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1. Purpose

To validate a fully automated segmentation method based on 3D Non-Uniform Rational B-Splines
(NURBS) fitting model for severe stenotic and high curvature carotid artery structures. We have
developed a deformable tubular NURBS model to automatically fit onto luminal areas of carotid
arteries from MRA images with minimal interactions. The model was designed to delineate severe
stenoses and high curvature vessels structure.

2. Material and Methods

Contrast-enhanced MRA from 11 patients suffering atherosclerotic disease were selected. Eight
stenotic and five complex vessel segments were defined for the validation. Ground truth was manual
contours on image slices perpendicular to the vessel.

Fast marching level set method [1] was used to detect luminal pathline automatically from minimum
of two seed points, placed manually by a user. One or more intermediate points may be additionally
placed if necessary to guide the pathline detection. A gradient-based surface fitting was performed to
segment the lumen [2].

3. Results

In total, 308 normal and 432 stenotic vessel slices were analyzed. Some of the automated
segmentation results are given in [Five examples of the automated segmentation results.] Fig. 1.
Correlation coefficients of cross-sectional area were 0.97 (P<1E-16) and 0.92 (P<1E-16) for complex
vessel and stenoses, respectively (see [Linear regression plots.] Fig. 2). The mean difference for

complex structure was 0.5 mm? (SD 1.8 mm2), while for stenoses it was 1.6 mm? (SD5.5 mmz).
Bland-Altman plots in [Bland-Altmann plots.] Fig. 3 show high agreement between automatically and
manually derived cross-sectional areas.

[Distributions of percentage area overlap for each cases (11 patients).] Figure 4 shows the distributions
of percentage area overlap and the mean was 86.1% (SD 8.2%) for complex vessel, 73.4% (SD 18.1%)
for stenoses. The degree of stenosis was quantified (see Table 1). The mean difference for degree of
stenosis was 18.5% (SD 13.8%). Table 1 also shows percentage area overlap for each segment.

Table 1: Validation results.



pct. area overlap automated [expert

patient min mean |max dmin|dos dmin|dos

P1 48.26%|86.36%|94.87% |2.71 3.75

P2 60.00%|89.83%]|100.00%|3.78 4.02
complex|P3 72.18%|87.02%|95.11% |[3.28 3.63

P4 70.81%(86.81%|94.87% |3.15 3.85

P5 61.19%|74.51%|85.07% (1.78 2.55

P6 32.44%72.97%(90.45% (1.75 |66.91%|2.43 {49.30%
P7 36.97%|76.54%|95.13% [1.06 |82.32%]|1.68 [71.07%
P8 25.09%|73.42%|92.76% [0.33 |92.66%]|2.53 [52.19%
P9 39.48%]84.15%(95.49% (1.79 |63.73%|2.37 {56.55%
P10  |9.45% |64.34%|93.01% [0.54 |84.98%|1.10 |71.60%
P11 46.30%|78.44%|93.99% |1.27 |65.03%]3.02 |25.09%
P12 35.72%71.34%(91.75% [1.29 |67.84%]|1.95 {59.46%
P13 |29.08%|75.64%|96.65% [1.06 |85.15%|1.84 |75.67%
dmin = minimum diameter (mm), dos = degree of stenosis

stenoses

4, Conclusion

There is an excellent correlation of cross-sectional area between the automated method with expert.
Strong agreement for area overlap was achieved, particularly for complex vessels. Disagreement
occurs for the degree of stenosis, due to poor resolution and low signal intensity. In all stenotic cases,
the degree of stenosis from the automated method is higher than the observer derived measurement.

The current method is designed to fit into a single artery branch, which is suboptimal for bifurcation
area. Extension of the method for bifurcation areas is still an ongoing research process.
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Bland-Altmann plots.
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Five examples of the automated segmentation results.

(a) ()' (c) ()‘ (e) ‘

Segmentation results on severe stenotic cases (a-c) and complex vasculature (d-e).

Linear regression plots.
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