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(6.8%)1A dAHe ok vjAWESAZEE PolelM CsA X583 g 7144 A9 Wlee 19, 154,
29 Aao] 47 16.6%, 33.3%, 27.2% K3, I dlee 14, 1.59, 29 Azl 42 0%, 16.6%, 9%
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Table 1. Duration of treatment

AR A5 276 vEhtmz A7)7he
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o AFFZoliA 1Y XNEF 6% WuF,
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= A87]7e sl e vm A7t Yo
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3, B3] Ao} njAHHNZEZAN 2T 2 B
2 ZARA A5 Fd 2R wE NS ¥
@3t & FHEFS BAHAL sl A
E4¢ J23 T 4 e Nesine 28T A

4 8ol AYAR) daked dohw A e
cHet o Wy

19861 5E] 19973742 QA st Ausks |
4 2olelA ARRAGAZ A7 AFFE Fo}
5 S 2olm AA, Wl ALY T Aoz
gEMoz ity CsAz Aag Agsigd 1029
(AR HRAFFZ 588, FAAHEAHATEA 45 S
103, FAAFA A 108, zPEAdAIS 159, IgA4E
F 93)E dAdez sl CsA9] A&7kl ne}
AR S TS 147 249, 1597 1238, 297
28 A RSt G R, FAAEAMAFA A} S |

Duration Number of cases
of
treatment MCNS* FSGS* MGN™ HSPN™* IgAN™"
lyr 24 2 8 15 9
1.5yr 12 2 - -
2yr 22 6 2 - -

‘Minimal change nephrotic syadrome
“Focal segmental glomerulosclerosis
"*Membranous glomerulonephritis

"**Henoch-schonlein purpura nephritis with nephrotic syndrome
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1gA nephropathy with nephrotic syndrome



W7k 23, 1.597 28, 297 68elM Fsigen,
DA G L 197F 88, 24 7F 28 oA A8kl
o} ZEAIG ) IgAAI FE BE FeolA 147 A
2319 cHTable 1). ’

1) =Y

CsA®) z7]882 19 AF Kg? Smgoz 23]
233l AT Fq5t9.29, o] F monoclonal
antibody method2 dH ¥ =& =A<« 100-
200ng/ml2 FAHES 438 243Gt 2R
X prednisolone2 27] 1Y AF kg Imge A4
& AF FAs9m, Hx £5E Fasd 0.3-
0.5mg/kgs AUz CAXR 7|75 HE FBosigy

AZ37e fARE HAEFe] 2AFHT 24
X7} 0.5gr o]3le]x A albumin X7}
3.5gr/dL o] o2 2 w2 FAEYL FEIHNE =
AL A e A&EY 35 9 A
AHE ALGREIEZY A7de] vElA]l o AR
Akt

3) AN AEMo HH

CsAd] 3B = FHA: A 4570 diF APs4
on o)F 4F7rA o2 AN T HYFZ AL A
A A}, ZaaA], dY x4s A F oA, =
AL 2427 b 9 ZFoleld AAE FHANE AR
N30} X 87)7HEet 4F A ez Al Ee

Fig.1. This figure shows the change of renal cortical
interstitium after cyclosporine A treatment in mnimal
change nephrotic syndrome children including
periglomerular striped fibrosis, tubular atrophy and
infiltration of inflammatory mononuclear cells(aldehyde
fuchsin orange G stain, X 200).
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4) =&y LSMde| B

AA A} BoleH XaAdd NaFs F 1Y
A ARAZAGALE At A5 ARE ARG
o ARzAZAL Al wet CA Az F 84
3 vmste O2AAQ W3 g HekEno
pathologic change;NC), @225 ¢l W7l Jehd
79 A M3 $)Z(tubular atrophy;TA), 74 9] €3
3} o AJ-§-3Hinterstitial fibrosis;IF)& Z§sh= 713

AHEE wol: FohIFig 1), @AWt P

AFA T agdel YN W 2 Y

'8} 7} (arteriolopathy; AP) E4gl Ztelo 2 (Fig 2)

spo] W3}k

Fig 2. This figure shows the vascular changes after
cyclosporine A treatment in minimal change mephrotic
syndrome children including wall thickening of small
glomerular afferent arteriole(H-E stain, X 400).

5) E7 xi2iuy
PC-SPSSE& o|43}3 o™ #o4E2 Pgte] 0.05
ol5kel A4z Raisieh

2 =

. tHatgixlel 2 (Table 2)
s ExyE 5-1047F 509
(49.0%)2. 714 Wetom, A mluke] 29%)(28.5%), 11
Al olAbo] 233(22.5%) e AEREE Foprt 754
(73.5%), o} o} 278 (26.5%)2. Friu)E 2.7:1 o]k -
NZE2e oA preg wa sHuE
FZ(MCNS) 58%(53.9%), Z2AA R BHAFA R S5
(FSGS) 108)(9.8%), BAAFTAAIG 109(9.8%), AHk
R 158(14.7%), IgA A1 2 9(8.8%) A



Table 2. Demographic distribution of patients

n(=102) %

Age <5 29 28.5

5-10 50 49.0

>10 23 225
Sex male 75 73.5

female 27 26.5
Original disease of nephrotic syndrome
Minimal change nephrotic syndrome(MCNS) 58 53.9
Focal segmental glomerulosclerosis(FSGS) 10 9.8
Membranous glomerulonephritisqt MGN) 10 9.8
HSP nephritis with nephrotic syndrome(HSPN) 15 14.7
1gA nephropathy with nephrotic syndrome(IgAN) 9 8.8

2. CsAS] X2 &3

1) MEF39 gloizlghd X257 (Table 3)

AA HAFER 1028 % 882 (86%) A A
B B 98 (8.8%)A HERNE Hygon 59
(4.9%) A& CsAol wH-o-& ebli#] gstot

A EIFL 588 F AHZ o= FEYH
WAL 233 AH o= vESd 399
(67%), 2B 20| = #3}3] 198)(33%)g.on, A 20)

Table 3. Outcome of cyclosporine A treatment

= gh3-3S 25 CsAd b3l 100%elM A%
d& ngon, Adzo= YL 199 F 179
(89.4%)0ll N A A E, 28(10.5%)01 M e F-E3H3)
& Ho] AAH =2 965%H AR E Jepigic

FRAAFAAANTFA AR 1085 2dH 202wt
<3 F AP e] 47 5E G en AERol= ubEY
FAEL CGAXEF 48 (80%)oA AT E, 19
Q0%)ANA H-EANE By on, 2 2= AP
2#(40%)014 SRR/ E, 18(20%)0H FEAHE

=

Disease Steroid CsA response Relapse / 6month
type(cases) reponse(%) complete(%) partial(%) before CsA after CsA
MCNS (58) 56(96) 2(4)
*SS 39(67) 39 0 1.8+0.8 0.5%+0.7
"SR 19(33) 17 2
FSGS (10) 6(60) 2(20)
35S 5(50) 4 1 2007 0.8+0.3™
SR 5(50) 2 1
MGN (10) SR 10(100) 9(90) 1(10)
HSPN (15) SR 15(100) 12(80) 3(20)
1gAN (9) SR 9(100) 5(55) 1(11)
Total 102 88(86) 9(8.8)

'SS : steroid sensitive(steroid dependent+frequent relapsing),

"SR : steroid resistant, "P<0.001, “"P<0.0001
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93 28(20%)1 A CsAdl uH-§-& vehfA|

AR A G, AP ALY, Tg
2H 2ol= AH3FYo|gln AFFL]
z+ 92(90%), 1281(80%), 5¥(55%)o1 A rEFstem,
BEAE 13(10%), 3#(20%), 13(11%)e1A U
I CsAo] A3 ub3-& HolA g2 ASE [gAdld
Zol|Mat 32 (33.3%)ll M FRAHK

CsA XgA e Ao Wed vwstd & o
2dz o= HEAlQl wAMAEEE P FAHE
ARALTA 73S Bobel M CsA X 2F 671474 A
uke] wix= Z+7F 0.5+0.73), 0.8+033)2 Xad 6
AL 7HZZE 1.840.83], 2.040.73])0] H|3}ed 2]u]gl
A Ztastgeh@Hzt P<0.001, P<0.0001).

>

2) XE7iztol|l W X257 (Table 4)

A A 2l A X m7)7be) Wt 19 A&
2, 159 A8F, 29 s3] Fees Apies
B @ated B o A3 &2 BF 100%2 Ael7t AL
AaF 6Lz AW3SE N e2d3d wel vag
o X)& 3 zbz 0.37+0.61,0.30+0.49, 0.68+0.833)
2 Az A7 1.64+098, 1.71+£1.01, 2.04+0.75
3)yell wlste] um|gIA FHAstg 0l (P<0.001), 7 X
277k BE(19, 1.5, 29) 9risle Aol Rel
A ookt

3. zEsxel ASMe HE

1) ASFZ9 flol Ao o =&y

AMEMo| ¥z (Table 5)

102#]9] AlZFZ Zol T1#(69.6%)NM 2=
AFe] zA A HIE RelA Yoty 247
(23.5%)el A 7+A9] Af3tet Aedt H5E 2§33
ZHAA Ald-g Bglon TH(6.8%) M ot &
7 3 rx Jepd AR oz 30.3%4AM CsA
HeF 2284 W3 JYepidn

PR A A9 WAYEL IS
EFZ 24.1%, FAAEAAATAAG 50%, FAAAHTF
AXNA 0%, AANG 6.6%, [gAAE = 44.4%2 7+
A3y 7R Al EAE] nsle Aol Wk

ZAA A3} I i) E ASE v
AN ZFE 6.8%, F2AAREA AMFAAY 10%,
BAAZAAYG 0%, AR 6.6%, [gALH F
11.1%2 GA 7+ 4elA3t Atolof] Aol ANt

L

“

2) o|MHEASERM X 27[2H i

=X gts MEH9| QIE (Table 6)

WA HANZEZ Sofoll A CsA Aad HE™
AR A9 WEE 19, 159,29 X8de] 47
16.6%, 33.3%, 272%%2, BHsle] Fubee 14,
159, 29 Xago] 242 0%, 16.6%, 9% YA

Table 4. Outcome of cyclosporine A therapy by treatment duration

Disease Remission Disease Relapse / 6month Follow-up
type(cases) cases(%) duration before CsA after CsA duration(mo)
lyr MCNS (24) 24(100) 112+ 137 1.64 £ 0.98 0.37 £ 0.61° 233 + 205
FSGS (2) 2(100) 73.0 = 100.0 1.50 £ 0.70 00 + 00 30+ 14
Total 26 26(100) 42.1 £ 56.8 1.62 + 0.92 033 = 0.59 22.2 £269
1.5yr  MCNS (12) 12(100) 13.3 £ 10.7 1.71 £ 1.01 0.30 £ 049 6.8+ 0.71
FSGS (2) 1(50) 1.0+ (2)0.0 SR 1.0 £ 00 70+ 00
Total 14 13(92.8) 7.1+ 53 1.71 + 1.01 038 + 0.50 6.8 x 0.6
2yr MCNS (22) 22(100) 140+ 194 2.04 + 0.75 0.68 + 0.83" 129+ 53
FSGS (6) 5(83.3) 17.0 £ 320 2.33 £ 0.57 092 =+ 0.17 171 £ 93
Total 28 27(96.4) 155 £ 257 2.09 £ 0.72 072+ 0.76 159 £ 0.95
‘P=NS
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d A5AY 2RL F M= RelA] dtow
(Table 6), 2282 ¢l ASA(ZHAA A9 + 3}
9 HlzE o)A ARS-ZolA 41.2%2 1d0]3} AHS-
29 16.7% H|sle FAA o=z Fo3A FIHe
B g h(Fig 3)(P=0.03).

3) o|MHEMEEFN dE W MY =35y
MEAMeo| HIE (Table 7)

Aol mhE CsA AaF A Ade] d=s
duel A 27k 26%9} 16.6%% 3, Rt T

< 6.5%%} 83%2. vl AolE R.eolA| &kt

Wl whg A Alge] wlEe SAET,
5-104), 11 o)A} StolFollM 247 27.2%, 22.2%,
222%%g 2 F@sle) BulEE 4.5%,3.7%, 22.2%2
AZ7ES Au)Sle el AUl

Table 6. Incidence of Pathologic renal change by
duration of cyclosporine A treatment in mnimal hange
nephrotic syndrome

Treatment No.of TA'+IF™

& TA+IF(%)
duration cases  arteriolopathy(%)
lyr 24 0(0) 4(16.6)
1.5yr 12 2(16.6) 4(33.3)
2yr 22 2(9.0) 6(27.2)
Total 58 4(6.8) 14(24.1)

TA’ :tubular atrophy, IF™ :interstital fibrosis

100%
80% ¢
S
E,; 60% I Il [F+TA+AP
&
£ 20% | IF+TA
] ONC
20% I
0% 1 ;
<lyr > lyr
(n=24) (n=34)

Fig 3. Pathologic Renal Change by Duration of CsA
Treatment in Minimal change nephrotic syndrome(</yr
vs >1yr:P=0.03)

NC : no pathologic change, IF:interstitial fibrosis

TA : tubular atrophy, AP:arteriolopathy

P=NS
g 20| P=Ns  P=NS PNS.

§% ,_' ,_‘l

& 150 I,

bis ; [ ] mimrasae
2E 1w IF+TA

g £ CJNC

50

0 pre CsA ' during CsA  post CsA

Fig 4. Alteration of Creatinine Clearance through
Cyclosporine A Treatment in Minimal Change
Nephrotic Syndrome.

NC : no pathologic change, IF : interstitial fibrosis

TA : tubular atrophy, AP : arteriolopathy

Table 5. Incidence of pathologic renal change after cyclosporine A treatment by type of renal disease

Disease No.of TA*+]F**
& TA*+IF(%)
type cases arteriolopathy(%)
MCNS 58 4(6.8) 14(24.1)
FSGS 10 1(10) 5(50)
MGN 10 0(0) P=NS 0(0) P=NS***
HSPN 15 1(6.6) 1(6.6)
IgAN 9 1(11.1) 4(44.4)
Total 102 7(6“8) 24(23.5)

ex

TA" :tubular atrophy, IF™ :interstital fibrosis, N.
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4) AMH AMEM XIEH MY @

A AESAIEEZ Bolold CsA A A, A7l
7ZF 2D X8 %9 24A)17F =T |43 creatinine
clearance’= Ao|7} glslen, 283l WY {7
o zAlsdel wael AN A9, el
e elge Aold e wstekFigd). =2
serum creatinineX]= X877 SeF 9 X8 T AF
A4 717 < q M= ARAE wleluA] gt
om A 2XFAHQ Hste] BE 2u|gl: ol E
vehi A kst (Fig 5).

P=NS

08

0.6
B I[F+TA+AP
B IF+TA

CJNC

041

0.2}

serum creatinine(mg/dL)

pre CsA

Fig 5. Alteration of creatinine clearance through
cyclosporine A treatment in minimal change nephrotic
syndrome.

NC : no pathologic change, IF : interstitial fibrosis

TA : tubular atrophy, AP : arteriolopathy

A

CsAS A7lolAle] Agoz A457] Aztejed
A7) Y& AR F4E SHAZT", 28
zol=Ale) EEE FaNTled ATt THE 8
Qos dA) ARre) o4 AEIBAN F WA
AR 2 o 4H T Ty, A7 el AeA e Al A
2uaE vz s oF A/UA AL 2Tl
£ 9 AAARAA A=A 2AY BT ol
oy, o9 & CsAS) BT X2 x| o]
14 2 Ak o] okl o 2AHE ARAA
AEA 0. A 27dE FHA FAARAE
Uehiz kg 430 gamtes slgdd ug
RolE PN BAGLM, AHgze} M)
Zbol A FolumA 47159 F3E Wsglel =
Aoz wytddel By AP WHE dehle
WA O] A1 A2 ez AT e,

aob YA AF TN CsAY Ar AHE
A AAEe) HE FPs}e] A Adze=
e FE A2y A AL Aokt AP
84.5%o04 SAHNE BY T, AL o} T6%e]
A 9 BHE By P 22ols YA B
o A dolelde 20%9 ¢ BAEE BT
s el 15%2) e e AR &
Blge . poucks AFFE B8 ol
2324 CA 29 EAHLE Fejee po}
2e|zol= AmolM} 2ol 43 FFsAG FH
sk AdEee Aol 87§47t CsAXls F8 F

Table 7. Incidence of pathologic renal after cyclosporine A treatment by age & sex in mnimal hange nephrotic

syndrome
No.of TA'+IF”
& TA+IF(%)
cases arteriolopathy(%)
Sex
Male 46 3(6.5) N Qo 12(26.0) _
Female 12 1(8.3) ] P=N§ 2(16.6) j P=NS
Age
<Syr 22 1(4.5) 6(27.2)
5-10yr 27 1(3.7) P=NS 6(22.2) P=NS
>10 9 2(22.2) 2(22.2)

TA’ :tubular atrophy, IF" :interstital fibrosis, NS'™ : not significant
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WA, w22 FHE Y FHFAES 5
8717 e el 27HT glan, F4A
FAA AFFA 7S] M E 19859 AL CsA
& AHEE olF 7129 AsrRT & #3E(30-
70%)& Boli a4, CsA] 7] Fof F 1)
ARHoze ofsggo] Yolxiths 37} 9le®, &
7134l CsA fAl 2wl e] =3 glov) ¢A 7]¢d
vie} Zro] ofuf 7P Z FAZF HE Ho| CsAY #
7|2l wh2 2154 Y E el

£ ATl CsAQ AaAAE A A3kd o
A87|7del wie} FE3le] Blwste] Boked A
AA3AL 10283 883 (86%) A StAReE BT,
99)(8.8%)N M HEBNE B om 4.9%ME CsA
of ¥h-g-& vep A 4w, rlAEI ST 2H)
o= &y ulAPEY S XSl AHRo=
RS-l A 100%14 SRS E Hgon, AHR
o= MY 89.4%A HAANE B 7]ES] B
B B3t kHAE Lo] Wi A Jelyich =
EAFARATFA A RSN e 2Ezo]= HEEF o
80%, 2H|Zol= 83 L 40%4 $ARN S B
A 71&9] Byel v)le] AwAgHo| Folon F
A BTN A" ool HF-E Ml AN
AgEel] vldle] Y5 & dAHBYLE B
8ol 7ol % 30-50%9] #A3&E Heple] CsA
7} 2ol Xazke] A o= AH2e|= A
33 AZ2EF Hfgxes 43t aygoz A
2t A Age] 2 AsAHA AALE
A, AAA G, [gA A 3E 5% A 2oz 3
Folglxr AEFZe] AR = 47 90%, 80%,
55% M b IgA Al Ze 9] S Be) o] =
=8 AA Frashe & BT CsAd Ay vk
S HolA] e AL A IgAAH Z| ATt 39
(33.3%)7} FAHA.

e AsAF] AEe w=E H wsle
kg o 2 2oz kAl wwWEAEEE 9
FAEAEAYATA 7 E S Folell A CsA X 8F 67)
A7re] Ao wlxE 747k 0.540.73), 0.8+033)=
Xz A 6N YA 1.8+0.83), 2.0+0.73)¢] H]3}
of oJmglA zFAsl=(Z7t P<0.001, P<0.0001) Ao=
vepdoh ]9} e Ae oln] o BuEA ¥
32 upe} zro] @& doN XE F8 F AL A
ot ort Al Spe AT st AHo
A84FE Xa7| B 9 o} X' 5 £

=
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dx afHoz AAE 4 dx YA 18
v A FF A EAAATA 7 2
A Ag7|7del wet 1 AgF 159 e 29 A
877k fe & ALEE vl@ste 2 o, B g
Apel7b dslar, 61 L7 AU Xad 47
0.374+0.61, 0.30+0.49, 0.68+0.833)2 X2 (27
1.644098, 1.71+1.01, 2.04+0.753))o] H]3}e] 2nm|
AA ZFA31 01 (P<0.001), 2 X 87| 7hell wHE(1,
1.5, 29) &J7|Ql Aol BolA] gol CsA A 87)
7+ dAsHEE AEE FolAY AP Axg
o ZFAA T Ego] HA 23E AAlEd

CsAx 743 Ald#e] £5& 43 o
g 242 Al 7tgAel Ao 9eA gl o)z
A% CsA2] FA4SAL dAF o=z A oflA|9
7k 28, 2AEE S A =R AgEFTo2 1}
ehmie, CsAS] 433} A FA7} T CsA9
=4 27l F3F] CsAY] A4 tgeo] ¥ FA
A5l g Bt s, F4 ASAELE Ao
A Fo| vehles gAY 6] P2 9
A8 2ARARIAN FANFAEE AR SelF
d WelaAe] germz Mz F& RN FA4 A
Fubg-o] Aol iR Eojof Hl2A FA AEA o
g AT, ol F CsA9 438 =AHSWHAM F
Zol 850 CsA] X &87]7ke] AR
WS g Bl Bl Z)Eigd
oz XSS HHol AdsE Al7]%
A3l il e, THYFY] oz Jehmw, 228
Hozx Audt 749 Afsh Axd A5, Y4
o g zslnzen gze A4 Adoz
veh A =, Bokg S o|Fex A& Awgs)
o W7t A17)% Al E 2EA HedT, o9}
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Incidence of Chronic Pathologic Nephrotoxicity of Cyclosporine A in Pediatric
Nephrotic Syndrome

JiHong Kim, PyungKil Kim, HyunHee Lee*, HyunJu Jeong*

Departments of Pediatrics, Patholgy* and The Institute of Kidney Disease, Yonsei University College of Medicine,
Seoul, Korea

Purpose : Long-term use of Cyclosporine(CsA) reduce renal blood flow by afferent arteriolar vasoconstriction and
lead to chronic pathologic changes of CsA nephrotoxicity - 1) interstitial nephritis(IN); tubular atrophy (TA) and/or
interstitial fibrosis(IF), 2) arteriolopathy(AP). The Object of this study is to estimate the incidence of chronic pathologic
CsA nephrotoxicity by duration of treatment and type of renal disease, relationship between histologic and clinical
nephrotoxicity, and optimal duration of CsA therapy.

Methods : 102 children with steroid resistant or dependent nephrotic syndrome confirmed by renal biopsy and
treated with CsA from 1986 to 1997 were enrolled in this study(58 MCNS, 10 FSGS, 10 MGN, 15 Henoch-Schonlain
purpura nephritis with nephrotic syndrome (HSPN) and 9 IgA nephropathy with nephrotic syndrome(IgAN)). CsA was
administered for 1yr, 1.5yr, 2yr in 24, 12, 22 MCNS patients and 2, 2, 6 FSGS patients respectively, 1yr, 2yr in MGN
and 1yr in HSPN and IgAN. Sequential biopsies were done in all 102 patients after CsA treatment for evaluation of
pathologic nephrotoxicity.

Results : Complete remission rate was 92.2% (100% in MCNS and MGN, 80% in FSGS, 86.6% in HSPN and
55.5% in IgAN). Incidence of relapse during 6months after CsA treatment was significantly decreased compaed with
relapsing spisodes during 6months before CsA treatment in MCNS(P<0.0001) and FSGS(P<0.0001). According to
pathologic changes, 71 patients(69.6%) showed no pathological change, 24 patients(23.5%) showed IN and 7
patients(6.8%) showed AP. IN was 16.6%, 33.3%, 27.2% in 1, 1.5, 2 year of CsA treatment group in MCNS. AP was
0%, 16.6%, 9% in 1, 1.5, 2 year of CsA treatment group in MCNS. 14 out of 58 MCNS(24.1%) showed IN and 4 out of
58 MCNS(6.8%) showed AP. Incidence of pathologic change was significantly lower in CsA therapy of <lyr than
>1yr(P=0.03). There were no significant difference of incidence of pathologic change in original renal disease, age and
sex.

Conclusion : Duration of CsA treatment was significant risk factor for nephrotoxicity and optimal duration seemed
to be 1 year. Pathologic change due to nephrotoxicity did not correlate with deterioration of renal function and only
detectable by renal biopsy.

Key Words : Cyclosporine A, Nephrotoxicity, Childhood nephrotic syndrome
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