging
should be repeated at 2 and 5 years even if no evidence of
invasive disease was found, and in the case of dysplasia on
pathology —every 6 months; if invasive cancer is found on
resection, the patient should be followed based on guide-
lines for management of pancreatic ductal adenocarcinoma
(PDAC).The AGA, on the other hand, recommends postop-
erative surveillance by MRI every 1-2 years only for signifi-
cant dysplasia or invasive disease [1, 5].

For the subgroup of patients that meets indications for
surgery but cannot undergo surgery for other health reasons,
new treatments are being designed, such as injecting cysts
with ethanol via EUS or thermally ablating them via EUS or
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percutaneously, but these have not been validated and are
not commonly used yet [3].

Outcome

The cyst prevalence in the general population has been esti-
mated at 2.5%, and among patients with pancreatic cysts,
adenocarcinoma is found in 33.2 per 100,000 with increasing
prevalence by age [8]. Thus, the overall risk of malignancy is
very low. If a cyst does not meet criteria for resection or does
not change in size or other characteristics after 5 years of
surveillance, then the patient does not need any additional
follow-up and has no greater risk of pancreatic cancer than
the general population [5]. Patients who undergo surgery
and show no evidence of invasion also have excellent prog-
nosis (80-100% 5-year survival) [2, 5], while those with evi-
dence of invasive cancer have variable survival rates, with an
average five year survival for IPMNs around 28% [2, 5].

It is important to keep in mind that only about 15% of
patients who undergo surgery have evidence of invasive can-
cer [1, 4]. Data for IPMNs shows that only 42% of patients
who had surgery had either dysplasia or evidence of malig-
nancy [1]. Thus, over half of the patients with pancreatic cysts
undergo surgery unnecessarily even after the best available
diagnostic technology and predictive analyses are used.
Much work is done in identifying better potential cyst fluid
markers that can aid diagnosis and predict malignant poten-
tial, but they have not been well validated clinically [1, 2, 7].
Further, our ability to rule out malignancy is also disappoint-
ing; in a large German medical center, nearly 40% of preop-
erative diagnoses of MCN or BD-IPMN were found to be
wrong [4]. Thus, patients like the one in our case will poten-
tially have to make difficult treatment decisions, and an in-
depth discussion with their physician about the risks and
benefits of surgical intervention will be key in guiding deci-
sion making.
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Clinical Pearls/Pitfalls

Pancreatic cysts are most frequently found inciden-
tally on imaging and have a low overall risk of
malignancy.

The patient profile (age and gender), past medical
and family history, as well as clinical presentation can
point to the type of cyst the patient has. Young
women, for example, are more likely to have SPN or
SCAs, while rare patients with family history of
MEN may be more likely to have a CPEN. Elderly
male smokers, on the other hand, are more likely to
present with an IPMN.

MRI abdomen with contrast or pancreas protocol
CT can characterize the cyst and help stratify the risk
based on pancreatic duct size, cyst size, or presence of
a mural nodule.

Findings on EUS/FNA can help determine exact cyst
type or possibly show evidence of dysplasia or malig-
nancy; however, negative EUS/FNA cytology does
not rule out malignancy

EUS/FNA is not a routine study for all cysts but sug-
gested for patients with worrisome findings on imag-
ing or other risk factors.

eSurveillance by MRI or CT is recommended for patients

with serous cysts, as well as for ones with mucinous
cysts that do not have worrisome features or evidence
of dysplasia or invasion. If no change is noted after
S years, no additional surveillance is needed.

Surgery may be recommended for patients with
mucinous cysts that have worrisome features and are
growing, dysplastic, or otherwise concerning for
malignancy, as well as for patients with large symp-
tomaticserous cystadenomas or with SPN. Postsurgical
surveillance is needed for patients with positive mar-
gins or dysplasia/invasive cancer on pathology.

At present there is no good blood marker or defini-
tive cyst fluid marker to determine malignant poten-
tial for pancreatic cysts.
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e Given overall low risk for malignancy, an in-depth
discussion of the risks and benefits of surgery and
shared decision making can reduce unnecessary pro-
cedures and meet individual patient goals.
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Chapter 6

Medical and Endoscopic
Management of Chronic
Pancreatitis

Kartik Sampath and Timothy B. Gardner

Case Study

A 42-year-old male presented to the emergency room (ER)
with severe upper abdominal pain radiating to the back. The
patient described chronic upper abdominal pain at baseline
for the past year; however the pain severity necessitated the
ER visit. In the ER, the patient’s vitals were stable; however
he was in mild distress and received intravenous hydration
and hydromorphone.

The past medical history was notable for chronic pancreati-
tis, which was related to heavy chronic alcohol use over the
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past 22 years. Six years ago, the patient was first diagnosed
with acute pancreatitis requiring hospitalization. Alcohol use
persisted and the patient eventually developed recurrent
acute pancreatitis (RAP) attacks. An abdominal CT scan
1 year ago revealed pancreatic calcifications. At that time, the
patient was diagnosed with chronic pancreatitis; tramadol was
initiated for chronic pain control. The patient subsequently
quit alcohol intake. Despite alcohol cessation, 2 months prior
to the ED visit, the patient had another AP episode.

The patient has no prior surgical history. He does endorse
an active 12-pack-year smoking history. Family history was
notable for alcoholism, without any history of familial pan-
creatitis or gastrointestinal-based malignancy.

The physical exam was notable for midepigastric tender-
ness. Labs were normal except for a lipase elevation to
234 units/L (upper limit of normal is 60 units/L). The patient
was admitted to the medicine service for aggressive fluid
resuscitation. On hospital day 2, a CT abdomen was per-
formed which revealed evidence of a large pancreatic head
duct (PD) stone, with proximal PD dilation (Fig. 6.1).

My Management

A. Continue IV hydration and follow-up in GI clinic as an
outpatient

B. ERCP with pancreatogram and PD stone removal

C. Aggressive intervention for alcohol and tobacco
cessation.

Diagnosis and Assessment

In the setting of chronic alcohol use, this patient has had RAP
attacks. A prior CT scan noted pancreatic calcifications, and
the patient has had baseline chronic pancreatitis-type pain
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Ficure 6.1 CT of the pancreas notes a pancreatic ductal head stone
with proximal pancreatic duct dilation
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for the past year. Based on the clinical presentation, this
patient had alcoholic chronic pancreatitis. A key concern in
the history is recurrent AP despite alcohol cessation. The CT
revealed evidence of a PD stone with ductal obstruction,
which likely represents the cause for this patient’s current
acute on chronic pancreatitis.

CP represents the progression of chronic pancreatic
inflammation to irreversible fibrosis, which ultimately can
lead to chronic upper abdominal pain and the compromise
of pancreatic endocrine and exocrine function [1].
Progressive fibrosis can lead to both pancreatic parenchy-
mal changes and duct abnormalities leading to impaired
ductal outflow. CP can be further sub-stratified into large
and small pancreatic duct disease with and without calcifica-
tions. Standard labs including lipase are often normal in
symptomatic CP patients.

Endocrine dysfunction manifests typically as diabetes
mellitus (DM). Management includes initiation of oral hypo-
glycemics and insulin supplementation as needed. New
onset diabetes in the setting of chronic pancreatitis is
associated with an increased risk for pancreatic cancer [2].
In this scenario, follow-up cross-sectional imaging may be
recommended.

Exocrine pancreatic insufficiency (EPI) is due to the
impaired synthesis and/or pancreatic secretion of luminal
bicarbonate and digestive enzymes (lipase-protease-amylase)
[3]. Patients develop steatorrhea as well as vitamin B12 and
fat-soluble vitamin (K-A-D-E) deficiencies. The gold standard
for EPI is quantitative fecal fat testing where patients are
subjected to a high-fat diet (100 g of fat/day), with subsequent
stool collection. A fecal fat excretion greater than 7 g/day is
diagnostic of EPI. A qualitative stool fat test (Sudan red stain-
ing) is no longer recommended due to poor specificity.
Elastase is a pancreatic enzyme, excreted via the gut. In EPI,
fecal elastase concentrations decline, and a concentration less
than 200 mg/g of stool can suggest the EPI diagnosis [4]. In an
effort to detect early EPI, pancreatic function tests (PFTs) can
be performed. For example, patients can be given IV secretin



Chapter 6. Medical and Endoscopic Management 53

followed by direct aspiration of peri-ampullary pancreatic
secretions [5]. EPI is diagnosed with duodenal aspirate bicar-
bonate concentrations less than 80 mEq/L. Endoscopic PFTs
demonstrate a sensitivity and specificity of 82% and 86%,
respectively, for the EPI diagnosis.

Abdominal imaging is necessary for the CP diagnosis.
Abdominal X-ray can reveal pancreatic calcifications which
are pathognomonic for CP. In progressed disease, the CT
abdomen will note calcifications along with an atrophic
pancreas (Fig. 6.2). EUS is an increasingly utilized modal-
ity to evaluate chronic pancreatitis and can characterize
both parenchymal disease (lobularity, hyperechoic foci and
strands, calcifications, cysts) and ductal disease (hyperechoic
pancreatic duct walls, irregular pancreatic duct, dilated pan-
creatic duct, visible side branches) [6]. When five or more
criteria are met, CP becomes increasingly more likely. MRCP
can also be a valuable imaging modality to characterize
ductal-based disease.

FiGure 6.2 CT imaging revealing evidence of chronic pancreatitis
with extensive calcifications and a small atrophic appearing pancreas



54 K. Sampath and T.B. Gardner

The classic triad of pancreatic calcifications, steatorrhea,
and diabetes mellitus is highly specific but often occurs very
late in the progression of chronic pancreatitis. Typically there
is evidence of CP on imaging (abdominal X-ray, CT, MRCP,
and EUS) along with pancreatitis pain, diabetes, and/or fat
malabsorption.

Pancreatitis-type abdominal pain is the most common
clinical manifestation of CP. Type A pain refers to frequent
severe episodic pain versus type B pain, which can be more
prolonged and persistent. Over time, CP pain can become
debilitating and lead to a severely impaired quality of life [7].

The exact pathogenesis related to CP pain is not com-
pletely understood. It has been proposed that ductal hyper-
tension and microvascular ischemia contribute to the
development of CP pain. Ductal hypertension refers to the
sequelae of reduced pancreatic duct outflow which leads to
pancreatic ductal reflux and chronic pancreatic injury.

Management

In the acute pain exacerbation setting, the first consideration
is to identify if there is evidence of acute on chronic pancre-
atitis. If this is the case, then management involves admission
for IV hydration and pain control.

The necessity for CP medical management is predicated
on the presence of debilitating symptoms resulting in impaired
functionality. Initial management involves the elimination of
modifiable risk factors such as smoking and alcohol intake.
Dietary modification with small, low-fat meals can contribute
to pain relief by moderating pancreatic enzyme secretion and
reducing fat malabsorption. For patients with EPI, pancreatic
enzyme supplementation allows for fat digestion which can
decrease postprandial dyspepsia and steatorrhea.

Analgesic management employs a stepwise approach,
beginning with nonnarcotics such as acetaminophen and
nonsteroidal anti-inflammatory drugs (NSAIDs).Neuropathic
agents such as tri-cyclicantidepressants (TCAs—nortriptyline,
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amitriptyline), serotonin and norepinephrine reuptake inhib-
itors (duloxetine), and GABA agonists (pregabalin) can offer
pain relief and afford an opportunity to avoid or delay the
use of narcotics [8]. If pain symptoms persist, a trial with a
low-dose narcotic such as tramadol can be considered, fol-
lowed in succession by more potent narcotics such as fentanyl
or hydromorphone.

Pancreatic enzyme replacement therapy for pain control
has been investigated. In theory, exogenous pancreatic
enzyme supplementation reduces endogenous pancreatic
duct secretions and ductal hypertension. Numerous random-
ized controlled trials evaluated the efficacy of pancreatic
enzyme supplementation for chronic pancreatitis pain relief.
A meta-analysis summarizing these trials revealed no signifi-
cant pain benefit from enzyme supplementation [9].

Medical marijuana has been utilized off-label as a treat-
ment option for CP-related pain and nausea relief. Further
study will be needed to definitively characterize the potential
therapeutic benefits. Antioxidant therapy and radiotherapy
have also been investigated; however larger trials are needed
to further validate these therapies.

Pancreatic endotherapy can be utilized for patients who
are refractory to medical management. CP-related ductal
abnormalities include PD stones, PD strictures, or extrinsic
compression from a focal fibrotic mass. In these cases, endo-
scopic management with ductal decompression can be con-
sidered [10]. Pancreatic sphincterotomy is performed to
facilitate pancreatic duct drainage. For PD stone manage-
ment, the limitations of pancreatic endotherapy should be
considered. In cases with numerous stones and distally
located PD stones, stone removal can be technically difficult.
In these cases the risks may outweigh the benefits for pancre-
atic ERCP.

In our case study patient, a single stone is located in the
proximal PD with associated PD dilation. This patient scenario
represents the ideal candidate for endotherapy. Options for
endoscopic stone removal include forceps removal, basket-
based removal, and balloon extraction. A through-the-scope
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mechanical lithotripsy is no longer used due to high compli-
cation rates. For proximal PD stone disease, stone removal
rates can be successful in up to 50% of cases. Extracorporeal
shock wave lithotripsy (ESWL) can fracture PD stones and
can improve stone clearance rates up to 70% [11]. Direct
pancreatoscopy with electrohydraulic lithotripsy (EHL) can
be utilized; however the reported experience thus far has
been limited.

Pancreatic ductal outflow can also be impaired due to
CP-related ductal stricturing disease. Following sphincterot-
omy, plastic stenting of the stricture can be performed with
interval stent replacement. During stent placement, stricture
dilation can be considered with a bougie dilator, a Soehendra
dilator, or balloon dilation [12]. If a refractory stricture is
noted, side by side plastic stents can be employed or a self-
expanding metal stent (SEMS) can be placed. In addition to
PD strictures, CP can cause biliary-based strictures and gas-
tric outlet obstructions. Biliary obstructions can be treated
similarly with periodic plastic stents with focal stricture dila-
tion. SEMS placement is reserved for refractory CP biliary
strictures. Duodenal self-expanding metal stents can be
placed to alleviate gastric outlet obstructions.

A 2007 NEJM randomized controlled trial (RCT) com-
pared endoscopic versus surgical management for chronic
pancreatitis pain management. The results revealed signifi-
cantly improved pain relief with the surgical treatment arm
[13]. While there were flaws related to study design and endo-
prosthesis use, the study does highlight the potential thera-
peutic benefits of surgical intervention for significant CP
ductal-based disease. We advocate for pancreatic ERCP for
CP structuring disease and selected PD stone cases (few
stones, located in the proximal PD). In CP cases with compli-
cated ductal pathology, it is important to collaborate with the
hepatobiliary surgeons to determine the optimal manage-
ment strategy.

EUS neurolysis represents a therapeutic option for symp-
tomatic parenchymal disease. Current EUS-based neurolysis
therapies include direct injection of bupivacaine or
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triamcinolone into the celiac plexus [14]. Unfortunately, EUS
neurolysis has demonstrated poor pain relief efficacy in the
long term, with only 10% of patients experiencing prolonged
benefits at 24 weeks post neurolysis [15]. From a chronic pan-
creatitis standpoint, EUS neurolysis should be considered in
poor surgical candidates or as a potential bridge to eventual
surgical intervention.

Surgical options for chronic pancreatitis include the
Puestow procedure, Frey procedure, Whipple procedure, and
Total Pancreatectomy Islet Auto-Transplantation (TPIAT).
Further discussion of surgical-based intervention for chronic
pancreatitis will be discussed in a separate chapter.

Outcome

In this case, one localized stone is noted in the proximal pan-
creatic duct with corresponding PD dilation. An ERCP with
pancreatic duct sphincterotomy was performed. The guide-
wire was unable to be advanced past the stone. A pancreatic
duct stent was placed, followed by EWSL of the stone. In a
follow-up, serial imaging revealed successful stone clearance.
The patient continued to do well clinically with no subse-
quent AP attacks and no further escalation of his baseline
analgesic medication requirements.

Clinical Pearls/Pitfalls

— CP represents a fibroinflammatory condition that
may or may not be preceded by recurrent acute
pancreatitis.

— CP can be difficult to diagnose during the early
stages of the disease.

— CP is diagnosed by a combination of abnormal pan-
creatic imaging (CT/MRI/EUS) with evidence of
chronic abdominal pain or pancreatic insufficiency
(diabetes/fat malabsorption).
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— Endocrine dysfunction is screened with a hemoglo-
bin Alc and managed with oral hypoglycemics and
insulin supplementation.

— Exocrine dysfunction is screened with quantitative
fecal fat testing and stool elastase. Treatment includes
exogenous oral pancreatic enzyme (lipase/protease/
amylase) supplementation.

— Chronic pancreatitis pain is managed in a stepwise
manner initially with nonnarcotics, neuropathic
agents, and eventually narcotics.

— Pancreatic enzyme supplementation does not have
definitive clinical benefit for chronic pancreatitis
pain relief.

— Pancreatic endotherapy is a therapeutic option that
must be considered on a case-by-case basis.

— Pancreatic ERCP for PD stone removal is more suc-
cessful for a few proximal located stones.

— Pancreatic ERCP-based stenting can be considered
for dominant focal strictures.

— EUS celiac block can treat parenchymal-based pain;
however long-term benefits are minimal. EUS neu-
rolysis should be utilized as a bridge to surgery or for
nonsurgical candidates.
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Chapter 7

Complications of Acute
Pancreatitis

Jeffrey M. Adler

Case Study

A 47-year-old man was admitted to a medical intensive
care unit for severe acute alcoholic pancreatitis resulting
in extensive pancreatic necrosis, as well as respiratory and
renal failure. This was his third and most severe admis-
sion for alcoholic pancreatitis over the preceding 2 years.
He gradually recovered and was discharged home. He
returned 3 weeks later with severe abdominal pain. A CT
scan of the abdomen revealed extensive pancreatic necrosis,
with a large amount of peripancreatic edema and several
poorly organized fluid collections, the largest measuring
5.7 cm x 2 cm x 2.7 cm (Fig. 7.1). An MRCP/MRI addition-
ally showed multifocal thrombosed segments of the splenic
vein and a disrupted pancreatic duct at the level of the pan-
creatic mid neck (Fig. 7.2).
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Ficure 7.1 CT scan of the abdomen with extensive pancreatic
necrosis, with a large amount of peripancreatic edema and sev-
eral poorly organized fluid collections, the largest measuring
57cm x2cm x 2.7 cm

My Management

A. Correctly identify the type of fluid collection.

B. Initiate a multidisciplinary evaluation that includes gas-
troenterology, interventional radiology, and surgery.

C. Anticipate medical management followed by reevalua-
tion for interval endoscopic transmural drainage/
debridement.

Diagnosis and Assessment

Acute pancreatitis (AP) begins with an intense inflamma-
tory process within the pancreas that may extend into sur-
rounding tissues. This inflammatory process may also lead
to a number of local complications within or around the
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FiGgure 7.2 MRCP showing a disrupted pancreatic duct at the level
of the pancreatic mid neck

pancreatic tissue, including the formation of fluid collections,
major vascular or bleeding complications, and pancreatic
duct disruption.

As per the Atlanta Classification System revised in 2013,
fluid collections have been organized into four general cat-
egories: (1) acute peripancreatic fluid collections (APFC),
(2) pancreatic pseudocysts (PP), (3) acute necrotic collec-
tions (ANC), and (4) walled-off necrosis (WON) [1]. These
complications represent a progression of local injury that
begins early during a patient’s episode of AP. There may be
early indicators on imaging that local complications will
develop; however, these findings and the subsequent devel-
opment of local complications alone do not imply the
patient will experience a severe clinical course [2]. Acute
peripancreatic fluid collections, when present, appear early
during acute pancreatitis (i.e., within 4 weeks by definition)
and generally resolve without major sequelae [3]. These are
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non-necrotic collections without a discrete wall, are gener-
ally confined by fascial planes, and usually remain sterile.
Acute necrotic collections may also develop within the first
4 weeks and are due to necrosis of the pancreas and/or peri-
pancreatic tissues. In very early phases, it may be difficult to
differentiate ANC from APFC; however, ANC are usually
fairly distinct outward of 1 week from acute pancreatitis and
appear as heterogeneous collections with various amounts
of semisolid and necrotic debris. Walled-off pancreatic fluid
collections are delayed sequelae that usually take over a
month to develop and as a group include pancreatic pseudo-
cysts (PP) and walled-off necrosis (WON). Pancreatic pseu-
docysts represent collections of simple fluid and in general
are thought to form in communication with the pancreatic
duct system. On the other hand, WON represents an encap-
sulation of necrotic material within an inflammatory wall
that can take weeks to fully mature. On contrast enhanced
CT, the wall is often enhancing, but the contents may not
always be easily characterized as solid or simple fluid, which
may explain why some of these are mislabeled as
pseudocysts.

Both ANC and WON may be sterile or become infected,
and this may become apparent clinically or on imaging show-
ing gas formation within the collection. In general the diagno-
sis of infected necrosis can usually be made clinically, although
sometimes it can be challenging to differentiate infection
from the systemic inflammatory response of necrotizing
pancreatitis alone. Sampling the fluid either percutaneously
or endoscopically is one way to help establish the diagnosis
of infection when in question, but is typically not necessary
or desired, having both a low negative predictive value and
associated risk of contamination or inoculation [4].

Major vascular complications and hemorrhage develop in
a minority of patients with acute pancreatitis. The inflamma-
tory process and proteolytic activity of pancreatic enzymes
can injure both local arterial and venous vasculature [5].
Early in a course of acute pancreatitis, these effects have the
potential to disrupt the integrity of vessels and cause diffuse
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pancreatic hemorrhage or bleeding from a major artery in
proximity to the pancreas. These events are rare, occurring in
around 0.5% of acute pancreatitis cases [6]. Delayed bleed-
ing, occurring 2 months beyond one or more episodes of
acute pancreatitis, is also uncommon and may occur in 1% of
cases [7]. The more common sources of these delayed bleed-
ing events are bleeding pseudoaneurysms, diffuse bleeding
from pancreatic necrosis, and hemorrhagic pseudocysts. Many
of these events can be managed through vascular emboliza-
tion, but others may require operative care. Peripancreatic
venous thromboses also develop in some patients with acute
pancreatitis and may result from venous stasis related to mass
effect from edema or direct damage to the vessels from the
inflammatory milieu [8]. It is not clear from available evi-
dence whether patients should be routinely anticoagulated
for this condition.

Acute pancreatitis may also result in pancreatic duct dis-
ruption (PDD) and leakage of pancreatic secretions. Some of
these leaks resolve spontaneously or with conservative medi-
cal management, but they may also persist and lead to pan-
creatic pseudocysts, internal pancreatic fistulae (IPF) with
pancreatic ascites or effusions, or external pancreatico-
cutaneous fistulae (EPF). In patients with acute necrotizing
pancreatitis, the disruption is often complete, meaning that
the pancreatic duct proximal to the leak does not opacify on
endoscopic retrograde pancreatography (ERP), and is
referred to as a disconnected pancreatic duct syndrome
(DPDS). The disruption may also only be partial, and evalu-
ation should include assessment for pancreatic duct stricture
and calculi, which may impact the approach to therapy. Most
of this can now be accomplished noninvasively using contrast
enhanced CT or MRCP with or without secretin stimulation,
and unlike ERP, these imaging techniques can characterize
the anatomy proximal to a complete disruption.

The management and outcome of PDD depends largely
on the pancreatic duct anatomy and type of complication that
develops as a consequence of duct leakage [9]. Conservative
medical management alone is an option in many cases [10],



66 J.M. Adler

and small asymptomatic pseudocysts often do not require
intervention [11]. When intervention is required, the approach
may involve a combination of endoscopic, radiologic, or sur-
gical procedures.

There are few comparative effectiveness trials that have
established the preferred management strategy for pancre-
atic pseudocysts, and selection of technique is usually handled
on a case by case basis. However, endoscopic treatment
appears to be more effective than percutaneous drainage and
is at least as effective and associated with less morbidity and
lower costs than surgery [12, 13]. Endoscopic therapy often
involves transmural drainage of the fluid collection with
stenting across an endoscopic cystogastrostomy or cystenter-
ostomy. While not always practiced, use of endoscopic ultra-
sonography (EUS) for these procedures has certain
advantages and can be generally suggested. Importantly,
transmural drainage does not necessarily imply that the dis-
ruption will heal, and there is still a risk that the fluid collec-
tion will recur once the transmural stents are removed [14].
This is a particular problem in patients with DPDS who may
require long-term or permanent transmural stents.

Endoscopic treatment may also involve transpapillary
access of the pancreatic ducts and fluid collections. This tech-
nique can allow for direct drainage of the collection or be
used to place a pancreatic duct stent to redirect the flow of
secretions. There is some uncertainty about the efficacy of
this approach and concerns about poorer outcomes when
used in combination with transmural drainage [15, 16], but it
remains an option when a transmural approach is not techni-
cally feasible. The benefit may be limited to some cases of
partial disruption, and in general the aim should be to bridge
the defect with the stent [17, 18]. It is also not clear how long
the stent should be left in place, and there is potential for
these stents to cause duct injury [19].

In a minority of cases, pancreatic duct disruption can lead
to internal fistula and the development of pancreatic ascites
and pleural effusions. Medical management in these cases
may not be adequate and surgery is associated with significant
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morbidity and mortality [20]. Alternatively, endoscopic ther-
apy with pancreatic sphincterotomy and stenting may be an
effective option that can provide durable results [21]. External
pancreatico-cutaneous fistulae are also encountered infre-
quently and have traditionally been managed medically, with
surgery reserved for refractory cases or those unlikely to
resolve spontaneously. Similar to IPF, endoscopic therapy
with transpapillary stenting has been used for some of these
cases and may also be successful [22].

Management

The patient presented above returned several weeks after an
episode of acute necrotizing pancreatitis with severe pain and
organizing fluid collections. His symptoms were controlled
medically, and follow-up imaging in 1 month showed stability
in the size and extent of the collections. He underwent an
elective ERP demonstrating complete pancreatic ductal dis-
ruption at the mid neck without identification of a proximal
remnant, and a pancreatic duct stent was placed into the duct
to the site of disruption. He returned a couple of weeks later
with fever and chills, and a CT showed enlarging walled-off
pancreatic fluid collections with air-fluid levels (Fig. 7.3).
Endoscopic cystogastrostomy and placement of a 15 mm
lumen apposing covered self-expanding metal stent
(LACSEM) was then performed, and copious pus and debris
was seen draining across the stent into the stomach.

One important point about this patient’s management was
that drainage and debridement was not immediately pursued
when he returned within a short interval from the episode of
acute necrotizing pancreatitis. There are certain limitations
and a hazard of pursuing intervention too early in these
patients [23], but exceptions are also worth noting. For exam-
ple, patients with suspected infected necrosis with ongoing
sepsis and clinical deterioration often require earlier inter-
vention and should probably be cared for by physicians with
specialized expertise in the field. Otherwise, for many cases,
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Ficgure 7.3 CT image demonstrating walled-off pancreatic necrosis

there are certain advantages to delaying intervention. The
current trend in management is toward endoscopic transmu-
ral treatment when feasible [24, 25], but this requires a
mature capsule around the collection that usually takes
4-8 weeks to develop. It is for this reason that most endo-
scopic interventions, if indicated, can be anticipated at least
8 weeks after the initial episode of acute necrotizing
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pancreatitis. Other patients with sterile walled-off necrosis
may develop a gastric-outlet or biliary obstruction requiring
earlier treatment, but the choice to pursue endoscopic inter-
vention in these patients again depends on whether the col-
lection has matured.

The patient above was also found to have a pancreatic
duct disruption at the level of the pancreatic head. The deci-
sion to pursue transpapillary pancreatic duct stenting in this
patient is controversial. Small collections without internal
debris that communicate with pancreatic ducts can some-
times be managed effectively with transpapillary stenting;
but, in cases where transmural drainage is selected, there may
be no additional benefit to adding transpapillary drainage
[16]. The argument for transpapillary stenting in duct disrup-
tion for patients with walled-off necrosis (as in the above
case) is less clear. There have been conflicting results in ret-
rospective analyses that have examined PD stenting as a
covariate for treatment success among cohorts that included
walled-off necrosis [26,27]. There has also been some positive
experience with direct transpapillary draining of walled-off
necrosis in cases where transmural accesses were not techni-
cally feasible [28]. The main point to consider is that transmu-
ral drainage by itself for WON is highly effective, and there is
insufficient evidence to support the need for routine trans-
papillary stenting in these cases.

Outcome

One month after placing the LACSEM stent, repeat imaging
showed near complete collapse of the pancreatic fluid collec-
tions and stable position of the pancreatic duct and LACSEM
stents. Repeat endoscopy was performed and was successful
at retrieving both stents. The patient subsequently did very
well clinically, imaging showed near complete resolution of
all fluid collections, and he remained abstinent from alcohol
and was able to return to work, but in the future required
insulin for endocrine insufficiency.
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Clinical Pearls/Pitfalls

e Acute necrotizing pancreatitis can lead to a multitude
of local complications. The most common are inflam-
matory fluid collections, vascular and hemorrhagic
complications, and pancreatic duct disruptions.

e Endoscopic therapy has emerged as the preferred
management strategy for the majority of fluid collec-
tions. In general, the timing of endoscopic interven-
tion is influenced by how long it takes for the
collection to mature and become fully encapsulated.

e Major vascular complications and bleeding are
uncommon, but are associated with a high mortal-
ity. These conditions are often handled by vascular
embolization, but surgery may at times become
necessary. Peripancreatic venous thrombosis is also
often identified on imaging, but it is not clear whether
these patients should be routinely anticoagulated.

e Pancreatic duct disruptions may contribute to fluid
collections or fistulae, but the optimal management
strategy depends largely on the individual clinical
scenario.
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Chapter 8

Endoscopic Therapy
for Complications
of Acute Pancreatitis

Jason D. Ferreira

Case Study

A 58-year-old male with past medical history of coronary
artery disease requiring previous coronary stent place-
ment, obstructive sleep apnea, and hypertension on aspi-
rin, losartan, and hydrochlorothiazide at home presented
after a syncopal event in the setting of significant abdomi-
nal pain and diarrhea with further work-up consistent with
an initial bout of acute pancreatitis as indicated by ele-
vated lipase and imaging confirmation of peripancreatic
inflammation. A work-up of the etiology of his pancreatitis
revealed no significant alcohol use, no evidence of choleli-
thiasis or choledocholithiasis, and normal calcium and tri-
glyceride levels. His symptoms improved after 10 days of
conservative management with intravenous fluids and
symptom control. He was able to advance his diet, but sub-
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sequently was readmitted to the hospital 3 weeks after
discharge with progressive inability to eat due to abdomi-
nal pain. Imaging was performed and demonstrated a
9.6 cm by 4 cm pancreatic fluid collection associated with
pancreatic necrosis involving the body and tail of the pan-
creas as shown in Fig. 8.1.

Ficure 8.1 A representative coronal CT image of the 9.6 cm by
4 cm peripancreatic fluid collection abutting the stomach
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My Management

A. Endoscopic ultrasound to be sure that this does not
represent a mucinous neoplasm
B. Endoscopic cystogastrostomy and endoscopic debridement.

Diagnosis and Assessment

When encountering a patient presenting with a bout of
acute pancreatitis, clinicians should not only provide
aggressive intravenous fluid resuscitation and symptom
control but also perform a thorough work-up to determine
the etiology of the pancreatitis, use one of several scoring
systems to try to predict the severity of disease, and counsel
patients on warning signs of possible future complications
of pancreatitis. The rationale for aggressive intravenous
fluids and the use of scoring systems have been reviewed in
other chapters, so my focus here will be to briefly review his
work-up in regard to the etiology of his pancreatitis and
concentrate mostly on the treatment of walled-off pancre-
atic necrosis which later developed as a complication of his
initial presentation.

Determining the etiology of pancreatitis can be essential
to treat the acute episode and prevent future bouts. In this
case, it was determined that alcohol did not play a significant
role in his illness as he reported drinking alcohol rarely which
was corroborated by his wife. He also had a history of tobacco
use but had quit smoking after developing coronary artery
disease several years earlier. Ultrasound and CT imaging of
his gallbladder and biliary system did not reveal any choleli-
thiasis or choledocholithiasis, and labs revealed normal
calcium and triglyceride levels. Although he did present with
an unwitnessed syncopal event, it was not felt that he sus-
tained any trauma to his abdomen as a result of his fall, and
it was likely the severe pain of his pancreatitis and dehydration
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from diarrhea that precipitated syncope. Drug-induced pan-
creatitis was entertained secondary to his losartan or hydro-
chlorothiazide use, but he had been stable on that drug
regimen for several years.

His first admission was complicated by severe acute kid-
ney injury requiring brief renal replacement therapy before
complete renal function recovery likely due to the severity of
his dehydration secondary to diarrhea on presentation. The
conclusion of his first admission was that the etiology of his
pancreatitis was indeterminate and thought possibly to be
drug induced, microlithiasis related, or possibly idiopathic.
His previous home antihypertensive regimen was discontin-
ued, and although he improved greatly, he continued to have
progressive pain after eating and diarrhea after hospital
discharge.

It was not until his second admission, 4.5 weeks after his
initial presentation for worsening abdominal pain, when the
true etiology of his pancreatitis was determined after an infec-
tious work-up took place due to persistent fevers, elevated
white count, and ongoing diarrhea that revealed positive stool
and blood cultures for Salmonella. Infection is an uncommon
cause of pancreatitis in adults, and it is not recommended to
routinely screen for infection as an etiology for pancreatitis in
the absence of infectious symptoms. Of interest, his wife had
also mild diarrheal illness related to Salmonella diagnosed
around the time of his initial presentation.

Unfortunately, likely due to his severe dehydration on
initial presentation and subsequent severe pancreatitis with
renal dysfunction requiring renal replacement therapy, he
developed pancreatic necrosis, which over the course of
weeks from his initial presentation had evolved into walled-
off pancreatic necrosis or WOPN. Given his elevated white
count and persistent fevers, he underwent percutaneous
aspiration of the WOPN with subsequent fluid culture reveal-
ing Salmonella. He continued to have significant pain, which
limited his oral intake thought to be secondary to the WOPN
requiring the initiation of total parenteral nutrition to ensure
he was meeting his caloric needs.
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When encountered with symptomatic WOPN, there are sev-
eral different approaches that can be considered for treat-
ment. Those patients with no or minimal symptoms could be
managed expectantly with watchful waiting and serial imag-
ing. Studies of this approach performed in the 1990s suggest
that about 60% of patients followed in this manner have
complete resolution of the pancreatic collection over time,
whereas the remaining patients developed a complication or
required surgical management [1, 2].

The traditional treatment for WOPN would be open or
laparoscopic surgical necrosectomy. This technique may still
be practiced routinely in areas where radiologic guided or
endoscopic drainage procedures are not available, but in gen-
eral is not favored due to its invasiveness and evidence of
worse patient outcomes that have been documented in sev-
eral studies. Open surgical drainage can be accomplished by
surgical resection of the area in question or surgically created
cystenterostomies or cystogastrostomies for drainage.
Laparoscopic surgical necrosectomy would possibly involve a
distal pancreatectomy if the collection was in the body or tail
or the creation of a cystogastrostomy, cystenterostomy, or
drainage via the creation of a Roux limb of the jejunum.
Contemporary studies comparing surgical necrosectomies
and less invasive approaches continue to suggest higher mor-
bidity and mortality with surgical techniques with one retro-
spective study showing higher rates of sepsis and persistent
multiorgan dysfunction (73.3 vs. 44.7%), higher mortality
(33.3 vs. 10.5%), and higher rates of diabetes (33.3 vs. 4.7%)
when comparing surgical to less invasive techniques [3].
Surgical approaches may still be required if the collection is
not amenable or is refractory to an endoscopic or radiologic
approach.

Percutaneous catheter drainage remains another option
for the treatment of WOPN that can be as effective as a
surgical approach. This technique uses radiology guidance
to establish percutaneous access into the pancreatic
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collection to allow the placement of a drainage catheter
which can then be upsized over time to allow for the
removal of necrotic debris. Advantages of this technique
include its minimally invasive nature and lower associated
mortality rate, but disadvantages include the possibility of
creating a pancreaticocutaneous fistula and infection of the
drain track. Studies of percutanecous drainage for WOPN
have demonstrated it to be a feasible stand-alone treatment
in a little less than 50% of patients [4, 5] with one study of
34 patients showing a 12% mortality rate in four out of eight
patients that failed to show clinical improvement after a
percutaneous approach who eventually required surgical
drainage [4]. In one series of 52 patients, it took a mean of
42 days to drain the WOPN by a percutaneous approach [6].
The current role of percutaneous drainage is in the manage-
ment of retroperitoneal WOPN that may not be amenable
to endoscopic therapy or to stabilize septic patients prior to
a surgical or endoscopic approach.

Endoscopic management of WOPN is the gold standard
approach in areas where expertise in this technique is avail-
able and in cases where the WOPN is abutting the lumen of
the gastrointestinal tract. Multiple studies have established
endoscopic therapy to have the highest degree of success with
the least amount of morbidity and mortality when treating
WOPN. The minority of patients with relatively small pancre-
atic collections in communication with the main pancreatic
duct or pancreatic ductal disruption are good candidates for
transpapillary stent placement through an ERCP alone as
therapy, but the vast majority of patients with larger collec-
tions will require endoscopic necrosectomy.

Endoscopic necrosectomy involves transmural puncture
through the wall of the stomach or duodenum directly into
the WOPN. This is primarily done under endoscopic ultra-
sound guidance but at times can be performed under endo-
scopic guidance alone in instances where the bulge of the
collection is clearly seen against the lumen of the gastrointes-
tinal tract. There are several techniques that can be employed
to successfully drain the collection endoscopically. The two
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most current main techniques involve the placement of mul-
tiple plastic pigtail stents or the placement of a double lumen-
apposing stent to establish a connection between the WOPN
and the lumen of the gastrointestinal tract for drainage. If
multiple plastic pigtail stents are to be deployed, a wire is
advanced into the cavity, and the tract is serially dilated with
balloon dilators to open a cystenterostomy or cystogastros-
tomy through which multiple plastic pigtail stents can be
placed to maintain patency. If a double lumen-apposing stent
is placed, there are two possible approaches with both a cold
and hot delivery system. With a cold delivery system, a wire is
placed into the cavity, and the tract is dilated with balloon
dilators until the stent delivery catheter can pass through the
opening at which point the inner flange of the metal stent can
be deployed followed by the outer flange to directly connect
the cavity to the lumen. With a hot delivery system, the cath-
eter tip is connected to cautery and can directly puncture into
the pancreatic collection at which point the stent can be
deployed. Following double lumen-apposing stent deploy-
ment, the lumen of the stent can be dilated using a balloon
dilator to establish drainage. Direct comparisons of these two
techniques are limited, but available retrospective data would
suggest superiority of the metal stent approach. A retrospec-
tive look at a total of 70 patients showed similar efficacy rates
between the two approaches, but suggested superiority in
terms of reduced procedure time for the metal stent method
[7]. Another more recent retrospective study of 61 patients
undergoing multiple plastic stent placement vs. 72 patients
undergoing a double lumen-apposing stent approach sug-
gested fewer direct endoscopic necrosectomy sessions, fewer
adverse events, less need for salvage surgery, and significantly
shorter hospital stay as well as higher overall success rate for
those undergoing metal stent placement when compared to
multiple plastic stents with the limitations inherent to a retro-
spective study [8].

Although most data on endoscopic necrosectomy is based
on older techniques, it is clear that regardless of the technique
chosen, the less invasive endoscopic approach is superior to
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surgical methods. A recent systematic review demonstrated
that endoscopic methods for necrosectomy led to an 81% clini-
cal success rate in resolving WOPN, mortality of 6%, and com-
plicationsin 36% of patients with the most frequent complication
being bleeding [9]. The lumen-apposing metal stent approach
described above is the newest technique for WOPN manage-
ment, and the most recent data gathered using this method was
collected in a retrospective multicenter study of 124 patients
demonstrating clinical success in 86% of patients after 3-month
follow-up. In this cohort, only 13 patients required a percutane-
ous drain, and three required surgical interventions [10].

Outcome

This patient ultimately underwent endoscopic necrosectomy
performed under endoscopic ultrasound guidance using a
transgastric approach for placement of a double lumen-
apposing metal stent with immediate decompression of the
cavity through drainage of copious amounts of fluid and
necrotic debris. He experienced near-instantaneous relief of
his abdominal pain and began taking oral nutrition shortly
after the index procedure. He was weaned off of total paren-
teral nutrition. Subsequent imaging demonstrated significant
interval decrease in the size of his collection following the
procedure. A repeat endoscopy was performed a couple weeks
after stent placement at which point endoscopic debridement
took place through the previously placed double lumen-appos-
ing metal stent. He tolerated the debridement well, and follow-
up imaging demonstrated near-complete resolution of the
collection. Subsequent repeat endoscopy was then performed
to remove the metal stent, and he ultimately did very well with
complete resolution of his symptoms with no need for any
further procedures. Understanding the proper approach to
management of WOPN saved this patient from an invasive
procedure associated with significant morbidity and mortality.
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Clinical Pearls/Pitfalls

When prescribing the rate of intravenous fluid resus-
citation, do not forget to take into account all fluid
losses, including diarrhea.

Proper, aggressive intravenous resuscitation is key to
start as early as possible during the treatment of an
acute bout of pancreatitis to minimize pancreatic
necrosis and improve survival.

Perform a thorough work-up to determine the etiol-
ogy of acute pancreatitis.

Use a scoring system such as the BISAP score,
Glasgow criteria, or Ranson’s score to predict the
severity of pancreatitis.

In cases with minimally symptomatic WOPN, expect-
ant management with watchful waiting can lead to
resolution in about 60% of cases.

Despite increased invasiveness and higher morbidity
and mortality associated with surgical drainage of
WOPN,; it may be the treatment of choice in areas
where less invasive approaches are not available or
as step-up therapy in cases that are refractory to
endoscopic or percutaneous drainage.

Percutaneous drainage of WOPN can serve as stand-
alone therapy in some cases but is most often used to
decompress retroperitoneal collections that may not
be amenable to endoscopic therapy or to stabilize
patients prior to an endoscopic or surgical approach.
When appropriate expertise is available, endoscopic
drainage of WOPN offers the highest degree of suc-
cess and lowest rate of complications compared with
other management options for WOPN.
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Chapter 9

Autoimmune Pancreatitis

Anuradha Madhavan and Timothy B. Gardner

Case Study

A 68-year-old man presents to the ED for expedited workup
of jaundice. He has been feeling weak and fatigued with very
low energy levels for 3-4 weeks in which time he has a
reported weight loss of 22 1b and anorexia. He did not report
any pain, bleeding, and changes in bowel habits at this time.
His PMH is significant for rheumatoid arthritis. He quit
smoking and drinking over 10 years ago. On physical exam,
he appears mildly icteric and labs showed elevated LFTs, CA
19-9, and IgG4. A CT scan demonstrated a sausage-shaped
pancreas with relatively homogeneous parenchymal enhance-
ment. See Fig. 9.1. There was no focal lesion and a minimal
nonspecific pancreatic ductal dilatation was identified.
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FiGure 9.1 CT scan demonstrating the classic sausage-shaped
appearance of patients with type 1 AIP

My Management

1. Serologic testing for I[gG4 and CA 19-9 and CT imaging for
evaluation of autoimmune pancreatitis

2. Glucocorticoid treatment over 12 weeks with taper begin-
ning after 4 weeks.

Diagnosis and Assessment

Autoimmune pancreatitis (AIP) was initially recognized as a
disease that primarily affects the pancreas with some ability
to spread to other organs. More recently, there has been
increasing recognition of the systemic association of AIP with
a number of autoimmune conditions [1].
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AIP can now be classified into type 1 and type 2, each
presenting a distinct clinical profile. In type 1 AIP, the pan-
creas is a part of a systemic IgG4-positive disease, also known
as lymphoplasmacytic sclerosing pancreatitis (LPSP). Type 1
AIP is a rare disease which is more prevalent in men, and
typical patients are between ages 60 and 65 [2]. Diagnosis of
type 1 AIP can follow several criteria—radiological, serologi-
cal, histological, and clinical—that have been established
internationally over time. Notable among these are the
HISORt (histology, imaging, serology, other organ involve-
ment, and response to therapy) criteria established by the
Mayo clinic [3] and the more recent International Consensus
Diagnostic Criteria (ICDC) guidelines [4].

The five features of the ICDC guidelines are similar to the
criteria used in HISORt and include (1) pancreatic imaging
of either the parenchyma or ducts, (2) serology, (3) other
organ involvement (OOI), (4) histology of the pancreas, and
(5) response to corticosteroid therapy. It is notable that type
1 AIP can be further classified into typical and atypical pat-
terns based on the ICDC guidelines. While the typical pattern
completely follows established ICDC guidelines, these crite-
ria are not met in atypical type 1 AIP. For completing the
diagnosis of atypical type 1 AIP, there is a requirement for an
endoscopic pancreatogram and pancreatic biopsy.

Significant observations in type 1 AIP are diffuse enlarge-
ment of the pancreatic parenchyma on CT scan [5]. This is
otherwise also visualized as a sausage-like pancreas. On
endoscopic retrograde cholangiopancreatography (ERCP),
one might observe long strictures or multiple strictures of the
pancreatic duct [6]. [gG4 serum levels in type 1 AIP can be
up to ten times the upper limit of IgG4 values [5]. Histologic
findings can include marked lymphoplasmacytic infiltration
with fibrosis (without granulocytic infiltration), storiform
fibrosis, obliterative phlebitis, and abundant (>10 cells/HPF)
IgG4-positive cells [5].

Type 2 AIP is of idiopathic origin and manifests as a duct-
centric pancreatitis. Patients with type 2 AIP tend to be younger
(aged 45-48), and there is an equal distribution across gender
[7]. Serologic changes in IgG4 are absent in type 2 AIP. In
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addition, the pathology of type 2 AIP is idiopathic and restricted
to the pancreas (head and distal portion of the bile duct) with
no demonstrable extra-pancreatic involvement. Histologically,
type 2 AIP is associated with granulocytic epithelial lesions
(GELs). However, GELs are likely to be present in 27% of
type 1 AIP cases [8]. In addition, due to the lack of OOI and
IgG4 in type 2 AIP, which indicates a systemic autoimmune
process, there is a need for pancreatic biopsy to rule out pancre-
atic cancer prior to establishing the diagnosis of AIP [9].

The classic clinical presentation of the AIPs involves
obstructive jaundice, abdominal pain, and acute pancreatitis
[7]. Obstructive jaundice is a common presenting symptom,
more so in type 1 than in type 2 AIP. Thus, patients may
require the placement of a biliary stent while they await diag-
nostic confirmation for alleviation of the symptoms. Abdominal
pain experienced in AIP is mild and may or may not be
accompanied by attacks of abdominal pain from acute pancre-
atitis. In the later stages, patients with AIP may develop severe
exocrine and endocrine insufficiency [10]. In addition,
untreated type 1 AIP can manifest as systemic inflammation
showing sclerosing cholangitis, thyroiditis, lymphadenopathy,
sialadenitis, and retroperitoneal fibrosis [11].

The presenting symptoms in AIP are largely similar to
those that manifest in pancreatic adenocarcinoma. It is essen-
tial to rule out adenocarcinoma and multiple tests can be used
to this end. CA 19-9 levels can be elevated in AIP and in pan-
creatic adenocarcinoma due to bile duct obstruction. However,
the levels of CA 19-9 should drop with a trial of steroids for
the treatment of AIP. CA 19-9 levels that continue to rise are
a red flag for the presence of a pancreatic cancer [12]. A FNA
or core biopsy of the pancreas could yield some evidence, and
surgical resection is necessary for confirmation.

Management
The management of AIP involves the oral administration of

glucocorticoids (prednisone and prednisolone are com-
monly used). The standard dose of corticosteroids to be
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given for AIP is 40 mg of prednisone for 4 weeks.
A reassessment of imaging and laboratory work is recom-
mended after 2 weeks. Tapering of the corticosteroids can
be done at the rate of 5 mg/day every week for 8 weeks.
Successful treatment involves the resolution of clinical
symptoms and downward trending of CA 19-9, IgG4, and
liver function tests.

A large percentage of patients (31% in type 1 and 9% in
type 2 [13]) can relapse after steroid discontinuation, and
factors that govern the relapse include high levels of IgG4
at the time of diagnosis. On relapse, patients may receive a
12-week course of oral steroids along with immunomodula-
tor therapy.

Immunomodulatoragents(azathioprine,6-mercaptopurine,
mycophenolate mofetil) have been used in patients following
relapse from steroid withdrawal and those who fail steroid
trial or do not tolerate steroids. Azathioprine (2 mg/kg/day),
6-MP (1 mg/kg/day), and mycophenolate mofetil (750-
1000 mg BID) were most commonly used in that order of
preference for up to 2 years [14]. More recently, a few infu-
sions of rituximab (anti-CD20 monoclonal antibody) have
been found to be useful in treating a patient with refractory
AIP [15].

Outcome

A biliary stent was placed during the ERCP in the patient for
management of the obstructive jaundice. In addition, a biliary
stricture was identified on ERCP; however, no mass was
found to be present on endoscopic ultrasound. Taken together
with the elevated IgG4, the initial treatment for the patient
was to start him on prednisone 40 mg daily for 4 weeks. The
patient had an excellent response to the prednisone with
complete resolution of the inflammatory changes around the
pancreas on CT scan and a downtrending of the IgG4 and
CA 19-9. See Fig. 9.2. Based on this evidence and treatment
response, the diagnosis was confirmed to be type 1 AIP, and
the prednisone taper was initiated.
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FiGUure 9.2 CT scan demonstrating regression of the inflammatory
changes in the patient after treatment with corticosteroids

Clinical Pearls/Pitfalls

e Type 1 AIP is a systemic disease, more common in
males age >50, with a demonstrable elevation in
IgG4 and sausage-shaped pancreas on CT imaging.
Response to corticosteroids can provide both treat-
ment and diagnostic confirmation.

e Type 2 AIP arises in younger individuals of either
gender and follows an idiopathic duct-centric process
with localized pancreatic involvement requiring a
biopsy for diagnostic confirmation.

e The triad of clinical presentation of AIP—obstruc-
tivejaundice,abdominal pain,and acute pancreatitis —
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raises suspicion for a pancreatic adenocarcinoma
which can be ruled out with a biopsy in the absence
of a response to corticosteroids.

e Corticosteroids (at 40 mg) can be initiated for
4 weeks followed by an 8-week taper of 5 mg/week
after normalization of imaging, IgG4, and CA 19-9.

e CA 19-9, while expected to be elevated in AIP, could
also be indicative of malignancy, and a downtrending
with treatment is the expected response.
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Diagnosis and Screening
for Pancreatic Malignancy

Nigeen H. Janisch

Case Study

A 53-year-old diabetic male presents complaining of yellow
skin and diffuse pruritus for the past 2 weeks. AST and ALT
are within normal limits while total bilirubin is elevated at
9.4. All other labs show no abnormalities. CT of the abdomen
and pelvis with IV contrast shows an irregular mass at the
head of the pancreas but is unable to characterize it further
(Fig. 10.1). The mass was suspicious for pancreatic malig-
nancy given location and presenting symptoms but must be
further assessed with another imaging modality as well as
tissue sampling. An endoscopic ultrasound with fine-needle
aspiration (EUS-FNA) is scheduled for the next morning.

My Management

A. Continue with the above plan of obtaining an EUS-FNA
for cytology of mass.

N.H. Janisch, MD

Department of Gastroenterology, Dartmouth-Hitchcock Medical
Center, One Medical Center Drive, Lebanon, NH 03756, USA
e-mail: Nigeen.H.Janisch@hitchcock.org

T.B. Gardner, K.D. Smith (eds.), Pancreatology, 93
DOI 10.1007/978-3-319-53091-8_10,
© Springer International Publishing AG 2017


mailto:Nigeen.H.Janisch@hitchcock.org

94 N.H. Janisch

FiGure 10.1 CT demonstrating mass in the pancreatic head

B. Further imaging required with CT angiography to deter-
mine if surgery is appropriate.

C. Consult with surgery for possible Whipple procedure and
definite pathology.

D. Obtain CA 19-9 and CEA for baseline levels prior to ther-
apeutic treatment.

Diagnosis and Assessment

Around 75% of pancreatic cancers occur in the head or neck
of the pancreas, with about 15-20% in the body and 5-10%
in the tail. Because the majority of tumors arise in the head
and neck area, the most characteristic sign of pancreatic can-
cer is painless jaundice. Usually, patients will first notice
changes in stool color, darkening of urine, and some pruritus
before their jaundice reaches the point where it is clinically
recognizable, which does not occur until total bilirubin
reaches 2.5-3 mg% [1]. This patient presented with fairly
classical symptoms; however, the difficulty of diagnosing pan-
creatic cancer purely based on presentation lies in the over-
lap it has with many more common conditions—such as
gallbladder pathology or liver disease.
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The clinical presentation of pancreatic cancer may be
extremely nonspecific and subtle with early diagnosis par-
ticularly difficult. Some other common signs of clinical pre-
sentation include anorexia with or without weight loss,
malaise, nausea, and midepigastric or back pain. Weight loss
can be related to the cancer-associated anorexia but can also
be malabsorption from pancreatic exocrine insufficiency [2].
The latter may also present with diarrhea and greasy, mal-
odorous stools.

New-onset diabetes mellitus can sometimes be associated
with pancreatic adenocarcinoma, which has prompted discus-
sion on whether this may be a manifestation of the disease
and possible clue to early presentation. However, only about
1% of those with new-onset diabetes develop pancreatic can-
cer, making preventative screening inefficient and ineffective
[3]. It is recommended to consider pancreatic cancer in
patients with diabetes associated with unusual weight loss
and abdominal problems, but there are currently no specific
recommendations for imaging or lab tests. Given that the
majority of presentations occur as such an advanced stage,
early detection will have to be done in asymptomatic indi-
viduals. Further study needs to be performed on the role of
hyperglycemia and new-onset diabetes in relation to the
detection of early stage pancreatic cancer [4, 5].

Currently, the primary form of assessment in a patient
suspected of pancreatic cancer is cross-sectional imaging. The
most common forms used are CT, endoscopic ultrasound
(EUS), MRI, endoscopic retrograde cholangiopancreatogra-
phy (ERCP), and magnetic resonance cholangiopancreatog-
raphy (MRCP). The decision on which to proceed with
depends on the need for ongoing characterization of the
pancreatic mass and surrounding organs, obtaining tissue
samples for cytologic evaluation, and the possibility for thera-
peutic intervention if there is obstruction present [6]. CT
angiography with pancreas-specific protocol is recommended
for patients who do not show signs of distant metastases on
initial CT. This type of imaging is used to evaluate the vascu-
lar system in relation to the pancreatic mass as this is an
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important factor when determining the feasibility of surgical
resection [7]. EUS; if done by an expert, has been shown to be
the most sensitive and specific imaging technique for the
detection of pancreatic cancer. In addition, it provides the
option of a fine-needle aspiration as a relatively noninvasive
way to sample tissue for a more definitive diagnosis [8].
Though imaging remains one of the primary tools in initial
diagnosis, it may be difficult to differentiate a pancreatic can-
cer in a patient with chronic pancreatitis where both imaging
and tumor markers may have similar abnormalities [9].

Management

Given the results of the CT scan on this patient, it was deter-
mined that histologic categorization of the mass would be an
appropriate next step; therefore, EUS with FNA was sched-
uled. While cytologic results of benign or malignant are fairly
straightforward, there is some debate as to the interpretation
of the “indeterminate” results—atypical and suspicious.
Often, they can lead to repeat procedures and an ill-defined
course of therapy, which can delay potentially life-saving
treatments in the case of pancreatic cancer, which has the
lowest 5-year survival rate among recalcitrant cancers at 6%
[8]. Lethality of the disease is credited to the inability to
detect it in the early stages as most pancreatic cancer
becomes clinically visible as a late-stage disease. Rapid
growth and spread throughout the body are also a barrier to
cure. Surgery is currently the only treatment proven to
improve that survival rate, though only about 20% of patients
qualify for surgical resection given that the disease usually
presents at advanced stages [10].

Tumor markers have also become a fairly effective way to
track tumor activity. CA 19-9, an oligosaccharide that is
found on circulating mucins, is the tumor marker most readily
associated with pancreatic cancer. It is native to the biliary
tract and can be elevated in some acute or chronic biliary
diseases. Of patients with pancreatic cancer, about 75-85%
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have an elevated CA 19-9 [11]. Unfortunately, levels of the
antigen do not rise to clinically significant levels until the
cancer moves into later stages. For this reason, it is not cur-
rently used as a regular screening tool. CA 19-9 serves more
of a role in the staging the tumor growth as well as measuring
follow-up response to surgical, chemotherapeutic, or radio-
therapeutic treatments. A CA 19-9 greater than 100 U/mL is
highly specific for pancreatic malignancy in the absence of
other biliary obstruction, liver, or pancreatic disease [11].

CEA, another tumor marker usually associated with other
gastrointestinal malignancies, can also be elevated in 40-45%
of patients with pancreatic cancer. This antigen, a glycopro-
tein arising from fetal tissue, is neither sensitive nor specific
for pancreatic cancer but may also be used as a measurement
of response in addition to CA 19-9 [12].

Outcome

Our patient tolerated the EUS with FNA well, and the sam-
ples were sent to pathology for histologic evaluation. The
results read suspicious, and further imaging did not reveal
any signs of metastasis to nearby organs. The EUS report
showed the tumor to be about 3 cm and located in the head
of the pancreas, obstructing the biliary tree. This would
explain the patient’s presenting symptoms and initial lab
abnormalities. CA 19-9 at this time was 142 and CEA was 35.
After some discussion, it was thought that this cytologic
result of suspicious was more likely to be malignant than
benign given the location of the mass and the elevated CA
19-9. Literature review also revealed some data showing that
around 90-95% of suspicious cytologic results may ultimately
be malignant on final surgical pathology [8]. Given this clini-
cal picture and supporting information, it was decided to
proceed with initial surgical resection with the goal of a cure.
Chemotherapy and radiation would be discussed following
the procedure and dependent upon the tissue pathology
obtained.
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Clinical Pearls/Pitfalls

Common presentations include painless obstructive
jaundice, anorexia with or without weight loss, mal-
aise, nausea, and midepigastric or back pain.

Labs may show abnormalities in AST, ALT, and total
bilirubin but also may be within normal limits.
Imaging most highly recommended are CT and EUS
with or without FNA for histology.

There are no current recommendations for preventa-
tive screening of pancreatic cancer.

Keep pancreatic cancer in the differential for a
patient with new-onset diabetes associated with
unusual symptoms.

CA 199 and CEA are tumor markers associated
with pancreatic cancer that can be used to track
tumor progression and/or response to treatment if
elevated at the time of diagnosis.

Diagnosis may be even more difficult in those with
chronic pancreatitis as imaging and tumor markers
may not be abnormal in both.

Surgical resection is currently the only treatment
that improved 5-year survival rate.
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Hereditary Pancreatic Cancer

Lisa Yoo and John M. Levenick

Case Study

A 50-year-old man was referred from his primary care
physician for a long history of abdominal pain, weight loss,
and bloating. There was no history of diarrhea, constipa-
tion, vomiting, and/or gastrointestinal bleeding, and family
history was negative for colonic polyps or colon cancer.
He has only history as a child of intussusception. Physical
examination was normal except for the presence of well-
demarcated, blue-black to dark-brown pigmented maculae
which were noted on the perioral, perinasal, and periocular
skin and lower lip. No abdominal tenderness, masses, infil-
tration, or organomegaly were appreciated. Due to high
suspicion of Peutz-Jeghers syndrome, the patient underwent
colonoscopy and esophagogastroduodenoscopy, a capsule

L.Yo0,DO e JM. Levenick, MD (P<)
Department of Gastroenterology and Hepatology,
Penn State, Milton S. Hershey Medical Center,
500 University Dr, Hershey, PA 17033, USA
e-mail: jlevenick@hmec.psu.edu

T.B. Gardner, K.D. Smith (eds.), Pancreatology, 101
DOI 10.1007/978-3-319-53091-8_11,
© Springer International Publishing AG 2017


mailto:jlevenick@hmc.psu.edu

102 L. Yoo and J.M. Levenick

endoscopy, and testicular exam. A computerized tomogra-
phy (CT) scan was normal.

My Management

A. Tagree with the management above and will screen every
3 years with esophagogastroduodenoscopy (EGD), colo-
noscopy, and capsule endoscopy.

B. Perform endoscopic ultrasound for pancreatic cancer sur-
veillance in addition to above testing with surveillance
every 2 years and alternating with magnetic resonance
imaging/magnetic resonance cholangiopancreatography
(MRI/MRCP).

Diagnosis and Assessment

Pancreatic cancer (PC) is the fourth most common cause of
death from cancer among adults in the USA as well as one
of the top ten cancer killers in Europe and industrialized
countries [1-3]. An estimated 49,000 diagnoses and 38,000
deaths from pancreatic duct adenocarcinoma (PDAC)
occurred in 2013 in the USA [3]. Eighty-five to 90% of
patients present with disease that is not resectable (i.e.,
locally advanced or metastatic disease) at the time of diag-
nosis with a 3.5-month median survival for non-resected
patients [1, 3]. In average-risk people, the lifetime risk of
developing PC is 1 in 67 (1.49%) which increases with age
with the mean age at diagnosis of 71 years [3]. Certain
groups, such as those with hereditary pancreatitis or a family
history of PC, have increased risk to develop PC, especially
at an early age. Patients with hereditary pancreatitis are at a
substantially increased risk of developing PDAC [1]. The
average age of diagnosis of pancreatic cancer is 68 years in
familial PC with the increased risk apparently beginning at
about the age of 40 [1, 3].
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Hereditary Causes of Pancreatic Ductal
Adenocarcinoma (PDAC)

Established risk factors for PDAC constitute both environmen-
tal and inherited influences, which include ABO blood group,
history of chronic pancreatitis, and a family history of pancreatic
cancer [4]. Modifiable risk factors for increasing PC risk include
tobacco exposure, alcohol use, diet, obesity, diabetes mellitus, as
well as certain abdominal surgeries and infections [3].
Approximately 5-10% of PDAC have a hereditary com-
ponent, with 20% of these cases implicating a specific germ-
line mutation [3, 5]. The underlying genetic basis of PC
predisposition has been identified in less than 20% of such
families, although 50-80% of families demonstrate an
autosomal-dominant inheritance pattern [4]. An inherited
predisposition to PC manifests in three settings:

1. Familial pancreatic cancer (FPC) which is defined as a kin-
dred in which at least two first-degree relatives (FDRs)
have PC that otherwise does not fulfill the diagnostic crite-
ria for an inherited cancer syndrome

2. Hereditary pancreatitis

3. Hereditary tumor predisposition syndromes, accounting
for 15-20% of the burden of inherited diseases such as
hereditary breast-ovarian cancer (HBOC), Lynch syn-
drome (HNPCC), familial atypical multiple mole mela-
noma syndrome (FAMMM), cystic fibrosis, and
ataxia-telangiectasia (AT), familial adenomatous polypo-
sis (FAP), and Peutz-Jeghers syndrome (PJS) [4].

These genetic conditions have been shown to raise the risk
of PC from 2 to 132-fold [3]. The presence of PC in a family
increases PC risk for relatives regardless of the known gene
mutation [5]. The main tool used to quantify PC risk is still
family history; risk stratification is determined from the num-
ber of affected family members and the relationships among
at-risk individuals [2].
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Familial Pancreatic Cancer

Familial pancreatic cancer (FPC) is defined as a family with
at least two first-degree relatives (FDRs), meaning a parent-
child or sibling pair, with PC without an identifiable syn-
drome or genetic cause within the family [5]. Relatives are
stratified dependent on relationships to the affected relatives;
an individual with three or more FDR with PC in a family
meeting the FPC definition carries a 17 relative risk (RR) [5].
PC risk is estimated to be 6.4-fold greater in individuals with
two FDRs with PC (lifetime risk 8-12%) and 32-fold greater
in individuals with three or more FDRs with PC (lifetime risk
40%) [6]. Among kindreds with familial PC, risk is higher in
those with a young-onset PC (age <50 years, RR, 9.3) com-
pared with those without [7]. A 2009 meta-analysis demon-
strated that having just one affected relative resulted in an
80% increased relative risk of developing PC [3]. Still, there
is no consensus on whether to screen individuals without an
affected FDR, including individuals with a young-onset PC
relative or patients with new-onset diabetes [2]. Nevertheless,
recognition of individuals at increased risk of having genetic
mutations may aid in defining patients that will benefit from
early detection of these pancreatic neoplasms, as well as tar-
geted, gene-specific therapy [3].

Familial pancreatic cancer (FPC) is responsible for approx-
imately 80% of PC with a genetic basis [3]. Among FPC kin-
dreds, having two or three FDRs with PC was associated with
a 6.4-fold and 32-fold greater risk of developing PC, respec-
tively [3]. Additionally, studies of the European Registry of
Hereditary Pancreatitis and FPC as well as the German
national case collection for FPC registries have described
anticipation, meaning developing PC roughly 10 years earlier
than their affected parent, in 59-80% of over 100 FPC fami-
lies [3]. Segregation analyses have shown evidence for a yet
unidentified autosomal-dominant, high-risk allele influencing
PC onset age present in 7 of 1000 individuals [3]. The palladin
gene, a proto-oncogene overexpressed in some sporadic pan-
creatic tumors, has been found to be mutated in affected
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members of one PC family [3]. This gene codes for a cytoskel-
eton protein that promotes tumor invasion in fibroblasts [3].
The occurrence of multiple primary malignancies in FPC
kindreds suggests an underlying genetic predisposition, with
variable penetrance, interaction with other modifier alleles,
and gene-environment factors [4].

Hereditary Pancreatitis

Hereditary pancreatitis (HP) is rare but is the only known
inherited cancer predisposition syndrome for which PC is the
sole cancer risk factor [S]. Hereditary pancreatic cancer is
defined as a genetic syndrome with an identifiable gene
mutation associated with an increased PC [S]. HP is an inher-
ited form of chronic pancreatitis, where a subset of families
carry gain-of-function mutations in PRSSI, which codes for a
cationic trypsinogen digestive enzyme, with a penetrance
estimated at 80% [S]. The SPINKI gene codes for a serine
protease inhibitor that inhibits active trypsin; mutations in
this gene also have associations with various forms of pancre-
atic disease, including pancreatitis [3]. Typically, HP is charac-
terized by recurrent attacks of acute pancreatitis starting in
the first to second decade of life and can lead to pancreatic
failure, diabetes, and PC risk ranging from 18% to 53% [3, 5,
8]. A 2010 meta-analysis found a relative risk of 69 for PC for
patients with HP compared to the general population [3]. PC
surveillance is challenging in HP patients as there is gross
distortion of the pancreatic architecture by chronic
pancreatitis [5]. An option for high-risk patients is total pan-
createctomy, with or without islet autotransplantation
(TPIAT) [5]. There is an increased risk in patients who smoke
and have diabetes [5]. Some large HP families have never had
a case of PC, and caution is required prior to recommending
surgery [5].

Homozygous mutations in the autosomal recessive CFTR
gene cause cystic fibrosis, which is associated with both
a younger age of onset (median age of 35) and 5.3-fold
increased risk of PC development [3]. However, even when
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a CFTR gene mutation is inherited in heterozygous fashion,
a fourfold greater chance of developing chronic pancreatitis
has been shown [3].

Hereditary Tumor Predisposition Syndromes

Germline mutations, in the BRCA2, PALB2, pl6, STKI1,
ATM, and PRSSI genes and the hereditary colon cancer
genes, are associated with significantly increased risk of PC
but explain only approximately 10% of the familial suscepti-
bility to PC [2]. Individuals with PC susceptibility gene muta-
tions may not have many affected family members; thus,
patients with apparent sporadic PC can have BRCA2 muta-
tions, as can those without a family history of breast or ovar-
ian cancer [2]. Incomplete or low penetrance is a common
feature of familial PC susceptibility gene mutations [2].

Patients with Peutz-Jeghers syndrome (PJS) have shown
the greatest defined inherited risk factor for PC [5]. These
patients present with mucocutaneous hyperpigmentation and
hamartomatous polyposis who generally carry germline
STKI11 gene mutations have a 132-fold risk of PC with a life-
time risk at age 65-70 of 11-36% [5, 9, 10]. Diagnosis of PJS
requires the presence of any one of the following:

1. Two or more histologically confirmed PJS polyps

2. Any number of PJS polyps detected in an individual who
has a family history of PJS in a close relative

3. Characteristic mucocutaneous pigmentation in an individ-
ual who has a family history of PJS in a close relative

4. Any number of PJS polyps in an individual who also has
characteristic mucocutaneous pigmentation [11].

Individuals who meet clinical criteria for PJS should
undergo genetic testing for a germline mutation in the STK11
gene. Approximately 96% PJS patients have STKII gene
mutation [11]. Genetic testing in an individual who meets clini-
cal criteria for PJS serves to confirm the diagnosis of PJS and
counsel at-risk family members. However, not all mutations
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associated with PJS have been identified [12]. Thus, if no
pathogenic STK/I mutation is found in an individual who
meets clinical criteria for PJS and there is no known mutation
of PJS in the family, the diagnosis of PJS is not excluded. Such
individuals and their at-risk relatives still require frequent
endoscopic surveillance for removal of polyps throughout the
gastrointestinal tract and screening for extraintestinal cancers
[12]. Otherwise, if genetic testing is performed and a mutation
is found in an affected individual, then genetic testing of at-risk
relatives will provide true positive or negative test results [12].
At-risk patients who receive true negative test results have a
risk of cancer similar to that of the general population [12].
At-risk relatives who test positive should follow the surveil-
lance guidelines for individuals with PJS [12].

Hereditary breast-ovarian cancer syndrome (HBOC) is an
autosomal dominant disorder with increased risks for breast
cancer (47-55% by age 70), ovarian cancer (17-39%), and
other cancers including prostate, male breast, melanoma, and
PC [5]. Cancer diagnoses present in multiple family genera-
tions often diagnosed prior to age 50, with the incidence in
the general population being 1 in 500 individuals [5, 13].
Carrier frequency is increased among Ashkenazi (Eastern
European) Jewish ethnicity, with 1 in 40 individuals at risk [5].
The majority of HBOC cases are due to mutations in the
BRCAI or BRCA 2 genes [5]. There are three founder muta-
tions in this population: 185delAG and 5382insC in BRCAI
and 6174delT in BRCA2 [5]. In BRCAI mutation carriers,
there is a relative risk of 2.8% compared to the general popu-
lation risk of 1.3% [14]. BRCA2 mutations have a 3.5 relative
risk compared to non-mutation carriers (5-7% lifetime risk)
for developing PC [5]. BRCAI mutation carriers have a rela-
tively small risk of PC; as such, PC surveillance does not war-
rant inclusion of these at-risk patients. However, with the
higher risk with BRCA2, these patients warrant consider-
ation for surveillance which will be discussed.

The localizer of BRCA2 (PALB2) gene was originally
identified as a breast cancer susceptibility gene associated
with the Fanconi anemia DNA repair pathway (FANCN) [5].
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Analysis of PALB2 in BRCA-negative families identified a
sixfold increased risk for PC in relatives of the mutation car-
rier [15]. Recommendations for surveillance in these patients
have not been established, but individuals from familial pan-
creatic cancer kindred should be counseled according to the
familial pancreatic cancer risk, with greater assumed risk if
PALB? is identified with cancer in the family [5].

Ataxia-telangiectasia (AT) is a rare autosomal recessive
condition characterized by early-onset progressive cerebellar
ataxia, skin telangiectasias, ionizing radiation sensitivity, and
immunodeficiency [5]. The ATM gene is affected [S]. AT pres-
ents during the first decade of life in biallelic mutation carri-
ers [5]. Mono-allelic mutation carriers harbor cancer risks
including the pancreas and breast [S]. In a recent analysis of
166 unrelated familial pancreatic cancer patients, 2.4% were
identified as ATM mutation carriers; 4.6% of these patients
carried an ATM mutation if there were more than three cases
of PC in their relatives [13]. Genetic counseling and specific
medical management are warranted for families with ATM
mutations [5]. PC surveillance is not clearly delineated in this
population, though those meeting familial pancreatic cancer
definition may consider surveillance [5].

Familial atypical multiple mole melanoma syndrome
(FAMMM) is an autosomal dominant disease characterized
by an increased predisposition toward dysplastic nevi and
early-onset melanoma [5]. CDKN2A, a cell cycle regulator
gene coding for the pl6 protein product, has functional
effects in melanoma and PC cell lines, thus implicating it as a
potential risk factor for inherited PC risk with an associated
17% lifetime risk for PC [5]. In a series of 120 American non-
Hispanic PC cases with a family history of PC,3.3% carried a
CDKN2A mutation [5]. The penetrance for developing PC
was estimated at 58% by age 80 for mutation carriers [5].
Recommendations include semiannual dermatology evalua-
tions with baseline photography beginning in childhood as
well as PC surveillance consideration [5]. PC risk appears to
be especially high in these patients who smoke [5].

Familial adenomatous polyposis (FAP) syndrome is classi-
cally known for the plethora of early-onset gastrointestinal
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adenomas [5]. This autosomal-dominant condition typically
presents with symptoms by the age of 16 [5]. Inherited muta-
tions in the tumor suppressor gene, APC, account for the
majority of cases [5]. Although the primary cancer risk in
FAP is colon cancer, extracolonic risks include duodenal,
thyroid, hepatic, and the pancreas [5]. PC is observed in FAP
families with higher incidence than the general population
[5]- Surveillance for FAP-related cancer includes an intensive
medical protocol consisting of yearly colonoscopy starting in
the second decade until the presence of polyps is too numer-
ous to remove via polypectomy [5]. Total proctocolectomy is
recommended for treatment of polyps and prevention of
colon cancer [5]. Esophagogastroduodenoscopy (EGD) is
recommended starting by age 25 every 1-3 years or before
colectomy [5]. Pancreas surveillance may be considered for
such families in which PC is present [5].

Lynch syndrome accounts for 2-5% of all colorectal can-
cer diagnoses and is the most common cause of inherited
colon cancer with a lifetime risk ranging from 52% to 82%
with a mean diagnosis age of 44 [5]. Patients with Lynch syn-
drome have substantial increased cancer risk for colon and
extracolonic tumors with a 1.3-4% lifetime PC risk [5]. PC
was seen in 2 out of the 282 cancers diagnosed in a series of
121 families with known germline mutations [5]. Lynch syn-
drome has seen a 30-fold increased risk for PC before the age
of 50 and an almost nine times likely overall risk in a cohort
of 147 families [13]. Lynch syndrome tumors arise from germ-
line mutations in mismatch repair genes such as MLHI,
MSH2, MSH6, and PMS?2 [5S]. Mismatch repair dysfunction
results in loss of protein expression and microsatellite insta-
bility (MSI) in tumors [5].

Pancreatic Screening and Surveillance

Pancreatic cancer screening is extremely attractive if it can be
detected during a curable state [2,4]. However, the incidence
of PC in the general population is low (lifetime risk 1.3%).
Thus, screening is not recommended for the general
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population, but selective screening is advised for high-risk
individuals (HRIs) for PC based on family history or identifi-
able genetic predisposition (i.e., >5% lifetime risk or fivefold
increased RR) [2,4]. The risk of overtreatment for pancreatic
screening is magnified by the risks of morbidity and mortality
of pancreatic surgery which is approximately 1-2% [2]. No
consensus guidelines exist for high-risk patients with inher-
ited PC syndromes; as such, it is generally recommended
surveillance of these patients only be performed in centers
experienced in high-risk patient care and ideally enrollment
into research protocols [2].

No screening protocol has yet been proven effective in any
cohort at risk for PC [1]. This is due to (1) low tumor yield
in all but the highest-risk cohorts (i.e., HP and hereditary
pancreatic cancer); (2) the lack of tumor markers (serum,
pancreatic juice, or stool) alone or in combination with suf-
ficient sensitivity, specificity, positive predictive value, and
negative predictive value to alter management independent
of radiologic imaging; and (3) the assumed inefficiency
of radiologic imaging techniques [e.g., multiphasic helical
computed tomography (CT), endoscopic ultrasound (EUS),
endoscopic retrograde cholangiopancreatography (ERCP),
magnetic resonance imaging (MRI)/magnetic resonance
cholangiopancreatography (MRCP)] in detecting tumors at
a resectable stage [1].

Over the past decade, centers in the USA and Europe
have initiated pancreatic screening programs with single- and
multicenter cohort studies evaluating the diagnostic yield of
screening (detection of asymptomatic precursor lesions and
PC at baseline and follow-up) using different imaging modal-
ities and study populations [2]. Formed in 2010, the
International Cancer of the Pancreas Screening (CAPS)
Consortium helped to organize global pancreatic screening
[2]. In 2011, the CAPS Consortium held a multidisciplinary
consensus conference with a panel of 49 experts from multi-
ple disciplines to provide recommendations related to the
following: (1) Who should be screened? (2) How should
HRIs be screened and followed up? (3) When should surgery
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be performed? (4) What are the goals of screening and what
outcome should be?

Average-risk patients are defined as having a diagnosis of
PC in one family member, diagnosed at age 55 or older; these
patients do not receive screening [15]. The Consortium rec-
ommended to screen candidates with:

. Two FDRs with PC

. Two blood relatives with PC and at least one FDR

. Peutz-Jeghers syndrome (PJS)

. BRCA2 mutation carriers with either one FDR with PC or
at least two affected family members

. PALB2 mutation carriers with at least one FDR with PC

6. p16 mutation carriers (FAMMM) with at least one FDR

with PC
7. Lynch syndrome and one FDR with PC [3].

AN =

9

CAPS agreed that initial screening should include EUS
and/or MRI/MRCP; however, there was no consensus about
when to start or end the screening [3].

Moderate-risk patients are defined as those with two or
more first-, second-, or third-degree relatives with PC or a
first-degree relative (FDR) with PC diagnosed earlier than
age 55 [15]. High-risk patients are defined as those with three
or more first-, second-, or third-degree relatives with PC, two
or more FDRs with PC, and one FDR and one second-degree
relative (SDR) with PC one of whom was diagnosed before
age 55 or a genetic syndrome with PC associated with it [15].
The type, frequency, and age for surveillance are not yet well
defined [15]. However, surveillance for these moderate- and
high-risk patients may include both EUS and MRI alternat-
ing every 2 years [15]. For all risk groups, any abnormal test-
ing is followed by EUS if not already performed [15]. These
screening recommendations are mainly based on evidence of
increased risk, rather than proven screening efficacy [2].
Following screening, if no malignant or premalignant disease
is identified, risk factors dictate surveillance [15]. If malignant
or premalignant disease is suspected or diagnosed, surgery
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must be considered [15]. Once PC is suspected on initial
imaging studies, the next step in the workup is generally stag-
ing evaluation to establish disease extent and resectability.
Histologic confirmation is required to establish a diagnosis of
PC. This is often achieved percutaneously or via EUS.

The preferred staging system for all PC is the tumor-node-
metastasis (TNM) system of the combined American Joint
Committee on Cancer (AJCC)/International Union Against
Cancer (UICC) [3]. The goal of staging is to delineate the
extent of disease spread and identify those eligible for resec-
tion with curative intent [3]. An abdominal CT scan can be
used but is highly dependent upon technique; a triple-phase
contrast enhanced thin-slice helical CT with three-dimensional
reconstruction in the preferred method to diagnose and stage
PC [3]. Helical CT scanners with multiple rows of detectors
permit imaging of larger volumes of tissue while acquiring
both arterial and venous phases in shorter period of time [3].
This has improved the evaluation of the main pancreatic duct
and detection of small tumors [3].

EUS provides a much higher resolution than transabdomi-
nal ultrasound due to the smaller distance between the echo-
endoscope and the pancreas through the gastric or duodenal
wall [3]. PC will appear as a hypoechoic mass, typically with
dilation of the proximal pancreatic duct [3]. The lesion border
may have an irregular contour, and the echo pattern of the
mass may be homogenous or inhomogenous [3]. Multiple
studies comparing EUS with other imaging modalities for
initial diagnosis and staging of PC showed that EUS may be
more accurate for smaller tumors, for local T and N staging,
and for predicting vascular invasion [3]. EUS may detect
metastatic disease in the liver or mediastinal lymph nodes but
is inferior to CT for evaluation of distant metastases [3].

On MRI, PC can easily be visualized, but no evidence has
been shown that MRI offers a significant diagnostic advan-
tage over triple-phase CT scan for the local staging evalua-
tion [3]. Although one potential benefit of MRI is increased
sensitivity for the detection of small liver metastases com-
pared with CT, however, the combination of CT and MRI
offers little more than either alone [3].
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The patient underwent EUS and found no lesions highly sus-
picious for pancreatic cancer.

Currently, surgical resection offers the only chance of
cure for PC [4]; there is no proven chemoprevention or
vaccine for PC [1]. Five-year PC survival rate is dismal at
6%,largely due to diagnosis often occurring at an advanced
stage [3, 5]. However, even among those who are candi-
dates for pancreatectomy, of which 10-20% of patients
undergo resection, approximately 80% still die of the dis-
ease with the median survival being 12.6 months [2-4, 16].
Often, the only cases that have a reasonable chance for a
cure or prolonged survival are ones that are detected as
high-risk lesions or very early (<2 cm) isolated tumors [5].
A study from the Mayo Clinic reported comparable mor-
bidity and mortality rates for total pancreatectomy (47%
and 5%, respectively) and pancreatoduodenectomy (32%
and 3%, respectively) [1]. Studies estimate that a period of
10-20 years is required from the time of an initiating muta-
tion to the establishment of advanced disease, suggesting a
prolonged period during which intervention may be pos-
sible [4]. By identifying and screening patients at increased
risk of developing PC, detection of precursor and early-
stage lesions may allow diagnosis at a surgically resectable
stage [3].

Risk factor reduction is advocated as the best preven-
tive strategy [1]. Smoking significantly increases the risk
of PC in the setting of HP [1, 17]. Members of HP kin-
dreds should be counseled to avoid smoking and should
exhibit the HP phenotype and/or genotype [1]. Physicians
should strongly encourage smoking cessation in current
smokers [1].

Another possible preventive measure is the risk factor
reduction for decrease in the frequency of episodes of acute
pancreatitis that might delay progression to chronic pancre-
atitis [1]. Elimination of known factors to cause chronic pan-
creatitis independently of HP may also help to slow disease
progression [1].
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Based upon this theory, it is recommended that those
exhibiting the HP phenotype and/or genotype refrain from
alcohol use [1]. Medications known to cause pancreatitis
should be avoided when possible [1]. Metabolic derange-
ments including hypertriglyceridemia and hypercalcemia
should be corrected [1]. Patients exhibiting the HP pheno-
type should undergo radiologic and endoscopic evaluation in
an attempt to identify and treat structural problems (e.g.,
choledocholithiasis, dominant pancreatic duct stricture)
which may contribute to recurrent attacks of acute pancreati-
tis and/or progression to/of chronic pancreatitis [1].

Patients meeting the FPC definition or those with known
inherited cancer syndromes with a family history PC may
consider a PC surveillance program [5]. Thus, it is generally
recommended that surveillance of these patients only be per-
formed in centers experienced in caring for these high-risk
patients, ideally enrolling them into research protocols [5].
At-risk relatives who meet the FPC criteria warrant pancre-
atic surveillance; however, the type, frequency, and age to
begin surveillance are not yet well defined [18]. Some centers
utilize EUS and/or MRI surveillance programs, both of which
detect pancreatic lesions better than CT [18]. However, only
precancerous or early-stage (I-II) PC is surgically resectable
[3]- Since 5-year survival rate for patients diagnosed with
Stage IA disease is 19 times that of those diagnosed with
Stage 1V disease (13.6% vs. 0.7%), greater improvements in
survival may be seen if we focus on shifting the diagnosis of
PC from a late stage to an early or precancerous stage [3].
Unfortunately, early-stage PC is often clinically silent, high-
lighting the need for improved methods of early detection of
precursor and early-stage lesions [3].

World Health Organization guidelines suggest that in
order to screen for a cancer, there must be a recognizable
latent or early stage of the disease that can be tested for
and managed effectively [3]. Several pancreatic lesions
meet the criteria for a precursor to PC: pancreatic intraepi-
thelial neoplasias (PanINs), mucinous cystic neoplasms
(MCNs), and intraductal mucinous cystic neoplasms
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(IPMNs) [3]. The incidence of IPMN has increased in the
absence of a rise in IPMN related to overall PC-related
mortality, so it likely results from an increase in diagnostic
scrutiny, rather than greater numbers of patients with clini-
cally relevant disease [19].

Due to high cost, relative inability of noninvasive imaging
modalities to detect small, solid tumors, and the modest risks
associated with screening techniques like EUS, the use of
biomarkers for the early detection of PC is an important
frontier [3]. Carbohydrate antigen 19-9 (CA 19-9) is the only
FDA-approved blood biomarker test for PC; however, due to
the low prevalence of PC in the population, CA 19-9 is recog-
nized as a poor screening tool: a screening of over 10,000
patients found only four cases of PC based on CA 19-9 levels
with three of those cases being not resectable at diagnosis [3,
14]. The sensitivity (70%), specificity (87%), positive predic-
tive value (59%), and negative predictive value (92%) are
still not high enough to be used regularly in healthy patients
[14]. CA 19-9 levels do appear to be informative as a predic-
tor of disease recurrence post-resection [14]. There is an
ongoing research that suggests a future for gene expression
profiling, proteomics, metabolomics, and microRNA as diag-
nostic PC biomarkers [14].

The low absolute risk of developing PC precludes
population-wide screening at the current time, both from a
cost-benefit and absolute harm perspective. Assuming a
lifetime risk of developing PDAC of 1.49%, a hypothetical
screening test with 90% sensitivity and specificity would
have a positive predictive value (PPV) of just 12%, mean-
ing that almost nine in ten positive screening results would
be incorrect, with those patients subject to unnecessary
stress and further testing [3]. Even a screening test with
95% sensitivity and specificity would result in a PPV of just
22% [3]. Notwithstanding, the identification of genetic and
environmental risk factors may provide opportunities to
enrich the screening population with high-risk cohorts,
which would drastically increase the PPV of screening
results, with the hopes of identifying precursor or early-stage
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lesions in some high-risk individuals before the lesions
progress to inoperable PC [3].

Timing of screening is controversial. CAPS recommends
for Peutz-Jeghers patients to have EUS with or without MRI/
MRCP starting at age 50, while expert opinions recommend
EUS and CA 19-9 every 2 years starting at age 25 with or
without CT scan [2, 10]. When a solid lesion is detected, CT
scan should also be performed (grade low) [2].

No consensus was reached on the role of EUS-guided fine
needle aspiration (FNA) to evaluate solid or cystic lesions in
asymptomatic HRIs [2]. The role of EUS-FNA in the clinical
management of most pancreatic cysts is limited, given the low
accuracy of cytology in cystic lesions and the low volume of
cyst fluid aspirated from small cysts [2]. False-positive cytol-
ogy from subcentimeter solid indeterminate lesions may also
lead to unnecessary surgery [2]. The general agreement is that
patients should be fully counseled regarding the potential
risk/benefits ratio of available screening modalities before
enrollment in any protocol [1].

Physicians caring for a patient with HP in these circum-
stances should contact a pancreatologist expert in the care of
HP for advice concerning the best imaging modality based on
local equipment and expertise [1]. Optimally, screening
should be performed within multicenter institutional review
board-approved protocols that also include standardized col-
lection and storage of blood/serum and pancreatic juice [1].
While many investigators advocate yearly screening, the fre-
quency of screening may vary within particular prospective
studies [1].

Outcome

The patient continues with standard screening for PJS
patients including annual physical examination with com-
plete blood count to detect iron deficiency anemia, colonos-
copy, EGD, video capsule endoscopy every 3 years, and
annual testicular exams. He will continue with MRCP or
EUS every 1-2 years surveillance which would ideally have
been initiated at age 25 for PC screening. Screening should
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only be performed at centers of expertise in the setting of a
research protocol. He also will undergo genetic counseling.

Clinical Pearls/Pitfalls

e PC is the fourth most common cause of cancer-
related deaths in the USA.

e With low 5-year survival rates, significant advances in
the understanding of PC etiology and tumor biology,
early detection, screening, and treatment are
necessary.

e Given that only early or precancerous stages have
reasonable expectation of low morbidity and mortal-
ity, increased efforts are imperative to improve risk
stratification and early identification, while PC is still
resectable in early-stage disease or premalignant
conditions.

e PC screening efforts may allow identification of
effective modalities for screening and early detection.

e Screening for hereditary pancreatic cancer is based
on consensus opinion and only guideline based.

e Although there is little data, it is encouraging and
suggestive of decreasing mortality.

e Screening should be conducted in a registry or trial
with a referral to a center of excellence.

e Reduce risk attributed to modifiable risk factors:
tobacco exposure, alcohol use, chronic pancreatitis,
diet, obesity, diabetes mellitus, and certain abdominal
surgeries and infections.
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Chapter 12

Optimizing Nutrition

for the Patient after
Pancreaticoduodenectomy:
Pancreatic Insufficiency

Jeannine B. Mills

Case Study

A 52-year-old with history of pancreatic cancer who was well
nourished preoperatively underwent Whipple resection and
gastrojejunostomy. The patient reports to surgery clinic
4 weeks postoperatively and has a weight of 129 Ibs, decreased
appetite, dysgeusia, early satiety, and intolerance to higher fat
foods; he has an obvious loss in lean body mass based on
nutrition focused physical assessment. He describes his bowel
movements as yellow, oily, and malodorous.

My Management

A. Start on pancreatic enzyme replacement therapy after
diagnosis of exocrine pancreatic insufficiency (EPI).
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May not be necessary to dose via J-tube with semi-
elemental or elemental enteral formulas vs. isotonic
enteral formulas.

B. There is a risk of clogging jejunostomy tube and/or
decreasing efficacy of enzymes, but pancreatic enzyme
capsules can be opened and emptied into either thickened
acidic liquid suspension or thin food (apple sauce) or
mixed with sodium bicarbonate to then infuse via J-tube.

C. Dosing recommendations are 1000-2000 [U/kg lipase per
meal or 25,000-50,000 IU lipase for main meal and
10,000-25,000 IU lipase for snacks, without exceeding
10,000 IU/kg lipase per day. Lipase per meal titrates up as
the volume of food increases and/or signs/symptoms of
EPI are apparent.

D. Dose enzymes with first bite of food and throughout meal.
This may make a difference for some patients though may
also be dependent on transit time of food through the gut
postoperatively.

Diagnosis and Assessment

Malnutrition is prevalent in pancreatic cancer and may have
significant and adverse impact on quality of life and overall
survival. It is estimated that more than 80% of patients with
pancreatic adenocarcinoma will have weight loss at the time
of presentation. Malnutrition “should be considered a signifi-
cant independent risk factor in patients with pancreatic can-
cer and one of the primary goals of treatment should be to
improve nutritional status.” Studies demonstrate that
improvement in nutrition status is correlated with better sur-
vival and quality of life despite stage of disease [1-6].
Patients with pancreatic cancer also experience the highest
incidence of cachexia estimated at 70-80% and is associated
with poorer disease and surgical outcomes. The impact of
cachexia on prognosis and outcome is significant including
reduced treatment tolerance, worsened postoperative out-
come, higher rates of metastatic disease, more progressive
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disease, reduced survival, and of course decreased quality of
life. Malabsorption through EPI is an exacerbating factor of
cachexia in pancreatic cancer [2].

Weight loss in pancreatic cancer is associated with reduced
survival. It was found that a weight loss of >5% and <10% of
total body weight provided a 3.9-fold higher relative risk of
death than those without weight loss, while a weight loss
>10% of total body weight provided a sevenfold higher rela-
tive risk of death than those without weight loss [7].

In surgical patients, malnutrition and cachexia have been
associated with infection, poor wound healing, increased
postoperative complications, increased length of stay, and
increased morbidity [8, 9]. Postoperative weight loss is an
independent prognostic factor. Hashimoto et al. showed that
severe weight loss is associated with poor prognosis and a
trend toward shorter survival [10].

Exocrine pancreatic insufficiency in pancreatic cancer is
very common with 25-45% having preoperative EPI and
50-80% of patients continuing to experience EPI post sur-
gery at 3 months, 1 year, and 2 year postoperatively. One
study reported steatorrhea worsening postoperatively, with
return to baseline by 12 months [11-13].

Management

The deficiency in pancreatic enzymes results in inadequate
absorption of fat, carbohydrates, and proteins, leading to ste-
atorrhea, abdominal cramps, weight loss, and malnutrition.
Exocrine enzyme insufficiency is common and progressive.
Patients should be regularly screened for symptoms of
enzyme insufficiency. Oral pancreatic exocrine enzyme
replacement therapy is recommended for patients with pan-
creatic cancer who have symptoms of exocrine enzyme defi-
ciency [14, 15].

Because pancreatic exocrine insufficiency occurs in up to
94% of patients undergoing pancreatic surgery and 50-89 %
of nonsurgical patients, therapy may be initiated based on
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symptomatology without diagnostic tests. Pancreatic enzyme
replacement therapy helps maintain weight and quality of life

J.B. Mills

in patients with unresectable pancreatic cancer [5, 14].

Outcome

Postoperatively, once EPI is identified and managed with
pancreatic enzymes, the patient was able to eat more com-
fortably with improved digestion and begins to maintain or
even gain weight and experience improvement in quality

of life.

Clinical Pearls/Pitfalls

Symptoms of EPI are often nonspecific, so a high
index of clinical suspicion is needed to make a cor-
rect diagnosis, important to assess in virtually all
pancreatic cancer patients.

Patients and caregivers should be instructed on rec-
ognizing signs and symptoms of EPI, and it is not
uncommon to ask patients to keep a diary.

Patients should be reminded on taking their enzymes
at first bite of eating, and sometimes there is improve-
ment if dosed throughout the meal.

Too often patients under dose enzymes per meals do
not find improvement in symptoms so they will dis-
continue completely.

Patients with a clinical suspicion of pancreatic exo-
crine insufficiency despite appropriate replacement
should receive a more thorough nutritional evalua-
tion by a registered dietitian nutritionist.

Some private insurers as well as Medicare and
Medicaid may not provide coverage of enzyme
replacement. Some pharmaceutical companies may
offer patient vouchers for assistance or online patient
assistant programs.
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e Excellent patient resources regarding EPI and pan-
creatic enzymes are available to patients and caregiv-
ers on websites such as Pancreatic Cancer Action
Network (www.pancan.org) as well as National
Pancreas Foundation (www.npf.org).
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Chapter 13

Palliative Care
and Pancreatic Disease

Amelia M. Cullinan

Case Study

Fred is a 57-year-old man who was referred to medical
oncology for consultation regarding metastatic adenocarci-
noma of the head of the pancreas. Previously healthy, his
presenting symptom had been painless jaundice, s/p ERCP
and biliary stenting. CT imaging completed 1 week ago
demonstrates a lesion in the head of the pancreas, encasing
the SMA, and several metastases in the R lobe of the liver.
His chemistries and liver function tests are within normal
limits, and CA19-9 is 650 U/mL. At the visit, he complains of
a 2-week history of increasing deep epigastric pain, which
increases with movement of the torso, as a result of which
he has been limited to spending his days in bed or a chair.
He is a construction foreman and last worked 3 weeks ago.
One week ago, his primary care physician prescribed acet-
aminophen 325 mg/hydrocodone 10 mg tablets, which has
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been taking consistently every 4 h around the clock. This
dose reduces his pain from a nine out of ten on a visual
analog scale to 7/10. Doubling the dose causes unacceptable
sedation. He has a history of severe delirium with morphine.
He has not moved his bowels in 4 days and is not taking a
bowel regimen. He states he has no interest in eating and
feels mildly nauseous at times, with early satiety and post-
prandial bloating. He denies steatorrhea. He has lost 10
pounds in the last month. On exam, he is seated in a wheel-
chair, well built with no evidence of muscle wasting, with-
drawn but willing to engage if directly addressed. He shifts
position frequently. His abdomen is distended, with quiet
bowel sounds and epigastric tenderness to deep palpation.
On a review of social history, he and his wife Sally are
guardians for their 17-year-old grandson Matt; their daugh-
ter struggles with substance abuse. Sally has multiple sclero-
sis and needs help with shopping and cleaning their home;
since Fred has been ill, they have depended on Matt for
these tasks, but worry about the effect on his schoolwork. It
is important to Fred that he live long enough to see Matt
graduate from high school in 4 months, and he is motivated
to try chemotherapy or clinical trials. In addition, Fred men-
tions that he is fearful about taking high-dose opioids given
the family history of addiction and asks about non-opioid
strategies to manage his pain.

The oncologist explains to Fred and Sally that unfortu-
nately, with his poor functional status (ECOG 3), he is likely
to experience worsened quality of life and decreased length
of life on chemotherapy. He is referred to hospice.

My Management

A. Refer to palliative care.

B. Symptom management, follow-up in 4 weeks.

C. Discuss the option of chemotherapy if functional status
improves.



Chapter 13. Palliative Care and Pancreatic Disease 129
Diagnosis and Assessment

Delivering Bad News and Elicitation of Goals

For many clinicians, delivering the bad news of a terminal
illness is stress-inducing: they worry that the patient might
experience a strong emotional response, and so they seek to
soften the news as much as possible. The unintended conse-
quence of this is that the patient may not hear all of the infor-
mation they need to and then make uninformed healthcare
decisions: for example, a patient might understand that they
have longer to live than is likely and choose to pursue a more
aggressive treatment regimen which takes them away from
doing the things they love [1].

The essential steps in delivering the news of a terminal
diagnosis are (1) assess the patient’s understanding of their
illness and information preferences; (2) provide a prognosis,
framed in a patient-centered way; and (3) respond empathi-
cally to emotion [1]. Sample language for this process is given
in Table 13.1. Approximately 20% of patients will not be
ready to hear any prognostic information at all: the clinician
should explore the patient’s reasons for not learning this
information and tailor their response accordingly [2].

After allowing the patient time to process this informa-
tion, the clinician should explore the patient’s values and
goals. With that information, the clinician can offer a tailored
treatment recommendation—whether supportive care or
cancer-directed therapy—specific to the patient. The Serious
Illness Communication Guide is a structured communica-
tion tool developed for use in oncology patients whom their
clinician suspects to have a prognosis of less than a year
(Fig. 13.1); it guides clinicians through the steps of goals of
care conversation.

In addition to providing information in a hopeful, patient-
centered way, the clinician can provide hope by demonstrat-
ing mastery of symptom management; for many cancer
patients, fear of uncontrolled symptoms can influence them
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TaBLE 13.1 Relaying prognostic information

Step Sample language

Assess illness “What have you learned so far about your
understanding cancer diagnosis?”

(prognostic

awareness)

Assess information
preferences

Deliver prognostic
information,
tailored to patient:

Timing

Specific event

Respond
empathically to
emotion (NURSE)

Naming
Understanding
Respecting

Supporting

Exploring

“I"d like to assure that I am giving you
the information you need. When you ask
how long do you have, I wonder if you
are looking for average life expectancy or
whether you will make it to an important
life event?”

“If 100 patients like you chose not to
receive chemotherapy, at most 50 of
them would still be alive at 6 months.
If 100 patients like you received this
chemotherapy regimen, I expect that 35
would still be alive at 1 year.”

“I think it is likely that you will make it to
your daughter’s wedding in 4 months.”

“I can see how sad this makes you.”
“Of course this is devastating news.”

“You are so resilient in the face of this
tough news.”

“I’'m going to be with you through all of
this.”

“Can you give me a sense of what you're
thinking?”
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Serious lliness Conversation Guide

CONVERSATION FLOW PATIENT-TESTED LANGUAGE
a
" 5]
1. Set up the conversation | “r'm hoping we can talk about where things are with your illness and
Introduce the idea and benefits 4| where they might be going — is this okay?"

Ask permission

@ “What is your understanding now of where you are with your illness?”
il
@
2. Assess illness understanding and information preferences @ “How much information about what is likely to be ahead with your
< illness would you like from me?”
3. Share prognosis o
Tailor information to patient preference «‘ Prognosis: “I'm worried that time may be short.”
Allow silence, explore emotion 5 or “This may be as strong as you feel.”
4. Explore key topics

Goals

Foars and worries “What are your most important goals if your health situation worsens?”

Sources of strength

Critical abilities w|  “Whatare your biggest fears and worries about the future with

Tradeoffs & your health?"

Family 3 .
| “What gives you strength as you think about the future with your iliness?
aj

“What abilities are so critical to your lfe that you can't imagine living
without them?”
. “If you become sicker, how much are you willing to go through for
5. Close the conversation o L -
th bility of time?’

Summarize what you've heard e possibility of gaining more time

Make a recommendation “How much does your family know about your priorities and wishes?"

Affirm your commitment to the patient wl
& “It sounds like is very important to you.”

3
6. Document your conversation ©| “Given your goals and priorities and what we know about your illness
atthis stage, | recommend...”
“We're in this together.”
ool RovseaFeb 2016
Qo8 ARADIELABS

FiGgure. 13 1 Serious Illness Conversation Guide. Reprinted with
permission from 2015 Ariadne Labs: A Joint Center for Health
Systems Innovation (www.ariadnelabs.org) and Dana-Farber Cancer
Institute

to make decisions which are not otherwise in line with their
stated goals [1]. Three common symptoms in pancreatic can-
cer are pain, weight loss, and mood disorders. The clinician
should perform a careful symptom assessment at each visit.

Assessment: Pain

A careful pain assessment allows the clinician to accurately
identify the generators of each pain syndrome and target
their therapy correctly [3]. A helpful mnemonic to use is
PQRST, shown in Table 13.2.

The most common pain syndromes in pancreatic cancer
will be reviewed here, organized by location of disease.
Tumors located in the head of the pancreas can cause
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TaBLE 13.2 Elements of pain assessment

P Precipitators and palliators (relievers: pharmacologic
and non-pharmacologic)

Q  Quality

e Visceral (poorly localized, deep, dull, difficult to
characterize)

e Neuropathic (following dermatomes or characteristic
stocking-glove distribution; tingling/burning/allodynia/
hypoesthesia)

e Somatic (localized, sharp, reproducible)
R Region (focal, diffuse), Radiating

S Severity (numerical rating scale, 0-10; categorical rating scale,
mild/moderate/severe; Faces Pain Rating Scale)

T  Timing (intermittent, variable, or stable/constant)

a visceral epigastric pain syndrome, often described as boring
through to the back; sensory innervation from the entire
upper abdomen is transmitted through the celiac plexus.
When tumor invades the celiac plexus itself, a neuropathic
pain syndrome, classically belt-like, radiating from the epigas-
trium around to the mid-back or vice versa, is common. Liver
metastases, when peripheral and either stretching or involving
the highly innervated liver capsule, cause an inflammatory
visceral pain syndrome; subdiaphragmatic lesions can result in
referred pain to the R shoulder. Bulky retroperitoneal lymph-
adenopathy can cause a visceral back pain syndrome which is
classically relieved by hunching forwards; the position shifts
the retroperitoneal capsule, which is highly innervated, off of
the lymph nodes. Peritoneal carcinomatosis can cause either
an inflammatory, diffuse peritoneal pain when nodules invade
the peritoneum, or a visceral, cramping pain due to partial
small bowel obstruction by tumor deposits. Finally, invasion of
the duodenum or gastric wall by tumor can cause an epigastric
nociceptive pain syndrome, exacerbated by eating, as gastric
juices flood the ulcerated area.
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Assessment: Weight Loss

Weight loss in pancreatic cancer can be due to one or more
syndromes which often overlap. Syndromes which impact
caloric intake or absorption of nutrients can often be reversed
or significantly improved with good symptom management.

Pancreatic insufficiency is common with tumors located in
the head of the pancreas and presents with abdominal cramp-
ing, flatulence, urgency to defecate, and weight loss.
Steatorrhea, the most singular symptom of this constellation,
does not develop until lipase concentrations fall below 10%
of normal, so a high clinical suspicion for this syndrome is
warranted [4].

Early satiety can be due to benign causes of gastroparesis
(autonomic dysfunction, medications, prior gastrointestinal
surgery, or celiac plexus neurolysis) or malignant gastroparesis:
in one study, 60% of patients with pancreatic cancer and with-
out gastroduodenal invasion or obstruction experienced
abnormally delayed gastric emptying [5]. In the absence of
obstruction, which is ruled out by upper gastrointestinal endos-
copy or radiographic series, the pathophysiology of gastropare-
sis in pancreatic cancer patients is due to disruption of the
vagus nerve or enteric neural tissues by micrometastases, para-
neoplastic antineuronal antibodies, or production of inhibitory
neurotransmitters by the tumor [6]. Nonobstructing malignant
gastroparesis is diagnosed by gastric emptying scintigraphy.

Anorexia can be the result of severe fatigue, poorly con-
trolled nausea, pain, or depression, xerostomia, stomatitis, or
dysgeusia.

In contrast to the weight loss syndromes above, cancer-
related anorexia-cachexia syndrome (CACS) cannot be
reversed when intake or absorption is improved. The
European Palliative Care Research Collaborative defines
CACS as a multifactorial syndrome defined by an ongoing
loss of skeletal muscle mass (with or without loss of fat mass)
that cannot be fully reversed by conventional nutritional sup-
port and leads to progressive functional impairment [7]. The
pathophysiology is characterized by a negative protein and
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energy balance driven by a variable combination of reduced
food intake and abnormal metabolism (EPCRC). Its preva-
lence in advanced, unresectable pancreatic cancer patients is
60-80%, and in one study, it was associated with a median
survival of 21 weeks [8]. Fearon et al. have proposed a three-
factor classification to diagnose cachexia, requiring the pres-
ence of at least two of three factors: weight loss >10%, low
food intake (<1500 kcal/day), and systemic inflammation
(CRP > 10 mg/mL) [9].

Assessment: Mood

Patients with pancreatic cancer are more likely to experience
mood disorders (anxiety, depression, or a mixed state) than
patients with other cancer diagnoses: Prevalence rates for
combined mood disorders in recent studies ranged from 36 to
57% [10,11], and undertreatment of these conditions impacts
patients’ quality of life. In addition to the mood-specific
symptoms of anxiety or depression, an untreated mood disor-
der can masquerade as, or intensify the experience of, other
cancer-related symptoms, such as pain, dyspnea, nausea, and
anorexia, and can lead to reductions in performance status,
thereby potentially interfering with patients’ ability to toler-
ate chemotherapy.

Screening for depression in the cancer population is chal-
lenging because many of the physical symptoms of depres-
sion (fatigue, weight loss, insomnia or hypersomnia, and poor
concentration) can result from the cancer process itself.
Therefore, experts recommend the use of psychological
symptoms instead [12]. It is also important to distinguish
depression from preparatory grief, which is a normal part of
incurable cancer patients’ preparation for death, and features
rumination about the past, intermittent withdrawal from fam-
ily/friends, and times of sadness, crying, or anxiety [13].
Table 13.3 compares these diagnostic criteria to one another.
Consider the diagnosis of adjustment disorder when a patient
has depressed symptoms but none of the above criteria are



Chapter 13.

Palliative Care and Pancreatic Disease 135

TaBLE 13.3 Diagnosing depression and anticipatory grief in cancer

Depression (DSM-5)

Depression in
cancer (Endicott)

Preparatory
grief (Periyakoil)

Depressed mood most
of the day, nearly every
day

Anhedonia: markedly
diminished interest

or pleasure in all, or
almost all, activities
most of the day, nearly
every day

Significant weight

loss or weight gain or
decrease or increase in
appetite nearly every
day

Insomnia or
hypersomnia nearly
every day

Psychomotor agitation
or retardation nearly
every day

Fatigue or loss of
energy every day

Feelings of
worthlessness

or excessive or
inappropriate guilt
nearly every day

Depressed mood
most of the day,
nearly every day

Anhedonia:
markedly
diminished interest
or pleasure in all, or
almost all, activities
most of the day,
nearly every day

Depressed
appearance,
tearfulness

Social withdrawal
or decreased
talkativeness,
refractory to social
support

Psychomotor
agitation or
retardation nearly
every day

Brooding, self-pity,
or pessimism

Feelings of
worthlessness

or excessive or
inappropriate guilt
nearly every day

Depressed mood
only some days

Not present

Not present

Social
withdrawal is
common but
improves with
social support

Not present

Rumination,
often about the
past. No self-pity
or pessimism

Guilt, often
about missing
future family
events. No
worthlessness

(continued)
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TaBLE 13.3 (continued)

Depression (DSM-5)

Depression in
cancer (Endicott)

Preparatory
grief (Periyakoil)

Diminished ability to
think or concentrate,
or indecisiveness,
nearly every day

Recurrent thoughts

of death (not just fear
of dying), recurrent
suicidal ideation
without a specific plan,
or a suicide attempt

or specific plan for
committing suicide

Lack of reactivity,
blunting

Recurrent thoughts
of death (not just
fear of dying),
recurrent suicidal
ideation without

a specific plan, or

a suicide attempt
or specific plan for

Not present

Not present

committing suicide

Adapted from American Psychiatric Association; Endicott; Periyakoil

met [14]. Finally, some statements of apparent suicidality
(e.g., “I wish I were dead”) can be clues to poorly controlled
symptoms (i.e., pain) and should be explored before assum-
ing they relate to depression.

Symptoms of anxiety can be related to medical illness;
the clinician should be mindful of possible medication side
effects (corticosteroids, some antidepressants, psychostimu-
lants) or withdrawal symptoms (alcohol, opioids, benzodiaz-
epines, clonidine, antidepressants, gabapentin, and
corticosteroids), as well as undertreated symptoms (dys-
pnea, pain), and treat these appropriately. When anxiety is a
predominant and limiting symptom and the previous etiolo-
gies are not present, the clinician should take a psychiatric
history, inquiring about prior episodes of anxiety or depres-
sion, PTSD, alcohol, or drug use, prior or current treatment
with a mental health professional, or past psychiatric hospi-
talizations. In addition, the clinician should assess for the
presence of panic attacks (pounding heart, sweating, trem-
bling, shortness of breath or choking, dizzy/lightheaded, fear
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of losing control, or derealization), or lifelong phobias.
Patients who screen positive for any of the above elements
should be referred to a psychiatry or palliative care
practitioner.

Management

The primary tools used to palliate the symptoms of advanced
pancreatic cancer are symptom-based medications and proce-
dures, which will be described below. Palliative chemotherapy is
appropriate for patients with adequate functional status (ECOG
> 2),and even in the absence of objective response, single agent
gemcitabine improved clinical benefit response (pain, weight
loss, and functional status) [15]. Finally, early integration of pal-
liative care consultants, when available, improves clinical and
quality of life outcomes and may improve survival [16]. As a
result, early referral to palliative care is now part of ASCO clini-
cal practice guidelines for advanced pancreatic cancer [17].

Management: Pain

In advanced pancreatic cancer, as in other malignancies,
analgesic therapy should be targeted to the presumed etiol-
ogy of pain. The patient’s response to therapy should be
monitored frequently, and analgesic doses should be titrated
rapidly to achieve improved functioning and reduced pain
scores while avoiding excessive sedation, constipation, and
other side effects. Adjuvant agents can be used either to
forestall the need for opioids or to reduce overall opioid
requirements, and in some cases, can reduce non-pain symp-
tom burden as well.

Acetaminophen is appropriate as a single agent for mild
pain (NRS scores of 1-3 out of 10) and can potentiate the
effect of other analgesics. In patients without cirrhosis, the
total dose should be kept under 4 g/day when used short term
and under 3 g/day for long-term use.
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NSAIDs and corticosteroids are useful for visceral
inflammatory pain syndromes, such as hepatic capsule stretch
due to bulky metastases; somatic inflammatory pain syn-
dromes, such as peritoneal metastases/carcinomatosis; and
somatic bony pain due to metastases. Both are effective, but
the side effect profiles of each usually dictate the choice of
therapy. NSAIDs should be avoided in patients on anticoagu-
lation, those receiving chemotherapy which causes thrombo-
cytopenia, or patients with chronic kidney disease or gastric/
duodenal ulcer disease, but for patients without these con-
cerns, NSAIDs can be used long term, unlike corticosteroids.
Consider starting with naproxen 220 mg BID or ibuprofen
600 TID. When used over weeks to months, corticosteroids
carry significant risks of proximal muscle weakness, immuno-
suppression, impaired wound healing, and osteoporosis, so
they are ideally used as a bridge to other therapy. Among
corticosteroids, dexamethasone is most commonly used
because it is least likely to cause fluid retention, is potent, and
has a long half-life, allowing once-daily administration. The
most appropriate dose for relief of cancer-related pain has
not been studied, but in general use, doses in the range of
2-8 mg qAM are common [18].

For neuropathic pain, such as the stocking-glove dysesthe-
sias associated with chemotherapy-induced neuropathy, or
the band-like abdominal neuropathic pain caused by celiac
plexus invasion by tumor, anticonvulsants, such as gabapentin
or pregabalin, should be offered first. In patients with normal
renal function, gabapentin can be initiated at 300 mg/day
and immediately titrated every 3 days to 900 mg/day in three
divided doses, with a maximum dose of 3600 mg/day. Adjusted
dosing and/or slower titration are recommended in the elderly
or those with renal impairment. The SNRI antidepressants
(duloxetine and venlafaxine) are approved for diabetic neu-
ropathy and could be considered when a patient presents with
both depression and neuropathic pain. Topical anesthetics,
such as lidocaine, require application multiple times a day and
are most feasible for focal, localized pain syndromes, such as
dermatomal pain from a zoster infection or spine metastasis.
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Weak opioids, such as codeine and tramadol, should be
offered to patients with mild (NRS 1-3 out of 10) pain who
have not benefited from adjuvant agents or over-the-counter
medication, or who cannot yet tolerate stronger opioids.

Strong opioids, such as morphine, oxycodone, hydromor-
phone, and fentanyl, are recommended for moderate to
severe cancer pain (4-10 on NRS). Bandieri et al. found that
weak opioids were not as effective as strong opioids in man-
aging moderate cancer pain and were similarly tolerated [19].
When initiating therapy with strong opioids, short-acting
agents should be used first, and the dose is titrated to achieve
adequate analgesia. When pain is persistent and requires
regular use of short-acting agents, clinicians should consider
adding a long-acting release agent (e.g., sustained-release
morphine or transdermal fentanyl), dosed at 50% of the equi-
analgesic total short-acting daily dose [3].

Methadone is a synthetic opioid whose unique properties
include NMDA receptor antagonism. The NMDA receptor,
in the central nervous system, is implicated in the develop-
ment of opioid tolerance and hyperalgesia; as a result,
methadone is commonly used when patients with moderate
to severe nociceptive or neuropathic pain have become
refractory or tolerant to traditional opioids. It is also a good
choice for patients with renal failure as it is cleared hepati-
cally. There is no evidence to support its use as a first-line
agent: in a randomized double blind study comparing metha-
done to morphine for first-line use in cancer pain, Bruera
et al. found equal efficacy in relief of neuropathic pain, sug-
gesting that it should remain a second- or third-line agent
[20]. Additionally, methadone has highly variable pharmaco-
kinetics across patients and interacts with a large number of
commonly used medications in oncology, leading to risk of
accumulation and opioid overdose, so guidelines recom-
mend consultation with a pain or palliative care clinician
before prescribing methadone [3].

To prevent opioid-induced constipation when initiating
opioids for cancer pain, guidelines recommend prophylac-
tic use of a laxative bowel regimen (Senokot two tablets



140  A.M. Cullinan

daily or polyethylene glycol 17 g in 8 ounces of water twice
daily) and titration according to response and with titration
of opioids; constipation is a dose-related side effect of opi-
oid therapy.

For epigastric and upper abdominal pain in pancreatic
cancer, celiac plexus neurolysis can reduce opioid require-
ments durably, reducing the associated adverse effects of
opioid therapy [21]. The celiac plexus, a dense knot of auto-
nomic nerves just posterior to the pancreas, receives affer-
ent nociceptive signals from the upper abdominal viscera
(pancreas, distal third of the esophagus to the transverse
colon, liver and biliary tract, the adrenals, and mesentery),
and therefore alcohol lysis of the plexus can effectively
“block” pain signals from traveling to the central nervous
system. The best evidence for this procedure is in patients
with pancreatic cancer with predominantly visceral pain, as
the celiac plexus does not transmit somatic pain signals
(e.g., inflammatory pain from peritoneal involvement) [21].
Within that population, celiac plexus neurolysis should be
considered for patients who are experiencing adverse
effects from opioids which are refractory to opioid rotation.
The procedure is generally well tolerated, carrying a risk of
transient diarrhea and hypotension due to interruption of
sympathetic blockade, generally lasting no longer than
2 weeks [21].

Management: Weight Loss

When addressing weight loss in advanced pancreatic cancer,
clinicians should assess for and treat any reversible processes,
as described above. Problems with caloric intake or absorp-
tion are often amenable to appropriate therapy. Pancreatic
insufficiency is common and the management of this compli-
cation is described in Chap. 12.

Early satiety and nausea should be addressed by targeting
the underlying etiology: in cases of malignant ascites, regular
paracentesis or placement of an indwelling peritoneal catheter
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can improve early satiety and aggressively treat constipation.
Chemotherapy-induced nausea should be aggressively man-
aged according to NCCN Guidelines [22]. Though prokinet-
ics (metoclopramide, domperidone, tegaserod, cisapride)
have been shown to increase weight in patients with nonma-
lignant gastroparesis, in a study of patients with malignant
gastroparesis, metoclopramide improved nausea, vomiting,
and bloating, but did not improve appetite; its impact on
weight was not measured [23].

When poor appetite appears related to an uncontrolled
mood disorder, mirtazapine may improve weight and
appetite [24]. Another potential contributor to anorexia
can be xerostomia, a side effect common for antiemetics,
opioids, and antidepressants used to manage other symp-
toms in advanced pancreatic cancer. Where possible, elimi-
nate or reduce offending agents; when this is not possible,
cholinergic agonists such as pilocarpine and cevimeline can
be used.

Anorexia-cachexia syndrome, common in advanced pan-
creatic cancer, is thus far refractory to most therapies. In
numerous studies, a wide variety of agents, including appe-
tite stimulants, anabolic agents, cytokine and metabolic
inhibitors, and others, have failed to reverse cachexia and
demonstrated lack of superiority to corticosteroids and pro-
gesterone analogs, though even these agents do not reverse
cachexia. Both corticosteroids and progesterone analogs
(megestrol acetate) improve anorexia and weight loss,
though the gains are in adipose tissue, not lean body mass.
In a randomized controlled trial comparing Megace (800 mg
daily), dexamethasone (0.75 mg QID), and the anabolic
corticosteroid fluoxymesterone, dexamethasone and
Megace were superior to fluoxymesterone and equivalent
to one another in appetite stimulation and weight gain;
notably, Megace carried a higher risk of deep venous throm-
bosis [25]. Given the increased risk of thromboembolism in
pancreatic cancer, dexamethasone at a minimum dose of
4 mg/day is recommended for palliation of anorexia-cachexia
syndrome [25].
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Management: Mood

Advanced cancer patients with depression see sustained
improvement in their symptoms from a multimodal strategy,
incorporating pharmacologic, psychotherapeutic, and com-
plementary strategies. Such care is optimally provided by
outpatient palliative care or other supportive interdisciplin-
ary teams [26, 27]. Patients with mild symptoms of depres-
sion or adjustment disorder can benefit from psychotherapy
alone: the best evidence is for cognitive behavioral therapy,
while support groups also appear effective [28]. Patients with
moderate to severe depression will also require antidepres-
sant therapy. Head-to-head data comparing the efficacy of
different antidepressants is lacking, so clinicians are advised
to select an antidepressant by targeting the drug’s side effect
profile to address the patient’s predominant symptoms:
more agitated, with symptoms of insomnia and rumination,
or more withdrawn, with features of psychomotor retarda-
tion [29]. Clinicians should also take into account the
patient’s comorbid illnesses, risk factors for adverse effects,
and other cancer-related symptoms. Table 13.4 outlines some
of the most commonly used antidepressants and their side
effect profiles.

Most patients with cancer experience symptoms of anxiety
along the disease course; these symptoms are largely situa-
tional and self-limited. The minority of patients who experi-
ence limiting symptoms of anxiety will require intervention.
For short-term symptoms of anxiety, benzodiazepines, such as
lorazepam, are effective; longer-term use is not advised given
the risk of increased fatigue, reduced concentration, toler-
ance, and addiction. As an alternative, buspirone is a
nonaddictive anxiolytic. Cancer patients with long-term
symptoms, or who endorse limiting symptoms of anxiety
prior to their diagnosis, will benefit from antidepressant
therapy with SSRIs or SNRIs. In addition to pharmacologic
strategies, patients with moderate to severe symptoms of
anxiety should be offered cognitive behavioral therapy to
learn behavioral strategies to manage their symptoms [30].
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Outcome

After his oncology consultation, Fred’s primary care physician
starts him on transdermal fentanyl at a dose of 25 pg/h, with
oxycodone 5-10 mg every 4 h as needed for breakthrough, as
well as senna, two tabs twice daily, for constipation, which
results in improvement in his pain, appetite, mood, and func-
tion. He declines hospice referral because he feels so well and
instead seeks a second opinion at a regional cancer center. At
that visit, his ECOG performance status has improved from 3
to 1, and he is offered gemcitabine plus nab-paclitaxel, as well
as a palliative care consultation to assist with symptom manage-
ment and psychosocial support and to help his wife Sally pre-
pare for her care needs after his death. He enjoys good quality
of life on chemotherapy, allowing him to continue supporting
Sally for a number of months, and lives to attend his grandson’s
high school graduation. After 6 months on therapy, Fred’s can-
cer progresses, and he elects to transition to hospice.

Clinical Pearls/Pitfalls

e Early outpatient integration of palliative care ser-
vices, concurrent with anticancer therapies, can
improve quality of life and clinical outcomes and
may improve survival.

e With careful symptom management, cancer patients
may regain adequate functional status to benefit
from chemotherapy.

e Patients with moderate to severe (NRS score 4-10
out of 10) cancer pain should be treated with strong
opioids (e.g., morphine, oxycodone, hydromor-
phone); weak opioids (e.g., codeine, tramadol) are
not as effective and were similarly tolerated.

e Opioid rotation from one agent to another should be
considered if pain does not respond to appropriate
opioid dose titration, or if patients experience persis-
tent limiting adverse effects.
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e Celiac plexus neurolysis can durably reduce pain
scores, opioid requirements, and opioid-related side
effects in pancreatic cancer patients with visceral
epigastric and upper abdominal pain.

e While cachexia is predictive of poor prognosis in
pancreatic cancer, anorexia alone may be due to
reversible processes such as constipation, poorly con-
trolled pain, and nausea due to gastroparesis.

e When treating anorexia-cachexia syndrome, cortico-
steroids (e.g., dexamethasone) and progesterone
analogs (e.g., Megace) are the most effective agents
at improving anorexia and weight loss. There are no
agents proven to reverse cachexia.

e Corticosteroids, rather than progesterone analogs,
are the preferred short-term therapy for appetite
stimulation in pancreatic cancer due to high risk of
venous thromboembolism in this population.

e Untreated mood disorders can masquerade as, or
intensify the experience of, cancer-related symptoms
such as pain, dyspnea, nausea, and anorexia.

e When screening for depression in advanced cancer,
somatic symptoms (fatigue, insomnia, anorexia) are
poor predictors of depression; assess changes in
affect (altered appearance, social engagement, rumi-
nating thoughts) instead.

e When anorexia appears related to untreated depres-
sion, mirtazapine may improve appetite, nausea, and
weight.
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Chapter 14

Staging Diagnostic
Laparoscopy for Localized
Pancreatic Cancer

Raphael Louie and Kerrington Smith

Case Study

A 67-year-old Caucasian male was referred to the surgical
oncology clinic for evaluation of a newly diagnosed pancre-
atic head mass. The patient initially presented to his primary
care office 2 weeks ago for painless jaundice and 20-pound
weight loss over the past 3 months. His past medical history
is significant for hypertension and GERD. He has no prior
surgical history. He smoked 1 pack/day of cigarettes for
30 years, but quit 5 years ago. The patient underwent ERCP
and EUS a week ago, which found a 3.4 cm mass in the head
of the pancreas. A plastic biliary stent was placed and the
mass was biopsied under EUS. Cytology was consistent for
adenocarcinoma. CT of the chest abdomen and pelvis con-
firmed a 3.4 cm mass at the head of the pancreas with <180°
involvement of the portal vein. There is abutment to the
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SMA but no celiac axis involvement. No distant metastases
were seen. CA19-9 was 93. His total bilirubin was 0.7. On
exam, this is a thin 67-year-old man, in no acute distress. No
signs of jaundice at this time. His abdomen is soft, non-tender
and non-distended.

My Management

. Refer to palliative care.

. Consent the patient for pancreaticoduodenectomy.

. Refer to medical oncology for induction chemotherapy.

. Consider induction chemotherapy with staging laparos-
copy prior to surgical resection.

0w >

Diagnosis and Assessment

Pancreatic adenocarcinoma continues to be a devastating
disease, with predicted overall 5-year survival rate of 7.7%
[1]. Complete surgical resection (achieving a RO resection)
has a modest improvement in overall survival of 29% at 5
years. Unfortunately, only 15-20% of patients are demon-
strated to be resectable at the time of presentation.

In this case presentation, this gentleman has had appropri-
ate evaluation of his initial presenting symptom of painless
jaundice. Evaluation included physical exam and appropriate
laboratory work including liver function tests as well as a
carbohydrate antigen (CA) 19-9. Next steps in evaluation
include a CT of the chest, abdomen, and pelvis. Chest CT is
recommended to rule out pulmonary metastases, while the
abdominal and pelvis CT should undergo a pancreatic
protocol. This protocol utilizes IV contrast with two delayed
phases to capture visualization of the arterial flow along the
celiac axis followed by a venous phase, which accentuates the
portal venous system. Water rather than oral contrast is
administered to dilate the small bowel to minimize artifact
and enhance sensitivity in evaluating the pancreas.
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Tissue diagnosis is important in establishing diagnosis of a
pancreatic mass, as the underlying pathology can determine
prognosis. The gold standard continues to be endoscopic
ultrasound-guided FNA. Endoscopy can help further charac-
terize the mass in terms of cystic components and size, pro-
vide information regarding vascular involvement, and obtain
tissue for cytology and pathology. At the same time, ERCP
may be utilized to selectively place stents in both the biliary
and pancreatic systems to temporize obstructive symptoms.
In the patient presented above, endoscopic intervention pro-
vided tissue diagnosis of a pancreatic adenocarcinoma while
also providing therapeutic alleviation of his biliary and pan-
creatic obstruction.

In2009,the American Hepato-Pancreato-Biliary Association,
Society for Surgery of the Alimentary Tract, and Society of
Surgical Oncology published a consensus statement providing
parameters found on CT imaging to determine surgical resect-
ability of pancreatic adenocarcinoma [2]. These criteria charac-
terize pancreatic head masses in regard to resectability in
relationship to vital vascular structures. Resectable disease is
any pancreatic mass without involvement of the portal vein
(PV), celiac axis, or superior mesenteric artery (SMA).
Borderline resectable disease is defined as radiographic evi-
dence of tumor-associated deformity of the SMV/PV, abutment
of the SMV or PV greater than 180°, short segment occlusion
of the SMV or PV amenable to resection and reconstruction,
short segment of the hepatic artery involvement, or abutment
of the SMA < 180°. Patients with more extensive tumor
involvement were characterized as locally advanced disease
(Table 14.1). Based on the imaging findings of this patient, he
has borderline resectable, localized disease.

Management

As with any patients with a newly discovered pancreatic
mass, imaging and tissue diagnosis would be important to
establish a diagnosis. Tumor markers, specifically CA19-9,
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TaBLE 14.1 Adapted from 2009 American Hepato-Pancreato-Biliary
Association, Society for Surgery of the Alimentary Tract, and
Society of Surgical Oncology Consensus Definitions of Surgical
Resectability of Pancreatic Adenocarcinoma [2]

Resectability  Definition
Resectable e No tumor involvement of the SMA

e Tumor abutment <180°

Borderline e Tumor-associated deformity of the PV or
SMV

e Abutment of the SMV or PV >180°

e Short segment occlusion of the SMV
or PV amenable to resection or venous
reconstruction

e Short segment involvement of the hepatic
artery or its branches amenable to
resection or venous reconstruction

e Abutment of the SMA (<180°)

Locally e Tumor encasement of the PV or SMV
advanced .
e Long segment occlusion of the SMV or

PV not amenable to resection or venous
reconstruction

¢ Long segment involvement of the hepatic
artery or its branches not amenable to
resection or venous reconstruction

e Abutment or encasement of the SMA
(>180°)

should be obtained. It must be noted that 5-10% of patients
can have a false negative due to do not produce CA19-9, as
most common in patients Lewis-negative phenotpyes [3].
Additionally, patients with obstructive jaundice may exhibit
an elevated CA19-9. In the patient presented, tissue diagnosis
has confirmed the underlying pathology. Based on imaging
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criteria, this patient has borderline resectable disease, with-
out overt evidence of metastatic disease. As mentioned in
prior chapters, surgery currently continues to be the main
means of providing a chance of cure. It must be noted that
5-15% of patients without radiographic evidence of meta-
static disease have occult disease at the time of surgery.
Exploratory laparotomy has its own risks and morbidity asso-
ciated with the operation, in which staging or diagnostic lapa-
roscopy may reduce the morbidity and costs associated with
an aborted laparotomy.

Current National Comprehensive Cancer Network
guidelines recommend staging laparoscopy as an adjunct to
accurately stage patients with pancreatic adenocarcinoma,
specifically patients with high-risk characteristics: border-
line resectability, large primary tumors, bulky lymphade-
nopathy, highly elevated CA19-9, and/or extreme weight
loss. Staging laparoscopy should be performed prior to
exploration for surgical intent. Under general anesthesia,
access to the abdomen can be obtained according to sur-
geon preference. Typically a periumbilical port for either a
5 or 10 mm 30° laparoscope would be placed first. This
allows a good survey of the entire abdominal cavity. One or
two additional 5 mm ports can be placed after surveying
the abdomen for optimal port placement. Careful examina-
tion of the liver surface, falciform ligament, and peritoneal
lining should be performed. Trocars should be placed to
facilitate evaluation of the undersurface of the liver.
Suspicious nodules should be biopsied and sent to pathol-
ogy to evaluate for malignancy. Currently, there are no
standardized steps; however, some surgeons have advo-
cated for an extended procedure by accessing the lesser sac
laparoscopically [4]. In the setting of neoadjuvant chemora-
diation for borderline resectable and locally advanced
adenocarcinoma, staging laparoscopy prior to initiating
neoadjuvant therapy may allow to accurately stage patients
with underlying metastatic disease.
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Outcome

The patient underwent scheduled staging laparoscopy.
At the time of the operation, a 5 mm white nodule was
identified on the anterior surface of segment V. A wedge
biopsy was obtained, and pathology confirmed adenocarci-
noma consistent with pancreatic etiology. The patient was
referred to medical oncology for chemotherapy treatment
options.

Staging laparoscopy has been advocated as an adjunct in
the workup of patients with pancreatic adenocarcinoma since
the 2000s. Despite advances in radiographic imaging over the
last several years, staging laparoscopy continues to provide a
valuable tool in the detection of metastatic disease. Allen and
colleagues published a 2016 Cochrane review addressing the
accuracy of staging CT and staging laparoscopy. The review
included 16 studies that included 1146 patients. The meta-
analysis demonstrated that patients with CT scans had a
pretest probability of 41.1% with radiographic occult meta-
static disease. The posttest probability following staging lapa-
roscopy decreased to 20% [5].

Proponents of staging laparoscopy have long argued that
the detection of occult metastatic disease with staging lapa-
roscopy can offset the surgery-associated morbidity that the
patient may incur with surgery first laparotomy and expedite
the initiation of systemic chemotherapy. To quantify the ben-
efits of staging laparoscopy, one study in the UK and one
study in the USA assessed the cost-effectiveness of the
procedure.

Morris and colleagues evaluated the costs in relation to
QALYs within the National Health System and found that in
incurred costs between staging laparoscopy and upfront lapa-
rotomy, there was a significant improvement in mean quality-
adjusted life-years in the staging laparoscopy group [6]. In a
similar study conducted in the USA, Jayakrishnan and
colleagues again demonstrated improved quality-adjusted life-
months in patients undergoing staging laparoscopy, particu-
larly in patients qualifying for neoadjuvant chemotherapy [7].
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Both of these studies quantified the differences in hospital stay
and associated morbidity of staging laparoscopy in comparison
to surgery first options.

Clinical Pearls/Pitfalls

e Staging laparoscopy in pancreatic adenocarcinoma
currently improves the detection of occult metastatic
disease.

e Consider staging laparoscopy in patients with local-
ized borderline resectable tumors.

e Staging laparoscopy is a cost-effective measure to
avoid morbidity associated with exploratory laparot-
omy as the initial modality for surgical management
of pancreatic adenocarcinomas.
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Chapter 15

Neoadjuvant Multimodality
Therapy for Borderline
Resectable Pancreatic
Head Cancer

Maureen V. Hill and Kerrington D. Smith

Case Study

Sixty-two-year-old female presented with a 2-week history of
abdominal pain. Work-up included a right upper quadrant
ultrasound, CT scan of the abdomen/pelvis, and MRCP that
revealed a pancreatic head mass and a dilated pancreatic
duct. She subsequently underwent ERCP with pancreatic
stent placement. Two weeks later, an endoscopic ultrasound
was performed where a 24 x 28 mm pancreatic head mass was
confirmed. FNA was performed at this time and confirmed
pancreatic adenocarcinoma. She underwent repeat CT scan
of the abdomen/pelvis and chest where no metastatic disease
was noted.

After a case review at a multidisciplinary tumor board, her
tumor was designated at “borderline resectable” as there was
a < 180° abutment on the portal vein causing mild narrowing.
It was recommended that she undergo diagnostic laparoscopy
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for staging and subsequent neo-adjuvant chemotherapy.
Diagnostic laparoscopy was negative for metastatic disease,
and she initiated neoadjuvant therapy (gemcitabine/
Abraxane x 2 cycles and twice weekly gemcitabine with con-
current radiation).

She completed her treatment 6 months after diagnosis.
Restaging CT scan revealed a decrease in size in her primary
tumor with less abutment on the portal vein and no evidence
of metastatic disease.

My Management

1. I would proceed with diagnostic laparoscopy and continue
to definitive surgical management only after consideration
of neoadjuvant treatment.

Diagnosis and Assessment

To assess for a possible pancreatic tumor, the National
Comprehensive Cancer Network (NCCN) recommends
obtaining a multidetector computerized tomography (CT)
scan using a pancreatic protocol [1]. This “triple-phase” CT
ensures thin cut (5-10 mm) images obtained in the non-
contrast, arterial phase and pancreatic parenchyma/portal
venous contrast phases in addition to a low-density oral con-
trast. This protocol assists in visualizing the tumor and the
surrounding vasculature, as assessing its relationship to the
vessels (which include the portal vein, splenic vein, superior
mesenteric vein and artery, celiac axis, and gastroduodenal
artery (GDA)) helps determine resectability. A pancreas pro-
tocol CT scan has good sensitivity (89-97%) and negative
predictive value [2] in detecting a pancreatic mass. In addi-
tion to assessing the pancreas and its surrounding structures,
this imaging study has the capability of ruling out metastatic
disease. A magnetic resonance imaging (MRI) study could be
performed if the patient was unable to obtain a CT scan.
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Once there is suspicion of a pancreatic tumor on CT scan,
endoscopic ultrasound (EUS) is generally performed to fur-
ther characterize the lesion as well as to obtain a tissue diag-
nosis [3]. If the patient is to obtain neoadjuvant treatment,
this tissue biopsy is imperative. In addition, a therapeutic
endoscopic cholangiopancreatography (ERCP) procedure
can be performed in the same setting if the patient is demon-
strating signs of biliary or pancreatic duct obstruction [3].

When assessing the primary tumor, it is imperative to
assess its relationship to surrounding vascular structures and
its resectability, as resectability helps determine treatment
strategies. Historically, the term “borderline” was used to
describe those patients who had a high risk of a positive sur-
gical margin secondary to the anatomic relationship of the
tumor to vessels. Many different definitions have been
described and used in the literature, therefore making com-
paring studies and outcomes difficult. The National
Comprehensive Cancer Network (NCCN) and the
International Study Group of Pancreatic Surgery (ISGPS)
define borderline resectable pancreatic cancer (BRPC) as
CT findings of venous distortion of the SMV/portal venous
axis even including short-segment venous occlusion with
proximal and distal sufficient vessel length allowing safe
reconstruction; encasement of the gastroduodenal artery up
to the hepatic artery, with either short-segment encasement
or direct abutment of the hepatic artery without extension to
the celiac axis; and tumor abutment of the SMA but with no
greater than 180° of the vessel wall circumference.

Further metastatic staging should be performed in these
patients regardless of whether there is metastatic disease
present in the abdomen. A CT of the chest will suffice.
Obtaining a positron-emission tomography (PET) scan is
controversial, and currently there are no strong recommen-
dations to obtain this [3]. In patients who are high risk for
occult metastatic disease, a staging laparoscopy is recom-
mended. Most institutions only perform staging laparoscopy
on patients with a resectable tumor [4], as the presence of
metastatic disease would change management on these
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patients. However, if the patient is going directly to surgery or
if their chemotherapy treatment strategy would differ if they
had metastatic disease, a staging laparoscopy in borderline or
locally advanced patients is indicated.

In addition, a CA 19-9 level should also be performed at
diagnosis as this marker can be followed throughout treat-
ment to assist in grading response or progression/recurrence
[5]. This level should only be checked in the setting of a
decompressed biliary system, as hyperbilirubinemia increases
CA 19-9 levels [6].

Management

When deciding the management strategy for a patient, a mul-
tidisciplinary collaboration by oncologists, radiation oncolo-
gists, and pancreatic surgeons is imperative [7]. Despite the
growing range of treatment modalities, surgical excision
remains the definitive treatment and is the only cure [8].
Therefore, the goal for patients with borderline resectable
cancer is to increase their odds of an RO (pathologic negative
margin) surgical resection. This may be difficult up front in
patients with BRPC due to the potential vascular involve-
ment and the high likelihood of leaving microscopic disease
along the vascular margins.

Neoadjuvant therapy (either chemotherapy only or
chemoradiation) continues to be controversial in the treat-
ment of borderline resectable cancers. The role of neoadju-
vant therapy in this group is to assist in achieving an RO
resection. It has been shown to slightly increase postoperative
leak and fistula rates [9] and anecdotally make the resection
itself more difficult secondary to scaring, making it therefore
unfavorable to some centers [10]. In addition the effect that
neoadjuvant therapy has on local and distant recurrence
remains mixed [11-13]. Neoadjuvant therapy, however, does
treat microscopic and micro-metastatic disease therefore
increasing the rate of negative margins during resection. In
addition, it can also help gauge how aggressive the patients’



Chapter 15. Neoadjuvant Multimodality Therapy 163

tumor is. If a patient progresses on neoadjuvant therapy, they
are not likely to have a favorable outcome. This could save
them the morbidity of undergoing a pancreatic resection. It is
for these reasons that most large cancer centers have contin-
ued with this treatment strategy [14].

Currently the NCCN recommends FOLFIRINOX as a
primary neoadjuvant chemotherapeutic agent; however,
there are few prospective trials looking at the effect of
FOLFIRINOX in the treatment of BRPC. There is strong
prospective data that shows improved survival in the set-
ting of metastatic pancreatic cancer and retrospective data
for locally advanced cancer [15]. The Alliance trial
(A021101) is currently enrolling to evaluate the effect of
FOLFIRINOX followed by capecitabine-based chemora-
diation for patients with BRPC. Other treatment strategies
in the neoadjuvant setting include gemcitabine- or pacli-
taxel-based therapies. Gemcitabine is typically used in
addition to radiotherapy, and secondary to improved
median survival, gemcitabine-based radiotherapy is becom-
ing widely accepted [3].

The use of radiation in addition to chemotherapy in neo-
adjuvant therapy is also controversial. There is currently no
standard radiotherapy treatment regimen for borderline
resectable pancreatic cancer; however, treatment strategies
are usually similar to those given for locally advanced disease,
which is gemcitabine-based chemoradiation. All decisions on
modality and dosing should be made in conjunction with
radiation and clinical oncologists.

When (if) the patient has completed neoadjuvant therapy,
a restaging CT scan is performed prior to definitive surgery.
A post-treatment CA 19-9 level should also be checked. If
there is evidence of stability or response in their tumor, with
no other signs or symptoms of systemic disease, and they
continue to be medically fit, they can proceed to surgical
resection. The goal is to perform an RO resection, and if nec-
essary, vascular reconstruction may need to be performed in
addition to the standard pancreaticoduodenectomy or distal
pancreatectomy.
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Outcome

Eight weeks after completion of neoadjuvant therapy, the
patient underwent a successful pancreaticoduodenectomy
without the need for vascular reconstruction. Pathology
revealed a 2.2 cm tumor, RO resection, negative lymph nodes
(0/6),and a moderate pathologic treatment response (pT3NO).

Clinical Pearls/Pitfalls

e The definition of borderline pancreatic cancer is
CT findings of venous distortion of the SMV/portal
venous axis even including short-segment venous
occlusion with proximal and distal sufficient vessel
length allowing safe reconstruction; encasement of
the gastroduodenal artery up to the hepatic artery,
with either short-segment encasement or direct abut-
ment of the hepatic artery without extension to the
celiac axis; and tumor abutment of the SMA but with
no greater than 180° of the vessel wall circumference.

¢ A multidisciplinary team approach is key in treating
these patients.

e Most centers recommend neoadjuvant chemother-
apy for treatment of these tumors; however, the role
of neoadjuvant radiotherapy remains controversial.

¢ Despite the growing evidence and continued debate
of the role of chemo- and radiotherapy in the treat-
ment of pancreatic cancer, surgery remains the only
definitive treatment.
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Case Study

A 70-year-old man with a 6-month history of progressive alco-
holic chronic pancreatitis and exocrine insufficiency presents
to the office for surgical evaluation. Five months ago he initi-
ated pancreatic enzyme replacement therapy (PERT) and has
since seen a dramatic reduction in postprandial abdominal
pain; he seldom requires narcotic analgesia. His primary con-
cern is that he continues to experience loose greasy stools up
to four times daily and has lost 50 pounds in the past year.

His past medical history is otherwise unremarkable and he is
nondiabetic. Current medications include a pancreatic enzyme
preparation and oxycodone as needed for abdominal pain.
Exam in clinic demonstrates a thin, non-icteric man in no acute

Figure 16.1 Computed Tomography scan demonstrating chronic
pancreatitis with diffuse parenchymal calcifications. A large stone
within the pancreatic head is seen occluding the duct of Wirsung
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distress and vital signs within the normal range. His abdomen is
non-tender with no palpable masses, hernias, or organomegaly.

A recent abdominal CT scan (Fig. 16.1) confirmed the
diagnoses of diffuse calcific pancreatitis and also revealed
significant pancreatic duct dilation to 10 mm and multiple
intraductal stones. Additionally, CT revealed variant hepatic
arterial anatomy, with a complete replaced right hepatic
artery from the superior mesenteric artery, which passes
through the head of the pancreas.

My Management

1. Proceed to pancreatic drainage surgery.

Diagnosis and Assessment

Surgical intervention for chronic pancreatitis is indicated in
patients with persistent symptoms despite medical therapy,
those with severe calcific disease, or those with distal
obstructions not amenable to endoscopic drainage. Given that
this patient has evidence of multiple intraductal obstructions
and is having significant weight loss and steatorrhea while on
PERT, he may benefit from drainage or resection surgery.

The following list summarizes commonly used surgical
approaches to pancreatitis.

The Puestow Procedure

The Puestow procedure, also known as a longitudinal pancre-
aticojejunostomy, is a drainage operation in which a side-to-
side anastomosis is made between a longitudinal pancreatic
ductotomy and a Roux-en-Y limb of the jejunum [1]. The
Puestow procedure is used in patients with diffuse ductal
dilation (>7 mm) and confers little benefit to patients with
nondilated ducts [2, 3]. With regard to endocrine function,
27-29% of patients will develop new-onset diabetes mellitus
postoperatively [4, 5]. One common criticism of the Puestow
procedure is that pain relief is suboptimal, with 15-20% of
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patients having no immediate pain relief and an additional
20% develop recurrence of pain years after the procedure [6].
Small cohort studies have suggested that 7-21% [4, 7] of
patients will eventually require a salvage excisional proce-
dure due to progressive parenchymal disease and pain.

The Beger Procedure

The Beger procedure is commonly referred to as duodenum-
preserving pancreatic head resection. In this operation, the
pancreas is transected at the level of the portal vein, and the
head is removed while preserving the bile duct. The distal pan-
creatic remnant is then drained into a Roux limb of the jeju-
num. The Beger operation is indicated in head-predominant
pancreatic disease, such as pancreatitis secondary to inflamma-
tory masses or obstructive ductal neoplasia [8]. The primary
advantage over a classic Whipple pancreaticoduodenectomy is
that both the endocrine and mechanical properties of the duo-
denum implicated in gastric emptying are preserved. In a long-
term follow-up study of 388 patients by Beger et al., greater
than 90% had pain relief, and about 11% were found to have
improvement in their endocrine function; 21% developed dia-
betes following the procedure [9].

The Frey Procedure

The Frey procedure combines localized pancreatic head
resection with a longitudinal pancreaticojejunostomy; it is
essentially a hybrid operation that incorporates aspects of
both the Puestow and Beger procedures. It is therefore ideal
in patients with significant disease of the pancreatic head that
also extends into the ductal system. A major advantage of the
Frey procedure is that it enables surgeons to perform a com-
plete decompression of the ductal system with particular
attention to the duct of Santorini and the duct to the unci-
nate; these may otherwise be incompletely decompressed
during a traditional Puestow procedure. In addition, the Frey
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procedure incurs lower operative risk compared to the Beger
head resection, because the pancreas is not transected above
the portal vein, but instead the posterior capsule of the pan-
creas is left intact [10]. Numerous studies have concluded that
the degree of pain relief is comparable to that seen with the
Beger procedure, with some degree of relief in >90% of
patients [11-13].

Distal Pancreatectomy

Distal pancreatectomy is less commonly employed for the
treatment of chronic pancreatitis, but may be indicated in
cases of body- or tail-predominant disease. The border of
resection is patient specific, but typically about 50% of the
total pancreatic volume is removed. Due to the shared
splenic vasculature, the pancreatic tail is removed with the
spleen en bloc. Pain relief is less robust compared with alter-
nate surgical methods, with only 60-88% of patients having
improvement in their pain [14, 15]. Additionally, given the
relatively large parenchymal resection associated with distal
pancreatectomy and the increased islet cell density in the tail
relative to the head [16], development of diabetes is of par-
ticular concern in distal pancreatectomy patients; Hutchins
et al. found that 46% of their cohort developed diabetes mel-
litus postoperatively [15].

Total Pancreatectomy

Though drastic, total pancreatectomy is indicated for the
treatment of chronic pancreatitis in patients with diffuse,
non-focal disease that would not be responsive to a partial
resection procedure. This is often a last resort operation
reserved for the most severe cases of pancreatitis, given that
in excising the entire pancreas, both endocrine and exocrine
function are permanently compromised. A “completion”
total pancreatectomy may also be performed as a salvage
operation in patients who continue to have pain following
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partial resections. Recently, there has been considerable
interest in the application of autologous islet cell transplanta-
tion following total pancreatectomy to reduce the burden of
surgical diabetes. With islet autotransplant, approximately
one-third of total pancreatectomy patients are insulin-free
following the procedure. For more information on islet cell
transplantation, see Chap. 17.

Pertinent factors in selecting the optimal drainage or
resection procedure for this patient include his:

e Degree of ductal dilation and obstruction
e Intact endocrine function

e Minimal baseline pain

e Abnormal arterial anatomy

With these considerations, the Puestow procedure is a rea-
sonable intervention. First, it will effectively relieve his ductal
obstruction by allowing the removal and passage of stones.
Second, it incurs a relatively low risk of compromising his endo-
crine function given the minimal parenchymal resection. Third,
because he has minimal pain at baseline, the durability of pain
relief associated with the Puestow is of less concern. Lastly, the
Puestow procedure will reduce the risk of injury to the replaced
hepatic artery present in the head of his pancreas.

Management

Operative Procedure

Upon establishing exposure to the pancreas, the pancreatic duct
can be identified from the inferior border by inserting a needle
and aspirating pancreatic fluid. Once localized, the duct can be
fileted open with electrocautery extending first toward the tail
and then rightward toward the neck of the pancreas (Fig. 16.2).
Intraductal stones can then be manually disimpacted and
removed. The jejunum is divided 10-30 cm distal to the liga-
ment of Treitz, and a Roux limb of about 50 cm can be brought
up to comprise the pancreaticojejunostomy. About 5 cm of the


http://dx.doi.org/10.1007/978-3-319-53091-8_17

Chapter 16. Drainage and Resection Surgery 173

FiGURE 16.2 Intraoperative photo of the dilated main pancreatic duct

jejunum on the Roux limb should be opened opposite the mes-
entery. The side-to-side anastomosis is then made with full
thickness duct-to-mucosa interrupted stiches from left to right.
The anastomosis can be tested for leaks with saline submersion.
The jejuno-jejunal anastomosis can then be created with the
surgeon’s preferred method approximately 50 cm distal to the
pancreaticojejunostomy. Before closing, a drain can be placed
in Morrison’s pouch to monitor output during recovery.

Postoperative Considerations

¢ Blood glucose —In anticipation of altered pancreatic func-
tion, we recommend once daily blood glucose checks prior
to breakfast and use of an insulin sliding scale.

e Nutrition— An oral diet can typically be initiated within
the first few postoperative days as bowel function returns.
Werecommend alow-fatdiet with vitaminsupplementation.
Patients should expect to remain on PERT.
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e Drain output—To monitor for anastomotic leak, we rec-
ommend daily drain and serum amylase measurement. A
drain/serum amylase ratio greater than 3 and/or fluid out-
put >50 ml per day may raise clinical suspicion of anasto-
motic leak [17].

Outcome

At his routine 1-month follow-up visit, the patient is no lon-
ger having loose, greasy stools, and denies any symptoms of
nausea, vomiting, bloating, or diarrhea. He is averaging one
bowel movement per day. He continues to take PERT three
times daily with meals. Blood glucose values range from 100
to 140 s on 10 units of insulin twice daily, and he requires
minimal narcotics as needed for postsurgical pain.

Clinical Pearls/Pitfalls

e Drainage and resection surgery is indicated in pan-
creatitis that fails medical and endoscopic therapy.

e The Puestow procedure is useful in patients with
symptomatic intraductal obstruction.

e The Beger and Frey procedures offer excellent pain
reduction for patients with head-predominant
pancreatitis.

e Postoperative diabetes mellitus is a risk in all drain-
age and resection surgery, but the risk is highest with
distal or total pancreatectomy.
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SPINK1 Serine protease inhibitor Kazal-type 1
TP-IAT Total pancreatectomy with islet autotransplant
TPN Total parenteral nutrition

Case Study

A 16-year-old male presents to the office for follow-up of
CFTR-induced pancreatitis. His past medical history is nota-
ble for multiple hospital admissions for bouts of pancreatitis
characterized by severe abdominal pain, nausea, vomiting,
and diarrhea. Review of his medical record demonstrates he
recently underwent MRCP that revealed pancreatic divisum
and diffuse pancreatic atrophy. He has no history of alcohol
or tobacco use, hypertriglyceridemia, or gallstones. A genetic
panel was positive for the delta F508 CFTR mutation, but
negative for PRSS1 or SPINK1 mutations. Currently, pancre-
atitis is the only manifestation of his cystic fibrosis; workup
for pulmonary disease, liver disease, and infertility were
unremarkable.

Following his last admission 2 months ago, he was started on
pancreatic enzyme replacement therapy, but today reports it
has not alleviated his symptoms of nausea, vomiting, and epi-
gastric pain. While he previously had intermittent pain, for the
past month it has been constant. The pain radiates to his back
and is exacerbated by eating or drinking. His current daily
medications include ondansetron 4 mg, diphenoxylate-atropine
2.5-0.025 mg, and oxycodone 10 mg, all of which are transiently
helpful in symptom management. As a result of his debilitating
symptoms, he is more than 1 year behind in high school.

Physical exam reveals an overweight boy in no acute
distress, with blood pressure 156/94 mmHg, pulse 80 bpm,
and BMI 34. His abdomen is slightly distended and is
moderately tender to deep palpation diffusely. No guard-
ing or peritoneal signs are present. No hepatospleno-
megaly or palpable masses are appreciated. The remainder
of the exam is unremarkable. Labs are notable for a
lipase of 120 w/L. A CBC, CMP, and LFTs are within
normal limits.
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My Management

1. Hydration and narcotic analgesia as needed to manage
current flare

2. Multidisciplinary evaluation for total pancreatectomy with
islet autotransplant

3. Abdominal CT for surgical planning

Diagnosis and Assessment

This patient demonstrates progressive, diffuse chronic pan-
creatitis secondary to CFTR mutation and pancreatic divi-
sum. Given that there are no reversible causes to his
pancreatitis and that he is not responding to medical therapy,
he may benefit from surgical intervention. While several sur-
gical options exist, only a total pancreatectomy with islet
autotransplant (TP-IAT) can fully eliminate the source of his
pain without compromising pancreatic endocrine function.

TP-IAT is a novel procedure that involves digestion of the
explanted pancreas and isolation of the patient’s islet cells,
which can be reimplanted into the liver, peritoneum, or other
heterotopic sites. Upon implantation, a fraction of the islet
cells remain viable and responsive to patients’ natural glu-
cose excursions. Based on the largest series of TP-IAT
patients to date, pain improvement is seen in 85% of patients,
and about one-third of patients achieve complete insulin
independence following the procedure [1]. Interestingly, stud-
ies have reported superior outcomes in pediatric populations,
and a younger age is associated with a higher likelihood of
achieving postoperative insulin independence [2].

Management

To qualify the patient for TP-IAT, several criteria should be
met to ensure an optimal outcome. We evaluate the patient
with a multidisciplinary team that includes a pancreatologist,
pancreatic surgeon, transplant surgeon, endocrinologist, and
social worker. Five criteria must be met for approval:
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Patient selection criteria for TP-IAT.

Criterion Examples

Poor response to Pancreatic enzyme replacement

maximal medical therapy  therapy, opiate analgesics, endoscopic
decompression

Preserved islet cell function =~ Nondiabetic, C-peptide positive diabetes

Debilitating pain Severe and intermittent vs. moderate
and chronic

Diminished quality of life ~ Unable to attend work or school,
difficulty with activities of daily living

No contraindications Active drug or alcohol abuse, known
malignancy, severe psychiatric issues

Preoperative Preparation

In preparation for the procedure, patients should meet with the
endocrinology team to establish baseline endocrine function
and to receive diabetes education, as they will require an insulin
taper following the surgery as the islet cells recover. A referral
with the transplant surgery team should also be made to review
the procedure risks as well as receive prophylactic vaccination in
anticipation of the splenectomy that will occur with removal of
the pancreas; these include the pneumococcal, H. Influenza type
b, meningococcal, and annual influenza immunizations [3].

Operative Procedure

Technical aspects of the procedure will vary depending on the
patient’s prior surgical history as well as the performing surgeon.
In general, pancreatectomy for TP-IAT is unique in that blood
flow to the organ must be preserved throughout the dissection
to minimize warm ischemia time [4]. The spleen is removed with
the distal pancreas, while the head and uncinate can be removed
en bloc with duodenum, antrum, and distal portions of bile duct.
Following explant, the organ is placed in static preservation solu-
tion to be prepped for islet isolation (Fig. 17.1). While some
centers are equipped to perform the isolation intraoperatively,
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others may need to ship the preserved organ to a remote facility.
The isolated islet suspension is then infused directly into the
portal vein with heparin. Portal pressures should be measured
throughout the infusion to minimize the risk of thrombosis,
which becomes significantly elevated if pressures exceed 25 mm
H,O [5]. If maximal pressures prevent completion of portal vein
infusion, excess islets can be injected into the omentum or peri-
toneum; these sites also enable engraftment, but to date, the
portal vein remains the gold standard for islet infusion [6].
Lastly, we prefer to place a jejunostomy tube for enteral feeding
as this can reduce rates of readmission, vomiting, and use of
TPN, though comes with the risk of increased morbidity related
to site infection and other complications [7, 8].

Postoperative Management

Postoperatively, patients will require strict glucose monitor-
ing and control, as hyperglycemia has been shown to decrease
beta cell graft mass in islet cell transplanted animal models
[9]. Fingerstick blood glucose should be evaluated every
hour, with a target range of 80-130 mg/dL. Nearly all patients
will require an insulin drip during this phase, typically at rates
between 1.0 and 3.0 units/h. Additionally, sliding scale bolus
may be required with each tube feed to prevent hyperglyce-
mia. Once the patient’s sugars are well controlled, they can be
switched to a basal-bolus regimen with subcutaneous insulin,
and fingerstick frequency can be reduced to every 4 h.
Patients will require tube feeds until they are able to tolerate
an oral diet, and pancreatic enzyme supplementation will be
required with every feed. In our experience, patients can often
escalate to liquids within a few days and solids within weeks. It is
critical they work with a dietician throughout this phase to ensure
adequate nutrition and education is provided. Additionally, fat-
soluble vitamin supplementation should also be considered,
particularly vitamin D, as many patients are deficient prior to
TP-IAT. For more detailed information on nutrition manage-
ment with pancreaticoduodenectomy-induced exocrine insuffi-
ciency, see Chap. 12 — “Optimizing Nutrition for the Patient after
Pancreaticoduodenectomy: Pancreatic Insufficiency.”
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Regarding pain management, patients should be weaned
from narcotics as soon as possible. In the immediate postop-
erative period, it is appropriate to use a patient-controlled
analgesia system, which can be dose adjusted as needed as the
patient switches over to oral medications. Pediatric patients
and those with lower preoperative morphine requirements
will be easier to de-escalate [10, 11] and may be completely
narcotic independent within a few weeks of the operation.

Outcome

Upon hospital discharge, the patient required 60 units insulin
glargine nightly with 1-15 units of lispro every four hours. In
addition, his narcotic dose was temporarily increased for
post-surgical pain, and his pancreatic enzyme dose was esca-
lated to accomodate his tube feeding regimen. At one month
post-TP-IAT, he is eating 3 meals per day with excellent
appetite, and his jejunal feeding tube is removed.

Three months following his operation, the patient is com-
pletely pain-free and requires no narcotics. His only residual
symptom is occasional steatorrhea that is manageable with
an additional increase in pancreatic enzyme replacement
therapy. He has de-escalated his diabetes regimen to 20 units
of insulin detemir each night, sliding scale insulin aspart and
metformin. He has returned to school and feels a dramatic
improvement in his quality of life. He will follow up with his
gastroenterology and endocrinology teams at 6, 12, and
24 months post TP-IAT for continued monitoring.

Clinical Pearls/Pitfalls

e TP-IAT can provide excellent pain relief in patients
with refractory pancreatitis

e About one-third of patients will become insulin indepen-
dent following TP-IAT; an additional fraction will have
partial islet function that reduces insulin requirements

e An extensive preoperative evaluation is required to
qualify patients for TP-IAT
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e Jslet cell isolation can be completed intraoperatively in
equipped facilities, or can be conducted at a remote site

e Postoperative management is complex and necessi-
tates attentive glucose monitoring, pain control, and
dietary adjustments
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