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TYPE 1 (DISTAL) RENAL TUBULAR ACIDOSIS (RTA)
AND MEDULLARY SPONGE KIDNEY

Juichi Kawamura, Isao Araki, Yoichi TanAka,

Kenichiro Oxapa, Osamu Yosama and Hisayo Itpa*

From the Department of Urology, Faculty of Medicine, Kyoto University,

and the Department of Pediatrics®, Katsura Hospital, Kyoto, [Japan

Studies of a 15-year-old boy with urinary acidification defect, distal type of RTA and medullary

sponge kidney are described. His illness began at the age of 5 years, when he developed polyuria,

generalized acidosis and impaired urinary concentrating ability. Over a 10-year followup period,

sodium and potassium citrates being administered, he shows normal physical development, has no

generalized acidosis and has normal renal function except urinary acidification defect and slightly

impaired concentrating capacity. A number of small calculi within the pyramids on IVP indicate

medullary sponge kidney and sodium bicarbonate and ammonium chloride loading tests disclosed

Type 1 (distal) RTA in this patient. The literatures on the combination of RTA and medullary

sponge kidney are briefly reviewed.
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5 migic Renal tubular acidosis (RTA) 0Zli%
217, LORIEDHEY, s BTN I VA, YD
LT X BB O oNT 2, BiE, mREE
FEUTBREA¥ADLY, Btk SE8E (IVP)
1ZC medullary sponge kidney &#ZMraihiz. &
RV RTA OREZED THER, BAE (distal
type) ® RTA :Ez 5NICDT, TTWWEL, &
D34 UTe medullary sponge kidney &
L1z incomplete RTA FEFIV & kst LIz,

2. fE Bl

EF C MM 1558 BB, 19644E11H 2 BAN.
EF MR (BEA, RTA OB

KB (4509 5 5 D72 L.
BEARE ¢ 6 1 BT,
B

WRHE b ZHSROBEEVH -T2, 5 EE (1970
FH) HE, Bh, BHPERELUT, REEBERK
INERIANABE LT, 2R, RS acidosis, RIS
DIET, NH,Cl AR OREM S, renal tubular
acidosis t 2B Wrxh, BUIsE, 2= @ Na (30~40
mEq/H) BXU 7 =8 K (20~24 mEq/R) » R
BAUTSHEKESTWS,

12558 (197748 4 H), HEEEBMMREZ 5720, B
B VBRI THBERAMERI .. 40, BN
MR >S5, BREALIREEY v~ 20BE
OIzHABRLT. (19808 A) .
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e 110/60 mmHg, HRid 76/4, %

WRIDE 2744 125 19814F
BE 170.6 cm, (k& 59.6 kg, kS BT,

DR T

PR, BBV, I, B, s,
TR E 2L, BEHEIER.

HRARIRE A (Table 1,2)

5 B E AR (197088 A) BX S EAR

B (198048 H) DO&TEEE K A% Table 1, 2
E EDTz, 4| ABRBOF - 2137 = U Na, K
DOIRfAAER, 2EEDO ORRL, MBERD &I
WA RN TIEER (5EEB) @ % O%pPHEELYT
Thb.

5 R OB 5, KK uE, Ay r—v

Table 1

Laboratory data

(1) ¥ Initial admission to
Katsura Hospital

August, 1970% August, 1980

(SL : 101.80m) (BL : 170.6cm)
W 168 ke BW: 59.6kg
Blood counts :
RBC 570x104 541X104
wBC 11500 6000
Smear (N 52 68
(%) |E 0 1
B (o] (o]
L 47 31
M 1 (0]
Platelet 22.2x104 20.6 X104
Hb (g %) 14.2 15.7
Ht (%) 45 48
Serum (12-SMA) :
GPT (u/ey  (6-39) 12 20
GOT (mU/ml) (20-60) 39 44
LDH ( » ) (90-200) 150 110
Alkal. phos. ( » ) (30-85) 90 115
T. Bilirubin (mg%) (0.2-1.2) 0.5 1.0
Cholesterol ( » ) {150-275) 170 142
T. Protein (g %) (6—-8.2) 9.4 7.6
Albumin () (3.5-5.5) 50 4.8
Uric acid (mg %) [(2.5—8.0) 5.8 6.3
BUN (» ) (8-20) 16.8 9
Glucose (» ) [865-110) 150 96
Phosphorus ( » ) (2.5-4.5) 2.8 3.0
Ca ( » ) [(8.5-10.5) 9.9 9.7
Protein fraction (%) :
Albumin (58-68) 48.1 62.0
a; Globulin (2-5) 3.5 1.7
az " (6—11) 11.0 7.2
B " (7-12) 6.4 7.3
7 " (12-17) 31.0 21.6
A/G ratio (1.38-2.13) 0.93 1.63
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Table 2.

Laboratory data (2)

t After treatment

1t After cessation of sodium
and potassium citrates

August, 1970  August, 1980"

Serum Na (mEq/¢) (135—147)
K ¢ » ) (3.6-4.8)
Cl ¢« ) (86-110)
creatinine (mg%) (0.8-1.7)
Blood pH (7.35-7.45)
pCO- (mmHg) (35-45)
HCO3 (mEq/t) [(22-27)
Creatinine clearance (ml/min) (80~-120)
GFR (mi/min) (100-130)
RPF ( « ) (380-700)
PSP 15 min (25—-50)
(%) 120 min (55—85)

B2 Microglobulin serum (ug/ml) [(1.10£0.24)
urine
Urinalysis protein
sugar
pH
RBC
wBC
Cast

Crystal

Sediment

Urine specific gravity (Fishberg)
pitressin 5 u

(ug/day) (89.98142.85)

135 139t 143 141
3.0 3.9 3.7 36
108 100 106 108
1.5 1.0 1.1 1.0
7.39 7.41 7.385 7.362
24.8 37.2 39.0 36.5
15.1 24.1 22.1 20.8
— 99.4
85 155
680 868
25 35
80 82
- 1.3
— 2550

(+) (+)

(=) (=)
7.0 6.5

=) 20-30/x 400

=) (=)

=) (=)

(=) amorphous
phosphate

1005, 1006, 1010 1010, 1012, 1017

not responsive —

Urine culture (=) 103, Staph., Entero.

Urinary Ca excretion (mg/day) (120—240) 60.0 191.7~212.4

% TRP (84.7-97.9} - 76.9

PTH (ng/ml) [<0.6} —_ <0.10

Calcitonin (pg/ml) (<300) - 40

BMC/W — 0.97 (within normal limit)
() E%s

2, REBEREOETHED NI, 7y K—v 23
yx i Na, K D ETTH b rEELIL. R
pH X 7.0 TH-72. LK, FEFIZS =B Na
10~20g/H (30~40 mEq/B) & » =8 K 6.7~
7.8g/H (20~24 mEq/H) OB ICTUEALZHAE?
T kT SEABER, 7 UEREORARIEE 2
BT, ZHR Y VR - REA 5N, 5 ETEKMm
fiE, BT & P~ o 2OEREZERUIY, BEMNIKI
BEERTH -1z, GFR, RPF OEHERIIEE, R
BREODPPEEETL, Kh Ca BHMIERE O LR,
% TRP DIKTF, Rp fe v 420w 7Y O
HEWD L.

Fig. 1 AIEGIO PR E T E#G (IVP) 2R0

7z. Fig. La BHEMIBHE T, MBHCMNEABEVE
HELUTWEY, B iuMEAREUTESLTY
5. Fig. Lb OBFERG (1557) T, oDk
AR ERICHEIG UTC B RLEER R w—HL
THEELTWE T ED D 5.
RTA D12 DEFFRIRA
1. Hity v = =7 (NH,CQl) &%z (Fig. 2,3)
Wrong & Davies (DIEEHED it->T, NH.CL
0.1g/kg (K8, BOVEL Tz, Fig. 2 (RD
Fig. 34 3 ML) 1id BLAT e % U 72 incomplete
RTA O (Ef) ZHgorcopEtiLrz. NHCL
Pk b EIIRIE, 7.328 CIETFL, Fig.2 £l
RT L 5K pH 13 6.1 £ TUMETRT,

incoms~
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Fig. 1. a: Abdominal plain film, b: IVP (15 min)

plete RTA ozt b pH itk EF - T
£ LEOMEBOHIIIER FTR2T U TFEb-> T
7. K£TF HN& 4742, HTFOK% HE 14 ook
BIEHGBETH -2, b ORPERPEHREE I3 AE
& incomplete RTA ORIz 3 7510,

Fig. 3 13 @ NH, Cl £ BOM® #ih> 5, Kh
PH O iz 3 5 JRep NH* gttt % 72 » b U
LOTHAH, KHIOAETIZIbTHLOK pH OIETF
UTZHPE T, NH.® B ER %2 5 b b 28O HEIC
#HEINTWIZ., @FID incomplete RTA TR pH
DIETIB LT, NHS HEsSRINTO S, 72
B, AIEICBNT 5 T i NHCL Ea5a
BCIK PH 126.8»5 6.6 FTCUNDETLE o
Ic.

2. FATEY IR, FAWMBY — ¥ — AFRRK
(Fig. 4)

Z47EyH A 500mg, im OE 51Tk s H #
HH D, HAVEF AHE Y — & 80ml, iv D5
12X 5 Na, K HitInOREE % T, @EALIRMED
WRE® U 572, Fig. 4 WRg T e, HY St
B3 UIERZTEbAREE TH-12h%, incomplete
RTA ORI EES 8-, FAMBY — X AR
&b, Na, K 2 )75 23 EE2TCUTF Eb5
{Efi % & - 7243, fractional excretion & U i3 Na,
KEBJIIEFTH-12. R pH OB LIZIZEAE
B SN2 -1 AEFITIE HY @b 5, Na,K
OHEHEINE H F D FEIHTE» -1
3. BEEBF L) v A (NaHCOs) #7iskEr (Fig. 5)
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Normal ranges by NH,CL
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Fig. 2. NH,CI loading test. Urine pH, and NH,", titrable acid and H" excretions.

Relationship between excretion of ammonium and
urinary pH 8
+———-o distal RTA
et incomplete
&7 — "R
The regression line shows 95 percent 3 o--=--0  Control
range of observations from normal c 6
control subjects by Wrong & Davies =
= (1959) 5
E * distal RTA A Acetazolamide_500mg (i.m)
g o incomplete RTA 6 1 2 3 4 5 Hours
2 (previously reported)
_100 = 10% Na,S,05 80mi(iv) ——
(o] £ 40 l' €5
- 50 = E
% £ 30 E 4
: £
i 5 g 20 g 3
kol -r—g 10 % 2
Zz 10 : 5
> 0 g
r 5 8
<
5 B 6] oma T
.g 5 Soel 4
1 S 4 ”
45 50 55 60 6 70 75 40 3
URINE pH
Fig. 3. Relationship between urine pH ~ 30 g2
and urinary NH,* excretion = 20 UQ
during NH,Cl loading test i s ol
e
0 O
7 % NaHCO;s ¥ % 1.5~3.0 ml/min D] -&T Fig. 4. Urine pH in acetazolamide administrat-
iv BB, BRIzl HCOs-, JRi HCOs B ion (upper), and K and Na clearances

and urine pH in sodium thiosulfate lo-

MEZAEL, AR ILVFF=r -2 )7 I VAR ¢
ading test (lower)

X b GFR %@pE LTz, 100ml GFR &L %
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36 Normal Range

mmol / 100ml GFR

Bicarbonate,

16 18 20

12%  19814%

Filtered

L
o Reabsorbed

Plasma HC(?; mmol /1

Fig. 5. Sodium bicarbonate titration test

& FE %3137z HCOs (filtered HCOs~ % JER
Ififf HCOs~ it T F v v L, 72, Rl
Btz HCOs ERELVERNT, B3 Niz HCOs
B% 7oy hUT. EROMs HCO: LAV TE
HCO; i ¢ N UENMRME TSR INz. 0
it HCOs~ 27 mEq %9 ¥C, HCOs ZRAITREH
UTL 3. ©d HCOs OBERINE b N Rl D
MBI EAETER S — v 80 A, 27l & 3EN
RmEco HCO: MBEEINICIZ BB D I g &3
mahi.

3. & %®

KEEFNIIRE, 7 =V Na, K o5tk by, &
B acidosis 3754, FERSFETR LT QB LN
A, LU, 105840, HEABERHITL acidosis 55
EZETHH, SEAREREPCLY, BROIKX
AR TH ALY, Bk HCO: B{ETL,
acidosis I Tz, TS IVEDRERE LS5 BEIOHE
WA b, ANEIE Morris 6 DEAENCHES &, Type
1 RTA, distal 4 41 7@ RTA &z oM. 35
i, RETCIHRREEEZR Ht gHitgeirly izl
y VBB DT, f w4 run Ty o8k
B TA NI

BEROARERIIEE acidosis H372L, RERE(L
=D AT ET A T L b, incomplete RTA (D
REBITH S LWV TELU DA, LD incomplete
4 4 P RRNCE REIRD T &3 £ ¢, distal RTA
@ preacidotic stage &EZ TIVAAP A, EEH
OFTIIEE LTz incomplete RTA 132 D% follow
up W, MiFKBER TR, Mmp HCO: bEXT

BTd b, BRCREOUTNEEZRAL TN S, KEEH
LRERE, 7T UBEOR S%M (LY 5 &, complete
24 FB B LA, b 2 FEEFIORERTIX
& % %35, incomplete % A4 Py UTZFEBE TR L,
distal RTA ORI &FATIW.

XC, medullary sponge kidney {3 HR{LFED 1
BEUT, 48 2~3 flidskic T IVP THop
5. ULhL, AEEHERCIFEOEREZL, B
LIEEEHOC LWL L, By, Ba, LRTEDE
W3R I ¥ ) BEBNISBEOREITE 550
T & H3%>. medullary sponge kidney (23517 5 K
BRECOVWTIE, ¢ &I REgEERE © NHt,
HY HEEEES P X {vbT iz, UL, XX
I, medullary sponge kidney & RTA Q& HELI
HLph Table 3 [BIF Tz & 5 RENDIZNLTIMD,
EEI 140 H~605%, B =2 ! 8§ i,
RER g L AE OB AR F L, ARELTY
b, B UTO GFR BT EREEHRTHS
P, REMESEE~HEZETLU VS, NHA
AR 7 A TR B L EES, NH,, HY ht#
=IO LS. DHY acidosis ZHEFBED N
5795, NaHCO:; B HBBTRONT VI LDT
RTA D% 4 FMFETEIN. OBGHHETHEERS
NarpieEr ey VIRERERERER M-S D
o2 Bld Y, FKEEIK RTA 0D H N5 DHI3
FlED LN,

REHEEORER EL 5 HI2>T, recurrent
stone formers D JRAEEEERE, ¢ & TR E/LEED
BENEEINTE TS, Cochran 519 (1968) D
GOOADBHER vV — X Tl 4 %RBHILBEEZED,



Table 3. Reports of medullary sponge kidney associated with renal tubular acidosis

4 RBERE REER [ NH.Cl BT  £4% Acidosis F B Na DL HIE R IERE(C
HEE FR & el EDBRE OBRE GFR  Rilighe FAF % "reMRTA) AFTAE RTA X
Morris 5?)(1965) 21 o A ¥ EE ? R pH=5.82 2 — KL fL
Nk ) R
7 - P
Deck ) (1965) 21 %k rL H hEE FEFEE RpH=6.8 A - It X RTA
[ T.A. .
N | s
60 %k A L E¥ BEET RpH=6.18 BLY - mL
AL #hitwE B
34 % -] -] F¥ BEET RpH=6.78 EL* — mL
FE kit pEsE
10
Levine & Michael g967) 1458 B mL #L E# BEET RpH=6.0 1 - Ehlers-Danloses £
T A. g syndrome incomplete
N ) it Renal ricket  RTA
1, R
Popa & Sténescul(1)969) 10 % L AL E%¥ +$H¥ERE RKRoeH=6.6 -] — ggiwuymﬁﬁ L
/2) _ s .
2iE @» 1975) 20 * #L -] PEE PEEME RpH=6.2 -] distal RTA &y /o7y i &L
®F Sjogren FEMRM
: ’3) * 3 .
wR E»r(1877) 38 % nL L E¥ EBEERT RpH=5.61 L — Bl nL
, l) ] o *
n#H E»r0978 33 % ] %L E¥ BEET RpH=552 Bl - ® L L
T A HittlEE
NH @ (1981) 15 8 #ml L E¥%¥ BEET RpH=6.10 b1 distai RTA mi #i
T.A. HittHE

- B

e

V.LY ¢ 4oupry o8uods Arepmpsn

GEG1



1536 WREE  27%

CHCREEIDI > TO S ERBROESPA &
WZ ERIBNTV S, DAngelo 519 (1976) HMA
BREy v DREEEFAOKE L, REECESE
OFREIZNISZE DB RETIOE TR Na, H:O 254
DONT U ATIEH L EICERRL, RBU(LEED 5 1
1% incomplete RTA 23R THH E LTS,
Cintron-Nadal %1% (1977) % B¥EOEE 120 A
8 A (6%) iz inclompete RTA % %2 17T\ 5.
Backman 517 (1980) % 318 AOBREBHED 60
Bl (19%) K RBELEEZRD, 204473
Type 1, RTA 26 A (complete 3, incomplete 23) &
Type 2, RTA 34 A (complete 1, incomplete 33) i
TIoNB ERTINA,

DL D SEBELRE SRR E D btk
CUIChERO HAH & CAThA. medullary sponge
kidney %4 RMDBEEE RGOBRMRILIBLEL 5
&, COMEEMER PRI U CRIENE, B
Ca (LMY, RTA ks 7vh U IROE £
Wo->T, VECHEREERR2ERVTL B EE
g, ULdl, #ic, RTA @i$2 745 Y EE:
2135 LREOHRSEREL, Ca 0 = U
EFLLTL 5 T EDBESNEDT, REpbE{LhE
W RENCEEL, HRBAHEROBRHEBALIZY
DEYELLNS.

F1z, ONeill 51 (1981) i3 medullary sponge
kidney 2 51 5 #ADRE I AEBEDSAD—
BREGABECA N B ZNCE N T EERL,
RIS IS RS R B I H O SRR
boTHBHDTRHEL, BHhiths Ca RFH BEZH
HEAODKBDTHBEBNT B, HHDITHD
medullary sponge kidney % % JREEH:AVEZE 2200
Ty 1B L, 1540 (88%) 1@ Ca RIEY
BELZCEFEBEIN S, 1z, AL
Backman 517 OB HE RTA 2 ) — BT
%, medullary sponge kidney % 4 FOFEHITONT
BANLGNTNENL S ThH A,

DL 51HTL A&, medullary sponge kidney
I} B IRFRIEAL B PR AT IR B D &35
incomplete RTA 23 v$ D & E A 511558, medul-
lary sponge kidney & RTA (Z2ODRED 5—iHE]
DEDEBZBALT, BRCE/HLEZIOEIEZ BN
%. &%, medullary sponge kidney %1 B&IIN
RTiz b ik, RTA g UCTEERD -
TF R VRENZEINAG. ZOHEE, HBRBOT &
<, RTA 3 complete 5>5 incomplete % 4 &
7L, medullary sponge kidney M3 A - TEEXIT

12% 19814F

DIZS TR B2 455 5D b AL,

4, % & ®

195% B T O [REpME(LEE [Type 1 (distal) RTA]
% -7z Medullary Sponge Kidney @ 1 5l %2#4& U
7z, EEPIL5 EEIC RTA 0Zli%»2y, s
B Na, K 245 0% CRA% 257 TE T, complete
RTA >3 incomplete RTA 8B fTUITEEZ 6N
% BHEE & % FEFICd 5. medullary sponge kidney &
—fEic & 51t RTA 20T, BT0O XN B&
ZMAT

KERXOEE I H10E B AFHEESET TS (1981485 A
15~16H, MERM) K THEI N,
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