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Feasibility of oral ferric ammonium citrate in eliminating gastrointestinal tract interference in DWIBS
ZHANG Nan,SONG Qing-wei, LIU Ai-lian,et al.Department of Radiology,the First Affiliated Hospi-
tal of Dalian Medical University,Liaoning 116085, China

[Abstract] Objective: To investigate the effect of oral Ferric Ammonium Citrate (FAC) on the
image quality and quantitative parameters of diffusion-weighted whole-body imaging with background
body signal suppression (DWIBS).Methods:Between September and November, 15 healthy volunteers
aged 23~53 years (38.2+£12.5 years) were recruited. DWIBS scanning was performed on an empty
stomach and 20 minutes after taking FAC. The signal noise ratio (SNR) and contrast noise ratio
(CNR) of the upper stomach, duodenum, and small intestine around the left and right renal hilum
were measured and calculated in b=800,1500,and 2000s/mm? images. The image quality was subjec-
tively rated by the two observers using the 5-point method,and the inter-class correlation coefficient
(ICC) was used to test the data of the two observers.If the consistency was good, the data of one of
the two observers was selected for subsequent statistical analysis. The apparent diffusion coefficient
(ADC) of the liver was measured. Wilcoxon rank-sum test and paired ¢ test were used to compare the
differences between the measured and observed values before and after oral FAC.Results: There were
statistically significant differences in SNR and CNR between DWIBS images of gastrointestinal tract
before and after oral FAC (both P<C0.05).The image quality scores of the two observers were in good
agreement (both ICC were >0.75),and the image quality scores of different b values increased from
3.20%0.56,3.2740.59,and 3.27£0.59 on an empty stomach to 4.53+0.52,4.60+0.51,and 4.47 =
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0.52,respectively,after oral FAC, with statistically significant differences (all P =0.00<C0.05). ADC
values before and after oral FAC were (0.52+0.17) X10 *mm?®/s and (0.57+0.15) X10 *mm®/s, re-

spectively,and there was no difference in ADC values (P =0.383).Conclusion; FAC can effectively in-

hibit gastrointestinal signals,improve the quality of DWIBS images,and does not affect the accuracy of

ADC values.It is feasible to use paramagnetic contrast agent FAC to perform diffusion-weighted whole

body imaging with background suppression.

[Key words] Ferric ammonium citrate; Diffusion-weighted imaging with background suppres-

sion; Apparent diffusion coefficient
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CNR 4.99+2.68 0.27£0.03 6.834"  0.000
1500 s/ mm®
SNR 9.26+5.10 2.35+0.34 —3.278 0.000
CNR 7.524+4.56 0.60+0.10 —4.392 0.000
2000 s/mm?’
SNR 11.14+5.96 3.24+0.08 —4.670 0.000
CNR 8.044+4.78 2.8840.57 4.383" 0.001

EL. A A
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1500 s/mm®*
SNR 4.94+2.23 1.91+0.07 5.280° <C0.000
CNR 3.56+1.11 2.0940.04 4.673 <C0.000
2000 s/mm?*
SNR 5.8842.36 2.26+0.08 5.920" <C0.000
CNR 2.56+2.84 1.9740.01 1.657° <C0.020

L AT g
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CNR 0.0740.04 0.02-+0.01 6.010 <<0.000
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ATE b E AR FE RO IR FAC J5 W W42 7+ (F

Do MEE 1 KM &7 76 DIk FAC J5 43 B
2SRy 3.20+0.56,3.27 +0.59,3.27 +0.59 F} &
4.5340.52,4.6040.51,4.47+£0.52, Z S H G ¥ &
N (Z=—4.317,—4.268,—4.090,P ¥<C 0.01),

3. Hk FAC §iJ5 HFIE ADC {E15 b #%

ik FAC B, J5 FFE ADC {5 4> 51 4 (0,52 +
0.17) X 10 *mm?/s,(0.5740.15) X 10 *mm?*/s, 22
WA G %8 X (Z=—0.872,P=0.383),

i

FAC 7E 1995 4E 4 Takahara =5 & WRAE M BA 2
XF B ) R A T 2 PR IR A LR . FAC J& — B it
WEE Y I, AT RO o & Fe3+ .5 A4~ E HEAS B A9
TEAMUE I AR T 72 A A e REAE L 18 )R e S 1
By 5] BEREAR , i 30 1 25 AH A7, T 46 4 T2 B [l B
HRE 7 A B 37 W LR R S 45, A Il st R AP
T1 45 %, T 028 J8 B A5 5. B Ko iy ks
IES2 FAC ] AR F T MRCP #il MRU, A7 85 40 i) & .
T A8 W N R ARAE S e AR 1 Y I A R S ek
A B TT DXV B PR S A O NS M. X T FAC
Bk BF , Hirohash 260 78 H A #4789 FerriSeltz 11 84
SCEG, WE T SR B FAC, 4 518 300 mg/
300 mL, 600 mg/300 mL. 1200 mg/300 mL, & ¥
600 mg/300 mL ¥ A FAC 0 DLk B AR 47 59 %F He H
BIAE /N BOARBFSE £ T 600 mg/300 mL #E4F, LA
fEWFsE K% 7E T, WL, T, WI,MRCP,MRU [, if
BeATWF 55 0 H T DWIBS L 3 1F & A F 52 10 0138 A5 .

DWIBS & W b — Fh ik A 71 B2 W T H, 2004
4, Takahara 25 % YOk DWIBS I Tl K 512 %
BRI R EJE B K T T AR A F
FEAFIH . HEGI B 5K T s sl R E
5% UL SO BUSAR BT AR AE AL MRT TG 42 4t 1Y
MORZEHIE B . MR EPE S 1A ADC 7] D& 1k
RELAS 7K 3 B B2 B2 6 B8 & 8O AL (b B B W %2 5
ES 5, W B AE 1 DWIBS 76 4 59 84 i
Snh LR WUA B IR A 20 2 B A S i, AT
RV HLL, it — LR DWIBS #1lm K # 77
2017 4F 9% [F DW-MRI $ R T AE 4 4 # 3 ik DWIBS
FHEEL T4 S Hod iy 55 4 o BoA 2 W (E 1Y)
DWIBS EIM§ B Ry R 52 ST 1 [a) # ,

BT LAAS BT 5% 38 1+ DWIBS 9 4% #i 1 Ik FAC 3K W
B B Wil i T o 3k B3R5 58 i I i R H Y
TSz A ST I FAC 78 MRCP il MRU Ay 1%
thRT LR TR B W I 1 S A AR e TR R A N DR
TSR MR . I R SE R 1045 1, DWIBS A il i
TR G 52 Z2 Bl R R BRI GRG0 W 3 2% | 22 T



TS 22 528k 2021 4F 3 A58 36 %% 3 ] Radiol Practice, Mar 2021, Vol 36,No.3 411

. t
B Wal 13
TS o
,', 3
R,
. -. -O_‘
o ®

te
—
r
= “a . —L
»
.'o‘. ke
&
e 0

» -__:A_ '."
¥

K

:

.

o
PR s

/NAE SNRLCNR B & T [, £ DWIBS i &
A RO BR T 8 I T BSR4
WY 4, T BN () 0 L, 08 R ik 390 25 4 o
WM, U E B E TR W R A R TR
B LU L S DWIBS 7 b8 i 8 5% %% 104 7
EHIZ W ER IR A ) SR, AR
BILSTEL LI DWIBS Fl T2 fil-4 12 W B i 18 i
Jed o AEL Sy R 7E K P 1 o 988 G 1 G L A IE 5
THBRE Wil 48 B W IE s ) R $E T
WEARE.

I3 —J5 T, DWT (849 138 5 2 76 A X L
FIEAEBLR L Bk v RE A AT A IO 6t L 541
EL2x T B0/ i A8 W 40 550 A8 IV B ) 2 SR
MR T ADC B Ji 2k I 5, i o 2% 55 B
¥ 26 W, v S T8 P X B R0 4L T R I EF DR AR b
{5 DWI /) SNR.{f f1 45 b {8 JF I 28 1) CNR
Bl o TN 5 A IS 5 A SNR, £L X L R IR
A REAR B 1Y ADC L 1 X JE B G5 78 | B
JER DWI J IVIM S 3005 . Jr LA B 58
PRUF 1 BRI 1 %5 e ) FAC J5 #47 DWIBS
BB ADC M HET v, AP R, 1
HEHE DR FAC 20min J5 ¥4 DWIBS 1 4
Lz i it 4T DWIBS £ I & i) ADC {525 5
Bl Gt E L FAC AL% ADC 15 i 1l 5%
W, A WESE W DWIBS #9 ADC {8 5 ik E 41
JiLJRE (4 Ki-67 AH SCMT, UL BH ADC {5 i e 5 1
XFF DWIBS I JR 9 N FH 2 ¢ & 22, 1
DWIBS 1 7 1 0F 5% AH SC i 320, JLG R 12
WA R & AR I ok R4 = T 1S R

FAC BE#IH T B Wi (55 e 1 B R
HEL ORI ADC {H A9 E #2E, BLB FAC B
AT DWIBS B4 A o] 47, H 7 00 il 8 M 36 75

B1 %.,23%,.E%&R%. &) 2k FAC 20 min /& #& & 3£ /% ST (Y IR S 2 I B T M i
# b=2800 s/mm’ DWIBS Z & R B BB HHK 45 b) M 42 FAC 7618 200 545 F1 4 b i 7 i ok 7 7 &2
# % b=800 s/mm” DWIBS Z & K BB 25 ) TR Graem: 1 tnal LUK FI T MRCP 51515 5 4¢
FAC 20 min E#: & # /34 b=1500 s/mm’ DWIBS Z & & 4 B Sef DWT 5 91 59 5 10 28 % R B 480 o F
B35 D ZMARE b=1500 s/mm’ DWIBS 28 R #H Hwy W ADC (5 750 1 52 0

B 5 e) 2k FAC 20 min /& # & %K 4% b=2000 s/ mm®

ABFFEWA AR A X FAC #E47 14 5h

DWIBS 2 A # BB BEHKF5; ) TH e b= S ARSI SNR.CNR 2 £ Fl [ 2 5%

2000 s/mm* DWIBS 2 & & % B 4% M35 38 &,

5y %38 8 T W0 77 A Pl s 1 AR B A5 SR L R P
BERIEM T T2 i K T2 (55 miE S a8y
VEY Bz BRI . Ao 0k FAC J5 . 4% T
J i AR T2 iRl B A A B TR

TIARF b AL iy sk R e, A BFSE H 7 R
DWIBS 4245 8 W id %6 FHAGH £ 2. BRA RS .

HE A7, X IR FAC X 5 i 38 g 58 3% 19
A i — 2R
25 b, O MR PR B SR BR R D R i AT
DWIBS 448 J& 7T 47 (1, 76 35 2 5 45 15 5090 il 1 5] B
NS ADC (B A9, DWIBS 7 Ifs JR 79 15 7 1
PEHE T R PRIE



412

A 25 2021 4F 3 HEE 36 %5 3 ] Radiol Practice, Mar 2021, Vol 36,No.3

SE

(1]

2]

(3]

[4]

(5]

L6l

(7]

(8]

Mo R AR AL S B R BOIMAL USRS F AL R RS
Wt LR B 5 B X LE WF 5T (D0 AT 2 B 2011, 26 (10) : 1107~
1109.

Barnes A, Alonzi R, Blackledge M.et al. UK quantitative WB-DWI
technical workgroup: consensus meeting recommendations on op-
timisation, quality control, processing and analysis of quantitative
whole-body diffusion-weighted imaging for cancer[ ] |.Br J Radiol,
2018,91(1081):20170577.

Takahara T, Yoshikawa T,Saeki M,et al. High concentration fer-
ric ammonium citrate (FAC) solution as a negative bowel contrast
agent[ J ].Nihon Igaku Hoshasen Gakkai Zasshi,1995,55(6) :425-
426.

Takahara T,Saeki M, Nosaka S, et al. The use of high concentra-
tion ferric ammonium citrate (FAC) solution as a negative bowel
contrast agent: application in MR cholangiography [ ] ]. Nihon
Igaku Hoshasen Gakkai Zasshi,1995,55(9) :697-699.

G A 51 R A% I Ik R 5k V6L I R E MRCP K 5
FE RSS9 A5 LT, [ B B 2 B 24 2% L 2016, 39 (4) £ 358~
360.

S SEHR L AR 58 AT 5 45, 3D-MRCP Al MRU  #fff I # #5 FR 4k 4c 14
WEoE )] AT 2 9288 2010, 25(2) : 211-214.

Hirohashi S, Uchida H, Yoshikawa K,et al.Large scale clinical e-
valuation of bowel contrast agent containing ferric ammonium cit-
rate in MRI[J].Magn Reson Imaging.1994,12(6) :837-846.
Takahara T,Imai Y, Yamashita T,et al.Diffusion weighted whole
body suppression

imaging with background body signal

(DWIBS) : technical improvement using free breathing, STIR and

[9]

[10]

[11]

[12]

[13]

[14]

high resolution 3D display[J].Radiat Med,2004,22(4) :275-282.
Sadinski M, Medved M, Karademir I, et al. Short-term reproduc-
ibility of apparent diffusion coefficient estimated from diffusion-
weighted MRI of the prostate[ J]. Abdom Imaging,2015,40(7):
2523-2528.

Lambrecht M, Van Calster B, Vandecaveye V, et al.Integrating
pretreatment diffusion weighted MRI into a multivariable prog-
nostic model for head and neck squamous cell carcinomal J].Ra-
diother Oncol,2014,110(3) :429-434.

Koh DM, Blackledge M, Padhani AR, et al. Whole-body diffusion-
weighted MRI; tips, tricks, and pitfalls[J]. AJR, 2012, 199 (2) ;
252-262.

Bezerra ROF, Recchimuzzi DZ, Dos Santos Mota MM, et al.
Whole-body magnetic resonance imaging in the oncology setting:
an overview and update on recent advances[ J].] Comput Assist
Tomogr,2019,43(1) :66-75.

Tomizawa M, Shinozaki F, Fugo K, et al. Diffusion-weighted
whole-body imaging with background body signal suppression/
Ts-weighted image fusion of gastrointestinal cancers[ J].Mol Clin
Oncol,2016,5(1) :44-48.

I S% 0P T AT AL L 0T S S U R B RS AR T
12 B R IEAR AR B R (], v I B 22 S AR 2R 2R AR 2015, 23(2)

114-119.124.

Sun M,Cheng J,Zhang Y,et al. Application of DWIBS in malig-
nant lymphoma: correlation between ADC values and Ki-67 index
[J].Eur Radiol,2018,28(4) :1701-1708.

Qe H . 2020-02-23 &8 H . 2020-04-30)



