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Fig. 1. Flow diagram of right ventricular segmentation combined with multi-atlas and Diffeomorphic demons algorithm.
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Fig. 3. Four examples of typical right ventricular registra-
tion: (a) Target image; (b) atlas image; (c) label image; (d)
registration result.
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Fig. 4. RV label image fusion process.
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Bl 5 ED MEEJE B 00 19 RV 43 #4525
Fig. 5. RV contour at ED from base to apex.

K6 ES MILJEB| TR RV 4 #4558
Fig. 6. RV contour at ES from base to apex.

%1 ED, ES iV Dice fREUHIZET £ K 25
Table 1.  Average Dice index and Hausdorff dis-
tance of ED and ES.

Dice HD/mm
ED 0.87(0.10) 10.76(4.5)
ES 0.81(0.16) 12.16(6.54)

P A 4 BN BGH FBOR HL O Z EARXT RN, 43
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0.95 —

0.90

0.85

0.80

Dice Metric

ED ES

& 7 Dice f8Fr AHTE &
Fig. 7. Box diagram of the Dice index.
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Fig. 8. Analysis of algorithm and gold standard results. Correlation analysis (a) EDV; (b) ESV; (c) EF; Bland-Altman analysis (d)
EDV; (e) ESV; (f) EF.

5B FLK UR/INGE AL, 3853 25 FRAGE AL T2 Bl H =
i Cine-CMRI 5 fill KI5 A AR A7 M L. 78 BRICHER,

RV & 45 F1 Cine-CMRI 515 2445 5 AT DORER S RV, LV, 07 S8 B G5 A A xfE LA X
FLA R EZRME: RV N ALHE R 30 R 22 1 Y 4y, FECRV HFAHE. 780 = Wi, O %= Bk

190701-8


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 19 (2019) 190701
300
(a) R S ——
25 1 +1.96SD
250 F e Data * Data 31.9415
=0.88x+21.57
! . > 10t «~ " .
o @) u..u °®
200 } 5] ° Mean
o —~ —=5F ¢ o090 o ®%_1.8167
> g
A ° =] °
M 150 . £ —20 ° o
= o 0
. .. Z ,35,,,,,,,,,,,,,,,,,,,,,,,,,,f,lggﬁ,s,]?,
100 | o e = —35.5748
=
(@
50 |
(b) °
50 100 150 200 250 300 0 50 100 150 200 250 300
Manual EDV Mean of DL EDV and manual EDV
250
() 25 F - P LR R e R i
+1.96SD
25.0575
200 ¢ Data * Data
y=0.87z+16.12 . 10} o
1) o o0° °
&) °
150 E *%° o
> ' . Z 5} o Mean
A g 0 o —6.1830
= g °
A * >
- L ]
100 o8 7 2 s . .
° =
o, a ° °
[ ]
500 0 % . -35t 196D
. o . Z37.4235
(d)
50 100 150 200 250 0 50 100 150 200 250
Manual ESV Mean of DL ESV and manual ESV
1.0 0.3
(e) (1) .
,,,,,,,,,,,,,,,,,,,,,,,,,, +1.965D
0.8f ¢ Data 0.2} o Data N 0.2191
y=0.752+0.097 o
9 [ ]
%/ ® m ° [
0.6 F e o % 01} o
< ° A g
L]
§ AL g ®e - Mean
A e ee ®© o —0.0372
0.4r s° m 0r ° °
° ° °
oo =) ® o o°
(=) ° o0
0.2 —0.1¢}
| __________—1965D
o —0.1447
0 . . . . _0.2 . . . .
0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
Manual EF Mean of DL EF and manual EF

B9

R 2] 5 GRS R AT BT AH OGS BT

AR (o) WARAIIATR; (£) 5123 %k

Fig. 9. Analysis of deep learning and gold standard results. Correlation analysis (a) EDV; (b) ESV; (¢) EF; Bland-Altman analysis

(d) EDV; (e) ESV; (f) EF.
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A new method of multi- atlas segmentation of right ventricle
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Abstract

Segmentation of right ventricle (RV) in a cine cardiac magnetic resonance (CMR) image is essential for the
diagnosis and therapy of cardiac diseases. Traditional image segmentation methods fail to achieve high accuracy
due to the complex structure of RV. Multi-atlas frame, which transforms the segmentation into registration and
fusion, has become one of the main segmentation methods of RV in recent years. In this paper, we suggest a
new multi-atlas frame for the automatical and accurate segmentation of RV. Firstly, an adaptive affinity
propagation algorithm is used to obtain a series of atlases, in which the atlas set most similar to the target
image based on hausdorff distance and normalized mutual information is selected. Then, the target image is
registered onto the selected atlas by using multi-resolution strategy-based affine transform and Diffeomorphic
demons algorithm to generate a deformation field, which is applied to the label image to obtain coarse
segmentation results of RV. Finally, the Consensus Level, Labeler Accuracy and Truth Estimation (COLLATE)
algorithm is used to fuse the coarse segmentation result to obtain the RV. The 30 cine CMR datasets are
applied to the retrospective analysis. The comparison between RV value from the present algorithm and that
from the manual segmentation shows that the average dice index and hausdorff distance are 0.84 and 11.46 mm,
respectively, the correlation coefficients and deviation means of endo-diastolic volume, endo-systolic volume and
ejection fraction are 0.94, 0.90, 0.86, and 2.5113, —3.4783, 0.0341, respectively. Compared with convolutional
neural networks, the new multi-atlas frame has an endo-systolic volume close to the manual result. The results
show that the suggested method improves the accuracy and robustness of segmentation of RV from the effective
atlas selection and multi-resolution Diffeomorphic demons algorithm-based registration, and it promises to be

applied to clinical diagnosis.

Keywords: cardiac magnetic resonance imaging, right ventricle, multi-atlas segmentation, diffeomorphic

demons
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