a3k 4] M40 A 5B

Aol F gt 3 g F

Ao et o) sheh et s eta A
HHEE - Ol1AS - 0| T| - upidul

DECE R
= =
QR EL TR
B f ]
SR LR
¥ &8 4-"d ®H B

Ale] A& mod4 & F4) 4L (hyperchloremic acido-
sis) Y, Al4| 334 A (renal tubualr acidosis) 2g} 7+
< AT s gelst dAlge] HnE w gle
om0 Ale| Al n-FEFe LS HgdAAR
azathioprine$ AH&-¥ o= vlmd &4 Busige
W8 HE dgdgAAz de AHEE T g cyclos
porineg AH4% 7% Fele azathioprine® AHE%
Wick nEEFe] WA s} fFo5hA grbe »
261971 gl F Al cyclosporineo] Alo}4F
AZEEF Wt F2 Yo A% 2 gl

#32 Adu 59 cyclosporineg A48 4] 4] &=}
A Alo| AR wAsl: nAFEFL £3] nd4¥F
A4S Bubs]o] glod d4H o2 A 43 Ay
AtZ okl & Holod hyporeninemic hypoaldosteron-
isme] = Held& Al ot Aegl Y7 AHL o}
A A= el

AAEL H Aol SAabg ol Ale]A g e
8=} 7Feu| A cyclosporineg AHE3AT 1154 7%
o] Alol A F 349 ol el f]lm|Abe] nAFYEFol o

#® A& 1 90% 11K 6H

QAR 330l st TREFUF WA 7], 244
7, S A8 A % AL QoAb o] Yol Tl F A
4 A7lol FHBT A L sHE vrol g,

et o ey

TAohA-L 19843 12494+ 1989 129 7%) = 5
7k Alvd ole FAbE ol A Alo]Alg kv $a) 71E-u)
A e A A A 24 cyclosporine(Cy A2 oF3}) & A&
Al 1159 F FF 34049 ollel naE83E
el gi] 3=l 33408 wjabe 2 3l ek, Cyclosporine
o] ol w2 ¢4 3.0mg/kg AHF A F 44
F 1~3ell+ 3mg/kg s 23] o] AWFALE 313
o £F 4~7% Alelole Cy A 10mg/kg H75%o
3 sEF 25FHFH Cy A 9mg/kgd F3igich
2F oBF 1mg/kgd whAld o2 Zhakdled 65 o] ol
= Cy A 4~6mg/kge] F+x&%& T3t

E ATl e slge nnEdFe A
£ AlojalE #3 KA 7} 5.0mEq/L ¢]4ke] Hox 59
ol A<= E w2 3 nAEFHFY Walo]l D)
Hx, 2) FA creatininexl 7} 3.0 mg ol 4o A& A2
A%, 3) HCO,"<17mEq/L =+ ¥ pH<7.35 ]
ko] A% AHHE, 4) FEol gAuFoE, 5) K A
7 deodle dAEE we Ko BJAH Bl o9&
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Wz s, ¥4 drsslEA W "d3 Adgds
(plasma renin activity, o} 3} PRAZ. 2}&) & RIA kit
(ABOTTA) & A-8-3td 24315},

o H

Alo]AF n7gHFe] Y=L 1156 7h¢d] 33
o (28.7%) . A2 dal 269, oAyl 7delgl
o}, olEe HEFdede 34174500 HA 184,
325249, nAEEF HARAl 9] 47158 BUNX
7} 31+1.9mg/dl, ¥4 creatininex} 1.5+0.1 mg/dl,
creatinine & 4-go} ¥} 65+4migy, 19 x3e 3
3 3783+ 321 migith(Table 1),

RZEYF A7 Aol A F HF 15.49 (A=t
8%, .z 35%)ef wAEH o] 4 F 10~159 A}o)
7} 16612 Ao} of Hub-g AR st 2 g2+
EF 16~20% Alol7t 804 (24.2%, 5~10% Abo] 6]
(18.2%) i, &% 21%Y o|¥d 1AFHFo

Table 1. Clinical Characteristics

Incidence of hyperkalemia : 33 /115 (28.7%)
Sex : Male 26, Female 7

Mean age, Yr {range) : 341 1.7 (18 —52)
Serum urea nitrogen (mg/dl) : 31 £ 1.9
Serum creatinine (mg/dl} : 1.5 £ 0.1
Creatinine clearance {mL/min) : 651 4

Urine volume [ day (mL) : 3,783 + 321

Values are the mean + SEM
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-
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Fig. 1. Frequency distribution of onset day of hyper-

kalemia following transplantation.

Al gk ol 301 (9.0%) ol 2324 3k ek (Fig. 1),

RAFYF %77 HE 17590903 Hzk 5
o, #AA 90delddch, nAEFYF A%7 e 5~10
A Abe7} 12412 2b wrol M A2 36.4% 5 A3
2, 2 oF3e 11~159 Abol7} 11ol2 33.3%3).2.04,
5~15% Atol7t Aelle] 70%E zt=lsledct, 1o FHES
ol 1% o] 4 A& AP+ 4el (12.1%) 04 Babs]
o} (Fig, 2),

2AFYFE e w31 Cy A9 #HedssE HF
694+ 60 ng/dIgds HA Cy A $5+ 26870 ng/digd

ISL
mean duration=17.5 days

{12)

—
<
¥

o
-
F

(3)

Number of patients

2]

5 10 16 20 25 30 30
Time after transplantatior

90 (days)

Fig. 2. Frequency distribution of duration of hyper-

kalemia.
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Fig. 3. Individual Cy A level in patients who de-
veloped hyperkalemia.
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or, 4 Cy A Foigkd 9.0+0.3mg/kegd ot (Fig.
3).

1AFYFY 5w Yol 5.840.7mEq/LHe
of, ¥4 K>6.5mEq/L o]4-& 3olol] ¥tslgin of
##0] 6.5mEq/L o|3tel ¢ ng-#8 %502} (Fig.
4).

Fube A AL Asled " 10ee 4 Fubel
A o Ak G7] AHAabAelE 2y d4 Naxje 3
135+1.6 mEq/L, Cl- 107+1.3mEq/L, HCO," 20.3+
0.8 mEq/L, anion gap 8.1+1.2mEq/L, % pH <+
6.00.192 ch¥-Fo] 2| 4 ¥ AR ALFe] okl
F BAFQlet, 18] me] Wit 5196+576 mlE Bk
ol vlall 19 = Kol 4d2ke 38+6.3 mEq/Lell 713}
A A4 d=LuEAY HF-S 108.7125.4 pg/ml
2 A4 Y lgl.ovt PRARS 542 7.34+11.
40ng/ml/h2 A4 =& A4 o4z FUH(Ta-
ble 2).

YA Kxoll o 8% Y=26E20 Hi2 127
20 pg/mlz A AP Aol Aot ¥4 YE26E
€ 248 200 7HEHl 100 (50%) ol A 2] 2228
E25% Jehidd (Fig. 5),

PRAS| S #& 5.47+1.84ng/ml/hrE A4 =& 4
A olate 2 Egkow PRAE 2433wl 200 7H2-v)
3ol (15%) ol Ark Al Fol AUlewd PRAA: Sl
o wt& Atol7} AlEHod vt (Fig. 6).

7.0,
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~ o
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3
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Fig. 4. Individual serum K level in cycloporine-treated
patients.

Table 2. Pertinent Laboratory Data from 10 Patients Who Developed Hyperkalemia after Renal Transplantation with Cycloporine A

Serum
Aldosterone
{pg/mi)

PRA
{ng/ml/n)

Urine
volume
{ml/day)

UNa. V Uk. v
(mEqg/day) {mEq/day)

Urine
pH

Blood Anion
HCO," gap
{mEq/L}

(mEq/L)

Serum
(o
{mEq/L)

Serum
K+
(mEq/L) (mEgq/L)

Serum
Na*

CyA
tevel
(ng/ml)

<o
8 o
WoE

Patients
No

— 655 —

68

114.1

6.3

5300
7080
4300
2990

256
122
218
105

6.0
6.5

74
7.4

11.8

108 18.6

5.4
6.4

5.5

134
131

137
139
124
136
131

142
138
140

860
292
737
402
402
123
372
202

7.5

11.0

19.0
2116

.16

17
74
47

21.6

99
107

5.05

5.5
6.5

21.1

9.8

293
170.1
181.2

2.47
37.58

9.4
27
74
1.5

133

226

107
103

111

5.4
5.1

1.1

4330
7100
7350
3260
3150
7100

20
36
27

109
320
187

55

18.3

10.6

0.45
4.39

7.0
5.0
6.0

16.6

57

6.9
8.6

31.6

245

105

110

5.2

84.0
210.5

68
1.62

0.
14.7

22
40
33

170

18.7

6.2

6.5

6.0 102

6.0

8.8

11.6

21.2

108

109

5.1

154

9.8

641

244

19.4

5.5

162

10

545

108.7
+£25.4

7.34
+3.60

5196
£576

6.0 183 38
+24 +6

107 20.3 8.1
0.2

5.6
0.1

37 135
1250

8.7

Mean

1.2

t1 0.8

+2

2.0

+ SEM

Una* V and Uk* V refer to the 24nr urinary excretion of sodium and potassium, respectively.
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Fig. 5. Relationship between serum K level and serum
aldosterone concentration.
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Fig. 6. Relationship between serum K level and plas-
ma renin activity.

a ot

Alo] Al YA ngHE-Fo] d43E doddAAE
A azathioprine(Aza® g & AH4-¥ of 3-8 =F7
235e] $ouy* De Fronzo §%0] Ale]AF 3/HY
ool falujate] mAFFo| 754 sl 234

(30.6%)9 w& WEER WAYE Baste] o]wnio|
dAdele] S #7141 ut ek AP YAt Wy
Az da} A5 e Cy A AT o) Ale]4
% 325 Y Fo] T Azad AEE W X vR &
3] Aol X ginete,

Hamilton §2& Ale]4] 67019 & =44 g 9%
KA+ Aza ol vl Cy ATolA a4 gkan,
Ferguson 53¢ Ale]4¥ 1,3,67FY =& 7]7loljAl
AzaFolA 2ot Cy Av-olA Hd 44 KA7 588
B 1% v} 9l end Najarian $'9& A58 93 A9
2ZAEFYFE Cy ATolH 25%kA 3Has 4o v] s
Azaoll M E 6%l E2ABUTE Luddet, Foley
% Alel4 1709 ¥ ¥4 Kx7F 5.0mEq/L o] 4¢]
ALAFYFL Aza FollAE 8%l WA=l 8 Cy
AFol A 26%o04 HA=NSE Eaddr Adu
F9% Alo]ARE 1,3,6, 9708 & sl7lolM Aza Foll
vl#] Cy Aoll4 &3 KA 7} §-ol3A] goker, Ale]
A% 2Z-§FHFe Cy ATl E 439F 74 (16.3%)
o4 Aol vld AzaT AEE 28%F = 1
(3.6%) oA HA st 8ol et

AA5e Cy AE AHE3W Alo] A &4 1159 73
] 33 (28.7%) oA n@dEHF o] B3}y AzaF A
43l De Fronzo 599 30.6%X. vl k7 sekevt
Najarian 5'¥2] 26% X o= oF7F ¥%kew Cy A& At
Laigd AA FHEuiM = 1 gEEFe wEst s w
oted o]t o8y el wualEel AHo| Tk oF
A-gell vls) FdFoll e A% AT AP AE
o2 Aztse] 2FEFE Aol £3) asE o
Ar7e) shtz gho g olubwlo] Al FAL sHH ok
g Aoz Yok

4% 12E5EZF HYArle A €7 3
o olust A3 £ AeE ¥asm gled Cy AE
AHEEGE Adu 592 2ZEYEE e 7
o] geiloll A 3709 ol Wofl HhAiglom], Stahl ' 4o
7hgdl 3elofi At 34 ol ulell WA Yok 3%t Aza
& 28819 t] De Fronzo §9¢ na§dFol Alol4
A 1Y (3% 29, A 40) ol =g 1
ZEHF &AL BE 164 (HwE 54, #HA 52
ol)elglckn Bdlgl®, Petersen 599 & ol 4
&% §Yutoll, Foley 509 2doll M 453 44 U 5
utel] sty 2¢] B5 1FY o4 ALEHU
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Foley 578 4l e 4% 114 olulg) 2254
F& 2, oA, 4, A 5ol oslME vepg
T olerz aEe] Bl H-g3e A9 skl A
2EEYF A G BAA7E ohedlE ol3go] 9l
o,

A2HE-2] 734 De Fronzo 593 o] Ale]Al% 34
o ool AN ot NAo g For nAEHF
ol WA A7l T H 15.4%0 WA Fd De
Fronzo %9 1193 che <7k A ddgioy ozt
F4%9 2471712 17.542 De Fronzo 599 164
7} A9 wledgid,

RAFEFY A5 5] A Ao Bausjn
el Foley 572 i ©3y K27} 6.0mEq/L vl
gtololcta 3lgli, De Fronzo 598 oii-#o| &3
K47} 5.5~6.3mEq/L Aloldl) 219l z 7~8 mEq/L A}
ol ¢ =24tk dtgon, AduFYe 74 2%
#3 KA7} 6.0~7.1mEq/L Aboleivta M 3abelch
A2 ZE¢E DAFEFLS ch¥-Fo] Hetgn g4
K#7} 6.5 mEq/L o] A& 3¢l (9%) ol E-2tsled Eld w0
AL A A 2 g2 sl

DZFEZe| 7 Cy A9 Fodak gl Cy A Fx9}
ol ZAo Hdle] Stahl £'9¢ 2 BEFEEE el 4
oA Cy A BEFE+ Wi 740+132mg/dlE ¥9k
25 Cy A B8 5t =2+ H%os 225835 9
LG4 FAANFo] EAEUAGT B nslg e} Foley
e 2AFEFE e T A 2EA ) A4
o|AX ¥ Alelo] Cy A Fod&olrt Cy A FE5ol
el 28k abel 7} glcka sldel, AAEe] AS nz
YTl AN Aol HY Y Y Cy A FEE
694+60ng/dl % 268+70ng/dl2M 2% HAlo]4lo
2 oot WHAEA I JA4oloind 79 Cy A ¥
SGE T 7] Wil 2B EFEEN Cy A ¥
Sto 4ztol] ch# A i 2E) AEE s oYt

Alo] A A 2Z-FY Sl Fubd A A o) 44
Ao 2+ Azad AHE-3l9l De Fronzo 55-& 23¢] 7}
+d 12¢ofl Mt 22 dF A4 Bkt ¥
2ot Cy A% AH-3 Adu 598 1ZEEFS
HERY 7o EFellA nd4dFAHAE0| FukEle] gl
o] Mo A4y Adedgd4Fe] F4E B F
Rer 7o 713 5elle A PRAZ 7H4s]o] Udchn
At MAE A4S AAHeze 94 C- 10714

mEq/L, anion gap 8.1+3.8mEq/L, 3 pH 6.0+0.6
TR A4 AdERYAEFY e E Ho] oy
b Had A AE9dw 106 789 Kurtzman
59 7IF el A nodad R + 3ollof] £}
shglond #4 drLe2Ae APl Adet
PRAA= A abg $lofl 9lgic,

Ale] A3 Slalul 4ol ngdSFo] wdsls 7xe
olHE F rew gov sl Lol Aley
ool wpeh chEw] &olx] Bebe ojelsba] lapEol
A Aoz duixn gleh, Azag Ag3tedd De
Fronzo 592 AlelAlF 22584 S vhehy 234 7}
ol 12efloll Adat A 4§ AR ALE kAL B
FRew odf 424 3 furosemide FAbol] i 8l 2|
Qo e Fule Y4l Ao vo) o] W
# dld-dE L8 EA9E F33k9 mineralocor-
ticoid Fo 25 Ao e} Kujddo] Friela] obe-g
FAGL oA nAFYFL AAxatole) Kujd
o] Aoz QA% o|abd FAbole} gl wdodaa
Cy A& creatinine 3 %-82] 7+4, 834 creatinine 4
3 22 A5l ALE F deial Apdolnjizn Cy

E ARE Alo] Al fhaloll 4} nEEFL Cy A9 Al
A28oz 2sl op7l® 45 glort Bantle 59
Azatel vl& Cy A% A48l o] 3 creatinine
A gol JakInt ol Aol Aldsboll 4] KujAdel o)
E ded AEz 4% AL ohmz Cy Aol 98 A}
TFAle e 2tz ngEPF UL obd o}
&,

Adu F9¢ Cy A% A3 § 2EY S| A3
AR Tell BFollM ndayFHAEo] Fubsle] glo]
A4y ANEBAYAZ Sl S vdFgdom P} oy
2B B 7ol F selloll A ZAd el Aot np§
3 AL 7 A g deas R Hu] 232qlx)9)
€ ALY W o]Ee] YA Y5 AEEXE YA
sgtom] RAEFEE 3 ndLYF A4S wAdal
LE2E AUEAHEF b dEAH Eol g AlMn
B Pkl 7IQ1% ez A7egict Stahl 10
E Cy A AH8% nZEE 58 el 4o 2% A4
anion gap? ¥4 £ FFAHAEE vehlo] A4
Y A nDgaEe A HodFglony Cy A 7
B TRoE 3FEE W nY4YF AT 34
HE BASL olF AelA oA =5 Cy A A1e3}

L

©:

X

A%
I3
o

4

0:
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BAZE olow 22| ofF BxloliA ¥ YT LB EA
+ A4eolgler} PRAE HA4H ol sded] &
Cy Aol of8) @47} AdA sl sFoz Adst
g}, Bantle 592 Cy Aol &3 25859 714d-E
Fsr] e dEAHA G £ furosemide FAF &
oz g dxaEER]E ASAA Lurdv} Aza
Foll uish Cy A oA 253 PRAAE #9384 7t
489 oy dr A EAE obF Alolel {23 &olr}
fhom s Eoll tlEk Al et 4 o
A8 x Keldakg g3 a2 F gte] Cy
Aol A Azatol vlsh Fol3lA Wiokeg s o
£ Cy A7} PRAE A PAY dm 28l i3t w4l
2ol Fubgg op7|HAY mE Wkl ZFof o U4
@ 7eole} st9ict, Hyporeninemic hypoaldosteron-
ismo] A 43 A eAYAFTE doFe & 4 A
Aole Cy AE AHERE Alol A @xlellA] 2AEH T
deloz 2 A sz glis®,

gy Schambelan §'9& nZAFEFI 294 F
AArgo] Suksl 7 Kull4de] Aol 49 dl el A
o] ol AF4e ot dFoz Aydderl o
£ ol AFEFEIE A Wrte A=}
aso] WAl 2ol K¥ul7}h 2has7] #Eelet 35
o0 Higashihara 5?2 prostaglandin %4 | )|
Fol ¥ Henleiz]|, YAt 3 AEPola] did]
A7t F27HRE AA Bldlch, 22 Stahl 9
£ APFEol Cy A2l 37152 A4l PGE,
Aol A4l oAHg Baldtn 4lo]4] #xteld Cy A
Eod Alalell 48] prostaglandin 348 o#M3slz o
YAl ol A diolge] AEFFE T2 s
A Bl A o] Kul4e] Aels} Hr7ie Aoz A3y
o}, AAEe Hf AMHoRE A4H 2ARAAF
o] FAHE Wgoy PRAANE A4 ®xe 1 oj4dolale
v g9 dxaslExle AR dsdch &
ZEEFol UFE ek 204 7HEdl 50%eHA
Az e EFe] ol 1EEEF Yoz AY
EAHEF B GEAEE HE Ad e TS
o 7HsAde] eyt AMAHEZE RQ4£YFAHAEF
o] £70] gl ol Agrt o] Alel ¥ 2 FY
F9 d2 kA ZlA ke 28] oAiglArE 23
22 PAY 7oz s gl

Alo] AlF BAYg nd-FYFol A Bl PR Y

¥ 2AEFEF Ax0E AR @] Wi HBE 8
e 3+ =59 Azag AHEYR De Fronzo $92
9-alpha fluorohydrocortisone 3} % & miner-
alocorticoid Fojoll = uhgo] gi%l.ev} thiazide o]
Aol wk-3-0] 9l o]+ thiazides} 422 KAHS
7t Ev Kol ¥ MZate] Friid-g #HakAglr| o
o2 &89 Cy A% A123sHd Foley 57& 1
#HEL59 282 furosemide Folv E7} Qg
kol & AP 7t F2 dolet 2435 21} Petersen
9L Cy AE A3t dhollellA] oA B o] &
BB Apgol s dbgo] giglevt fludrocortison
acetate 0.1mg 315 28] ZAFFoE 44 £ AlFbellA]
o] KejAd#-gol 12%0l4 28% 2 F715a FAlol €A
KA % 6.2mEq/Lel 4 4. 7mEqg/L2 4 g& 223
At

MAEe] Y 2REYFel 3¢ A+ A KA
HAZ ddoll= HHE AEE A dUr AEE 83
tl Follol A& furosemideR.rtHe thiazide o] Aol 1}
23 ol4HE Higke o] mineralocorticoid® Fo %
ol glof o] Aol i A B Aol hel e & 7}
A=t

ﬁ &

19843 129498 1989 129 47 b 537 Al
SR BARG A Alo]Aljlo] &) Alo]Ag wigkd #A)r)
S Hdod A2 cyclosporine(Cy A) & AR&3ldwd
1156 7h¢-d] 23 3A4Y ool gl ate] n2HEY
& el 33415 4o r gt ohga} e 4
g et

1) AelAld nadgdFe] WAlEE 28.7%%2H
IAEFYEF YEA 1Y = 3,7831321ml, BUN
31+1.9mg/dl, € A creatinine 1.5+0.1mg/d],
creatinine A} & ¥ 65+4mlE Ao 3l
o

2) nAFUF] WHA = Alo|AF HFE 15.4%
(8~35%)ela, LAEFYFe AE77L HF 17.5
ol (5~90%) oIl ct,

3) ZEFIF F=e H¥¥9 6.5mEq/L =iut
22 7gor ¥4 K>6.5mEq/L& 3 (9.1%)
£33k o,
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4) 2LEEEE el #x9 H¥ Cy A FEv
694+60ng/dl(83 Cy A 5% 268+70)%1 HF Cy
A o382 9 0mg/kgsich,

5 Bk 4k, 97 % AHsld o] 42 " CIx7}
107+1mEq/L, #¥% HCO,:" 20.3+0.8mEq/L, an-
jon gap 8.1x12, X pH 6.020.28 tl$3o] 443
Al A 4bge] ofahg e A,

6) €3 drxwlEel HFale 127220 pg/mlE 4
A A ol Aewd FA3 200 7HEl 104 (50%)
ol A & A EF5E epddeh

7) 3 ahd¥Adxe HFAE 5.47+1.84ng/ml/
hrg A glol slslen] 200 7H&dl 34 (15%) <A
A g o] gl et AMglel) & abol st A E% o,

Yo AlolAF WS nAEYF 714y 19
of Mo} gt A7) glojok & Aoz 4rbE

= Abstract —

Hyperkalemia Following Renal
Transplantation

Hyun Chul Kim, M.D., Kang Wook Lee, M.D.
Won Kee Lee, M.D. and Sung Bae Park, M.D.

Department of Internal Medicine, Keimyung
University Schoo! of Medicine, Taegu, Korea

Won Hyun Cho, M.D.
Department of Surgery

Choal Hee Park, M.D.
Department of Urology

Dong Seok Jeon, M.D. and Jae Ryong Kim, M.D.
Department of Clinical Pathology

Disorders of renal tubular function following renal
transplantation are being recognized with increasing
frequency. The incidence of hyperkalemia following
renal transplantation has significantly increased in
cyclosporine treated patients compared to those treated
with azathioprine. The inpatient and outpatient records
of 115 consecutive cyclosporine-treated patients, who
underwent renal transplantation at Keimyung Univer-
sity Medical Center from December 1984 to December
1989, were reviewed for the development of hyper-
kalemia during the 3-month period immediately follow-

ing renal transplantation.

Unexplained hyperkalemia developed in 33 out of the
115 (28.7%) cycloporine-treated renal transplant
recipients. The average onset of hyperkalemia was 154
days (range: 8~35), and the mean duration of hyper-
kalemia was 17.5 days. Hyperkalemia was mild-to-
moderate in most case, but only 3 cases were severe
(K>>6.5 mEq/L) enough to require emergency treatment.

The mean dosage of cyclesporine was 9.0+ 1.8 mg/kg,
and whole blood (serum) cyclosporine levels were in the
higher range 694+268ng/ml (268+70 ng/ml). Hyper-
kalemia was frequently associated with hyperchloremic
acidosis and normal anion gap, which is consistent with
type IV renal tubular acidosis. Despite hyperkalemia,
plasma aldosterone levels were in the lower normal
range, and plasma renin activity levels were normal.
Further studies are needed to establish the exact me-
chanism of hyperkalemia after renal transplantation.
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