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Abstract.We have used computer based virtual endoscopy techniques as a
novel approach to clarify the 3D swrgical anatomy of the pancreas and
improve preoperative surgical planning. 13 cases (18 lesions) with mucin-
producing pancreas tumors were investigated by "virtual pancreatoscopy”.
All cystic tumors and the pancreatic ducts were displayed by virtual
endoscopy. The surfaces of intraductal papillary adenocarcinomas were
illustrated more irregularly than benign cystic lesions. Virtual
pancreatoscopy was useful for surgical planning of minimally invasive
resection of the pancreas.

Introduction

Virtual Endoscopy is a new technology which can make computer simulated endoscopic
images by processing high resolusion MRI/CT data. Preliminaly study about virtual
endoscopy revealed that this technique had many promising advantages. For example,
virtual endoscopy can generate views that are not possible in an actual endoscopic
examination. Clinical applications of virtual endoscopy for pancreas have not been
reported. Inthis study, usefulness of virtual endoscopy of mucin-producing tumor of the
pancreas was studied.

Patients and Methods

13 cases with mucin-producing pancreas tumor(MPPT) were studied . Two patients have
3 cystic lesions and one patient have 2 lesions, so we investigated 18 lesions with using
virtual endoscopy. All patients underwent resection of the pancreas in Chiba University
Hospital from 1996 to 1997. Each patient's profile is in Table 1
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Table 1 Patient's profile

no. age/sex pathological diagnosis location virtual endoscopy _operation

1 37/M intraductal papillary adenoma head smooth inferior head resection

2 69/M intraductal papillary adenoma head intermediate DpPHR

3 72/F intraductal papillary adenocarcinoma head irregular PpPD

4 57/M intraductal papillary adenocarcinoma head irregular DpPHR

5 59/M intraductal papillary adenoma  head intermediate inferior head resection

6 69/F l.intraductal papillary adenoma 1.head 1.smooth inferior head resection
2.simple cyst 2.head 2.smooth

7 65/Ml.intraductal papillary adenoma 1.head 1.irregular PpPD

2.intraductal papillary adenoma 2.head 2.smooth
3.intraductal papillary adenoma 3.head 3.smooth
8 65/Ml.intraductal papillary adenoma 1.head l.intermediate = DpPHR+DP
2.intraductal papillary adenoma 2.head 2.smooth
3.intraductal papillary adenoma 3.tail 3.smooth
9 61/M intraductal papillary adenoma head intermediate inferior head resection

10 72/F intraductal papillary adenocarcinoma head irregular DpPHR

11 50/M intraductal papillary adenoma body smooth  segmental resection
12 53/M intraductal papillary adenocarcinoma body irregular DP

13 68/F intraductal papillary adenoma _body intermediate DP
Abbreviation :

DpPHR: duodenum-preserving pancreas head resection
PpPD: pylorus-preserving pancreatoduodenectomy
DP: distal pancreatectomy

The MRI data were acquired by 1.5T Signa MR system(GE) .The diagnosis of MPPT was
established by findings during endoscopic retrograde cholangio-pancreatography (ERCP)
and pathological findings. Virtual endoscopy images were generated with Virtual
Endoscopy Software Aplication (VESA) on UNIX workstations in surgical planning
laboratory, Department of Radiology and MRI Unit, Brigham and Women's
Hospital/Harvard Medical School.

Each image was visualized by processing cross-sectional MRI date according to the
threshold of the signal intensity. We used an automated path planning technique to
generate path1,2,3).

Patients and Methods

It was possible to visualize all the pancreatic ducts and cystic lesions of mucin-producing
pancreas tumor (MPPT) by virtual endoscopy.The pancreatic ducts and 18 cystic lesions
were detected correctly . Virtual endoscopy allowed us to observe the pancreatic duct and
the inner surface of the cystic lesions (Figl,2) .
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Fig. 1: Virtual endoscopy image of the pancreatic duct. A normal pancratic
duct was visualized.

Fig. 2: Virtual endoscopy image of the mucin-producing pancreas tumor.
Virtual endoscopy demonstrated the pancreatic duct(right side) and the
cystic lesion(left side) simultaneously.

Virtual endoscopy was useful to clarify the anatomical relationship between the cystic
tumor ,the pancreatic duct and the bile duct. Eighteen cystic lesions were divided into 3
groups according to the degrees of the irregularity of the surface images rendered by virtual
endoscopy: irregular type(n=5)Fig. 3), intermediate type(n=5)Fig. 4), and smooth
type(n=8)(Fig. 5).
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Fig. 3 : Virtual endoscopy image of irregular type(case 4)

Fig. 4

Virtual endoscopy image of intermediate type(case 9)
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Four lesions of irregular type (n=5) were intraductal papillary adenocarcinomas,and the
other irregular lesion was a intraductal papillary adenoma. All five lesions of intermediate
type were intraductal papillary adenomas. Six lesions of smooth types were intraductal
papillary adenomas , and one lesion of smooth type was a simple cyst. This result
revealed that surfaces of adenocarcinomas were illustrated more irregularly than benign
cystic lesions by virtual endoscopy. Cystc lesions next to the pancreatic duct were
visualized together with the pancreatic duct(Fig.6) , because thin septa between cystic
lesions and the pancreatic ducts could not be illustrated.

Fig. 6 : A cystic lesion next to the pancreatic duct was generated together
with the pancreatic duct.Septum between the panceatic duct and cystic
lesion was illustrated like pillars in some cases.

Discussion

There are two technical approaches for virtual endoscopy: Perspective volume rendering
and surface rendering. To improve interpretation and exploration, we have made
surface-rendered images derived from computer reconstruction of the cross-sectional MRI
image datal,2,3). Walls of fluid-containing organs, such as the pancreatic duct and the
bile duct are well demarcated in MRI and CT. Virtual endoscopy depicts the surfaces of the
pancreatic duct, the bile duct and the cystic lesions in the pancreas. We can explore the
inner space of the pancreatic ducts and cystic lesions interactively. Our virtual endoscopy
technique can demonstrate not only a surface rendered image but also a three dimensional
(3D) reconstructed image of the pancreas. Therefore, the relationship to anatomic
structures located outside the surfaces is continuously maintained and displayed at the
same time . Changing the transparency of the images assist the operator to view the bile
duct and cystic tumors from the inner space of the pancreatic duct. The viewer may
penetrate the walls and see the extent of lesions within and beyond the walls as well as
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the adjacent organs, such as the bile duct and the duodenum. We can also overview the
pancreatic duct from the outside at the same time using split screen display (Fig.7).This
technique can generate 3D reconstructed images of the pancreatic duct and the bile duct.
The operator of virtual endoscopy can perceive his own position. Precise and interactive
3D images also provide information useful for the surgical procedure4,5). Multiwindow
display helps surgeons to recognize the anatomical relationship among the cystic lesion,
the pancreatic duct and the bile duct. Conventional MRI produce flat, two-dimensional
images that give a poor picture of the location and the extent of the tumor in the pancreas.

Fig. 7 : Our virtual endoscopy technique can make 3D reconstructed images
of the pancreatic duct and the bile duct. Split screen display helps surgeon

to recognize the anatomical relationship among the cystic lesion,the pancreatic
duct, and the bile duct. 3-D images and virtual endoscopy images aid
diagnosis and surgical planning of mucin-producing pancreas tumors.

When treating low grade malignant tumors of the pancreas such as mucin-producing
intraductal papillary tuomrs, minimally invasive surgical procedures have been advocated
these days because of patient's quality of life6). For surgical planning of pancreatectomy,
it is necessary to clarify the anatomical relationship among the tumor , the panceatic duct
and the bile duct. Whether the bile duct can be preserved or not is one of the most
important factor for choosing operative procedures. Preservation of the bile duct depends
on the degree of the involvement by the tumors. When the bile duct is not involved by
the tumor , we perform resection of the inferior head of the pancreas or duodenum-
preserving pancreas head resection (DpPHR) according to the tumor extension to the
Santorini"s pancreas. Anatomical identification of the lesion in the head of the pancreas
is useful for surgical planning.
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Virtual endoscopy proved to have a diagnostic potential for pancreatic disease. The
surfaces of the cystic lesions could be visualized in all cases of our serires. Real
pancreatoscopy do not always demonstrate the view of inner space of the cystic lesions in
the pancreas. All infraductal papillary adenocarcinoma(n=4) had irmregular surfaces
illustrated by virtual endoscopy. 13 lesions of 14 benign lesions had smooth or slightly
irregular surface. Preoperative diagnosis of MPPT is difficult , especially concerning
the oncological feature of these kind of tumors. So virtual endoscopy would be useful to
evaluate the oncological characters before the operation. The advantages of virtual
endoscopy are summarized in Table 2.

Table2: Advantages of virtual endoscopy

1. visualization of inner surface of cystic lesions and the pancreatic duct

2. display of anatomical relationship among the lesion, the pancreatic duct
and the bile duct

3. preoperative evaluation of oncological feature by observing the surface
of cystic lesions

Conclusion

Virtual endoscopy of the pancreas proved to be a valuable method for clarifying the
anatomical relationship between the pancreatic ducts and cystic lesions. Virtual
endoscopy had a diagnostic potential to evaluate oncological features by observing the
inner surface of the cystic lesions.
It is concluded that virtual endoscopy is useful for surgical planning of minimally
invasive resection of the pancreas.
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