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AW A 735} el A Alo]AlF ¥ A Ferritinx] 2] W3}

Aot o Aol Wt asl, o ostaal vnr| e ma?
dada A, Ak ay

gpaduf - ZHE - ZHH - 9y
HE X -HE M0 4 F

M £

1
A uldg £ £ A7 A7 AFAE A A
Aol AHslE 2ol AT T2 P44£F P2
kAR e, ab] AlRd #ate] 4
T Al & A+ QA Fotet dA WP Ao
2 A A4 Aol €A ferritind o] F45¢ W -E
el sHAl "o}, Aol A% ¢ 3~4/HY o] HAo=
3853, AlojAE A HYF YA ferritinX v
8 e, a2 Al Al Alg AstE A
o] ah4 Al8A Fabe Alo]4lFols HA ferritinA] g
W37} §43 doluhx] gom, Wze AoAF £
o] Autxe WA ferritinx 7} & Az L5z gl
o}, olol HAEL A7 f2] HAFA A &3 FU
Wl g 82 Qlste] A Mo 2Lt AF 2479
AR A B2E dae g Aol % A ferritini
o] W3}E Adkdql woz mAlsle] M uElE ulof

et o gy

1989+ 2996 199253 94 Abolol] A= ojeh FAbY
2 AlolAleloll ofa A Alo|Alg Wiot] #ALF 2F
2 AAA 7R 8 A creatininex| 7} 1.7 mg/dl °}3}
2 A7) 5e] FAsa, Aol 5¢ AN FHE 7
2 d# ferritinz 7} 350 ng/ml o|Ate] AW H P35
7} U E 240l E Ao 2 stgch, ol 5% HBsAg ¥

to] R 1994 A gta A THE o Foiy

©
o
.

F-=F, anti-HCV A4 at, 71715#0, at4dz7bd%, 24
F AFA A o FAAARE 7P A A Al
olsigich, ol Fo Yz 35.6+2.2412 A4}
2041010y, A=z}l 584lel2dch, olEF @A} 16
o, dz7l Bl 2 E=lr} 2u| 2 Bt olE dHA#A
o Aloj A Aol Fx| HAFA A 57742 HF 15.6
+2.4(1~51) 42} g SHARE Wke of 7|2
% % 14.8+£3.1(0~65) pintse] Y& Pyief, Al
A ol gl 2 AF &2 v HEgL A
ol gsron, wHogdAuPEL J1EH 22 cyclo-
sporine A2} *§8k2] prednisoloneg HiFodd %
o},

Aol 4 £ Ao FAY 7I1A YA ferritinA &
713 e2 sted Al Ao 243 Hxo whebd ZiA ¥
# ferritinx] & 350~ 800 ng/ml A}o]& group I3} 7]1#]
& A ferritin® 7} 800 ng/ml °]4-$ group 112 43}
derd, group I3} Ilol| dlAtgtzle 72t 1254 0|9l
o}, Group II 815 sudefiAl& AW Heol FA53sE A
B3l flaflAM ulde] AAds]E Ae]AlR 34Y F2
hematocrit7} 35% o|4Hd 48 wllF e AFHA
o2 718A AYE Agsigdet, 23 o]5F A ¥4
ferritinzl 7} 1,000 ng/ml o] Alo] H& 649 FatollA]
2.0-tesla spectro 20,000 & °] € 3 =7 &9 4 4
(MRID) Akt o g ab7jzau H A4 def & 24l
2ich, Spine echo g AE3l T1 ZHzg4e
TR/TE (700 msec/30 msec), T2 74=°344e TR/TE
(200 msec/60 msec) &2 7bA, w]A o) Ao AAE
A, YA ferritinzl = o]AldA AP EAYE
7122 & IMx ferritin assay kit{AbbottA}) & o] &
3] ZAsigch, ¥A ferritinal & Al ¢E3 A,
Alol A% 3049, 674, 9l 3 12709 F2AeE
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24890, 2 o X¥eE o oA Yni ArlHez 2
Hehsich,

H y

AA| 240l AGZRS Alo]AlF WAL WA fer-
ritinx) & ¥ 3= Table 13} 7c}, W42 & Ao A%
AE IANYA] FEE TG ¥ 12709744 A4
4t F7HE 2on 2 o3 R s, @
A ferritinz £ Alol4 A9l 7|A 7t 1,189+230
ng/mlg. Estow] Alel 4% 3si4el 726+ 198 ng/ml,

Serum ferritin(ng/ml)
-«
4

670 Uoll 633+232ng/ml= A8 24sedn 1249
ol 467+104ng/ml2Z ZAsgic} Alol43 2470 Yol
£ 366+90ng/ml2 FA ferritinx 7} o333
vebd 29oH(Fig. 1),

714 ¥ A ferritinxlol web F24 group I3} 119}
U4 ERL Table 29} Zon, o]Foa $2 Wol
FA 717650l A} group 119) 8o ®A)3) woko
E¥ BT 714 WA ferritin} £ group Io] 572437
ng/ml, 117} 1,806+ 389 ng/ml= group 117} s w4 =
F-3lo "A 8] Asisdn,

Group Ioll A Ale] A% W4 ferritink] o W3l o] 4)

0 o
TEE

—o—Fotritia E“
—a—Hb *
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* P<0.01 vs basai SF valve

Fig. 1. Evolution of hemoglobin and serum ferritin values.

Table 1. Evolution of Serum Ferritin and Hemoglobin after Kidney Transplantation

Time after transplantation (months)

Basal
3 6 12 24
Serum ferritin (ng/ml) 1,189+230 726 +198* 633+232* 467+ 104* 366+ 90*
Hemoglobin (g/dl) 7.3%0.2 13.3+0.5 13.9+0.5 14.240.4 13.8+0.4

*P<.01(1 test)

Table 2. Characteristics of Patient Groups According to Basal Serum Ferritin Values

Characteristics (350 Eg%‘d‘;lé /ml) (>(§681:1%}rlnl) p Value
No. of patients 12 12 NS
Sex (M/F) 7/5 9/3 NS
Mean age (years) 36.9+3.6 34.3%2.7 NS
Duration of dialysis (months) 12.1+£2.0 19.2+4.2 NS
Volume of transfusion (pints) 6.3+1.5 23.2%+5.0 <0.01
Basal serum ferritin (ng/mi) 572437 1,806389 <0.01
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-2 714 A 7} 527+ 37 ng/mlel| A} Alo|A&% 3 37
Yol 195+£60ng/mlZ F43 AHAshdA A4 ogu
2 3 EHdem o oo AHo] o] & Hel iz}
A4 7h4 3%l eh(Table 3), widol A WA 235171 4
& group 4 & o)A %A 71227} 1,806+ 389
ng/mloil 4] Alo] 25 g7) el 1,084+ 387 ng/ml, 1271
Yoll 774+ 147 ng/ml2. A ferritinx 7} &4 $A5
glon ojAlesF 2d AHs} slol s ¥ A ferritina] 7}
616+99ng/mlE A ferritinx|7} A &)
(Table 4).

Group II 43215 594 WA 45 8 s
AaA A Aol eF 30Y ol 34 ¥ Agsgir
o] 59| Alo]AlA 7]A A ferritin]+ 2,384+ 641 ng/
mlolwd Ale]4] 1d olF HA ferritink & 420~2,102
ng/ml2 7 1,094+278 ng/ml2 A A ferritinx| 2}

AL ES 49.2+410.4%°1% T, 1T Agete

7~21 pintsi 1 11.6+2.6 pinte] it} (Table 5),
Ao #4357t A% group 11 #4135 2p7] g5 44 2

o8- ,{] s‘})hs]- 67 ol A =714 zlnﬁool:AL_Q_ Table 63}

et 744-e Aol A u]zL—— 6ol 4o, H AL T} 1
ol Asl AL et Tl T2 7]-_{05!/\01. o
S A S T B A 4]]73}0;]/(1 AEATI HEx 29

L S EEEE!
MlgaAl 7 o) Wl g

A8 wow Ao w7 AsE e}
247 AA 2o} (Fig. 2),

x &
Aleld] e ZF F2 uATH AT, 713

49 9 4717 WdelA N2 5o Yoz A A
333 4o Qo Aol ok M AL ek

Table 3. Evolution of Serum Ferritin & Hemoglobin with Group 1 Patients after Kidney Transplantation

Time after transplantation (months)

Basal
3 6 12 24
Serum ferritin (ng/ml) 572+37 195+ 60* 124 +38* 131+47* 79+ 46"
Hemoglobin (g/dl) 7.6x0.3 13.6%0.4 14.7£0.5 14.7+0.5 14.5+0.6

*P<.01

Table 4. Evolution of Serum Ferritin & Hemoglobin with Group II Patients after Kidney Transplantation

Time after transplantation (months)

Basal
3 6 12 24
Serum ferritin (ng/ml) 1,806+89 1,208+313*  1,084+387* 774147 616+99*
Hemoglobin (g/dl) 7.0+0.3 13.0+0.4 13.7£0.5 13.7+0.5 12.8+0.4

*P<.05 *P<.01

Table 5. Change in Serum Ferritin Levels in Group II Patients with Intermittent Phlebotomy

Basal serum Serum ferritin Volume of
Patient No. ferritin value at 1 year phlebotomy o?n dfigiegrsle
(ng/ml) (ng/mD) (pint)

1 4,200 2,102 12 50.0

2 3,549 1,133 21 68.1

3 956 870 7 9.8

4 2,015 946 11 53.1

5 1,201 420 7 65.0
Mean+SE 2,384+641 1,094+278 11.6x2.6 49.2+10.4
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Table 6. MR Findings in Six Patients with Severe Iron Overload

Paent Basal forstin Duretion of  Volumof S of involved organ’
No. value {ng/ml) {months) (pints) Liver Spleen  Pancreas
1 3,549 12 30 + + +
2 2,015 30 30 + - -
3 1,334 12 30 + + —
4 1,126 16 15 + + -
5 1,012 12 15 + - -
6 1,000 30 45 + + —
Mean+SE 1,6731+406 17+£2.9 27.5+4.6

*Signal intensity of involved organs: Lower than paraspinal muscles and nearly equal to background noise

Fig. 2. MR images of the upper abdomen at SE (TR/
TE) 2,000/60 shows very low signal intensity
of the liver, spleen and pancreas (basal sevum
Jerritin level: 3,549 ng/ml)

z2 Az stAet 24 FE dosl, AeF 3}
A & A7t A7 AL HH AT, Pl
A, AeF, A¥d, Ade3d, IS A B
o 5o A4 PEFE 2AEA Ao, AlolASa
oA A Fo] FAEEE olF A oPEH} AYE
of B2 4L vlAH, 53] 7T Felv A7 AE
g Aol A gAke] 7 Fog Agdd ez dA U
87, Rao $9& Ale|4 At 7bg 24 ¥H 24}
oA FAFE A 20949 A F 14%0] 1FA £
s AEF ez AGsdSE Laglcth, Aol
A A ZrzA Nl AA 2] F7} 71l ddiA e 3
A ko), AlojAjoldo] A 537} Aol AL
2 A7sa Ale|AlF €35 2& FAA b e =
AP AgAdel goemz HIHq A A2

Z15HA g Aol outsier "t Hill 59 Al
oj Al ol Abetdlt A} 34ol|9} HA AAHAAM 7k 24
S 22 A 24 & Al Y & ZE @l (92%)el A Kupf-
fer Al Zoll4l 3 Hzto] WA= om, 269 (76%) A
23 AdzAdods F Aol YFE E1HH
t}, Jukd o 2 Kupffer A Zo} Ze Alut Wig A LW
of Ao] Aate 7hA Bofl Wl f3fo] glont, 744
e e A E gae) upE s doslE Aoz
2250 A THY, Peters V¢ 7HAIZ WS A £HL
lysosome=te] k4§ F7HAHA lysosomet2 o}
gA) 7)1 o| 2 <138 acid hydrolase’} 4| LA 2 &&
vhe} o] A o] ZhA 28] 935 A FEcia FAs A,
A ferritind £ 8.5F 4 v 253 X 2504
AA7) 5ol BAgel AW AAHA AhE & dkd sl
Aoz A g0, HZ Ae|AFAlAME A
ferritinx] & AW A3 Al & F b3 FL AR
=z oAl 9glond® &4 ferritinkl 7} 300~350 ng/ml
o] A& AW ArY3E Jehlle Aoz ol n
e A A A4 shetstr] Hal Alel4
F 27|gbAol =) 37 Lot} A7]AQl ¥ ferritinX]| &
243he Ao WS Fag Aoz deiA Y,
Alo] A galel A Alo| A% A7k ol wt& A
Ao o] FAEE AelAA L 714 AWA Azdelel 2
A AR DAL ARR ] WP AFHL Al
A% of 3] A2 AAAZ Wldo] AR FA FAlel
AYT A4 719k 3 A o] & oz AT
A o] 5ol dolxdc}, YA ferritinX = Alo] A% oF 674
Yol| AAAE 7FasA =49 22fr Alo]4] o] Ael
A7) 7o} AFAA8F AT 48, AT T2 ¥A
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T3 A Fo T2 Q3] AWA Ay AT A
Soll& AlolAFoll A ferritinx| & 747} of§ 44
3] dolye Ao} 7Y T2 30| AHsolx A
AMAE 355 FEd®, AxLge A4S Aol
A 7]A €A ferritind] 7} 350~800ng/mlel Foll A+
Ale] Al A 37 Yol Wl ef AHAH 37 EA ferritin
A7t w89 o, 714 ¥4 ferriting]
7} 800 ng/ml o] o2 AHA #AN3}7]} Aj FollAE
A ferritinx] 2] 7t47} ol Hald 52 dojyte
o o] F 2de] Hzlslolx A ferritind] 7} 600
ng/ml 0| 422 x4 g},

YAFo AT AL 2H A A A#A A
Hu AL A ez A Ao F Y
Hto] Bor w3 wiE A zAC = AAl2 g
ojg{ge] gleh, AE xprlgd ARy e] v AHA
et o 2 spALA zAbe Hggle] b4, F4, v
F, A, 3 A7 o A5 Akl ofye
FHY 283 e A3 g vlagtezd Ay
ARy g APz FAY 4 Qo] gHFY A
P2} 2 2ol 3t uhgo) Aol of P 783 Yoz
deiA] Yo', 7| gF G ol oz =3
gram® Ao| 1~10mg =4 A3 =7} {3 24
o] dupdoz HALFo] Qe FAe A A
A9 2o] 2mg/g ol A, Miller £ Ao} &
2ol Al @4 ferritinA] g} o] F #xEol Ar|FPGA
474% slag A3 AHA 23 A=k Fo g A
o] 58 LA, AT FHIY 27N A
Hell T1 o T2 Zzg4 25 Alzzzst A= s
A Aslsio] AR} AFAH Yo 49 AL I
< 2y 3=+ ¥A ferritinx] 7} 25 850 ng/ml o] A
ol wiioll HAgAql £7§ B Ao 3AEL ¥
ferritin] 7} 300 ng/ml °|3tgict, 2efA =7 |3H o
A2 A Yo rA Alo|A gl gMLF
o Ak A5 A4S A8 F A Aol ol G
& F43 wyelt, e BE ol BA A A7 F
g4 Aok SA4F o Al g3ris) ole$2g =R
A ferritindl & 343l w|P4Ho 2 ol
el 27| 394 AshEE A4S Fart et AR
E9] A% Alo]4l oj™el 71A WA ferritinx 7} 1,000
ng/ml °]Aal 6ollE AL Flof 2}7jFE P4 At
Hog zAg A, 6oll 5ol 214 £-4e A5 72

=7} HA3 zhasE AL P WAL ¥+ %
o, olF ZFrt AlelAld A3l f2) A FH HaF
E-3A4 HIE2 qlde] W Y- U A

Lazarus 5772 AW HzE3i7) Qe hAARA &
A}ell A erythropoieting $ o 3}« hematocrit x| 7}
35% o4 Fr1ata olw e ofFE 0.5~1.0pinte] A}
g "oz AP HadHAch Kadry 52L&
Alol 14 714 ¥A ferritinal 7} 500 ng/mig] $HA}el A
S 5 ALFE GRS A4 X HiFe]
AAH FHoll 3 w8 APAE Al YP4Fo]
A5 ESUSE Ao Q) 2=t
Alo] A ghatoll A Al APHA A3} Sle AR ALY
o] AFHql A aglolw MHA A58l WE A7
o} 3] 8517 ¥l Rao 59 26l ¥AFA Y4
o ABZH Alol4F ¥H4As 11g/dl o]4o =
358 Fo 159 Aoz 7Y B 1349 A4
10~20 pinte] 282 ¥ ferritinx 7} AAYUAE 3
23S 2, AAEY ooz ZAYA fer-
ritinx 7} 800ng/ml ol4kel HF AlejAA Z|AEA
ferritin®] 2,38416415] = # A} 5qo 4 Ao 4%
hematocrit® 7} 35% o]A® AlAAHE oiF &
AZ Aoz YA AYE A Haigch 15 H
T 11.6+2.6pintE Algdg e IdF €A ferritin
27} 1.094+278 ng/mi= 1\d VA ferritinx] Z&o|
49.2+10.4%°1% <},

ol4ke] Ao 2 AUlA P35l A B4R #
Aol A Alo]AlFole A ferritind7} &Aoo
A RS2z, ANY 53l o3 ¥YLF o
Wl A58 HHAME vlE L AT AEA A &
+ desferioxamine FAto} & v} HIF=l Aagr}
dasted, Aoj4 % 34U iAoz HrHql A
ferritinx] o] 32 ZHAl7l Y23, nYPA ferritinX|
£ A @R AE AHge Apstel A Y A 2o
g ukg, AAARE HHlA vAFHA AFHA
Ab zlehubdio] ol -$- R8¢ Aoz AR,

2 o
Al - A7 Ee FAXNEE L Y W] AF

A Aol A vl 48 22 A2 A7 PAFS
£ AWA FEHE 2ot AT FE YAASH
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2 $EFE FdAllel, AAFAQl AgelAR U]
AlEA Aol A Wlde] 347 EA HA ferritink] 2]
HAG st dolndet, a7y M Ao] Hrsiy A
o] at4gd AldA gxloE AlojAlRels WA fer-
ritin® 8] Ftazt A A3 Adojutm, w2 AlojAFx 4
7k ¥4 ferritinx 7} oi-¢ ¥& A2 &5 2 9},
Hul o] #4319 Alo]A] A5 Aoz Alo]AlF
Y AAdal 3hA YA ferritinz o] HIHE d7] Asio
¥ d7E A g3del

gy 1989\ 24 %-H 19924 9Y7HR) Al 2 o) F4b
Hy AlelAelo] os] AAAlelA4&S W1 HH
creatininex|7} 1.7mg/ml °l3L& 350ng/ml °]A4¢]
Alo] Al A} 240 & R4 22 3k, 71 A A fer-
ritinx| & 7|F2.2 3o group [(350~800 ng/mi) ¢}
group I1(>800 ng/ml) 2.2 F23sled Alo]Al3 of 37
€ BAez ¥ ferritinX|F FA 3l A5t
Group I oA 322 ¥ A ferritinx) 7} 1,000 ng/ml o}
kel 6ol Al 27| G A-E ol &3t Awd o] o
A-g zAEI, 23 WA A5 A3 AE8E
a4l 554 ¢] Gl A] Alej A% Y Re 7hH A A}
g A g5,

2 . Group I8} tiAbgkxlell A= A ferritina} 2]
W} Alo]AlE A 3ol Wld A} Pl P4
Wz F53 sl%sidch. Group llelM & 7137}
1,805+£387 ng/miell A Alo] 4% 6704ol 1,084+387
ng/mi, 1271 %ol 774+147ng/ml2 A &H o2 nHA
ferritin® & ez AlojA R 2o] Aol
616+99 ng/mle 1 ¥ A ferritinx] 7} 25|},

A7l gHd AN T1 o T2 244 25004 2
Z, vl A AlE e 7t HAEA sebd ] 2907}
o o EAl B}, 5%olA] Alo| A% AMURE HE
11.6+2.6pinte] FHEH AHE 3o o] 59 1A%
M A ferritin 4 &2 49.2+10.4%°1%i ¢},

WE AN o o PHF WA E Al Al
oj Al % A7\ AHel WA ferritin®] FAAA7} L,
A Al 235171 418 SRl e U4LFT Y A
Azo oyt = AEE Yl olF T2 AF 3
#Aql A8 =& desferioxamine AL} & Bl 3
A Bt o3 ol At Y A& g
AAME v FHA A7 FE A Ak o] HE F8
gyl o g A7)
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Evolution of Serum Ferritin Levels in
Renal Transplant Recipients with
Severe Iron Overload

Sung Bae Park, M.D., Hyun Chul Kim, M.D.

Won Hyun Cho, M.D.!, Choal Hee Park, M.D.?

Hyo Jin Chun, M.D.}, Dong Seok Jeon, M.D.?
and Sung Moon Lee, M.D.*

Department of Internal Medicine, Surgery', Urology?,
Clinical Pathology® and Diagnostic Radiology*,
Keimyung University School of Medicine,
Taegu, Korea

Background: Following successful kidney transplan-
tation, renal anemia is corrected during the first 3~4
months and serum ferritin (SF) levels decreased marked-
ly during the first 3 months posttransplant. However,
renal transplant recipients (RTR) with severe iron over-
load had a gradual decrease of SF levels after transplan-
tation. It is suggest that evolution of SF levels after
transplantation is mainly determined by previous state
of iron storage.

Methods: Twenty-four patients (16 males, 8 females,
mean age 35.61+2.2 years) underwent renal transplanta-
tion between February 1989 and September 1992. All
patients were living-donor kidney recipients with high
basal SF levels (> 350 ng/ml). Group I (N=12, SF: 350
~800 ng/ml) had above normal basal SF levels and
Group I (N=12, SF: >800 ng/ml) had a high basal SF
levels. SF levels quantified with microparticled enzyme
immunoassay technique in all patients at pretransplant,
3, 6, 9 and 12 months after transplantation. five patients
in group Il were intermittent phlebotomized 3 months
after transplantation. Magnetic resonance (MR) images
of 6 patients were obtained using a 2.0 tesla spectro 20,
000.

Results: Mean Hb Levels increased in 24 RTR from 7.
3+0.2 g/d] before transplantation to 13.3+0.3g/dl 3
months after transplantation. The mean SF level of
Group I showed a rapid decreased from 572+37 ng/ml
before transplantation to 195+60 ng/ml at 3 months
after transplantation. In Group II, the mean SF level
decreased gradually from 1,806+ 389 ng/ml before trans-
plantation to 1,084+387ng/ml, 774+147 ng/ml, at 6
months and 12 months posttransplant. At the 24 months
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posttransplant, mean SF level was 616+99 ng/ml. Five
patients of Group II who underwent intermittent
phlebotomy, SF level decreased from 2,384+ 641 ng/ml
before transplantation to 1,094+ 278 ng/ml at 12 months
posttransplant. MR imaging of 6 patients in Group II
(basal SF: >1,000 ng/ml) was evaluated. Signal inten-
sity of liver was relatively lower than paraspinal mus-
cles and nearly equal to background noise.

Conclusion: RTR with high basal SF or hemo-
chromatosis should receive more intensive form of ther-
apy including intermittent phlebotomies for prevent
progress to subsequent liver dysfunction. SF level be
monitored with regular intervals because of their per-
sistent high ferritin levels after transplantation. Also,
MR imaging serve as a noninvasive diagnostic tool and
guidance for therapeutic decisions.

Key Words: Renal transplant recipients, Serum fer-
ritin, Iron overload, Hemosiderosis
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