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Summary of the thesis

Pancreaticoduodenectomy (PD), a complex surgical procedure for resecting tumors of the
pancreatic head, distal bile duct or periampullary region, is associated with a considerable
morbidity. Postoperative pancreatic fistula (POPF), the main contributor, is caused by leakage from
the pancreatico-enteric anastomosis and ranges from 15 to 26%. If not controlled promptly, POPF
may lead to a complex postoperative course with septic or hemorrhagic complications, organ failure
and increased mortality. Although multiple approaches to decrease POPF rates have been reported,
an effective preventive strategy has not been found. The aims of this thesis were to study the
contributing factors and early diagnostic markers of clinically relevant POPF, and to formulate
predictive models that may facilitate clinical management of patients undergoing PD.

In study I, a prospective observational cohort study on 48 non-consecutive PD patients 2007-10,
local metabolite changes and protease activation in the proximity of the pancreaticojejunostomy
(PJ) were measured by microdialysis to investigate the pathophysiology of POPF. In patients
subsequently developing POPF, high glycerol and lactate/pyruvate (LP) ratio levels, low glucose
concentrations and presence of trypsinogen activation peptides were observed before any POPF
symptoms appeared. The fact that glycerol level peaks preceded the elevations in LP ratios
suggested that the early glycerol release in POPF patients was not initiated by local ischemia.

In study Il, a prospective observational cohort study on 110 non-consecutive PD patients 2008-10,
the predictive impact of a standardized intraoperative assessment of pancreatic consistency (PC)
and pancreatic duct diameter (PDD) on the development of POPF was investigated. Combining
both characteristics in a composite classification, the risk for POPF or fluid collections could be
stratified as ‘high’ (softer PC and smaller PDD, incidence of associated morbidity 51%),
‘intermediate’ (softer PC or smaller PDD, 26%) or ‘low’ (no risk factors, 2%). Only patients with
smaller PDD developed severe POPF.

In study Ill, a prospective observational cohort study on 195 consecutive PD patients 2008-10, the
importance of POPF for PD-associated morbidity was evaluated by comparing the predictive impact
of an intraoperative pancreatic risk assessment (IPRA) with the generally applicable “Physiological
and Operative Severity Score for the enUmeration of Mortality and Morbidity” (POSSUM).
Although the POSSUM-estimated risk corresponded with observed morbidity for the entire cohort,
individual and grouped POSSUM risk estimates did not reveal any association with the incidence or
severity of overall morbidity. However, the IPRA model identified patients with high POPF-risk
and was even significantly associated with the incidence and severity of overall morbidity.

In study IV, a prospective observational cohort study on 315 consecutive PD patients 2008-12, the
analysis of pancreatic amylase from intraabdominal drainage (DPA) as an early diagnostic marker
of POPF following PD was evaluated. DPA at selected cut-off levels was proven to be superior to
that of plasma pancreatic amylase in predicting clinically relevant POPF. A model combining DPA
and C-reactive protein (CRP) had the highest POPF-predictive impact. Persistently raised CRP
levels on POD 3 proved to be an independent indicator for subsequent POPF development.

In summary, standardized intraoperative pancreatic risk assessment (IPRA) constitutes a central tool
for surgical decision making in the risk management of patients undergoing PD. It had a stronger
predictive impact on the incidence and severity of overall postoperative morbidity than an
established generally applicable risk adjustment model (POSSUM). Analyses of local metabolite
concentrations or pancreatic amylase levels from intraabdominal fluids in the proximity of the PJ
could serve as diagnostic markers for subsequent POPF development at an early subclinical stage.
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| INTRODUCTION

Pancreatic cancer (pancreatic ductal adenocarcinoma, PDAC), one of the most lethal human
cancers, remains an unsolved major health problem (Vincent et al., 2011). 3600 new cases
occurred in the Nordic Countries between 2006 and 2010 (1752 in males, 1848 in females),
while 4014 deaths were registered (1893 males and 2121 females, incidence 7.5 and 6.2,
mortality 7.9 and 6.5 per 100.000, respectively). The fact that mortality rates are higher
than incidence rates reflects the underreporting of new pancreatic cancer cases in
individuals older than 70 years (Lambe et al., 2011). In Sweden, pancreatic cancer is the
14™ most common cancer form with 825 new cases (1.8% of all new cancer cases) but the
5™ most common cancer mortality behind prostate, lung, breast and colorectal cancer with
1575 deaths, representing 7.1% of all cancer deaths per year (NORDCAN; ANCR).

Despite huge efforts, clinicians and researchers have not been able to improve PDAC
survival rates. Surgery as the cornerstone of treatment with curative intent can be offered to
only 15-20% of patients at the time of diagnosis (Li et al., 2004). Even with complete local
surgical tumor clearance, the relapse rate remains high with poor outcomes at 5 years (Sohn
et al., 2000; Yeo et al., 1997a; Neoptolemos et al., 2012). Cancer detection at earlier stages
might give more patients access to surgery; however, most critical to improving the
outcomes of resected PDAC is the development of effective systemic therapies. Future
development of curative intent therapy in randomized clinical trials (RCT) is limited to
those patients with non-disseminated disease, and undergoing a strictly assessed RO
resection (Crane et al., 2010).

Besides achieving complete tumor clearance, a major objective in the research field of
pancreatic surgery is to control the high post-pancreatectomy morbidity, which is
predominated by two major complications; delayed gastric emptying (DGE) and post-
operative pancreatic fistula (POPF). The latter is still challenging; if not controlled
immediately, POPF may lead to severe secondary morbidity and significantly increased
mortality (Hackert et al., 2011a). Patients with other cancer forms than PDAC and the
associated better survival rates have the highest risk of developing POPF (Pratt et al.,
2008a).

The intensive research on understanding pathways of cancer development, early detection
strategies for PDAC, identification of cancer precursors, and the management of patients in
high-volume centers with surgical and oncologic expertise may show promise to improve
outcomes (Li et al., 2004; Saif, 2011). However, the extension of surgical indications,
shifting from curative-intent towards cancer-preventive surgery, might even implicate a
change of the patient profile. Pancreatic surgeons will have to respond to an increasing
demand for preventive surgery in younger, apparently healthier, more hesitant patients,
with a greater need of information about the legitimacy of surgery in their individual cases.
A lesser acceptance of possible severe postoperative complications will necessitate radical
improvements to control surgical complications. Theoretically, the ability to control POPF
could change the public picture of pancreatic resections and contribute to rationalizing
more aggressive preventive surgical strategies in the fight against pancreatic cancer.




Anatomical aspects

The pancreatic gland is a retroperitoneal organ centrally located in the upper abdomen and
ventral to the mesenteric vessels, extending from the pancreatic head in the C-loop of the
duodenum to the pancreatic tail in the splenic hilum. In an adult, the pancreas is 15-20 cm
long and weighs 75-100 g. The fact that even a minor surgical trauma to the pancreas can
result in the release of pancreatic enzymes and cause pancreatitis, illustrates the importance
of anatomic knowledge of the pancreatic gland and its surrounding structures for surgeons
(Fisher W.E., 2010).

The pancreatic gland develops in the fourth week of fetal life by a fusion of the dorsal and
ventral pancreatic bud from the caudal part of the foregut. With gut rotation, the ventral bud
rotates around the posterior side of the duodenum to fuse with the dorsal bud. In the adult
pancreas, both the caudal head portion and the uncinate process are derived from the ventral
bud, whereas the cranial head portion, body and tail are derived from the dorsal bud. The
ducts of the dorsal and ventral pancreas join to form the main pancreatic duct (duct of
Wirsung); a smaller part of the dorsal duct persists in the pancreatic head as an accessory
duct (duct of Santorini). In 5-15% of the population, the ventral and dorsal ducts fail to
fuse resulting in a pancreas divisum and pancreatic drainage mainly through the duct of
Santorini and through the minor papilla into the duodenum (Doherty, 2010).

The pancreatic regions and their blood supply

Pathological lesions in the pancreas are typically described in relation to four pancreatic
regions (head, neck, body, and tail). The pancreatic head with the uncinate process lies
within the C-loop of the duodenum and is associated medially to the mesentery of the
transverse colon. The retroperitoneum behind the head of the pancreas contains the caval
vein with the left renal vein and the aorta with the right renal artery.

The neck of the pancreas lies over the mesenteric root, where the splenic vein and superior
mesenteric vein (SMV) join to continue in the hepatoduodenal ligament as the portal vein
(PV). At the inferior border, the inferior mesenteric vein (IMV) joins the splenic vein near
its junction with the SMV, or the SMV directly. The superior mesenteric artery (SMA)
leaves the aorta above the crossing of the left renal vein and continues in the root of the
mesentery to the left of the SMV. The inferior pancreaticoduodenal artery branches from
the SMA and divides into the anterior and posterior inferior pancreaticoduodenal arteries
which form the arterial pancreatic arcade giving off numerous branches to the duodenum
and pancreatic head.

The pancreatic head contains the most distal part of the common bile duct (CBD). The
intra-pancreatic CBD joins the main pancreatic duct at the ampulla of Vater. The uncinate
process and the head of the pancreas wrap around the right side of the SMV/PV. Venous
branches draining the pancreatic head and uncinate process enter along the right lateral and
posterior sides of the SMV/PV (Fisher W.E., 2010). As there are usually no anterior venous




tributaries, a dissection plane can be developed between the neck of the pancreas and the
SMV/PV. The gastroduodenal artery (GDA) leaves from the common hepatic artery and
continues as the superior pancreaticoduodenal artery behind the first portion of the

duodenum. It branches into the
anterior and posterior superior
pancreaticoduodenal arteries. It is
not possible to resect the pancreatic
head without devascularizing the
duodenum, unless a rim containing
the pancreaticoduodenal vascular
arcade is preserved (Fisher W.E.,
2010). Variations in the anatomy of
the right hepatic artery, common
hepatic artery, or GDA occur in 20%
of patients (Michels, 1962), and the
preoperative  knowledge of the
individual anatomy regarding the
arterial liver supply is important for
surgical and oncological reasons.

Once the gastrocolic omentum is
divided and the omental bursa is
opened, the body and tail of the
pancreas is visible posterior to the
stomach, and anterior to the splenic
artery and vein. Multiple small
venous branches from the pancreatic
body and tail drain to the splenic
vein running in a groove on the
posterior aspect. The splenic artery
branches from the celiac trunk and
continues superior to the vein along
the posterior superior edge of the
pancreatic body and tail. The body
of the pancreas is situated ventral to
the aorta at the origin of the SMA
and the neck of the pancreas ventral
to the vertebral body of L1 and L2.

Table 1. Regional abdominal lymph nodes.

1 Right paracardial
2 Left paracardial
3 Lesser curvature
4sa Short gastric vessels
4sb Left gastroepiploic vessels
4d Right gastroepiploic vessels
5 Suprapyloric
6 Infrapyloric

Left gastric artery
8a Common hepatic artery anterosuperior
8p Common hepatic artery posterior
9 Celiac artery
10 Splenic hilum
11p Proximal splenic artery
11d Distal splenic artery
12a Hepatoduodenal ligament (LHA)
12b Hepatoduodenal ligament (CBD)
12p Hepatoduodenal ligament (PV)
13 Pancreatic head posterior surface
14v Superior mesenteric vein
14a Superior mesenteric artery
15 Middle colic vessels
16al Aortic hiatus
16a2 Abdominal aorta CT to LRV
16b1 Abdominal aorta LRV to IMV
16b2 Abdominal aorta IMV to AB
17 Pancreatic head anterior surface
18 Pancreas inferior margin
19 Infradiaphragmatic
20 Diaphragm esophageal hiatus
110 Lower thorax Paraesophagea
111 Supradiaphragmatic
112 Posterior mediastinal

Map of lymph node stations (Kawarada, 1998).

Blunt anteroposterior trauma can compress the neck of the pancreas against the spine and
cause a pancreatic “fracture” with parenchymal and/or ductal injury (Rekhi et al., 2010).
The pancreatic tail contains the portion from anterior to the left kidney to the hilum of the
spleen (Fisher W.E., 2010). The body and tail of the pancreas are supplied by multiple
branches of the splenic artery. The inferior pancreatic artery, ordinarily branching from the
SMA, runs along the inferior border of the body and tail of the pancreas, parallel to the
splenic artery, forming arcades within the body and tail of the pancreas, and accounting for




the rich blood supply of the organ. The venous drainage of the pancreas follows a similar
pattern (Fisher W.E., 2010).

Lymphatic drainage and innervation

The widespread and diffuse lymphatic drainage from the pancreas contributes to early
lymphatic invasion and dissemination in pancreatic cancer. The profuse network of lymph
node stations has been mapped systematically (Kawarada, 1998). The pancreatic lymphatic
system communicates with lymph nodes in the mesentery of the transverse colon and the
proximal jejunum. In the pancreatic parenchyma, the acinar cells responsible for exocrine
secretion and the islet cells responsible for endocrine secretion are stimulated by
parasympathetic and inhibited by sympathetic nerves. In several studies about pancreatic
nociception, the rich supply of afferent sensory fibers in the pancreatic parenchyma has
been made responsible for the intense pain associated with advanced pancreatic cancer, as
well as acute and chronic pancreatitis (Fisher W.E., 2010; Bradley & Bem, 2003).




Physiological aspects

The endocrine (2% of the cells in the pancreatic gland) and exocrine (85%) functions of the
pancreatic gland are not functionally separated but components of a single complex
regulatory feedback system for digestive enzyme and hormone secretion. Although it is
possible to live without the pancreas if insulin and digestive enzymes are substituted, the
loss of the pancreatic regulation after a total pancreatectomy leads to severe impairments in
digestive function. Although only 20% of the normal pancreatic parenchyma is required to
prevent functional insufficiency (Leahy et al., 1984), many patients undergoing pancreatic
resection have pancreatic remnants with impaired endocrine and exocrine function, and 5-
11% develop pancreatic fibrosis and atrophy due to malfunction of the pancreatico-enteric
anastomosis (Morgan et al., 2010; Reid-Lombardo et al., 2007a) or insufficient pancreatic
stimulation.

Exocrine function

The external secretion of the pancreas is stimulated by the hormones secretin and
cholecystokinin (CCK) and by parasympathetic vagal discharge. Pancreatic juice is an
alkaline (pH 7.0-8.3) and isosmotic solution of 1-2 liters per day containing the secretions
of acinar and duct cells. The acinar cells secrete amylase, proteases and lipases, enzymes
responsible for the digestion of carbohydrate, protein, and fat, respectively. Unlike the
endocrine islet cells that specialize in the secretion of one hormone type, individual acinar
cells are capable of secreting all enzyme types. Due to a sequential regulation of secretion,
the ratio of different enzymes secreted can be adjusted to the mix of food being digested.
Pancreatic juice helps to neutralize gastric acid in the duodenum and adjusts luminal pH to
a level that provides optimal conditions for the catalytic activity of the enzymes. Lipase and
amylase are stored and secreted in active forms. Pancreatic amylase completes the digestive
process that was started by salivary amylase. Phospholipase A and the proteases are
secreted as an inactive proenzyme and activated in the duodenum (Davenport, 1982).

Proteolysis and lipolysis

The conversion of trypsinogen into active trypsin and the inactive cleavage product
trypsinogen activation peptide (TAP) occurs at the intestinal brush border, catalyzed by
enterokinase, an enzyme which is produced by the duodenal mucosal cells (Rinderknecht,
1993a). Trypsin, in turn, activates other proteolytic enzymes. The separate storage of
proteases from other cell proteins, the secretion of proenzymes that require activation, and
the presence of proteolytic enzyme inhibitors in the pancreatic juice and in the pancreatic
parenchyma prevent the pancreas from autodigestion. A failure to express the pancreatic
secretory trypsin inhibitor (PSTI), also known as serine protease inhibitor Kazal-type 1
(SPINK1) or tumor-associated trypsin inhibitor (TATI), is one of the causes of hereditary
pancreatitis (Chen et al., 2000). Trypsinogen is expressed in several isoforms. Trypsinogen-
1, also known as cationic trypsinogen, is the main isoform of trypsinogen and encoded by
the PRSS1 gene. Mutations on the cationic trypsinogen gene can result in the premature




intrapancreatic activation of trypsinogen, which accounts for about two thirds of cases of
hereditary pancreatitis (Mitchell et al., 2003). Trypsin activates chymotrypsin, elastase,
carboxypeptidase A and B, and phospholipase, which together with other pancreatic lipases
(pancreatic triglyceride lipase, carboxylester lipase) hydrolyze phospholipids and
triglycerides into the end products glycerols and free fatty acids. Trypsin, chymotrypsin,
and elastase cleave bonds between amino acids within a target peptide chain, and
carboxypeptidase A and B cleave amino acids at the end of peptide chains. The individual
amino acids and small dipeptides are then actively transported into the intestinal epithelial
cells. Pancreatic lipase hydrolyzes triglycerides to 2-monoglyceride and fatty acid and
phospholipase A2 hydrolyzes phospholipids. All lipases require bile salts to be active and
are enhanced by co-lipase. Fat is hydrolyzed by carboxylic ester hydrolase and cholesterol
esterase and packaged into micelles for transport into the intestinal epithelial cells, where
the fatty acids are reassembled and packaged inside chylomicrons for transport through the
lymphatic system into the blood (Doherty, 2010).

Table 2. Exocrine Pancreatic Enzymes.
Cleaves carboxyl side of peptide bonds after small amino acid residues

Elastase . . . . .

(alanine, glycine, serine) to produce oligopeptides
Trypsinogen/ Cleaves internal bonds at lysine or arginine residues to produce
Trypsin oligopeptides, activates other pancreatic proenzymes
Chymotrypsinogen/ Cleaves carboxyl side of peptide bonds at aliphatic amino acid residues
Chymotrypsin to produce oligopeptides
Pancreatic carboxypeptidase Removes aromatic amino acids from carboxyl terminal end of protein or
(A1, A2, and B) peptide chains, produces Arginine and Lysine

Cleaves triacylglycerol "fat" molecules into glycerol, two free fatty acids,
and monoglycerides

Pancreatic amylase Cleaves starches

Phospholipase A2 Cleaves phospholipid molecules at the second glycerol carbon

Cleaves 2-lysophosphatidylcholine to produce glycerophosphocholine (a
precursor of acetylcholine)

Cholesterol esterase Cleaves fatty acid

Pancreatic lipase

Lysophospholipase

Acinar secretion

An acinus consists of about 40 acinar cells. The duct cells, located near the center of the
acinus (centroacinar cells), are responsible for the secretion of fluid and electrolyte in the
pancreatic juice and contain carbonic anhydrase, an enzyme needed for bicarbonate
secretion. Secretin-stimulated bicarbonate secretion buffers the acidic fluid entering the
duodenum from the stomach. Chloride secretion varies inversely with the bicarbonate
secretion. Sodium and potassium levels in the pancreatic secretion are constant and
independent of the secretory rate. CCK stimulates bicarbonate secretion to a much lesser
extent than secretin but potentiates secretin-stimulated bicarbonate secretion and augments
the secretion of insulin. Somatostatin, pancreatic polypeptide (PPP), and glucagon of the
endocrine pancreas inhibit exocrine secretion (Harris, 1994). The acinar cells release
pancreatic enzymes into the lumen of the acinus, where they join with the fluid and
bicarbonate secretions of the centroacinar cells. The pancreatic juice drains into small
intercalated ducts and interlobular ducts, where fluid is added and electrolytes are adjusted,
and into side branches that empty into the main pancreatic duct. Recurrent inflammation,
trauma or manipulation, contributes to destruction of the branching structure, and together
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with acinar or mesenchymal cell damage to the development of inter-, intralobular fibrosis
and exocrine pancreatic insufficiency (Bro-Rasmussen et al., 1956; Kloppel et al., 2004).

Endocrine function

There are at least one million islets of Langerhans in the normal adult pancreas. Larger
islets are located in proximity to the major arterioles and smaller islets are embedded in the
pancreatic parenchyma. Most islets contain 3000 to 4000 cells of five major types: alpha
cells that secrete glucagon, beta cells that secrete insulin, delta cells that secrete
somatostatin, epsilon cells that secrete ghrelin, and PP cells that secrete PPP.

Insulin

Stored insulin can be released rapidly during a first secretion phase. The second phase is a
sustained release due to ongoing production of new insulin. Insulin synthesis is regulated
by plasma glucose levels, neural signals, and the paracrine influence of other islet cells.
Glycogenolysis, fatty acid breakdown, ketone formation and hepatic glucose production is
inhibited by Insulin, whereas protein synthesis is stimulated and glucose transport into cells
facilitated (Ebert, 1987).There is a considerable amount of functional reserve in insulin
secretory capacity. If the remaining portion of the pancreas is healthy, about 80% of the
pancreas can be resected without the patient becoming diabetic; however, in chronic
pancreatitis or other disease conditions, even smaller pancreatic resections can result in
diabetes (Leahy et al., 1984). Insulin deficiency (type | diabetes) results in an up-regulation
of insulin receptors, leading to an enhanced insulin sensitivity. Type Il diabetes is
associated with insulin resistance, down-regulation of insulin receptors and relative
hyperinsulinemia (Doherty, 2010).

Glucagon, somatostatin and pancreatic polypeptide

Glucagon is a peptide that promotes hepatic glycogenolysis and gluconeogenesis and
counteracts the effects of insulin. Insulin and somatostatin inhibit glucagon secretion in a
paracrine fashion within the islets. The same neural impulses that regulate insulin secretion
also regulate glucagon secretion, so that the two hormones work together in a balance of
actions to maintain glucose levels (Brunicardi et al., 1987). Somatostatin is a peptide with a
wide anatomic distribution and is important in many regulatory processes throughout the
body. Endocrine release of somatostatin occurs during a meal by intraluminal fat and the
acidification of the gastric and duodenal mucosa. Acetylcholine from the cholinergic
neurons inhibits somatostatin release (Brunicardi et al., 1994). Pancreatic polypeptides
(PPP), discovered during the process of insulin purification (Kimmel et al., 1968), are
known to inhibit bile secretion, gallbladder contraction, and secretion by the exocrine
pancreas. A number of studies suggest that PPP control glucose levels through the
regulation of hepatic insulin sensitivity at the transcriptional level (Saltiel, 2001; Asakawa
et al., 2003). Deficiencies in PPP secretion due to proximal pancreatectomy or severe
chronic pancreatitis are associated with diminished hepatic insulin sensitivity due to a
reduced number of hepatic insulin receptors (Seymour et al., 1998).




Historical aspects

The first anatomical descriptions of the pancreas have been attributed to Herophilus of
Chalcedon in the third century BC (McClusky et al., 2002; Busnardo et al., 1983) . The
observation that it did not consist of cartilage or bone prompted Ruphos of Ephesus to name
the organ “pancreas” (Greek “pan” means “all”; Greek “kreas” means “flesh”) two hundred
years later (Howard, 2003).

Pancreatic research

In the 16™ century, in the fifth book of his opus “De humani corporis fabrica” (Fabric of the
Human Body), Vesalius referred to the pancreas as a “glandulous organ” postulating that it
exerted a protective effect on the stomach by serving as a cushion (Busnardo et al., 1983).
The main pancreatic duct was described by Wirsung in 1642, not understanding its
function, and the accessory pancreatic duct by Santorini in 1775 (Stern, 1986). In 1720,
Vater described the duodenal ampulla, and in 1887, Oddi the papillary sphincter (Howard et
al., 1998).

The first discoveries in pancreatic physiology were made in the late 17" century. In 1671,
Sylvius de le Boe proposed in his work “Praxeos medicae idea nova”, that digestion was a
multistep process including a fermentation through saliva in mouth and stomach, in a
second phase involving the pancreas, followed by the passage of chyle into the lymphatic
and the venous system, and eventually, into the right side of the heart (Kidd, 1999). In
contrast, Brunner proposed some years later that specialized duodenal glands were the
major source of digestive juice secretion, and that the pancreas was not a vital organ. In
1682, Peyer concluded that the lymphatic nodules in the walls of the ileum and Brunner’s
glands were main adjuncts to digestion, and the pancreas was a minor contributor
(Busnardo et al., 1983). This reductionist modification of Silvius’ innovative theories
delayed the progress of pancreatic research for years (Pannala et al., 2009). In 1815, Marcet
discovered lipase, and in 1876, Kuhne discovered trypsin and its role in the digestion of
proteins. In 1843, Eberle showed that pancreatic juice emulsified fat, and one year later,
Valentin demonstrated its activity on starch (Kidd, 1999). In 1848, Bernard proposed that
gastric digestion was "only a preparation act" and that pancreatic juice emulsified fatty
foods. In addition, he revealed the pancreatic contribution to converting starch into sugar,
and its solvent action on the "proteides that have not been cleaved in the stomach” (Kidd,
1999). The regulative concept of pancreatic secretion was initially addressed by Pavlov in
“The Work of the Digestive Glands” in 1897, suggesting that the vagal nerve was a
predominant neurological regulator (Pavlov, 1953). In 1869, Langerhans had published his
“Contribution to the Microscopic Anatomy of the Pancreas”, he was the first to describe the
structure of the islet tissue, which Laguesse in 1893 named the islands of Langerhans
(Busnardo et al., 1983). In 1902, Bayliss and Starling demonstrated that pancreatic
secretion was controlled by chemical messengers, which led to the introduction of
“hormones” (derived from the Greek “hormonos” meaning ‘I arouse to excitement’) and
the putative agent "secretin” (Bayliss, 1902). In 1922, Insulin was discovered and isolated
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(Banting et al., 1922). The discovery of the serum amylase test by Elman in 1927 was a
great contribution to the differential diagnosis of acute pancreatitis (Busnardo et al., 1983;
Elman, 1937). Further developments included the discovery of CCK by Ivy and Oldberg in
1928 (Mutt, 1994) and their understanding that pancreatic secretion was regulated by a
complex chemical messenger system (Pannala et al., 2009).

Surgical pioneers

Most of the early pancreatic surgeons resected only portions of the duodenum and pancreas.
Allen Oldfather Whipple was the first surgeon to perform a complete resection of the
duodenum and head of the pancreas; in 1935 in a two-stage, and in 1940 in a one-stage
procedure (Busnardo et al., 1983).

The first pancreatic head resection with transection of the pancreatic duct was performed by
Biondi in 1894, resecting a pancreatic fibroadenoma and re-approximating the duodenum
and the pancreatic remnant. The postoperative course was complicated by biliary and
pancreatic fistula which eventually resolved. In 1898, Codivilla performed the first reported
pancreaticoduodenectomy (PD) on a 46 year old male with a locally advanced cancer,
removing parts of the pancreas, duodenum, distal stomach and distal bile duct. Continuity
was restored using a Roux-en-Y gastrojejunostomy and a cholecystojejunostomy excluding
the pancreatic stump. The patient died at 18 days from steatorrhea-induced cachexia
(Schnelldorfer et al., 2008). In 1898, Halsted performed the first successful resection for
ampullary cancer by resecting portions of the duodenum and pancreas in a 60 year old
female with painless jaundice. The operation included a CBD exploration, transduodenal
papillectomy and reanastomosis of the pancreatic and bile duct (Are et al., 2011).

In 1905, Garre re-approximated the capsule of a traumatically cleaved pancreatic gland
with silk sutures. The duct was not sutured and the result was a pancreatic fistula which
resolved after two months. A similar technique was used in the first successful partial PD
performed by Erhardt in 1907 (Howard, 2003). In 1909, Kausch applied Kocher’s
maneuver in a resection of the duodenum en bloc with a portion of the pancreas,
establishing continuity by a pancreaticoduodenostomy. The patient recovered initially from
a pancreatic fistula, but died nine months later due to cholangitis (Whipple, 1946). In 1912,
Hirschel performed a one-stage resection removing parts of the duodenum, ampulla, head
of pancreas and the lower part of the CBD. Continuity was established by re-implanting the
pancreatic duct into the duodenum, a posterior gastroenterostomy and bridging of the
common bile duct to the duodenum by a rubber tube. The patients jaundice was relieved
and he lived for one year. The cause of death or fate of the rubber tube was unknown as an
autopsy was never performed (Whipple, 1946). In 1922, Tenani performed a successful
two-stage resection for ampullary carcinoma in a 43-year-old male by a posterior
gastroenterostomy and choledochoduodenostomy to the lower duodenum in a first stage,
and excising portions of the duodenum, and pancreatic head in a second stage, establishing
continuity by a pancreaticoduodenostomy. The patient recovered after a severe post-
operative course and lived for 3 years (Whipple, 1963).




Allen Oldfather Whipple

The first complete duodenectomy and pancreatic head resection was reported in 1935 by
Whipple, Parsons and Mullins from Columbia Presbyterian Hospital in New York who had
operated three patients for ampullary cancer in a two-stage procedure including a radical
resection of the duodenum and head of the pancreas for ampullary cancer. The third patient
underwent a total duodenectomy and excision of a large portion of the head of the pancreas.
The first patient died shortly after the operation due to consequences of anastomotic
breakdown, the others lived for 9 and 24 months and died of cholangitis and liver
metastasis, respectively (Whipple, 1946; Whipple et al., 1935). In 1937, Brunschwig
performed the first radical anatomic pylorus-preserving PD with complete transection of the
pancreatic head to the right of the SMV due to pancreatic carcinoma in two stages
(Brunschwig, 1974). With the use of vitamin K to control hemorrhage in the presence of
jaundice, and due to difficulties in dealing with adhesions at the time of the second stage
operation, it became evident that one-stage operations for radical PD would have definite
advantages (Busnardo et al., 1983).

In 1940 at New York’s Presbyterian Hospital, Whipple performed a distal gastrectomy on a
non-jaundiced patient thought to have a gastric carcinoma. A group of visiting European
surgeons watched the operation. At laparotomy, palpation confirmed the presence of a
tumor and the stomach was transected in its mid-portion. When the tumor was recognized
as pancreatic tumor and having to make decisions on the spot, Whipple proceeded with a
one-stage resection of the head of the pancreas, including distal gastrectomy and resection
of the entire duodenum. The transected pancreatic duct was ligated. The tumor proved to be
a malignant glucagonoma, and the patient survived for 9 years (Howard, 2003). This
procedure known to be the “Whipple operation” was reported five years later, and
regarding the pancreatico-enteric reconstruction, Whipple recommended his then-current
practice of duct re-implantation (Whipple, 1946; Whipple, 1963; Whipple, 1945). Unaware
of the Whipple’s procedure, Trimble performed a similar resection a few weeks after,
adding a distal gastrectomy to avoid blow out of the duodenal stump (Stafford et al., 1954).
In the same year, Hunt added a pancreaticojejunostomy (PJ) to avoid leakage of the
pancreatic stump (Hunt, 1941).

In 1946, Whipple published his 10-year PD experience. In this report he proposed several
modifications to the original procedure and advocated a one-stage procedure; oozing and
hemorrhage could be controlled by preoperative vitamin K therapy, and a single procedure
with continuous anesthesia and blood transfusion was safer than two major procedures
(Whipple, 1946).
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Table 3. Some important contributions to the development of pancreatic surgery.

Gastrojejunostomy
First pancreatic head resection

Partial pancreatic head
resection

Pancreatic head resection (two-
stage)

Pancreatic head resection
(one-stage)

Pancreaticogastrostomy

Pancreaticojejunostomy

Total pancreatectomy

Mesenteric superior vein
resection

Central liver artery resection

First larger series without
mortality

Pylorus preserving resection

Extended resections

Mortality 2%

Centralization

C. Roux. De la gastroenterostomie Rev Gynecol Chir Abdom, 1, 1897
(Roux, 1897)

B. Dal Monte (1899). Rendiconto statistico della sezione chirurgica
dell' Ospedale d'Imola, anno 1898. Galeati, 1899 (Dal Monte, 1899)
W.S. Halsted. Contribution to the surgery of the bile passages,
especially of the common bile duct. Boston Med Surg J 141, 1899
(Halsted, 1899)

A.O. Whipple, W.B. Parsons, and C.R. Mullins. Treatment of Carcinoma
of the Ampulla of Vater. Ann Surg 102, 1935 (Whipple et al., 1935)
A.O. Whipple. Pancreaticoduodenectomy for Islet Carcinoma : A Five-
Year Follow-Up. Ann Surg 121, 1945 (Whipple, 1945)

M. Waugh, and O.T. Clagett. Resection of the duodenum and head of
the pancreas for carcinoma; an analysis of thirty cases. Surgery 20,
1946 (Waugh & Clagett, 1946)

R.B. Cattell. A technic for pancreatoduodenal resection. Surg Clin
North Am 28, 1948 (Cattell, 1948)

L.S. Fallis, and D.E. Szilagyi. Observations on some metabolic changes
after total pancreatoduodenectomy. Ann Surg 128, 1948 (Fallis &
Szilagyi, 1948)

G.E. Moore, Y. Sako et al. Radical pancreatoduodenectomy with
resection and re-anastomosis of the superior mesenteric vein. Surgery
30, 1951 (Moore et al., 1951)

L.H. Appleby. The coeliac axis in the expansion of the operation for
gastric carcinoma. Cancer 6, 1953 (Appleby, 1953)

J.M. Howard. Pancreaticoduodenectomy: forty-one consecutive
Whipple resections without an operative mortality. Ann Surg 168,
1968 (Howard, 1968)

L.W. Traverso, and W.P. Longmire, Jr. Preservation of the pylorus in
pancreaticoduodenectomy a follow-up evaluation. Ann Surg 192,
1980. (Traverso & Longmire, 1980)

J.G. Fortner. Surgical principles for pancreatic cancer: regional total
and subtotal pancreatectomy. Cancer 47, 1981 (Fortner, 1981)

D.W. Crist, J.V. Sitzmann, and J.L. Cameron. Improved hospital
morbidity, mortality, and survival after the Whipple procedure. Ann
Surg 206,1987 (Crist et al., 1987)

J.D. Birkmeyer, S.R. Finlayson, A.N. Tosteson, S.M. Sharp, A.L.
Warshaw, and E.S. Fisher. Effect of hospital volume on in-hospital
mortality with pancreaticoduodenectomy. Surgery 125, 1999
(Birkmeyer et al., 1999)
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Modern pancreaticoduodenectomy

Although modified multiple times, the principles of Whipple’s operation have never
changed. The gastric resection, originally the result of an error in diagnosis, remained as a
part of the procedure until the pylorus preserving PD (PPPD) was described (Traverso &
Longmire, 1980). In 1948, Cattell proposed an end-to-side PJ in order to reduce the
incidence of POPF, which later became an established reconstruction technique (Cattell,
1948).

Centralization of pancreatic surgery

In 1968, a series of 41 consecutive Whipple resections was reported, performed by one
surgeon during a 13-year period without perioperative mortality and a fistula rate of 10%
(Howard, 1968). In the publication, the importance of a dedicated clinical pancreatic team
for successful patient management was emphasized. Despite these encouraging results, the
Whipple's procedure gradually fell into disrepute due to excessive postoperative mortality
and morbidity, procedure-dependent technical difficulties, and dismal long-term survival
(Busnardo et al., 1983). The fact that comparisons of radical resections and bypass
procedures of the obstructed bile duct did not reveal differences in long-term survival led
some surgeons to conclude that resection for pancreatic cancers should be abandoned
(Crile, 1970). However, the postoperative mortality after total pancreatectomy (TP) was
reported even higher than in Whipple’s procedure in several series, although the
pancreaticojejunal anastomosis was avoided (Tarazi et al., 1986).

In 1981, a series of 146 patients from Mayo clinic reported for the first time a postoperative
mortality below 5%, advocating for the continued use of the Whipple procedure (van
Heerden et al., 1981). The publication was the prelude to a decade of centralization and
systematic constitution of high-volume pancreatic centers resulting in larger series with
similar mortality rates (Trede et al., 1990; Cameron et al., 1993). The reduction of mortality
rates was regarded as a result of the concentration of operative experience and the
improvement of supportive perioperative care (Howard, 2007). Regarding the remaining
high morbidity rates, DGE accounted for half of the complications whereas the incidence of
POPF varied from 0% to 30% (Ramacciato et al., 2011a). Complications following PD had
also an impact on long-term outcome (Reddy et al., 2009). Some authors concluded that
mortality rates below 5% and morbidity rates below 40% should constitute preconditions
for experienced centers to perform PD (Orr, 2010).

Extended resections

Numerous efforts have been made to improve survival rates of resected PDAC by
extending the PD resection. Although the first total pancreatectomy (Rockey, 1943), and
the report of a successful total pancreatectomy for PDAC (Fallis & Szilagyi, 1948) was
received with enthusiasm, the subsequent evaluation revealed disappointing short-term and
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long-term results (Dresler et al., 1991). In 1951, Moore performed the first SMV resection,
restoring continuity by re-anastomosis (Moore et al., 1951). In 1977, Fortner introduced the
surgical concept of “regional pancreatectomy” in patients with advanced diseases (Fortner,
1981), which included total or subtotal pancreatectomy and resection of adjacent arteries
and veins. The operative mortality rate was high, and the procedure was not generally
adopted. The report that up to one third of PD patients had metastases in lymph nodes not
usually removed with standard operation (Cubilla et al., 1978) resulted in an increased
interest in the role of lymphadenectomy. In a retrospective study, an improved 5-year
survival rate after extended lymphadenectomy was reported (Ishikawa et al., 1988). A
subsequent randomized trial could not confirm these results, although patients with lymph
node metastases had improved survival in the extended resection group (Pedrazzoli et al.,
1998). The study emphasized the need for defining the modern standard Whipple resection,
including the extent of lymphadenectomy. A classification was proposed by a European
Consensus Conference in 1998 (Pedrazzoli et al., 1999a).

An extensive review of 340 studies revealed that only one out of 30 patients who underwent
resection had a survival of five years or longer. A cumulative cost per “‘successful’’
resection was calculated (~$4.5M), and it was concluded that “‘pancreatic resections are
wasteful of resources’’, emphasizing the need for procedure standardization and reporting
(Gudjonsson, 1995). Also other authors considered the definition of standard techniques as
crucial for outcome comparisons between institutions and for prospective RCTs comparing
different procedure modifications (Jones et al., 1999).

Indications

Today, PD represents the standard of surgical care for patients with tumors originating from
the pancreatic head, neck, uncinate process, duodenum or distal bile duct (Pedrazzoli et al.,
1999b). Apart from malignancy, the procedure is commonly performed for a wide array of
indications ranging from benign conditions such as chronic pancreatitis, to pre-malignant
lesions like intraductal papillary mucinous neoplasms, IPMNs (Balcom et al., 2001). PD is
performed with the goal of achieving a complete tumor clearance with tumor-negative
resection margins (R0). Referral to high-volume centers and surgeons is encouraged
(Birkmeyer et al., 2006; de Wilde et al., 2012). Both the classic Whipple and PPPD are
accepted techniques with similar outcomes (Diener et al., 2007; Igbal et al., 2009).
Extended lymphadenectomy has so far not shown improved survival (Michalski et al.,
2007). Portal vein resection has increased the number of patients amenable to resection,
with equivalent survival rates compared with those of standard resections, and portal vein
involvement is no longer considered a contraindication (Christians, 2009; Evans et al.,
2010). Resection and reconstruction of involved arteries have been too rarely performed to
give evidence about possible surgical benefits in those selected patients (Matsuoka et al.,
2012; Mollberg et al., 2011). The pancreatico-enteric reconstruction has been the target for
numerous RCTs and observational cohort studies (OCS); standards remain PJ and the
pancreaticogastrostomy (PG).
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Risk adjustment and outcome measurement

Through its history, PD has been associated with a high morbidity. POPF was noted and
documented in the first patients undergoing pancreatic surgery at the end of the 19™ century
(Whipple, 1946). Since then, prevention of POPF has been one of the main objectives in the
research field of pancreatic surgery. Procedure centralization, one of the first successful
measures to reduce morbidity, turned uncommon complex procedures into standard
procedures. The idea of accumulating procedure volume in order to catalyze the
development of knowledge and experience for uncommon procedures was not new, and its
implementation had been documented early to result in improved outcomes (Howard, 1968;
van Heerden et al., 1981; Donabedian, 1966; Mizumoto & Kawarada, 1980).

Volume/outcome

During the past decades, numerous studies have reported a strong volume/outcome
relationship for pancreatic surgery, particularly for PD (Gooiker et al., 2011). In prevalence
studies high-volume centers had lower in-hospital mortality rates (Birkmeyer et al., 1999;
Gooiker et al., 2011; Teh et al., 2009; Eppsteiner et al., 2009; Birkmeyer et al., 2007),
shorter hospital stay (Topal et al., 2007a) and improved long-term survival rates (Gooiker
et al., 2011; Birkmeyer et al., 2007) compared to general surgical units. Longitudinal
studies have showed that centralization of pancreatic surgery resulted not only in increased
resection rates (Lemmens et al., 2011) and a reduction of postoperative mortality (de Wilde
et al., 2012; McPhee et al., 2007; Gordon et al., 1998), but also in improved long-term
survival (Lemmens et al., 2011). In contrast to the documented reduction of mortality, PD-
associated morbidity remains 20-50% (Ramacciato et al., 2011a), and the relationship
between procedure volume and morbidity is not equally well documented (Dimick et al.,
2003). The lower mortality rates of high-volume centers could not be attributed to lower
morbidity rates (Dimick et al., 2003; Allareddy et al., 2010). In fact, high-volume centers
had morbidity rates similar to those of general units (Ghaferi et al., 2009), suggesting that
more effective complication management or lower failure-to-rescue rates could explain the
difference (Silber et al., 1997; Ghaferi et al., 2011). In the US, the increased focus on
variations in surgical outcomes (Birkmeyer & Dimick, 2004; Birkmeyer & Birkmeyer,
2006) has resulted in use of strategy models like selective referral, process compliance or
outcome measurement in order to improve the quality of care (Birkmeyer & Dimick, 2009).

Outcome measurement

Outcome measurement has always been important in pancreatic surgery, not in the least to
demonstrate the benefits of centralization (Birkmeyer et al., 1999), but only recently, more
systematic standardizations of outcome parameters allowed meaningful comparisons
between different surgical institutions (Dindo et al., 2004). Mortality is probably the oldest
parameter used to evaluate surgical outcomes, and the term “in-hospital mortality” has been
used for over 60 years (Ramberg, 1947). Subsequently, 30-days mortality had been
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established as an alternative to in-hospital mortality. To capture the complete figure, several
studies, mostly from the field of cardiac and thoracic surgery, have merged both parameters
into “30 days or in-hospital mortality” (Shiraishi et al., 2006; Daebritz et al., 2000; Fremes
et al., 1995; Handa et al., 2001). In pancreatic surgery, the great need for definitions in
postoperative morbidity is illustrated by the numerous citations of available consensus
definitions.

Table 4. Examples of widely used classifications.

D. Dindo et al. Classification of surgical complications: a new proposal with
Surgical complications evaluation in a cohort of 6336 patients and results of a survey. Annals of
surgery 240. (Dindo et al., 2004)
Postoperative pancreatic  C. Bassi et al. Postoperative pancreatic fistula: an international study group
fistula (ISGPF) definition. Surgery 138 (Bassi et al., 2005a)
M.N. Wente et al. Delayed gastric emptying (DGE) after pancreatic surgery: a

Delayed Gastri
clayed Bastric suggested definition by the International Study Group of Pancreatic Surgery

Emptying (ISGPS). Surgery 142 (Wente et al., 2007a)
Postpancreatectom M.N. Wente et al. Postpancreatectomy hemorrhage (PPH): an International
P v Study Group of Pancreatic Surgery (ISGPS) definition. Surgery 142 (Wente et
hemorrhage
al., 2007b)
R.C. Bone et al. Definitions for sepsis and organ failure, guidelines for the use
SIRS of innovative therapies in sepsis. The ACCP/SCCM Consensus Conference

Committee. American College of Chest Physicians/Society of Critical Care
Medicine. Chest 101 (Bone et al., 1992)

One of the most widely accepted definitions of postoperative complications in surgery is
the Clavién-Dindo Classification of surgical complications (CDC), which elegantly defines
the severity of procedure-associated complications, i.e. procedure outcome, by the efforts
made in order to control the complications (Dindo et al., 2004). The classification has
during recent years been widely used in surgical reports (Clavien et al., 2009).

Table 5. Clavién-Dindo Classification of surgical complications (Dindo et al., 2004).

Any deviation from the normal postoperative course without the need for

Grade | . . . . . .
pharmacological treatment or surgical, endoscopic, and radiological interventions

Grade ll Requiring pharmacological treatment, blood transfusions or total parenteral nutrition
Grade lll Requiring surgical, endoscopic or radiological intervention

llla  Not under general anesthesia

lllb Under general anesthesia
Grade IV Life-threatening complication requiring IC/ICU management

IVa Single organ dysfunction

IVb  Multiorgan dysfunction
Grade V Death of a patient
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Postoperative pancreatic fistula

The dismal survival rates of resected PDAC are above all the consequence of unsolved
disease-related and tumor-biological issues. They illustrate not only the surgical challenge
of achieving RO resections, but also the failure to develop methods of early cancer detection
and effective adjuvant treatment. However, the poor short-term outcomes and high
postoperative morbidity rates are mainly associated with insufficiencies in the surgical
procedure.

A postoperative pancreatic fistula is an abnormal communication from the pancreas to an
epithelialized surface (Bassi et al., 2005a). POPF, typically caused by leakage from the
pancreatico-enteric anastomosis (Butturini et al., 2006), constitutes the predominant cause
of high PD-associated morbidity together with DGE (Ramacciato et al., 2011a; Tewari et
al., 2010a). DGE is a common complication more accompanying rather than modifying the
postoperative course. It may delay diet reinstitution and hospital discharge, and lead to
persisting nutritional problems and impaired quality of life (Tani et al., 2006). In contrast,
POPF is a dynamic complication that interferes with the postoperative course. It has the
potential to induce severe secondary morbidity with sepsis and organ failure or lethal
hemorrhage, high frequency of re-operations and increased associated mortality (Denbo et
al., 2012; Fuks et al., 2009; Pessaux et al., 2011a; Yekebas et al., 2007; Shrikhande et al.,
2005). Even when controlled and successfully treated, POPF results in higher rates of
readmission (Ahmad et al., 2012). Moreover, POPF has major social and economic impacts
(Gudjonsson, 1995; Topal et al., 2007b; Enestvedt et al., 2012).

The pancreatico-enteric anasto-  Table 6. Stages of clinically relevant POPF and associated
mosis has been labeled the  mortality. Accumulating mortality with increasing
“Achilles heel” of the procedure severity and deterioration of patients with uncontrolled

(Swope et al., 1994). Reported —"OPF (Ansorge, 2010).

POPF incidences range from 0 to LAy
33% (Tewari et al., 2010b; Pancreaticoduodenectomy 3.5%
Ramacciato et al., 2011b), 3 24%
reflecting different POPF _ o

Postoperative pancreatic fistula (POPF A/B/C) 13%

definitions as much as any real

difference (Ramacciato et al., ¥ 79%

2011Db; Bassi et al., 2004). Even Requiring additional drainage (POPF B/C) 17%
studies using current standard d 41%

definitions have reported POPF Requiring re-operation (POPF C] 33%
rates of between 15 and 26%

(Reid-Lombardo et al., 2007b). B

Different terms have been used to Requiring ICU and additional intervention 40%

identify POPF; fistula, leak,

leakage, anastomotic failure, or anastomotic insufficiency. In a review of available
literature from 1991 to 2000, 26 different definitions of pancreatic leakage were identified
(Bassi et al., 2004). Applying the different definitions to a cohort of 242 patients, it was
demonstrated that the incidence of POPF varied from 10 to 29% depending on the
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definition. As shown in table 1, the majority of reports investigating causes and risk
factors of POPF use drain discharge (associated with amylase content), clinical signs,
radiological parameters, and intraoperative findings as criteria to define POPF (Bassi
etal,2004).

Table 7. Some established definitions of POPF in recent literature.

Drain output > 50 mL/day of amylase-rich fluid (> three times the serum amylase (Parviainen et al., 1996)
activity) on or after POD 7

Drain output > 50 mL/day of amylase-rich fluid (> three times the serum amylase
activity) on or after POD 10 or radiological demonstration of pancreatic
anastomosis disruption

Amylase level >1000 U/L in the drainage fluid collected from the peripancreatic
drains and/or anastomotic disruption demonstrated radiographically.

Drain output > 30 mL/day of amylase-rich fluid (> 5000 U) for more than 10 days
Drain output >f 30 mL/day of amylase-rich fluid or at least 7 days beyond POD 4;
confirmed by fistulography

Drain output > 30 mL/day of amylase-rich fluid (> five times the serum amylase
activity) on or after POD 5

Drain output of any volume of amylase-rich fluid (> three times upper serum
amylase) on or after POD 3

(Yeo et al., 1997b)

(Sato et al., 1998a)

(Buchler et al., 2000)
(Bassi et al., 2001)

(Sarr, 2003)

(Bassi et al., 2005a)

ISGPF definition and “clinically relevant fistula”™

The POPF definition that

Table 8. Definition of Postoperative Pancreatic Fistula according

was provided by the  tolISGPF.
International Study Group  Clinical Criteria No fistula ‘ Grade A Grade B | GradeC
of Pancreatic Fistula Drain amylase <3x ‘ > 3 x normal S-amylase
(ISGPF) in 2005 is today  persistent
widely accepted. The  drainage no yes
ISGPF defines POPF as a  Signs of infection no yes
healing or sealing failure  Rreadmission no ves / no
of the pan.creatlco-enterlc Clinical condition well often well bad
anastomosis or a -
. Specific
parenchymal leak, which  {eatment no yes/no yes
is characterized by an  ysscr o yes / no yes
amylase concentration .
] Sepsis no yes
greater than three times
Reoperation no yes
the upper normal serum
value in drain fluids on or ~ Death no yes

after postoperative day

three (Bassi et al., 2005a). Cases matching these criteria are classified into subclinical
(grade A), clinical (grade B) or severe fistulas (grade C). The ISGPF fistula definition is not
a tool for clinical decision making (Gebauer et al., 2012) but a retrospective reporting
instrument facilitating inter-institutional comparison and standardization of outcomes in
clinical translational research. The concept of clinically significant pancreatic leaks has
been introduced in 1997 (Lowy et al., 1997); transferred to the ISGPF definition, multiple
studies have merged the POPF-B and -C grades into a group of “clinically-relevant” fistulas
(Reid-Lombardo et al., 2007b; Ansorge et al., 2012a; Facy et al., 2012; Moskovic et al.,
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2010; Noji et al., 2012; Malleo et al., 2012). Aside from few experimental studies on the
pathological mechanisms in the manifestation of POPF, the two main objectives within
POPF research have been to identify risk factors for POPF (often in form of OCS) or to
improve short-term outcome in preventive approaches (often in the form of randomized
RCTs).
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POPF risk factors

Multiple risk factors for POPF following PD have been reported. In this thesis unalterable
factors that have been observed to have an impact on POPF have been considered as risk
factors, whereas procedure alterations with the intention to reduce POPF rates have been
considered as POPF-preventive approaches (Machado, 2012). Factors with a reported
impact on POPF can be divided into three categories: patient-related factors, disease-related
(pancreatic) factors and treatment-related (surgeon-related or operative) factors (Lin et al.,
2004).

Patient related risk factors

Age and gender

The reviewed literature is inconclusive regarding age or gender as risk factors for POPF.
The majority of studies report statistically significant higher morbidity and mortality rates
following PD in older patients when compared to younger patients, others show no
differences (Ramacciato et al., 2011a). A retrospective review of 1891 PDs found that male
gender correlated with POPF rate on univariate but not multivariate analysis (Lin et al.,
2004), while other reports did not confirm these findings (Cheng et al., 2007; DeOliveira et
al., 2006).

Obesity

Obesity has been evaluated as a risk factor for morbidity following abdominal surgery
(Mullen et al., 2008), and the impact of the body mass index (BMI) on PD-associated
POPF rates has been investigated. A retrospective study of 92 standardized PDs showed a
significant difference in POPF rates between obese (37%) and non-obese patients (15%),
but no differences in other complications (Noun et al., 2008). The results of a series of 356
PDs did not reveal significant correlations between BMI and POPF; however, the degree of
visceral fat visualized on preoperative cross-sectional computer tomography imaging was
significantly associated with higher rates of POPF and other complications (House et al.,
2008). A recent retrospective analysis of 240 PDs showed that obese patients undergoing
PD had substantially increased blood loss and longer operative duration, whereas length of
hospital stay or the rate of serious complications was not increased, the authors advocated
not to preclude obese individuals from undergoing pancreatic surgery (Williams et al.,
2009).

Cardiovascular disease

Cardiovascular disease was correlated with increased POPF incidence in a study on 633
consecutive PDs (DeOliveira et al., 2006), whereas coronary artery disease was found to be
a significant risk factor for POPF in a prospective series of 131 patients (Lermite et al.,
2007). This was indirectly confirmed in a review of 1891 PDs demonstrating that patients
with a history of coronary artery disease had a significantly increased likelihood of
developing POPF (Lin et al., 2004). The authors explained the association by a decreased
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visceral perfusion that resulted in anastomotic ischemia; alternatively that medications such
as aspirin, B-blockers, etc. might compromise the anastomotic healing processes (Lin et al.,
2004). In contrast, arterial hypertension was found to be a protective factor for POPF
(POPF incidence 14% in patients with high blood pressure and 44% in patients with normal
blood pressure); according to the authors, arterial hypertension might help anastomotic
healing by allowing improved visceral perfusion (Lermite et al., 2007).

Diabetes Mellitus

In the reviewed literature, studies have reported diabetes as both a risk and protective
factor. In two prospective studies of 295 and 120 PDs, respectively, diabetes mellitus
increased the probability of developing abdominal complications by a factor of seven
(Cheng et al., 2007) and was associated with an increased POPF rate (Satoi et al., 2006);
however, in a large retrospective study, preoperative diabetes mellitus was associated with
a significantly lower POPF incidence (Lin et al., 2004).

Disease related risk factors

Histopathology

The association between histological diagnosis and POPF development has been
investigated by several studies. A retrospective study of 581 patients reported a POPF
incidence of 27% for ampullary carcinoma compared to 5% for PDAC (Veillette et al.,
2008). The findings were confirmed in a series of 459 patients, reporting a POPF incidence
of 13% for ampullary carcinoma compared to 5% for PDAC (de Castro et al., 2005a) and
re-confirmed one year later (Satoi et al., 2006). In a sub-analysis of 303 patients of their
large retrospective review, Lin et al. reported that CBD cancer was a significant predictive
factor for POPF development (Lin et al., 2004). In a series of 233 patients ampullary,
duodenal, cystic, or islet cell pathologies were suggested as independent risk factors for
clinically relevant POPF (Pratt et al., 2008a). Other studies have confirmed an association
between the histological diagnosis and POPF development (Kazanjian et al., 2005; Liang et
al., 2007; Yeo et al., 1995).

Pancreatic characteristics

The most validated risk factors for POPF, soft parenchyma consistency (PC) or texture, and
a non-dilated pancreatic duct are characteristics of a normal, unaffected pancreatic gland, as
described in study Il. In the current thesis, the terms “pancreatic consistency” and
“pancreatic texture” are used synonymously in accordance with the reviewed literature.
Soft PC and non-dilated pancreatic duct have also been associated with an increased
production of pancreatic juice (Hamanaka et al., 1996), postoperatively elevated levels of
serum C-reactive protein (Murakami et al., 2008) and high concentrations of drain amylase
(Shyr et al., 2003; Okabayashi et al., 2007). The importance of soft PC as risk predictor has
been known for almost 30 years; a soft PC was the main reason to favor a total
pancreatectomy in order to avoid a difficult PJ (Brooks, 1976). That soft PC could
constitute a risk factor for POPF was mentioned in a discussion by Longmire in 1984
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(Longmire, 1984). Causative physiological mechanisms and the biological plausibility of
soft PC being a risk factor for POPF were systematically investigated and discussed by Yeo
(Yeo et al., 1995; Yeo et al., 2000). A “*soft’” or ““normal’’ PC indicates a strong risk for
the development of POPF, whereas a “*hard’” pancreas has been considered as a protective
factor. A soft friable pancreas, more frequently seen in periampullary, endocrine, and cystic
lesions, is characterized by the absence of fibrosis and the presence of edema and
inflammatory cell infiltration into the pancreatic parenchyma. Technically, it is associated
with difficulties in performing the pancreatico-enteric anastomosis (Brooks, 1976), whereas
a hard fibrotic PC facilitates the construction of a good anastomosis (Yang et al., 2005). A
fibrotic pancreatic remnant is thought to have reduced exocrine function, making it less
likely to induce leakage of pancreatic juice (Ho et al., 2005). A soft pancreas was found to
be associated with a higher incidence of POPF in both retrospective (Lin et al., 2004,
DeOliveira et al., 2006; Liang et al., 2007; Okabayashi et al., 2007; Lee et al., 2007) and
prospective studies (Ansorge et al., 2012a; Kamoda et al., 2008). Also the diameter of the
pancreatic duct has been recognized to have a significant impact on the risk of POPF
development by several reports, and small pancreatic duct diameter has been considered to
complicate the construction of a safe pancreatico-enteric anastomosis (Crippa et al., 2007).
In several retrospective series, pancreatic duct sizes less than 3 mm (Poon et al., 2007; Pratt
et al., 2008b; Yang et al., 2011), less than 2 mm (de Castro et al., 2005a) or non-visible
ducts (Choe et al., 2008) were considered to be risk factors for developing clinically
relevant POPF.

A few experimental studies in
the field (Tomaszewska et al.,
2000; Nevalainen & Aho,

Table 9. Causes and consequences of different types of
pancreatic consistency.

1992 L i | 2008 Soft consistency Hard consistency
; amsa et al., ;
Duct non- .
Lamsa et al., 2009; Lamsa et Tumor pathology - Duct obstructive
al., 2006) provide valuable  pancreatic N | Fibrosis,
. . . orma .
information on the causative parenchyma desmoplasia
mechanisms of POPF Exocrine function Normal Redu'ced /
terminated
development. In an animal  circylation /
. . Normal Reduced
model it could be demonstrated Perfusion
that experimental transection SuFurlngcondltlons Difficult Easy
Acinar cells Normal Decreased

with ultrasonic scissors or

electrocautery induced more

pancreatic injury than scalpel transection (Lamsa et al., 2006). The acinar cell damage and
inflammation induced by the resection spread into the entire gland with intensity depending
on the extent of injury at the site of transection (Lamsa et al., 2009). A high frequency of
acinar cells in the cut edge of the pancreas (CEP) increased the risk for immediate
postoperative complications following PD, whereas extensive fibrosis at the CEP proved to
be a protective factor. The authors questioned the reliability of digital evaluation of
pancreatic consistency and suggested that the risk for postoperative complications should
be determined by histological analysis, proposing a CEP frozen section counting the
number of acinar cells as stratification tool for future randomized RCTs (Laaninen et al.,
2012).
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Treatment-related risk factors

Neoadjuvant treatment

One of the first studies on neoadjuvant radiation suggested that the treatment might prevent
POPF after PD by demonstrating a POPF incidence of 5% in the radiation group and 19%
in the conventional group (Ishikawa et al., 1991). A more recent retrospective study on 24
patients undergoing neoadjuvant chemotherapy revealed no in-hospital or 30-day mortality,
low surgical morbidity, and POPF occurring in one patient (Heinrich et al., 2008). A study
comparing 46 patients undergoing neoadjuvant chemoradiation to 64 patients with
conventional treatment showed similar POPF rates for both groups (Lowy et al., 1997). A
study on 79 patients showed that neoadjuvant radiochemotherapy was associated with a
marked reduction in the incidence and severity of POPF (10% vs. 43% in the control group)
and associated morbidity (Cheng et al., 2006).

Preoperative biliary drainage (PBD)

The role of PBD as a risk factor for postoperative morbidity and POPF following PD has
been discussed extensively. Unrelieved tumor-induced jaundice has been regarded as an
intolerable symptom and a risk factor for postoperative complications. PBD was introduced
in order to improve the patients’ preoperative quality of life and postoperative outcome
(van der Gaag et al., 2009). However, PBD has been demonstrated to have its own risk of
post-interventional morbidity, and the possible contamination of the biliary system by
drain-introduced bacteria might contribute to postoperative infectious complications (van
der Gaag et al., 2009). A randomized controlled multicenter trial advised against the routine
performance of PBD (Velanovich et al., 2009). Retrospective studies demonstrated higher
postoperative morbidity rates in patients undergoing PBD (Povoski et al., 1999). Two
meta-analyses were inconclusive regarding the impact of PBD on the outcome of pancreatic
surgery (van der Gaag et al., 2007; Saleh et al., 2002) and the POPF rate did not seem to be
affected (Velanovich et al., 2009; van der Gaag et al., 2007). However, a recent
randomized trial demonstrated significant increased complication rates after PBD (74%)
compared to early surgery without PBD (39%), suggesting that routine PBD should be
avoided (van der Gaag et al., 2010).

Pylorus preserving pancreaticoduodenectomy

Since the introduction of PPPD (Traverso & Longmire, 1980), numerous studies have
compared this procedure to classic PD, including multiple RCTs and meta-analyses
(Ramacciato et al., 2011a).Three systematic review and meta-analyses were published in
the last two years, none of them could demonstrate the superiority of one procedure over
the other in decreasing POPF rates (Diener et al., 2007; Igbal et al., 2008; Karanicolas et
al., 2007); both techniques are accepted and have similar POPF rates.

Extended Resections

Extended lymphadenectomy and retroperitoneal soft tissue clearance in association with PD
were proposed as an option to improve long-term outcome and survival in patients with
periampullary and pancreatic cancer (Farnell et al., 2005). The results of a multicenter RCT
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of 81 patients did not reveal any differences in the incidence of POPF or other morbidity or
mortality between standard and radical procedures (Pedrazzoli et al., 1998). A subsequent
trial demonstrated significantly higher morbidity (43%) and a higher rate of DGE and
POPF in patients undergoing extended resections compared to standard resections (29%);
the survival being similar between the two groups (Yeo et al., 2002; Yeo et al., 1999). Two
meta-analyses demonstrated higher morbidity rates following extended PD but no survival
benefits (Igbal et al., 2009; Michalski et al., 2007).

Blood loss

Several studies have investigated whether increased intraoperative blood loss could be a
risk factor for POPF. A study on 233 PDs reported intraoperative hemorrhage greater than
1000 mL to be a risk factor for clinically relevant POPF with a relative risk by a factor of
nine compared to patients with limited blood loss (Pratt et al., 2008a). A study comparing a
POPF group with a non-POPF group demonstrated that the POPF group had a significantly
greater blood loss (1584 + 862 mL) than the non-POPF group (794 £+ 387 mL), proposing
that blood loss exceeding 1500 mL implied an increased POPF risk (Yeh et al., 1997). A
series of 295 PDs found a significant association between blood loss and intra-abdominal
complications (Cheng et al., 2007). In a retrospective review of 1891 patients, increased
blood loss and transfusions were associated with a higher POPF incidence (Lin et al.,
2004). Extended operative duration was found to be associated with POPF in three studies
(Lin et al., 2004; de Castro et al., 2005a; Yeo et al., 1995). However, lack of standardized
measurement and possible strong interactions with other relevant factors including more
advanced stages of disease, patient obesity, jaundice-induced coagulopathy and concurrent
pancreatitis could not be excluded (Yeh et al., 1997; Shrikhande & D'Souza, 2008; Lai et
al., 2009).

Intra-abdominal drainage

Surgically placed prophylactic drains have been associated with increased rates of
abdominal and wound infections, increased abdominal pain, decreased pulmonary function,
and prolonged hospital stay in studies on other gastrointestinal procedures (Ramacciato et
al., 2011a). Regarding PD, a retrospective study on 89 PDs comparing 38 patients without
drains to 51 patients with routinely placed intraabdominal drains demonstrated similar rates
of POPF, abscesses, reoperations and CT-guided interventions following PD, which led the
authors to assume that routine use of prophylactic drains might not be necessary (Heslin et
al., 1998). A subsequent RCT of 179 patients could not demonstrate differences in
mortality, morbidity, interventional radiologic drainage, or surgical exploration between the
drainage and the non-drainage group, asserting that surgical drains following PD should not
be considered mandatory (Conlon et al., 2001). A more recent prospective study on 104
patients comparing early drain removal (POD 4) to delayed removal (POD 8) demonstrated
a lower POPF-incidence in the early-removal group; however, the early removal group was
enrolled consecutively after the delayed removal group and the results could have been
influenced by increased surgical experience (Kawai et al., 2006). A randomized trial
comparing early (POD 3) to standard drain removal (POD 5 or later) with deviant outcome
criteria demonstrated that drains could be safely removed in patients at low POPF risk and
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that prolonged postoperative drainage was associated with a higher rate of postoperative
complications, increased hospital stay and costs (Bassi et al., 2010). However, several
studies have emphasized the importance of drainage fluid analyses for the prediction of
POPF (Facy et al., 2012; Molinari et al., 2007; Nissen et al., 2012; Shinchi et al., 2006;
Sutcliffe et al., 2012; Winter et al., 2007).

Postoperative nutrition

The loss of gastric pacemaker activity following PD has been explained by the removal of
the interstitial Cajal pacemaker cells with the duodenum and distal stomach, which,
together with the physiological consequences of biliary and pancreatic diversion, resulted in
a postoperative gastric stasis and DGE (Takaki, 2003). A recent systematic review of the
current literature showed that routine total parenteral nutrition (TPN) was not beneficial and
should be avoided (Goonetilleke & Siriwardena, 2006). It was demonstrated that early
postoperative enteral nutrition was associated with a lower incidence and severity of
infectious complications compared to TPN after pancreatic surgery (Di Carlo et al., 1999).
The role of TPN in the development of POPF is barely studied; a retrospective analysis of
50 PDs found that early postoperative administration of enteral nutrition was associated
with a lower incidence of POPF (Okabayashi et al., 2007).
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POPF-preventive approaches

Various reconstruction techniques have been evaluated with the aim to reduce anastomotic
leakage and the incidence of POPF following PD. These include different jejunal sites (end
vs side), and different anastomosis types (duct-to-mucosa vs invagination) for the
pancreaticojejunal reconstruction, as well as different organs for the pancreatico-enteric
reconstruction (PG vs PJ). Moreover, the use of fibrin glue, pancreatic duct stents and other
adjunct procedures have been investigated. RCTs on the technical modifications are rare
(Yang et al., 2011), and as a result, there is no consensus about which operative technique
is less prone to POPF development (Ramacciato et al., 2011a). A recent systematic review
did not reveal one single pancreatic reconstruction technique to be applicable to all kinds of
pancreatic remnants (Yang et al., 2011).

Pancreatico-enteric reconstruction techniques

Pancreaticojejunostomy

PJ is the oldest and most commonly used technique of pancreatico-enteric reconstruction
following PD. The jejunum is surgically easy to manage due to a good blood supply and a
usually mobile mesentery. The traditional duct-to-mucosa PJ technique was first described
by Cattell (Cattell, 1948) and later revised (Blumgart, 1996). The method re-establishes the
flow of pancreatic juice in a near-physiological manner by uniting the remnant pancreas
with a jejunal segment. The rationale behind the duct-to-mucosa technique was to obtain a
direct communication between the pancreatic duct and jejunal mucosa in order to protect
the open CEP from the effect of proteolytic enzymes, and, thus to provide optimal healing
conditions and prevent POPF (Shrikhande & D'Souza, 2008; Lai et al., 2009; Callery et al.,
2009). The anastomosis is considered as technically difficult to perform and was originally
recommended for glands with dilated pancreatic duct; however, in recent years the
technique has been preferred regardless of the duct diameter (Shrikhande & D'Souza, 2008;
Lai et al., 2009; Stojadinovic et al., 2003).

The invaginating end-to-end PJ is an established and well-proven alternative to Cattel's
duct-to-mucosa technique that has been used for over 40 years (Aston & Longmire, 1974).
In the early 70’s, there were four established alternatives to treat the remnant pancreas after
pancreatic head resection; a pancreaticojejunal duct-to-mucosa anastomosis, an inversion of
the transected end of the pancreas into the jejunal lumen, a ligation of the pancreatic duct
with oversewing of the transected pancreas, or a TP (Aston & Longmire, 1974). During the
past 30 years, the traditional PJ has been consistently reported to have an average POPF
rate of 10% and ranging between 2 and 19% (Strasberg et al., 1997). Multiple variations of
the PJ technique have been described; end-to-end PJ’s with invagination of the mobilized
part of the remnant pancreas into the jejunum, end-to-side PJ’s with or without duct-to-
mucosa sutures, in antecolic or retrocolic jejunal loops, and with or without separation from
the hepato-enteric anastomosis. One of the most recent variants is the binding PJ, which
was originally reported to significantly decrease postoperative complications and POPF
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rates when compared with the conventional PJ (Peng et al., 2007). The authors achieved
excellent results with this anastomosis, but a subsequent validation of the technique was
difficult (Maggiori et al., 2010; Buc et al., 2010; Kennedy & Yeo, 2011). According to a
comprehensive review, the duct-to-mucosa anastomosis was regarded as a safer technique
than invagination anastomosis (Poon et al., 2002). With small ducts and soft textures the
POPF rate was lower in duct-to-mucosa PJ’s than in invaginated PJ’s (Suzuki et al., 2002).
However, a prospective RCT could not demonstrate differences in morbidity or POPF rate
between duct-to-mucosa and single-layer end-to-side anastomosis (Bassi et al., 2003). In a
recent texture-and-duct-stratified RCT the lateral invagination technique had a considerably
lower POPF rate than the duct-to-mucosa anastomosis (Berger et al., 2009). The conclusion
was that additional studies were needed to define the optimal technique of pancreatic
reconstruction following PD.

Isolated Roux loop pancreaticojejunostomy

Separation of the pancreaticojejunal and hepaticojejunal anastomosis by an isolated Roux
loop reconstruction was advocated to avoid a bile-induced activation of pancreatic enzymes
and thereby reduce anastomotic erosion (Kingsnorth, 1994; Khan et al., 2002; Sutton et al.,
2004; Kaman et al., 2008; Perwaiz et al., 2009; Ballas et al., 2010). Potential disadvantages
were increased operating time and the need for an additional anastomosis. Several cohort
studies had reported low fistula rates; however, recent studies could not reveal advantages
over the traditional use of a single jejunal loop (Kaman et al., 2008; Perwaiz et al., 2009;
Ballas et al., 2010).

Pancreaticogastrostomy

Since the technique was introduced in clinical practice (Waugh & Clagett, 1946), PG has
been extensively investigated as a possible means of reducing POPF rates (Yeo et al., 1995;
Sauvanet et al., 1992; Takano et al., 2000; O'Neil et al., 2001; Aranha et al., 2003; Bassi et
al., 2005b; Duffas et al., 2005; McKay et al., 2006; Wente et al., 2007c; Bock et al., 2012).
The inactivation of pancreatic enzymes by gastric acid and the absence of enterokinase in
the gastric environment were considered as potential mechanisms that might contribute to
preventing autodigestion of the pancreatico-gastric anastomosis. The thickness and rich
blood supply of the stomach wall provided favorable conditions for suturing and
anastomotic healing (Machado, 2012). However, three RCTs (Yeo et al., 1995; Bassi et al.,
2005b; Duffas et al., 2005) were unable to demonstrate significant differences between PG
and PJ outcomes regarding POPF rates, other morbidity or mortality. The findings of a
meta-analysis of 11 studies suggested that PG was safer after PD, but much of the evidence
came from cohort studies (McKay et al., 2006). The results of a recent comprehensive
meta-analysis indicated that all cohort studies reporting PG-superiority most likely had
been influenced by publication bias (Wente et al., 2007c). In conclusion, the results of
current research suggest that PG and PJ are techniques with equally good outcomes
(Machado, 2012).
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Gastric partition

A PPPD with a technical modification of the pancreatico-gastric reconstruction (gastric
partition), has been described (Fernandez-Cruz et al., 2008). A gastric segment, 12—-15 cm
in length, was prepared and placed in close proximity to the CEP, followed by the
construction of an end-to-side, duct-to-mucosa anastomosis. The incidence of POPF was
significantly lower in the gastric partition group (4%) compared to the PJ group (18%).
According to the author, an advantage of this technique compared to conventional PG was
the location of the anastomosis outside the gastric cavity so that contents could empty
unhindered into the jejunum, and pancreatic juice could drain directly into the stomach
(Fernandez-Cruz et al., 2008). At the time of writing this thesis, the modification has not
yet been validated in other cohorts.

Binding pancreaticogastrostomy

Two problems with the binding PJ (Peng et al., 2004) were reported recently; discrepancies
between the circumferential size of the remnant pancreas and the jejunal lumen, and the
exudation of pancreatic juice caused by fixation sutures in the pancreatic capsule (Peng et
al., 2011). In order to avoid these problems, a technical variant, the binding PG, was
reported. The modification was designed and successfully performed with encouraging
results, and considered as feasible for managing large pancreatic remnants (Peng et al.,
2011). At the time of writing this thesis, the modification has not yet been validated in other
cohorts.

Total Pancreatectomy

TP allows a more extensive lymphadenectomy, obviates the risks of POPF and of positive
pancreatic resection margins, but at the cost of intractable diabetes mellitus, compromised
immunity, and complete loss of pancreatic exocrine function (Parsaik et al., 2010; Billings
et al., 2005; Sarr et al., 1993; Karpoff et al., 2001). After its enthusiastic introduction
(Fallis & Szilagyi, 1948), the following evaluation showed poor outcome results and TP as
alternative to PD was abandoned (Andren-Sandberg & Ilhse, 1983). Today, long-term
outcomes are equally bad or even worse compared to pancreatic resection and a different
but considerably impaired outcome profile makes TP an option to consider only in selected
patients, but not with the aim to prevent POPF (Machado, 2012).

Additional preventive surgical measures

Optimizing blood supply to the pancreatic remnant

A method to optimize the blood supply to the remnant pancreas is one of the modifications
that have been reported to substantially reduce the POPF rate. The method is based on a
concept of vascular watershed in the pancreatic neck and the significance of ischemia in the
CEP for the POPF development. A series applying the method in PD patients resulted in a
POPF rate of 1.6% (Strasberg et al., 2002). At present, the method awaits external
validation.
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Use of fibrin sealants

An early RCT including 97 mixed resections showed no differences in POPF rates between
the fibrin and non-fibrin groups (D'Andrea et al., 1994). A recent trial randomized 125
high-risk pancreatic anastomoses to either application of fibrin glue sealant application on
the anastomosis surface or not, with results showing similar POPF rates for both groups
(Lillemoe et al., 2004).

Pancreatic duct occlusion (PDO)

Although being one of the oldest techniques to deal with the remnant pancreas (Whipple,
1945), there is still no evidence that PDO could replace a pancreatico-enteric
reconstruction. In a small series comparing PDO (primary closure of the pancreatic duct,
oversewing of the pancreatic remnant and external drainage) to a PJ group, the PDO group
had lower morbidity, decreased mortality, and shorter hospital stay (Reissman et al., 1995).
A comparison of 86 chemical and suture occlusions of the pancreatic duct in 83 PJ’s
revealed no significant difference in postoperative complications, mortality, or exocrine
insufficiency. However, the PDO group had a significantly higher POPF rate (17% vs 5%)
and a significantly higher incidence of postoperative diabetes mellitus after 3 and 12
months, respectively (Tran et al.,, 2002). A RCT of 182 mixed pancreatic resections
randomized to PDO with fibrin glue or conventional anastomosis could not reveal
differences in POPF rates or other morbidity (Suc et al., 2003).

Pancreatic duct stenting and external pancreatic drainage

The rationale behind transanastomotic stenting was to protect the duct-to-mucosa PJ or PG
from contact with pancreatic secretions; moreover it was considered to facilitate a more
precise suture placement, and thereby to protect the pancreatic duct from suture injury and
latrogenic occlusion (Machado, 2012). However, stent obstruction and migration were
significant drawbacks, and studies on pancreatic stenting revealed discordant results
(Ramacciato et al., 2011a; Machado, 2012). A cohort study on end-to-side PJ’s in soft
pancreatic remnants comparing stented (internal or external) and non-stented methods
showed no difference in POPF rates (Imaizumi et al., 2006). A randomized trial of 234
patients showed that internal pancreatic duct stenting did not decrease incidence or severity
of POPF (Winter et al., 2006).

External pancreatic drainage or complete pancreatic diversion was thought to optimize
anastomotic healing by preventing bile-induced activation of pancreatic enzymes
(Machado, 2012). A cohort study showed equivalent outcomes for external and internal
pancreatic stenting of duct-to-mucosa PJ (Ohwada et al., 2002). A RCT of 120 patients
showed significant lower fistula rates in the external drainage group than in the non-stented
group (Poon et al., 2007). A recent RCT of 158 patients randomized to external stent or
conventional anastomosis revealed that the stented group had a significantly lower rate of
POPF, overall morbidity, and DGE (Pessaux et al., 2011b).
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Omental wrapping

In order to protect surrounding organs from the autolytic activity of leaking pancreatic
juice, vascularized structures such as the omentum or falciform ligament have been
wrapped around the anastomosis. A recent nationwide survey of the Japanese Society of
Pancreatic Surgery evaluated the POPF-preventive benefits of anastomosis-wrapping using
the omentum or falciform ligament (Tani et al., 2012). Their analysis of 2597 cases could
not reveal POPF reduction by omental wrapping (POPF 43% in the wrapping group, 37%
in the non-wrapping group), and the incidence of clinically relevant POPF (B/C) was lower
in the non-wrapping group (17% vs 22%). According to the authors, it was not possible to
conclude whether the wrapping itself constituted a risk factor for POPF due to the
retrospective character of the study (Tani et al., 2012).

Surgical loupes

Surgical loupes allow a precise reconstruction technique and minimize technical errors such
as suture crossing, inadequate amounts of duct and jejunal mucosa or incorrect knot
placement. Significantly reduced POPF rates with an operating microscope (3%) compared
to operating loupes (15%) have been reported (Wada & Traverso, 2006).

Surgeon volume

Volume/outcome studies in complex surgical procedures have demonstrated that surgeons
with higher caseloads achieve lower mortality and improved outcomes than general surgical
units (Begg et al., 1998; Halm et al., 2002; Birkmeyer et al., 2002). High procedure volume
was found to correlate with improved outcome following PD (Mukherjee et al., 2009; Ho &
Heslin, 2003; van Heek et al., 2005; Balzano et al., 2008). A study of 145 PDs
demonstrated a significant association between surgical volume and POPF incidence and
reported low surgical volume as an independent risk factor for POPF development (Yeo et
al., 1995). Similar findings were reported in a study comparing the outcomes of surgeons
demonstrating an overall morbidity of 52% in PDs performed by surgeons with limited
experience (less than 50 PDs) compared to and 27% for surgeons that had performed more
than 50 PDs (Cheng et al., 2007).

Preventive pharmacological approaches

The pharmacological inhibition of the pancreatic exocrine secretion has been proposed to
reduce the incidence of pancreatic fistula by multiple studies (Gurusamy et al., 2012), and
the use of somatostatin or its analogues in order to prevent POPF after PD has been studied
for over 20 years (Hackert et al., 2011b). The discordant results of multiple RCTs on the
protective impact of prophylactic somatostatin were summarized in a recent Cochrane
meta-analysis which concluded that the evidence in the current literature could not provide
a recommendation about the routine use of prophylactic somatostatin or octreotide
(Gurusamy et al., 2012).
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Management of pancreatic fistula

According to the reviewed literature, sufficient drainage and prevention of its progression
are the cornerstones of managing POPF once the complication is recognized. Appropriate
treatment measures have to be instituted immediately and with highest priority (Bassi et al.,
2001; Yang et al., 2005; Shrikhande & D'Souza, 2008; Lai et al., 2009; Callery et al., 2009;
Cameron et al., 2006).

According to two series, non-operative management including treatment for postoperative
bowel paralysis and drainage of intra-abdominal collections has been successful in about
90% of cases (Kazanjian et al., 2005; Munoz-Bongrand et al., 2004). It has to be ensured
that adequate hydration is provided; TPN is recommended in patients not having tolerated
oral feeding after POD 10 (Yang et al., 2005; Shrikhande & D'Souza, 2008; Callery et al.,
2009). If signs of infection are present, empiric antibiotics are recommended and adjusted
according to gram stains or culture results (Machado, 2012). Cautious drain management is
indicated in patients with POPF and high-output drainage (>200 ml/day) or amylase rich
effluent (Bassi et al., 2001; Lai et al., 2009). The administration of octreotide with
therapeutic intent has been recommended by some authors (Machado, 2012); however,
according to a recent meta-analysis there is no solid evidence that somatostatin analogues
result in a higher closure rate of pancreatic fistula compared with other treatments (Gans et
al., 2012). In contrast, percutaneous drainage of CT-verified collections has been
considered to be crucial (Halloran et al., 2002). Post-pancreatectomy hemorrhage is
favorably managed by angiographic embolization (Puppala et al., 2011; Sato et al., 1998b).
Surgical intervention has to be considered in cases of suspected anastomotic dehiscence or
in clinically deteriorating patients with non-drainable abscesses.

Severe POPF leads to an accumulation of secondary morbidity and mortality (Denbo et al.,
2012; Fuks et al., 2009; Pessaux et al., 2011a) and remains an unresolved surgical problem.
The prevention and management of severe POPF have been main objectives of recent
POPF research (Pessaux et al., 2011a; Reid-Lombardo et al., 2007b; de Castro et al.,
2005a; Farley et al., 1996; Bachellier et al., 2008; Hasegawa et al., 2008; Blanc et al.,
2007; Ribero et al., 2013). Failure of conservative management might necessitate repeat
surgery (Yekebas et al., 2007; de Castro et al., 2005b) but current treatment concepts have
high failure-to-rescue rates (de Castro et al., 2005a; Ho et al., 2005; Farley et al., 1996;
Bachellier et al., 2008; Ribero et al., 2013; Smith et al., 1992; Gueroult et al., 2004; van
Berge Henegouwen et al., 1997). Surgical options include wide peripancreatic drainage of
abscesses or fluid collections, revision of the initial pancreatico-enteric anastomosis,
conversion to an alternative anastomosis, or completion pancreatectomy (Machado, 2012).
In patients with PJ disruption, simple peripancreatic drainage might not be effective
(Bachellier et al., 2008; van Berge Henegouwen et al., 1997). Completion pancreatectomy
(CP), the standard treatment of severe POPF (Farley et al., 1996; Smith et al., 1992;
Gueroult et al., 2004), has a high procedure-associated mortality (38-64%) and leads to
complex secondary morbidity with poor short term and long term outcomes (Ribero et al.,
2013).
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Il OBJECTIVES

The current thesis comprises two published papers and two submitted manuscripts. The
general aims were to study the preconditions for developing clinically relevant pancreatic
fistula following PD, and to propose POPF-predictive models that might facilitate the
clinical management of patients undergoing PD.

The specific aims were

1. To evaluate the extent to which metabolite changes and protease activation in the
proximity of the pancreaticojejunostomy provided pathophysiological information
on the risk of postoperative pancreatic fistula formation after PD (study I).

2. To assess the importance of postoperative analyses of pancreatic amylase in the
contents of prophylactic intraabdominal drainage for the prediction of pancreatic
fistula following PD (study IV).

3. To develop a practical, structured PD-specific protocol for the intraoperative
assessment of pancreatic gland consistency and main pancreatic duct diameter; and
to evaluate the predictive impact of this assessment on the development of
postoperative pancreatic fistula (study I1).

4. To assess the importance of procedure-specific risk factors for the risk adjustment
of PD outcomes by comparing the predictive value of a procedure-specific
pancreatic risk model versus an established generally applicable model consisting of
other risk factors for postoperative morbidity and mortality (POSSUM, study III).
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[l PATIENTS AND METHODS

All patients included in the cohort studies of this thesis underwent elective PD at the
Department of Upper Abdominal Surgery, Karolinska University Hospital, Sweden, which
is a tertiary referral surgical center for pancreatic diseases. The decision for surgical
intervention was made at the Karolinska multidisciplinary pancreatic tumor board. The
tumor board holds weekly structured conferences where surgeons, radiologists, oncologists
and pathologists discuss each individual case and tailor diagnostic measures and treatments
to the specific clinical context based on current evidence. Demographical and peroperative
parameters were recorded prospectively during the preoperative surgical and
anesthesiological evaluations that all patients had to undergo after the decision for surgery
was made. The Pancreatic Intention-To-Resect Register (PITR) is a prospectively
maintained database that is classified as an internal quality register. The register in its
current form was started in January 2008 and includes demographics, operative parameters
and postoperative morbidity data of all patients undergoing elective pancreatic surgery at
Karolinska.

Table 10. Study parameters.

Study | Study Il Study lll Study IV
Identifier Microdialysis Intraoperative risk POSSUM risk Drain pancreatic
measurement assessment adjustment amylase
Design Prospective OCS Prospective OCS Prospective OCS Prospective OCS
Data source uD database PITR + IPRA register ~ PITR + POSSUM PITR + lab register
Patients 48 110 195 315
Recruitment non-consecutively non-consecutively consecutively consecutively
. . March 2007 - January 2008 - January 2008 — January 2008 —
Time period .
April 2010 July 2010 December 2010 June 2012
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Pancreaticoduodenectomy

In all patients included in the studies of this thesis, a standardized Kausch-Whipple PD was
performed with radical lymphadenectomy excluding stations 9 and 14d (Pedrazzoli et al.,
1999b). Selective sampling of station 16b1 (para-aortic nodes) was done for tumor staging.
If considered necessary a resection of the superior mesenteric/portal vein was performed
with curative intent.

Resection

The procedure followed a standardized sequence. A midline laparotomy provided adequate
exposure of the resection field. The liver and peritoneal surfaces were examined for
unexpected tumor dissemination (liver metastasis or peritoneal carcinosis). Suspicious
lesions and enlarged lymph nodes outside the planned resection field were biopsied and
examined by frozen section; if positive for dissemination, the resection was aborted or
converted to a double bypass. The separation of the falciform ligament from the abdominal
wall enabled the placement of a self-retaining retractor system (Omnitract®) in the
laparotomy, which was affixed to the operating table beneath the left arm board. The caudal
liver surface and the gallbladder were released from adhesions and the gallbladder was
included in a liver retractor and reflected superiorly to provide adquate exposure to the
subhepatic compartment.

Pancreaticoduodenal mobilization

The mobilization of the pancreaticoduodenal area started from right lateral by mobilizing
the ascending colon and the hepatic flexure, in some cases extending to a Cattell-Braasch
maneuver (Cattell & Braasch, 1960). Kocher’s maneuver was performed by reflecting the
duodenum medially and separating it from the Gerota’s fascia and perinephric fat,
developing the dissection plane down to the ventral aspect of the caval vein and left renal
vein. The transverse mesocolon was retracted medially and separated from the duodenum
and the uncinate process. The SMV was identified medial to the uncinate process in the
root of the mesentery.

The inferior medial mobilization of the pancreaticoduodenal area included a resection of
the greater omentum and gastrocolic ligament which allowed a complete mobilization of
the transverse mesocolon and exposure of the middle colic vein down to the SMV
confluence. The whole infra-pancreatic portion of the SMV was exposed up to the inferior
aspect of the pancreatic neck. The right gastroepiploic vein was ligated to prevent avulsion,
while the large inferior pancreaticoduodenal branch to the SMV was preserved in order to
avoid venous stasis in the specimen. An opening of the avascular plane between the anterior
aspect of the SMV and the posterior aspect of the inferior pancreas was developed bluntly
and the inferior portion of the pancreatic neck was undermined.

The cranial mobilization of the pancreaticoduodenal area started with a cholecystectomy
and the dissection of the cystic-duct/CBD confluence. The left hepatic artery (LHA) was
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exposed in the hepatoduodenal Table 11. Michel Classification of anatomic variants of
ligament to its origin from the arterial liver blood supply.

common hepatic artery (CHA). Type Arterial configuration Occurrence
Regular:
L I 84%
The extirpation of lymph node CT - CHA - GDA / PHA - RHA / LHA
stations 8a and 12a allowed access I Egi'acf:;HA: 1%
to the central parts of the CHA and Replaced RHA:
. : %
the anterior aspect of the PV. " smA-RHA 6%
Potential anatomical variants of the v /'ielo'aceo' L::_'IAA* RHA 0.5%
. . ccessor °
right hepatic artery (RHA) had R LHil o G — [ 3.5%
been identified preoperatively so vy Assessory RHA: o0
- (']
that the CBD could be isolated PHA —RHA1 and SMA — RHA2
from connective tissue while vii :Sselssoay;:: a”Ad RHA A o
reserving the RHA. The CBD v "R ey 0.5%
p g . or Replaced LHA + Assessory RHA
was divided 1-2 cm proximal to IX Replaced CHA (SMA — CHA) 1%
the cystic duct confluence. The X Replaced CHA (LGA - CHA) 0

distal lumen (specimen side) was

sutured to limit potential spillage of cancer cells, while the proximal duct was left
unclamped. The division of the CBD allowed exposure of the PV and access to the space
under the proper hepatic artery (PHA), the GDA and the right gastric artery. After ensuring
that pulsatile flow through the hepatic arteries was retained, the GDA was divided and
suture ligated. The right gastric artery was divided and ligated. The CHA and the PV were
exposed completely. Superior pancreatico-duodenal branches to the PV were divided and
ligated, and the PV was followed to the superior aspect of the pancreatic neck. The
avascular plane between SMV and pancreatic neck was developed from the superior aspect
and the pancreatic neck was undermined on the ventral SMV using a blunt instrument (“the
forceps that does not exist”). The pancreatic neck above the SMV was sometimes looped to
minimize pancreatic manipulation under the subsequent transection of the pancreas.

The mobilization of the pancreatoduodenal area from the left was carried out by the
transection of the stomach and the division of the jejunum. Transection points were chosen
at the junction of the left and right gastro-epiploic arteries on the greater curvature and at
the incisura angularis of the lesser curvature. The omentum was divided between the
gastroepiploic vessels and the stomach was transected using a linear cutting stapling device
(GIA®, Ethicon). The lesser omentum was divided and suture ligated. The stapler line of
the remnant stomach was oversewn with continuous 4-0 PDS. The ligamentum of Treitz
was opened and the jejunum was mobilized by full exposure of the duodenojejunal flexure.
The jejunum was divided 10 cm distal to the ligamentum of Treitz with a GIA® stapler and
the remnant jejunum was oversewn with 4-0 PDS. The proximal jejunal segment was
devascularized and dislocated behind the mesenteric vessels through the duodenal fossa
into the subhepatic compartment.
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Figure 1. Vascular structures in the hepaticoduodenal ligamnet and central mesentery.
Patient with a Michel IX variant; a replaced CHA (branching from the SMA).

-

Pancreatic transection

The pancreas was transected to the left of the SMV. Bleeding from the intrapancreatic
arteries was controlled by electro cauterization or by hemostatic sutures with 6-0
polypropylene. To separate the specimen from the mesenteric vessels the mesopancreas
was transected usually using a lateral-inferior approach. At the inferior aspect, the first
jejunal tributary vein was identified and preserved. The SMA could be identified usually
posteromedial to the first jejunal tributary branch. After separating the specimen from the
venous pancreaticoduodenal branches by individual clips ligations, the SMV was carefully
retracted from the specimen by the assistant, allowing access to the retroperitoneal
attachment of the uncinate process to the SMA. To achieve full tumor clearance the
complete mesopancreas was separated from the SMA by exposing the SMA inferiorly and
towards the aortic origin. The superior and inferior pancreaticoduodenal branches were
divided and clips ligated. The para-aortic lymph node station 16b1 was sampled for staging
purposes and the remaining nodes from station 12a, b and p were removed.

Reconstruction

For the pancreaticojejunal reconstruction, the remnant pancreas was mobilized above the
splenic vein and the portal confluence. The proximal jejunum was advanced through a
mesenteric defect that had been created to the left of the middle colic vessels. The
pancreatico-jejunal anastomosis was carried out by a non-stented two-layer duct-to-mucosa
PJ according to Cattel’s technique (Cattell, 1948). Both the outer (between the pancreatic
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parenchyma and jejunal seromuscularis) and inner (between the main pancreatic duct and
the whole jejunal wall) layers were constructed as posterior and anterior rows of interrupted
sutures with 5-0 polypropylene.

Figure 2. Remnant pancreas with six duct sutures. Typical intermediate risk gland (dilated
main duct and soft consistency).
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When the ductal diameter was small, the inner layer was sutured with 6-0 polypropylene.
The surgery was completed by a standard end-to-side single layer hepatico-jejunostomy
using interrupted 5-0 polydioxanone (PDS) sutures according to the technique described by
Blumgart and Kelley (Blumgart & Kelley, 1984), an antecolic stapled side-to-side
gastrojejunostomy on a jejunal ‘omega’ loop, and a stapled side-to-side entero-enterostomy.
Two four-channel Blake® drainage tubes were placed in front of the PJ and behind the
hepaticojejunostomy.

Figure 3. Inner and outer layers of the duct-to-mucosa pancreaticojejunal anastomosis.
Blue lines indicate sutures.

Jejunum Remnant pancreas
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Postoperative treatment

In all patients in the four studies, the postoperative management followed a standardized
protocol. The patients were evaluated twice daily by the attending surgeon in the high-
dependency unit or regular ward to identify possible deviations from the expected
postoperative course. White blood cell count, serum levels of pancreatic amylase and C-
reactive protein were determined daily, along with the volume of drainage fluid and
concentrations of drain pancreatic amylase. Computed tomography was carried out if
clinical symptoms or signs suggested the occurrence of an intraabdominal complication.
Accessible fluid collections were drained percutaneously under ultrasonographic guidance.
POPF, peripancreatic abscesses, and fluid collections with or without pancreatic amylase
were treated equally according to a single standard care algorithm. Based on the patient’s
clinical condition, this could involve a spectrum of radiological interventions and/or
surgical procedures ranging from optimization of abdominal drainage to completion
pancreatectomy.
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Intraoperative pancreatic risk assessment

In the studies II-1V, a PD-specific intraoperative pancreatic risk assessment (IPRA) was
used to classify characteristics of the pancreatic gland, in order to relate those to the risk of
developing POPF. After the pancreatic transection the consistency (PC) and the main
pancreatic duct diameter (PDD) were assessed according to a four-grade scale for each
variable. A PDD grade of 1 (more than 4 mm) was assigned when the lumen of the
pancreatic duct at the point of transection exceeded the diameter of two 2-mm buttoned
probes, a PDD grade of 2 (3-4 mm) when one probe could be inserted with room to spare
but not enough to allow the insertion of a second probe, a PDD grade of 3 (less than 3 mm)
when one probe would fit precisely in the duct, and a PDD grade of 4 (less than 2 mm)
when a probe could not be inserted without significant force. In contrast to PDD, the
surgeon’s PC assessment was subjective, based on visual and tactile information gathered
during pancreatic manipulation, from mobilization and transection of the gland to
mobilization of the remnant and placement of sutures during the pancreatico-enteric
reconstruction. The PC grade was declared before the anastomosis had been completed. A
PC grade of 1 was assigned for a very hard consistency (such as in patients with severe
chronic pancreatitis), PC 2 for hard (fibrotic or atrophic obstructed pancreatic gland), PC 3
for soft (unaffected compact gland), or PC 4 for very soft consistency (unaffected fatty
pancreas).

Table 12. Peroperative pancreatic risk assessment. Classification of pancreatic consistency (PC)
grades and pancreatic duct diameter (PDD) grades.

PC grade Subjective surgical assessment Risk factor
PC1 (very hard) as in severe chronic pancreatitis no
PC2 (hard) as in a fibrotic or atrophic obstructed pancreatic gland no
PC3 (soft) as in an unaffected compact gland yes
PC4 (very soft) as in an unaffected fatty gland yes
PDD grade Surgical assessment with 2-mm buttoned probes Risk factor
PDD1 (>4mm) PDD exceeds the diameter of two probes no
PDD2 (3-4mm) One probe can be inserted with room to spare no
PDD3 (<3mm) One probe fits precisely in the duct yes
PDD4 (<2mm) A probe cannot be inserted without significant pressure yes

Risk estimation of postoperative pancreatic fistula or associated morbidity. No risk factors - low
risk for postoperative pancreatic fistula or associated morbidity (2%). One risk factor (softer PC
or PDD < 3 mm) - intermediate risk (26%). Both risk factors (softer PC and PDD < 3 mm) - high
risk (51%).
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Microdialysis

The blood concentrations of a substance may not reflect its concentrations at the cellular
level; differences depend on the extent of protein binding, capillary permeability, and
Kinetics in the distribution volumes (Chaurasia et al., 2007). Microdialysis is an atraumatic
minimally-invasive sampling technique of measuring concentrations of unbound substrates
in the extracellular tissue fluid. The concept of microdialysis is based on attempts from the
1960s to directly study biochemistry and notably transmitter release by using push-pull
cannulas, dialysis sacs, and dialytrodes in animal tissues (Chaurasia et al., 2007). In 1974,
the use of hollow fibers was reported (Ungerstedt & Pycock, 1974). A major breakthrough
was the report on in situ microdialysis of the rat brain used to measure metabolic events at
the cellular level; the atraumatic technique permitted stable dialysis conditions for several
days (Zetterstrom et al., 1982; Ungerstedt et al., 1982). Improvements of this techniques
resulted in the development of the microdialysis needle probe. Microdialysis was rapidly
used for pharmacokinetic studies and further adopted in clinical settings. Clinical
microdialysis has been shown to be a safe and reliable technique for studying tissue
biochemistry and drug distribution applicable to most organs in appropriate clinical
situations (Ungerstedt, 1991; Muller, 2002). It is the only tool available that explicitly
provides data on the extracellular space. Microdialysis methods have been used mostly in
intensive care research, clinical pharmacology, dermatology and metabolic research
(Chaurasia et al., 2007).

The microdialysis technique requires the insertion of a probe directly or via a guide cannula
into a specific tissue or fluid-filled space (Ungerstedt, 1991). The probe is designed to
mimic a blood capillary. It consists of a shaft with a semipermeable hollow fiber membrane
at the tip, which is connected to inlet and outlet tubing. Semipermeable membrane materials
used in probe construction range from low- to high-molecular weight cutoff. A
physiologically compatible perfusion fluid is delivered through the probe at a low and
constant flow rate (0.1-5 pL/min). Solutes are exchanged by passive diffusion across the
semipermeable membrane of the probe depending on the concentration gradient. By that,
amounts of solutions can be sampled. Microdialysis has been widely employed in metabolic
studies of various human tissues in vivo, particularly with regard to adipose tissue and
skeletal muscle metabolism (Chaurasia et al., 2007; Magkos & Sidossis, 2005).

In patients of study I, an intraperitoneal (IP) gastrointestinal microdialysis catheter was
used (CMA 62, CMA® Microdialysis AB, Solna, Sweden) with a 180-mm shaft and a 30-
mm membrane in length, molecular weight cut-off at 20 kDa. After the intraabdominal
drains had been placed, the catheter was introduced through a small incision in the
abdominal wall and the microdialysis membrane was placed in the proximity of the PJ. The
catheter outlet tubes were fixed to the skin. Microdialysis was performed as previously
described (Jansson et al., 2003) starting at 12:00 pm on POD 1. Samples were collected in
microvials every 4 hours and were analyzed immediately for glycerol, lactate, pyruvate and
glucose in a CMA 600 Microdialysis Analyzer (CMA® Microdialysis AB, Solna, Sweden)
using a kinetic enzymatic analysis technique.
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Blood levels of lactate and glucose were measured every 4 hours concomitantly with the
microdialysis sampling. Trypsinogen activation peptide (TAP) was analyzed in
microdialysates as a marker of protease activation on POD 1-2. Plasma pancreatic amylase
was analyzed on POD 1-2. Postoperative complications were recorded according to the
Clavién-Dindo Classification. Three study groups were stratified; the group of patients
developing clinical POPF (ISGPF A-C and Clavién-Dindo > II), a group a patients
developing other surgical complications and a group without surgical complications. The
IP concentrations of glycerol, lactate, pyruvate, glucose, and TAP, and the systemic
concentrations of lactate and glucose, along with the IP lactate/pyruvate ratio (L/P ratio),

were compared between the study groups.

Analysis of proteolytic activation peptides in microdialysates

Since trypsin was too large (approximately 25 kDa) to pass through the membrane with a
weight cut-off at 20kDa, other markers of proteolytic enzyme activation had to be
evaluated. Enterokinase activates trypsinogen in the duodenum cleaving off trypsin
activation peptide (TAP) with a molecular weight of 1 kDA. Trypsin in turn activates
carboxypeptidase B cleaving off carboxypeptidase B activation peptide (CAPAP) with a
molecular weight of 10 kDa. In a pilot subgroup of ten patients, TAP and CAPAP were
analysed in microdialysates sampled from the pancreatic duct and duodenum during
surgery and the IP microdialysates. TAP was measured by a radioimmunoassay and
CAPAP by a double-antibody ELISA test (Appelros et al., 1998; Petersson & Borgstrom,
2006). As expected (Rinderknecht, 1993b), high levels of TAP were detected in the
duodenum whereas it was absent in the pancreatic duct. Since TAP values were higher than
CAPAP values, only TAP was measured in the rest of the patients. TAP concentrations
were used to report IP protease activation, except in one patient with POPF, in whom
CAPAP was detected but technical difficulties hampered TAP measurement. The analysis
of TAP was performed in microdialysates stored at -20° C; TAP being a stable peptide
could be stored safely at this temperature.
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Postoperative drain and blood sample analysis

In patients recruited into study 1V, levels of serum C-reactive protein (CRP), an acute-phase
reactant and marker of systemic inflammation, and plasma pancreatic amylase (PPA), a
marker of pancreatic injury or inflammation, were recorded. From the 24-hour output of the
abdominal drains concentrations of pancreatic amylase (DPA) were determined together
with the respective drain volumes. The DPA levels that study IV refers to were obtained
from the left abdominal drain. Drains were removed earliest on POD 4, if the drain volume
was below 30-50 ml or if drain output did not contain amylase. The CRP concentrations
were measured by an immunoturbidimetric assay and displayed as mg/L (normal range 0-3
mg/L). The catalytic activity concentrations of PPA and DPA were measured by an
enzymatic colorimetric assay after inhibition of the salivary-type a-amylase by monoclonal
antibodies, and was displayed in katal (mol-s™)/ L according to the International System of
Units (Dybkaer, 2002). The SI unit formed the basis of all statistical calculations of PPA
and DPA in the current study, the concentration of the enzyme unit (U/L) as adopted by the
International Union of Biochemistry (1965, no authors listed) was calculated using the
converting factor 1 U = 16.667 x 10 kat (Dybkaer, 2002). The normal range for PPA was
0.15-1.1 pkat/L (9-66 U/L), and the lowest measurable level for pancreatic amylase was
0.13 pkat/L (7.8 U/L), levels below that had been referred to as “<0.13” in the laboratory
report and due to statistical reasons were defined as 0.12 pkat/L (7.2 U/L) throughout the
study.
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POSSUM score calculation

The use of outcomes to address surgical quality implies the need for detailed clinical data
for risk adjustment, either based on administrative systems (Charlson et al., 1987,
Elixhauser et al., 1998) or on prospectively maintained clinical databases (Greenblatt et al.,
2011; Parikh et al., 2010a; Venkat et al., 2011). In pancreatic surgery, different methods
have been used for the risk adjustment of surgical procedure cohorts (Pratt et al., 2008b;
Parikh et al., 2010a; de Castro et al., 2009; Grendar et al., 2012; Khan et al., 2003; Knight
et al., 2010; Zhang et al., 2009; Tamijmarane et al., 2008).

The well-established “Physiological and Operative Severity Score for the enUmeration of
Mortality and morbidity” (POSSUM) estimates individual morbidity and mortality risk
based on 12 parameters describing the patient’s clinical condition and on 6 parameters
describing the extent of the surgical procedure (Copeland, 2002; Copeland et al., 1991).
The complete scoring system is shown in table 13. The authors nominated the ratio between
observed and POSSUM-estimated morbidity as quality indicator for surgical performances.
The risk adjustment was recognized as most effective for general surgery (Jones & de
Cossart, 1999). Five years after its introduction, the logistic equation of the score was
modified (P-POSSUM) due to mortality overestimation (Whiteley et al., 1996; Prytherch et
al., 1998). Accordingly, variants were developed for several surgical sub-specialties (Dutta
et al.,, 2011; Lam et al., 2004; Neary et al., 2003; Tekkis et al., 2004), however, not for
pancreatic surgery. POSSUM, originally considered as suitable for pancreatic procedures,
has subsequently been applied with divergent results (Pratt et al., 2008b; de Castro et al.,
2009; Khan et al., 2003; Zhang et al., 2009). However, it is still a widely used scoring
system (Copeland et al.), and in 2010, it had been incorporated into the Swedish National
Register for Pancreatic Tumors. An online POSSUM calculator is available at
http://www.vasgbi.com/riskpossum.htm.

In study I11, all clinical, radiological and blood chemistry data required to calculate the
POSSUM physiological score had been recorded at patient enrollment. Cardiac and
respiratory criteria were evaluated based on the preoperative radiological work-up (CT-scan
or chest X-ray). The parameters of the operative severity score were concomitantly
recorded. PD was considered as “major+” (score 4) as originally proposed (Copeland et al.,
1991). Individual morbidity and mortality risks were calculated. Data recording and score
calculation were done by a research fellow who was not involved in the surgery and blinded
for the outcomes (P.L.).
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Table 13. Physiological and operative assessment of the POSSUM system (Physiological and
Operative Severity Score for the Enumeration of Mortality and Morbidity).

POSSUM score

Physiological 1 2 4 8
Age (years) <60 61-70 >70 NA
Cardiac signs Normal Cardiac drugs Edema; warfarin  JVP
Borderli
Chest X-ray Normal NA or .er ne Cardiomegaly
cardiomegaly
Respiratory signs Normal SOB exertion SOB stairs SOB rest
Chest X-ray Normal Mild COAD Moderate COAD Other change
Systolic blood pressure 131-170
(mm He) 110-130 100-109 >170 or 90-99 <90
. 81-100
Pulse (b/min) 50-80 40-49 101-120 >120 or <40
Glasgow coma score 15 12-14 9-11 <9
CIREE) (UL <7.5 7.6-10 10.1-15 >15
(mmol/L)
sodium >135 131-135 126-130 <126
(mEq/L)
Potassium 3.2-34 2.9-3.1
(mEq/L) 3.5-5 5.1-5.3 5.4-5.9 <2.90r>5.9
Hemoglobin 11.5-12.9 10-11.4
13-16 10 18
(g/dL) 16.1-17 17.1-18 <or>
White blood cell count 10.1-20
(x1012/L) 4-10 31-3.9 >20 or<3 NA
Electrocardiogram Normal NA AF (60-90) Other changes
Operative 1 2 3 4
Operative magnitude Minor Intermediate Major Major+
No. of operations
within 30 days 1 NA 2 >2
E':I;’d (925 e ErpErEiian <100 101-500 501-999 >999
Peritoneal contamination No Serous Local pus FBC, pus or
blood
. Primary cancer Node Distant

Presence of malignancy No

only metastases metastases
Timing of operation Elective NA Emergency <24 Emergency <2 h

h

Adopted from the revised score (Copeland, 2002). JVP, jugular venous pressure; SOB, shortness
of breath; COAD, chronic obstructive airway disease; FBC, free bowel content.
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Main outcome parameters

POPF

In the studies of this thesis, POPF was defined according to the ISGPF definition (Bassi et
al., 2005a). Different sub-criteria were used, among others, a widely used modification of
the ISGPF definition; the categories of grade B and C were merged and labeled as
“clinically-relevant fistula” (Reid-Lombardo et al., 2007b; Ansorge et al., 2012a; Facy et
al., 2012; Moskovic et al., 2010; Noji et al., 2012; Malleo et al., 2012). The measurement
of plasma pancreatic amylase instead of serum amylase was considered as unproblematic,
since the ISGPF definition was based on the relation between the drain and serum levels of
amylase, and serum and plasma levels of pancreatic amylase were considered as identical.

Table 14. Main study outcome parameters.

Definition Paper

ISGPF grade A-C \Y,
Postoperative pancreatic fistula (POPF)  ISGPF grade A-C and CDC > grade I |

ISGPF grade B or C 11; 115 1V
Symptomatic peripancreatic collections  Drainage improves patient condition .
(SPPC) regardless of amylase content !

Pancreaticojejunostomy-associated
morbidity (PJAM)

Severe pancreaticojejunostomy POPF ISGPF grade C or
associated morbidity (PJAM) SPPC and CDC grade Illb-V
Postoperative intra-abdominal
complication CDC > grade I

POPF ISGPF grade B or C or SPPC 11; 11
1]

Other surgical complications (OSC) |

Total morbidity CDC = grade Il 11; 11; IV
Mild morbidity CDC grade I-lI Il
Moderate morbidity CDC grade llla 1
_— CDC grade Illb-IVb 1
Severe morbidity CDC grade lllb-V v
Mortality CDCdrade V 11; 11
CDC grade V or 30-days mortality \Y

ISGPF, International study group of pancreatic fistula, table 1; CDC, Clavién-Dindo
Classification.

SPPC and PJAM

In study Il and IlI, the ambition was to capture all relevant morbidity resulting from
pancreatic surgery. Therefore, also radiologically verified postoperative abscesses or fluid
collections not containing pancreatic amylase were recorded if they were adjacent to the PJ
and if their drainage improved the patient’s condition; these were defined as symptomatic
postoperative peripancreatic collections (SPPC). PJAM was defined as POPF (ISGPF grade
B/C), or SPPC.
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Clavién-Dindo Classification

The Clavién-Dindo Classification of surgical complications adopted for pancreatic surgery
(CDC) was used to classify postoperative complications (Dindo et al., 2004; DeOliveira et
al., 2006). In study I, surgical complications other than POPF (OSC) were defined as any
other postoperative intra-abdominal complication with a grade of 11 or higher according to
CDC. In study Il, severe morbidity was defined as CDC grade > Illb. In study IlI, the
severity of postoperative morbidity was classified according to CDC, and morbidity was
divided into mild (requiring bed-side treatment, CDC II), moderate (requiring additional
intervention without general anesthesia, CDC Illa), or severe (requiring additional
intervention in general anesthesia and/or intensive care, CDC IlIb-1V). CDC V entailed in-
hospital mortality. In study IV, relevant postoperative morbidity was classified according to
established definitions (Dindo et al., 2004; Bassi et al., 2005a; Wente et al., 2007a; Wente
et al., 2007b; Bone et al., 1992).

Mortality

In study I-11l, PD-associated mortality was defined as in-hospital-mortality corresponding
to CDC V. In paper 1V, PD-associated mortality was defined as either death occurring
within 30 days after surgery (30-days mortality) or death in hospital, regardless of the time
after surgery (in-hospital mortality).
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Statistics

Study |

Data were presented as median and 10-90™ percentile in graphs, and as mean with standard
deviation as the measurement for statistic dispersion. The coefficient of variation between
time points per day and patient indicated that it was appropriate to use the mean values as
central tendencies for the analysis of aggregated data. Differences between groups were
analysed by a two-way mixed model (Brown & Prescott, 2006) with study groups, POD
and measurement type as factors. Logarithmic or square root transformations were
performed before statistical analyses when needed. The Spearman rank correlation
coefficient was used to measure the association between the metabolite variables. The study
was considered to be a descriptive and explorative investigation and included neither power
estimation nor randomization. P<0.05 was considered to be statistically significant.

Study I

The incidence and risk estimate of POPF and SPPC were calculated for each grade of PDD
and PC. Patients were grouped according to PC and PDD characteristics. Based on the
presence of risk factors, three groups were stratified: a group of no risk factors, a group
with one risk facto and a group with two risk factors. Risk estimates for POPF, SPPC,
PJAM and severe PJAM were determined for each group and reported as odds ratios. Two-
tailed Pearson’s correlation test and McNemar’s x*> test were used to examine the
association between PC, PDD and endpoint parameters. Interobserver agreement was tested
using Cohen’s « statistic.

Study 111

POSSUM morbidity estimation calculates individual risk estimates based on a complex
scoring system, and it can be difficult to interpret the predictive value of these individual
scores. For a simplified risk categorization it has been assumed to group patients with
similar scores. In accordance with previous publications (Pratt et al., 2008b; Zhang et al.,
2009) the study cohort was grouped based on the POSSUM morbidity risk into quintiles (0-
19%, 20-39%, 40-59%, 60-79% and 80-99%) which were labeled as standard risk (SR)
groups. The cohort was additionally divided into low-risk (0-59%) and high-risk (60-99%)
groups which were labeled as split cohort (SC) groups. Due to a non-normal patient
distribution the cohort was further grouped into quintiles of near-equal sample size
(POSSUM morbidity risk 0-48%, 49-59%, 60-69%, 70-75% and 76-99%) which were
labeled as equal risk quintiles (ERQ). POSSUM mean values were calculated for the groups
of SR, SC and ERQ and compared according to the observed morbidity. The ratio between
observed and POSSUM-estimated morbidity (O/E ratio) was calculated. SR, SC and ERQ
were correlated to total morbidity and severity of postoperative morbidity according to
CDC. The study cohort was grouped by IPRA results, and the IPRA low-risk and high-risk
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groups were compared to POSSUM low-risk and high-risk groups regarding total morbidity
and CDC. Finally the associations between POSSUM SR groups, total morbidity and CDC
were tested for the IPRA high-risk and low-risk groups, respectively. The associations
between categorical variables were tested in binary logistic regression or by Pearson’s R
bivariate correlation. The differences of distribution levels and medians in groups of
continuous variables were assessed by Mann-Whitney U tests for two samples, and
Kruskal-Wallis analysis of variance or independent median tests for several samples.

Study 1V

Summary data were analyzed using frequency tables for category variables. The continuous
variables were non-normally distributed (Kolmogorov-Smirnov and Shapiro-Wilk tests),
therefore central tendency was displayed as median and statistic dispersion as interquartile
range. Chi-square tests were used for comparing category variables, non-parametric tests
(Kruskal-Wallis and Fisher’s exact for 5-sample, Mann-Whitney U for 2-sample) for
comparing level distributions and level medians in continuous variables. To test the
predictive accuracy (% of correctly predicted cases) receiver operating characteristic (ROC)
analyses were performed. An area under the curve (AUC) greater than 0.8 was considered
as of a high diagnostic accuracy, a p value <0.05 (two-sided) was considered as significant.
Cut-off levels for the samples with the greatest AUC and a balanced high accuracy were
identified by using the visualization and coordinates of the ROC-curve. Regression
analyses for the cut-off-stratified subgroups were performed in order to identify risk models
describing the dependent variable states with optimum accuracy. The actual risk estimates
were reported as odds ratios. Postoperative day (POD) was displayed as subscript number
after the sample name (PPA; = plasma pancreatic amylase on the first postoperative day).

Software

The Karolinska Pancreatic Intention-to-Treat Register is a JMP® database. Statistical
analysis was done using the SAS® System 9.1, (SAS Institute Inc., Cary, NC, USA) and
Statistica 9.0, (StatSoft® Inc., Tulsa, OK, USA) in study I, using SPSS® 19 (SPSS, Chicago,
lllinois, USA) in study 11, using SPSS® 20.0 (IBM Corp., NY, U.S.) in study Il and V. All
papers and the thesis were written using Microsoft Word® 2007/2010 and Adobe Acrobat®
IX. References were managed using Thompson Reuters Endnote® 5/X6. Figures were
scaled using GIMP 2.8.2. For literature search, NCBI Pubmed, Google Scholar® and the
Karolinska Institutet library resources were used. Manuscript files were stored on Google
Drive®.

47



IV RESULTS

Study |

Forty-eight patients were enrolled. Mortality was 4.1% (2/48) and overall surgical
morbidity 31% (15/48). Seven patients (15%) developed clinically significant POPF. Two
patients underwent CP on POD 4 and POD27, respectively, followed by ICU treatment.
Five patients had clinical and radiological symptoms of POPF on POD 8-9; of those, one
patient was treated successfully with intravenous antibiotics, two patients received IV
antibiotics and ultrasound-guided drainage, and two were re-operated due to surgical
complications other than POPF; one for bile leakage, and one for intra-abdominal
hemorrhage. Eight patients had other surgical complications (OSC). One patient was re-
operated for leakage from the hepaticojejunostomy, three patients were re-explored due to
suspected intra-abdominal bleeding; one patient was treated successfully by surgical
hemostasis, one patient underwent a negative exploration, was re-operated for wound
dehiscence and succumbed to circulatory arrest, and one patient died of multi-organ failure.
Three patients with bleeding from the gastrojejunostomy were treated endoscopically. One
patient developed a delayed leakage from the gastrojejunostomy.

Figure 4. Intraperitoneal
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The POPF group had higher IP glycerol levels than the OSC (p=0.013) and NSC group
(p=0.006, Fig. 1), while there were no differences in IP glycerol levels between OSC and
NSC. The POPF group had higher IP L/P ratios than the OSC (p=0.049) and NSC group
(p=0.024, Fig. 2), IP L/P ratios were similar in OSC and NSC. The POPF group had a
significant increase in IP L/P ratios between POD 1 and 2 (p=0.003). IP lactate levels were
higher in POPF compared with OSC (p=0.035) and NSC (p=0.015). IP glucose levels were
lower in POPF than in OSC (p=0.014) and NSC (p=0.001). There were no differences in IP
lactate and glucose levels between OSC and NSC. All groups had higher pyruvate levels on
POD 1 than on POD 2 (p< 0.001). IP pyruvate levels did not differ between the groups.
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pyruvate (L/P) ratio for
POD 1-5 following PD,
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*P<0.05, **P<0.01.

TAP and/or CAPAP were detected in microdialysates in six of seven patients with POPF.
All patients had similar TAP levels regardless of the CDC grade. In 6 of 8 OSC patients,
TAP was below 0.1 pg/L. In 31 of 33 NSC patients, TAP was below 0.1 ug/L on POD 1-2
(table 15). Systemic lactate or glucose levels did not differ between groups or PODs. IP
lactate levels were significantly higher than systemic levels on POD 1-5 (p<0.001, Fig. 3).
Systemic glucose concentrations were significantly higher than IP levels in the POPF group

(p< 0.001).

Table 15. Intraperitoneal (IP) TAP and plasma pancreatic amylase (PPA). OSC (other surgical
complications), NSC (no surgical complications).

Total (n=48) POPF (n=7) 0SC (n=8) NSC (n=33)
IP TAP (ug/L) POD1 1.49 +8.24 11.18 £22.22 0.30%0.78 0.001 +0.03
IP TAP (pg/L) POD2 1.12+6.23 8.63 +16.73 0.08 £0.25 0.002 0.01
PPA (pkat/L) POD1 2.02+3.30 5.21+5.96 1.55+2.73 1.44 +2.22
PPA (pkat/L) POD2 1.19 £ 2.02 2.44+2.384 0.92+1.87 0.98 +1.81
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Study I

A total of 110 patients were included in the analysis. There was excellent inter-observer
agreement for both PC and PDD assessment in a series of ten consecutive patients (Cohen’s
k = 0.86). Sixty-eight patients (62%) developed postoperative complications and two (2%)
died. Surgical morbidity was observed in 48 patients (44%) and pancreaticojejunostomy-
associated morbidity (PJAM) in 24 patients (22%). POPF, which occurred in 17 patients
(15.5%; 9 ISGPF grade B, 8 grade C), was the most common complication and three-
quarters of these patients developed POPF-induced secondary morbidity. Patients with
POPF had a significantly higher incidence of severe morbidity than patients with SPPC or
other complications (8 of 17 vs 12 of 51; p=0.033). SPPC, the third most common comp-
lication (7 patients, 6.4%), was also associated with a high incidence of secondary
morbidity (3 of 7 patients).

Figure 6. Incidence of
60 L L
Pancreaticojejunostomy- pancreaticojejunostomy-
associated morbidity ] . L
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Symptomatic Peripancreatic i i
) ymptomat RS according to the various
- [ Postoperative Pancreatic Fistula assessment grades of
£ 40 "(POPF) . ;
@ pancreatic consistency
=4 .
3 5 (PC) grouped into post-
= operative pancreatic
20 fistula and symptomatic
peripancreatic collections.
10+

PC1 PC2 PC3 PC4
Pancreatic Consistency Assessment

POPF occurred in none of 23, one of 44, four of 16 and 12 of 27 patients with grades PC 1,
PC 2, PC 3 and PC 4 respectively (p<0.001, fig 1). SPPC occurred in none of 23, two of 44,
two of 16 and three of 27 patients with these grades (p=0.070). POPF developed in none of
14, three of 50, ten of 37 and four of nine patients, and SPPC in none of 14, one of 50, five
of 37 and one of nine patients, with duct diameter grades PDD 1, PDD 2, PDD 3 and PDD
4 respectively (p<0.001, p=0.034, Fig. 2).

When PC 1 and PC 2 were merged into a “harder PC’ group, and PC 3 and PC 4 into ‘softer
PC’ group, the softer PC group had a significantly higher incidence of POPF (p<0.001) and
a higher incidence of SPPC (p=0.071) than the harder PC group. When PDD 1 and PDD 2
were merged into a ‘larger PDD’ group, and PDD 3 and PDD 4 into a ‘smaller PDD’ group
(duct less than 3 mm), patients with a smaller PDD had a significantly higher incidence of
POPF (p<0.001) and SPPC (p=0.015). Softer PC and smaller PDD emerged as risk factors
for developing POPF or SPPC. Three different risk groups were defined; a group without
risk factors (harder PC/larger PDD), patients with one risk factor (softer PC/larger PDD or
harder PC/smaller PDD) merged into one risk group as they had identical risk profiles, and

50



a group with two risk factors (softer PC/smaller PDD). There were significant differences
between the groups regarding the incidence of POPF (p<0.001), SPPC (p=0.019), PJAM
(p<0.001) and severe PJAM (p=0.001). Patients with a high-risk pancreatic gland had a 25-
fold higher risk of developing associated postoperative morbidity than patients with a low-
risk gland. Severe PJAM developed in 20% of patients with two risk factors, in 11% with
one risk factor and in 0% without risk factors. All patients with severe PJAM had a PDD
smaller than 3 mm. The risk factor groups also had different distributions of histopathology.
In patients with a high-risk gland, ductal adenocarcinoma was found in 17%, compared
with 37% in intermediate risk patients and 73% in patients with low-risk glands.
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Table 16. Postoperative risk of pancreaticojejunostomy-associated morbidity. Incidence of
postoperative pancreatic fistula (POPF) and symptomatic postoperative peripancreatic collections
(SPPC). Patients grouped by presence of risk factors “soft pancreatic consistency” (SPC) or “small
pancreatic duct diameter” (SPDD, < 3mm).

One Risk Factor Two Risk Factors

No Risk Factors (SPC or SPDD) (SPC and SPDD) P
POPF (B/C) or SPPC 2% 26% 51% <0.001
0dds ratio (95% Cl) 0.025 (0.003 - 0.19) 1.4 (0.43 - 4.2) 12 (4.2 - 35)
POPF (B/C) 0% 22% 37% <0.001
0dds ratio (95% Cl) 1.7 (0.49-6.0) 10 (3.1-35)
SPPCn 2% 5% 14% 0.019
0dds ratio (95% Cl) 0.14 (0.017 - 1.3) 0.79 (0.089 - 6.9) 6.1(1.1-33)
Severe POPF or SPPC 0% 11% 20% 0.001
0dds ratio (95% Cl) 1.4(0.27 - 7.4) 9.1(1.8-47)

Severe POPF or SPPC is defined as POPF (B/C) or SPPC with a CDC 2lllb.
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Study 11

A total of 195 patients met the inclusion criteria for the analysis. One hundred twenty-six
patients developed postoperative complications (total morbidity 65%); 33 of those (17%)
were considered to have moderate, and 29 (15%) to have severe morbidity. The in-hospital
mortality rate was 3.1%. POPF occurred in 30 patients (15.4%), delayed gastric emptying
in 12%, systemic inflammatory response syndrome in 9% and SPPC in 7%. POPF and
SPPC together accounted for the major part (22%) of the postoperative morbidity.

The POSSUM algorithm

Table 17. POSSUM groups, patient distribution, morbidity risk

calculated d mean range, estimated and observed morbidity, ratio between
morbidity risk for the observed and estimated morbidity (O/E ratio).

study cohort of 62.5%

(95% confidence interval Morbidity

0 POSSUM Groups N Estimated Observed O/E ratio
61-65) and a mean " standard risk
mortality risk of 18.2% 1(0-19%) O 0 0 -

0 B ) 2(20-39%) 19  6(4-7) 14 (74%) 2.33
(35% CI 16.8 - 19.6). P 3(40-59%) 56  28(22-33) 33 (59%) 1.18
POSSUM calculated a 4(60-79%) 92  64(55-72)  58(63%)  0.91
mean cohort mortality risk 5(80-99%) 28  25(22-27) 21(75%)  0.84
of 5.5% (35% Cl 4.8 - Equalqumtillig 48%) 38  9(0-18) 23 (61%) 2.55
6-2)-_\’_Vith the observed 2(49-59%) 37  20(18-22)  24(65%) 1.2
morbidity of 65% the O/E 3(60-69%) 41 26 (25-28) 29 (71%) 1.12
ratio for the entire Study 4 (70-75%) 32 23 (22-24) 21 (66%) 0.91
cohort was 1.04. There - 5(76-99%) 47 41 (36-47) 29 (62%) 0.71

) plit cohort
were no systematic Low-risk (0-59%) 75 22 (0-44) 47 (63%) 2.14
associations between High-risk (60-99%) 120 95 (72-119) 79 (66%) 0.83

estimated and observed
numbers in the risk
groups; the OJ/E ratio
decreased with increasing
morbidity risk since all
risk groups had similar
observed morbidity rates (table 5). The individual POSSUM scores did not reveal
associations with the occurrence of postoperative morbidity (Mann Whitney, U=4326,
p=0.956) or the severity according to the Clavién-Dindo classification (Kruskal-Wallis,
p=0.908, Independent median, p=0.964).

N displays number of patients assigned to the risk groups,
‘Estimated’ displays number of patients with median estimated
morbidity, group dispersion in parentheses. ‘Observed’ displays
number of patients with observed morbidity, percent of each
risk group in parentheses.

The IPRA groups showed significant differences in their morbidity profiles (table 7). The
rates of total, moderate and severe morbidity in the high-risk group exceeded the rates in
the low-risk group by a factor of 1.6-, 2.0- and 3.1, respectively. Mortality was 6% in the
high-risk and 0% in the low-risk group. None of those differences were captured by the
POSSUM risk estimates. Unadjusted and POSSUM-adjusted morbidity rates were found to
be nearly identical. Patients with high-risk classified pancreatic glands did not have higher
POSSUM scores than patients with low-risk pancreatic glands.
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Table 18. Outcome parameters, morbidity profiles and POSSUM morbidity estimation in IPRA and
POSSUM risk groups.
Intraoperative pancreatic risk

POSSUM
assessment

low risk high risk P low risk high risk P

N=75 N=120 n=98 n=67
Observed
Total morbidity 47 (62.7) 79 (65.8) ns 49 (50) 56 (83.6) <0.001
Mild (DCC 1) 23 (30.7) 36 (30) 31(31.6) 18 (26.9)
Moderate (DCC Illa) | 14 (18.7) 19 (15.8) ns 12 (12.2) 16 (23.9) <0.001
Severe (DCC llIb-1V) | 9(12) 20 (16.7) 8(8.2) 17 (25.4)
Mortality (DCC V) 1(1.3) 5(4.2) ns 0 4 (6) 0.015
Surgical morbidity 29 (38.7) 62 (51.7) ns 29 (29.59) 46 (68.66) <0.001
POPF® 12 (16) 18 (15) ns 0 24 (35.8) <0.001
SPPC* 4 (5.3) 9 (7.5) ns 4(4.1) 7 (10.4) ns
DGE® 4 (5.3) 19 (15.8) 0.027 13 (13.3) 6 (9.0) ns
Estimated
POSSUM (95% Cl) 46% (44-48) 73% (71-75) < 0.001 65% (62-68) 59% (55-63) ns
P-POSSUM (95% Cl) | 2% (2-3) 8% (7-9) <0.001 6% (5-7) 5% (3-6) ns

Study cohort grouped by POSSUM-estimated morbidity risk into low-risk and high-risk, and
grouped by the surgical pancreatic risk assessment into low-risk, intermediate-risk and high-risk.
Intermediate-risk data not shown. POSSUM, physiological and operative severity score for the
enumeration of morbidity and mortality. Values in parenthesis are percent and, if indicated as
range, 95% confidence intervals. DCC, Dindo-Clavién Classification of surgical complications
adopted for pancreatic surgery; POPF, Postoperative pancreatic fistula; SPPC, symptomatic
postoperative peripancreatic collections; DGE, delayed gastric emptying.

Patients with high-risk glands
had no association between
the POSSUM SR group
estimates and the observed
incidence or severity of post- Total morbidity Clavién-Dindo

Table 19. Association between POSSUM morbidity estimation
and incidence and severity of total morbidity. Association
between the peroperative pancreatic risk assessment (PPRA)
risk groups and incidence and severity of total morbidity.

operative morbidity (p=0.782 : _ P P
and 0.486, respectively.). This ~ POSSUM risk estimation

. i Individual POSSUM score 0.956° 0.908"
was exemp“ﬁed by a stepwise Standard risk groups 0.637° 0.321°
decrease of the O/E ratio  Equal cohort quintiles 0.950° 0.601°

. . . = C d
concomitantly with increase  SPlit cohort e Doy
PPRA groups <0.001 <0.001

of estimated morbidity (3.05,
167, 116 and 0.98,
respectively). However, in the
low-risk group, associations
between the SR groups and

®Mann-Whitney test, ®Kruskal-Wallis analysis of variance,
‘Regression analysis, dpearson correlation

the incidence (p=0.44) and severity (p=0.026) of postoperative morbidity could be
observed. This was characterized by a more constant O/E ratio in the SR groups (1.69, 0.62,

0.79 and 0.74, respectively).
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Study IV

Three hundred-twenty four out of 379 scheduled patients underwent PD (resection rate
86%). Of those, 315 met inclusion criteria and were included in the analysis. Two hundred-
four patients (65%) developed postoperative morbidity, 18% considered severe (Clavién-
Dindo classification> IIIb). Clinically -relevant POPF was the predominant primary
morbidity occurring in 15%, and the associated mortality rate was 3.5%. A total of 76
patients developed POPF according to the ISGPF definition. 17 patients with subclinical
fistula (grade A, 5.4%) had a median length of hospital stay (14 days) comparable to those
without POPF. Out of 59 patients with clinically-relevant POPF (grade B/C, 19%), 11
developed POPF as a complication to another surgical morbidity. Of 23 patients with
severe POPF (grade C, 7%), 7 were treated conservatively and 17 patients (5%) required a
CP. Mortality in this latter group exceeded cohort mortality by a factor of 10.
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For POD1-2, CRP level distributions revealed significant differences between non-POPF
and POPF-B and -C, and for POD3 between non-POPF and all POPF groups. In the non-
POPF group, the initial increase of CRP levels subsided after the first two postoperative
days. Only 7% of patients with declining CRP levels after POD2 developed POPF-B/C,
whereas 84.5 % of all patients with POPF-B/C had persistent or increasing CRP levels after
POD?2. PPA and DPA level distributions showed significant differences between non-POPF
and all POPF groups for POD1-3. For the further analysis, subclinical fistulas (POPF-A)
were assigned to the control group (non-POPF/POPF-A) and POPF-B/C was selected as
dependent variable. Median levels of CRP, PPA and DPA for POD 1-3 differed
significantly between non-POPF/POPF-A and POPF-B/C; median CRP in POPF B/C
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exceeded median CRP in non-POPF/POPF-A by a factor of 2, median PPA and DPA levels
of POPF B/C exceeded non-POPF/POPF-A by a factor of 6 to 62 (p<0.001).
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Figure 9. ROC-curve of drain
pancreatic amylase levels for
postoperative day (POD) 1-3;
clinically relevant fistula

(POPF B/C) as state variable.
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In a receiver operating characteristic (ROC) analysis, CRP-, PPA- and DPA levels for POD
1-3 revealed a high diagnostic accuracy for POPF B/C with an area under the curve (AUC)
> 0.8 except CRP; (figures 2a-c), and the highest accuracies for the levels of CRP3, PPA,,
PPA3;, DPA; and DPA,. Since POPF-prediction based on DPAg; levels could be confounded
by the actual POPF definition, DPA3 was excluded from the cut-off analysis. In 21
coordinates of the eight ROC curves the highest balanced accuracy (high sensitivity + high
specificity) for POPF-B/C prediction was determined. Cut-off levels were selected for
CRP3 at 202 mg/L (sensitivity 77.6%, specificity 83.1%, OR 16.978, 95% CI 8.425-
34.213), for PPA; at 2.955 pkat/L (177.3 U/L, sensitivity 81.5%, specificity 75.7%, OR
13.671, 95% CI 6.460-28.935), for PPA; at 1.625 pkat/L (97.5 U/L, sensitivity 79.7%,
specificity 81.2%, OR 16.972, 95% CI 8.328-34.590), for DPA; at 18.115 pkat/L (1086.9
U/L, sensitivity 83.6%, specificity 83.5, OR 25.818, 95% CI 11.686-57.039) and at 22.035
pkat/L (1322.1 UJ/L, sensitivity 80.0%, specificity 86.0%, OR 24.606, 95% CI 11.551-
52.416), and for DPA; at 5.235 pkat/L (314.1 U/L, sensitivity 87.8%, specificity 83.2%,
OR 35.446, 95% CIl 14.065-89.331) and at 7.125 pkat/L (427.5 U/L, sensitivity 83.7%,
specificity 85.0%, OR 29.042, 95% CI 12.499-67.480). A multivariate regression of the
parameters increased the specificity and thereby the accuracy for the POPF-B/C prediction.
Four different prediction models were calculated. Model 1, solely based on PPA samples,
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identified many non-POPF patients. By stepwise regression, the sensitivity could be
increased and the high specificity retained by substituting PPA; with CRP3 (model 2). The
DPA model was comparable to PPA,/CRP; regarding the accuracy (88.5%) but had a
stronger OR (31.885, 95% CI 13.945-72.906). The inclusion of PPA; in the DPA model
could not improve accuracy (86.1%), however, the inclusion of CRP3; (model 4) increased
the sensitivity to 80% without impairing the specificity (92%), and by that the accuracy to
90.3% (OR 44, 95% CI 16.889-115.379). The peroperative pancreatic assessment had a
lower sensitivity and accuracy in predicting POPF than the selected cut-off levels of PPA,
DPA and CRP. In fact, 37 out of 87 patients with high-risk glands developed POPF-B/C,
yielding a sensitivity of 42.5% (accuracy 75.8%, OR 8.616, 95% CIl 4.314-17.209), and
adding intermediate-risk to the high-risk cases, 50 out of 143 patients developed POPF-B/C
(sensitivity 35%, accuracy 64.4%). However, in patients with low-risk pancreatic glands the
risk of developing POPF was negligible (1 out 121 patients with low-risk classified patients
developed POPF, specificity of 99.2%, OR 64.516, 95% CI 8.750-475.713).

Table 20. Multivariate binary logistic regression of plasma pancreatic amylase (PPA), serum C-
reactive protein (CRP) or drain pancreatic amylase (DPA) with selected cut-off levels. Different
prediction models that describe the risk of developing clinically-relevant POPF following
pancreaticoduodenectomy (odds ratio with 95% confidence interval).

Cut-off level OR (95% Cl) Sensitivity % Specificity %  Accuracy %
Model 1: PPA 13 (6.3-25) 51 92 81
PPA; 3.0 pkat/L (177 U/L) 4.0 (1.4-11)
PPA, 1.6 pkat/L (98 U/L) 5.3 (2.0-14)
Model 2: PPA and CRP 19.0 (9.4-38) 65 91 86
PPA, 1.6 pkat/L (98 U/L) 6.7 (3.0-15)
CRP; 202 mg/L 7.4 (3.4-16)
Model 3: DPA 32 (14-73) 64 95 88
DPA, 22 pkat/L (1322 U/L) 6.5 (2.4-17)
DPA, 5.2 pkat/L (314U/L) 11 (3.8-33)
Model 4: DPA and CRP 44 (17-115) 79 92 90
DPA, 22 pkat/L (1322 U/L) 6.6 (2.5-18)
DPA, 5.2 pkat/L (314U/L) 6.2 (2.1-18)
CRP; 202 mg/L 6.3 (2.5-16)

Accuracy indicates % of correctly predicted cases. Subscript numbers specify the postoperative
day when the sample is obtained.
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V DISCUSSION

The aims of this thesis were to elucidate the contributing factors and early diagnostic
markers of POPF following PD, and to formulate predictive models that might facilitate a
more individualized postoperative management of patients undergoing PD. In study I, local
metabolite changes and protease activations in the proximity of the PJ were measured using
intraperitoneal microdialysis technique. The profile that was seen in patients subsequently
developing POPF (a combination of high glycerol, high L/P ratio and low glucose) was
clearly distinct from the profile seen in patients with a normal postoperative course. In
study Il, a structured pancreatic assessment was proposed that provided a practical way to
obtain good estimates of the risk of POPF or associated morbidity following PD. In study
I11, the capability of a generally applicable risk estimation model (POSSUM) in predicting
incidence and severity of PD-associated morbidity was compared to that of the
intraoperative pancreatic risk assessment model proposed in study Il. The results
demonstrated that POPF-associated risk factors assessed by the procedure-specific
pancreatic model had stronger impacts on overall postoperative morbidity than the risk
factors incorporated in POSSUM. In study IV, the data could prove drain pancreatic
amylase at selected cut-off levels to be a superior diagnostic marker than plasma pancreatic
amylase regarding the prediction of clinically relevant POPF following PD. A model
combing drain pancreatic amylase (> 22 pkat/L or 1322 U/L on POD 1 and >5.2 pkat/L or
314 U/L on POD 2) and C-reactive protein (>202 mg/L on POD 3) had the highest POPF-
predictive value.

ISGPF definition

The establishment of an internationally accepted definition of POPF provided by the ISGPF
has been one of the major advances in POPF research. Multiple studies discuss
postoperative pancreatic morbidity using the term “clinically relevant” fistula, which
comprises ISGPF grades B and C, and excludes A-grade fistulae (Bassi et al., 2005a). In
study 11, it could be observed that ISGPF-defined clinically relevant POPF and clinically
relevant peripancreatic fluid collections (not covered by the ISGPF definition) had similar
associations with the discussed risk factors. This suggests an interrelationship between
these differently defined morbidities at some level and a potential to enhance the sensitivity
for the capture of relevant postoperative morbidity data, but the exact details of this have to
be clarified.

The general acceptance of the ISGPF definition has facilitated communication between
pancreatic researchers. However, reviewing the recent literature, uncertainties in the usage
of the definition may have contributed to some confusion. A more recent paper co-authored
by one the ISGPF authors defined POPF as “output rich in amylase content confirmed by
fistulography, stadiation by ISGPF” (Molinari et al., 2007) which is not consistent with the
original definition. Reading the original definition carefully it says “Output via an
operatively placed drain (or a subsequently placed, percutaneous drain) of any measurable
volume of drain fluid on or after postoperative day 3, with an amylase content greater than
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3 times the upper normal serum value” (Bassi et al., 2005a). However, multiple studies,
among them one of the most systematic POPF reviews in recent literature refers to the
ISGPF-definition as “POPF was defined as failure of healing/sealing of a pancreatic—
enteric anastomosis or a parenchymal leak not directly related to an anastomosis with a
drain output of any measurable volume of fluid on or after postoperative Day 3 with an
amylase content greater than three times the serum amylase activity”” (Ramacciato et al.,
2011a). The discrepancy between upper normal serum value being an absolute value (in our
institution 1.1 pkat/L or 66 U/L) and serum amylase activity being an individual and time-
dependent parameter may produce significant variations in the outcomes of PD and to some
extent contribute to confusion in the understanding of the definition.

Intraoperative pancreatic risk assessment

In study 11, a simple protocol for intraoperative risk assessment of pancreatic characteristics
was demonstrated to have a significant predictive value on the subsequent development of
POPF. Significantly higher incidences of general and severe pancreatic morbidity following
PD were found in patients whose remnant pancreas had the risk factors of softer PC and
PDD less than 3 mm. Of the patients with both risk factors, 51% developed associated
postoperative morbidity in contrast to 21% with one risk factor and 2% without risk factors.
The consistency and duct size assessment and classification into low-risk, intermediate-risk
and high-risk glands revealed different relative risks of developing POPF by a factor of 25.

Table 21. Overview over studies investigating pancreatic risk factors for POPF after PD.

Type of study, Pancreatic risk factors
Author, study type, patients/year
patients/year (patients/years), . PDD
(patients/years) POPF PC classification  p classification p
definition
(Choe et al., 2008) 261377(172/10)’ no 0.392 non-dil./dil. 0.001
(Pratt et al., 2008a) rs’éPZF(ZS?’/S'S)’ soft/hard 0.001 1 mm decrease  0.011
. R, 50 (100/2), 3.4mm/
(Liang et al., 2007) ISGPF soft/hard 0.017 5 8mm <0.001
P, 20 (120/6), <3mm/
(Poon et al., 2007) POD 3 no 0.084 ~3mm 0.032
R, 15 (62/4), <3mm/
(Yang et al., 2005) POD 3 soft/hard 0.004 >3mm 0.002
(z(gléa;))ayashl etal, R, 3 (50/15), other non-fibr/fibr 0.01 no 0.14
(DeOliveira et al., R, 253 (633/2,5), 0.005
2006) POD 10 soft/hard no
. R, 12 (235/20),
(Lin et al., 2004) POD 10 soft/mod/hard <0.001 no -

R, retrospective; P, prospective; POD, postoperative day; PC, pancreatic consistency; PDD,
pancreatic duct diameter; fibr, fibrotic. POD 7 (Yeo et al., 1997b); ISGPF (Bassi et al., 2005a);
POD 3 (Buchler et al., 1992); POD 10 (Yeo et al., 1995).
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Both characteristics, softer PC and smaller PDD, have been recognized as significant POPF
risk factors by numerous previous reports (Pratt et al., 2008a; Liang et al., 2007); however,
previous results are difficult to summarize due to the mixed use of endpoint definitions
(Bassi et al., 2005a; Yeo et al., 1997b; Yeo et al., 1995; Buchler et al., 1992) as shown in
table 8. Other problems are small study inclusion numbers per year (Lin et al., 2004; Liang
et al., 2007; Okabayashi et al., 2007; Choe et al., 2008), retrospectively collected material
from an extended time period, lack of standardized surgical protocols for the study cohort,
several resection or reconstruction techniques (Lin et al.,, 2004; Liang et al., 2007;
Okabayashi et al., 2007; Yang et al., 2005; Poon et al., 2007) or incomplete pancreatic
characteristics data sets (Lin et al., 2004; Choe et al., 2008). Study Il used standardized
protocols, added clinically relevant parameters to the established endpoint definitions and
proposed different pancreatic risk profiles that allow quantifying the risk of associated
postoperative morbidity for each individual case.

The original categorization of the pancreatic consistency and duct assessment to four grades
was meant to provide an optimal demarcation between the grades, allowing a nuanced
categorization, and resulting in groups comparable in size. It has repeatedly been shown
that the surgical consistency assessment and classifications into “soft” or “hard”, despite of
its subjectivity, is strongly associated with the histological grades of fibrosis (Reid-
Lombardo et al., 2007b; Wellner et al., 2010). The 4-grade scale for the subjective
consistency assessment chosen in this study was meant to enforce a nuanced categorical
decision-making by the surgeon avoiding an inconclusive “intermediate” category. The
grading of the main pancreatic duct was done from a similar point of view based on earlier
investigations on normal and dilated duct size (Hadidi, 1983; Hastier et al., 1998). In study
I, 17% had one risk factor, either a smaller PDD (10%) with a hard consistency, or a softer
PC (7.3%) with a larger PDD. Five patients of this subgroup (21%) developed associated
morbidity (4 POPF, 1 SPPC), two patients that both had a harder PC developed severe
complications. POPF-prediction based on pancreatic consistency alone would have
substantially compromised the prediction sensitivity by missing 22% of all severe
complications. All the 9 patients that developed severe pancreatic remnant-associated
postoperative morbidity had a smaller PDD, regardless of the consistency.

Limitations of POSSUM

POSSUM was originally designed as a generally applicable ready-to-use risk scoring
system for surgical procedures, and also suitable for pancreatic surgery. The intraoperative
pancreatic risk assessment proposed in study Il is a PD-specific tool for surgical decision
making, designed to identify patients with a high risk for POPF, and based on validated and
biologically plausible risk factors. POPF has been confirmed by multiple studies to be the
predominant factor for postoperative complications following PD. In study IlI, the
predictive impact of the intraoperative pancreatic risk assessment discussed in study Il was
tested on the same outcome parameters that are used for generally applicable risk
adjustment models such as POSSUM. By comparing the morbidity predictions of both
models, it was demonstrated that the risk factors incorporated into the intraoperative
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pancreatic risk assessment had a significantly stronger predictive impact on the incidence
and severity of overall morbidity than the factors incorporated into the POSSUM system.

Also previous studies have raised conceptual issues concerning the predictive value of the
POSSUM scoring system for pancreatic procedures. A series of 50 PDs reported morbidity
overestimation and risk adjustment failure (Khan et al., 2003), and a series of 241 PDs
morbidity underestimation and potential for systematic inaccuracy in predicting
complications (Tamijmarane et al., 2008). In a series of 326 pancreatic resections with
deviant outcome criteria, a correctly estimated cohort morbidity was observed but over- and
underestimation were seen in low-risk and high-risk groups, respectively (Pratt et al.,
2008b), whereas in a series of 652 PDs a significant lack of fit was found (de Castro et al.,
2009). The results of a recent review of 1734 pancreatic operations suggested that
POSSUM overpredicted postoperative morbidity in patients undergoing pancreatic surgery,
and both POSSUM and P-POSSUM failed to offer significant predictive value for mortality
in pancreatic surgery. This had implications for clinical practice because there appeared to
be insufficient evidence to promote the use of POSSUM in pancreatic surgery (Wang et al.,
2013). In study I, POSSUM underestimated postoperative morbidity in patients with a
high risk for POPF and overestimated morbidity in low-risk patients.

However, the idea behind POSSUM is still relevant. The ambition was to facilitate the
assessment of surgical quality, allowing for comparative surgical audits to provide reliable
outcome measures, and, in a wider perspective, to promote institutional transparency and a
scientific environment in daily clinical practice. In the original report, POSSUM was
introduced as a preoperative system “designed to predict the risk of morbidity or
complications™ (Copeland et al., 1991). In a re-publication, POSSUM was described as a
“system developed to allow an assessment of surgical quality that was risk adjusted for the
patient's acute and chronic physiological status and for the nature of the operation”
(Copeland, 2002). These statements imply semantic differences in their definitions of
POSSUM. In the reviewed literature, “morbidity prediction” and “risk adjustment” are
often used synonymously; however, the terms have different origins and meanings.
Morbidity prediction has been an objective in medical science and as a term, has also been
used by health authorities. However, risk adjustment is a health-economic term that has
been developed by insurance companies as an actuarial tool to calibrate payments to health
plans or other stakeholders based on the relative health of the at-risk populations (Lodh et
al., 2010). Available clinical data are converted into individual risk scores which are then
aggregated into overall scores for each insurance plan. Risk adjustment has been developed
as a method by which health insurance plans could be compensated based on the underlying
health status of the people enrolled, and thereby protected against losing money by
covering people with high-cost conditions. Much of the practical knowledge that exists
about implementing risk adjustment comes from experience with the US Medicare program
(Pope et al.,, 2000). In practice, individual risk scores, built from data on patient
demographics, disability, institutional status, and diagnoses, are used to help determine
monthly payments made to plans for each person enrolled in state Medicaid managed care
programs. The POSSUM paper proposed an individual O/E ratio as an indicator for surgical
performance. This individual ratio has some similarities to the individual risk scores used in
health insurances. However, it is difficult to use or interpret in a clinical context. Medical
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treatment or monitoring strategies cannot be dosed like payment plans. In contrast to the
intraoperative assessment, POSSUM is not an instrument for clinical decision making as it
depends also on postoperative data.

Regarding risk adjustment for surgical audit, the use of a “one size fits all” system in a
specific clinical context might have certain disadvantages. Some factors included in the
score appeared to be limited by imprecise definitions, arbitrarily grouping, or are of
questionable relevance. For instance, the routine use of preoperative chest radiographs is
not generally accepted and rarely provides evidence to really modify therapy (Munro et al.,
1997). The risk scoring adjusted for systolic blood pressures has neither been proven to be
predictive of perioperative cardiac events or other morbidities except for systolic pressures
greater than 180 mm Hg (Casadei & Abuzeid, 2005). The grouping of hemoglobin or
electrolytes levels appears to be irrelevant since chemical derangements are routinely
corrected prior to elective or semi-acute surgery. On the other hand, conditions that have
been associated with postoperative morbidity such as reduced cognitive function (Brooks-
Brunn, 1997), obesity (Archer & Jacobson, 1993; Littleton, 2012), creatinine as a marker of
kidney function (Brooks-Brunn, 1997), or aloumin, a marker of malnutrition and disease
(Goldwasser & Feldman, 1997), have not been incorporated into POSSUM. Moreover, in
the operative severity score, the terms “operation” and “procedure” suffer from imprecise
definition. The malignancy scores have not proven to represent comprehensive risk factors
for postoperative morbidity. Finally, POSSUM outcome criteria do not match current
definitions and as a measure for surgical performance, the O/E ratio has not shown to be
sufficiently robust in patient samples of smaller sizes. However, the idea behind the
POSSUM score continues to be relevant. Centralization of complex surgery needs to be
accompanied by an ongoing audit of results (Simunovic et al., 2010). Health care providers
who benefit from centralization processes have to adapt to a greater demand of performance
transparency and updated treatment standards to be able to provide credibility to buyers.
Outcome measurement as a transparent method of quality assessment has become important
even from an economic perspective (Birkmeyer & Birkmeyer, 2006), but a comprehensive
interpretation of outcomes is dependent on a properly risk-adjusted patient cohort. This
necessitates strict definitions, robust statistical processes and the identification of relevant
risk factors. The results of the current study indicated that a useful risk adjustment model
for pancreatic surgery needs to be procedure-specific, not generally applicable.

Early diagnostic markers of POPF

Local markers of subsequent POPF development

Typically, intermediate- or high-risk classified pancreatic glands are not affected by duct-
obstructive processes and have an unimpaired exocrine activity. The early induction and
persistence of the pancreatic inflammatory response to surgical trauma in unaffected glands
has been demonstrated as a precondition for POPF development (Hashimoto & Ohyanagi,
2002; Raty et al., 2006). Accordingly, postoperatively elevated levels of drain amylase
(Shyr et al., 2003; Okabayashi et al., 2007) or CRP (Murakami et al., 2008) have been
demonstrated for pancreatic glands with soft PC and non-dilated duct (study Il), and a
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normal density of acinar cells and corresponding normal exocrine activity (Hamanaka et
al., 1996). On the contrary, POPF risk decreased with increasing extent of fibrosis in the
pancreatic remnant (Laaninen et al., 2012; Uchida et al., 2002). That tumor-induced
alteration of pancreatic parenchyma and duct diameter had protective effects against
postoperative morbidity had been noticed already over thirty years ago (Brooks, 1976). A
fibrotic firm texture and a dilated pancreatic duct constitute improved conditions for the
construction of a duct-to-mucosa anastomosis; in addition, the diffuse parenchymal fibrosis
seen after ductal obstruction might decrease pancreatic enzyme production and thereby
lower the potential for POPF development (Kloppel et al., 2004). Other histological
findings (duodenal/cystic/islet cell pathology) may be associated with a rather unaltered
pancreatic gland but should not be considered as independent POPF risk factors (Pratt et
al., 2008a).

In study I and IV, consistent with these pathophysiological mechanisms, the pancreatic
inflammatory response to the surgical trauma could be monitored by postoperative analyses
of local metabolites near the PJ and of pancreatic enzymes in plasma and drains. However,
it is unclear whether POPF establishes subsequent to the pancreatic inflammatory response
or whether pancreatic inflammation and fistula formation might be concomitantly occurring
processes. In study I, the levels of IP glycerol and TAP in microdialysate were initially high
and then declined in the POPF group. The local presence of TAP close to the PJ could be a
result of an enterokinase-induced trypsinogen activation at the intestinal brush border
during the construction of the anastomosis (Rinderknecht, 1993b); alternatively of a
premature intra-pancreatic trypsinogen activation, a process that may occur in the early
phase of acute pancreatitis (Petersson & Borgstrom, 2006; Gudgeon et al., 1990; Lerch &
Gorelick, 2000). The initial high and then rapidly declining glycerol levels could be caused
by lipase activity or by cell membrane damage due to pancreatic transection and suturing.
The low levels of IP glycerol and TAP measured in patients without POPF suggest a form
of pancreatic inflammation to be involved in the early process of fistula formation. TAP
concentrations were <0.1 pg/l in 31/33 patients with no surgical complications (NSC), and
glycerol levels were below 100 pmol/l in patients with other surgical complications and
NSC, similarly to previously reported levels in patients without complications after
colorectal surgery (Jansson et al., 2005). Previous investigations in colorectal surgery
suggest that IP L/P ratios repeatedly exceeding 20, or an absence of a L/P ratio decline
during the first postoperative days, may serve as indicators of visceral ischemia and
subsequent anastomotic leakage (Jansson et al., 2004; Matthiessen et al., 2007). In study I,
the high IP L/P ratios in the POPF group could imply an impaired supply of glucose, which
is the major provider of intracellular pyruvate. As a consequence, an impaired delivery of
substrate and oxygen to the tissues shortly after surgery might predispose the subsequent
development of POPF.

The importance of drain amylase for the diagnosis of POPF

The definition of POPF is based on the analysis of drain amylase (Bassi et al., 2005a), and
the diagnostic importance of drain fluid analyses for POPF has been previously investigated
(Facy et al., 2012; Conlon et al., 2001; Molinari et al., 2007; Nissen et al., 2012; Shinchi et
al., 2006; Sutcliffe et al., 2012). However, based on the findings of study IlI, some issues

62



could be raised concerning previous conclusions on the subject. That a drain amylase (DA)
cut-off level > 5000 U/L on POD1 could be used as indicator for POPF development, as
proposed in a prospective study of 137 mixed pancreatic resections with ISGPF outcome
criteria (Molinari et al., 2007), still needs validation in a PD-cohort (Sutcliffe et al., 2012).
Evaluating drain pancreatic amylase (DPA), not DA, the present series could observe
associations with POPF at significant lower levels but failed to confirm that one single
DPA cut-off level from POD1 distinctly could separate POPF-courses from non-POPF. A
retrospective study of 65 mixed pancreatic resections with ISGPF outcome criteria
investigated drain lipase levels on POD 3 and 5, which correlated with DA levels, but had a
higher sensitivity for POPF than DA (Facy et al., 2012). The current study avoided
analyses of DPA samples from POD 3 or later, since the POPF-predictive impact of those
analyses could be biased by the ISGPF-defined outcomes. Two cohort studies of 76 and 70
PD patients, respectively, both with ISGPF outcome criteria, showed that the risk of POPF
development was excluded and drain removal suggested for DA levels < 100 U/L (Nissen
et al., 2012) or DA; levels < 350 U/L (Sutcliffe et al., 2012), consistent with the findings of
patients with intra-operatively classified low-risk pancreatic glands in the present study. A
prospective cohort study of 177 mixed pancreatic resections and ISGPF outcome criteria
showed that high rates of subclinical pancreatic fistula worsened the possibility of
identifying clinical relevant POPF by analyzing DA postoperatively (Moskovic et al.,
2010). Published cut-off levels have to be validated in future studies but the monitoring of
DA levels during the initial postoperative course revealed a POPF-predictive potential
comparable to other more expensive methods (Ansorge et al., 2012b).

The inherent effects of intraabdominal drainage on the outcome

In several studies the therapeutic value of abdominal drains in pancreatic resections drains
has been questioned. The use of drains could increase the incidence of postoperative
complications (Conlon et al., 2001) and contribute to the development of infected intra-
abdominal fluid collections; early removal could reduce morbidity (Kawai et al., 2006;
Bassi et al., 2010). Moreover, the absence of drains in pancreatic resections was not
associated with increased risk of abscess, pancreatic or biliary fistula, postoperative
interventions, reoperations (Heslin et al., 1998), morbidity or mortality; but with a
decreased incidence of DGE and wound infections (Fisher et al., 2011). It was concluded
that improvements in image-guided percutaneous drainage techniques allowed for safe
post-operative drainage in patients who developed significant abdominal collections (Heslin
et al., 1998), and therefore the routine use of abdominal drains was no longer considered
mandatory (Conlon et al., 2001). It is difficult to assess whether these conclusions are valid
for all POPF risk groups; as most of the study cohorts were heterogeneous in this aspect
(Heslin et al., 1998; Conlon et al., 2001; Kawai et al., 2006; Fisher et al., 2011). According
to a recent review the evidence regarding the effectiveness of prophylactic drainage after
pancreatic surgery was still unclear and a treatment recommendation could not be given
(Diener et al., 2011). In the current study, comparison with the results of the peroperative
gland assessment emphasized the additional predictive value of the information gained
from the drain analyses. Although not systematically investigated in the current study, a
certain therapeutic value of abdominal drainage in these patients could not be disregarded.
On the other hand, the risk of developing POPF was negligible in patients with intra-
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operatively classified low-risk pancreatic glands, and low or even undetectable DPA and
PPA levels in this patient group reinforced this conclusion but had no additional diagnostic
value. From that perspective and considering that it might be harmful after some days
(Heslin et al., 1998; Conlon et al., 2001; Kawai et al., 2006; Bassi et al., 2010; Fisher et al.,
2011), prophylactic abdominal drainage following PD could not be recommended for
patients with low-risk glands.

Cum hoc non propter hoc

In the past decades, RCTs testing different POPF-preventive approaches have produced
discordant results, and observational cohort studies (OCS) have postulated risk factors that
later did not materialize as relevant medical advances. The reporting of new risk factors and
risk factor scoring systems has increased significantly in recent years. Nationwide
databases such as the US NSQIP have facilitated systematic epidemiological and
observational risk factor research which has resulted in complex risk factor reports (Parikh
et al., 2010b). Indeed, the development of POPF is most likely a complex process,
involving not only one single cause but multiple causal processes. However, knowledge of
a risk factor does not automatically imply understanding the causation of a process. In other
areas of medical research, it has been made clear that observational studies counting or
scoring risk factors are important; however, they only initiate a process of fully elucidating
pathophysiological causal chains (Kraemer et al., 2001).

The_terrn risk factor wf';\s coined by William B. Kann_el_ N a  rople22 Terms
publication of the Framingham Heart Study characterizing a  yseqto
condition that is correlationally, but not necessarily causally  characterize
associated with an increased risk of disease (Kannel et al., 1961). The associations.

definition was rapidly adopted in numerous areas of translational E:ztfactor
medical research, and the terms “risk factor”, and in particular | 4coendent risk
“independent risk factor”, have facilitated the reporting and  factor

publishing of associations. However, their extensive use in POPF  Causal risk factor
research might have resulted in an inflationary risk factor reporting ﬁ;ze;ggfdiﬁer
with discordant results and unclear states of evidence. Consequently, Moderator

the identification of reliable and relevant risk factors might have been Indicator
hampered, and a focused research on the relevant causes of POPF  Correlate
development might have been delayed. In other research areas, an

imprecise use of technical terms in risk research contributed to a certain confusion; more
precise terminology would have revealed that most OCS actually evaluated correlates at the
lowest level of causality, not risk factors, and by no means independent risk factors or
causal factors (Kraemer et al., 2001; Kraemer et al., 1997). Minimal conditions required to
establish a causal association between a factor and an outcome have been outlined in
Bradford Hill’s Criteria of Causation (Hill, 1965), an accepted concept to evaluate the
quality of associations in epidemiological studies. To test the quality of an association

between a factor and an outcome, biological plausibility and temporal precedence have to
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be confirmed, controlled confounders have to be accurately measured and further
adjustment for potential unmeasured confounders has to be assessed.

Due to their study design, OCS evaluating potential risk factors for POPF might be unable
to determine the extent of confounding, bias, or chance expected. As a consequence of
these assumptions, the subsequent designing of interventions to be tested in RCTs that
manipulate correlates, not risk factors, is likely to produce inconclusive results. Regarding
the concept of evidence based medicine this consequence might have been particularly
problematic as grading systems placing RCTs at the top of a hierarchy might have delivered

misleading conclusions in cases where RCTs
were insufficient or unnecessary (Howick et al.,
2009).

The many deviant results of studies in POPF
risk factor research illustrate the need to
completely elucidate the causal processes of
POPF development. The pancreatic factors that
were investigated in this thesis have been
validated as risk factors for POPF by multiple
studies and reach up to the level of “biologic
plausibility” and “experimental evidence”
according to the causation concept of Bradford
Hill. They constitute essential factors to be
considered in the risk adjustment of PD
outcome measurement as well as in the
stratification of study cohorts for future POPF-
preventive clinical trials.

Table 23. Modified Bradford Hill Criteria of

Causation.
observational

Strength  of

studies that

causation (Johnson, 2012).

evidence in

supports

1

Statistical significance

Strength of the association
(odds ratio, relative risk)

Dose-response relationships

Temporal sequence
of exposure and outcome

Consistency of the association
(internal validity)

Replication of results
(external validity)

Biologic plausibility

Experimental evidence
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V| CONCLUDING REMARKS

Postoperative pancreatic fistula is the predominant morbidity following pancreatico-
duodenectomy. Until now, one single condition has been confirmed to fulfill the criteria to
be an independent risk factor for POPF development at the level of biological plausibility:
the preoperative physiological integrity of the pancreatic gland. An unaffected gland with
unimpaired exocrine activity, typically characterized by a soft consistency and a small duct,
responds to surgical trauma with a pancreatic inflammatory reaction. This response is
monitorable by microdialysis of local metabolite concentrations in the proximity of the
remnant pancreas or by analysis of pancreatic amylase levels in intraabdominal drainage.

As a tool of surgical decision making, the intraoperative assessment of pancreatic
consistency and pancreatic duct diameter represents a mandatory component in the
procedure sequence of pancreaticoduodenectomy, and constitutes a step towards a tailored
postoperative patient management. Intraoperatively, the identification of “high risk”
characteristics may favor alternative surgical strategies for patients with poor clinical
condition in whom POPF would be considered as a life-threatening complication;
alternatively, when a primary POPF significantly increases the risk of inducing severe
secondary morbidity due to the extension of the surgical procedure performed.

Prophylactic abdominal drainage following pancreaticoduodenectomy is recommended in
patients with intermediate or high risk classified pancreatic glands. Postoperatively, drain
pancreatic amylase samples in combination with analyses of C-reactive protein can predict
the subsequent or concomitant development of clinically relevant pancreatic fistula with
high accuracy. The results of this thesis contribute to identifying patients in whom
aggressive drainage strategies might be considered in order to prevent the development of
severe fistula formation; however, this question should be addressed systematically in
prospective randomized and POPF-risk adjusted clinical trials.

66



VII ACKNOWLEDGEMENTS

Although it sometimes felt like a solitary walk, the accomplishment of this thesis would not
have been possible without the support of my family, supervisors, mentors, professors, and
friends. | would like to extend my sincere gratitude and appreciation to the following
persons:

Ralf Segersvard, Head of pancreatic surgery at Karolinska and main supervisor, who
guided and supported me with great knowledge and encouragement while allowing me
room to work in my own way. His dedication to structure, completeness and accuracy in
clinical work and research has been a continuous inspiration for me.

Lovisa Strémmer, Associate Professor, consultant surgeon at the trauma section and co-
supervisor, has supported me continuously throughout the years. Her deep knowledge of
the field and her visionary thinking were the pivotal forces behind the first study.

Jorgen Larsson, Professor of Surgery, Head of the Division of Surgery, CLINTEC and co-
supervisor, has supported me throughout my PhD program under the care of CLINTEC and
provided me with time to finish this thesis.

Hélene Jansson, secretary at the Division of Surgery, CLINTEC, has been my informal
supervisor in dealing with the necessary formalities and settling these to detail.

Ake Andrén-Sandberg, Professor of Surgery and co-author, had introduced me to pancreatic
surgery ten years ago, and has been my mentor and friend ever since, showing me what it
means to be dedicated and productive. He has contributed greatly to this thesis by
continuously reviewing and proofreading my manuscripts.

Lars Lundell, Professor of Surgery, co-author and mentor. As for many others, Lars has
been a fix point in my surgical learning. Based on profound anatomical knowledge and
unique surgical experience, he has a constructive and scientific approach to clinical issues
that has set quality standards in our department. No matter how busy he was, he would
always find time to talk with me when | needed his advice.

Margery Herrington, Professor of Biology and co-author, contributed tremendously to this
thesis, giving structure and words to ideas, proofreading manuscripts, and helping me to
organize my time effectively. |1 would also like to thank my other co-authors Sara Regner,
Per Lindstrom, Marco Del Chiaro, Joel Nordin and Elena Rangelova for their contribution
and support.

Melroy d’Souza, hepatic surgeon and colleague, took the time to proof-read this thesis line
by line helping me with excellent editorial work.

Magnus Nilsson, Associate Professor, Head of the Section of Upper Abdominal Surgery,
offered me all opportunities to learn and grow in my work. He has extensive leadership
experience, and | have benefited from his advices and insight numerous times.

67



Johan Permert, Professor of Surgery, former chief of the Surgical Department, Karolinska
University Hospital, offered me in 2007 the opportunity of working as a pancreatic surgeon
at Karolinska, and shortly after, he encouraged me to start with this research project. Since
then, | have been a proud member of this productive and collaborative surgical team, and
was allowed to participate in the management of a significant volume increase of major
surgical procedures during the last years.

John Blomberg, consultant surgeon and roommate, has helped me numerous times in
challenging surgical situations, always willing to share his outstanding surgical knowledge
and experience with his colleagues. Thorhallur Agustsson, consultant surgeon, and Bengt
Isaksson, Head of hepatic surgery, both roommates, colleagues and main contributors to the
typical OAK-spirit, have always been supportive and encouraging. Furthermore, | would
like to thank my colleagues Urban Arnelo, Marco del Chiaro, Peter Elbe, Lars Enochsson,
Stefan Gilg, Mari Hult, Anders Jansson, Eduard Jonas, Koshi Kumagai, Mats Lindblad,
Matthias Lohr, Per Lundquist, Afshin Noorani, Elena Rangelova, loannis Rouvelas,
Ernesto Sparrelid, Cecilia Strémberg, Annika Svenner, Fredrik Swahn, Jon Tsai, Bjorn
Tornqgvist, Mikael Wirén and Evelyne Zibung Hofmann, skilled and dedicated consultants,
specialists and residents at the Section of Upper Abdominal Surgery. Their hard work,
collegiality and friendship have made this surgical site to what it is.

Gunilla Gagné and Birgitta Holmgren, research nurses, have done a tremendous work
maintaining the pancreatic register and taking care of the ongoing studies. Christel Nilsson,
secretary at Upper Gl has continuously supported my work through the years.

Kristinn Eiriksson, consultant surgeon at Nordsurg, Norway, mentor during my surgical
residency, efficient teacher with broad surgical experience and an ever positive attitude
towards new challenges. | am so happy to have had him as a teacher and I really appreciate
his friendship.

Sebastian Riger, actor and Sven Druhl, Professor of Arts, good old friends and committed
musicians. We spend ages together playing music (we called it music). They would endure
my endless interludes of distorted guitar with almost inhumane patience. This band has
meant everything to me for a long time and | want to remember every second of it.

I want to thank my dear brother Nikolaus Ansorge, consult oncologist in Cologne, with his
family Nina and Fredrik, for uninterrupted love and support, and for hours of nightly
transcontinental telephone discussions about life, the Universe, possible curative pancreatic
cancer treatment, and everything.

My parents Ella-Margret and Thomas Ansorge have always given me their love and
unfailing support regardless of the distance that has been between us for the past 14 years.

Finally, I want to thank my family Julie, Marie, Emily and Kjersti for standing with me.
You are my driving force. It is my love for you that keeps me going.

68



VIl REFERENCES

[1] A. Vincent, J. Herman, R. Schulick, R.H. Hruban, and M. Goggins (2011). Pancreatic cancer.
Lancet 378, 607-20.

[2] M. Lambe, S. Eloranta, A. Wigertz, and P. Blomqvist (2011). Pancreatic cancer; reporting and
long-term survival in Sweden. Acta oncologica (Stockholm, Sweden) 50, 1220-7.

[3] NORDCAN http://www-dep.iarc.fr.

[4] ANCR Association of Nordic Cancer Registries http://www.ancr.nu.

[5] D. Li, K. Xie, R. Wolff, and J.L. Abbruzzese (2004). Pancreatic cancer. Lancet 363, 1049-57.

[6] T.A. Sohn, C.J. Yeo, J.L. Cameron, L. Koniaris, S. Kaushal, R.A. Abrams, P.K. Sauter, J.
Coleman, R.H. Hruban, and K.D. Lillemoe (2000). Resected adenocarcinoma of the
pancreas-616 patients: results, outcomes, and prognostic indicators. J Gastrointest Surg
4,567-79.

[7]1 C.J. Yeo, R.A. Abrams, L.B. Grochow, T.A. Sohn, S.E. Ord, R.H. Hruban, M.L. Zahurak, W.C.
Dooley, J. Coleman, P.K. Sauter, H.A. Pitt, K.D. Lillemoe, and J.L. Cameron (1997a).
Pancreaticoduodenectomy for pancreatic adenocarcinoma: postoperative adjuvant
chemoradiation improves survival. A prospective, single-institution experience. Ann
Surg 225, 621-33; discussion 633-6.

[8] J.P. Neoptolemos, M.J. Moore, T.F. Cox, J.W. Valle, D.H. Palmer, A.C. McDonald, R. Carter,
N.C. Tebbutt, C. Dervenis, D. Smith, B. Glimelius, R.M. Charnley, F. Lacaine, A.G.
Scarfe, M.R. Middleton, A. Anthoney, P. Ghaneh, C.M. Halloran, M.M. Lerch, A.
Olah, C.L. Rawcliffe, C.S. Verbeke, F. Campbell, and M.W. Buchler (2012). Effect of
adjuvant chemotherapy with fluorouracil plus folinic acid or gemcitabine vs
observation on survival in patients with resected periampullary adenocarcinoma: the
ESPAC-3 periampullary cancer randomized trial. JAMA : the journal of the American
Medical Association 308, 147-56.

[9] C.H. Crane, G.R. Varadhachary, R.A. Wolff, and J.B. Fleming (2010). Challenges in the study
of adjuvant chemoradiation after pancreaticoduodenectomy. Ann Surg Oncol 17, 950-2.

[10] T. Hackert, J. Werner, and M.W. Buchler (2011a). Postoperative pancreatic fistula. Surgeon 9,
211-7.

[11] W.B. Pratt, M.P. Callery, and C.M. Vollmer, Jr. (2008a). Risk prediction for development of
pancreatic fistula using the ISGPF classification scheme. World J Surg 32, 419-28.

[12] M.W. Saif (2011). Adjuvant therapy of pancreatic cancer: beyond gemcitabine. Highlights
from the "2011 ASCO Gastrointestinal Cancers Symposium". San Francisco, CA,
USA. January 20-22, 2011. JOP 12, 106-9.

[13] A.D.K. Fisher W.E., Bell R.H., Saluja A.K., Brunicardi F.C. (2010). Pancreas. Schwartz's
Principles of Surgery. 9th ed. New York: McGraw-Hill; 2010.

[14] G.M.W. Doherty, L.W. (2010). Pancreas. CURRENT Diagnosis & Treatment: Surgery, 13e.
Chapter 26.

[15] Y.I. Kawarada, S. (1998). Stage classifications of pancreatic cancer: comparison of the
Japanese and UICC classifications and proposal for a new staging system. Union
Internationale Contre le Cancer. Pancreas 16, 255-64.

[16] N.A. Michels (1962). The anatomic variations of the arterial pancreaticoduodenal arcades: their
import in regional resection involving the gall bladder, bile ducts, liver, pancreas and
parts of the small and large intestines. The Journal of the International College of
Surgeons 37, 13-40.

[17] S. Rekhi, S.W. Anderson, J.T. Rhea, and J.A. Soto (2010). Imaging of blunt pancreatic trauma.
Emergency radiology 17, 13-9.

[18] E.L. Bradley, 3rd, and J. Bem (2003). Nerve blocks and neuroablative surgery for chronic
pancreatitis. World J Surg 27, 1241-8.

[19] J.L. Leahy, S. Bonner-Weir, and G.C. Weir (1984). Abnormal glucose regulation of insulin
secretion in models of reduced B-cell mass. Diabetes 33, 667-73.

69


http://www-dep.iarc.fr/�
http://www.ancr.nu/�

[20] K.A. Morgan, B.B. Fontenot, N.R. Harvey, and D.B. Adams (2010). Revision of anastomotic
stenosis after pancreatic head resection for chronic pancreatitis: is it futile? HPB
(Oxford) 12, 211-6.

[21] K.M. Reid-Lombardo, A. Ramos-De la Medina, K. Thomsen, W.S. Harmsen, and M.B. Farnell
(2007a). Long-term anastomotic complications after pancreaticoduodenectomy for
benign diseases. J Gastrointest Surg 11, 1704-11.

[22] H.W. Davenport (1982). Pancreatic secretion. Physiology of the Digestive Tract, 5th ed.
Chicago: Year Book Medical Publishers, 1982., 143.

[23] H. Rinderknecht, Go V.L.W., DiMagno E.P., Gardner J.D., Lebenthal E., Reber H.A., Scheele
G.A., eds. (1993a). Pancreatic secretory enzymes. The Pancreas: Biology,
Pathobiology, and Disease 2nd edn. New York, Raven Press, 219-51.

[24] J.M. Chen, B. Mercier, M.P. Audrezet, and C. Ferec (2000). Mutational analysis of the human
pancreatic secretory trypsin inhibitor (PSTI) gene in hereditary and sporadic chronic
pancreatitis. Journal of medical genetics 37, 67-9.

[25] R.M. Mitchell, M.F. Byrne, and J. Baillie (2003). Pancreatitis. Lancet 361, 1447-55.

[26] A.G. Harris (1994). Somatostatin and somatostatin analogues: pharmacokinetics and
pharmacodynamic effects. Gut 35, S1-4.

[27] F. Bro-Rasmussen, S.A. Killmann, and J.H. Thaysen (1956). The composition of pancreatic
juice as compared to sweat, parotid saliva and tears. Acta physiologica Scandinavica
37,97-113.

[28] G. Kloppel, S. Detlefsen, and B. Feyerabend (2004). Fibrosis of the pancreas: the initial tissue
damage and the resulting pattern. Virchows Archiv : an international journal of
pathology 445, 1-8.

[29] R.C. Ebert, W. (1987). Gastrointestinal peptides and insulin secretion. Diabetes/metabolism
reviews 3, 1-26.

[30] F.C. Brunicardi, Y.S. Sun, P. Druck, R.J. Goulet, D. Elahi, and D.K. Andersen (1987).
Splanchnic neural regulation of insulin and glucagon secretion in the isolated perfused
human pancreas. Am J Surg 153, 34-40.

[31] F.C. Brunicardi, D. Elahi, and D.K. Andersen (1994). Splanchnic neural regulation of
somatostatin secretion in the isolated perfused human pancreas. Ann Surg 219, 258-66.

[32] J.R. Kimmel, H.G. Pollock, and R.L. Hazelwood (1968). Isolation and characterization of
chicken insulin. Endocrinology 83, 1323-30.

[33] A.R.K. Saltiel, C. R. (2001). Insulin signalling and the regulation of glucose and lipid
metabolism. Nature 414, 799-806.

[34] A. Asakawa, A. Inui, H. Yuzuriha, N. Ueno, G. Katsuura, M. Fujimiya, M.A. Fujino, A.
Niijima, M.M. Meguid, and M. Kasuga (2003). Characterization of the effects of
pancreatic polypeptide in the regulation of energy balance. Gastroenterology 124,
1325-36.

[35] N.E. Seymour, S.A. Spector, D.K. Andersen, M.S. EIm, and D.C. Whitcomb (1998).
Overexpression of hepatic pancreatic polypeptide receptors in chronic pancreatitis. J
Surg Res 76, 47-52.

[36] D.A. McClusky, 3rd, L.J. Skandalakis, G.L. Colborn, and J.E. Skandalakis (2002). Harbinger
or hermit? Pancreatic anatomy and surgery through the ages--part 1. World J Surg 26,
1175-85.

[37] A.C. Busnardo, L.J. DiDio, R.T. Tidrick, and N.R. Thomford (1983). History of the pancreas.
Am J Surg 146, 539-50.

[38] J.M. Howard, Hess, Walter (2003). History of the Pancreas: Mysteries of a Hidden Organ. 729.

[39] C.D. Stern (1986). A historical perspective on the discovery of the accessory duct of the
pancreas, the ampulla 'of Vater' and pancreas divisum. Gut 27, 203-12.

[40] J.M. Howard, W. Hess, and W. Traverso (1998). Johann Georg Wirsung (1589-1643) and the
pancreatic duct: the prosector of Padua, Italy. J Am Coll Surg 187, 201-11.

[41] M.M. Kidd, I. M. (1999). The luminati of Leiden: from Bontius to Boerhaave. World J Surg
23, 1307-14.

[42] R. Pannala, M. Kidd, and .M. Modlin (2009). Acute pancreatitis: a historical perspective.
Pancreas 38, 355-66.

[43] I.P. Pavlov (1953). [Physiology of the endocrine glands]. Fel'dsher i akusherka 13, 7-11.

70



[44] W.M.S. Bayliss, E. H. (1902). The mechanism of pancreatic secretion. J Physiol 28, 325-53.

[45] F.G. Banting, C.H. Best, J.B. Collip, W.R. Campbell, and A.A. Fletcher (1922). Pancreatic
Extracts in the Treatment of Diabetes Mellitus. Canadian Medical Association journal
12, 141-6.

[46] R. EIman (1937). The Variations of Blood Amylase during Acute Transient Disease of the
Pancreas. Ann Surg 105, 379-84.

[47] V. Mutt (1994). Historical perspectives on cholecystokinin research. Annals of the New York
Academy of Sciences 713, 1-10.

[48] T. Schnelldorfer, D.B. Adams, A.L. Warshaw, K.D. Lillemoe, and M.G. Sarr (2008). Forgotten
pioneers of pancreatic surgery: beyond the favorite few. Ann Surg 247, 191-202.

[49] C. Are, M. Dhir, and L. Ravipati (2011). History of pancreaticoduodenectomy: early
misconceptions, initial milestones and the pioneers. HPB (Oxford) 13, 377-84.

[50] A.O. Whipple (1946). Observations on radical surgery for lesions of the pancreas. Surg
Gynecol Obstet 82, 623-31.

[51] A.O. Whipple (1963). A reminiscence: pancreaticduodenectomy. Review of surgery 20, 221-5.

[52] A.O. Whipple, W.B. Parsons, and C.R. Mullins (1935). Treatment of Carcinoma of the
Ampulla of Vater. Ann Surg 102, 763-79.

[53] A. Brunschwig (1974). Resection of head of pancreas and duodenum for carcinoma--
pancreatoduodenectomy. CA: a cancer journal for clinicians 24, 363-7.

[54] A.O. Whipple (1945). Pancreaticoduodenectomy for Islet Carcinoma : A Five-Year Follow-
Up. Ann Surg 121, 847-52.

[55] E.S. Stafford, 1.R. Trimble, and J.N. Classen (1954). Results of treatment of carcinoma of
pancreas. Ann Surg 139, 800-3; discussion, 803-5.

[56] V.C. Hunt (1941). Surgical Management of Carcinoma of the Ampulla of Vater and of the
Periampullary Portion of the Duodenum. Ann Surg 114, 570-602.

[57] C. Roux (1897). De la gastroenterostomie Rev Gynecol Chir Abdom, 1 (1897).

[58] B. Dal Monte (1899). Rendiconto statistico della sezione chirurgica dell' Ospedale d'Imola,
anno 1898. Galeati1899; Imola, Italy

[59] W.S. Halsted (1899). Contribution to the surgery of the bile passages, especially of the
common bile duct. Boston Med Surg J, 141 (1899), pp. 645-654.

[60] J.M. Waugh, and O.T. Clagett (1946). Resection of the duodenum and head of the pancreas for
carcinoma; an analysis of thirty cases. Surgery 20, 224-32.

[61] R.B. Cattell (1948). A technic for pancreatoduodenal resection. Surg Clin North Am 28, 761-
75.

[62] L.S. Fallis, and D.E. Szilagyi (1948). Observations on some metabolic changes after total
pancreatoduodenectomy. Ann Surg 128, 639-67.

[63] G.E. Moore, Y. Sako, and L.B. Thomas (1951). Radical pancreatoduodenectomy with
resection and reanastomosis of the superior mesenteric vein. Surgery 30, 550-3.

[64] L.H. Appleby (1953). The coeliac axis in the expansion of the operation for gastric carcinoma.
Cancer 6, 704-7.

[65] J.M. Howard (1968). Pancreatico-duodenectomy: forty-one consecutive Whipple resections
without an operative mortality. Ann Surg 168, 629-40.

[66] L.W. Traverso, and W.P. Longmire, Jr. (1980). Preservation of the pylorus in
pancreaticoduodenectomy a follow-up evaluation. Ann Surg 192, 306-10.

[67] J.G. Fortner (1981). Surgical principles for pancreatic cancer: regional total and subtotal
pancreatectomy. Cancer 47, 1712-8.

[68] D.W. Crist, J.V. Sitzmann, and J.L. Cameron (1987). Improved hospital morbidity, mortality,
and survival after the Whipple procedure. Ann Surg 206, 358-65.

[69] J.D. Birkmeyer, S.R. Finlayson, A.N. Tosteson, S.M. Sharp, A.L. Warshaw, and E.S. Fisher
(1999). Effect of hospital volume on in-hospital mortality with
pancreaticoduodenectomy. Surgery 125, 250-6.

[70] G. Crile, Jr. (1970). The advantages of bypass operations over radical pancreatoduodenectomy
in the treatment of pancreatic carcinoma. Surg Gynecol Obstet 130, 1049-53.

[71] R.Y. Tarazi, R.E. Hermann, D.P. Vogt, S.0. Hoerr, C.B. Esselstyn, Jr., A.M. Cooperman, E.
Steiger, and S. Grundfest (1986). Results of surgical treatment of periampullary
tumors: a thirty-five-year experience. Surgery 100, 716-23.

71



[72] J.A. van Heerden, D.C. Mcllrath, R.R. Dozois, and M.A. Adson (1981). Radical
pancreatoduodenectomy--a procedure to be abandoned? Mayo Clinic proceedings.
Mayo Clinic 56, 601-6.

[73] M. Trede, G. Schwall, and H.D. Saeger (1990). Survival after pancreatoduodenectomy. 118
consecutive resections without an operative mortality. Ann Surg 211, 447-58.

[74] J.L. Cameron, H.A. Pitt, C.J. Yeo, K.D. Lillemoe, H.S. Kaufman, and J. Coleman (1993). One
hundred and forty-five consecutive pancreaticoduodenectomies without mortality. Ann
Surg 217, 430-5; discussion 435-8.

[75] J.M. Howard (2007). History of pancreatic head resection—the evaluation of surgical
technique. The American Journal of Surgery Volume 194, S6-S10.

[76] G. Ramacciato, P. Mercantini, N. Petrucciani, G.R. Nigri, A. Kazemi, M. Muroni, M. Del
Gaudio, A. Balesh, M. Cescon, A. Cucchetti, and M. Ravaioli (2011a). Risk factors of
pancreatic fistula after pancreaticoduodenectomy: a collective review. The American
surgeon 77, 257-69.

[77] D.M. Reddy, C.M. Townsend, Jr., Y.F. Kuo, J.L. Freeman, J.S. Goodwin, and T.S. Riall
(2009). Readmission after pancreatectomy for pancreatic cancer in Medicare patients. J
Gastrointest Surg 13, 1963-74; discussion 1974-5.

[78] R.K. Orr (2010). Outcomes in pancreatic cancer surgery. Surg Clin North Am 90, 219-34.

[79] E.W. Rockey (1943). Total Pancreatectomy for Carcinoma : Case Report. Ann Surg 118, 603-
11.

[80] C.M. Dresler, J.G. Fortner, K. McDermott, and D.R. Bajorunas (1991). Metabolic
consequences of (regional) total pancreatectomy. Ann Surg 214, 131-40.

[81] A.L. Cubilla, J. Fortner, and P.J. Fitzgerald (1978). Lymph node involvement in carcinoma of
the head of the pancreas area. Cancer 41, 880-7.

[82] O. Ishikawa, H. Ohhigashi, Y. Sasaki, T. Kabuto, I. Fukuda, H. Furukawa, S. Imaoka, and T.
Iwanaga (1988). Practical usefulness of lymphatic and connective tissue clearance for
the carcinoma of the pancreas head. Ann Surg 208, 215-20.

[83] S. Pedrazzoli, V. DiCarlo, R. Dionigi, F. Mosca, P. Pederzoli, C. Pasquali, G. Kloppel, K.
Dhaene, and F. Michelassi (1998). Standard versus extended lymphadenectomy
associated with pancreatoduodenectomy in the surgical treatment of adenocarcinoma of
the head of the pancreas: a multicenter, prospective, randomized study.
Lymphadenectomy Study Group. Ann Surg 228, 508-17.

[84] S. Pedrazzoli, H.G. Beger, H. Obertop, A. Andren-Sandberg, L. Fernandez-Cruz, D. Henne-
Bruns, J. Luttges, and J.P. Neoptolemos (1999a). A surgical and pathological based
classification of resective treatment of pancreatic cancer. Summary of an international
workshop on surgical procedures in pancreatic cancer. Digestive surgery 16, 337-45.

[85] B. Gudjonsson (1995). Carcinoma of the pancreas: critical analysis of costs, results of
resections, and the need for standardized reporting. J Am Coll Surg 181, 483-503.

[86] L. Jones, C. Russell, F. Mosca, U. Boggi, R. Sutton, J. Slavin, M. Hartley, and J.P.
Neoptolemos (1999). Standard Kausch-Whipple pancreatoduodenectomy. Dig Surg 16,
297-304.

[87] S. Pedrazzoli, H.G. Beger, H. Obertop, A. Andren-Sandberg, L. Fernandez-Cruz, D. Henne-
Bruns, J. Luttges, and J.P. Neoptolemos (1999b). A surgical and pathological based
classification of resective treatment of pancreatic cancer. Summary of an international
workshop on surgical procedures in pancreatic cancer. Digestive surgery 16, 337-45.

[88] J.H.t. Balcom, D.W. Rattner, A.L. Warshaw, Y. Chang, and C. Fernandez-del Castillo (2001).
Ten-year experience with 733 pancreatic resections: changing indications, older
patients, and decreasing length of hospitalization. Arch Surg 136, 391-8.

[89] J.D. Birkmeyer, J.B. Dimick, and D.O. Staiger (2006). Operative mortality and procedure
volume as predictors of subsequent hospital performance. Annals of surgery 243, 411-
7.

[90] R.F. de Wilde, M.G. Besselink, I. van der Tweel, I.H. de Hingh, C.H. van Eijck, C.H. Dejong,
R.J. Porte, D.J. Gouma, O.R. Busch, and 1.Q. Molenaar (2012). Impact of nationwide
centralization of pancreaticoduodenectomy on hospital mortality. The British journal of
surgery 99, 404-10.

72



[91] M.K. Diener, H.P. Knaebel, C. Heukaufer, G. Antes, M.W. Buchler, and C.M. Seiler (2007). A
systematic review and meta-analysis of pylorus-preserving versus classical
pancreaticoduodenectomy for surgical treatment of periampullary and pancreatic
carcinoma. Ann Surg 245, 187-200.

[92] N. Igbal, R.E. Lovegrove, H.S. Tilney, A.T. Abraham, S. Bhattacharya, P.P. Tekkis, and H.M.
Kocher (2009). A comparison of pancreaticoduodenectomy with extended
pancreaticoduodenectomy: a meta-analysis of 1909 patients. European journal of
surgical oncology : the journal of the European Society of Surgical Oncology and the
British Association of Surgical Oncology 35, 79-86.

[93] C.W. Michalski, J. Kleeff, M.N. Wente, M.K. Diener, M.W. Buchler, and H. Friess (2007).
Systematic review and meta-analysis of standard and extended lymphadenectomy in
pancreaticoduodenectomy for pancreatic cancer. Br J Surg 94, 265-73.

[94] K.E. Christians, D. B. (2009). Pancreaticoduodenectomy and vascular resection: persistent
controversy and current recommendations. Ann Surg Oncol 16, 789-91.

[95] D.B. Evans, B.A. Erickson, and P. Ritch (2010). Borderline resectable pancreatic cancer:
definitions and the importance of multimodality therapy. Ann Surg Oncol 17, 2803-5.

[96] L. Matsuoka, R. Selby, and Y. Genyk (2012). The surgical management of pancreatic cancer.
Gastroenterology clinics of North America 41, 211-21.

[97] N. Mollberg, N.N. Rahbari, M. Koch, W. Hartwig, Y. Hoeger, M.W. Buchler, and J. Weitz
(2011). Arterial resection during pancreatectomy for pancreatic cancer: a systematic
review and meta-analysis. Ann Surg 254, 882-93.

[98] A. Donabedian (1966). Evaluating the quality of medical care. Milbank Mem Fund Q 44,
Suppl:166-206.

[99] R. Mizumoto, and Y. Kawarada (1980). [Progress in the surgical management of pancreatic
diseases]. Nihon rinsho. Japanese journal of clinical medicine 38, 205-9.

[100] G.A. Gooiker, W. van Gijn, M.W. Wouters, P.N. Post, C.J. van de Velde, and R.A. Tollenaar
(2011). Systematic review and meta-analysis of the volume-outcome relationship in
pancreatic surgery. The British journal of surgery 98, 485-94.

[101] S.H. Teh, B.S. Diggs, C.W. Deveney, and B.C. Sheppard (2009). Patient and hospital
characteristics on the variance of perioperative outcomes for pancreatic resection in the
United States: a plea for outcome-based and not volume-based referral guidelines.
Archives of surgery 144, 713-21.

[102] R.W. Eppsteiner, N.G. Csikesz, J.T. McPhee, J.F. Tseng, and S.A. Shah (2009). Surgeon
volume impacts hospital mortality for pancreatic resection. Annals of surgery 249, 635-
40.

[103] J.D. Birkmeyer, Y. Sun, S.L. Wong, and T.A. Stukel (2007). Hospital volume and late
survival after cancer surgery. Annals of surgery 245, 777-83.

[104] B. Topal, S. Van de Sande, S. Fieuws, and F. Penninckx (2007a). Effect of centralization of
pancreaticoduodenectomy on nationwide hospital mortality and length of stay. The
British journal of surgery 94, 1377-81.

[105] V.E. Lemmens, K. Bosscha, G. van der Schelling, S. Brenninkmeijer, J.W. Coebergh, and
I.H. de Hingh (2011). Improving outcome for patients with pancreatic cancer through
centralization. The British journal of surgery 98, 1455-62.

[106] J.T. McPhee, J.S. Hill, G.F. Whalen, M. Zayaruzny, D.E. Litwin, M.E. Sullivan, F.A.
Anderson, and J.F. Tseng (2007). Perioperative mortality for pancreatectomy: a
national perspective. Annals of surgery 246, 246-53.

[107] T.A. Gordon, H.M. Bowman, J.M. Tielsch, E.B. Bass, G.P. Burleyson, and J.L. Cameron
(1998). Statewide regionalization of pancreaticoduodenectomy and its effect on in-
hospital mortality. Annals of surgery 228, 71-8.

[108] J.B. Dimick, P.J. Pronovost, J.A. Cowan, Jr., P.A. Lipsett, J.C. Stanley, and G.R. Upchurch,
Jr. (2003). Variation in postoperative complication rates after high-risk surgery in the
United States. Surgery 134, 534-40; discussion 540-1.

[109] V. Allareddy, M.M. Ward, and B.R. Konety (2010). Effect of meeting Leapfrog volume
thresholds on complication rates following complex surgical procedures. Annals of
surgery 251, 377-83.

73



[110] A.A. Ghaferi, J.D. Birkmeyer, and J.B. Dimick (2009). Variation in hospital mortality
associated with inpatient surgery. The New England journal of medicine 361, 1368-75.

[111] J.H. Silber, P.R. Rosenbaum, S.V. Williams, R.N. Ross, and J.S. Schwartz (1997). The
relationship between choice of outcome measure and hospital rank in general surgical
procedures: implications for quality assessment. Int J Qual Health Care 9, 193-200.

[112] A.A. Ghaferi, J.D. Birkmeyer, and J.B. Dimick (2011). Hospital volume and failure to rescue
with high-risk surgery. Med Care 49, 1076-81.

[113] J.D. Birkmeyer, and J.B. Dimick (2004). Potential benefits of the new Leapfrog standards:
effect of process and outcomes measures. Surgery 135, 569-75.

[114] N.J. Birkmeyer, and J.D. Birkmeyer (2006). Strategies for improving surgical quality--should
payers reward excellence or effort? The New England journal of medicine 354, 864-70.

[115] J.D. Birkmeyer, and J.B. Dimick (2009). Understanding and reducing variation in surgical
mortality. Annu Rev Med 60, 405-15.

[116] D. Dindo, N. Demartines, and P.A. Clavien (2004). Classification of surgical complications: a
new proposal with evaluation in a cohort of 6336 patients and results of a survey.
Annals of surgery 240, 205-13.

[117] R. Ramberg (1947). The prognosis for acute nephritis. Acta medica Scandinavica 127, 396-
423.

[118] T. Shiraishi, K. Kawahara, T. Shirakusa, S. Yamamoto, and T. Maekawa (2006). Risk
analysis in resection of thoracic esophageal cancer in the era of endoscopic surgery.
Ann Thorac Surg 81, 1083-9.

[119] S.H. Daebritz, G.D. Nollert, D. Zurakowski, P.N. Khalil, P. Lang, P.J. del Nido, J.E. Mayer,
Jr., and R.A. Jonas (2000). Results of Norwood stage | operation: comparison of
hypoplastic left heart syndrome with other malformations. The Journal of thoracic and
cardiovascular surgery 119, 358-67.

[120] S.E. Fremes, G.T. Christakis, D.F. Del Rizzo, A. Musiani, H. Mallidi, and B.S. Goldman
(1995). The technique of radial artery bypass grafting and early clinical results. Journal
of cardiac surgery 10, 537-44.

[121] N. Handa, C.G. McGregor, G.K. Danielson, R.C. Daly, J.A. Dearani, C.J. Mullany, T.A.
Orszulak, H.V. Schaff, K.J. Zehr, B.J. Anderson, P.J. Schomberg, and F.J. Puga
(2001). Valvular heart operation in patients with previous mediastinal radiation
therapy. Ann Thorac Surg 71, 1880-4.

[122] C. Bassi, C. Dervenis, G. Butturini, A. Fingerhut, C. Yeo, J. Izbicki, J. Neoptolemos, M. Sarr,
W. Traverso, M. Buchler, and D. International Study Group on Pancreatic Fistula
(2005a). Postoperative pancreatic fistula: an international study group (ISGPF)
definition. Surgery 138, 8-13.

[123] M.N. Wente, C. Bassi, C. Dervenis, A. Fingerhut, D.J. Gouma, J.R. Izbicki, J.P.
Neoptolemos, R.T. Padbury, M.G. Sarr, L.W. Traverso, C.J. Yeo, and M.W. Buchler
(2007a). Delayed gastric emptying (DGE) after pancreatic surgery: a suggested
definition by the International Study Group of Pancreatic Surgery (ISGPS). Surgery
142, 761-8.

[124] M.N. Wente, J.A. Veit, C. Bassi, C. Dervenis, A. Fingerhut, D.J. Gouma, J.R. Izbicki, J.P.
Neoptolemos, R.T. Padbury, M.G. Sarr, C.J. Yeo, and M.W. Buchler (2007b).
Postpancreatectomy hemorrhage (PPH): an International Study Group of Pancreatic
Surgery (ISGPS) definition. Surgery 142, 20-5.

[125] R.C. Bone, R.A. Balk, F.B. Cerra, R.P. Dellinger, A.M. Fein, W.A. Knaus, R.M. Schein, and
W.J. Sibbald (1992). Definitions for sepsis and organ failure and guidelines for the use
of innovative therapies in sepsis. The ACCP/SCCM Consensus Conference
Committee. American College of Chest Physicians/Society of Critical Care Medicine.
Chest 101, 1644-55.

[126] P.A. Clavien, J. Barkun, M.L. de Oliveira, J.N. Vauthey, D. Dindo, R.D. Schulick, E. de
Santibanes, J. Pekolj, K. Slankamenac, C. Bassi, R. Graf, R. Vonlanthen, R. Padbury,
J.L. Cameron, and M. Makuuchi (2009). The Clavien-Dindo classification of surgical
complications: five-year experience. Ann Surg 250, 187-96.

74



[127] G. Butturini, S. Marcucci, E. Molinari, G. Mascetta, L. Landoni, S. Crippa, and C. Bassi
(2006). Complications after pancreaticoduodenectomy: the problem of current
definitions. J Hepatobiliary Pancreat Surg 13, 207-11.

[128] M. Tewari, P. Hazrah, V. Kumar, and H.S. Shukla (2010a). Options of restorative
pancreaticoenteric anastomosis following pancreaticoduodenectomy: a review. Surg
Oncol 19, 17-26.

[129] M. Tani, H. Terasawa, M. Kawai, S. Ina, S. Hirono, K. Uchiyama, and H. Yamaue (2006).
Improvement of delayed gastric emptying in pylorus-preserving
pancreaticoduodenectomy: results of a prospective, randomized, controlled trial. Ann
Surg 243, 316-20.

[130] J.W. Denbo, W.S. Orr, B.L. Zarzaur, and S.W. Behrman (2012). Toward defining grade C
pancreatic fistula following pancreaticoduodenectomy: incidence, risk factors,
management and outcome. HPB : the official journal of the International Hepato
Pancreato Biliary Association 14, 589-93.

[131] D. Fuks, G. Piessen, E. Huet, M. Tavernier, P. Zerbib, F. Michot, M. Scotte, J.P. Triboulet, C.
Mariette, L. Chiche, E. Salame, P. Segol, F.R. Pruvot, F. Mauvais, H. Roman, P.
Verhaeghe, and J.M. Regimbeau (2009). Life-threatening postoperative pancreatic
fistula (grade C) after pancreaticoduodenectomy: incidence, prognosis, and risk factors.
American journal of surgery 197, 702-9.

[132] P. Pessaux, A. Sauvanet, C. Mariette, F. Paye, F. Muscari, A.S. Cunha, B. Sastre, and J.P.
Arnaud (2011a). External pancreatic duct stent decreases pancreatic fistula rate after
pancreaticoduodenectomy: prospective multicenter randomized trial. Ann Surg 253,
879-85.

[133] E.F. Yekebas, L. Wolfram, G. Cataldegirmen, C.R. Habermann, D. Bogoevski, A.M. Koenig,
J. Kaifi, P.G. Schurr, M. Bubenheim, C. Nolte-Ernsting, G. Adam, and J.R. Izbicki
(2007). Postpancreatectomy hemorrhage: diagnosis and treatment: an analysis in 1669
consecutive pancreatic resections. Ann Surg 246, 269-80.

[134] S.V. Shrikhande, S.S. Qureshi, N. Rajneesh, and P.J. Shukla (2005). Pancreatic anastomoses
after pancreaticoduodenectomy: do we need further studies? World J Surg 29, 1642-9.

[135] S.A. Ahmad, M.J. Edwards, J.M. Sutton, S.S. Grewal, D.J. Hanseman, S.K. Maithel, S.H.
Patel, D.J. Bentram, S.M. Weber, C.S. Cho, E.R. Winslow, C.R. Scoggins, R.C.
Martin, H.J. Kim, J.J. Baker, N.B. Merchant, A.A. Parikh, and D.A. Kooby (2012).
Factors influencing readmission after pancreaticoduodenectomy: a multi-institutional
study of 1302 patients. Ann Surg 256, 529-37.

[136] B. Topal, G. Peeters, H. Vandeweyer, R. Aerts, and F. Penninckx (2007b). Hospital cost-
categories of pancreaticoduodenectomy. Acta Chir Belg 107, 373-7.

[137] C.K. Enestvedt, B.S. Diggs, M.A. Cassera, C. Hammill, P.D. Hansen, and R.F. Wolf (2012).
Complications nearly double the cost of care after pancreaticoduodenectomy. American
journal of surgery 204, 332-8.

[138] C. Ansorge (2010). Previously unpublished data.

[139] T.J. Swope, T.P. Wade, T.J. Neuberger, K.S. Virgo, and F.E. Johnson (1994). A reappraisal
of total pancreatectomy for pancreatic cancer: results from U.S. Veterans Affairs
hospitals, 1987-1991. Am J Surg 168, 582-5; discussion 585-6.

[140] M. Tewari, P. Hazrah, V. Kumar, and H.S. Shukla (2010b). Options of restorative
pancreaticoenteric anastomosis following pancreaticoduodenectomy: a review. Surg
Oncol 19, 17-26.

[141] G. Ramacciato, P. Mercantini, N. Petrucciani, G.R. Nigri, A. Kazemi, M. Muroni, M. Del
Gaudio, A. Balesh, M. Cescon, A. Cucchetti, and M. Ravaioli (2011b). Risk factors of
pancreatic fistula after pancreaticoduodenectomy: a collective review. Am Surg 77,
257-69.

[142] C. Bassi, G. Butturini, E. Molinari, G. Mascetta, R. Salvia, M. Falconi, A. Gumbs, and P.
Pederzoli (2004). Pancreatic fistula rate after pancreatic resection. The importance of
definitions. Dig Surg 21, 54-9.

[143] K.M. Reid-Lombardo, M.B. Farnell, S. Crippa, M. Barnett, G. Maupin, C. Bassi, and L.W.
Traverso (2007b). Pancreatic anastomotic leakage after pancreaticoduodenectomy in

75



1,507 patients: a report from the Pancreatic Anastomotic Leak Study Group. J
Gastrointest Surg 11, 1451-8; discussion 1459.

[144] M.C. Parviainen, J.A. Sand, and I.H. Nordback (1996). Coincidence of pancreatic and biliary
leakages after pancreaticoduodenal resections. Hepatogastroenterology 43, 1246-9.

[145] C.J. Yeo, J.L. Cameron, T.A. Sohn, K.D. Lillemoe, H.A. Pitt, M.A. Talamini, R.H. Hruban,
S.E. Ord, P.K. Sauter, J. Coleman, M.L. Zahurak, L.B. Grochow, and R.A. Abrams
(1997b). Six hundred fifty consecutive pancreaticoduodenectomies in the 1990s:
pathology, complications, and outcomes. Ann Surg 226, 248-57; discussion 257-60.

[146] N. Sato, K. Yamaguchi, K. Chijiiwa, and M. Tanaka (1998a). Risk analysis of pancreatic
fistula after pancreatic head resection. Arch Surg 133, 1094-8.

[147] M.W. Buchler, H. Friess, M. Wagner, C. Kulli, V. Wagener, and K. Z'Graggen (2000).
Pancreatic fistula after pancreatic head resection. Br J Surg 87, 883-9.

[148] C. Bassi, M. Falconi, R. Salvia, G. Mascetta, E. Molinari, and P. Pederzoli (2001).
Management of complications after pancreaticoduodenectomy in a high volume centre:
results on 150 consecutive patients. Dig Surg 18, 453-7; discussion 458.

[149] M.G. Sarr (2003). The potent somatostatin analogue vapreotide does not decrease pancreas-
specific complications after elective pancreatectomy: a prospective, multicenter,
double-blinded, randomized, placebo-controlled trial. J Am Coll Surg 196, 556-64;
discussion 564-5; author reply 565.

[150] F. Gebauer, K. Kloth, M. Tachezy, Y.K. Vashist, G. Cataldegirmen, J.R. Izbicki, and M.
Bockhorn (2012). Options and limitations in applying the fistula classification by the
International Study Group for Pancreatic Fistula. Annals of surgery 256, 130-8.

[151] A.M. Lowy, J.E. Lee, P.W. Pisters, B.S. Davidson, C.J. Fenoglio, P. Stanford, R. Jinnah, and
D.B. Evans (1997). Prospective, randomized trial of octreotide to prevent pancreatic
fistula after pancreaticoduodenectomy for malignant disease. Ann Surg 226, 632-41.

[152] C. Ansorge, L. Strommer, A. Andren-Sandberg, L. Lundell, M.K. Herrington, and R.
Segersvard (2012a). Structured intraoperative assessment of pancreatic gland
characteristics in predicting complications after pancreaticoduodenectomy. The British
journal of surgery 99, 1076-82.

[153] O. Facy, C. Chalumeau, M. Poussier, C. Binquet, P. Rat, and P. Ortega-Deballon (2012).
Diagnosis of postoperative pancreatic fistula. The British journal of surgery 99, 1072-
5.

[154] D.J. Moskovic, S.E. Hodges, M.F. Wu, F.C. Brunicardi, S.G. Hilsenbeck, and W.E. Fisher
(2010). Drain data to predict clinically relevant pancreatic fistula. HPB : the official
journal of the International Hepato Pancreato Biliary Association 12, 472-81.

[155] T. Noji, T. Nakamura, Y. Ambo, O. Suzuki, F. Nakamura, A. Kishida, S. Hirano, S. Kondo,
and N. Kashimura (2012). Clinically relevant pancreas-related infectious complication
after pancreaticoenteral anastomosis could be predicted by the parameters obtained on
postoperative day 3. Pancreas 41, 916-21.

[156] G. Malleo, F. Mazzarella, A. Malpaga, G. Marchegiani, R. Salvia, C. Bassi, and G. Butturini
(2012). Diabetes mellitus does not impact on clinically relevant pancreatic fistula after
partial pancreatic resection for ductal adenocarcinoma. Surgery.

[157] N.O. Machado (2012). Pancreatic Fistula after Pancreatectomy: Definitions, Risk Factors,
Preventive Measures, and Management - a Review. International Journal of Surgical
Oncology 2012, 10 pages.

[158] J.W. Lin, J.L. Cameron, C.J. Yeo, T.S. Riall, and K.D. Lillemoe (2004). Risk factors and
outcomes in postpancreaticoduodenectomy pancreaticocutaneous fistula. J Gastrointest
Surg 8, 951-9.

[159] Q. Cheng, B. Zhang, Y. Zhang, X. Jiang, B. Zhang, B. Yi, X. Luo, and M. Wu (2007).
Predictive factors for complications after pancreaticoduodenectomy. J Surg Res 139,
22-9.

[160] M.L. DeOliveira, J.M. Winter, M. Schafer, S.C. Cunningham, J.L. Cameron, C.J. Yeo, and
P.A. Clavien (2006). Assessment of complications after pancreatic surgery: A novel
grading system applied to 633 patients undergoing pancreaticoduodenectomy. Ann
Surg 244, 931-7; discussion 937-9.

76



[161] J.T. Mullen, D.L. Davenport, M.M. Hutter, P.W. Hosokawa, W.G. Henderson, S.F. Khuri,
and D.W. Moorman (2008). Impact of body mass index on perioperative outcomes in
patients undergoing major intra-abdominal cancer surgery. Ann Surg Oncol 15, 2164-
72.

[162] R. Noun, E. Riachy, C. Ghorra, T. Yazbeck, C. Tohme, B. Abboud, S. Naderi, V. Chalhoub,
E. Ayoub, and P. Yazbeck (2008). The impact of obesity on surgical outcome after
pancreaticoduodenectomy. JOP 9, 468-76.

[163] M.G. House, Y. Fong, D.J. Arnaoutakis, R. Sharma, C.B. Winston, M. Protic, M. Gonen, S.H.
Olson, R.C. Kurtz, M.F. Brennan, and P.J. Allen (2008). Preoperative predictors for
complications after pancreaticoduodenectomy: impact of BMI and body fat
distribution. J Gastrointest Surg 12, 270-8.

[164] T.K. Williams, E.L. Rosato, E.P. Kennedy, K.A. Chojnacki, J. Andrel, T. Hyslop, C. Doria,
P.K. Sauter, J. Bloom, C.J. Yeo, and A.C. Berger (2009). Impact of obesity on
perioperative morbidity and mortality after pancreaticoduodenectomy. J Am Coll Surg
208, 210-7.

[165] E. Lermite, P. Pessaux, O. Brehant, C. Teyssedou, I. Pelletier, S. Etienne, and J.P. Arnaud
(2007). Risk factors of pancreatic fistula and delayed gastric emptying after
pancreaticoduodenectomy with pancreaticogastrostomy. J Am Coll Surg 204, 588-96.

[166] S. Satoi, S. Takai, Y. Matsui, N. Terakawa, R. Iwaki, J. Fukui, H. Yanagimoto, K. Takahashi,
H. Toyokawa, H. Araki, A.H. Kwon, and Y. Kamiyama (2006). Less morbidity after
pancreaticoduodenectomy of patients with pancreatic cancer. Pancreas 33, 45-52.

[167] G. Veillette, 1. Dominguez, C. Ferrone, S.P. Thayer, D. McGrath, A.L. Warshaw, and C.
Fernandez-del Castillo (2008). Implications and management of pancreatic fistulas
following pancreaticoduodenectomy: the Massachusetts General Hospital experience.
Arch Surg 143, 476-81.

[168] S.M. de Castro, O.R. Busch, T.M. van Gulik, H. Obertop, and D.J. Gouma (2005a). Incidence
and management of pancreatic leakage after pancreatoduodenectomy. Br J Surg 92,
1117-23.

[169] K.K. Kazanjian, O.J. Hines, G. Eibl, and H.A. Reber (2005). Management of pancreatic
fistulas after pancreaticoduodenectomy: results in 437 consecutive patients. Arch Surg
140, 849-54; discussion 854-6.

[170] T.B. Liang, X.L. Bai, and S.S. Zheng (2007). Pancreatic fistula after
pancreaticoduodenectomy: diagnosed according to International Study Group
Pancreatic Fistula (ISGPF) definition. Pancreatology 7, 325-31.

[171] CJ. Yeo, J.L. Cameron, M.M. Maher, P.K. Sauter, M.L. Zahurak, M.A. Talamini, K.D.
Lillemoe, and H.A. Pitt (1995). A prospective randomized trial of
pancreaticogastrostomy versus pancreaticojejunostomy after
pancreaticoduodenectomy. Ann Surg 222, 580-8; discussion 588-92.

[172] Y. Hamanaka, K. Nishihara, T. Hamasaki, A. Kawabata, S. Yamamoto, M. Tsurumi, T. Ueno,
and T. Suzuki (1996). Pancreatic juice output after pancreatoduodenectomy in relation
to pancreatic consistency, duct size, and leakage. Surgery 119, 281-7.

[173] Y. Murakami, K. Uemura, Y. Hayasidani, T. Sudo, Y. Hashimoto, N. Nakagawa, H. Ohge,
and T. Sueda (2008). A soft pancreatic remnant is associated with increased drain fluid
pancreatic amylase and serum CRP levels following pancreatoduodenectomy. J
Gastrointest Surg 12, 51-6.

[174] Y.M. Shyr, C.H. Su, C.W. Wu, and W.Y. Lui (2003). Does drainage fluid amylase reflect
pancreatic leakage after pancreaticoduodenectomy? World J Surg 27, 606-10.

[175] T. Okabayashi, M. Kobayashi, I. Nishimori, T. Sugimoto, S. Onishi, and K. Hanazaki (2007).
Risk factors, predictors and prevention of pancreatic fistula formation after
pancreatoduodenectomy. J Hepatobiliary Pancreat Surg 14, 557-63.

[176] J.R.C. Brooks, J. M. (1976). Cancer of the pancreas. Palliative operation, Whipple procedure,
or total pancreatectomy? Am J Surg 131, 516-20.

[177] W.P. Longmire, Jr. (1984). Cancer of the pancreas: palliative operation, Whipple procedure,
or total pancreatectomy. World J Surg 8, 872-9.

[178] C.J. Yeo, J.L. Cameron, K.D. Lillemoe, P.K. Sauter, J. Coleman, T.A. Sohn, K.A. Campbell,
and M.A. Choti (2000). Does prophylactic octreotide decrease the rates of pancreatic

77



fistula and other complications after pancreaticoduodenectomy? Results of a
prospective randomized placebo-controlled trial. Ann Surg 232, 419-29.

[179] Y.M. Yang, X.D. Tian, Y. Zhuang, W.M. Wang, Y.L. Wan, and Y.T. Huang (2005). Risk
factors of pancreatic leakage after pancreaticoduodenectomy. World J Gastroenterol
11, 2456-61.

[180] C.K. Ho, J. Kleeff, H. Friess, and M.W. Buchler (2005). Complications of pancreatic surgery.
HPB : the official journal of the International Hepato Pancreato Biliary Association 7,
99-108.

[181] S.E. Lee, S.H. Yang, J.Y. Jang, and S.W. Kim (2007). Pancreatic fistula after
pancreaticoduodenectomy: a comparison between the two pancreaticojejunostomy
methods for approximating the pancreatic parenchyma to the jejunal seromuscular
layer: interrupted vs continuous stitches. World J Gastroenterol 13, 5351-6.

[182] Y. Kamoda, Y. Fujino, I. Matsumoto, M. Shinzeki, T. Sakai, and Y. Kuroda (2008).
Usefulness of performing a pancreaticojejunostomy with an internal stent after a
pancreatoduodenectomy. Surg Today 38, 524-8.

[183] S. Crippa, R. Salvia, M. Falconi, G. Butturini, L. Landoni, and C. Bassi (2007). Anastomotic
leakage in pancreatic surgery. HPB (Oxford) 9, 8-15.

[184] R.T. Poon, S.T. Fan, C.M. Lo, K.K. Ng, W.K. Yuen, C. Yeung, and J. Wong (2007). External
drainage of pancreatic duct with a stent to reduce leakage rate of
pancreaticojejunostomy after pancreaticoduodenectomy: a prospective randomized
trial. Ann Surg 246, 425-33; discussion 433-5.

[185] W. Pratt, S. Joseph, M.P. Callery, and C.M. Vollmer, Jr. (2008b). POSSUM accurately
predicts morbidity for pancreatic resection. Surgery 143, 8-19.

[186] S.H. Yang, K.F. Dou, N. Sharma, and W.J. Song (2011). The methods of reconstruction of
pancreatic digestive continuity after pancreaticoduodenectomy: a meta-analysis of
randomized controlled trials. World J Surg 35, 2290-7.

[187] Y.M. Choe, K.Y. Lee, C.A. Oh, J.B. Lee, S.K. Choi, Y.S. Hur, S.J. Kim, Y.U. Cho, S.I. Ahn,
K.C. Hong, S.H. Shin, and K.R. Kim (2008). Risk factors affecting pancreatic fistulas
after pancreaticoduodenectomy. World J Gastroenterol 14, 6970-4.

[188] R. Tomaszewska, A. Dembinski, Z. Warzecha, P. Ceranowicz, and J. Stachura (2000).
Morphological changes and morphological-functional correlations in acute
experimental ischemia/reperfusion pancreatitis in rats. Polish journal of pathology :
official journal of the Polish Society of Pathologists 51, 179-84.

[189] T.J. Nevalainen, and H.J. Aho (1992). Standards of morphological evaluation and histological
grading in experimental acute pancreatitis. European surgical research. Europaische
chirurgische Forschung. Recherches chirurgicales europeennes 24 Suppl 1, 14-23.

[190] T. Lamsa, H.T. Jin, P.H. Nordback, J. Sand, and I. Nordback (2008). Effects of diameter,
number and tightness of sutures on pancreatic injury response. Dig Surg 25, 269-77.

[191] T. Lamsa, H.T. Jin, P.H. Nordback, J. Sand, T. Luukkaala, and I. Nordback (2009). Pancreatic
injury response is different depending on the method of resecting the parenchyma. J
Surg Res 154, 203-11.

[192] T. Lamsa, H. Jin, J. Mikkonen, J. Laukkarinen, J. Sand, and I. Nordback (2006).
Biocompatibility of a new bioabsorbable radiopaque stent material (BaSO4 containing
poly-L,D-lactide) in the rat pancreas. Pancreatology 6, 301-5.

[193] M. Laaninen, M. Blauer, K. Vasama, H. Jin, S. Raty, J. Sand, I. Nordback, and J. Laukkarinen
(2012). The risk for immediate postoperative complications after
pancreaticoduodenectomy is increased by high frequency of acinar cells and decreased
by prevalent fibrosis of the cut edge of pancreas. Pancreas 41, 957-61.

[194] O. Ishikawa, H. Ohigashi, S. Imaoka, T. Teshima, T. Inoue, Y. Sasaki, T. Iwanaga, and A.
Nakaizumi (1991). Concomitant benefit of preoperative irradiation in preventing
pancreas fistula formation after pancreatoduodenectomy. Arch Surg 126, 885-9.

[195] S. Heinrich, M. Schafer, A. Weber, T.F. Hany, U. Bhure, B.C. Pestalozzi, and P.A. Clavien
(2008). Neoadjuvant chemotherapy generates a significant tumor response in resectable
pancreatic cancer without increasing morbidity: results of a prospective phase Il trial.
Ann Surg 248, 1014-22.

78



[196] T.Y. Cheng, K. Sheth, R.R. White, T. Ueno, C.F. Hung, B.M. Clary, T.N. Pappas, and D.S.
Tyler (2006). Effect of neoadjuvant chemoradiation on operative mortality and
morbidity for pancreaticoduodenectomy. Ann Surg Oncol 13, 66-74.

[197] N.A. van der Gaag, J.J. Kloek, S.M. de Castro, O.R. Busch, T.M. van Gulik, and D.J. Gouma
(2009). Preoperative biliary drainage in patients with obstructive jaundice: history and
current status. J Gastrointest Surg 13, 814-20.

[198] V. Velanovich, T. Kheibek, and M. Khan (2009). Relationship of postoperative complications
from preoperative biliary stents after pancreaticoduodenectomy. A new cohort analysis
and meta-analysis of modern studies. JOP 10, 24-9.

[199] S.P. Povoski, M.S. Karpeh, Jr., K.C. Conlon, L.H. Blumgart, and M.F. Brennan (1999).
Association of preoperative biliary drainage with postoperative outcome following
pancreaticoduodenectomy. Ann Surg 230, 131-42.

[200] N.A. van der Gaag, S.M. de Castro, E.A. Rauws, M.J. Bruno, C.H. van Eijck, E.J. Kuipers,
J.J. Gerritsen, J.P. Rutten, J.W. Greve, E.J. Hesselink, J.H. Klinkenbijl, I.H. Rinkes, D.
Boerma, B.A. Bonsing, C.J. van Laarhoven, F.J. Kubben, E. van der Harst, M.N. Sosef,
K. Bosscha, I.H. de Hingh, L. Th de Wit, O.M. van Delden, O.R. Busch, T.M. van
Gulik, P.M. Bossuyt, and D.J. Gouma (2007). Preoperative biliary drainage for
periampullary tumors causing obstructive jaundice; DRainage vs. (direct) OPeration
(DROP-trial). BMC Surg 7, 3.

[201] M.M. Saleh, P. Norregaard, H.L. Jorgensen, P.K. Andersen, and P. Matzen (2002).
Preoperative endoscopic stent placement before pancreaticoduodenectomy: a meta-
analysis of the effect on morbidity and mortality. Gastrointest Endosc 56, 529-34.

[202] N.A. van der Gaag, E.A. Rauws, C.H. van Eijck, M.J. Bruno, E. van der Harst, F.J. Kubben,
J.J. Gerritsen, J.W. Greve, M.F. Gerhards, I.H. de Hingh, J.H. Klinkenbijl, C.Y. Nio,
S.M. de Castro, O.R. Busch, T.M. van Gulik, P.M. Bossuyt, and D.J. Gouma (2010).
Preoperative biliary drainage for cancer of the head of the pancreas. N Engl J Med 362,
129-37.

[203] N. Igbal, R.E. Lovegrove, H.S. Tilney, A.T. Abraham, S. Bhattacharya, P.P. Tekkis, and
H.M. Kocher (2008). A comparison of pancreaticoduodenectomy with pylorus
preserving pancreaticoduodenectomy: a meta-analysis of 2822 patients. European
journal of surgical oncology : the journal of the European Society of Surgical
Oncology and the British Association of Surgical Oncology 34, 1237-45.

[204] P.J. Karanicolas, E. Davies, R. Kunz, M. Briel, H.P. Koka, D.M. Payne, S.E. Smith, H.P. Hsu,
P.W. Lin, C. Bloechle, K.J. Paquet, and G.H. Guyatt (2007). The pylorus: take it or
leave it? Systematic review and meta-analysis of pylorus-preserving versus standard
whipple pancreaticoduodenectomy for pancreatic or periampullary cancer. Ann Surg
Oncol 14, 1825-34.

[205] M.B. Farnell, R.K. Pearson, M.G. Sarr, E.P. DiMagno, L.J. Burgart, T.R. Dahl, N. Foster,
D.J. Sargent, and G. Pancreas Cancer Working (2005). A prospective randomized trial
comparing standard pancreatoduodenectomy with pancreatoduodenectomy with
extended lymphadenectomy in resectable pancreatic head adenocarcinoma. Surgery
138, 618-28; discussion 628-30.

[206] C.J. Yeo, J.L. Cameron, K.D. Lillemoe, T.A. Sohn, K.A. Campbell, P.K. Sauter, J. Coleman,
R.A. Abrams, and R.H. Hruban (2002). Pancreaticoduodenectomy with or without
distal gastrectomy and extended retroperitoneal lymphadenectomy for periampullary
adenocarcinoma, part 2: randomized controlled trial evaluating survival, morbidity, and
mortality. Ann Surg 236, 355-66; discussion 366-8.

[207] C.J. Yeo, J.L. Cameron, T.A. Sohn, J. Coleman, P.K. Sauter, R.H. Hruban, H.A. Pitt, and
K.D. Lillemoe (1999). Pancreaticoduodenectomy with or without extended
retroperitoneal lymphadenectomy for periampullary adenocarcinoma: comparison of
morbidity and mortality and short-term outcome. Ann Surg 229, 613-22; discussion
622-4.

[208] T.S. Yeh, Y.Y. Jan, L.B. Jeng, T.L. Hwang, C.S. Wang, S.C. Chen, T.C. Chao, and M.F.
Chen (1997). Pancreaticojejunal anastomotic leak after pancreaticoduodenectomy--
multivariate analysis of perioperative risk factors. J Surg Res 67, 119-25.

79



[209] S.V. Shrikhande, and M.A. D'Souza (2008). Pancreatic fistula after pancreatectomy: evolving
definitions, preventive strategies and modern management. World J Gastroenterol 14,
5789-96.

[210] E.C. Lai, S.H. Lau, and W.Y. Lau (2009). Measures to prevent pancreatic fistula after
pancreatoduodenectomy: a comprehensive review. Arch Surg 144, 1074-80.

[211] M.J. Heslin, L.E. Harrison, A.D. Brooks, S.N. Hochwald, D.G. Coit, and M.F. Brennan
(1998). Is intra-abdominal drainage necessary after pancreaticoduodenectomy? Journal
of gastrointestinal surgery : official journal of the Society for Surgery of the
Alimentary Tract 2, 373-8.

[212] K.C. Conlon, D. Labow, D. Leung, A. Smith, W. Jarnagin, D.G. Coit, N. Merchant, and M.F.
Brennan (2001). Prospective randomized clinical trial of the value of intraperitoneal
drainage after pancreatic resection. Annals of surgery 234, 487-93; discussion 493-4.

[213] M. Kawai, M. Tani, H. Terasawa, S. Ina, S. Hirono, R. Nishioka, M. Miyazawa, K.
Uchiyama, and H. Yamaue (2006). Early removal of prophylactic drains reduces the
risk of intra-abdominal infections in patients with pancreatic head resection:
prospective study for 104 consecutive patients. Annals of surgery 244, 1-7.

[214] C. Bassi, E. Molinari, G. Malleo, S. Crippa, G. Butturini, R. Salvia, G. Talamini, and P.
Pederzoli (2010). Early versus late drain removal after standard pancreatic resections:
results of a prospective randomized trial. Annals of surgery 252, 207-14.

[215] E. Molinari, C. Bassi, R. Salvia, G. Butturini, S. Crippa, G. Talamini, M. Falconi, and P.
Pederzoli (2007). Amylase value in drains after pancreatic resection as predictive factor
of postoperative pancreatic fistula: results of a prospective study in 137 patients.
Annals of surgery 246, 281-7.

[216] N.N. Nissen, V.G. Menon, V. Puri, A. Annamalai, and B. Boland (2012). A simple algorithm
for drain management after pancreaticoduodenectomy. The American surgeon 78,
1143-6.

[217] H. Shinchi, K. Wada, and L.W. Traverso (2006). The usefulness of drain data to identify a
clinically relevant pancreatic anastomotic leak after pancreaticoduodenectomy?
Journal of gastrointestinal surgery : official journal of the Society for Surgery of the
Alimentary Tract 10, 490-8.

[218] R.P. Sutcliffe, N. Battula, A. Haque, A. Ali, P. Srinivasan, S.W. Atkinson, M. Rela, N.D.
Heaton, and A.A. Prachalias (2012). Utility of drain fluid amylase measurement on the
first postoperative day after pancreaticoduodenectomy. World J Surg 36, 879-83.

[219] J.M. Winter, J.L. Cameron, C.J. Yeo, B. Alao, K.D. Lillemoe, K.A. Campbell, and R.D.
Schulick (2007). Biochemical markers predict morbidity and mortality after
pancreaticoduodenectomy. J Am Coll Surg 204, 1029-36; discussion 1037-8.

[220] M. Takaki (2003). Gut pacemaker cells: the interstitial cells of Cajal (ICC). Journal of smooth
muscle research = Nihon Heikatsukin Gakkai kikanshi 39, 137-61.

[221] K.S. Goonetilleke, and A.K. Siriwardena (2006). Systematic review of peri-operative
nutritional supplementation in patients undergoing pancreaticoduodenectomy. JOP 7,
5-13.

[222] V. Di Carlo, L. Gianotti, G. Balzano, A. Zerbi, and M. Braga (1999). Complications of
pancreatic surgery and the role of perioperative nutrition. Dig Surg 16, 320-6.

[223] L.H. Blumgart (1996). A new technigue for pancreatojejunostomy. J Am Coll Surg 182, 557.

[224] M.P. Callery, W.B. Pratt, and C.M. Vollmer, Jr. (2009). Prevention and management of
pancreatic fistula. J Gastrointest Surg 13, 163-73.

[225] A. Stojadinovic, A. Brooks, A. Hoos, D.P. Jaques, K.C. Conlon, and M.F. Brennan (2003).
An evidence-based approach to the surgical management of resectable pancreatic
adenocarcinoma. J Am Coll Surg 196, 954-64.

[226] S.J. Aston, and W.P. Longmire, Jr. (1974). Management of the pancreas after
pancreaticoduodenectomy. Ann Surg 179, 322-7.

[227] S.M. Strasberg, J.A. Drebin, and N.J. Soper (1997). Evolution and current status of the
Whipple procedure: an update for gastroenterologists. Gastroenterology 113, 983-94.

[228] S.Y. Peng, J.W. Wang, W.Y. Lau, X.J. Cai, Y.P. Mou, Y.B. Liu, and J.T. Li (2007).
Conventional versus binding pancreaticojejunostomy after pancreaticoduodenectomy: a
prospective randomized trial. Ann Surg 245, 692-8.

80



[229] L. Maggiori, A. Sauvanet, G. Nagarajan, S. Dokmak, B. Aussilhou, and J. Belghiti (2010).
Binding versus conventional pancreaticojejunostomy after pancreaticoduodenectomy: a
case-matched study. J Gastrointest Surg 14, 1395-400.

[230] E. Buc, R. Flamein, C. Golffier, A. Dubois, G. Nagarajan, E. Futier, and D. Pezet (2010).
Peng's binding pancreaticojejunostomy after pancreaticoduodenectomy: a French
prospective study. J Gastrointest Surg 14, 705-10.

[231] E.P. Kennedy, and C.J. Yeo (2011). Dunking pancreaticojejunostomy versus duct-to-mucosa
anastomosis. J Hepatobiliary Pancreat Sci.

[232] R.T. Poon, S.H. Lo, D. Fong, S.T. Fan, and J. Wong (2002). Prevention of pancreatic
anastomotic leakage after pancreaticoduodenectomy. Am J Surg 183, 42-52.

[233] Y. Suzuki, Y. Fujino, Y. Tanioka, K. Hiraoka, M. Takada, T. Ajiki, Y. Takeyama, Y. Ku, and
Y. Kuroda (2002). Selection of pancreaticojejunostomy techniques according to
pancreatic texture and duct size. Arch Surg 137, 1044-7; discussion 1048.

[234] C. Bassi, M. Falconi, E. Molinari, W. Mantovani, G. Butturini, A.A. Gumbs, R. Salvia, and P.
Pederzoli (2003). Duct-to-mucosa versus end-to-side pancreaticojejunostomy
reconstruction after pancreaticoduodenectomy: results of a prospective randomized
trial. Surgery 134, 766-71.

[235] A.C. Berger, T.J. Howard, E.P. Kennedy, P.K. Sauter, M. Bower-Cherry, S. Dutkevitch, T.
Hyslop, C.M. Schmidt, E.L. Rosato, H. Lavu, A. Nakeeb, H.A. Pitt, K.D. Lillemoe,
and C.J. Yeo (2009). Does type of pancreaticojejunostomy after
pancreaticoduodenectomy decrease rate of pancreatic fistula? A randomized,
prospective, dual-institution trial. J Am Coll Surg 208, 738-47; discussion 747-9.

[236] A.N. Kingsnorth (1994). Safety and function of isolated Roux loop pancreaticojejunostomy
after Whipple's pancreaticoduodenectomy. Annals of the Royal College of Surgeons of
England 76, 175-9.

[237] A.W. Khan, A.K. Agarwal, and B.R. Davidson (2002). Isolated Roux Loop duct-to-mucosa
pancreaticojejunostomy avoids pancreatic leaks in pancreaticoduodenectomy. Dig Surg
19, 199-204.

[238] C.D. Sutton, G. Garcea, S.A. White, E. O'Leary, L.J. Marshall, D.P. Berry, and A.R.
Dennison (2004). Isolated Roux-loop pancreaticojejunostomy: a series of 61 patients
with zero postoperative pancreaticoenteric leaks. J Gastrointest Surg 8, 701-5.

[239] L. Kaman, S. Sanyal, A. Behera, R. Singh, and R.N. Katariya (2008). Isolated roux loop
pancreaticojejunostomy vs single loop pancreaticojejunostomy after
pancreaticoduodenectomy. Int J Surg 6, 306-10.

[240] A. Perwaiz, D. Singhal, A. Singh, and A. Chaudhary (2009). Is isolated Roux loop
pancreaticojejunostomy superior to conventional reconstruction in
pancreaticoduodenectomy? HPB (Oxford) 11, 326-31.

[241] K. Ballas, N. Symeonidis, S. Rafailidis, T. Pavlidis, G. Marakis, N. Mavroudis, and A.
Sakantamis (2010). Use of isolated Roux loop for pancreaticojejunostomy
reconstruction after pancreaticoduodenectomy. World J Gastroenterol 16, 3178-82.

[242] A. Sauvanet, J. Belghiti, Y. Panis, B. Gayet, E. Camara, G. Urrejola, and F. Fekete (1992).
Pancreaticogastrostomy after pancreatoduodenectomy. HPB Surg 6, 91-5; discussion
95-8.

[243] S. Takano, Y. Ito, Y. Watanabe, T. Yokoyama, N. Kubota, and S. Iwai (2000).
Pancreaticojejunostomy versus pancreaticogastrostomy in reconstruction following
pancreaticoduodenectomy. Br J Surg 87, 423-7.

[244] S. O'NEeil, J. Pickleman, and G.V. Aranha (2001). Pancreaticogastrostomy following
pancreaticoduodenectomy: review of 102 consecutive cases. World J Surg 25, 567-71.

[245] G.V. Aranha, P. Hodul, E. Golts, D. Oh, J. Pickleman, and S. Creech (2003). A comparison of
pancreaticogastrostomy and pancreaticojejunostomy following
pancreaticoduodenectomy. J Gastrointest Surg 7, 672-82.

[246] C. Bassi, M. Falconi, E. Molinari, R. Salvia, G. Butturini, N. Sartori, W. Mantovani, and P.
Pederzoli (2005b). Reconstruction by pancreaticojejunostomy versus
pancreaticogastrostomy following pancreatectomy: results of a comparative study. Ann
Surg 242, 767-71, discussion 771-3.

81



[247] J.P. Duffas, B. Suc, S. Msika, G. Fourtanier, F. Muscari, J.M. Hay, A. Fingerhut, B. Millat, A.
Radovanowic, P.L. Fagniez, and S. French Associations for Research in (2005). A
controlled randomized multicenter trial of pancreatogastrostomy or
pancreatojejunostomy after pancreatoduodenectomy. Am J Surg 189, 720-9.

[248] A. McKay, S. Mackenzie, F.R. Sutherland, O.F. Bathe, C. Doig, J. Dort, C.M. Vollmer, Jr.,
and E. Dixon (2006). Meta-analysis of pancreaticojejunostomy versus
pancreaticogastrostomy reconstruction after pancreaticoduodenectomy. Br J Surg 93,
929-36.

[249] M.N. Wente, S.V. Shrikhande, M.W. Muller, M.K. Diener, C.M. Seiler, H. Friess, and M.W.
Buchler (2007c). Pancreaticojejunostomy versus pancreaticogastrostomy: systematic
review and meta-analysis. Am J Surg 193, 171-83.

[250] E.A. Bock, M.G. Hurtuk, M. Shoup, and G.V. Aranha (2012). Late complications after
pancreaticoduodenectomy with pancreaticogastrostomy. J Gastrointest Surg 16, 914-9.

[251] L. Fernandez-Cruz, R. Cosa, L. Blanco, M.A. Lopez-Boado, and E. Astudillo (2008).
Pancreatogastrostomy with gastric partition after pylorus-preserving
pancreatoduodenectomy versus conventional pancreatojejunostomy: a prospective
randomized study. Ann Surg 248, 930-8.

[252] S.Y. Peng, J.W. Wang, J.T. Li, Y.P. Mou, Y.B. Liu, and X.J. Cai (2004). Binding
pancreaticojejunostomy--a safe and reliable anastomosis procedure. HPB (Oxford) 6,
154-60.

[253] S.Y. Peng, J.W. Wang, F. Hong de, Y.B. Liu, and Y.F. Wang (2011). Binding
pancreaticoenteric anastomosis: from binding pancreaticojejunostomy to binding
pancreaticogastrostomy. Updates Surg 63, 69-74.

[254] A.K. Parsaik, M.H. Murad, A. Sathananthan, V. Moorthy, P.J. Erwin, S. Chari, R.E. Carter,
M.B. Farnell, S.S. Vege, M.G. Sarr, and Y.C. Kudva (2010). Metabolic and target
organ outcomes after total pancreatectomy: Mayo Clinic experience and meta-analysis
of the literature. Clin Endocrinol (Oxf) 73, 723-31.

[255] B.J. Billings, J.D. Christein, W.S. Harmsen, J.R. Harrington, S.T. Chari, F.G. Que, M.B.
Farnell, D.M. Nagorney, and M.G. Sarr (2005). Quality-of-life after total
pancreatectomy: is it really that bad on long-term follow-up? J Gastrointest Surg 9,
1059-66; discussion 1066-7.

[256] M.G. Sarr, K.E. Behrns, and J.A. van Heerden (1993). Total pancreatectomy. An objective
analysis of its use in pancreatic cancer. Hepatogastroenterology 40, 418-21.

[257] H.M. Karpoff, D.S. Klimstra, M.F. Brennan, and K.C. Conlon (2001). Results of total
pancreatectomy for adenocarcinoma of the pancreas. Arch Surg 136, 44-7; discussion
48.

[258] A. Andren-Sandberg, and I. Ihse (1983). Factors influencing survival after total
pancreatectomy in patients with pancreatic cancer. Ann Surg 198, 605-10.

[259] S.M. Strasberg, J.A. Drebin, N.A. Mokadam, D.W. Green, K.L. Jones, J.P. Ehlers, and D.
Linehan (2002). Prospective trial of a blood supply-based technigque of
pancreaticojejunostomy: effect on anastomotic failure in the Whipple procedure.
Journal of the American College of Surgeons 194, 746-58; discussion 759-60.

[260] A.A. D'Andrea, V. Costantino, C. Sperti, and S. Pedrazzoli (1994). Human fibrin sealant in
pancreatic surgery: it is useful in preventing fistulas? A prospective randomized study.
The Italian journal of gastroenterology 26, 283-6.

[261] K.D. Lillemoe, J.L. Cameron, M.P. Kim, K.A. Campbell, P.K. Sauter, J.A. Coleman, and C.J.
Yeo (2004). Does fibrin glue sealant decrease the rate of pancreatic fistula after
pancreaticoduodenectomy? Results of a prospective randomized trial. J Gastrointest
Surg 8, 766-72; discussion 772-4.

[262] P. Reissman, Y. Perry, A. Cuenca, A. Bloom, A. Eid, E. Shiloni, A. Rivkind, and A. Durst
(1995). Pancreaticojejunostomy versus controlled pancreaticocutaneous fistula in
pancreaticoduodenectomy for periampullary carcinoma. Am J Surg 169, 585-8.

[263] K. Tran, C. Van Eijck, V. Di Carlo, W.C. Hop, A. Zerbi, G. Balzano, and H. Jeekel (2002).
Occlusion of the pancreatic duct versus pancreaticojejunostomy: a prospective
randomized trial. Ann Surg 236, 422-8; discussion 428.

82



[264] B. Suc, S. Msika, A. Fingerhut, G. Fourtanier, J.M. Hay, F. Holmieres, B. Sastre, P.L.
Fagniez, and R. French Associations for Surgical (2003). Temporary fibrin glue
occlusion of the main pancreatic duct in the prevention of intra-abdominal
complications after pancreatic resection: prospective randomized trial. Ann Surg 237,
57-65.

[265] T. Imaizumi, T. Hatori, K. Tobita, A. Fukuda, K. Takasaki, and H. Makuuchi (2006).
Pancreaticojejunostomy using duct-to-mucosa anastomosis without a stenting tube. J
Hepatobiliary Pancreat Surg 13, 194-201.

[266] J.M. Winter, J.L. Cameron, K.A. Campbell, D.C. Chang, T.S. Riall, R.D. Schulick, M.A.
Choti, J. Coleman, M.B. Hodgin, P.K. Sauter, C.J. Sonnenday, C.L. Wolfgang, M.R.
Marohn, and C.J. Yeo (2006). Does pancreatic duct stenting decrease the rate of
pancreatic fistula following pancreaticoduodenectomy? Results of a prospective
randomized trial. J Gastrointest Surg 10, 1280-90; discussion 1290.

[267] S. Ohwada, Y. Tanahashi, T. Ogawa, S. Kawate, K. Hamada, K.I. Tago, T. Yamada, and Y.
Morishita (2002). In situ vs ex situ pancreatic duct stents of duct-to-mucosa
pancreaticojejunostomy after pancreaticoduodenectomy with billroth I-type
reconstruction. Arch Surg 137, 1289-93.

[268] P. Pessaux, A. Sauvanet, C. Mariette, F. Paye, F. Muscari, A.S. Cunha, B. Sastre, J.P. Arnaud,
and C. Federation de Recherche en (2011b). External pancreatic duct stent decreases
pancreatic fistula rate after pancreaticoduodenectomy: prospective multicenter
randomized trial. Ann Surg 253, 879-85.

[269] M. Tani, M. Kawai, S. Hirono, T. Hatori, T. Imaizumi, A. Nakao, S. Egawa, T. Asano, T.
Nagakawa, and H. Yamaue (2012). Use of omentum or falciform ligament does not
decrease complications after pancreaticoduodenectomy: nationwide survey of the
Japanese Society of Pancreatic Surgery. Surgery 151, 183-91.

[270] K. Wada, and L.W. Traverso (2006). Pancreatic anastomotic leak after the Whipple procedure
is reduced using the surgical microscope. Surgery 139, 735-42.

[271] C.B. Begg, L.D. Cramer, W.J. Hoskins, and M.F. Brennan (1998). Impact of hospital volume
on operative mortality for major cancer surgery. JAMA : the journal of the American
Medical Association 280, 1747-51.

[272] E.A. Halm, C. Lee, and M.R. Chassin (2002). Is volume related to outcome in health care? A
systematic review and methodologic critique of the literature. Annals of internal
medicine 137, 511-20.

[273] J.D. Birkmeyer, A.E. Siewers, E.V. Finlayson, T.A. Stukel, F.L. Lucas, |. Batista, H.G.
Welch, and D.E. Wennberg (2002). Hospital volume and surgical mortality in the
United States. N Engl J Med 346, 1128-37.

[274] S. Mukherjee, H.M. Kocher, R.R. Hutchins, S. Bhattacharya, and A.T. Abraham (2009).
Impact of hospital volume on outcomes for pancreaticoduodenectomy: a single UK
HPB centre experience. European journal of surgical oncology : the journal of the
European Society of Surgical Oncology and the British Association of Surgical
Oncology 35, 734-8.

[275] V. Ho, and M.J. Heslin (2003). Effect of hospital volume and experience on in-hospital
mortality for pancreaticoduodenectomy. Ann Surg 237, 509-14.

[276] N.T. van Heek, K.F. Kuhlmann, R.J. Scholten, S.M. de Castro, O.R. Busch, T.M. van Gulik,
H. Obertop, and D.J. Gouma (2005). Hospital volume and mortality after pancreatic
resection: a systematic review and an evaluation of intervention in the Netherlands.
Ann Surg 242, 781-8, discussion 788-90.

[277] G. Balzano, A. Zerbi, G. Capretti, S. Rocchetti, V. Capitanio, and V. Di Carlo (2008). Effect
of hospital volume on outcome of pancreaticoduodenectomy in Italy. Br J Surg 95,
357-62.

[278] K.S. Gurusamy, R. Koti, G. Fusai, and B.R. Davidson (2012). Somatostatin analogues for
pancreatic surgery. Cochrane database of systematic reviews 6, CD008370.

[279] T. Hackert, J. Werner, and M.W. Buchler (2011b). Postoperative pancreatic fistula. Surgeon
9, 211-7.

[280] J.L. Cameron, T.S. Riall, J. Coleman, and K.A. Belcher (2006). One thousand consecutive
pancreaticoduodenectomies. Ann Surg 244, 10-5.

83



[281] N. Munoz-Bongrand, A. Sauvanet, A. Denys, A. Sibert, V. Vilgrain, and J. Belghiti (2004).
Conservative management of pancreatic fistula after pancreaticoduodenectomy with
pancreaticogastrostomy. J Am Coll Surg 199, 198-203.

[282] S.L. Gans, H.L. van Westreenen, J.J. Kiewiet, E.A. Rauws, D.J. Gouma, and M.A.
Boermeester (2012). Systematic review and meta-analysis of somatostatin analogues
for the treatment of pancreatic fistula. Br J Surg 99, 754-60.

[283] C.M. Halloran, P. Ghaneh, L. Bosonnet, M.N. Hartley, R. Sutton, and J.P. Neoptolemos
(2002). Complications of pancreatic cancer resection. Dig Surg 19, 138-46.

[284] S. Puppala, J. Patel, S. McPherson, A. Nicholson, and D. Kessel (2011). Hemorrhagic
complications after Whipple surgery: imaging and radiologic intervention. AJR.
American journal of roentgenology 196, 192-7.

[285] N. Sato, K. Yamaguchi, S. Shimizu, T. Morisaki, K. Yokohata, K. Chijiiwa, and M. Tanaka
(1998b). Coil embolization of bleeding visceral pseudoaneurysms following
pancreatectomy: the importance of early angiography. Arch Surg 133, 1099-102.

[286] D.R. Farley, G. Schwall, and M. Trede (1996). Completion pancreatectomy for surgical
complications after pancreaticoduodenectomy. Br J Surg 83, 176-9.

[287] P. Bachellier, E. Oussoultzoglou, E. Rosso, R. Scurtu, I. Lucescu, A. Oshita, and D. Jaeck
(2008). Pancreatogastrostomy as a salvage procedure to treat severe postoperative
pancreatic fistula after pancreatoduodenectomy. Arch Surg 143, 966-70; discussion
971.

[288] K. Hasegawa, N. Kokudo, K. Sano, Y. Seyama, T. Aoki, M. Ikeda, T. Hashimoto, Y. Beck,
H. Imamura, Y. Sugawara, and M. Makuuchi (2008). Two-stage pancreatojejunostomy
in pancreaticoduodenectomy: a retrospective analysis of short-term results. Am J Surg
196, 3-10.

[289] T. Blanc, A. Cortes, D. Goere, A. Sibert, P. Pessaux, J. Belghiti, and A. Sauvanet (2007).
Hemorrhage after pancreaticoduodenectomy: when is surgery still indicated? Am J
Surg 194, 3-9.

[290] D. Ribero, M. Amisano, G. Zimmitti, F. Giraldi, A. Ferrero, and L. Capussotti (2013).
External tube pancreatostomy reduces the risk of mortality associated with completion
pancreatectomy for symptomatic fistulas complicating pancreaticoduodenectomy. J
Gastrointest Surg 17, 332-8.

[291] S.M. de Castro, K.F. Kuhlmann, O.R. Busch, O.M. van Delden, J.S. Lameris, T.M. van Gulik,
H. Obertop, and D.J. Gouma (2005b). Delayed massive hemorrhage after pancreatic
and biliary surgery: embolization or surgery? Ann Surg 241, 85-91.

[292] C.D. Smith, M.G. Sarr, and J.A. vanHeerden (1992). Completion pancreatectomy following
pancreaticoduodenectomy: clinical experience. World J Surg 16, 521-4.

[293] S. Gueroult, Y. Parc, F. Duron, F. Paye, and R. Parc (2004). Completion pancreatectomy for
postoperative peritonitis after pancreaticoduodenectomy: early and late outcome. Arch
Surg 139, 16-9.

[294] M.I. van Berge Henegouwen, L.T. De Wit, T.M. Van Gulik, H. Obertop, and D.J. Gouma
(1997). Incidence, risk factors, and treatment of pancreatic leakage after
pancreaticoduodenectomy: drainage versus resection of the pancreatic remnant. J Am
Coll Surg 185, 18-24.

[295] R.B. Cattell, and J.W. Braasch (1960). A technique for the exposure of the third and fourth
portions of the duodenum. Surg Gynecol Obstet 111, 378-9.

[296] L.H. Blumgart, and C.J. Kelley (1984). Hepaticojejunostomy in benign and malignant high
bile duct stricture: approaches to the left hepatic ducts. Br J Surg 71, 257-61.

[297] C.S. Chaurasia, M. Muller, E.D. Bashaw, E. Benfeldt, J. Bolinder, R. Bullock, P.M. Bungay,
E.C. DeLange, H. Derendorf, W.F. EImquist, M. Hammarlund-Udenaes, C. Joukhadar,
D.L. Kellogg, Jr., C.E. Lunte, C.H. Nordstrom, H. Rollema, R.J. Sawchuk, B.W.
Cheung, V.P. Shah, L. Stahle, U. Ungerstedt, D.F. Welty, and H. Yeo (2007). AAPS-
FDA Workshop White Paper: microdialysis principles, application, and regulatory
perspectives. J Clin Pharmacol 47, 589-603.

[298] U. Ungerstedt, and C. Pycock (1974). Functional correlates of dopamine neurotransmission.
Bulletin der Schweizerischen Akademie der Medizinischen Wissenschaften 30, 44-55.

84



[299] T. Zetterstrom, L. Vernet, U. Ungerstedt, U. Tossman, B. Jonzon, and B.B. Fredholm (1982).
Purine levels in the intact rat brain. Studies with an implanted perfused hollow fibre.
Neurosci Lett 29, 111-5.

[300] U. Ungerstedt, M. Herrera-Marschitz, and T. Zetterstrom (1982). Dopamine
neurotransmission and brain function. Progress in brain research 55, 41-9.

[301] U. Ungerstedt (1991). Microdialysis--principles and applications for studies in animals and
man. Journal of internal medicine 230, 365-73.

[302] M. Muller (2002). Science, medicine, and the future: Microdialysis. Bmj 324, 588-91.

[303] F. Magkos, and L.S. Sidossis (2005). Methodological approaches to the study of metabolism
across individual tissues in man. Current opinion in clinical nutrition and metabolic
care 8, 501-10.

[304] K. Jansson, J. Ungerstedt, T. Jonsson, B. Redler, M. Andersson, U. Ungerstedt, and L.
Norgren (2003). Human intraperitoneal microdialysis: increased lactate/pyruvate ratio
suggests early visceral ischaemia. A pilot study. Scand J Gastroenterol 38, 1007-11.

[305] S. Appelros, L. Thim, and A. Borgstrom (1998). Activation peptide of carboxypeptidase B in
serum and urine in acute pancreatitis. Gut 42, 97-102.

[306] U. Petersson, and A. Borgstrom (2006). Characterization of immunoreactive trypsinogen
activation peptide in urine in acute pancreatitis. JOP 7, 274-82.

[307] H. Rinderknecht, (Ed.), Pancreatic secretory enzymes, Raven Press, New York, 1993b.

[308] R. Dybkaer (2002). The tortuous road to the adoption of katal for the expression of catalytic
activity by the General Conference on Weights and Measures. Clin Chem 48, 586-90.

[309] (1965, no authors listed). Enzyme nomenclature. Report on the recommendations (1964) of
the International Union of Biochemistry on Nomenclature and Classification of
Enzymes. Science 150, 719-21.

[310] M.E. Charlson, P. Pompei, K.L. Ales, and C.R. MacKenzie (1987). A new method of
classifying prognostic comorbidity in longitudinal studies: development and validation.
J Chronic Dis 40, 373-83.

[311] A. Elixhauser, C. Steiner, D.R. Harris, and R.M. Coffey (1998). Comorbidity measures for
use with administrative data. Med Care 36, 8-27.

[312] D.Y. Greenblatt, K.J. Kelly, V. Rajamanickam, Y. Wan, T. Hanson, R. Rettammel, E.R.
Winslow, C.S. Cho, and S.M. Weber (2011). Preoperative factors predict perioperative
morbidity and mortality after pancreaticoduodenectomy. Annals of surgical oncology
18, 2126-35.

[313] P. Parikh, M. Shiloach, M.E. Cohen, K.Y. Bilimoria, C.Y. Ko, B.L. Hall, and H.A. Pitt
(2010a). Pancreatectomy risk calculator: an ACS-NSQIP resource. HPB : the official
journal of the International Hepato Pancreato Biliary Association 12, 488-97.

[314] R. Venkat, M.A. Puhan, R.D. Schulick, J.L. Cameron, F.E. Eckhauser, M.A. Choti, M.A.
Makary, T.M. Pawlik, N. Ahuja, B.H. Edil, and C.L. Wolfgang (2011). Predicting the
risk of perioperative mortality in patients undergoing pancreaticoduodenectomy: a
novel scoring system. Archives of surgery 146, 1277-84.

[315] S.M. de Castro, J.T. Houwert, S.M. Lagarde, J.B. Reitsma, O.R. Busch, T.M. van Gulik, H.
Obertop, and D.J. Gouma (2009). Evaluation of POSSUM for patients undergoing
pancreatoduodenectomy. World journal of surgery 33, 1481-7.

[316] J. Grendar, A.A. Shaheen, R.P. Myers, R. Parker, C.M. Vollmer, Jr., C.G. Ball, M.L. Quan,
G.G. Kaplan, T. Al-Manasra, and E. Dixon (2012). Predicting in-hospital mortality in
patients undergoing complex gastrointestinal surgery: determining the optimal risk
adjustment method. Archives of surgery 147, 126-35.

[317] A.W. Khan, S.R. Shah, A.K. Agarwal, and B.R. Davidson (2003). Evaluation of the
POSSUM scoring system for comparative audit in pancreatic surgery. Digestive
surgery 20, 539-45.

[318] B.C. Knight, A. Kausar, M. Manu, B.A. Ammori, D.J. Sherlock, and D.A. O'Reilly (2010).
Evaluation of surgical outcome scores according to ISGPS definitions in patients
undergoing pancreatic resection. Digestive surgery 27, 367-74.

[319] Y. Zhang, L. Fu, Z.D. Zhang, Z.J. Li, X.B. Liu, W.M. Hu, G. Mai, L.I. Yan, Y. Zeng, and
B.L. Tian (2009). Evaluation of POSSUM in predicting post-operative morbidity in
patients undergoing pancreaticoduodenectomy. J Int Med Res 37, 1859-67.

85



[320] A. Tamijmarane, C.S. Bhati, D.F. Mirza, S.R. Bramhall, D.A. Mayer, S.J. Wigmore, and J.A.
Buckels (2008). Application of Portsmouth modification of physiological and operative
severity scoring system for enumeration of morbidity and mortality (P-POSSUM) in
pancreatic surgery. World J Surg Oncol 6, 39.

[321] G.P. Copeland (2002). The POSSUM system of surgical audit. Archives of surgery 137, 15-9.

[322] G.P. Copeland, D. Jones, and M. Walters (1991). POSSUM: a scoring system for surgical
audit. The British journal of surgery 78, 355-60.

[323] H.J. Jones, and L. de Cossart (1999). Risk scoring in surgical patients. Br J Surg 86, 149-57.

[324] M.S. Whiteley, D.R. Prytherch, B. Higgins, P.C. Weaver, and W.G. Prout (1996). An
evaluation of the POSSUM surgical scoring system. The British journal of surgery 83,
812-5.

[325] D.R. Prytherch, M.S. Whiteley, B. Higgins, P.C. Weaver, W.G. Prout, and S.J. Powell (1998).
POSSUM and Portsmouth POSSUM for predicting mortality. Physiological and
Operative Severity Score for the enUmeration of Mortality and morbidity. The British
journal of surgery 85, 1217-20.

[326] S. Dutta, N.M. Al-Mrabt, G.M. Fullarton, P.G. Horgan, and D.C. McMillan (2011). A
comparison of POSSUM and GPS models in the prediction of post-operative outcome
in patients undergoing oesophago-gastric cancer resection. Annals of surgical oncology
18, 2808-17.

[327] C.M. Lam, S.T. Fan, A\W. Yuen, W.L. Law, and K. Poon (2004). Validation of POSSUM
scoring systems for audit of major hepatectomy. The British journal of surgery 91,
450-4.

[328] W.D. Neary, P. Crow, C. Fay, D. Prytherch, B.P. Heather, and J.J. Earnshaw (2003).
Comparison of POSSUM scoring and the Hardman Index in selection of patients for
repair of ruptured abdominal aortic aneurysm. The British journal of surgery 90, 421-5.

[329] P.P. Tekkis, P. McCulloch, J.D. Poloniecki, D.R. Prytherch, N. Kessaris, and A.C. Steger
(2004). Risk-adjusted prediction of operative mortality in oesophagogastric surgery
with O-POSSUM. The British journal of surgery 91, 288-95.

[330] G.P. Copeland, D. Jones, and M. Walters POSSUM risk calculator available at
http://www.vasgbi.com/riskpossum.htm.

[331] H. Brown, and R. Prescott (2006). Applied Mixed Models in Medicine. John Wiley & Sons
Ltd.

[332] M. Buchler, H. Friess, I. Klempa, P. Hermanek, U. Sulkowski, H. Becker, A. Schafmayer, I.
Baca, D. Lorenz, R. Meister, and et al. (1992). Role of octreotide in the prevention of
postoperative complications following pancreatic resection. Am J Surg 163, 125-30;
discussion 130-1.

[333] U.F. Wellner, G. Kayser, H. Lapshyn, O. Sick, F. Makowiec, J. Hoppner, U.T. Hopt, and T.
Keck (2010). A simple scoring system based on clinical factors related to pancreatic
texture predicts postoperative pancreatic fistula preoperatively. HPB (Oxford) 12, 696-
702.

[334] A. Hadidi (1983). Pancreatic duct diameter: sonographic measurement in normal subjects. J
Clin Ultrasound 11, 17-22.

[335] P. Hastier, M.J. Buckley, R. Dumas, H. Kuhdorf, P. Staccini, J.F. Demarquay, F.X. Caroli-
Bosc, and J.P. Delmont (1998). A study of the effect of age on pancreatic duct
morphology. Gastrointest Endosc 48, 53-7.

[336] H. Wang, T. Chen, H. Wang, Y. Song, X. Li, and J. Wang (2013). A systematic review of the
Physiological and Operative Severity Score for the enUmeration of Mortality and
morbidity and its Portsmouth modification as predictors of post-operative morbidity
and mortality in patients undergoing pancreatic surgery. Am J Surg.

[337] M. Lodh, M.L. Raleigh, C. Uccello, and R. Winkelman (2010). Risk Assessment and Risk
Adjustment. American Academy of Actuaries issue brief may 2010.

[338] G.C. Pope, R.P. Ellis, A.S. Ash, C.F. Liu, J.Z. Ayanian, D.W. Bates, H. Burstin, L.I. lezzoni,
and M.J. Ingber (2000). Principal inpatient diagnostic cost group model for Medicare
risk adjustment. Health care financing review 21, 93-118.

[339] J. Munro, A. Booth, and J. Nicholl (1997). Routine preoperative testing: a systematic review
of the evidence. Health Technol Assess 1, i-iv; 1-62.

86


http://www.vasgbi.com/riskpossum.htm�

[340] B. Casadei, and H. Abuzeid (2005). Is there a strong rationale for deferring elective surgery in
patients with poorly controlled hypertension? J Hypertens 23, 19-22.

[341] J.A. Brooks-Brunn (1997). Predictors of postoperative pulmonary complications following
abdominal surgery. Chest 111, 564-71.

[342] R.P. Archer, and J.M. Jacobson (1993). Are critical items "critical” for the MMPI-A. J Pers
Assess 61, 547-56.

[343] S.W. Littleton (2012). Impact of obesity on respiratory function. Respirology 17, 43-9.

[344] P. Goldwasser, and J. Feldman (1997). Association of serum albumin and mortality risk. J
Clin Epidemiol 50, 693-703.

[345] M. Simunovic, D. Urbach, D. Major, R. Sutradhar, N. Baxter, T. To, A. Brown, D. Davis, and
M.N. Levine (2010). Assessing the volume-outcome hypothesis and region-level
quality improvement interventions: pancreas cancer surgery in two Canadian
Provinces. Annals of surgical oncology 17, 2537-44.

[346] N. Hashimoto, and H. Ohyanagi (2002). Pancreatic juice output and amylase level in the
drainage fluid after pancreatoduodenectomy in relation to leakage.
Hepatogastroenterology 49, 553-5.

[347] S. Raty, J. Sand, E. Lantto, and I. Nordback (2006). Postoperative acute pancreatitis as a
major determinant of postoperative delayed gastric emptying after
pancreaticoduodenectomy. J Gastrointest Surg 10, 1131-9.

[348] E. Uchida, T. Tajiri, Y. Nakamura, T. Aimoto, and Z. Naito (2002). Relationship between
grade of fibrosis in pancreatic stump and postoperative pancreatic exocrine activity
after pancreaticoduodenectomy: with special reference to insufficiency of
pancreaticointestinal anastomosis. J Nippon Med Sch 69, 549-56.

[349] A.M. Gudgeon, D.l. Heath, P. Hurley, A. Jehanli, G. Patel, C. Wilson, A. Shenkin, B.M.
Austen, C.W. Imrie, and J. Hermon-Taylor (1990). Trypsinogen activation peptides
assay in the early prediction of severity of acute pancreatitis. Lancet 335, 4-8.

[350] M.M. Lerch, and F.S. Gorelick (2000). Early trypsinogen activation in acute pancreatitis. Med
Clin North Am 84, 549-63, viii.

[351] K. Jansson, M. Jansson, M. Andersson, A. Magnuson, U. Ungerstedt, and L. Norgren (2005).
Normal values and differences between intraperitoneal and subcutaneous microdialysis
in patients after non-complicated gastrointestinal surgery. Scand J Clin Lab Invest 65,
273-81.

[352] K. Jansson, B. Redler, L. Truedsson, A. Magnuson, U. Ungerstedt, and L. Norgren (2004).
Postoperative on-line monitoring with intraperitoneal microdialysis is a sensitive
clinical method for measuring increased anaerobic metabolism that correlates to the
cytokine response. Scand J Gastroenterol 39, 434-9.

[353] P. Matthiessen, 1. Strand, K. Jansson, C. Tornquist, M. Andersson, J. Rutegard, and L.
Norgren (2007). Is early detection of anastomotic leakage possible by intraperitoneal
microdialysis and intraperitoneal cytokines after anterior resection of the rectum for
cancer? Dis Colon Rectum 50, 1918-27.

[354] C. Ansorge, S. Regner, R. Segersvard, and L. Strommer (2012b). Early intraperitoneal
metabolic changes and protease activation as indicators of pancreatic fistula after
pancreaticoduodenectomy. Br J Surg 99, 104-11.

[355] W.E. Fisher, S.E. Hodges, E.J. Silberfein, A. Artinyan, C.H. Ahern, E. Jo, and F.C.
Brunicardi (2011). Pancreatic resection without routine intraperitoneal drainage. HPB :
the official journal of the International Hepato Pancreato Biliary Association 13, 503-
10.

[356] M.K. Diener, K. Tadjalli-Mehr, M.N. Wente, M. Kieser, M.W. Buchler, and C.M. Seiler
(2011). Risk-benefit assessment of closed intra-abdominal drains after pancreatic
surgery: a systematic review and meta-analysis assessing the current state of evidence.
Langenbecks Arch Surg 396, 41-52.

[357] P. Parikh, M. Shiloach, M.E. Cohen, K.Y. Bilimoria, C.Y. Ko, B.L. Hall, and H.A. Pitt
(2010b). Pancreatectomy risk calculator: an ACS-NSQIP resource. HPB : the official
journal of the International Hepato Pancreato Biliary Association 12, 488-97.

87



[358] H.C. Kraemer, E. Stice, A. Kazdin, D. Offord, and D. Kupfer (2001). How do risk factors
work together? Mediators, moderators, and independent, overlapping, and proxy risk
factors. The American journal of psychiatry 158, 848-56.

[359] W.B. Kannel, T.R. Dawber, A. Kagan, N. Revotskie, and J. Stokes, 3rd (1961). Factors of risk
in the development of coronary heart disease--six year follow-up experience. The
Framingham Study. Annals of internal medicine 55, 33-50.

[360] H.C. Kraemer, A.E. Kazdin, D.R. Offord, R.C. Kessler, P.S. Jensen, and D.J. Kupfer (1997).
Coming to terms with the terms of risk. Archives of general psychiatry 54, 337-43.

[361] A.B. Hill (1965). The Environment and Disease: Association or Causation? Proceedings of
the Royal Society of Medicine 58, 295-300.

[362] L.L. Johnson (2012). Chapter 18. Design of Observational Studies. Principles and Practice of
Clinical Research (Third Edition), Academic Press, Boston, 207-223.

[363] J. Howick, P. Glasziou, and J.K. Aronson (2009). The evolution of evidence hierarchies: what
can Bradford Hill's 'guidelines for causation' contribute? Journal of the Royal Society
of Medicine 102, 186-94.

88



