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1. Branchpoint Clique Removal Pseudocode
VesselVio analyzes vascular networks by skeletonizing the datasets, identifying edges between centerline points (based on 26-neighborhood connectivity), and creating undirected graphs with the resulting points and edges. Vessel endpoints, segments, and branch points can be identified from this graph by examining the degree of connectivity of each vertex (i.e., how many neighbors each vertex has). 
	An issue with identifying branch points from these naïve graphs is that vertices at branch point junctions often form small loops, or ‘cliques’, because of their proximity in digital space. This leads to artificially inflated branch point counts. VesselVio filters spuriously labeled branch points by weighting branch point cliques based on radius, neighbor radius, and degree of connectivity to select remaining branchpoint candidates. Examination of numerous types of datasets led to the identification of 13 common cliques, dubbed classes. Filters were built for each class.
	Each identified clique is classified and passed through the appropriate clique filter. From examination of the inferior colliculus segmentation results, class 1-4 cliques represent over 95% of identified cliques.

2. Example Class 1 Clique CorrectionNaïve Graph
Filtered Graph
Correction
Red – Branch point
Yellow – Segment point


3. Clique Filter Pseudocode
Branchpoints = Subgraph of main graph containing only branchpoints
Cliques = Subgraph of Branchpoints containing only Cliques

FUNCTION Delete_Edges(vertices):
    IF largest radius exists among vertices:
        Remove edges between smallest vertices
    ENDIF
    ELSE:
        Find radius of vertex neighbors from main graph
        Sort vertices based on self-radius and neighbor radius weighting
        Delete edges between smallest two vertices
    ENDELSE
Class 1

FOR each Clique in Cliques:
    IF Clique class is 1: # Three 3-degree branchpoints
        CALL Delete_Edges with clique
    END IFClass 2

    IF Clique class is 2: # One 3-degree, one 1-degree, and two 2-degree
        Find radius of each branchpoint candidate with degree greater than 1
        CALL Delete_Edges with candidates
    ENDIF
[image: ]    IF Clique class is 3: # Two 2-degree and two 3-degree branchpoints
        Find radius of each branchpoint candidate with degree of 3
        CALL Delete_Edges with candidates
[image: ]    ENDIFClass 3

    IF Clique class if 4: # Four 3-degree branchpoints
        Find radius of each branchpoint candidate in Clique
        CALL Delete_Edeges with candidatesClass 4

[image: ]    ENDIF
    IF Clique class is 5: # Two 3-degree, four 2-degree branchpoints
        FOR branchpoints in Clique:
            IF degree of branchpoint is 3:Class 5

                Small_Clique = branchpoint + 2-degree neighbors
                CALL Delete_Edges with Small_Clique
            ENDIF
        ENDFOR
    ENDIF
[image: ]    IF Clique class is 6: # One 4-degree and four 2-degree branchpoints
        FOR branchpoints in Clique:
            IF degree of branchpoint is 2:
                Small_Clique = connected neighborhoodClass 6

                CALL Delete_Edges with Small_Clique
[image: ]            ENDIF
        ENDFOR
    ENDIF
    IF Clique class is 7 or 8: # One 4-degree and four 3-degree branchpoints
        Find 4-degree branchpointClass 7

[image: ]        Delete edges between 3-degree points.
    ENDIF
    IF Clique class is 9 or 10: # 1-, 2-, 3-, and 4-degree branchpoints
        FOR branchpoint in Clique:Class 8

            Small_Clique = Branchpoint + 2-degree neighbors
[image: ][image: ]            IF size(Small_Clique) == 3:
                CALL Delete_Edges with Small_Clique
            ENDIF
        ENDFORClass 10
Class 9

    ENDIF
    IF Clique class is 11 or 12: # 3-, 4-, and 5-degree branchpoints
        FOR branchpoint in Clique:
            Delete edges between 2-degree branchpoints
        ENDFOR
    ENDIF
    IF Clique class is 13: 2-, 3-, and 5-degree branchpoints
        Delete edges between 3-degree and 2-degree branchpoints
    ENDIF
Class 11
Class 12
Class 13







            









4. Clique results from inferior colliculus segmentations
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Class 
Averages



1 2 3 4 5 6 7 8 9 10 11 12 Total
Average 93.32% 0.31% 1.47% 0.29% 2.37% 1.77% 0.03% 0.02% 0.10% 0.10% 0.19% 0.04% 100.00%



Occurrences



Subject 1 2 3 4 5 6 7 8 9 10 11 12 Total
1 9709 24 152 38 248 188 3 2 10 9 20 4 10407
2 3144 18 56 17 91 82 3 0 8 8 13 2 3442
3 4602 12 92 15 122 93 0 1 2 5 8 7 4959
4 3573 5 32 11 72 38 0 0 1 2 0 0 3734
5 7314 10 117 17 144 125 2 0 2 8 5 0 7744
6 7487 14 101 18 136 109 2 1 2 5 6 1 7882
7 2772 5 31 3 55 39 0 0 0 0 4 2 2911
8 3284 28 68 10 114 84 2 2 9 3 16 0 3620
9 3215 12 36 5 82 54 0 2 6 3 6 0 3421



10 4041 15 94 21 144 107 2 0 6 9 11 3 4453



Percentages



Subject 1 2 3 4 5 6 7 8 9 10 11 12 Total
1 93.29% 0.23% 1.46% 0.37% 2.38% 1.81% 0.03% 0.02% 0.10% 0.09% 0.19% 0.04% 100.00%
2 91.34% 0.52% 1.63% 0.49% 2.64% 2.38% 0.09% 0.00% 0.23% 0.23% 0.38% 0.06% 100.00%
3 92.80% 0.24% 1.86% 0.30% 2.46% 1.88% 0.00% 0.02% 0.04% 0.10% 0.16% 0.14% 100.00%
4 95.69% 0.13% 0.86% 0.29% 1.93% 1.02% 0.00% 0.00% 0.03% 0.05% 0.00% 0.00% 100.00%
5 94.45% 0.13% 1.51% 0.22% 1.86% 1.61% 0.03% 0.00% 0.03% 0.10% 0.06% 0.00% 100.00%
6 94.99% 0.18% 1.28% 0.23% 1.73% 1.38% 0.03% 0.01% 0.03% 0.06% 0.08% 0.01% 100.00%
7 95.23% 0.17% 1.06% 0.10% 1.89% 1.34% 0.00% 0.00% 0.00% 0.00% 0.14% 0.07% 100.00%
8 90.72% 0.77% 1.88% 0.28% 3.15% 2.32% 0.06% 0.06% 0.25% 0.08% 0.44% 0.00% 100.00%
9 93.98% 0.35% 1.05% 0.15% 2.40% 1.58% 0.00% 0.06% 0.18% 0.09% 0.18% 0.00% 100.00%



10 90.75% 0.34% 2.11% 0.47% 3.23% 2.40% 0.04% 0.00% 0.13% 0.20% 0.25% 0.07% 100.00%



Clique Classes
Clique Occurences



Clique Classes
Percentage of Identified Cliques



Clique Classes
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