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degree pancreatic ducts at the transection site might favor 
the use of a pancreaticoenteric anastomosis with stump in-
vagination to reduce the risk of anastomotic leakage. 

 Copyright © 2010 S. Karger AG, Basel and IAP 

 Introduction 

 Pancreatoduodenectomy (PD) has become the stan-
dard treatment for various benign and malignant diseas-
es of the pancreatic head, periampullary region and distal 
biliary tree. Pancreatic resection requires gland cross
section followed by pancreaticoenteric anastomosis  [1] . 
Frequently the pancreas is transected at the isthmus or 
close to it. There are numerous ways for pancreatic stump 
anastomosis  [1] , however, most frequently the pancreas is 
either anastomosed to the jejunum (pancreaticojejunos-
tomy) or to the stomach (pancreaticogastrostomy). The 
pancreatoenteral anastomosis is performed in two modi-
fications: (a) full-thickness anastomosis with pancreatic 
stump invagination or (b) selective, round duct to mu-
cosa end-to-side anastomosis with or without temporary 
external drainage of the Wirsung duct  [1–3] . The type of 
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 Abstract 

  Background:  Pancreatic isthmus method anastomosis fol-
lowing pancreatic resection is an important factor of post-
operative fistula formation. While the anatomy and vascular 
supply of the pancreatic head have been studied in detail, 
little is known about the morphology of the pancreatic isth-
mus. The authors determine the anatomy and morphology 
of the pancreatic isthmus.  Methods:  99 consecutive cadav-
eric pancreatic specimens were taken during standard au-
topsy. Organs were transected at the isthmus and pancrea-
tograms and microscopic specimens of the transection 
plane were analyzed.  Results:  The mean size of the Wirsung 
duct at the isthmus was 2.89 mm ( 8 0.87 mm, from 1.4 to
6 mm). The main pancreatic duct was located approximately 
in the middle of the pancreatic cross-section plane in almost 
all specimens. The total number of second-degree pancre-
atic ducts visible on pancreatograms within the isthmus was 
1.77 ( 8 1.00, from 0 to 4) and 1.83 ( 8 1.4, from 0 to 5) on mi-
croscopic analysis.  Conclusions:  The presence of second-
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pancreatic anastomosis that yields the best results, i.e. 
lowest complication rate, is still under debate and so far 
no consensus has been achieved  [1, 2] . Although pancre-
atic anatomy has been studied extensively by anatomists 
and surgeons over the last decades and pancreatologists 
have gained insight into the vascular supply as well as the 
anatomy and morphology of the pancreatic head, our 
knowledge of the pancreatic isthmus region remains 
woefully underdeveloped  [4–8] . The aim of this study 
was to analyze pancreatic isthmus anatomy and mor-
phology, especially in relation to the presence of second-
degree pancreatic ducts, a feature important for surgical 
anastomosis.

  Material and Methods 

 The study was approved by the local ethics committee at the 
University of Gdansk, Poland (No. NKEBN/191/2004). The study 
was performed on 99 consecutive fresh cadavers. The mean age of 
patients was 66.9  8  12.1 years. There were 61 males and 38 fe-
males, all without any detectable pancreatic pathology or history 
of pancreatic illnesses. On autopsy the pancreas with duodenum, 
portal and superior mesenteric vessels and hepatoduodenal liga-
ment was gently removed ‘en bloc’. The pancreatic duct was iden-
tified and cannulated via the papilla of Vater with an 18-gauge 
needle (Dekta VEN2) held in place by a purse-string stitch. Con-
sequently the pancreatic duct was filled with 2.5–3.5 ml of bari-
um-sulfate solution (depending on the size of the gland) ( fig. 1 ). 

Pancreatograms were performed at a right angle, on plain 24  !  
30 cm radiographic films with green film screen. Exposure was 
set at 2.8 mAs and 43 kV. The superior mesenteric vein was iden-
tified on pancreatograms by a metal marker. Pancreatograms 
were categorized by three experienced blinded experts according 
to the classification proposed by Cubilla and Fitzgerald  [9]  ( fig. 2 ). 
The pancreatic isthmus was defined as the part of the gland di-
rectly above the axis of the superior mesenteric vein. All speci-
mens were fixed in buffered formalin. In a next step, cross sec-
tions of the pancreatic isthmus were performed. Slices were treat-
ed with standard hematoxylin and eosin staining evaluated by 
light microscopy at 40 !  magnification by an experienced pathol-
ogist for presence, number and distribution of second-degree 
pancreatic ducts as well as Wirsung duct size and localization. All 
identified pancreatic ducts were positioned according to the pan-
creatic cross-section ellipse model  [10] . Pancreatograms were dig-
italized (using Snap-Scan 1236, Agfa, China). The isthmus was 
identified after fourfold magnification of digital pancreatograms. 
The isthmus segment was defined as 0.5 cm distal and 0.5 cm 
proximal to the isthmus axis. The number of second-degree pan-
creatic ducts as well as the angle between the main duct and side 
branches were analyzed within the defined isthmus segment.

  Statistics 
 Pancreatic duct type and distribution were classified by three 

blinded pancreatologists according to the classification proposed 
by Bang et al.  [11] . Results underwent Cohen’s  �  test (correlation/
reliability) between categorization pairs of the same individual. 
Each rater classified each sample into 1 of 19 categories. Rules-of-
thumb for  �  values  ! 0.40 indicate a low association, values be-
tween 0.40 and 0.75 indicate a medium association, and values 
 1 0.75 indicate a high association between the two raters.

  Fig. 1.  Pancreatogram obtained after barium-sulfate injection into the pancreatic duct after pancreatic remov-
al. The angle between the main pancreatic duct and second-degree ducts is pointed out with black lines. Grey 
lines (red in the online version) indicate pancreatic isthmus segment. 
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  The descriptive statistics reported are means, standard devia-
tions, ranges, and 95% confidence intervals. A linear correlation 
model was applied in order to calculate and describe the data. Sta-
tistical evaluations were performed by the Statistica 7.1 Version 
(StatSoft, Inc., Tulsa, Okla., USA) packages on a personal com-
puter.

  Results 

 Three blinded experts classified pancreatic duct con-
figurations into type A (32–57 samples), type B (12–20 
samples), type C (22–29 samples) or type D (0–5 samples). 
Three, 2 or 5 cases, respectively, remained unclassified.  �  
statistic revealed low association between the three pairs 
of experts (0.331, 0.324 and 0.370, respectively). Detailed 
frequency of pancreatic duct configuration is shown in 
 table 1 .

  The mean thickness of the isthmus cross section was 
10.32 mm ( 8 2.69 mm, from 3.33 to 18.50 mm) and the 
mean height was 26.09 mm ( 8 4.62 mm, from 17.27 to 
40.00 mm). The mean size of the Wirsung duct within the 
isthmus was 2.89 mm ( 8 0.87 mm, from 1.4 to 6 mm). 
Wirsung duct position coordinates (X;Y) within the tran-
sected isthmus were X = mean 44.03, SD  8  12.4, min. 
16.7, max. 77.5, and Y = mean 51.16, SD  8  9.44, min. 31.6, 

max. 76.9 ( fig. 3 ). The total number of second-degree 
pancreatic ducts visible on pancreatograms within the 
isthmus segment (5 mm distal and 5 mm proximal from 
the isthmus axis) was 1.77 ( 8 1.0, from 0 to 4). The num-
ber of second-degree ducts visible on cross-section planes 
under the microscope was 1.83 ( 8 1.4, from 0 to 5) 
( fig. 4 ).

  The angle between second-degree pancreatic ducts 
and the Wirsung duct within the isthmus segment was 
79.11° ( 8 23.16°, from 39.45 to 156.50°) ( fig. 1 ). Second-
degree pancreatic ducts were described with two coordi-
nates. All results as well as patient characteristics are 
summarized in  table 2 .

Table 1. Pancreatic duct configuration based on pancreatograms

Category Expert

R1 R2 R3 R1, % R2, % R3, %

A1 24 6 22 24 6 23
A2 12 11 17 12 11 18
A3 0 0 1 0 0 1
A4 0 2 3 0 2 3
A5 2 1 3 2 1 3
A6 19 12 9 19 12 9
A 1–6 57 32 55 58 33 57

B1 13 18 4 13 18 4
B2 6 10 6 6 10 6
B3 1 1 1 1 1 1
B4 0 1 0 0 1 0
B5 0 2 1 0 2 1
B 1–5 20 32 12 20 33 13

C1 0 1 0 0 1 0
C2 1 4 7 1 4 7
C3 21 23 17 21 23 18
C4 0 1 5 0 1 5
C 1–4 22 29 29 22 30 30

D1 0 0 0 0 0 0
D2 0 3 0 0 3 0
D3 0 0 0 0 0 0
D4 0 2 0 0 2 0
D 1–4 0 5 0 0 5 0

Unclassified 2 3 5 2 3 5

Category column contains pancreatogram categories accord-
ing to the classification proposed by Cubilla and Fitzgerald [9].

R1, R2 and R3 indicate the results of three blinded experts in 
pancreatology.

Results are presented as numbers and percentages.

Type A

Type B

Type C

Type D

  Fig. 2.  Cubilla classification of pancreatic ductal system. In types 
A and B the Wirsung duct formed the main pancreatic duct, how-
ever, in type C the Wirsung duct did not form the main pancre-
atic duct. In type A the Santorini duct is either obliterated or ab-
sent. Santorini duct type B is an accessory pancreatic duct and 
runs into the minor papilla of the duodenum. If the pancreatic 
duct system did not fall into any of these three groups it was clas-
sified as type D. 
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  Fig. 4.  A pancreatic isthmus cross-section 
plane after standard hematoxylin and eo-
sin staining. The light grey ellipse (yellow 
in the online version) indicates the Wir-
sung duct, the dark grey figures (red in the 
online version) indicate transected sec-
ond-degree pancreatic ducts.   
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cross-section parameters

Parameter Mean value8SD Min–Max

Patient characteristics
Age, years 66.9812.1 31–97
Gender   Male 61

Female 38

Pancreatic isthmus morphology in light microscopy
Thickness, mm 10.3282.69 3.33–18.50
Height, mm 26.0984.62 17.27–40.00
Number of second-degree ducts 1.8381.4 0–5

Pancreatic isthmus morphology on pancreatograms
Number of second-degree ducts

within isthmus segment 1.7781.0 0–4
Angle between second-degree

ducts and Wirsung duct, ° 79.11823.16 39.45–156.50
Isthmus pancreatic duct

diameter, mm 2.8980.88 1.4–6
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  Fig. 3.  Schematic representation of Wirsung duct localization 
(large circles) and second-degree pancreatic ducts (grey spots; red 
in the online version) within the ellipse model of pancreatic isth-
mus transection plane. The Wirsung duct position regression line 
formula and R 2  coefficient are indicated. The interrupted ellipse 
symbolizes a pancreatic isthmus cross-section margin. 
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  Discussion 

 The human pancreas is composed of two embryologi-
cal primordia: the ventral and dorsal one. They contact 
each other around day 37 and consequently fuse with 
each other at the end of week 6  [12] . The junction usually 
lies within the head of the gland. Pancreatic duct vari-
ability is caused by differences in configuration and pro-
portion of the two embryological parts  [13] . The func-
tional and topographic anatomy of pancreatic ducts 
within the pancreatic head and duodenal papilla has been 
studied in depth  [13–17]  and has influenced clinical man-
agement strategies  [4, 18–20] . Surprisingly, however, 
studies concerning the anatomy and morphology of the 
isthmus and pancreatic corpus have been sparse. PD is a 
widely used surgical procedure in the treatment of be-
nign and malignant diseases of the pancreatic head and 
periampullary region. During PD the pancreatic isth-
mus, i.e. the part of the gland situated above the venous 
confluence, is frequently used as a site of transection by 
surgeons due to its thinness. Our study focuses on eluci-
dating the anatomic and morphological features of the 
pancreatic isthmus as a site for surgical transection  [5, 11, 
21] .

  Initially we analyzed the configuration of pancreatic 
ducts in the isthmus region. Ducts were classified by 
three blinded experts independently. We only found a 
low association between the results. Furthermore, the 
distribution of pancreatic duct configurations in our 
study was different from that reported previously  [11, 22] . 
Interestingly, each pair of blinded expert showed a simi-
lar association for certain results, thus the power of their 
judgment is similar. The diversion of the results might 
therefore indicate insufficiency of categorization criteria 
in the model and might indicate the need for re-evalua-
tion of the categorization system.

  A number of technical variants of PD exist since it was 
first performed by Kauch almost a century ago  [3, 6, 14, 
23–25] . Most surgeons regard the pancreatoenteral anas-
tomosis after PD as the ‘Achilles heel’ of the whole proce-
dure  [5, 6, 25, 26] . Anastomosis leakage is a serious com-
plication following PD and determines the overall surgi-
cal outcome. Especially the rate of pancreatic fistula after 
PD is a common source of in-hospital morbidity with 
numbers ranging from 2.5 to even 28%  [23, 27, 28] .

  A surgeon-independent factor influencing pancreato-
enteral anastomosis leakage is the texture of the pancreas 
(soft vs. hard)  [6, 24] . Anastomoses to normal pancreatic 
parenchyma (soft texture) show higher rates of postop-
erative pancreatic fistula (12–28%) compared to anasto-

moses to fibrotic tissue (hard texture, 5–9%)  [3, 29, 30] . 
Another documented risk factor of anastomotic insuffi-
ciency is a small pancreatic duct  [8] .

  Surgeon-dependent postoperative pancreatic fistula 
factors include the method of reconstruction. Numerous 
techniques have been described – pancreaticojejunosto-
my or pancreaticogastrostomy, end-to-end or end-to-side 
anastomosis, invagination or duct-to-mucosa anastomo-
sis, the use of an isolated Roux-en-Y limb, continuous or 
interrupted sutures, single or double layer stitching, the 
use of fibrin glue and postoperative temporal pancreatic 
duct stenting  [3, 5, 26, 31, 32] . The departmental as well 
as individual experience in pancreatic surgery is another 
well-documented factor influencing outcome. High-vol-
ume centers (at least 25 operations performed annually) 
have significantly fewer postoperative complications and 
lower mortality rates than low-volume centers. Further-
more, several authors have shown that the duration of 
preoperative jaundice, intraoperative blood loss, opera-
tive time and preoperative creatinine clearance are sig-
nificant risk factors for postoperative pancreatic fistulas 
 [8, 11] .

  We analyzed the pancreatic isthmus segment as the 
usual place of pancreaticoenteric anastomosis after PD 
with regard to the presence of second-degree pancreatic 
ducts. Pancreatograms showed a variable number and 
angulation of second-degree pancreatic ducts within the 
pancreatic isthmus. The angle between the main duct 
and its branches indicate the probability of second-de-
gree duct transection during pancreatic resection. Fur-
thermore, we found differences in number, size and loca-
tion of second-degree pancreatic ducts at the cross-sec-
tion plane between specimens ( fig. 4 ;  table 2 ). The present 
study confirms the presence of second-degree pancreatic 
ducts at the pancreatic isthmus on pancreatograms as 
well as in the microscopic analysis of tissue cross sections. 
We found a robust association between the two analysis 
methods.

  Second-degree pancreatic ducts opened during isth-
mus transection secrete pancreatic juice and might thus 
account for postoperative pancreatic fistulas if left un-
drained. Furthermore, if these ducts are occluded during 
the placement of the anastomosis, postoperative pancre-
atitis in the pancreatic remnant might occur which can 
also contribute to pancreatic fistula formation or anasto-
motic leakage.

  The reliable risk factor of postoperative pancreatic fis-
tula is soft pancreas  [6] . The discussion of anastomosis 
technique priority is focused around the partner for pan-
creatic stump – the jejunum or stomach. Randomized 
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controlled data did not indicate one of them being more 
efficient than the other  [6] . Duct-to-mucosa pancreatico-
enteral anastomosis definition and details vary consider-
ably. For example, Watanabe et al.  [8]  and Bassi et al.  [1] 
 described a circumferential end-to-side duct-to-mucosa 
technique, the same name given by the Bern group  [26] , 
who, however, performed a combination of the duct-to-
mucosa and dunking method. Duct-to-mucosa pancre-
aticoenteral anastomosis is not more prone to postopera-
tive pancreatic fistula (from 2 to 11.8%)  [6, 8]  when com-
pared to the dunking technique (from 3 to 15.6%)  [8] . 
Bassi et al.  [1]  reported the RCT duct-to-mucosa versus 
dunking method of pancreatoenteral anastomosis. Fistu-
las occur in 13% of the duct-to-mucosa group and in 15% 
of the dunking group, respectively. These reports with a 
variance of high results suggest differences in technique, 
definitions and the criteria used. Our finding explains 
why pancreatoenteral anastomosis with round (circum-
ferential) pancreatic duct stitching and coverage of the 
pancreatic transection plane with the jejunal muscular 
layer might not guarantee adequate drainage of the pan-
creatic remnant, since second-degree pancreatic ducts 
are left out of the anastomosis. The morphological fea-
ture described in this work is not the panacea for safe 
pancreaticoenteral anastomosis, but should be consid-
ered as an important factor. It therefore seems reasonable 
to apply anastomotic techniques that circumvent this 
problem, like invagination of the pancreatic stump into 

the digestive tract during pancreatoenteral anastomosis 
 [26]  or application of selective not-round pancreatic duct 
stitching. Moreover, left pancreatic resection results in 
the mirror picture of the pancreatic isthmus transection 
plane. The technique of pancreatic stump closure should 
consider the main duct stitching and second-degree duct 
management in the cut-line plane by precise suturing up. 
Several patients have large or aberrant second-degree 
ducts within the pancreatic body and tail  [33] . These 
ducts might be of clinical importance in case of extended 
PD or pancreatic tail resection.

  Conclusions 

 The abundance of second-degree pancreatic ducts 
within the pancreatic isthmus region found in our study 
might account for the high rates of pancreatic fistulas 
found after pancreatic resection procedures and supports 
the application of surgical techniques that include sec-
ond-degree pancreatic ducts at the site of transection into 
the anastomosis.
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