MR Cholangiography & Body MR Angiography
Adey F 3 &
1. A713% 248x%9% (MRCP)

A. 71 (Technique)

MRCP 71L& ZJAE AHE-3HA ¥ heavily T2AZFAA B9 Ade] &
HEL2 IASHER Ho|x, FHe| 7|9 2L AUIZHEE tiH|=o| Holmg
A ERCP$} A8 positive contrast IS 4+ Woldt. MRCE o8 WY E9]
A 2 dztel dx m2A JfgEo IA UAVIE A9E F 2 (Table 1),
B2 HHoA 7 g Aol wekA o] &FH1 Jrh

Table 1. Technical Evolution of MR Cholangiography

Date Technique Authours

1991-1993 Breath-hold T2W GRE Wallner et al[1]
Morimoto et al.[2]
Ishizaki et al.[3]
Hall-Craggs et al.[4]

1994 Breath-hold T2W 2D TSE with surface coil Takehara et al.[5]

1994 Non-breath-hold T2W 2D TSE Outwater et al.[6]

1995 Non-breath-hold T2W 3D TSE respiratory  Barish et al.[7]
-triggered Soto et al.[8]

1996 Half-Fourier acquisition single-shot turbo Miyazaki et al.[10]
spin—echo '

. Breath-hold heavily T2-weighted gradient-echo sequence with steady
state of free precession

b 2719 WEeR 4 AR EFAA, AW k2ot F44 94 A W
A AT Wi ATE S e F U VoA, LAFTY TFE Folok #
22 d2Ut #F He ANMT AR bt =R ASWRSHITE SobA
thick section thickness$} large FOVE 83td, EoiubA] 2 A4 ducte 943}
= E7Fs sl
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2. Breath-hold T2W 2D turbo spin echo (TSE, FSE) with surface coil
Turbo spin echo 7)€ gradient echo 7] H|3} th2a & Aot}

1) Higher signal-to-noise and contrast-to-noise ratios that allow the use of thin
section

2) Diminished sensitivity to both motion artifact and slow flow

3) Decreased magnetic susceptibility effects from signal loss due to surgical clips

or air in the duodenum

2D TSEE AR3HAA tga 22 7]&3Qd Zxd w2l MRCPY 349 A& 3¢
Al At
1) Phased array multicoil (surface coil)
1 SNR—improving visualization of small nondilation ducts
2) Fat saturation
(i) 1 conspicuity of the bile duct from surrounding intra—abdominal fat
(i) | motion artifacts associated with hyperintense subcutaneous fat
3) Saturation band
| signal arising from vessels
4) Thin section (3mm or less)
T high resolution imaging
5) Sequential scanning without intersection spacing
| misregistration artifacts
T optimizing of postprocessing
6) Coronal and axial plane
(i) axial plane ; T diagnostic quality due to less degradation by respiration
artifacts
(ii) multiple imaging planes ; T imaging interpretation due to rotation from one
plane to another using 3D MIP or multiplanar reconstruction
TEE 9E A ANSFER TFLEFA AT artifacts Fo & Q4L o
& T AT, FA7L 456029 2 EFZAL etz AU AU

3. Non-breath-hold T2W 2D TSE(FSE)
& FAEY motion artifact® Z0]7] Y8t signal averaging(up to 6
excitation)¥} respiratory gatingS AR&-3it}.

7PEA 3&3e U 2stEEA thea e AP Ee] Ytk
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1) Patients can be imaging regardless of their ability to breath hold
2) Segmentation of acquisition and the potential for serious misregistration artifact
is avoided

3) High resolution images with prolonged imaging times become feasible

4. Non-breath-hold T2W 3D multislab TSE with respiratory triggered
3D 71YoAe 2D 7Bt} thinn slice (less than 1mm) 234o] 7l5dlaz

spatial resolutiono] Fo}A 1, isotrophic voxel®l @O{A| 3L, misregistration artifact

7F Holxnz HH FL2 3D AT 94% € & A HUT

5. Half-Fourier single-shot Turbo spin-echo(HASTE, Siemens) or single-
shot fast spin-echo(SSFSE, GE)

HASTE 712 3 echo-train length &<tel K-space ARHO05Nex)A FA+H-&
E3ng A 2-3F oyl IS + Ut
712 sy o=w o|fE=H, 1) large projectional slab(eg.: 5cm thickness to
image the major bile ducts in one data set), 2) a thin section single-shot
approach that can acquire multiple single section in the breath-holdo|tHTable
2). o] WHe YA {842 tidd dEY obA His BA Hth

Table 2. Current protocols of MR cholangiopancreatography (CNUH, GE)

FSE SSFSE(1) SSFSE(2)

Plane Coronal Coronal Coronal
(Axial) (Axial) (Axial)

Slice No. 20-24 1 8
TR(msec) 10,000 2678 17567
TE 280ef 880ef 643ef
Thickness/Gap(mm)  3/0 80/0 10/0
Matrix 256x192 256x256 256x192
FOV 28-30 28-30 28-30
ETL Y4 matrix Y4 matrix Y5 matrix
Nex 3 05 05
Dimension 2D 2D 2D
Resp. Frig. + - -
Saturation + + +
Fat. sat. + + +
Torso coil + + +
Scan time 5-6min - 3sec 18sec




B. 94 &

3DE ATFAR 9490 MRCE B%A Ry 728 F JehliFo sy
AR wf-g &3, A oA o] ATt 42 A9 e FHS FA BT
olJg}l % Fo| #F ¢hleh} HolEE HEE=A] source imageS F1dte] Hddhd
o} 3t}

1. 4% 8%

MRC®| 94710l SAge wet F4d Feigh opel FYe e 95%
oA ZWEEE 90%dA B4 sivkn Busta vk =3 HIZd @ddel A=
o2 B37 FdAAee] ABHEA 28 9 cystic duct®] #olE He Aol F
83 6%, Fxo FYTE B B BdAAlE o Fx9 Holg Hed &
st Bt

2. = &3

MRCE 2% #do) o3 2ag w¢Ashk=d 95%c°l4, A== 85-100714 B
23t itk 28 Ao YL ok=dHlE Ishizaki $& AR 248 100%9
A EE 4 ok oy oEAE A AEe EESs vk Yk 1y
U} MRC#] source image ¥grolel 14]4Q1 Tiolu T294E o] 424
ARG Hg3HAE Yrisked =85 FelE Agdn

1) HEddel 7bg Be 499 FAL DFo] nAZAE v ANsAE] 4¥ =
= ggye] Zeos HolEg 47 wAfY. $49 AdoA WgEE 80%, Sol
T 98% Xo|v CBDOl 2mm Z471A] dZAdty B3 3. 243 7748 8
Se AgozE 9y FEoR Y £ YE WA, % FURF, 42T 3]
TO2 source imaged o] BEFo=HN Addied =52 S 5 o 2y
Pejxo) wyl AAG w¢ e BAe YR P} EgH LRI} o

2) HEHe HEHHAY e DAY FF 29T AR B FH
o Bt P A FFoly A2 vehm, MRCE F99 45 39 23
= @7 B 5 3o =YL A4FE 4dA & F U

3) 454 ¥FHolv AU H=Ee Add=d MRCt BRI F&Hol
D 28 AU AW3E At obFztA 3 EallFol oA A
FHolng goz A7yt Aditn A
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C. MRC versus ERCP

D.

II.

A

ERCS} H23EE @ MRCE= Ao 93 3ol sl AsWaddA ez
o] FgE Ao w2 gon, XYAE AFRY FaUt U, FYHAA HEAH g
7 sdte] HEE B 4 e, FHIA Bk ollgl 3D IA4E E F e FH
Atk Y MRCe FE#d4A MRCE 375l 143 gxzgdeug 9
oJAA 2mmutt Z7|7} FL FAol}, HUR YA, A d=d T Y H
7Vet7] g Al el AR metalic clipdl &3 artifact7} Y 4+ Jenz #
= gu F9& 83t

MRCol H|&#3lqd ERCP< sphincteroplasty, stone removal, stricture
dilatation®} }4FFel A HAe 14FH R&2Q metalic expandable stents<]
993 dX&eF A8H AleE 714 & 5 Uv FHol J1, FAF FFP9 Add
gold standard® AARE I gith 22y A 5Fe ERCe Aled d x5 IA
AlAok 8k, F9 HA AR AN F dom Algd gE FHEFo| WA
g & Aok T3 AR AP ERAT Algo] A#siAY BAAE FEol
10-15%3 = €t}

48

2714 ABPIE B78HT MRCE o) B=A 34, A49As 498 Tuks}
Eo AR 4 AT 58 BEAS FB) BY W2 ARdHoz FAge B9,
ERCP7b #7b58P11t 8903 29, 948 A9diozn o498 4 Atk 22z
MRCE HAGHo2 gate] Ae tfe Uarle dnergel 438 4 e
Fdel G4 ¥L 4 Qo FIWe= MRC/ A@ 2He) ERCPY HRE 4
Ad 4 leelet Al Bk

Body MRA
71} (Technique)

A4S 325 HE MRIY S87He wel A 3(high signal) & AAE
(low signaDZ R E 4 orz FHZZM JA dixx9 zol&E YEd 4 .
Spin Echo(SE) @4¢Xe ER/7t AFH o2 wslsts ZAEAE 8348 i A3
7} 22 (high velocity signal loss %=+ wash-out effect) S22 o] o]EA Hol=
W, Gradient BEcho(GE) ®@4914% Spin Echo 94#: 9@ 8% A3g 57
(flow-related enhancement = wash-in effect)AZ 4 gloenmg FHEA ] AFd

Hgto] e AiH oz g Bk ost & g VxEd 2YA FUYol
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FE FHXAG 73 48 & 4 e MRI 71HE A7139 FA29E MR
Angiography: MRA)o|2}3L gt

L35Y MRAE 579 5 A9 43& Adsi=d of$ f48A4 ol 9on,
M2 MRAZIHS Jlide] wel 1 S84 B3d2d gk H2 14 S
X-A #FH(arteriography)el H]3te] MRAS E&lso] W AL Apaoln uld)
(aorta)o]tt IVC 59 & &L Welgaor HYrig sh=dE ofFd ofggo] gl
£3], MRA¥E serum creatinine®| 5|7} 2ml/dl o|o|AY, R0 AE 29G4 =
7HIE A4S 8 & A &ASCA oS F48A A4 = s 2 348 7t
A3 e et = B A2 MRA 7ol 27E 3 o, B o= s
Z1E&Aol R85 $4E & dE 71A9 MRA 7S ER MRAY AL 4
3 QAR o] dgstuz g,

1. Black Blood Imaging

dityo s 2 ARG A3 & dol= F2 T1 2= spin echo A H8 & 2143
ooolwl, 90° ¢ 180" A Alol9] echo time(TE)S 83 4AA ZAste] Az
sping& FE5 29 ¥(dephasing) AM71E R AIZE AN 4 ] [
YR AFZE ofFA Uekd 4 AEdH(black blood effect), °]2]g 7S Black
Blood Imagingel#tx @th 2%thd black blood effect® 33} Al7|2l® TEGL of
=ARETE Holob drl?  gubHoz ANAA YFEEE 2= A - BUH9 AL
20-30ms W TEgo|E FE3ich ol A2 T1 %= 4AeA4= black blood
effecto] l8te] PR} FH A7 Yxwrt ZrlE sy, 87} o)A Ho|:= ul
WS YA Bolm, 2% Fo F8 2AEL F1 AxY w8 Hd. Black
blood effect7t 8% W= A9 Wi (vessel lumen)d %99 (aortic wall)e 2
T+ & ARY BREE 2] YFol, YD Yo| FAYAE W (vasculitis)ol
S BRNA Wi {83 ALEE 4 9k Y heart failurett aneurysmal
diseases Z= 849 V{9 £x& vl$ =Pdus TEFS v$ 24 zdsgds
black blood effect® 71M&}7]17F oYt} Black blood imaging 7ol = @89 Al
27t $2) wEe] vl 2 H#e) Ado] o trz YR AxE Y F Q=
bright blood imaging 71& AH8-3l= Ro| nlgz s},

79 AZAEE E9 F= MRA JA7IW-S gradient-echo pulseS o] &3} A7t
TF 9#H(Time of Flight TOR)3 $4¥z FHE o]43= 94 o= (Phase
Contrast: PC)2.2 34 Y& 4+ Jon, breath-hold 3D gadolinium enhanced MRA
FA ZHAE At AR NEAEE AL $ U= wyo|},
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2. Time of Flight(TOF)

AN7ZtEE d3H(Time of Flightt TOF)ol& ellA  AFE  “flow-related
enhancement” A& o] &3] {9 ASAEE F3FE MRAY 7ot} TOF7]
ol &= gradient echo(GE) ¥ 213 & AME-ahe, N33 Ert S7HHE dAUSES
&3 2o GE H29 5474 9 vEAHTR) B¢ @& & A+ RF 92§ 7}
=22 spin-echo(SE)9] 90° ¢} 180" HA9] A7 zpojol A FEHA Ae4s &3
7} QoA a, o el A3 3lcHA (phase encoding step)vltl ©h4=¢] RF ®A7} wj-$
e TR HF o2 7MeiA g A2 AsHAEE H8tA ¥3H(saturation) ¥ o] A
A3 E Yehll= W, Fe dds] Astd 299 AHE 9 H(imaging slice)
W2 fFYE=z2 2% A3E Yehdr) gio(flow-related enhancement, wash-in
effect) AFH 02 {4 AA 22 Asdiu|7t AAA dAck wHd FEHY ¢
ZolL} B Ho| saturation pulseE HoJFH FY WA Eoles HY MNIE R
T AAE ¢ eng Mddd U Fw #FY 5 vk

E5o disd ¢ EXAETH, 1b59, Asgegsd)EE Wotety] fstd TOF
G4e A & 9 TREE o= AE #A dsof F T WY A4 o
e IAY £ J&H? H FHxRIY AIES ALHoRE ¥AY F US
F F@olok 3, AE F99 iV QAdde =28 & A& wF FES A A
7ol A8 Hojof 3t HHFELET) 10emvsec ol imaging slice 77} 3mm 2ha
7HRE AL, ¥3tEA L RE YA A= TRES oF 0msec A=W
g Ao|ch EXR P HGAd= durFor 10-50ms ¥ &S TRH 10msec ©]
&9 TEgHE AH&-3td €t
MRAS] G40l HA= 802 dRrEEe FFWY, 12 A BY 5ol gtk

A, BFY £57F =AY, ¥3EHR] G2 AR YRE YA el A
TEE 7 o R R AsAETL wolzld. o]fd A JAE FYIH A9
T1S Z2AAA "8R9 NzE S7ME = At o] WL breath-hold 3D
gadolinium enhanced MRA 7|%ollA Adg&l7|2 38t &4, MRAS A37x9 A
717t B4 & el Ao ddo] Wael whel debd = Aok o] e s
A Azte] ol H|2F3] @ AP, A4 Ao st RE AuHez gL
pulsed WA HE2 JAed oA 23td £ g7 Wil MNI3AET oA H
o, v G gEiA dels ool A& AS FHxAAY dzxrt @43
Al olA A 7 HolA %A Hi= @4l Yol = Slthin-plane signal loss). ol
slice thickness& SFAl b olz|d YL WAY &= oy SNRo| #iaske @&
HE Zeslor gk vl 8/ Wao] AT HZo] ol 1, HFY Lx7} vl
% =29 dlice thickness”t 7€ 7%, TR # flip angled o]%9A #3lrAk &7)7?
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TOF 974¥-& two-dimensional(2D)3} three-dimensional(3D) JA4Y o2 RES &
e, Z4zke] 44d71H-€& 2D TOF, 3D TOF2kx §-&t} o714 @sl= 2D, 3D= ¢
A B AR 94 AAE 2= Aol olim, YAEE W (signal acquisition
method)& %8t}

1) 2D TOF

2D TOF g7 9% vAE sQo2: dF&5Ee 9 g 2 329 zH9)
T1, GE 829 parameter5°] Ut} 2D TOF71H-2 8 SA| 7Hacquisition time)o] 2
3, = el RAe, AEAL dR4550] WE saturation A7 A7) fjEo] o)
Z2EE 7R v APE /A gt ojelg A4 wiid] 2D TOF: A9
oy 2279 @A FE3A AHEE = gtk v, 2D TOFY @ o

2 ¥4 gradient$} i}”ﬂ HFEAY gradient’t a3y W&o TEZGE 57}
AAE &1, 7|Fely zFFoz A B Ao oHA  artifact(slice
misregistration)7} 7]7] H-r“% TES} MIP718 9| A& djZo] P2HE B H7}
g+ IddeE 4 58 E F U4

2) 3D TOF

3D TOF B4l 48g A= 2424 VF4E, imaging slabo] tld dae] wt
%, voxel size Foltk. 2D TOFB4 71l H|le] 3D TOF:E ¥7HE8) %S (spatial
resolution)¥ SNR7F ¥, vl k2 slice®] G40] 7F5387] W2l voxel sizeS 7
AZAA  intravoxel dephaseE Y F  don, Ao gAY & dlice
misregistration artifact™ W + vk FHE A3 gtk olag o] K2 FA%
el @A oy A% B9, A¥W B9 Ak @e] olgdrl 3D TOFY
GHoEE ddd @ o ANYAST o g9lez PHETI A AL
imaging slab& Avh= ¢ saturationo] doluf dFe AsAEs} A H1, w
M ZFAE AHRA] R AWAE JAstst=ddE @AV ke Holth

Phase Contrast(PC)

TOF ®WHol &Fole spin & F43ste WHez A3Z7%3a Hflow-related
enhancement) & |83t Wi, $AZ¥(Phase Contrast: PC)e AXE %R 9
spino.E 7 FFolE= ¥R sping FEs e PHoz AR YRER
A% 2% 949 W3E G4 s MRAY sdolt. PC GAHAAE o2
(positive polarity)®t &34 (negative polarity) & 2t= N2 & ZAAAE gudo)
HEst F A 4L 5 o2, P93 5 (positive phase shift) E FA+o.
E5H 5490780 F(negative phase shift)d3& #439 9A4L APAsinz g8
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Al d, A z2 9 A3E FaHE PC 948 AT PC 7IgelA
= AZAEI} gvr«] saturation?}= FHIEE =AY FE FYsA A3 ANE F
A vk A Aol F(positive phase shift)? 341 140l $(negative phase shift) 3
F94E& AR dojof nz Fujo YIS ARtol AeA Aot §3] FAHF
& PC7/IYY 54 79 Waas 571 94 encoding®lol Joemz, @A Wi
79 ¥ AgAY ERNES 2H4E + Ut FHolth

PC 71 94 2D PCY 3D PCE FEE & Jon, 9= 5Y3E  acquisition
R g Boltt
1) 2D PC
GYEAIZIo] Fon 3D PCAYE 47 Aol HAY velocity encodings €71
A duAIg ez AlRdr) thokdt AFALGAFo] ErFsEta voxel 2] H st
intravoxel dephasing©] %73t @e] gtk

2) 3D PC

3D PC 7I1¥9 & A¥ud, AA dr&re AZFHA7PL Ml dEed 3
Al B9t @A) FR7 wel velocity encodingg& ZAHd HALE + o
) EH, intravoxel dephasinge] A1, wWlFRA YA} Holvl2& SNRo| =31, AlA,
3D TOF] H]&l voxel size?t 715 saturation &7} =38] Zon tAA, ZGAE F
st T ARTZEES F BFY 4+ vk Holvh 3D PC 7] dHe=

A, 2D PC7I] el Hlgte] G4+ JH5A o] A, &4, AAg velocity encoding

471 Y8t 2D PCE WA Aldstofol &tx, AlA, 9F(tubulent flow)7t & o

TOF 714 2t} 978iA A3ade 2gdvts Holh

(S r{r

4. Gadolinium-Enhanced MRA

o] 3ol A dHe TOF & PCE 4ol ¥R AXHL gle FHRAE 74
gt 83 AFRE e e 723U MRA IAVIHERA, 159 7|2 4
= 474 249 4 Y(motion)# $¥H(phase)o] Aol& B3t Azl Aot} a8y
Y] FFo| ¢X2FA X3 dAIH, § W¥EFcardiac output)o] HAY, EE A}
P4 Y B (tortuous vessel), & (aneurysm) T& &3 Y& A9 A5, TAHQ
TOF E¥x PC MRA %o 2= Zdto] A9 E/M53lnE ¥/ I4E ZAldez
AN HHE AHEETE F Al A EER1 gadolinium(Gd) B4 T3
2o ZJAE FYsnzA $A4 A9 TIghE @573, wes bl$ w) gE
5= RF ¥2¢9 o9 22 flip angle®] 23 $oMx FFHA3e] AFRE| JEY
F 7] W&ol HFFF A3E FAH vehdth &, gadolinium(Gd)# 2& 4%
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A4 EAE ad FYstd /4 xR g2EE PHAE F e gHA=x
%9<< Gadolinium-ehanced MRAZLY. A=l ¢F 02mMol/kg AE9 Gd E3HA o
A Y9 TIg2 9553, 25 A% T1g(T0msec o)) B} Folxlmg Yo
G2 T1 AEGEANA AAxF F /M3 @A Bk gutd oz {& F1F9
A05-1.0mMol/kg) RAME Gdel Fol F7H8 £ F#e 4L 9§ ZxHm
et FRZEZA ] g2 A At ,

Gd-enhanced MRA®| A pulsability$} misregistration artifact® HA3lstn 4=
o] AAE 7] AdA 3D spoiled GE HA 9188 A3t olu TiAzxY AEE
flip angle®] Z7)o| we} iz dEEW, Gadolinium ZFGAES 2-389] ZA
0.2-03mMol/kg A= F#o < AZ del=, TRol Bmsec & A$ oF 40°9 flip
angleo] H2sltt. 94 A3 TRol 4% Aol 9A fip angle® ZAs)of
gt} o E59, TRO] 15msec € W flip angle® 0°AE7t Adeich A9 F4)2
o]  ZFUHE  ASdE, flip  angleg  F7MAACF  signal-to-noise(SNR) 9}
contrast-to-noise (CNR)7} €t} o7jolA Fod A& Adtat Bo] €94 dl:
= TE@E A9sl ZAs|oF d=d, 15 Tesla MR scanner® 7% TEZtol
2.3-69msec B 4lold HF3}c),

=3 294 F9 ATe] 42 MRAYAH(dynamic MRA)S 14 & do=, 29
A9] F{4E(infusion rate)®t raw data®] ¥EA|7Hacquisition time)o] W&l MRA 9
e do] @tk JAYEA] A R A= 2GATL F8E Yoo} 3}
o, oluf] AlAZHZ Wiglehs A Y] AYFEE IFY 5 JUEE FEA|7lo] Folok
°F ¥t} GABHES o 02-03mMolkg FUHE o 348 Axo GHYSA ol
A, BREgo H9o= motion artifact® S0)7] Yt £FL X ok =
E YFALE 1§ o2 2AH T ol9 22 A2 EE Breath-hold Gadolinium-
enhanced MRAT}IL #2249, oud ERuiFEd 2 IR - pF0LEH AEd
AEW), 2 AR, EY Fo| AWARY fFe ALE Yrisi=d ofF &
&HAl AHE-E 3 gl
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