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Background

• Models for “microvascular engineering” in vitro
– Long term goals

• Integration of a supplying vessel construct (“feeder donor vessel”)
• Functional microvascular networks

– Short term goals
• Models, imaging, quantification
• Functional analysis (ESR, oxygenation, pH, etc.)
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Background

• 3D in vitro vessel model with capillary structures
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Background

• Stabilization and maturation of newly formed capillaries

Endothelial
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mod. from Ramsauer et al. 2002

Morphological parameters, e.g.
– Recruitment with α-actin-

positive cells
– Length, information about 

microvascular networks
Histomorphometry
Image analysis of CLSM-data



Background

• Stabilization and maturation of
newly formed capillaries
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3D non-destructive imaging with CLSM

• Influence of hydrodynamic stress on vessel formation

• Need for comprehensive quantification
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(low mechanic stress)
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Quantification

• Method for fully automated morphological and topological 
analysis of microvascular structures
– Calculation of several “characteristic quantities” for 

characterization and comparison of microvascular
networks

– Degree of vessel maturation and stability, recruitment 
with perivascular cells

– Extracted c.q. provide information for advanced tissue 
engineering, in vitro angiogenesis and vessel formation 
of metabolically active tissues



Quantification

• Step-by-step quantification of CLSM datasets



Quantification

• Series of image processing
steps for fully automatic
image analysis and
extraction of
characteristic quantities
from CLSM datasets

• Visualization of
endothelial structures



Image preprocessing - Deconvolution

• Image quality suffers from optical aberration, a wide range 
of noise sources (detector noise, laser noise, shot noise of 
the light) and shading effects

• Mathematical interpretation: convolution of the source signal 
(actual image) with an interfering signal (PSF of the CLSM)

• Restoration of the original image by deconvolution
• Implementation of the Richardson-Lucy deconvolution

algorithm



Image preprocessing - Coupled anisotropic 
nonlinear reaction-diffusion system
• Removes noise from datasets and strengthens thin 

endothelial and perivascular structures
• Preservation of edges since diffusion occurs

perpendicularly to grayscale gradients

• Spatial separation of endothelial and perivascular
structures by means of a catalyzed decomposition
instead of a simple masking operation

isotropic (middle)
vs. anisotropic (right)

nonlinear diffusion



Image analysis – Recruitment with 
perivascular cells
• Computation of the real contact surface of endothelial and 

perivascular structures by using a variable threshold

• Maximum degree of coverage corresponds to the optimum 
threshold for subsequent segmentation of the endothelial 
dataset



Image analysis – Compactness

• Important characteristic morphological quantity
• Computation of surface and volume from segmented data 

with a modified Marching Tetrahedron algorithm

• Triangulation of the threshold depending iso-surface 
provides data for visualization



Image analysis – Compactness

• Some synthetic objects and their compactness



Image analysis – Skeletonization and 
vectorization
• Development of an anisotropic skeletonization algorithm for 

segmented endothelial data, location of medial axes
• Computation of length and identification of junction / line end 

points of the skeleton
• Analysis of connectivity and branching
• Important characteristic topological quantities



Image analysis – Skeletonization and 
vectorization
• Some synthetic objects and their skeleton



Characteristic quantities
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Conclusion

• Method for analysis and visualization of microvascular
structures in CLSM volume datasets

• Algorithms are universal, they can be used for quantification 
of other structures and networks from different modalities 
(i.e. macrovascular structures, neurites, airways, etc.)

• Extracted characteristic quantities are transferable and can 
be used to analyze multimodal volumetric datasets

• Also allow comparison of arbitrary structures to each other
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