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   Introduction 

   This book, entitled International Practices in Pancreatic Surgery, represents 
the somewhat unique method of allowing high-visibility pancreatic surgeons 
from around the globe to discuss and compare their approaches to pancreatic 
cancer, cystic neoplasms of the pancreas, chronic pancreatitis, and acute pan-
creatitis. This book may serve as a code of practice for residents as well as 
specialized pancreatic surgeons in the clinical practice of pancreatic surgery. 
Diagnosis and subsequent management, from evaluation/staging to operative 
treatment, are described clearly, and the many forms of operative techniques 
are described, concentrating on the important details. The prevention and the 
treatment of common complications are included. Superb photos and draw-
ings complement the comprehensive descriptions of the various surgical treat-
ments for pancreatic cancer, cystic neoplasms of the pancreas, and chronic 
and acute pancreatitis. We specifi cally avoided needless theoretical informa-
tion and discussions of the literature. This book was designed to be a practical 
guide, including information used on a day-to-day basis, for the surgeon, i.e., 
planning for resection, the instruments or sutures to be used, details of the 
possible reconstruction, the drugs required or that should be available, and 
perioperative management. Many well-known experts from all over the world 
describe their individual techniques and thoughts about pancreatic surgery. 
This discussion is combined with the latest results in their departments and 
contrasts with the four basic chapters from the Otto-von-Guericke-University 
in Magdeburg and the Ruprecht-Karls-University in Heidelberg. 

 The concept of this book is unique and immediately relevant to the daily 
routine of a surgeon. We hope you fi nd it interesting, and we believe that it 
will provide new insights into the diagnosis and management of the more 
common disorders that require pancreatic surgery. 

 Brandenburg, Germany R. Mantke
Magdeburg, Germany H. Lippert
Heidelberg, Germany M.W. Büchler
Rochester, MN, USA M.G. Sarr  
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  Surgery of the Pancreatic Carcinoma 
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  1

    1.1   Carcinoma of the Pancreatic 
Head/Periampullary 
Adenocarcinoma 

    1.1.1   Relevant Basic Information, 
Indication and Contraindication 

 Periampullary adenocarcinoma includes cancer of 
the pancreatic head, ampullary cancer, distal bile 
duct cancer, and duodenal cancer. About 70 % are 
carcinomas of the pancreatic head. The operation 
procedure is essentially the same for all of these 
types of neoplasms. The frequency of lymph node 
metastases in patients with pancreatic cancer is 
associated with a 5-year survival rate of only 5 % 
or less. This very aggressive tumor biology is the 
rationale for an extended lymph node resection in 
pancreatic cancer. Another major problem with 
performing operations for pancreatic head carci-
noma is also the frequent presence of perineural 
invasion; perineural involvement is also associ-
ated with a very poor prognosis. Because involve-
ment of the mesenteric neural plexus is extensive, 

it is dif fi cult to achieve a negative, retroperitoneal 
margin even with a radical resection. 

 Clinical symptoms (usually jaundice related to 
obstruction of the distal bile duct), computed 
tomography (CT), and endoscopic retrograde 
cholangio pancreatography (ERCP) or magnetic 
resonance imaging (MRI)/magnetic resonance 
cholangiopancreatography (MRCP) lead to the 
diagnosis of a periampullary carcinoma. We prefer 
a high-quality, multiphase, contrast-enhanced, 
thin-section, helical CT including angio-CT 
(Table  1.1 ). MRI requires more time to perform, is 
more expensive, less available, and more dif fi cult 
to read, yet MRI is less “invasive” compared to CT 
and ERCP; moreover, CT is usually easier for a 
surgeon to interpret than MR images. Preservation 
of fat around the major peripancreatic vascular 
structures suggests a lack of direct tumor invasion 
and is consistent with the clinical prediction of 
“resectability”. Isolated involvement of the supe-
rior mesenteric vein or the portal vein is not neces-
sarily a contraindication for resection. We believe 
that circumferential vessel involvement by tumor, 
in fi ltration of the hepatic or mesenteric artery, or 
occlusion by the tumor of these vessels should be 
absolute contraindications for resection. We use 
ERCP and biliary stents only selectively. If the 
diagnosis is clear and the operation can be done in 
a short time window, we see no need for insertion 
of an endoscopically placed endo-biliary stent 
when the  fi ndings on CT or MRI/MRCP are 
unclear, we will often proceed to ERCP including 
cytologic investigation. In the case of cholangitis 
or bilirubin levels >300  m mol/l (>18 mg/dl), 

    R.   Mantke   (*)  
   Professor of Surgery, Chair, Department of Surgery , 
 City Hospital Brandenburg ,   14770   Brandenburg , 
 Germany    
e-mail:  mantke@klinikum-brandenburg.de   

    H.   Lippert ,  M.D.    
   Professor of Surgery, Chair, Department of Surgery , 
 Otto von Guericke University of Magdeburg ,
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 endoscopic papillotomy and stenting is indicated. 
In practice, we often get patients with suspected 
pancreatic cancer referred from other hospitals or 
gastroenterology departments with biliary stenting 
already performed for the treatment of jaundice. In 
contrast to some authors, we have not seen a 
greater rate of postoperative complications 
( fi stulas, infections, mortality) in patients with 
endobiliary stents placed preoperatively.  

 Endoscopic ultrasonography is a relatively 
non-invasive diagnostic tool to investigate the 
primary neoplasm. If the CT or MRI is unclear, 
the patient will get an endoscopic ultrasonogra-
phy to con fi rm or supplement the other diagnos-
tic results. We see no need for a preoperative 
biopsy in potentially resectable patients because 
of high rates of false-negative biopsies and the 
risk of tumor seeding. Pancreas biopsy is usually 
only necessary in patients who will not be 
resected and palliative therapy will be done. 

  Staging : Operative resection only bene fi ts 
patients with loco-regional disease. Preoperative 
imaging/staging should be undertaken to exclude 
distant metastases. There should be no evidence 
of involvement of the hepatic, celiac, or superior 
mesenteric arteries and no diagnostic evidence of 

occlusion of the superior mesenteric or portal 
vein. Extensive resection should be avoided in 
patients with occlusion of the superior mesenteric 
vein (SMV) or portal vein (PV) and collateraliza-
tion because of a strong risk of bleeding and a 
high mortality. Segmental vein resection and 
reconstruction of the portal and/or the superior 
mesenteric veins in selected patients provided a 
complete resection can be achieved with this pro-
cedure. Candidates for resection of the pancreatic 
head should have a good functional status and 
physiologic reserve to withstand the resection 
procedure. Chronologic age alone should not be a 
contraindication for pancreatic resection. 

 General contraindications for pancreas head 
resection are (exceptions are possible):

   Liver metastases  • 
  Peritoneal metastases (malignant ascites)  • 
  Other distant metastases  • 
  Tumor involvement of the superior mesenteric • 
artery (SMA) or hepatic artery  
  Circumferential tumor involvement or occlu-• 
sion of the SMV or PV  
  Patient in an unsatisfactory medical condition, • 
other relevant diseases limiting expected 
survival     

   Table 1.1    Diagnostic in patients with suspicion of a periampullary carcinoma   

 Diagnostic method  Questions 

 Clinic  Jaundice, pain, vomiting, weight loss, glucose intolerance, new diabetes, 
gastrointestinal bleeding, steatorrhea, palpable abdominal mass 

 Laboratory evaluation  Standard parameters 
 Standard chest X-ray  Pulmonary lesions, metastases 
 Ultrasound  Pancreatic tumor, ascites, liver metastases 
 CT (high quality multiphase contrast 
enhanced, thin-section helical CT), 
Angio-CT 

 Size and location of the tumor, relationship to the mesenteric and portal 
vein and hepatic and superior mesenteric artery, liver or lymph node 
metastases, peritoneal metastases 

 ERCP  Strictures and obstruction of pancreatic or bile duct, endobiliary stenting, 
biopsy – cytologic investigations 

 Endoscopic ultrasonography  Size and location of the tumor, relationship to the mesenteric and portal 
vein and hepatic and superior mesenteric artery, local lymph node 
metastases, strictures and obstruction of pancreatic or bile duct 

  MRT + MRCP + Angio-MRI    All-in-one procedure, size and location of the tumor, relationship to the 
mesenteric and portal vein and hepatic and superior mesenteric artery, 
liver or lymph node metastases, peritoneal metastases, strictures and 
obstruction of pancreatic or bile duct  

  Diagnostic laparoscopy  ( in combina-
tion with the resection procedure – in 
one step ) 

  Small liver metastases  ( which are not seen with CT or MRI ) , peritoneal 
metastases  

  Preoperative biopsy    Histological con fi rmation of the tumor, only important for nonresectable 
patients  

  Italic = optional tests for speci fi cation of the diagnosis  
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    1.1.2   Surgical Technique 

 Our preferred procedure for pancreatic head 
resection is the pylorus-preserving pancreatoduo-
denectomy described by Longmire and Traverso 
(Table  1.2 ). Long-term survival has not been 
in fl uenced by pyloric preservation in several stud-
ies. The Longmire/Traverso procedure is faster 
than the classic Kausch-Whipple procedure and 
perhaps more physiologic because of the preser-
vation of the pylorus.  

 The pylorus-preserving pancreatoduodenec-
tomy is started with a bilateral subcostal incision 
with an extension more to the right side of the 
upper abdomen (Fig.  1.1 ). We regularly use a 
self-retaining retraction system for the costal 
margin (Fig.  1.1 ). The liver and the peritoneal 
cavity are  fi rst inspected and palpated to exclude 
the presence of metastases. A wide Kocher 
maneuver is performed to con fi rm that the tumor 
does not invade the vena cava, the retroperito-
neum, or the superior mesenteric artery (Fig.  1.2 ). 
Using bimanual palpation anterior and posterior 
to the SMA, it is possible to exclude a gross 

tumor involving the SMA. Direct tumor invasion 
of the ligament of Treitz is a strong indicator for 
involvement of the SMA and a contraindication 
for resection.   

 Next the right half of the gastrocolic ligament 
is divided between ligatures or with the harmonic 
scalpel. The greater omentum is preserved on the 
transverse colon. Usually, the vascular supply to 
the greater omentum remains excellent after this 
procedure. At the end of the operation, the greater 
omentum is placed in the subhepatic space in 
front of the pancreatic anastomosis to cover this 
area to “protect” the pancreaticojejunostomy. 
Overall, well-vascularized omentum helps to con-
trol postoperative complications of the pancreatic 
anastomosis; omentum with a poor blood supply 
should be resected. The right colon  fl exure is then 
mobilized from the liver, the duodenum, and the 
anterior surface of the pancreatic head. The trans-
verse mesocolon is detached from the pancreatic 
head down to the right lateral aspect of the supe-
rior mesenteric vein (Fig.  1.3 ). For optimal expo-
sure of the infrapancreatic superior mesenteric 
vein and the anterior surface of the pancreatic 

   Table 1.2    Steps of a standard procedure (Traverso–Longmire)   

  Resection  
  1  Exploration 
  2  Biopsy of liver or peritoneal metastases if necessary 
  3  Elevation of the duodenum and pancreatic head (Kocher maneuver) 
  4  Division of the right half of the gastrocolic ligament 
  5  Mobilization of the right colon  fl exure 
  6  Division of the gastrohepatic ligament 
  7  Division of the gastroduodenal artery and identi fi cation of the portal vein on the superior 

border of the pancreas (attention of a relevant stenosis of the common hepatic artery or 
atypical arterial perfusion of the liver) 

  8  Exposure of the SMV at the inferior border of the pancreas 
  9  Division of the postpyloric duodenum 
 10  Freeing of the gallbladder and transection of the common hepatic bile duct 
 11  Division of the jejunum distal the ligament of Treitz and delivery the jejunum and the distal 

duodenum to the right of the superior mesenteric vessels 
 12  Division of the pancreas 
 13  Freeing the uncinate process and division of the lateral branches of the SMV and SMA 
 14  Complete lymphadenectomy 
  Reconstruction  
 15  Pancreaticojejunostomy 
 16  Hepaticojejunostomy (optional t-tube) 
 17  Duodenojejunostomy 
 18  Drainage and closure of the abdominal wound 
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head, it is necessary to divide the gastroepiploic 
artery and vein (gastrocolic trunk) (Fig.  1.3 ). 
The gastrohepatic ligament is then divided and 
the common hepatic artery, the gastroduodenal 
artery, and the suprapancreatic portal vein are 
identi fi ed (Fig.  1.4 ). Dividing the gastroduodenal 
artery is often necessary for a complete exposure 
and dissection of the suprapancreatic portal vein. 
The SMV is mobilized infrapancreatically by 

following the venous branches of the transverse 
mesocolon that drain into the SMV.   

 At this point, it is very important to con fi rm 
that the con fl uence of the superior mesenteric 
vein and the splenic vein with the portal vein is 
not invaded by tumor. Using a blunt clamp, the 
pancreatic tissue can be mobilized carefully from 
the anterior surface of the con fl uence of the veins 
(Fig.  1.5 ). If this mobilization is possible, this 

a

b c

  Fig. 1.1    Position of the patient ( a ), initiated incision for pylorus preserving pancreatoduodenectomy ( b ), and using a 
self-retaining retraction system after opening the abdomen ( c )       
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2

1

4

3

5

6

1 gastroduodenal and hepatic ln
2 superior pancreaticduodenal anterior and posterior ln
3 inferior pancreaticduodenal anterior and posterior ln
4 mesenteric ln (right side of the SMA)
5 suprapancreatic ln (hepatic artery and right side of
   celiac trunk)
6 aortointercaval ln

gb
c

vc

d

s

b

a

  Fig. 1.2    ( a ) Mobilization by Kocher (not yet completed). 
A retropancreatic lymph node is marked by forceps 
( c  colon,  vc  vena cava inferior,  gb  gallblader,  s  stomach, 
 d  duodenum). ( b ) Relevant lymph node stations for carci-
nomas of the pancreatic head.  Gray  nodes are located 
behind the pancreas ( 1  gastroduodenal and hepatic lymph 
nodes,  2  superior pancreaticoduodenal anterior and posterior 
lymph nodes,  3  inferior pancreaticoduodenal anterior and 
posterior lymph nodes,  4  mesenteric lymph nodes,  5  
suprapancreatic lymph nodes,  6  aortointercaval lymph 
nodes) (From O´Morchoe  1997  ). (Illustration by Reinhold 
Henkel, Heidelberg)        

SMV

d

gv

g

  Fig. 1.3    The mesocolon transversum is detached from 
the pancreatic head to the right lateral aspect of the supe-
rior mesenteric vein and dividing the gastrocolic venous 
trunk (vena gastroepiploica dextra). The right gastroepip-
loic artery and vein are divided at the anterior surface of 
the pancreatic head ( g  right gastroepiploic artery and vein, 
 gv  divided gastrocolic venous trunk (vena gastroepiploica 
dextra),  SMV  superior mesenteric vein,  d  duodenum). 
(Illustration by Reinhold Henkel, Heidelberg)       

d
s

gb

p
b

pv

ch

p

g

b

g

a

b

  Fig. 1.4    ( a ,  b ) Identi fi cation of the common hepatic 
artery, the gastroduodenal artery and the suprapancreatic 
portal vein ( gb  gallbladder,  s  stomach,  d  duodenum, 
 p  pancreas over the venous con fl uence,  pv  portal vein 
suprapancreatic,  ch  common hepatic artery,  g  divided 
gastroduodenal artery,  b  bile duct)       
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maneuver con fi rms resectability of the pancreatic 
head. In the absence of gross tumor in fi ltration of 
the duodenum, and especially in the postpyloric 
portion of the duodenum, a pylorus-preserving 
pancreatoduodenectomy is usually possible. The 
duodenum is then divided about 2–3 cm distal to 
the pylorus using a linear stapler (Proximate 
75 mm Linear Cutter ® , Ethicon Endo-Surgery, 
Johnson & Johnson, Somerville, USA, blue mag-
azine). The stomach is then mobilized into the left 
upper abdomen. The gallbladder is removed and 
the common hepatic duct is transected superior to 
the junction with the cystic duct. To avoid con-
tinuous leakage of bile into the abdomen, the 
hepatic duct is occluded using a nontraumatic 
vascular clamp. The jejunum is divided about 
8–12 cm distal to the ligament of Treitz using a 
linear stapler (Proximate 75 mm Linear Cutter ®  
Ethicon Endo-Surgery, blue magazine) and the 
mesentery divided using the harmonic scalpel 
(Generator 300 ® Ethicon Endo-Surgery, Johnson 
& Johnson); the harmonic scalpel offers excellent 
control of bleeding and saves time. After mobiliz-
ing the ligament of Treitz and the fourth portion 
of the duodenum, there is free communication 
between the left and the right side of the abdomen 
posterior to the superior mesenteric vessels. The 
fourth portion of the duodenum and the short seg-
ment of devascularized proximal jejunum are then 
drawn to the right side of the abdomen posterior 

to the superior mesenteric vessels through the bed 
of the duodenum. Before dividing the neck of the 
pancreas, we place single sutures on the superior 
and inferior rim of the pancreas (Prolene ®  4/0, 
Ethicon) to control small vessels that often bleed 
during transection of the pancreas. A nonmetallic, 
special probe or a blunt clamp is placed anterior 
to the venous con fl uence but posterior to the neck 
of the pancreas, and the pancreas is divided with 
a regular scalpel (Fig.  1.6 ). When using an elec-
trocautery instrument (cutting mode, low energy) 
to transect the pancreatic neck, the pathologist 
can encounter problems determining a tumor-free 
resection margin if the tumor has reached the 
thermal necrotic zone. Usually several bleeding 
points are evident after transection of the pan-

SMV

SMV

PV

ha

b

a

b

ha

PV

  Fig. 1.6    ( a ,  b ) A special nonmetallic probe is placed in 
front of the venous con fl uence between the con fl uence 
and the pancreas and the pancreas is divided with a scalpel 
(using an electrocautery scalpel, cutting mode, low energy, 
a thermal necrotic zone on the specimen can complicate 
the diagnosis of a tumor free pancreatic margin by the 
pathologist) ( SMV  superior mesenteric vein,  b  bile duct, 
 PV  portal vein,  ha  hepatic artery)       

SMV

g

p

d

u
m

c

  Fig. 1.5    Using a blunt clamp the pancreatic tissue can be 
carefully mobilized from the con fl uence of the superior 
 mesenteric vein and the portal vein ( SMV  superior mesenteric 
vein,  p  pancreas,  d  duodenum,  u  uncinate process,  g  gall-
bladder,  m  mesocolon transversum,  c  vena cava inferior)       
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creas. We use bipolar electrocautery for hemosta-
sis of these bleeding points on both sides of the 
transected pancreatic tissue.   

 The venous con fl uence is now exposed. 
Rightward traction applied to the pancreatic head 
using the left hand is very helpful in this situa-
tion. Several small veins drain the uncinate pro-
cess directly into the superior mesenteric vein or 
into the portal vein. Such branches are isolated 
and ligated selectively (Fig.  1.7 ). After this 
maneuver, the portal vein can be retracted medi-
ally. Sometimes, vascular involvement of the 
SMV or the portal vein is able to be seen only at 
the time of operation (a point of no return because 
the pancreas has been fully transected). Tumors 
in the uncinate process can be especially adher-
ent to these vessels. Segmental vein resection and 
reconstruction of the portal and/or the superior 
mesenteric vein is possible if complete resection 
(RO) can be achieved with this procedure. Of 
course, those patients with vascular involvement 
also have a high rate of lymph node metastases 
and retropancreatic perineural in fi ltration. These 
facts limit the long-term survival independently 
of the RO vein resection. The long-term survival 
after RO resection including vein resection is, 
however, better than palliative surgery in several 
studies. Vein resection should be an individual 
decision in every patient.  

 Several types of vein resection are possible. 
The lateral wedge resection is the simplest proce-
dure (Fig.  1.8 ). The vein is clamped using a “side-
biting” vascular clamp laterally such that venous 
 fl ow persists. The defect is closed over the vascu-
lar clamp with a continuous nonabsorbable 5/0 
mono fi lament suture (Prolene ® , Ethicon). The 
functional diameter of the SMV or portal vein 
should not be decreased signi fi cantly with this 
type of resection provided the lateral defect does 
not involve much of the circumference of the vein. 
For greater tumor involvement of the vein, a cir-
cumferential resection or venous patch recon-
struction of the vein is a better oncologic procedure 
(Fig.  1.8 ). Venous reconstruction is possible with 
a primary anastomosis, an autologous vein graft 
(super fi cial femoral vein), or synthetic graft. We 
prefer to use an autologous vein graft, or a direct 
suture of the vein which ist often possible after a 
wide mobilization. The junction of the splenic 
vein and the SMV can be preserved by tangential 
excision of the SMV (Fig.  1.8 ). After dealing with 
the SMV and portal vein, attention is turned to 
resecting the uncinate process from the superior 
mesenteric artery. The superior mesenteric artery 
can and should be identi fi ed easily by palpation 
and visualization. The specimen is now only  fi xed 
by the retroperitoneal tissue around the SMA. 
Usually, many small lymphatic vessels are located 
in this tissue. This retroperitoneal margin of the 
specimen often shows invasion of tumor cells into 
the lymphatic vessels and perineural tissues which 
is the cause for the relatively high rate of local 
recurrence after resection of carcinomas in the 
pancreatic head. This tissue is divided on the right 
side of the SMA using individual ligatures or the 
harmonic scalpel. The inferior pancreaticoduode-
nal artery should be sought, isolated, and ligated 
selectively (Fig.  1.9 ). We send the complete spec-
imen to the pathology department for frozen sec-
tion analysis of the bile duct, pancreatic transection 
margin and, if necessary, the postpyloric duode-
num. Positive resection margins need a further 
resection of the bile duct, pancreas, or stomach. 
Further resection in the area of the SMA (retro-
peritoneal margin) is usually not indicated or not 
possible, which is why we do not obtain a frozen 
section in this area.   

p

pv
ph

  Fig. 1.7    The venous con fl uence will be exposed by a ten-
sion of the pancreas head with the left hand of the surgeon 
to the right. Small veins from the uncinate process to the 
superior mesenteric vein or in the portal vein were ligated 
selectively ( pv  portal vein,  p  pancreas corpus,  ph  pancreas 
head in the left hand)       
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  Fig. 1.8    ( a – d ) Portal vein reconstruction. The lateral 
wedge resection is the simplest procedure. The vein is 
clamped out laterally and the venous  fl ow is still existent. 
The defect is closed over the vascular clamp with a con-
tinuous non absorbable 5/0 mono fi lament suture (Prolene ® , 
Ethicon, Johnson and Johnson, Somerville, USA). The 
open diameter of the SMV or portal vein should not been 
reduced signi fi cantly ( a ,  b ). The drawing shows a tangential 

technique for interposition of a super fi cial femoral vein 
( SFV ) segment with the intent to save the junction with the 
splenic vein ( c ). The reconstruction with a super fi cial 
femoral vein patch is also possible ( d ). ( cSMV  laterally 
clamped SMV,  p  pancreas,  pv  portal vein,  sSMV  sutured 
SMV,  ha  hepatic artery,  pd  pancreatic duct). (Illustration 
by Reinhold Henkel, Heidelberg)       
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 Lymph node metastases are common in peri-
ampullary carcinoma and are critically relevant 
for prognosis. Extended lymphadenectomy is the 
standard procedure in our opinion. The extent of 
lymphadenectomy remains a matter of debate. 
During the pathologic investigation of the margins 
of the specimen, we complete the lymphadenec-
tomy. The anterior and posterior pancreaticoduo-
denal lymph nodes are usually located in the 
specimen. For this reason, it is important to start 
the Kocher maneuver at the level of the right 
anterior wall of the inferior vena cava (Fig.  1.2 ). 
Usually, the right renal vein is identi fi ed at this 
time. Lymph nodes are removed from the hepa-
toduodenal ligament (caudal to the former cystic 
duct junction). Typically, lymph nodes from the 
cystic duct or from the corner between bile duct 
and duodenum are removed en bloc with the spec-
imen. Other lymph nodes around the portal vein or 
hepatic artery are dissected separately (Fig.  1.2 ). 
We dissect the hepatic artery from its lymphatic 

tissue up to the level of the celiac trunk (level 
of the left gastric artery). We prefer to use bipo-
lar cautery for this procedure. The lymph nodes 
on the right side of the SMA have been resected 
with the specimen. We avoid routine dissection of 
lymph nodes on the anterior and left side of the 
SMA because of the high morbidity (diarrhea, 
malnutrition). Other lymph nodes that appear to be 
malignant, besides the fourth portion of the duode-
num and the ligament of Treitz, are also removed 
with the specimen. Lymph nodes in the aortocaval 
groove are removed separately (Fig.  1.10 ).  

  Reconstruction : The transected jejunum is 
pulled through a vascular window in the trans-
verse mesocolon and into the subhepatic space. 
We prefer this pathway for the jejunal limb rather 

h
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  Fig. 1.10    Operation  fi eld after resection of the specimen 
at the retoperitoneal level of the anterior surface of the 
vena cava ( a ) and after dissection of the lymph nodes in 
the aortocaval sulcus ( b ) ( h  hepatic artery,  p  portal vein, 
 smv  superior mesenteric vein,  vc  vena cava,  a  aorta,  r  right 
renal vein,  g  gonadal vein)       
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  Fig. 1.9    Several small veins from the uncinate process or 
the pancreatic head which drain directly into the superior 
mesenteric vein or in the portal vein are ligated. The specimen 
is only  fi xed by the retroperitoneal tissue around the SMA. 
This tissue is divided on the right side of the SMA using 
sutures. The inferior pancreaticoduodenal artery should be 
isolated and ligated selectively ( SMV  superior mesenteric 
vein,  p  pancreas,  d  duodenum,  SMA  superior mesenteric 
artery,  pda  inferior pancreaticoduodenal artery). (Illustration 
by Reinhold Henkel, Heidelberg)       

  



12 R. Mantke and H. Lippert

than posterior to the mesenteric vessels (in the 
bed of the duodenum) because of the risk of 
tumor recurrence in the area of the SMA and pos-
sible obstruction of the jejunal limb. The closed 
end of the jejunum is oversewn using a 4/O 
absorbable suture (Vicryl ® , Ethicon). The jejunal 
limb placed subhepatic has no tension when posi-
tioned near the cut edge of the pancreatic rem-
nant. The posterior surface of the pancreatic 
remnant is mobilized carefully from the venous 
con fl uence and the splenic vein using bipolar 
 forceps cautery. 

 We perform a modi fi ed, Cattell-Warren, duct-
to-mucosa anastomosis in an end-to-side fash-
ion without stenting. We start with the outer, 
posterior row using absorbable, 4/0 mono fi lament 
interrupted sutures (PDS ® , Ethicon) (Figs.  1.11  
and  1.12 ). Depending on the size of the pancre-
atic duct, we use one or two sutures on each side 
(posterior, anterior, cranial, and caudal, mini-
mum four sutures, maximum eight sutures). In 
some cases with a very small pancreatic duct, an 
anastomosis of the pancreatic duct to the jejunal 
mucosa with only two sutures still works. The 
outer anterior row between the pancreas and the 
jejunal wall is also done using an interrupted 
suturing technique using PDS ®  4/0 (Ethicon) 
placed 3–5 mm between stitches (Fig.  1.13 ). 
The sutures between the pancreatic tissue and 
the jejunal limb are sometimes dif fi cult to place 

j
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  Fig. 1.11    Performing the outer posterior row using a 
low absorbable mono fi lament single sutures (PDS ®  4/0 
Ethicon, Johnson and Johnson, Somerville, USA), end-to-side 
 anastomosis, pancreatic duct intubated with a  fl exible 
Simon–Weidner probe ( j  jejunal loop,  p  pancreas,  pd  pan-
creatic duct,  h  hepatic artery,  d  dorsal layer with single 
sutures,  m  transverse mesocolon)       
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  Fig. 1.12    ( a ,  b ) The pancreatic duct is  fi xed to a small 
incision in the corresponding jejunal limb using low-
absorbable mono fi lament single sutures (PDS ®  5/0, Ethicon, 
Johnson and Johnson, Somerville, USA). Depending on the 
size of the pancreatic duct we use 1 or 2 sutures on each 
side (posterior, anterior, cranial and caudal) ( j  jejunal loop, 
 p  pancreas,  h - hepatic artery,  d  not sutured 5/0 PDS sutures – 
duct-to-mucosa anastomosis with  fi ve single interrupted 
sutures,  c  completed duct-to-mucosa anastomosis)       
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  Fig. 1.13    Completed outer anterior row of the pancreati-
cojejunostomy, using PDS ®  4/0 (Ethicon, Johnson and 
Johnson, Somerville, USA) in an interrupted single suture 
technique ( j  jejunal loop,  p  pancreas,  h  hepatic artery,  c  
 completed anterior row)       
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especially in nonchronic pancreatitis patients 
because of the softness of the pancreatic tissue. 
The amount of pancreatic tissue we include in 
the suture depends on the texture of the pan-
creas. In a very soft pancreas, the amount of 
needed pancreatic tissue is greater than in 
patients with a more  fi brotic pancreas like in 
chronic pancreatitis. Sometimes, it is very help-
ful to use a U stitch technique to incorporate 
more tissue in the stitch. The technique of tying 
the knots itself is important, too. It is crucial to 
avoid any sawing movements with the suture. 
The suture should be tied very gently with mild 
compression of the two tissues with a distance 
of 3–5 mm between sutures.    

 Next, the end-to-side hepaticojejunostomy is 
performed 8–10 cm distal to the pancreatic anas-
tomosis. This point is chosen to avoid kinking of 
the jejunal limb. The antimesenteric jejunum is 
opened using electrocautery. The jejunal entero-
tomy should be a little smaller than the lumen of 
the hepatic duct, because it will be dilated during 
manipulation. The posterior part of the anasto-
mosis is performed with a single layer of  continuous 
absorbable mono fi lament suture (PDS ®  5/0, 
Ethicon) (Fig.  1.14 ), while the anterior part of 
the anastomosis is performed with a single layer 
of the same suture material. To allow better visu-
alization, the sutures are not tied until all have 
been placed. When the lumen of the hepatic 
duct is very small, an anastomosis should be 
performed as described by Goetze-Guetgemann 
(Fig.  1.15 ). We do not routinely use t-tubes or 
stenting jejunal tubes. The jejunum is then  fi xed 
with two, single, absorbable sutures (Vicryl ®  4/0, 
Ethicon) to the transverse mesocolon. The defect 
at the ligament of Treitz is obliterated to avoid 
hernias. Next, the attention is directed at restor-
ing gastrointestinal continuity. We  fi rst inspect 
the postpyloric duodenum to assure suf fi cient 
vascular perfusion of the proximal duodenum. 
Sometimes the vascular in fl ow or out fl ow is 
compromised and the postpyloric area takes on a 
purplish, ischemic hue; because we know that is 
ischemia of the duodenal cuff results in impaired 
gastric emptying in the postoperative course, 
we prefer a distal resection of the stomach and 
reconstruction as described by Kausch-Whipple. 
If the blood perfusion to the postpyloric duode-
num is suf fi cient, an antecolic, end-to-side duo-

denojejunostomy is performed in a double layer 
continuous technique with an absorbable suture 
(Vicryl ®  4/0, Ethicon) (Figure  1.16 ).    

 The biliary anastomosis and the posterior part 
of the pancreaticojejunostomy is drained by 
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  Fig. 1.14    A end-to-side hepaticojejunostomy is performed 
using a single-layer continuous absorbable mono fi lament 
suture (PDS ®  5/0, Ethicon, Johnson and Johnson, 
Somerville, USA) in the back and a single layer interrupted 
absorbable mono fi lament suture (PDS ®  5/0) in the front. 
( a ) Continuous posterior row completed ( j  jejunal loop,  h  
hepatic duct,  ha  hepatic artery,  l  liver,  a  anastomosis), 
( b ) anterior row not yet sutured, ( c ) anastomosis completed       
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a 12 mm, multi-perforated, closed-suction drain 
(Easy Flow Drainage, P.J. Dahlhausen & Co. 
GmbH, Cologne, Germany) which is placed in 
the right subhepatic space and brought out 
through a stab wound in the right lateral abdo-
men. The anterior surface of the pancreatic anas-
tomosis is also drained by a similar 12 mm drain 
which is placed anterior to the pancreaticoje-
junostomy and brought out through a stab wound 
in the left lateral abdomen (Fig.  1.16 ). The 
abdominal wound is closed in layers with two 
continuous layers of an absorbable, mono fi lament 
suture (PDS ®  2, Ethicon).  

    1.1.3   Additional Medication 
and Procedures 

    All patients undergoing an elective pancreatic • 
operation are given perioperative antibiotic pro-
phylaxis with a cephalosporin (Cefuroxin ®  
1.5 g, Fresenius KABI, Bad Homburg, Germany)
and metronidazole (Metronidazol ®  0.5 g, Frese-
 nius KABI, Bad Homburg, Germany) 30 min 
preoperatively. The antibiotic is redosed if the 
operation lasts longer than 4 h. Only in patients 
with preoperative cholangitis is antibiotic ther-
apy prolonged postoperatively.  
  We use octreotide (100  • m g subcutaneously; 
Sandostatin ® , Novartis Pharma, Nuernberg, 

  Fig. 1.15    In the case of a small lumen on the hepatic duct an anastomosis is performed as described by 
 Goetze–Guetgemann to avoid stenosis. (Illustration by Reinhold Henkel, Heidelberg)       
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  Fig. 1.16    ( a ,  b ) An antecolic end-to-side duodenoje-
junostomy is performed in a double layer continuous 
 technique with a absorbable suture (Vicryl ®  4/0, Ethicon, 
Johnson and Johnson, Somerville, USA). Multiple 
 perforated easy  fl ow drainage tubes are placed behind and 
in front of the pancreatic anastomosis. The pancreatic 
 anastomosis is saved using a TachoSil ®  surgical patch 
(Nycomed Pharma, Unterschleissheim, Germany) ( s  stomach, 
 p  pylorus,  j  jejunal loop,  a  anastomosis,  g  the greater 
 omentum is placed in front of the pancreatic anastomosis 
for a covering effect)       
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Germany) for prophylaxis against the potential 
complications after pancreatic surgery begin-
ning 2 h preoperatively and every 8 h postop-
eratively for 7 days.  
  At the time of operation, we place a double • 
lumen, gastric/jejunal tube (Nasojejunal Feeding 
tube with Gastric Drainage Tube ®  18 FR, 
Novartis Pharma, Osthofen, Germany) with the 
end of the tube positioned 5–8 cm distal to the 
duodenojejunostomy. The distal lumen is used 
for enteral nutrition starting 4 h postoperatively 
and continuing at a rate of 10 ml/h until the 5th 
postoperative day when the tube is removed and 
oral intake is begun. Sips of water or tea are 
offered after the  fi rst postoperative day.  
  All patients receive prophylaxis against deep • 
vein thrombosis with low molecular weight 
heparin (0.3 ml Certoparin-Natrium, Mono-
Embolex ® , Novartis Pharma, Nuremberg, 
Germany) once daily, starting on the evening 
before operation and given until discharge.  
  Prophylaxis against stress gastritis and anasto-• 
motic ulceration is given using a once daily dose 
of 40 mg pantoprazole intravenously (Pantozol ® , 
Atlanta Pharma, Constance, Germany).  
  If technically possible, all patients are treated • 
with an epidural catheter for postoperative pain 
management.  
  Postoperative ICU admission with invasive • 
monitoring and laboratory analysis is routine.  
  The perianastomotic intraperitoneal drains are • 
removed when the volume of output is less than 
50 ml/day (not before the  fi fth postoperative 
day). Drain output is not measured routinely for 
amylase. We only measure the amylase activity 
in the drain  fl uid when the output is high or 
the color is typical for a pancreatic  fi stula; in 
this situation, the drain is maintained in place 
until the amylase activity and the output vol-
ume are normalized. In the case of a persistent 
pancreatic  fi stula without clinically worrisome 
symptoms, the drain is removed gradually every 
day (2–3 cm/day). Usually any persistent  fi stula 
is drained into a dermal drain bag and will 
close by itself over time; for persistent drain-
age, we obtain an abdominal CT to exclude an 
undrained peripancreatic  fl uid collection. When 
clinical symptoms (fever, pain, leukocytosis) 

suggest a pancreatic  fi stula, abdominal CT will 
show an insuf fi ciently drained, peripancreatic 
 fl uid collection; in this situation, the drains are 
 maintained and usually require repositioning, 
placement of an additional pigtail catheter(s) 
or, rarely, reoperation. It may be necessary to 
stop oral nutrition and start octreotide therapy if 
the output is high. Antibiotics are often required 
as well, depending on the clinical symptoms 
and systemic response. Discharge with drains 
in situ is possible in these patients after clinical 
stabilization and resumption of oral nutrition.     

    1.1.4   Results 

 The results of this study are contained in Table  1.3 .    

    1.2   Carcinoma of the Body 
and Tail of the Pancreas 

    1.2.1   Relevant Basic Information, 
Indications and 
Contraindications 

 About 30 % of pancreatic carcinomas are carci-
nomas of the body or tail of the pancreatic gland. 
These neoplasms often harbor a silent course 
because, in contrast to proximal pancreatic can-
cers which cause objective, obstructive symptoms 
of the bile duct or duodenum, cancers of the body/
tail region do not lead to obstructive symptoms. 
Weight loss and pain are characteristic of this 
diagnosis but are often vague and insidious. CT, 
ERCP, and/or MRI/MRCP lead to the diagnosis 
of the carcinoma of the pancreatic body and tail. 
A pancreatic duct cut-off is the most common 
abnormality observed during ERCP. CT or MRI 
demonstrate the primary tumor in relation to the 
surrounding vascular structures or organs and can 
demonstrate liver metastases or lymph node metas-
tases (Table  1.4 ). Endoscopic ultrasonography can 
offer additional information about local in fi ltration 
and involvement of surrounding structures as well 
as con fi rming or supplementing the  fi ndings on CT 
or MRI/MRCP. Besides ductal adenocarcinoma 
of the body and tail of the pancreas, endocrine, 
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neuroendocrine neoplasms, the spectrum of cystic 
pancreatic neoplasms, and other less common neo-
plasms (metastases, sarcomas, etc.) can be located 
in this area. Involvement of the more distal splenic 

vein or artery is usually no problem for resec-
tion, but tumor involvement of the celiac trunk, the 
superior mesenteric artery, or the superior mesen-
teric vein almost always indicates unresectability. 
Partial resection of the superior mesenteric vein or 
portal vein with a patch repair using tissue from the 
super fi cial femoral vein is possible in selected cases 
if R0 resection seems otherwise possible. Long-
term survival after extended resections is described 
in the literature. Overall, however, the prognosis is 
in fl uenced strongly by the nodal status. Statistically, 
node-positive patients may not bene fi t from such 
extended resections; however, only resection pro-
vides a chance of cure. Distant metastases (liver or 
peritoneum) are contraindications to resection. In 
patients noted to be unresectable preoperatively, 
tissue diagnosis by percutaneous  fi ne needle aspi-
ration biopsy is indicated. Only about 10 % of all 
pancreatic adenocarcinomas of the body or tail 
can be resected. In the case of unclear preopera-
tive diagnostic staging, exploration is indicated to 
con fi rm unresectability.   

    1.2.2   Surgical Technique 

 Distal pancreatectomy with splenectomy is the 
standard technique for cancer of the pancreatic 
body and tail (Table  1.5 ). We prefer an antegrade 
approach because this technique provides excel-
lent visualization of the operating  fi eld and allows 
easy control of the splenic artery and vein early in 
the phase of the procedure.  

 Antegrade distal pancreatectomy with sple-
nectomy is begun with a bilateral, subcostal 
incision with extension more to the left side of 
the abdomen. We regularly use a self-retaining 
retraction system for the costal margin in all 
pancreatic resections (Fig.  1.1 ). The liver and 
the peritoneal cavity are  fi rst inspected and pal-
pated to exclude metastases. The lesser omen-
tum is opened for the initial exploration of the 
lesser sac. After dividing the gastrocolic liga-
ment, the view into the lesser sac is now wide 
open allowing access to the anterior surface of 
the entire body and tail of the gland. Using this 
operating plan, it is necessary to save the right 
gastroepiploic artery for the blood supply of the 

   Table 1.3    Patients with periampullary carcinoma and 
resection (2006, 2007)   

 Parameter  Number  % 

 Patients  68  100 
 Hospital mortality  2  2.9 
 Hospital stay (median, days)  24 (8–84)   
 Relaparotomy  5  7 
 Death without local 
complications 

 0  0 

 Whipple procedure  11  16 
 Longmire-Traverso procedure  57  84 
 Tumor stage (UICC) 
  Ia  1  1.5 
  Ib  6  8.8 
  IIa  18  26.5 
  IIb  40  58.8 
  III  2  2.9 
  IV  1  1.5 
 R0 resection rate  50  73.5 
 R1 resection rate  15  22 
 R2 resection rate  3  4.5 
 Postoperative local morbidity 
  Postoperative bleeding a   2  2.9 
  Delayed gastric emptying b   3  4.4 
  Pancreatic  fi stula c   15  22 
  Biliary  fi stula d   1  1.5 
  Wound infection  14  20.6 
   Other (i.e. abscess, pleural 

effusion) 
 21  30.9 

 Postoperative systemic morbidity 
  Systemic complications e   6  8.8 

   a Need for relaparotomy 
  b Nasogastric intubation  ³ 10 days, need for reinsertion of a 
nasogastric tube because of vomiting, or the inability to 
tolerate a solid diet after the 14th postoperative day. Other 
de fi nitions: Inability to eat after 10 postoperative days; 
intolerance to oral intake and need for nasogastric decom-
pression after the seventh postoperative day 
  c Drain output of any measurable volume of  fl uid on or 
after postoperative day 3 with an amylase activity greater 
than 3 times the serum amylase activity. Other de fi nitions: 
Persistent drainage of more than 30 ml amylase-rich  fl uid 
(>5,000 units) per day for more than 10 days; drainage of 
more than 30 ml of amylase-rich  fl uid (at least 3 times the 
upper normal limit of serum amylase activity) per 24 h 
after the 5th postoperative day 
  d Bilirubin-rich  fl uid was drained for more than 5 days 
  e Cardiopulmonary, renal, sepsis, neural, other  
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   Table 1.4    Diagnostic in patients with suspicion of a carcinoma of the body or pancreatic tail   

 Diagnostic method  Questions 

 Clinic  Pain, weight loss, palpable abdominal mass 
 Laboratory  Evaluation Standard parameters 
 Standard chest X-ray  Pulmonary lesions, metastases 
 Ultrasound  Pancreatic tumor, ascites, liver metastases 
 CT (high quality multiphase contrast-
enhanced, thin-section helical CT), 
Angio-CT 

 Size and location of the tumor, relationship to the mesenteric and portal 
vein and hepatic and superior mesenteric artery, liver or lymph node 
metastases, peritoneal metastases 

 ERCP  Strictures and obstruction of pancreatic duct 
 Endoscopic ultrasonography  Size and location of the tumor, relationship to the mesenteric and portal 

vein and celiac trunk, local lymph node metastases 
  MRT + MRCP + Angio-MRI    All in one procedure, Size and location of the tumor, relationship to the 

mesenteric and portal vein and hepatic and superior mesenteric artery, 
liver or lymph node metastases, peritoneal metastases, strictures and 
obstruction of pancreatic or bide duct  

  Diagnostic laparoscopy  ( in combina-
tion with the resection procedure – in 
one step ) 

  Small liver metastases  ( which not seen with CT or MRI ) , peritoneal 
metastases  

  Preoperative biopsy    Histological con fi rmation of the tumor, only important for nonresectable 
patients  

  Italic = optional tests for speci fi cation of the diagnosis  

   Table 1.5    Steps of a standard procedure (distal pancreatic resection for cancer)   

 Resection 
  1  Exploration 
  2  Biopsy of liver or peritoneal metastases if necessary 
  3  Division of the of the gastrocolic ligament (save the right gastroepiploic artery for the blood supply 

of the greater omentum if you use this technique) 
  4  Freed any lienocolic and gastrocolic attachments and divide the short gastric vessels (mobilization of 

the left colon  fl exure) 
  5  The common hepatic artery, the celiac trunk and the origin of the splenic artery are visualized to 

con fi rm respectability 
  6  Identi fi cation of the portal vein on the superior border of the pancreas 
  7  Exposure of the SMV at the inferior border of the pancreas 
  8  Mobilize carefully the con fl uence of the superior mesenteric vein, the portal vein and the splenic 

vein from caudal 
  9  The splenic artery is divided at the origin o the celiac trunk 
 10  Division of the pancreas using a stapler, separate ligature of the splenic vein 
 11  Mobilize the pancreas from medial and caudal to the retroperitoneum in a antegrade way. After 

passing the SMA go posterior. The anterior surface of the left adrenal gland, the adrenal vein and 
left renal vein marked the posterior plan of dissection 

 12  Frozen section of the pancreatic margin on the specimen 
 13  Complete Lymphadenectomy 
 14  Drainage and closure of the abdominal wound 

greater omentum. An alternative approach 
involves gaining access to the lesser sac by dis-
secting the greater omentum off the transverse 
colon and retracting the omentum rostrally. Any 
lienocolic and gastrocolic attachments in the left 

upper abdomen are transected between clamps 
or with the harmonic scalpel. Use of the har-
monic scalpel saves time in this situation and the 
short gastric vessels can be divided with the har-
monic scalpel as well (gastrosplenic ligament). 
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The common hepatic artery, the celiac trunk, 
and the origin of the splenic artery are visualized 
and isolated to con fi rm resectability in this area. 
Lymph nodes in this area are dissected using 
bipolar  forceps. The suprapancreatic portal vein 
is exposed by retracting the gastroduodenal 
artery. Likewise, the SMV is mobilized infra-
pancreatically. At this point is very important to 
con fi rm that the con fl uence of the superior mes-
enteric vein and the portal vein is not invaded by 
tumor. Using a blunt clamp, the pancreatic tissue 
can be mobilized carefully from the anterior sur-
face of the con fl uence of the superior mesenteric 
vein and the splenic vein to the portal vein. If 
this mobilization is possible and the celiac artery, 
SMA, and common hepatic artery are unin-
volved, resectability is con fi rmed. 

 The splenic artery is  fi rst divided at the origin of 
the celiac trunk. The neck of the pancreas is divided 
using a stapler (Ethicon, Johnson & Johnson, 
Somerville, USA, ETS Flex ®  45 mm, white 
 magazine) (Fig.  1.17 ). The proximal pancreatic stump 
is sealed using a small TachoSil ®  patch (Nycomed 
Pharma, Unterschleissheim, Germany) (Fig.  1.18 ). 
There is usually no need for additional sutures to 
reinforce the closure of the pancreatic duct. When 
using this stapling procedure, it is important that 
the pancreatic duct in the head has no stenosis and 
a free out fl ow of the pancreatic secretion into the 
duodenum is exists (MRCP or ERCP con fi rmation 
preoperatively is preferred). Intubation or ductog-
raphy of the pancreatic duct is not possible after 
stapling dissection of the pancreas. A narrowing of 
the pancreatic duct will usually lead to a  pancreatic 
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  Fig. 1.17    ( a ,  b ) The neck of the pancreas is divided using 
a stapler (ETS Flex ®  45 mm, white magazine, Ethicon, 
Johnson and Johnson, Somerville, USA). After dividing 
the pancreatic neck the venous con fl uence is clearly seen 
( pn  pancreatic neck,  pb  pancreatic body,  SMV  superior 
mesenteric vein,  s  splenic vein)       
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  Fig. 1.18    ( a ) A larger pancreas can be closed using a  fi sh 
mouth incision with selectively ligation of the pancreatic 
duct. ( b ) To avoid sawing, the use of absorbable undyed 
pledgets is possible (Ethisorb ® , pledget undyed, absorb-
able, Ethicon, Johnson and Johnson, Somerville, USA) ( pd  
with metal probe marked pancreatic duct,  pl  pledgets)       
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 fi stula. In the case of stenosis of the remnant 
proximal pancreatic duct, a Roux-en-Y pancrea-
ticojejunostomy should be performed to prevent a 
pancreatic stump  fi stula.   

 After dividing the pancreatic neck, the 
venous con fl uence is seen clearly (Fig.  1.17 ). 
The splenic vein is divided between ligatures at 
the con fl uence with the SMV, avoiding leaving 
a redundant segment of splenic vein that would 
thrombose and potentially propagate into the 
portal vein to cause portal vein/SMV thrombosis 
postoperatively. When the neck of the pancreas 
is thick (>1.5–2 cm), transection/occlusion with 
a stapler is not reliable; in this situation, we 
transect the pancreas with a  fi shmouth-type inci-
sion and speci fi cally and selectively ligate the 
pancreatic duct in the stump (Fig.  1.18 ). Sutures 
are also placed to close the anterior and pos-
terior aspects of the pancreatic stump over the 
ductal closure; to avoid these sutures cutting or 
sawing through the usually soft, normal pancre-
atic parenchyma, the use of absorbable pledgets 
is possible (Ethisorb ® , pledget undyed, absorb-
able, Ethicon, Johnson & Johnson, Somerville, 
USA). 

 The posterior surface of the body of the pan-
creas is next mobilized anteriorly from the ret-
roperitoneum. This plane of dissection is at  fi rst 
anterior to the SMA. Fat and  fi brous tissue is 
divided using bipolar forceps. The plan of dis-
section then goes posteriorly on the left side of 
the SMA down to the aorta. The lymph nodes 
anterior and on the left side of the aorta are taken 
in this step. The operative plan now shifts to the 
left side, and the pancreas is mobilized from 
the retroperitoneum. The anterior surface of the 
left adrenal gland, the adrenal vein, and the left 
renal vein mark the posterior plane of dissection 
(Fig.  1.19 ). During this maneuver, the inferior 
mesenteric vein is ligated. Using this technique, 
the superior part of Gerota’s fascia of the kidney 
is taken with the specimen (Fig  1.19 ). This dissec-
tion is more aggressive than the classic technique 
of “retrograde” distal pancreatectomy. Our belief 
is that carcinoma of the body or tail has the same 
tumor biology as pancreatic head carcinoma. 
The frequency of retroperitoneal in fi ltration or 
lymph node metastases is high, unfortunately, 

in both types of carcinoma. Therefore, we have 
also adopted the use of an aggressive approach 
of resection in pancreatic body or tail carcinomas 
which involves resection of retroperitoneal, ret-
ropancreatic tissue including several lymphatic 
vessels and including several lymph node stations 
(Fig.  1.20 ). Involvement of the colon, stomach, 
or adrenal gland needs resection of these struc-
tures en bloc with the pancreatic tumor. Special 
attention is given to the posterior resection mar-
gin (adrenal gland, kidney) and the resection 
margin in the area of the pancreatic neck over 
the SMV/PV. After dividing the lienorenal liga-
ment, the specimen is completely mobilized. The 
left lateral aspect of the resection is sometimes 
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  Fig. 1.19    ( a ) The anterior surface of the left adre-
nal gland, the adrenal vein and left renal vein marked 
the posterior plan of dissection. The upper part of the 
Gerota’s fascia of the kidney is taken with the speci-
men. ( b ) The pancreatic stump is additionally saved 
using a small TachoSil ®  surgical patch (Nycomed 
Pharma, Unterschleissheim, Germany) ( k  left kidney,  r  
renal vein,  a  adrenal gland,  av  adrenal vein,  SMA  supe-
rior mesenteric artery,  p  pancreatic stump,  s  sutured 
splenic vein,  l  ligated splenic artery)       
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dif fi cult. In these cases, the spleen is lifted ante-
riorly to allow the distal part of the pancreas to 
be dissected.   

 The pancreatic margin on the specimen is inves-
tigated by frozen section to con fi rm a  tumor-free 
margin. A 12 mm multiply perforated, closed 
suction drain (Easy Flow Drainage 12 mm ® , 
P. J. Dahlhausen & Co. GmbH) is placed near the 
pancreatic stump and brought out through a stab 
wound in the left lateral abdomen. The pancreatic 
stump is then covered with the greater omentum, 
which is placed into the lesser sac superior to the 
transverse colon and posterior to the stomach. 
The abdominal wound is closed in two layers 
with continuous absorbable mono fi lament suture 
(PDS ®  2, Ethicon).  

    1.2.3   Additional Medication 
and Procedures 

    All patients undergoing an elective pancreatic • 
operation are given perioperative antibiotic 

 prophylaxis with a cephalosporin (Cefuroxin ®  
1.5 g, Fresenius KABI, Bad Homburg, Germany)
and metronidazole (Metronidazol ®  0.5 g, Frese-
nius KABI, Bad Homburg, Germany) 30 min 
preoperatively. The  antibiotic is redosed if the 
operation lasts longer than 4 h. Only in patients 
with preoperative cholangitis is antibiotic ther-
apy prolonged postoperatively.  
  We use octreotide (100  • m g subcutaneously; 
Sandostatin ® , Novartis Pharma, Nuremberg, 
Germany) for prophylaxis against the poten-
tial complications after pancreatic surgery 
beginning 2 h preoperatively and 8 h postop-
eratively for 7 days.  
  All patients are given sips of tea or water on • 
the  fi rst postoperative day. Oral nutrition is 
started with yogurt and liquid nutrition on the 
third postoperative day.  
  Prophylaxis against stress gastritis and • 
 anastomotic ulceration is given using a once 
daily dose of 40 mg pantoprazole intrave-
nously (Pantozol ® , Atlanta Pharma, Constance, 
Germany).  
  If technically possible, all patients are treated • 
with an epidural catheter for postoperative 
pain management.  
  Postoperative ICU admission with invasive • 
monitoring and laboratory analysis is routine.  
  The perianastomotic intraperitoneal drains • 
are removed when the volume of output 
is less than 50 ml/day (not before the  fi fth 
postoperative day). Drain output is not 
measured routinely for amylase. We only 
measure the amylase activity in the drain 
 fl uid when the output is high or the color is 
typical for a pancreatic  fi stula; in this situ-
ation, the drain is maintained in place until 
the amylase activity and the output volume 
are normalized. In the case of a persistent 
pancreatic  fi stula without clinically wor-
risome symptoms, the drain is removed 
gradually every day (2–3 cm/day). Usually 
any persistent  fi stula is drained into a der-
mal drain bag and will close by itself over 
time; for persistent drainage, we obtain 
an abdominal CT to exclude an undrained 
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  Fig. 1.20    Relevant lymph node stations for carcinomas 
of the body or tail of the pancreas. Gray drawn nodes are 
located behind the pancreas ( 1  gastrosplenic lymph nodes, 
 2  splenic lymph nodes,  3  suprapancreatic lymph nodes,  4  
infrapancreatic lymph nodes,  5  mesenteric lymph nodes,  6  
celiac lymph nodes,  CHA  common hepatic artery,  LRA  left 
renal artery,  SMA  superior mesenteric artery) (Modi fi ed 
from O´Morchoe  (  1997  ) ). (Illustration by Reinhold 
Henkel, Heidelberg)       
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 peripancreatic  fl uid collection. When clini-
cal symptoms (fever, pain, leukocytosis) 
suggest a pancreatic  fi stula, abdominal CT 
will show an insuf fi ciently drained, peripan-
creatic  fl uid collection; in this situation, the 
drains are maintained and usually require 
repositioning, placement of an additional 
pigtail catheter(s) or, rarely, reoperation. 
It may be necessary to stop oral nutrition 
and start octreotide therapy if the output is 
high. Antibiotics are often required as well, 
depending on the clinical symptoms and 
systemic response. Discharge with drains 
in situ is possible in these patients after 
clinical stabilization and resumption of oral 
nutrition.     

    1.2.4   Results 

 The results of this study are contained in Table  1.6 .        

   Reference 

       O’Morchoe CCC (1997) Lymphatic system of the pancreas. 
Microsc Res Tech 37:456–477      

   Table 1.6    Patients with a carcinoma of the body or tail 
of the pancreas (2006, 2007)   

 Parameter  Number  % 

 Patients  20  100 
 Hospital mortality  1  5 
 Hospital stay (median, days)  20 (9–34)  – 
 Relaparotomy  1  5 
 Death without local 
complications 

 0  0 

 Tumor stage (UICC) 
  Ia  0  0 
  Ib  3  15 
  IIa  5  25 
  IIb  12  60 
  III  0  0 
  IV  0  0 
 R0 resection rate  17  85 
 R1 resection rate  1  5 
 R2 resection rate  2  10 
 Postoperative local morbidity 
  Postoperative bleeding a   2  10 
  Pancreatic  fi stula b   3  15 
  Wound infection  1  5 
   Other (i.e. abscess, pleural 

effusion) 
 8  40 

 Postoperative systemic morbidity 
  Systemic complications c   1  5 

   a Need for relaparotomy 
  b Drain output of any measurable volume on or after three 
postoperative days with an amylase activity greater than 
three times the serum amylase activity. Other de fi nitions: 
Persistent drainage of more than 30 ml of amylase-rich 
 fl uid (>5,000 units) per day for more than 10 days; drain-
age of more than 30 ml of amylase-rich  fl uid (at least three 
times the upper normal limit of serum amylase activity) 
per 24 h after the  fi fth postoperative day 
  c Cardiopulmonary, renal, sepsis, neural, other  
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 When we examine Table   1.2    , we subscribe to the 
same surgical steps as suggested by Mantke and 
Lippert. Similarly, in pancreatic head resection 
for periampullary cancer, we follow the same 
sequence of maneuvers but with few different 
“strategic choices” and “details.” For example, 
Mantke and Lippert prefer a subcostal incision; 
we use a midline incision, because this incision is 
quicker to both make and close; in addition, for 
the majority of patients, the midline incision offers 
an equally good view of the entire peritoneal cav-
ity. Certainly, whenever the uncinate process and 
the plane posterior to the head of the gland is 
“deep” and dif fi cult to access, the surgeon’s left 
hand is going to suffer intermittent, transient isch-
emia attacks when using a midline approach, but, 
at least in our experience, the use of the harmonic 
scalpel technology during this operative step has 
been able to reduce this speci fi c disadvantage to 
the surgeon in the obese patient. 

 We also prefer pylorus-preserving resections. 
We start with a very wide “extended” Kocher 
maneuver; at this stage, we prefer to identify the 
origin of the SMA and the area between SMA and 
celiac trunk origin, because often this is the site of 
metastatic lymph nodes leading to a non-therapeutic 
R2 resection if not completely dissected. 

 To isolate the retropancreatic mesenteric/por-
tal vein, we usually prefer to dissect the portal 
vein at the rostral margin of the pancreas and 
 simultaneously to remove the nodes along the 
common hepatic artery. By doing so, you can get 
a sense of the direction of the superior mesenteric 
vein, a helpful hint often not easy to recognize in 
obese patients. Also, and most importantly, if an 
injury to the mesenteric/portal venous con fl uence 
should occur (and we know that sometimes this 
type of injury does happen!), the rostral control of 
the mesenteric-spleno-portal system is facilitated. 

 We speci fi cally do not use bipolar cautery but 
rather use the harmonic scalpel extensively with 
the last generation forceps (FOCUS) which for 
us has become our “third hand.” It is possible to 
secure most of the vessels with this device using 
suture ligation only for gastroduodenal, gastro-
epiploic, and sometimes the pancreatoduodenal 
arteries during the dissection of the uncinate pro-
cess. In particular, the anatomic dissection of the 
retroportal plane is facilitated and speeded mark-
edly using the harmonic scalpel, starting from the 
anterior aspect of the SMA with gentle traction 
on the specimen after transection of the neck of 
the pancreas with a regular scalpel as guided by 
the left hand of the surgeon. 

 When resection of the portal or mesenteric 
vein is necessary, we administer 5,000 IU of hep-
arin in order to minimize the risk of vein throm-
bosis. In our experience, a primary veno-venous 
anastomosis is almost always possible and pref-
erable after a complete vein resection. Sometimes, 
it is necessary to disconnect and ligate the splenic 
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vein at its junction with the SMV. The in situ pan-
creatic remnant and spleen maintain adequate 
venous drainage through the short gastric vessels; 
we have never had a splenic infarction or other 
complication with this technique. 

 Regarding common bile duct, after transec-
tion, we do not clamp the duct to avoid micro-
damage to the duct wall and accept free  fl ow of 
the bile as controlled with a warm gauze. When 
the patient has had a previous biliary stent 
with the expectant bacterobilia, we irrigate the 
bile duct extensively. 

 We do not perform the so-called “extended 
lymphadenectomy” for the simple reason that sev-
eral randomized, controlled trials have shown clearly 
that there is no survival advantage; as described by 
Mantke and Lippert, we also remove the lymph 
nodes around the common bile duct up to the cystic 
duct, the hepatic artery, anterior and posterior pylo-
ric nodes, and the nodes along the superior mesen-
teric artery together with the specimen. We do not 
remove the lymph nodes in the aortocaval groove 
routinely but, when enlarged, we do remove them to 
ensure accurate pathologic staging. With this proce-
dure, one must be very careful to avoid injury to the 
cysterna chyli, which is close to the left renal vein. 

    2.1   Reconstruction 

 Our preferred technique of pancreatic-enteric 
drainage is a single layer, intussuscepting, end-
to-side pancreatojejunostomy using absorbable 
4/0 mono fi lament interrupted sutures (PDS ® , 
Ethicon). We carefully avoid occlusion of the 
Wirsung duct with the suture, believing that it is 
better to leave the transected duct “open” without 
potential damage of its delicate and thin walls by 
a direct mucosa-to-mucosa anastomosis. We also 
believe strongly that with a hard or very  fi rm pan-
creas, every technique is a good option, but for 
the very soft pancreatic stump, pancreatogastros-
tomy is a good alternative and appears to decrease 
the rate of grade B and C pancreatic  fi stulas; for 
this latter technique, an anterior gastrostomy 
allows the surgeon to pull the pancreatic stump 
into the gastric lumen prior to performing single 
layer, end-to-side pancreatogastrostomy using 

absorbable 4-0 mono fi lament interrupted sutures 
(PDS ® , Ethicon). The trick to these intussuscept-
ing anastomoses is to mobilize the pancreatic 
stump for at least 5 cm anterior to the splenomes-
enteric venous con fl uence. 

 An end-to-side hepaticojejunostomy is then 
 performed at least 15 cm distal to the pancreaticoje-
junostomy. We have never yet experienced kinking 
of the jejunal limb with this technique. Usually, a 
single-layer suture using 4-0 mono fi lament inter-
rupted sutures (PDS ® , Ethicon) is performed for 
both the posterior and the anterior wall; for a particu-
larly small duct, a running suture should be avoided 
to decrease the risk of ischemia and subsequent late 
stenosis. For the small size duct, we use interrupted 
5-0 mono fi lament sutures (PDS ® , Ethicon) without 
any other particular trick except to not use too many 
stitches; some bile leak in the  fi rst 48 h is prefer-
able to the long-term morbidity of an anastomotic 
stenosis! Finally, to restore gastrointestinal continu-
ity, we perform a single-layer duodenojejunostomy 
using 3-0 absorbable interrupted sutures (Vicryl ® , 
Ethicon) in an antecolic fashion. 

 At the end of the procedure, a smooth, non-
suction, passive 2-mm drain is placed from the 
right  fl ank posterior to the biliary anastomosis 
and near the rostral edge of the pancreatoje-
junostomy; a second drain is placed from the left 
 fl ank and positioned at the caudal edge of the 
pancreatojejunostomy.  

    2.2   Postoperative “Fast Track” 
Management 

 All patients have a nasogastric tube placed periop-
eratively, but it is removed the next day. We test the 
drain  fl uid for amylase level. If the amylase level is 
less than 5,000 U/L, we remove the drain on post-
operative day 3, because the risk of a pancreatic 
 fi stula is very low, while the risk of a drain-related 
complication (superinfection, erosion of local 
structures) is possible. Patients are allowed to drink 
tea and water on day 1 and to start eating on day 3 
when the octreotide is stopped. Yes, we use pro-
phylactic octreotide perioperatively to decrease the 
risk of pancreatic anastomotic leak based on sev-
eral of our previous studies.  
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    2.3   Distal Pancreatectomy 
and Splenectomy for Ductal 
Pancreatic Carcinoma 

 Most patients are approached via a midline incision 
just as for a pancreatic head resection. As with 
pancreatoduodenectomy, the harmonic scalpel 
has become the third hand of the surgeon which 
facilitates the management of the short gastric 
vessels, the retroperitoneal dissection of the pan-
creas, and the lymphadenectomy. After a wide 
opening of the gastrocolic ligament, we prefer 
to perform a Kocher maneuver to allow control 
of the portomesenteric axis and of the superior 
mesenteric artery. Lymphadenectomy along the 
common hepatic artery and celiac trunk is accom-
plished. The resectability of the tumor can now be 
veri fi ed with the careful mobilization of the pan-
creatic isthmus maintaining view of the spleno-
portomesenteric con fl uence. After division of the 
splenic artery at its origin, we usually transect the 
pancreas with a scalpel, but acknowledge that a 
stapler can also be sued. Although there are stud-
ies on the advisability and ef fi cacy of stapling the 
pancreatic stump, none have shown a convincing 
advantage of the use of a stapler. A recent report 
from Mayo Clinic suggested an advantage of the 

harmonic scalpel when transecting the pancreas 
during distal pancreatectomy; although we have 
tried this technique in few patients with good 
results and our interest is now in that direction, 
we are also conscious of minimizing the over-
all cost of the procedures by avoiding staplers 
or other biologic supports for which there is no 
suf fi cient evidence currently to justify their rou-
tine use. Finally, we use a similar drain as for 
pancreatoduodenectomy and manage this drain 
as described above. Patients are not managed 
postoperatively in the ICU and are subjected to a 
“fast track” approach. 

 An important difference in our technique from 
that of the authors is related to the lymphadenec-
tomy. We do not remove the lymph nodes along 
the aorta or the tissue of Gerota fascia. We do not 
believe that any data support that such an extended 
lymphadenectomy prolongs survival and, on the 
contrary, we fear that these procedures could lead 
to postoperative morbidity, such as chylous  fi stula 
or infected intraabdominal collections. We also 
note the long median hospital stay (20 days) 
reported by the authors (Table   1.6    ) when com-
pared with the relatively low rate of pancreatic 
 fi stula (15 %), and we wonder why the hospital 
stay is so prolonged.       

http://dx.doi.org/10.1007/978-3-540-74506-8_1#Tab6
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    3.1   Relevant Basic Information, 
Indication and 
Contraindication 

 Diagnosis of pancreatic cancer is usually made 
by high-resolution, thin sliced, contrast-enhanced, 
multiphase Computed tomography (CT) as the 
standard tool. We use magnetic resonance imag-
ing (MRI) only in situations when CT cannot be 
performed (e.g. due to contrast medium allergy/
renal failure). Our initial approach is, thus, com-
parable to the standard procedure in Magdeburg. 
Evaluation of the pancreatic tumor by CT can be 
done with a high local resolution that allows very 
accurate imaging of soft tissue and vascular struc-
tures, as well as the presence/absence of liver 
metastases. To improve quality, the CT protocol 
includes the so-called “hydro-technique” 
(Grenacher and Klauss  2009  )  which involves oral 
water intake (one liter or more) and the intrave-
nous administration of buscopan (10 mg) prior to 
the examination to achieve maximum distension 
of the stomach and duodenum, thereby achieving 
a negative contrast inside the lumen. In addition, 
the patient is placed in an oblique, 30°, right-
sided down position (Fig.  3.1 ).  

 Criteria for resectability are the absence of metas-
tases (liver/peritoneal) and no evident involvement 
of the central arterial vessels (celiac trunk, superior 
mesenteric artery). In the latter case, neoadjuvant 
treatment is initiated with the aim of downstaging 
the disease for a potential secondary resection. 
Portal and mesenteric vein involvement are not 
necessarily regarded as a contraindication, regardless 
of the extent of tumor in fi ltration. 

 Further diagnostic procedures, such as endo-
scopic ultrasonography and ERCP, are not man-
datory. We do not favor stent placement in the 
bile duct unless the serum bilirubin levels exceed 
300  m mol/l, which is usually associated with 
impairment of liver function and especially coag-
ulation (van der Gaag et al.  2010  ) . In contrast, 
when the operation has to be postponed because 
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  Fig. 3.1    High-resolution CT scan, hydro technique with 
30° right-sided position of the patient showing a hypodense 
tumor in the pancreatic head ( white circle )       
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of cholangitis, neoadjuvant treatment, or need for 
more medical evaluation and treatment, cholesta-
sis should be relieved before the operation. In 
these situations, a stent is inserted by endoscopic 
techniques or transhepatically, and the operation 
is delayed until the serum bilirubin decreases to 
<150  m mol/l. Most other patients are operated as 
soon as possible. 

 Preoperative tissue diagnosis by endoscopic 
or percutaneous  fi ve needle aspiration is only 
required in patients who are scheduled for neoad-
juvant or palliative treatment, or if the nature of the 
tumor remains unclear (e.g. no increase in serum 
CA 19-9 level or unclear radiologic  fi ndings). 

 Concerning patient age, we have no routine 
cutoff, although 80 years represents a relative age 
after which a more critical re fl ection of the 
patient’s condition, symptoms, and perioperative 
risk pro fi le are considered (Makary et al.  2006  ) . 
Biologic age and co-morbidities of the patient 
become the major factors that determine the deci-
sion for operative exploration or alternative pal-
liative treatment in case of contraindications that 
are not directly tumor-related.  

    3.2   Operative Technique 

 Our standard approach to pancreatic head neo-
plasms is the pylorus-preserving partial pancre-
atoduodenectomy. We perform >90 % of all head 
resections with preservation of the pylorus; a clas-
sic pancreatoduodenectomy procedure with ant-
rectomy is limited to patients with tumor spread 
toward the pylorus, suspicious lymph nodes in 
this area, or a history of peptic ulcers. The inci-
sion is not standardized. A midline laparotomy 
is preferred in non-obese patients, because this 
incision provides a more comfortable exposure 
during the phase of pancreaticojejunostomy; 
however, in obese patients, a transverse incision 
offers better exposure during the resection. 

 Regarding the resection itself, two approaches 
have been developed and are used increasingly in 
our clinical routine. The “standard” resection can 
be facilitated by the “uncinate- fi rst approach” 
(Hackert et al.  2010  ) , which involves the retro-
grade resection of the pancreatic head. The ratio-
nale for this approach is to begin the resection at 

the  fi rst jejunal loop with transposition of the 
specimen to the right aspect of the celiac axis. The 
resection is then carried out caudo-cranially under 
optimal vision of the superior mesenteric vein and 
artery to allow clear margins and excellent control 
of potential bleeding. From our experience, this is 
a very convenient and safe procedure. 

 The second newer technique is the “artery-
 fi rst approach” (Weitz et al.  2010  ) . The essential 
step during this procedure is dissection of the 
superior mesenteric artery beginning from the 
left side of the mesenteric axis. The artery is 
exposed down to its origin so that tumor adher-
ence can be excluded safely and before any other 
de fi nitive steps of the resection have taken place 
(Fig.  3.2 ). This approach is especially appropri-
ate in patients in whom arterial involvement 
remains unclear in the preoperative evaluation.  

 Transection of the neck of the pancreas ante-
rior to the portal vein can be performed before 
completing the dissection along the portal vein or 
may be done as the last step of the procedure. We 
prefer to place sutures at the superior and inferior 
pancreatic margin on both sides of the transection 
line. This maneuver offers control of bleeding 
from the vessels in these regions and can be used 
to lift up the pancreatic remnant during the further 
mobilization of the body of the gland. We do not 
use electrocautery for control of  bleeding on the 

  Fig. 3.2    “Artery- fi rst approach” with exposition of the 
superior mesenteric artery from the left side ( black arrow : 
superior mesenteric artery;  white arrow : aorta)       
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cut surface of the remnant; instead,  atraumatic, 
non-resorbable sutures are the standard for this 
step of the operation. 

 When there is involvement of the superior 
mesenteric or portal vein, we prefer a reconstruc-
tion by direct suture of the vein, either as men-
tioned in the Magdeburg approach by a lateral 
venorrhaphy, or when necessary, by an end-to-
end anastomosis. For both techniques, non-re-
sorbable suture material (e.g. 5-0 polypropylene) 
is used with intraoperative assessment of blood 
 fl ow after the reconstruction (Fig.  3.3 ). From our 
experience, a venous or synthetic graft is rarely 
necessary. To gain enough mobility of the distal 
superior mesenteric vein for a tension-free anas-
tomosis, it is essential to mobilize the root of the 
mesentery completely. This technique is accom-
plished by dividing the attachment of the mesen-
tery of the ileum and right colon from the 

retroperitoneal plane up to the base of the small 
bowel mesentery with antero-rostral elevation of 
the small bowel. After complete mobilization, 
portal vein defects of 4–5 cm can usually be 
bridged without any tension.  

 Our standard lymphadenectomy during partial 
pancreatoduodenectomy includes the lymph nodes 
in the hepatoduodenal ligament (group 12), and 
those nodes along the common hepatic artery 
(group 8), portal vein (group 12), and the cranial 
portion of superior mesenteric vein (group 4–6), 
as well as right-sided lymph nodes of the celiac 
trunk (group 9) and the right side of the superior 
mesenteric artery (group 3) (Adler et al.  2007 ; 
Japan Pancreas Society  2003  ) . 

 The impact of extended lymph node dis-
section (i.e. paraaortic nodes in the aortocaval 
groove, left-side of the celiac trunk, and the left 
side of the superior mesenteric artery) has been 
well investigated in four, randomized, controlled 
trials between 1998 and 2005 examining survival 
(Pedrazzoli et al.  1998 ; Yeo et al.  1999 ; Farnell 
et al.  2005 ; Nimura et al.  2004  ) . Although there 
were differences in the studies with regard to 
the number of resected lymph nodes (20 vs. up 
to 40), three of the studies showed no survival 
advantage, either in N0 nor in N1 patients who 
underwent a standard or extended resections. 
Only Pedrazzoli et al.  (  1998  )  found a survival 
bene fi t of 7 months in the subgroup analysis 
for N1 patients who underwent extended resec-
tion. Moreover, all groups except for Pedrazzoli 
et al. observed a markedly increased morbid-
ity and decreased quality of life in the postop-
erative follow-up related to diarrhea, nutritional 
dif fi culties, etc. A metaanalysis published in 
2007 (Michalski et al.  2007  )  analyzed these 
studies – including an overall number of 297 
vs. 311 patients – with regard to their scienti fi c 
quality and results. No bene fi t for such an 
extended lymphadenectomy could be deter-
mined concerning either local tumor control 
or survival. Furthermore, an increased rate of 
perioperative complications and a decreased 
quality of life were demonstrated. Therefore, 
with regard to these studies and consequently 
based on a level 1 evidence, the concept of 
ultra-radical lymphadenectomy should be aban-
doned, and a de fi ned  standardized lymph node 

  Fig. 3.3    Portal vein reconstruction during total pancreate-
ctomy. End-to-end anastomosis between superior mesenteric 
vein ( black arrow ) and portal vein ( white arrow ),  broken 
black arrow : proper hepatic artery       
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dissection should be performed during partial 
 pancreatoduodenectomy (Fig.  3.4 ).  

 We maintain that the most important operative 
step in preventing severe postoperative complica-
tions is the pancreaticojejunostomy. We prefer to 
perform the anastomosis end-to-side in a two-
layer fashion suturing the pancreatic duct sepa-
rately (Figs.  3.5 ,  3.6 , and  3.7 ). Three atraumatic, 
resorbable sutures are placed at the anterior and 
posterior aspect of the pancreatic duct at the 
beginning. These sutures are later integrated in 
the inner suture row. The outer row is performed 
with interrupted, 5-0 PDS sutures between the 
pancreatic capsula and the seromuscular layer of 
the jejunum. After incision in the jejunal wall, the 
second back row is performed with interrupted 
sutures which incorporates the previously placed 
posterior ductal stitches. The anterior wall of the 
anastomosis is sutured in a similar fashion with 
two layers of interrupted stitches. We do not use 
intraductal stents in the pancreatic duct because 
of concerns that they tend to obstruct the out fl ow 
in small diameter ducts. Using our technique, 
rates of Grade Band C leaks occur in about 3 %  
(Büchler et al.  2003 ; Wente et al.  2006  ) . Bile duct 
reconstruction is standardized by a one-layer, 
 end-to-side technique using resorbable 
mono fi lament sutures approximately 10–15 cm 
distal to the pancreatic anastomosis to minimize 
the risk of bile re fl ux toward the pancreas. An 
end-to-side duodenojejunostomy completes the 
reconstruction. Recent studies have shown that 
an antecolic reconstruction is more favorable in 

terms of preventing delayed gastric emptying 
(Hartel et al.  2005  ) . Two closed suction drains 
(12 mm, EasyFlow ® ) are used routinely and posi-
tioned near the pancreatic anastomosis and in the 
subhepatic space from the right side of the abdo-
men. Drain removal, which can usually be done 

  Fig. 3.4    Situs after partial duodeno-pancreatectomy with 
standardized lymphadenectomy. Dissection has been 
 performed along the portal vein ( black arrow ) and right 
side of the celiac axis ( broken white arrow ),  white arrow : 
pancreatic remnant       

  Fig. 3.5    Scheme of the anastomosis technique showing the two layer suture of the posterior wall ( two left pictures ) and 
the anterior wall ( two right pictures )       

 

 



313 Commentary

48 h postoperatively, should be preceded by anal-
ysis of pancreatic enzyme  levels in the drain  fl uid 
(Bassi et al.  2010  ) .    

 The perioperative management includes peri-
operative, prophylactic antibiotics using mezlo-
cillin (or cipro fl oxacin in case of penicillin 
allergy) and metronidazole beginning before the 
operation, and repeated just once after 4 h. We do 
not use prophylactic, perioperative octreotide as 
a routine procedure unless the pancreas has a soft 
tissue texture intraoperatively. In these cases, oct-
reotide is administered during the operation and 
continued for 5 days at a dosage of 200  m g 
3 times/day. Because of good evidence from a 
recent metaanalysis (Gurusamy et al.  2010  )  that 

routine perioperative octreotide prophylaxis does 
not prevent pancreatic leakage, we believe that 
the use of octreotide should be restricted to indi-
vidual situations and only if the surgeon classi fi es 
the pancreatic anastomosis as “high risk” due to 
soft tissue and a small diameter pancreatic duct. 

 A nasogastric tube is inserted at the beginning 
of the operation under general anesthesia and 
removed at the end of the operation. Oral intake 
of  fl uids is allowed beginning on the  fi rst postop-
erative day with progression to a more regular 
diet by about the  fi fth postoperative day. 

 For neoplasms of the body and tail of the pan-
creas, similar diagnostic measures are used as 
described above for pancreatic head neoplasms. 
We do not use diagnostic laparoscopy routinely 
and only when there is strong suspicion of tumor 
spread to the peritoneal cavity when there is a 
markedly increased serum CA 19-9 level without 
visible extrapancreatic spread or ascites on the 
CT. If there are no contraindications, distal pan-
createctomy is performed by an open approach 
via a median or transverse laparotomy, depend-
ing on individual patient anatomy. 

 Distal pancreatectomy for oncologic indica-
tions always includes splenectomy to achieve a 
radical resection and a suf fi cient lymphadenec-
tomy. After dissection of the superior mesenteric 
and portal mesenteric vein, the neck of the pan-
creas is transected. We prefer sharp transaction of 
the pancreatic neck for several reasons. First, the 
results of the recently completed DISPACT study 
(Diener et al.  2011  )  did not show any advantage 
of closure of the stump of the pancreatic remnant 
with a mechanical stapler, and second, the use of 
staplers may be contraindicated in thick or  fi brotic 
glands. After dissection, bleeding is controlled 
by individual, non-resorbable atraumatic sutures 
(e.g. 5-0 Nova fi l). The pancreatic duct is cannu-
lated, and if there is free passage toward the duo-
denum, the duct is closed selectively with a 
Z-shaped suture. The cut surface is then over-
sewn systematically using U- or Z-shaped sutures 
of slowly absorbable mono fi lament (e.g. 5-0 PDS). 
We do not use any synthetic patches for sealing 
of the pancreas. If possible, the falciform liga-
ment is mobilized and transposed through the 
lesser omentum to serve as an autogenous tissue 

  Fig. 3.6    Intraoperative situs during pancreatico-jejunostomy. 
Prepared duct sutures ( white arrow ) and jejunal loop 
( black arrow )       

  Fig. 3.7    Intraoperative situs of the completed end-to-side 
pancreatico-jejunostomy.  Black arrow : jejunal loop,  broken 
black arrow : pancreatic remnant       
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patch and  fi xed with resorbable sutures on the 
posterior and anterior aspect of the cut surface of 
the pancreatic stump. 

 The lymphadenectomy during distal pancre-
atectomy includes the lymph nodes in the hepa-
toduodenal ligament, the celiac trunk, and the left 
side of the superior mesenteric artery. In addition, 
all fat and soft tissue on the anterior aspect of 
Gerota’s fascia is removed en bloc with the speci-
men and the spleen. Usually 25–30 lymph nodes 
are included in the specimen for histopathologic 
evaluation. During the lymph node dissection of 
the hepatoduodenal ligament, a cholecystectomy 
is performed routinely. 

 At the end of the operation, two closed suc-
tion drains (12 mm, EasyFlow ® ) are placed rou-
tinely near the pancreatic stump and in the 
subdiaphragmatic space from the left side of the 
abdomen. Drain removal is preceded by analy-

sis of pancreatic enzyme levels in the drain  fl uid 
and can usually be performed 72–96 h 
postoperatively. 

 The perioperative management of patients 
after distal pancreatectomy is similar to that after 
partial pancreatoduodenectomy in terms of peri-
operative, prophylactic antibiotics (mezlocillin or 
cipro fl oxacin in case of penicillin allergy and 
metronidazole) and perioperative octreotide pro-
phylaxis if the pancreas has a soft texture intraop-
eratively. The nasogastric tube inserted at the 
beginning of the operation is removed at the end 
of the operation. Oral intake of the patients is 
allowed on the  fi rst postoperative day with  fl uid, 
and the diet is advanced quickly. 

 For histopathologic evaluation of the pancre-
atic cancer specimen, the revised R1 classi fi cation 
is used in Heidelberg (Esposito et al.  2008  ) . This 
staging includes an R1 classi fi cation whenever 
tumor cells are close to (<1 mm) or in fi ltrate the 
resection margin, which leads to a substantially 
greater proportion of R1 resections in our patient 
cohort due to a large number of specimens in 
which tumor cells do not in fi ltrate but are close to 
the margin. These resections would be classi fi ed 
as R0 resections in other institutions; however, 
we believe that the new R1 classi fi cation is more 
useful and accurate regarding prognostic impli-
cations and have implemented this standardized 
de fi nition since 2005.       
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    4.1   Comments 

 The chapter entitled “Surgery of pancreatic 
 carcinoma” by Mantke and Lippert re fl ects their 
personal experience; their recommendations are 
supported by the reputation of their institution, the 
literature, and the excellent results reported. In our 
department, the standard pancreatic resection is 
performed in a similar way to that described by the 
authors; however, some differences should be 
underlined:
    1.    We perform mainly the classic Kausch-

Whipple procedure for pancreatic cancer 
instead of the pylorus-preserving pancre-
atoduodenectomy (PD). In our experience, the 
partial gastrectomy allows a better extended 
lymphadenectomy and also decreases the rate 
of delayed gastric emptying.  

    2.    The “superior mesenteric artery (SMA)  fi rst 
approach” is performed systematically.  

    3.    The lymphadenectomy is “extended”, includ-
ing the lymph nodes of the hepatic pedicle, the 
celiac trunk up to its origin on the aorta, the root 
of the mesentery, and the interaortocaval area.  

    4.    Pancreatic reconstruction is achieved by a dou-
ble-layer, invaginated, pancreatogastrostomy 
which, in our hands, has decreased the rate of 
pancreatic  fi stula as well as the re-laparotomy 
rate after pancreatoduodenectomy.      

    4.2   Standard 
Pancreatoduodenectomy 

 A high-quality, multiphase, contrast-enhanced, 
thin-section, helical-CT including angio-CT con-
stitutes the main preoperative, radiologic investi-
gation adopted in order to choose the therapeutic 
strategy for patients with pancreatic cancer, par-
ticularly, in case of vascular involvement. 

 We have developed a “vascular” approach for 
pancreatic resection for cancer. Indeed, the plane 
of dissection during PD is the tunica adventitia of 
the SMA, which is identi fi ed at its origin on the 
aorta at the beginning of the operation (the “artery 
 fi rst” approach) (Fig.  4.1 ). For a small tumor in 
the head of the pancreas without portal vein 
involvement, only the right border of the SMA is 
skeletonized from its origin on the aorta to the 
root of the mesentery, including a right splanch-
nicectomy (Fig.  4.2a ).   

 The duodenum is mobilized with a Kocher 
maneuver starting from the inferior edge of the 
foramen of Winslow and continuing downward 
along the posterior plane to the Treitz fascia and 
includes all the tissue covering the inferior vena 
cava and the left renal vein. The right colon and 
the root of the mesentery are mobilized allow-
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ing excellent exposure of the aortocaval area. At 
this time, the right colon and the small intestine 
are lifted anteriorly and are kept so retracted 
by the  fi rst assistant by placing his two hands, 
one on each side of the SMA. The origin of 
the SMA is exposed where the left renal vein 
crosses the aorta (Fig.  4.1 ). Dissection of the 
SMA continues along the plane of the adven-
titia up to the junction of the third and fourth 
parts of the duodenum. In the presence of a 

replaced right hepatic artery arising from the 
SMA, its origin is identi fi ed easily at this time 
of the dissection. Once proximal control of the 
SMA is obtained, distal control is secured by 
identifying the SMA below the transverse colon 
along the left border of the superior mesenteric 
vein (SMV) (Fig.  4.3 ). The Treitz ligament is 
divided, then the lymphovascular tissue of the 
anterior side of the root of the mesentery is 
divided between thin ligatures, plane-by-plane, 
until the SMV is identi fi ed and controlled by 
a vessel loop. The SMA is now identi fi ed and 
encircled with a vessel loop. In case of malig-
nant invasion of the mesentericoportal axis, the 
root of the transverse mesocolon is divided pre-
serving the Riolan arcade. Therefore, the middle 
colic artery is ligated proximally and divided at 
its origin on the SMA distally, proximal to the 
anastomotic arcades between the right and left 
colic arteries.  

 Attention is then directed toward the hepatic 
pedicle. The bile duct, portal vein, right and left 
branches of the hepatic artery, hepatic artery, ori-
gin of the splenic artery, left gastric artery, and 
celiac trunk are skeletonized in order to remove 
not only the lymph nodes but all the nervous and 
lymphatic tissue as well (Fig.  4.2b ). The right 
gastric artery is ligated and divided at its origin. 

  Fig. 4.1    Intraoperative views of “the artery  fi rst 
approach”. The origin of the SMA    is exposed at the point 
where the left renal vein crosses the aorta.  IVC  inferior 
vena cava,  LRV  left renal vein,  Ao  aorta,  SMA  superior 
mesenteric artery       

  Fig. 4.2    Intraoperative view of: ( a ) pancreatoduodenectomy 
without portal vein resection. The right border of the SMA 
is skeletonized from its origin from the aorta to the root of 
the mesentery including a right splanchnicectomy. ( b ) 
Pancreatoduodenectomy with portal vein resection.  SMV  
superior mesenteric vein. The SMA is skeletonized on 

both sides from its origin on the aorta to the root of the 
mesentery including a bilateral splanchnicectomy.  SMA  
superior mesenteric artery,  PV  portal vein,  Ao  aorta,  IVC  
inferior vena cava,  LRV  left renal vein,  SplA  splenic artery, 
 SplV  splenic vein       

 

 



374 Commentary

The gastroduodenal artery is dissected, and a trial 
of clamping is performed before ligation of the 
gastroduodenal artery to determine if a clinically-
relevant celiac trunk stenosis is present. When 
the pulse in the hepatic artery disappears during 
the trial of clamping, the arcuate ligament is sec-
tioned. If the hepatic artery remains pulseless, 
stenosis of the celiac trunk should be suspected 
and treated accordingly (jump graft to hepatic 
artery or endarterectomy). The above mentioned 
conditions should be identi fi ed on the pre-opera-
tive CT; indeed, most cases of celiac artery steno-
sis can be treated pre-operatively by interventional 
radiology (dilation, stent, etc.). When the clamp-
ing test is negative, the gastroduodenal artery is 
 double-ligated and divided. 

 The stomach is  fi rst transected using a linear 
stapler, and the pancreas is divided with a surgi-
cal knife with a frozen section performed. The 
proximal jejunum is transected using a linear 
stapler after which its mesentery is divided up 
to the  fi rst jejunal branch which is divided. This 
maneuver reaches the distal part of the SMA at 
the point where it was tagged at the beginning 
of the operation. The inferior pancreatoduodenal 
artery is identi fi ed, double-ligated, and divided. 
At this stage of the operation, the dissection is 
tailored accordingly to the need (or not) of a por-
tal vein resection. 

 The proximal jejunum is passed behind the 
mesenteric root to the right side. The inferior 
pancreatoduodenal veins and all the small tribu-
taries to the PV are ligated individually and 
divided. The PV is retracted with an eyelid retrac-
tor to the left side. The right and posterior side of 
the SMA is dissected toward the aorta removing 
all the neurolymphatic tissue covering the SMA 
and the origin of the celiac trunk (Fig.  4.2a ). 
Special attention should be paid during this step 
to preserve a replaced right hepatic artery arising 
from the SMA. The  fi nal step is the division of 
the bile duct immediately below the biliary duct 
con fl uence. A sample of bile is obtained for 
 bacteriologic examination.  

    4.3   Extended 
Pancreatoduodenectomy 

 Tumor invasion of the mesentericoportal (MP) 
axis is a frequent event in pancreatic cancer and 
should not be considered a contraindication to a 
curative resection. The operative strategy, how-
ever, should be tailored and adapted according 
to the extent of the venous invasion as shown 
by the pre-operative CT. In case of radiologic 
contact between the tumor and the mesenteri-
coportal axis without narrowing of the vein 
(Nakao type A) or unilateral narrowing of the 
mesentericoportal axis (Nakao type B), venous 
resection can be planned preoperatively and 
performed. In contrast, for borderline resect-
able or locally advanced pancreatic cancer with 
bilateral narrowing (Nakao type C) or venous 
occlusion (Nakao type D) of the mesenteri-
coportal axis, the resection is contraindicated 
initially. Preoperative chemotherapy should 
be administered to these patients for about 
3 months, then resection can be re-evaluated in 
case of disease stability or response. Similarly, 
radiologic involvement of the hepatic artery or 
of the superior mesenteric artery does not con-
stitute an absolute contraindication to pancre-
atic resection provided: (1) the tumor has not 
progressed after neoadjuvant chemotherapy, 
and (2) the resection can be performed safely 

  Fig. 4.3    Intraoperative view of the SMV and SMA dissected 
in the root of the mesentery below the transverse colon and 
at a distance from the tumour.  SMA  superior mesenteric 
artery,  SMV  superior mesenteric vein,  Tinf  tumor in fi ltration, 
 Tcolon  transverse colon       
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with curative intent. In fact, only a minority of 
patients with a radiologic arterial involvement 
present true histologic invasion of the artery. 
Pre-operative radiotherapy is not performed 
due to the risk of damage to the vascular wall 
which constitutes a major obstacle in case of 
subsequent resection with venous or arterial 
resection and reconstruction.  

    4.4   Portal Vein Resection 

 During PD with venous resection, the main technical 
objectives to achieve a safe venous resection are:
    1.    to resect completely the retroportal lamina before 

performing the vascular resection in order to 
minimize the venous clamping time (Fig.  4.4 ).   

    2.    to perform systematically a segmental venous 
resection. In the majority of the cases, there 
is no need for an interposition venous graft. 
Indeed, extensive mobilization of the mesen-
teric root as well as the complete lymphadenec-
tomy of the area between the celiac trunk and 
the SMA, allows a tension-free anastomosis 
for up to 7 cm of venous resection.     
 The  fi rst part of the operation is performed as for a 

standard PD. After division of the proximal jeju-
num, the anterior and the left sides of the SMA 
are skeletonized up to the aorta. The right colon 
and the small bowel are retracted anteriorly as 

above. The proximal jejunum is pulled behind the 
mesenteric root. The posterior and right side of the 
SMA is skeletonized up to the aorta, thereby per-
forming a bilateral splanchnicectomy. The com-
mon hepatic duct is divided immediately below 
the hepatic hilum. At this point of the dissection, 
the specimen is attached exclusively by the mes-
entericoportal axis. The venous axis is clamped 
above and below the zone of invasion, and then 
divided. A direct, end-to-end venous anastomo-
sis is performed using 6/0 non-absorbable suture 
(Fig.  4.4 ). In case of resection of the venous tri-
furcation (spleno- mesenterico-portal axis), we 
usually reimplant the splenic vein to avoid left-
sided portal hypertension. If the length of the 
splenic vein resection does not exceed 3 cm, the 
splenic vein is sutured to the SMV in a double 
lumen fashion and re-implanted on the PV. If the 
length of the splenic vein resection exceeds 3 cm, 
two options can be considered:
    1.    If the inferior mesenteric vein is still draining 

the splenic vein, re-implantation of the splenic 
vein is not necessary.  

    2.    If the inferior mesenteric vein has been resected, 
then two vascular anastomoses have to be per-
formed, the  fi rst between the PV and the SMV 
and the second between the splenic vein and 
the inferior mesenteric vein (Fig.  4.5 ).      
 A special approach is required for patients 

with type C (bilateral narrowing) venous 

  Fig. 4.4    Intraoperative views of the  fi nal step of a  pancreatoduodenectomy with portal vein resection ( a ) before and 
( b ) after the positioning of vascular clamps. The specimen is attached only to the venous vascular axis and it is freed 
completely from the retro-portal attachments.  SMA  superior mesenteric artery,  SMV  superior mesenteric vein,  SplV  splenic 
vein,  HA  Hepatic artery,  PTum  pancreatic tumour,  St  stomach       

 



394 Commentary

involvement and with type D (venous occlu-
sion) with the presence of collateral circulation 
persisting after neo-adjuvant chemotherapy. In 
such cases, the dissection around the pancreas 
determinates a gradual interruption of the col-
lateral venous circulation for the liver and the 
gut, causing prolonged hepatic venous isch-
emia and a gut congestion. Therefore, in order 
to avoid the above mentioned potentially lethal 
intra-operative complications, a temporary 
mesenterico-portal shunt (TMPS) is performed 
using a prosthesis of 20 cm ePTFE (FEP*Ringed 
Gore-Tex ® , WL Gore and Associates) (diameter 
14–20 mm) which is inserted between the distal 
stump of the PV and the proximal stump of the 
SMV by two, end-to-end anastomoses with 5/0 
non-absorbable mono fi lament running sutures. 

The anastomosis between the SMV and the 
distal side of the prosthesis is performed  fi rst, 
to preserve as much as possible portal  fl ow to 
the liver from the bowel through the splenic 
vein. Subsequently, the hilar PV is clamped 
and divided. The venous stumps on the speci-
men side are sutured. Finally the anastomosis 
between the hilar PV and the proximal side of 
the prosthesis is achieved. The distal clamp is 
removed from the SMV to purge the prosthesis. 
Then, the proximal clamp is removed from the 
PV: the temporary shunt is now operational. The 
PD is completed as above, and the specimen is 
removed en-bloc with the involved tract of the 
PV/SMV. After clamping the PV and the SMV, 
the Gore-Tex ®  shunt is removed and a direct, 
end-to-end anastomosis between the PV and 

  Fig. 4.5    Intraoperative view ( a ) and post-operative MRI 
( b ) after pancreatoduodenectomy with resection of the 
spleno-mesenterico-portal axis. Two vascular anastomo-
ses are shown, the  fi rst between the  PV  and the  SMV  and 

the second between the  SplV  and the  IMV ; in order to 
avoid left-sided portal hypertension.  PV  portal vein,  SMV  
superior mesenteric vein,  IMV  inferior mesenteric vein, 
 SMA  superior mesenteric artery       
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SMV is performed with a 6/0 non-absorbable 
mono fi lament running suture. Finally a direct 
end-to-end anastomosis without graft interposi-
tion is performed between the splenic vein and 
the inferior mesenteric vein.  

    4.5   Arterial Resection 

 Pancreatic resection for persistent arterial invasion 
after neoadjuvant chemotherapy is considered only 
if a single artery is invaded, otherwise the tumor is 
considered unresectable with curative intent. The 
arterial resection is performed en-bloc with the pan-
creatic specimen to avoid the risk of tumor seeding 
and/or arterial damage. For arterial reconstruc-
tion requiring a graft interposition, an autologous 
vein (e.g. saphenous vein) is used preferentially. 
A synthetic interposition graft (Gore-Tex ® ) is 
avoided whenever possible. Vascular anastomo-
ses are performed with 7/0–8/0 non-adsorbable 
mono fi lament running sutures using microsurgical 
instruments magni fi cation. In patients requiring an 
associated portal vein resection, venous resection 
is performed after arterial resection/reconstruc-
tion and is conducted with portal vein occlusion 
but with preservation of the arterial hepatic  fl ow. 
The most common presentations are: (1) invasion 
of a right hepatic artery originating from the SMA, 
(2) invasion of the common hepatic artery at the 
origin of the gastroduodenal artery, (3) invasion of 
the SMA, and (4) invasion on the CT. In the case 

of SMA or CT invasion, the resection is performed 
only if the tumor is “suspended” on the vascular 
axis. In the case of invasion of the aorta, resection 
in contraindicated. It should be emphasized that 
arterial reconstruction should be performed by 
surgeons with experience in both pancreatic and 
vascular surgery.  

    4.6   Reconstruction, Additional 
Medication, and Procedures 

 We use exclusively a double-layer, invaginated 
pancreatogastrostomy for pancreatic reconstruction 
(Fig.  4.6 ). In patients with a prior total gastrec-
tomy, we adopt an invaginated, suture-free pan-
creatojejunostomy. Two abdominal drains are 
inserted routinely. Amylase activity in the drain-
age  fl uid is measured daily for the  fi rst 7 days. In 
case of pancreatic  fi stula, the drain is maintained 
in place until the complete healing of the pancreatic 
 fi stula. A postoperative abdominal CT is performed 
routinely prior to discharge.   

    4.7   Distal Pancreatectomy 
Without Portal Vein Invasion 

 After division of the gastrocolic ligament, the 
inferior border of the pancreas is dissected and 
the portal vein is freed from the posterior side 

a b

  Fig. 4.6    Intraoperative views of a pancreaticogastrostomy. 
( a ) The pancreatic stump is dissected for about 3 cm from 

the  SplV . ( b ) The pancreatic stump is telescoped in the 
stomach.  SplV  splenic vein,  SplA  splenic artery       
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of the pancreas. Lymphadenectomy with skel-
etonization of the hepatic artery, left gastric 
artery, and celiac trunk is performed. The splenic 
artery is double ligated and divided. The neck 
of the pancreas is transected using a Cavitron 
Ultrasonic Surgical Aspirator (CUSA ® , Cavitron 
Lasersonics, Division of Cavitron Corp). The 
main pancreatic duct is identi fi ed and selec-
tively suture-ligated. In case of a soft pancreatic 
parenchyma, the pancreatic stump is closed with 
a few non-adsorbable, invaginating sutures. The 
splenic vein is divided between ligatures. The 
SMA is identi fi ed and skeletonized on its left 
side up to its origin from the aorta (Fig.  4.3a ). 
All the lymphovascular tissue on the left side of 
the celiac trunk and on the left side of the aorta 
is removed. Then we  proceed in the same way as 
described by Mantke and Lippert.  

    4.8   Distal Pancreatectomy 
with Portal Vein Resection 

 In case of portal vein invasion after division of the 
neck of the pancreas, we proceed as described 
above for pancreatoduodenectomy with portal 
vein resection. The SMV is identi fi ed and encir-
cled below the root of the transverse mesocolon. 
The middle colic artery is divided preserving the 
arcade of Riolan. The SMA is dissected on the left 
border of the SMV and skeletonized bilaterally up 
to its origin from the aorta removing entirely the 
retroportal lamina. The distal pancreas and the 
spleen are mobilized completely. The specimen is 
now attached only to the spleno-mesenterico-portal 
axis. The vascular axis is clamped above and 
below the zone of invasion, and a direct end-to-
end anastomosis is performed using 6/0 non-
absorbable suture. A note of caution should be 
mentioned; on the left side, vascular resections 
are more dif fi cult to perform due to the reduced 

possibility of mobilization of the mesenteric root. 
Therefore, mobilization of the PV and of the SMV 
above and below the zone of invasion should be 
extensive. In case of persistent tension, we use the 
left renal vein as an interposition graft.  

    4.9   Arterial Resection 
(Appleby Procedure) 

 In case of invasion of the celiac trunk, an 
Appleby procedure may be considered as a 
curative resection. The common hepatic artery 
proximal to the gastroduodenal artery is dis-
sected early during the operation. A clamping 
test of the common hepatic artery is then per-
formed. If the pulse of the proper hepatic artery 
is still present and effective hepatic arterial  fl ow 
is con fi rmed by the intra-operative Doppler 
sonography, then the common hepatic artery is 
divided below the origin of the gastroduodenal 
artery. The  fi rst part of the duodenum is divided 
with a linear stapler, the stomach is mobilized, 
and the distal esophagus is sectioned. Finally, 
the distal pancreas and the spleen are mobi-
lized, and the celiac trunk is divided at its ori-
gin on the aorta. During the skeletonization of 
the SMA, meticulous attention should be paid 
to avoid injury of the pancreatoduodenal arter-
ies (inferior and superior) on the right side of 
the SMA. If the pulse of the common hepatic 
artery is reduced, during the clamping test, then 
the procedure should be modi fi ed. The celiac 
trunk and the common hepatic artery should be 
divided only after the complete mobilization of 
the stomach and of the distal pancreas and after 
having obtained a saphenous graft. After remov-
ing the specimen, the common hepatic artery 
should be revascularized by reimplanting it into 
the aorta or into the right renal artery using the 
saphenous graft.       
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 In general, our approach to surgery for pancreatic 
carcinoma is very similar to that described by the 
authors; however, there are a number of differences 
in the details of our management. 

    5.1   Staging 

 We prefer a high-quality, multi-phase contrast-
enhanced CT as the principal modality for radio-
logic staging of pancreatic carcinoma. Our 
radiologic criteria for resection are as described 
but in addition, we utilize staging laparoscopy 
plus laparoscopic ultrasonography (L/LUS) much 
more frequently. Laparoscopic assessment for 
pancreatic cancer can be useful in selected 
patients by demonstrating small volume perito-
neal or hepatic disease and may also be utilized 
in assessment of venous involvement. We have 
found, however, that in patients with low serum 
levels of the tumour marker Ca19-9, the rate of 
positive L/LUS is very low, and therefore we use 
L/LUS selectively based on Ca19-9 values. If the 
pre-operative Ca19-9 is greater than 150 kU/l in 
the absence of jaundice, or >300 kU/l in the pres-
ence of jaundice (bilirubin > 35  m mol/l), we rec-
ommend L/LUS preoperatively, as long as there 
are no other contra-indications to laparoscopy. 
In the presence of a markedly increased serum 

Ca19-9, L/LUS identi fi es radiologically undetected 
evidence of unresectability in approximately 20 % 
of patients. 

 In addition, we have recently commenced a 
trial of the role of PET-CT in the pre-operative 
staging of pancreatic cancer. It is possible that 
PET-CT will detect evidence of small volume 
metastatic disease that would otherwise not be 
detected pre-operatively.  

    5.2   Carcinoma of the Pancreatic 
Head/Periampullary Region 

    5.2.1   Operative Technique 

 Our preferred option for lesions within the head 
of the pancreas is the pylorus-preserving pancre-
atoduodenectomy as described. Initial mobiliza-
tion consists of wide Kocher manoeuvre of the 
duodenum and opening of the lesser sac. Rather 
than dividing the gastro-colic omentum, however, 
we prefer to separate this from the transverse 
colon along the anatomic plane. Mobilization of 
the hepatic  fl exure of the colon is usually neces-
sary in order to obtain adequate access to the 
duodenum. 

 The superior mesenteric vein and inferior border 
of the pancreas are then exposed, allowing early 
assessment of the degree of venous involvement, 
followed by exposure of the portal vein at the 
superior border of the pancreas above the pancreatic 
neck as described. 
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     Division of Surgery and Oncology , 
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 After exposure of the gastroduodenal artery 
cephalad to the neck of the pancreas, patency of 
the common hepatic artery is checked by tempo-
rary occlusion of the gastroduodenal artery with 
a small vascular clamp or bulldog clip to ensure 
that the liver is not reliant on retrograde  fl ow 
through the gastro-duodenal artery secondary to 
celiac artery compression. If, after occlusion, 
there remains  fl ow through the hepatic artery, 
then we divide the gastroduodenal artery. 

 The proximal duodenum is transected with a 
linear stapling device and the gallbladder sepa-
rated from the liver. The cystic artery is divided, 
but the cystic duct is ligated in continuity so that 
it remains connected to the resection specimen. 
The common hepatic duct is transected just 
cephalad to the cystic duct insertion; however, 
contrary to the practice of the authors, we prefer 
not to clamp the stump as this could potentially 
lead to ischaemic damage to the common hepatic 
duct stump. Instead, we merely place a swab over 
the cut end. Leakage of a small amount of bile is 
thus contained and does not cause any clinically 
important problems. 

 The  fi rst jejunal loop is then transected with a 
linear stapler and mobilized as described, and we 
would agree that use of the harmonic scalpel for 
this manoeuvre speeds the process. After mobili-
zation, the distal duodenum and proximal jeju-
num are passed behind the superior mesenteric 
vessels to the right side of the patient and the 
pancreatic neck can then be divided between 
stay sutures. Our preference is to use diathermy 
to perform this division, and we have not encoun-
tered any problems in terms of pathologic assess-
ment using this technique. Any tumour cells 
within 1 mm of the resection margin are deemed 
to represent a positive resection margin. 

 After transection of the pancreatic neck, the 
retro-pancreatic tissues are divided as close to the 
superior mesenteric artery as possible by serial 
ligation and division of the numerous small vessels 
in this area. If the tumour is particularly adherent to 
the vein, a limited vein resection may be performed; 
we have found bovine collagen vein patches to be 
useful for reconstruction in this situation. 

 We do not send samples routinely for frozen sec-
tion analysis; however, if the surgeon is suspicious 

of the presence of residual tumour tissue, then fur-
ther specimens may be sent for frozen section and a 
further resection considered. This approach is par-
ticularly pertinent for mucinous cystic lesions or 
main-duct IPMN, where there may be high-grade 
dysplasia within the residual pancreatic duct such 
that a further pancreatic resection may be entertained. 

 The pancreatic anastomosis is performed using 
either the Cattell-Warren technique, as described, 
or the Blumgart technique, using four 3-0 PDS, 
mattress sutures through the pancreatic body 
approximately 1 cm away from the cut margin and 
taking the jejunum both anteriorly and posteriorly 
to buttress the sutures. The pancreatic duct is treated 
in the same way as for the Cattell-Warren technique 
using 4-0 PDS. In both techniques, we utilise a 
 fi ne-bore, paediatric feeding tube as a pancreatic 
duct stent. This stent is cut to a length of approxi-
mately 10 cm and placed across the pancreatic 
anastomosis to discourage stricture formation. 

 The hepaticojejunostomy is performed using a 
single layer of interrupted, 4-0 PDS. The duode-
nojejunostomy is constructed in an antecolic 
position with 3-0 monocryl or 3-0 PDS, again as 
a single layer of interrupted sutures. Interrupted 
sutures are preferred to a continuous layer because 
of the risk of ischaemia with the latter (Fig.  5.1 ).  

 In the event that a pylorus-preserving proce-
dure is not possible due to proximity of the 
tumour to the pylorus and proximal duodenum, 
then reconstruction of the gastro-jejunostomy is 
performed using a Roux-en-Y loop in order to 
reduce bile re fl ux into the stomach (Fig.  5.2 ).  

 We place two simple, corrugated, “passive” 
drains adjacent to the anastomosis. We prefer not 
to use suction drains in proximity to bowel due to 
the risk of injury to the bowel wall.  

    5.2.2   Additional Medication 
and Procedures 

 All patients receive antibiotic prophylaxis with 
cefuroxime and metronidazole and octreotide, 
100  m g subcutaneously, 3 times a day for 7 days, 
commencing on the evening before surgery. 

 All patients are admitted routinely to a postop-
erative critical care unit for the  fi rst night post-
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operatively, but transferred to the Pancreatic 
Enhanced Recovery Unit the following day, where 
they remain until  fi t for discharge on day 7-10. 

 A nasogastric tube is routinely left in situ post-
operatively but is not used routinely for supplemen-
tal feeding; instead we encourage early introduction 
of  fl uids – sips of water may be taken as soon as 
the patient has recovered suf fi ciently from the 
 anaesthetic – and oral intake is increased gradually 
over the next few days until the patient is taking sol-
ids by day 4. Early mobilization is encouraged. 

 The drains are shortened gradually, commenc-
ing on day 3 provided the output is not excessive, 
and there is no clinical suspicion of an anastomotic 
leak. 

 Our data for resections of tumours of the pan-
creatic head 2007/2008 is presented in Table  5.1 .    

  Fig. 5.1    Reconstruction after standard, duodenum- 
preserving pancreatoduodenectomy. Retrocolic pancre-
atojejunostomy with 4-0 PDS, hepaticojejunostomy with 
4-0 PDS and antecolic duodenojejunostomy with 3-0 PDS 
or monocryl (Copyright University of Liverpool (2003)       

  Fig. 5.2    Roux-en-Y reconstruction following a classic 
Kausch-Whipple pancreatoduodenectomy with removal 
of the pylorus. Retrocolic pancreatojejunostomy with 4-0 
PDS, and hepaticojejunostomy with 4-0 PDS and ante-
colic gastrojejunostomy with 3-0 PDS or monocryl, and 
jejunojejunostomy with linear stapler plus 3-0 PDS or 
monocryl.  Note  the separate Roux limb for the gastroje-
junostomy (Copyright University of Liverpool (2003)       

   Table 5.1    Patients with carcinoma of the pancreatic head/
periampullary region undergoing pancreatic resection 
2007–2008   

 Parameter  Number  % 

 Patients  151  100 
 In-hospital mortality  3  2 
 Hospital stay – days 
(median, range) 

 17.5  (4–84) 

 Reoperation  5  3 
 Classic Kausch-Whipple  20  13 
 Pylorus-preserving 
pancreatoduodenectomy 

 118  78 

 Total pancreatectomy  9  6 
 Pancreas-preserving 
duodenectomy 

 3  2 

 Tumour stage (UICC)  112 
  Ia  3  3 
  Ib  3  3 
  IIa  17  15 
  IIb  63  63.4 
  III  12  11 
  IV  6  5 
 R0 resection  84  56 
 R1 resection  64  42 
 R2 resection  3  2 
 Vascular resection  11  7 
 Complications  85  56 
  Bleeding  3  2 
   Delayed gastric 

emptying 
 10  7 

  Pancreatic  fi stula  10  7 
  Biliary  fi stula  2  1 
  Wound infection  41  27 
   Collection requiring 

drainage 
 9  6 
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    5.3   Carcinoma of the Body/Tail 
of Pancreas 

    5.3.1   Operative Technique 

 Our approach to the pancreatic body/tail is very 
similar to that described by the main authors. Initial 
exposure of the pancreas proceeds as for a pancre-
atoduodenectomy with separation of the greater 
omentum from the transverse colon, although for a 
left-sided resection, this separation is continued all 
the way across to the splenic  fl exure. 

 The duodenum is Kocherized in the same way 
as we would for a pancreatic head resection in 
order to allow control of the superior mesenteric 
and portal veins if necessary. This manoeuvre is 
particularly important if the pancreas is to be 
transected formally across the neck. For more 
distal lesions, it sometimes possible to transect 
the pancreas further to the left, however, adequate 
access for control of the veins is still essential 
before dissection of the pancreas commences. 

 After mobilisation of the pancreatic neck in a 
manner similar to that employed for a pancreatic 
head resection (although preserving the gastrodu-
odenal artery and right gastroepiploic vessels) 
the splenic artery is ligated and divided and the 
pancreatic neck divided. Transection of the pan-
creas may be performed using a stapling device 
as described, or using diathermy as we described 
above for the pancreatic head resection. In the 
latter case, the stump must be oversewn with 4-0 
PDS, taking care to identify and close the pancreatic 

duct separately. The splenic vein is then ligated 
and divided behind the body of the pancreas, and 
the pancreatic body mobilised as described, con-
tinuing the dissection around the spleen and taking 
the short gastric vessels with the harmonic scalpel 
or ligatures depending on circumstances. 

 Postoperative care is similar to that for pancre-
atoduodenectomy, although often only a single 
corrugated drain is required. 

 Our data for resections of tumours of the pan-
creatic body/tail for 2007/2008 is presented in 
Table  5.2 .         

   Table 5.2    Patients with carcinoma of the body/tail 
of pancreas undergoing pancreatic resection 2007–2008   

 Parameter  Number  % 

 Patients  23  100 
 In-hospital mortality  0  0 
 Hospital stay – days 
(median, range) 

 19.5  (8–57) 

 Reoperation  0  0 
 Left pancreatectomy  20  87 
 Total pancreatectomy  3  13 
 R0 resection  20  87 
 R1 resection  3  13 
 R2 resection  0  0 
 Vascular resection  1  4 
 Complications  14  61 
  Bleeding  1  4 
  Pancreatic  fi stula  1  4 
  Wound infection  1  4 
   Collection requiring 

drainage 
 6  26 
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    6.1   Carcinoma of the Pancreatic 
Head/Periampullary 
Adenocarcinoma 

    6.1.1   Relevant Basic Information, 
Indications and 
Contraindications 

 Diagnosis and staging is a crucial step to provide 
appropriate treatment for individual patients with 
pancreatic adenocarcinoma. Our gold standard 
modality for diagnosis and staging is multiphase 
“pancreas protocol,” thin-slice, multi-detector CT 
(MDCT) including chest scans. Recently introduced 
multi-detector technology allows high scanning 
speed with thin collimation, which decreases the 
time needed to cover a volume of interest for 
imaging during clearly de fi ned perfusion phases. 
If the  fi ndings on MDCT are equivocal, endo-
scopic ultrasonography (EUS) with or without 
 fi ne needle aspiration (FNA) is indicated. ERCP, 
MRI/MRCP, and PET-CT are indicated only for 
selected patients. 

 MDCT provides high diagnostic accuracy for 
assessing resectability and unresectability based 
on the relationship between the primary tumor and 
the major vessels, including the hepatic artery 

(HA), superior mesenteric artery (SMA), and 
superior mesenteric and portal vein (SMV & PV). 
In our practice, vascular involvement itself does 
not necessarily mean unresectability. If vascular 
involvement is limited to a short segment and 
allows for reconstruction, those cases are still can-
didates for operative resection (as of 2010, we pre-
fer neoadjuvant therapy before surgery rather than 
a “surgery- fi rst” approach). In addition to vascular 
involvement, nodal status is also important for 
determining indications for operative intervention. 
Distant lymph node metastasis including the 
paraaortic lymph nodes which means systemic 
disease and is a contraindication for operation. If 
the diagnosis of distant lymph node metastasis by 
MDCT is equivocal, we prefer to proceed with a 
PET-CT and/or open biopsy. The indication for 
operative exploration for each patient should be 
determined by a comprehensive workup that 
includes physiologic and nutritional status.  

    6.1.2   Operative Technique 

    6.1.2.1   Resection 
 Our standard operative procedure for adeno-
carcinoma of the head of the pancreas and 
periampullary region is the pylorus-preserving 
pancreatoduodenectomy (Traverso-Longmire pro-
cedure), if it is possible to preserve the pylorus. 
We use an upper midline incision from the xiphoid 
down to the umbilicus, or sometimes we extend the 
incision to the right (J-shape incision) when the patient 
is obese and/or exposure is dif fi cult. Any distant 
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metastasis, including liver metastases and perito-
neal seeding, is a contraindication for resection. 
We routinely sample lymph nodes in the aorto-
caval groove following the Kocher maneuver 
(before proceeding with resection). If any posi-
tive lymph nodes are seen in this area, operation 
is concluded. 

 We prefer that the greater omentum be 
detached from the transverse colon rather than 
being divided between ligatures to preserve 
omentum vascularity. We agree with Drs. Mantke 
and Lippert’s perspective that the well-vascular-
ized omentum helps to control postoperative 
complications of the pancreatic anastomosis. We 
sometimes use the segmental omentum (omen-
tum  fl ap) to cover the pancreatic anastomosis to 
prevent serious complications. 

 After mobilizing the transverse mesocolon 
caudally from the pancreatic head and dividing 
the right gastroepiploic vein and artery, the nerve-
plexus-covered SMV and SMA are taped sepa-
rately at the inferior border of the pancreas. In 
cases involving SMV from which the middle 
colic veins drain, this tape should be placed more 
caudally, below the transverse mesocolon. The 
transverse mesocolon with middle colic artery 
and vein is often divided for better exposure in 
this area. Ischemic change in the transverse meso-
colon is seen only rarely provided the marginal 
vessels are preserved. These tapes prove helpful 
in subsequent portal vein resection and plexus 
resection along the SMA (Fig.  6.1 ).  

 For pancreatic head adenocarcinoma without 
 fi ndings of vascular involvement, a retropancre-
atic tunnel is made under the pancreas from the 
SMV to the portal vein in the groove for the por-
tal vein where the pancreas is divided. In con-
trast, however, in cases with vascular resection, 
the pancreas is divided at the level of the SMV, 
which provides better exposure in the area where 
the SMV-PV is involved. This also allows us to 
secure the root of the SMA and celiac artery for 
proximal vascular control when hepatic artery 
and/or SMA resection is performed (Fig.  6.2 ).  

 The extent of lymphadenectomy for pancre-
atic head adenocarcinoma in our practice is similar 
to Drs. Mantke and Lippert’s description. We do 
not perform routine extended lymphadenectomies 

based on the results of several randomized, con-
trolled trials (Yeo et al.  1999,   2002 ; Nguyen et al. 
 2003 ; Nimura et al.  2004 ; Farnell et al.  2005  ) . 
The paraaortic lymph node is only sampled for 
staging, and the lymph node on the left side of the 
SMA is not resected routinely unless positive 
lymph nodes are observed in this region. 

 In addition to lymphadenectomy, the extent of 
resection of the neurolymphatic plexus along the 
SMA is crucial for achieving an R0 resection for 
pancreatic head adenocarcinoma, especially in 

  Fig. 6.1    The superior mesenteric artery and vein are 
identi fi ed below the transverse mesocolon. The superior 
mesenteric artery is secured with the surrounding plexus. 
( SMA  superior mesenteric artery,  SMV  superior mesenteric 
vein,  m  transverse mesocolon)       

  Fig. 6.2    Radical pancreatoduodenectomy with resection 
and reconstruction of the superior mesenteric artery and 
vein ( SMA  superior mesenteric artery,  SMV  superior mesenteric 
vein,  PV  portal vein,  CHA  common hepatic artery,  LHA  
left hepatic artery,  rRHA  replaced right hepatic artery,  P  
pancreas). A  block dotted circle  represents the size of vas-
cular reconstruction of  SMA  and  SMV         
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cases where the main tumor is located in the 
 uncinate process. Although we do not undertake 
routine resection of the nerve plexus along the 
SMA, it is indicated if an R0 resection is deemed. 
For plexus resection, the anterior surface of the 
SMA with the plexus is divided longitudinally, 
exposing the adventitia of the SMA itself. The 
dissection is extended toward the root of the SMA, 
where it is cancer-free. At this point, the inferior 
pancreaticoduodenal artery (IPDA) is ligated and 
divided at its origin, usually prior to portal vein 
resection or dissection of the uncinate process 
from the SMV and PV. Ligating the IPDA  fi rst 
helps to decrease bleeding by preventing conges-
tion of the specimen. Next, rightward traction is 
applied to the cut margin of the plexus, which is 
then resected longitudinally from the right side to 
the posterior side (about one-half to two-thirds 
circle of the plexus is resected) (Fig.  6.3 ). The 
margin in this region is inked separately on the 
specimen as the SMA plexus margin (Fig.  6.4 ). 
Postoperative diarrhea may be happened but it can 
usually be managed successfully by medication 
and resolves in 6–12 months.   

 For portal vein resection, our procedure is 
almost identical to that described by Drs. Mantke 
and Lippert. We prefer an external iliac vein graft 
because of its size. The junction of the splenic 

vein is not always preserved after using test 
clamps to ensure the prevention of splenic 
congestion.  

    6.1.2.2   Reconstruction 
 Our reconstruction procedure is similar to that 
described by Drs. Mantke and Lippert. The jeju-
nal limb is brought up through a window in the 
transverse mesocolon. Anastomosis of the end 
of the pancreas to the side of the jejunal stump is 
accomplished using a duct-to-mucosa anastomosis 
for the inner layer and trans fi xing sutures for the 
outer layer. We use 5-0, absorbable, mono fi lament, 
interrupted sutures with an RB-2 needle (PDS™ II, 
Ethicon, Johnson and Johnson, Somerville, NJ, 
USA) for duct-to-mucosa suture without a stent. 
We usually place 6 to 8 sutures using a Castroviejo 
needle holder aided by surgical loupes (2.5X). 
A Castroviejo needle holder under magni fi cation 
is easy to handle for  fi ne sutures. Trans fi xing outer 
sutures are made between the full thickness of the 
pancreas and the wider seromuscular layer of the 
jejunum using 3-0, nonabsorbable, mono fi lament, 
interrupted sutures (Prolene™, Ethicon). We usu-
ally place four sutures in the outer layer, two for 
the cranial and two for the caudal positions to the 
inner anastomosis. The ligatures should be tied 
gently and not too tightly. 

 For the end-to-side hepaticojejunostomy, we 
use 5-0, absorbable, mono fi lament, interrupted 
sutures (PDS™ II, Ethicon) without a stent. For 

  Fig. 6.3    Radical pancreatoduodenectomy. About one-half 
to two-thirds circle of the plexus around the superior mesen-
teric artery is resected ( SMA  superior mesenteric artery, 
 SMV  superior mesenteric vein,  CHA  common hepatic artery, 
 SPA  splenic artery,  SPV  splenic vein,  IVC  inferior vena cava, 
 P  pancreas)       

  Fig. 6.4    All surgical margins are inked in separate colors 
( PL  uncinate-SMA margin,  PV  PV groove,  A  anterior margin)       
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the antecolic, end-to-side duodenojejunostomy, 
we use a double continuous technique with 4-0 
absorbable sutures (PDS™ II, Ethicon).  

    6.1.2.3   Drainage 
 We routinely place two closed-suction drains 
(Silicone Flat Drains™, BARD, Covington, GA, 
USA) for pancreatic and biliary anastomosis. One 
drains the biliary anastomosis and posterior pan-
creatic anastomosis, and the other drains the ante-
rior and cranial pancreatic anastomosis (around 
the stump of the gastroduodenal artery).   

    6.1.3   Additional Treatment 
and Postoperative Care 

    Antibiotic prophylaxis is used with a second-• 
generation cephalosporin. The initial dose is 
given in the operating room prior to skin inci-
sion and is continued until postoperative day 
(POD) #3.  
  Octreotide is not used.  • 
  A nasogastric tube is placed intraoperatively and • 
is removed on POD #1–2. Clear water is resumed 
on the day following nasogastric tube removal, 
and a liquid diet is started on POD #5–6.  
  Enteral feeding is used selectively and only • 
for patients with malnutrition.  
  A proton pump inhibitor is used routinely for • 
prevention of peptic ulcer.  
  Drain volume and amylase content are measured • 
daily. If the drain amylase activity is less than 
three times that of the serum on POD #3, the 
drains are removed by POD #7 regardless of the 
volume. In contrast, if the drain amylase activ-
ity is greater than three times that of the serum 
on POD #3, the drain is maintained until the 
amylase activity is normalized or the pancreatic 
 fi stula is well localized. If clinical symptoms 
(fever, leukocytosis) are observed, we obtain a 
CT to exclude an undrained peripancreatic  fl uid 
collection. Drain exchange or percutaneous 
drainage is indicated if necessary. Antibiotics are 
also administrated if infection is evident.     

    6.1.4   Results 

 Our results are summarized in Table  6.1 .    

    6.2   Carcinoma of the Body 
and Tail of the Pancreas 

    6.2.1   Relevant Basic Information, 
Indications and 
Contraindications 

 Preoperative resectability is assessed from the 
MDCT results, which image the relationship 
between the tumor and the adjacent vessels, includ-
ing the splenic, common hepatic, celiac, superior 
mesenteric artery, and splenic and portal veins. 

   Table 6.1    Outcomes after resection for pancreatic head 
adenocarcinoma at Teikyo University Hospital (2006/2007)   

 Parameter  Number  % 

 Patients  40 
 Hospital mortality  1  3 
 Hospital stay 
(median, range) (in days) 

 28 (7–75) 

 Relaparotomy  2  5 
 Death without local 
complications 

 0  0 

 Classic pancreatoduodenectomy  14  35 
 PPPD  26  65 
 Portal vein resection  25  63 
 HA resection  2  5 
 SMA resection  1  3 
 Tumor stage (UICC) 
  Ia  1  3 
  Ib  0  0 
  IIa  12  30 
  IIb  23  56 
  III  1  3 
  IV  3  8 
 R0 resection  33  83 
 R1 resection  6  15 
 R2 resection  1  2 
 Postoperative local morbidity 
  Postoperative bleeding a   2  5 
   Delayed gastric emptying b   3  8 
  Pancreatic  fi stula c   5  13 
  Bile leak d   1  3 
  Wound infection  2  5 
  Other  8  20 
 Postoperative systemic 
morbidity 
  Systemic complications  3  8 

   a Any bleeding requiring intervention 
  b By ISGPS de fi nition 
  c By ISGPF de fi nition 
  d Any bilirubin-rich drainage on or after POD #3  
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We pay special attention to the extent of invasion 
into the retroperitoneal soft tissue and left adrenal 
gland, because the retroperitoneal margin is the 
area where is most likely to be involved with can-
cer cells (R1 resection). In our practice, cases with 
vascular involvement including the celiac artery, 
hepatic artery, and portal vein are still considered 
potential operative candidates. In selected cases, a 
radical resection is possible with distal pancreatec-
tomy combined with celiac artery resection with or 
without portal vein resection as described by Hirano 
et al. (as of 2010, we prefer neoadjuvant therapy 
before resection rather than a “surgery- fi rst” 
approach) (Hirano et al.  2007  )  (Fig.  6.5 ). In addi-
tion to vascular involvement, nodal status is also 
important for determining resectability. Distant 
lymph node metastasis including the paraaortic 
lymph nodes means systemic disease and is a con-
traindication for resection. If the diagnosis of dis-
tant lymph node metastasis by MDCT is equivocal, 
we prefer to proceed with PET-CT and/or open 
biopsy. Operative indication for each patient should 
be determined by a comprehensive workup, including 
physiologic and nutritional status.   

    6.2.2   Operative Technique 

    6.2.2.1   Resection 
 Our standard procedure for carcinoma of the body 
and tail of the pancreas is antegrade distal pancre-
atectomy with splenectomy, which is almost iden-
tical to the description by Drs. Mantke and Lippert. 

The antegrade approach (divide pancreas  fi rst) has 
advantages over the conventional approach (mobi-
lize spleen  fi rst) in terms of better exposure of the 
root of the celiac artery and SMA, and securing the 
retroperitoneal margin as described by Strasburg 
et al. (Strasberg et al.  2007  )  (Fig.  6.6 ).  

 We divide the pancreas using a stapler with 
Neoveil ®  bioabsorbable staple-line reinforcement 
material (Gunze, Kyoto, Japan) or Duet TRS™ 
(Covidien, Mans fi eld, MA, USA), if applicable. 
When the stapler is used, it is closed very slowly 
to prevent breakdown of the pancreatic paren-
chyma. If the pancreatic parenchyma is thick, we 
use Doyen intestinal forceps to make the paren-
chyma thinner before stapling. If the parenchyma 
is either too thick or too fragile, we divide the 
pancreas by means of electrocautery with or 
without a  fi shmouth closure.  

    6.2.2.2   Drainage 
 A closed-suction drain (Silicone Flat Drains™, 
BARD, Covington, GA, USA) is placed near the 
pancreatic stump.   

    6.2.3   Additional Treatment 
and Postoperative Care 

    Antibiotic prophylaxis is used with a second-• 
generation cephalosporin. The initial dose is 
given in the operating room prior to skin inci-
sion, and is continued until postoperative day 
(POD) #3.  

  Fig. 6.5    Radical distal pancreatectomy with celiac artery 
resection (DP-CAR) ( SMA  superior mesenteric artery, 
 SMV  superior mesenteric vein,  Ao  aorta,  CA  celiac artery, 
 LRV  left renal vein,  P  pancreas,  K  kidney)       

  Fig. 6.6    Radical distal pancreatectomy. The left adrenal 
gland is preserved ( SMA  superior mesenteric artery,  SMV  
superior mesenteric vein,  SPA  splenic artery,  LRV  left 
renal vein,  P  pancreas,  Ad  adrenal gland,  K  kidney)       
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  Octreotide is not used.  • 
  A nasogastric tube is placed intraoperatively • 
and removed on POD #1. Clear water is resumed 
on the day following nasogastric tube removal, 
and a liquid diet is started on POD #3.  
  Drain volume and amylase activity are mea-• 
sured daily. If the drain amylase activity is less 
than three times that of the serum on POD #3, 
the drains are removed by POD #7 regardless 
of the volume. If the drain amylase activity is 
greater than three times that of the serum on 
POD #3, the drain is maintained until the amy-
lase value is normalized or pancreatic  fi stula 
is well localized. If clinical symptoms (fever, 

leukocytosis) are observed, we obtain a CT 
to exclude an undrained peripancreatic  fl uid 
collection. Drain exchange or percutaneous 
drainage is indicated if necessary. Antibiotics 
are also administrated if infection is evident.     

    6.2.4   Results 

 Our results are summarized in Table  6.2 .        
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  7

    7.1   Preoperative Management 

 Effective, appropriate surgery for pancreatic 
carcinoma depends on accurate diagnosis and 
staging for resectability (Fig.  7.1 ). Although a 
preoperative tissue diagnosis is not required and 
may even have adverse consequences (dissemination 
or seeding along the needle tract, pancreatitis), it 
is important to discriminate lesions such as auto-
immune pancreatitis or lymphoma, for which 
resection is unnecessary and other treatment is 
preferred. In these latter examples, a core tissue 
biopsy will be more diagnostic than  fi ne-needle 
aspiration cytology.  

 While  fi ne-slice or spiral contrast-enhanced CT 
provides excellent information about vascular 
involvement and good information about metastatic 
disease, small liver or peritoneal metastases <1 cm 
are missed frequently. We utilize laparoscopic eval-
uation and peritoneal cytologic washings for can-
cers at high risk for metastatic spread: neoplasms 
larger than 2 cm, borderline resectable lesions 
because of possible major vascular involvement, 
and most neoplasms located in the body, tail, or 
uncinate which may have presented relatively late 
because of pain in the absence of jaundice. 

 We reserve neoadjuvant chemoradiation 
generally for cases of borderline resectability. 
Nevertheless, we are conducting currently a trial 
of preoperative proton beam therapy in conjunc-
tion with chemotherapy for resectable adenocar-
cinoma. Biliary decompression, preferably by 
endoscopic stent placement, is indicated for treat-
ment of pruritis, serum bilirubin concentrations 
greater than 10–15 mg/dl, or when de fi nitive 
operative treatment will not occur promptly. 

 Although many patients with pancreatic malig-
nancies will have lost considerable body weight, 
there is no substantial evidence that preoperative 
nutritional repletion with TPN decreases periop-
erative complications or mortality. Bowel prepa-
ration is unnecessary unless colonic  resection is 
anticipated and even then may not be necessary. 
Broad-spectrum antibiotics targeting biliary  fl ora 
are given prior to skin incision and continued for 
only one dose postoperatively unless there is a 
speci fi c indication for continuing treatment.  

    7.2   Pancreatoduodenectomy: 
General Considerations 

 This operation should incur a 30-day mortality 
rate of less than 5 %. It has been our experience 
that the postoperative hospital duration of stay is 
signi fi cantly greater with the pylorus-preserving 
operation because of delayed gastric emptying in 
about one-third of patients. Given that there is 
neither a nutritional advantage conferred nor any 
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difference in cure rates between the two opera-
tions, we have favored the classic pancreatoduo-
denectomy with antrectomy. 

 Recent interest has been directed at extending 
the operation to include tissues outside the stan-
dard  fi eld of dissection, such as the aorto-caval 
lymph nodes and the nerve plexuses surrounding 
the superior mesenteric artery. These extended 
dissections have shown no bene fi t in clinical tri-
als in Europe and the United States. In addition, 
circumferential dissection around the artery leads 
frequently to debilitating diarrhea and gastroin-
testinal dysfunction. 

 Lateral or segmental resection of the portal or 
superior mesenteric vein may allow completion 
of the pancreatoduodenectomy but has not con-
vincingly increased the rate of cure even if an R0 
resection (negative margin) is accomplished. 

    7.2.1   Surgical Technique 

  Step 1 : A vertical midline incision provides 
excellent access. The liver and peritoneal sur-
faces are examined for unexpected extrapancreatic 

metastases. Routine biopsy of apparently normal 
regional lymph nodes is unnecessary, but suspi-
cious lesions and enlarged lymph nodes outside 
the planned  fi eld of resection should be biopsied 
and examined by frozen section; we abort resec-
tion if these nodes are positive for metastatic 
cancer. 

  Step 2 : The hepatic  fl exure of the colon is 
mobilized from its retroperitoneal attachments to 
access the third and fourth portions of the duode-
num. Extensive mobilization of the entire right 
colon and small bowel mesentery (Cattell-
Braasch maneuver) is unnecessary except for 
lesions involving the fourth portion of the duode-
num or for the approach to mobilization and 
resection of a segment of the superior mesenteric 
vein. The duodenum and head of the pancreas are 
separated from the retroperitoneal bed medially 
past the aorta and distally to the ligament of 
Treitz. The superior mesenteric artery is palpated 
posteriorly as it originates from the aorta to estab-
lish that the cleft between the artery and uncinate 
process of the pancreas is not obliterated by 
tumor. A silk suture placed in the duodenum to 
mark the junction of the third (D3) and fourth 
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(D4) portions is particularly helpful for 
identi fi cation of the proximal point of devascu-
larization of the duodenum later when working 
back from the transected jejunum (Step 7). 

  Step 3 : The gallbladder is removed if still 
present. The bile duct is dissected free from the 
adjacent portal structures and divided proximally 
(hepatic side) to the site of entry of the cystic 
duct. The proximal bile duct is left unclamped to 
avoid ischemic trauma to the duct, but the distal 
bile duct ori fi ce is sutured closed to minimize 
spillage of tumor cells. The tissues lateral to 
the portal vein are separated carefully, divided, 
and ligated with considerable care such that a 
replaced right hepatic artery off the proximal 
superior mesenteric artery will be recognized 
and not ligated. 

  Step 4 : The portal dissection is continued down 
the anterior aspect of the portal vein. Division of 
the right gastric artery and gastrojejunal artery 
greatly facilitates access to the portal vein behind 
the pancreas. The gastrojejunal artery should be 
doubly ligated or suture ligated in order to mini-
mize the chance of erosion and bleeding in the 
event of a pancreatic  fi stula. Lymph nodes ante-
rior to the proper hepatic artery are taken with the 
specimen. Although there are no direct anterior 
branches to the portal vein, there are substantial 
branches at the upper and lower margins of the 
pancreas which enter the anteromedial aspect of 
the portal-mesenteric vein, and these can be 
injured/avulsed easily during development of the 
tunnel. 

 The approach to the mesenteric vein below the 
neck of the pancreas is facilitated by dividing the 
gastrocolic omentum outside the gastroepiploic 
arcade down to the level of the head of the pan-
creas. Tracing the middle colic vein and gastro-
epiploic vein down to the superior mesenteric 
provides rapid and reliable identi fi cation. 

  Step 5 : After dividing the descending branch 
of the left gastric and gastroepiploic vessels at the 
gastric wall, the stomach is divided across the 
proximal antrum with a stapler. The lesser curva-
ture portion of the stomach is turned in with non-
absorbable sutures over the staple line, leaving a 
suf fi cient portion of the staple line for a 4-cm 
gastrojejunal anastomosis. 

  Step 6 : The dissection of the tunnel behind the 
pancreatic neck should be completed by blunt 
dissection under direct vision. Although tradi-
tional descriptions cite this maneuver as critical 
to proving resectability, it is only relevant to can-
cers in the neck and body of the pancreas: peri-
ampullary tumors are much more likely to involve 
the lateral and posterior aspects of the portal/
mesenteric vein. The  fi nal determination of 
involvement of the vein may not be possible until 
much later in the operation and only after divi-
sion of the pancreas during attempted separation 
of the uncinate process from the right lateral and 
posterior aspect of the superior mesenteric vein. 
A soft rubber drain is passed behind the pancreas 
both for anterior retraction of the pancreatic neck 
and protection of the portal vein. Sutures are 
placed at the four quadrants of the transection 
line to ligate the vascular arcades which run along 
the cephalad and caudad anterior and posterior 
margins of the pancreatic parenchyma. The pan-
creas is divided with electrocautery and addi-
tional bleeding points on the cut margins 
controlled. Suture closure of the pancreatic duct 
on the side of the specimen may help to decrease 
potential spillage of tumor cells during subse-
quent manipulation. 

  Step 7 : The transverse colon and its mesentery 
are retracted cephalad, and the entire small bowel 
is eviscerated to facilitate exposure and dissec-
tion of the distal duodenum proximal to the liga-
ment of Treitz. The jejunum is divided with a 
stapler 6–10 cm distal to the ligament of Treitz at 
a point which will provide suf fi cient mobility of 
the distal jejunum to reach easily to the right 
upper quadrant for the biliary and pancreatic 
anastomosis. The feeding vessels to the proximal 
jejunum and distal duodenum are divided at the 
enteric wall back to the previously placed marker 
suture at the junction of D3/D4. 

  Step 8 : The  fi nal step in removal of the speci-
men is division of the venous tributaries of the 
uncinate to the superior mesenteric portal venous 
confluence and dissection along the lateral margin 
of the superior mesenteric artery, taking both the 
arterial branches and the antero-lateral periarte-
rial soft tissues, which include both lymphatics 
and nerve plexuses that can contain tumor. The 
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space between the pancreas and the mesenteric 
vessels is exposed by retracting the specimen 
to the right and the superior mesenteric vein to 
the left. The safety of this dissection may be 
increased by passing vessel loops around the 
portal vein and superior mesenteric vein for 
retraction. This maneuver is of particular value 
if there is in fl ammatory reaction or tumor in the 
region of the dissection. In the event of lacera-
tion of the vein or need for venous resection, an 
additional vessel loop must be placed around the 
splenic vein distal (splenic side) to the spleno-
portal junction. Traction on the vessel loops and 
vascular clamps are used for venous control as 
necessary. Lateral venorrhaphy with a running, 
 fi ne, nonabsorbable suture may suf fi ce for repair 
or reconstruction as long as the lumen is not nar-
rowed unacceptably. Segmental resection and 
reconstruction, either end-to-end or with interpo-
sition of a polytetra fl uoroethylene (PTFE) graft 
may be necessary in some cases. As noted previ-
ously, extensive mobilization of the right colon 
and small bowel mesentery may facilitate access 
to and mobilization of the superior mesenteric 
vein. Further mobility can be obtained by divid-
ing the splenic vein proximal to the spleno-portal 
junction. 

 Traction on the portal/mesenteric venous junc-
tion to the left exposes the groove lateral to the 
superior mesenteric artery. The tissues overlying 
the artery anteriorly are divided and the dissec-
tion is carried carefully down the lateral wall of 
the artery, and thereafter skeletonizing the medial 
aspect (Fig.  7.2 ). Care must be taken to identify 
and protect a right hepatic artery or a common 
hepatic artery originating from the superior mes-
enteric artery. The attachments of the uncinate, 
including the arterial branches, are then taken 
sequentially along the lateral margin of the supe-
rior mesenteric artery.  

 After removal of the specimen metal clips are 
placed at the margins of the resection  fi eld to tar-
get postoperative radiation therapy. 

 We place a safety pin in the uncinate margin 
and a long suture on the posterior soft tissue mar-
gin to orient the specimen for the pathologist. 

  Step 9 : The peritoneum at the ligament of 
Treitz is closed with interrupted nonabsorbable 

sutures. The end of the jejunum is oversewn with 
nonabsorbable Lembert sutures over the staple 
line and brought through the right side of the 
transverse mesocolon. The pancreaticojejunos-
tomy is performed  fi rst. This 2-layer, end-to-side, 
duct-to-mucosal anastomosis is created using an 
outer row of interrupted, nonabsorbable, 3-0 
sutures that includes most of the cut surface of 
the pancreas and an inner row of 4-0 interrupted 
synthetic absorbable sutures, duct-to-mucosa 
(Fig.  7.3 ). It is almost always possible, even with 
a small/normal pancreatic duct, to perform this 
type of anastomosis. When the duct is very small, 
we place a #5 pediatric feeding tube into the 
lumen and place a minimum of 8 sutures circum-
ferentially through the cut edge of the duct. All of 
the inner layers of duct sutures, anterior and pos-
terior rows, are placed  fi rst and arrayed carefully 
to avoid entanglement (Fig.  7.4 ). The outer poste-
rior sutures are then laid in between the pancreas 
posterior to the duct and the seromuscular layer 
of the bowel. Before tying them, a duct-sized 

  Fig. 7.2    After dividing venous tributaries from the uncinate 
process to the SMV/portal vein, the vein is retracted to the 
left with instruments or vessel loops to identify and expose 
the superior mesenteric artery behind and to the left. The 
lymphatic, neural, and arterial branches are dissected from 
the antero-lateral surface of the artery. If it is necessary to 
retract the vein to the right to expose the artery, division of 
the splenic vein may also be required for adequate exposure 
(Warshaw and Thayer  2004 , p. 736)       
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incision is made in the jejunum directly opposite 
the pancreatic duct lumen. The #5 pediatric feed-
ing tube is then brought through the jejunal wall 
via a #14 needle (Fig.  7.5 ). The posterior row of 
sutures is tied and the posterior row of duct 
sutures is placed through the full thickness of the 
jejunum. The feeding tube is then placed into the 
pancreatic duct, and its exit point in the jejunal 
wall is  fi xed with a purse-string of chromic catgut 
and a Witzel tunnel of interrupted silk Lembert 
sutures. The anterior row of duct sutures is then 
placed in the full thickness of the jejunal ori fi ce 
and tied. The anastomosis is completed with an 
anterior row of silk sutures. It is desirable to have 
the outer anterior and posterior rows of sutures 
include 1-cm of the pancreas in order to create a 
wider surface of apposition. The pancreatic intra-
ductal tube will later be brought through the 
omentum and out through the right side of the 

abdominal wall. If there is a very dilated pancre-
atic duct, this ductal tube is not necessary.    

  Step 10 : Distal to the pancreatic anastomosis, 
an end-to-side hepaticojejunostomy is made with 
a single layer of interrupted, closely-spaced, syn-
thetic, absorbable sutures (Fig.  7.6 ). Unless the 
bile duct is small or fragile, no transanastomotic 
drainage tube is necessary. In the event it is 
needed, a small (#8 pediatric feeding tube) cath-
eter can be left through the anastomosis and 
brought out distally through the jejunum and 
through the abdominal wall. If placed preopera-
tively, a transhepatic drain can be left in place 
instead of a retrograde tube placed from the 
jejunum.  

  Step 11 : After  fi xing the jejunal loop to the 
transverse mesocolon with interrupted non-
absorbable sutures, gastrointestinal continuity is 
restored with a retrocolic, Hofmeister-type 

Jejunum Pancreas

5 Fr tube

a

c

b

d

  Fig. 7.3    Pancreaticojejunostomy. A 2-layer, end-to-side, duct-to-mucosa pancreaticojejunostomy is preferred 
(Warshaw and Thayer  2004 , p. 737)       
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Billroth II gastrojejunostomy. This anastomosis 
is made with running absorbable sutures for the 
inner layer and interrupted nonabsorbable sutures 
for the outer layer. The anastomosis is  fi xed 
below the mesocolon with interrupted silk 
sutures. 

  Step 12 : Omentum is placed over the biliary 
and pancreatic anastomoses. Soft, closed-suction 
drains are placed in the right upper quadrant, 
anterior and posterior to the biliary and pancre-
atic anastomoses. These drains are brought out 
through separate incisions in the right side of the 
abdomen. Neither gastrostomy nor feeding 
jejunostomy tubes are necessary.  

    7.2.2   Postoperative Care 

 The nasogastric tube is discontinued typically on 
postoperative day 1, and clear liquids are allowed 

on day 2. The diet is advanced to low-fat, soft 
solids in frequent small feedings as tolerated. 
Blood glucose should be monitored and diabetes 
treated as appropriate. The amylase activity in 
the drainage is measured on day 5 when the 
patient is eating. If there is no indication of an 
anastomotic leak, the suction drains are removed 
individually on days 5 and 6. Most patients are 
discharged 7–10 days after the operation 
(Table  7.1 ). The pancreatic (and biliary) stents 
are removed in the clinic, generally at 3 weeks.  

 Pancreatic  fi stula is the most common, pan-
creas-related complication of this operation, 
occurring in about 15 % of cases, particularly if 
the pancreas is soft (Table  7.2 ). The drainage 
catheters should be left in place long enough to 
ensure formation of a secure tract and then with-
drawn sequentially in segments to allow the tract 
to close behind as drainage diminishes. In the 
case of low-volume  fi stulas (<200 ml/day), 
patients may eat and be discharged to home. 

  Fig. 7.4    Interrupted synthetic absorbable sutures are place 
circumferentially through the margins of the pancreatic duct 
and laid aside until after the posterior row of non-absorb-
able sutures between the pancreas and jejunum are in 
place. This sequence allows precise suture placement even 
in small, normal pancreatic ducts without risk of lacerating 
injury to a soft gland (Warshaw and Thayer  2004 , p. 738)       

  Fig. 7.5    A #5 pediatric feeding tube is introduced into 
the lumen of the jejunum and then into the pancreatic duct 
through 14-ga needle and laid aside until the outer and 
inner posterior rows of sutures have been tied (Warshaw 
and Thayer  2004 , p. 739)       
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Hepatic duct

Pancreas

Jejunum

5 Fr tube

  Fig. 7.6    The hepaticoje-
junostomy made with a 
single layer of interrupted, 
closely placed, 3-0 or 4-0 
absorbable sutures is 
constructed several 
centimeters distal to the 
pancreaticojejunostomy. 
It is preferable that all duct 
sutures be placed  fi rst and 
arranged carefully to avoid 
entanglement. The posterior 
row is then sewn and tied 
prior to completing the 
anterior row (Warshaw 
and Thayer  2004 , p. 740)       

   Table 7.1    Pancreatic resections at MGH Jan 1, 2009–
Dec 31, 2009   

 Type of operation 
 Number  Average 

duration of stay 

 Whipple operation  134  9.3 
 Middle pancreatectomy  14  6.0 
 Distal pancreatectomy  40  6.6 
 Lap distal 
pancreatectomy 

 17  6.1 

 Total pancreatectomy  4  12.8 
 Other  22  8.8 
  Total   231  8.4 

   Table 7.2    Complications of pancreatic resections Jan 1, 
2009–Dec 31, 2009   

 Nature of complication 

 WHIPPLE 
resection 
( N  = 134) (%) 

 Distal 
resection 
( N  = 57) (%) 

 Pancreatic  fi stula  16  25 
 Biliary  fi stula  3  N.A. 
 Delayed gastric 
emptying 

 2  N.A. 

 Abdominal abscess  6  13 
 Intraabdominal 
bleeding 

 2  3 

 Other  39  40 
 Death  1  2 
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High-output  fi stulas may require a more aggres-
sive approach with fasting, maintenance of  fl uid 
and electrolyte balance, and parenteral nutrition. 
There is no conclusive evidence that  fi stulas are 
prevented or that closure is accelerated by the 
administration of octreotide.  

 Prokinetic agents such as erythromycin have 
been used with a modicum of purported success 
for promoting gastric emptying, but we have not 
found them to be necessary or helpful. 

 Most patients will receive adjuvant chemother-
apy, with or without irradiation, depending upon 
what neoadjuvant treatment has been given.   

    7.3   Distal Pancreatectomy: 
General Considerations 

 Because carcinoma of the pancreatic body and 
tail does not give early warning with obstructive 
jaundice, the great majority present late with pain 
and cachexia indicative of an advanced stage, the 
disease, then, is usually unresectable and already 
metastatic to liver and peritoneal surfaces. For 
this reason, we use laparoscopy routinely to aug-
ment preoperative evaluation and planning. 
Invasion involving the mesenteric or celiac ves-
sels or metastases preclude resection in all but 
5 % of patients. Nonetheless, a gastrojejunos-
tomy may be necessary if the distal duodenum is 
obstructed near the ligament of Treitz. While 
spleen preservation may be desirable for benign 
tumors, either with or without division of the 
splenic vessels (Warshaw technique), optimal 
lymphatic dissection demands a splenectomy for 
cancers. Lesser pancreatic resections, such as 
middle resection and enucleation, should be 
reserved for benign lesions (Table  7.1 ). 

    7.3.1   Surgical Technique 

 Although distal pancreatectomy can be accom-
plished by either laparoscopic or open technique, 
our preference for adenocarcinoma has been an 
open approach, because resection of adjacent ret-
roperitoneal tissues, including those encapsulat-
ing the kidney, and involved viscera (stomach, 

colon) is facilitated. We  fi nd either the antegrade 
(right to left) or retrograde (left to right) method 
may be appropriate in individual circumstances. 
The retrograde approach (Steps 3a–5a below) 
allows for better visualization of the superior 
mesenteric vessels and mobilization to the right 
of the tumor for cancer of the pancreatic body 
especially when the cancer is primarily anterior 
to the splenic vessels. The antegrade approach 
(Steps 3b–4b below) may allow more complete 
dissection of retroperitoneal tissues, including 
the kidney and adrenal gland, for locally invasive 
cancers in the pancreatic tail. 

  Step 1 : We utilize an upper midline incision to 
assess for metastases, adjacent organ invasion, 
and mesenteric vascular encasement. Gastric 
varices and enlarged gastroepiploic veins signify 
splenic vein obstruction but do not necessarily 
preclude respectability. Ligation of the proximal 
splenic artery, if accessible, will decrease opera-
tive blood loss. 

  Step 2 : The gastrocolic omentum is opened 
outside the gastroepiploic vessels; the stomach is 
retracted anteriorly, and the lesser sac is explored 
for potential invasion of the posterior gastric wall, 
possibly necessitating a gastric resection. The 
short gastric vessels are divided and ligated up to 
the esophagus (the highest short gastric vessels 
communicate with the tail of the pancreas, not 
the spleen, and care must be taken to avoid dis-
ruption of the cancer). 

  Step 3a : The posterior peritoneum is opened 
cephalad and caudad to the pancreas, to the left of 
the mesenteric/portal vein and to the right of the 
cancer, and outside the lymphatic arcade along 
the splenic vessels. A tunnel is developed bluntly 
behind the pancreas and in front of the portal vein 
unless there is insuf fi cient space to the right of 
the neoplasm. A Penrose drain is passed through 
the tunnel and used to retract the neck of the pan-
creas anteriorly and to the right. 

  Step 4a : The pancreas is divided with a 
sheathed stapler and 4.5 mm staples to minimize 
crush injury. The splenic artery and vein are 
divided, ligated, and suture ligated close to the 
celiac axis and portal vein, respectively. A row of 
horizontal mattress sutures is placed behind the 
staple line of the remnant pancreas to provide a 
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bulwark against a pancreatic leak when/if the tis-
sues at the staple line necrose. 

  Step 5a : The pancreas is mobilized progres-
sively toward the spleen. The inferior mesenteric 
vein is divided when encountered. Otherwise only 
small collateral vessels are encountered along 
the inferior margin of the pancreas. Surrounding 
tissues, including the transverse mesocolon, 
Gerota’s fascia, and occasionally the kidney 
itself, are taken with the specimen as necessary 
to provide a margin outside the cancer. The peri-
toneal attachments to the spleen are opened, and 
the lieno-colic ligament is divided, freeing the 
spleen. The specimen is removed. 

  Step 3b : When the cancer is located in the 
neck/body of the pancreas, a retrograde approach 
allows the dissection of the neoplasm away from 
the mesenteric vessels under better direct vision 
and facilitates venous resection and reconstruc-
tion if necessary. In this circumstance, the spleen 
and tail of the pancreas are mobilized as in step 
5a, but the dissection and mobilization proceed 
from left to right. 

  Step 4b : With the pancreas retracted anteriorly 
and to the right, the portal/mesenteric vein is 
exposed, the splenic artery and vein are identi fi ed 
proximally and divided as in step 4a, and a point of 
pancreatic transaction at least 1 cm to the right of 
the identi fi able tumor margin is chosen. If the pan-
creas here is too thick to accommodate stapling 
without undue crushing, the pancreas is transected 
sharply or with electrocautery and the stump is 
closed in a “ fi sh-mouth” fashion with interrupted 
sutures of silk after suture ligation of the pancreatic 

duct. If possible, a second row of horizontal silk 
mattress sutures is placed behind the closure as a 
bulwark against a pancreatic leak. 

  Step 6 : Metal clips are placed circumferen-
tially around the resection margins for postopera-
tive radiation therapy. If possible, omentum is 
laid against the pancreatic closure. A soft, closed-
suction drain is placed in the left upper quadrant 
adjacent to the pancreatic closure and brought 
out separately through the abdominal wall.  

    7.3.2   Postoperative Care 

 The nasogastric tube is removed on the  fi rst post-
operative morning. Liquid feedings are begun on 
the following day, and alimentation is increased 
as tolerated. Discharge is planned for 5–7 days 
after operation. 

 Amylase activity in the drainage is measured on 
day 4 or 5. The drain is removed on day 5 if the 
amylase activity is low. Pancreatic leak occurs in up 
to 25 % of cases, independent of the method of pan-
creatic closure or the use of octreotide (Table  7.2 ). 
In the event of a pancreatic leak, the removal of the 
drain is managed by sequential segmental extrac-
tion as the drainage volume decreases. 

 Adjuvant chemoradiation is routine.       

   Reference 

    Warshaw AL, Thayer SP (2004) Pancreaticoduodenectomy: 
how I do it. J Gastrointest Surg 8:733–741      
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    8.1   Relevant Basic Information, 
Indications, and 
Contraindications 

 Surgical techniques for chronic pancreatitis 
may be divided into resections and drainage 
procedures. From a functional point of view, 
drainage operations in patients with chronic pan-
creatitis are superior, because less parenchyma 
is removed. Due to the frequency of local com-
plications in chronic pancreatitis, however, the 
majority of operations in our hospital are resec-
tions. The most frequent indication for resection 
is pancreatic head enlargement with stenosis of 
the bile duct, pancreatic duct, and/or duodenum. 
Resection of the pancreatic body and/or tail is 
indicated only rarely in chronic pancreatitis. 
Drainage procedures include enteric drainage of 
pseudocysts or a dilated pancreatic duct into the 
jejunum or stomach. We prefer an anastomosis 

to Roux-en-Y jejunal limb which will protect 
the pancreatic duct or pseudocyst from entry of 
intestinal content. Both approaches, resection 
and drainage, can be combined. Total pancreate-
ctomy for chronic pancreatitis is performed only 
in very selected patients because of its  overriding 
 metabolic sequelae in these often dif fi cult patients, 
 especially if they are alcoholics. 

 Chronic pancreatitis is not a primary surgical 
disease. Resection of pancreatic parenchyma may 
lead to deterioration of exocrine and endocrine 
function of the gland. The major aims of opera-
tive intervention are to relieve pain and to treat the 
local complications of this chronic in fl ammatory 
disease that may develop as sequelae of narrow-
ing, stenosis, or even occlusion of the pancreatic 
duct and/or focal enlargement of the head of 
the pancreas with compression of neighboring 
organs, such as the bile duct, duodenum, portal 
venous system, stomach, or colon. 

 General indications for operative intervention 
include extrinsic compression or in fl ammatory 
sclerotic stenosis of the bile duct, pancreatic 
duct, duodenum, or portal/splenic vein as well 
as the development of symptomatic pseudo-
cysts. Carcinoma is often part of the differen-
tial diagnosis and is best ruled out by resection. 
Rarely, pancreatic ascites, pancreaticopleural 
 fi stula, and bleeding complications lead to oper-
ation. Every patient needs an individual treat-
ment plan, which should be developed through 
an interdisciplinary approach by surgeons, gas-
troenterologists, and, in special situations, inter-
ventional radiologists. 

    H.  -U.   Schulz   (*)   
   Department of Surgery ,  Otto von Guericke University ,
  Magdeburg ,  Germany    
e-mail:  hans-ulrich.schulz@med.ovgu.de   

    R.   Mantke    
   Professor of Surgery, Chair, Department of Surgery , 
 City Hospital Brandenburg ,   14770   Brandenburg , 
 Germany    
e-mail:  mantke@klinikum-brandenburg.de   

    H.   Lippert ,  M.D.    
   Professor of Surgery, Chair, Department of Surgery , 
 Otto von Guericke University of Magdeburg ,
  39129   Magdeburg ,  Germany   
 e-mail:  hans.lippert@med.ovgu.de   

      Basic Chapter       

     Hans-Ulrich   Schulz      ,    René   Mantke      , and    Hans   Lippert                



66 H.-U. Schulz et al.

 Thrombosis or stenosis (compression) of portal 
or superior mesenteric veins due to pancreatic head 
enlargement may lead to severe portal hyperten-
sion which, in turn, will become a relative contrain-
dication for aggressive resection because of the 
high risk for bleeding. When pancreatic head 
resection is planned, patency of the celiac trunk 
and superior mesenteric artery should be checked 
by computed tomography angiography (angio-CT) 
or magnetic resonance imaging (MRI). When 
occlusion/stenosis of the celiac trunk or common 
hepatic artery and the associated variations in arte-
rial supply to the liver is not appreciated, liver isch-
emia may result. We do not yet perform prophylactic 
pancreatic resections in patients with hereditary 
pancreatitis because data supporting such an 
aggressive procedure is scarce and the sequelae of 
total pancreatectomy currently outweigh the 
bene fi ts. In patients with chronic pancreatitis, the 
often substantial co-morbidity due to chronic alco-
hol or nicotine abuse should always be taken into 
consideration. In patients with concomitant liver 
cirrhosis, cardiomyopathy, pulmonary emphysema, 
or severe arteriosclerosis, thorough preoperative 
evaluation is necessary. We will not perform elec-
tive pancreatic surgery in patients with severe liver 
or respiratory insuf fi ciency or in those patients with 
a left ventricular ejection fraction below 35 %. 
A thorough preoperative evaluation with correction 

of abnormalities of electrolytes, nutrition, and 
coagulation are essential. A strict indication for 
operative intervention is mandatory to avoid unnec-
essary risk of complications to the patient. 

 In general, only patients with a long-standing 
history of chronic pancreatitis are referred to the 
surgeon. For this reason, a lot of investigations 
have usually already been done at this time. To 
plan an operation, a recent contrast-enhanced, 
three-phase, thin-layer (1 mm), multidetector com-
puted tomography (MD-CT) or high-quality MRI 
is required to image the entire pancreatic paren-
chyma, duct pathology, and vascular anatomy 
(Table  8.1 ). In addition, liver (cirrhosis), vessel 
(thrombosis, stenosis), peritoneal (ascites), and 
pleural (effusions) pathology should be sought for 
and excluded or at least acknowledged. 3D recon-
struction should allow the recognition of either 
anatomic vascular abnormalities or functional vari-
ant arterial blood supply to the liver related to arte-
riosclerotic stenosis of the celiac and mesenteric 
arteries, respectively. Imaging of the pancreatic 
duct by magnetic resonance cholangiopancrea-
ticography (MRCP) or endoscopic retrograde cho-
langiopancreaticography (ERCP) is obligatory. 
Endoscopic ultrasonography (EUS) has lost some 
of its value with the introduction of MD-CT and 
high-resolution MRI but offers advantages in 
patients who present with a conventional helical 

   Table 8.1    Diagnostic preoperative setup in patients with chronic pancreatitis   

 Diagnostic method  Questions 

 Clinic  Pain, nausea, weight loss, glucose intolerance, new diabetes, steatorrhea, 
duodenal stenosis, bile duct stenosis, pancreatic duct stenosis, pseudocyst 

 Laboratory evaluation  Standard parameters, CA 19-9 
 Standard chest X-ray  Pulmonary lesions 
 Ultrasound  Pancreatic tumor, ascites, liver metastases 
 MRT + MRCP + angio-MRI  All-in-one procedure, exclusion of a malignant tumor, pathology of the 

mesenteric and portal vein and hepatic and superior mesenteric artery, 
strictures and obstruction of pancreatic or bile duct 

  Endoscopic ultrasonography    Strictures and obstruction of pancreatic or bile duct, exclusion of a malignant 
tumor, pathology of the mesenteric and portal vein and hepatic and superior 
mesenteric artery  

  Preoperative biopsy    Unnecessary, in case of tumor suspicion oncological resection is indicated  
  In case of all- in- one MRI is not possible:  
   CT + ERCP is used  
  CT (high-quality multiphase 
contrast-enhanced, thin-section 
helical CT), angio-CT  

  Exclusion of a malignant tumor, pathology of the mesenteric and portal vein 
and hepatic and superior mesenteric artery, ascites  

  ERCP    Strictures and obstruction of pancreatic or bide duct, endobiliary stenting, 
biopsy – cytologic investigations  

  Italic = optional tests for speci fi cation of the diagnosis  
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CT or MRI performed on a scanner of older gen-
eration. There is no speci fi c need for angiography 
or positron emission tomography (PET). Routine 
laboratory parameters (blood count, electrolytes, 
coagulation, renal, liver enzymes, and albumin) 
serve to evaluate relevant organ functions and 
allow correction of de fi cits preoperatively. The 
tumor marker CA 19-9 is always determined, and 
a clinically important increase (>200 U/ml) leads 
us to a more aggressive surgical approach, keeping 
in mind that jaundice may increase CA 19-9 serum 
level as well. A conventional chest x-ray is per-
formed only when the thoracic organs were not 
visualized previously by CT or MRI. Any sugges-
tions of cardiac or pulmonary insuf fi ciency are 
evaluated by echocardiography and spirometry, 
respectively.   

    8.2   Surgical Technique 

 Two units of packed red blood cells are ordered 
for each patient on the day of operation. In gen-
eral, the patient is placed supine on a  fl exible 
operation table. The table is adjusted to bring the 
patient into hollowback hyperextended position 
and rotated slightly to the right. A curved, right 
subcostal incision allows for convenient exposure 
of the pancreas and all other relevant structures. 
If required, this incision may be extended to the 
left to improve exposure of the pancreatic tail and 
spleen. For patients with a prior midline incision 
or those with a narrow costal margin, a vertical 
midline incision extending from the xiphoid to 
just below the umbilicus is equally appropriate. 
We prefer a Stieber self-retaining retractor to 
keep the incision open wide and to protect the left 
lobe of the liver from falling into the operative 
site. Every operation starts with thorough explo-
ration of the entire peritoneal cavity to detect 
concomitant pathology of the liver, bowel, and 
other organs. If indicated, representative tissue 
specimens are taken for frozen section analysis. 

    8.2.1   Pancreatic Resection Procedures 

 Traditionally, pancreatic head resection in 
chronic pancreatitis follows the same operative 

rules as in pancreatic cancer, i.e. pancreatoduo-
denectomy in combination with subtotal resec-
tion of the stomach. In contrast, organ-sparing 
resections have been developed over the past 
several decades that include pylorus preservation 
and several techniques for preservation of the 
duodenum and distal bile duct. The classic 
Kausch-Whipple (KW) procedure is used typi-
cally in patients with chronic pancreatitis who 
have had a prior gastric resection for ulcer, in 
rare situations of extensive adhesions between 
the pancreatic head and the pyloric region, and if 
the duodenum stump becomes ischemic during 
an attempted pylorus preservation. Pylorus-
preserving pancreatoduodenectomy is indicated 
in patients who present with suspicion of cancer 
and those with combined stenoses of the intra-
pancreatic bile duct, pancreatic duct, and duode-
num due to in fl ammatory pancreatic head 
enlargement. 

 The Longmire-Traverso, Frey, and Kausch-
Whipple procedures are used frequently in 
our department in patients with chronic pancrea-
titis. These methods following this chapter 
(Table  8.4 ). 

 The  classic pancreatoduodenectomy  or 
Kausch-Whipple procedure begins with mobili-
zation of the hepatic  fl exure and transverse colon 
(Table  8.2 ). The duodenocolic ligament is divided 
and the superior mesenteric vein identi fi ed. An 
extended Kocher maneuver is then performed so 
that the common bile duct, the vena cava, and 
both renal veins become visible (Fig.  8.1 ). This 
maneuver allows for palpation of the pancreatic 
head and uncinate process and evaluation of the 
retroperitoneal space for pathology, such as 
enlarged lymph nodes. Next the lesser sac is 
entered by transection of the right portion of the 
gastrocolic ligament but with preservation of the 
gastroepiploic vessels. Use of the harmonic scal-
pel (SonoSurg ® , Olympus, Hamburg, Germany) 
can be extremely bene fi cial, because operation 
time can be reduced. After division of  fi brous 
adhesions between the pancreas and the posterior 
wall of the stomach, the entire anterior surface of 
the pancreas is freed up. Care must be taken to 
avoid injury to the blood vessels and branches of 
the vagus nerve along the lesser curve of the 
stomach and the splenic artery at the superior 
margin of the pancreas.   
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 Next, the hepatoduodenal ligament is dis-
sected so that the common hepatic artery 
becomes visible. The origin of the gastroduode-
nal artery is identi fi ed, and the vessel is encircled 
and retracted to the left. Identi fi cation of the 
portal vein is easy now, because it is situated in 
the triangle between the common hepatic artery, 
gastroduodenal artery, and superior margin of the 
pancreas. Next, starting at the caudal margin of 
the neck of the pancreas and the superior mes-
enteric vein, the groove of the portal vein on the 
dorsal surface of the pancreas is carefully dis-
sected bluntly using an Overholt clamp. In the 
presence of severe in fl ammatory adhesions or 
a large pancreatic head compressing the portal 
vein, the groove of the portal vein may not be 
identi fi able without causing potentially severe 
bleeding from the veins. In this situation, the 
pancreatic parenchyma is transected anterior to 
the presumed course of the superior mesenteric 
and portal veins behind the neck of the pancreas. 
After dissection of the superior mesenteric/portal 
vein groove from the dorsal pancreatic capsule is 
completed, a suture of 3/0 diameter (any mate-
rial possible) is positioned around the neck of 
the pancreas at the right margin of the superior 
mesenteric vein and tightly tied. This suture liga-
tion compresses the pancreaticoduodenal arteries 
and enables the neck of the pancreas to be lifted. 
Two stay sutures (4/0 mono fi lament resorbable, 
e.g. PDS ® , Ethicon, Norderstedt, Germany) 
are placed and tied in the pancreatic neck, one 
each at the upper and lower margin of the organ 
(Fig.  8.2 ). In contrast to other groups, we do not 
dissect circumferentially and loop the portal and 
superior mesenteric veins for control of possible 
bleeding. In our hands, control of bleeding can be 
achieved easily by bidigital compression of the 
veins when a wide Kocher maneuver has been 
performed.  

 The next step consists of the ligation of the 
gastroduodenal artery near its origin at the com-
mon hepatic artery. The stump of the gastroduo-
denal artery is secured by a trans fi xion suture 
using 4/0 mono fi lament nonresorbable material 
(Prolene ® , Ethicon). The pancreatic neck then is 
now lifted by traction of the stay sutures and the 
pancreatic parenchyma is transected using an 

   Table 8.2    Steps of a standard Kausch-Whipple procedure   

  Resection  
  1  Exploration 
  2  Biopsy of liver or peritoneal metastases if 

necessary 
  3  Elevation of the duodenum and pancreatic 

head (Kocher maneuver) 
  4  Mobilization of the right colon  fl exure 
  5  Division of the duodenocolic ligament 
  6  Division of the right portion of the gastro-

colic ligament 
  7  Division of adhesions between pancreas and 

the posterior gastric wall 
  8  Identi fi cation and banding of the gastroduo-

denal artery and identi fi cation of the portal 
vein on the superior border of the pancreas 

  9  Exposure of the SMV at the inferior border 
of the pancreas 

 10  Division of the gastroduodenal artery 
 11  Division of the pancreas 
 12  Resection of the gastric antrum 
 13  Division of the jejunum distal the ligament 

of Treitz and delivery of the jejunum and the 
distal duodenum to the right of the superior 
mesenteric vessels 

 14  Freeing the uncinate process and division of 
the lateral branches of the SMV and SMA 

 15  Freeing of the gallbladder and transection of 
the common hepatic bile duct 

 16  Pancreaticojejunostomy 
 17  Hepaticojejunostomy 
 19  Gastrojejunostomy 
 20  Braun’s entero-enterostomy 
 21  Drainage and closure of the abdominal 

wound 

vc

d

rrv

lrv

  Fig. 8.1    Kocher maneuver. Following mobilization of 
the duodenum, the inferior vena cava and both renal veins 
become visible ( vc  vena cava,  rrv  right renal vein,  lrv  left 
renal vein,  l  liver,  d  duodenum)       
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electrocautery needle beginning anteriorly at the 
right margin of the portal vein, starting at the 
uncinate edge of the superior mesenteric vein. 
Details of this transection have been described 
and illustrated in Chap.   1    . Bleeding from small, 
intrapancreatic vessels is controlled immediately 
by bipolar coagulation. After transection of the 
pancreas, the gastric antrum is resected. We never 
perform the classic 2/3 Billroth resection when 
resecting a pancreatic head. Transection of the 
antrum is performed using two  fi rings of a 75-mm, 
reloadable linear cutter (TLC 75 Proximate ® , 
blue magazine, Ethicon, Norderstedt, Germany). 
The jejunum is transected about 15 cm distal to 
the ligament of Treitz also using a TLC 75 
Proximate ®  linear cutter, and the vessels in its 
mesentery and the mesentery of the fourth por-
tion of the duodenum are transected using a har-
monic scalpel. The jejunum is then pulled behind 
the mesenteric root and into the right subhepatic 
region. By gently retracting the gastric antrum 
and the jejunal loop to the right, the superior mes-
enteric and portal veins become better exposed 
allowing removal of the pancreatic head from its 
retroperitoneal surroundings. Resection of the 
uncinate and head of the pancreas along the right 
side of the mesentericoportal vessel axis using a 
harmonic scalpel. Bleeding is controlled by bipo-
lar coagulation and placement of titanium clips 
(Ligaclip ®  Multiple Clip Applier MCM-30, 
Ethicon). After ligation and transection of cystic 
artery, the gallbladder is mobilized subserously 

from the liver. In the  fi nal step of the resection, 
the common hepatic duct is transected just proximal 
to the cystic duct using a cautery needle. 

 Reconstruction starts by creating a window in 
the right transverse mesocolon through which the 
jejunum is pulled through. First, an end-to-side 
anastomosis between the remnant left pancreas 
and the jejunal loop is created using the Warren-
Cattell technique as described in Chap.   1    . The 
inner duct-to-mucosa layer of the anastomosis is 
performed using 4–6 (seldom more) single 
stitches of 5/0 mono fi lament resorbable sutures 
(PDS ® , Ethicon). For completion of the anasto-
mosis, an outer layer of single stitches of 4/0 
mono fi lament resorbable sutures (PDS ® , Ethicon) 
is carried out with seromuscular sutures in the 
jejunum and sutures through the capsule and pan-
creatic parenchyma. We do not perform intraop-
erative stenting of the pancreatic duct. 

 The bile duct is then anastomosed to the same 
jejunal limb about 6–8 cm distal to the pancreatic 
anastomosis. This biliodigestive anastomosis is 
created using two running sutures of 5/0 or 4/0 
mono fi lament resorbable material (PDS ® , 
Ethicon). We do not routinely place a Kehr 
T-tube. When the bile duct lumen is small, recon-
struction using the Goetze-Gutgemann technique 
(for a comparison, see Chap.   1    ) is advantageous. 
For this technique, the anterior part of the anasto-
mosis is performed with interrupted stitches 
instead of a running suture. Mono fi lament resorb-
able 5/0 material (PDS®, Ethicon) is used for 
these cases involving a small bile duct and a small 
diameter t-tube or transhepatic drain is inserted if 
deemed necessary by the surgeon. 

 Next, the stomach stump is anastomosed using 
an omega-shaped jejunal loop positioned anterior 
to the transverse colon (antecolic). The distance 
between biliodigestive and gastric anastomosis is 
about 60 cm. A Braun anastomosis is created 
about 10 cm distal to the defect in the transverse 
mesocolon through which jejunal limb was 
passed. Both enteric anastomoses are performed 
using two layers of poly fi lamentous resorbable 
4/0 (jejunum) or 3/0 (stomach) running sutures 
(Vicryl ® , Ethicon). Figure  8.3  illustrates the 
reconstruction used. Finally, one silicone drain 
(Easy Flow Drainage, P. J. Dahlhausen & Co., 

pb

ph 

d
smv

  Fig. 8.2    Following the placement of stay sutures, the 
pancreas is transected in front of the superior mesenteric 
vein using a cautery needle ( ph  pancreas head,  pb   pancreas 
body,  smv  superior mesenteric vein,  d  duodenum)       
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GmbH, Cologne, Germany) is placed into the 
subhepatic region with its tip in the former epip-
loic foramen about 2 cm from the pancreatic 
anastomosis.  

  Pylorus-preserving pancreatic head resection  
(PPPHR) is performed in cases where there is a 
serious concern about pancreatic head carcinoma 
or when there is a long intrapancreatic stenosis 
of the bile duct. Longmire’s surgical technique 
for this procedure (Fig.  8.4 ) was described in 
Section   1.1.2    .  

 The  Frey procedure  is a combination of a 
non-anatomic, subtotal resection of the pancre-
atic head with longitudinal opening ( fi lleting) 
and drainage of the pancreatic ducts. Pancreatic 
duct pathology is associated with pancreatic head 
enlargement in about 30 % of our patients with 
chronic pancreatitis. Pancreatic head resection 
alone is inadequate if there is associated pathol-
ogy of the pancreatic duct (e.g., stones, strictures, 
retention cysts) in the remnant body or tail of the 
gland. In contrast, it is unlikely that an enlarged 
pancreatic head can be drained suf fi ciently by 
standard, longitudinal pancreaticojejunostomy 

  Fig. 8.3    Reconstruction following classical Kausch-
Whipple procedure. End-to-side duct-to-mucosa pancrea-
ticojejunostomy using Warren-Cattell’s technique is 
performed followed by end-to-side hepaticojejunostomy. 
Antecolonic gastrojejunostomy is performed next and 
reconstruction is completed by side-to-side entero-
enterostomy in accordance with Braun       

  Fig. 8.4    Reconstruction 
following pylorus-preserving 
cephalic pancreatoduodenec-
tomy. As in the Kausch-
Whipple procedure, the  fi rst 
step consists of end-to-side 
duct-to-mucosa pancreati-
cojejunostomy using 
Warren-Cattell’s technique. 
End-to-side hepaticojejunos-
tomy follows. Antecolonic 
duodenojejunostomy is 
performed next. In contrast 
to the classical Kausch-
Whipple operation, no 
entero-enterostomy is 
needed       
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(Partington-Rochelle procedure). For these rea-
sons, pancreatic resection and drainage techniques 
should be entertained and are often combined. 
In all standard pancreatic head resections (e.g., 
Kausch-Whipple, Longmire-Traverso, Beger), it 
is possible to  fi llet open the pancreatic ductal sys-
tem in its entire course and perform a side-to-side 
instead of end-to-side pancreaticojejunostomy 
to drain the ducts completely. An alternative 
approach combining the classic longitudinal 
pancreaticojejunostomy with subtotal coring of 
 fi brous pancreatic head tissue was proposed by 
Frey and Smith in 1987. Because the neck of the 
pancreas is not transected completely over the 
superior mesenteric vein, portal hypertension is 
not a contraindication for this operation as it is 
for a classic Kausch-Whipple resection. 

 Technically, the pancreas is exposed in the 
same manner as in other types of pancreatic sur-
gery (Table  8.3 ). Brie fl y, the hepatic  fl exure of 
the colon is mobilized, a Kocher maneuver is 
performed (Fig.  8.1 ) and the lesser sac is opened 
by transection of the gastrocolic ligament. In 
our experience, it seems more advantageous to 
resect the enlarged pancreatic head subtotally 

instead of only partially coring it out. For this 
reason, the gastroduodenal artery is ligated and 
transected at the superior margins of the pan-
creas using 4/0 mono fi lamentous non-resorbable 
sutures (Prolene ® , Ethicon). To prevent damage 
to the superior mesenteric and portal veins dur-
ing pancreatic head resection, these vessels must 
be identi fi ed and kept under direct vision. The 
main pancreatic duct is incised in the body of the 
organ (Fig.  8.5 ). This ductal incision is extended 
as far as possible in both directions to the splenic 
hilum and the duodenum. All strictures must 
be incised and all calculi removed carefully to 
achieve effective drainage of the ductal system. 
The pancreatic head is resected subtotally using 
a cautery needle. We preserve about 6–8 mm of 
pancreatic tissue near the duodenum and about 
5 mm of pancreas near the superior mesenteric 
and portal veins, respectively (Fig.  8.6a ). In con-
trast to other types of anatomic resections of the 

   Table 8.3    Steps of the Frey procedure   

  Resection  
  1  Exploration 
  2  Biopsy of liver or peritoneal metastases if 

necessary 
  3  Elevation of the duodenum and pancreatic 

head (Kocher maneuver) 
  4  Mobilization of the right and left colon 

 fl exure 
  5  Division of the duodenocolic ligament and 

gastrocolic ligament 
  6  Identi fi cation and transection of the 

gastroduodenal artery and identi fi cation of 
the portal vein on the superior border of the 
pancreas 

  7  Exposure of the SMV at the inferior border 
of the pancreas 

  8  Complete opening of the main pancreatic 
duct, starting in the body of the pancreas 

  9  Subtotal resection of the pancreatic head 
 10  If indicated, drainage of the bile duct into 

the resection cavity 
  Reconstruction  
 11  Pancreaticojejunostomy using Y-Roux limb 
 12  Jejunojejunostomy 

  Fig. 8.5    First step of the Frey procedure. The duct of 
Wirsung is opened in the body of the pancreas using a 
cautery needle. Note the appearance of a stone within the 
duct ( arrow ). All stones and strictures must be removed to 
achieve ef fi cient duct drainage. For this reason, the inci-
sion of the duct is carried out as far as possible in both 
directions to the splenic hilum and to the duodenum ( pd  
opened pancreatic duct,  s  stomach,  d  duodenum,  ph  pan-
creatic head,  l  liver,  m  mesocolon transversum)       
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pancreatic head, the pancreas is not transected 
completely. Mono fi lamentous absorbable 4/0 
sutures (PDS ® , Ethicon) are used for hemosta-
sis when bipolar coagulation is ineffective. As 
in the Beger and Berne procedures, the bile duct 
may be incised in its intrapancreatic portion and 
drained into the resection cavity. A one-layer, 
longitudinal pancreaticojejunostomy is per-
formed with 50-cm long Roux-en-Y limb using 
running 4/0 mono fi lamentous absorbable sutures 
(PDS ® , Ethicon) (Fig.  8.6b ). Finally, an end-to-

side jejunojejunostomy is performed in two lay-
ers (4/0 Vicryl ® , Ethicon). One silicone drain 
(Easy Flow Drainage, P. J. Dahlhausen & Co., 
GmbH, Cologne, Germany) is placed alongside 
the pancreaticojejunostomy.    

  Duodenum-preserving pancreatic head resec-
tion  (Beger procedure) and the  Berne technique  
are described in other chapters as well as the 
technique of  Left-sided, distal pancreatectomy .  

    8.2.2   Drainage Procedures 

 Surgical drainage procedures have been per-
formed much less frequently in recent years due 
to excellent endoscopic techniques for drainage. 
For problematic cases, primary ductal procedures 
are safe and ef fi cient. The indication for opera-
tive care should be discussed with an interdisci-
plinary approach. 

  Lateral Pancreaticojejunostomy  is performed 
to drain enterically a dilated pancreatic duct in 
patients without chronic in fl ammatory enlarge-
ment of the pancreatic head, using the Partington 
and Rochelle procedure. To expose the entire 
anterior surface of the pancreas, the gastrocolic 
ligament is divided, and both colonic  fl exures are 
mobilized. Fibrous adhesions between the pan-
creas and the posterior surface of the stomach are 
cut. When dilated, the main pancreatic duct can 
usually be visualized or palpated as a soft 
 fl uctuant depression or trough in the body of the 
gland. If the duct cannot be localized, intraopera-
tive ultrasonography can aid localization of the 
duct. Once the duct is identi fi ed, it is incised lon-
gitudinally alongside the needle (which is left in 
place to aid this ductal incision) using a cautery 
needle. Once the duct is entered, its precise course 
is determined using a Te fl on probe or an Overholt 
clamp. To identify all pathologic  fi ndings, it is 
important to unroof the pancreatic duct over its 
entire length from as close as possible to its entry 
into the duodenum out to the splenic hilum. Care 
is taken to avoid injury to the gastroduodenal and 
pancreatoduodenal arcade. In the head of the 
pancreas, both the duct of Wirsung and the duct 
of Santorini are unroofed and drained (Fig.  8.7 ). 
Bleeding from the cut edges of the pancreas can 

a

b

  Fig. 8.6    ( a ,  b ) In the Frey procedure, the pancreatic head 
is resected subtotally so that the bile duct becomes vis-
ible at the ground of the resection cavity ( a ). A Te fl on 
or metal probe inserted via the cystic duct may help to 
identify the course of the bile duct. For reconstruction, 
side-to-side pancreaticojejunostomy ( b ) using a Y-Roux 
loop is performed with one layer of running suture of 
mono fi lamentous, resorbable material ( ph  resected pan-
creatic head,  pd  opened pancreatic duct,  j  jejunum, 
 m  mesocolon transversum)          
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be controlled by bipolar coagulation. Suture liga-
tures of 5/0 mono fi lamentous non-resorbable 
material (Prolene PDS ® , Ethicon) are needed on 
occasion. Stones are removed meticulously using 
forceps or an Overholt clamp. In general, we 
avoid creating a short anastomosis of the pancre-
atic duct but rather plan on a long pancreaticoen-
teric anastomosis. For reconstruction, the jejunum 
is transected approximately 45 cm distal to the 
ligament of Treitz using a linear cutter (TLC 75 
Proximate ® , Ethicon). A defect is created in the 
avascular space of transverse mesocolon to the 
right of the middle colonic vessels through which 
the jejunal limb is passed. The stapled end of the 
distal jejunum is positioned at the splenic hilum 
and jejunum opened along its anterior mesenteric 
border. A single layer, side-to-side pancreaticoje-
junostomy is performed with running sutures of 
4/0 mono fi lamentous resorbable material (PDS ® , 
Ethicon) starting at the splenic  fl exure. The cau-
dal inferior portion of the anastomosis is per-
formed  fi rst (Fig.  8.8 ) followed by the rostral 

Santorini
Wirsung

  Fig. 8.7    Techniques of pancreatic duct drainage procedure by 
latero-lateral pancreaticojejunostomy. In the case of a dilated 
pancreatic duct, both the duct of Wirsung and the duct of 
Santorini are unroofed and freed from stones and strictures       

  Fig. 8.8    ( a ,  b ) A jejunal Y-Roux limb is used for recon-
struction in laterolateral pancreaticojejunostomy. The 
inferior portion of the anastomosis is performed  fi rst 

( a ) followed by the superior portion ( b ) ( pd   pancreatic duct, 
 jm  jejunal mucosa,  s  stomach,  j  jejunum,  p  pancreas)       
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superior portion. Sutures are passed through the 
serosa and muscularis of the jejunum (i.e., extra-
mucosally) but through the full thickness of 
 pancreatic parenchyma between  fi brous capsule 
and unroofed duct. We do not attempt necessarily 
to perform mucosa-to-mucosa apposition. An 
end-to-side jejunojejunostomy is performed 
50 cm distal to the pancreaticojejunostomy to 
 re-establish intestinal continuity (4/0 Vicryl 
PDS ® , Ethicon). One silicone drain (Easy Flow 
Drainage, P. J. Dahlhausen & Co., GmbH, 
Cologne, Germany) is placed alongside the length 
of the pancreaticojejunostomy. In the case of 
pancreatogenic pain in patients with a non-dilated 
main pancreatic duct, so-called “small duct dis-
ease”, longitudinal V-shaped resection of the 
ventral part of the pancreas may be performed as 
proposed by Izbicki.   

  Lateral Pancreaticogastrostomy  has only 
rare indications. This form of enteric drainage 
may be performed in selected patients of mas-
sive adhesions or unsuspected pancreatic necro-
sis found at operation. Technically, such an 
operation should follow the same rules as lateral 
pancreaticojejunostomy. 

  (Pseudo) cystojejunostomy  is performed 
in similar fashion to a lateral pancreaticoje-
junostomy (Fig.  8.9 ). A pre-requisite for safe, 
successful operative internal drainage of a pan-
creatic pseudocyst is a mature  fi brous wall of the 
pseudocyst. In general, a wide incision (at least 
3 cm) is made in the pseudocyst wall allowing 
for exploration of the entire cavity and evacua-
tion of any sequestered material (Fig.  8.10 ). A 
frozen section to exclude malignancy is done 
intraoperatively. A one-layer, side-to-side, 
Roux-en-Y pseudocysto-jejunostomy with 4/0 
resorbable mono fi lamentous sutures (PDS ® , 
Ethicon) is our method of choice. In general, 
we do not drain a pseudocyst enterically if 
there is a previous history of hemorrhage, 
because this will eliminate the self-tamponade 
potential in the case of rebleeding. Under such 
circumstances, we prefer resection of the por-
tion of the pancreas bearing the pseudocyst. 
Alternatively, radiologic embolization or stent-
ing of pseudoaneurysms or operative ligation 

of bleeding vessels may be appropriate to pre-
vent rebleeding in selected patients.   

  (Pseudo) cystogastrostomy  may be suitable 
for patients with pseudocysts located in the 
body or tail of the pancreas with  fi rm adher-
ence to the posterior wall of the stomach. 
A longitudinal, anterior gastrotomy is made 
using electrocautery. Next, the posterior wall of 
the stomach and the pseudocyst are opened by 
a transgastric transcystic incision (Fig.  8.11 ). 
Necrotic material is evacuated, and the entire 
cavity of the pseudocyst is explored. The wall 
of the pseudocyst adherent to the posterior wall 
of the stomach is oversewn (“reefed”) with 4/0 
mono fi lamentous resorbable material (PDS ® , 
Ethicon) using continuous or interrupted sutures. 
Alternatively, an anastomosis may be created 

  Fig. 8.9    Pseudocystojejunostomy using a one-layer 
 side-to-side Roux-en-Y anastomosis       
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using a circular stapler of 33 mm diameter 
(ILS-33, Ethicon Endo-Surgery, Norderstedt, 
Germany). Finally, the incision in the anterior 
wall of the stomach is closed using 2–3  fi rings of 
a linear stapler (TLC 75 Proximate ® , Ethicon).    

    8.3   Additional Medications 
and Procedures 

    Single dose perioperative antibiotic prophylaxis • 
is given intravenously about 30 min prior to 
skin incision. Because infectious complications 
after pancreatic surgery originate from bowel 
 fl ora, the antibiotic chosen must cover the range 

of suspected bowel microorganisms. In addi-
tion, speci fi c hospital-acquired bacteria and the 
capacity for pancreatic penetration of the com-
pound should be considered when choosing an 
antibiotic. In our experience, a combination of 
4 g mezlocillin (Baypen ® , Bayer, Leverkusen, 
Germany) and 1 g sulbactam (Combactam ® , 
P fi zer, Karlsruhe, Germany) is effective. In 
patients with penicillin allergy, we use 1 g imi-
penem (Zienam ® , MSD, Munich, Germany). 
For lengthy operations, a second antibiotic dose 
is given 4–5 h after the  fi rst application.  

  Fig. 8.10    ( a ,  b ) Drainage procedure of a pseudocyst in 
the pancreas tail (pseudocystojejunostomy) using a jejunal 
loop and a transmesocolic approach. Single-layer continuous 
suture (PDS 4/0) at the posterior wall ( a ) and single layer 
interrupted sutures (PDS 4/0) for the anterior wall ( b ) 
were used ( pp  pancreatic pseudocyst,  j  jejunum,  mt  meso-
colon transversum)       

pancreas

stomach

pancreatic cyst

a

b

  Fig. 8.11    ( a ,  b ) Pseudocystogastrostomy using a longi-
tudinal anterior gastrotomy. The pseudocyst is opened by 
a transgastric incision. The wall of the pseudocyst is anas-
tomized with the posterior wall of the stomach with 4/0 
PDS using interrupted or continuous sutures ( s  anterior 
gastric wall,  pp  opened pancreatic pseudocyst containing 
sequestered necrotic material)       
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  In surgery for chronic pancreatitis, inhibitors • 
of pancreatic secretion, such as somatostatin or 
octreotide, are not given routinely, because the 
postoperative  fi stula rate is low due to the hard 
texture of  fi brotic pancreatic parenchyma.  

  If possible, patients get an epidural catheter • 
for postoperative pain control.  
  During operation, all patients receive a naso-• 
gastric tube, which is removed at the comple-
tion of anesthesia.  
  Enteral nutrition is started on the  fi rst postop-• 
erative day.  
  All patients are given prophylaxis against • 
deep vein thrombosis with a low molecular 

   Table 8.5    Patients with chronic pancreatitis who underwent 
drainage operation (2006, 2007)   

 Parameter  Number  % 

 Patients  10  100 
 Hospital mortality  0  0 
 Hospital stay 
(median, days) 

 12.4 (9–22) 

 Relaparotomy  0  0 
 Death without local 
complications 

 0  0 

 Pancreaticojejunostomy  1  10 
 Pancreaticogastrostomy  1  10 
 Pseudocystojejunostomy  4  40 
 Pseudocystogastrostomy  4  40 
 Postoperative local morbidity 
  Postoperative bleeding a   0  0 
   Delayed gastric 

emptying b  
 0  0 

  Pancreatic  fi stula c   0  0 
  Biliary  fi stulad  0  0 
  Wound infection  1  10 
   Other (i.e. abscess, 

pleural effusion) 
 0  0 

 Postoperative systemic morbidity 
   Systemic 

complications e  
 0  0 

   a Need for relaparotomy 
  b Nasogastric intubation >10 days, or its reinsertion 
because of vomiting, or the inability to tolerate a solid diet 
after the 14th postoperative day.  Other de fi nitions : No 
normal oral feeding after 10 postoperative days; intoler-
ance to oral intake and need for nasogastric decompres-
sion after the seventh postoperative day 
  c Drain output of any measurable volume of  fl uid on or after 
the third postoperative day with an amylase content greater 
than three times the serum amylase activity.  Other 
de fi nitions : Persistent drainage of more than 30 ml amy-
lase-rich  fl uid (>5,000 units) per day for more than 10 days; 
drainage of more than 30 ml amylase-rich  fl uid (at least 
three times the upper normal limit of serum amylase con-
centration) per 24 h after the  fi fth postoperative day 
  d Bilirubin-rich  fl uid was drained for more than 5 days 
  e Cardiopulmonary, renal, sepsis, neural, other  

   Table 8.4    Patients with chronic pancreatitis who underwent 
pancreatic resection (2006, 2007)   

 Parameter  Number  % 

 Patients  42  100 
 Hospital mortality  3  7.1 
 Hospital stay 
(median, days) 

 17.2 (7–59) 

 Relaparotomy  7  16.7 
 Death without local 
complications 

 1  2.4 

 Kausch-Whipple 
procedure 

 4  9.6 

 Traverso-Longmire 
procedure 

 17  40.4 

 Frey procedure  1  26.2 
 Beger procedure  2  4.8 
 Berne procedure  2  4.8 
 Pancreatic left resection  5  1.8 
 Total pancreatectomy  1  2.4 
 Postoperative local morbidity 
  Postoperative bleeding a   1  2.4 
   Delayed gastric 

emptying b  
 7  16.7 

  Pancreatic  fi stula c   5  11.8 
  Biliary  fi stula d   2  4.8 
  Wound infection  5  11.8 
   Other (i.e. abscess, 

pleural effusion) 
 8  19.0 

 Postoperative systemic morbidity 
  Systemic complications e   6  14.3 

   a Need for relaparotomy 
  b Nasogastric intubation >10 days, or its reinsertion 
because of vomiting, or the inability to tolerate a solid diet 
after the 14th postoperative day.  Other de fi nitions : No 
normal oral feeding after 10 postoperative days; intoler-
ance to oral intake and need for nasogastric decompres-
sion after the seventh postoperative day 
  c Drain output of any measurable volume of  fl uid on or after 
the third postoperative day with an amylase content greater 
than three times the serum amylase activity.  Other 
de fi nitions : Persistent drainage of more than 30 ml amy-
lase-rich  fl uid (>5,000 units) per day for more than 10 days; 
drainage of more than 30 ml amylase-rich  fl uid (at least 
three times the upper normal limit of serum amylase con-
centration) per 24 h after the  fi fth postoperative day 
  d Bilirubin-rich  fl uid was drained for more than 5 days 
  e Cardiopulmonary, renal, sepsis, neural, other  
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weight heparin (enoxaparin, Clexane ® , 40 mg, 
Sano fi -Aventis, Frankfurt, Germany) once 
daily starting on the evening of the admission 
day and until discharge.  
  Prophylaxis against gastric stress ulcer and • 
anastomotic ulcer is given using 40 mg panto-
prazole daily as an intravenous injection 
(Pantozol ® , Nycomed, Constance, Germany).  
  Postoperative ICU admission with invasive • 
monitoring is routine.  
  The intraoperative drain(s) is removed 48 h • 
postoperatively unless drainage volume is 
>50 ml/day. Drain output is not measured rou-
tinely for amylase activity. Only when the out-
put is high or the color is typical for pancreatic 
 fi stula the  fl uid is checked for amylase activ-
ity. In the case of  fi stula, the drain is main-
tained in place until the output volume has 
decreased. In the case of a persistent pancre-
atic  fi stula (>3 weeks) without clinically rele-
vant symptoms, the drain is removed 

incrementally on an every day basis (2–3 cm/
day). Usually, the  fi stula is controlled by a 
dermal drainage bag and will close by itself 
over time. In the case of clinical symptoms 
(e.g., pain, fever, leukocytosis), an abdominal 
CT should be obtained to exclude gross peri-
pancreatic  fl uid collection or an abscess, 
which would require some form of interven-
tional drainage. Reoperation is rarely neces-
sary because of a pancreatic  fi stula. A biliary 
 fi stula requires reoperation if the output is 
high. Patient discharge with drains in situ is 
appropriate in patients tolerating enteric or 
oral nutrition and without signs of organ 
dysfunction.     

    8.4   Results 

 The results of pancreatic surgery in chronic 
 pancreatitis are contained in Tables  8.4  and  8.5 .         
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  9

    9.1   Relevant Basic Information 

 The indications for surgery in the management of 
chronic pancreatitis are well formulated: suspi-
cion of cancer, biliary stenosis, duodenal stenosis, 
arterial erosion, splenic vein occlusion, internal 
pancreatic  fi stulae, and pancreatic pseudocyst. 
There is no doubt, however, that the chief indica-
tion for surgical management of chronic pancrea-
titis in our experience is intractable pain. Patients 
with chronic pancreatitis and intractable pain are 
marginalized and stigmatized by health care pro-
viders because of the assumption that patients 
with chronic pancreatitis are responsible for 
their own pain and suffering due to a character 
 fl aw associated with chronic alcoholism and 
narcotic drug dependence. Mechanisms of pain 
in chronic pancreatitis remain poorly understood. 
The ductal hypertension theory of Puestow, the 
parenchymal hypertension theory of Reber, and 
the perineural in fl ammation theory of Bockman 
and Keith have improved our understanding of 
pain in chronic pancreatitis but have not eluci-
dated more successful surgical therapies in the 
management of intractable pain associated with 
chronic pancreatitis. 

 The operative complications of bleeding, 
obstruction, and perforation associated with 

chronic pancreatitis have anatomic operative 
solutions in most instances. Remediation of 
intractable pain due to chronic pancreatitis has 
been managed less successfully with operations 
to correct underlying anatomic disorders. 
Nevertheless, many useful insights into the mech-
anisms of pancreatic pain have been discovered 
in the last decade. Pancreatic neurocellular pain 
pathways operate more like webs than highways, 
and there are multiple redundancies and alter-
nate routes that bypass operative attempts to 
inhibit pain pathways. There is evidence that 
chronic pancreatitis induces changes in path-
ways of visceral pain with spinothalamic and 
central re-organization of brain centers that pro-
cess pain. Central spinal neuropathy, central 
cerebral neuroplasticity, peripheral extrapancre-
atic nociception, and pancreatic neuropathy are 
all part of a synergistic disorder in patients who 
suffer from intractable, maladaptive pain associ-
ated with chronic pancreatitis. Early operative 
intervention in the management of intractable 
pain associated with chronic pancreatitis has been 
suggested as a means to prevent the development 
of irreversible pain from these visceral and cen-
tral pain pathways. 

 Though pancreatic drainage procedures have 
lesser complication rates than resection proce-
dures, resecting in fl amed parenchyma has the 
potential to achieve better outcomes in pain con-
trol. The observation that changes at the cellular 
level in chronic pancreatitis result in augmenta-
tion of synthesis of pancreatic peptides that are 
known pain transmitters is another argument to 
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favor resection over drainage procedures. In our 
view, total pancreatectomy for chronic pancreati-
tis has emerged as a selective approach for the 
early management of chronic pancreatitis with-
out ductal dilation, avoiding the complication of 
brittle diabetes by combining this procedure with 
islet auto-transplantation.  

    9.2   The Puestow Procedure 

 The principles that Puestow delineated in his 
1957 Archives of Surgery report have remained 
unchanged. The pancreatic ductotomy is carried 
as far to the right and to the left as possible, and 
the jejunal limb is passed through the transverse 
mesocolon to the right of the middle colic ves-
sels. The gastroduodenal artery is divided and 
ligated at the rostral margin of the neck of the 
pancreas when necessary. The anastomosis is 
done in a single layer of interrupted 3-0 silk. The 
Penrose drain that was utilized by Puestow has 
been replaced by a single, closed suction drain 
and a biopsy of the pancreas should be sent for 
pathologic examination, as Puestow did. If the 
patient has associated splenic vein occlusion, 
a splenectomy is performed concomitantly. 
Terminal biliary stenosis is managed with a cho-
ledochoduodenostomy in order to separate the 
biliary and pancreatic anastomoses and prevent 
the commingling of pancreatic and biliary secre-
tions if there is an anastomotic leak. 

 The Puestow procedure can be performed lap-
aroscopically in selected patients. The technique 
is similar to the open approach, with the excep-
tion of the method of anastomosis, which is 
accomplished more easily with a running tech-
nique. In our experience, the laparoscopic 
Puestow is best applied in patients with a very 
large pancreatic duct. 

 In our decades old report of lateral pancreati-
cojejunostomy (LPJ) for chronic pancreatitis in 
85 patients reported from 1977 until 1991, the 
health of the 62 survivors was good-to-fair in a 
small majority of the patients (Adams et al.  1994  ) , 
but 45 % of patients judged their health status to 
be poor. Notable in this study was that 22 patients 
were deceased at the time of follow-up, which 

ranged from 1 to 60 years. Sixty percent of 
patients required rehospitalizations for medical 
disorders, usually for management of pain or 
recurrent pancreatitis. Other disorders that 
patients developed were drug and alcohol abuse, 
malnutrition, diabetes, heart disease, esophagitis, 
gastritis, psychiatric disorders, trauma, pneumo-
nia, and anemia, highlighting the fact that surgery 
for chronic pancreatitis is palliative surgery.  

    9.3   The Puestow Procedure in 
Small Duct Chronic Pancreatitis 

 Our initial interest in the role of LPJ in patients 
without dilated pancreatic ducts was tested in the 
late 1990s when we undertook LPJ in patients 
with a pancreatic ductal diameter less than 7 mm 
(Rios et al.  1998  ) . In the follow-up period, which 
ranged from 3 to 16 months, 59 % of these patients 
required rehospitalization for pain or pancreatitis, 
76 % had emergency room visits and noted that 
their pain was the same or worse. Sixty- fi ve per-
cent viewed their health status as poor. In those 
patients who had good outcomes, the pancreatic 
duct diameter approached 7 mm in diameter and 
the pancreas was notable for marked  fi brosis with 
pancreatic “encapsulation”; the LPJ was seen to 
relieve the capsular parenchymal hypertension.  

    9.4   The Puestow Procedure 
Combined with 
Electrohydraulic Lithotripsy 
of the Ascending 
Pancreatic Duct 

 The pathologic key to failure of LPJ is failure to 
address disease localized to the head of the pan-
creas. A solution to this shortcoming is combin-
ing LPJ with localized head resection as described 
by Frey. We have avoided head resection and 
improved the drainage of the head of the pancreas 
by combining LPJ with electrohydraulic litho-
tripsy of the ascending pancreatic duct; this tech-
nique leads to better eradication of intraductal 
lithiasis in patients with a heavy stone burden in the 
ascending pancreatic duct. Using intraoperative 
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pancreatoscopy with electrohydraulic lithotripsy, 
the ascending pancreatic duct can be cleared and 
transampullary access into the duodenum can be 
obtained with the operating choledochoscope. In 
our experience in 20 patients with ductal lithiasis 
and ductal dilation, 90 % of patients achieved 
good or fair health status with no re-operations 
for chronic pancreatitis in the follow-up (Rios 
et al.  2001  ) .  

    9.5   Major and Minor Duct 
Sphincteroplasty 

 Our experience in the management of 68 patients 
with small duct chronic pancreatitis associated 
with sphincter of Oddi dysfunction (SOD) or pan-
creas divisum was reported in 2008 (Morgan et al. 
 2008  ) . Sixty-eight patients managed from 2001 to 
2005 had their outcomes evaluated with the utili-
zation of the SF-36, Version 2, Quality- of- life 
survey. Good outcome was achieved in 66 % of 
patients with SOD and 54 % of patient with pan-
creas divisum. Multivariate analysis showed no 
signi fi cant difference in those who had prior 
ERCP and endoscopic sphincterotomy, but those 
who had evidence of chronic pancreatitis on imag-
ing studies fared poorly (Table  9.1 ). Our clinical 
impression remains that major and minor duct 
sphincteroplasty have an important role in patients 
with chronic pancreatitis associated with pan-
creas divisum or SOD who have not undergone 
previous endoscopic sphincterotomy. Operative 
transduodenal sphincteroplasty and pancreatic 
septoplasty is warranted in patients with SOD 
who had initial successful endoscopic treatment 
with late recurrent ampullary stenosis not associ-
ated with radiologic evidence of chronic pancrea-
titis. Operative sphincteroplasty of the minor 

papilla has limited long-term success, because the 
minor sphincter’s muscular con fi guration is mini-
mal. Open operative sphincterotomy rarely 
extends or improves the effect of a technically sat-
isfactory endoscopic sphincterotomy.  

 For transduodenal biliary sphincteroplasty with 
pancreatic ductal septoplasty, a generous Kocher 
maneuver is employed for optimal anterior mobili-
zation of the duodenum and inspection of the head 
of the pancreas. An oblique duodenotomy is cre-
ated overlying the ampulla of Vater. Stay sutures 
are used at the edges of the duodenal incision for 
atraumatic exposure. The ampulla is located and 
the biliary ori fi ce identi fi ed and cannulated with a 
lacrimal duct probe. The duodenal mucosa is not 
handled with the tips of the forceps and the suction 
tip is not allowed to make contact with the mucosa 
to prevent bleeding or hematoma which may 
obscure visualization. The needle tipped cautery is 
used to make a generous biliary sphincterotomy, 
dividing the duodenal mucosa, sphincter muscle, 
and bile duct over a lacrimal duct probe until there 
is free  fl ow of bile into the duodenum. The pancre-
atic duct opening is identi fi ed and cannulated. The 
septum between the biliary and pancreatic ducts is 
divided with cutting current needle-knife electro-
cautery. Interrupted 5-0 absorbable mono fi lament 
sutures approximating the duodenal mucosa to the 
bile duct and the pancreatic duct to the bile duct are 
placed to maintain patency of the sphincteroplasty 
and septoplasty. A 5-Fr, 2 cm Geenen stent can be 
left behind selectively in the pancreatic duct to 
decrease the risk of postprocedural pancreatitis. We 
then close the duodenum obliquely in a running 
fashion with 3-0 absorbable mono fi lament suture. 

 A number of factors make resection of the head 
of the pancreas an effective strategy in the surgi-
cal management of chronic pancreatitis. The prob-
lem is in the head of the pancreas in the majority 

   Table 9.1    Outcome in 120 patients with SOD or PD associated with chronic pancreatitis (Morgan et al.  2008  )    

 SOD  PD  Chronic pancreatitis  Previous gastric surgery  Prior ERCP/ES 

 Good outcome (%) a   66  54  37.5  90  54.3 
 Multivariate  p  value  NS  NS  0.02  NS  NS 

   a De fi ned by subject response (pain is somewhat better, much better, or completely gone since surgery) and no further 
operative therapy performed 
  NS  not statistically signi fi cant,  SOD  sphincter of Oddi dysfunction,  PD  pancreas divisum,  ES  endoscopic 
sphincterotomy  
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of patients, and parenchymal and neuronal 
in fl ammation, the source of the pain, may be erad-
icated with resection. In addition to relief of pain, 
obstruction and bleeding complications can be 
achieved with resection, as well as dealing with 
the in fl ammatory mass in the head of the pancreas. 
Although we have utilized the classic Whipple 

procedure, the pylorus-preserving Whipple, the 
duodenal-preserving resection of the head of the 
pancreas, and the Frey Procedure performed 
through an upper midline incision, we prefer the 
classic Whipple procedure for chronic pancreati-
tis. Also we resect the pylorus routinely because 
of work demonstrating that pancreatic  fi brosis 
correlates with impaired gastroduodenal motility. 
When gastric emptying is impaired, resection of 
the pylorus may improve gastric emptying with 
limited side effects. We have utilized the Frey pro-
cedure in patients with large duct pancreatitis who 
have widespread calci fi cation within the head of 
the pancreas encompassing Santorini and Wirsung 
ducts and the duct to the uncinate process. 

 There are a variety of methods to construct the 
pancreatic anastomosis after pancreatic head 
resection (Adams  2009  ) . The senior author’s pre-
ferred technique in the at-risk pancreas is a single 
layer, end-to-side pancreaticojejunostomy with 
interrupted 5-0 absorbable mono  fi lament suture 
incorporating full thickness pancreatic duct and 
capsule to full thickness jejunum (Figs.  9.1  and 
 9.2 ). The anastomosis is constructed over an 
internal-external pancreatic anastomotic Stent 
(a 5 Fr pediatric feeding tube) which exits the 

  Fig. 9.1    Illustration 
demonstrating suture 
placement in back row of 
interrupted single layer 
pancreaticojejunal anasto-
mosis over stent       

  Fig. 9.2     Posterior row  of pancreaticojejunal anastomosis 
contructed over >5-Fr silastic stent (Bard pediatric feed-
ing tube) utilizing single layer 5-0 mono fi lament suture 
technique. Three posterior interrupted sutures have been 
placed between full thickness jejunum to full thickness 
pancreatic duct and capsule       
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jejunum though a Witzel tunnel (Figs.  9.1–  9.3 ). 
Closed bulb suction is applied to the Stent.    

 Our experience with resection of the head of 
the pancreas in the management of chronic pan-
creatitis has not necessarily matched the successful 
outcomes reported from other centers. In pancreatic 
head resection in patients with small duct chronic 
pancreatitis, the late complication of pancreaticoje-
junostomy anastomotic obstruction remains prob-
lematic, related probably to the exaggerated  fi brosis 
associated with chronic pancreatitis. Our attempts 
at revision of stenotic end-to-side pancreaticoje-
junostomy in chronic pancreatitis are notable for 
our poor outcomes with recurrent stenosis, pain and 
pancreatic exocrine (Morgan et al.  2010  ) .  

    9.6   Distal Pancreatectomy 

 Although a less common pattern of disease, 
 fi brosis localized to the body and tail of the pan-
creas may be managed effectively with distal pan-
createctomy. Splenic preservation is ideal; 
however, in many patients with chronic pancreati-
tis, the plane between the splenic vessels and the 
pancreas is obliterated by  fi brosis, precluding ves-
sel sparing splenic preservation. We have not had 
success in splenic preservation dependent on the 
short gastric vessels. In patients with splenic vein 
thrombosis, splenectomy is carried out routinely. 
In our patient population, laparoscopic distal pan-
createctomy is uncommonly a safe surgical 
approach in severe chronic pancreatitis because of 

the anatomic distortion and loss of tissue planes 
characteristic of  fi brosing pancreatitis. When fea-
sible, the laparoscopic approach is challenging but 
has measurable and gratifying bene fi ts to patients.  

    9.7   Surgical Outcomes After 
Operative Drainage and Partial 
Resection Procedures for 
Chronic Pancreatitis 

 Patient selection for operation has never been clear 
and simple, a recognition that chronic pancreatitis 
is a protean disease with multiple etiologic factors 
and variable physiologic and anatomic pathology. 
Prior to 2009, our algorithm for the management 
of chronic pancreatitis was the following: 

 In patients with dilated ducts and no stones, a 
Puestow-like procedure was undertaken. In 
patients with ductal lithiasis in the pancreatic 
head, a lateral pancreaticojejunostomy was 
undertaken, either with use of the electrohydrau-
lic lithotripsy of the ascending pancreatic duct or 
a Frey procedure. Patients with a mass in the head 
of the pancreas underwent a Whipple procedure 
with lateral pancreaticojejunostomy when a 
chain-of-lakes ductal con fi guration was present. 

 Patients with small duct chronic pancreatitis 
and a mass in the head underwent the Whipple 
procedure. Patients with primarily tail disease 
underwent distal pancreatectomy. Those with 
pancreas divisum or SOD without evidence of 
chronic parenchymal and ductal changes under-
went an initial attempt at sphincteroplasty. 
Patients who had sphincteroplasty failure under-
went a Whipple procedure. 

 Our outcome with this strategy (excluding the 
aforementioned analysis of patients who under-
went transduodenal sphincteroplasty) was reported 
in 2007, identifying 372 patients whose ages range 
from 14 to 74 years (Schnelldorfer et al.  2007  ) . 
The most common risk factor for chronic pancrea-
titis was alcohol abuse with idiopathic pancreati-
tis, pancreas divisum, gallstones, SOD, and 
autoimmune disorders identi fi ed in the remainder. 
Preoperative ERCP noted pancreatic ductal stric-
tures in 44 %, pancreatic ductal stones in 27 %, 
pancreatic pseudocysts in 35 %, and pancreatic 
ductal  fi stula in 9 %. Twenty percent of these 

  Fig. 9.3    Anterior and posterior interrupted sutures have 
been placed. >The  posterior row  has been secured and cut 
and the  anterior row  of >sutures are not tied. The stent 
exits the end jejunum through a Witzel tunnel       
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patients had terminal biliary stenosis, and 8 % had 
duodenal stenosis. Patients who underwent pan-
creatoduodenectomy had a 51 % complication rate 
and those with distal pancreatectomy had a 29 % 
complication rate compared to LPJ, which had the 
lowest complication rate of 22 % (Table  9.2 ). 
Intraabdominal complications were most preva-

lent after pancreatoduodenectomy. Outcome as 
evaluated by pain control was good in only 48 % 
of those who underwent an LPJ, 34 % of those 
who underwent a pancreatoduodenectomy, and 
61 % of those who underwent a distal pancreatec-
tomy (Table  9.3 ). Poor pain control was associated 
with preoperative narcotic dependence and the 

   Table 9.2    The results of operative therapy in 372 patients with chronic pancreatitis (Schnelldorfer et al.  2007  )    

 LPJ ( n  = 184) (%)  PD ( n  = 97) (%)  DP ( n  = 91) (%) 

  Morbidity    22    51    29  
  Intra-abdominal complications    13    46    22  
 Intra-abdominal abscess  2  14  16 
 Delayed gastric emptying  3  14  2 
 Pancreatic  fi stula  4  12  5 
 Others  3  20  3 
  Extra-abdominal complications    11    11    10  
 Wound infection  4  6  2 
 Pneumonia  2  2  2 
 Respiratory failure  2  1  2 
 Others  4  4  7 
  Mortality    1    1    2  

   Table 9.3    Pain control in 171 survivors available for follow-up (Schnelldorfer et al.  2007  )    

 LPJ ( n  = 72) (%)  PD ( n  = 42) (%)  DP ( n  = 57)  Combined ( n  = 171) (%) 

 Pain control in survivors 
  Pain-free  20  10  40  24 
  Good pain control  28  24  21  25 
  Poor pain control  52  66  39  51 
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number of previous abdominal operations. Quality 
of life assessed by the SF-36 in 171 patients 
showed that they were below population norms, 
most notably for social function (Fig.  9.4 ).     

    9.8   The Radical Cure of Chronic 
Pancreatitis 

 Because of the relatively poor outcome associated 
with this treatment strategy, we have adopted recently 
a more radical approach of undertaking a total pan-
createctomy with islet auto-transplantation in 
patients with small duct chronic pancreatitis who 
have failed endoscopic or operative sphincteroplasty, 
aborting the previous step of pancreatoduodenec-
tomy. The basic strategy is outlined in Table  9.4 . The 
potential advantages of this approach are elimination 
of long-term destruction of the pancreas with endo-
crine and exocrine insuf fi ciency and aborting the 
development of chronic neuropathic pain syndromes. 
Avoidance of recurrent emergency room visits and 
hospitalizations for pain and nausea management 
are attainable goals that correlate well with outcome 
metrics of quality of life. Long-term pain relief and 
excellent islet engraftment in the liver may improve 
with early radical resection and transplantation.  

 Total pancreatectomy with islet isolation is 
begun with an upper abdominal midline incision. 
The lesser sac is entered through the gastrocolic 
ligament and the gastrocolic, duodenocolic, and 
splenocolic ligaments are divided. The short gas-
tric vessels are divided as well resulting in wide 
exposure of the pancreas. A generous Kocher 
maneuver is performed. The superior mesenteric 
vein is identi fi ed and the plane between this ves-
sel and the neck of the pancreas is dissected from 
the anterior border of the pancreas. The common 
bile duct is encircled and divided, followed by 
division of the proximal duodenum. The distal 
duodenum is divided at the ligament of Treitz and 
the mesentery is taken with the harmonic scalpel. 
The gastroduodenal artery is ligated at its origin 
from the common hepatic artery and the pancreas 
is divided at the neck over the portal vein. The 
head of the pancreas and uncinate pancreas are 
then mobilized off of the portal vein laterally, 
dividing tributaries of substance with care. This 

dissection is carried around the vein circumferen-
tially to the superior mesenteric artery. The har-
monic scalpel is then utilized to dissect the 
pancreas off of the superior mesenteric artery. 
Metallic clips are utilized for branching arterial 
hemostasis. The pancreatic head is placed in cold 
balanced electrolyte solution. Attention is then 
turned to the body and tail of the pancreas. The 
inferior and superior borders of the pancreas are 
de fi ned. During the dissection of the inferior bor-
der, the inferior mesenteric vein is sought and 
divided with care. The splenic artery and vein are 
then circumferentially dissected and ligated. The 
spleen is mobilized medially and the pancreas 
and spleen are taken en bloc to the back table. 

 On the back table, the organs are placed on 
slush made from balanced electrolyte solution. 
The pancreas is perfused with balanced electrolyte 
solution. The nonpancreatic tissue (duodenum, 
spleen, and associated fatty material) are separated 
from the pancreas. The main pancreatic duct is 
cannulated with a 20-gauge angiocatheter on both 
head and tail segments and sutured into place. The 
pancreas is then packaged in sterile, cold solution 
on ice for transport to the clean cell lab. 

 After foregut reconstruction and abdominal 
closure, the patient is transported sedated and 
intubated to an intensive-care unit room awaiting 
transportation to the interventional radiology 
suite when the islet preparation is completed. 

   Table 9.4    The radical cure of chronic pancreatititis   

 Dilated ducts 
  No stones – Puestow procedure 
  Stones – Frey procedure 
  Head mass – Whipple with lateral 
pancreaticojejunostomy 
 Non-dilated ducts 
  Head mass – Whipple 
   Body/tail stricture/disruption – distal pancreatec-

tomy/splenectomy 
   Pancreas divisum with prior endoscopic therapy 

– total pancreatectomy with islet-auto transplantation 
   SOD – biliary sphincteroplasty with pancreatic 

ductal septoplasty if no prior endoscopic therapy and 
no evidence of chronic pancreatitis on imaging 
studies. If prior failed endoscopic therapy with 
evidence of chronic pancreatitis, then total pancre-
atectomy with islet auto-transplantation 
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 In the lab, the prepared pancreas is hand 
injected with Liberase ®  enzymes (Roche Applied 
Science) into the main pancreatic duct and placed 
into a temperature controlled perfusion circuit to 
allow optimal enzymatic activity, while being 
subjected to mechanical agitation. The progress 
is periodically evaluated with examination of 
samples from the circuit and when the islets are 
found to be optimally separated, the circuit is 
cooled and diluted. The islets, now largely sepa-
rated from the exocrine and connective tissue, are 
recovered. They are placed in albumin solution 
with heparin (70 U per kilogram patient weight) 
and antibiotic (cefazolin, 1 g). They are then 
transported again on ice to the interventional 
radiology suite, where the patient awaits. 

 Percutaneous transhepatic access to the patient’s 
portal vein is obtained in the interventional radiol-
ogy suite under  fl uoroscopic guidance (Fig.  9.5 ). 
A Seldinger technique is utilized to place a 5-Fr 
catheter into the main portal vein distal to its bifur-
cation. The islets are infused by gravity through the 
catheter. Portal venous pressures are measured ini-
tially, at the midpoint of transplantation, and at the 
completion of infusion. At the end of the proce-
dure, the intraparenchymal access catheter tract is 
ablated routinely with hemostatic material.  

 Routine postoperative care is employed. 
Speci fi cally, these patients are watched closely 
for signs of bleeding (due to postoperative hepa-
rinization and the possibility of transient portal 
hypertension), portal vein thrombosis (the islets 
are thrombogenic and can increase portal venous 
pressure during infusion), and systemic 
in fl ammatory response (tissue thromboplastin 
and other non-described vasoactive substances 
are released by the islets). 

 Outcomes in our early experience with these 
challenging patients have been promising. 
Morbidity is acceptable with complications 
speci fi c to islet transplant including portal vein 
thrombosis occurring rarely. Transplanted islet 
function is good and clinically relevant pain relief 
is obtained in most patients. What we believe will 
be the measure of success in this approach will be 
improvement in quality of life, not narcotic anal-
gesia and insulin utilization. We have utilized 

both the SF 36 and the SF 12 metrics to evaluate 
patient outcomes. Elevating a patient from below 
1.5 standard deviations below the norm to within 
norms for physical and mental components is 
considered a clinically relevant, successful result. 
Patients who were isolated socially from family 
and friends are able to be restored to physical and 
emotional function that permits resumption of 
careers and a family and social life. They are able 
to avoid the multiple emergency room visits and 
hospitalizations that characterized their preopera-
tive condition. The rehabilitation involves at least 
the year-long work of a multi-disciplinary team 
of behavioral psychologists, nurse practitioners 
pain specialists, and pancreatic surgeons. 

 Our nascent experience with total pancreatec-
tomy with islet auto-transplantation is promising 
and suggests that it is an effective means of pain 
relief in selected patients with debilitating pain sec-
ondary to chronic pancreatitis. Ideal patient selec-
tion is paramount, because early intervention can 
prevent the development of central pain processes 
that are recalcitrant to end organ-directed therapies. 
Long term follow-up is needed to determine appro-
priate criteria for patient selection as well as data to 
provide analysis of cost-effectiveness.      

  Fig. 9.5    Percutaneous transhepatic access to the patient’s 
portal vein is obtained in the interventional radiology suite 
under  fl uoroscopic guidance       
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    10.1   Selection 

 While most patients with uncomplicated chronic 
pancreatitis (CP) can be managed conservatively, 
operative treatment offers good results in care-
fully selected patients, especially those who have 
intractable pain and are at risk for opioid depen-
dency. Operative intervention should only be 
undertaken when conservative measures includ-
ing endoscopic interventions have been exhausted. 
In the alcohol-induced group, patients should be 
required to undergo a rehabilitation programme 
before operative intervention is undertaken. 

 When counselling patients for operation, sev-
eral factors should be stressed. First, while the 
reported success rate is 70–80 %, there are sub-
stantial risks associated with these operations, 
and complete or substantial, clinically improve 
pain relief cannot be guaranteed in the individ-
ual patient. Second, pancreatic function, in par-
ticular steatorrhoea, occurs frequently even after 

parenchymal-preserving operations, and the risk 
of endocrine dysfunction is greatest when a dis-
tal pancreatectomy is required. Third, abstinence 
from alcohol and cessation of smoking are cru-
cial factors that determine the long-term success 
of operative treatment of chronic pancreatitis.  

    10.2   Pre-operative Evaluation 

 Operative procedures for chronic pancreatitis are 
technically complex and should only be under-
taken by surgeons with specialised training in 
pancreatic surgery working in a multi-disciplinary 
team. A careful evaluation of the patient’s psy-
chologic and social pro fi le, as well as  fi tness for 
operative intervention should be undertaken. All 
patients need assessment of their nutritional status 
and the degree of pancreatic insuf fi ciency. Some 
patients will bene fi t from hospitalisation if they 
have poorly controlled diabetes, malnutrition, or 
intractable pain. The response to aggressive sup-
portive therapy may help to select appropriate 
candidates for operative intervention. 

 A complete, detailed evaluation of the mor-
phologic status of the pancreas is imperative. 
Multi-slice CT and in selected cases CT angiog-
raphy are the most important imaging investiga-
tions. MRI/MRCP is often useful to delineate 
further the changes in the pancreatic and bile 
ducts. In addition, speci fi c care should be taken 
to identify associated portal hypertension related 
to splenic and portal vein occlusion which may 
have an important bearing on the decision to 
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operate and the choice of operative procedure. 
ERCP is now used much less frequently as part of 
the work-up for operative treatment but may be 
helpful in combination with EUS and biopsy in 
patients in whom there is concern about an under-
lying malignancy. CA 19-9 may help to identify 
patients with cancers, but false positive values 
occur frequently, even in the absence of associ-
ated obstructive jaundice.  

    10.3   Surgical Approach 

 Current operative strategy is based on the princi-
ple of maximum preservation of exocrine and 
endocrine pancreatic function. This strategy 
involves a paradigm shift away from the standard 
resection procedures, such as the classic pancre-
atoduodenal resection, to lesser resections which 
preserve pancreatic parenchyma and duodenal 
integrity, such as the Frey operation and its hybrid 
modi fi cations. Table  10.1  provides a basic outline 
of the choice of operative procedures based pre-
dominantly on the changes in the pancreatic 
parenchyma and ducts (Bornman et al.  2010  ) . 
With the exceptions of patients in whom there is 
concern about a malignancy or when there is pre-
dominant disease in the tail of the pancreas, the 
authors prefer the Frey operation, including those 
patients with associated complications. The key 
components of this operation include preserva-
tion of the pancreatic neck as well as the capsule 
of the pancreas of the posterior pancreatic head 
(Anderson and Frey  2010  )  which provides the 
following advantages over the other parenchyma 
preserving procedures: 
    1.    The operation avoids dissection outside the 

con fi nes of the pancreas which decreases the 

risk of both arterial and portal venous 
injuries.  

    2.    It is the safest operation in the presence of seg-
mental portal hypertension.  

    3.    Compared to the Beger operation, it is techni-
cally easier, less hazardous, and achieves the 
same results in terms of pain relief and paren-
chymal preservation (Strate et al.  2005  ) .      

    10.4   Technical Details of the Frey 
Procedure 

 A bilateral sub-costal incision is our preferred 
approach when combined with a  fi xed mechani-
cal retractor which provides excellent exposure. 

    10.4.1   Exploration of the Pancreas 

 Full exposure of the pancreas is obtained utilising 
the following steps:
    (i)    Full Kocherisation of the duodenum and 

pancreatic head is important to ensure an 
effective and safe coring out of the head of 
the pancreas.  

    (ii)    An ultrasound dissector is a useful tool for 
dissection, particularly in the presence of 
active in fl ammation.  

    (iii)    The lesser sac is entered by dividing the 
gastro-colic omentum outside the gastro-
epiploic vascular arcade. The opening into 
the lesser sac should be extended far 
enough to the left to expose the entire body 
and tail of the pancreas. To the right, 
mobilisation of the hepatic  fl exure of the 
colon allows optimal exposure of the head 
of the pancreas.  

   Table 10.1    The most common surgical options for chronic pancreatitis (Bornman et al.  2010  )    

 Procedures  Indications 

 Resection: 
  Pancreatoduodenectomy  Suspicion of malignancy 
  Distal pancreatectomy  Disease con fi ned to the body and tail of the pancreas 
 Duodenal preserving resection of the head of the 
pancreas 

 In fl ammatory mass of the head of the pancreas with or without a 
dilated pancreatic duct 

 Pancreatico-jejunostomy  Dilated pancreatic duct without in fl ammatory mass in the head 
of the pancreas 
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    (iv)    Adhesions between the posterior wall of the 
stomach and the neck, body, and tail of the 
pancreas should be divided carefully to 
expose the superior and inferior borders of 
the pancreas. In addition, it is useful to 
divide the gastro-hepatic ligament in the 
region of the antrum and to place a tape 
around the antrum for rostral traction of the 
stomach.  

    (v)    Further exposure of the head and in particu-
lar the uncinate process is achieved by dis-
secting in the groove between the right 
border of the superior mesenteric vein and 
the uncinate process.  

    (vi)    It is important that both the rostral and cau-
dal neck of the pancreas is exposed ade-
quately to safeguard against vascular 
injuries, in particular the SMV during inci-
sion of the pancreatic duct towards the head 
(Fig.  10.1 ). To achieve this, it may be nec-
essary to divide the gastro-epiploic vascu-
lar pedicle where it emerges at the 
inferomedial border of the  fi rst part of the 
duodenum and to expose the SMV caudal 
to the inferior border of the pancreatic neck. 
We then ligate the gastro-duodenal artery at 
this stage with 3/0 mono fi lament suture 
where it crosses the anterior surface of the 
pancreas.       

    10.4.2   Identifying the Pancreatic Duct 

 Identi fi cation of the pancreatic duct is best done 
in the neck of the pancreas. The following tech-
niques facilitate identi fi cation of the duct.
    (i)    Palpation and ballottement with the right 

index  fi nger while gently squeezing the 
neck of the pancreas between the index 
 fi nger and thumb of the left hand may locate 
the dilated duct. Often, a trough-like depres-
sion is evident.  

    (ii)    While performing the above manoeuvre, 
a 17 gauge needle and syringe are used to 
con fi rm the lumen of the main pancreatic 
duct (Fig.  10.2 ). When this is achieved, it is 
important not to aspirate too much  fl uid, 
because this may decompress the duct and 
hamper the ability to  fi llet open the duct.   

    (iii)    With the needle still in the duct localising 
the position of the duct, two 3/0 mono-
 fi lament stay sutures are placed above and 
below the puncture site which will facilitate 
exploration of the pancreatic duct.  

    (iv)    While pulling up on the two stay sutures, 
a diathermy needle is use to cut down along-
side the needle until the duct is entered.  

    (v)    Even with the needle in the duct, the pancre-
atic duct can be missed; cutting too deeply 
may result in bleeding from the underlying 

  Fig. 10.1    Exposure of the pancreas neck inferior to the 
duodenum [A]       

  Fig. 10.2    Aspiration of the pancreatic duct between two 
stay sutures [A]       
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splenic vessels. This disaster can be avoided 
by gently probing with a curved dissector to 
locate the duct which usually lies more 
super fi cial in the pancreas than anticipated.  

    (vi)    Intra-operative ultrasonography can be a 
useful tool when it is dif fi cult to indentify 
the pancreatic duct.      

    10.4.3   Exploration 
of the Pancreatic Duct 

 The pancreatic duct is explored  fi rst in the direc-
tion of the tail. Filleting of the duct distally is done 
with a diathermy blade, cutting between the blades 
of a curved dissector positioned inside the duct. 
The ductotomy is accomplished in short incre-
ments, and placement of haemostatic and stay 
sutures assists with further exposure of the pan-
creatic duct. The surgeon should make all attempts 
to remove as many pancreatic duct calculi as pos-
sible (Fig.  10.3a,b ). Calculi in side ducts may be 
particularly dif fi cult to extract and often need to 
be crushed before removal. It may be dif fi cult to 
explore and open the entire duct due to strictures, 
stones, and narrowing of the duct toward the tail 
of the pancreas. Detailed pre-operative imaging of 
the pancreatic duct will guide the surgeon during 
this stage of the operation. Intra-operative ultra-
sonography may be useful to indentify the pancre-
atic duct pathology. In some instances, a cut down 
into the parenchyma will help to get across a stric-
ture into the distal duct. Although the general rec-
ommendation is to explore and incise the entire 
duct to the tail, this manoeuvre may not be feasi-
ble and may be potentially dangerous in some 
cases. If there are no strictures or stones in the tail, 
it may not be necessary to extend the exploration 
to the very end of the pancreatic tail.   

    10.4.4   Coring Out of the Head 

 This part of the operation is often the most dif fi cult. 
Mature judgement and experience are necessary to 
achieve the objectives of the operation while mini-
mising the risks of bleeding and injury to surround-
ing structures. The placement of sutures at the 

planned margin of the resection in the head and 
uncinate process is useful to avoid injury to the 
duodenum and to achieve haemostasis (Fig.  10.4 ). 
Holding the head of the pancreas in the surgeon’s 
hand during this stage of the operation is of great 
assistance in guiding the dissection. The safest 
method of opening the proximal aspect of the pan-
creatic duct in the head of the gland and perform-
ing the coring out procedure is with the guidance 
of a curved dissector positioned in the main pan-
creatic duct (Fig.  10.5 ). As in the dissection in the 
body of the pancreas, the dissection in the neck and 
head of the pancreas proceeds incrementally with 
the placement of haemostatic sutures as the duct is 
gradually opened and the forceps is advanced.   
 The coring out procedure is done in a piecemeal 
fashion using a diathermy blade with a blend set-
ting (Fig.  10.6 ). The objective is to open and 
decompress all the side ducts with removal of any 
stones present (Figs.  10.6  and  10.7 ). The extent 
of the resection will vary, but as little pancreatic 

a

b

  Fig. 10.3    ( a ) Multiple calculi in main duct and ( b ) as 
many as possible of the calculi are removed from the main 
and side ducts [A]       
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tissue as possible should be left behind, being 
careful not to break through the capsule posteri-
orly or to injure the bile duct (Fig.  10.8 ). It is not 
so much the amount of pancreatic tissue that is 
removed but the remnant that is left behind that 
matters. Palpation with the  fi ngers behind and the 
thumb in front of the head of the pancreas pro-
vides the best way of judging the safety, adequacy, 

and depth of the resection. Meticulous haemosta-
sis must be achieved at this stage of the operation 
using diathermy and suture ligation.     

    10.4.5   Pancreatico-Jejunostomy 

 A Roux-en Y limb is fashioned from the proximal 
jejunum about 20 cm distal to the duodeno-jejunal 

  Fig. 10.4    Placement of 
haemostatic sutures at the 
envisaged resection margins 
in the head to avoid injury to 
the duodenum and surround-
ing vascular structures       

  Fig. 10.5    Exploring the pancreatic duct towards the head 
by cutting down with diathermy between the blades of a 
curved forceps [A]       

  Fig. 10.6    Coring out of the head and uncinate process 
with diathermy blade [A] while holding the pancreatic 
head in the surgeon’s hand       
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junction using a staple device. The Roux limb is 
brought retrocolically through the right trans-
verse mesocolon near the hepatic  fl exure. This 
approach provides the best site for the position 
of the jejunal limb for the pancreatic anasto-
mosis and when bile duct drainage is also 
necessary. 

 Judging the length of the jejunal incision for 
the pancreatic anastomosis is important. There is 
a tendency to make the incision in the jejunum 
too long, in which case technical dif fi culties may 
occur with the pancreatic anastomosis. As a rule 
of thumb, the initial enterotomy in the jejunum 
should be slightly less than and not exceed the 
length of the opened pancreatic duct as measured 
from the neck to the tail (Fig.  10.9 ). In most 
instances, this initial length should be adequate to 
complete the pancreatico-jejunostomy.  

 The anastomosis is performed with a single, 
continuous, 3/0 mono fi lament suture starting at 
the apex of the incision into the pancreatic duct in 
the tail (Fig.  10.10 ). The  fi rst suture for the infe-
rior part of the anastomosis is placed from inside-
out through the jejunum and outside-in through 
the pancreas. For the anterior layer, the suture is 
placed outside-in through the pancreas and inside-
out through the jejunum. The two short ends are 
then tied together. The inferior anastomosis is 
 fi rst completed with careful placement of the 
sutures while the jejunal loop is gently pulled 
inferiorly and laterally to provide maximum 
exposure. When possible, the anastomosis can be 
done to the edge of the pancreatic duct, but this is 
not essential or advisable if the pancreatic duct is 
situated deeply in the pancreatic parenchyma and 

  Fig. 10.7    Studded side-duct calculi in the head and unci-
nate process of the pancreas [A]       

  Fig. 10.8    Coring out of the head of the pancreas leaving 
as little as possible of the diseased pancreas [A]       

  Fig. 10.9    The length of the incision into the jejunal limb 
is measured from the neck to the tail of the pancreas       

  Fig. 10.10    The pancreatico-jejunostomy is carried out 
with a continuous mono fi lament 3/0 suture starting at the 
apex of the incision into the tail of the pancreas [A]       
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when the gland parenchyma is hard. The anterior 
anastomosis is completed in a similar fashion. 
Interrupted buttressing sutures may be required 
to ensure a water tight anastomosis.  

 We then place a suction drainage system in the 
lesser sac near the anastomosis.  

    10.4.6   Frey Procedure in Patients 
with Associated Complications 

     (i)     Intra pancreatic pseudocyst : The Frey 
 procedure is also suitable for patients in 
whom there is an associated intra-pancreatic 
pseudocyst in conjunction with a dilated 
pancreatic duct. In such cases, the proce-
dure may be started in the head especially 
when the pancreatic duct is not grossly 
dilated. The coring out procedure is easier 
in the presence of a cyst; if biliary obstruc-
tion is present, the coring out process will 
usually be suf fi cient to decompress the bil-
iary obstruction, thereby obviating the need 
for a formal biliary bypass.  

    (ii)     Associated bile duct obstruction : Bile duct 
obstruction in chronic pancreatitis is often 
low grade and has a benign natural history. 
In such patients, no additional biliary drain-
age procedure is usually required when a 
Frey procedure is performed for pain. A bil-
iary bypass is only indicated when there is a 
high grade stricture as evidenced by persis-
tent obstructive jaundice with or without 
cholangitis or in the absence of jaundice, 
when there is a grossly dilated bile duct with 
markedly increased Alkaline Phosphatase 
and Gamma Glutamyl Transferase activities. 
The best operative procedure to decompress 

the bile duct obstruction is by a hepatico-
jejunostomy using the same Roux limb as 
used for the pancreatico-jejunostomy; the 
biliary anastomosis should be distal to the 
pancreatic anastomosis. We remove the 
gallbladder during this operation to avoid 
later complications related to gallbladder 
stasis. In some cases, the bile duct may be 
entered during the coring out procedure in 
which case, the edges of the open bile duct 
can be marsupialised to the surrounding 
pancreatic tissue and drained enterically via 
the pancreatico jejunostomy.     

 There is a subgroup of patients with minimal 
pain in whom jaundice is the predominant reason 
for operative intervention. The decision to perform 
a Frey procedure in addition to the biliary bypass 
remains controversial. Those in favour argue that a 
substantial number of these patients will develop 
severe pain and that the addition of the Frey proce-
dure does not add much to the risks of the opera-
tion; however, there should be a low threshold not 
to proceed with a Frey procedure if there are 
adverse factors such as a small pancreatic duct, the 
presence of an active in fl ammatory process, or 
associated segmental portal hypertension.       
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    11.1   Relevant Basic Information, 
Indication, and 
Contraindication 

 From the pathophysiologic point of view, opera-
tive therapy of chronic pancreatitis (CP) includes 
primarily drainage procedures and resection of 
chronically-in fl amed tissue which must be con-
sidered in the context of two aspects. First, ductal 
or pseudocyst drainage without resection is the 
maximal, parenchyma-sparing approach which 
offers – at least theoretically – preservation of all 
residual endocrine and exocrine function. Second, 
the remaining  fi brotic tissue may be responsible 
for ongoing symptoms, especially pain. Besides, 
drainage alone offers only limited functional 
bene fi t if the tissue preserved has been subjected 
to long-lasting in fl ammation and maintains an 
ongoing, increased risk of malignant transforma-
tion. The generation of pain as the leading symp-
tom in CP is highly complex and not fully 
understood. It is generally accepted that pancre-
atic ductal and possibly parenchymal hyperten-
sion and perineural in fl ammation are the two 
main mechanisms of pain generation in CP. From 
the clinical course, pain is an early symptom in 

patients with CP who manifest an increasing ten-
dency toward ongoing and escalating pain in the 
long term, despite any new obvious parenchymal 
changes or new stimuli (e.g. pseudocysts, enlarge-
ment, etc.) (Vardanyan and Rilo  2010  ) . Thus, 
pain management should be started as early as 
possible to avoid the end stage of chronic and 
irreversible pain. 

 One of the most important pathophysiologic 
concepts of CP is the concept of neuroimmuno-
logic in fl ammation (Friess et al.  1999  ) . This con-
cept implies the interaction of immunologic 
changes and resultant neural modulation that 
lead to reactive changes in nerve diameter, den-
sity, and function leading to a growing pain 
intensity in the long term in one subset of patients 
with CP. In a recent study, tissue samples of 141 
patients who underwent resections for CP were 
investigated with regard to these neuroimmuno-
logic interactions (Ceyhan et al.  2009  ) . Clinical 
pain severity correlated with both the 
in fl ammatory changes associated with tissue 
 fi brosis but also with the increase in nerve diam-
eter and density in the resected tissue. A highly 
signi fi cant correlation between these parameters 
and the clinical pain score was found, suggesting 
that the long-lasting in fl ammatory changes exert 
a neuromodulatory role in the generation of pan-
creatic pain. This intense pain character is under-
stood not only as a result of morphologic 
changes, but also as a progressive course of stim-
ulus-independent pain with characteristics of an 
autonomous pain syndrome due to a neural plas-
ticity and memory function of the peripheral and 
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central nervous system that develops over time 
(Drewes et al.  2008 ; Sakorafas et al.  2007  ) . This 
neural dysregulation may be related to hyperex-
citability of dorsal root neurons combined with a 
decreased descending inhibition; these chronic 
changes in neural function can lead to changes in 
gut “sensitivity” and “viscerotomes” as the cor-
responding projection areas represented in the 
CNS, leading to a chronic pain syndrome. The 
long-term effect is explained by irreversible 
changes in the brain with cortical reorganization 
that results in the clinical observation of the 
severe, unrelenting stimulus-independent, neu-
ropathic pain of CP (Drewes et al.  2008  ) . 

 Because these changes often become evident 
early during CP, it is of utmost importance to 
“break” this cycle of pain generation and 
chroni fi cation as early as possible (Strobel et al. 
 2009  ) . Therefore, de fi nitive operative therapy 
through resection of this altered tissue is the most 
effective treatment and should be considered 
before end-stage refractory pain has developed 
(Strobel et al.  2009  ) . Indeed, we maintain that 
operative intervention should be undertaken in 
selected patients early after failure of conserva-
tive treatment and should be considered in many 
patients at the same time as endoscopic therapies 
are discussed. 

 From a technical point of view, pancreatic 
resection for CP can be complicated by mechani-
cal compression of the portal vein or occlusion 
with subsequent extrahepatic portal, mesenteric, or 
splenic venous hypertension with extensive devel-
opment of venous collaterals. In this situation, dis-
section of the portal vein and subsequent pancreatic 
resective procedures may be dif fi cult. Drainage 
operations that achieve the goal of pancreatic duct 
decompression can be helpful to cope with these 
dif fi culties and can be combined with a hepaticoje-
junostomy to resolve concomitant extrahepatic bil-
iary obstruction if necessary. Furthermore, limited 
and parenchyma-sparing operations, such as the 
Bern modi fi cation of the duodenum-preserving 
pancreatic head resection that is described below, 
offer a suitable approach to CP without addressing 
the portal vein pathology directly. Indeed, the 
approach we describe may itself “decompress” the 
obstructed retropancreatic portomesenteric system 
and reverse the portal hypertension.  

    11.2   Operative Technique 

 In most patients with CP, the major pathologic 
changes are focused on the head of the pancreas 
with an in fl ammatory mass and/or calci fi cations; 
these changes lead to subsequent stenosis of the 
pancreatic and/or bile duct (Keck and Marjanovic 
 2009  )  (Fig.  11.1 ). The operative goal in the 
majority of patients with CP is, therefore, some 
form of pancreatic head resection.  

 The best technique for the operative treat-
ment of pancreatic head lesions in CP is still 
under debate. Partial pancreatoduodenectomy 
with or without preservation of the pylorus has 
served as the primary, resectional procedure for 
many years. These resections, however, are less 
satisfactory in terms of late morbidity, with an 
incidence of diabetes mellitus of up to 48 % 
postoperatively (Sakorafas et al.  2000  ) . The 
original, duodenum-preserving pancreatic head 
resection (DPPHR) introduced by Beger in 1972 
(Beger et al.  1989  )  has undergone several 
modi fi cations and, in many institutions, is con-
sidered the standard procedure for non-malig-
nant head lesions in CP (Diener et al.  2008  ) . 
Whenever possible and depending on the extent 
of the calci fi ed and  fi brotic lesions, we prefer the 
“Berne modi fi cation” as the best, tissue-sparing 
approach (Fig.  11.2 ). The procedure starts with 
an extensive Kocher maneuver of the pancreatic 
head to permit full palpation of the head of the 
pancreas during the resection but also to allow 
control of any bleeding by compression during 
the resection phase. The anterior aspect of the 
pancreatic head should be exposed after dissec-
tion of the right gastroepiploic vessels and liga-
tion of the gastroduodenal artery – if possible – to 
minimize blood loss during excision of the head. 
In those patients with severe peripancreatic 
in fl ammation, it may be necessary to ligate the 
gastroduodenal and/or pancreatoduodenal artery 
during excision of the pancreatic head. With this 
operation, it is not necessary to tunnel under the 
neck of the pancreas but above the mesenteric 
vein (as with the Beger procedure), because this 
is often dif fi cult and potentially dangerous due 
to the chronic in fl ammatory adherence of the 
parenchyma to the portomesenteric venous 
con fl uence. The resection margin should be 
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de fi ned by circular stay sutures (e.g. 4-0 poly-
propylene) around the altered tissue area, which 
also decreases bleeding during excision of the 
pancreatic head. The head region is excised 
sharply by scalpel. To minimize bleeding and 
avoid perforation of the posterior parenchyma 
layer, all thee steps are controlled by the left 
hand positioned behind the pancreatic head. As 
much  fi brotic and calci fi ed tissue as possible 
should be removed; in addition, the pancreatic 
duct must be opened and inspected to extract 
stones and ensure free drainage from the left 
side of the gland into the resection cavity.  

 Special attention has to be paid to the bile 
duct. In patients with preoperative biliary obstruc-
tion and/or endoluminal biliary stents, the bile 
duct needs to be opened widely, and the ori fi ce 
should be sutured open into the resection cavity 
to avoid postoperative recurrence of bile duct 
stenosis (Gloor et al.  2001  ) . Hemostasis in the 
resection cavity is achieved by selective suture 
ligation with nonabsorbable, mono fi lament 
sutures (e.g. 5-0 polypropylene). The operation is 
completed by a retrocolic, side-to-side pancre-
atojejunostomy to a Roux-en-Y jejunal limb 
 constructed approximately 40 cm distal to the 
ligament of Treitz and passed through the 
right mesocolon. The pancreatojejunostomy is 

 constructed by a two-layer, running suture using 
4-0 PDS and incorporating the duodenal wall in 
the outer anterior seromuscular layer if neces-
sary. An end-to-side jejunojejunostomy with a 

  Fig. 11.1    High-resolution CT scan, hydro technique 
with 30° right-sided position of the patient showing an 
in fl ammatory head mass with calci fi cations as a typical 
 fi nding in CP patients       

  Fig. 11.2    Duodenum-preserving pancreatic head resec-
tion, Berne modi fi cation. Excavation of the pancreatic 
head without preparation of the portal vein. The bile duct 
is incised and reinserted in patients with cholestasis 
( above ). Reconstruction by side-to-side pancreatic-
jejunostomy ( below )       
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two-layer, running PDS 5-0 suture completes the 
operation. 

 As in all our pancreatic resections, we place 
drains at the site of the pancreatic anastomosis to 
recognize and manage the development of an 
anastomotic leak. The DPPHR procedure is 
widely accepted nowadays and has been shown 
to be equally effective as the classic pancreatodu-
odenectomy in terms of long-term pain relief, 
morbidity, and mortality, but has less intraopera-
tive blood loss, a shorter hospital stay, more post-
operative weight gain, less exocrine insuf fi ciency, 
better occupational rehabilitation, and a similar 
quality of life (Beger et al.  1989 ; Diener et al. 
 2008 ; Gloor et al.  2001 ; Büchler et al.  1995 ; 
Farkas et al.  2006 ; Klempa et al.  1995 ; Izbicki 
et al.  1995  ) . The methodologic quality of these 
studies, however, especially with regard to long-
term outcomes, is not suf fi cient to de fi ne the best 
type of pancreatic head resection in CP based on 
level I evidence. For this reason, the CHROPAC 
trial was initiated in 2009 (Diener et al.  2010  ) . In 
this study, partial duodenopancreatectomy is 
compared to DPPHR in patients with CP in a ran-
domized, double-blind, multicenter approach. 
The primary outcome parameter will be evalua-
tion of quality of life in the long-term follow-up. 
Data on this study are expected in 2013. 

 Rarely, symptoms arise from CP limited to the 
pancreatic body and tail of the pancreas. In these 
cases,  fi brosis, calci fi cation, and pseudocysts are 
the most important  fi ndings, while small duct dis-
ease limited to this region is rather rare. For these 
patients, distal pancreatectomy as described else-
where can be performed. For patients with dis-
ease limited to the neck or proximal body of the 
gland, a middle or central pancreatectomy can be 
used as a parenchyma-sparing procedure (Müller 
et al.  2006  ) ; however, this procedure is extremely 
rare in patients with CP (Fig.  11.3 ).  

 In this procedure midline or transverse lapa-
rotomy is followed by opening of the lesser sac 
by division of the gastrocolic ligament under 
preservation of the gastroepiploic vessels. The 
anterior aspect of the pancreas is exposed by 
dividing the adhesions between the posterior sur-
face of the stomach and the pancreas. After a 
Kocher maneuver, the superior mesenteric, portal, 

and splenic veins are dissected free from the pos-
terior aspect of the pancreas. All small side 
branches to the pancreas are divided by clips or 
bipolar coagulation. The segment of altered tis-
sue can afterwards be resected. Pancreatic 
transection can either be carried out proximally 
with a stapler or by scalpel and by scalpel towards 
the distal margin. Bleeding vessels on either 
margin are ligated by 5-0 mono fi lament sutures. 
The sharply cut margin towards the head is after-
wards primarily closed similar to the procedure 
during distal pancreatectomy (Fig.  11.4 ). 
Subsequently, the distal stump of the pancreas is 
further mobilized from the splenic vein and 
artery, with ligation of small tributaries, over 
2 cm lateral to the cut end. Reconstruction is 
accomplished with a 50- to 60-cm retrocolic 
Roux-en-Y loop of the jejunum. An end-to-side 

  Fig. 11.3    Middle pancreatectomy. Segmental tissue 
resection and reconstruction by pancreatico-jejunostomy 
towards the pancreatic tail ( 1 ) and covering of the cut sur-
face towards the head after closure with a seromuscular 
jejunum patch ( 2 )       
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pancreaticojejunostomy is performed using a 
double layer of interrupted mono fi lament absorb-
able sutures (PDS 5-0). The technique used in 
our institution is identical to that used in the 
Whipple procedure. The inner layer of this anas-
tomosis includes three ventral and three dorsal 
pancreatic duct to mucosa stitches as described 
in the chapter of partial duodeno-pancreatec-
tomy. The already closed pancreatic head rem-
nant is  fi nally covered with the same jejunal loop 
using interrupted absorbable mono fi lament 
sutures (PDS 5-0) between the seromuscular 
layer of the jejunum and the capsule of the 
 pancreas (Fig.  11.5 ). No  fi brin glue or other seal-
ants are required. Reconstruction is completed 
by an end-to-side Roux-Y enteroenterostomy 
20–25 cm distal to the ligament of Treitz (Müller 
et al.  2006  ) . At present,  fi stula rates between 8 

and 63 % are reported for middle pancreatic 
resection, which is explained by the different 
underlying pathologies with lowest rates 
achieved in CP patients (Müller et al.  2006 ; Bassi 
 2007 ; Adham et al.  2008 ; Christein et al.  2006  ) .   

 Operative enteric drainage of a pseudocyst is a 
procedure performed less frequently in patients 
with CP than other operative measures. We sug-
gest operative drainage in patients with symp-
tomatic pseudocysts (most frequently pain and 
gastrointestinal discomfort caused by compres-
sion of the stomach, duodenum, or the proximal 
small bowel) as well as for pseudocysts compli-
cated by rupture or bleeding, which usually cor-
relates with the size of the pseudocyst. Pseudocysts 
with a diameter less than 5 cm rarely cause symp-
toms or complications. Although most pseudo-
cysts can be managed successfully by endoscopic 
therapy, those pseudocysts with bleeding or 

  Fig. 11.4    Intraoperative situs during middle pancreatec-
tomy. Cut margin of the pancreatic head ( white arrow ) 
and the pancreatic tail with probe inserted into the pancre-
atic duct ( black arrow ). Transection above the portal vein 
( broke black arrow )       

  Fig. 11.5    Final intraoperative situs during middle pan-
createctomy. Pancreatico-jejunostomy towards the pan-
creatic tail ( white circle ) and closed cut surface towards 
the head ( black circle )       
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hematoma need to be approached operatively. 
Furthermore, patients with unsuccessful prior 
endoscopic or interventional therapy should 
undergo operative management. We prefer to use 
a cystojejunostomy to create the draining site at 
the most caudal point of the cyst, which is more 
dif fi cult with a cystogastrostomy. For cystoje-
junostomy, the lesser sac is opened, and the ante-
rior aspect of the pseudocyst is exposed after 
lysis of the in fl ammatory adhesions to the poste-
rior wall of the stomach. In other patients, the 
pseudocyst extends to and through the transverse 
mesocolon, thereby allowing a transmesocolic 
approach. To ensure pseudocyst localization, 
needle puncture of the pseudocyst can localize 
the most caudal point of the pseudocyst. With 
operative enteric drainage, the cystic wall is 
incised by electrocautery,  fl uid and solid material 
evacuated, and cystotomy is extended as wide as 
possible. A frozen section of the wall of the 
pseudocyst is required to exclude the unexpected 
malignancy. Then the edges of the cystotomy can 
be “reefed” to control bleeding by oversewing 
the edges with a non-resorbable, mono fi lament 
suture (e.g. Prolene 4-0). A side-to-side transme-
socolic, “retrocolic” cystojejunostomy to a Roux 
limb is performed using a double layer of running 
mono fi lament absorbable 4-0 PDS. Reconstruction 
is completed by an end-to-side jejunojejunos-
tomy, 20–25 cm distal to the pancreatic 
anastomosis. 

 When patients with CP are operated on with 
the procedures as described above, it has to be 
underlined that if there is any suspicion of malig-
nancy, the planned operative procedures need to 
be identical to those for pancreatic cancer. 

 The perioperative management in patients 
with CP is similar to that in patients who 
undergo pancreatic resection for other indica-
tions with regard to prophylactic antibiotics 
(mezlocillin or cipro fl oxacin in case of penicil-
lin allergy and metronidazole) as a single dose 
before the start of the operation. We do not use 
prophylactic, perioperative octreotide routinely 
in patients with CP. Usually, pancreatic anasto-
moses in these patients are uncomplicated due 
to the  fi brotic tissue with very low rates of pan-
creatic  fi stulas.       

   References 

    Adham M, Giunippero A, Hervieu V, Courbière M, 
Partensky C (2008) Central pancreatectomy: single-
center experience of 50 cases. Arch Surg 143:175–180, 
discussion 180–181  

    Bassi C (2007) Middle segment pancreatectomy: a useful 
tool in the management of pancreatic neoplasms. 
J Gastrointest Surg 11:726–729  

    Beger HG, Buchler M, Bittner RR et al (1989) Duodenum-
preserving resection of the head of the pancreas in 
severe chronic pancreatitis. Early and late results. Ann 
Surg 209:273–278  

    Büchler MW, Friess H, Muller MW et al (1995) 
Randomized trial of duodenumpreserving pancreatic 
head resection versus pylorus-preserving Whipple in 
chronic pancreatitis. Am J Surg 169:65–69  

    Ceyhan GO, Bergmann F, Kadihasanoglu M, Altintas B, 
Demir IE, Hinz U, Müller MW, Giese T, Büchler MW, 
Giese NA, Friess H (2009) Pancreatic neuropathy and 
neuropathic pain – a comprehensive pathomorphological 
study of 546 cases. Gastroenterology 136(1):177–186  

    Christein JD, Smoot RL, Farnell MB (2006) Central pan-
createctomy: a technique for the resection of pancre-
atic neck lesions. Arch Surg 141:293–299  

    Diener MK, Rahbari NN, Fischer L et al (2008) 
Duodenum-preserving pancreatic head resection ver-
sus pancreatoduodenectomy for surgical treatment of 
chronic pancreatitis: a systematic review and meta-
analysis. Ann Surg 247(6):950–961  

    Diener MK, Bruckner T, Contin P, Halloran C, Glanemann 
M, Schlitt HJ, Mössner J, Kieser M, Werner J, Büchler 
MW, Seiler CM (2010) ChroPac-trial: duodenum-pre-
serving pancreatic head resection versus pancreatoduo-
denectomy for chronic pancreatitis. Trial protocol of a 
randomised controlled multicentre trial. Trials 11:47  

    Drewes AM, Krarup AL, Detlefsen S, Malmstrøm ML, 
Dimcevski G, Funch-Jensen P (2008) Pain in chronic 

    Results from Heidelberg 01/2006-12/2008   

 Parameter  Number  % 

 Patients  233  100 
 DPPHR  74  31.7 
 Pylorus-preserving Whipple  97  41.6 
 Classical pancreatoduodenectomy  13  5.6 
 Total pancreatectomy  10  4.3 
 Distal pancreatectomy  27  11.6 
 Others  12  5.2 
 30-day mortality  2  0.9 
 Hospital stay (median, IQR)  9 (5–11) 
 Morbidity 
  Postoperative bleeding  9  3.9 
  Pancreatic  fi stula (grade B + C)  10  4.3 
  DGE  30  13.1 
  Wound infection  11  4.7 



10311 Commentary

pancreatitis: the role of neuropathic pain mechanisms. 
Gut 57(11):1616–1627. Epub 2008 Jun 19. Review  

    Farkas G, Leindler L, Daroczi M et al (2006) Prospective 
randomised comparison of organ-preserving pancreatic 
head resection with pylorus-preserving pancreaticoduo-
denectomy. Langenbecks Arch Surg 391:338–342  

    Friess H, Zhu ZW, di Mola FF, Kulli C, Graber HU, 
Andren-Sandberg A, Zimmermann A, Korc M, 
Reinshagen M, Büchler MW (1999) Nerve growth 
factor and its high-af fi nity receptor in chronic pancre-
atitis. Ann Surg 230(5):615–624  

    Gloor B, Friess H, Uhl W, Büchler MW (2001) A modi fi ed 
technique of the Beger and Frey procedure in patients 
with chronic pancreatitis. Dig Surg 18(1):21–25  

    Izbicki JR, Bloechle C, Knoefel WT et al (1995) 
Duodenum-preserving resection of the head of the 
pancreas in chronic pancreatitis. A prospective, ran-
domized trial. Ann Surg 221:350–358  

    Keck T, Marjanovic G, Fernandez-del Castillo C, 
Makowiec F, Schäfer AO, Rodriguez JR, Razo O, 
Hopt UT, Warshaw AL (2009) The in fl ammatory pan-
creatic head mass: signi fi cant differences in the ana-
tomic pathology of German and American patients 
with chronic pancreatitis determine very different sur-
gical strategies. Ann Surg 249(1):105–110  

    Klempa I, Spatny M, Menzel J et al (1995) Pancreatic 
function and quality of life after resection of the head 
of the pancreas in chronic pancreatitis. A prospective, 
randomized comparative study after duodenum pre-
serving resection of the head of the pancreas versus 
Whipple’s operation. Chirurg 66:350–359  

    Müller MW, Friess H, Kleeff J et al (2006) Middle seg-
mental pancreatic resection: an option to treat benign 
pancreatic body lesions. Ann Surg 244:909–918, dis-
cussion 918–920  

    Sakorafas GH, Farnell MB, Nagorney DM et al (2000) 
Pancreatoduodenectomy for chronic pancreatitis: long-
term results in 105 patients. Arch Surg 135:517–523  

    Sakorafas GH, Tsiotou AG, Peros G (2007) Mechanisms 
and natural history of pain in chronic pancreatitis: a 
surgical perspective. J Clin Gastroenterol 41(7):689–
699. Review  

    Strobel O, Büchler MW, Werner J (2009) Surgical therapy 
of chronic pancreatitis: indications, techniques and 
results. Int J Surg 7(4):305–312. Epub 2009 Jun 6  

    Vardanyan M, Rilo HL (2010) Pathogenesis of chronic 
pancreatitis-induced pain. Discov Med 9(47):304–310      



105R. Mantke et al. (eds.), International Practices in Pancreatic Surgery,
DOI 10.1007/978-3-540-74506-8_12, © Springer-Verlag Berlin Heidelberg 2013

  12

    12.1   Relevant Basic Information, 
Indications, 
and Contraindications 

 The approach to the surgical management for 
patients with chronic pancreatitis at Mayo Clinic 
is very similar to that outlined by the Magdeburg 
group. The majority of patients operated for 
chronic pancreatitis have undergone a formal 
anatomic resection. I agree that surgery for 
patients with chronic pancreatitis should be 
reserved for those patients with intractable pain, 
local complications, or when there is suspicion of 
malignancy. About 60 % of patients in the last 
2 years have undergone resection and about 40 % 
either drainage alone or a combination of drain-
age and coring out of the head of the pancreas 
(Frey operation). 

 My approach to patients with chronic pancre-
atitis is very straightforward. When there is an 
in fl ammatory mass in the head of the pancreas 
associated with biliary or duodenal stenosis, 
intractable pain, and/or suspicion of malignancy, 
my preference is pancreatic head resection. For 
those less common patients with large duct dis-
ease and no in fl ammatory mass, my preference is 
to perform a drainage procedure. In the past, my 
approach was the lateral pancreaticojejunostomy 

after the Partington-Rochelle technique. In the 
last few years I have been employing the Frey 
operation for those patients with large duct dis-
ease ( ³ 7 mm in diameter). I consider the Frey 
operation as an extended drainage procedure 
rather than a resection. While I agree that distal 
pancreatectomy has a limited role in patients who 
have chronic pancreatitis involving the entire 
gland, there is a subset of patients with focal 
chronic pancreatitis who are managed best with 
distal pancreatectomy. This subset has a history 
of acute pancreatitis who go on to develop stric-
tures or complete occlusion of the pancreatic 
duct, resulting in focal obstructive pancreatitis of 
the left pancreas or a “disconnected duct syn-
drome”. These patients typically present with 
intractable pain, a disconnected segment of pan-
creas, or with a focal stenosis of the pancreatic 
duct. It is worth noting that the number of patients 
who undergo surgery for chronic pancreatitis 
over the last few years has decreased because of 
the myriad of endoscopic therapies now 
available. 

 The development of portal hypertension as a 
result of the in fl ammatory mass in the head of the 
pancreas is a contraindication to resection in my 
hands. I have no substantive experience with per-
forming pancreatic head resection in an effort to 
relieve portal hypertension as has been described 
by some groups. In contrast, patients with a dis-
connected duct syndrome who have splenic vein 
thrombosis, sinistral hypertension, and bleeding 
gastric varices may be managed by distal pancre-
atectomy/splenectomy which both relieves the 
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pain associated with the disconnected portion of 
pancreas as well as prevents future episodes of 
gastric hemorrhage. 

 Celiac artery stenosis either due to atheroscle-
rotic disease at its origin or secondary to median 
arcuate ligament syndrome should be sought in 
every patient being considered for pancreatic head 
resection. While stenosis can be identi fi ed in the 
sagittal views of the superior mesenteric artery, 
suspicion of celiac artery stenosis should be raised 
by seeing a plethora of collateral arteries coursing 
through the head of the pancreas on the arterial 
phase of the abdominal CT on the axial and coro-
nal images. In such patients, if resection is to be 
undertaken, a plan for dealing with the celiac artery 
stenosis should be developed prior to operation; 
options include either preoperative catheter-based 
angioplasty, intraoperative median arcuate liga-
ment release, celiac artery angioplasty, or bypass. 

 In addition to chronic alcohol abuse, most of 
the patients who I see with chronic pancreatitis 
and intractable pain also have long-standing nar-
cotic usage and most have chemical dependency. 
Accordingly, management of pain in the periop-
erative period is a substantial challenge, and we 
engage a dedicated, pain management service to 
help not only with postoperative pain control but 
also with a postoperative program for controlled 
substance withdrawal to address long-term the 
narcotic dependence. 

 With regard to preoperative investigations, my 
preference is to utilize a pancreas protocol CT to 
assess both the morphology of the pancreas as 
well as the surrounding vasculature. I prefer endo-
scopic retrograde cholangiopancreatography to 
determine the anatomy of the bile duct and pan-
creatic duct. In those cases where the papilla can-
not be cannulated successfully or if obstruction in 
the pancreatic head precludes opaci fi cation of the 
pancreatic duct in the neck, body, and tail, we 
have found magnetic resonance cholangiopancre-
atography (MRCP) to be very helpful. Endoscopic 
ultrasonography (EUS) is used selectively. While 
the EUS allows for  fi ne needle aspirate or if pos-
sible a core biopsy of the pancreas, if there is sus-
picion of malignancy, a negative biopsy does not 
exclude the presence of cancer, and, therefore, 
resection may be indicated. 

 While I agree with the Magdeburg group that 
prophylactic pancreatic resections in patients 
with hereditary pancreatitis are not appropriate, I 
do tend to offer total pancreatectomy and islet 
autotransplantation for those patients with hered-
itary pancreatitis and intractable pain earlier in 
the course of their disease than I did in the past. 
Previously I would perform targeted resection or 
drainage in those patients; however, with the cur-
rent possibility of islet autotransplantation, I have 
utilized total pancreatectomy in such patients as 
primary therapy in selected circumstances. Early 
in our experience at Mayo Clinic, the harvested 
islets were injected into the portal system using a 
percutaneous, transhepatic route in interventional 
radiology postoperatively. More recently, we place 
a catheter via the recanalized umbilical vein for 
infusion into the portal circulation in the postopera-
tive period in the intensive care setting. The cathe-
ter is removed 48–72 h postoperatively. The 
postoperative infusion of islets has negated the 
necessity of leaving the patient’s abdomen open on 
the operating table for the approximate 4-h period 
required to prepare the islets for infusion.  

    12.2   Major Operative Technique 

    12.2.1   Incision and Exposure 

 Many patients with chronic pancreatitis are quite 
thin and in such patients with a high costal arch, 
I approach the pancreas via a midline incision, 
while those who have a broad costal arch are 
approached with a bilateral subcostal incision. 
I use a  fi xed, self-retaining upper abdominal 
retractor to facilitate exposure.  

    12.2.2   Pancreatic Resection 
Procedures: Technique 

 Over the past 2 years, the majority of pancreatic 
head resections were of the pylorus-preserving 
type. Only one patient underwent a classic 
Kausch-Whipple procedure. As noted in the intro-
duction to this commentary, I have included distal 
pancreatectomy for disconnected duct syndrome. 
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Typically, a splenectomy is performed with the 
procedure because of the intense in fl ammatory 
reaction surrounding the spleen and tail of the 
pancreas. Splenic preservation in this setting may 
be dif fi cult to impossible. Moreover, performing 
splenectomy in the setting of sinistral hyperten-
sion will help to prevent or ameliorate bleeding 
from gastric varices. Total pancreatectomy is 
being performed more frequently and earlier in 
patients with idiopathic or hereditary pancreatitis 
and intractable pain because of the addition of 
islet autotransplantation. 

    12.2.2.1   Pylorus-Preserving 
Pancreatoduodenectomy 

 The pylorus-preserving pancreatoduodenectomy 
begins with a Kocher maneuver and mobilization 
of the hepatic  fl exure of the colon inferiorly to 
open up the right upper quadrant and enhance 
access to the pancreas. Rather than dividing the 
greater omentum, my preference is to free the 
omentum from the transverse colon in an avascu-
lar plane and allow the omentum to remain 
attached to the stomach. Adhesions between the 
pancreas and the back wall of the stomach are 
lysed to expose the anterior surface of the pan-
creas. This opens the lesser sac completely and 

provides access to the entire pancreas for both 
inspection and palpation. Next, the superior mes-
enteric vein (SMV) is identi fi ed by locating the 
cleft between the uncinate process of the pancreas 
posteriorly and the transverse mesocolon anteri-
orly at the level of the transverse duodenum. By 
identifying this cleft and further developing it, the 
SMV is identi fi ed. The SMV is followed cephalad 
to the gastrocolic venous trunk which is now 
ligated in continuity and divided (Fig.  12.1a ). 
Next, a plane is developed between the neck of 
the pancreas anteriorly and the superior mesen-
teric vein/portal vein (SMV/PV) posteriorly 
(Fig.  12.1b ). In some patients with chronic pan-
creatitis, this maneuver may be dif fi cult and, if 
so, it is better not to persist in these efforts lest 
troublesome or even very severe bleeding from 
the portal vein posterior to the neck of the pan-
creas ensues. I agree with the Magdeburg group 
that it is not particularly helpful to try and gain 
proximal and distal control of the SMV below 
and the portal vein above the neck of the pancreas 
at this stage in the procedure; any bleeding that 
occurs is still being supplied by the splenic vein, 
the inferior mesenteric vein, and the  fi rst jejunal 
branch, as well as other small tributaries, and 
proximal and distal control will simply not stop 
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  Fig. 12.1    ( a ) The superior 
mesenteric vein is identi fi ed 
beneath the neck of the 
pancreas. The gastrocolic 
venous trunk is ligated in 
continuity with 3-0 silk and 
divided. ( b ) A plane is 
developed between the neck 
of the pancreas anteriorly 
and the superior mesenteric 
vein/portal vein con fl uens 
posteriorly. A Shallcross 
right angle is used to develop 
gently this plane. Care is 
taken to perform this in a 
very delicate manner lest 
there be injury to the venous 
system and resultant severe 
hemorrhage (Reproduced 
with Permission of Mayo 
Foundation for Medical 
Education and Research. 
All Rights Reserved)       
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the bleeding. Packing of the space posterior to the 
neck of the pancreas with gauze or compressing 
the head of the pancreas and SMV/PV with the 
surgeon’s left hand, with the thumb anteriorly and 
the  fi ngers posteriorly, will help to tamponade 
any bleeding so that additional maneuvers can be 
performed to deal with the hemorrhage. At times 
it may be dif fi cult or virtually impossible 
(and dangerous) to identify the proper plane 
between the pancreas and the portal vein; if an 
improper plane is chosen, the portal vein may be 
delaminated resulting in a very thin-walled portal 
vein that is at risk for tearing during the later 
phases of the operation. It is better to abandon 
attempts at getting under the neck of the pancreas 
if the plane is not friendly enough.  

 Next, attention is directed rostral to the neck of 
the pancreas. The right gastric artery is clamped, 
divided, and ligated with 3-0 silk (Fig.  12.2a ). 
Typically the hepatic artery lymph node is identi fi ed 
rostral to the neck of the pancreas. This area is 
mobilized and the common hepatic artery identi fi ed 
beneath. The investing tissue around the common 
hepatic artery is incised and the gastroduodenal 
artery identi fi ed. At this juncture, it is appropriate 
to palpate the space posterior to the bile duct. A 
replaced right hepatic artery arising from the supe-
rior mesenteric artery courses posterior to the bile 
duct and the arterial pulsation will be palpable in 
this region. It is important to recognize this variant 
before encircling and dividing the common 
hepatic duct. The gastroduodenal artery is ligated 
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  Fig. 12.2    ( a ) The right gastric artery is clamped, divided 
and ligated with 3-0 silk. ( b ) The common hepatic artery 
is identi fi ed; after skeletonizing the gastroduodenal artery, 
it is ligated in continuity with 2-0 silk supplemented with 
a trans fi xing suture of 3-0 silk and divided. Arterial pulsa-
tion posterior to the bile duct is a tip-off to a replaced right 

hepatic artery. ( c ) The portal vein is identi fi ed rostral to 
the rostral border of the pancreas and the tunnel completed 
beneath the neck of the pancreas. ( d ) An umbilical tape is 
placed around the neck of the pancreas (Reproduced with 
Permission of Mayo Foundation for Medical Education 
and Research. All Rights Reserved)       
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in continuity with 2-0 silk supplemented with a 
suture ligature of 3-0 silk and divided (Fig.  12.2b, 
c ). An umbilical tape is then placed posterior to the 
neck of the pancreas if the space was developed 
successfully (Fig.  12.2d ). Next, the gallbladder is 
removed from its fossa from above downward. I 
then mobilize the cystic duct as far distally as pos-
sible. The common hepatic duct is then mobilized 
above the entrance of the cystic duct, care being 
taken to avoid injury to the portal vein and also to 
protect a replaced right hepatic artery if present. 
Likewise, an umbilical tape is passed around the 
common hepatic duct. The gallbladder is allowed 
to remain attached to the common duct. Next, the 
right gastroepiploic artery and vein are clamped, 
divided, and ligated with 2-0 silk (Fig.  12.3a ). The 
retroduodenal arteries are clamped, divided, and 
ligated with 3-0 silk, skeletonizing the duodenum 
for approximately 3–4 cm beyond the pylorus 
(Fig.  12.3b ). Next, attention is directed below the 
mesocolon to the infracolic compartment. The lig-
ament of Treitz is taken down. The jejunal mesen-
tery is transilluminated and an appropriate arcade 
chosen approximately 20 cm distal to the ligament 
of Treitz. This distance is chosen in order to pro-
vide adequate length on the mesentery of the jeju-

nal biliopancreatic limb such that it can be brought 
through the mesocolon to the right of the middle 
colic vessels. The mesentery of the jejunum is 
clamped, divided, and ligated with 3-0 silk. More 
recently I have used a LigaSure ®  device (Covidien 
Inc, Mans fi eld, Massachusetts, USA) to divide the 
small vessels in the jejunal mesentery. Dissection 
of these small vessels is carried proximally until 
the uncinate process of the pancreas becomes visi-
ble. The uncinate process indicates the proximal 
extent of the dissection of the duodenojejunal mes-
entery (Fig.  12.4a–d ). The jejunum is then divided 
with a linear stapling device. The jejunum is passed 
posterior to the superior mesenteric artery into the 
right supracolic compartment. The stapled end of 
the jejunum to be retained for reconstruction is 
imbricated with interrupted 3-0 silk. The defect at 
the ligament of Treitz is closed with running 3-0 
absorbable polyglactin suture. The duodenum is 
transected and stapled with a linear stapler approx-
imately 3 cm distal to the pylorus.    

 Next, a bulldog clamp is placed on the proxi-
mal common hepatic duct and the common hepatic 
duct transected. I typically harvest the margin 
from the common hepatic duct for frozen section. 
Next, a Satinsky clamp is placed posterior to the 

a b

Retrotuodenal arteries

Right gastroepiploic artery and vein

  Fig. 12.3    ( a ) The right gastroepiploic artery and vein are 
clamped, divided, and ligated with 2-0 silk. ( b ) Any ret-
roduodenal arteries are clamped, divided and ligated with 
3-0 silk mobilizing approximately 3 cm of duodenum 

beyond the pylorus (Reproduced with Permission of Mayo 
Foundation for Medical Education and Research. All 
Rights Reserved)       
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neck of the pancreas. I divide the pancreas not to 
the right of the SMV but either over the mid por-
tion or slightly to the left (Fig.  12.5a ). This is an 
important step, because the pancreatic duct 
courses quite posteriorly in the pancreas as it 
approaches the right side of the SMV/PV 
con fl uens. In order to have the pancreatic duct 
centered in the pancreatic remnant, it is my prefer-
ence to divide it slightly further to the left than 
described by the Magdeburg group. After harvest-
ing the margin from the neck of the pancreas for 
frozen section analysis, the SMV/PV is teased 
from the portal vein groove of the pancreatic head. 
Venous tributaries are ligated in continuity with 
3-0 silk and divided (Fig.  12.5b ). The  fi rst jejunal 

branch is often quite large and is very short. If this 
branch courses to the right of the superior mesen-
teric artery, it will need to be divided and ligated 
to facilitate a periadvential dissection of the supe-
rior mesenteric artery. Accordingly, this vessel is 
mobilized carefully and ligated in continuity with 
2-0 silk supplemented on the superior mesenteric 
vein side with a suture ligature of 4-0 polypropyl-
ene and then divided (Fig.  12.5c ). Next, a periad-
ventitial dissection of the superior mesenteric 
artery is undertaken. I currently use the LigaSure ®  
device for this dissection, except for the inferior 
pancreaticoduodenal artery, which I identify and 
ligate in continuity with 3-0 silk supplemented 
with a 4-0 suture of polypropylene (Fig.  12.5d ). 
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  Fig. 12.4    ( a ) Attention is directed to the infracolic com-
partment. The ligament of Treitz is taken down being 
careful to protect the inferior mesenteric vein. ( b ) After 
the jejunum is transilluminated, an appropriate arcade 
chosen for dividing the mesentery of the jejunum approxi-
mately 20 cm beyond the ligament of Treitz. The jejunal 
mesentery is clamped, divided and ligated with 3-0 silk. 

( c ) The bowel is transected with a GIA stapler. The jeju-
nal/duodenal vessels are ligated in continuity with 3-0 silk 
and divided. Alternatively, a LigaSure ®  device may be 
used for this step. ( d ) Dissection is carried proximal until 
the uncinate process is visible (Reproduced with 
Permission of Mayo Foundation for Medical Education 
and Research. All Rights Reserved)       
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After the specimen is removed, the bed of resec-
tion is checked for hemostasis. Areas of problem-
atic hemostasis include the jejunal mesentery as 
well as the area of the periadventitial dissection of 
the superior mesenteric artery. Hemostasis in 
these sites should be ensured carefully.  

 To initiate reconstruction, an opening is made 
in the mesocolon to the right of the middle colic 
vessels through which the jejunum is brought. 
Using optical magni fi cation (2.5×), an end-to-side 
pancreaticojejunostomy is fashioned splinted 
temporarily with an 8 French Silastic ®  catheter. 
This catheter is used temporarily to ensure that 
the sutures placed in the small opening in the 
 jejunum do not obliterate the anastomosis. After 
placement of the anterior row of 6-0 polyglactin 

in the mucosa-to-mucosa anastomosis, a nerve 
hook is used to remove the Silastic catheter and 
the 6-0 sutures are tied. Next, the anterior row of 
interrupted 4-0 silk suture from the capsule and 
parenchyma of the pancreas to the seromuscular 
layer of the jejunum are placed and tied 
(Fig.  12.6a–c ). About 3–4 in. downstream, an 
end-to-side hepaticojejunostomy is fashioned 
with continuous 5-0 polyglactin (Fig.  12.6d ). Two 
sutures are used, one each anteriorly and posteri-
orly, in order to prevent purse-stringing of the 
anastomosis. Those patients who have a small bile 
duct, particularly if it is thin-walled, are best man-
aged with an interrupted anastomosis using inter-
rupted 6-0 polydioxanone. The traversing jejunal 
limb is secured to the mesocolon with interrupted 
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  Fig. 12.5    ( a ) A bulldog clamp is applied to the common 
hepatic duct and the common hepatic duct transected 
sharply. The neck of the pancreas is divided with cautery. 
( b ) Venous tributaries of the portal vein are ligated in con-
tinuity with 3-0 silk and divided freeing the portal vein 
from the portal vein groove. ( c ) The  fi rst jejunal venous 
branch is ligated in continuity with 2-0 silk supplemented 

with a suture ligature of 4-0 polypropylene and divided. 
( d ) A periadventitial dissection of the SMA is undertaken 
using a LigaSure ®  device, however, the inferior pancre-
atoduodenal artery is ligated individually in continuity 
with 3-0 silk and divided (Reproduced with Permission of 
Mayo Foundation for Medical Education and Research. 
All Rights Reserved)       
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3-0 silk, and 20–30 cm distally, an antecolic, end-
to-side duodenojejunostomy is fashioned with an 
inner layer of running 3-0 polyglactin and an outer 
layer of interrupted 3-0 silk (Fig.  12.6e ). If the 
blood supply to the duodenal cuff is suboptimal, 
I respect additional duodenum until the mucosa 
appears pink and viable. I have no problem with 
performing a pylorojejunostomy if necessary in 
order to ensure adequate blood supply at the anas-
tomosis. A single drain is my current preference. 
It is placed in Morison’s pouch with the drain pos-
terior to the pancreaticojejunostomy (Fig.  12.6f ).   

    12.2.2.2   Left-Sided Distal 
Pancreatectomy 

 Distal pancreatectomy/splenectomy is one of the 
more common operations in my practice for 
patients who have chronic obstructive pancreati-
tis. I agree with the Magdeburg group that for 
patients with true chronic pancreatitis involving 
the entire gland, a left-sided resection is rarely 
indicated. In those patients who have prior attacks 
of necrotizing pancreatitis with critical stenoses 
or complete obliteration of the pancreatic duct, a 
“disconnected duct syndrome” may ensue, and 
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  Fig. 12.6    ( a ) A mucosa-to-
mucosa pancreaticojejunos-
tomy is fashioned with an 
outer layer of interrupted 4-0 
silk and an inner layer of 
inner layer of interrupted 6-0 
polyglactin. ( b ) An 8 French 
Silastic ®  catheter is used as a 
temporary stent but removed 
prior to tying the anterior row 
of 6-0 polyglactin. ( c ) 
Completed mucosa-to-
mucosa pancreaticojejunos-
tomy. ( d ) An end-to-side 
hepaticojejunostomy is 
fashioned with two sutures of 
continuous 5-0 vicryl using a 
separate suture for the 
anterior and posterior portion 
of the anastomosis to prevent 
purse-stringing. ( e ) Lastly, an 
end-to-side duodenojejunos-
tomy is fashioned with an 
inner layer of running 3-0 
polyglactin and an outer layer 
of interrupted 3-0 silk. ( f ) A 
single drain is placed adjacent 
to the pancreatic and biliary 
anastomoses (Reproduced 
with Permission of Mayo 
Foundation for Medical 
Education and Research. 
All Rights Reserved)       
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resection of the remnant pancreas may be indi-
cated. I have not found it to be a durable solution 
to anastomose a Roux-en-Y limb to these discon-
nected segments, because the anastomosis tends 
to stenose in these patients with development of 
intractable pain. Accordingly, I usually recom-
mend resection in such cases; however, one has to 
recognize that this procedure is technically 
dif fi cult due to the surrounding in fl ammation and 
 fi brosis around the remnant pancreas. Collateral 
damage to surrounding organs is a possibility, and 
care must be taken relative to the posterior wall of 
the stomach, the transverse colon, the fourth por-
tion of the duodenum, the left kidney, and the 
adrenal gland. I approach the distal pancreatec-
tomy by freeing the omentum from the splenic 
 fl exure of the left transverse colon and entering 
the lesser sac, hemisecting the omentum, and then 
serially clamping, dividing, and ligating the short 
gastric vessels all the way up to the gastroesopha-
geal junction; this initial maneuver frees the stom-
ach from the disconnected pancreatic segment. 
The splenocolic and splenorenal ligaments are 
incised and a plane developed between the spleen 
and tail of the pancreas anteriorly and the left kid-
ney and adrenal gland posteriorly. Dissection is 
then carried medially where the splenic artery and 
vein sought, each ligated in continuity with 2-0 
silk supplemented with a trans fi xing suture of 3-0 
silk, and divided, allowing the specimen to be 
removed. Typically, when there is a complete dis-
connection, there is no need to oversew the stump 
of the remaining proximal pancreas.  

    12.2.2.3   Total Pancreatectomy 
 At Mayo we have performed  fi ve total pancreate-
ctomies as primary surgical therapy for chronic 
pancreatitis in the last 2 years. As noted in 
the introduction to this commentary, we have 
been employing total pancreatectomy and islet 
autotransplantation in selected patients with 
intractable pain due to hereditary or idiopathic 
pancreatitis. The operative exposure for total 
pancreatectomy is very similar to that for a pylo-
rus-preserving pancreatoduodenectomy; how-
ever, the omentum is freed completely from the 
transverse colon, releasing both the hepatic and 
splenic  fl exures inferiorly to expose the pancreas 

all the way from the head to the tail. I have per-
formed spleen-sparing total pancreatectomy in 
some patients but often due to the surrounding 
 fi brosis, it is not possible to preserve the spleen. I 
will not describe the total pancreatectomy step by 
step but will make a few technical points worth 
noting. 

 First, in patients with heredity pancreatitis and 
intractable pain selected earlier in the course of 
their disease for pancreatectomy due to the avail-
ability of islet autotransplantation, the peripan-
creatic in fl ammatory reaction is typically less 
than seen in patients with more long-standing 
disease and dissection around the SMV/PV 
con fl uens and superior mesenteric artery is more 
straightforward. 

 Second, it is important to preserve the blood 
supply to the pancreas to the very terminal stages 
of the procedure to minimize the warm ischemia 
time. I do this by preserving both the splenic 
artery and splenic vein until the last step in the 
operation. This maneuver is accomplished by 
mobilizing the head, neck, and body of the pan-
creas suf fi ciently such that the venous tributaries 
of the SMV/PV con fl uens can be ligated in conti-
nuity and divided freeing the portal vein from the 
portal vein groove and the superior mesenteric 
artery from the uncinate process of the pancreas. 
The splenic artery and vein are only then ligated 
in continuity doubly with 2-0 silk with a 
trans fi xing suture of 3-0 silk and divided, mini-
mizing the warm ischemia time. An example of a 
total pancreatectomy with preservation of the 
splenic artery and vein to the terminal step is 
shown in Fig.  12.7 .  

 One of the potential problems with the pylorus-
preserving total pancreatoduodenectomy and 
splenectomy is adequate venous drainage of the 
stomach. If the spleen is taken with the total pan-
creatoduodenectomy, the only venous drainage of 
the stomach will be via the coronary vein. It is 
important to preserve the coronary vein during the 
dissection. Another trick is to take the short gastric 
vessels as close to the splenic hilum as possible to 
preserve as much venous capacitance within the 
stomach and greater omentum as possible. In my 
experience, this approach results in less venous 
congestion of the stomach. If the stomach develops 
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marked venous congestion after an attempt at a 
total pancreatoduodenectomy/splenectomy, distal 
gastrectomy may be necessary.   

    12.2.3   Drainage Procedures: Technical 
Notes 

    12.2.3.1   Frey Procedure 
 The Frey procedure is being employed increas-
ingly when the patient has large duct disease and 
pancreatic drainage is entertained. My approach 
to the procedure is very similar to that described 
by the Magdeburg group. I  fi nd it advantageous to 
remove the gallbladder when present and place a 
biliary Fogarty catheter through the cystic duct, 
into the bile duct and ultimately into the duode-
num to allow precise identi fi cation of the bile duct 
during the non-anatomic part of the resection of 
the tissue in the head of the pancreas. I prefer not 
to expose the bile duct during the course of the 
subtotal resection of the pancreatic head. I agree 
that it is important to extend the  fi lleting of the 
pancreatic duct as far as possible both proximally 
and distally in the pancreas. I  fi nd bleeding from 
the subtotal resection of the pancreatic head to be 
troublesome when performing this operation. 
I use cautery but also use suture ligatures of 4-0 

and 5-0 polypropylene for hemostasis liberally. 
Hemostasis needs to be done carefully, because 
bleeding from the pancreatic head into the jejunal 
limb can be problematic in the postoperative 
period. I bring the limb through the mesocolon to 
the right of the middle colic vessels with the toe of 
the limb oriented toward the hilum of the spleen 
and the heel in the head of the pancreas. My pref-
erence is to perform the anastomosis with a single 
layer of interrupted 3-0 silk. The sutures are 
placed full thickness on the bowel and into the 
leathery parenchyma of the pancreas. While a 
mucosa-to-mucosa anastomosis is ideal, it is not 
possible in every patient. I leave a closed suction 
drain adjacent to the pancreatic anastomosis.  

    12.2.3.2   Lateral Pancreaticojejunostomy 
 Lateral pancreaticojejunostomy is utilized in 
those patients who have large duct chronic pan-
creatitis without either an in fl ammatory mass in 
the head of the pancreas or multiple calculi in the 
side branches of the head and uncinate process of 
the gland. My technique is almost exactly like 
that described by the authors in the chapter. 
I have not found it necessary to use ultrasonogra-
phy to identify the pancreatic duct. Needle aspi-
ration or ballottement of the enlarged, tense 
pancreatic duct allows identi fi cation of the 

  Fig. 12.7    Pylorus-
preserving total pancreatodu-
odenectomy and splenectomy 
with preservation of the 
blood supply to the 
pancreatic remnant via the 
splenic artery and splenic 
vein. The blue vessel loops 
encircle the splenic artery 
and the splenic vein. Ligation 
of the splenic artery and the 
splenic vein is preserved at 
the very  fi nal step in the 
procedure. Note that other 
than the lower pole of the 
spleen, the specimen is well 
perfused. The warm ischemia 
time in this case was 2 min 
8 s ( D  duodenum,  PH  
pancreatic head,  PB  
pancreatic body,  S  spleen,  PT  
pancreatic tail)       
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 pancreatic duct. I use cautery and  fi llet the pan-
creatic duct in a longitudinal manner. It is critical 
to extend the  fi lleting all the way from the splenic 
hilum to the medial wall of the duodenum and 
unroof both Santorini’s and Wirsung’s ducts.    

    12.3   Results 

 The results of pancreatic surgery for chronic pan-
creatitis at the Mayo Clinic for 2009 and 2010 are 
included in Tables  12.1  and  12.2  .          

   Table 12.1    Patients with chronic pancreatitis who underwent drainage procedures at Mayo Clinic, Rochester, MN, 
USA (2009, 2010)   

 Drainage/other 

 Parameter  Number  % 

 Patients   13  
 Hospital mortality  0  0 
 Hospital stay (median, days)  9 (2–33) 
 Frey procedure  5  39 
 Lateral pancreaticojejunostomy  3  23 
 Biliary/duodenal bypass  2  15 
 Biliary bypass, gastrojejunostomy, cyst jejunostomy  1 each 
  Postoperative local morbidity  
 Relaparotomy  1  0 
 Wound infection  2  15 
 Delayed gastric emptying  2  15 
 Postoperative bleeding, pancreatic  fi stula, biliary  fi stula  0  0 
  Postoperative systemic morbidity  
 Systemic complications  0  0 

   Table 12.2    Patients with chronic pancreatitis who underwent resection at Mayo Clinic, Rochester, MN, USA (2009, 
2010)   

 Resection 

 Parameter  Number  % 

 Patients   36  
 Hospital mortality  0  0 
 Hospital stay (median, days)  17 (5–65) 
 Distal pancreatectomy with splenectomy  14  40 
 Pylorus-preserving pancreatoduodenectomy  13  36 
 Total pancreatectomy  5  14 
 Kausch-Whipple procedure  1 
 Beger procedure  1 
 Distal pancreatectomy  1 
 Central pancreatectomy  1 
  Postoperative local morbidity  
 Relaparotomy  4  11 
 Delayed gastric emptying  12  33 
 Pancreatic  fi stula  6  17 
 Biliary  fi stula  4  11 
 Wound infection  6  17 
 Postoperative bleeding  1 
 Other (i.e. abscess, pleural effusion)  3  8 
  Postoperative systemic morbidity  
 Systemic complications  9  25 
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    13.1   Relevant Basic Information 

 Chronic pancreatitis (CP) is predominantly a 
chronic in fl ammatory disease that is being 
detected with increasing frequency. While chronic 
alcohol intake is associated with the development 
of CP, gene mutations have also been linked to 
both hereditary and possibly tropical forms of the 
disease. Independent of the etiology, CP is usu-
ally discovered at a stage when the morphologic 
and in fl ammatory changes are similar in all vari-
ants (Shrikhande et al.  2003  ) . Recurrent, often 
severe, pain is the dominant and classic symptom 
of CP that necessitates treatment and is the single 
most important reason for patients to consult the 
clinician and ultimately the surgeon (Shrikhande 
et al.  2002  ) . 

 Routine blood tests do not help in establishing 
the diagnosis of CP – the diagnosis is more clini-
cal and based on patient symptoms. Upper abdom-
inal pain usually radiating to the back with a 
previous history of similar such episodes, some 
requiring hospitalization, and relief of pain with 
analgesics are clues to a de fi nitive diagnosis. Some 
patients also have a history of previous attacks of 

acute pancreatitis. While alcohol is responsible 
for alcoholic CP in the western world, there are 
hereditary, tropical, and other variants seen in the 
east, particularly in India. Patients with tropical 
CP are usually young and present early with  fl orid 
clinical symptoms and radiologic  fi ndings of the 
disease. A number of patients suffer from diabetes 
mellitus and also report steatorrhoea. 

 CP is con fi rmed primarily by a combination of 
careful patient history and radiologic imaging – 
i.e. contrast enhanced computed tomography 
(CT) and magnetic resonance imaging/magnetic 
resonance cholangio-pancreatography (MRI/
MRCP). These imaging modalities help both in 
disease documentation and localization, as well 
as for treatment-planning.  

    13.2   Indications for Surgery 

 The primary indication for operative intervention 
is longstanding, intractable pain (Shrikhande 
et al.  2000  )  which becomes progressively uncon-
trollable by analgesics that have been used in a 
stepwise pattern. Apart from uncontrolled pain, 
the other indications for operative intervention 
are for complications associated with CP, such 
as:
    1.    Pancreatic pseudocysts  
    2.    Common bile duct obstruction  
    3.    Duodenal obstruction  
    4.    Suspected pancreatic cancer  
    5.    Dilated main pancreatic duct without pain in 

young uncontrolled diabetics      
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    13.3   Contraindications 

   Absolute 
   1.    Cirrhosis of liver  
    2.    Severe medical conditions    
  Relative  
  1.    Portal hypertension due to portal venous 

obstruction      

    13.4   Operative Technique 

    13.4.1   Drainage Procedures 

    13.4.1.1   Lateral Pancreaticojejunostomy 
    Wide Kocher maneuver (Valley Lab Cautery, • 
USA)  
  Division of gastrocolic omentum (Harmonic • 
Scalpel, Ultracision, Ethicon, USA)  
  Exposure of the entire length of pancreas  • 
  Ligation of the gastroduodenal artery (4-0 • 
polypropylene)  
  Identi fi cation of the dilated main pancreatic • 
duct (by palpation/directed needle puncture)  
  Opening the entire length of duct with cautery • 
(>8 cm)  
  Extraction of pancreatic calculi  • 
  Side- to-side, duct- to- mucosa pancreaticoje-• 
junostomy* (Shrikhande et al.  2004  )  (3-0 
polypropylene/3-0 polydioxanone)  
  End to side jejunojejunostomy (4-0 polyglac-• 
tin or polydioxanone) 
 *We believe it is important to perform a duct to • 
mucosa anastomosis. The extensive and pro-
gressive  fi brosis of CP can obliterate an anasto-
mosis even after years (Shrikhande et al.  2004  ) .     

    13.4.1.2   Overall Experience with Lateral 
Pancreaticojejunostomy 

    Excellent long term pain control (85–95 %); • 
those who do not get pain relief have causes of 
pain not correctable by operative intervention 
(Shrikhande et al.  2001  )   
  Low morbidity (<5 %)/mortality (<1 %)  • 
  Better/easier control of diabetes (Nealon and • 
Thompson  1993 ; Evans et al.  1997  )   
  Perhaps delays ultimate “burnout” of pancreas • 
(Nealon and Thompson  1993  )   
  Organ-preserving procedure     • 

    13.4.1.3   Cystogastrostomy 
 Retrogastric pseudocysts are often treated best by 
cystogastrostomy. The edge of the cystogastros-
tomy can bleed briskly on occasion; moreover, 
when the cyst wall is immature, anastomosis 
between stomach and cyst wall can be hazardous. 
In these situations, we prefer to take a few inter-
rupted sutures of 2-0 polyglactin very early in the 
course of the procedure i.e. soon after the poste-
rior wall of the stomach is incised and an entry is 
made into the cyst cavity to oversew the 
cystogastrostomy.   

    13.4.2   Resection Procedures 

 Resectional procedures are tailored according to 
the location and extent of the disease process. 
Development of pancreatic cancer in the setting 
of pre-existing CP is common, especially in the 
tropical form of CP (Augustine and Ramesh 
 1992 ; Chari et al.  1994  ) . 

    13.4.2.1   CP with Head-Dominant Mass 
 Pancreatoduodenectomy (PD) has been the stan-
dard operative procedure for pain and pancreatic 
head-related complications of CP. PD is a rela-
tively safe procedure in high-volume centers, 
where mortality rates are less than 5 %. PD not 
only achieves excellent pain relief and treats 
other complications associated with a pancreatic 
head mass, but PD also eliminates the possibility 
of cancer in this mass. We rarely perform the 
duodenum-preserving pancreatic head resection 
(DPPHR) we use DPPHR only if in fl ammation 
around the superior mesenteric vein (SMV) and 
portal vein (PV) is not severe. In cases where the 
diagnosis of chronic pancreatitis is unequivocal 
with severe in fl ammation around the SMV – PV, 
we prefer the head coring procedure (Frey pro-
cedure). Usually the head coring is combined 
with a drainage procedure. Most of the initial 
steps are similar to lateral pancreaticojejunos-
tomy. The head coring is best performed by plac-
ing a few 2-0/3-0 polypropylene sutures into the 
pancreatic parenchyma along the “C” aspect of 
the duodenum, a few millimeters away from the 
duodenal wall. With a wide Kocher maneuver 
already performed, it is easy to control the head 
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mass in the left hand of the operating surgeon 
while using electrocautery to excise the head 
mass. We prefer to control bleeding with poly-
propylene sutures, which tend to hold well in a 
 fi rm to hard pancreas. The medial extent of the 
head mass needs special attention where it is 
crucial to de fi ne the SMV along the inferior mar-
gin of the pancreas. We also prefer to ligate the 
gastroduodenal artery prior to beginning the 
head coring procedure. 

 Occasionally when the head mass is not very 
large, we core a small part of the head and later 
follow the main pancreatic duct from the body/
neck region toward the head region with the 
help of a  fi ne Mixter or Llhey clamp. All the 
tissue over the clamp is divided with electro-
cautery – this maneuver lays open the posteri-
orly dipping ducts in the head region. A 
meticulous (and often time consuming) dissec-
tion to remove all calculi from both the main 
ducts and also from the side branches is crucial 
to ensure an optimal drainage and resection 
procedure. 

 The Basic    Chapter of “Chronic Pancreatitis 
Surgery” by Hans-Ulrich Schulz, Rene Mantke, 
and Hans Lippert is illuminating in many respects. 
The more complex an operation, the more steps 
that can be modi fi ed or altered according to the 
need for improvement, but also because of per-
sonal feelings, beliefs, or experience-based foun-
dations. Rarely has any one operation or the basic 
principles concerning the resection of the head of 
the pancreas been modi fi ed as much as pancre-
atoduodenectomy, and rarely has one operation 
been given a name that does not correspond to the 
original surgeon who performed or described it. 
It has been written that Alessandro Codivilla 
(1861–1912) performed the  fi rst pancreatic head 
resection prior to 1890 and that Walther Kausch 
(1867–1928) reported the  fi rst successful exci-
sion of the duodenum and a portion of the pan-
creas in two stages for ampullary cancer in 1912 
(Schnelldorfer et al.  2008  ) . 

 While the restricted indications for the 
Kausch-Whipple procedure herein – “typically 
used in patients with chronic pancreatitis who 
have had a prior gastric resection for ulcer, in 
rare situations of extensive adhesions between 
the pancreatic head and the pyloric region, and 

if the duodenum stump becomes ischemic dur-
ing an attempted pylorus preservation” might 
well explain why the authors performed the 
Whipple procedure in less than 10 % of the 
patients undergoing resection in their series, it 
is of note that many pancreatic surgery special-
ist do not consider pancreatoduodenectomy for 
chronic pancreatitis, except when there is an 
undetermined focal mass in the head and/or the 
ductal system is not dilated. In contrast, it is 
dif fi cult to understand why 17 of 42 patients 
undergoing resection had the Traverso-Longmire 
procedure if the indication for pylorus-preserv-
ing pancreatoduodenectomy was patients who 
present with “suspicion of cancer or those with 
combined stenoses of the intra-pancreatic bile 
duct, pancreatic duct, and duodenum due to 
in fl ammatory pancreatic head enlargement.” 
This obviously attests to a particular pattern of 
recruitment. 

 Moreover, the use of a loop anastomosis 
(Braun anastomosis), rather than a Roux-en-Y 
set-up, as they do in the other resection tech-
niques, as well as the use of two layers for this 
anastomosis, which they do not do in any other of 
the enteroenterostomies described in this chapter, 
are different than our approach. Our attitude is to 
avoid construction of omega loops with use of an 
enteroenterostomy and to perform single-layered 
enteric anastomosis. 

 Among the different operations pro-
posed and performed in this series (Whipple, 
Traverso-Longmire, Beger, and Frey), 40 % 
of the operations were Traverso-Longmire 
 (pylorus-preserving) pancreatoduodenecto-
mies, while less than 10 % were the duode-
num-preserving operations (Beger or Frey 
operations). Clear advantages in terms of quality 
of life of the duodenum-preserving operations 
over the Whipple and pylorus-preserving oper-
ations have been shown in prospective random-
ized studies (Diener et al.  2008  ) . Conversely, 
the 11.8 %  fi stula rate, greater than the  fi stula 
rate usually reported in chronic pancreatitis, 
might point to the adjunctive albeit controver-
sial role of somatostatin, which has been shown 
in some studies in Europe to be effective even 
in the setting of chronic pancreatitis (Friess 
et al.  1995  ) .    
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    13.5   Summary 

 Management of CP should be tailored according 
to the individual patient’s symptoms as assessed 
by objective tests and by modern radiologic 
imaging which documents the dominant focus of 
the disease and extent of disease. Mass-forming 
and small duct CP warrants an approach of resec-
tion, while dilated duct disease and pancreatic 
pseudocysts need drainage procedures. Radical 
pancreatic resection – PD – provides good results 
as far as pain management in CP is concerned. 
These procedures are especially useful when a 
malignant neoplasm cannot be excluded in small-
duct CP with a head-dominant mass. Before 
undertaking resection for what is largely a benign 
disease, each surgeon must assess his/her own 
abilities and experience, because safe pancreatic 
resections are a prerequisite, and referral to expe-
rienced, high-volume centers is recommended 
generally. 

 Major resections are associated with the devel-
opment of brittle diabetes that can be dif fi cult to 
control and manage. Furthermore, with over 
90 % long-term pain relief and results of random-
ized, controlled trials favoring organ-preserving 
procedures, every attempt is made to consider a 
non-anatomic, head coring procedure (DPPHR 
or Frey procedure) over a head resection in those 
patients with head-dominant disease. In our prac-
tice, we encounter situations commonly where 
there is a dilated main pancreatic duct without 
head-dominant disease; here drainage procedures 
have not only proved to be safe procedures with 
low morbidity and almost no mortality but have 
also given excellent long term pain relief. In 
recent years, the parenchymal-preserving proce-
dures that have combined the advantages of 
resection with those of drainage procedures have 
proven advantageous, especially for management 
of pain in small-duct CP. We do not have much 
experience with drainage procedures for small 
duct disease.      
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 We would agree with the authors that there are 
two options in terms of surgery for chronic pan-
creatitis –  vis.  Resection or drainage procedures, 
however, most of our patients presenting with 
symptomatic chronic pancreatitis and requiring 
operative therapy do so with parenchymal disease 
rather than predominantly main duct obstruction, 
and, therefore, resection is the mainstay of our 
practice in the operative management of chronic 
pancreatitis. Drainage procedures are con fi ned 
largely to drainage of pancreatic pseudocysts 
with a Roux-en-Y pseudocyst-jejunostomy. We 
prefer this option to pseudocyst-gastrostomy in 
order to minimise the in fl ux of gastric content 
into the pseudocyst cavity. In many cases, patients 
present with enlargement of the pancreatic head 
simulating neoplasia and, therefore, are treated as 
we would for any suspicious pancreatic head 
mass and undergo a pancreatoduodenectomy. As 
many as 20 % of patients undergoing pancre-
atoduodenectomy for a pancreatic head mass 
prove subsequently to have chronic pancreatitis 
or intraductal papillary mucinous neoplasms on 
histologic examination of the specimen. 

    14.1   Preoperative Assessment 

 Patients with established chronic pancreatitis 
may be considered for operative treatment 
because of intractable pain or complications 
associated with the disease. These complica-
tions include extrinsic compression of the bile 
duct, duodenum, or portal/superior mesenteric 
vein. We prefer to operate before the patient is 
opiate-dependent, although even patients on 
high doses of morphine may be weaned off opi-
ates after resection. We require patients with 
alcohol-related chronic pancreatitis to demon-
strate that they have stopped drinking before 
any operative therapy. 

 All patients are assessed using a high-quality, 
multi-phase contrast-enhanced CT as the prin-
cipal modality of imaging. CT is particularly 
helpful in assessing involvement of the superior 
mesenteric, portal, and splenic veins and the 
development of varices. Cavernous transforma-
tion of the portal vein with extensive varices 
around the head of the pancreas is a relative 
contra-indication to resection of the pancreatic 
head. The presence of clinically relevant liver 
disease/cirrhosis is also a relative contra-indi-
cation to operative intervention because these 
patients have a very poor outcome after major 
surgery.  
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    14.2   Duodenum-Preserving 
Pancreatic Head Resection 

 As long as there is no suspicion of cancer, our pre-
ferred operative approach is the duodenum-pre-
serving pancreatic head resection, with or without 
transection of the pancreatic neck (Beger or Frey 
procedures). The principal aim of this procedure 
is to remove any in fl ammatory mass within the 
pancreatic head and decompress the bile duct, 
duodenum, and portal vein, whilst retaining nor-
mal enteric and biliary anatomy and preserving as 
much functioning pancreatic tissue as possible. 
Initial exposure proceeds as for a standard pancre-
atoduodenectomy with a Kocher maneuver of the 
duodenum and separation of the greater omentum 
from the transverse colon. The lesser sac is thus 
exposed, although in patients with chronic pan-
creatitis, this space may be largely obliterated by 
in fl ammatory adhesions between the anterior sur-
face of the pancreas and the posterior surface of 
the stomach and transverse mesocolon. The supe-
rior mesenteric vein is identi fi ed and the inferior 
border of the pancreas de fi ned, allowing initial 
assessment of the degree of involvement of the 
superior mesenteric vein. The gastro-hepatic 
omentum is then opened to expose the superior 
border of the pancreas and the portal vein above 
the pancreatic neck. The stomach and proximal 
duodenum are lifted away from the neck of the 
pancreas in order to allow full access to the pan-
creatic neck from the inferior compartment. We 
prefer not to ligate the main trunk of the gastrodu-
odenal artery in order to preserve the blood supply 
to the superior pancreatoduodenal arterial arcades, 
although some of its lesser branches will be ligated 
at a later stage in the procedure. The key decision 
is to determine whether it is possible to safely 
divide the neck of the pancreas along the line of 
the SMV/portal vein and perform a classic 
Beger-type resection. If the neck cannot be sepa-
rated from the vein, then we would proceed with 
the Berne modi fi cation of the Frey procedure; 
 i.e.  non-anatomic resection of the pancreatic 
head alone without formal division of the neck 
of the pancreas. If the neck can be separated 
from the portal vein, then it is divided between 
stays using diathermy in the same way as for a 

pancreatoduodenectomy. We do not send samples 
routinely for frozen section analysis; however, if 
the surgeon is suspicious of the presence of tumour 
tissue, then core biopsies from the pancreatic head 
may be sent for frozen section analysis and a for-
mal pancreatoduodenectomy considered. 

 After transection of the pancreatic neck, the 
head and uncinate process of the pancreas are out-
lined with a series of stay sutures running along the 
edge of the superior mesenteric/portal vein, around 
the tip of the uncinate process, along the groove 
between the pancreatic head and duodenum, and 
across the superior border of the pancreatic head 
adjacent to the gastroduodenal artery. These stays 
are placed using 3-0 PDS and abut each other in a 
contiguous row around the tissue to be resected. 
They act both for haemostasis and as an aid in 
reconstruction; where the residual pancreatic tissue 
is quite soft, these sutures supply added reinforce-
ment for the later anastomosis. Using the left hand 
placed behind the head of the pancreas, the pancre-
atic head tissue is cored out using diathermy to cut 
just inside the row of stay sutures and extending as 
far as the posterior margin of the pancreatic head 
– the aim being to remove the full depth of pancre-
atic tissue whilst retaining a layer of connective tis-
sue posteriorly and to leave only a thin rim of 
pancreatic tissue around the edges of the cavity. As 
much diseased tissue as possible is removed. 
Haemostasis of small vessels is performed with 4-0 
sutures as the dissection continues. During dissec-
tion of this cavity, the main bile duct is often 
exposed posteriorly; this intrapancreatic portion of 
the bile duct is not opened deliberately into the cav-
ity, but if it is or if there is ongoing obstruction, the 
edges are marsupialised with 4-0 PDS sutures. 

 For reconstruction, a Roux-en-Y loop of jeju-
num is fashioned and passed posterior to the 
colon. The end of this loop is anastomosed to the 
previously divided pancreatic neck. This pancre-
atic anastomosis is performed using either the 
Cattell-Warren technique, or the Blumgart tech-
nique, using four 3-0 PDS mattress sutures 
through the pancreatic body approximately 1 cm 
away from the cut margin, and taking the jeju-
num both anteriorly and posteriorly to buttress 
the sutures. The pancreatic duct is treated in the 
same way as for the Cattell-Warren technique, 
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using 4-0 PDS. In both techniques, we utilise a 
 fi ne-bore paediatric feeding tube as a pancreatic 
duct stent. This stent is cut to a length of approxi-
mately 10 cm and placed across the pancreatic 
anastomosis to discourage stricture formation. 

 The jejunal loop is then opened longitudinally 
along the anti-mesenteric border approximately 
3 cm away from the pancreatico-jejunostomy. A 
hole is made suf fi ciently large to cover the open 
cavity where the head of the pancreas has been 
removed and the jejunum sutured around the 
edges of this cavity, taking sutures through the 
residual rim of pancreatic tissue. We have found 
that a continuous suture technique using a dou-
ble-ended suture of 3-0 PDS or monocryl is the 
most convenient way of doing this. 

 Finally, the gallbladder is removed as a pro-
phylactic measure. 

 We place two simple, corrugated, “passive” 
drains adjacent to the anastomosis. We prefer not 
to use suction drains in proximity to bowel due to 
the risk of injury to the bowel wall.  

    14.3   Additional Medication and 
Procedures 

 All patients receive antibiotic prophylaxis with 
cefuroxime and metronidazole and octreotide, 
100  m g subcutaneously, 3 times a day for 7 days, 
commencing on the evening before operation. 

 All patients are admitted routinely to a postop-
erative critical care unit for the  fi rst night post-
operatively, but transferred to the Pancreatic 
Enhanced Recovery Unit the following day, where 
they remain until  fi t for discharge on day 7-10. 

 A nasogastric tube is left routinely in situ post-
operatively but is not used routinely for supplemen-
tal feeding, instead we encourage early introduction 
of  fl uids – sips of water may be taken as soon as the 
patient has recovered suf fi ciently from the anaes-
thetic – and oral intake is gradually increased over 
the next few days until the patient is taking solids by 
day 4. Early mobilization is encouraged. 

 The drains are gradually shortened, commenc-
ing on day 3 as long as the output is not excessive 
and there is no clinical suspicion of an anasto-
motic leak. 

 During 2007–2008, we performed 25 duode-
num-preserving pancreatic head resections, but 
also a further 39 pancreatoduodenectomies for 
suspicious mass lesions within the head of pan-
creas which on subsequent histology proved to be 
due to chronic pancreatitis rather than malignancy 
(compared with 151 for cancer – thus, 20 % of 
pancreatic resections were for presumed cancer).  

    14.4   Chronic Pancreatitis Affecting 
the Body/Tail of Pancreas 

    14.4.1   Operative Technique 

 Our operative approach to the pancreatic body/
tail is very similar to that described for resection 
of pancreatic tumours in this area, although in 
most cases of chronic pancreatitis, we would aim 
to preserve the spleen. 

 Initial exposure of the pancreas proceeds as 
for a pancreatoduodenectomy with separation of 
the greater omentum from the transverse colon, 
although for a left-sided resection, this separation 
is continued across to the splenic  fl exure. 

 The duodenum is Kocherized in the same way 
as we would for a pancreatic head resection in 
order to allow control of the superior mesenteric 
and portal veins if necessary. This manoeuvre is 
particularly important if the pancreas is to be 
transected formally across the neck. For more 
distal lesions, it is sometimes possible to transect 
the pancreas further to the left, however, adequate 
access for control of the veins is still essential 
before dissection of the pancreas commences. 

 After mobilisation of the pancreatic neck in a 
manner similar to that employed for a pancreatic 
head resection (although preserving the gastro-
duodenal artery and right gastro-epiploic vessels), 
the splenic artery is ligated and divided and the 
pancreatic neck divided. This may be performed 
using a stapling device, or using diathermy as 
described for the pancreatic head resection. In the 
latter case, the stump is oversewn with 4-0 PDS, 
taking care to identify and ligate the pancreatic 
duct separately. The splenic vein is then ligated 
and divided behind the body of the pancreas, and 
the pancreatic body mobilised, continuing the 
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dissection up to the splenic hilum, but preserving 
the short gastric vessels. The splenic hilum is then 
transected using a vascular stapling device (ATS-
45, Ethicon) and the specimen removed. 

 Postoperative care is similar to that for pancre-
atic head resection, although often only a single 
corrugated drain is required. 

 During 2007–2008, we performed 14 left-sided 
pancreatic resections for chronic pancreatitis.   

    14.5   Drainage Procedures 

 We favour a Roux-en-Y cyst-jejunostomy rather 
than a cyst-gastrostomy for drainage of pancre-
atic pseudocysts, and the technique used is as 

described. Drainage procedures for the pancre-
atic duct are employed rarely in our practice, 
because we rarely see patients with isolated duct 
dilatation in whom such procedures would be 
appropriate. In most cases, a dilated duct is due to 
a stricture within the duct in the pancreatic head 
or disease within the pancreatic head, and there-
fore, we favour resection of the strictured/dis-
eased portion of the duct in the head rather than 
drainage of the duct in the tail. If the duct is 
dilated with no apparent stricture then other 
pathologies, such as a main-duct IPMN should be 
considered, and a formal resection is undertaken 
because of the malignant potential of such 
lesions.       



     Part III 

  Cystic Neoplasms of the Pancreas: 
SCN, MCN, IPMN    
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    15.1   Relevant Basic Information, 
Indications and 
Contraindications 

 Cystic lesions of the pancreas are frequent 
 fi ndings with an age-dependent incidence of up 
to 25 % in elderly people as estimated from 
autopsy  fi ndings and from current techniques of 
imaging (Kimura et al.  1995 ; Jani et al.  2011  ) . 
This spectrum of both benign, neoplastic and 
malignant or potentially malignant lesions must 
be differentiated from pancreatic pseudocysts as 
a residual  fi nding after acute or recurrent chronic 
pancreatitis. Three important cystic neoplasms 
have to be recognized and differentiated from one 
another – serous cystic neoplasms (SCN), muci-
nous cystic neoplasms (MCN), and intraductal 
papillary mucinous neoplasms (IPMN). The rel-
evant clinical importance of these cystic lesions 
of the pancreas is the malignant potential arising 
from MCN and IPMN, and thus, the need to rec-
ognize, differentiate, and manage these neo-
plasms correctly. 

  SCN , which represent about 15 % of all cystic 
lesions, are neoplastic cystic lesions found pre-
dominantly in women (80–90 %) 60 years of age 

and older (Matsumoto et al.  2005  ) . Importantly, 
however, SCN have no relevant malignant poten-
tial, and therefore if asymptomatic, most do not 
require resection. 

 In contrast,  MCN  represent a potential precur-
sor of pancreatic cancer and show a malignant 
transformation via an adenoma-carcinoma 
sequence in up to 30–50 % of all cases (Reddy 
et al.  2004 ; Zamboni et al.  1999 ; Tanaka et al. 
 2006  ) . Because they are associated with an as yet 
not well understood hormonal stimulation (Izumo 
et al.  2003 ; Thompson et al.  1999  ) , they are 
observed nearly exclusively in 50–70 year-old 
women (99 %). Although not impossible to be 
found in a male, it would be distinctly unusual, 
and the diagnosis should be questioned; in the 
past literature, many “MCN” were misdiagnosed 
and were really IPMN. 

  IPMN  are probably the most important of the 
cystic pancreas lesions. Originally described as a 
pathomorphologic  fi nding in 1936 as “villous 
tumors of the Wirsung duct” (Haban  1936 ; Hivet 
et al.  1975  )  and in later year as “papillary epithe-
lial hyperplasia” (Klöppel et al.  1980  ) , the termi-
nology of IPMN was introduced in the 1990s 
(Kloppel  1998  ) . More recently, the differentia-
tion between “side-branch” and “main-duct” 
IPMN has added further knowledge to the 
pathopysiologic aspects and the potential of 
malignancy of IPMN with a de fi nite and impor-
tant impact on the clinical management. To 
understand the morphology of IPMN as seen on 
the various forms of imaging, it needs to be 
emphasized that the visible changes with cystic 
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lesions or dilation of the main pancreatic duct 
are only indirect signs of the epithelial pathol-
ogy. In IPMN, the abnormal cells produce a very 
mucinous secretion which is not drained 
ef fi ciently via the normal pathways due to its 
high viscosity. Consequently, obstruction of the 
corresponding ducts leads to a passive dilation, 
which causes the typical endosonographic or 
radiologic  fi ndings that lead to the diagnosis of 
IPMN. Malignant transformation of IPMN 
implies genetic mutations quite common to other 
pancreatic carcinomas, such as k-ras, p53, p16, 
and Smad4 (Z’graggen et al.  1997 ; Iacobuzio-
Donahue et al.  2000 ; Biankin et al.  2004 ; House 
et al.  2003 ; Fritz et al.  2009  )  and involves an 
adenoma-borderline-carcinoma sequence. IPMN 
represent 36 % of all cystic lesions of the pan-
creas with an increasing frequency of recogni-
tion due to improved diagnostics and increased 
awareness of this disease. About 65 % of all 
IPMN are located in the pancreatic head and 
uncinate process, 24 % in the body, and 11 % in 
the tail of the gland (D’Angelica et al.  2004 ; 
Belyaev et al.  2008 ; Sohn et al.  2004  ) . Main-duct 
IPMN, characterized by dilation of the pancre-
atic duct of more than 10 mm (Fig.  15.1 ), har-
bors a risk of malignant transformation of about 
70 %, which suggests that the diagnosis of main-
duct IPMN can be regarded as a general indica-
tion for resection (Tanaka et al.  2006  ) . In contrast, 

branch-duct IPMN (Fig.  15.2 ) has an overall risk 
of malignant transformation of about 25 % 
(Tanaka et al.  2006  ) . There is ongoing discussion 
about this risk with regard to size, rate of growth, 
and radiologic features to better discriminate 
high-risk patients with branch-duct IPMN. 
Detailed guidelines and recommendations on 
this topic are given in the “management” section 
below. In patients with both main-duct and 
branch-duct IPMN (Fig.  15.1 ), so called mixed 
type IPMN, management is identical to the main-
duct component as the leading determinant of 
malignant transformation.   

 Diagnosis and surveillance of cystic pancre-
atic lesions is usually made by either endoscopic 
ultrasonography (EUS), contrast-enhanced com-
puted tomography (CT) or magnetic resonance 
imaging (MRI). Because EUS requires experi-
ence and is highly investigator-dependent, this 
technique cannot be performed everywhere with 
reproducible quality (Cone et al.  2011  ) . EUS 
does, however, offer the opportunity to acquire 
cyst  fl uid, cytology, and even biopsies to help to 
determine the type of cystic lesion when there is 
any question of the type of cystic lesion. In expe-
rienced hands, EUS, although a rather invasive 
examination for the patient, offers the advantage 
of a detailed local imaging without any radiation 
exposure. 

  Fig. 15.1    MRCP showing a mixed-type IPMN. Main-
duct component ( white arrow ) and branch-duct compo-
nent ( broken white arrow )         Fig. 15.2    MRCP showing a branch-duct IPMN ( white 

arrow ), main duct not dilated ( broken white arrow )       
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 Thin slice, contrast-enhanced CT is a suitable 
imaging modality with the advantage of high-
resolution cross sectional imaging, which is espe-
cially helpful in evaluating local resectability in 
cysts suspicious for malignancy (Grenacher 
 2009  ) . Furthermore, CT is quick, easily read, and 
is available as a diagnostic tool nearly every-
where. To achieve the best quality and resolution, 
a pancreas-adapted CT protocol should include 
the so-called “hydro-technique” with oral water 
intake (1 l or more) and i.v. infusion of buscopan 
(10 mg) prior to the examination to achieve a 
maximum distension of the stomach and duode-
num and a negative contrast inside the lumen. 
The examination is performed in an oblique, 30°, 
right-sided position (Grenacher  2009  ) . 

 MRI is a very helpful and accurate diagnostic 
tool for cystic lesions. MRI has the advantage of 
imaging not just the cystic changes themselves 
but equally important, the characteristics of the 
cyst wall morphology (such as mural nodules and 
septae within the cyst) and the pancreatic duct, 
which can be recognized if a synchronous mag-
netic resonance cholangio-pancreatography 
(MRCP) is performed as a “non-invasive ductal 
examination”. Moreover, MRI involves no radia-
tion as does CT and is less “invasive” than EUS. 
Because of the important advantages and lack of 
radiation, we advocate MRI as the imaging method 
of choice and should be used especially for younger 
patients in whom a long-time program of surveil-
lance is planned in the non-operative (or postop-
erative) management of IPMN (Fatima et al. 
 2011 ; Yoon et al.  2009  ) . 

 In addition to all imaging modalities, the 
tumor markers CEA and CA 19-9 can be helpful 
in the clinical evaluation of IPMN. An increased 
serum CA 19-9 level shows a reasonably good 
correlation with in situ and invasive IPMN carci-
nomas (Fritz et al.  2011 b). 

 In addition to the management of the IPMN 
itself, extrapancreatic neoplasms must be consid-
ered and sought in patients with IPMN. According 
to recent studies, patients with IPMN not only 
can develop synchronous pancreatic adenocarci-
nomas (~10 % of all patients) but also extrapan-
creatic malignancies, such as breast, gastric, 
colorectal, lung, and prostate cancer, at a greater 

rate (up to 30 %) than in the general population 
(Yoon et al.  2008 ; Reid-Lombardo et al.  2010  ) . 
These organs-at-risk should be evaluated in the 
overall surveillance of patients with IPMN. 
Although evidence-based guidelines are not 
available currently, several groups recommend 
colonoscopy, chest X-ray, and careful gyneco-
logic and urologic evaluations during the initial 
workup of the patient with IPMN and also on a 
regular basis during future surveillance.  

    15.2   Operative Management 
of Cystic Pancreatic Neoplasms 

 Operative techniques for cystic neoplasms are 
different for neoplasms with low- and high-risk 
potential of malignancy. While the latter require 
formal oncologic resections, including lymph-
adenectomy, less extensive, local approaches are 
suitable for selected benign cystic lesions. 

    15.2.1   SCN 

  SCN  are generally not associated with any 
signi fi cant risk of malignancy; although malig-
nant variants of serous cystic neoplasms have 
been reported, they are extremely rate. Therefore, 
most patients with SCN do not require resection 
unless the SCN causes mechanical complications 
due to size (usually >4 cm) or shows a growth 
tendency of more than 2–10 mm/year (Bassi et al. 
 2003 ; Tseng et al.  2005  ) . Thus, most of the 
patients require only surveillance imaging, often 
at 2–3 year intervals.  

    15.2.2   MCN 

 According to the 2006 international consensus 
guidelines (Tanaka et al.  2006  ) , most MCN 
should be managed by resection as a potentially 
malignant neoplasm. This approach implies an 
oncologic resection, including partial pancre-
atoduodenectomy or distal pancreatectomy and 
lymphadenectomy as described in the chapter 
above for pancreatic cancer. A more recent study 



130 T. Hackert et al.

published in 2008 (Crippa et al.  2008  ) , however, 
has re-de fi ned this recommendation, and although 
resection is still recommended, this report sug-
gested that local approaches (e.g. enucleation, 
central pancreatectomy, or spleen-preserving dis-
tal pancreatectomy) might be appropriate in a 
small MCN without suspicion of malignancy.  

    15.2.3   IPMN 

  Main-duct IPMNs  are often extensive lesions that 
may involve not only just the head, body, or tail 
of the pancreas, but on occasion (in 15–20 %) 
may involve much of the entire gland. After the 
diagnosis is made, operative resection should be 
entertained in most all patients (Tanaka et al. 
 2006 ; Schmitz-Winnenthal et al.  2003  ) . In well-
localized main-duct IPMN, an oncologic, partial 
pancreatoduodenectomy or a formal distal pan-
createctomy are suitable procedures; for distal 
pancreatectomy, a splenectomy is performed as 
well to ensure adequate clearance of the peripan-
creatic nodal basin. In all situations, an intraop-
erative, frozen section should be routine to 
con fi rm clear resection margins. It is essential to 
include the edge of the main pancreatic duct in 
this examination to achieve an appropriate patho-
logic evaluation. When IPMN is present at the 
cut margin, the resection should be extended 
whenever possible until clear margins are 
achieved. For extensive main-duct IPMN, a total 
pancreatectomy (Fig.  15.3 ) may be necessary 
(Schmitz-Winnenthal et al.  2003 ; Müller et al. 
 2007  ) . This operation can be performed as an en-
bloc resection starting with the pancreatic head, 

similar to partial pancreatoduodenectomy and 
proceeding to the left without transection of the 
gland anterior to the portal vein. Obviously, a 
total pancreatectomy obligates exocrine and 
endocrine replacement and the not insigni fi cant 
morbidity of the apancreatic state, and thus not 
all patients are candidates for this operation 
because of inability to understand the problem or 
follow the requisite treatment required.  

 Management of  branch-duct IPMN  is the sub-
ject of ongoing international controversy with 
regard to the correct timing and extent of opera-
tive interventions. Based on the 2006 consensus 
guidelines (Tanaka et al.  2006  ) , the so-called 
“Sendai criteria” have been established with the 
recommendation to resect branch-duct IPMN 
when they are >3 cm in diameter. IPMN < 3 cm 
should only be resected when “high-risk” stig-
mata are present, including mural nodules, posi-
tive cytology, symptoms, or a synchronously 
dilated main duct (>6–8 cm) suggesting the con-
comitant presence of main duct IPMN, i.e. mixed 
duct IPMN. Growing evidence, however, sug-
gests that these guidelines are not always 
suf fi cient to identify all pre-malignant lesions. In 
larger series, the incidence of malignant branch-
duct IPMN (including both in situ and invasive 
carcinoma) was approximately 25 % among all 
IPMN < 3 cm, and there was no reliable cutoff in 
diameter to differentiate benign from malignant 
epithelial changes (Jang et al.  2008 ; Schmidt 
et al.  2007  ) . The existence of mural nodules as a 
predictor of malignancy did not always correlate 
with malignancy (Jang et al.  2008  ) , neither did 
the existence of clinical symptoms (Lee et al. 
 2008  ) . Therefore, management of small (<3 cm) 

  Fig. 15.3    Resection 
specimen after total 
pancreatectomy with 
splenectomy in an extended 
main-duct IPMN. Final 
histopathology revealed two 
synchronous carcinomas 
(head and tail, T1 and Tis)       
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and “Sendai-negative” branch-duct IPMN 
remains a clinical challenge. 

 From 2004 to 2010, at the University of 
Heidelberg, a total of 287 patients underwent 
operative resection for the diagnosis of IPMN 
(Fritz et al.  2012  ) . Among these, there were 123 
branch-duct IPMNs, 91 of which were <3 cm; 69 
were “Sendai-negative” IPMNs with a mean 
diameter of 1.7 cm but a malignant transforma-
tion (in situ and invasive carcinoma) was present 
in 25 %. These  fi ndings underline the concept 
that size alone, as well as currently established 
image-based markers of potential malignancy 
(mural nodules, main duct dilation), are not reli-
able predictors, and even small, branch-duct 
IPMN (<3 cm) have a relatively high risk of 
malignant transformation of the lining epithe-
lium. With these considerations in mind, the deci-
sion for resection should include all the 
morphologic and clinical factors (imaging, tumor 
markers, symptoms, age, progression, and prior 
patient history), but the decision for each patient 
is best individualized to offer the best approach at 
the moment.   

    15.3   Operative Technique 

 Our standard operative approach for all suspected, 
malignant, branch-duct IPMNs is a formal 
 oncologic resection with lymphadenectomy – 
comparable to other malignant pancreatic neo-
plasms. Depending on the location of the lesion, 
either partial pancreatoduodenectomy or distal 
pancreatectomy (Fig.  15.4 ) is our accepted pro-
cedure. Our approaches are described in detail in 
the Chap.   1     .  

 Pancreatic parenchymal-sparing enucleation 
of a small, branch-duct IPMN offers a limited 
type of resection with the chance to preserve all 
normal pancreatic tissue. Enucleations can be per-
formed safely and with oncologically acceptable 
techniques if the excised lesion is con fi rmed by 
intraoperative frozen section to be benign. In case 
of unexpected malignancy, a more extended resec-
tion should be undertaken. One of the most impor-
tant considerations during enucleation is an 
accurate localization of the neoplasm or cystic 

lesion. Aside from the preoperative imaging, one 
of the most important aspects of tumor location is 
the experience of the surgeon performing the 
exploration (Crippa et al.  2007 ; Hackert et al. 
 2011  ) . Mobilization of the pancreas is essential 
for careful and accurate digital examination of the 
suspected lesion. Palpation should be supple-
mented by intraoperative ultrasonography to 
exclude multifocal lesions. In addition, the rela-
tionship to the pancreatic duct can only be clari fi ed 
intraoperatively by ultrasonography (Lee et al. 
 2008  ) . We consider a branch duct IPMN of 3 cm 
as the limit for a safely performed enucleation. In 
contrast, branch duct IPMNs measuring >3 cm in 
size have malignant histologic changes 
signi fi cantly more frequently, and thus a local 
approach is not appropriate; in addition, tissue 
trauma and the resultant wound surface area after 
an enucleation of lesions >3 cm reach a critical 
size that predisposes to development of  fi stulas or 
other complications, including bleeding or post-
operative pancreatitis (Lee et al.  2008  ) . Enucleation 
is performed by careful dissection outside the 
tumor margins using clip ligation or selective 
suture ligation of vessels supplying the lesion using 
a thin, atraumatic needle with non-resorbable 
suture material (e.g. 5-0 polypropylene). Special 
attention needs to be directed at the connection to 

  Fig. 15.4    Intraoperative  fi nding of a large SCN in the 
pancreatic body ( white arrow ). Pancreatic neck ( black 
arrow ), superior mesenteric vein ( broken black arrow ), 
stomach with pylorus ( broken white arrow ) before distal 
pancreatectomy. Indication for resection was epigastric 
symptoms and growth under surveillance       
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the pancreatic duct, because all branch duct 
IPMNs are in direct communication with the pan-
creatic ductal system. This communication should 
be sought speci fi cally and obliterated by clip or 
suture ligation to avoid development of postoper-
ative  fi stula. There is no evidence that use of seal-
ants or glue application decreases complications 
after enucleation. Drain placement remains essen-
tial, because currently,  fi stula rates of 20 % are 
reported, most of which, however, clinically 
uncomplicated (Hackert et al.  2011  ) . 

 Another type of pancreas-sparing local resec-
tion for benign IPMN in the body/neck of the pan-
creas is a segmental or “central” pancreatectomy. 
The technical aspects of this approach are described 
in detail in the “chronic pancreatitis” chapter.  

    15.4   Prognosis 

 The prognosis of a resected benign IPMN is excel-
lent with 10-year survival rates of >95 % for both 
main duct and branch duct IPMN (Fernandez-del 
Castillo and Adsay  2010 ; Crippa et al.  2010  ) . 
When IPMN recurs in the pancreatic remnant 
(about 2–8 %), resection should be entertained as 
well in appropriately selected patients. The prog-
nosis of resected IPMN-associated carcinomas is 
generally more favourable than the prognosis of 
typical ductal pancreatic adenocarcinoma (PDAC). 
In a study by Wasif et al.  (  2010  ) , 729 patients with 
IPMN-carcinomas were compared to 8,082 
patients with pancreatic ductal cancer. Overall sur-
vival was 34 vs. 18 months, respectively. The most 
important factor in fl uencing survival was early 
resection. In tumor stages Tis and T1 of IPMN car-
cinomas, 5- and 10-year survival rates were 70 and 
60 %. Another study including 132 patients with 
IPMN-carcinoma vs. 1,128 patients with ductal 
cancer demonstrated that this survival bene fi t 
decreased dramatically when the tumor stage 
exceeded T1 or if lymph node metastases were 
present, resulting in survival data as poor as for 
typical ductal cancer (Poultsides et al.  2010  ) . In 
this situation, even adjuvant therapy failed to 
improve survival (Turrini et al.  2010  ) , underlining 
the importance of early resection of IPMN before 
progression to advanced tumor stages.       
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  16

    16.1   Relevant Basic Information, 
Indications and Contradictions 

 Cystic neoplasms of the pancreas that are selected 
for operative resection are the tip of the iceberg 
of the near-epidemic proportion of incidental 
pancreatic “cysts” identi fi ed on modern imaging 
studies. CT and MRI are utilized with ever-
increasing frequency for evaluation of all gastro-
intestinal symptoms, and the result is the 
identi fi cation of both symptomatic and asymp-
tomatic pancreatic cysts. The stimulus to increas-
ing pancreatic resection in the management of 
pancreatic cystic lesions is the hope that early 
recognition and resection of pre-malignant or 
early cancers will lead to decreased incidence of 
and mortality from pancreatic cancer. When cys-
tic neoplasms are associated with symptoms, the 
indications for resection are clearer, though 
symptoms of pain, jaundice, and weight loss are 
present only infrequently with pre-malignant 
cystic disease. The incidental pancreatic cystic 
neoplasm is analogous to the benign adenoma-
tous colonic polyp. Colonoscopic polypectomy 
decreases the rate of colon cancer mortality. Will 
resection of benign IPMN and MCN diminish the 
mortality rates of pancreatic cancer? The risk-bene fi t 

ratio of resecting pre-malignant pancreatic cystic 
lesions, most commonly IPMN, is complicated 
by the inherent and notable risks of pancreatic 
resection procedures. Thus, the decision to resect 
pancreatic cystic lesions underscores the four 
fundamental mistakes a surgeon can make: 
Operate too soon, operate too late, do too much, 
and do too little. 

 Although much is known, much remains to be 
known in the natural history of pancreatic cystic 
neoplasms. Prior to resection, the malignant 
potential of each individual lesion is unknown 
and uncertain. Many pancreatic cystic lesions 
have a low risk of malignant transformation, and 
the hazards of operative management must be 
weighed carefully, particularly in the elderly 
population and those with medical comorbidi-
ties. The most important decisions in managing 
these patients with presumed pancreatic cystic 
neoplasms are resection versus observation, 
extent of resection, and method and interval of 
surveillance. 

 Differentiating a pancreatic pseudocyst from a 
cystic neoplasm is relevant to the general discus-
sion of cystic tumors of the pancreas. There are 
many cystic lesions of the pancreas. Rare cystic 
disorders include parasitic cysts and congenital 
cysts. Extrapancreatic cysts, including duplica-
tion, splenic, adrenal, and mesenteric cysts, may 
be dif fi cult to identify as cysts of extrapancreatic 
origin on imaging studies. Cystic ductal adeno-
carcinoma, and the uncommon acinar cell cysta-
denocarcinoma, cystic choriocarcinoma, cystic 
teratoma, angiomatous cystic neoplasm, and 
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cystic lymphangioma can be dif fi cult to identify 
pre-operatively based on imaging studies, FNA 
cytology, and serology. Solid pseudopapillary 
neoplasm and cystic endocrine neoplasms are not 
uncommon and are dif fi cult frequently to differ-
entiate preoperatively because of scant cellularity 
on FNA. 

 The  fi rst step in the assessment of a newly 
discovered pancreatic cystic lesion is to distin-
guish neoplasm from pancreatitis. Often the 
history will provide the greatest insight, because 
most bouts of pancreatitis that result in a 
pseudocyst are well-recounted. The distinction 
can be unclear, however, in some patients. For 
example, a patient with a history of episodic 
epigastric abdominal pain may have undiag-
nosed pancreatitis, or a patient without known 
risk factors may have a pancreatic neoplasm as 
the cause of pancreatitis. The clinical history is 
very helpful, because cystic neoplasms affect 
distinctive demographic groups. Though radio-
graphic imaging can be distinctive and diagnos-
tic, cystic neoplasms may be indistinguishable 
from a pseudocyst based on MRCP, CT, and 
EUS imaging. No imaging study has 100 % 
sensitivity and speci fi city. Even ERCP may be 
misleading inasmuch as ductal communication 
with a cyst is possible with pseudocysts, IPMN, 
and allegedly MCN. MRCP with secretin stim-
ulation has become an integral modality in cyst 
evaluation. MRCP can demonstrate more 
speci fi c morphology than CT and can help 
determine the relationship of the lesion to the 
main pancreatic duct. Though invasive and 
operator-dependent, EUS has great sensitivity 
in delineating septation and mural nodules and 
is both a blessing and a curse in cyst  fl uid 
analysis. 

 Analysis of cyst  fl uid is one of the most con-
troversial but evolving area of our understanding 
of cystic neoplasms of the pancreas. On aspira-
tion, an increased  fl uid viscosity can be sugges-
tive of a mucinous versus a serous cyst. High cyst 
 fl uid amylase activity is suggestive of a connec-
tion of the lesion to the pancreatic duct. Various 
cell surface markers have been evaluated for their 
diagnostic ability. Currently, cyst  fl uid CEA 
seems to have the greatest clinical correlation in 

determining a mucinous from a SCN. Cyst  fl uid 
DNA analysis using commercially available kits 
has shown that mucinous lesions have a high cor-
relation with increased K-ras, LOH mutations, 
and increased DNA amount. Thus far, however, 
there is a disappointing lack of correlation with 
CEA levels and pathologic results. Cytology has 
excellent speci fi city (94 %) but poor sensitivity 
(33 %) given the paucity of cells within the  fl uid. 
Mucin stains can be falsely positive and thus 
unreliable or non-available in many laboratories. 
Histology from  fi ne needle biopsy is highly 
insensitive due to sampling error. At best, cyst 
 fl uid analysis can be useful currently only in dis-
tinguishing a mucinous cystic lesion with some 
corresponding risk for malignant transformation 
from a nonmucinous lesion with negligible 
malignant risk. It is not reliable in disproving the 
presence of invasive disease. Despite the imper-
fect nature of the present state of cyst  fl uid analy-
sis, the future of our understanding and 
management of cystic neoplasms of the pancreas 
likely lies in the maturation of this  fi eld. 
Guidelines and recommendations continue to 
evolve. Because no cytologic or serologic analy-
sis is diagnostic, the prudent surgeon carefully 
weighs the risk of falsely negative studies and 
considers the malignant and pre-malignant poten-
tial of pancreatic cysts.  

    16.2   Operative Management of 
Cystic Pancreatic Neoplasms 

 Once some combination of clinical history, 
imaging, and cyst  fl uid analysis has been under-
taken, a reasonable differential diagnosis can 
determine the treatment plan: wait or operate. 
Findings on CT, MRCP, and EUS of duct com-
munication, cyst septations, and mural nodules 
are evaluated in the decision-making tree. 
Pancreatic enzymes, viscosity, cytology and 
tumor markers in cyst  fl uid aspiration and analy-
sis are also part of the general formula. The data 
from radiologic studies and cyst  fl uid analysis 
are added to patient history and physical exami-
nation to formulate the surgical gestalt that leads 
to operative management.  
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    16.3   SCN 

 The typical patient with an SCN is an older 
woman with an asymptomatic lesion in the head 
or uncinate process of the pancreas. Cystic  fl uid 
obtained by FNA has a low CEA and is mucin 
negative. The male to female ratio is 2:1, and the 
typical CT  fi ndings of central starburst 
calci fi cation or a honeycomb pattern may appear 
as an incidental CT  fi nding. The mucin- fi lled, 
multiseptated MCN or branch chain IPMN may 
occasionally be confused with an SCN. SCNs are 
associated with mutations in Von Hipel-Lindau 
tumor suppressor gene (chromosome 3p25). 
SCNs lack mutations in K-ras, p53, or DPC4. 
Resection is undertaken if the tumor mass is 
symptomatic, grows substantially during obser-
vation, or most importantly if the diagnosis is 
uncertain. Although SCNs may grow to substan-
tial size with displacement of structures adjacent 
to the pancreas, they are neither invasive nor 
prone to peri-tumoral in fl ammation. Thus, even 
large SCNs can be resected safely with standard 
techniques of pancreatic resection. Application 
of more extensive oncologic resection is applied 
if the diagnosis of SCN is uncertain at the time of 
resection. Because SCNs are so uncommonly 
malignant, the risk: bene fi t ratio of operative 
management is high and demands outcomes with 
near-zero mortality.  

    16.4   MCN 

 The typical patient with an MCN is a middle-
aged woman with minimal symptoms. Upper 
abdominal pain or discomfort may be present, or 
commonly, the cyst is an incidental  fi nding on 
CT. Mucin-producing columnar cells line the 
cyst. This dense neoplastic tissue, with underly-
ing ovarian stroma, may involve only a small por-
tion of the cyst wall and be invisible to the naked 
eye, seen only on microscopic examination of the 
cyst wall. This characteristic neoplastic lining is 
easy to miss on biopsy of the cyst wall when 
doing a cyst internal drainage procedure. Thick, 
mucinous  fl uid  fi lls the MCN cavity, and though 
communication with the pancreatic duct is rare, 

the MCN may develop a pancreatic ductal com-
munication and have amylase-rich  fl uid when 
aspiration is possible. Commonly, the aspirate is 
so mucin-rich that cellular aspirate is scant, and 
there is little assayable  fl uid for CEA or CA19-9 
analysis. Patients with MCN who have been diag-
nosed erroneously with pseudocyst disease and 
have undergone cyst-jejunostomy or endoscopic 
cyst-gastrostomy, have persistent symptoms and 
a persistent “pseudocyst” which brings them to 
appropriate surgical attention. This diagnostic 
error can be avoided by following the dictim that 
women in the fourth and  fi fth decade of life with 
cysts in the pancreatic tail or body without a prior 
history of pancreatitis or pancreatopathy should 
undergo distal pancreatectomy. Because neither 
imaging studies nor cytologic analysis are diag-
nostic, patients who are  fi t can go directly to 
operation without further work-up. The uncom-
mon MCN in the head of the pancreas is man-
aged with standard pancreatoduodenectomy. Mid 
body lesions may be managed with mid segment 
“central pancreatectomy,” weighing the relative 
risks of post-operative pancreatic  fi stula with 
long-term diabetes risk due to resection of the 
islet-rich pancreatic tail. MCNs in the tail lend 
themselves well to laparoscopic resection. In all 
cases the extent of resection is guided by the 
malignant potential and appearance of the neo-
plasm. Enucleation of the small, non-invasive 
MCN may prove to be a safe and effective strat-
egy with a compelling rationale similar to the 
strategy proposed by some groups for local exci-
sion of the small branch-duct IPMN.  

    16.5   IPMN 

 The history of primary cystic neoplasms of the 
pancreas is one of the great surgical stories of this 
current generation, and nowhere is the story more 
dynamic than in the sector of IPMN. This pancre-
atic epithelial cell neoplasm which produces 
mucus and forms papillary projections within the 
pancreatic duct is not a new disease, but one that 
became prevalent due to clinical awareness, bet-
ter and more radiologic imaging, improved patho-
logic identi fi cation, and careful scrutiny of cases 
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of presumed chronic pancreatitis. Much informa-
tion on the natural history of the disease as well 
as its diagnosis and treatment has led to the devel-
opment of management guidelines and consensus 
statements. In evaluating the evidence and rec-
ommendations, it is important to remember the 
generic truth that dogmatic certainty is directly 
proportional to factual ignorance. Although much 
as been learned about IPMN, much remains to be 
learned, and the level of our understanding of this 
disease has not advanced that much since 
Kawarada and colleagues reported four cases of 
IPMN and classi fi ed the disease into four types 
(Kawarada et al.  1992  ) . 

 Main-duct IPMN is most problematic because 
of the indication for total pancreatectomy when 
the disease involves the entire gland. In particu-
lar, the elderly, asthenic patient who undergoes 
total pancreatectomy will have substantial dimin-
ishment in quality-of-life related to the inevitable 
exocrine and endocrine insuf fi ciency. 
Malabsorption and malnutrition are frequent 
despite oral enzyme replacement. Pancreatogenic 
diabetes is brittle and dangerous in a new-onset 
diabetic facing wide swings from hyperglycemia 
to symptomless hypoglycemia. Nevertheless, in 
selected compliant patients with a diffuse  fi eld 
defect of tumor induction in the main pancreatic 
duct, total pancreatectomy is indicated. 
Postoperative pancreatogenic diabetes frequently 
requires management with an insulin pump, and 
effective timing and dosing of oral pancreatic 
enzyme supplementation is a continuous chal-
lenge. An essential component of the specialty 
team caring for the patient with IPMN is a pathol-
ogist with formal interest and expertise in pancre-
atic disorders. Pathology, like surgery, is as much 
an art as a science; frozen section evaluation of 
the ductal margin requires the eyes of an experi-
enced pathologist. The operating surgeon should 
be in the frozen section room to look into the 
microscope with the pathologist to con fi rm what 
the pathologist reports and to weigh the thoughts 
behind the words of the written report. Low grade 
PanIn-1 changes at the resection margin are not 
an indication for total pancreatectomy. When 
undertaking exploration for presumed main duct 

IPMN with dilation of the entire dominant ductal 
system, it is not necessary to undertake obliga-
tory total pancreatectomy, as the diffuse ductal 
dilation may be related to chronic obstruction of 
the duct in the head of the pancreas due to the 
mucin obstruction of a localized neoplasm in the 
main duct or a side-branch papillary neoplasm. 
Frozen section evaluation of the resection margin 
in the body or neck of the gland may justify pres-
ervation of the caudal parenchyma. In any case, 
local or remote recurrent or “de novo” IPMN 
necessitates life-long surveillance after operative 
resection. 

 Management of branch-duct IPMN based on 
the “Sendai criteria” has trended to become more 
the exception than the rule. Environmental and 
genetic factors are at work always in progression 
from benign to malignant neoplasia, and guide-
lines applicable in Asia may not  fi t the disease 
observed in Europe or the Americas. The point is 
that nature and disorders of nature do not operate 
in discrete variables, and a continuum of trans-
formation exists from benign to malignant dis-
ease. There are no reliable predictors of 
malignancy, and the decision for operation con-
tinues to depend on assessment and interpreta-
tion of all patient historic, radiologic imaging, 
laboratory data. Enucleation of small, branch-
duct IPMNs is sound and safe in experienced 
hands. Frozen-section microscopic examinations 
require an experienced pancreatic pathologist. 
Laparoscopic resection can be undertaken with 
excellent exposure and magni fi cation of smaller 
cysts in many instances. In both open and laparo-
scopic cases, identi fi cation of the relationship of 
the cystic lesion to the dominant pancreatic duct 
is critical. Occlusion of the branching duct with 
small metallic clips may grant more certainty of 
duct occlusion than suture ligation. When viola-
tion of the dominant pancreatic duct occurs, it is 
possible to repair the duct over an internal trans-
papillary stent, though pancreatic resection may 
be a more prudent course if dominant duct conti-
nuity cannot be secured. Post-operative infusion 
of octreotide after resection has intuitive merit, 
though direct clinical evidence of ef fi cacy is 
lacking.  
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    16.6   Conclusion 

 The imperative for health care in the United 
States is improving the quality of health care 
delivery and cutting costs. The Centers for 
Medicare and Medicaid Services have made 
major efforts to provide better individual care, 
better health for populations, and lower costs. 
Patient-centered care has focused on respect 
for individual patient preferences, needs, and 
values. Nowhere are these principles more 
applicable than in the management of patients 
with pancreatic cystic neoplasms. Traditional, 
condition-speci fi c indicators of short-term 
outcome such as post-operative morbidity 
and long-term outcome, disease-free survival, 
and overall mortality, may not work for the 
elderly patient with medical comorbidities 
whose quality of care depends on more than 
disease-speci fi c outcomes (Reuben and 
Tinetti  2012  ) . Patient outcome goals may be 
different from traditional surgical outcomes. 
The patient with the 2-cm branch duct IPMN 
whose father died of pancreatic cancer may 
prefer excision to the daily worry of watchful 

waiting. The octogenarian with a 4 cm cyst in 
the head of the pancreas with a mural nodule 
may prefer to make plans to attend her grand-
daughters wedding than to face the uncertain 
outcomes of a major pancreatectomy. The 
pancreatic surgeon with a scienti fi c under-
standing of pancreatic cystic neoplasms is the 
one best-suited to keep the patient’s interest 
foremost and to ensure that patient values 
guide clinical decisions. The management of 
every pancreatic cystic neoplasm involves a 
doctor and patient relationship that should 
search for a decision that is best for each indi-
vidual patient at that moment in time.      
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 Although considered uncommon historically, 
cystic neoplasms of the pancreas have been diag-
nosed with increasing frequency over the last two 
decades, due mainly to the widespread use (and 
availability) of advanced cross-sectional imaging 
techniques. 

 This “epidemic” in the diagnosis of pancreatic 
cystic neoplasms has been paralleled by an 
increasing number of studies focusing on the 
clinical behavior and management of these dis-
eases. As a result, our knowledge of pancreatic 
cystic neoplasms has improved dramatically. 
Three main histologic types have been identi fi ed 
(SCNs, MCNs, IPMNs), and detailed pathologic 
as well as molecular and clinical data have 
been investigated for each one of these cystic 
neoplasms. 

 Current guidelines for the management of pan-
creatic cystic neoplasms are based on relatively 
distinctive features shown at cross-sectional 
imaging. One must be aware that a certain degree 
of morphologic overlap exists between different 

lesions, and the possibility of preoperative misdi-
agnosis should always be considered. 

 The most appropriate management of pancre-
atic cystic neoplasms still remains unclear and, 
for mucinous neoplasms in particular, the clinical 
and radiologic work-up is not always able to pre-
dict the likelihood of progression to invasive can-
cer in a given patient. This uncertainty has 
generated controversies on whether to offer resec-
tion or enroll patients in surveillance protocols 
with periodic check-ups. Several other unsettled 
aspects exist, including the appropriate timeframe 
for surveillance, the role of analysis and cytology 
of cystic  fl uid, the role of atypical, non-anatomic 
resections and of lymphadenectomy, the recur-
rence rate and association with ductal adenocar-
cinoma and other non-pancreatic neoplasms, in 
case of IPMNs. 

 Such dilemmas are encountered frequently in 
the everyday practice of physicians working in 
tertiary centers dealing with pancreatic surgery, 
in which pancreatic cystic neoplasms represent 
now a substantial group of diseases referred for 
treatment. Several questions often remain unan-
swered when dealing with a patient affected by a 
cystic lesion in the pancreas: is the lesion com-
pletely benign? Does it have malignant potential? 
And if so, how long does it take to become malig-
nant? What is the best management, surveillance, 
or surgical resection? And if operative resection 
is advocated, what type of resection is most 
appropriate? 

 To address these questions, familiarity with 
the morphologic spectrum of these lesions, and 
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collaboration among surgeons, radiologists, gas-
troenterologists and pathologists is mandatory. 

 At our Institution, more than 6,000 patients 
with pancreatic diseases were managed between 
1985 and 2011, 20 % of whom were affected by 
cystic lesions. In the same period, more than 
2,200 pancreatic resections were carried out, 
23 % of which were for cystic neoplasms. 

 SCAs occur more frequently in middle-aged 
women than men. Any portion of the pancreatic 
gland can be affected, but SCAs are detected 
more frequently in the pancreatic head. SCAs are 
usually asymptomatic and discovered inciden-
tally on cross-sectional imaging performed for 
unrelated complaints. When present, the most 
common symptom is abdominal discomfort or 
low-grade pain. A correct clinical and radiologic 
diagnosis is of paramount importance, because 
these neoplasms, unlike other cystic neoplasms 
of the pancreas, are virtually always benign. 
Whenever possible, a conservative approach rep-
resents the treatment of choice. 

 On CT, these previously-called microcystic 
tumors appear as a non-enhancing mass deform-
ing the pro fi le of the gland. The density is 
homogeneous or slightly superior to that of 
water and isodense in respect to the paren-
chyma. When calci fi cations are present, the 
location is quite always central, punctate or 
globular, as opposed to the lamellar calci fi cations 
seen in mucinous cystic tumors. Usually a cen-
tral  fi brous scar is visible in the larger masses 
because the scar forms later on in the disease 
and may appear as the classic starburst radial 
calci fi cation. Maximal visualization of septa 
occurs in the pancreatic parenchymal phase as 
well as the honeycomb appearance. The pres-
ence of central calci fi cation in correspondence 
with scars or septa de fi nitively characterizes a 
cystic mass as a SCA. 

 Magnetic Resonance Imaging (MRI), coupled 
with the MRCP technique, provides a precise 
evaluation of spatial relationship between the 
mass and the biliary or pancreatic duct, thereby 
discriminating SCAs from intraductal papillary 
mucinous neoplasms (IPMNs), especially when 
the lesion is located on the head or in the uncinate 
process of the gland. 

 A recent study from our institution (Malleo 
et al.  2012  )  of 145 patients with SCA enrolled in 
a surveillance protocol with serial MRI + MRCP 
showed that the overall mean growth rate was 
only 0.28 cm/year. There were two distinct phases 
of growth during follow-up, with the  fi rst 7 years 
growth at 0.1 cm/year, and after 7 years at 0.6 cm/
year. The rare oligocystic/macrocystic variant, a 
history of other non-pancreatic malignancies, and 
patients’ age were demonstrated to impact on 
tumor growth. Tumor size at the time of diagnosis 
was not a predictor of growth and should not be 
used for decisional purposes. A surveillance pro-
tocol with MR + MRCP was proposed for all well-
characterized and asymptomatic SCN, but patients 
with factors that impact on tumor growth should 
be informed about an increased likelihood of a 
pancreatic resection in the long-term. A follow-up 
time frame of 2 years seems to be appropriate. In 
conclusion, we no longer consider a 4-cm diame-
ter to be a suf fi cient criteria to pursue resection as 
suggested by others (Tseng et al.  2005  ) . 

 Mucinous Cystic Neoplasms (MCNs) are cystic 
epithelial neoplasms occurring almost exclusively 
in women and are located preferentially in the body 
and tail of the pancreas. MCNs are formed by epi-
thelial cells producing mucin, all of which are sup-
ported by ovarian-type stroma (a required  fi nding 
for the diagnosis of MCN), showing no communi-
cation with the pancreatic ductal system. According 
to the grade of epithelial dysplasia they may be 
classi fi ed into mucinous cystic neoplasm with low-
grade dysplasia, moderate dysplasia, or high-grade 
dysplasia (carcinoma in situ). 

 When our series was combined with the 
Massachusetts General Hospital experience 
(Crippa et al.  2008  ) , the incidence of malignancy 
for MCN was 17.5 %. Early diagnosis of malignant 
transformation of mucinous cystic neoplasm is 
essential, because the prognosis, once the invasive 
malignant form occurs, is the same as ductal ade-
nocarcinoma, while in the forms of non-invasive, 
carcinoma in situ, resection is cureative. 

 A thickened wall, presence of papillary prolif-
erations arising from the wall or septa, evidence 
of peripheral “egg shell” calci fi cations as well 
as invasion of surrounding vascular structures 
are considered the best signs of malignancy at 
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 imaging. The diagnosis will be more evident if 
extracapsular extension of the lesion is detected 
on contrast-enhanced CT. When thick walls, thick 
septa and calci fi cations are present simultane-
ously, the probability of malignancy is 95 %. 
When fewer than three signs are present, the 
probability of malignancy decreases to almost 
zero when there are no calci fi cations or septae, 
and the wall is thin. Because calci fi cations cannot 
be detected by MRI, CT is the primary imaging 
modality for these patients. 

 All MCNs should be resected, both cystade-
nomas and cystadenocarcinomas, when possible. 
Current thinking is that all MCNs may progress 
to malignancy, and the life-expectancy of most of 
these patients, middle-aged women, will allow 
the development of mucinous cystadenocarci-
noma; unfortunately, once established, cystade-
nocarcinoma has a very low rate of resectability 
and a very poor prognosis. Predictors of malig-
nancy are large size ( ³ 4 cm), the presence of nod-
ules, septae and eggshell calci fi cation. In these 
cases, a “standard,” anatomic, oncologic pancre-
atic resection should be performed, avoiding 
middle pancreatectomies and spleen preservation 
during the left pancreatectomies. Interestingly, 
lymph node metastases were never found in our 
series, even in MCN with associated cancer 
(Crippa et al.  2008  ) . Based on this  fi nding, more 
limited resections could be considered, and a lap-
aroscopic approach can be ideal in such cases. 

 Intraductal Papillary Mucinous Neoplasms 
(IPMNs) represent the most frequent cystic neo-
plasm of the pancreas, even in asymptomatic 
patients, in which they represent an incidental 
 fi nding. In our experience, IPMNs are one of the 
most common indications for pancreatic resec-
tion, up to 25 % of all resections. 

 IPMNs may affect the main pancreatic duct 
(MD-IPMN), branch ducts (BD-IPMN) or both 
(“mixed duct” IPMN). The great majority of 
IPMNs are detected and then characterized with 
cross-sectional imaging study, such as CT and 
MRCP. The radiologic and endoscopic features 
of IPMNs vary with their morphologic type. The 
typical feature of MD-IPMNs is dilation of the 
main pancreatic duct >1 cm, eventually extend-
ing into the secondary branches that may appear 

as cysts. The dilation can affect the duct only in 
the distal pancreas or, if it is located in the head 
or in the uncinate process, can be present through-
out because of obstructive effect. BD-IPMNs 
appear as cysts or a cluster of cysts without dila-
tion of the main duct and are located more com-
monly in the head-uncinate region. It is estimated 
that 40–60 % of BD-IPMNs can be multifocal. 
Calci fi cations occur in 10 % of patients, and nod-
ules and papillary projections, which are associ-
ated with the presence of a malignant neoplasms, 
usually appear as  fi lling defects within the cystic 
lesions. The pancreatic gland may appear as 
enlarged with signs of pancreatitis or atrophic. 
CT and MRCP can localize the tumor and assess 
its relationship with vessels and other organs. 
MRCP is particularly useful in the characteriza-
tion of single or multifocal BD- IPMNs, given its 
ability to demonstrate a communication between 
the main duct and the cyst. 

 At our Institution the initial assessment of 
patients with suspected IPMN usually involves 
contrast-enhanced ultrasonography (CEUS), 
which is able to identify and characterize the 
“cysts” in great detail. 

 In those patients in whom the diagnosis is 
uncertain, endoscopic ultrasonography (EUS) 
may be helpful. EUS can identify the dilated main 
pancreatic duct and provide morphologic detail of 
any solid component, nodules, or small projec-
tions, in the main duct and/or in the cyst commu-
nicating with it. Moreover, EUS represents a safer 
approach for sampling of  fl uid and targeted biop-
sies by  fi ne needle aspiration or core biopsy. 

 Examination of  fl uid sampled from IPMNs 
provides information to help in diagnosis by 
analyzing viscosity, the presence of mucin or 
mucinous cells, and an increased value of 
Carcinoembryonic antigen (CEA). 

 The best management of IPMN is still debated. 
During a consensus conference held in Sendai 
(Tanaka et al.  2006  ) , a group of surgeons, gastro-
enterologists, and pathologists produced the  fi rst 
guidelines in the management of IPMNs. A sec-
ondary, updated set of guidelines is being devel-
oped currently. Before 2006, all patients with a 
diagnosis of IPMN were considered potentially 
at risk for developing malignancy, and therefore 
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resection was always proposed. After the Sendai 
meeting two different approaches have been 
de fi ned when considering MD-IPMN (together 
with the mixed form) or BD-IPMN. 

    17.1   Main Duct-IPMN 

 Patients affected by IPMN involving the main 
duct or the mixed form, when medically  fi t, 
should always be candidates for resection because 
of the high prevalence of in situ and invasive car-
cinoma found in the resected specimens (40 % 
invasive, 30 % only in situ). 

 The operative management of MD- IPMNs 
represents a challenge for the surgeon. While in 
other pancreatic neoplasms the preoperative imag-
ing can locate the tumor accurately and plan a 
pancreatic resection accordingly, this is not always 
the case in MD- IPMNs. The segmental dilation 
of the main pancreatic duct in the preoperative 
studies may occur both proximal and distal to the 
tumor, because of mucin overproduction, making 
the localization of the neoplasia more dif fi cult. 

 A typical resection (pancreatoduodenectomy, 
left pancreatectomy, total pancreatectomy, 
according to the site and extension of the disease) 
with lymph node dissection must be performed. 
Limited resections, such as middle pancreatec-
tomy, have been proposed for MD-IPMN, but we 
had too great a rate of positive resection margins 
and recurrences when central pancreatectomy 
was performed for what appeared to be MD-IPMN 
localized the proximal body of the gland, and 
similar results have been reported by other 
authors. For these reasons, we believe that stan-
dard resections should be performed in this set-
ting. Because IPMN extends along the pancreatic 
duct and it can do so without a macroscopically-
evident lesion, it is important to exclude residual 
tumor with frozen section. 

 Three different aspects of ductal mucosa can 
be detected by analyzing the operative margin: 
(1) normal ductal epithelium in the main duct 
means that radical resection is achieved; (2) de-
epithelialized with denuded epithelium that 
should not be considered as a negative margin, 
because the abnormal epithelium may have 

sloughed off and local recurrence can occur; (3) 
adenoma, borderline, or carcinoma that requires 
an extension of the resection up to total pancre-
atectomy in selected individuals. 

 In cases of de-epithelialization, adenoma, or 
borderline tumor at the margin, the optimal strat-
egy remains controversial: we usually extend the 
resection a few centimeters to obtain a new margin, 
trying to obtain a negative resection margin. In our 
experience with 140 patients affected by MD-IPMN 
who underwent resection, the rate of negative mar-
gins in the surgical specimen was 60 %, and the 
results of the intraoperative, frozen section analysis 
modi fi ed the operative plan, leading to an exten-
sion of the resection or to total pancreatectomy in 
29 patients (20 %) (Salvia et al.  2004  ) . 

 Recurrence in the pancreatic remnant may 
develop even if the transection margin is negative 
and even in patients with noninvasive disease. 
The presence of a “positive” resection margin, 
multicentric IPMNs with synchronous “skip” 
lesions along the main duct, still present (but not 
detectable) at the time of operation and metachro-
nous lesions (given that IPMN may be a marker 
of a “ fi eld defect” associated with a propensity 
for tumor development) may be responsible for 
recurrence in the pancreatic remnant after resect-
ing a MD-IPMN.  

    17.2   Branch-Duct IPMN 

 According to the Sendai criteria (Tanaka et al. 
 2006  ) , a strict follow up is suggested for patients 
with BD-IPMN less than 3 cm, with no nodules 
nor duct dilation (which would imply a mixed 
IPMN), in which progression toward cancer is 
considered low. 

 Follow up can be performed MRCP repeated 
6 months after the  fi rst diagnosis and then yearly 
together with following serum CA19.9 dosage, 
unless there is an increase in size, the develop-
ment of nodules, or the onset of symptoms. We 
believe that non-operative management of 
patients affected by BD-IPMN should be car-
ried out in experienced centers, because data 
from large series is needed to validate this 
approach. 
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 In our earlier experience of 109 patients with 
BD-IPMN (Salvia et al.  2007  ) , 20 patients (18 %) 
underwent immediate resection because of symp-
toms and/or parameters associated with malig-
nancy; pathologic diagnosis of BD-IPMN was 
always con fi rmed, and 2 patients (10 %) had an 
invasive carcinoma, while 1 (5 %) had carcinoma 
in situ. Eighty-nine patients (82 %) were followed 
up for a median of 32 months. After a mean fol-
low-up of 18 months, 5 patients (6 %) had an 
increase in size of the lesion and underwent resec-
tion. The pathologic diagnosis was branch-duct 
adenoma in three patients and borderline in two; 
no patient developed malignancy on follow-up. 
These  fi ndings have been substantiated by other 
studies. Tanno et al.  (  2008  )  reported a follow up 
study of IPMN, showing similar results compared 
with our study; the authors found that the pres-
ence of mural nodules was the only predictive fac-
tor of malignancy in BD-IPMNs. 

 In contrast, other Institutions have advocated 
prompt resection for BD-IPMN. As illustrated in 
a dedicated chapter of this book, the Heidelberg 
group suggests that the incidence of malignant 
BD-IPMN may be greater than what has been 
reported in other studies, and that currently used 
predictors of malignancy may be inadequate. 

 One may argue (and we would agree with their 
argument) that such results may be re fl ective of a 
selected population. More importantly, most 
studies about BD-IPMN have focused on patients 
who have undergone resection, but little is known 
about the real incidence of invasive cancer in 
patients under surveillance programs. Recently, 
Cauley et al.  (  2012  )  published results on primary 
surveillance of 292 patients with BD-IPMN. 
These patients were de fi ned as low risk and high 
risk for malignancy, according to clinical, sero-
logic, and radiographic criteria. Interestingly, 
among the low-risk patients, only 12 % devel-
oped criteria for resection during the surveillance 
period. Of these patients, only 4 % presented 
high-grade dysplasia and only 1 % invasive can-
cer, underscoring the low malignant potential of 
BD-IPMNs with no obvious worrisome signs or 
characteristics of their IPMN. 

 In conclusion, correct diagnosis and appropri-
ate management of pancreatic cystic neoplams 

(especially BD-IPMN) is still hampered by our 
lack of knowledge of the biologic behavior of 
these diseases. As a result, there still is heteroge-
neity in the choice of which treatment to offer to 
patients. We believe that further studies and con-
tinuous discussion among different groups will 
soon shed some light on one of the most fascinat-
ing topics in Pancreatology.      
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 This commentary serves to: (1) draw attention to 
the importance of the chapter by Professor 
Buechler’s group; (2) reinforce the concept that 
identi fi cation and screening of patients with pan-
creatic cysts is a unique opportunity to prevent 
and cure pancreatic cancer through early detec-
tion and (3) review current management and 
anticipate future changes in management of these 
complex patients. 

 Pancreatic cancer is the deadliest cancer. 
Although the incidence of pancreatic cancer is 
only 45,000 cases per year, the mortality is sub-
stantial. The mortality from pancreatic cancer is 
on an upward trajectory to surpass the mortality 
from breast cancer in the US within the next few 
years. 

 Long term survival from pancreatic cancer is 
rare, and no cure for pancreatic cancer has been 
discovered. By identifying and screening patients 
at increased risk for harboring or developing pan-
creatic cancer (pancreatic cysts, hereditary pan-
creatic cancer, chronic pancreatitis, certain 
genomic-based disorders), there is hope of early 

detection and prevention of pancreatic cancer for 
a substantial number of individuals. 

 Assessment of clinical, radiographic, and 
cytopathologic features of pancreatic cystic 
lesions is the standard of care for identi fi cation of 
pancreatic cystic neoplasms, proper cancer risk 
strati fi cation, and appropriate management of 
patients with pancreatic cystic lesions. 
Symptomatic patients have a greater incidence of 
pancreatic cancer development, especially with 
symptoms/signs of pancreatic exocrine or endo-
crine failure. In terms of radiographic parameters, 
arguably the most important indicator of malig-
nancy is the presence of main pancreatic duct 
(MPD) dilation. The extent of MPD dilation is 
directly proportional to pancreatic cancer risk. 
Although the degree of MPD dilation predicts 
pancreatic cancer risk, branch duct or cyst size is 
no longer considered a reliable indicator of malig-
nant potential. Another very speci fi c radiographic 
indicator of malignancy is the presence of mural 
nodules within the cystic lesion. While quite 
speci fi c, mural nodules are not, however, very 
sensitive, because they are present in only 30 % 
of pancreatic cystic neoplasms harboring inva-
sive cancer. Mural nodules suspected on static 
imaging (MRI, CT) should be con fi rmed by 
dynamic imaging (EUS) to exclude mobility; if 
mobile, these “nodules” are likely to be debris/
mucin and thus, not associated with the same 
cancer risk. High grade atypia on cytopathology 
is highly speci fi c for the presence of malignant 
cells in the pancreatic cyst either as  carcinoma-
 in-situ or invasive carcinoma; however, high 
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grade  atypia is not very  sensitive, because only 
50 % of invasive mucinous cystic neoplasms have 
high grade atypia recognizable in the samples of 
the cyst  fl uid. Accordingly, we maintain that for-
mal resection should be performed in  fi t patients 
with new or worsening symptoms, mural nod-
ules, progressive MPD dilation, and high grade 
dysplasia on cytopathology. These parameters, 
however, by themselves are not suf fi cient to guide 
our management of these patients (Cauley et al. 
 2012 ; Miller et al.  2011  ) . Patients without these 
parameters have developed invasive cancer in 
pancreatic cystic lesions. The only clues in these 
patients have often been subtle changes in serum 
tumor markers, such as alkaline phosphatase, 
amylase, lipase, CA19-9, and hemoglobin a1c. 
These serum markers alone are unlikely to insure 
early detection, but serial determination of these 
serum markers is reasonable and deserves further 
study. Clearly, we need better indicators to guide 
our management of these patients. 

 Most recently, the collective knowledge of 
patients with pancreatic cystic lesions is moving 
forward at a tremendous pace. Biochemical and 
more recently molecular marker discovery in 
pancreatic cystic  fl uid appears to be most promis-
ing. Such novel and exciting analyses may diag-
nose and/or assess malignant potential. 

 Two useful markers in pancreatic cyst  fl uid 
currently are CEA and Kras. CEA level 
>192 ng/ml is consistent with a mucinous cys-
tic neoplasm (IPMN or MCN). CEA is a widely 
available diagnostic biochemical test. CEA 
level in the cyst  fl uid does not predict the pres-
ence of malignancy but does predict cystic 
lesions with malignant potential. Kras muta-
tions when detected also indicate the presence 
of a mucinous pancreatic cyst. The combina-
tion of CEA and Kras in the cystic  fl uid is 
nearly 100 % predictive of a mucinous cystic 
neoplasm of the pancreas and discriminates 
between cystic neoplasms and pseudocysts or 
other benign cysts. 

 More recently, a molecular pro fi le of DNA 
mutations (Path fi nder TGTM, RedPath, Inc.) pres-
ent at multiple pancreatic cancer relevant genetic 
loci (e.g., KRas, p53, DPC4, P16, PTEN, 17q, 

etc.) was developed.”  This pro fi le is commer-
cially available now to provide serial quanti-
 fi cation of the malignant potential of pancreatic 
cystic lesions. When the mutation panel is tested 
on known pancreatic cancers, >3 of these muta-
tions are typically detected. 

 A newly discovered molecular marker in pan-
creatic cyst  fl uid is GNAS (Wu et al.  2011a  ) , 
which is the oncogene encoding guanine nucle-
otide regulatory protein S alpha (GS a ). GNAS 
mutations (i.e., codon 201: R201H or R201C) are 
diagnostic of IPMN but are present in only 66 % 
of IPMNs. When combined with analysis of Kras 
mutations, either GNAS and/or Kras mutations 
are present in 95 % of IPMNs (Wu et al.  2011a  ) . 
Another newly discovered molecular marker is 
RNF43 which is expressed in the cyst epithelium 
in 75 % of IPMNs and 38 % of MCNs examined 
(Wu et al.  2011b  ) . RNF43 is a tumor suppressor 
gene which encodes for a protein with intrinsic 
E3 ubiquitin ligase activity on chromosome 17q. 
Interestingly, 17q is the location of one of the 
genetic loci examined currently with the 
Path fi nder TG TM . The development of miRNA 
pro fi ling of pancreatic cyst  fl uid holds promise as 
a predictor of malignant potential in pancreatic 
cystic lesions but awaits further validation 
(Ryu et al.  2011  ) . Finally, a recently discovered 
diagnostic marker VEGF 

B9  
TM  (B9, Inc.) an iso-

form of VEGF A, when present in pancreatic cyst 
 fl uid at a threshold level, approaches 100% accu-
racy in diagnosing the uniformly benign serous 
cystic neoplasms thereby altering the necessity of 
surveillance and possibly pancreatectomy in 
patients with cystic lesions of uncertain diagno-
sis. In summary, biochemical (CEA) and molecu-
lar (Kras, Path fi nder TG TM ) pro fi ling, including 
the newly discovered markers GNAS, RNF43, 
miRNA and VEGF 

B9
  offer the potential to trans-

form how we manage patients with pancreatic 
cystic lesions. 

 While we are looking for a cure for pancreatic 
cancer, it is equally critical to identify and screen 
patients at increased risk of pancreatic malig-
nancy (family history, pancreatic cysts) to pro-
mote both early detection and prevention of 
advanced pancreatic cancer.     
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    19.1   Commentary 

 Among the various types of cystic neoplasms of 
the pancreas, the management of solid pseudop-
apillary neoplasm (SPN) does not have any con-
troversy. Mucinous cystic neoplasm (MCN) 
described in this chapter also poses little contro-
versy to the clinician who happens to diagnose 
them by some imaging modalities. Most of the 
MCNs found incidentally are still benign and 
represent currently a very good indication for 
laparoscopic distal pancreatectomy or local resec-
tion (enucleation) when feasible. Serous cystic 
neoplasms (SCNs) also presented in this chapter 
do not need resection unless they are indistin-
guishable from other types of cystic neoplasm 
detailed in the chapter, such as intraductal papil-
lary mucinous neoplasm (IPMN) or MCN, when 
SCN takes on a macrocystic or oligocystic 
appearance as opposed to its typical microcystic 
appearance. 

 In contrast to SPN, MCN, and SCN, IPMN of 
the pancreas, especially the branch duct type 
(BD-IPMN), excites a lot of controversies in 
regard to differentiation from other pancreatic 
cysts, diagnosis of malignancy, and need for and 
type of operative/non-operative management. 
BD-IPMNs must be differentiated from MCNs, 

macrocystic or oligocystic SCNs, epidermoid 
cysts, lymphoepithelial cysts, and cystic variants 
of other neoplasms. Even with complete under-
standing of the imaging characteristics of each 
entity (Tanaka et al.  2006  ) , it is sometimes 
dif fi cult to differentiate BD-IPMNs con fi dently 
from MCNs, macrocystic or oligocystic SCNs, 
and lymphoepithelial cysts preoperatively. 

 Because it is especially important to differen-
tiate non-mucinous cysts from IPMNs and MCNs 
with malignant potential, endoscopic ultrasonog-
raphy-guided  fi ne-needle aspiration (EUS-FNA) 
is receiving enthusiastic interest lately. A high 
level of carcinoembryonic antigen (CEA) in the 
cystic  fl uid is characteristic of mucinous cysts. 
Although the cut-off concentration that provides 
a con fi dent diagnosis of mucinous epithelium 
varies from report to report (>367 (Lewandrowski 
et al.  1993  ) , >800 (van der Waaij et al.  2005  ) , 
 ³ 480 (Linder et al.  2006  ) , >800 (Attasaranya 
et al.  2007  ) , and >192 ng/ml (Brugge et al. 
 2004  ) ), an increased value of even >5 ng/ml is 
highly suggestive of a mucinous neoplasm. 
Although the CEA levels are not necessarily 
consistent with levels of other molecular mark-
ers, including a glycan variant of MUC-5AC 
(Haab et al.  2010  ) , mucin-like carcinoma- 
associated antigen (Khalid et al.  2009  ) ,  KRAS  
mutations (Bernard et al.  2002  )  and CA72-4 
(Jang et al.  2005  ) , the diagnostic sensitivity was 
reported to improve when combined (Haab et al. 
 2010 ; Sawhney et al.  2009  ) . 

 The diagnosis of malignant transformation 
of BD-IPMN remains controversial at present. 
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The original Sendai guidelines recommend resec-
tion of BD-IPMN with one or more of  fi ve criteria 
for suspected malignancy, i.e., positive pancreatic 
juice cytology, the presence of mural nodules, 
cyst size >3 cm, dilation of the main pancreatic 
duct, and abdominal pain (Tanaka et al.  2006  ) . 
Nevertheless, 80–85 % of all BD-IPMNs resected 
according to these guidelines are benign. 
Therefore, we need to identify other diagnostic 
aids that would avoid or at least minimize a “false 
positive” resection. Based on the understanding of 
histologic subtypes, i.e., gastric, intestinal, pan-
creatobiliary, and oncocytic, and the recent obser-
vation that the intestinal subtype is more likely to 
de-differentiate into malignancy, selection of the 
intestinal subtype may be helpful to distinguish 
BD-IPMNs with a greater tendency for malignant 
transformation. A few such attempts have been 
reported by immunohistochemical or molecular 
analysis of cells contained in the pancreatic juice 
(Hibi et al.  2007 ; Nakata et al.  2009  ) . 

 On the contrary, the authors of this chapter 
have suggested that even small BD-IPMNs  £ 3 cm 
without malignant stigmata (“Sendai-negative”) 
have a relatively high risk of malignancy. Among 
their 69 patients with “Sendai-negative” 
BD-IPMNs, 25 % had in situ or invasive carci-
noma. Lee et al.  (  2008  )  claimed that one of 30 
BD-IPMNs resected with no Sendai criteria had 
carcinoma in situ; however, the absence of mural 
nodules was judged by CT, MR, or EUS in both of 
these studies. It is well accepted that EUS is the 
most sensitive modality to evaluate the presence 
or absence of a mural nodule and not CT or MR. 
In a collective series of 349 patients who under-
went EUS initially to prove the absence of mural 
nodule, there were 7 patients who underwent 
resection without any of the Sendai criteria during 
a median follow-up of 3.5 years, and none of them 
had carcinoma (Maguchi et al.  2011  ) . There have 
been four series describing clearly the relation-
ship of malignancy to the size and the presence/
absence of mural nodules. In 124 BD-IPMNs 
<3 cm without mural nodules, there was no single 
case of malignancy (Tanaka  2011  ) . 

 If expertise in EUS-FNA and cytologic inter-
pretation of “high grade atypia” in the cyst  fl uid 
are available, the cytologic analysis of the cyst 

 fl uid obtained by EUS-FNA might add diagnostic 
value, although the sensitivity is often limited by 
scant cellularity of the aspirate and contamina-
tion by gastrointestinal mucosal cells (van der 
Waaij et al.  2005 ; Pitman and Deshpande  2007 ; 
Pitman et al.  2010 ; Frossard et al.  2003 ; Belsley 
et al.  2008 ; Recine et al.  2004 ; Michaels et al. 
 2006 ; Lay fi eld and Cramer  2005 ; Emerson et al. 
 2006 ; Maire et al.  2003,   2008  ) . Cells with “high-
grade atypia” in mucinous cyst  fl uid obtained by 
EUS-FNA indicated the presence of malignancy 
with a sensitivity of 72 % and an accuracy of 
80 % (Pitman et al.  2010  ) . The same group 
claimed that “high-grade atypia” was the most 
sensitive predictor of malignancy even in small 
( £ 30 mm) BD-IPMNs (67 %), compared to 
mural nodules and a dilated main pancreatic duct 
which were highly speci fi c ( > 90 %) but insensi-
tive (39–44 %) (Genevay et al.  2011  ) . 

 Follow-up surveillance of BD-IPMNs without 
malignant signs is an especially challenging 
problem in the management of IPMNs. EUS 
seems to be the best modality but has the draw-
backs of increased cost, invasiveness, and intrao-
bserver and interobserver variability. In reality, 
we cannot subject all patients to routine surveil-
lance by EUS. How and how often to detect 
malignant changes of BD-IPMNs and to survey 
the development of distinct ductal adenocarci-
noma remain very important controversies. Since 
we reported the occurrence of in situ or invasive 
ductal carcinoma concomitant with a benign 
BD-IPMN (Tanaka et al.  1997 ; Yamaguchi et al. 
 1997,   2002  ) , this phenomenon has attracted 
increasing attention. Several reports have sug-
gested that 3–9 % of patients with BD-IPMNs 
had or developed pancreatic ductal carcinoma 
distinct from IPMN-related invasive cancer 
(Tanaka  2011  ) . During a median follow-up of 
87 months, in 60 patients with BD-IPMNs, even 
when <1 cm in size, developed 5 ductal carcino-
mas (8 %) (Uehara et al.  2008  ) . Worsening diabe-
tes and high or increasing levels of serum CA19-9 
predicted the presence of ductal carcinoma 
(Ingkakul et al.  2010 ; Kanno et al.  2010  ) . Also, 
older age, smaller size of BD-IPMN, and smaller 
caliber of the main pancreatic duct were reported 
to be associated with the development of ductal 
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carcinoma compared with the patients who did 
not develop ductal carcinoma (Tanno et al.  2010  ) . 
The appropriate method and interval of surveil-
lance of BD-IPMNs remain to be further 
investigated.      
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    20.1   Relevant Basic Information, 
Indication, and 
Contraindication 

 Severe pancreatitis complicates about 15–20 % 
of all cases of acute pancreatitis. 

 The diagnosis of acute pancreatitis is based on 
the classic clinical features (abdominal pain, vom-
iting) and evaluation of lipase or pancreatic amy-
lase in the plasma (Table  20.1 ). We prefer the use 
of lipase levels because of the longer half-life and 
slightly superior sensitivity and speci fi city. 
Ultrasonography may show pancreatic swelling, 
but bowel gas can prevent adequate visibility of 
the pancreas during the ultrasound procedure. 
Ultrasonography can also show gallbladder stones 
or dilation of the bile duct as a sign of stones in the 
bile duct. A plain abdominal x-ray should be 
obtained to exclude free abdominal air because the 
differential diagnosis of acute pancreatitis is broad 

and includes other abdominal emergencies such as 
a perforated peptic ulcer. Imaging by contrast-
enhanced computed tomography (CT) provides 
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   Table 20.1    Diagnostic in patients with suspicion of 
acute pancreatitis   

 Diagnostic methods  Questions 

 Clinic  Jaundice, pain, vomiting 
 Laboratory 
evaluation 

 Standard parameters, lipase, CRP, 
procalcitonin 

 Standard chest 
X-ray 

 Pulmonary lesions, pneumonia, 
pleural effusion 

  Plain abdominal 
x-ray  

 Exclusion of visceral perforation 
(free abdominal air), not needed 
if early CT is performed 

 Ultrasonography  Swelling of the pancreas if 
pancreas is visible, gallbladder 
stones, or dilation of the bile duct 
(gallstone history of the acute 
pancreatitis?), not needed if early 
CT is performed 

 CT (contrast-
enhanced CT) 
initial assessment 

 Acute pancreatitis, bile duct 
obstruction, free intraperitoneal 
 fl uid, peripancreatic fat necrosis, 
indication of prophylactic 
antibiotics (early CT may 
underestimate the ultimate 
severity of pancreatitis) 

 CT (contrast-
enhanced CT)
follow up (not 
before 4 days after 
onset of pancreatitis 

 Determination and localization of 
necrosis, abscess, pseudocyst, 
change in the local situation 

  ERCP    Veri fi cation and removing of bile 
duct stones  

  MRI    Optional in children or pregnant 
patients  

  Italic – optional tests for speci fi cation of the diagnosis  
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the best evidence for the presence of acute pan-
creatitis and is better able to rule out other causes 
of the abdominal pain (initial CT assessment). 
C-Reactive Protein (CRP) levels over 150 mg/l, an 
APACHE II score greater than 8 in the  fi rst 24 h 
after admission, or persistent organ failure in the 
 fi rst 48 h after admission are established, clinically 
useful predictors of the severity of acute pancrea-
titis. Patients with severe acute pancreatitis should 
be admitted to an intensive care unit for optimal 
support. A determination of the amount of pancre-
atic necrosis by contrast-enhanced CT is usually 
possible 4 or 5 days after the onset of acute pan-
creatitis. Patients with sepsis, organ failure, or a 
worsening clinical status require urgent contrast-
enhanced CT for determination of the local extent 
of necrosis or local complications. Both oral and 
intravenous administration of a contrast agent is 
necessary. If there is any evidence of a gallstone in 
the bile duct, urgent endoscopic retrograde cho-
langiography should be done with endoscopic 
sphincterotomy and stone removal.  

 After the diagnosis of necrosis is made based 
on CT, antibiotic prophylaxis is started. 

 The use of prophylactic antibiotics is still a mat-
ter of debate. Some guidelines have already rejected 
this recommendation, because several relevant pro-
spective studies with high evidence failed to show 
a positive effect on mortality. The rationale for use 
of prophylactic antibiotics was suggested based on 
some older studies with a lower grade of evidence. 
A Cochrane meta-analysis in 2006 described a 
reduction in mortality using prophylactic antibiot-
ics in necrotizing pancreatitis (5 studies, 294 ran-
domized patients, 6 vs. 15 % mortality). For these 
reasons, the use of prophylactic antibiotics remains 
a viable option to us. We limit the use of antibiotic 
prophylaxis to a maximum of 14 days. 

 The management of acute necrotizing pancre-
atitis has changed substantially in the last several 
years. Early management is supportive and non-
surgical. Most patients with acute necrotizing 
pancreatitis survive the early phase of this dis-
ease (Systemic In fl ammatory Response 
Syndrome, SIRS) due to improvements in inten-
sive care medicine. Severe pancreatitis is usually 
associated with organ failure and local complica-
tions like infected necrosis or abscess formation 
and later sepsis. Early operative intervention 
(before the third to fourth week after the onset of 

illness) or the operative treatment of sterile necro-
sis should be reserved for select cases. Infection 
of the pancreatic necrosis is a well-accepted indi-
cation for operative intervention. Infected pan-
creatic necrosis can be the focus of a severe sepsis 
and is associated with a high mortality. The 
development of infected necrosis is the rationale 
of pancreatic surgery in acute necrotizing pan-
creatitis. In contrast, infected necrosis does not 
mandate operative treatment in every case. 
Focused antibiotic therapy combined with a local 
percutaneous drainage can cure some patients 
with stable, localized disease (Fig.  20.1 ).  

 Pancreatic necrosis is usually well demarked 
after about 3 weeks from the onset of acute pan-
creatitis. Removing only the well-demarked necro-
sis (focal necrosectomy) reduces the risk of bleeding 
and preserves the still vital pancreatic parenchyma. 
There is general agreement between surgeons that 
early operative intervention (necrosectomy) should 
be done only in select cases, for instance, when 
there are severe complications (bleeding, bowel 
perforation) or in severe critically ill patients with 
proven necrosis. Patients who present with signs of 
sepsis can undergo CT guided  fi ne needle aspira-
tion of pancreatic or peripancreatic necrosis to dif-
ferentiate between sterile and infected necrosis. 
Furthermore, the CT  fi ndings of extraluminal gas 
within areas of necrosis is pathognomonic of infec-
tion. Persistent necrotic pancreatitis with a fulmi-
nate course can also, in selected cases, be an 
indication for operative intervention (necrosec-
tomy). The surgeon will usually see only a select 
group of patients with acute pancreatitis (unstable 
patients with septic focus and multiple organ fail-
ure). For that reason, the indication for necrosec-
tomy is often quite clear. The surgeon has now to 
determine the best time for operative intervention 
in concordance with the intensive care specialist.  

    20.2   Surgical Technique 

 Manual necrosectomy and continuous lavage is 
our preferred operating technique. The operation 
begins with a bilateral subcostal incision in the 
upper abdomen (Fig.  20.2 ). We use a self-retain-
ing retraction system for the costal rim. This 
approach allows the greatest exposure to the area 
of interest. An inspection of the lower abdomen 
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or a loop ileostomy is also possible if necessary 
using this approach.  

 The middle and the left half of the gastrocolic 
ligament is divided between sutures or using the 
harmonic scalpel (Generator 300, Ethicon Endo-
Surgery, Johnson & Johnson, Somerville, USA). 
Edema and local fat necrosis with calci fi cations 
are often present in this region of the greater 
omentum at this step of the operation (Fig.  20.3 ). 
The greater omentum and transverse colon pro-
vide a natural barrier to the lower abdomen. 
Blunt dissection mobilizes the stomach off the 
transverse colon and off the anterior surface of 
the pancreatic body and tail (Figs.  20.3  and  20.4 ). 
The best way to avoid bleeding while removing 
viable pancreatic tissue is to use the  fi ngers for 
preparation. The preparation is aided by repeated 
lavage of the lesser sac with warm isotonic saline 

Acute necrotizing pancreatitis

Usually non-surgical patients
Usually surgical

(negative selection)

- Stable patient
- No operation

- Unstable patient
- Deterioration
- Sepsis

•  Supportive care
•  Specific theraphy of
   organ failure

•  Fine-needle aspiration
•  Antibiogram

• Antibiotic theraphy
  focused on the
  antibiogram

•  Antibiotic theraphy
   focused on the
  antibiogram
• Check for sufficient
  percutaneous drainage Operative necrosectomy

closed continuous lavage

Percutaneous drainage or
minimally invasive
necrosectomy if indicated

•  Non-infected
   pancreatic necrosis
   (clinic and CT)
•  Stable patient 

•  Infected pancreatic
   necrosis (clinic and
   CT)
•  Stable patient
•  Successful therapy of
   organ failure

•  Infected pancreatic
   necrosis (clinic, CT
   criteria’s, fine needle
   aspiration)

•  Deterioration of patient
   condition

•  Non-stable patient

•  After the third week of
   the pancreatitis onset

•  Sepsis

  Fig. 20.1    Therapeutic  fl ow 
in acute necrotizing 
pancreatitis       

  Fig. 20.2    A bilateral subcostal incision was done for a wide 
approach to the lesser sac. A special lavage  fl uid bag (Incise 
Pouch ® , Moelnlycke Health Care AB, Göteborg, Sweden) is 
used for collecting the lavage and irrigation  fl uids       
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 fl uid. Coagulated blood, peripancreatic necrosis, 
and areas of pancreatic necrosis that have been 
separated from underlying viable pancreatic 
parenchyma or areas of necrosis are removed 
by this maneuver (Fig.  20.4 ). Necrotic debris 
that is adherent and cannot be teased free with 
gently exploring  fi ngers should be left in place 
to avoid bleeding. Necrotic material needs to be 
sent to a laboratory for culture and sensitivity. 
Experience operating in this area in elective cases 
greatly helps one perform the necessary technical 
maneuvers and to understand the relevant anat-
omy to allow a safe necrosectomy. Computed 
tomography is used for guiding the procedure. 
Necrosis usually extends into the retroperitoneal 
area behind the splenic  fl exure and anterior to the 
left kidney. It is important to débride and drain 
this area, too.   

 Usually we prefer a continuous lavage of the 
lesser sac and retroperitoneum postoperatively 

via operatively placed drains. If areas of hemor-
rhage persist after the necrosectomy, temporary 
packing with operative dressings for 48 h is use-
ful if control of the bleeding using bipolar for-
ceps or sutures fail. 

 If no clinically signi fi cant bleeding is evident 
at the end of the necrosectomy, a large-bore sili-
con drain (30–36 French, Robinson Drainage 
System, Smith Medical, Kirchseeon, Germany) 
is placed in the pancreatic bed for the out fl ow of 
the continuous lavage. This drain tube is placed 
in the lesser sac and exits the abdomen by going 
posterior to the splenic  fl exure and anterior to the 
left kidney across the retroperitoneal perirenal 
space and exiting through a stab wound in the left 
lateral abdomen (Fig.  20.5 ). Dissecting this space 
behind the splenic  fl exure can be dif fi cult; mobi-
lization of the left colon in the area of the kidney 
and a bimanual digital technique can be useful in 
this situation. On the other hand, radiologic 
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  Fig. 20.3    ( a ,  b ) View into the incompletely opened lesser 
sac through the gastrocolic ligament ( s  stomach,  g  greater 
omentum,  f  fat necrosis,  o  open lesser sac with coagulated 
blood and necrotic material,  l  liver)       

a

b

  Fig. 20.4    ( a ,  b ) The character of necrotic pancreatic and 
peripancreatic tissue and coagulated blood removed. 
Necrosectomy is performed bluntly using the  fi ngers (dig-
itoclastic necrosectomy)       
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placement of a small percutaneous pigtail  catheter 
preoperatively can make this procedure much 
easier.  

 Only in the case of extended necrosis in 
the pancreatic head, do we use a second large 
out fl ow drain placed subhepatically through the 
Foramen Winslowi into the lesser sac and brought 

out through a stab wound in the right lateral 
abdomen. 

 A smaller in fl ow catheter (12 French silicone 
gastric tube, VYGON, Ecouen France) is placed 
through the epigastric area into the opened lesser 
sac. The positioning of the drains for continuous 
lavage is very important (Fig.  20.5 ). 

 Function of the con fi rmed drains for continu-
ous lavage should be con fi rmed before the abdo-
men is closed. If possible, the gastrocolic ligament 
is reapproximated with interrupted sutures 
(Vicryl ®  2/0, Ethicon, Johnson & Johnson, 
Somerville, USA) (Fig.  20.6 ). If a gallstone etiol-
ogy is evident, we remove the gallbladder during 
the procedure. The abdominal wound is closed 
with two continuous layers of an absorbable 
mono fi lament suture (PDS l ®  2, Ethicon, Johnson 
& Johnson, Somerville, USA), one for the perito-
neum and posterior rectus fascia and the other 
for the anterior rectus fascia. Postoperatively, a 
continuous lavage is performed with a standard 

II

I

III

a

b

  Fig. 20.5    ( a ) Exposure of the lesser sac by transecting the 
gastrocolic ligament and ( b ) position of drains for a continu-
ous lavage.  I  left large silicone drain (36 French) behind the 
left colon splenic  fl exure,  II  optional right large silicone 
drain (36 French),  III  silicone in fl ow drain (12 French)       

d
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b

  Fig. 20.6    ( a ,  b ) View into the lesser sac with large drain-
age tube with closure of the gastrocolic ligament with a 
silicone in fl ow drain ( d  out fl ow drain,  i  in fl ow drain,  s  
stomach,  c  transverse colon)       
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peritoneal dialysis  fl uid (CAPD, Fresenius 
Medical Care AG & Co. KGaA, Bad Homburg, 
Germany) at a rate of 0.5 l/h. The lavage volume 
can be decreased depending on the appearance of 
the ef fl uent and the clinical course. Usually drains 
can be removed within 2–3 weeks.  

 Some groups utilize radiologic percutaneous 
drainage or laparoscopic or endoscopic tech-
niques to remove infected necrosis from the pan-
creatic area (minimally invasive necrosectomy). 
These methods seem to be most successful in 
cases with well-circumscribed necrosis contain-
ing a large  fl uid component. Repeated interven-
tions form very talented and experienced surgeons 
are usually necessary in these cases to remove 
necrotic tissue. We believe that it is dif fi cult to 
remove all infected pancreatic, peripancreatic, 
and retroperitoneal necrosis and associated 
in fl ammatory  fl uids by these techniques alone, 
but retroperitoneal endoscopic or endoscopic 
transgastric procedures are interesting methods 
and should be investigated further using random-
ized trials. At this time, minimally invasive necro-
sectomy is far from the standard practice in 
treating many patients requiring necrosectomy 
for acute necrotizing pancreatitis.  

    20.3   Additional Treatments 
and Procedures 

    ICU admission with invasive monitoring and • 
laboratory analysis are routine in patients with 
severe acute pancreatitis.  
  Adequate  fl uid resuscitation monitored using • 
the central venous pressure and urine output is 
standard therapy.  
  Oxygen saturation (mask).  • 
  All patients with severe necrotizing pancreati-• 
tis get prophylactic antibiotics (3 × 1 g 
Imipenem, Zienam ® , MSD Sharp & Dohme 
GMBH, Haar, Germany) for 14 days.  

  All patients get prophylaxis against deep vein • 
thrombosis with low molecular weight hepa-
rin (0.3 ml Certoparin-Natrium, Mono-
Embolex™, Novartis Pharma, Nuernberg, 
Germany) once daily started at admission until 
discharge. Prophylaxis against gastric stress 
ulcer is done with 40 mg pantoprazole daily 
intravenous (Pantozol ® , Atlanta Pharma, 
Konstanz, Germany).  
  If technically possible, all patients get an epi-• 
dural catheter for pain management.  
  All patients get a double lumen gastric/jeju-• 
nal tube. The end of the tube is placed into 
the jejunum for enteral nutrition without 
direct passage of the stomach and duodenum. 
Oral water or tea are possible. Ileus or shock 
may limit the use of enteral nutrition. 
Nasogastric feeding may limit the use of 
enteral nutrition. Nasogastric feeding with 
limited volume is also possible in many 
patients. The continuous lavage usually con-
tinues for about 2 weeks, depending on the 
quality of the out fl ow  fl uid and the clinical 
course. Usually, drains can be removed within 
2–3 weeks.     

    20.4   Results 

 Table  20.2  contains the relationship between 
patients treated in the surgical department in con-
trast to patients treated in other departments in 
2006 and 2007. Only 1.3 % of all patients with 
the diagnosis of acute pancreatitis underwent 
operative intervention (necrosectomy). These 
data show impressively the decreased role of 
operative necrosectomy in the treatment of acute 
pancreatitis. The surgeons usually see a negative 
selection of patients who have failed conservative 
therapy.  

 The surgical results of our institution are con-
tained in Table  20.3 .        

   Table 20.2    Patients with acute pancreatitis treated at the university hospital in Magdeburg with acute pancreatitis in 
2006 and 2007 (ICD 10 con fi rmed analysis)   

 Patients at the hospital  Patients in surgical department  Patients in surgical department and surgery of necrosis 

 461  49 (10.6 %)  6 (1.3 %) 
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 Number 

 Patients  6 
 Hospital mortality  1 
 Hospital stay (median, days)  63 (16–378) 
 Biliary history  3 
 Alcoholic history  2 
 Other history  1 
 Microbiological proven 
infected necrosis 

 5 

 Closed continuous lavage  6 
 Open packing  – 
 Planned staged relaparotomy 
with repeated lavage 

 – 

 Closed packing (multiple 
drains + transcutaneous gauze) 

 – 

Table 20.3 Patients with severe acute necrotizing 
pancreatitis from 2006 to 2007 surgically treated (surgi-
cal necrosectomy)
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    21.1   Multiorgan Insuf fi ciency, 
Extent of Necroses and 
Infected Necroses Are the Risk 
Factors in Severe Acute 
Pancreatitis 

 The majority of patients with acute pancreatitis, 
particularly those with acute biliary pancreatitis 
suffer a mild disease; however 15–25 % develop 
severe acute pancreatitis, most of them in con-
junction with a necrotizing course (Beger and 
Rau  2007  ) . Abnormal intra-acinar calcium activ-
ity and premature activation of zymogens lead to 
autodigestion of the gland and local in fl ammation. 
Mild acute pancreatitis is dominated by intra-pan-
creatic oedema, spreading cell necrosis, accumu-
lation of in fl ammatory cells, and local release of 
pro-in fl ammatory cytokines (Mayer et al.  2000 ; 
Poch et al.  1999  ) . Using multi-slice contrast 

enhanced CT (CECT), necrotizing pancreatitis 
is de fi ned by the presence of focal or extended 
necrosis; but even mild, acute oedematous-
 interstitial  pancreatitis may be associated with 
some cell necrosis throughout the pancreas, 
despite the CECT showing only enlargement of 
the pancreas (Balthazar et al.  1990  ) . Based on 
wet weight of the removed necrosis in patients 
undergoing debridement, extended necrosis 
(>180 g wet weight) is present in about 30 % of 
patients with  necrotizing pancreatitis ultimately 
requiring operative  intervention, respectively 
debridement. Infection of the necrosis occurs in 
about 20–35 % of all patients with necrotizing 
pancreatitis (Table  21.1 ). The necrotizing tissue 
process occurs in the  fi rst few days of the disease 
and does not appear to occur later on in the dis-
ease process.  

 Local production of in fl ammatory mediators, 
like interleukines and chemokines, and activation 
of neutrophils, macrophages, and lymphocytes 
contribute to the progression of the in fl ammatory 
process and the systemic ampli fi cation of the 
in fl ammatory response syndrome (SIRS) by 
the liver, the lungs, and the gut. The degree of 
SIRS during the  fi rst few days of disease pro-
vides important information in assessing sever-
ity of the disease and for decision making in 
terms of ICU treatment. Severe and persistent 
SIRS is considered to be the link between the 
in fl ammatory local process in the pancreatic tis-
sue and the development of organ or multi organ 
dysfunction (Mole et al.  2009  ) . Early and per-
sistent multiple organ  failure  syndrome (MOFS) 
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and infection of necrosis causing clinical sepsis 
are determinants of outcome of severe acute pan-
creatitis (Rau et al.  2006  ) . A subgroup of about 
5–8 % of patients with severe acute pancreatitis 
shows systemic organ dysfunction within the 
 fi rst 72 h after onset of acute pancreatitis with 
the risk of early MOFS (Isenmann et al.  2001  ) . 
Fatalities within the  fi rst 2 weeks after onset of 
acute pancreatitis account for about 50 % of the 
in-hospital deaths due to MOFS (Beger and Rau 
 2007  ) . About 5–10 % of patients die in the  fi rst 
days of fulminant acute pancreatitis with MOFS 
but without the clinical diagnosis of acute pan-
creatitis, but the diagnosis of acute pancreatitis 
is only established by autopsy (Lankisch et al. 
 1991  ) . The mortality of severe acute pancreatitis 
due to persistent MOFS during the later course 
of severe acute pancreatitis appears to be related 
to super infection of the pancreatic necrosis sec-
ondary to bacteremia from translocation of gut 
bacteria into the lymphatic and systemic circula-
tion (Beger et al.  1986  ) . Infection of the pancre-
atic and peripancreatic necrosis appears to be a 
time-related mechanism; up to 70 % of patients 
with infected necrosis present in the third or 
fourth week of the disease with a dominance 
of gram-negative bacteria (Beger et al.  1986  ) . 
Patients with extensive necrosis (>50 % of the 
pancreas) appear to have a greater predilection 
to developing infected necrosis approaching 
70 % (Beger et al.  1986  ) . Sepsis secondary to 
infected necrosis is the dominant risk factor for 
death in the late course (after the third week) of 
severe acute pancreatitis.  

    21.2   Conservative, Non-
interventional Management 
of Severe Acute Pancreatitis 

 Patients with severe acute pancreatitis (based on 
the Atlanta classi fi cation (Bradley  1993  ) ), par-
ticularly those with organ dysfunction at time of 
hospital admission, should be treated in the inten-
sive care unit (Table  21.2 ). Patients with systemic 
organ dysfunction in the  fi rst days of the disease 
require early maximum intensive care treatment. 
Early vigorous intra-venous  fl uid replacement 
as advocated by the Magdeburg Report is of 
 foremost importance. The goal is to decrease the 
hematocrit and restore normal cardio-circulatory 
function (Brown et al.  2002  ) .   

    21.3   Antibiotic Prophylaxis 
Contrary to Evidence-Based 
Data? 

 Antibiotic prophylaxis using antibiotics with the 
greatest penetration into pancreatic tissue has not 
been shown to be an effective preventive treat-
ment (Isenmann et al.  2004  ) . Based on results of 
four, randomized, controlled, double-blind clini-
cal trials, antibiotic prophylaxis was unable to 
decrease neither hospital mortality nor the fre-
quency of infected necrosis (Brown et al.  2002 ; 
Isenmann et al.  2004 ; Dellinger et al.  2007 ; 
Garcia-Barrasa et al.  2009  ) . Consequently, a 
meta-analysis based on these trials concluded 
that antibiotic prophylaxis in severe acute 

   Table 21.1    Frequency of necrotizing pancreatitis: surgical and interventional versus conservative management 
of necrotizing pancreatitis   

 Severe Acute Pancreatitis – surgical and non-surgical treatment: Ulm experience: 1,568 patients a ,  n  (%) 

 Frequency  Treatment modality 

 Patients pats ( n )  Conservative pats  Surg/drainage/intervent 

 Interstitial-oedematousp.  1,071/68.3%  1,056/98.6%  15/1.4% b  
 Necrotizing pancreatitis  359/22.9%  95/26.5%  264/73.5% 
  Sterile necrosis  227  85/37.5%  142/62.5% 
  Infected necrosis  132  10/7.6%  122/92.4% 
 Pancreatic abscess  42/2.7%  3/7.1%  39/92.9% 
 Postacute pseudocyst  96/6.1%  22/22.9%  74/77.1% 

  Beger and Rau  (  2007  )  
  a 5/1982 to 12/1999 Department of General Surgery, University of Ulm, Germany 
  b Biliary tract surgery not included  
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 pancreatitis was not effective;  several prospec-
tive, albeit poorly controlled clinical trials of 
lesser level of evidence, came to a contrary con-
clusion. Different from the Magdeburg group, 
our group does not consider antibiotic prophy-
laxis as a standard in the treatment of severe acute 
pancreatitis (Mazaki et al.  2006  ) . For patients 
with a systemic infection, e.g. pneumonia, uro-
genital infection, and/or bacteriaemia, a rational 
antibiotic application is, however, used. 

 Early enteral nutrition in patients with severe 
acute pancreatitis is usually not possible in the 
 fi rst week of the disease because of ileus. Enteral 
nutrition has been shown convincingly to decrease 
the frequency of infected necrosis, shortens the 
ICU stay, and decreases systemic complications; 
in contrast, two meta-analyses of 6 randomized, 
controlled, clinical trials of enteral nutrition failed 
to show any decrease in hospital mortality (Oláh 
et al.  2002 ; Windsor et al.  1998  ) . 

 For patients with biliary acute pancreatitis, 
early endoscopic intervention to clear the com-
mon bile duct from biliary stones by ERC with 
stone extraction has become a routine and suc-
cessful treatment (Neoptolemos et al.  1988  ) . 
Contrast-enhanced CT provides the greatest 
 diagnostic accuracy for necrotizing pancreatitis 
when performed in the end of the  fi rst week of the 
disease. Several groups have shown convincingly 
a close correlation between extent (>50 % of pan-
creas) of necrosis and clinical severity (Bradley 
 1993 ; Rau et al.  2007  ) . 

 To identify infection of pancreatic necrosis, 
 fi ne needle aspiration of the area(s) of necrosis 
under contrast-enhanced, CT guidance has the 
greatest diagnostic accuracy; extraluminal gas 
in the pancreatic or peripancreatic area, as dem-
onstrated by CECT, is also highly accurate.  

    21.4   Who Bene fi ts from 
Conservative, Non - 
interventional and 
Non-surgical Treatment? 

 The  fi rst choice for treatment of patients 
with necrotizing pancreatitis and presence 
of organ failure is aggressive management in 
the ICU (Table  21.2 ). Patients with organ fail-

ure at admission are candidates for maximum 
ICU treatment to avoid MOFS. As shown in 
Table  21.2 , patients with focal and extended 
sterile pancreatic necrosis without organ fail-
ure who respond to ICU treatment are not 
candidates for any intervention (Rau et al. 
 1995  ) . Several groups have demonstrated like 
the authors’ group that selected patients with 
infected necrosis established by FNA-positive 
aspiration but who lack signs of sepsis do not 
need any type of intervention other than focused 
parenteral antibiotics, provided clinical sepsis 
is absent (Rau et al.  2005  ) . 

 Patients with sterile necrosis are considered 
candidates for conservative management; how-
ever, a substantial proportion of patients with 
extended (>50 %) sterile necroses develop organ 
or multi-organ dysfunction early in the course of 
their disease (Rau et al.  1995  ) , and many will 
develop infection of the necrosis later in the course 
of the disease. In the authors’ institution, patients 
with extended necrosis who do not respond to 
maximum ICU treatment (>50 %) are candidates 
for operative debridement (Rau et al.  1995  ) .  

    21.5   Indications for Interventional 
and Operative Treatment 
of Pancreatic Necrosis 

 For patients with infected necrosis and organ or 
multi-organ dysfunction, an early intervention is 
indicated (Beger and Rau  2007  )  (Table  21.3 ). 

   Table 21.2    Who bene fi ts from conservative treatment of 
acute pancreatitis?      

 First choice of treatment of Patients with NP+OF is 
ICU management 
 Patients with OF at admission are candidates for 
maximum ICU treatment to avoid MOFS 
 Bene fi t from ICU treatment: 
   NP: focal and extended sterile pancreatic necrosis 

without OF /MOF 
  Peripancreatic necrosis without OF/MOF 
   Infected necrosis: FNA positive necrosis without 

clinical signs of sepsis 
   Peripancreatic  fl uid collection (but EUS/CT-guided 

puncture/drainage may be indicated) 

   NP  necrotizing pancreatitis,  OF  organ failure,  MOF  multi-
organ failure,  FNP  CT-guided  fi ne needle aspiration  
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In our opinion, the recommendation of the 
Magdeburg group to delay operative debridement 
until after the 28th day of disease is not supported 
by convincing randomized trials, based on the 
demarcation hypothesis of necrosis. This concept 
has been propagated as a step up approach from a 
minimal invasive, radiologically guided drainage 
of the infected necrosis to a later open necrosec-
tomy (Van Santvoort et al.  2010  ) ; however, no 
evidence-based data for the superiority of a min-
imal-invasive approach compared to early open 
necrosectomy have been published that docu-
ment convincingly a decrease in hospital mortal-
ity (Van Santvoort et al.  2010  ) .   

    21.6   Late Interventional 
Debridement Does Not 
Decrease the High Early 
Mortality 

 When comparing open versus the step-up 
approach in a prospective, randomized, multi-
centre trial, the  fi nal hospital mortality was the 
same in both groups, open necrosectomy versus 
the minimal invasive step-up approach (Van 
Santvoort et al.  2010  ) . In contrast, the new onset 
of MOF was more frequent after open debride-
ment as was the onset of post-operative diabetes 
and post-operative incisional hernias. The 
 limitation of this  randomized clinical trial as a 
guideline for all patients with severe acute pan-
creatitis with infected necrosis or extended ster-
ile necrosis is the ability to delay intervention 
until after the third or fourth week of disease, 
because as many as 21–54 % of patients with 
early severe acute pancreatitis and persistent 

MOF die in the  fi rst or/and second week. The 
step-up approach is, thereby, limited by exclud-
ing those patients with early fatal necrotizing 
pancreatitis (Van Santvoort et al.  2010 ; Zerem 
et al.  2011  ) . 

 As summarized in Table  21.3 , the minimal 
invasive approach comprising a laparoscopic 
trans-abdominal and retroperitoneal approach 
has a similar level of hospital mortality as open 
debridement. For open debridement, we don’t 
use a bilateral, subcostal incision, because this is 
an unnecessarily extensive access with an 
increased risk of wound infection; we prefer a 
small, mid-line incision of 10–15 cm length in 
the upper abdomen. The major advantage of 
radiologic intervention and minimal invasive 
debridement are the minimal invasive trauma 
(Zerem et al.  2011  ) . In contrast, for radiologic 
drainage/intervention, drainage periods, fre-
quency of re-access for multiple re-interventions 
for drain replacement and repositioning, recur-
rent episodes of sepsis, and a prolonged duration 
of hospitalisation are drawbacks of primary, 
radiologic drainage interventions (Table  21.4 ).  

 For the albeit rare patients who develop a true 
pancreatic “abscess” with a well localized collec-
tion of pus, radiologic drainage should be the  fi rst 
treatment option (Bittner et al.  1987  ) . Comparing 
minimal invasive techniques with open necrosec-
tomy, hospital costs are similar (Beenen et al. 
 2011  ) . For drainage of infected necrosis, we 
believe strongly that the laparoscopic approach 
as well as the retroperitoneal minimal invasive 
necrosectomy should be combined with a con-
tinuous postoperative lavage of the infected cav-
ity using a dialysis solution or physiologic NaCl 
solution (Rau and Beger  2008a  ) .  

   Table 21.3    Surgical debridement of Necrotizing pancreatitis: necrosectomy and Bursa-Lavage and minimal invasive 
Debridement   

 Period of public.  Pats.  Infect. necrosis  Postop. compl.  Reop.  Hospital mortality 

 Open debrid.  1990–2006 a   814  64%  36%  25.1%  15.1% 
 Minimal invasive  1998–2006 a   180  83%  70.6%  3–4/pat.     18.3% 

  Beger and Rau  (  2007  )  
     a Pederzoli (1990), Farkas (1996), Beger (1998), Mai (2000), Hungness (2002), Farkas (2006) 
  b Freeny (1998), Gouzi (1999), Carter (2000), Horvath (2001), Castellanos (2002), Connor    (2003), Zhou (2003), Connor 
(2005)  
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    21.7   Indication for Open 
Necrosectomy (Table  21.5 )    

 Patients with extended necrosis (>50 % of the 
pancreas) causing persistent clinical sepsis or 
MOF who do not respond to ICU treatment have 
been treated in the authors’ institution with open 
debridement (Rau and Beger  2008a ; Petrov et al. 
 2010  )  early after the diagnosis (Figs.  21.1  and    
 21.2 ) (Table  21.5 ). A minimally invasive or open 
necrosectomy is recommended for patients who 
have necrosis in the pancreatic head as well as 
other multicentric foci in the body and/or tail of 
the pancreas, because percutaneous drains have a 
limited role in these cases. The greatest risk of a 
complicated course and mortality involve patients 
with extended sterile necrosis extending to more 
than 50 % of the pancreas (Rau et al.  2006  ) . 
Operative intervention for sterile necrosis is not 
considered in many institutions. Debridement has 
been  performed in specialized institutions with 
low hospital mortality (Table  21.3 ) (Rau and Beger 

 2008b  ) . Patients with an acute  abdomen caused by 
 intestinal perforation and patients with  abdominal 
compartment syndrome and intra-cavitary bleed-
ing respond immediately to an open operative 
treatment with improvement in their clinical course 

  Fig. 21.1    Situs open debridement of extended sterile 
necrosis on the end of the  fi rst week of disease after small 
midline incision and small incision of the ligamentum 
gastrocolicum, exposition of the necrotic gravity 2 weeks 
after       

   Table 21.5    Indication to minimal invasive and/or open surgical debridement for infected necrosis   

 The main goal of any intervention – interventional drainage of minimal invasive access or open debridement – is to 
interrupt the sepsis syndrome and to improve/eradicate organ failure/s 
  Infection of pancreatic/peripancreatic necrosis 
   +Clinical signs of sepsis 
   −Gas bubbles in CT 
   −FNA positivity with clinical persistence of sepsis 
  Infected necrosis: persistence of clinical sepsis + MOD after failure of repeated drainage or minimal-invasive 
interventions 
  Pancreatic abscess/Infected  fl uid collection 
   Clinical acute abdomen: 
    Colon transversum ischemia/perforation 
    Massive intrapancreatic hemorrhage 
   Abdominal compartment syndrome + OF/MOF 

   a Rau and Beger     (  2008a  )   

   Table 21.4    Necrotizing pancreatitis. Percutaneous catheter drainage ( a PCD): results of seven clinical prospective 
trials   

 Time of 
Publications 

 Patients 
 N   OF failure 

 Infected 
necrosis  Time to PCD  Successful 

 Need for 
additon surgery  Mortality 

 Hospital 
stay mean 

 1998–2009  305  207/305  17.6 day  197/305  92/305  55/305  27–89 day 
 46–75%  68%    65%  30%  18% 

   a Freeny,  Am J Roentgenol , 1998; Fotoohi,  Radiology , 1999; Navalho,  Clin Imaging , 2006; Mortabé,  Am J Reontgenol , 
2009; Baril,  Ann Surg,  2000; Bruennler,  World J Gastroenterol,  2008; Rocha,  Arch Surg , 2009  
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(Wysocki et al.  2010 ; Remes-Troche et al.  2006  ) . 
The randomized, prospective, controlled Dutch 
trial comparing minimal invasive drainage using 
the step up approach from a radiologically guided 
drainage to open necrosectomy to a primary open 
necrosectomy did not show any decrease in mor-
tality for the minimal invasive approach compared 
to open necrosectomy. This study did, however, 
show that post-operative onset of MOF and new 
post-operative diabetes (after 6 months) was 
decreased signi fi cantly in the group with the mini-
mal invasive step-up approach (Van Santvoort 
et al.  2010  )  compared to open debridement.        
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    22.1   Relevant Basic Information, 
Indications, 
and Contraindications 

 The diagnosis of acute pancreatitis is generally 
straightforward. The pillars of diagnostic evalua-
tion are the clinical history (abdominal pain, nau-
sea, vomiting) and serum amylase and lipase 
determination. We perform ultrasonography pri-
marily to assess for gallstones as the cause of the 
episode of pancreatitis, and to look for bile duct 
dilation as a possible sign of ongoing choledo-
cholithiasis – however, ultrasonography is of lim-
ited utility in evaluating the pancreas itself. 

 We agree that contrast-enhanced computed 
tomography (CT) is the most speci fi c imaging 
modality available for diagnosing acute pancrea-
titis. CT is rarely necessary for diagnosis, though 
CT may be valuable for excluding other poten-
tial sources of abdominal pain, assessing bil-
iary obstruction, identifying necrosis at an early 
stage, and for prognostication. We do not, how-
ever, perform routine “initial CT assessment” of 
patients in whom we con fi dently diagnose acute 
pancreatitis for several reasons. First, patients 
with severe pancreatitis often present with acute 
kidney injury which may be worsened by the 
administration of intravenous contrast agents. 
Second, there is some experimental and clinical 

evidence that intravenous contrast may contribute 
to the worsening of pancreatic necrosis. Finally, 
in our experience, many patients who will go on 
to develop extensive necrosis may lack obvious 
non-enhancement of the pancreatic parenchyma 
and have only edema evident on a CT performed 
at the time of presentation, as the authors allude 
to in Table  22.1  where they state, “early CT may 
underestimate the ultimate severity of pancreati-
tis.” Most of these patients will require a repeat 
CT early in their course (such as at 4–5 days, as 
the authors suggest) to determine the extent of 
necrosis. We  fi nd that an initial CT evaluation 
rarely alters our management during this initial 
period, while carrying some risk of possible 
harm. Recent studies have stressed the overuse 
of CT in necrotizing pancreatitis and outlined the 
very real dangers with regard to radiation expo-
sure and  fi nancial impact.  

 As the authors point out, antibiotic prophylaxis 
remains a matter of debate. Historically, the vast 
majority of our patients have received antibiotic pro-
phylaxis, usually with a carbepenem. Nevertheless, 
more recently we have trended away from the rou-
tine use of antibiotics because of the lack of proven 
ef fi cacy in Level 1, randomized studies. We agree 
that endoscopic retrograde cholangiography (ERC) 
should not be used routinely in cases of gallstone 
pancreatitis, but ERC is indicated if there is evi-
dence of biliary obstruction due to a retained gall-
stone in the common bile duct. 

 Management throughout the early phase of the 
systemic in fl ammatory response syndrome (SIRS) 
that accompanies acute pancreatitis so frequently 

    P.   Fagenholz ,  M.D.   (*) •     C.  F.-del   Castillo ,  M.D.  
     Department of Surgery ,  Massachusetts General Hospital, 
Harvard Medical School ,   Boston ,  MA ,  USA    
e-mail:  pfagenholz@partners.org   

      Commentary       

     Peter   Fagenholz        and    Carlos   Fernández-del   Castillo               



174 P. Fagenholz and C.F.-del Castillo

is generally non-operative. We attempt to use 
enteral nutrition whenever possible because its use 
has been associated with decreased rates of infected 
pancreatic necrosis. If nutritional needs cannot be 
met enterally, then parenteral nutritional support is 
utilized. The surgeon must remain involved closely 
throughout this phase of the illness because 
infected necrosis or abscess may intervene, and 
plans for treatment need to be made with an eye 
toward possible eventual operative intervention 
should a less invasive approach not be indicated. 

 Proven infected necrosis remains the one 
consensus indication for some formal necro-
sectomy in acute pancreatitis. Infected necrosis 
is demonstrated typically by either CT  fi ndings 

of extraluminal gas within areas of pancreatic 
necrosis or by staining and culture of specimens 
from CT-guided  fi ne needle aspiration (FNA) of 
areas of pancreatic or peripancreatic necrosis. It is 
important to note, however, that CT-guided FNA 
may have a 20–25 % false negative rate and even 
occasional false positives. We cannot overempha-
size the clinical observation that when faced with 
a patient with known pancreatic necrosis who is 
failing to improve, either in the critically ill phase 
(persistent organ failure, SIRS) or even as an out-
patient (low grade fever, failure to tolerate oral 
feeding, the so-called “persistent unwell”) the 
diagnosis of infected necrosis must be entertained 
and necrosectomy considered strongly, even after 
a negative FNA. Many of these patients will have 
infection demonstrated from the operative sam-
ples; in addition, we have found that many with 
sterile necrosis will nonetheless improve clini-
cally. As the authors point out, localized areas of 
infected necrosis can be treated sometimes with 
a combination of endoscopic and percutaneous 
drainage. More commonly, however, with exten-
sive peripancreatic necrosis, we maintain that 
operative necrosectomy is required. 

 Even in patients who have documented 
infected necrosis early in their course, we prefer 
to wait 4 weeks if possible from the onset of pan-
creatitis until operation. This delay in necrosec-
tomy allows the necrotic tissue to completely 
demarcate from viable pancreatic and retroperi-
toneal tissue, minimizing the risks of incomplete 
débridement, bleeding, and post-operative pan-
creatic insuf fi ciency. We developed this general 
policy after a review of our own data demon-
strated an optimal composite outcome score 
(including death, intensive care utilization, need 
for further operative or percutaneous procedures, 
and other major complications) if débridement 
was performed at 27 days. Waiting for a greater 
period of time did not confer added advantage.  

    22.2   Operative Technique 

 It is critical that a recent CT, preferably with oral 
and intravenous contrast, be available in the oper-
ating room to ensure that all areas with necrosis 

   Table 22.1    Pancreatic débridements for acute necrotizing 
pancreatitis performed from 2006 to 2010   

 Number (%) 

 Patients  67 
 Etiology  Alcoholic 23 (34 %) 

 Biliary 20 (30 %) 
 Unknown 9 (13 %) 
 Hypertrigyceridemia 5 (8 %) 
 Post-ERCP 4 (6 %) 
 Post-operative 4 (6 %) 
 Other 2 (3 %) 

 Indications  Infection 47 (71 %) 
 SIRS 9 (13 %) 
 Persistently unwell 6 (9 %) 
 Persistent pancreatitis 4 (6 %) 
 Hemorrhage 1 (1 %) 

 Microbiology  Infected necrosis 52 (77 %) 
 Sterile necrosis 15 (23 %) 

 Reoperation  11 (16 %) 
 Mortality  6 (9 %) 

   ERCP  endoscopic retrograde cholangiopancreatography, 
 SIRS  systemic in fl ammatory response syndrome 
  Indications : All patients had demonstrated necrosis. If 
infection was proven or strongly suspected, that was con-
sidered the primary indication for débridement. SIRS was 
considered the indication in cases where the decision to 
operate was based on the presence of necrosis without 
demonstrable infection in a patient with escalating, life-
threatening SIRS. Persistent pancreatitis denotes repeated 
episodes of acute pain with increases in serum amylase 
and lipase after the primary episode of necrotizing pan-
creatitis. The persistently unwell patient usually has 
chronic, low grade, but unresolving symptoms (e.g. intol-
erance of oral feeds, nausea, weight loss, abdominal pain, 
or fever) after an episode of necrotizing pancreatitis  
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or  fl uid recognized preoperatively are recognized 
and addressed intraoperatively. Manual blunt 
necrosectomy with closed packing is our pre-
ferred technique. We usually begin with a mid-
line incision. 

 Our primary approach to the lesser sac is 
through the transverse mesocolon (Fig.  22.1 ). We 
believe this approach offers a number of advan-
tages over an anterior approach into the lesser 
sac: 
    1.    It avoids a dif fi cult and time-consuming dis-

section of the stomach and omentum off the 
transverse colon, which is often densely adher-
ent due to in fl ammation in the lesser sac.  

    2.    By avoiding the risk of even small serosal tears 
to the transverse colon in a setting of infection 
and possible pancreatic  fi stula, this approach 
may decrease the risk of colo-cutaneous 
 fi stula.  

    3.    Entry through the base of the mesocolon 
allows drains to be placed in a dependent posi-
tion posterior in the lesser sac.     
 Commonly, the mesocolon to the left of the 

ligament of Treitz is thinned, allowing easy entry 
through this usually avascular region into the area 
of necrosis and  fl uid collection. The middle colic 
vessels are often thrombosed, but if they are pat-
ent and present an impediment, they can be 
divided, usually without sequelae. If left-sided 
collections in the retrocolic or pararenal spaces 
cannot be reached by this approach, they may 

require medial mobilization of the splenic  fl exure 
of the colon. If collections or necrosis surround-
ing the head of the pancreas cannot be reached 
via this left-sided approach, a second opening 
may be made in the right side of the transverse 
mesocolon. Care should be taken to remain ori-
ented to the position of the superior mesenteric 
vessels relative to the areas of necrosis when this 
approach is used. Right sided collections that 
cannot be reached via the transmesocolic 
approach can be exposed by mobilizing the 
hepatic  fl exure of the colon medially with the 
second and third portions of the duodenum as 
necessary. 

 While this anterior, transperitoneal, transme-
socolic approach is our primary technique, it is 
worth noting that in selected patients with a local-
ized retroperitoneal area of necrosis or  fl uid col-
lection, a primary retroperitoneal approach can 
be simpler and yield excellent results. In cases 
 fi tting this description, we prefer, if possible, to 
have a percutaneous drain placed by a totally ret-
roperitoneal access route. If this does not resolve 
the infection and débridement is required, a more 
limited incision can be made over the skin access 
point of the drainage catheter, and the catheter 
can then be followed into the area of necrosis. 
This operative approach to necrosectomy can 
also be done videoscopically. 

 Once areas of  fl uid and necrosis are exposed 
by any approach,  fl uid should be drained and 
devitalized tissue débrided bluntly. Dissection 
with  fi ngers combined with use of blunt, circular 
sponge clamps and vigorous irrigation allows sep-
aration of necrotic tissue from still viable tissue. 
All necrotic tissue should be removed and sent for 
microbiologic analysis. Sharp dissection should 
be avoided. Bleeding from cavity walls may be 
from granulation tissue or from major vascular 
structures. Bleeding from major vessels should be 
controlled with sutures if possible, but if exposure 
is dif fi cult, packing may be required. 

 Once all areas of necrosis have been drained 
and débrided thoroughly, we pack any resulting 
cavities with ¾ in. Penrose drains stuffed with 
gauze, and then place soft, silicone-rubber closed-
suction drains into each major extension of the 
cavity (Fig.  22.2 ). Each drain, Penrose or closed 

Finger dissections
of devitalized tissue

Transverse
colon

  Fig. 22.1    Blunt débridement of the lesser sac through the 
transverse mesocolon (Reproduced with permission from: 
Fernández-del Castillo et al.  (  1998  ) )       
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suction, is brought out through a separate stab 
incision in the abdominal wall and sutured to the 
skin.  

 If indicated, cholecystectomy is performed at 
the time of débridement. Bowel resection or 
diversion may be required if enteric  fi stula or per-
foration is present. Occasionally involvement of 
the splenic vessels may result in splenic infarc-
tion necessitating splenectomy. Rarely, decom-
pressive gastrostomy or feeding jejunostomy is 
also performed.  

    22.3   Additional Treatments 
and Procedures 

 Postoperative antibiotics are tailored to the cul-
ture results as they become available. We con-
tinue antibiotics usually for 10–14 days after 
débridement. Enteral feeding is preferred. Many 
patients can tolerate an oral diet. In those who 
cannot, nasogastric or nasojejunal tubes are 
placed as needed, or gastrostomy or jejunostomy 
feeding can be instituted. 

 The stuffed Penrose drains are left in place for 
1 week and then removed, usually at the rate of 

one drain every other day. Removal of these 
drains allows the packed cavity to close gradually 
and allows large particulate matter a route of 
egress. Closed suction drains are left in place 
until output is minimal, and there is no evidence 
of ongoing pancreatic  fi stula. Low output 
(<100 mL/day)  fi stulas may be managed by 
sequentially withdrawing the closed suction drain 
by 2 cm every week. This lengthening of the 
 fi stulous tract encourages closure of the  fi stula. If 
fever, abdominal pain, or inability to tolerate oral 
intake occurs during the process of sequential 
drain withdraw, abdominal CT is performed seek-
ing an intraabdominal collection. Regardless of 
the presence of a  fi stula, any patient who does not 
continue to improve after débridement should 
undergo abdominal CT scanning. In our experi-
ence, 30 % of patients will require subsequent 
percutaneous drain placement after débridement, 
so residual  fl uid collections should be sought 
actively if clinical progress is poor.  

    22.4   Results 

 Results from 2006 to 2010 are included in 
Table  22.1 . We have reported our results previ-
ously for 1990–2005 using the technique 
described above Rodriguez et al.  (  2008  ) . For that 
longer time period, our overall mortality in 167 
patients undergoing operative débridement was 
11 % (20 % in patients operated before 28 days 
vs. 5 % in patients operated after 28 days, 
 P  = 0.002). The reoperation rate was 13 % and the 
rate of post-operative percutaneous intervention 
was 30 %. The median post-operative duration of 
hospital stay was 19 days (range 4–195 days).  

    22.5   Summary 

 A comparison of our method for operative treat-
ment of necrotizing pancreatitis with that of the 
authors both demonstrates areas of growing con-
sensus, but also illustrates points of divergence 
in contemporary management of this disease. 
CT imaging for the identi fi cation of necrosis and 
planning of operative therapy, infected necro-

Stuffed
penrose drain

Jackson
-pratt drain

  Fig. 22.2    Packing of the cavity with stuffed Penrose and 
Jackson-Pratt drains (Reproduced with permission from: 
Fernández-del Castillo et al.  (  1998  ) )       
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sis as the primary indication for débridement, 
and delaying débridement to 4 weeks after the 
onset of symptoms whenever possible have taken 
hold as accepted principles of management. 
Nonetheless, considerable variability in prac-
tice likely persists regarding the role of débride-
ment in the persistently unwell patient without 
preoperatively proven infected necrosis, the 
role of minimally invasive drainage or débride-
ment techniques, and the technical approaches 
to open débridement. These areas require further 
research to optimize patient care in the interest-
ing and challenging disease.      
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          23.1   Introduction 

 Acute pancreatitis is a relatively common, 
potentially life-threatening disease, with annual 
costs exceeding $2 billion in the United States 
alone where more accurate estimates are avail-
able (Fagenholz et al.  2007 ; Shaheen et al. 
 2006  ) . Approximately 20 % of patients develop 
severe acute pancreatitis, de fi ned by organ fail-
ure or necrotizing pancreatitis (Banks and 
Freeman  2006  ) . Mild pancreatitis is associated 
with a mortality of 0–1 %, whereas the mortality 
of severe pancreatitis ranges from 15 % for the 
severe form without infection to as great as 30 % 
for those patients who develop infected necrosis 
(Besselink et al.  2009  ) . Sterile pancreatic necro-
sis and sterile peripancreatic collections can 
usually be treated conservatively. In contrast, 
secondary infection of necrosis – usually pre-
senting clinically 3–4 weeks after the onset of 
disease – requires some form of active interven-
tion in most cases (Besselink et al.  2009  ) ; if left 
untreated, mortality of infected necrosis 
approaches 100 % (Banks and Freeman  2006  ) .  

    23.2   Clinical Presentation 

 It is widely accepted to base the diagnosis of 
acute pancreatitis on two of the following crite-
ria: (a) severe abdominal pain, (b) serum amylase 
or lipase activity more than three times greater 
than the institution’s upper limit, and  fi ndings of 
acute pancreatitis on (c) contrast-enhanced com-
puted tomography (CECT) or magnetic reso-
nance imaging (MRI). Usually, the  fi rst two 
criteria are present for con fi rmation of the diag-
nosis, and CECT is required only in those patients 
who present after several days of abdominal pain, 
when the serum amylase and lipase levels have 
normalized or in patients with organ failure of 
unknown origin. CECT will often fail to demon-
strate the presence pancreatic necrosis and peri-
pancreatic collections in the  fi rst 72–96 h of 
disease. For con fi rmation of the presence of 
necrosis, intravenous, not oral, contrast adminis-
tration is required.

  Ultrasonography may show pancreatic swelling, 
but bowel gas can prevent adequate visibility of the 
pancreas.   

 In this early stage, abdominal ultrasonography 
is essentially inadequate and unreliable in visual-
izing the pancreas. Detection of gallstones in 
search of the cause of the disease represents the 
only potential indication for abdominal ultra-
sonography at this time point in the course of 
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acute pancreatitis. In order to detect necrosis, 
CECT or MRI are far superior. 

 Recent insights in pathophysiology have 
proven very helpful, not only for understanding 
the disease but also to serve as a justi fi cation for 
new forms of treatment. 

 Severe acute pancreatitis normally runs a 
biphasic course. The  fi rst phase is character-
ized by a systemic in fl ammatory response syn-
drome (SIRS) and lasts about 2 weeks. Infection 
of necrosis is rare in this phase, but other sys-
temic infections needing antibiotic treatment 
do occur during this phase of SIRS. In a recent 
study on 731 acute pancreatitis patients focus-
ing on the timing of infection and the time 
frame available for prevention of infection, 
bacteriaemia and pneumonia (ventilator associ-
ated) were diagnosed most often in the  fi rst 
week of admission, whereas infection of the 
pancreatic and/or peripancreatic necrosis 
became manifest clinically in about the fourth 
week of disease (Besselink et al.  2009  ) . Organ 
failure in this  fi rst phase of the disease is con-
sidered, therefore, not to be related to infection 
but rather to the effect of severe systemic 
in fl ammatory response. 

 The second phase of severe acute pancreati-
tis is characterized by a counteractive anti-
in fl ammatory response syndrome (CARS), a 
phase wherein the patient becomes (highly) 
susceptible to infection. Organ failure in the 
second phase of severe acute pancreatitis (the 
CARS phase) is related to infections, such as 
infected necrosis. During this second phase, the 
necrosis becomes encapsulated, most likely by 
a similar sort of process as the formation of an  
abscess. 

 The impact on treatment of this pathophysi-
ological concept is that in the SIRS phase there 
is essentially no place for surgery for the 
removal of (infected) necrosis, whereas in the 
second phase timing and type of intervention 
dominate treatment. The crucial elements in 
timing are: the moment of clinical manifesta-
tion of infection and the completion of 
encapsulation.  

    23.3   Predicting Severity 

   C-reactive protein levels over 150 mg/l, an APACHE 
II score greater than 8 in the  fi rst 24 hours, or per-
sistent organ failure in the  fi rst 24 hours, are estab-
lished, clinically useful predictors of severity….   

 The clinical course of acute pancreatitis is 
highly unpredictable and may vary from full 
recovery within a single day to multi-organ failure 
and mortality within the  fi rst day or two. There is 
considerable confusion on how these “predictive 
scoring” systems can be or should be used in clin-
ical practice, for several reasons: (1) there is no 
form of conservative or operative method to pre-
vent the disease from progressing from a mild to 
the severe form, other than aggressive  fl uid admin-
istration to prevent dehydration or a “low  fl ow 
state.” This approach may prevent development of 
multiple organ failure or small bowel ischemia, 
but controlled studies are not available. 

 The most frequently used scores and cut-off 
points are listed in Table  23.1 . If a patient meets 
one of the cut-off values for “predicted severe 
pancreatitis,” this only means that such a patient 
is at greater risk of developing the severe form of 
the disease. The clinical value of the stigma “pre-
dicted severe pancreatitis” is limited, because the 
positive predictive value (the chance of truly 
developing severe pancreatitis) is around 
50–70 %. With a negative predictive value of 
85–90 %, patients with predicted mild pancreati-
tis run a 10–15 % risk of developing the severe 
form of disease.  

 “Predictive scoring” and Classi fi cations 
Systems like the Atlanta Classi fi cation are indis-
pensable in clinical studies to inform the reader 
about the characteristics of the population under 
study, but these scores do not help the clinician in 
their dif fi cult task of taking care of the individual 
patient with severe acute pancreatitis.

  … and persistent organ failure in the  fi rst 24 hours, 
are established, clinically useful predictors of 
severity….   

 The same study on the timing of infection and 
the time frame available for prevention of infec-
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tion, showed that organ failure is not so much a 
predictor of severity, but it turned out to be the 
most important determinant for mortality in acute 
pancreatitis (Besselink et al.  2009  ) .  

    23.4   Classi fi cation of Severity 

 The updated Atlanta classi fi cation of acute pan-
creatitis continues to be developed. This 
classi fi cation may include a clinical subdivision 
into either  mild  or  severe  disease .  

 In the early phase, this subdivision is based on 
clinical parameters only, whereas in the weeks that 
follow, the development of complications prolong-
ing hospitalization, either requiring active interven-
tion (operative, endoscopic, laparoscopic, or 
percutaneous) or other supportive measures (such 
as need for respiratory ventilation, renal dialysis, or 
nasojejunal feeding) and morphologic changes on 
CECT, dominate the clinical picture. In this phase, 
classi fi cation relies on radiologic  fi ndings and is 
dominated by the presence or absence of intra- and/
or extrapancreatic collections and necrosis and 
whether these collections are infected or not.  

    23.5   Conservative Management 

 In the  fi rst phase of severe pancreatitis, adequate 
 fl uid resuscitation represents the mainstay of 
treatment (Mao et al.  2009 ). A  fl uid regime 

guided by urine output (goal 1 ml/kg h urine 
production) is suf fi cient in the initial phase, as 
long as organ failure is not present yet. In this 
phase of the disease, we maintain that there is 
no room for necrosectomy, radiologically, endo-
scopically, or operatively in an attempt to “turn 
the tide.” Intra-abdominal bleeding not able to 
be controlled by arterial coiling or development 
of the intra-abdominal compartment syndrome 
are the only reasons for operative intervention 
in the SIRS phase. 

    23.5.1   Management in the CARS Phase 
and Thereafter (2–12 Weeks) 

 When there has been no improvement or actual 
clinical deterioration after initial improvement, 
infection of the pancreatic and/or peripancreatic 
collections must be sought, excluded, or treated. 
In an attempt to anticipate on further deteriora-
tion, some groups have advocated weekly  fi ne 
needle aspiration (FNA) of the collection to 
con fi rm or exclude infection. Our group does not 
support this strategy. There is a risk of a false-
negative results, and infection may be introduced 
by FNA. Moreover, clinical deterioration, accom-
panied by a negative result of the FNA should not 
withhold the clinician from intervention. Based 
on a recent randomized controlled trial (RCT) on 
treatment of infected necrosis, we refrain from 
routine FNA, because 92 % of patients proved to 
have infected necrosis at the initial intervention, 
while only a small minority had infection discov-
ered only on FNA (Van Santvoort et al.  2010  ) . 
Gas in peripancreatic collections are, however, 
pathognomonic for infected necrosis. 

 Once the necrosis becomes infected, mortality 
increases dramatically from about 15 % to around 
30 %, so the prevention of infection is an ultimate 
goal of treatment in the early phase of the disease 
(Besselink et al.  2009  ) . 

 Systemic intravenous antibiotics, selective 
bowel decontamination, enteral probiotics and 
enteral nutrition all have been proposed to lessen 
the rate of infection.  

   Table 23.1    Most used predictive laboratory scoring 
systems in acute pancreatitis and their cut-off for pre-
dicted severe pancreatitis   

 Predictive score  Cut-off 

 APACHEII a  score   ³ 8 in  fi rst 24 h 
 BISAP b  score   ³ 3 in  fi rst 24 h 
 Modi fi ed Glasgow (or Imrie) 
score 

  ³ 3 in  fi st 48 h 

 Ranson score   ³ 3 in  fi st 48 h 
 Urea at admission  >60 mmol/L 
 C-reactive protein  >150 U/L in  fi rst 72 h 

   a  APACHE  Acute physiology and chronic health 
evaluation 
  b  BISAP  bedside index for severity in acute pancreatitis  
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    23.5.2   Systemic Intravenous 
Antibiotics 

 Many studies have addressed the effect of systemic 
antibiotic prophylaxis in lessening the rate of infec-
tious complications in (predicted) severe acute 
pancreatitis (De Vries et al.  2005 , Wittau et al. 
 2011 ). The initial, non-blinded, non-placebo con-
trolled, randomised trials suggested rather dramatic 
positive effects.

  …A Cochrane meta-analysis in 2006 described a 
decrease in mortality using prophylactic antibiot-
ics in necrotizing pancreatitis. For these reasons, 
the use of prophylactic antibiotics remains a viable 
option to us….   

 Enteral nutrition is hypothesized to decrease 
small bowel bacterial overgrowth by a positive 
effect on small bowel motility, which limits intralu-
minal bacterial overgrowth and by a positive effect 
on intestinal mucosal barrier function which 
decreases bacterial translocation. This cascade of 
events could lead to a decrease in infectious com-
plications (super infection by bacteria entering the 
systemic circulation) (Eckerwall et al.  2007 ; Petrov 
and Zagainov  2007 ; Petrov et al.  2009 , Petrov 
et al.  2010  ) . In predicted severe pancreatitis, we 
now start enteral nutrition by nasojejunal feeding 
if the patient is not expected to resume a normal 
diet within approximately 3 days. 

 The optimal route for the administration of 
enteral feeding – through a nasojejunal or a naso-
gastric feeding tube – has yet to be established. 
Two small, randomized trials involving 80 patients 
found no difference in tolerance for feeding and 
complications rates by either route of delivery. 
The overall mortality was rather high, and the 
studies may have missed relevant differences in 
complications, such as aspiration, due to their 
small size. Results of ongoing larger studies should 
be awaited before using nasogastric feeding rou-
tinely in patients with severe acute pancreatitis.  

    23.5.3   Selective Bowel 
Decontamination (SBD) 

 Only one RCT studied the value of SBD in acute 
pancreatitis (Luiten et al.  1995  ) . The study dem-
onstrated a decrease in mortality in the SBD 

group. Nevertheless, this therapy has not gained 
wide acceptance, but the data suggest that the 
concept of early intervention in the cascade of 
events – small bowel bacterial overgrowth, 
mucosal barrier failure, bacterial translocation, 
systemic infection – deserves further exploration .   

    23.5.4   Probiotics 

 Several studies including two small RCTs from 
Hungary suggested a bene fi cial effect of prophy-
lactic probiotics in predicted severe pancreatitis 
(Van Santvoort et al.  2008  ) . In the large Dutch 
probiotics trial (PROPATRIA) in patients with 
predicted severe acute pancreatitis, no effect on 
infectious complications was found; more worri-
some, however, was a more than twofold greater 
mortality rate in the probiotics group. Although 
there is no satisfactory answer yet to this puz-
zling outcome, at this stage it seems that the pro-
phylactic probiotics as administered in this study 
should no longer be given to patients with “pre-
dicted severe acute pancreatitis.”   

    23.6   The Role and Timing 
of Intervention 

 The large differences in outcome of series from 
the last decades illustrate a wide variation in the 
indication for intervention, technique, timing, 
and selection of patients included in the different 
studies. Most of the studies published are retro-
spective in nature and only two RCT’s have been 
conducted (Van Santvoort et al.  2010 ; Mier et al. 
 1997  ) :

   Differences in the indications for intervention: • 
this chapter shows clearly that the Magdeburg 
group also struggles with a clear description of 
the indications for intervention, illustrated by 
“early intervention (<3–4 weeks) or the opera-
tive treatment of sterile necrosis, should be 
reserved for select cases . ” These are two differ-
ent indications for intervention “early interven-
tion (<3–4 weeks)” and “the operative treatment 
of sterile necrosis . ” Early intervention for the 
treatment of necrosis without documented or 
highly suspected infection    has no place in our 
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opinion in the treatment of necrotizing pancrea-
titis early in the disease, even if the patient’s 
clinical condition is deteriorating. A small RCT 
on operative necrosectomy in this phase was 
performed in 1989. In this study, intervention 
within 72 h (“early”) was compared with opera-
tion after 12 (“late”) days (Mier et al.  1997  ) . 
The authors terminated the study prematurely 
because of a much greater, though not yet statis-
tically signi fi cant, mortality for operative inter-
vention within 72 h (58 vs. 27 %). After this 
study, operative necrosectomy as the primary 
therapy for acute pancreatitis in the absence of 
infection was essentially abandoned. Currently 
uncontrollable bleeding and abdominal com-
partment syndrome represent what we believe 
to be the only indications for operative inter-
vention in the  fi rst 2–3 weeks of the disease.  
  “The operative treatment of sterile necrosis, • 
should be reserved for select cases,” raises the 
question about patient selection. In our prac-
tice, sterile necrosis is treated by some form of 
interventional necrosectomy when causing 
persistent mechanical obstruction of the duo-
denum or the common bile duct, or when it’s 
leading to “failure to thrive” or what others 
have called “the persistent unwell.” There are 
no controlled series on this controversial topic, 
and many operative and endoscopic series 
reporting on technical success are a mixture of 
infected and sterile pancreatic and peripancre-
atic collections.  
  Other topics of debate are: “infection of pan-• 
creatic necrosis is a well-accepted indication 
for operative intervention” and “in contrast, 
infected necrosis does not mandate operative 
treatment.” We regard both of the statements 
as true in the sense that infection of necrosis is 
a well-accepted indication, but, indeed, not all 
infected cases need aggressive operative 
necrosectomy and some may not even require 
a more minimal access necrosectomy by per-
cutaneous, endoscopic or laparoscopic type 
interventions.  
  In the Dutch RCT on intervention in infected • 
necrosis, infection with signs of sepsis was 
the only indication for intervention and all 
attempts were made to delay intervention for 
30 days after onset of the disease. This 

approach led to an overall mortality of 17 %; 
the patients had a mean APACHE score of 15 
and an infection rate of 92 %. Several patients 
developed infected necrosis with signs of sep-
sis before 30 days of onset of the pancreatitis, 
but because the protocol called for delay of 
necrosectomy until at least 30 days after 
onset, operative intervention was successfully 
postponed to 30 days, with intravenous anti-
biotic support. There is also uncontrolled data 
showing that necrosis with gas on CECT, can 
disappear on occasion without any form of 
intervention.  
  The experience of the Magdeburg group in • 
2006 and 2007 is listed in   Tables 3.2     and   3.3    . 
These tables highlight another important fea-
ture of severe necrotizing pancreatitis; the 
Magdeburg group is a well-respected, experi-
enced center, yet still only about  fi ve cases are 
managed operatively each year. Many other 
centers have similar numbers and, conse-
quently, controlled studies from other expert 
centers are dif fi cult to conduct and need many 
years to be built up, thus the need for orga-
nized multicenter trials.  
  Differences in the techniques applied: the • 
Magdeburg group describes their experience 
with open necrosectomy, the “therapeutic 
 fl ow” (in Fig.   3.1    ) and the advantages of this 
approach. Their approach (“ fi nger fracture”) 
to open the necrotic collection is very similar 
to ours. When only a limited entrance to the 
collection is made, the cavity created after 
the necrosectomy can be closed adequately 
by suturing the opening closed using the 
greater omentum and the backside of the 
stomach, in order to create a closed system 
for continuous postoperative lavage; the 
drains can be guided out the right and left 
 fl ank. We prefer a limited opening to the 
lesser sac collection rather than a large open-
ing as shown on Fig.   3.5a    , because we feel 
that adequate lavage with large amounts of 
 fl uid is more important than attempts at com-
plete removal of all small remnants of necro-
sis in the far extremes of the often widely 
extending cavities. Creating a really closed 
compartment for lavage of the lesser sac, with 
infracolic extensions behind the right and left 

http://dx.doi.org/10.1007/978-3-540-74506-8_3#Tab2
http://dx.doi.org/10.1007/978-3-540-74506-8_3#Tab3
http://dx.doi.org/10.1007/978-3-540-74506-8_3#Fig1
http://dx.doi.org/10.1007/978-3-540-74506-8_3#Fig3
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colon – is crucial for successful long term 
lavage. The use of multiple drains is advis-
able for collections extending infracolically 
behind the right and left colon; non-produc-
tive drains can easily be removed early. We 
stop the lavage when the cavity has collapsed 
and not “when the draining  fl uid has become 
clear.” When the sinogram demonstrates col-
lapse of the cavity, we stop the lavage and 
remove the drains step-by-step over a period 
of 7–10 days.  
  The statements of the Magdeburg of “some • 
groups utilize radiologic percutaneous drainage 
or laparoscopic or endoscopic techniques” and 
“at this time, minimally invasive necrosectomy 
is far from the standard practice in treating many 
patients requiring necrosectomy” are important, 
because their approach to this disease illustrates 
that any operative or nonoperative approach and 
any operative technique, once adopted with 
clinical results apparently accepted by experi-
enced clinicians like the Magdeburg group, can 
only be “attacked” successfully and replaced 
new techniques, when successfully tested in 
controlled studies. Recent studies, however, do 
show that “minimally invasive necrosectomy 
is” not all “that far from the standard practice.” 
The RCT from the Netherlands (Van Santvoort 
et al.  2010  )  and a recently published systematic 
review (Van Baal et al.  2011  )  show that about 
30–55 % of patients may need no further treat-
ment after successful percutaneous catheter 
drainage. So, percutaneous or transgastric cath-
eter drainage (PCD or TCD), has now become 
our accepted  fi rst step of interventional treat-
ment for patients with infected pancreatic necro-
sis. If PCD/TCD is not successful, operative or 
endoscopic (Seifert et al.  2009 ) necrosectomy is 
the next step. Controlled studies have to show 
which operative approach or technique is the 
best option, the videoscopic-assisted retroperi-
toneal debridement (Horvath et al.  2001 , Van 
Santvoort et al.  2007 , Horvath et al.  2010 ), a 
laparoscopic approach (Raraty et al.  2010  ) , 
endoscopic (Papachristou et al.  2007  )  or open 
necrosectomy (this chapter). Probably a tailored 
approach depending on patient condition and 
the extent and location of the necrosis after fail-

ure of PCD/TCD will be the future approach.  
  Differences in timing of operative intervention: • 
in the Dutch RCT (Van Santvoort et al.  2010  ) , 
delay of necrosectomy until at least 4 weeks 
after onset of disease was adhered to rigidly, 
because this time interval was based on a study 
showing that waiting for 4 weeks improved out-
come in terms of mortality (…). In the Dutch 
RCT, it was found that at 2–3 weeks encapsula-
tion was often incomplete and that after waiting 
another 10 days or 2 weeks, encapsulation of 
the necrotic collection matured, thereby allow-
ing a safe necrosectomy. Therefore, based on 
this experience, we maintain that planning some 
form of necrosectomy at 3 weeks, because “pan-
creatic necrosis is usually well demarked after 
about 3 weeks from onset of acute pancrea-
titis…” may not be the best strategy. We fully 
agree with the statement “demarcation is of par-
amount importance” and that indeed “removing 
the well-demarked necrosis reduces the risk of 
bleeding and preserves still vital parenchyma.” 
If, in some cases, in the RCT, demarcation or 
encapsulation was completed at 2 weeks, we 
still waited for another 2 weeks, under antibi-
otic coverage to protect against bacteriaemia 
and sepsis. Currently, a strategy of “wait and 
encapsulate” has well-documented advantages, 
but the exact and optimal interval needs further 
determination.         
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 After many years in the learning process, our 
therapeutic guiding principle has become that 
interventional procedures in patients with severe 
acute pancreatitis (AP) should be directed 
speci fi cally at treating or ameliorating complica-
tions and the risk of recurrent AP. Open opera-
tions have now little place in this approach. 

 Once the diagnosis of acute pancreatitis (AP) 
has been established, usually by the combination 
of clinical presentation and increased blood amy-
lase >3 times the upper limit of normal, efforts 
should focus on treating the pain, hypovolaemia, 
and hypoxaemia. Patients with evidence of organ 
dysfunction (based on the modi fi ed Marshall 
Score which omits the hepatic index) are admit-
ted to our surgical high dependency care unit or 
the respiratory intensive care unit as appropriate. 

 Checks to identify etiology by ultrasonogra-
phy for gallstones and biochemical checks for 
hyperlipidemia and hypercalcemia are routine. 
Lipase measurements are done rarely. 

 CT is performed very early in the admission 
only when there is real diagnostic doubt regard-
ing the diagnosis of AP and to exclude vascular 
or visceral complications. We place less emphasis 
on obtaining a staging CT to determine location 
and extent of pancreatic necrosis, because this 
does not affect early management. Patients with 

major renal compromise have contrast enhanced 
CT delayed or occasionally performed with no 
contrast. 

 Magnetic resonance imaging (MRI) has little 
role in the early management but does provide 
additional accurate information on the presence 
of common bile duct stones and the content and 
location of post acute  fl uid collections more pre-
cisely than CT scan. 

 Nutritional support is routine in patients with 
severe AP, preferably by the nasoenteric route. 
We showed in a prospective, randomized study of 
patients with objectively graded severe AP that 
nasogastric (NG) feeding was as effective and 
safe as nasojejunal (NJ) feeding. Therefore, we 
initiate NG feeding switching to NJ feeding or 
occasionally intravenous parenteral nutritional 
support for the small proportion of patients who 
do not tolerate proximal or distal enteric feeding. 

  Prophylactic antibiotics  are not used routinely 
in patients who are admitted directly to our care, 
based on the outcome of the largest two multi-
centre studies which showed no distinct bene fi t to 
the patients. In contrast, tertiary referral patients 
from other hospitals who have already been pre-
scribed antibiotics prior to transfer will have the 
course completed (target total treatment of 
7 days) after their transfer to Glasgow Royal 
In fi rmary. Antibiotics would then be stopped and 
only prescribed thereafter for speci fi c indications 
based on microbiologic culture results. 

 There is little role for early endoscopic retro-
grade cholangiopancreatography (ERCP) and 
sphincterotomy in patients with gallstones and 
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mild pancreatitis. The exceptions are patients 
rated too un fi t to have a laparoscopic cholecys-
tectomy. Emergency endoscopic sphincterotomy 
can be required in patients with an impacted stone 
in the ampulla of Vater and those with accompa-
nying cholangitis. 

 De fi nitive management of cholelithiasis to 
minimize the risk of recurrent AP either by lap-
aroscopic cholecystectomy or endoscopic sphinc-
terotomy (with common duct stone clearance) 
will usually be scheduled during the same admis-
sion to hospital. 

 In severe AP with acute  fl uid collections ± 
pancreatic and peripancreatic necrosis, the tim-
ing of the clearance of the gallstone hazard will 
be determined by the intention of combining lap-
aroscopic cholecystectomy with any other indi-
cated operative intervention under the same 
general anaesthetic. 

 In our international clinical practice, we have 
for many years had 3–4 senior surgeons within 
our own team who are expert in therapeutic endo-
scopic procedures via the sphincter of Oddi. We 
do not use emergency endoscopic retrograde cho-
langiopancreatography (ERCP) with sphinctero-
tomy in AP, except for the small number of 
patients with an impacted ampullary stone and 
those with accompanying cholangitis. 

 Patients who are systemically the most ill 
present with early (<48 h) SIRS driven multiple 
organ failure with a mortality in the 30–50 % 
range, or later (7–28 days) with sepsis-associated 
organ failure. Both groups are very poor candi-
dates for open surgery. 

  We consider early operation to be avoided  in 
the most severely ill patients with AP; in particu-
lar, there is little evidence to support the use of 
decompressive laparotomy for abdominal com-
partment syndrome. Such operations may pro-
duce transient improvements in cardio-vascular 
and biochemical parameters, but no associated 
improvement in mortality and often lead to 
dif fi cult abdominal wall hernias. 

 Within the sepsis group, the guiding principle 
for us since 1998 has been to strive primarily to 
downgrade this later septic process associated 
with severe AP by means of a multi-modality 
approach utilising:

    (a)    CT-guided catheter drainage alone or  
    (b)    Percutaneous minimally invasive operative 

drainage or  
    (c)    Endoscopic ultrasonography-guided transgas-

tric drainage.     
 Immediate gram stain and speedy culture of 
organisms will guide further antibiotic therapy.
    (a)     Repeated CT catheter drainage of pus  can, on 

occasion, prove to be effective therapy in some 
patients with infected peripancreatic necrosis.  

    (b)    More frequently our experience is that percuta-
neous catheter drainage alone, whilst resulting 
in immediate improvement, is insuf fi cient to 
obtain long-term control of the sepsis and, in 
these patients, the drain tract (most often in the 
left mid axillary line, Fig  24.1 ) is dilated to 
10 mm diameter, allowing a formal, percutane-
ous necrosectomy using a rigid nephroscope. 
A large, soft, polyethylene out fl ow drain is left 
in the peripancreatic area with an attached 8 
FG in fl ow umbilical catheter to permit contin-
uous post operative closed lavage.   

    (c)    More recently, patients with centrally placed 
infected collections adjacent to the posterior 
wall of the stomach have undergone EUS-
guided cyst gastrostomy with the tract and 
drainage being maintained by the use of mul-
tiple pigtail stents and a nasocystic lavage 
catheter. Tract dilation and formal transmural 
exploration and debridement of the necrotic 
cavity may be performed later.     

  Fig. 24.1    CT of patient with infected pancreatic and 
peripancreatic necrosis with  yellow arrows  indicating the 
commonly used left side percutaneous and less frequently 
used right oblique drainage routes       
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 In both the approaches outlined in (b) and (c) 
above, the major focus at the initial procedure is 
to obtain effective drainage of pus in order to 
downgrade severity of illness. Some friable 
necrotic tissue may be removed easily; however, 
post procedural continuous lavage with body 
temperature isotonic  fl uids is an important aspect 
of both these techniques. This approach enables 
easier removal of necrotic infected tissue at sec-
ond and subsequent procedures. 

 In approximately 10 % of patients treated 
using the nephroscopic, left lateral abdominal 
retroperitoneal technique, an additional more 
anterior, right-sided percutaneous approach may 
be indicated by CT imaging to access infected 
pockets around the head of pancreas (Fig.  24.1 ). 
Since the original technique, we  fi rst described in 

the Annals of Surgery in 2000 in a small number 
of patients, the standard nephroscopes are no lon-
ger used, because wider (12-mm diameter) 
modi fi ed nephroscopes (made by Olympus) have 

Balloon inflater

Irrigation set up Operating nephroscope
and sheath

30 FG Balloon catheter 30 FG Trocar + sheath  Fig. 24.2    PN – dilatation 
system, rigid dilator 
equipment plus dilator (Cook 
Medical) utilised for 
minimally invasive 
necrosectomy       

  Fig. 24.3    PN – nephroscope, view from the left shoulder 
area of a patient with nephroscope inserted through the 
left  fl ank       

  Fig. 24.4    PN – necrosis in grasper, peri-pancreatic 
necrotic tissue extracted by grasper via left  fl ank approach 
and viewed from the patient’s left hip area       
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been our choice (Figs.  24.2 ,  24.3 , and  24.4 ). 
These nephroscopes permit easier employment 
of the more standard, minimally invasive surgical 
instruments to remove infected necrotic tissue as 
well as to introduce the vascular clip applicators 
when needed.    

 Pancreatic  fi stula may occur associated with 
percutaneous necrosectomy and usually close 
eventually and spontaneously or aided by the place-
ment of an endoscopic transpapillary pancreatic 
duct stent. Enteric  fi stulas are managed by a variety 
of means, including parenteral nutrition, NJ feed-

ing, and a defunctioning ileostomy contingent on 
the site of the  fi stula. 

 Both intra-operative and spontaneous intrac-
avity hemorrhage associated with severe AP are 
best treated by an interventional radiology 
approach. 

 In order to illustrate the extent of the transfor-
mation of our approach in the therapy of over 100 
patients with infected pancreatic and peripancre-
atic necrosis since 2003–2011, we have resorted 
to an open operative necrosectomy in only one 
patient.      
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    25.1   Diagnosis and Severity 
Assessment 

 The diagnosis of those cases of acute pancreatitis 
that need treatment is seldom a problem. Almost 
all patients in our Swedish practice that have the 
severe form is very obvious: ill already when they 
arrive in the emergency ward, lying  fl at on the 
back with little movements, shallow breathing, 
paleness, low blood pressure, almost somnolent, 
and with dif fi culties speaking and giving a proper 
medical history. These patients all have a short 
(some hours to almost a full day) history of ill-
ness, and the symptoms have very rapidly wors-
ened. After half a day, many of the patients are 
desperately ill, and for those not arriving at hos-
pital, there is a substantial risk of dying 
(Andersson and Andrén-Sandbder  2003  ) . The 
diagnosis in the emergency room is seldom 
dif fi cult for an experienced physician, whereas 
for the younger colleges it might be a problem to 
consider the diagnosis in the broad category of 
abdominal catastrophes. The only real differen-
tial diagnoses are perforation of the upper intesti-
nal tract (ischemia of the small bowel, perforated 
ulcer etc.) or atypical myocardial infarction. In 
these cases, the difference in accuracy of amylase 
and lipase measurements are not important, but it 
may be noted that there are cases without any 

increases in these enzyme activities. It should 
also be noted that a high severity grade of pain is 
not a sign of severe pancreatitis, rather the other 
way around; for the patients with severe acute 
pancreatitis, most of the pain has faded away or 
the patients cannot express the feeling of pain 
due to their overwhelming illness when they 
arrive in hospital or are transferred from a smaller, 
less acute hospital or emergency room. 

 It is unusual that patients arrive to hospital 
with symptoms that indicate mild acute pancrea-
titis that only later develops into the severe form. 
In a few patients, aggressive  fl uid therapy may 
prevent a borderline pancreatitis from developing 
into a severe form of pancreatitis, and thus the 
importance of rapid diagnosis and treatment/
resuscitation (Gardner et al.  2009  ) . 

 The only patients with severe acute pancreati-
tis who present differently are those induced with 
ERCP. From a scienti fi c point of view, ERCP-
induced pancreatitis is an interesting model for 
study of the pathogenesis of the pancreatic pro-
cess. These patients usually have pain beginning 
in a few hours after the ERCP, and then rather 
rapidly increasing (Badalov et al.  2009  ) . Some 
patients have pain immediately after the ERCP 
due to the large volume of air insuf fl ated during 
the procedure which might result in bowel dis-
tention and painful spasm. In addition to pain, 
asymptomatic increases in the amylase and/or 
lipase often occur after ERCP, with no clinical 
sequelae. Post-ERCP pancreatitis may, how-
ever, be suspected in any patient who develops 
increasing pain within 6 h of the procedure, and 
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especially when the symptoms escalate pro-
gressively and become full-blown at 12 or 18 h 
after the ERCP. Symptoms are much less likely 
to begin after 12 h from the procedure – if the 
patient is well 12 h after the ERCP, the risk of an 
post-ERCP-pancreatitis is negligible. 

 Taken together the diagnosis and severity 
assessment in severe forms of acute pancreatitis 
seldom is a problem.  

    25.2   Aspects on Non-medical 
Treatment of Patients with 
Severe Acute Pancreatitis 

 It must be understood upfront that there is really 
no speci fi c treatment of severe acute pancreatitis. 
There is, however, a need for sharp surveillance 
for early recognition and treatment of complica-
tions. These are partly unpredictable and partly 
predictable. In almost all patients, severe acute 
pancreatitis has some impact on the lungs 
(decreased space due to the distended abdomen, 
atelectasis due to insuf fi cient breathing and sur-
factant, pleural  fl uid, and pneumonia), the kid-
neys (oliguria or anuria), the intestines (adynamic 
ileus), the cardiovascular system (depression of 
myocardial function due to cytokines negative 
in fl uence and displacement of intravascular  fl uid 
into cellular interstitium leading to hypovolemia), 
and systemic metabolism (hyperglucosuria, 
hypocalcemia etc.). All these effects need to be 
anticipated with tight monitoring of physiologi-
cal and laboratory parameters. 

 Despite the origin from the pancreas and he 
injury to the pancreatic parenchymal cells con-
taining the enzymes, there is no need to follow 
the amylase or lipase levels, and CRP is almost 
always too closely followed. From an imaging 
point of view, CT is seldom needed to make the 
diagnosis, and as initially the kidneys often chal-
lenged, intravenous radiologic contrast agents 
should not be given if not necessarily needed. 
Also the initial hypotension may lead to an image 
of hypoperfusion of the pancreas that may be 
mistaken for necrosis. Thus, CT should be post-
poned until a complication potentially requiring 
active intervention is suspected, usually after the 

 fi rst week. We do not use prophylactic antibiotics 
– but of course we treat pneumonias, urinary tract 
infections etc. with antibiotics. 

 In a small portion of patients with severe acute 
pancreatitis, prolonged hypoperfusion may be 
the difference between the development and/or 
progression of necrosis or not. It is well docu-
mented that volume depletion and increased 
hematocrit are associated with poor prognosis in 
acute pancreatitis. Therefore, we focus on aggres-
sive  fl uid treatment as soon as possible when a 
patient with predicted acute pancreatitis arrives 
in the emergency room. Patients with severe acute 
pancreatitis who do not receive at least one third 
of their initial 72-h cumulative intravenous  fl uid 
volume during the  fi rst 24 h are at risk for greater 
mortality than those who are resuscitated more 
aggressively. Changes in stroke volume, radial 
pulse pressure, and peak velocity of femoral 
artery  fl ow induced by passive leg raising are 
accurate indices for predicting  fl uid responsive-
ness in nonintubated patients with severe acute 
pancreatitis (Préau et al.  2010  ) .  

    25.3   Comments on the Operative 
Technique of Necrosectomy 

 Traditional open operative necrosectomy for treat-
ment of infected pancreatic necrosis is associated 
with high morbidity and mortality, leading to a 
shift during the last decade toward minimally 
invasive endoscopic, radiologic, and laparoscopic 
approaches. Percutaneous drainage may be useful 
as a temporizing method to control sepsis and as 
an adjunctive treatment to later operative inter-
vention; solely percutaneous techniques without 
some form of necrosectomy are limited, however, 
because of the requirement for frequent catheter 
care and the need for repeated procedures – these 
approaches seldom lead to cure. Endoscopic 
transgastric or transduodenal therapies with endo-
scopic debridement/necrosectomy have been 
described recently, are highly successful in 
selected patients, avoid the need for open necro-
sectomy, and can be used in poor operative candi-
dates. Laparoscopic necrosectomy is also 
promising for treatment of pancreatic necrosis, 
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but the need for inducing a pneumoperitoneum 
and the potential risk of infection limit the useful-
ness of a truly “laparoscopic” transabdominal 
approach in patients with critical illness. In con-
trast, the retroperitoneal access with a nephro-
scope or a “modi fi ed” laparoscope is used to 
approach the necrosis directly with complete 
removal of the necrosis. Retroperitoneal drainage 
using the delay-until-liquefaction strategy also 
appears to be successful to treat pancreatic necro-
sis. The anatomic location of the necrosis, clinical 
comorbidities, and operator experience determine 
the best approach for a particular patient 
(Navaneethan et al.  2009 ; Babu et al.  2010  ) . We 
have, however, used minimally invasive proce-
dures to manage pancreatic necrosis only in spe-
cial cases due to good results of utterly conservative 
treatment policy (though including repeated per-
cutaneous drainages) and open surgery. 

 For open surgery, which we postpone as long 
as possible to be able to remove all the necrotic 
tissue during one session when the  fi brotic wall 
has matured, a recent CT for a “road map” of the 
necrosis is always required. For this kind of oper-
ation, we always use two experienced surgeons; 
all hands and brains may be required. Because 
our elective pancreatduodenectomies through a 
midline incision, we prefer this incision for the 
necrosectomies to be as familiar as possible with 
the view of the anatomy (Fig.  25.1 ). In these 
cases, there is never an option to perform small 
incisions; the operation may be dif fi cult enough 
through large incisions, and we believe it wise to 
have as many options as possible should bleed-
ing occur. Access to the lesser sac is chosen with 
regard to the CT picture and is usually obtained 
through the transverse mesocolon and into the 
retrogastric retroperitoneum. First a small entry, 
often using blunt fracture, is made into the 
most bulging place. After the  fi rst drainage of 
pus or “dirty”  fl uid, a  fi nger is put gently into 
the necrotic cavity to evaluate the extent of the 
necrosis and the quality of the  fi brotic wall. It 
should be understood that in most cases, a con-
siderable part of the necrosis is peripancreatic – 
it is not only the pancreatic tissue that is dead. If 
there has been a suf fi cient time since the necrotic 
process started the necrosis is well demarcated 

and leaves the wall of the cavity/collection after 
gentle traction. Much of the necrosis can be 
peeled or dissected bluntly by the  fi nger and 
almost all of the rest can be removed with the 
suction device used judiciously (Fig.  25.2 ). The 
point of open surgery is to explore and debride 
all necrotic collections in total. That means that 
after removing the  fi rst 50–100 g of necrosis, it 
is obvious where more is to be found. The front 
wall of the necrotic cavity can then be opened 
up with diathermy with little risk of unexpected 
bleeding. Most often that means a transverse 
incision through the transverse mesocolon for 
20 cm or more, exposing the whole pancre-
atic compartment. Care is taken to try to avoid 
injuring the middle colic artery. Commonly, the 
necrosis extends down on both psoas’ muscles, 
and the paracolic gutters should be opened and 
explored. In the majority of cases, it will end 
up with a retroperitoneal incision of 40–50 cm. 
All necrotic tissue can then be removed with 
limited bleeding, and usually with a need for a 

  Fig. 25.1    Calci fi cation in omenum majus at opening of 
the abdomen in a patient with severe pancreatitis       

  Fig. 25.2    Necrotic material 6 weeks after a necrotic 
acute pancreatitis       
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later revi sion. Drains are put in the cavity (usu-
ally four or more), and a feeding jejunostomy is 
placed. Pancreatic necrosectomy may be com-
bined with cholecystectomy when the etiology 
is gallstone-related if access and mobilization 
are thought to be safe. Postoperative closed 
irrigation has been performed with wide bore 
drains placed in the lesser sac through separate 
small incisions in some cases. Necrotic material 
is sent to a laboratory for culture.   

 These patients are always in a septic condition 
at the end of the operation, but this will fade away 
during a few days together with a gradually 
diminishing CRP. 

 At the Karolinska University, the aim of the 
open necrosectomy is to remove  all  necrotic tissue 
during  one  surgical session; i.e. we do not neces-
sarily support the approach of staged necrosectomy 
proposed by Bradley (Bradley  1993  ) . Our state-
ment means that there is always an attempt to post-
pone the necrosectomy for at least 6 weeks – preferably 
8 weeks – to allow the development of a clear 
demarcation line between the necrotic and the via-
ble tissue. These weeks are not always easy for the 
patient or the surgeons, but because earlier opera-
tive intervention almost always leads to repeated 
laparotomies considerable efforts must be made 
get the patient through this dif fi cult time-period. 

 Although the surgeon usually thinks that a sub-
stantial part – or almost all – of pancreas has been 
removed, it is surprising how often that patients end 
up without endocrine or exocrine insuf fi ciency.  

    25.4   Adjuvant Treatment to Surgery 

 It is important to understand that all kinds of sur-
gical approaches to the treatment of necrotizing 
pancreatitis are only one part of the wider picture 
of treatment. That means that both before and 
after necrosectomy, all possible pathophysiologic 
aspects should be monitored and if necessary 
corrected appropriately. 

 Antibiotics should be given only after thorough 
consideration – at Karolinska after consultation 
with experts on antibiotic treatment, we maintain 
that sooner or later almost all patients will eventu-
ally develop some form of an overt infection, and 

then there must still be available effective antibi-
otics according to the results of cultures. We do 
not search actively for evidence of infection using 
 fi ne needle aspiration to get material for culture 
but rather prefer to wait until the need for opera-
tive intervention or until there are clinical signs 
of sepsis. No prophylactic antibiotic treatment is 
used. In some cases, there will be fungemia after 
some weeks of antibiotics treatment, and cultures 
for fungus are therefore taken regularly after ther-
apy with broad-spectrum antibiotics have been 
instituted (Trikudanathan et al.  2011  ) . 

 Of course the  fl uid balance must be monitored 
and corrected continuously. Also, renal and pul-
monary functions are evaluated and supported if 
necessary. 

 These patients always have a negative energy 
balance, and their degree of injury is comparable 
to the huge de fi cits of burn injuries. The patients 
need vitamins and trace elements (which are 
given routinely without measuring the actual 
de fi ciencies), and they need energy (i.e. calories 
 and  extra protein). Parenteral nutrition is insti-
tuted intravenously as soon as the patient arrives 
at the intensive care unit. The patient will then 
also have a nasogastric tube inserted to prevent 
vomiting, and as soon as there are no problems 
with gastric retention of  fl uids, enteral nutrition is 
started. Sometimes it can be started somewhat 
earlier if a nasojejunal tube can be inserted, but it 
has been shown that in most cases, enteral feed-
ing through the stomach functions just as well 
(Eatock et al.  2005  ) . We use a step-up protocol 
with 25 mL/h the  fi rst day, and than 25 mL/h 
more each day until 100 mL/h is reached. When 
the patient can deal with that without stomach 
retention (with risk for aspiration if not on a ven-
tilator) or severe diarrhea (Petrov and Whelan 
 2010  ) , the total energy demand is given over 
fewer hours, i.e. the stomach and small intestine 
should “rest” at night time.      
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 As discussed by Drs. Mantke and Lippert, the 
management of severe acute pancreatitis has 
changed markedly over the last several decades 
as we have come to understand more about the 
development and progression of necrotizing pan-
creatitis. Probably the biggest change/advance 
has been the move from an initial early and 
aggressive operative intervention/necrosectomy 
(Beger et al.  1982 ; Farrugia et al.  1993  )  to one 
of a more supportive, observational attempt at 
avoiding, if possible, any operative or interven-
tional procedure in patients with sterile necrosis 
and delaying the timing of operative intervention 
to 3–4 weeks after onset of the disease, even in 
those with infected necrosis (Kendrick and Sarr 
 2005  ) . This latter approach involves the use of 
targeted antibiotic treatment in patients with doc-
umented infected necrosis to prevent the systemic 
bacteremia and overwhelming sepsis and thereby 
to allow the local area(s) of infected necrosis to 
become “walled off” by the host response. By 
doing so, the eventual operative approach allows 
again a targeted necrosectomy in a contained 
area with much less postoperative morbidity 
and mortality. In addition, some patients avoid 

any operative or even radiologic intervention, 
because the disease process resolves spontane-
ously; how often such a phenomenon occurs, 
however, is unknown despite anecdotal reported 
experience (Runzi et al.  2005 ; Garg et al.  2010 ; 
Sarr and Seewald  2010  ) . 

 Nevertheless, in our institution, the need for 
the classic, transabdominal, open necrosectomy 
has diminished tremendously, related in large 
part to a more aggressive policy of delay, possi-
bly allowing a percutaneous approach to drain-
age/irrigation/necrosectomy or more commonly, 
to an endoscopic, transgastric/transduodenal 
necrosectomy in selected patients(Papachristou 
et al.  2007  ) . We are lucky to have a group of 
extremely talented and aggressive interventional 
endoscopists who access the area of “walled off 
necrosis”, whether infected or sterile, usually 
transgastrically, “drive” the endoscope into the 
necrosis, and attempt an actual necrosectomy 
using baskets, wires, etc., to pull the necrotic 
material back into the stomach. This approach 
does not require a general anesthetic and avoids 
the morbidity of a celiotomy, but this approach 
may require 2–4 subsequent re-interventions to 
obtain a satisfactory necrosectomy. This true 
NOTES procedure ( N atural  O ri fi ce  T rans 
 E ndoscopic  S urgery) has proven to be about 
75–80 % successful, and may, on occasion, also 
involve the joint involvement of our interven-
tional radiologists as well. 

    M.  G.   Sarr ,  M.D.  
     Division of Gastroenterologic and General Surgery , 
 Mayo Clinic, College of Medicine ,
  Rochester ,  MN   55902 ,  USA    
e-mail:  sarr.michael@mayo.edu;   
  frank.deborah@mayo.edu   
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    26.1   Diagnosis of Acute Necrotizing 
Pancreatitis 

 At our institution, unlike at Magdeburg, we prefer 
serum amylase over lipase. Although lipase assays 
should in theory be universal, amylase activity has 
always been more sensitive and especially more 
speci fi c for us in our institution. For imaging, we 
have favored contrast-enhanced computed tomog-
raphy (CECT) over magnetic resonance imaging 
(MRI). Our preference involves cost, ready avail-
ability, and better integration with all treating dis-
ciplines. While several European centers argue that 
MR not only provides all the same information as 
does CECT  and  additional data such as the differ-
entiation of solid from liquid material in peripan-
creatic collections, our group maintains that most 
all (if not  all !) peripancreatic collections in patients 
with acute necrotizing pancreatitis are areas of 
necrosis and not areas of peripancreatic  fl uid or 
pseudocysts; and, therefore, imaging by CECT is 
adequate, easier to obtain, cheaper, and most every 
clinician can read a CT as opposed to a MRI.  

    26.2   Use of Prophylactic Antibiotics 

 Prior to the two most recent prospective studies 
(Isenmann et al.  2004 ; Dellinger et al.  2007  ) , we 
had used prophylactic antibiotics routinely in 
most all patients with severe acute pancreatitis. 
But more recently, our infectious disease col-
leagues have been less convinced of the ef fi cacy 
of routine prophylaxis. Moreover, the bacteriol-
ogy of infection in patients treated with prophy-
lactic carbapenems has changed from largely 
coliforms ( Klebsiella  and  E. coli  species) to 
 Staphylococcus  and  Candida  species (Grewe 
et al.  1999  ) ; these organisms can be more dif fi cult 
to eradicate. More recently, we have not been con-
vinced that any evidence-based guidelines for the 
selective use of prophylactic antibiotics have been 
proven; therefore, we tend to treat only patients 
with ERCP-induced pancreatitis and patients with 
gallstone-induced pancreatitis and evidence of 
biliary obstruction (and thus bacteriobilia) with 
prophylactic imipenem for 2–4 weeks depending 
on their clinical course. Not only do we obtain 

frequent surveillance blood cultures, but we are 
also not hesitant to perform FNA ( fi ne needle 
aspiration) to determine the organisms involved in 
the infected necrosis; this approach allows us to 
focus the antibiotic treatment/suppression in an 
attempt to delay the timing of operative or endo-
scopic intervention. Moreover, we will use percu-
taneous catheters to “drain” any areas that have a 
more liquid-based collection, again in an attempt, 
not as de fi nitive therapy, but rather to delay the 
timing of a de fi nitive necrosectomy.  

    26.3   Operative Management 
of Necrotizing Pancreatitis 

 There are four basic operative techniques for the 
necrosectomy and the postoperative management 
of the bed of the pancreas and retroperitoneum: 
open marsupialization (Davidson and Bradley 
 1981  ) , closed drainage (Warshaw and Gongliang 
 1985  ) , postoperative lavage (Beger et al.  1988  )  as 
used by Mantke and Lippert in their chapter, and 
the staged reoperative approach with eventual 
abdominal wall closure over closed suction drains 
as used by our group (Tsiotos et al.  1998  ) . There 
are advantages and disadvantages of each 
approach. In our practice, we have used all four 
approaches, depending on the clinical situation 
and patient comorbidities. 

  Early Necrosectomy  £ 3 weeks after onset of 
Pancreatitis : When operative necrosectomy is 
required before the necrosis becomes walled off, 
we prefer a planned, staged reoperative approach. 
This operative approach has been adopted by us, 
because we recognized early on that we were 
almost never able to accomplish a satisfactory, 
complete necrosectomy at the initial necrosectomy 
when operative intervention was required early in 
the course of the disease. Tongues of necrosis 
insinuate along the blood vessels and become 
much more obvious and de fi ned 2–4 days later. 
Moreover, as mentioned by Mantke and Lippert, 
areas of questionable necrosis that are still strongly 
adherent to variable tissue may not be evident 
visually and grossly early in the course of the dis-
ease ( fi rst 2–3 weeks), and, too aggressive of a 
“necrosectomy” can lead to rather impressive 
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bleeding. By re-inspecting these areas 2 and 4 days 
later at the time of the re-exploration, the interface 
between the necrosis and the viable tissue will 
become evident. We learned these lessons after our 
initial experience with open marsupialization, 
because at the time of “repacking”, multiple areas 
of persistent necrosis were virtually always evi-
dent. While the open marsupialization allowed 
these areas to slough off eventually, the morbidity 
of repeated, wet-to-dry dressings near or directly 
on exposed bowel and the open “peritoneostomy” 
led to bleeding,  fl uid and electrolyte abnormali-
ties, and loss of tissue protein. Moreover, the open 
abdomen with loss of domain disrupted abdominal 
wall stability and pulmonary mechanics and, of 
course, led to a high rate of incisional hernias. 
With these considerations, our technique involved 
a temporary closure of the fascia over packing and 
drains (on top of the packing) utilizing cloth zip-
pers sewn to the fascia. This technique not only 
allowed an easy and rapid re-opening of the wound 
on an every-other-day schedule but also main-
tained the abdominal domain. The average number 
of re-laparotomies is about 2.5 operative re-inter-
ventions. When we are satis fi ed with the necrosec-
tomy, multiple closed suction drains are left in the 
bed of the necrosectomy, and the fascia is then 
closed in a delayed primary fashion over the drains, 
preserving the abdominal domain. We usually 
place a gastrostomy tube for patient comfort and 
either a needle catheter jejunostomy (Sarr  1999  )  
or, if the necrosis involves the periduodenal area 
(head/uncinate process of the pancreas) and right 
retroperitoneal gutter where we would expect a 
marked delay in gastric emptying, then a formal 
tube jejunostomy. The tube jejunostomy allows 
safer and more effective nutritional support. 
Because of the temporary closure, gastrostomy 
and jejunostomy, and multiple drains, we prefer a 
midline celiotomy over a bilateral subcostal inci-
sion. We speci fi cally avoid use of an epidural cath-
eter for postoperative analgesia as used by Mantke 
and Lippert because of the potential risk of epidu-
ral infection. 

 One point we stress during the  fi rst necrosec-
tomy is to use the preoperative CT as the road map 
for the necrosectomy.  All  areas of necrosis need to 
be exposed and explored, especially the areas in the 

retroperitoneum. Often these areas feel  fi rm, but no 
external necrosis is evident to the inexperienced 
eye. These areas need to be incised and exposed. 
Other areas not immediately evident include the 
base of the small bowel mesentery where the supe-
rior mesenteric artery courses caudal to the trans-
verse mesocolon; the necrotic process from the 
pancreatic body often tends to extend through the 
mesocolon and out into the small bowel mesentery 
– again, if indurated or involved on the CT, this area 
should be incised and exposed. 

 Several situations, however, deserve further 
discussion. First, selected patients are treated by 
the closed, postoperative lavage method. For 
instance, when the necrosis is limited to the distal 
gland and the peripancreatic area without exten-
sion too far down the left retroperitoneum and the 
patient has multiple comorbidities arguing against 
re-laparotomy (e.g. need for anticoagulation, such 
as mechanical heart valves, renal failure, or severe 
ischemic heart disease), then we will utilize a 
postoperative lavage similar to the method of 
Mantke and Lippert, but we perfuse at 2 l/h and 
avoid use of any thick, rigid, sump-type drains. 
Second, if the pancreatic and peripancreatic bed 
remains suppurative during the repeat laparoto-
mies and sepsis persists, we will consider strongly 
converting to the open marsupialization technique 
of laparostomy; although this technique adds the 
above described morbidity, it assures optimal 
“drainage” under these conditions. 

  Delayed necrosectomy after development of 
walled-off necrosis : As discussed above, our goal 
from the onset in patients with infected necrosis is 
to delay the necrosectomy for at least 4 weeks to 
allow walling off of the necrosis by suppressing 
the systemic effects of the infected necrosis. Under 
these circumstances, a single, more de fi nitive 
operative necrosectomy becomes possible. If the 
necrosis is relatively limited to the peripancreatic 
area and is accessible via the stomach (or rarely 
the duodenum), then we chose endoscopic necro-
sectomy (Papachristou et al.  2007  ) . This technique 
assumes that there is no necrosis extending distant 
to the peripancreatic area and that all areas com-
municate and are continuous. If, however, the 
necrosis involves both paracolic, retroperitoneal 
gutters and/or extends caudally behind the small 
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bowel mesentery, then an open operative necrosec-
tomy is chosen. Attempts at treatment with percu-
taneous drain placement will require multiple trips 
to the interventional radiology department and 
may prove less effective. 

 We have had limited experience to date with 
minimal access, videoscopic necrosectomy (van 
Santvoort et al.  2010  ) . Our initial experience with 
a minimal access approach using a perfused neph-
roscope was suboptimal; problems include the 
inability to perform the necrosectomy adequately 
through the nephroscope due to the limitations of 
in-line visualization and access to the necrosis, 
and the lack of good technology for the necrosec-
tomy (forceps, scoops, wire baskets, etc.). 
Currently, the approach described by Horvath and 
colleagues  (  2001  )  is very attractive for selected 
patients with localized and accessible necrosis 
who are not candidates for a primary endoscopic 
necrosectomy (Papachristou et al.  2007  ) . 

 When an open necrosectomy is required, again 
we usually chose a midline incision but plan on 
need for only a single, de fi nitive necrosectomy. 
Under these conditions, a complete necrosectomy 
is usually possible, again using the CT as a crucial 
and important road map. All areas of suspected 
necrosis are exposed, explored aggressively, and 
débrided. Multiple soft, closed suction drains are 
placed, gastrostomy and/or feeding jejunostomy 
tubes are used, and the abdomen is closed primar-
ily. We do not believe that postoperative lavage is 
necessary for further debridement under these 
conditions. Multiple drains, however, are neces-
sary, because 30–50 % of patients with pancreatic 
parenchyma necrosis will develop a pancreatic 
 fi stula. If the necrosis is only peripancreatic, then 
one can anticipate the operative results to be 
superb (Sakorafas et al.  1999  ) .      
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 pancreatoduodenectomy 
 considerations , 53–54  
 frozen section , 54  
 hepaticojejunostomy , 57, 58  
 lymph nodes , 54  
 pancreaticojejunostomy , 56–58  
 portal dissection , 55  
 postoperative care , 58  

 periampullary adenocarcinoma 
 ampullary cancer , 3  
 cancer of pancreatic head , 3  
 Cattell-Warren technique , 44  
 clinical symptoms , 3  
 contraindications for resection , 3, 4  
 diagnosis , 4, 47  
 distal bile duct cancer , 3  
 drainage , 50  
 duodenal cancer , 3  
 hepaticojejunostomy , 5, 44, 49  
 Kocher manoeuvre , 43  
 lymphadenectomy , 48  
 lymph node metastases , 3, 47  
 medication and procedures , 44–45  
 non-invasive diagnostic tool , 4  
 octreotide , 50  
 pancreas biopsy , 4  
 pancreaticojejunostomy , 5  
 perineural invasion , 3  
 portal vein resection , 49  
 postoperative complications , 4  
 postoperative diarrhea , 49  
 pylorus-preserving pancreatoduodenectomy , 47  
 reconstruction , 49–50  
 resection , 47–49  
 results , 50  
 staging , 4, 47  
 standard operative procedure , 47  
 standard procedure , 5  
 Traverso-Longmire procedure , 47  
 treatment and postoperative care , 50  
 unresectability , 47  
 vascular involvement , 47  

 portal vein resection , 38–40  
 postoperative “fast track” management , 24  
 preoperative management 

 biliary decompression , 53  
 diagnosis , 53  
 laparoscopic evaluation , 53  
 neoadjuvant chemoradiation , 53  
 preoperative tissue diagnosis , 53  
 resectability , 53  
 staging , 53  

 pylorus-preserving pancreatoduodenectomy 
(PD) , 35  

 reconstruction , 24, 40  
 results , 14, 15  
 splenectomy , 25  
 staging , 43  
 standard pancreatoduodenectomy 

 pancreatic cancer , 35  
 vascular involvement , 35  

 superior mesenteric artery (SMA)  fi rst 
approach , 35  

 surgical technique 
 antegrade distal pancreatectomy , 16  
 Cattell-Warren, duct-to-mucosa 

anastomosis , 12  
 diagnosis , 17  
 distal pancreatectomy , 16  
 frozen section , 9, 20  
 Goetze–Guetgemann , 14  
 hepaticojejunostomy , 13  
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