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CHAPTER 2
Computerized three-dimensional renal arterial
reconstruction with a vascular casting
and imaging cryomicrotome 
technique in a porcine model



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This chapter is published as:  
 
 
Lagerveld BW, ter Wee RD, de la Rosette JJ, Spaan JA, Wijkstra H.  
Vascular fluorescence casting and imaging cryomicrotomy for computerized  
three dimensional renal arterial reconstruction.  
BJU Int. 2007; 100(2): 387-391. 
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Abstract 
 
 
Introduction 
 
We studied the combined use of a casting technique, cryomicrotomy 
imaging, and three-dimensional (3-D) computer analysis as a method for 
visualizing and reconstructing the arterial vascular tree in a porcine renal 
model. 
 
Material and methods 
 
The arterial branches of two porcine kidneys were filled with a fluorescent 
cast, after which they were cut in slices of 50µm in an imaging 
cryomicrotome. From each section, digital images of the cutting plane of the 
sample were taken and stored in the computer, after which stacks of images 
were rendered in 3-D. 
 
Results 
 
A 3D computerized reconstruction of the arterial vascular tree was 
constructed and showed the complete arterial anatomy up to arterioles of 
50µm. 
 
Conclusion 
 
With visualization by fluorescence imaging cryomicrotomy, the anatomical 
reconstruction and 3-D reconstruction of the renal arterial blood supply in a 
pig kidney is possible up to a resolution of 50µm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

31



Introduction 
 
 
The human kidney has multipapillary architecture with several calyces and 
an elaborate system of segmental and interlobar vessels supplying each 
lobe of the kidney separately 1. The segmental arteries are so-called “end 
arteries” that nourish a defined region of the kidney, which implies that there 
are no anastomoses between each of these vessels 2. The anatomical 
structure and function of the pig kidney is known to be similar to that of the 
human kidney and is therefore a useful model for surgical and radiological 
research 1. 
 
In the last two decades, surgical and radiological techniques have 
increasingly developed towards minimally invasive and nephron-sparing 
methods, e.g. highly selective embolization, partial nephrectomy, renal tumor 
ablation, and percutaneous nephroscopy 3-8. Also, the vascular effects of 
noninvasive medical therapies for renal cancer, such as anti-angiogenetic 
drugs, are under study 9. Therefore, there is an increasing need for specific 
understanding of the functional anatomy, in particular of the vascular 
anatomical structure. 
 
The vascular anatomy and the functional vascular pattern can be studied in 
general by different methods of vascular reconstruction, by static or dynamic 
methods, or a combination of both. Radiological imaging, e.g. IVU, 
angiography, contrast-CT or MRI, give an impression of the anatomy that is 
expressed statically or dynamically. Some of these methods have the 
advantage of providing a computerized three-dimensional (3-D) 
reconstruction. However, a clinical situation the resolution of these 
radiological methods is too limited for identifying micro-vascularization. This 
can be overcome by using micro-computed tomography (micro-CT), which 
can produce high-resolution detailed images, from which information on the 
micro-vascular structures can be collected. However, the limitation is that 
only small volumes of tissues can be studied 10. Currently, in clinical 
situations, the more commonly used 64-slice CT provides improved 
resolution, of up to 100µm. 
 
When more detailed images are required of the renal microvascularity, or a 
higher resolution, static 3D anatomic models can be obtained using casting 
and corrosive techniques. The cast and exposed luminal structures can than 
be studied macroscopically, but also in fine detail using scanning electron 
microscope technique (SEM), which is capable of showing the finest 
ramifications, with details as endothelial cell imprint patterns 11, 12. However, 
the limitation of the SEM method is stability and vulnerability 13. Furthermore, 
with this technique any 3-D orientation is difficult without compromising total 
specimen integrity and geometrical configuration. 
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A recent study showed that vessels as small as 40µm in diameter of the 
intramural arterial vasculature of an entire goat heart can be clearly identified 
by a fluorescent imaging cryomicrotomy 14. Digital storage of the data gives 
the opportunity to reconstruct the anatomy without losing material. In this 
pilot study, we assessed the combined use of a fluorescent casting 
technique, cryomicrotome imaging, and 3-D computer analysis as a new 
static method for visualizing and reconstructing the vascular tree in a porcine 
renal model. 
 
 
Material and methods 
 
 
Unaffected kidneys (volume ≈100 mL) of domestic farm pigs (40 kg), which 
were used in our laparoscopic training programmed for urology residents, 
were used in the present pilot study of anatomical vascular reconstruction 
with an imaging cryomicrotome technique. Before blocking the renal blood 
supply, 10.000 units of heparin were administrated intravenously. After 
ligating the artery the complete specimen was dissected and removed via a 
laparotomy. On the bench, the main renal arterial branch was cannulated 
while preventing ingress of air in. The kidney was flushed under 80 mmHg 
pressure with 100 – 200 mL saline containing 10 µmol/L adenosine to 
maximally dilate the vascular bed. Thereafter, a cast of Batson no.17 plastic 
replica material (Polysciences Inc, Eppelheim, Germany) consisting of a 
monomer base solution (methyl methacrylate), a catalyst and a promoter, 
were introduced under a steady pressure of 80 mmHg (compressed air) and 
allowed to harden for 24 hours (figure 1).  The cast is made fluorescent by 
30 µg/mL base solution of Potomac yellow (Radiant Colour nv, Belgium). 
The entire kidney was then submerged in a cylindrical container filled with 
5% carboxymethylcellulose sodium solvent, and frozen to -20 0C for at least 
2 days. In an imaging cryomicrotome, built and developed in the Academic 
Medical Centre, Amsterdam, and based on an existing cryomicrotome, the 
kidney was cut in slices of 50µm from anterior to posterior side. After each 
cut, a 2000 x 2000 pixel digital camera (Kodak) equipped with a 70-180 mm 
lens (Nikon) was used to take images of the entire cutting plane of the 
remaining sample; each pixel represented 50 x 50 µm. The fluorescence 
was measured using, an excitation filter (D440/20x, Chroma Technology 
Corp, Rockingham, USA) in the light path towards the cutting plane, and an 
emission filter (D505/ 30 m, Chroma Technology Corp, Rockingham, USA) 
in the light path from the cutting plane towards the camera (figure 2). All 
images were processed using custom-made software written in Delphi 
Pascal (Borland, vs. 7.0) using the Toolkit of MCM (Birkerød, Denmark) and 
were stored in the computer. The stacks of images were then rendered in 3-
D using proprietary image registration and visualization software 15. 
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Figure 1. 
 
The fluorescent cast is injected via a continuous propulsion system with 80 
mmHg pressures for 24 hours. 
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Figure 2. 
 
A simplified schematic set-up of the fluorescent imaging cryomicrotome. 
 
 
 

 
Results 
 
 
Two domestic farm pigs (40 kg) were selected for the additional study of the 
renal blood supply. In the first, a left kidney was dissected without affecting 
its arterial blood flow. The kidney was removed via a laparotomy and 
prepared for casting. It was sectioned in the cryomicrotome in 550 slices. An 
image with normal white light of a single dissection surface shows no cast 
vessels (figure 3a), whereas, the cast can be clearly distinguished when the 
fluorescence is visualized via the excitation and emission filter (figure 3b). 
However, one image alone gives no clear impression of the vascular 
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structure; this becomes more recognizable when a stack of consecutive 
images is selected (figure 4). Vessels of <50 µm cannot be visualized due to 
the limit of the optical resolution, but the fluorescence in the smaller vessels 
results in a higher intensity of background noise of the image, which results 
in an unfocused grey background. If all images are selected, a 3-D 
computerized reconstruction of the arterial branches shows the complete 
arterial anatomy up to small arterioles of 50µm (figure 5). 
 
In the second pig using the right kidney, the arterial blood supply was 
insufficiently blocked during laparoscopy, but the congestion of the kidney 
that occurred after ligating the renal vein turned did not influence for the 
results of the imaging method. After laparotomy the artery was completely 
ligated and the specimen removed. The kidney was cut in the cryomicrotome 
in 750 slices of 50µm thick; the same computerized reconstruction was 
used, which resulted in similar images to the first kidney. Also in this kidney, 
stacks of consecutive images were selected (figure 6) and a 3-D image of 
the arterial vascular tree constructed. 
 
 

Figure 3a,b. 

Two digital images of the same surface (kidney 1). The image on the left is 
taken with white light (A), the image on the right with fluorescent light (B). 

 
A             B 
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Figure 4. 

Maximum intensity projection (MIP) of 50 consecutive surfaces representing 
a thickness of 2.5 mm (kidney 1). The contrast brightness values of the 
insert have been adjusted to visualize the small vessels. 
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Figure 5. 

3D-rendered model seen from three projections (kidney 1). 
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Figure 6. 

Maximum intensity projection (MIP) of 50 consecutive surfaces, representing 
a thickness of 2.5 mm. The contrast brightness values of the insert have 
been adjusted to visualize the small vessels (kidney 2). 

 

 
 
 
 
Discussion 
 
 
Several casting methods have been used previously to create a static 
reconstruction of the anatomical microvascular distribution in organs. The 
waxes used previously have been replaced with silicon-like compounds 7, 16, 

17. Most often these vascular casts are used in combination with a corrosive 
preparation technique. All organic tissue around the hardened cast is 
removed using corrosive or digestive substance, with or without detergents, 
and by several mechanical means. The casts can be created in different 
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colors, allowing differentiating among several luminal systems, e.g. arterial, 
venous, and urine-collecting system. However, the loss of integrity after 
corroding the connective and supporting tissues among the remaining cast 
lumina is to be expected 18. This leads to changes in the anatomical 
distances and thus relationships among the different cast structures, which 
invalidates the 3-D orientation. The use of different colored casts in separate 
luminal structures is also possible with the cryomicrotomy method. The 
advantage is that, by leaving the connective tissues in place, the 
dimensional distances between these structures remains intact, giving a 
realistic image of the static anatomical relationships. A reliable 
reconstruction these relationships among vascular branches and the 
collecting system of a kidney can be important, e.g. when studying 
percutaneous access to the collecting system or for taking renal biopsies. 
 
The use of intravenously contrast materials in radiological imaging gives a 
static and dynamic impression of the vascular anatomy, but 3-D 
reconstructions are only possible with CT and MRI. Another possible way of 
measuring vascular flow is with the fluorescent imaging cryomicrotomy, by 
using microspheres 19. These polystyrene particles, if administrated in the 
arterial stream proximal to the region of interest, are carried by the flow and 
entrapped in the vessels within the organ of interest. If the microspheres are 
fluorescent, they can be detected with the cryomicrotome imaging method 
and digitally counted. Combining the casting method with the use of 
microspheres and the digital imaging cryomicrotome provides a model for 
both static and dynamic anatomical reconstruction. 
 
In this pilot study, the fluorescence imaging cryomicrotome technique 
provides an uncorroded 3-D static model, which shows cast structures up to 
50µm. However, when using the same casting technique as described here, 
microscopy of the microvascular branches of goat hearts showed complete 
filling, with replicas of vessels <15µm 14. Thus, vessels with a diameter 
<50µm can only be visualized using a digital camera with higher quantum 
efficiency, combined with a lens of higher aperture. A higher resolution can, 
within limits, also be obtained by minimizing the sample-imaging surface. For 
example, with our model, a 40µm diameter resolution can be obtained with 
an imaging surface of 64 cm2. Although the resolution will never be as high 
as with the micro-CT or SEM, it is higher than the standard radiological 
imaging used for tissues or organs of larger volume. 
 
Because the anatomical structure and function of the pig kidney is known to 
be similar to that of the human kidney, the porcine kidney is a good 
anatomical model for understanding surgical and radiological methods used 
in the human kidney 1. To evaluate kidney vascular anatomy and function a 
technique is required that can assess a volume as large as the entire kidney. 
Furthermore, if the geometric relationships are not to be disturbed, 
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techniques using corrosive preparation and casting, and micro-CT, seem to 
be less appropriate. 
 
Vascular anatomical models can be of benefit for research into renal cancer 
treatment. The vascular role in this cancer, e.g. neo-angiogenesis, is 
becoming clearer 9, 20. It is possible to visualize neo-angiogenic vessels in 
tumors using corrosive casting and SEM, but the resolution of the 
cryomicrotome technique is not yet sufficient to visualize the newly formed 
vessels of 8 µm 20. Ablative surgery for renal tumors, e.g. cryotherapy and 
radiofrequency ablation, could also be studied with this method. Especially in 
cryoablation, the role of vascular damage plays is important in the final lethal 
zone 21. The vascular effects of freezing are known to be dynamic over time, 
starting with acute microvascular damage and later followed by 
thromboembolic ischemia of arterioles 21-23. Also, nephron-sparing minimal 
invasive surgery, like laparoscopic partial nephrectomy, can be studied using 
the imaging cryomicrotome technique although the best method is a 
dynamic imaging model with a high sensitivity for vascular flow, combined 
with a high resolution of the microvasculature; this is possible using 
microspheres combined with the cryomicrotome method. 
 
 
Conclusion 
 
 
3-D visualization and reconstruction of the renal arterial blood supply in a pig 
kidney is possible using a fluorescence imaging cryomicrotome. The arterial 
geometry of the complete organ can be visualized at a resolution of up to 
50µm of the complete. 
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