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Techniques for the Automatic Diagnosis of Coronary

Artery Plagues from MDCT Images
Student : Yu-Ren Li Advisor : Tsai-pei Wang

Institute of Biomedical Engineering
College of Computer Science

National Chiao Tung University

Abstract

In recent years, due to the rapid development and expanded use of
MDCT (multi-detector computed tomography), it becomes much easier than before to
obtain_more accurate and high-resolution image data of the heart. In general, a
patient's MDCT data consist of hundreds of slices and it requires a lot of time and
effort to generate diagnoses from such data. Our goal is to propose and analyze
methods for diagnosing coronary plaques automatically.

In this thesis, we propose two automated method for the diagnosis of coronary
artery plaques. To identify potential coronary artery plaques, the first method uses
Fourier descriptors and intensity features, and the second method uses regression
analysis on the intensities and radii of vascular cross-sections. Our second method
ranks in second place when compared with the results of 11 other algorithms listed on

the data provider's website.
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d 2 4-37 70 & 03 &~ HQCA Sensitivity & 84%: QCA PPV & 14.5% >

Prruisl ey 14 2om CTA Sensitivity = 55.6% ' CTAPPV & 5.42% >

BeAUI AT AE N 148 TEL 9 FHE 11 Al F kg
AP 6 £ AT R A e S -

ORI - 2k~ enSensitivity X8 o A s @RI E m){‘;‘s% o iz PPV

—

W e AR ARG Epadnk 30 B0 R il i 5 W 5% 0 R By
Tr rdvsg > S FE - FEOERARR G FAe 0 FlL v A S ERmR ki F
Sensitivity {x§ @ #H = PPV % 35 °

PEA P — )3 R PPV T i R F o Bl 4-1(@) 5 $ 5 4 % 2
C2 A B ER B AL0) AP ERZ R F L e 0 Bl 4-10) 5

e PR ki B RV URED L F )




(c) (d)
Bl 4-l: Fok- 283863 - @QFS AR 2RI F L F#FDO)F 54528
PR EFERG c©F DA R2ERF L FREO)E: Fht 3 2 S B -

BEE S ERPPV. 2356080 8 R FS 4 b ¥ ABALYA LY
®o W A2@)5E % 0 A B AT RL S RGN B K khh F o R e Bl B
4-2(b) 5 3 e F B B 4-2(0) 5 & 2 F e it £ & nth B o WL T F
AAPE AL F R I RNPERER AR 2 R § R R LR F
A PB Kk hd B R Rk R R B A S e AmEE H

FROFHEBFRZ Z @B AaRms g Y § IR § 294 el &

B 4 (false positive) s #ic & L+ = » E 3 PPV T % o

(@) (b)

Bl 420 §5%- 282 pcb]F - (@Q% 04 $ 17T REF 2 FHBE G o (0)FF 5 o
Y RICEEE SR EE SLECEY

33



44 2 EARPRELEew FLAHRES
ARG r 43§ E RS o4 T AEERL Ak 4475 RN
PR o B H G A P
* 4-4: =L ESE
Avg
Method QCA Sens. Rank QCAPPV. Rank CTA Sens. Rank CTAPPV Rank
Rank
Observer2 76 1 65.5 2 815 3 733 2 2
Observerl 72 2 48.6 5 92.6 1 56.8 4 3
[17] 68 4 48.6 5 92.6 1 64.1 3 3.25
Observer3 52 9 68.4 1 63 6 73.9 1 4.25
Our method 60 6 395 8 66.7 5 35.3 6 6.25
[13] 72 2 254 11 59.3 7 18.8 9 7.25
[21] 68 4 21 12 77.8 4 17.6 10 75
[15] 20 15 50 4 48.1 8 25.5 7 8.5
[18] 36 12 39.1 9 44.4 10 41.4 5 9
[12] 60 6 19.5 13 48.1 8 8.3 13 10
[16] 36 12 64.3 3 111 15 14.3 11 10.25
[14] 40 11 30.3 10 333 12 20.9 8 10.25
[24] 44 10 47.8 7 29.6 14 10.5 12 10.75
[11] 56 8 18.7 14 40.7 11 4.6 15 12
[25] 24 14 11.3 5 33.3 12 6.3 14 13.75
d % 4-4 ¢ Far > ApEgk drens 2 - QCA Sensitivity % 60% » QCA PPV i
395% A w5 %6 2% 8 %@ CTA Sensitivity 2 66.7% » CTAPPV :
3B53%  HELAHERE LEE6 L THEMHE 626 BH s AR aFE 2

Kﬁg},

45 A T

Bl 4-3(0)5 25 AT A2 R 12 bt PR T

44

At o A E %

47;’
;r;l

AT ER 1o R F 5 R

C = [17]

PR RS

I‘j—ﬁ l

~ - /7 ?
F - dF G o

4ol 4-3(@) ¢ F 4 4 eh% 5B F o AR -

Bieflr AR

FARRE Ll 2P REBVYHFIEFRF

54 AER 1Pl o he Bl 4-3(C)

= 2

3

BpE BT R




REE s e QLI TGRS BASC)F T kit 2R 12 BHEER
TAAZE N PR IR B FIP A PR R A D AR 1 g i :}%E“,/TT Vgt P

PR UL AR R L DR R B i 2 ¢ e BT SR § S P

B E s 1268
250 : .

200

150F 1

(©) (d)
Bl 4-3: PIEATi- 2R L FHIH - (@)% 4 4% 558§ RALRME S - O
TV 75 o (C)% 4 4 % B L TR o (d)4F 1 g = £ o

fe 3% ik e HRRT R A R R ks T AP LAY R A
R R R R FR AL I - BRI Tl e ¥ 15 4 o

B2 F O EARTRA AR 44@)T RETI S - 458 R FAER 2 75

)
L
WP
B
p
(ﬂ}
S
g.
.l
\ﬁ
“%
)\-
p
S.
d
N
E=)
e
7::
Y
L
3
\ &
®
A
=
\9‘-
€
|

MERF > ZAPERE- RS gLiofn Lo | g Lispls 2
SRR FoRBHREFLI - B FRABLEF I NI L IE A EREMIERS

TE O FRt AR ok > A B 4-200)5 % 15 AR 28 H A p

35



s 12317 ES
|| T

250

200

150

(b) (c)

o

B 44 Fek- S84 peb]F - (QF 154 F 252 H2 AR TR o(D)F 15 ¢
FLEEFLE 2 ER cOF IS AR 2R F e F2LHA

345 SR R R s LWL BE T LB T TS A
VSRR RRE SRS S SRR e TS Skl R O

B KREHPPV o

QCA CTA

TP| FP [FN | TP | FP | FN

FEk— 121124 4 |15 (262 12

#5%- 15|23 /101833 | 9

RN ERR S S

36



EAmT P APRDN T A B BDETRE R FE ] T2 B
rr‘l/fﬁ\}]% 2 m»% )Jmﬁk(/%]*ﬂ?;}a—ﬁ/l'g\ﬂ /;Lg _1;_! ,5'\?’—5: ;E»}; ﬁ%ﬁ_fﬂﬁﬁ?}'ﬁﬁ%’?‘{ﬁﬁh’%‘
BT A ehaok b R a i RIS ¢ A ARe T RT R BRI o R

AL LU R R A A o

Sensitivity » % 77 #e 45 F|3F % £ & chzasi > it PPV B 5% 0 & T 2 H A e
TG BRI SR B R Ay RFBER . FIZ R i § R
Wl ? A AR § T ERF L - PREIRA AR T R DR R A
PRI 0 B R B S RAE R R GRILY TARR S B R B T o of

2 URFERA S RRARA 0 @ AR A KT K¢ § TR G )

FISPTE & O STR SURTE N 2 R EAE 0 L TP

Fo Fl A KRAGRT i T

PAbeor - B H ek R RN A B ERF L B T L B AR
>k R o

AP B E LI S p R RSP T A T RT3 2

Feb 1l AN en® Z23FA0 > L0 23 % 2 L o gl iE A T B Y i

wW
ul
AN
p

k.
'
o
=
3

=

&
/ri

41 66% s b 0 ¥ oA AN P B s

%%J%%ﬁi$ﬂ’ﬁ& S YRR (e N R R LA B E R § em
iﬁ;’?""ﬁ 'FAE 1%)’?—«—\ m_r*ﬁﬁfw ’?J{,—'ﬁ f’b"ﬁ — ]J:___ ’#‘ ﬁu&ﬁﬁ ;—,":737‘

il

dp B FERR GG FRAPL ARG s b § M EIRAR S s

A e N R e LT e LT

(ﬂ}
T
H\
s
04
i
PE
-
i
e
PN
E
Nl
2
ETS
e
Eﬂ"
&
>/
i
NN
X
\ W&
%?t
‘L*\T
'z
;\.
é
¢_\.‘
s

37



TS R IR A YRR R B RCGEEATE R F B S 2 T AR

sl

RIT] o 2807 B R - B st » TS HETIE R R0 (e € F] 5 kb ¥ B A

EREFMFfRERF T A RS FAPT 4 0 - L0 B e Rl e 28 Bl

™

K ER
b R RAP T o E R N ena 5 2 e FIT 0 30 kiRl R

>

g

FoooBed iR AR R g P s o




[1]

[2]

[3]

[4]

[5]

[6]

[7]

8]

[9]

[10]

[11]

SR

(2012). Rotterdam Coronary Artery Algorithm Evaluation Framework.
Available: http://coronary.bigr.nl/stenoses/

H. Kirisli, M. Schaap, C. Metz, A. Dharampall, W. Meijboom, S.
Papadopoulou, et al., "Standardized evaluation framework for evaluating

coronary artery stenosis detection, stenosis quantification and lumen
segmentation algorithms in computed tomography angiography,” Medical
Image Analysis, 2013.
M. A. Luengo-Oroz, M. J. Ledesma-Carbayo, J. Gdmez-Diego, M. A.
Garcia-Fernandez, M. Desco, and A. Santos, “"Extraction of the coronary artery
tree in cardiac computer tomographic images using morphological operators,"
in Functional Imaging and Modeling of the Heart, ed: Springer, 2007, pp.
424-432.
A. Hennemuth, T..Boskamp, D. Fritz, C. Kihnel, S. Bock, D. Rinck, et al.,
"One-click coronary tree segmentation in CT angiographic images;" in
International Congress Series, 2005, pp. 317-321.
C. Metz, M. Schaap, A. van der Giessen, T. van Walsum, and W. Niessen,
"Semi-automatic coronary artery centerline extraction in computed
tomography angiography data,” in Biomedical Imaging: From Nano to Macro,
2007. ISBI 2007. 4th IEEE International Symposium on, 2007, pp. 856-859.
B. Bouraoui, C. Ronse, J. Baruthio, N. Passat, and P. Germain, “Fully
automatic 3D segmentation of coronary arteries based on mathematical
morphology,” in Biomedical Imaging: From Nano to Macro, 2008. 1SBI 2008.
5th IEEE International Symposium on, 2008, pp. 1059-1062.
P. H. Kitslaar, M. Frenay, E. Oost, J. Dijkstra, B. Stoel, and J. H. Reiber,
"Connected Component and Morpholgy Based Extraction of Arterial
Centerlines of the Heart (CocomoBeach)," The MIDAS Journal (09 2008),
2008.
PEE g MR B L Bk B R e B S FARF R AT, R
i~ & 2000.
C. Bauer and H. Bischof, "Edge based tube detection for coronary artery
centerline extraction," The Insight Journal, 2008.
F. Renard and Y. Yang, "Image segmentation for detection of soft plaques in
multidetector CT images,” in Image Analysis and Interpretation, 2008. SSIAI
2008. IEEE Southwest Symposium on, 2008, pp. 121-124.
A. Eslami, A. Aboee, Z. Hodaei, M. Javanshir, S. C. Moghaddam, A.
Katouzian, et al. Quantification of Coronary Arterial Stenosis by Inflating

39


http://coronary.bigr.nl/stenoses/

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Tubes in CT Angiographic images. Available:
http://coronary.bigr.nl/stenoses/pdf/Eslami_camp_158.pdf

I. Melki, H. Talbot, J. Cousty, C. Pruvot, J. Knoplioch, L. Launay, et al.
Automatic Coronary Arteries Stenoses Detection in 3D CT angiography.
Available: http://coronary.bigr.nl/stenoses/pdf/Melki_A3SI_148.pdf

B. Mohr, S. Masood, and C. Plakas, "Accurate lumen segmentation and
stenosis detection and quantification in coronary CTA," in Proceedings of 3D
Cardiovascular Imaging: a MICCAI Segmentation Challenge Workshop,
2012.

C. Wang, R. Moreno, and 0. Smedby. (2012). Vessel Segmentation Using
Implicit Model-Guided Level Sets. Available:
http://coronary.bigr.nl/stenoses/pdf/\Wang_CMIV_160.pdf

R. Shahzad, T. van Walsum, H. Kirisli, H. Tang, C. Metz, M. Schaap, et al.
(2012). Automatic Stenoses Detection, Quantification and Lumen
Segmentation of the Coronary Arteries using a Two Point Centerline
Extraction Scheme. Available:
http://link.springer.com/content/pdf/10.1007%2Fs10554-013-0271-1.pdf

I. Oksiiz, D. Unay, and K. Kadipasaoglu. A Hybrid Method for Coronary
Artery Stenoses Detection and Quantification in CTA Images. Available:
http://coronary.bigr.nl/stenoses/pdf/Oksuz_ BAU 168.pdf

S. Cetin and G. Unal. (2012). Automatic detection of coronary artery stenosis
in CTA based on vessel intensity and geometric features. Available:
http://coronary.bigr.nl/stenoses/pdf/Cetin_Simira_226.pdf

A. Broersen, P. H. Kitslaar, M. Frenay, and J. Dijkstra. FrenchCoast: Fast,
Robust Extraction for the Nice Challenge on Coronary Artery Segmentation of
the Tree. Available:

http://coronary.bigr.nl/stenoses/pdf/Broersen LKEB_164.pdf

G. Yang, P. Kitslaar, M. Frenay, A. Broersen, M. J. Boogers, J. J. Bax, et al.,
"Automatic centerline extraction of coronary arteries in coronary computed

tomographic angiography,” The International Journal of Cardiovascular
Imaging, vol. 28, pp. 921-933, 2012.

M. J. Boogers, A. Broersen, J. E. van Velzen, F. R. de Graaf, H. M. EI-Naggar,
P. H. Kitslaar, et al., "Automated quantification of coronary plaque with
computed tomography: comparison with intravascular ultrasound using a
dedicated registration algorithm for fusion-based quantification,” European
heart journal, vol. 33, pp. 1007-1016, 2012.

M. Duval, E. Ouzeau, F. Precioso, and B. Matuszewski. Coronary Artery
Stenoses Detection with Random Forest. Available:

40


http://coronary.bigr.nl/stenoses/pdf/Eslami_camp_158.pdf
http://coronary.bigr.nl/stenoses/pdf/Melki_A3SI_148.pdf
http://coronary.bigr.nl/stenoses/pdf/Wang_CMIV_160.pdf
http://link.springer.com/content/pdf/10.1007%2Fs10554-013-0271-1.pdf
http://coronary.bigr.nl/stenoses/pdf/Oksuz_BAU_168.pdf
http://coronary.bigr.nl/stenoses/pdf/Cetin_Simira_226.pdf
http://coronary.bigr.nl/stenoses/pdf/Broersen_LKEB_164.pdf

[22]

[23]

[24]

[25]

http://coronary.bigr.nl/stenoses/pdf/Duval_UCLan-UNS_230.pdf

S. Theodoridis and K. Koutroumbas, Pattern recognition, 3rd ed. San Diego,
CA: Academic Press, 2006.

T. Birdal. (2011). Maximum Inscribed Circle using Voronoi Diagram.
Available:
http://www.mathworks.com/matlabcentral/fileexchange/32543-maximum-insc
ribed-circle-using-voronoi-diagram

K.-L. Lor and C.-M. Chen. Probabilistic Model Based Evaluation of Coronary
Artery Stenosis on Computed Tomography Angiography. Available:
http://coronary.bigr.nl/stenoses/pdf/Lor MIRAGE_174.pdf

L. Fl6rez-Valencia, M. Orkisz, R. A. C. Jerez, J. S. T. Gonzélez, E. M. C.
Agudelo, C. Mouton, et al. Coronary artery segmentation and stenosis
quantification in CT images with use of a right generalized cylinder model.
Available: http://coronary.bigr.nl/stenoses/pdf/Florez_VesselPUJ 162.pdf

41


http://coronary.bigr.nl/stenoses/pdf/Duval_UCLan-UNS_230.pdf
http://www.mathworks.com/matlabcentral/fileexchange/32543-maximum-inscribed-circle-using-voronoi-diagram
http://www.mathworks.com/matlabcentral/fileexchange/32543-maximum-inscribed-circle-using-voronoi-diagram
http://coronary.bigr.nl/stenoses/pdf/Lor_MIRAGE_174.pdf
http://coronary.bigr.nl/stenoses/pdf/Florez_VesselPUJ_162.pdf

