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partial nephrectomy: A three-dimensional segmentation technology study," International Journal of
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H+3}(30, Intensity normalization) % &%+ H3}(30, spacing normalization)E& 43
. 153} (Intensity normalization)® W 7%= 23 74 7k 2ol JFeAQ vb
%k (Gaussian weighted average)& AF&3}o] o]e]dl wol2E AAT 4= Ja, B9 &elo]xo F3t
ATt
g A oA, & 2164, A FEFE FF AV 23E 98 94410009 549 F43(Axial) oA
(110), E9] &3 (Coronal) WA (120) F H59 AX(Sagittal) WA (130)F 229 | w4 WES=A
(200)°fl F8E 5 suet. & 59, 2249 | wd WEHA(200)F= 2D FCN(fully convolutional network) 2
2D U-net & 4 she 23 4 k. dE Bol, 98 2 239 5 FA(: x-ray ovA]) B/®E
= 339 JE qd CT ol"=A], MRI, PET olmA])& =3al™, o5 d4olztd 583 Ak giot.
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45 Fad Ak om FAF(100)> HA dHolHEA, B &tolAa F B4 Y @Y oW|AER o]

o :
7]

A A del A, s 22004, 2akd HeEd e 22kl | arE MIEA (20005 F3 ¥4 G (region of
= 3

interest)d] B9 o =W (310, 320, 330, prediction map)S AT & Ar}t. dF Eo], BA gge 2R
F71 F o= o}UrA F71(d: A7) 7 A FAd = Aok AVIA H59] &5 (310, 320, 330)2 A

Jojol Aol Brkd 4 .

A AA] dof A, = 409 Z=AFE 2D 2 3D U-net “3D U-Net: Learning Dense Volumetric Segmentation from
Sparse Annotation", MICCAI 2016. oA A|¢tst= EEFAH UEYA FZd 45dd 5 o). o E9, 3D
U-Net2 & Z=A|H 4F 74 =(40, contracting path) ¥ QEZ] “Al® A3 7 =(50, expansive path)
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)

& XY F Ao, £F A2 FE AT AF¥F
(unpadded convolutions; QI A & FHAH
l

Q1 2¥e] 3x3 A=
o] A 8-S =
Y(rectified linear unit; ReLU) @ UT}A1Z% (downsampling)<

, = =
, 4] A EdE BA Ay
93t ~Edlo|=(stride) 29 2x2 AU =

L

ao Aite] FHuErr, A7l oAEd dAd dolA 5A  Ad(feature chamel)ES JiFE 287
FAs Ak, B A2 JojMe] BE WA= 53 W(feature map)el AAMEH (upsampling) 2 olol] FHup2i=
54 AEEY JMeE Ao g Fol= 2x2 A ( “up—convolution” ), °]ol| t&EH =S HutH (cropped)
= A22REe 52 Myle]l Ad(concatenation), % 299l 3x3 FAFORE FATH=H, 2 3x3 S 7+
Zho = RelU7} FWEtt. ded Ak 2E A oo AAM HAE (border pixels)e &4 ol
A olt). HFF F(final layer)olA] 1x1 gAdo] Z+zhe] 64 %1 (64-component) &% HWEHZES sl M+
Z=(class)oll WBsk= dol] o] &FTh. o] AAH AWM= BF 2278 FAF FEC] EFEA=,
oS¢ A Hel Aok, HHo g Ut B8 W(segmentation map)o] ZAE3HA oA EE | BE 2x2 HU
s | A Bdel A7)

A2F(max-pooling operation)e] #<9 x 7] ¥ y A7|E 7R+ Fo HEHEE
(input tile size)E& A¥3l= Aol Fo3lb= AL 549 7I€Ae= olslEd = A& Aold.

o

A AAl Ao, EH49 oS (310, 320, 330)2] AP HAEFA A (Convolution Neural Network, CNN)
S AFgS = Qlony, o]o dAE A gron AFE AW (Deep Neural Network, DNN), <=3+ 2173 (Recurrent
Neural Network, RNN)& A& d=e] AMS 46 wpe} ded 4 ).

A AAl del A, B2 23904, e FE daEE AAE 549 59 (310, 320, 330) W FE kol uisE] th
a4 F3E(400, majority voting)E o]&ste] A4l dHe] EaE 2x9 £ A dolE(5000E AT S
AT, & Eof, 234 & Ay "4101‘51(500)% o7 JA(100) M FHE TR EAE AE3=d v
Ae ARE ¥ 5= gloy qAY, o7 9410009 F=, AA, &2 58 g = Yy

A& E9, 2x9 & 27 dlol5(500)+= oh5 F3H(400)7F T 3t7] 484 10 93t AabE L,
[&4] 1]

1, if Sg+Sc+Ss=2
, else

%
=
<

=

Spts T FEO WE 239 £ A3 dlolE(500)0]3, S B4el H4(Axial) oVl g B
SAZW(31000 31, Syt B4e g (Coronal) olplAe] Hlahs Beel elEW (3200013, S Bae] A
(Sagittal) oMol thgah Bae) |54l (330)0]th,

utebA, 2akel £ A3} wlelE (500)= Fo] o) =W (310, 320, 330)9] EFe] o] 2 o4kl GSWENIS
Agstomn Add 5 A,

g HA] defA, T2 2494, G ARFE 22k £ A7 dHo)H (500) 4 B4 G9E crop(600)3ta 33t
4 oA AF= AFS 239 2 Ad dol’HE FA] A (600, resizing)FOo=A 3xk oW =] (700) &
A gtk 714 3FH oW A (700) = B BHFE AFF(localization)dt 74 Feje] 3D oAU
ATk, 32k oM X (700) = 3AHY W wE WELA(R00)9] A4 HAFE =ol7] 3 A dde dyUt

NN r:i

= o
crop¥ L Atel = 5= Q. o E Eo], WY BRE ol&ste] A FH T|HEo] zhe= wrigh ARt

A HA dollA, T2 25004, A JEFE 3FY oHX(700)E 3AY H wE WELZ(B00)] 4HPET &
Art. dE Eo, 339 H F4 WEYA(R00)E 3D U-netS &8I 4 rt. 3D U-netS UA AW = 49
&

A AL ool M, E2F 26014, 3 Heldie 3k | v MEYAB00)E F& dAl dHe] £ 34
4 =& 23 HolH40)E 52 7 Utk o714 33k £ A3} HolE (40)= dA FFl aFshs 54

37 B8 9PY 5 Ak,

A AA eellA, T2 2704, G BT 33 £ 23} dlolH (40)E decrop(900) o= wA] g oo

2 G AYF= 3
vdd HF 31101%13]01‘51(50)% A5 ¢ 3Ud.

A A delA, F2 2804, BE AV e ddie 7] A" 55719 E5 (volume) 3 FHE ol Hl
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[0059]

[0060]

olEI(50) el A B5g A o] BES nuFgozy vlw Az 7|uksie] BRAV|Y] 75 T ofF-E
wa 5

A 5o, F-EA7AA% (Renal Parenchyma Segmentation)o] A3 E Al HAS- AAH oz AM7eS Fo]7]
&l Ao dE5Ag vy AR S22 FASHA FBnE B3 288 FUIHoR Fyste] AP EFo| A&
Hog F/tehe AS AT AS, AFe e MdE vk das = ook, wEkA, B iyl 55
A7l A &S B9 &894 A1 BF Wg 2 U)o ddE geld 4 Q.

3, § ol UESDE B3 el AR By gy ool dx) W Yug nest
a1, 33k o2 G Ba A ool 9XF Ao W} Ane selgony By Py) Rake] Hrd 43
T2 ko] 2 o]q

= X =2 T M

shd, 2 dwdgel gis E1sly] 8 AHEE dHiolH AEE & $ /ERH 1d E9E 4d7kA] FFHS
—Erﬂ‘l]—‘i 0.67 WA 0.98 mm 2 2.5 WA 3.27 mm

= 50, (a)v= Y¥ o]uX](Original image), (b)& 4 ©WE agsle] 23 B WEHIE o] &3 &
st A3} (Renal parenchyma segmentation using 2D segmentation network considering axial plane), (c)&
2.5D + YEHYAE o]&s 3 ZH}(Renal parenchyma segmentation using 2.5D segmentation network
considering axial, coronal, and sagittal planes), (d)& ¥ ¥l 2& Wilo] H&8 ®& Z3}(Proposed
renal parenchyma segmentation combining 2D and 3D segmentation networks), (e)& Zrzte] ¥& Ayrl 44
B A# W (3D color map showing the error distance difference between the proposed segmentation network
result and ground-truth)e|th. & 5ollA &1gk vpe} o] 2 whwo] F3F Hhjo] A8 (d)7} 22te] dlolH
1 WA 4ollA 25 A4S 71 HesiA &gt

% 6olA AHIA HuE Yd WHE B 23S ol FAMIS(Dice similarity coefficient, DSC), 17+
= (Sensitivity, Sens), %A AdZX(PPV)E 3] 28 Eaf A4rste] n|watqict.
[4g212]

2TP
2TP+FP+FN

DSC =

P
IP+FN

TP
TP+ FP

Sensitivity =

PPV =

oluf | TP(True Positive)E 4% B3 A7) AHox A% BddE d99 34 /l4, IN(True Negative):=
T TZT F7] ddo] ofbd GFA AF SHHA B2 dH9 34 79, FP(False Positive)© % &
kst A7) o] ofd XA AF TE PG i 7H"r, FN(False Negative)©= & =3t 7] °§ﬂ°ﬂ

99
A A BEEA e oo st NG5S o dit),

(@]

dZ So], W AX 2D network with axial planeo]al, ¥ B+ 2D network with coronal planeo]il, Wi
+ 2D network with sagittal planeo]il, ®'H D= 2.5D networko|al, W Ex= H w@ieo] FEg #vlel 2.5D
network + 3D networke]Th.

2 ol WY E9] DSC s 13 e 2D AldE ol d v ES EL94 T WHREY 19.27 %, 6.61 %,

7 & s ]
36.71 %, 2.32 %, 25.95 %, 4.30 %, 35.88 % & 0.58 % 747 =2 98.00 % E 97.17 %°] =v}. o]9ol|x W
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EH6
Method A Method B Method C Method D Method E
Left 78.73+4.03 91.39+3.47 61.29+2.71 95.68+2.44 98.00£0.63
DSC
Right ~ 71.22+7.96 92.87+3.13 66.82+2.06 96.56+1.27 97.17£0.70
Left 97.73+1.24 93.90+5.95 94.45+3 91 96.17+3.58 98.22+0.95
Sens.
Right ~ 95.36+173 95.66+0.66 97.12+0.75 96.96+0.75 96.93+0.84
Left 65.41+587 89.54+591 4540+2 47 95.24+1.47 97.77+0.34
PPV
Right ~ 57.54+957 90.42+5.70 50.97+2.36 96.17+1.79 97.41£0.59
EH7

RPN 1 year RPN 2 years RPN 3 years RPN 4 years

Parenchymal volume analysis
Contralateral kidney. median
Parenchymal volume (mms)

with the % change . e o i
Renal function analysis

Postoperative eGFR (mL/min/1.73m?) 77.24 77.50 78.00 78.25

with the % change (4.36%) (7.80%) (9.53%) (9.91%)
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