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[ Abstract] Combining with the actual demand for the diagnosis of coronary artery disease, this paper deeply studies cardiovascular
imaging enhancement and segmentation algorithms, uses improved multi—scale vascular enhancement filtering and other techniques
to desiccate and enhance the imaging images, designs and implements coronary artery segmentation and skeleton extraction, vascular
diameter measurement, stenosis assisted assessment and other functional modules, and finally developed a highly efficient intelligent
image—assisted diagnosis system. It can quickly and accurately segment and measure coronary arteries. The experimental results show
that the accuracy of the segmentation results of this method is 91.88% , the recall rate is 84.40% , and the F1 score is 87.49% , which

can meet the basic clinical segmentation needs and assist doctors to assess the severity of coronary artery disease.
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Fig. 1 Coronary artery tree extraction process diagram
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Fig. 2 Schematic diagram of pixel distribution
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Fig. 3 Schematic diagram of the bifurcation point and endpoint
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Fig. 4 Schematic diagram of blood vessel diameter estimation
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Fig. 5 Schematic diagram of the method for simulating blood vessel

diameter in this paper
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Fig. 6 Schematic diagram of the segmentation results of coronary angiography images
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Fig. 7 Schematic diagram of the similarity comprehensive
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Tab. 1 The quantitative evaluation results of 50 images manually marked by three experts as the gold standard
o HRE XL HLRE 22X HER 3N
S~
HEHR(P) AR R) LEITHMIRER(FD)  WIER(P) BEERR) ZERITIMEIR(FL)  FEUR(P) AREE(R) ZRGTTHIERR(F1)
1 95.27 81.02 87.57 89.43 68.88 77.82 91.31 84.05 87.53
2 96.28 87.44 91.65 97.10 82.12 88.98 88.97 89.22 89.09
3 93.41 77.71 84.84 91.86 81.99 86.64 89.35 87.55 88.44
4 95.78 80.71 87.60 95.90 86.96 91.21 91.86 85.10 88.35
5 92.97 81.90 87.08 94.87 77.70 85.43 90.08 82.89 86.34
6 92.17 89.91 91.03 91.28 82.03 86.41 89.26 86.38 87.80
7 90.48 88.07 89.26 94.16 78.45 85.59 89.57 85.95 87.72
8 91.76 88.84 90.28 91.57 75.49 82.76 87.90 85.97 86.92
9 95.48 70.11 80.85 94.82 61.85 74.87 91.66 76.04 83.12
10 95.12 82.37 88.29 96.10 78.28 86.28 90.90 86.69 88.75
11 95.17 79.86 86.85 96.93 74.58 84.30 90.75 84.53 87.53
12 94.09 83.41 88.43 88.91 70.91 78.90 87.25 87.07 87.16
13 92.17 88.94 90.53 90.10 78.42 83.86 89.20 87.56 88.37
14 90.69 87.52 89.08 90.70 79.06 84.48 89.28 85.15 87.17
15 82.46 84.92 83.67 83.40 75.29 79.14 79.45 79.69 79.57
16 85.53 88.14 86.82 95.57 77.48 85.58 86.33 89.60 87.93
17 86.86 93.61 90.11 95.04 79.57 86.62 88.63 86.56 87.58
18 85.00 88.03 86.49 96.31 85.17 90.40 85.57 89.29 87.39
19 89.48 87.56 88.51 94.91 78.27 85.79 88.85 86.27 87.54
20 87.52 89.07 88.29 88.97 81.02 84.81 83.75 87.61 85.64
21 93.54 89.67 91.56 96.38 82.97 89.17 91.13 88.32 89.70
22 93.48 87.00 90.12 87.73 84.58 86.13 89.68 85.43 87.50
23 94.43 84.59 89.24 88.13 83.61 85.81 89.76 89.20 89.48
24 97.99 76.11 85.68 95.62 73.28 82.97 94.75 83.64 88.85
25 94.03 80.26 86.60 89.97 78.82 84.03 91.10 84.27 87.55
26 92.04 83.56 87.60 87.03 81.44 84.14 89.45 88.14 88.79
27 90.20 87.04 88.59 95.06 75.16 83.95 89.07 86.03 87.52
28 95.99 86.44 90.97 94.05 83.23 88.31 91.73 88.75 90.22
29 95.60 85.12 90.06 95.76 80.93 87.72 92.73 84.68 88.52
30 92.58 82.98 87.52 91.38 81.30 86.05 92.02 84.99 88.37
31 94.10 84.91 89.27 94.45 82.16 87.88 89.77 87.30 88.52
32 94.75 80.52 87.06 92.89 73.89 82.31 92.94 85.59 89.11
33 94.00 89.94 91.93 94.79 76.98 84.96 94.52 88.63 91.48
34 91.91 90.62 91.26 92.04 83.97 87.82 92.91 88.83 90.82
35 92.87 89.09 90.94 93.53 85.16 89.15 91.90 87.09 89.43
36 90.16 88.48 89.31 86.11 83.93 85.01 88.74 86.40 87.55
37 94.59 85.89 90.03 92.64 78.70 85.10 93.83 84.11 88.70
38 92.76 86.70 89.63 92.78 81.39 86.71 90.36 84.95 87.57
39 96.78 87.44 91.87 97.99 79.58 87.83 94.85 84.83 89.56
40 95.51 84.69 89.78 94.77 81.43 87.60 94.59 85.80 89.98
41 91.82 87.81 89.77 88.46 88.26 88.36 91.58 89.18 90.36
42 89.20 86.51 87.83 85.85 81.39 83.56 89.56 87.19 88.36
43 92.87 87.61 90.16 93.52 80.23 86.37 91.24 87.12 89.13
44 95.14 84.60 89.56 92.19 2.45 87.05 91.80 88.22 89.97
45 95.57 83.18 88.95 94.87 73.05 82.54 89.68 86.37 87.99
46 93.96 81.41 87.24 92.69 79.09 85.35 84.70 86.01 85.35
47 89.50 85.31 87.35 88.42 85.91 87.15 91.29 87.43 89.32
48 91.05 87.54 89.26 92.05 87.01 89.46 93.45 87.66 90.46
49 96.48 82.41 88.89 91.63 79.52 85.15 93.91 87.20 90.43
50 97.72 86.86 91.97 94.62 82.25 88.00 95.45 84.54 89.66
average 92.77 85.27 88.74 92.51 79.70 85.51 90.37 86.22 88.20
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Tab. 2 Comparison of different blood vessel segmentation methods
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Fig. 8 Schematic diagram of the auxiliary diagnosis results of the
extent of the coronary research area proposed in this paper
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Tab. 3 The comparison between the diagnosis method of blood

vessel diameter and the clinical diagnosis results of experts
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Fig. 9 System application example
5 #XRiE
NGBS W T AT ke A B AL 7y

Br EAFERYAS 2 BT 00 A5 A A A8 3 0] e ok i

B IRRIn PR 7R AR SCRE T —Fh e T2 R

JEE 3 i ) SR Bl JDk B JB S e e AR R R B Y O Y B

LI R —E AN RE B Bz W R 4t , il s

VSR XS SR B0 Jpk A7 20 BRI DA e ko 2

R W B AR W MER T2 W, B

A I R E A 2 5

&% ik

(1] H1A , W AR, X0y A, 45, (b L iU B 4 5 2018 ) 122
[J]. PEEFZE,2019:34(3) :6-17.

[2] AR o[ M]. bt AR, 2002:47-48.

[3] Emelia J. Benjamin, Salim S. Virani, Clifton W. Callaway, et al.
Heart Disease and Stroke Statistics—2018 Update: A Report From
the American Heart Association[ J ].Circulation, 2018, 137(12):
67-492.

[4] REIBER JH, TU S, TUINENBURG JC,et al. QCA, IVUS and
OCT in interventional cardiology in 2011 [ J]. Cardiovascular
Diagnosis & Therapy, 2011, 1(1) :57.

[5] Xiao Wang, John Benson, Bharathi Jagadeesan, et al. Giant
Cerebral Aneurysms; Comparing CTA, MRA, and Digital
Subtraction Angiography Assessments[ J]. Journal of euroimaging,
2020,30(3) :335-341.

[6] Kirigli H.A, Schaap M, Metz C T, et al. Standardized evaluation
framework for evaluating coronary artery stenoses detection,
stenoses quantification and lumen segmentation algorithms in
Computed Tomography Angiography[ J]. Medical image analysis,
2013, 17(8) :859-876.



48 oBe

itow oM 5w

510 %

[7] AYLWARD S R, BULLITT E. Initialization, Noise, Singularities,
and Scale in Height Ridge Traversal for Tubular Object Centerline
Extraction[ J]. IEEE transactions on medical imaging, 2002, 21

(2):61.
[8] MOCCIA S, DE MOMI E, EL HADIJI S, et al. Blood vessel
segmentation algorithms — Review of methods, datasets and

evaluation metrics [ J ]. Computer Methods and Programs in

Biomedicine, 2018, 158.71-91.

BENMANSOUR F, COHEN L D. Fast Object Segmentation by

Growing Minimal Paths from a Single Point on 2D or 3D Images

[J]. Journal of Mathematical Imaging & Vision, 2009, 33(2):

209-221.

[10] CHEN Y, CAO Q, YANG G, et al. Centerline Constrained
Minimal Path Propagation for vessel extraction [ C ]// IEEE

—
=)
[

International Symposium on Biomedical Imaging. IEEE, 2014.
LUV o, W1 45, BT i R sl ks 5 g 2 R

B Fk (V] R (A AABIEERR) ,2006(3) :418-420.

[12]DING F, SHI Y, ZHU G, et al. Smoothing identification for
digital image forensics [ J]. Multimedia Tools and Applications,
2019, 78(1) :8225 - 8245.

[ 13]FRANGI A F, NIESSEN W J, VINCKEN K L, et al. Multiscale
vessel enhancement filtering [ C ]/ /International Conference on
Medical Image Computing and Computer — Assisted Intervention.
Cambridge: MICCAI, 1998 130-137.

[14]STAIKOV I N, ARNOLD M,MATTLE H P, REMONDA L, et
al. Comparison of the ECST, CC, and NASCET grading methods
and ultrasound for assessing carotid stenosis. European Carotid
Surgery  Trial.  North ~ American  Symptomatic  Carotid
Endarterectomy Trial. [ J]. Journal of neurology, 2000,247(9) :
681-687.

(151403, FETHREE 2 2] W ki 5 PR /&I [ D] JE5t AL a0l
HLK2#, 2019.

(L3256 41 1)
WIRE B A-1 4

25 WIHRFL] B-1 72
ALFLG] A2 7
et B-2 7
PRMIEZ

20

>

T W KA i
=

5
0
AB CDEFGHTIIJ KLMN
UNLNIALS
(a) ZEfsh 5y
(a) Left—hand driver
25
VILETE B A-1 /2
BRI B-1 /¢
PeALsE il A2 72
20 LA B-2 72
. i
S
;jgli
S
-E_'\T‘
E 10
;]_;]:_‘3
5

OABCDEFCHIJKLMN
NN DA
(b) A5 54 51
(b) Right—hand driver
B9 fiiHi/ER PD EXTEE
Fig. 9 Comparison of PD values before and after optimization
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Tab. 6 PD averages based on optimization calculations ( total)

XUIETRES PD EH41E/ %

1 6.41

2 6.56
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