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(28 9), AARE 239 (16%), EEST 5% (10%), 7Ie} F4e] 64 (12%) AU AerA
N5 @A Wi creatinine 21113 mg/dL, H¥ creatinine ¥+& 256+16.4 mL/min
olglen @A pHy 7.3%005 ¥H HCOs 163129 mEq/LE ®vh ¥4 fol& A+ o
# 8.05+2.16, @3 Nav ¥# 1369146 mEq/L, ¥ Cl& ¥ 1109+52 mEg/L ol 2,
B3 Ky 97 6181064 mEg/LE F71Efich & pHE H7 58308703, & Fol&
A WE 37913069 Pl @& BYTh €% ddd dx2eEX9] Hie 7 382%
7.16 ng/mL/hr, 110.2+108.16 ng/mL°1th &+ 9- ¢ ~fludrocortisone tHEo] 1949 (38
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Wg 59 (10%), 4ol& 243 A%rt 1078 (20%)°]Urh
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AHPY A2 Fold 7 Nt zom® B8 g
wyy ARAEe] avldE AUdd AYEAHE
zo] &3] wwﬁ’

& ojm gigleg MAe]
o] g W& fé AFEA G g A Y
uzh oAE Iz ol2 F YEAHE PR
Ak Amy S ARl e 759
Al 2] ARd deelA] A A ol A%
o] oA ofe] F7)4e wldE FEe) Ul H
Folu}”,

A 48 AAHd ke 78141? LS ) o]
AR Fouh =84 egp Ao AzEn gabae
2 aZEdSol e wﬂ?/}Zl ApztgAae] vhebibA]
Forg el 4ot webA o) AFel g oA}
o @AEd ukgl FgkEs b Zrld Aem A7)
#r}, gk ey A 438 AMTA e B
29 Ze Ruvk g B FEHA 94 HaE
Aol gl Ao,

HaHEe Aol S el 50¢le n#EH
FE& e 49 AAEA AEE FYEAl F
Huzst g Hashe whelr),

& IHE'- HE o

Che 3 e
1. 00 &

1984356 2003 297 Aol g4
A FgE nZERESs FPE 49 J4aa84
50HE& ddes °"‘a} 2, ek 9 dsld 47,
g 9 Ao st ohgst e AFHE Ak

A 48 AAEE AFEE A fol€ A (anion
gap) A S-S HolWAl 94 8 Fole A&
Hola transtubular K gradient (T'TKG)7} 10 ©18}
9l AgolM uBEFYEF (K >50 mEg/L) & 1¥A

52 (C] >105 mEg/L)S RolWA & pH7F 55 v
el AR Aelstrt

2. ¢

g4 9 8 dade AFEH7E o83 jon se
lective eletrode (Synchron Lx 20, Beckman, CA,
USAYE Zsiglvl. 598 pHi= A% o7t igs
7] (ABL700series, Radiometer, Copenhagen, Den-
Agstel &48 9k 2 pHE ¥]% Roche

2ol
A4

ol
5

mark) &

Diagnositics®] Combur 10 test”M& ol&&gon
o} Wil $£24 o] &3 methyl red, phenophthalein,
bromthymol blue #& X Al&}2] 98§ vbg @3 o
B oRAstdch 84 #ye e el 9ok
oA FHstHem ¥ Abbott Japan Co2l renin
RIABEAD® kit%, 8% ¢EAA&e d¥ TFB Co

o] SPAC-S Aldosterone™ Kit& o]-&ald 43ty
o},

3. BHEY

EAAM el SPSS windows 11.08 olgd9n 4

= WEd BE " gAEsd R4 e
p<0.05 o]8tAl BAH LR o Her WAt

& o

1. 2@ % oW

A 507 7hedl WA 234, A2k 27HeR ox
7F 7 gkew, A 50.8195M %

2. HEW WHHE

Eelollal B Age] iz 1985-959 109
b 104 Ezpabgl Ale] 1996-2000 5 3 124,
2001-20033 2974 26709 7+ 28q)2 HE B A
$to| zixto] T3] Fv1sta vk (Fig, 1),

3. stiEg

AFHEEFE 9 949 AHTY 2 EF
EatAghe b @b (Table 1). Alo]d &7} 14
off (28%0)% 7H4 Wi, 1 vhgo] wWied 114 (22

~~~~~ 8
30[ & 1985-1995
251 | {1 1996-2000 B
L1 2001-2003, 2 '

20

Patients

& H . 3 : o
1986-2000 2001~2003. 2
Year

1985-1986

Fig. 1. Yearly incidence rate of type IV RTA.
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Table 1. The Causes of Type IV RTA

Table 2. Clinical Manifestations

Post - transplant 14 (28%)
Cyclosporin 5
Tacrolimus 9

Diabetes mellitus 11 (22%)

Systemic lupus erythematosus 6 (12%)

Hypertension 6 (12%)
Chronic tubuleinterstitial disease 6 (12%)
Unknown 5 (10%
Glomerulonephritis 2 ( 4%)

"None of patient has posttransplant diabetes melli-
tus

%), MAA FubA A 6 (129%), ¥ 64 (12
%), T A AAE 64 (12%), 1 & AFE F
AbrAlAlg, dEE FEad AA, NEY, A,
A AbtAlade] Zhzd 1o Holfdvt. Aabg e
B4 g E& FH9 AelA Feo| A¢ FK
5064 Foist A47} 99 &, cyclosporined 3§ 5
drcl gotow 4o 7bgel o g wWeite] o]
el Aok

4. 4 B4 A OlEE LA

YAFFoRE U vde FEAd n1#EEE
o] 174 (34%)% 7HF weka, 1 vhge] #HA HoF
Zr 140 (28%), HA BFE Bd (16%), EFZE 59
(10%), 1 ¢ Az, F%, o8 E, £U¢H Y,
FHAE, Wy Sol 7tz 144 Ut (Table 2).

5. #AL &

At 2FA gedo] e 9 Had 2L Table
33t gk Ak FA] A7 HE A creatinineA
7} 21%1.3 mg/dL, HF creatinine ¥ g 256+
164 ml/min%}em EF Nav Hi 136946
mEq/L, 8% Cle= ¢ 1109+52 mEg/1, 83 K
¥ i 62106 mEy/LE FUhsgich #y €%
Lol A+ 91437 B €A pH 7334006, 3
T 8% HCO; 164729 mEg/LE& Bl 8¢ 7}
% Adsld 274e Table 49 #vh H@ 2 pHE
583+0870]%151 8 fol&xbs Wy 379+3062%8
oo @& HArh olg #:AE9] HI transtubular
K gradient (TTKG)¥ 236%1.87 (0.37-6.18)2 &
7} 10 )82 EAFEUAch

g4y gy 2 ¥F gx2EExe Hud 74

Symptoms No (%)
Asymptomatic hyperkalemia 17 (34
Muscle weakness 14 (28)
Generalized edema B (&
Respiratory difficulty 5 (1
Others 6 (12)

Table 3. Blood Chemistry
Mean =5D (Range)

pH 7332006 (7.15-7.44)
Na (mEg/L) 13691 4.6 (125-146)
K (mEq/L) 68.2:£06 (5:1-3.0)
Chloride (mFaq/L) 1109152 (96-120)
HCOs  (mEqg/L) 164128 (9.2-21.6)
Anion gap 9.1+3.7 (0.0-167
BUN (mg/dL) 37.8+19.2 (8-87.8)
Creatinine (mg/dL) 21+13 (0.2-6.3)
Creatinine Cx (mL/min) 2561164 (3.1-72.6)
Ca {(mg/dL) 24130 682-10.2)
Phosphate (mg/dL) 38+08 (0.9-6.2)
Alk. phosphatase (U/L) 106+75 (17-514)

Table 4. Urine Chemistry

Mean+ 5D Range
pH 5.83:£0.87 58
Na (mEqg/L) 98.0+40,7 47-214
K (mEg/L) 2251143 3.7-64
Chloride (mEqg/L) 94,61+ 34.1 40-152
Anion gap 37.9+306 3-100

Table 5. Laboratory Findings

Mean £5D Range
Renin (ng/mL/hr) 382+7.16 0.06-33.53
Aldosterone (ng/mL) 11002+ 1082 5.04-367

382%7.16 ng/mL/hr, 1102%108.16 ng/mLelflch
o] 7k&dl nTFETAE Esta dda gy
Eo] A oler FUE AL F 6WLE WL
i, 42 Ale]d] Feof 9@ et (Table 5).

6. X 2 dAn

A RE 9- ¢ -fludrocortisone WEe]. 1978 (38%),
furosemide ©% 79 (14%), K-# g & 53
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Table 6. Summary of Treatment

Treatment No (%)
9~ a -fludrocorisone 19 (38)
Furosemide 7 (14)
K-exchange resin 5 (10
Furosemide + K — exchange resin 5 (10
Diet only 10 (20)
Other 4 (8)

Table 7. Summary of Clinical Qutcomes

No (%)
Improved 17 (34)
ESRD (hemodialysis) 7 (14)
Progress to renal insufficiency 9 (18)
Expired” 6 (12)
Loss to Follow-up 11 (22)

"Cause of death’ hepatoma, aspergillosis, gastric
aa, SAH, hemoptysis

(10%), furosemide®} K-il@<4= #& 54 (10%),
Holgton xdd A7 109 (20%)%ct (Table
6). il f#AEE 47 AEE dod 9 44
71 BEe F wE PasEdvh dT 284387049
FH713F B Al7l%E FFel 17F (34%)914 HA
a, vk AR e A Aol 16% (32%)01 i
o}% 7HeA AdAsYE dag QA FH @
713t F 6 (12%)°] Abgaldd RE gdEE
9] efz}ol 9J3tiv} (Table 7).

2 L

A 48 AAEA AFL Yn2HEY B el
B A Wl os] dEAHE gl AFAl 9
E ASe] 99 AddM #E 9 Fiolg EHY
ofz FARHT g g AgozE Frya A
Wzl ety AAs, Muwndd AE o)
g By Aefel flle] Ha /ity 1 9] ojriEH,
38-&& 21-hydroxylase Z¥, ¢tAdd HPgF L
(ACE) A&ial A8 5 dx2HE 449 Fof 4
Qe 4 Utk WHA A9W IgM vy HuiFed
¥z 2 HMY a2wWR? wadzesy 49
ANEA ALEA], Ao]2] & ARuSY ZoME A4
el gEAHE yh-ge ezt wAEt B cy-

closporine, spironolactone, trimethoprim B of
AEE 99 Axgoly duzHEe] ¥ B
doglol AdHA Urkh

QAo ME drda 20009 oF 3d Alold)
ety Aeo] ojxe] 15\ Fd <Rt} 24 oy
F71 AMdE, i Eo] o g Uig o
nzE #He] o] e 2VIHGE shwd § AL
2 oAz obgy] I EYelr AFe|dAl nz
FH5 W A 48 A8 H5E & dede dy
AAqAE ALEHR7] BFELE 2w EF cyclo-
sporine .t} 1ZEFE o I fdde AoR g
7 FK 506€& H+ 3d7 o dedaAdz g4
2 A Wi AzrEn,

B Ao dela ged A9t 2R 149
B oA 4% e HEe 9e8 b wdked
ol A Y MR HF ANREE NGeldo] wBH
el ABE AR Ak gigel d3e] s
#$REE g} AR AEYH Ay Bl
Lol Yoyl AHed 4#A cyclosporine 2 FK
5067 @ WAAAAE ARV HELR e
t} 332 BgolAi cyclosporine®t} TLFHEEE
o # dedlyE Zei ¢#ld FK 5068 Agela#
Aol AxAA AR HHLR ALEHAY Wi,
g Aleld] gAtellA: o)A F vl wiY M EH
AHE AlEEte] B odEe] o] g folgl7] Wi
o A7rgrl 144 F AYAdAAR FK 5068 FoF
3 A97} 9o & cyclosporine® AHE¥ 4oKT) H
ek, o]E 9] o]4al ¥lEe RF AHAolfrh

Alel2z gEE nTEEEE U 49 AR
A AEe 7|HoR2E AA Aeld F Aw e
A%, B4 WG ge AEY FEY AL
AP AE AR Hudd AYE2HEFT §0l
Ae&Han glekh B dFelrEs 140 7y 1290
A AYELHEZE Be E A8 dELH
& o) Fofe} AT dde] d&g 4 4 Utk
d5 dd 2 dERsHEo YART HA F7rE
H % g A4EE dEeA 8 pH 7h 55 vivtes
AAHE Hog Hol AYAEA 44 AndA
AFE A § JoBRE o AL Al o
Ead e JaAd A teiol W =t

Cyclosporineol 213 ALEYFTI Fhold £H|
Ao NHoRE Aud &47 ALRAHESY 9
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& Aoz Aztsol ¢, FK 5069 9% ngEd
T4 Axd AF9 7HeRmE YRAHE ¥u| e
o Mol Mgl Fhol2 P AR BHuHu e
o Oishi §*& ol4 gapelA A 48 AA84
Age Basiglh doly F nUFHFY Wk
cyclosporine 2t} FK 506 AMgARt}l EL FHow
RaE Y Heering 57¢ 8% ddgys ¥ 8%
A AHE A+ cyclosporine XU} FK 506 A&
ol folahA &g Hudigrt mela Mol ¥
DZEETE T AARAA AdFE Aundedr &
aol2 el elatd A 4% MR AHEI
HAelEA WY Axd AFe F Afo) FEL P
Atk ALK, o] F A fye] AABY AFS
X pH, 8% 9:=2H£X, sodium sulphate®} so-
dium bicarbonateo} #]% FAALE EE = UAA
gk A ool FEF Aol glo] B ATk
o] F 7k ®Hel M@ Aol vEY NS
A8 A" vk 5 ol digh wr} Ag
d7h dasteer Yz

Bodel A A 44 AMEY AFe e dE
o2E el dd) ddE A8 A Pl
ok Ae] 11(22%) 2 78 B olF F 49
A HHdY AYdELHEEE BY g XF
Y creatinine HA&o] 256164 ml/min& %
w9 w4 %W AHA) Villoria 7 1379
Py v AR g 7hgd 1290 MEhdy
HUe2H2F5% A 48 A AFel UEE B
nEtHA ww @xlelA gty slxde] FWE o
ol A4S ulS Agspzivia sielch ¥ FalelA
T ok By @AM AudYd AdmsEE
£ B 29e 2358 8F oY 2 YnzH
2217} F7bE o] FrE At A 48 A AL
9] Vdog Addd AYE2HEZT B ohig}
1A ge] o desdE qgd WA Fibge] #
T st Azhgict
B AT BFE2 gl 9% A 4% M8y
AEE o2 olE RFVF W ¥F Ad Y5
1.13%093 ng/mL/hr, 4Z=2ef827} 54153 ng/
mLe Agda ALdEAHEES Bgan A7l
RE Ayoloja RFE2 Y] ofd Hfw Ay
4 AgE2HEF] AP ¢ 4 AUTE Lee ¥
ToANA F A Al AeRAEHES

3o ooff ooy T

of wZ-EYZe £ U)ol sk

ol AUmiHES] e sldeg: $4 v
Feh} AddEFe] FYQ02 ABH on?
Adidee MHe2e A g 9% Hd
By Hxel w3, E4 prostaglandin L:¢F B Wy
o 2% prorenindAl #ideze] e BHHY,
AR AgelAle] dapAg] d¥e) Aoz Qe A
Hegp By e #vl #el dd Aol Ael gl
) Fol ARHI Urh olF As stdol 44 M
S8o] gl &9 Ay HURsdEs &
A M gt vlEel & Mg diH Hxedy
gol Zrislol glaw, oju ApfelA ¢Eo] 4Hs
HoAAAY AYTsHES] E ARde] o
e Rapsan, 2 olg fate] nWEYF
9] g2 %2 mineralocorticoid €35} §&
nAd# Al &Fe]l 4FEl HARR Hol AH#dA
A2 EFH t8o] YRseBe i Ay
o @hg Folln Y AHEA Qv Ao Kelrh

A 4% AAEAY e Aags AdE e &
AR AEFYF wAYe] i Ar E@st ¥
ot @Aks AzHgAels)l dmadH e By Z& %
£& At BE ofAle] H8-& #eel @vh Mi-
neralocorticoid o] #UY A4+ 9-a-fludro-
cortisoned 19 0.1-0.2 mg Fofdtrt sngglelt Al

A A e 2E g 248 furosemidedt &
loop #-& eluAr} mfo] ®rh Fol upAE
@717 Bojste] gEE AelM AAANH 4 Yk
B e ME fludrocortione® WE2E ALGH A
7} A4 wekon 9 APH #AQe] HEE W
go] ), ol9oE furosemide, K- &2l 52
WE Ei REY AR AZFEEH AESe o
R agE

A 4% AT A5 ngEES H8E v
A g4 Fatel g17] wiel o] #ge e o] 2
el oist elm e Aol AR 9¥E ¥ on
Azhgel,
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= Abstract =

Clinical Observation on Hyperkalemic
Distal Renal Tubular Acidosis

Mi Jung Kang, M.D., Choong Hwan Kwak, M.D.
Kyu Bok Jin, M.D., Eun A Whang, M.D.
Seung Yeup Han, M.D., Sung Bae Park, M.D.
and Hyun Chul Kim, M.D.

Department of Internal Medicine Keimyung
University, School of Medicine, Daegu. Korea

Purpose : Renal tubular aicdosis (RTA) is a dis-
order of renal acidification out of porportion to the
reduction in glomerular filtration rate. Type IV RTA
refers to hyperkalemic metabolic acidosis resulting
from aldosterone deficiency or resistance. The inci-
dence of each type RTA has not been reported ex
actly, however reports on tvpe IV RTA have been
recently increasing.

Methods : A retrospective clinical analysis was
performed in 50 patients with hyperkalemic distal
renal tubular acidosis diagnosed between Jan. 1984
and Feb. 2003 at Department of Internal Medicine,
Keimyung University, Dongsan Medical Center.

Results : From 1984 to 2003, 50 cases of hyper-
kalemic distal renal tubular acidosis were diagnosed.
The mean age was 5081195 vears. The two most
common conditions were posttransplantation (28%),
and diabetes mellitus (22%), which were followed by
hypertension (12%), systemic lupus erythematosus
(12%), chronic renal failure (12%), and others (26%).
Asymptomatic hyperkalemia (34%), and muscle weak
ness (28%) were the two most common clinical pre-
sentations. All patients demonstrated normal anion
gap acidosis with positive urine anion gap. The mean
creatinine clearance was 256%164 mL/min. The
mean baseline PRA and aldosterone levels were
3821716 ng/mlL/hr and 1100271082 ng/ml, re-
spectively. Hyperkalemia was well responded to 9-
o —fludrocortisone, furosemide, K-exchane resin, and
combinations of these regimens.

Conclusion : Type IV RTA is the most common
tvpe of RTA in children and adults, and can be an
important cause of asymptomatic hyperkalemia.
Therefore, type IV RTA should be included in the
diffrential diagnosis of unexplained hyperkalemia in
various clinical settings, (Korean ] Nephrol 2004;23
(2):263-269)

Key Words : Renal tubular acidosis, Type 1V,
Hyporeninemic  hypoaldosteronism,

Hyperkalemia
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