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ABSTRACT 
 
Background Pancreatic surgery has 
developed over the last 60 years. A 
pancreaticoduodenectomy of the pancreatic 
head and duodenal papilla is the most 
common procedure. The most popular 
pancreatic cross-section site of a 
pancreaticoduodenectomy is the isthmus of 
the gland. The pancreatic isthmus anatomical 
configuration is still being considered. 
 
Study design The authors propose a new 
parametric descriptive system of pancreatic 
cross-section based on an elliptical model. 
 
Results The pancreatic cross-section was 
evaluated as a geometric ellipse and the 
location of the pancreatic duct was based on 
coordinates. When analyzing the cross-section 
plane of the pancreatic isthmus, the mean size 
of the pancreatic isthmus cross-section was 
10.46±2.34 mm in width (mean±SD) and 
25.55±4.56 mm in length. The mean 
vertical/horizontal distance ratio was 
0.42±0.12. The mean size of the main 
pancreatic duct was 1.02x2.46 mm. The mean 
distribution coordinates of the main 
pancreatic duct were: X 51.23; Y 50.60. 
 
Conclusions A proportional model of 
pancreatic isthmus cross-section analysis is 
easy and effective, and could become a 
valuable tool in future anatomical studies. The 

system described allows us to analyze data 
acquired from several investigators. 
 
 
INTRODUCTION 
 
Studies of the anatomy of the pancreas have 
been carried out for over 200 years. The first 
pancreatic observation performed on autopsy 
was described by the Greek, Erasistratus of 
Chios (319-250 B.C.) [1, 2]. The pancreatic 
duct and its function was discovered by 
Wirsung in 1642 [3]. About 80 years later, 
Santorini described the accessory pancreatic 
duct [4]. The relationship between pancreatic 
embryogenesis and the anatomy of the duct 
was established later on. Careful anatomical 
studies revealed the blood supply of the 
pancreatic gland. The role of the pancreas and 
understanding it led to the development of 
pancreatic surgery. The first pancreatic 
resection was described by Kausch in 1912 
[5]. The main problem in pancreatic resection 
was pancreatico-entero or -gastro anastomosis 
[6, 7, 8, 9]. The pancreas varies in size, 
density and in the location of the pancreatic 
duct within the cut-line. Various authors have 
suggested that a uniform system of locating 
the pancreatic duct in a pancreatic cross-
section would be useful for future anatomical 
studies and comparisons. 
The aim of the study was to evaluate the 
uniform descriptive system of the location of 
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the pancreatic duct within the pancreatic 
cross-section specimen taken from cadavers. 
 
ETHICS 
 
The procedure was based on The Medical 
University Ethics Committee agreement (No 
NKEBN/191/2004). 
 
STATISTICS 
 
The descriptive statistics reported are: means, 
standard deviations (SD), ranges, and 95% 
confidence intervals (95% CI). A linear 
correlation model was applied in order to 
analyze the data. Statistical evaluations were 
performed by running the SPSS for Windows 
13.0 (SPSS Inc, Chcago, IL, USA) and the 
STATISTICA 7 version 1 (StatSoft, Inc. 
Tulsa, OK, USA) packages on personal 
computers. 
 
METHODS 
 
Twenty-seven consecutive pancreatic 
cadaveric specimens were analyzed (14 
males, 13 females; age: mean±SD 68.1±14.5 
years, range 31-84 years). Patients with a 
history of pancreatic disease were excluded. 
Autopsies were performed in the standard 
way within 24-40 hours from death. The 
omental sac was opened and the duodenum 
was liberated from the retroperitoneal space. 
The hepato-duodenal ligament and superior 
mesenteric vessels were excised. The 
pancreas was gently removed from the 
retroperitoneal space together with the 
duodenum. The entire specimen was mounted 
on a slide and a probe was introduced into the 
portal vein to identify the location of the 
pancreatic isthmus. The cut-line was carried 
out at a right angle to the pancreatic axis over 
the probe. The section was made using a 
disposable blade (Swan and Morton Nr 24, 
Sheffield, United Kingdom). Then, the whole 
pancreatic gland was left in a 4% 
formaldehyde solution for 5 days. 
Standard hematoxylin/eosine staining was 
performed followed by frozen specimen 
preparation. Each specimen contained an 
entire plane of the cross-section. The section 

was evaluated under a light microscope at a 
40x magnification; the main pancreatic duct 
was identified and measured. Then the 
specimen was photographed (Cannon Power 
Shot Pro1, Tokyo, Japan) with 2,272x1,704 
dpi in super-macro option. The picture was 
digitally combined with a right angle co-
ordinate system. The pancreatic cross-section 
was evaluated as a geometric ellipse, and the 
location of pancreatic duct and vessels were 
based on coordinates. The largest distance 
from back to front and the largest distance 
between the lower and the upper margin of 
the specimen was established as 100%, 
respectively. The Wirsung duct identified 
under the light microscope was found on 
photography and was described by two 
fraction co-ordinates. The details of the model 
described are presented in Figure 1. 

Figure 1. Pancreatic cross-section specimen after H&E 
staining combined with X and Y coordinates. The 
Wirsung duct (arrow) is identified and described by (X;
Y) coordinates. The maximum length and high of 
pancreatic specimen is established as 100, respectively. 
On the left side, metric scale. 
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RESULTS 
 
Analyzing the cross-section plane of the 
pancreatic isthmus, the mean size of the 
pancreatic isthmus cross-section was 
10.46±2.34 mm in width and 25.55±4.56 mm 
in length. The mean vertical/horizontal 
distance ratio was 0.42±0.12 and the mean 
size of the main pancreatic duct was 
1.02±0.49 x 2.46±0.79 mm. The coordinates 
of the mean distribution of the main 
pancreatic duct were: X 51.23±12.50; Y 
50.60±8.51. The results are presented in Table 

1. The graphic distribution of the main 
pancreatic duct in the cross-section of the 
isthmus is shown in Figure 2. A significant 
relationship was observed between the 
coordinates of the Wirsung duct position (Y = 
68.928 - 0.358 X; r = -0.525; P=0.005). The 
blue ellipse represents the 95% CI of the 
bivariate normal distribution of the main 
pancreatic duct localization. 
 
DISCUSSION 
 
The first description of the pancreatic duct 
was made by Wirsung in 1642. The 
anatomical and physiological studies provided 
the necessary information for developing 
pancreatic surgery. The isthmus is the part of 
the pancreatic gland localized between the 
head and the corpus, situated over the portal 
vein. The pancreatic isthmus is the part of the 
gland with a relatively thin layer of tissue and 
the most common cross-section site regardless 
of the pancreatic resection method [6, 7, 8]. 
Pancreatic cross-section topography is one of 
the most important factors in pancreatico-
entero reconstruction [10]. Technical reports 
of pancreatic anastomosis stress the 
importance of identifying the pancreatic duct 
before reconstruction [11]. There is no 
uniform system for describing the details of 
cross-section anatomy. 
The model described was obtained from 
cadaver specimens in order to obtain uniform 
material in a relatively short time. All 
specimens were fixed in a 4% formaldehyde 
solution for 5 days. Fixation resulted in 
dehydration and gland texture change. The 
entire pancreas is made up of the same kind of 
tissue; thus, the Authors believe that the gland 
proportions taken into consideration in the 
study were not changed. The cross-section 
size and the pancreatic duct diameter might be 
diminished only after fixation. 
Pancreatic stump suture placement requires 
knowledge of the location of the 
intrapancreatic duct and vessels. Several 
authors, in evaluating the pancreatico-entero 
anastomosis formation, took into 
consideration the pancreatic isthmus cross-
section configurational anatomy [7, 11]. Other 

Figure 2. The Wirsung duct position within the
pancreatic isthmus cross-section presented in a
proportional system. The left side is the dorsal part and
the upper one is cephalic. Both scales (X and Y) 
represent 100 of pancreatic cross-section width and 100 
of height. A significant relationship was observed
between the coordinates of the Wirsung duct position
(Y = 68.928 - 0.358 X; r = -0.525; P=0.005). The blue
ellipse represents the 95% CI of the bivariate normal 
distribution of the main pancreatic duct localization
(STATISTICA 7 version 1). 
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studies have stressed the blood supply and the 
pancreatic duct diameter [6]. Some authors 
believe that a description of the pancreatic 
cross-section might help in evaluating factors 
important in analyzing surgical complications. 
The anatomy of the pancreatic and the 
common bile ducts is usually obtained by 
endoscopic (ERCP) or nuclear resonance 
cholangiopancreatography (MRCP). These 
findings do not give information about the 
cross-section configuration of the pancreatic 
ducts or vessels [12, 13, 14, 15]. 
Several authors have described pancreatic 
duct localization in the pancreatic head or the 
isthmus cross-section using the metric scale 
[16]. The main pancreatic duct location is 
well-known although there is no uniform 
system describing the duct position. 
Wilasrusmee et al. described the distance of 
the Wirsung duct from the four margins of the 
pancreatic cross-section [17]. Some authors 
have concluded that the Wirsung duct was 
most often located in the posterior/superior 
quadrant of the head cross-section. Individual 
variability makes it difficult to compare the 
different shapes and sizes of the gland or the 
varying results of several different authors. 
 
CONCLUSION 
 
A proportional system could be successfully 
used for anatomical studies of the pancreatic 

cross-section. The proportional system 
facilitates the establishment of the most 
frequent locations of pancreatic ducts and 
other structures within the specimen. 
Moreover, this system may be introduced in 
anatomical studies of cross-sections of the 
entire pancreatic gland. The proportional 
parametric system is also easy to analyze 
statistically and compare the results of the 
various research groups. 
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Table 1. Descriptive statistics of the pancreatic cross-section size and Wirsung duct location coordinates within the 
pancreatic isthmus cross-section specimens taken from 27 pancreatic cadavers (14 males, 13 females; age: mean±SD 
68.1±14.5 years, range 31-84 years). 
Parameter  Mean SD Min Max 95% CI 

Pancreatic cross-section size (mm) 
- Width 
- Height 

  
10.46 
25.55 

 
2.34 
4.56 

 
6.69 
18.23 

 
16.39 
36.11 

 
9.53-11.38 
23.74-27.35 

Width/height ratio  0.42 0.12 0.22 0.76 0.37-0.47 

Wirsung duct size (mm) 
- Horizontal 
- Vertical 

  
1.02 
2.46 

 
0.49 
0.79 

 
0.27 
1.31 

 
2.16 
4.64 

 
0.83-1.22 
2.14-2.77 

Wirsung duct location (mm) 
- From the posterior margin 
- From the lower margin 

  
5.37 
12.78 

 
1.84 
2.42 

 
1.79 
8.11 

 
10.24 
17.07 

 
4.65-6.10 

11.82-13.73 

Wirsung duct location (%) 
- X coordinate 
- Y coordinate 

  
51.23 
50.60 

 
12.50 
8.51 

 
21.45 
30.28 

 
74.35 
64.78 

 
46.28-56.17 
47.23-53.96 
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