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2~0]31 9It}, Imaging fusiono]e A
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ol GAA ol coregistration 3 & F S B
YEe] yeks] vfx]ste] Hojg= 71 (side-by-side
display)& 233} (1, 2). ©]2fgt imaging fusion®ll
%23} (ultrasonography, US)7}F d] o] &%l U=
o], 2 o]f= AAIZF 94 (real-time image) &2
259 % 8 SAlse] 7heetal, MARAS] mFo] §l
om v Au|eke] G4 & B vlart golahr| v
ot} (1). A=, CT, MRI, &2 PET/CT &< 94
S real-time US$} fusiondhs AZEYo(7 22
o 253 gr)ol] FatE] o o] ¥ a1 Tt (1, 3).

o]213} real-time image fusione £3] 7F Fofoj A
T-oF /A o] o] FolA|aL gt} ofe] A+
1o = USell CT &2 MRIE fusion &= o, 7+
A, 53] THAEgEoY HolE st 3l
conventional US && %9 =7 %283} (contrast-
enhanced ultrasound: CEUS) Xt} 12 A4S H9l
th= Bk v Qo (4-7). B3k, 233k JAk slo] &
ZEA] FAY EHEdd 7hAEdFol tidll image
fusion % 3 1573 HAlES ooz Alge ¢
Jri= 92 Byt Yoot (8-11).
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2 2 d 7k real-time image fusion 1 Hof

M= FA]S BEa1 QIth Yamamoto 5 4! CT-
lymphography @7 H&53 real-time US A}
AANE A Frohal, Mol iE ddsh=d] 3o =
= BF% (81%)5 HojFrhal Halslgirt (12). 1e
1 #oke] image fusionolA 7 #AS e A
H]= MRIO|th MRIE i ®We] Xihel] 9lof wj$-
=S W% (86-100%)5 Holu Atidoer v v

et Wle] SolE (20-100%)F wol AHloly)
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12-16). Tk MRIoA 2 #de dis] MRI
T oof 2ol ek A9t o}, gurh 2%
2 e Awt A& 7hssh, US e of 2447
wHoh o B HE A A8 AIRMS B8R sk v
ol vt wpA MRI 9747 real-time USS image
fusion (real-time MRI navigated US) & wjj, MRIe]
A e WS US AolA ddste] ®7fksta 28
Al US fr= oF SAleE 7FsshAl gtk ®ark QI8
o} (17-20).
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1. Real-time MRI navigated US¢| #-5-2]

A A= e 22 %S real-time
image fusion FH|Eo] 2o]i Jt}: Volume
Navigation (GE Healthcare, Ltd, Chalfont St
Giles, England); Real-time Virtual Sonography
(Hitachi Medical Corporation, Tokyo, Japan):
Virtual Navigator (Esaote SpA, Genoa, Italy);
PercuNav (Philips Healthcare, Best, the
Netherlands); eSie Fusion (Siemens Healthcare,
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Erlangen, Germany): and Smart Fusion (Toshiba
Medical Systems Corporation, Tochigi, Japan). ©]
FH S T A ok AHe Y E VIV e R s,
T4374H]= US 714, magnetic sensor”’} F2H¢ US
probe, ¥z}l WR F-9] L] Eo] magnetic field
< A/d3h= transmitter, 71831 magnetic position-
sensing unito.z o]FoJZt} (Fig. 1). Transmitter
o} sensorsi= US 7|Al9l W7¥ position-sensing
unit¥ A=, olF F3 A7 F WellA probe
o] |9} ks FA S A k. guzt AR =, V)
ol o] #Y¥ MRI 945 US 7[A=E EdEo] &

Yy A real-time US 974¥ MRI %/S side-by-
side display ki, 5 9% 7Fe] coregistrations Al
&gttt Coregistration®] W= =4 parallel
plane registration@ point registration %ol 1o
™, point registrationdl= #2ke] & o] TAAE
Haste] 7|Ede S W, 973 UlolA land-
mark® 229 g Q= e F-oHA FRES Al ) ol A
A ZYE Aol lockingdle WHo] Ut} Real-
time MRI navigated USE A&l 34 Foll= F
G 2ol ELA7E 9h& AF, F7H2] point regis-
trationes Akl 28 o At olw), MRI 972

Fig. 1. Real-time MRI navigated US2| T2 A4 & |,

(a) US 7|4l & magnetic transmitter (s}4t3) (b) US probeo]| &&= =
7H 2] magnetic sensors (&}4t ) (c) US 7| A|of| LHEHEl magnetic position-
¥ sensing unit2| sensor connectors (&M34AME)2} transmitter connector
(H4sHatE) (d) US B L Ef 4 LI2Es| M2 == real-time US d 4t (21%)
o} olo| Y2 EE MRI QA (RER).
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multiplanar reconstructed image® &% ] real-
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2. Real-time MR navigated USE ©]-&3F %
o gl

FHF Fololl A real-time MRI navigated US¢] o]-&
o gk B AT Ao, FEE Y S}
o] £ © MRI 4 A" 4 Wil tidt second-
look US®] HxA Fdomme] FRAS A9 =i
So] wtt}, Second-look US+ MRI A §-413] &
H 2957 WS US A 2sta 3risiy 29 A
US st sA=S &3l a2 A&57A 7Fss)
gl T 88 Bgoz2N MRI fiest 27| vl
A A AAZES 9% F e S /Y o
2lu 2 167709 MRI & 2AEAE 34 WS o
Ao @ 3k =Fol second-look US| W=+ 46%

RT 1:00 4_CM

o A= Aoz BauH} (21). < 9 I3k, real-
time MRI navigated US7} ©]213t second-look US
o ute W HES I g dvke dddT 4
7} ARt Nakano 52 A7-4lA4] conventional US
of H|3l real-time MRI navigated US7} MRI 4 2+
d 6771 7 s Bk ol ¥ w2 U=
S HAFEAY (90% vs. 30%, P<0.001) (17-19).
Real-time MRI navigated UStE 53] #4122 W ¢
A8 WP TE 54 29 (mammary fascia) 590
AA G W] HAES on Al =90 (P=0.23)
(17). Pons &% 43719 WHe] dial] vt 23E 1
o]F21+=d, real-time MRI navigated US9] ®H gt
ZAEo] conventional USell H&] u]dA =3kon
(91% vs. 43%, P€0.001), & =249 232} cor-
relation ¥ A3} real-time MRI navigated US2] ®
Te, 5ok, Y55, 54455 247 96.3%,

18.8%, 66.7%, 75% 31+ (20).

Fig. 2. El84 2taels T2 564

[= R WLy W

2tXl9| real-time MRI navigated US &

&2t &1|7} real-time MRI navigated US
AoflM 2F 1A ghatof| 0.6 cm 37| 2] ir-
regular non-parallel shape2 2 &z o
(st4tE), ACR BI-RADS category 4c &
HoZ, US RE of =XMA Algsto]
x|

x4
F Xt
— - =

njo
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Real-time MRI navigated US7} iete] =72
H AgeA HF7te 4 vk dTFARE AT

i

Chang 5l 9314, conventional USZ 43 £%
A7]¥t} real-time MRI navigated USZ 7443 &
& 7P 2AEA FdAT B 2 RS BolF
A3l (r=0.688 vs. r=0.540), 53] v]Zy] 357
(non-mass enhancement) W¥ ¥} =7 U85
We Bt A FYAT Y dF5EE FAAAT

(P=0.012, and P=0.011) (22).
Pons 59 ¢-1olA], conventional USol|A wAs}
Al %P9 chest wall &4 212 F-9Jol] 1Ak A=wr
o] A F J|= real-time MRI navigated USE &
g dAstRon 7 WH BF Z2AHANE Aldste]

ek delE glaivkar ¥arsky] = st (20).
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Real-time MRI navigated USQ| Z=2l2| & FEiet SXI0IMC| LANS

% A MRIoNA 2=
ventional US ¢} real-time MRI navigated USE 9]
4319 second-look USE sl glrh. wepa 2
F4& F9) real-time MRI navigated US7} 1<t
ﬁ.z},q z%:da]— 2k UJ 7'<]§_ Hob‘d zéoﬂ _,_W_ Zgigj
A 7] AEES hde] ekt gkt

US )& 15-6 MHz linear transducer”’} &2
conventional US (LOGIQ E9, GE, Milwaukee,
USA), MRI navigation 4H]+= Volume navigation
(LOGIQ E9, GE, Milwaukee, USA)S o] &3&F51t}.
MRI2 Achieva 3.0T TX (Philips Healthcare,
Best, Netherlands) ¢} dedicated phased-array
breast coilg ©]&3}%] prone positionoZ A|33}A
t}. Late axial post-contrast phase MR %4+S nav-
igation scanning®l ©]-&3}%oH 2= nipples 7|5+
Aoz US 4743 MRI 94 point registrationd}$d
T}, o] %o 7 QQUdell A HEetA HEEE HH 52 7

2957

Heo] sl con-

Fig. 3. 219A mhAtotS FIchEES 40A|

(=] o o= e

2tX}t29| real-time MRI navigated US A
Ab
o .

(2) T R 24| kol AR 2hatel
Zloidke u4 #15{0| THEHE| (5} 4AHE) (b) MR

olM LA E ZtF R LHE S HIS
1| xH =2 45 0| real-time MRI navi-
gated US MO{IJK-I FZE e 9A| ehEko]|
0.9 cm =37|9] BI-RDAS category 4a2|
non-mass lesion@ 2 TH&HE| 0 (5H4HE),

US $5 & =ZAMHM H|AS S}

= I o
SA|ZE FCHEES,
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B} s tetA] Fx2E (3, 924, 5) 59 dgt F
7F4 2l point registrations |3 T
GFzre] BEYAE FHAssAT)

Fig. 2v 384 #49e A SxjoA real-
time MRI nav1gated USE &4l <

Oll
Q
-
(@]
i
=
=

kst oojt}. & A MRI 97dolA & g
= FH A 9401]1::— 5 T S 2
z9d=7 2971 9o second-look USE 33} aL

real- tlme MRI navigated USolA 5 1 1A %
gkl ACR BI-RADS category 4c] A4o] #z5| o]
ZAAAS Ay AEA TS Adkdlgit) A=

time MRI navigated US e Bl ke a9
WS kst ofo|t}, 4 MRPﬂH A4S ek
A= 5 24] ek W 9401] A5 7 WS T4l
H] 53 2957 ¥l 9lo] second-look USE A8
3113, real-time MRI navigated US4 = 4
9A] Whakol] BI-RADS category 4a2] H|£3¥ o] %

Ze|o] 22 A3 v1ge Z*‘Z% ﬁ"d‘ﬂc‘?}
o} Sk 2] Wk Rl dis] il REEy 3,
9] HRol thal] dAles Al E}

o] elEol AlAfskE HEel ZEol,
navigated US+ conventional USE+ 3}
=] 1:].&1-}\4 o iy & _'1_ _,_H@ Hﬂtﬂq ‘%%l:'i
20, A4 v d d3H7E B P

Ag Y 932 ME g

real—time MRI

4. Real-time MRI navigated US¢] gHAIE 2
Ber
FHF Folol A Real-time MRI navigated USe]
A2 real-time US 9742 upload MRI 943t
3

33} coregistrationo] o]# e 4= k= Aot}
o] MR #92 =2 949 28

lo i

A7) flete
prone position®=Z ©o]Fo{X1} US+ supine posi-
tionO.& o] Folxith= Afo|7} FolH ke & o]frolt},
ol e AAV} soft tissue® o] Foiz 7|Ho|
2 1 AAZA mobilityE zten | shxle] T30l A
g7l wE 5 220 At ws) sl ofgh A}
o] F g 7+e] A3l coregistrations AT 4
AT}, o] 3 H- 4 &3 coregistratione W LAES
& W ek g A7) Aoket wrtel Jaks mA
ot} webd | MRIS} real-time MR navigated US
7hsdk 2 X}‘ﬂi st Blo] nigA ettt
(23). Rizzatto 5=

il -\>

L =54 conventional sec-

ond-look USelA A=A ¢F= Wl ghalA
supine position2. = additional MRIE o5}l =n}f
2 22 AAZ real-time MR navigated USE A3

shebar Askar vt (23). 2 A Rizzato & AT7HS o
A7 2] healthy volunteersE 22 supinel 2 &
43k MRI %373} real-time US %72 image fusion
ste], 1 B AAS ASsiitt (24). F B9
radiologistsﬂ Al el A2 7]“7F 7 (9, 12, 3A] Wake]

9 5ol vitamin E pill& $2h)& o838t point
, Al 7Re] Xﬂﬂ 71747} nipple,
internal mammary artery ¥3F & 5712 points of
interest (POI)ol tiste], MRI *J POI7} B uf
probe $1X1¢} AA POI 91%] Abe]e] F]H- EH A9
AgE 7 WA ST (24). 1 A, A 44
g gt Hon, F H S gk Alold = o]zt gl
AT} (radiologist 1, 0.42 + 0.32 cm$} 0.58 £+ 0.41
cm, p=0.161; radiologist 2, 0.50 + 0.32 cm<} 0.56
+ 0.52 cm (p=0.928) (24). 1¥1} real-time MRI
navigated USE ¢l3l MRS supine positiono.=
7} Zgate Ao] AR MAFIL A9 s T
US Aot} 1Y ER Thsd W /g point reg-
istrationg Al&ste] F GATEe] BAAEE HA4sls}
Aol Toshlltt. 7 FdellA s Hol= B,

Eé FATE, 2 X838 Al landmark

ipple, skin boundary, AejZ T 22}
marker 52 #¢| landmarkE )3t &83}=
o] nlgAlsitt (1, 23).
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2ol rlr m&l rlr

z2 B

o] A747 3 2dolAe] A FEs Fall,
ol sixle] =& A H7bolA real-time MRI navi-
gated US9] &4 e + Adnt. 53], ¥+ 4
MRIOA wHAE o] tigk second-look US ©lA],
conventional USZ& WX ¢y opAd ¢ 2
19 WHe BHES =ola, US &3t sAES
3l HeA Ads &

% H X U = E [e) Ov%
o] A7) FAH HI¥EE Fo|n o] JupHe] Ztte
T Egs E 5 A

Real-time MRI navigated US9] 25 9] 2 A4
& AME- ‘ﬂo“ﬂ% SA GO, AA| Aol A Fret St

ST EGF 54 A Bohe) nxH 5
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