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Oral Administration of Ferric Ammonium Citrate Solution as a Gastrointestinal Contrast Agent for Magnetic Resonance Ima-
ging of Biliary Tract and Pancreas LI Wen-zheng, PENG Guang-chun, TANG Hui-huan, et al. Department of Radiology.
Xiangya Hospital,Central South University,Changsha 410008, P. R. China

[Abstrct] Objective: To evaluate the value of oral administration of ferric ammonium citrate solution as a gastrointes-
tinal contrast agent for magnetic resonance imaging of biliary tract and pancreas. Methods: Oral administration of ferric am-
monium citrate solution before and after MRCP and conventional MRI were performed in 86 patients which were suspected
of having biliary tract and pancreatic disease. Comparison of the image quality of MRCP, resolution of differentiating the an-
atomic configuration of adjacent visceral organs,the contrast -noise ratio of varied sequences between lumen of gastrointesti-
nal tract and liver before and after oral contrast administration were studied by two senior radiologists. SPSS software pack-
age was used for statistical analysis. Results: The signal intensity of the gastrointestinal tract reduced remarkably on True
FISP (true fast imaging with steady state precession) sequence and HASTE (half Fourior acquisition single shot turbo spin
echo) sequence,while enhanced on FL.2D (two dimensional fast low angle shot) sequence after contrast administration., the
adjacent structures were well delineated. The hyperintense fluid within the lumen of stomach and duodenum was completely
suppressed , making the image quality of single-slice and multi-slice MRCP significantly improved. Conclusion; Oral adminis-
tration of ferric ammonium citrate solution administration can significantly improve the image quality of magnetic resonance
imaging of biliary tract and pancreas,it plays an essential role in the clinical diagnosis of their diseases.

[Key words] Magnetic resonance imaging; Ferric ammonium citrate; Contrast agent

B g — Fif g i G A7 28 SEAR 2 W BT AR ik

7 #  Radiol Practice,]Jul 2006, Vol 21,No. 7 687

[e] Iy S RE R AR B i 18 9 5w 5 5 DL R MRCP R

FL R B BH 45 i 1% (magnetic resonance cholangiopan—
creatography, MRCP) 45 & 4 #1 MR 7 JH [l & % 4%
W b AN B BRAS 2N Hoil VWH%H?%TLYZsﬁ%MJ\
BReWHMEEEERERERY . # 8 MR & H H
J 38 5 AR AU B R 2 A5 S X L, ARSI TS B
W IR AE 5 T MRCP A6 A A3 1t T 8 11 38 A S 5
5o B & S BB R R AN L [ 4 R
CWERR R Rt SR — A EAE B9 MRI R )
Pric E W iE DL s 1E 5 A8 I s A B

YE& B :410008 K v, o g KA A I B S R (2 S8 B
FESE L RBE TS0 B AN R D

EE BN 2ESCB(1973—) B MBI A R,
M CT & MRI #2815 T4k,

%

~>

JR A, BN AE R 2 MR iR £ i o 180, 2835
T A 4% R 42 8% (ferric ammonium citrate, FAC) BU /5
TEIFMRCR  IRIBE DT,

M#EFE

R T % A 34 19 7] (b R b B 28 W) A2 7, 3 g/ s
A 5 MR R Bk Bk 600 mg, i %5 2002HL0365, 4 7
ity 020417) —43 . 3% T 300 ml it 7K Hh BC s 1 ARV

BEREFRBE 2004 4F 5~2004 4F 10 H [l K 5E 2 10
B 2R 95 728 1 R I AT IR R MR A xSk 86 451 iR E Y I
IRERE HEBR MR K x4 2 K 198 4k i i FH 4% Sk
CRRFA A 18 i 38 28 AL s LR BH 3 Bk I RE A 22 10 5



688 TR 52 2006 4E 7 HEE 21 45 78] Radiol Practice, Jul 2006, Vol 21,No. 7

B )L HA I 53 i), 2 33 L AR IR 22~78 X L1y
49 % . GLFRIEH RIHAE R4 15 B, B R 450 41 i,
JIEAE 98 13 491, S R PR A 2R 97 5K E 3 i, A Ak 1 I
BRI HEAR G RESA 1], BRI 6 4], R
I 4 ) A R LR 2 . 71 s b 56 i 8 TR
YRS, 15 B 22 500 28 AR BTRE (e IR 25 612 Wy K B
ViEsE .

K 7 . % Siemens Magnetom Sonata 1. 5T
o R IR A A AL IR AR AH A M R 2 Bl . P A 2
o I AE AR 6 h DL b FAET 15 min LA VE S D
B 20 mg LA i 85 3 O 52 L 8 K T8 A ] [
R 40 1) 5 O 5 R AR R B R R AR E . T IR AR R TR
BB AT IR 3543 BEAT R MRT J MRCP, it 24 i ) 28
B IAL SR S BARFEA S LUEAT A B X IR IR AR AIE
PTEM 2 5 5~20 min B [8] B P9 2 52 IR 24 17 7] — 7 51
(OESEi RN R IS DS E Sk B 5 U

WL H K AR bR - © 1R R Bk 2 1T 5 45 )7 51
i - A i e S HE (SSLCNR) L+ 38 1 -
A7 XF b MR A H (D-LCNR) B A I B X B 33 5 %
(contrast enhancement rate, CER) , - CER i1 2y
B

p_ CNR,t —CNR,. 0
LER*—CNRW X100%

o CNR o \CNR,,. 43971 2735 IR 2 1 J5 22 %) H I
P s @ MR A5 R Ak e T S R A 0 2 4y B T L JLT
Wb k. T % >80%, 11 % 50~80%, Il %% 20 ~
50% s V<2026 XA b 4 NEH SRS T 1T K4
Gy W9 35y M 250, N 1 503D 1 HRA K IR 2k
BTG MRCP G T & FPEM 45 R4 A~ 569 1
% Ay T JIELAE AR 45 K S0 s Y A TG W T TR R S
S5 19k BRIRAE R 4548 R BAF A D e
WA SRS T A RIS W 15k 77 A58 5
B E S T 2mig W VYO8 5t (5 5 Mg n
B S BR A T E WS, XU 4 DEER
AT I A5 N3 M%2 5. N1 4.

#1 ##HMRI5 MRCP R F7 REH 4%

L 55 65 o UK 45 300 5% 3 9% 1 oy A A v DA BRURIR 199
S W B I HEAT B R A s LA AL VT 5 0 F 43 A
VE R IR G 1348

it H7 38 Fl SPSS(11. 0 WD e 3 3 4 3647 55
AR B BB LR AR 22 (e )RR R AT A
B TC R REAS ¢ A6 36 K 5 AN AH JERE A 1 Wilcoxon 325 E
SR UK B LA «=0. 05 Ky 5 B PEFR i,

& R

PR ) A TR 2k i 1T 5 45 T 900 - 22 R L
M5 L (S-LCNR) - 48 i - A7 5% L e 75 L (D-
LCNR) FAH R A% L3 58 28 (CER) WL 3% 2,

A% e F S TrueFISP & HASTE J§ 41 3 &7~
H.T b KNGS 5 E A %X
(E D51 FL2d JP50 8 48 W I A5 5 35 58 L B B
BHAEXT EE (B 2)

%2 ofRMEREENE4SF7 SLONR.D-LCNR & CER &

18 A7 TrueFISP FL2d HASTE

S LCNR,. 45.59412.80  —29.20+4.00 70.3247.30
S LCNRM,,, —19.21£6.15 98.2747.59 —8.03+3.84
CERs (%) —144.16+15.15  —440.56+39.61 —111.68+5.92

D-LCNR,.. 41.314+14.19  —18.385+3.47 53.72+£8.82
D-LCNR,,.  —11.44411.37 53.20£6.96 —7.13+3.64
CERp (Y0)  —133,42445.21  —397.50457.92 —112, 764, 59

i MR 25 )5 CNR(CNRpoe) 5 IR 25 67 (CNRyr) L33 B 2 2 F 1 £
5+, P<<0. 001,

Pl M 5 B2 k8 1T i 5 MR 4 320 % 4 9% 0 ) 15 0 2n
3R . MR LG G & WE & 3 2% 53 B 1 ¥4 3 R
15 s JU LA B Sk A7 5t B JHF 7 Pt 46 G ) T 465 T D S 3 A

AR M M 52 4k S wir J5 MIRCP [ 44 5 it 10 3 A1 17
BLUNEE 4 Fir7s . B2 3 MRCP AR % B 70 00 R
g4y 1,948 0. 711, iR A YT EE R A A 3. 785 &
0.412,Z { Jy —10. 469, P<C0. 001, % 2 MRCP
(2 HASTE JUtf B % 2 3D-MIP 5 21 fr 45 IR FH
Fo R HiE A AR F- 2453 Dy 2. 279420, 854, [l I e ) 5
4 3.634+0.483,Z fH A —8.993,P<C0. 001, AR JH*t
ot e EAR B & B 2 42 .
PLJE )2 TSE 741 (E 3) At

B# True FISP-T * ,WI FL2d-T, W1

MRCP-TSE THICK  MRCP-HASTE-THIN

it g

& B (mm) 5 6 80~100 4

18] (%) 30 30 50 0 . H e A
ALE 350X 350 225X 300~ 285X 380 350 X 350 300X 300~360< 360 MRCP 7k LB 5 o5 72 12
45 T 440 X512 250X 512 333X 512 436X 512 Wr e A 2 31 A TA H X
F 58 4.3 124 4500 1100 L 98T 2 7 14 0 T 52
= 9% B 2.1 2.5 983 88 ﬁF PSR Y 3 | ’Hﬁﬁ:ﬁ%$
BB ) — — 100 - Bk 100%,.HE + 8
i i 5 150 150 W A W I 7 5 8 £ 5
PRAZ B 18] (s) 19 31 4.5 17

7 5 ) S I R 1 3 BT



T2 S2 B 2006 45 7 A% 21 %45 7 #1  Radiol Practice, Jul 2006, Vol 21, No. 7 689

B 1 AXMEEERTERE, O K BRMHBRBRKET . AR REEE T _BHRAHEZET. HFRIFPEDRAA L

KR HRAEF; b oIRGBk EE, T IRMRAEAZEEIRE ST . 5 ERYRZE T BT R R T,

B2 MkBE. O 2RMBEREET IRGDS T W ERANSRFH; b v RASBREES. T 8B HERETA
By R ENEIDEZET . SMRKIDTAR A EFASFW. EMFAAZLER. B3 eEhbhAEREd
THREL, O RORMGEREKET . FEATH/BEARKED P EX T HREEHNE; b Mm%k R4EE, 5+ =
I NIRRT AR AR R R F (A .

%3 DRWBRKGAEERLLAHNHUER

. AR 25 AT R )E
R Ax — - YA P 1A
I % I« I & N& #Fa I & I I & IV 2% b
Re X8 T sk 30 55 56 31 428 62 65 27 18 515 —3.633  <C0.001
Mk R 15 41 69 47 368 109 51 12 0 613 —9.383  <C0.001
M 3k A7 32 47 59 34 421 97 43 18 14 567 —6.767  <C0.001
Ak AT R 49 66 38 19 489 107 55 10 0 613 —6.804  <C0.001
M BT R 46 66 38 22 480 85 57 19 11 560 —6.371  <<0.001
i Aas 57 58 49 8 459 132 37 3 0 645 —7.409  <C0.001
k4 ODRMERKENE MRCPEGRE LR Y T, sk A N AR R A B
31 B 2 TSE # 2 HASTE P X 34 BB I AR B W S S, 15 #)
- ! T T PA=4 i SNV 74 —_—
T NI MR N& #HF4 [ 1w &8 N& F4 WL MRCP B + 38 miE N
JR25 AT 0 39 85 48 335 8 69 58 37 392 S ke v b g A L 2 e 1 pier]
W s 135 37 0 o 61 109 63 0 o 6o WARERN T = mESHHEHR . #

; . A X ) B 6 95 4
AR R B BT, BRI (e PEOD) B A6 b
MRT X2 2 M ST B TR L et 0 B S SR 29 e B
SRR+ A0 HL T2 RO BT e 0 DO s T g 4
VRXE. Joff DRt PR TR [l P S B0 AT T U g ey s e 5 900 P B e B
GBS I LR R T BB R R ST gy ol
Bho AR Glovagnont OS2I, SURBKEAR MO NE . o i e P 4 (112 5122 %



690 TR 52 2006 4E 7 HEE 21 45 78] Radiol Practice, Jul 2006, Vol 21,No. 7

i TR 2k i A — P WO 2 F LR R AT RO A R
Fe " . &4 5 A B A SO fL . BEFE SN A 1E R 7™
AR B e G oA R G S e e T T AT
O ] L PR A B 7 AR X e, WIS R L M
TR Bk 02 11 St T 308 5 R0 5 vk BE %85 DDA OG : 7E — E UK
FEFE N T S 2P O R L RIVRE 5 X b R vk B 1) T
Oty T F ] 455 o Ot 74 3% 5 R R B K5 VR I — 2B 36 m
IF s PR T 2R 2 2k O 2R L BB R LU R0k 32 10 T i B 7R
I 0 447 J61 114 B Ok /N L R DL T S B R L R BT IS
AUERADIR S o ZEAS 2330 o 0 ARG v VA B8 19 ) A 1R ik
B (600mg/300mD) J5 4% Bl i MRI # KT 51 3
ARAT T A NI T X B s AR R e B B FAC B
Zidd T, F . M fE TrueFISP(T,” WD }; HASTE
(T,WDFA ¥ BRE . + HEmENGES B ERK.
FE R 1) RS I 2 X B W R b % e i B T A
Xof b MR 7S L 34 H T RS A MR O B P X B L R
bl b8 5 2R o S {2 100% s Wi 76 T, W fiy FLASH
JEHI B T FAC {9\ m gk g mdk T, 4808 .+ —
T Wi 1 A 5 18 ik o R L 17 5 s T A I B R S L %
T TR W TG R IR TS L 3 H (R AR R IEAE L TE
J B S BH P X B 6 E 38 iR e 4 o (B 34 35 31 400 %6 A2
fio UG, P B U AR BIF 5E T R R MR Y
FAC B SE PR B ) T B0 X E 390 A0 1

R LIk A R Ak e — TR AR Dy — oKk s P BH
PEXT L 790 1 B 0F 5% A Y . Takahara %07 F 1995
AT UK LA e VA ) A TR Ak i A S B P X L ) 8 A i
FH T L0 B AE JA8 I 4 i T v e B8 i A6 2 2k e il
JEHMTE+ 155 MRCP FRZ 2 “ XE X 1
MRCP”M 58 A 1112 W IH B 2 9 28 32 1L 30 2 4
ERE R . AR R, 0 IR R ik R WS
T A8 M i R A T R T S A S A B Y
R 5 M TR RS AR 11 AR R L e A 1Y
G T 265 A7 T L B K R AR BEL DR o T S A A Y SR
TN L 295 5 2 2 B MRCP ) E% S 35 4y B 8
P vy o G T A 24 e R 24 i b 5 s L G DA SR 2 1 R )2
SR AR I BV R & B TR e A R . R, TR
— 2 VR R T A AG IR K A VR B AR B R A1 18 Y 3 BA
XF RO S HLTRT 558 L 6 4 8 MRCP i 8044 i it A
AR w5 I R L A (B . 28 3 7E AR AL BIF 5% vh il Rk B
10 R M R 2k B AT S B9 MIRCP [R5 45 45 R Bk 47
ZEAEE S BT s AU BT % I [ 2 9 28 1547 B o 1
fR 52 67 I A B T T 8 728 COft 3L 02 BB &) el X5 42
5 A8 W 0 A . FR L Oy 4 TN B 132 W AR S I
IRIG YT B AL BE R 5 Bl

AW FELE Rk 7R - 0 AR M A R Bk B ARV
Ui JJE Sk A B ISk TS L B A I B L8R R AT SR T 2
SEMEAS AR B A AR A X R AT HE TR B
B B 1 9 B0 35 5 - JERUBR Sk A 5 I T
Ze G JER ) T ACHT WY S M. X —J7 | Eh T FAC
B+ 8 S W R R (T, WD 871 &
CTy WD 554083 114 JTF JIELJBR 55 45 44 19 £ 5 XoF e 4 o L 4%
FRAR LLARiC 0 25 5 X 205 o3 — J7 0 A% 45 T AR
300ml FAC ¥ e H + 8 B R s & 9 9k 540k
SER IR AT Ze M 2 L JE G MRSk A Gt — P I LT
X E T 8 e S 5 208 30 45 0 5 9 BT Sk s A S 0 B
3 WL B R 0T A ) BT DL AR o A I H 2 e A
DX 74 ) P9 TR A AL YU T B[] e 2 B 408 30 e i 1
T 28 B AR

L5 LT IR . T ROR) A5 R Bk B A I BE R PR S
AR Wl R R SR AR S R R MRCP B
Ji AR R B AR I S AT A5 A R L
WP HG L W R S T AR 5 A0 R A 5 Y
fiff- 00 3 8 T 5 M IR R MIRT 12 Wi 42 41 5 4 T L 40 550, o
i )£ S, BT EE 2R I RS AL

2% 30K :

(1] ZECW, wObE . W5, 4. MRCP & Wi 3 B 1 2 98 60 0 (8 37 #r
0. P E B EE 24235 ,2001,11(6) : 44-46.

[2] Ros PR,Steinman RM, Torres GM,et al. The Value of Barium as
a Gastrointestinal Contrast Agent in MR Imaging: a Comparison
Study in Normal Volunteers[J]. AJR,1991,157(4) :761-767.

[3] Giovagnoni A,Fabbri A, Maccioni F,et al. Oral Contrast Agents
in MRI of the Gastrointestinal Tract[ J]. Abdom Imaging, 2002,
27(4) :367-375.

[4] Brown JJ,Duncan JR, Heiken JP,et al. Perfluorooctylbromide as a
Gastrointestinal Contrast Agent for MR Imaging: Use with and
Without Glucagons[J]. Radiology,1991,181(2) :455-460.

[5] Aube C,Lebigot J,Pessaux P,et al. Evaluation of the Permeability
of Pancreaticogastric Anastomoses (PGA) with Dynamic Magnetic
Resonance Pancreatography after Secretin Stimulation (Secretin
MRCP)[]J]. Abdom Imaging,2003,28(4) ;:563-570.

[6] Papanikolaou N,Karantanas A, Maris T,et al. MR Cholangiopan-
creatography before and after Oral Blueberry Juice Administration
[J].J Comput Assist Tomogr,2000,24(2):229-234.

[7] Chan JH,TsuiEY, Yuen MK, et al. Gadopentetate Dimeglumine as
an Oral Negative Gastrointestinal Contrast Agent for MRCP[]J].
Abdom Imaging.2000,25(4) :405-408.

[8] Malcolm PN,Brown JJ,Hahn PF,et al. The Clinical Value of Fer-
ric Ammonium Citrate; a Positive Oral Contrast Agent for T,-
weighted MR Imaging of the Upper Abdomen[]]. ] Magn Reson
Imaging.2000,12(5) :702-707.

[9] Takahara T,Saeki M, Nosaka S,et al. The Use of High Concen-

tration Ferric Ammonium Citrate (FAC) Solution as a Negative



T2 S2 B 2006 45 7 A% 21 %45 7 #1  Radiol Practice, Jul 2006, Vol 21, No. 7 691

Bowel Contrast Agent: Application in MR Cholangiography[ ] ].
Nippon Igaku Hoshasen Gakkai Zasshi,1995,55(9) :697-699.
[10] Takahara T,Kurihara Y, Takahashi M,et al. Clinical Efficacy of

Suppression and Visualization of the Duodenal Fluid in MR

Cholangiopancreatography Using Ferric Ammonium Citrate[ ] ].
Nippon Rinsho,1998,56(11) :2865-2869.
ik H 39 :2005-12-28)

JBC B SURIE AR AE 2 1]

N A, TH, TRER

- JmBIIRIE -

[FEHHEEY R445.2 [X#EERIEGBID [XEHSY 1000-0313(2006)07-0691-01

RO B 1,55 ,34 & A0 I R IE Bl AN 3 L iR RN
SEE 2 A AR DR A B R AR L B 2 E M RO, B R
R R R MR A R DG IR (B L) B A2 RURSE B A A
LR (B 1) 78 ZE B8 B B T 88 i N BB 43 Bz A 2 30% 1 &
PEBE RS L BV R B B o B o AR T R ARE
7R UL BE SR 308 R L B JE T  MTOR S B TS L 2
W7 Ji B R 3 A

Bl 2.40.37 % A A /NBER A B B AR R 2 B iR T
B S A TR B L s AT TR B N R R AR S
REHER RGBS 15 om, 55 82 TR %), )0
HEEE 220, GIRE EF TR A RS T T 6 & 0 LB
SOREE Y. B AT R R e AR Tkl U s
K HK T HRu A A 2B SRS E R, R E R
(F 2b) X 22 W7 S BURBE A E A 5 BE S .

Wi BE SR NG 2B AE 2 5 R R B 4 A AE
H)— R WK Leri-Joanny £ -G AE I VITAE B BUg A AE . 1922
4 Leri M1 Joanny B K 4RIE . DU B 22 00, 10 ARk B B L 4004F
Jo BRI PR R R T Bl A7 BR L B S R, 2 A
B RRKE WL B 0 &0 Wi . B R R R
BRETT  KREBBRH 5~20 F W4 LB, G Wk R 2 5
B SO 3G A= G A BB SAE T & AR A TR — B L IR T 2
Wi R TR A AR N R RE AL RE . B B AR AR e A B T
WAL VR B SCR I A R B R B, AT AR L Y
FERNIEFR . A S AT B SR AT Ak 4R ) TGE-BL i 1
betaig-h3 B ¥ 8 [ 4F 35 8 [ T BB 2235 39 F 0, 36 20k it
FEAMEB T HTREEREZ —, HmE g RE W SNEE
A A HE S A AL B A A A SR A
RETFEE MEAERE BRI AR R B WO 5R o
MM HIS 2, X KRR LB I, & o 501 2 & 0 O
BRI ZRAE PR TNBRE S, LKA EEE KEE K
BT it AP 25 bR B 2 B RORR B O MG A L WY R T A A 3R
JE B FR T = ARAS - 50 Q0 5 Ak T 30 10 22 W . AR 4 el A
B, WA TR RS BRI RS R B A AR
CIRV S SR N T U (A RT3 S e I = = ¢

PEEBAC:261041 IR T T A I B2 e WA B
i g%‘;ﬁﬂ:iﬂﬁﬁ(l%f)—).%7mzﬁiiﬁf}3}\.j:‘«‘ﬁ‘[§Uﬂi.j:¥M$%

HREETFHESAREREEY. 2
BRI G F B AR s b) M AR BE BE R KA
RHEHGEEYCFRER),

1 &) ARETFHRBARCRKSELY . ERT LETR
ERTRME: D ARETYT TR ELETASSHER R AR

a) ABE T LR

AR HNRERRESORBUE . B R, X LKA
1592 Wil 4l .

SE

(1] B0 AlAE. ARk g 2 M. JE a0 N R A AL 2003,
1006-1007.

(2] Wk, A RWEARZWELM] LA D RRREEOR AL
1998. 180.

Clsc i B #1:2005-09-02 &[] H #:2005-10-31)





