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ABSTRACT

Growth factor effects on blood vessel patterns were assessed with a fast and automated method
that measures complexity (extended counting method: XCM; Sandau, 1996). XCM is a robust
estimator of complexity not only in theory but also in practice: 1) it fulfils the quasi-rnaximurn-
property; 2) it shows reduced variance due to pattem translation and rotation; 3) it is less sensi-
tive to image manipulations and thresholding. XCM is superior to traditional fractal analysis for
detecting changes in vascular complexity following growth factor and control treatment.
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INTRODUCTION

The study of blood vessel differentiation and growth (angiogenesis research) may provide
knowledge for an improved understanding of embryonic development, of pathological co11di-
tions and for therapeutical approaches to a broad variety of diseases. Growth factors play a key
role in angiogenesis and their effects need to be quantitatively analyzed for an improved under-
standing. Blood vessel pattems in the chick chorioallantoic membrane (CAM) during normal
development and after growth factor application (Wilting et al., 1993) have previously been
characterized with estimates of vessel length density, endothelial proliferation intensity and
complexity ("fractal dimension", cf. Kurz et al. 1994, 1995; Wilting et al., 1996). We observed
in these studies that complexity could only be measured with conventional methods (e.g., box-
counting method, BCM) under strictly standardized assay conditions and with user aided image
analysis. Changes in vascularity in the CAM were also assessed by Kirchner et al. (1996) using
a highly interactive BCM. For routine use of angiogenic CAM assays, a minimum of user
interaction is required. In addition, the necessity to describe complexity without the need for
assumptions about a fractal structure (Sandau and Kurz, 1994), and several flaws inherent in
BCM and related methods prompted Sandau(1996a,b) to introduce the XCM. This new measure
of complexity is applied here for evaluating growth factor effects on blood vessel pattems.

CAM ASSAY AND IMAGE ANALYSIS

Detailed description of the angiogenic CAM assay and ofgrowth factors can be found in Wilting
et al. (1993, 1996, 1998), Kurz et al. (1994, 1995, 1998a), and Birkenhager et al. (1996). Briefly,












