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Abstract

Objective:The study sought to analyze Whipple procedure in 65 patients’ in-hospital evaluation of morbidity and
mortality rate after pancreatoduodenectomy (PD) with adjusted duct-to mucosa pancreaticojejunostomy.

Methods:A retrospective study of 65 consecutive patients that underwent (PD) at ‘The First Affiliated Hospital of
Anhui Medical University teaching Hospital during the period of December 2008 to December 2015 was done. A
two-layered duct-to-mucosa pancreaticojejunostomy over an internal transanastomotic stent was performed in all 65
patients.

Results:The in-hospital morbidity and mortality rate in the study was 47.6% and 1.5%, respectively. One patient
died as a consequence of mesenteric ischemia. Pancreatic fistula occurred in one patient (1.5%) and was treated
conservatively with good results. The wound infection was the most common surgical complication (13/65; 20%) and
occurred more often in patients who had a biliary stent inserted endoscopicallyprior to surgery (10/24; 41.7%), as
compared to those without the stent (3/41; 7.3%; P<0.0001).

Conclusions: The consequences of the present study recommend that a two-layered conduit to-mucosa
pancreaticojejunostomy with inside trananastomotic stent is a sheltered anastomosis, connected with an okay of
pancreatic fistula. The nearness of a biliary stent at the season of surgery speaks to a danger element for the
improvement of postoperative injury contamination. In our information we have an aggregate number of 65 patients
some of them we did endoscopy and some of them didn't. 24 patients were done endoscopy and in these cases 10
patients get wound contamination while 41 of our patients did not get endoscopy but rather 3 patients get wound
disease. The summery of information is that the rate of wound contamination is high with patients is who get the
endoscopy.

Keywords: Pancreatoduodenectomy; Duct-to-duct (DTD)
pancreatic fistula; Pancreaticojejunostomy

Abbreviations: CT or CAT: Computed Tomography; MRCP:
Magnetic Resonance Cholangiopancreatography; MRI: Magnetic
Resonance Imaging; MRCP: Magnetic Resonance
Cholangiopancreatography; PET: Positron Emission Tomography;
IPMN: Intraductal papillary mucinous neoplasm; EUS: Endoscopic
Ultrasound; PDAC: Pancreatic Ductal Adenocarcinoma; IPMNs:
Intraductal Papillary Mucinous Neoplasms; PanIN: Pancreatic
Intraepithelial Neoplasia; CEA: Carcinoembryonic Antigen; ERCP:
Endoscopic Retrograde Cholangiopancreatography; PD:
Pancreaticoduodenectomy; DNA: Deoxyribonucleic Acid

Introduction

Digestive organs
For the digestion of food, our body utilizes some organs chiefly,

liver, gallbladder and pancreas. These organs produce and store
enzymes and other material that helps in dissolving and digesting food.

Liver
The liver is an extensive organ located in the right upper quadrant of

the abdomen, beside the stomach and behind the ribcage. Liver is an
exceptional organ with double blood supply. Hepatic blood stream is
around 1500 ml/min out of which portal vein contributes 80% and
hepatic vein contributes 20%. One of its functional role is to
manufacture a material called bile (made for the most part out of
bilirubin, bile salts, and cholesterol) that is essential for fat digestion in
the small intestine. The liver is separated into two flaps: a right lobe
and a left lobe. The left lobbie’s further divided into other two lobes, the
quadrate and the caudate lobe. Microscopically, each love comprises of
hepatic cells. These cells make and drain bile into the bile channels,
which convey bile to the gallbladder where it is put away until utilized
by the small intestine.

Segmental anatomy of liver
As see bib Figure 1, the liver can be divided into two segmental

lobes, the right and left lobes, by a fissure that extends from the left of
the gallbladder fossa to side of IVC. In the liver there are eight
segments:
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A) The left lobe portions are-I, II, III, and IV.

B) The right lobe portions are -V, VI, VII and VIII.

The section I is the caudate lobe and it has autonomous blood
supply of bile portal vein and hepatic veins. This hepatic vein joins
fuses with IVC. Right lobe has right hepatic conduit, right branch of
portal vein and right hepatic vein. Left lobe has left hepatic duct, left
central vein, left branch of bile duct as shown in Figure 1.

Figure 1: Segmental anatomy of liver.

Gallbladder and bile ducts
The gallbladder is a pear-shaped, lies under the right lobe of the

liver. The gallbladder stores and empties bile between at intervals. Bile
is secreated at a constant rate by the liver, the capacity of gallbladder is
40-50 ml, and the size is 5-12 cm at its thickest part. The gallbladder
conveys bile by the cystic, bile duct and releases bile into the
duodenum at a rate of 1000 ml/day of bile.

It contains water (98%), bile salts, bile shades, unsaturated fats,
lecithin, cholesterol and electrolytes (sodium, potassium, chloride,
bicarbonate, calcium, magnesium) with a pH of >7.0. The portion of
the bile duct that lies within the duodenum is thickened by layers of
muscle called the sphincter of Oddi. Between meals, the sphincter of
Oddi closes and keeps bile from entering the duodenum. During and
after meals, this sphincter opens and permits bile to enter the
duodenum.

Anatomy of the pancreas

Location of the pancreas
The pancreas is located behind the stomach in the left upper

quandrat of the abdomen. It is secured in place by neighboring organs
like the liver, spleen and intestine. It is long and like a level pear and on
a level plane over the stomach area; it is divided into head, neck, body,
and tail as seen in Figure 2.

The widest part of pancreas is called head and it lies in the concavity
of the duodenum while the tail encroaches into the hilum of the
spleen. The posterior surface of the neck of pancreas is identified with
terminal piece of predominant mesenteric vein and the origin of portal
vein. The pancreas comprises of exocrine tissue (95%) that produces
pancreatic juice for digestion of food in the duodenum. The remaining
tissue comprises of endocrine cells called Islets of Langerhans. These

groups of cells look like grapes and produce hormones that maintain
blood glucose levels and regulate pancreatic discharges.

Figure 2: Anatomical landmarks of pancreas.

Functions of the pancreas
The pancreas is an organ situated in the abdomen. The pancreas is a

long, thin organ around 15-20 cm long that untruths on a level plane
behind the stomach. It lies in front of L1-L2 vertebra. Exocrine and
endocrine are the principle functions where exocrine function is
concerned with processing the food while endocrine function controls
glucose levels. A healthy pancreas produces the pancreatic juice in
perfect quantities, at the correct time, to digest the foods we eat.

Exocrine part secretes pancreatic juice which helps in digestion of
proteins, carbohydrates and fats. Endocrine part constitutes islets of
pancreas which is distributed more numerous in tail of pancreas.

a) β-cells of islets secrete insulin.

b) α-Cell secretes glucagon.

Typical pancreatic juice is clear bicarbonate rich liquid containing
around 15 gram of protein and 2.5 liters discharge per day. It alkalizes
duodenal substances and helps in food processing. Latent proenzymes
secreted into the duodenum in pancreatic juice are enacted by trypsin
in duodenum. Amylase and lipase can likewise be secreted in dynamic
structures. Basal secretion of these chemicals is very low; that can be
quickly increased by hormonal and neural influences. The secretion of
pancreatic juice is controlled by secretin (cAMP) and cholecystokinin
(phospholipase C, calcium).

The protein content of the juice is secreted by acinar cells. The
ductal cells secret liquid and electrolytes. Pancreatic secretion is low in
resting stage. During eating, cephalic stage utilizes 10% of pancreatic
secretion although incidental intervention by acetylcholine further
animates 15% of pancreatic secretion through gastrin secretion and
vagal excitement; During the fundamental intestinal stage, 75% of the
pancreatic juice is secreted by the release of secretin due to duodenal
fermentation, and by the release of bile and cholecystokinin after the
passage of fat and proteins in duodenum.

Pathology of the pancreas
A) Pathology-non-malignant: In all tissues, the basic pathology is

closely related to infections or inflammations. However, this concept is
not always applicable to pancreatic pathology as it was in the year
1896, Prof. Hans Chiari, an Austrian, noticed that the inflamed
pancreas did not demonstrate infectious agent and suggested that the
inflammation of the pancreas was due to premature activation of its
own digestive enzymes that lead to auto digestion of the pancreas.
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His theory took almost hundred years to be verified as during 1996,
Prof. Whitcomb and his associates discovered the cause of hereditary
pancreatitis to be hereditary mutations in the genes coding for
trypsinogen with over activity of enzyme trypsin.

The most common non-malignant pathologies of the pancreas are
acute inflammation that leads to acute pancreatitis or chronic
inflammation that leads to chronic pancreatitis respectively. The
progression of acute to chronic pancreatitis with resultant fibrosis
(scarring) is depicted in Figure 3.

Figure 3: A Demonstrates adequate acinar cells in the normal
section while B and C shows progressive loss of acinar cells and
later islet cells (marked as*) in the inflamed cells that can be
replaced by fibrosis in chronic inflammation.

Chronic pancreatitis leads to loss of acinar cells leding to
maldigestion of nutrients, inflammation and injury to nerves,
activation of stellate cells that leads to fibrosis, sclerosis and distorted
dilated ducts. Damage to the acinus in the islets leads to diabetes
mellitus. Besides formation of calcium stones in the ducts or tissues
can occur. Various forms of non-malignant pancreatic pathologies
include genetic disorders (e.g. Shwachman-Precious stone disorder),
pancreatic infarction, fatty replacement of pancreatic tissue, cyst
growth, blockage of ducts and inflammation incided by autoimmune
pathologies and infections (bacteria, viruses or parasites).

B) Pathology–malignant: The most common and severe form of
malignant tumor is duct cell adenocarcinoma. Other forms are benign,
borderline and malignant tumors. Figure 4 represents a pancreatic
head adenocarcinoma.

Figure 4: The pancreatic cancer in the head of pancreas and its
surrounding tissues, A=tumor mass, B=its spread to lymph hubs,
C=an expanded primary pancreatic conduit upstream of the tumor.

Pancreatic cancer accounts for more than 35,000 in developed
country USA and it continues to be one of the most dreaded cancers in
the world. This cancer is difficult to detect early, early metastasis,
treatment resistant and can cause death with lesser tumor burden.

The crux of combating pancreatic cancer is early detection and
surgery, yet detection is prime. The role of chemotherapy is beneficial
to some extent while radiation treatment remains questionable.

Risk factors of Pancreatic Cancer
The chief risk factors can be broadly divided into personal,

environmental and inherited risk factors.

Personal risk factors
A) Age prevalence: After age 50 pancreatic cancer increases and

thus this age is itself a risk factor. Most of the patients with pancreatic
cancer range from 50-80 years.

B) Ethnicity prevalence: There is higher rate of pancreatic
malignancy in Ashkenazi Jews, (ref) likely because of regular
hereditary changes present in no less than 1% of people of this
foundation. African Americans are likewise more prone to create
pancreatic malignancy than are Asians, Hispanics, and Caucasians.
These may be due to propensities like eating routine and cigarette
smoking recurrence.

Environmental risk factors
A) Cigarette smoking: Smoking is the one of risk factor with

increased incidence of pancreatic cancer in smokers compared to non-
smokers. The prevalence is estimated to be about 30% especially that
are started before 10 years.

Health risk factors
A) Chronic pancreatitis: Inflammation of the pancreas is seen to be

associated with pancreatic cancer development. Chronic pancreatitis
are typically diagnosed at 35-45 years of age and can result from
various variables including hereditary pancreatitis, malformations of
pancreatic ducts, and injury to pancreas, or excessive consumption of
alcohol for a long time.

B) Diabetes: Pancreatic cancer is seen to predominate to 2 times in
patients with diabetes compared to non-diabetics, yet the underlying
pathology to this occurrence is still at large. However one opinion can
be that diabetes can result from impaired glucose tolerance that can be
caused by pancreatic cancer.

C) Weight: A person with BMI more than 25 is considered as
overweight and this feature is found to be associated with pancreatic
cancer.

Inherited risk factors
A) Inherited risk: About 15% of pancreatic malignancy has been

linked to familial genetic makeup. A person has 2-3 times more
chances of developing pancreatic cancer if his immediate relatives
(mom, father, kin, or child) have pancreatic cancer. There are several
general responsible for such, moreover genes related to breast and
ovarian cancer have related propensity too.

Classification of Pancreatic Tumors
The current day classification of pancreatic tumors is depicted in

Table 1.
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Benign Borderline Malignant

Serous cyst adenoma Mucinous cystic tumor with moderate dysplasia Ductal adenocarcinoma

Mucinous cyst adenoma Intraductal papillary mucinous neoplasm (IPMN) Osteoclast-like giant cell tumor

Intraductal papillary mucinous adenoma Solid-pseudopapillary tumor Serouscystadenocarcinoma

Mature cystic teratoma - Mucinous cystadenocarcinoma

- - Intraductal papillary mucinous carcinoma

- - Acinar cell carcinoma

- - Pancreatoblastoma

- - Solid-pseudopapillary carcinoma

- - Miscellaneous carcinoma

Table 1: WHO classification of pancreatic tumors.

The pancreatic tumor
As known with any other tumors, the discrepancies to the control

and differentiation as well as signals of cellular demise, give rise to a
cancerous cell. Mutations in cell DNA can lead to uncontrolled and
unnecessary cellular growth or may even prevent the natural
programmed cell death phenomenon. The cause of these mutations is

still under research studies. These cell growths are widely termed as
tumors which can be either benign or malignant.

The difference between a benign tumor and cancer
The gross differences are presented in Table 2.

Benign tumor Malignant tumor

Remains in one place and stops growing Tumor continues to grow and spread (metastasizes)

Does not invade other tissues or organs Invades other tissues and organs

Not cancerous Cancerous

Complications due to pressure effects to the nearby organs.

Table 2: Gross differences between benign and malignant tumors.

The pancreatic tumors can be either exocrine tumors (around 95%
of pancreatic malignancies) or endocrine tumors (around 5% of
pancreatic diseases).

The exocrine tumors
Pancreatic cancers arise in any part of the pancreas. Pancreatic

adenocarcinoma, additionally called pancreatic ductal
adenocarcinoma, or PDAC, is the most common type of pancreatic
malignancy (95%). It originates from the cells of pancreatic duct.
Other uncommon types of exocrine tumors are Acinar cell carcinoma,
Adenosquamos carcinoma, and Mucinous cystadenocarcinoma.

The endocrine tumors
Endocrine tumors are growths that originate at the islet of

Langerhans cells. As the tumor cells originate in the hormone
producing cells, the clinical manifestations may also include signs and
symptoms of excess or absent hormonal productions. These endocrine
tumors constitute less than 5% of pancreatic tumors.

They are also called as neuroendocrine or islet cell tumors.
Functional islet cell tumors also include insulinomas and

glucagonomas, while VIPomas and somatostatinomas are less
common. Nonfunctional tumors are less common and do not produce
excess hormones

Diseases of the Pancreas
Clutters influencing the pancreas incorporate pancreatitis,

precancerous conditions, for example, PanIN and IPMN, and
pancreatic tumor. Every confusion may display distinctive side effects
and requires diverse medicines.

Pancreatitis
Pancreatitis is defined as inflammation of pancreas, the results of

which leads to increased secretion of pancreatic autolytic enzymes
which begin to digest the gland itself. I can express as painful acute
attacks or chronic form.

Precursors to pancreatic cancer
The etiology of pancreatic cancer is still obscure and we only know

the risk factors. Cigarette smoking, family histories of pancreatic
malignancy, chronic pancreatitis are some of the known risk factors.
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Additionally pancreatic lesions like Intraductal Papillary Mucinous
Neoplasms (IPMNs) and Pancreatic Intraepithelial Neoplasia (PanIN)
are considered to be precursors of pancreatic cancer.

Pancreatic cancer
The most common pancreatic tumor is pancreatic adenocarcinoma,

an exocrine tumor emerging from the cells covering the pancreatic
duct while less than 5% are endocrine tumors

Diagnosis
Diagnosis chiefly utilizes the lab tests and imaging studies.

Lab tests
The lab tests are used as supportive to diagnose pancreatic cancers

as there is no sole test that can give a clear cut confirmatory diagnosis
of the disease.

Liver function test
A tumor that lies in the pathway of the bilirubin flow from the liver

to the intestine can be assessed by determining the bilirubin level as it
may increase. The normal range of bilirubin levels is between 0.3 and
1.3 mg/dl (milligrams per deciliter).

CA 19-9
It is a tumor marker and CA19-9 is very useful in the diagnosis of

pancreatic cancer. The tumor marker CA19-9 normal range is between
0 and 37 U/ml but is raised in patients with pancreatic cancer.
However all pancreatic cancer may not result in elevated levels of
CA19-9 while some non-neoplastic conditions like pancreatitis and
jaundice may have elevated levels of CA19-9. Thus clinical condition
along with the markers levels should be correlated.

Besides, the CA19-9 levels are also used to see the effectiveness of
therapy as post chemotherapy, if the levels decrease, then that indicates
the treatment is effective. Conversely, if the levels rise, it may mean
that there is tumor recurrence or that the chemotherapy is ineffective
and needs a change.

Carcinoembryonic antigen (CEA)
CEA is also a tumor marker for pancreatic cancer. The normal

amount of CEA in non-smokers is less than 2.5 ng/ml (nanograms per
milliliter), and in smokers, less than 5.0 ng/ml. Like CA 19-9, CEA is
used best to monitor progress and treatment response, rather than to
establish a diagnosis.

Biopsy
It is a procedure where tissue from a suspected tumor is taken and

observed under a microscope and studies its morphological
characteristics and confirm the presence of cancer cells. Biopsies have
been regarded as the gold standard while diagnosing neoplasms. There
are several methods of performing biopsy that are:

Fine Needle Aspiration, where a thin needle is inserted into the
pancreas. The needle can be inserted through an endoscope, or less
commonly through the skin. Brush Biopsy, which involves using a
small brush attached to an endoscope to gather cells in one of the ducts
near the pancreas.

Laparoscopy, which is a form of surgery in which tissue of the
tumor is collected through small incisions in the abdomen.
Concomitant to the diagnosis, further treatment plan requires
determining the correct clinical stage of the disease referring to
whether, and how far, the cancer has spread in the pancreas and
throughout the body. Determining the correct stage ensures the best
treatment plan to extend survival and maintain quality of life.

Diagnostic imaging studies
Imaging studies provide important visual information about the

pancreas and surrounding organs and blood vessels. They are crucial
tools in diagnosing and monitoring pancreatic cancer. There are many
types of imaging studies, each providing different information. Most
imaging studies are non-invasive, but there are some that are invasive
and require inserting an instrument into the body.

Depending on your symptoms, your doctor may ask that you
undergo one or more of the imaging studies explained here. Each will
help your physician visualize, diagnose, and monitor a pancreatic
tumor.

A) Non-Invasive Tests

a) Abdominal Ultrasound

b) Computed Tomography (CT, CAT) Scan

c) Magnetic Resonance Imaging (MRI)

d) Magnetic Resonance Cholangiopancreatography (MRCP)

e) Positron Emission Tomography (PET) Scan

B) Invasive Tests

a) Endoscopic Ultrasound (EUS)

b) Endoscopic Retrograde Cholangiopancreatography (ERCP)

Non-Invasive tests

Abdominal ultrasound
Ultrasound of the abdomen is a non-intrusive test that deploys a

guided sound wave to access at the body's interior organs, including
the pancreas, gallbladder, liver, kidneys, spleen, stomach, and digestion
tracts. These sound waves are of high frequency and can't be heard by
the human ear. When the sound waves hit an inner organ they
resound, making a picture called a sonogram. Since the sounds emitted
by the tissue and tumors are diverse echoes, the span of the inner
organs and the associated structural defects as well as the proximity of
a tumor mass can be distinguished utilizing ultrasonography.

Computed tomography (CT, CAT) scan
CT is another important imaging where an X-ray machine is linked

to a computer and takes a series of detailed cross-sectional pictures.
These "slices" are then linked together to create a detailed 3-
dimensional reconstruction of the body. It differs from a regular X-ray
image as more detailed information about soft tissue and blood vessels
are provided besides the bone. It can be of two types, a plain non
contrast CT scan or often after the first set of pictures is taken, the
patient may be asked to drink contrast dye, or may receive an
intravenous (IV) line through which the dye is injected. This dye helps
to better outline the body structures, show small pancreatic tumors,
and to reveal whether the cancer has spread to any other organs.
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Magnetic resonance imaging (MRI)
MRI use radio waves and powerful magnets to produce images of

the body. Like a CT scan, an MRI can produce detailed 3-dimensional
cross-sectional images of the body. The MRI can also produce image
slices running the length of the body, providing an alternate view of the
affected area.

Magnetic resonance cholangiopancreatography (MRCP)
MRCP is a specialized MRI scan that allows visualization of the bile

and pancreatic ducts in a non-invasive way. Tumors originating in
these ducts are the target of MRCP. Furthermore, the suitability of a
surgical candidate for pancreatic procedures is assessed by MRCP.

Positron emission tomography (PET) scan
PET scans create images based on the metabolic activity of cells in

the body. A small amount of radio labeled glucose is injected into the
bloodstream. The glucose is taken up and metabolized by the tissues.
The PET scanner reads the signal emitted by the radio labeled material
to produce computer-generated images of your body. Since cancer cells
metabolize more glucose than normal cells, they "light up" more
brightly on the PET scans and can help your doctor pinpoint your
disease.

PET scans may also be helpful in differentiating benign masses,
such as cysts, from cancerous tumors. They may also help to identify
small metastases to the liver and other surrounding organs that do not
show up on CT or MRI scans. PET scans are now often done in
conjunction with CT scans to provide a complete image of the body
that including both molecular (PET) and anatomical (CT) visual
information.

Invasive Tests

Endoscopic ultrasound (EUS)
EUS is one of the most useful imaging studies for diagnosing

pancreatic cancer. It provides detailed images of the pancreas and
surrounding tissues including the liver, blood vessels, and lymph
nodes. Detailed pictures can be produced, and small tumors in the
pancreas can be detected as the ultrasound probe to get very close to
the pancreas and its surrounding organs.

Endoscopic retrograde cholangiopancreatography (ERCP)
ERCP is most often performed when a patient exhibits symptoms of

jaundice, which can indicate presence of a mass narrowing or blocking
the ducts. It visualizes the bile and pancreatic ducts clearly. It is an
outpatient procedure where a catheter is threaded through the
endoscope and inserted directly into the pancreatic and bile ducts. Dye
is injected through the catheter and into the ducts and then an X-ray is
taken. If a blockage, or stricture, is found, the physician can intervene
by placing a stent into the obstructed duct. A stent is a device that
helps hold the duct open to allow bile and pancreatic juices to flow
properly.

Treatment
The best treatment of pancreatic disease depends on the spread and

stage (0-IV) of the disease, although staging the pancreatic tumor is
more accurate.

Stages of pancreatic cancer
Stage is used in the determination and treatment of pancreatic

disease and to depict the degree of spread. The progression of disease/
pancreatic cancer progression can be broadly divided into 5 stages (0-
IV) that are:

Stage 0: No spread. Pancreatic disease is limited to a solitary layer of
cells in the pancreas. The pancreatic growth is not unmistakable on
imaging tests or even to the naked eye.

Stage I: Neighborhood development. Pancreatic malignancy is
restricted to the pancreas, [<2 cm cross-sections (stage IA) or >2
centimeters (stage IB)].

Stage II: Neighborhood spread. Pancreatic tumor has lies outside the
pancreas, or has spread to close-by lymph nodes.

Stage III: More extensive spread. The tumor has ventured into close-
by real veins or nerves however have not metastasized.

Stage IV: Affirmed spread. Pancreatic growth has spread to far off
organs.

Deciding pancreatic growth's stage is frequently precarious. Imaging
tests like CT scan and ultrasound can provide some data; yet knowing
precisely how far the pancreatic disease has spread, normally requires
surgery. Since surgery can lead to complications, a surgeon first figures
out whether the pancreatic growth can be removed by surgery
(resectable) or not.

Resectable: The disease hasn't spread (or if not far) on imaging
studies, and if the specialist feels that it is removable. Around 10% of
pancreatic tumors are viewed as resectable when initially analyzed.

Locally progressed (unrespectable): Pancreatic malignancy that has
developed into vasculature on imaging studies, so that the tumor
cannot be removed by surgery.

Metastatic: Pancreatic tumor has plainly spread to different organs,
so surgery can't eliminate the disease.

Pancreaticoduodenectomy (PD)
A pancreatoduodenectomy, by Kausch in the pancreas surgery

major surgical operation is the whipple strategy. Removal of the
pancreas, duodenum, gallbladder and further different organs are
included in the Whipple’s method of surgical operation. This operation
is performed on carcinogenic tumors.

History of the pancreaticoduodenectomy (PD)
The first PD was described by Alessandro Codivilla in 1898, an

Italian surgeon. The resection for a periampullary disease was firstly
performed in 1909 by German surgeon Walther Kausch and was
described in 1912 by Kausch. It is commonly called as ‘the Whipple’s
procedure’, named after an American surgeon Allen Whipple who
introduced and developed an enhanced variant of the surgery in
(1934-1935). Since then, various refinements to his system and
Whipple one-stage technique (1940) have/are being done.

Pancreatoduodenectomy (PD) is a method that employs major
surgical strategy that includes both the pancreas and duodenum. This
operation is typically performed to treat carcinogenic tumors on the
head of the pancreas, malignant tumors of the bile duct, duodenal
papilla, or duodenum that lies in close proximity to the pancreas and
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in some instances of pancreatitis. PD is a major procedure that
demands surgical competency and a specialized care [1-5].

The chief reason that makes this procedure hypercritical is the
occurrence of pancreatic fistula during pancreatic anastomosis
creation. It has been found that even in standard specialized critical
specialties the occurrence of pancreatic fistula ranges from 0-2%
[3,6-8] to more than 20% in some cases [9-12].

Besides this dreaded complication that adds to significant morbidity
and mortality, the anastomosis reconstruction procedure may lead to
local abscess formation, sepsis, delayed gastric emptying and
postoperative intra-stomach bleeding due to autolytic activity of the
pancreatic juice [1-5].

Basically during PD as shown in Figure 5, the common hepatic duct,
the common bile duct along with the gall bladder, the cancerous
pancreatic head as well as the encroached duodenum is excised. A
direct anastomosis between the remaining pancreatic remnant and the
jejunum is made.

Figure 5: Demonstrates the classical pancreatodudenectomy
commonly known by Whipple’s procedure where removal of
pancreatic head with tumor, common hepatic duct, common bile
duct with the gall bladder and the encroached duodenum is
performed followed by anastomotic apposition of pancreatic
remnant and jejunum is performed.

Different centers deploy various methods of pancreatic anastomosis
and there is no single consensus as to the best possible approach and
strategy [13-15]. Simple classical pancreaticojejunostomy have been
the most widely well-known approach that comprises of either
invagination technique or duct to mucosa pancreaticojejunostomy.
These procedures further, may or may not deploy a stent between the
anastomosis. In this study, we report our experience with the use of the
classical procedure by creating an anastomosis in a single layered duct
to mucosa pancreaticojejunostomy and highlight its consequences in
terms of mortality and occurrence of pancreatic fistula.

Methods and Materials

Data collection
A retrospective study was conducted in all 65 patients that

underwent pancreatoduodenectomy at the department of
Hepatobiliary, Pancreatic Surgery and Liver Transplantation between

the periods of January 2008 and December 2015. All the records were
extracted from the hospital database as well as from follow up clinics.

The pre-operative parameters that were considered for analysis
included–patient demographics, co-morbidities, history of current
illness, past illness, laboratory data and imaging data. The patients that
underwent diagnostic computed tomography were only considered for
the surgery.

Similarly, the evaluation of operability was done by endoscopic
ultrasound as well as endoscopic retrograde Cholangio-
pancreatography in selected cases.

The surgery
The surgical procedure was performed by four PD specialists. The

classical Whipple’s technique was employed for the anastomosis
construction. Firstly, the proximal jejunum was brought from behind
the colon to the right half of the middle colic vessels. Then, modified
Cattell's pancreaticojejunostomy [16] was performed first and the most
proximal part of the loop in an end to side manner in two layers.

For these procedures, absorbable monofilament polydioxanone
sutures (Johnson and Johnson: USA) with atraumatic needles were
used. The procedure utilized is depicted in Figure 6 where the back
wall of the pancreatic remnant was dissected off the splenic vein as well
as from the retro peritoneum for a distance of around 2 cm from its cut
edge.

Figure 6: Dissection of the posterior wall of the pancreatic remnant.

This was followed by application of four 6/0 double armed
interrupted sutures on the pancreatic duct at 3, 6, 9 and 12 o'clock
position before starting the anastomosis procedure. These sutures were
placed in an inside-out manner and if the pancreatic duct caliber was
small then loupe magnification (2.5X) was performed.

This was followed by seromyotomy of the back of the jejunum using
the back side of the scalpel (Figure 7A) and the mucosa was removed
off the seromucosal layer by the use of fine forceps (Figure 7B) for the
necessary space that the pancreatic stump remnant would occupy in
the anastomosis.

Finally, the outermost layers of the anastomosis were apposed by
means of a running suture in an inside-out manner on the side of the
pancreatic stump, taking enough pancreatic tissue from the pancreatic
stump.
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Figure 7: Demonstrated the method employed in creating an
opening in the jejunum. Figure A shows blunt dissection by the
back side of the scalpel while Figure B shows the use of fine forceps.

Anastomosis details
Firstly external anastomosis was created by connecting the posterior

walls of the external layer of the divided pancreatic neck and the
seromuscular layer of jejunum using a 4/0 running suture (Johnson
and Johnson). It was made sure that the pancreatic duct was excluded
from the suture line by placing a stent into the duct. The size of the
stent (4-10 Fr) to be inserted into the pancreatic duct was same as the
internal diameter of the pancreatic duct extent and accordingly an
aperture (1-2 mm) was created into the jejunum. This was followed by
duct to mucosa anastomosis between the main pancreatic duct and the
jejunal mucosa with four interrupted 6-0 sutures over the inner trans-
anastomotic stent.

Figure 8: Demonstrates the anastomosis between pancreatic
remnant and the jejunal mucosa and the stent (blue).

The length of the stent used was about 8-10 cm and it was inserted
half into the main pancreatic duct and half into the jejunum. The stent
was supported by one of the sutures of the pancreatic duct and the
sutures closed after all the sutures participating in the anastomosis
were tied down. The knots were placed externally in relation to the
anastomosis. This was followed by performing anastomosis between
the anterior walls of the divided pancreatic neck and the jejunum with
the help of abundant bites of 4/0 running sutures (Figure 8).

Care was always taken to avoid inadvertent pulling of the holding
suture by the assisting surgeon so as to avoid laceration and cutting of
the freshly sewn pancreatic remnant tissues. Following this procedure,
two drains with negative suction were placed in the pancreatic
anastomotic territory as well as nasogastric tube in the stomach. For
the purpose of enteral feeding, a needle-catheter feeding jejunostomy
was placed in all patients.

Post procedure, the patients received standard post-operative care.
This comprised of continuation of antibiotics for 24 hours, proton
pump inhibitors, and also subcutaneous octreotide 3 × 100 μg every
day for 7 days and low molecular weight heparin until the patients
were discharged. The NG tube was taken out the next day or later if the
amount of drainage was less than 500 ml/day. The patients were
allowed to drink water at day 6 of surgery while enteral feeding was
continued upto the 7th.

Post-operative day with progressively introducing pancreatic (low
fat) diet as tolerated. The abdominal drains were checked regularly and
specifically for the amylase content during the 2nd and 5th post-
operative day to detect formation of pancreatic fistula. The pancreatic
fistula was diagnosed if the drain, however small the content be,
contained amylase that was three times the value of plasma amylase
levels after the third post-operative day [17,18].

Similarly, if the amylase content in the drain was less or if the drain
had fluid volume less than 100 ml, then the drain was removed on the
fourth postoperative day. Likewise, delayed gastric emptying was
diagnosed if the stomach aspirate contained fluid volume of more than
500 ml/day for ≥ 10 days of surgery or if the patient could not take in
normal food or persistent vomiting requiring NG tube reinsertion by
14th post-operative day [19,20].

The overall complications were evaluated by 5-grading scale
proposed by De Oliveira et al. [21] that is depicted in Table 3. The
mortality incorporated every single death that occurred within the 30
days of procedure including hospital deaths.

Statistical analysis
All the collected data’s were tabulated and were subjected to

rigorous statistical analysis. The statistical method used was Yates
correction and Fisher tests applying the SPSS (version-16, Chicago,
USA) program.

The p-value <0.05 was considered as statistical significant. The
graphs and figures were constructed by graph pad prism and paint
brush.
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Grade Definition

I
Any deviation from the normal postoperative course without the need for pharmacological treatment or surgical, endoscopic, and radiological
interventions. Allowed therapeutic regimen are: drugs as antiemetics, antipyretics, analgesics, diuretics, electrolytes, and physiotherapy. This
grade also includes wound infections opened at the bedside.

II Requiring pharmacological treatment with drugs other than such allowed for grade I complications. Blood transfusions and total parental nutrition
are also included

III Requiring surgical, endoscopic or radiological intervention

IIIA Intervention not under general anesthesia

IIIB Interventions under general anesthesia

IV Life- threatening complication (including CNS complications)* requiring IC/ICU management

IVA Single organ dysfunction

IVB Multiorgan dysfunction

V Death of patient

Suffix ‘d’ If the patient suffers from a complication at the time of discharge, the suffix ‘d’ (for disability) is added to the respective grade of complication. This
label indicates the need for a follow up to fully evaluate the complication.

*Brain hemorrhage, ischemic stroke, subarachnoid bleeding, but excluding transient ischemic attacks. CNS: Central nervous system, IC: Intermediate care, ICU:
Intensive care unit.

Table 3: Shows the standard grading scale proposed and widely used by surgeons worldwide regarding post-operative grading of complications
following PD procedure.

Results
A total of 65 patients underwent PD out of which 39 were male and

26 were female patients and the mean age of the patients were 60
(range 45-76) years and most were 60% (39/65) were men. The surgical
indications considered for the procedure are outlined in Table 4.
Preoperative endoscopic biliary stenting was doing in 24 patients.

Age* (years) 60.8 (45-76)

Male/Female 39/26

Malignant tumor 55

Histological diagnosis

Pancreatic head cancer 41

Distal bile duct cancer 2

Ampullary cancer 8

Metastasis to the pancreas 1

Other 3

Benign tumor 10

Chronic pancreatitis 7

Cystadenoma 1

Ampullary adenoma 2

*data expressed as median (range)

Table 4: Patient characteristics.

It was observed that the occurrence of post-operative complications
was in 47.6% of patients (31/65) out of which 41.5% and 6.1% were
local and systemic complications respectively (Table 2) also depicted in
Figure 9. When the complications were categorized into standard
grading system (Table 1), it was found that the patients had major
complications in 5% (≥ grade 3) that required surgical treatment (n=2)
or ICU management (n=1). Similarly, two patients (3%) had to
undergo reoperation as one of them developed intra-abdominal
hemorrhage while the other had mesenteric ischemia. The latter
patient had to be admitted to the ICU too due to development of
multi-organ failure due to development of pancreatitis of the remnant
pancreas. The median length of hospital stay was 25 (territory 13-47)
days.

The injury contaminations were brought about by Escherichia coli
and Enterococcus faeciumand determined after run of the mill
administration with anti-microbials and waste. Pancreatic anastomotic
hole happened in standout patient (1.5%) with the nonappearance of
any indications and the conclusion made on the third postoperative
day by routine assessment of amylase substance in the seepage liquid.
The patient was treated with support of outside seepage, all out enteral
sustenance by means of the sustaining jejunostomy, intravenous anti-
infection agents (piperacillin/tazobactam 4.5 gm 3 times every day)
and proceeded with octreotide organization subcutaneously (0.1 mg 3
times day by day) until the spillage halted on the 21st postoperative
day. The registration figured tomography examine did not uncover any
irregularity and the patient was released home 24 days taking after
surgery.

Local complication in the form of intra-abdominal hemorrhage was
observed in 2 patients on day 2 and day 5. These patients were urgently
taken to the OT and urgent re-laparotomy was performed followed by
ligation of mesenteric roots that were the source of bleeding. Moreover,
one of the patients developed biliary leakage after the procedure at day
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6 and again after 1 day of performing re-laparotomy. This patient was
placed with an abdominal drain until no fluid drained out that was for
about 29 after which the drain was taken out. Unfortunately, the
patient developed tight biliary stricture at the anastomosis site at 12
months and is still in continuous follow up and is being treated with
percutaneous trans-hepatic biliary drainage procedure. He is well till
now. He still has the trans-anastomotic biliary channel at 30 month of
follow-up.

Figure 9: Overall Complications of PD.

Figure 10: Overall morbidity of the PD procedure.

Among the local complications, wound infection was most common
that occurred in 20% (13/65) of the cases. 41.7% of these patients
(10/24) had endoscopically implanted biliary stent preceding surgery
while 7.3% of the patients (3/41) did not have biliary stents before
surgery (P<0.0001). Pathological reports obtained from the laboratory
revealed that wound infection was chiefly caused by bacterial
infections with Escherichia coli and Enterococcus faecium which were
successfully treated with antibiotics.

Pancreatic anastomotic leakage was observed in 1 patient (1.5%)
that remained asymptomatic and the diagnosis was only revealed in 3rd

post-operative day when the drain fluid revealed significant higher
levels of amylase. The patient was thus treated with continuous
external drainage of the fluid, enteral feeding via feeding jejunostomy,
intravenous antibiotics (piperacillin/tazobactam 4.5 gm 3 times every
day) and subcutaneous Octreotide (0.1 mg 3 times day by day). This
treatment was followed until there was no fluid in the drain, which was

seen at 21st post-operative day. The absence of leakage was confirmed
by a CT scan and the patient was discharged at 24 days of the surgery.

Similarly as depicted in Tables 3 and 4 patients suffered from
systemic complications, where pneumonia predominated and some
patients also developed MI and stroke. All of these patients were
managed with standard medical that recovered.

There was 1 case of in hospital death that occurred as a result of
major post-surgical complication, the patient died because of serious
stomach sepsis as a result of extensive intestinal necrosis that
developed at day 6 of surgery. This patient was diagnosed as a case of
pancreatic head carcinoma, thus the superior mesenteric artery was
dissected as the tumor mass had encroached the artery and reaching
the border of tumor was mandatory. This patient died at day 9 (Table
5).

 Post-operative complication Total number of patients N=65

Overall morbidity 31

Local morbidity 27

Delayed gastric emptying 7

Wound infection 13

Intra-abdominal hemorrhage 2

Intestinal necrosis† 1

Cholangitis 1

Pancreatic fistula 1

Biliary fistula 1

Acute necrotizing pancreatitis 1

Systemic morbidity 4

Pneumonia 2

Myocardial infection 1

Stroke 1

Re-operations 3

Mortality 1

Hospital stay (days)* 25 (13-47)

*Data expressed as median (range); †Complications resulting in mortality

Table 5: Post-operative complications.

Discussion
Among commonly performed surgical procedures, PD is considered

to be one of the most challenging procedures as it is associated with
significant mortality and morbidity. It has been reported that even in
specialized units, the occurrence of morbidity and mortality with this
procedure is observed to be 40-60% and 0-5% respectively [3,22-25].
The occurrence of pancreatic fistula as the major complication carries
the major bulk of complication and significant amount of in-hospital
mortality while 20-40% postoperative deaths [3,9-12,26-28]. Are
contributed by other procedural complications like sepsis, peritonitis,
abscess formation or intra-abdominal hemorrhage. Although there are
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many causes of pancreatic fistula formation, surgical causes or
iatrogenic causes chiefly revolves around per procedural causes. The
diseased pancreatic tissue is very fragile with soft texture and excising
the tissue as well as suturing the tissue becomes difficult. Tying the
knot around the pancreatic remnant primarily determines whether
there will be any leakage or fistula in the future or not.

The stability and viability of the knot still depends on the amount of
texture and fatty infiltration on the gland which are the main risk
factors for knot stability and development of pancreatic fistula [25-30].
Besides, the delicate diseased pancreas may produce large amount of
pancreatic juice compared to fibrosed pancreas. This has been
validated by studies that have demonstrated lower occurrence of
anastomosis based complications in fibrosed pancreatic tissue (chronic
pancreatitis) compared to friable soft textured pancreatic tissue [31].
Thus numerous researches have aimed at finding a suitable agent or a
suitable method to address this issue of anastomotic leakage and
recently trans-pancreatic U-sutures have also been suggested so as to
avoid or minimize tangential sheer forces during knot tying so as to
avoid the extra stress in the tissue by the knot [28,32].

In this study, we observed that the occurrence of pancreatic
anastomotic leakage after PD was significantly lower (1.5%) with
modified duct to-mucosa pancreaticojejunostomy procedure. This
finding of ours was in lieu with previous findings of some studies
conducted earlier [3,33,34]. However, this finding was also
contradictory with other studies that have found the reverse [35-37].
These lower rates of pancreatic anastomosis leaks have also been
documented in both series that do and do not use pancreatic stents
[3,28,37]. A noteworthy technique that they have deployed that differs
from ours was that they constructed an external layer of the
anastomosis with interrupted sutures and did not use pancreatic duct
stent for duct to-mucosa anastomosis. Furthermore they also provided
a buttress to the pancreatic stump by providing some horizontal
mattress U-sutures in cases of soft and intermediate textured pancreas.
The goal of these procedures was similar to our technique of
incorporating the thick bites of thick pancreatic tissue so as to achieve
a firm and tight anastomosis. Similarly the internal layer of duct to
mucosa should be perfectly apposed to the wall so as to ensure
undisturbed flow of pancreatic juice into the jejunum. The jejunum too
be vigilantly so as to prevent cracks and crevices from where the
pancreatic juice can leak out (Figure 2). The use of an internal trans-
anastomotic stent and loupe amplification can be particularly
important in securing a tight anastomosis too.

Whether to use the pancreatic stent or not has received conflicting
opinions but it is generally agreed in some studies that its use especially
in cases of normal pancreatic duct and with normal textured pancreas,
the use of stent is beneficial [38-40]. Yet, as stated earlier, there are
studies that have opined in contradiction to the use of pancreatic stent
[41-43], making generalized opinion difficult. We in our study used the
inner trans-anastomotic stent routinely in every one of our patients
regardless of the status of the pancreatic duct or the pancreatic texture.

The in hospital mortality rate was 1.5% in our study, which is low as
compared to other studies. Our study also revealed that the rate of
post-operative wound infections were relatively higher (20%). This was
specially observed in patients that had undergone biliary stenting prior
to the procedure. This observations of ours has also been
acknowledged in previous studies by different authors [44,45]. This has
led us to identify biliary stent in-situ as an important risk factor in the
development of wound infection that would require further studies in
the future.

Conclusion
Based on our studies we can say that the utilization of two-layered

duct to-mucosa pancreaticojejunostomy along with the trans-
anastomotic stent as a connecting channel between the pancreas and
jejunum is the optimal method to avoid trans-anastomotic leakage,
pancreatic fistula formation and reduce the in-hospital complication
rates. This process is safe and is associated with lower mortality. The
practice of electively putting in biliary stent and PD performed with an
intrinsic biliary stent is associated with higher chances of post-
operative wound infection. Given the overall rarity of complications
that require surgery familiarity with the published data and sound
clinical judgment are key to successful patient outcomes.
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