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“..mynooachon PEV TOV ddolovta TRV TEXVNV TaUTNV YEVETNGLY gUuotot”

“...to consider dear to me as my parents him who taught me this art”
(The Hippocratic Oath, 400 B.C.)

To my Father, who recently departed this life,
and to Professor Eduardo Landi, my teacher



Foreword

Although many advances have been made in the diagnosis and management of pan-
creatic disease, this field remains one of the most challenging for surgeons. In this
book, young Italian surgeons, with contributions from experienced authorities, have
attempted to review in a systematic way the history, surgical anatomy, physiology,
pathology, and treatment of pancreatic disease.

Taken as a whole, this book is designed to provide clinicians with an up-to-date,
informative, and accurate summary of the present problems and positions. The con-
tents have been skillfully harmonized to create a balanced account of the areas of im-
portance in pancreatic disease, providing practitioners with a good basis of knowl-
edge and specialists with more detailed information.

It has been a great pleasure for the Italian Society of Surgery to provide an envi-
ronment which was conducive to the development of this book.

Rome, October 2008 Roberto Tersigni
President, Italian Society of Surgery



Preface

The surgical treatment of pancreatic diseases is a topic of increasing interest, both
because of its epidemiological significance and because of the complexity and fas-
cination which the pancreas — the last organ to enter the domain of abdominal sur-
gery — holds for abdominal surgeons.

The treatment of pancreatitis and pancreatic tumors, the incidence of which is
slowly but relentlessly increasing, remains a challenge for the surgeon. This book
aims to delineate the state of the art in the surgical treatment of both inflammatory
and neoplastic pancreatic diseases, discussing which surgical strategy to opt for and
detailing operating techniques. Ample space has also been devoted to imaging tech-
niques, in particular operational endoscopy and ultrasonography. These techniques
have now proved indispensable both in the diagnostic work-up and subsequently
during interventional radiology and endoscopic procedures, which now play a cru-
cial role when it comes to the management of pancreatitis and the palliative care of
patients with pancreatic tumors.

Last, but certainly not least in terms of their importance, we describe both adju-
vant and neoadjuvant therapies used for either treatment or palliative care, looking
also at the use and potential of new and promising biologics with molecular targets.
Only a multidisciplinary approach involving all these professionals (radiologist,
surgeon, endoscopist, interventional radiologist, oncologist, radiotherapist) can
produce the comprehensive and integrated overview which today constitutes a win-
ning strategy for the optimization of results.

What we hope we have achieved is a flexible, up-to-date, exhaustive publica-
tion, rich in illustrations and consistent with evidence-based medicine.

My sincere thanks go to Professor Davide D’Amico, Professor Gianluigi
Melotti, and Dr. Fausto Catena for their support for the Italian edition, and to all the
co-authors, experts in pancreatic surgery at the most prestigious Italian institutions,
who have offered their valuable contributions and honored us by participating in the
making of this volume.

My very deep thanks are also due to the Board of the Italian Society of Surgery
and particularly to its President, Professor Roberto Tersigni, for the tremendous
opportunity and honor accorded to me and to the Eduardo Landi Young Surgeons’
Association in having our written works taken up into the prestigious “Updates in
Surgery” series.



X Preface

Special thanks to Dr. Gianpaolo Balzano for his availability and help in the
planning of the various chapters of the manuscript, and for his help in enriching it
with beautiful illustrations.

Finally, with deep gratitude and devotion, I wish to celebrate and honor the
memory of Professor Eduardo Landi, my unforgettable master and teacher. This
book is dedicated to my Father and to him.

Ancona, October 2008 Walter Siquini
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Chapter 1
The History of Pancreatic Surgery

Gian Massimo Gazzaniga, Stefano Cappato

Introduction

“We can measure the attainments of the past but we can never measure the
inevitable advances of the future.” Thus Allen Whipple in his book The
Evolution of Surgery in the United States. That the progress achieved to date is
a quantifiable entity, whereas our future potential is simply unknowable, is all
too true. Not only this, but it is quite curious to note that we surgeons — marked-
ly more so than any other category of medical practitioner — have throughout his-
tory always labored under the impression of having attained all that is possible
to attain, thereby ruling out prospects of future improvements.

History has clearly proved us wrong and taught us a salutary lesson.
Progress, true progress, is born of curiosity, and is spurred on by a healthy dose
of ambition. Therefore, when we look back, it is no surprise to see that signifi-
cant contributions have come from the younger generation. Young people, curi-
ous, tireless, and resistant to dogma and preconceptions, have often provided
answers to the most intractable questions.

Regnier de Graaf was 22 years old when in 1663 in Leiden he demonstrated
unequivocally that the pancreas is an exocrine gland. Johann Brunner was a stu-
dent when in 1673 in Paris he started to conduct the first experimental pancrea-
tectomies in animals. Abraham Vater was 27 when he described the duodenal
papilla, and Ruggero Oddi was 23 when in Perugia in 1887 he described what
became called after him the “sphincter of Oddi.”

It has been, therefore, a real pleasure to recall some historical milestones in
surgery, since even though it is true that contemporary history has probably pro-
duced more than 95% of the publications and surgical operations of the pan-
creas, it is no less true that the foundations were laid some 130 years ago.

The Building Blocks of History

For a long time, the pancreas remained off limits to surgeons because of its
anatomical position. Furthermore, up until a few decades ago, the diagnosis of

W. Siquini (Ed.), Surgical Treatment of Pancreatic Diseases.
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2 G.M. Gazzaniga, S. Cappato

pancreatic diseases was entrusted to intuition, and more often than not, to the
post mortem. The history of pancreatic surgery is therefore relatively young and
is comprised largely of two periods.

The first historical period comes in the second half of the nineteenth centu-
ry, a period in which “major surgery” became a reality. In reality only minor sur-
gical operations were carried out on the pancreas, but they formed the basis (the
so-called building blocks) upon which subsequent major operations could be
developed, thanks to the introduction of anesthesia, microscopy, infection con-
trol, and radiology.

The second period, which can be pinned down to around the beginning of the
twentieth century, is the period of results, thanks to the key contributions of
Whipple and other surgical pioneers.

The First Biliary Reconstructive Operations

“April 18th, 10 A.M.: There was great tenderness and pain in the region of the
tumour, aggravated by pressure [...]. Dr. Hayden gave ether, and Dr. Bremond
and Dr. Pratt assisted me. The operation was performed under proper antiseptic
precautions [...] an incision [...] the peritoneal membrane was soon reached, but
was not opened till all bleeding from divided vessels was controlled [...]. A
Dieulafoy’s trocar of the largest size was thrust into the tumour, and twenty-four
ounces of a dark-brown fluid was withdrawn, which I supposed to be bile. As
soon as the cyst was emptied [...] it was seized with forceps and drawn out [...]
the finger was passed into the peritoneal cavity [...] it was ascertained [...] to be
the gall-bladder [...] the gall-bladder was then incised [...] sixty gall-stones
were removed [...] a fistulous outlet [was created, suturing the open gall blad-
der to the abdominal walls].”

This account, by James Marion Sims, was published in the British Medical
Journal, and describes the first cholecystostomy carried out for obstructive jaun-
dice in pancreatic carcinoma. The patient died 8 days later following a hemor-
rhage and a medicolegal autopsy was conducted. No elements of blame were
found.

In 1880 William Halsted performed a cholecystostomy on his mother — at
home — who had cholecystic empyema. She recovered from the operation, and
died 2 years later from obstructive jaundice. Seven years later, a Swiss surgeon
by the name of Kappeler performed a cholecystojejunostomy on a tumor of the
head of the pancreas, and the patient survived for 18 months. Other surgeons,
especially of the French school, preferred to anastomose the gallbladders to the
stomach; this technique was performed for the first time in 1886 by Felix Terrier,
a surgeon from Paris.

At the end of the nineteenth century the palliative treatment of jaundice in
patients with cancer of the head of the pancreas was developed. A succession of
technical innovations followed: in 1897 Cesar Roux, a pupil of Emil Theodor
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Kocher, described the creation of a segment of small intestine, isolated from the
intestinal transit — a technique which came to be universally known as the Roux-
en-Y technique. This procedure was initially developed for gastric reconstruc-
tion after gastric resection, and it was only from the beginning of the 1900s that
it became used for biliodigestive anastomosis.

Another technical innovation was introduced by Kocher, who won the Nobel
prize in 1909 for his pioneering activity in the field of thyroid surgery. Kocher
described the mobilization of the duodenum and of the head of the pancreas in
order to facilitate surgery in this region.

The First Resections Start from the Tail

At this point, the surgeons were technically prepared to tackle the pancreas. The
tail of the pancreas was the right place to start: technically simpler, no associat-
ed visceral resections, and no phenomena related to obstructive jaundice.
Bleeding in jaundiced patients was at the time a fatal complication, as the then
knowledge regarding the dynamics and pathophysiology of coagulation events
was fragmentary and incomplete.

On 16 July 1882, Friedrich Trendelenburg, professor of surgery in Bonn, per-
formed the first distal splenopancreatectomy. The patient died several weeks
after being discharged and Trendelenburg did not publish anything. Only 4
years later, one of his assistants (Witzel) published the case in full. Nevertheless,
from that point on, reviewing the literature over more than 20 years
(1882—-1905) shows that only 21 surgeons performed a total of 24 pancreatic
resections, and no single surgeon performed more than three such operations.

After Trendelenburg, it was the turn of Giuseppe Ruggi, the chief of the
Maggiore Hospital, Bologna, on 4 September 1889. One year later it was the
turn of Briggs of the Beaumont Hospital of St. Louis. Billroth himself is credit-
ed with having performed two pancreatic resections during gastric cancer sur-
gery. All the resections described, however, were limited to the body-tail region
or were simply enucleations of the mass.

Resections of the Head of the Pancreas

It was only logical that sooner or later developments in resection techniques
would lead to the resective treatment of cancers of the head of the pancreas. On
9 February 1898 Alessandro Codivilla, a surgeon from Imola, Italy, and pioneer
of orthopedic surgery (he was to become director of the Rizzoli Orthopedic
Institute of Bologna) performed the first ever pancreaticoduodenectomy.
Codivilla had already published extensively on resective surgery, extending it to
gastric cancer. In these writings, resections associated with the stomach, colon,
and pancreas were also described. Nevertheless, he never published this first
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experience, which in fact was described in The Medical Writings of Alessandro
Codivilla (Scritti medici di Alessandro Codivilla) published by Putti and
Nigrisoli in 1912. Surgery comprised resection of the pylorus, part of the duo-
denum, and the head of the pancreas, with closure of the duodenal stump and lig-
ation of the main biliary duct. In accordance with the practice of the time, a
cholecystojejunostomy and a gastroenterostomy were performed. We have no
description of the treatment applied to the pancreatic stump in this specific case.
Presumably it was closed by means of a suture and left in situ. The patient died
on the 24th day.

Eleven years were to pass before the second pancreaticoduodenectomy was
performed, this one by Walter Kausch, 5 days after Codivilla performed his
operation, William Halsted at the Johns Hopkins Hospital in Baltimore carried
out the first ampullectomy with reconstruction of the continuity of the common
bile duct and of the duct of Wirsung (main pancreatic duct) directly in the duo-
denum. After the patient had remained in hospital from 3 months, Halsted
decided to reoperate since the common bile duct—duodenal anastomosis was not
draining. He therefore performed a “cystico-duodenoanastomosis” which car-
ried out its task right up until the patient’s death due to recurrence (at 6 months
from the initial surgery). Codivilla and Halsted made no further contributions to
pancreatic surgery, but they had nonetheless opened up a new field of endeavor.
Ampullectomies were, however, performed with increasing frequency, yet sur-
vival was always the exception rather than the rule.

Finally, in the summer of 1909, Walter Kausch, a pupil of Mikulicz, and chief
surgeon at the municipal hospital of Berlin-Schoneberg, performed a pancreati-
coduodenectomy in two stages on a 49-year-old patient with ampullary cancer.
The first stage comprised a cholecystojejunostomy anastomosis and a jejunoje-
junostomy, employing the so-called Murphy’s button for both anastomoses.
Nine weeks later he operated again on the patient and performed the pancreati-
coduodenectomy, closing the distal biliary pathway duct and carrying out a gas-
trojejunostomy. The pancreas was invaginated into the distal duodenum and pre-
served. The patient survived for several months before dying of cholangitis.
Further resective attempts by Kausch met with failure, and, inundated by criti-
cism, he published no further work on resective surgery of the pancreas.

In spite of this “relative” success, few surgeons, and certainly few patients,
had the courage to repeat the experience in the short term. In 1914 Hirschel, a
surgeon from Heidelberg, performed a pancreaticoduodenectomy for cancer of
the ampulla, reconstructing the biliary duct by interposing a rubber tube.
Surprisingly, the patient survived for 1 year.

In 1918, the Italian Ottorino Tenani, in Bellagio, in the northern Italian
province of Como, during the First World War, performed a pancreaticoduo-
denectomy in two stages for ampullary cancer, and appears to have been the first
to employ transfusions in pancreatic surgery and to use extracts of animal pan-
creas as orally administered replacements.

The era of revolutionary discoveries was under way: in 1922 Frederick
Banting and Charles Best discovered insulin and in 1929 Henrik Dam discov-
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ered Vitamin K (“K” from the Danish Koagulation). From 1939, thanks to the
determination of its molecular structure by Edward Doisy, Vitamin K entered
into clinical use.

The Pancreaticoduodenectomy of Allen Whipple

On 16 March 1934 Allen O. Whipple, Director of the Surgical Service at the
Presbyterian Hospital in New York, performed the first pancreaticoduodenecto-
my of his career. The patient was a 60-year-old woman with cholestatic jaundice
and ampullary neoplasia. In the first operation, a choledochoduodenostomy and
cholecystostomy were performed. After several weeks the patient underwent
resective surgery with excision of a duodenal window and of the pancreas head.
The remnant pancreas was anastomosed to the duodenal window with catgut.
The patient died after 30 h as a result of massive dehiscence of the pancreatico-
duodenal anastomosis.

Whipple’s second patient, a man aged 53, underwent a three-stage procedure
in July 1934 (the remnant pancreas was left without anastomosis) and the patient
survived for 8 months. He died of cholangitis.

The third — and most effective — resection was performed in July 1935 on a
49-year-old man. The first-stage procedure consisted of gastroenterostomy and
cholecystogastrostomy, with inversion and closure of the distal bile duct (Fig.
1.1). In the second stage, the patient underwent resection of the duodenopancre-
atic bloc and the remnant pancreatic stump was closed with a whip-stitched silk
suture (Fig. 1.2). The patient was reoperated on 1 month later because of an
abscess and a pancreatic fistula. He survived the disease for 25 months.

Fig. 1.1 First stage Whipple’s
procedure
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Fig. 1.2 Second stage Whipple’s procedure

In 1935 Whipple published these three clinical cases in the Annals of Surgery
and drew up the first guidelines for the treatment of neoplasia of the head of the
pancreas. This work underlined that surgery was relatively safe if performed in
two stages and without anastomosing the pancreas.

Five years later, in 1940, Whipple conducted the first pancreaticoduodenec-
tomy in a single stage only, in a patient with glucagonoma of the head of the
pancreas. The patient had been diagnosed with a neoplasm of the gastric antrum
and was not jaundiced. In the light of this unexpected intraoperative finding
Whipple decided to perform a pancreaticoduodenectomy and the patient sur-
vived for 9 years.

Whipple published his experiences in 1945: he had performed 19 one-stage
resections with a 31% mortality rate and 8 two-stage resections with a 38% mor-
tality rate. He concluded that the one-stage procedure was safer for the patient
and urged in favor of pancreaticojejunostomy, which was only to be performed
with silk sutures.

Pancreaticoduodenectomy: The Procedure of a Thousand
Variations

The wider use of pancreatic resection and the manner in which the three anasto-
moses were performed underwent numerous variations in the years to come with
a view to increased surgical radicality and safety. Let us begin with biliodiges-
tive anastomosis.

Initially, Whipple was an advocate of cholecystogastrostomy, but he rapidly
became a convert to cholecystojejunostomy. Cholecystojejunostomy was aban-
doned from 1950 onward because of the excessive frequency of anastomotic
stenoses, and was replaced with hepaticojejunostomy, which had in fact been
suggested some time previously by Desjardins on the basis of his work with ani-
mal models.
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The treatment of the remnant pancreatic stump was, however, the issue which
caused the greatest problems. Ligation and sinking of the pancreatic stump was
soon abandoned in favor of anastomosis with the jejunum. In 1948 Richard
Cattell of the Lahey Clinic transferred a technique into the clinical arena, which
had been developed by Patrie in 1917 using the animal model: the Wirsung-
jejunostomy. Furthermore, Cattell used a transanastomotic drain in order to pro-
tect the anastomosis and avoid stenosis. Other surgeons subsequently employed
this very type of anastomosis, often using removable drainages, exteriorized via
the jejunum (Imanaga in 1960 and Madden in 1964).

Postoperative fistula formation continued to remain, however, the cause of
significant morbidity and mortality. In 1993 Johnson conducted a meta-analysis
on a total of 1,828 pancreaticoduodenectomies, showing a fistula incidence of
13.6% and a mortality rate in the fistula group of 12.5%. Therefore, anastomo-
sis with invagination of the pancreatic stump came to be proposed over time
(Brinkley in 1951 and Nagakawa in 1992) and in 1978 the German school of
Erlangen (Gebhardt and Stolte) revived the idea of occlusion of the pancreatic
duct, this time by means of an adhesive amino acid solution (Ethibloc). The
results did not confirm expectations and the incidence of fistula did not decrease.
Other groups (Machado of Brazil) then proposed that a defunctionalized loop be
used for pancreatic anastomosis alone, with a view to isolating the pancreas in
case of fistula formation.

The final problem to be solved concerned gastrojejunal anastomosis. In the
first “pioneering” operations, the stomach was closed at the level of the pylorus
and intestinal continuity was achieved by means of a gastrojejunostomy created
on the posterior wall. Warren of the Lahey Clinic proposed gastroresection to
reduce the incidence of ulcers and this became standard procedure. Nonetheless,
over time evidence revealed that that the problem of anastomotic ulcer seemed
to have been overestimated, and the pendulum swung back again to preserving
the pylorus: in 1978 Traverso and Longmire put forward the “principle” of
preservation of the stomach, initially in cases of chronic pancreatitis and subse-
quently in oncology patients. The results proved Traverso and Longmire to be
correct: the incidence of anastomotic ulcer was low, and, conversely, digestive
function was markedly improved, even though this type of procedure occasion-
ally provoked problems of gastric emptying.

The succession of the different anastomoses has also been the subject of
debate; today a “theoretical” advantage is recognized in reconstruction upstream
from the pancreatic and biliary anastomoses, in order to minimize the acidity in
the jejunal loop, which contains the biliopancreatic anastomoses. Furthermore,
in the event of fistula there is no spread of the alimentary bolus into the
abdomen. The delicate nature of the problem has, however, led to a series of
variants (approximately 100) being employed, without arrival at a conclusive
answer.
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Results of the Second Half of the Twentieth Century:
Improvement of Postoperative Mortality

In 1969, 271 pancreaticoduodenectomies were carried out in the United States,
with a mortality rate of 32%, equivalent to the results obtained by Whipple 30
years earlier. Finally, John Howard of the University of Ohio published the
results of a consecutive series of 72 patients with no postoperative mortality, and
Crile in 1979 stated that in order to be acceptable, postoperative mortality should
be contained within 10%.

At the end of the twentieth century, the centers of excellence reported mor-
tality rates of less than 5% in long positive series without any mortality whatso-
ever (Trede 118 cases, 1990; Cameron 145 cases, 1993).

The Unresolved Problems

In 1970 George Crile of the Cleveland Clinic published an article entitled “The
advantages of bypass operations over radical pancreatoduodenectomy in the
treatment of pancreatic carcinoma,” in which he maintained that survival after
bypass surgery was better than that after so-called radical surgery, and obvious-
ly had a lower mortality burden. From that point on, several surgical schools
adopted Crile’s ideas, treating only patients affected with ampullary neoplasia
and performing bypass procedures on those with cancers of the head of the pan-
creas.

In 1978 Gudjonsson continued this disillusioning task, publishing the results
of a meta-analysis on 15,000 patients with cancer of the pancreas. Of these only
65 became “long-term survivors”, and surprisingly 8 did not undergo surgery. In
addition 7 underwent simple bypass, and so the cure rate for resected patients
fell to 0.3%.

Improvements in diagnostic imaging and surgical experience have however
led to a change in the results. A 1994 report from the French Association of
Surgery documented a survival rate of 15% in a group of 550 patients who
underwent resection over the period 1982-1988, and an American report cover-
ing the same period indicated a survival rate of 12% (US Veterans Affairs
Hospital, 1994).

In the 1980s, the Japanese school of surgery moved towards an “aggressive”
surgical treatment which came to be known as “extended” pancreatoduodenec-
tomy. The skeletonization of the celiac trunk, the superior mesenteric artery,
preaortic lymphatic tissue and fat tissue, and a wide peripancreatic area, includ-
ing Gerota’s fascia, should have guaranteed greater radicality. The preliminary
results, presented in June 1989 in Toledo, Ohio, seemed to prove them correct:
Manabe, Osaki, and Hiraoka reported an actuarial survival of between 25 and
35% at 5 years. However, in 1981 the Japanese Pancreatic Cancer Registry was



1 The History of Pancreatic Surgery 9

created. From 1981 to 1985, 17, 130 patients were registered from 350 nation-
al referral centers. This registry has represented a formidable analytical tool in
the analysis of pancreatic cancer and has clearly indicated that the 5-year sur-
vival rate in patients who undergo resection does not exceed 18%, even if one
modifies the “degree of extension” of the surgery.

The Lessons of History

Although the history of pancreatic surgery is relatively short, 130 years having
elapsed since the first pancreatic surgical operation was performed on a human,
and 350 years since the functions of the pancreas were discovered, progress has
been slow. Two hundred years have passed from the discovery of the duct of
Wirsung to the exploration of glandular function by Claude Bernard. Forty years
passed between Codivilla’s first unsuccessful pancreaticoduodenectomy and
Whipple’s first procedure. Periods of stagnation alternated with periods of rapid
growth, thanks to the introduction of the microscope, anesthesiological tech-
niques, more sophisticated imaging, and the introduction of intensive therapy.
But history, unlike the Nobel Committee, is not obliged to honor only those who
have made steps forward, since each and every step is supported by foundations
built by “unknown” precursors, the “shoulders” of science. Furthermore, it
behooves history to recognize the value of the industriousness and ingenuity
which has provided essential support to the development of surgery. Motivation
(at an economic level), the key resources, and the quality of multidisciplinary
teams have provided an essential complement to creative, talented individuals in
order to ensure that their discoveries have become widely known.

The history of recent decades has, taken all together, demonstrated an impor-
tant fact, namely the centralization of major surgical procedures, particularly
those in development. Codivilla and Kausch possessed great initiative, but they
met with failure due to lack of adequate resources. Whipple, on the other hand,
met with success thanks to the unconditional support of the Columbia
Presbyterian Medical Center. Centralization, therefore, enables more efficient
and effective treatment, with consequent savings, not only financially, but also,
and above all, in terms of human lives.

As Leriche wrote, surgeons should be proud of what they have achieved over
the course of these centuries. We must, however, also be aware that we have a
long road ahead. Diabetes, pancreatitis, and pancreatic cancer are increasingly
present in the population in the twenty-first century. Severe acute pancreatitis is
always accompanied by high mortality, chronic pancreatitis is always incapaci-
tating, and pancreatic cancer is always diagnosed too late.

Fortunately, today, unlike Galen, we are aware of our ignorance. And this is
already progress.
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Chapter 2
Surgical Anatomy of the Pancreas

Massimo Sartelli, Rodolfo Scibé, Guido Cesare Gesuelli, Ivo Patrizi

The pancreas is a lobular gland, grayish-pink in color and 12-15 cm in length.
It extends crosswise along the posterior abdominal wall, behind the stomach,
between the duodenum and the spleen.

Embryology

The pancreas grows in the part of the intestine situated directly under the sto-
mach, cranial to the connection between the duodenum and the yolk-sac. In this
region the intestinal epithelium becomes thicker, forming the so-called hepato-
pancreatic ring. From this thicker part, dorsal epithelial buds form, giving origin
to the dorsal pancreas, and ventral epithelial buds, from which the ventral pan-
creas derives (Fig. 2.1).

gallbladder

ventral pancreas
Fig. 2.1 Embryology of the pancreas.
Formation of the dorsal and ventral
pancreatic buds
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When the duodenum grows and rotates clockwise, the ventral bud is dragged
dorsally, integrating with the dorsal bud (Fig. 2.2). The superior portion of the
head, the body, and the tail of the pancreas originate from the larger, dorsal bud,
whereas the lesser pancreas forms from the ventral bud. When the pancreatic
buds merge, the ducts fuse. The main pancreatic duct (duct of Wirsung) origina-
tes from the duct of the ventral bud and from the distal portion of the duct of the
dorsal bud. The proximal portion of the dorsal bud duct remains in the form of
the pancreatic accessory duct (Fig. 2.3).

stomach

gallbladder

dorsal pancreas
Fig. 2.2 As the duodenum

grows and rotates, the ven-

ventral pancreas tral bud is dragged dor-
sally, becoming integrated

with the dorsal bud

Fig. 2.3 Formation of pan-
creatic ducts




2 Surgical Anatomy of the Pancreas 13
Connection with Other Organs

The head of the pancreas is included in the bend of the duodenum (Fig. 2.4). The
lesser pancreas detaches from the inferior left portion of the pancreatic head. It
moves up and to the left, behind the superior mesenteric vessels. The lesser pan-
creas (Winslow’s pancreas, uncinate process of pancreas) can be more or less
developed. In half of the cases it covers the mesenteric vein and it may someti-
mes extend beyond the superior mesenteric artery.

The anterior surface of the head is connected with the transverse mesocolon
and the transverse colon. The pancreatic head is posteriorly connected with the
inferior vein cava, the last segment of the kidney veins, and the right pillar of the
diaphragm. The lesser pancreas passes ahead of the aorta. The choledochus
(common bile duct) runs in a groove of the superior and lateral portion of the
posterior surface of the head.

The isthmus connects the head with the body. Since there are numerous vascu-
lar anastomoses at this level, it is difficult to extract. Anteriorly it is linked with the
pylorus. The gastroduodenal and pancreatic duodenal superior and anterior arteries
run in front of the gland on the right of the passage between the head and the isth-
mus. The posterior surface is connected with the superior mesenteric vein and the
beginning of lymph nodes near the celiac trunk, the superior mesenteric artery and
the superior mesenteric vein as well as on the right and left of the aorta.

The body of the pancreas is placed over the transverse mesocolon, behind the
stomach and in front of the aorta. It is connected to the first segment of the supe-
rior mesenteric artery, to the left pillar of the diaphragm, the left adrenal gland,
the left kidney and its vessels. It is also linked with the splenic vein.

stomach
pylorus

;,’ transverse colon

cava vein
duodenum

omental sac aorta
a b

Fig. 2.4 Connections between the pancreas and other organs: a axial and b sagittal views
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The pancreatic tail is surgically far more reachable. Posteriorly it is also con-
nected with the posterior wall of the stomach. It is held between the two layers
of the lienorenal ligament together with the splenic vessels.

Surgical Access

The pancreas is a relatively firm organ and it is possible to determine the surgi-

cal routes of access by studying its connections:

— When the transverse mesocolon is lifted, it is possible to palpate through its
roots the body and the tail of the pancreas, the lesser pancreas, and the supe-
rior mesenteric vein.

— With the Kocher maneuver it is possible to mobilize completely the duode-
nopancreatic bloc. This type of maneuver begins with mobilization of the
hepatic flexure of the colon downward and medially, followed by sectioning
of the peritoneal lamina which fixes the hepatic fold to the duodenum and to
the anterior side of the pancreas. Sectioning the peritoneum laterally from the
second portion of the duodenum, the duodenum itself and the pancreatic head
are separated from the posterior structure. In this way the bulk of the pan-
creatic head and the duodenum are lifted, thus exposing the right kidney, the
right renal vein, the inferior vena cava, and the beginning of the left renal
vein.

— Through the lesser omentum you can reach the pancreatic body from the top
and from the front aspect. Separating the vascular part from the lesser omen-
tum, going back down the lesser gastric curvature you can obtain a reasona-
ble view of the pancreatic body.

— A more complete view of the pancreatic body can be obtained by opening the
gastrocolic ligament. Extending this movement towards the right in the pylo-
ric area by tying up and sectioning the beginning of the righthand vessels, it
is possible to obtain a good view of the front aspect of the isthmus.

— Mobilization of the spleen and the left pancreas is possible on an avascular
plane of cleavage which allows exploration of the body and tail.

Pancreatic and Common Bile Ducts

The main pancreatic duct goes through the pancreas from left to right. It begins
to unite the small globular ducts of the tail. Passing along the body it receives
the globular ducts which form the gland, and they arrange themselves in a her-
ringbone pattern. It then reaches the neck of the pancreas, turning downwards
beside the choledochus or common bile duct, and at this point it confluences
with it.
The type of confluence and the connections of flow can vary:
— Type I: The two ducts flow into a shared ampulla which protrudes into the
duodenum in the form of a papilla (70% of cases) (Fig. 2.5a).
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— Type II: The two ducts confluence near the papilla (21% of cases) (Fig. 2.5b).
— Type III: The two ducts flow down separately to the outlet (8.5% of cases)

(Fig. 2.5¢).

— Type 1IV: The two ducts confluence together at a certain distance from the
duodenum without forming an ampulla (Fig. 2.5d).

The other duct which receives the lobular ducts of the superior portion of the
head is called the pancreatic accessory duct. This is in front of the main pancrea-
tic duct, with which it is connected by a communicating duct, and it opens into
the duodenum around 2 cm above and a little in front of the main duodenal
papilla on a small duodenal papilla. The accessory duct is sometimes partially
present either as a self-governing outlet into the duodenum or as a rudimentary
accessory duct of the main duct (Fig. 2.6).

¥ ¥
¥ ¥

Fig. 2.5 Outflow of the common bile duct and of the main ducts. a The two ducts flow into
a shared ampulla. b The two ducts confluence near the papilla. ¢ The two ducts flow down
separately to the outlet. d The two ducts confluence together at a certain distance from the
duodenum without forming an ampulla
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Fig. 2.6 Forms of the development of the
accessori duct. a Normal development of
the accessory duct. b The accessory duct
does not open in the duodenum. ¢ The
accessory duct is not connected with the
main duct

Arterial Vascularization

The arterial vascularization is established by a thick anastomotic net coming
from the celiac trunk and from the mesenteric superior artery (Fig. 2.7).

The gastroduodenal artery is the descending branch of the common hepatic
artery. It courses in front of the portal vein. Its starting point can vary: it can ori-
ginate from the accessory left hepatic artery, from the right branch of the main
hepatic artery, or from the superior mesenteric artery.

The first big branch that comes off from the gastroduodenal artery is nearly
always the superior posterior pancreaticoduodenal artery, also defined as the
posterior duodenal artery. It generally begins at the top of the duodenum. It cros-
ses the common bile duct at the superior level of the head of the pancreas, lea-
ves it on the left, and continues in a caudal direction to meet it again during its
course going down and forming a posterior arch with a posterior branch of the
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gastroduodenal a.

dorsal pancreatic a. caudal pancreatic a.
posterior superior
pancreaticoduodenal a.

superior mesenteric a.

right gastroepiploic a. . posterior inferior pancreaticoduodenal a.

Fig. 2.7 Arterial vascularization of the pancreas

inferior pancreaticoduodenal artery. Sometimes a supraduodenal artery can
leave the gastroduodenal artery before the posterior superior pancreaticoduode-
nal artery.

The superior anterior pancreaticoduodenal artery together with the gastroe-
piploic artery represents the final second branch of the gastroduodenal artery. It
lies in the center of the head of the pancreas, often running along the bend of the
duodenum in a concavity partially or totally situated in the glandular parenchy-
ma. It forms an anterior arch with the anterior branch of the inferior pancreati-
coduodenal artery.

The inferior pancreaticoduodenal artery begins behind the uncinate process
of the pancreas as the first right branch of the mesenteric superior artery and
divides after a short distance into an anterior and a posterior branch. The ante-
rior branch runs behind the uncinate process and comes out onto the anterior sur-
face of the pancreas in the zone where it fuses with the superior anterior pan-
creaticoduodenal artery. The posterior branch of the inferior pancreaticoduode-
nal artery runs along the back of the head of the pancreas at a greater distance
from the duodenum than that of the anterior branch and fuses with the posterior
pancreaticoduodenal artery.

The dorsal pancreatic artery originates from the celiac trunk as the first
branch of the splenic artery near its origin, or directly from the celiac trunk or
from the common hepatic artery. The inferior pancreatic artery runs dorsally and
in the body of the pancreas and along its inferior margin. In the majority of cases
it starts at the left main branch of the dorsal pancreatic artery or at the superior
mesenteric artery.
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The great pancreatic artery takes off from the splenic artery and joins into the
glandular parenchyma at the level of the passage from the middle part to the left
third of the tail of the pancreas.

The artery of the tail of the pancreas is represented by four arterial trunks
which surround the pancreatic tail. They originate from the left gastroepiploic
artery or from the so-called main inferior trunk of the splenic artery.

Venous Drainage

It is normally said, in view of the embryonic development, that the blood from the
glandular parenchyma which begins in the ventral bud flows into the superior
mesenteric vein, while that coming from the dorsal bud flows in part into the
mesenteric vein and in part into the splenic vein or directly into the portal vein.

The superior anterior pancreaticoduodenal vein begins halfway down the
descending portion of the duodenum and is situated on the head of the pancreas
near the duodenum (Fig. 2.8). It goes towards the right gastroepiploic vein, into
which it flows. The superior posterior pancreaticoduodenal vein begins in the
posterior surface of the pancreatic head. It generally courses behind the common
bile duct and flows into the portal vein.

The inferior anterior pancreaticoduodenal vein begins between the pancreas
and the duodenum. It courses for a short distance in the pancreatic parenchyma
and flows into the superior mesenteric vein. The inferior posterior pancreatico-
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jejunal v.

Fig. 2.8 Venous drainage of the pancreas
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duodenal vein begins at the same height as the inferior anterior one and courses
behind the head. Generally it flows into the superior mesenteric vein.

The splenic vein courses behind the pancreas near the superior margin. The
small pancreatic veins fuse among themselves and flow into the splenic vein at
various distances.

The inferior pancreatic vein courses along the inferior margin of the pancreas
and receives different small veins. It flows into the inferior or the superior
mesenteric vein.

Lymphatic Drainage

The lymphatic ducts which drain the pancreas course towards the lymph nodes
situated near the gland, following the artery. Generally one can distinguish a first
position made up of peripancreatic lymph nodes (Fig. 2.9a) and a second posi-
tion made up of a collection of lymph nodes near the celiac trunk the mesente-
ric artery and the superior mesenteric vein let alone on the right and left of the
aorta (Fig. 2.9b).

Fig. 2.9 Lymphatic drainage of the pancreas. a The main duct and the accessory duct are
separated. b The main pancreatic duct and the accessory duct anastomose after the fusion of
the dorsal and the ventral buds
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Chapter 3
Pancreatic Trauma

Fausto Catena, Salomone Di Saverio, Luca Ansaloni, Antonio Daniele Pinna

Epidemiology, Etiology, and Pathogenesis

Traumatic injuries of the pancreas are rare. Epidemiological studies in a
Scandinavian population have reported an incidence of 0.4 cases per 100,000
head of population per year, accounting for 7% of laparotomies performed for
abdominal trauma [1]. An earlier study reported the same incidence of pancreat-
ic injuries (7.4%) among trauma laparotomies performed in the Los Angeles
urban area [2].

The mechanisms leading to pancreatic injury can be divided into the blunt
and the penetrating. While an injury caused by a penetrating stab wound is lim-
ited to the trajectory of the blade path, the passage of a high velocity bullet,
because of the pressure it exerts on the surrounding tissue, can cause a worse and
wider injury, the more so since it may burst and shatter, spreading itself around
the area. All penetrating trauma requires careful evaluation of the integrity of the
main pancreatic duct, for ductal injuries occur in 15% of cases of pancreatic
trauma and are almost always associated with penetrating injuries [3].

Blunt pancreatic injuries are associated with high-energy impact because of
the deep retroperitoneal and relatively protected location of the gland. In adults
most blunt injuries occur in motor vehicle accidents, and usually (60% of such
cases) the underlying mechanism is high-energy impact between the steering
wheel and the epigastrium or hypochondrium, resulting in crushing of the
retroperitoneal structures against the vertebral column. The anatomy of the
injuries can vary widely from just a contusion of the pancreas up to complete
transection of the glandular body and duct. In children the most common trau-
matic mechanism is a handlebar injury [4].

Diagnosis

In the diagnostic work-up of the polytrauma patient with probable pancreatic
injury, it is essential to prioritize early control of hemorrhage and prevention of
any bacterial contamination from associated vascular or hollow-visceral lesions.

W. Siquini (Ed.), Surgical Treatment of Pancreatic Diseases.
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Severe associated vascular and/or intra-abdominal injuries dramatically increase
early morbidity and mortality. The next step should be to look carefully for any
pancreatic lesion, paying particular attention to the possible presence of major
ductal injury, since this is the strongest single prognostic factor. Patients in
whom exploratory trauma laparotomy is clearly mandatory because of associat-
ed lesions of other intra-abdominal organs (those who are hemodynamically
unstable, and/or have signs of peritonism, and/or with intra-abdominal free fluid
shown by ultrasound) do not require further investigation to assess the integrity
of the pancreas, but for all other patients without evident indications for imme-
diate laparotomy, the diagnosis of an isolated pancreatic injury can be insidious
and challenging. Patients with an isolated pancreatic injury — even with ductal
transection — can be initially asymptomatic or present only minor signs.

The finding of a high serum concentration of amylase is not a reliable indica-
tor of pancreatic injury, having low sensitivity and specificity. A recent review
showed that the serum amylase concentration after pancreatic trauma has a posi-
tive predictive value ranging from 8 to 100% and a negative predictive value rang-
ing from 0 to 99% [5]. However, the enzyme levels later than 3 h after injury and
repeated measurements can improve the diagnostic accuracy [6]. The retroperi-
toneal posterior location of the pancreas makes it remarkably difficult to explore
by ultrasound, particularly in obese patients; in addition, after abdominal trauma
the presence of reflex post-traumatic ileus can mask the underlying organs.

Abdominal CT seems to be the most reliable diagnostic tool for identifying
pancreatic injuries. Sensitivities and specificities as high as 80% have been
reported, although the accuracy is largely interpreter-dependent and is affected
by the quality of the images and the time elapsed since the injury [7, 8]. The CT
signs of pancreatic injury may not be clear and evident, even immediately after
injury or in the initial phase; some authors have reported a false negative rate of
CT diagnosis of up to 40%, even when pancreatic damage is significant [9]. A
repeat CT scan in the presence of continuing symptoms can improve the sensi-
tivity. CT findings indicating a pancreatic injury are direct visualization of a
parenchymal fracture, intrapancreatic hematoma, fluid in the lesser sac, fluid
between the splenic vein and the body of the gland, thickening of the left ante-
rior renal fascia, and, finally, retroperitoneal hematoma or fluid.

Endoscopic retrograde cholangiopancreatography (ERCP) can play an
important and useful role in the diagnosis and treatment of pancreatic trauma, in
two different phases. In the acute phase, in patients who are hemodynamically
stable and in whom pancreatic involvement is suspected, especially in the pres-
ence of unexplained abdominal pain, hyperamylasemia, and abnormal or suspi-
cious CT findings, ERCP can demonstrate a disruption of the pancreatic duct
[10]. When a disrupted duct is found, laparotomy is mandatory. On the other
hand, an early ERCP showing an intact ductal tree without extravasation may, if
there are no associated lesions of other organs, allow observation and nonoper-
ative management [11-13]. In a later phase, ERCP can be useful in the diagno-
sis and, sometimes, treatment of late complications presenting months to years
after an initially missed pancreatic injury.
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Finally, MRI, although usually used in the elective setting, seems to be a safe
and effective, noninvasive alternative to ERCP in the careful assessment of the
main pancreatic duct after pancreatic traumatic injury [14].

Intraoperative pancreatography to visualize the main duct is helpful particu-
larly when ductal injury is suspected, or when the assessment of its integrity dur-
ing the intraoperative inspection is difficult and uncertain. Technically, intraop-
erative pancreatography can be performed by transduodenal catheterization of
the ampulla, distal cannulation of the duct in the tail of the pancreas, or even by
a needle cholecystocholangiogram [5].

Treatment

The current worldwide accepted classification of pancreatic trauma is that of
the American Association for the Surgery of Trauma (AAST) Committee on
Organ Injury Scaling. Focusing on whether the injury is proximal or distal,
parenchymal and/or ductal, it suggests useful if nonspecific guidelines for treat-
ment. In particular, parenchymal contusions or lacerations without ductal injury
and with minimal or small tissue loss (grade I or II) can be safely managed with
adequate external drainage alone. Distal transections of the gland with ductal
injury (grade III) require a distal pancreatectomy. Proximal injuries involving
the head of the pancreas, especially if involving the ampulla or duodenum
(grade IV or V), may require a pancreaticoduodenectomy or other complex
reconstructive procedure: however, in patients with this kind of injury and in
those in critical general condition, such complex procedures are preferably
delayed until definitive surgery can be carried out, and a less aggressive thera-
peutic strategy of damage control is preferred. As a matter of fact, patients with
severe pancreatic or combined pancreaticoduodenal injury (grade IV and V) are
usually not stable enough to undergo complex definitive procedures at the time
of trauma laparotomy. A damage-control approach focusing on the control of
hemorrhage and bacterial contamination, packing, and external drainage is
highly preferable in these situations. Placement of a draining tube directly into
the duct can be helpful, both for drainage and to allow easier isolation of the
duct at a later operation [15].

Minor pancreatic contusions, hematomas, and capsular lacerations (grade I)
represent 60% of all post-traumatic pancreatic injuries. Major parenchymal lac-
erations and contusions without ductal disruption or substantial tissue loss
(grade II) account for an additional 20%. Appropriate treatment of these lesions
is based on hemostasis and effective external drainage [16]; any attempt to
repair capsular lacerations should be avoided because their closure may result
in formation of a pancreatic pseudocyst, whereas even if a pancreatic fistula
develops, it is usually self-limiting if adequately drained and controlled [5]. Soft
closed-suction drains (e.g., Jackson Pratt) should be preferred owing to the
lower incidence of intra-abdominal abscesses and collections. It is not advisable
to attempt to achieve hemostasis of the bleeding vessels by suturing the injured
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parenchyma, because this is not effective for reliable hemostasis and only leads
to necrosis of the pancreatic tissue. Bleeding vessels should be ligated individu-
ally and an omental patch can be added.

The distinction between the proximal and distal parts of the pancreas is usu-
ally defined by the passage of the superior mesenteric vessels behind the pan-
creas, dividing the head and the body of the gland. In a patient with distal
parenchymal transection or major parenchymal injury with ductal disruption, or
even a major parenchymal lesion of the distal pancreas regardless of the degree
of ductal involvement (grade II and III), the best surgical option is distal pancre-
atectomy. The degree of ductal involvement and the status of the remaining,
proximal part of the main pancreatic duct can be assessed by intraoperative pan-
creatography. The vessels should be carefully ligated, the glandular stump can
be sutured and the duct ligated separately or closed using a stapling device [17].
The reported occurrence of postoperative fistula from the transection stump is as
high as 14% [16].

Traumatic injuries to the head of the pancreas pose a challenging therapeutic
dilemma. The priority is the definition of the anatomy and status of the pancreat-
ic duct. Surgical exploration and intraoperative pancreatography are mandatory if
feasible. If ductal involvement cannot be assessed by direct inspection and pancre-
atography cannot be performed, a wide external drainage with several closed-suc-
tion drains followed by postoperative ERCP (with duct stenting if a major proxi-
mal ductal injury is confirmed) or magnetic resonance cholangiopancreatography
(MRCP) is advisable. Pancreatic head and neck injuries that spare the major pan-
creatic duct can be safely and effectively managed by adequate external drainage
alone, which is even more recommended in unstable patients (with postoperative
ERCP). Some authors suggest external closed-suction drainage alone for any
proximal pancreatic injury, rather than wide resection. They obtained a 13.5% fis-
tula and abscess formation rate [18]; however, it has to be noted that the patients
in this study did not undergo pancreatography and could not be assessed as to
whether true major pancreatic ductal injury was present.

Severe combined pancreaticoduodenal injuries are rare (less than 10% of pan-
creatic traumatic injuries) and are usually caused by penetrating trauma and asso-
ciated with multiple severe intra-abdominal injuries, frequently of the inferior
vena cava [19]. Therapeutic and operative management must be based on the
integrity of the common bile duct and ampulla on cholangiography and the sever-
ity of duodenal injury [5]. In a review of 129 patients with combined pancreatico-
duodenal injury, 24% of them were treated with simple repair and drainage and
50% underwent repair and pyloric exclusion, while only 10% required a pancre-
aticoduodenectomy (Whipple’s procedure) [19]. Because of the broad spectrum of
injuries in these cases, and the strategies required to treat them, any patient with
pancreaticoduodenal trauma needs to undergo a cholangiogram, pancreatogram,
and careful evaluation of the status of the ampulla as well. In massive injuries with
destruction of the proximal duodenum and pancreatic head involving the ampulla
and/or distal common bile duct and proximal duct of Wirsung, any reconstructive
attempt is precluded (also because the head of the pancreas and the duodenum
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have a common arterial supply) and a pancreaticoduodenectomy is unavoidable. A
wide-ranging review of 184 cases of Whipple’s procedure performed for trauma
between 1961 and 1994 showed high morbidity and mortality rates (14% intraop-
erative and 36% overall mortality) [20].

Some authors have suggested nonoperative management for grade I-II
injuries, combined with early ERCP to identify the presence of ductal injury
requiring surgery [21]. In selected cases of ductal injury in adults, proximal
stenting of the pancreatic duct has been employed successfully [22]. Further
investigations are needed before any recommendations or guidelines can be
made about nonoperative management of pancreatic traumatic injuries in adults.
The use of somatostatin and its analogues (octreotide) is common in patients
with acute pancreatitis in order to reduce the exocrine secretions; however, sev-
eral studies failed to show a benefit or reported just a slight reduction of the
complication rate [23]. The use of these drugs is frequent in cases of traumatic
injury of the pancreas but is not supported by evidence-based studies.

Adequate nutritional support is a priority in the management of severe pan-
creatic trauma and should be considered and planned intraoperatively. A feed-
ing jejunostomy 15-30 cm distal to the duodenojejunal flexure, allowing early
enteral feeding, should be performed routinely. Elemental diets are preferred
because they are less stimulating to the pancreas and are cheaper [24]. Total
parenteral nutrition is a more expensive alternative if enteral access is unavail-
able.

Pancreatic traumatic injuries are associated with a postoperative complica-
tion rate from 20 up to 42%; the more severe the injury, the higher the morbidi-
ty. With multiple associated injuries of other intra-abdominal organs the compli-
cation rate rises up to 62% [25]. Furthermore, the development of sepsis and
multiple organ failure accounts for 30% of the deaths after pancreatic trauma.
Although the majority of the complications of pancreatic trauma are self-limit-
ing or at least treatable, careful intraoperative inspection of the pancreas and
assessment of the status of the duct of Wirsung can reduce morbidity by up to
one-half. Complications can occur early and late. The onset of transient abdom-
inal pain associated with elevation of the serum amylase concentration may indi-
cate the development of postoperative pancreatitis, which occurs in 7-18% of
patients [26—28]. Most patients with this form of post-traumatic pancreatitis are
well treated with bowel rest, nasogastric tube decompression, and parenteral
nutritional support. The severity may vary from just a transient biochemical and
self-limiting peak of amylase up to fulminant, usually deadly hemorrhagic pan-
creatitis. The latter is fortunately rare, occurring in less than 2% of operated
patients with pancreatic trauma, but the mortality can approach 80% in these
cases [29].

Postoperative pancreatic fistula development is the most common complica-
tion following pancreatic trauma, with an incidence of 7-20% [26] but rising to
26-37% in cases where there is ductal involvement or combined pancreatico-
duodenal injury [18, 30, 31]. Most of these fistulas are minor (output less than
200 ml/day) and are self-limiting within 2 weeks given effective and adequate
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external drainage. A recent multicenter review of post-traumatic distal pancrea-
tectomy reported a 14% rate of postoperative fistula, with spontaneous closure
in 6-54 days [27]. High-output fistulas (more than 700 ml/day) are rare and
require either surgical intervention or a prolonged period of external drainage
combined with nutritional support (preferably enteral feeding via jejunostomy)
as well as medical treatment of the underlying cause (such as sepsis) and
octreotide to reduce the glandular secretions. However, the efficacy of octreotide
is uncertain and octreotide treatment does not obviate the necessity of eradicat-
ing any infection and excluding obstruction or stenosis of the pancreatic duct
[32]. If a high-output fistula persists for more than 10 days and/or fails to
decrease in volume of output, ERCP (or MRCP/CT) can be done to establish the
underlying cause sustaining the fistula. A documented ductal lesion requires sur-
gical reoperation; otherwise transpapillary duct stenting is an option [33].

The incidence of post-traumatic abscess formation, usually peripancreatic,
ranges from 10 to 25%, depending on the number and type of associated lesions,
especially if they involve the liver and the intestine. Early operative or percuta-
neous evacuation is mandatory since the mortality in patients with such abscess-
es is as high as 25% [34, 35]. The abscesses are most often subfascial or peri-
pancreatic: a true pancreatic abscess is unusual, resulting from inadequate
debridement of necrotic tissue. For this reason, abscesses of this kind are not
treatable with percutaneous drainage and require prompt surgical debridement
and drainage; percutaneous decompression allows an abscess to be distinguished
from a pseudocyst.

Early diagnosis and correct treatment of pancreatic trauma should guarantee
a pseudocyst formation rate not higher than 2-3%. Despite this, a report on 42
patients with blunt pancreatic trauma treated nonoperatively showed pseudocyst
formation in more than half of them [36]. The main prognostic factor for pseudo-
cysts, both predicting outcome and suggesting further treatment, is the status of
the pancreatic duct as assessed using either ERCP or MRCP. If the duct is intact,
percutaneous drainage of the pseudocyst should be effective. If on the other hand
the pseudocyst is caused by major pancreatic duct disruption, previously unrec-
ognized, simple percutaneous drainage will only convert the pseudocyst to a
chronic fistula and the definitive treatment should include either partial gland
resection or an internal Roux-en-Y drainage, or cystogastrostomy (open or endo-
scopic), or endoscopic transpapillary ductal stenting [37]. Surgery is usually pre-
ferred for the larger sizes of cyst, because of the risk of stent migration [10].

The morbidity and mortality after gunshot wound, especially with high-ener-
gy impact, are clearly higher than those following a stab-wound penetrating
injury. The amount of energy involved is therefore a discriminant factor in deter-
mining the severity of injuries, ranging from a small contusion or superficial lac-
eration of the gland up to massive destruction of the pancreas with complete
ductal transection.

The mortality associated with pancreatic trauma is mostly in patients who die
within the first 48 h, primarily because of exsanguinating injuries to the major
vessels, liver, or spleen [38]. For example, in penetrating wounds of the pan-
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creas, the aorta, portal vein, or vena cava are involved in the injury in more than
75% of cases. In blunt trauma, associated injuries of a parenchymal or hollow
viscus are also common. In a multicenter review of more than 1,000 patients
with pancreatic injuries, the incidence and type of the associated lesions were
respectively 47% involving the liver, 42% the stomach, 41% major vessels, 28%
spleen and 23% kidneys, 19% the duodenum, 17% the colon, and 15% the small
bowel [5, 30]. The presence and severity of associated injuries is strongly and
significantly related to the mortality, which is 2.5% when there is no associated
injury or only one lesion involving the adjacent organs, but rises to 13.6% when
there are two or three associated lesions, and goes up again to 29.6% with four
or more lesions [31]. Late deaths (later than 48 h after trauma) are usually relat-
ed to the development of sepsis and multiple organ failure secondary to the asso-
ciated duodenal or pancreatic injury [32, 39]. The most common complications
are anastomotic breakdown, fistula, pseudocyst, intra-abdominal abscess, and
pneumonia.

The time elapsed from injury to definitive treatment is a further prognostic
factor. A mortality rate of 50% has been reported in six patients with pancre-
atic trauma in whom surgical treatment was delayed until 17 up to 60 days
after injury [40]. Other authors have reported mortality rates ranging from
50 to 90% without surgical treatment, and the onset for surviving patients of
long-term problems such as pancreatitis, abdominal pain, and pseudocyst for-
mation [25, 41, 42].

Finally, the last but not the least prognostic factor is the status of the pancre-
atic duct. A ductal lesion — more so if initially missed and treated late — can
strongly and significantly increase morbidity and mortality [21]. The last few
decades have shown the importance of a careful assessment for the presence of
a ductal lesion; a distal pancreatectomy including the injured duct reduced mor-
tality from 19 to 3%, compared with nonoperative management [43]. A further
study showed a significant decrease in the complication rate from 55 to 15%
using intraoperative pancreatography for accurate investigation of the ductal sta-
tus in cases of suspected proximal injury [43].
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Chapter 4

Epidemiology, Classification, Etiopathogenesis,
and Diagnosis of Acute Pancreatitis

Gianluca Guercioni, Walter Siquini, Emidio Senati

Introduction

In 1925, Moynihan described the dramatic nature of acute pancreatitis as the
“most terrible of all calamities that occurs in connection with the abdominal vis-
cera. The suddenness of its onset, the illimitable agony which accompanies it,
and the mortality attendant upon it renders it the most formidable of catastro-
phes” [1]. From mild and self-limiting disease to multiorgan failure and sepsis,
acute pancreatitis is a disorder that has numerous causes, an obscure pathogen-
esis, few effective remedies, and an often unpredictable outcome. The anato-
mopathological alterations of the pancreatic parenchyma vary from interstitial
edema and very limited necrosis of the parenchymal fat to extensive areas of
pancreatic necrosis and bleeding.

Epidemiology

Several authors have noted that the incidence of acute pancreatitis has signifi-
cantly increased in the last 40 years [2—5]. In the United States the incidence of
acute pancreatitis ranges from 5 to 25 cases per 100,000 population, and
between 166,000 and 224,000 patients are admitted each year with a diagnosis
of acute pancreatitis [6, 7]. Estimates of the incidence in Europe range from
about 10 to 15 cases per 100,000 population; more women than men are affect-
ed (2:1), perhaps due to the prevalence of cholelithiasis in women [2, 3]. In Italy
the incidence of acute pancreatitis has been reported at between 5 and 10 cases
per 100,000 population, with a greater frequency in the north than in the central
and southern regions [2]. The age of peak incidence is between 45 and 55 years
in men and between 55 and 65 years in women [2-7].

Although acute pancreatitis has a benign disease course, the global mortali-
ty rate is around 5% [8], being less than 1% in the mild form [6, 9] and 20-25%
in the severe ones [10].
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Definition, Classification, and Terminology

Acute pancreatitis is an acute inflammatory process of the pancreas with vari-
able involvement of other regional tissues or remote organ systems [11]. The
most significant factor in classifying acute pancreatitis is the presence of pancre-
atic necrosis, which is the major risk factor.

The most useful and widely accepted classification system for describing the
clinical course of acute pancreatitis was developed during the consensus confer-
ence of Atlanta in 1992. Table 4.1 shows the clinically based classification sys-
tem for acute pancreatitis derived from this symposium [11].

From the pathological viewpoint, the following can be distinguished (patho-
logic classification of acute pancreatitis) [12]:

— Edematous acute pancreatitis
— Edematous pancreatitis with focal areas of steatonecrosis, bleeding, or ne-

Crosis
— Necrotic-hemorrhagic pancreatitis
— Suppurative pancreatitis

Table 4.1 Clinically-based classification system for acute pancreatitis (Atlanta
Conference 1992)

Term Definition

Mild acute pancreatitis Acute inflammation of the pancreas with minimal distant
organ dysfunction and uneventful recovery

Severe acute pancreatitis Acute pancreatitis associated with organ failure and/or local
complications, such as necrosis, abscess, or pseudocyst

Acute fluid collections Fluid collections that occur early in the course of acute
pancreatitis located within or near the pancreas, without a
wall of granulation or fibrous tissue

Pancreatic necrosis Diffuse or focal areas of nonviable pancreatic parenchyma
typically associated with peripancreatic fat necrosis

Pseudocyst Collection of pancreatic juice enclosed by a wall of granu-
lation or fibrous tissue which arises as a consequence of acute
pancreatitis, pancreatic trauma, or chronic pancreatitis

Pancreatic abscess Circumscribed intra-abdominal collection of pus, usually
in proximity to the pancreas, containing little or no pancre-
atic necrosis which arises as a consequence of acute pan-
creatitis or pancreatic trauma

Etiology

Many factors have been implicated as cause of acute pancreatitis (Table 4.2),
although gallstone disease and alcoholism together are responsible for 70-80%
of all cases.
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Table 4.2 Causes of acute pancreatitis
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Gallstones

Alcoholism

Metabolic causes
Hypertriglyceridemia
Hypercalcemia

Genetic mutations
Hereditary pancreatitis
Cystic fibrosis
Autoimmune pancreatitis

Pancreas divisum

Drugs
Azathioprine
6-Mercaptopurine
Pentamidine
Didanosine
Sulfonamides
Valproic acid
Furosemide
Aminosalicylates
Metronidazole
Acetaminophen

Toxins
Organophosphate insecticides

Scorpion’s venom
Trauma
ERCP

Infections
Viruses:

- Cytomegalovirus

- Mumps

- Rubella

- Coxsackievirus B

— Hepatitis A, B, and non-A, non-B
Bacteria:

- Klebsiella spp.

- E. coli

- Mycobacterium tuberculosis (AIDS)

- Mycobacterium avium complex (AIDS)
Fungi:

- Cryptosporidium spp.

- Cryptococcus spp.

- Candida spp.
Worms:

- Ascaris lumbricoides

- Clonorchis sinensis

Ischemia

Tumors

Idiopathic
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Cholelithiasis

Gallstones are the principal cause of acute pancreatitis in Europe (up to 70%)
[12]. The exact mechanism remains unclear. In 1856 Claude Bernard reported,
in an experimental model, that injection of bile into the duct of Wirsung (main
pancreatic duct) produced acute pancreatitis. In 1901 Eugene Lindsay Opie at
the Johns Hopkins Hospital in Baltimore documented a gallstone impacted in the
ampulla of Vater during the postmortem examination of a patient operated on by
Halsted, who died of gallstone pancreatitis. He proposed that a gallstone
obstructing the prepapillary common channel shared by the common bile duct
and the pancreatic duct would lead to bile reflux into the pancreatic tree (Fig.
4.1). The diffusion of bile into the Wirsung douct would cause acute pancreati-
tis (“common channel theory”) [13].

The etiologic role of gallstones has been well established: acute pancreatitis
affects between 3 and 8% of all patients with symptomatic gallstones and up to
30% of those with microlithiasis (stones smaller than 3 mm in diameter).
Moreover, several studies have documented the retrieval of gallstones in the
stools of approximately 90% of patients with acute gallstones pancreatitis [14].

cystic duct | \

minor
duodenal
papilla

\ pancreatic
duct

Gallstoné
blocking
ampulla

major duodenal papilla
Fig. 4.1 Tllustration of the common channel theory outlined by Opie in 1901 (the green

arrow shows the reflux of bile into the pancreatic duct after a gallstone has lodged in the
ampulla of Vater)
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Nevertheless, the etiological model theorized by Opie has been critically
reviewed, because a common channel shared between the common bile duct and
the pancreatic duct is present in 10% of population (from autopsy series) [14].

It is common belief that the passage of a gallstone through the ampulla of Vater
is an important factor that enhances pancreatitis because it is associated with reac-
tive spasm of the sphincter of Oddi and with ampullary edema. The ampullary
obstruction causes a reduction in exocrine pancreatic secretion with hypertension in
the pancreatic ductal tree and a decrease of duodenal pH that causes hyperproduc-
tion of secretin and CCK; these enteral hormones are responsible for an increase in
pancreatic secretion that leads to worsening of the pancreatic intracanalicular
hypertension (obstruction—hypersecretion theory) [15]. These two phenomena may
lead to inadequacy of “wall function” of the mucosa in the duct of Wirsung, with
diffusion of activated proteolytic enzymes produced by acinar cells within the pan-
creas, thus triggering the autodigestive mechanism of acute pancreatitis.

Alcoholism

Alcohol abuse is the most common cause of acute pancreatitis in USA and the
second in Western Europe (up to 50-60% of cases in the USA and 30% in
Europe) [16]. Chronic alcohol abuse is the most frequent factor that causes acute
pancreatitis in a patient with preexisting chronic pancreatitis. Only in a minori-
ty of patients is a large alcoholic binge the initiating event for acute pancreatitis
and no evidence found of preexisting chronic damage to the gland.

Symmers was the first to establish, in 1917, that alcohol was an important
pathogenetic factor in the development of acute pancreatitis [17], but the exact
mechanism by which alcohol consumption produce pancreatitis is still unknown.
Ethanol and its metabolites (acetaldehyde, acetate, and nonesterified fatty acids)
show a direct toxic effect against the acinar pancreatic cells and seem to promote
the diffusion of activated proteolytic enzymes into the gland, increasing the per-
meability of the epithelium in the pancreatic ductal tree. Moreover, ethanol is a
well-known stimulant of gastric acid secretion, and the resultant duodenal acid-
ification is a stimulus for the release of secretin and CCK, which increases the
exocrine pancreatic secretion; at the same time, ethanol increases the basal tone
of the sphincter of Oddi, resulting in activated enzyme diffusion, facilitated by
an increase in pancreatic ductal permeability, in the presence of exocrine hyper-
secretion and partial ampullary obstruction (obstruction—hypersecretion theory)
[18]. Another mechanism to explain the etiologic role of alcohol suggests that
alcohol may initiate enzyme diffusion and cause pancreatic injury as a result of
protein plugging of pancreatic plug [18]. An adjunctive mechanism to explain
alcohol-induced pancreatitis involves injury generated by oxygen-derived free
radicals produced by intrapancreatic degradation of ethanol; superoxide and
hydroxyl radicals may lead to alterations of membrane permeability and of the
microcirculatory bed with worsening of pancreatic injury deriving from prote-
olytic enzymes [18].
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Finally, alcohol may induce hypertriglyceridemia; free fatty acids produced
from the lipolysis of triglycerides may induce pancreatic injury by causing aci-
nar cell or capillary endothelial cell injury [18].

Metabolic Causes

Serum triglyceride levels higher than 1000 mg/dl are usually required to cause
acute pancreatitis [19]. Severe hypertriglyceridemia is most commonly observed
in type V hyperlipoproteinemia (less commonly in type I and IV), nephritis,
hypothyroidism, pregnancy, and drug administration (e.g., diuretics, B-blockers,
retinoids, estrogens). The mechanism of pancreatic injury caused by hyperlipi-
demia is uncertain, but it may involve the free fatty acids released from triglyc-
erides by lipase in the pancreatic microcirculation, with subsequent microvascu-
lar ischemic injury and increase of membrane permeability due to alteration in
membrane lipoprotein balance [20].

Hypercalcemia is a rare metabolic cause of acute pancreatitis and is usually
associated with hyperparathyroidism (1-2% of cases). The mechanism of hyper-
calcemia-related pancreatitis may involve calcium-induced trypsinogen activa-
tion and subsequent parenchymal autodigestion. Alternatively, calcium precipi-
tation in the pancreatic duct could cause ductal obstruction associated with cal-
cium-stimulated pancreatic exocrine hypersecretion. (obstruction—hypersecre-
tion theory) [14].

Hereditary Pancreatitis

Patients with acute hereditary pancreatitis present with typical features. They
have a family history of chronic pancreatitis and they complain of symptoms
since childhood (in more than 90% of patients the first manifestations are
observed before the end of the second decade of life).

In 1996, Whitcomb and colleagues identified the third exon of the cationic
trypsinogen gene (PRSSI) on chromosome 7q35 as the gene responsible for
hereditary pancreatitis [21]. This disorder is autosomal dominant, with a pene-
trance of about 80%. The mutation identified consisted of an arginine-to-histi-
dine substitution at codon 122 (R122H). This mutation causes a conformational
change in the three-dimensional structure of the trypsinogen-SPINK1 complex
and might impair activity of the SPINK1 (serine protease inhibitor Kazal type 1,
also known as pa