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Acute pancreatitis is a relatively common and a potentially life threatening disease. It is dsfinedi a n
inflammatory process of pancreas with possible peripancreatic tissue involvement and multi organ dysfunction
syndrome with increasing mortality rabe

Estimates of incidence are often inaccurate, because mild cases are often unreported, ancdyleathsg im

severe forms even before a diagnosis is made.

Severe acute pancreatitis accounts for about 20 % of the cases, and it is associated with one or more of the
following:

Pancreatic necrosis, distant organ failure, and development of local complications like haemorrhage, pancreatic
necrosis, pseudocyst etc.

Mortality in severe acute pancreatitis is3®% % and is only €L % in case of mild acute pancreafitis

The exactmechanism of pathophysiology of acute pancreatitis is not clearly known, but has been attributed to
abnormal activation of pancreatic enzymes within the acinar celldodadization of zymogen granules and
lysosomes occur resulting in activation of theyemes, which results in autodigestion of pancreas. In response

to initial insult, acinar cells release proinflammatory cytokines, such as TNF-a4, A and 6, and
antiinflammatory mediators such as10 and Il-1 receptor antagonist

[.  Introduction

Thesemediators then propagate the response systemically as well as locally. The local response
increases the permeability and alters the microcirculation and worsens the disease process. However the
inflammatory response is selflimited in most of the patidmt$,a vicious cycle of pancreatic injury and local
and systemic inflammation persists in severe forms.

Acute pancreatitis can be classified as mild and severe form. Mild acutepancreatitis is characterised by
interstitial edema of the gland and is uspall selflimiting disease. Whereas in the severe form, there is
pancreatic necrosis, sever systemic inflammatory response and roufan failure which can lead to death.

Hence it is prudent to identify risk stratification tools for the disease, whighiméhe management.

Various criterial of severity stratification have been developed to define the severity of the disease in
the past. The earliest of which was developed by Ranson and colleagues fritj@@dicts the severity of the
disease, whichs based on l1lparameters that are obtained at the time of admission and after 48 hours.
Ransonsdés score has a | ow positive predictive value
its main use is to rule out acute pancreatitis and alstigisea severe attatk The maj or di sadvant a
and as well as older Glasgow criteria being, many of the parameters which are components of this scoring, are
not collected at admission, on a routine basis. Also, it does not predict the severaydafease at admission,
as six of the parameters are assessed only after 48 hours. Hence an early therapeutic window is missed.

The APACHE II, which is the most common scoring used worldwide, was originally developed as a
risk stratification tool in itensive care setting. But it takes into account a huge list of parameters, some of
which may not be related to the severity.

Hence, an accurate, and relatively simple bedside scoring system BISAP was developed. This scoring
system identifies patients wwithigh morbidity as well as risk of mortality, before organ failure sets in. Data for
this scoring system is collected within 24 hours of hospitalization, which helps in identifying patients who are
risk of developing a severe disease very early, and helpgnaging the same effectively, thus decreasing the
mortality and morbidity.

AIMS AND OBJECT IVES
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U To evaluate the ability of BISAP score to predict mortality in acute pancreatitis patients from our
institution

U To assess the ability of the BISAP sedo predict which patients are at risk for intermediate markers
of severity including the development of organ failure, persistent organ failure and pancreatic necrosis.

u To correlate the outcome of the study with the scores observed, in terms of diseast and
mortality.

Il. Review Of Literature
HISTORY
The pancreas was generally ignored in antiquity, both as an organ and as a seat of disease.
The pancreas wafirst discovered by Herophilysa Greek anatomist cum surgeon, born in 336 BC on the
Asiatic side of the Bosporus in Chalceflon
The word pancreas first mentioned in the writings of Eristratos-(330B.C.). The Four hundred years later,
Rufus, (1st or 2nd Century AD), an anatomist cum surgeon of Ephgsasy e t he na m@rittdhpnancr e a s ¢
Greek language, the word med@np a n : al |, kreas: fleshbo
Galen (Claudius Galenus 1:280 1 AD) , APhysician to the Gladiatorso c
that the pancreas serves as a cushion to protect the large blood vessels lying’behind it
In March 2, 1642, a German émigré, Johann Georg Wirsung, discovered the pancreatic duct at San Francisco
Monastery in Padua, Italy.
But it was named by his c®lleague as AThe Duct of Wir
Whereas papilla, the enlargement of that duct at its jumetith the common bile duct (CBD) which projects
into the second part of duodenum, were first described by Vater in 1720.
Santorini, in 1734, described the accessory duct t ha
student of the famouseBlin

Institute of Pathology, headed by the eminent Professor Rudolph Virchow, described the islets of the pancreas

that was subsequently known as the

i slets of Langerhanso, an endocrine system which 1ie
This was the first goodistologic description of the pancreas.

In 1893, Laguesse suggested that the islet cells produce a hormone. In 1909 Jean de Meyer suggested the name
'insulin’ for this hormone.

Eugene Lindsay Opie (1871®71) was able to show the association betwedpetia and failure of the islet

cells and in 1901, propos&d his ficommon channel o hypo
GROSS ANATOMY
The term APancreaso i s derived from % fhe fa@nairgk wor d

embryological development of the Pancreas ihaggued the biologists. It is an endodermally derived organ,

consisting of two morphologically different parts, the exocrine and the endocrine’tidsuas also been
described as fitwo organs in oneo, in view of the dist
It is a posteriorly situated retroperitoneal organ, lying posterior to the stomach, sloping upward fretodpe C

of the duodenum to the splenic hilum at the level of L1.The fact that the pancreas is situated so deeply in the
abdomen, and is sealed in tteroperitoneum explains the poorly localized and sometimekefihed nature

with which pancreatic pathology presents.

It consists of head, neck, body and tail, wi-20h one ac¢
cm in length, witha mean weight of 91.8 g (range, 40.9 to 182 g).

The head of the pancreas lies to the right of midline, within the C loop of the duodenum, posterior to transverse
mesocolon, and immediately anterior to the inferior vena cava at the confluence of tveirenal

The uncinate process extends from the head of the pancreas, behind the superior mesenteric vein and terminates
near the superior mesenteric artery.

The neck lies directly over the portal vein and vertebral bodies L1 and L2, where the splerigandr

mesenteric veins unite to form the portal vein. The inferior mesenteric vein may join the superior mesenteric

vein or merge with the superior mesentgriotal venous junction to form a trifurcation. The superior
mesenteric artery lies parallel, tand just to the left of superior mesenteric vein.

The body and tail of the pancreas then extend across the midline, anterior to splenic artery and vein, and
anterior to Gerotabdbs fascia and slightly cephalad, te
The capsule of the pancreas is loosely attached to its surface and is contiguous with the anterior layer of
mesocolon, and it can be dissected in continuity.

BLOOD SUPPLY
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ARTERIAL SUPPLY

The major blood supply of the pancreas comes from, multiplecbesnof the celiac trunk and superior
mesenteric arteries, which form arterial arcades within the body and tail of the pancreas. The splenic and
common hepatic arteries arise from the celiac trunk. The dorsal and greater pancreatic arteries branch from the
splenic artery, whereas the gastroduodenal artery branches from the common hepatic artery, then dividing
around the head of the pancreas into anterior and posterior superior pancreaticoduodenalbranches that
anastomose with the anterior and posterior drascof the inferior pancreaticoduodenal artery, which are
branches of the superior mesenteric artery.

ARTERIAL SUPPLY
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The head of the pancreas and its uncinate process are supplied by the parduedgoal arteries. The neck,

body, and tail recei& blood supply from the splenic artery. Many small branches arise from the length of the
splenic artery, supplying arterial blood flow to the superior part of the organ. The splenic artery, branches to
give the dorsal pancreatic artery, which courses post® the body of the pancreas, to become the inferior
pancreatic artery. The inferior pancreatic artery then runs along the lower border of the pancreas, terminating at
the tail.

VENOUS DRAINAGE
Venous drainage of the pancreas is mainly into théapsystem, with the head and neck draining primarily
through the superior and inferior pancreaticoduodenal veins, and the body and tail drain into the splenic vein.
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Venous drainage of the pancreas mimics its arterial supply. Head of the pancreas drains into the anterior and
posterior pancreatieduodenal veins. The posterisuperior pancreatieduodenal vein enters the superior
mesenteric vein, laterally at the super border of neck of the pancreas. The anterior and
posteroinferiorpancreatieduodenal veins enter the superior mesenteric vein, along the inferior border of the
uncinate process.

Body and tail of pancreas are drained via the splenic venous system.

LYMPHATIC DRAINAGE

Lymphatic Drainage

The lymphatic drainage from the pancreas is diffuse and widespread. The lymphatics of pancreas, in general,
drain the surface network of lymph toward regional lymph nodes and are formed near the larger blood
vessel$'. The superior lymphatics, run along the superior border of the pancreas closely with the splenic blood
vessels. Those on the left side of the body and tail of pancreas, empty into lymph nodes in the hilum of spleen.
Those on the right side of the bodydaihe neck of pancreas, empty into lymph nodes near the superior border

of the head.

They also receive tributaries from the anterior and posterior surfaces of the pancreas. The inferior lymphatics
along inferior pancreatic artery. Those that drain tficldever side of the body and tail of the pancreas, drain
towards the lymph nodes in the splenic hilum. The remaining areas of the neck and body of the pancreas drain
towards the right. The profuse network of lymphatic vessels and lymph nodes drainpentineas provide

egress to tumour cells arising from the pancreas. This diffuse lymphatic drainage contributes to the fact that
pancreatic cancer often presents with positive lymph nodes and a high incidence of local recurrence after
resection.

Lymph noces can be palpated along the posterior aspect of the head of the pancreas in the pancreaticoduodenal
groove, where themesenteric vein passes below the neck of the pancreas, along the inferior border of the body,
along the hepatic artery ascending into ploetahepatis, and along the splenic artery and vein. The pancreatic
lymphatics also communicate with lymph nodes in the transverse mesocolon and mesentery of the proximal
jejunum.
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DUCTAL ANATOMY OF PANCREAS

The main pancreatic duct or the duct ofr8ding, beginning in the distal tail of pancreas as a confluence of
small anastomosing ductules draining the lobules of the gland. The duct runs through the body of pancreas to
the head, midway between the superior and inferior border of the gland anty glagterior, where it usually

passes downward and backward in close juxtaposition to the common bile duct.

Ductal Anatomy

Gallbladder
Right and left hepatic ducts of liver

Mucosa

with folds Common hepatic duct

Bile duct and sphincter
Cystic duct
Accessory pancreatic duct

Duodenum

Hepatopancreatic

ampulla and
sphincter Pancreas
Jejunum
Major duodenal Main pancreatic duct
papilla and sphincter

In the head of the pancreas, the pancreatic duct turns inferiorly at the genu of the pancreatic duct and joins the
common bié duct, draining into the duodenum at the ampulla of Vater, 7 to 10 cm distal to the pylorus. The
main pancreatic duct is widest at the head of the pancreas (5mm), and the duct gradually tapers as it progresses
to the body (4mm) and tail (3mm).

At the levé of the ampulla of Vater, the pancreatic duct is anterior and inferior to the common bile duct. There
are over 20 secondary branches of the duct of Wirsung throughout the pancreas, which drain the acinar units.
The main pancreatic duct is 2 to 4 mm inndéger and has a ductal pressure of approximately 15 to 30 mm Hg.
This is higher than the pressure in the common bile duct, 7 to 17 mm Hg, thereby preventing reflux of bile into
the pancreatic ductal system.

At the level of the major papilla, the ductnsrhorizontally to join, in most cases with the bile duct. This short
common segment is the ampulla of the bile duct, which terminates at the duodenal papilla.

The papilla of Vater at the termination of the common bile duct is a small, nipple likeustrtizht protrudes

into the duodenal lumen and is marked by a longitudinal fold of duodenal mucosa. Approximately 70% of the
general population have a patent accessory duct (of Santorini), which is also knowf asithe or duct 0.
The accessory pancreatloct, or duct of Santorini, is more variable than the main pancreatic duct. It typically
drains the uncinate process and inferior portion of the pancreatic head into the duodenum at the minor papilla,
proximal to the ampulla of Vater fold of duodenal ms@oThe accessory pancreatic duct lies anterior to the

bile duct, and drains into the minor papilla, which lies proximal to the ampulla of Vater, but is also located in
the second part of the duodenum.
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NERVE SUPPLY
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The visceral efferent innervation of the pancreas is through the vagi and the splanchnic nerves by way of the
hepatic and celiac plexuses. The efferent fibers of the vagi, pass through these plexuses without synapsing, and
they terminate in parasympathegianglia in the interlobular septa of the pancreas.

The postganglionic fibers innervate acini, islets, and the ducts. The acinar cells which are responsible for
exocrine secretion, the islet cells which are responsible for endocrine secretion, aret trescsilature, are
innervated by both the systems.

The bodies of the preganglionic neurons of these sympathetic efferent neurons, originate in the lateral gray
matter of the thoracic and the lumbar spinal cord. The bodies of the postganglionic syimpetine®ns are

located in the great plexuses of the abdomen. Their postganglionic fibers innervate only the blood vessels. The
autonomic fibers, are located near the blood vessels of the pancreas.

The parasympathetic system stimulates endocrine andiesa@@cretion, and the sympathetic system inhibits
secretions. The pancreas is also innervated by neurons which secrete amines and peptides, such as somatostatin,
vasoactive intestinal peptide, calcitonin geakated peptide and galanin. The exact rolehekse neurons in
pancreatic physiology is not clear.

The pancreas also has a rich supply of afferent sensory fibers, which are responsible for the intense pain

associated with advanced pancreatic cancer, as well as acute and chronic paricFhattsomatic fibers
travel to the celiac ganglion.

parasympathetic afferents
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EMBRYOLOGY

Embryology
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The embryonic pancreas is known to pass through three stages of develdpriket first is the
undifferentiated stage, in which the endoderm evaginates to initiate pancreatic morphogenesis, with only insulin
and glucagon genes being expressed. The second stage, involves epithelial branching with formation of
primitive ducts. Theihal stage begins with formation of acinar cells at the apex of the ductal structures, with
development of zymogen granules which contain enzymes.

Acinar cells usually begin enzyme secretion only shortly after birth. The pancreas arises from the posterior
foregut endoderm. Initially two dorsal and one ventral, and then migrate towards one another, and fuse to form
a single unit. After about one month of gestation, the foregut evaginates into a condensation of the overlying
mesenchyme to form the first méwgogic dorsal bud.

About one week later, one ventral bud forms. Both buds undergo elongation of a stalk and branching. At 37 to
42 days of gestation, ventral pancreas rotates around the duodenum, and fuses with dorsal pancreas.

The dorsal pancreas fosnthe body, tail, and the superior part of the pancreatic head, along with the distal part
of the main pancreatic duct (of Wirsung),and the entire minor accessory pancreatic duct (of Santorini). The
ventral pancreas forms the uncinate process, and thiomfart of the head of the pancreas. It also forms the
proximal part of the main pancreatic duct. The two duct systems corresponding to the ventral and dorsal buds,
fail to fuse in to 10% of the general population. This leads to a condition galfexteas divisumin which the
accessory pancreatic duct, functions as the main route for drainage and enters the duodenum via major papilla,
whereas a dorsal pancreatic duct enters through a minor papilla, which is slightly proximal.

As most of the pancreatiexocrine secretions exit via the dorsal duct, pancreas divisum can lead to partial
obstruction caused by a small minor papilla, resulting in chronic backpressure within the duct.

This can leadto acuteon chronic pancreatitis.
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Failure of the ventral gncreas to fully rotate around the duodenum leads to a condition ealtedar
pancreas which leads to circumferential or nearcircumferential pancreatic tissue surrounding the second part of
the duodenum.
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HISTOLOGY

The pancreas is a compound, finely nodular gland. The lobules are visible on gross examination, and are
connected by connective tissue septa which contain the ducts, blood vessels, lymphatics, and the nerves. The
basic subunit of the exocrine part is trenas, which is at its base a spherical mass of secretory cells called
acinar cells.The spherical acinusconnects to a gebleped neck that consists of tubular cells callect cells

The inner lumen of the acinus forms the terminal portion of thetegrduct.

The pancreatic ductal system is lined by columnar epithelium. Goblet cells and occasional argentaffin cells are
also present. The larger ducts are thick walled, consisting of connective tissue and elastic fibers. The endocrine
part consists fothe islets of Langerhans cell. In the resting state, numerous eosinophilic zymogen granules fill
the apical part of the cell. The basal part of the cells contain 1 or 2 centrally located, spherical nuclei and
basophilic.
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Histology

EXOCRINE

The functional unit of the exocrine pancreas is composed of an acinus and its draining ductile. The acini are
designed to produce, store, and secrete digestive enzymes. There are receptors for hormones and
neurotrasmitters which stimulatelease of enzymes, located at the basolateral aspect of acinar cell membrane.

COMPOSITION OF EXOCRINE SECRETIONS

The pancreas secretes approximately 500 to 800 mL per day of colorless, odorless, alkaline, isosmotic
pancreatic juice. Pancreatic juice a combination of acinar and ductal secretions. The acinar cells secrete
amylase, proteases, and lipases, which are responsible for digestion of carbohydrates, proteins, and fat.

The predominant inorganic components of pancreatic exocrine secretidnsneliide, water, sodium,

potassium, chloride, and bicarbonate. Water and ion secretions deliver digestive enzymes to the intestinal lumen

help to neutralize gastric acid which is emptied into the duodenum.

Pancreatic juice which is released on stimufatowi t h secretinis ficlear, colour|
plasmad. The flow rate increases from an average of C
post prandial stimulation. A volume of 2.5 L is secreted per day.
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Secretin 8mulates secretion by binding to its receptor on the basolateral membrane of the duct cell, thus
activating adenylatecyclase and increasing cyclic adenosine monophosphate (CAMP); acetylcholine does so by
binding to its receptor and raising intracellulatoctum concentrations.

ORGANIC CONSTITUENTS
The human pancreas has a large capacity for synthesizing protein (mostly digestive enzymes).

Enterokinase
Fast
Trypsinogen =————— Trypsin + TAP
Sl Fast
Chymotrypsinogen === Chymotrypsin
Elastase
Kalikrein
Procarboxypeptidase A ————— Carboxypeptidase A
Procarboxypeptidase B ———————»Carboxypeptidase B
Prophospholipase A2 === Phospholipase A2

Procolipase » Colipase

v

Proelastase

Kalikreinogen

v

Amylases digest the carbohydrates (starch and glycogen) by hydrolyzigigcbside linkages at every other
junction between carbon 1 and oxygen. The products
dextrins. The brush border enzymes oféhéerocyte complete hydrolysis of these to glucose.

The pancreas secretes three lipases:

1. Lipase (or TG lipase)
2. Phospholipase A2,
3. Carboxylesterase21

Pancreatic lipase hydrolyzes a TG molecule to 2 fatty acid molecules released from carbons dndral 3
monoglyceride with a fatty acid esterified to glycerol at carbon 2. Colipase is believed to form a complex with
lipase and bile salts.

Proteases:Trypsin converts the prenzymes secreted by the pancreas to an active form, in the duodenum.
Trypsinagen is converted to its active form, trypsin, by enterokinase, which is secreted by the duodenal mucosal
cells. Failure to express trypsinogen inhibitor, pancreatic secretory trypsin inhibitor (PSIBINKY, is a

cause offamilial pancreatitis Trypsinogen is expressed in several isoforms, and a missense mutation on the
cationic trypsinogen, oPRSS] results in premature and intrapancreatic activation of trypsinogen causing
hereditary pancreatitis. Trypsin, chymotrypsin, and elastase are egii@zes that cleave specific peptide
bonds adjacent to specific amino acids. The combined actions of gastric pepsin and the pancreatic proteases
result in the formation of oligopeptides and free amino acids. The oligopeptides can be further digested by
enterocyte brusiborder enzymes
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PHYSIOLOGY

Exocrine secretion of the pancreas occurs during the fasting state and after ingestion of a meal.-The inter
digestive pattern of secretion begins with the clearance of food from the upper gastrointestinal tract.

The interdigestive phase of pancreaticcegtion is in a cyclical fashion, and follows the pattern of the
Ami grating myoelectric complexo or

MMC.

The pattern repeats once ir21hours, with periods of increased secretion of enzymes, during periods of
increased motor activity in the stomach dinel duodenum.

Exocrine pancreatic secretion with ingestion of food is divided into 3 phases:

1. Cephalic
2. Gastric
3. Intestinal

CEPHALIC PHASE

Cephalic phase of pancreatic secretion is vagallymediaBaphalic stimulation increases acinar secretion

within the pancreas, and a decreased pH in the duodenum increases acinar secretion and bicarbonate production
by the duct.

GASTRIC PHASE

Thegastric phase is due toraeal in the stomach. Distension of stomach is an important stimulus, which results

in predominant enzyme secretion with minimal secretion of water and bicarbonates.

INTESTINAL PHASE

It is mediated by hormones and entpenmcreatic vagovagal reflexes. In contrast to the cephalic and gastric
phases, there is significant ductal secretionrduthe intestinal phase. Ductal secretion is initiated by hydrogen

ions in the intestinal lumen. Secretin is released from enteroendocrine S cells in the duodenal mucosa when the
pH of the lumen is less than 4!5The amount of secretin that is secretedmvall as the volume of pancreatic
secretion is based on the | oad of Aititratable acido
secretory response from intestinal stimuli are neural and humoral.

Cholecystokinin is the most important humanadiator of enzyme secretion during the intestinal phase. Level

of CCK usually increases following a meal. The amount of bicarbonate secreted varies with pancreatic secretory
rate, greater concentrations of bicarbonate being secreted in high pancreadtorgerates. Secretion of

chloride varies inversely with bicarbonate secretion, and the sum of these two remains constant. However,
sodium and potassium concentrations are constant in all secretory rates .
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ENDOCRINE SECRETIONS

There are over a million islets of Langerhans in the adult pancreas. They vary in size from 40 to 900 nm. Larger
ones are located near major arterioles, and smaller ones are embedded more deeply within the parenchyma of
the gland. Most islets contain, Sldgpes

Alpha Cells: Secrete glucagon, Opposite effects of insulin; increased hepatic glycogenolysis and
gluconeogenesis.

Beta Cells: Secrete insulin, Decreased gluconeogenesis, glycogenolysis, fatty acid breakdown, and ketogenesis,
Increased glycogenesis, protein synthesis.

Delta Cell: Secrete Somatostatin, Inhibits Gl secretion, secretion and action of all GI endocrine peptides,
Inhibits cell growth.

Epsilon Cells: Secrete ghrelin, Decreases insulin release and insulin action

PP Cells: Secrete Pancreatic Polypeptide, Inhibits pancreatic exocrine secretion and section of insulin,
facilitates hepatic effect of insulin .

ACUTE PANCREATITIS

DEFINITION
Pancreatitis is an dinflammation of glandul ar parenc
associated with |Iittle or no fibrosis of the pancrea

presenting \ith 2 of the 3 following criteri.
(1) Symptoms consistent with pancreatitis,
(2) Serum |ipase or amylase |evels more than 3 ti mes

(3) Radiologic features suggestive of pancreatitis, usually using CECT

Usually, the ifrst two criteria are present, and CECT is not required for diagnosis.

The most common cause of acute pancreatitis is gallstones, in approximately 50% of the patients, followed by
alcohol in 209%°. In a study done in New Delhi, India, gall stones andhaltism were found to be the cause in

49% and 23.6% cases, respectivély

The remaining 10% form a rather large group of other causes of acute pancreatitis. These include
hypercalcemia, hypertriglyceridemia, medications, hereditary causes, sphincteti afySfdinction, pancreatic
neoplasms, pancreas divisum and others.

ETIOLOGY
GALL STONES
Obstructive cause of acute pancreatitis is most frequently due to gallstones. However, only 3% to 7% of patients
who have gallstones, will develop an attaclaofite pancreatitis in their lifetime. Gallstone pancreatitis is more
common in women than men because gallstones are more frequent in‘vokoate pancreatitis occurs more
commonly when a patient harbours a smaller stone, less than a diameter of Sy, aae more likely large
stones to traverse down the cystic duct to go on to obstruct the ampulla. Intermittent and continuous obstruction
of the ampullary orifice due to a gallstone or edema induced by stone passage is the inciting factor in the
pathogaesis of gallstornduced pancreatitis.
Microlithiasisr ef er s t o MfAaggregates <5 mm in diameter, of C
bilirubinate granules detected as fAsludgeodo wilet hin t he
obtained during ERCP. An etiologic role for microlithiasis in acute pancreatitis remains unproved. However,
cholecystectomy or endoscopic sphincterotomy can reduce the risk of recurrent acute pancreatitis in patients
with microlithiasis.
ALCOHOL
Excessive ethanol consumption is the next commonest cause of acute pancreatitis worldwide. It is more is more
prevalent in young men (30 to 45 years of age) than in wtmdpbwever, only 5% to 10% of patients who
drink alcohol develop acute pancreatitis. Heathanol abuse (>100 g/day for at least 5 years), smoking, and
genetic predisposition, contribute to acute pancreatitis. As compared withnmakers, the relative risk of
alcohotinduced pancreatitis in smokers is 4.8he nature of alcohol consumediéss important than a daily
consumption of between 100 and 150 g of ethanol. In a patient with a history consumption on alcohol, with
absence of other causes of pancreatitis, the initial attack of acute pancreatitis is deemed to be due to alcohol.
Thefiscr et i on winmethanksh shows that etltanol consumption causes increased tone of sphincter
of Oddi, and, it is a metabolic toxin to pancreatic acinar cells, where it can disrupt enzyme synthesis and
secretion. Ethanol causes a brief secretaryeas®, followed by inhibition. This causes enzyme proteins to
precipitate within the duct. Calcium then precipitate within the protein matrix, resulting in multiple ductal
obstructions. Ethanol also increases ductal permeability.
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SLUDGE

Sludge within thegallbladder, is a suspension in the bile that may contain stones smaller than 3 mm diameter.
b y bilary sludged g e ,
mi c r .€dnipdnénts afsthissinclude of desterol monohydrate crystals or calcium bilirubinate

Because

and

smal |

stones

can

be

obscured

granules Patients who harbour these are usually not symptomatic. On USG, this sludge causes a

Aimobil e,

|l ow amplitude

echoo whi

It usually is visualised in the gendant part of the gallbladder.
TUMOURS
Tumours, by possibly causing obstruction of the pancreatic duct, can cause in repeated episodes of acute

pancreatitis, particularly in persons more than 40 years of age. The commonest neoplasm which prdsents in th
manner is intraductal papillary mucinous neoplasm (IPMRl) Acute pancreatitis may be the initial

presentation in patients with adenocarcinoma of the pancreas.

Metastases from other cancers (lung, breast) to the pancreas have also caused pancreatitis. Sometimes and

ch does

not

adenoma from the papilla can also cause obstruction and subsequent acute attack of pancreatitis.
MEDICATIONS
Drugs though not a very common cauf@m an important etiology of acute pancreatitis. Drugduced

pancreatitis probably account for <1 % of cases. Bndgced pancreatitis tends to occur within 4 to 8 weeks of
beginning a drug. It usually does not manifest as an adverse drug reactionopoieset of an attack of

pancreatitis.

The

Class | {Definite Association)
s-Aminosalicylic acid
Asparaginase

Azathioprine

Corticosteroids

Cytarabine

Didanosine

Enalapril

Estrogens

Furosemide

Mercaptopurine

Opiates

Pentamidine

Pentavalent antimonials
Sulfasalazine
Sulfamethoxazole and trimethoprim
Sulindac

Tamoxifen

Tetracycline

Valproic acid/salts

Class Il (Probable Association)

Acetaminophen
Carbamazepine
Cisplatin
Erythromycin

Hydrochlorothiazide

Ifosfamide
Interferon o,
Lamivudine
Octreotide
Sitagliptin

Aldesleukin
Amiodarone
Atorvastatin
Bortezomib
Asparaginase
Calcium
Capecitabine
Celecoxib
Clozapine

Cholestyramine

Cimetidine
Ciprofioxacin

Clarithromycin

Clonidine
Cyclosporine
Danazol
Diazoxide
Etanercept

Ethacrynic acid

Exenatide
Famciclovir
Glyburide
Gold therapy
Granisetron
Ibuprofen
Indinavir

Class 1l (Possible Association)

Indomethacin
Infliximab
Ketoprofen
Ketorolac

Lipid emulsion
Lisinopril
Mefenamic acid
Metformin
Methyldopa
Metolazone
Metronidazole
Nitrofurantoin
Omeprazole
Ondansetron
Paclitaxel
Pravastatin
Propofol
Propoxyphene
Rifampin
Sertraline
Zalcitabine

From references 18, 25, 29-32.

mo st

common

There are many possible mechanisms of dndgiced pancreatitis.

mec ha

nism is a

Ahypersensitivity
week of starting on the medication, and does not depend on the dosage. On challenging the patient with the

drug, recurrent attack results with an eartieset, in a few days or even within a few hours of the dose.

Aminosalicylates, metronidazole, and tetracycline group of drugs, act by this mechanism. The second

mechanism is thought to be due to accumulation of a metabolite of the drug which isatmkitypically

presents after months. Sodium valproate and didanosine (DDI) belong to this category. Drugs causing

hypertriglyceridemia like thiazide diuretics, isotretinoin, tamoxifen also belong to this category.

Few drugs are intrinsically toxic, anah &xcessive dosage of these can result in pancreatitis (erythromycin,

acetaminophen).

In general, drugnduced pancreatitis is mild and self limited. The diagnosis should only be entertained after
alcohol, gallstones, hypertriglyceridemia, hypercalcemia tumors (in appropriaeged patients) have been

ruled out.
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METABOLIC DISORDERS
HYPERTRIGLYCERIDEMIA
Hypertriglyceridemia is probably the third most common cause of pancreatitis, accounting for 2% to 5% of
cases. Serum triglyceride levels morarthLOO0 mg/dL can result in attacks of acute pancreatitis. However,
recent studies suggest that the serum TGs may have to be even higher to precipitate acute pancreatitis, perhaps
above2000 mg/dL, and with obvious lactescent (milky) serum due to increzmeckntrations of
chylomicrons®. The mechanism of hypertriglyceridemia causing acute pancreatitis is not clear, but the release
of free fatty acids by lipase may damage pancreatic acinar cells or endothelial cells. The hydrolysis of TGs by
pancreatic lipse and release of free fatty acids that induce free radical damage can directly injure cell
membranes. Disorders of lipoprotein metabolism are conventionally divided into primary (genetic) and
secondary causes, including diabetes mellitus, hypothyroidischpbesity/metabolic syndrome.
HYPERCALCEMIA
Hypercalcemia due to any cause is associated with acute pancreatitis very rarely. Proposed mechanisms include
deposition of calcium salts in the pancreatic duct and calcium activation of trypsinogen wétigianttreatic
parenchymd.
Primary hyperparathyroidism causes less than 0.5% of all cases of acute pancreatitis. Hyperparathyroidism
attributes to a minority of cases of acute pancreatitis.
Pancreatitis can also be due to other causes of hypercaldmimetastatic bone disease, TPN, sarcoidosis,
vitamin D toxicity, and infusion of calcium in high doses pmperatively during cardiopulmonary bypass.
INFECTIONS
The diagnosis of acute pancreatitis caused by an infection requires evidence ofacteatjiis, evidence of
an active infection, and the absence of a more likely cause of acute pancreatitis.
Acute pancreatitis has been implicated to be caused by viruses (mumps, coxsackievirus, hepatitis A, B, and C,
and several herpesviruses, includoygomegalovirus, varicellaoster, herpes simplex, and Epstein Barr virus),
MMR vaccine, bacteria Mycoplasma Legionella Leptospira Salmonella TB, and brucellosis); fungi
(Aspergillus Candida);and parasite6ToxoplasmaCryptosporidia Ascarislumbricoides
ClonorchissinensisC. sinensi@ndA. lumbricoidesause pancreatitis by obstructing the duct of Wirsung.
VASCULAR DISEASES
Ischaemia to the pancreas has been rarely associated with acute pancreatitis. In most caseshdaviewaitch
severe necrotizing pancreatitis can occur. Vasculitis like SLE and polyarteritisnodosa can cause vasculitis.
Atheromatous embolization of cholesterol plaques after dmbdeminal angiography, int@perative
hypotension, hemorrhagic shock, emyoine overdose, and trans catheter arterial embolization for
hepatocellular carcinoma.

TRAUMA

Both penetrating and blunt trauma can result in acute pancreatitis. Otheatidtrinal organs are also usually
involved. Laparotomy is mandatory in all every case of penetrating injury for the assessment of injuries and to
manage them accordingly. Bluimjury to the abdomen causes pancreatic injury by compression of pancreas
against the spine.

IATROGENIC

latrogenic pancreatitis is mainly due to ERCP, which can cause significant morbidity. Asymptomatic
hyperamylasemia occurs after 35% to 70% of EREIPostERCP pancreatitis is believed to be multifactorial,
involving a combination of chemical, hydrostatic, enzymatic, mechanical, and thermal factors acute pancreatitis
occurs in 5% of diagnostic ERCPs, 7% of therapeutic ERCPs, and up to 25% in tiosespéected SOD or in

those with a history of po&RCP pancreatitfd

POST-OPERATIVE STATE

Pancreatitis can be secondary to surgeries of the alimentary tract or thoracic cavity. Pancreatitis occurs after
0.4% to 7.6% of cardiopulmonary bypass operai 27% of patients undergoing cardio vascular surgery
develops hyperamylasemia, and 1% develops necrotizing pancreatitis. Pancreatitis can occur following liver
transplantations. Postoperative pancreatitis is associated with higher morbidity as cdmp#redcauses.
SPHINCTER OF ODDI DYSFUNCTION

Sphicter of Oddi dysfunction has an unclear associated with acute pancreatitis. The main argument in favour of
this entity as a cause of acute pancreatitis is the many observational series that regrudotaipic pancreatic
sphincterotomy or surgical sphincteroplasty reduces recurrent attacks of pantteatitis

PANCREAS DIVISUM

Pancreas divisum is the commonest congenital maldevelopment of pancreas, the vast majority of whom never
develop pancreat#ti Obstruction of the minor papilla is thought to the causative factor in these cases. Genetic
factor has a possible role to play in patients suffering from pancreatitis, who have pancreas divisum.
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MISCELLANEOUS

Crohnds di sease hthesdevelepment odaigeopanicraatitis. cCeliacidisehAse has an uncertain
association. Hyper amylasemia in these patients have been thought to be due to disruption of small bowel
mucosal barrier. Pancreatitis has been seen in patients after severe burnsg $imelbeen suggestive to be
causative in acute pancreatitis.

Acute pancreatitis resulting from autoimmune pancreatitis is rare, seen in type Il disease, and is associated with
granulocyte epithelial lesions.

PATHOPHYSIOLOGY

Acute pancreatitis occsirin varying degrees of severity, the determinants of which are multifactorial. The
generally belief is that, pancreatitis begins with activation of digestive enzymes within the acinar cells, which
results in acinar cell injury. The fact that zymogen aygbsome cdocalization occurs before elevation of

amylase level, pancreatic edema, and other markers of pancreatitis are evident, suggesisctietation is
an early step in the pathophysiology of pancreatitis.

CO-LOCALIZATION HYPOTHESIS

Pancreatic necrosis

A

Leaky co-localized

2 Early stages
Acinar death

A

Later stages

(_ ) Trypsinogen

Inflammatory cells

infiltration

Co-localization
A
Trypsinogen Cathepsin B

¥

Zymogen Lysosome

Release of
inflammatory
mediators

|

Systemic
inflammation

Sustained

A

activation

Pathologic stimulus

The initiating factor in the pathogenesis of acute pancreatitis is activation of trypsinogen inside the acinar cells
in large quantities. Trypsin, activates other proenzymes, such precursors of elastase, phospholipase A2 (PLA2),
and carboxypeptidase, totae forms. It also activates the complement and kinin systems. Active enzymes
autodigest the pancreas, causing a vicious cycle releasing further active enzymes.

Very early in the development of the disease (shortly after the onset, but before morphologic or biochemical

changes are apparent), digestive enzymes are localized in cytoplasmic vacuoles that also contain the lysosomal
hydrolase cathepsin B, which is knowo activate trypsinogen.
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Small amounts of active trypsin which are normally produced within the pancreas, are usually inactivated by
trypsin inhibitors. Because exocrine pancreas produces several enzymes that are potentially injurious to it, it
prevents autodigestion by intracellularly assembling the inactive precursors of these enzymes, called
proenzymes zymogenswhich are then transported and secreted outside of the gland. Their activation occurs
safely in the duodenum, where the brihder enzyme enteropeptidase (or enterokinase) activates the
trypsinogen, and the resulting trypsin then activates the other zymogens in a cascade reaction.

To further protect the pancreas from these potentially harmful digestive enzymes, they are segosgdked f
cytoplasmic space within acinar cells by being enclosed within membrama organelles, referred to as
zymogen granules

Another layer of protection is provided by the synthesis of trypsin inhibitors, which are transported and stored
along with the digestive enzyme zymogens. These are available to inhibit small amounts of prematurely
activated trypsinogen within pancreatic acinar cells. It is generally theorized that acute pancreatitis occurs when
this process goes awry and the gland is injimgthe erroneously activated enzymes that it produces.

There are three reasons for this theory:

a) The pancreas is digestible by the activated enzymes of the duodenum;
b) Activated digestive enzymes are found within the pancreas during pancreatitis
C) The histdogy of pancreatitis is suggestive of a coagulative necrosis

Intra-acinar pancreatic enzyme activation causes auto digestion of the normal pancreatic parenchyma.

In response to this initial insult, acinar cells release proinflammatory cytokines, swehaasecrosis factel

(TNF-U) , i nt e fl)-2ant@, and IL-1@nd 10, which are antiinflammatory.

Blockage of secretion of ezymes of the pancreas, withodmg secretion disrupts the acinar cell barrier.

This results in exudation of enzymisem acinar cells, and ductal secretion into interstitial spaces. This may
explain the rapid development of interstitial edema and the increase in the concentration of pancreatic enzymes
in the serurff.

The mechanism of gallstone induced pancreatitiisclearly known. Bile reflux into the pancreatic duct, or
ductal obstruction at the ampullary level due to stone or edema due to passing of stone have been proposed to
cause pancreatitis. Stone impacted at the distal CBD mechanism of gallstone panige¢htit an impacted
gallstone in the distal bile duct obstructs the pancreatic duct, causing increased pressure within it, thereby
resulting in damage of acini and ductal epithelial cells.

The pathephysiology of acute pancreatitis begins with injufyacinar cells, which may progress to cause local
inflammatory complications, SIRS and sepsis.

Mechanisms of injury are microcirculatory injury, leukocyte chemoattraction, release of pro and anti
inflammatory cytokines, oxidative stress, extravasatiopaoicreatic enzymes, and translocation of bacteria into
systemic circulation.
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The release of pancreatic enzymes damages the vascular endothelium, the interstitium, and &Girajucells

to acinar cells results in expression of endothelial cell adhesblecules like VCAM, which further worsens

the inflammatory response.

These abnormalities increase vascul ar permeabil ity
pancreatitiso.

Vascular injury can result in micrarculatory failure and exa&ecbation of injury to the pancreas.

Reperfusion of the pancreas which is already damaged can worsen the injury by release of free radicals and
inflammatory mediators. Activation of the complement pathway and release of C5a play an important role
recruiting of macrophages and leukocytes. These inflammatory cells will release proinflammatory cytokines,
like TNF, IL1, IL-6, and IL-8, and plateleactivating factor (PAF) in response to transcription factors such as
nucl ear factor aB.

Very early in the develapent of the disease (shortly after the onset, but before morphologic or biochemical
changes are apparent), digestive enzymes are localized in cytoplasmic vacuoles that also contain the lysosomal
hydrolase cathepsin B, which is known to activate trypsinogen

Some cases of acute pancreatitis progress to develop systemic complications, fever, (ARDS), pleural effusion,
renal shutdown, shock, myocardial depression, and metabolic complications.

Systemic inflammatory response syndrome is frequently seen in acute pancreatitis, which is probably mediated
by activated enzymes of the pancreas andcytokines which are released into the portal circulation from the
inflamed pancreas.

Cytokines reach thavier and Kupffer cells, which, in turn, causes increased and secretion of cytokines into the
systemic circulation. These cause acute phase protein synthes@c{e protein [CRP], H6) and may cause

SIRS and organ damage leading on to MODS and death.

ARDS can be induced by active phospholipasewhich cleaves lecithin, an important constituent of
pulmonary surfactant.

Acute renal failure may be the result of hypotension and decreased intra vascular volume.

Depression of myocardium and shock may be due to release of vasoactive peptides and a nyeoasiaint

factor.

Metabolic complications will include hyperlipidemia, hypocalcemia, hyperglycemia with or without ketosis,
and hypoglycemia.

The cause ofhypocalcemia is multiple, and includes hypoalbuminemia, hypomagnesemia, eat@pm
formation, hormonal imbalance.

Combination of genetic mutations in CFTR, in the pancreatic duct may predispose patients with pancreas
divisum, to develop acute pancrigat

FACTORS DETERMINING SEVERITY OF THE DISEASE

Severity of pancreas varies widely. Some patients may experience a mild form of disease whidimisirsg|f

while others suffer a severe form and sometimes a lethal attack.

Factors which determinghe severity of pancreatitisare multifactorial, but identification of these is of
considerable therapeutic importance, because manipulation of these factors may lower the morbidity and
mortality associated with this disease.

The ultimate severity of thdisease depends on the extent of the systemic inflammatory response, and several
cytokines and chemokines and their receptors that play an important role in the activation and migration of
these inflammatory cells to the affected site.

The list of factorsassociated with pancreatitis and associated lung injury, include tumour necrosis factor alpha,
monocyte chemotactic protely Mobl, interleukial (IL-1), platelet activating factor (PAF), substance P,
adhesion molecules [intercellular adhesion moledule

(ICAM-1) and selectins], M6, IL-8, IL-10, C5a, the CCR1 receptor , granulocyte macrophage colony
stimulating factor, macrophage migration inhibitory factor, C@>prostaglandin E1, nitric oxide, and reactive
oxygen species.

CLINICAL FEATURES

Diagnosng an acute pancreatitis by clinical history and examination is quite challenging, as it clinically mimics
other causes of acute abdomen The diagnosis of acute pancreatitis is based on two or more of the following
criteria:

1) Severe abdominal pain

2) Serum anylase or lipase more than three times higher than the

institutiondés upper | imit

3) Contrast enhanced computed tomography (CECT) findings of acute pancreatitis.

4) Usually, if the first two criteria are present, and CECT is not required for diagnosis

5) Other upper abdominal conditions that can be confused with acute pancreatitis will include perforated

peptic ulcer, gangrenous small bowel obstruction, and acute cholecystitis. Because these pathologies often have
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a fatal outcome without surgery, urgenteirvention is required in the small number of cases in which doubt
persists.

ABDOMINAL PAIN

Abdominal pain is the usual presenting complaint in cases of acute pancreatitis. Biliary colic may persist and
further develop into pancreatitis.

Pain is usuallyfelt diffusely over the abdomen. However, it may be only in the epigastrium, right
hypochondrium, or, rarely, localised to the left upper quadrant of abdomen.

Lower abdominal pain may be due to tracking of extravasation of pancreatic secretion t¢ gagaedlic

gutter. It has been described as "knifing" or "boring through" to the back, and can be relieved by the patient
leaning forward.

Onset of pain is rapid, reaching its maximum intensity withi#r2@0ninutes.

In some cases, pain is gradual mset and progression, taking hours to reach its peak intensity. Pain is steady,
moderate to very severe. Bandlike radiation of the pain, to the back occurs in half the patients.

Pain lasting for only a few hours suggests other intra abdominal pathéagy.is absent in 5% to 10% of
attacks, and a painless presentation may be a feature of serious fataf disease

Pain often precedes onset of nausea and vomiting, with retching often persisting even after the stomach has
emptied.

Nausea and vomiting ipresent in 90% of individuals affected with acute pancreatitis. Patient also has
associated retching, and pain does not subside on vomiting. Vomiting is either because of intractable pain or
secondary to inflammation of the posterior wall of stomach.

PHYSICAL FINDINGS

Examination findings depend on the severity of the attack. Patients with mild disease, may not appear sick.

On examination, the patient may have tachycardia, tachypnea, hypotension, and hyperthermia. The temperature
is usually mildly elevied in uncomplicated pancreatitis.

Pulse rate is usually in the range of 100 to 150 /minute. Hyper or hypotension may be present secondary to third
space fluid loss and decreased circulatory volume.

The temperature may be normal, but within 1to 3 daysay increase to 101°F to 103°F due to severe-retro
peritoneal inflammation.

Tachypnoea, with painful shallow breathing may be due to exudates below the diaphragm. Dyspnea may be due
to pleural effusion, atelectasis, ARDS, or congestive cardiac fallerederness may be mild without guarding

in mild acute pancreatitis. In severe pancreatitis, patients may appear sick, and may present with distension of
abdomen, more so in the epigastrium, secondary to ileus

Epigastric guarding may be present. Tendesraesd guarding can be. Rigidity is not a common feature, and
when present, other causes of diffuse peritonitis should be ruled out. Bowel sounds are either decreased or not
heard

Ot her findings in the abdomen, i nelrdde ségoldynosiisn of
umbi |l i cal area ACull ends signo, due to extravasion o
often present and are poor prognostic factors

Pleural effusion secondary to pancreatitis can cause a dull note on percussion, and decreased breath sounds on
auscultation.
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