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Clearance of Gadolinium Contrast Agent by
Hemodialysis: In vifro and clinical studies

Kiwayo Katagiri'’, Susumu Okada'’,
Tatsuo Kumazaki" 'md Narumi Tsuboi?’

In order to evaluate the safety and pharmacokinetics of

gadolinium contrast agents in patients with hemodialysis, in
vitro and clinical studies were performed. Gd-DTPA and Gd-
| HP-DO3A solutions were dialysed by standard methods. One:
classic type (cellulose acetate )and two high-performance types
| (PMMA and polyacrylonitrile) were used. Eleven dialysis
patients underwent normal dose contrast MRI followed by
usual dose hemodialysis (HD). PMMA dialysis membranes
were used for § patients and cellulose acetate membranes
for 3 patients. Serum levels of gadolinium, BUN and crea-
tinine were analyzed before and after the 1st HD and after
the 2nd, 3rd and 4th HD. Side effects and edema were care-

fully observed. In vitro studies showed that 11.1 hours of

dialysis would be necessary to remove 97% of the injected
dose of contrast agent by using a first-order kinetic model
of dialysis time. When dialysis membranes and contrast agents
were compared, statistically significant differences were noted
between dialysis membranes and all contrast agents. In the
clinical study, 79.1% of the contrast agent was dialyzed af-
ter the Ist dialysis and 99.6% after the 4th dialysis. These
results showed that all contrast agents and both dialysis
membranes were suitable. Neither changes in laboratory pa-
rameters nor side effects were observed. The present study
suggests, consequently, there are no contraindications when
using the ordinary dose of contrast agent even in patients
with dialysis.
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I SEME 24 9°7000.03% & B T, EWERAIIBWTIE

BHTREIC & o TOMBEIRET &. . o TEMTIZ L *)
R =y LEEA L ORISR T & B A3 T 2 R

THHH, EMEZCBITLH ) =y aEER RN
REBRDRERIZOVTIRFEL IR TRV, T/, B4

B L IO BN O BT 2080 A% Bl S Tw
B, TS OBENEE VR EERO#ENII DV T b
B i v, FITENBE BT H FY =7 208584
% Al & B 728, IMLENTIZ & B BREREIZ DWW
Thiad L7z,

JERENTFZETIE, BT X O ERI ORI X %
fED I DWTHRE L 7=,

I‘ﬁfﬂi}EUI T, INLHOFEREL LI, H )= aE
WAl Z A L MRURE 2 2V 7o B2 &, &tk
WEMM M Z R L TAH FY = Lk EoZ{L %R
~L, BN & BRI GER L ORITERIZ oW TRE L

728

MHREFE

JEREROIFSE | AR BRATIEOKS LIS A ) =) L &K1 5ml &
WL 72 b @ % AT & L CHLiER 12 20y 72
(Fig.1). BWEAHEIRMISEFHWSR TV A LML
SEDIMALEHNT (HD - hemodialysis) & L, @& 52#1# 5200ml/
min, SENEFES00mYmin T—5E & L7z, ST Gl
(T 4V b7 A4 -BK - PMMA, [Efif§1.0m?, LT
PMMA), g4z Lo — zﬂf-"‘(AM SD-100H, [BEimifit
1.0m?, BLFAMSD), &5 IZIEPEEN %65 5 Al aT
6 (ANGOHF, 1. 15m?, u F ANG9) % vy, ThHIC
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200ml/min | = — afferent sample
i T — dialyzer
H———==— dialysate out
| 500ml/min
]
HEn e «— dialysate in
ro —» efferent sample

reservoir

(15ml of Gd contrast agent in 5¢ of saline)

Fig.1 Schematic drawing of the in vitro experiment. Saline samples
were obtained from tubing before and after the dialyzer at every
15 minutes until 180 minutes. Flow rate was held constant at 200ml/
min.

L BBEFFEDOIE AT o7, BB, ANGOIZBEHH.0m2D
THRESEESIN TR VD, KROIKEEDHEVLD%
7z, pore sizeld, AMSD < AN69 < PMMA®DIEIZ S <,
FIETAMSDII30A, AN69 1345A, PMMAIZ80A & 72 5T
Vo, H#EAINE A A % (Gd-DTPA - <7 A ¥ A Re, LT
DTPA) &JEA #+ » 1 (Gd-HP-DO3A - 727> A® DIF
DO3A) & Hw 7z,

BN L KN DA G DT, BEWNHE L BN %
1557 TOFEMBERI2, 305, 6053, 12050 CTOEWEHLDH
TR, R =7 LR (ugGd/ml) D5E it %200
fTo7z. &512455, 904F, 15053, 1804 -DiEi% 5 [H4T
272, INLGIZENBONAMERD S B, BRI TR
L7 = hoREMRmERL L KICISHHOEN I
BoOF—7E A, LTOXEH VT2 ) 75~ Z (Knet)
B LUEEH & B0 ST D0 E Tl S b i
1 (Td) % B L7220,

Knet = Qbi x (Cbi-Cbo)/Cbi (1)
(Qbi : EHTIHEE, Cbi @ BHRTIEEE, Cho @ BHF )
Td = -In (Cpost/Cpre) x Vdist/Knet (2)

(Td : AEARIZBWTH LW E & AN ) = —H 5 3
T BHDIUERKER, Vdist | BLOZHE, Cpost @ HAWED
ENTTRIERE, Cpre @ & AWH OFEHTBIHEE)

2B, VdistlZ DWW TIXChoyke 5 DIHKIZBIT 57— #2
EER L7z, ZOMEIZT70~80kg DA AR DR 1< U5\ fil
Thas.

Frat AR I0REE IV TITY, p<0.01% E HEED
&L,

FEIARNIIZE © 19964E 3 HA 51997411 A OIZMRIGAE %
Wifr L7 B #2340 96, 1 v 74—4F-ar+y
MRS AL, BRAHEEABRI (R = LR Ol
DD S TSR E L) S HER (B s % -
L6 %, FH45~T751%, FH635k) xR & L7 (Table
1. S RPBONFULITFIESS | &, B0 1 %4, IR
| %, MEFENIRIE 2 4, ERBEBINRAS | 45, TRHGELHER
MARSE 1| %, PAZEVEBARAEALIE 2 44, WRAE 1 %, Mlige |
“LThHAH. HHLERAIZ, DTPAD10%, Gd-DTPA-
BMA (£ 4 = 2% + »® LUFBMA) A1 %¢, 0.0lmmol/
kgFMIH L. &B, 1y 74—LF - arkr FIon
Tid, epHEYEL W FEHE I, FEHONEL, #F
)= AEEANIENBEETELTLOMTL S Tuin
D, EREFEERCBMEDOWMI LWV RELEZLNLOT
BG4 HIE, &LIIMRIREZOFMOLENEIZDWT
THb. MRIBERIOMABUN, 2L T7F =i DT —
I, —HIREENE, BIEH Of 82D S5
72, MR THICILEOENT 2 BfG L 7z, WRLENTIE, 4
LAHMRIOEHIZ, 6 ZASBHIZ, 1 #4473 HERIZHTL
7o, BN A B L UEHEIE, EBEIZBVWTH )=y

Table 1 List of patients
Interval between . Urine Dialysis
Case Age Sex Disease dialysis and injection Dialyzer volume histor
(hour) (ml) (montl);)
1 55 M AAA" same day (3) AM-GP 0 143
2 45 M renal tumor 1day (18) BK 0 206
3 58 F giant cerebral aneurysm 3day (65) KF 100 120
4 75 M AAA 1 day (20) BK 200 5
5 63 F adrenal gland tumor 1day (18) KF 500 20
6 60 F colon ca. liver metastasis 1 day (20) BK 0 30
7 71 F cerebral infarction same day (3) BK 0 32
8 54 F splenomegaly same day (3) KF 0 162
9 65 F DVT* 1 day (18) FB-150P 0 82
10 69 M ASO™ 1day (18) AM-FP-150 300 63
11 77 M ASO same day (3) BS 0 36

#abdominal aortic aneurysm:; #*deep venous thrombosis;  ###arteriosclerosis obliterans:

BK, KF, BS: polymethylmethacrylate; AM-GP, FB-150P, AM-FP-150: cellulose acetate

The Ist dialysis after MRI examination was performed the same day for 4 patients, the next day for 6 patients and after 3 days for | patient.
PMMA dialysis membranes were used for 8 patients and cellulose acetate for 3 patients. Four patients had urine volume.
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Clearance of Gadolinium (PMMA):
DTFA vs HP-DO3A
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Fig.2 A comparison of the reduction rate of the two contrast agents.
Measurements were repeated 20 times at 15, 30, 60, 120 min-
utes and 5 times at 15, 30, 45, 60, 90, 120, 150, 180 minutes.
Means are shown on each graph. Dialysis membranes were PMMA
(polymethylmethacrylate). There was no statistical difference
between each contrast agent.
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Fig.3 A comparison of the reduction rate of the two contrast agents.
Dialysis membranes were AM-SD (cellulose acetate). There was
no statistical difference between each contrast agent.

Lol L kR L L, 8 3 W, —ELENTIL 4 B
TL7z, [EHLENBUL, A T-1EAY8 4 (BK 4 44, KF
3%, BS1%), o—2AEAT3 %4 (AM-GP 1 %4, FB-150P
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Fig.4 A comparison of the reduction rate of the two contrast agents.
Dialysis membranes were AN69HF (polyacrylonitrile). There was
statistical difference between Gd-DTPA and Gd-HP-DO3A at 60
minutes.
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Fig.5 A comparison of the reduction rate of the three dialysis
membranes. Contrast agents were Gd-DTPA. There was statis-
tical difference of clearance between AM-SD and PMMA, between
AM-SD and ANB9HF at 60 minutes.
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FERERFSE © [R-—EHT R % IV 72DTPA £ DO3AD KR EH
DO Fig2, 3, 41287, EITIEPMMA & AMSDIZB W
TRMFOMOBRERICHKITHENAEERA DN P72
(Fig.2, 3). BHIEANG9IZ B\ TILEN605# IZDTPA &
DOBAG') Bl EED A BT (Figd).

— 55 & 7z 3 i OENTIEO B 2 Fig.5, 6127
3.[ﬂPALbb’NL 604312 TPMMA & AMSD, AMSD
& ANG9 D[] ZAERT 24 B7E % iR 72 (Fig.5). DO3AIZH
WTIE, 3050 £ 12057 IZAMSD & ANGID R |2 D
ABH, 605712 TAMSD £ ANGOD[H], ANGY & PMMA D[
WHEAEL DTz (Fig.6).
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Clearance of Gadolinium (HP-DO3A):
PMMA vs AM-SD vs ANGSHF
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Fig.6 A comparison of the reduction rate of the three dialysis
membranes. Contrast agents were Gd-HP-DO3A. There was sta-
tistical difference of clearance between AM-SD and ANG9HF at
30 and 120 minutes, between AM-SD and ANG69HF, between
ANEB9HF and PMMA at 60 minutes.

hThTh-o7.

71 7 F ¥ A(Knet) # Table 212759, &H#Hlo i<
i1&, DTPAIZBWTIX, PMMA &£ AMSD® ], AMSD &
ANGIDIAT H 2 7z, DO3AIZEWTIE, AMSD
ANGIDH], ANG9 L PMMADMIZA s w il sz, T 7=,
EHEAIO T3, AMSD & AN69(Z 3V TDTPA &£ DO3A
DMICAHAEEEZRD L. 02) 2 W THEL L 2B ol
BHBRERTFig 7R T, BTG 4 BEH%1212, DTPA
ITPMMAT67%, AMSDT59%, AN69T68%, DO3AlL
PMMAT78%, AMSDT75%, ANG69T84%H R S (5F
¥j72%), E61297% DT K = A% BEET512137.5~15
IR (P11 IIE'J‘-"J WU ETHDL I EDFTill S,

FRERBIFSE - 7 B = LRFELE, #IELENTHIT7.5~
62.0.gGd/ml ( F¥48.6), EHT%3.1~15.6ugGd/ml

Table 2 Mean clearance for each contrast agent

Knet (cc/min.) ]

Dialysis membrane Gd-DTPA Cid-HP-DO3A
PMMA - 85.3 (5.4) 89.4 (6.7)
S N B S !
AM-SD-100H | - 72.8 (4.0) 833 (5.9) ¢ **
]
ANBIHF | - 895 (7.3) 109.9 (6.0) - -

|
==

=% p < (.01 %
Dialysis flow was held constant at 500ml/min. When dialysis
membranes were compared, statistical difference noted between
AM-SD and PMMA, AM-SD and AN69HF by using Gd-DTPA.,
between AM-SD and ANG6YHF, PMMA and ANG9HF by using
Gd-HP-DO3A. When contrast agents were compared, statistical
difference noted between Gd- DTPA and Gd-HP-DO3A by using
AM-SD and ANGY.
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WaY, 2Ok iAo bR L ONENLE 2B A
HatE O RE DAL T, SEaE Y J’f‘{ ) #f i, TEHE T 1k
HAOPEETE DI T SO B2 RISl DTN
EREDPHEEE L > TWD, - 'ﬁxft‘#r: M’)'"’ PRI 03 56 2 4
FEAS15%THLDIIA L, EWBHTIEI~4% ek AT
WA F e fik OFIHESMAENTEY, Zhs %
RUNZIEREIZSBHT T2 2 ESRETH L.

(*F3410.1), 2 [ HEHF£0.4~3.7ugGd/ml (£
2.0), 3 [IHEF£0.1 ~1.0pgGd/ml CF¥0.6), 4 (0]
E BT 0 ~0.4ugGd/ml (740.2) Th - 7=, EHFH
TERED A B ) =7 LRI A T O AED A SR
72h%, BRI MELENTT64.8 ~89% (F-14579.1%),
2 [O] H AT #£T91.2~98.5% (*F-34995.9%), 3 [ulH %
i T97.7~99.7 (*F1498.8%), 4 [0]4{KT99~ 100
% (*F¥199.6%) Td - 7=. BMAZ M L 7= 1 5 (i
$19 ) THDTPA L DlE A & N4 A - 72 (Fig.8).

BHTEOEIZ L WS PR RrEROEIZA SR
T, WTROBENIELHCTO A F) =7 4 A
I RAFICHEE S 7z (Fig.9).

PRED & % FERH)IL 4 B (FEFI3, 4, 5, 10)TH o7z
B, BHEION K =7 LR IMORER & DEiE

Theoretical clearance of gadolinium contrast agent
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Fig.7 The exponential decrease in amount of gadolinium contrast agent
with duration time of dialysis in hours. Dialysis membranes were PMMA
and AM-SD and AN69HF. On the average, 11.1 hours of dialysis would
be necessary to remove 97% dose of the injected dose of contrast agent.
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Clearance of Gadolinium: DTPA vs DTPA-BMA
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Clearance of Gadolinium: PMMA vs cellulose acetate
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Fig.8 A comparison of the reduction rate of the two contrast agents.
There was no difference between each contrast agent.
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Fig.9 A comparison of the reduction rate of the two dialysis
membranes. There was no difference between each dialysis
membrane.
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