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Whole heart segmentation and coronary artery analysis based on virtual scalpel simulation
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1. School of Science, East China Jiaotong University, Nanchang 330013, China; 2. School of Information and Software Engineering,

East China Jiaotong University, Nanchang 330013, China

Abstract: In view of the complex adhesion and overlapping of whole heart image data on the luminance distribution, a novel
adaptive geometric cutting tool for distinguished cutting or preservation of different tissues on the edge of the blade is
proposed for efficiently eliminating the extra-cardiac tissues while preserving the epicardium and epicardial fat. The whole
heart segmentation approach which simulate scalpel cutting and relative analysis algorithms are implemented by GPU
programming. Experimental results demonstrate that the proposed method can provide virtual reality for whole heart and
coronary artery details in real time from complex chest volume data, and offer graphic guiding for analysis and judgment of
heart diseases. The proposed cutting method can be served as a quick culling tool for the organ remnant tissues which can’t
be appropriately segmented using the existing algorithms.
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Figure 1 Flowchart of whole heart segmentation and display
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Figure 2 Spatial geometric transformation for

segmentation of arbitrary—shape stylidium
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const kStyldiumAttributeClipFrag = #version 330 core’

+#10'in vec2 TexCoord;'

+#10'out vecd FragColor;' //GLSLAMEEER

+#10'uniform float coordZ gHigh,gLow;"

+#10'uniform mat4 projPlaneMatrix; /4% ¥ i 565

+#10'uniform sampler3D dynamicMask ;//Z) &

+#10'uniform sampler3D intensityVol ;'// 35 8%

+#10'uniform sampler2D eraserTexture2D; //24 HHEIEN &

+i#10'void main(void) '

+#10' vecd vp = vecd(TexCoord.xy, coordZ,1.0); /K TR 445

+#10' vecd vpj=projPlaneMatrix+vp;//it W ERIE L) %45

+#10' vecd maskIntensitySample =texture(dynamicMask vp.xyz); //ER{§ED75 AV
+#10' maskIntensitySample.a =1.0; //BHzh A AR 8 BE H 1600

+#10' vecd intensitySample = texture(intensityVolvp.xyz); /5§ % FESIR A (K
+#10'float SampleV= intensitySample.r;' //BALES } R B

+#10'vecd Intensity2DSample =texture2D(eraserTexture2D,vpjxy+0.5);// — $ Fm{l
+#10'if ((Intensity2DSample.a<0.0001) &&(SampleV>glow)&&(SampleV<gHigh)) ;
+#10'maskintensitySample.a=0.0;}' /4 % B %50

+#10' FragColor =maskIntensitySample; /B & IRIE % 4 A M H

+#10'};
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Figure 3 Source code of generating arbitrary—shape

stylidium segmentation mask
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Figure 4 Cutting tools for various geometric shapes and properties

+#10" in vec2 TexCoord;’

+#10'out vec4 FragColor;"'

+#10"uniform float coordZ, radiusl, radius2:’ //Z ARFNKNIRHR
+#10"uniform float Graylow, GrayHigh;' //7%REfR{&

+#10'uniform vec3 sphereCenterP;'//fizkeils

+#10"uniform sampler3D dynamicMask ;'//Zh7SiiEis

+#10"uniform sampler3D intensityVol;'//{hE#iiRE R 4IE

+#10'void main(void) {'

+#10" vec3 vp = vec3(TexCoord. xy, coord?);"//FRG=Hi4#x

+#10" float intensityV=texture(intensityVol,vp).r;'//ERIFAEEE
+#10" vec4 dynamicMaskSample = texture (dynamicMask, vp) ;' //¥1EIRS
+#10" dynamicMaskSample.a =1.0;'//8R & R ABETESITUEE

+#10' float d =length (sphereCenterP-vp) ; //& S REREITIE
+#10" i f ((d>radius1) && (d<radius2) && ((intensityV>=GraylLow) '

+#10' && (intensityV<{=GrayHigh)))"

+#10" dynamicMaskSample. a=0. 0; ' // 242 N3 £ B A A W) % BB FE RS A 38
+#10" FragColor = dynamicMaskSample;'

+#10')";
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Figure 5 Source code of generating mult-attribute sphere

segmentation mask
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Figure 6 Multi-attribute arbitrary—shape stylidium cutting
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Figure 7 Cutting results of peeling extra—cardiac tissue with various cutting tools
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Table 1 Efficiency comparison among different method for whole

heart segmentation
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Figure 8 Whole heart segmentation and coronary artery analysis and display
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Figure 9 Renderings of the heart and coronary artery with different transfer function
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