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Renal Tubular Acidosis

Hye Won Park, M.D.

Department of Pediatrics, Seoul National University Bundang Hospital

Renal tubular acidosis (RTA) is a metabolic acidosis due to impaired excretion of hydrogen
ion, or reabsorption of bicarbonate, or both by the kidney. These renal tubular abnormalities
can occur as an inherited disease or can result from other disorders or toxins that affect
the renal tubules. Disorders of bicarbonate reclamation by the proximal tubule are classified
as proximal RTA, whereas disorders resulting from a primary defect in distal tubular net
hydrogen secretion or from a reduced buffer trapping in the tubular lumen are called distal
RTA. Hyperkalemic RTA may occur as a result of aldosterone deficiency or tubular insen-
sitivity to its effects. The clinical classification of renal tubular acidosis has been correlated
with our current physiological model of how the nephron excretes acid, and this has facili-
tated genetic studies that have identified mutations in several genes encoding acid and base
ion transporters. Growth retardation is a consistent feature of RTA in infants. Identification
and correction of acidosis are important in preventing symptoms and guide approved gene-
tic counseling and testing. (J Korean Soc Pediatr Nephrol 2010;14:120—131)

Key Words : Renal tubular acidosis, NBC1, NHE—-3, AE1, Proton pump
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A A A (Renal tubular acidosis, RTA)
o]gk Aol A Ak(hydrogen ion, H") HjA 2] %ol
of &gt = FrHAto] L (bicarbonate, HCOs ) A
8] Aglel] 7|Q1gk thabd AlFo2A 7 Fol
2Z}(anion gap) 7} 41 199473 4ks (hyper-
chloremic acidosis) “dejol™], th7) AbA] o]}
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2 A9 Aol HAE Rk =T, 2].
ole]dt AA =T oS F-HA HEog T Al
Ax-s s o Aoy 54 E4ef 93
o] uhgsic) QJAA 07 HAlA Algo] g Hrdek
A& o], 2152 A 8] 8} (medullary nephrocal-
cinosis), RHEAQ1 o7 A4 44 XA, f4F 1l
ZA3Fe] dat oo g WAEY|E 2],

=] =

_I'__ TT

Az AR 1) 29 AlAaT A (proxi-
mal RTA, Al 28), 2) 9% AAMx3 4= (distal

RTA, #l 138 RTA), 3) <33 (combined RTA,
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A 38 RTA), 9 4) 1 Z2FEIS MM A (hy-
perkalemic RTA, A 48 RTA) 2= ®E-HF3}(3].

WS A-AVE 28k Wl Fo% VHeR
AR AGelM Ake vl shs 73S oldlishs
AL A=

Zo) WelgelE seksied) A5
J

=
o
%‘1‘—17—7(_]011 %Hﬂ;ﬂ v\]j«fﬂ- )\]o]

22 A% 1 kg B 1-2 mmol®] Ato] F71E WAy
st Aakel =2 Aol SJate] A AR A%
o7 wjdsojo} grt[4]. TH PR s 4o)
9 AL AF 1 kg F 1-3 mmol2) ARS vjAds}
oo} shrt. AlelA] wid s Akl (Net Acid
Excretion; NAE) & th3v} 22 2o = 333k 4=
ATt

Net Acid Excretion (NAE)=(Urine [NH,"]+
Urine [TA]-Urine [HCO™]) XV

V; 28 £% TA (titratable acid); A3 7FsAr

.

Rl

A ot TRl 2E BT g (recla-
mation) & ¥ opije} AFS] Fo]&-S wjAdstal Al
ol A skt AHE TRl 2-S A (rege-
neration) A]#Hok sk} A FoA] AHNH," T
TA) ) HPdo] ZasiAt ezele) ule] Z7he)
HWHCO 9] &4 A% 2dstA Abs vijAdshA|

S >~
g & 9l

HEl 42|

PR A ujd o] Tas 99 AlAwd Ao}

18 mEq/L A=2 #A2Eo] A2 oF 24
mEq/L). Wb ) Fehitel Fert 2]

+ Zl(bicarbonate wasting)
<2 S4oltH[5].

91 AlmdelA] FEAto] o] AlgTEs 3
o= 7]1# 25" (basolateral membrane) o4&
FTEbol g YEFY 3 Algrsh=(co—tran-
sport) Na*/HCO;~ cotransporter (NBC1) 7} &
Q% S st Al M2 A-Au(brushb-
order membrane) A= F40| S YEFY 1
$A)7]+= Na'/H' exchanger (NHE—-3) 7} -3
tHFig. 116, 71. o8 342 714915 2Hbaso-
lateral membrane) 2] Na*—K"—ATPase°l 23|
AdE YEFS % #olol o3 #sH)

AREAA ofabE SEAEO] 2 (HCO; )2 Na'/

Brush border
membrane

basolateral
membrane

Fig. 1. Model of bicarbonate reabsorption by a
proximal tubule cell.
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] A= A

H" exchanger (NHE—3)2 E3fo] 2H|¥ $40|
(") 3 Agsle] Sk (H.CO8) & A3 F
Az e EAlsHs g a 4 IV (carbonic
anhydrase IV; CA IV) ol 9J3}] &E(H0) 3} oAk
3lekA (COy) 2 Hrt

H*+HCO3 «<>H;CO3H,0+COy

oAFsREA (CO) &= A=t o] 557t 715
WA Y2 gRkE|o] Al Ul EAlshs gkt
=@ 11 (carbonic anhydrase II; CA 1D ol &3}
o =(H:0) 3 d¥ste] thr] FEME (HCO3) ©]
Q7 } Aol (H) 2 FEHAbo] & (HCO;s ) o2
WalE T Aol (HY) 2 thA] 1] s 3 FERilo]
£ (HCO3 ) & Na*/HCO;~ cotransporter (NBC1)
of oJsto] FHow FHrk Tt o] HA oA
AR o7tE FERFO|(HCOs ) o] S8 Ao]
oly7] wjiol “A&4=(reabsorption)” H= ‘4
35 (reclamation) "oleh= &ol7F A geb, 4
o] 22 “¥H] (secretion) "= EA|9F ‘vl (excre-
tion) "¥&= 21> opHTh

oldel A elA AEELE] o] 28] o] F2] Aot
erteraae] A9 sl gste] 291 AlxaelA
742 SRMtol 0] A el ezt Hhg
sto] Ao YW 9] AA R Aol Y
3t @tk = o]2Ao® Na'/H' exchanger
(NHE—-3) ] o2 F4ro]2o] n]w=] AL,

Na“/HCOs cotransporter (NBC—1) 2] o= =
eito] 9] A&7t ke ALY, Na—K ATPasel)
goffel] oJsf Al YER AAPL BA%A ¢
o} Na'/H" exchanger (NHE-3)7} 2143814 &
Sz 9ol Y AAMn Abso] wAE 4= Qi)
JHER FHE ol st 1A= (transporter) & %
Abehz el gk A5R7E R LlEHAl o] Fol R

AAAA SASE FEE 29 AAed A
o] 7HAlellA Na'/H" exchanger (NHE—3)E H]
Foto] 9] Ayl Feato]e A Frel v
ekt FAAES =AMolE 3how] = ngo]
AEE I Qo) oA Rl b= vhe] A A] ok
tH8].

Igarashi 5[9]-2 A4 4p21°] EA43 Na'/
HCO3~ cotransporter (NBC—1)Z #A}sl= SLC
AAA TRiApe] EAwele] ofste] WAshs A

Table 1. Classifications and Molecular Transport Defect in Inherited Renal Tubular Acidosis

Type of

RTA Inheritance/subtype Onset age Protein Gene OMIM  Reference
Proximal Recessive with Infancy NBC1 SLC4A4 604278 [9]
ocular abnormalities
Combined Recessive with Infancy/ CA II CA2 259730 [20]
osteopetrosis Childhood
Distal Dominant Older/adult AE1 SLC4A1 179800 [14—16]
Recessive Childhood AE1 SLC4A1 602722 [14-16]
Recessive with early Infancy/ Bl subunit of ATP6VIBI 267300 [17]
onset hearing loss Childhood H'—ATPase
Recessive with later Infancy/ a4 subunit of ATP6V0OA4 602722 [17]
onset hearing loss Childhood H'—ATPase
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A G 29 AT S BAsiitk(Table
1). Na*/HCOs~ cotransporter (NBC—1)+= 1071
9] transmembrane domain® 2 A E o] Al
% ol9)e) wellE EAEEE, EAWol7F B g
Aol =2] WAk =4k band keratopathy &
o] =9 o] 71AE A3ls), X|ote] Ak 5
371% 9]

= o

2) Fanconi &=

9 Al el o] 9ol v, of
WAl QAE SO UER G oR At &
kol 2 A2 izl €] 73—‘% —Z“’ Ao g
9 Xd‘ﬂix—iod o] dF= z‘SPE‘r[IO =91 Al

S A=
=, ]%ﬂ A7t
O 11 9l *“:%L, O}UL—/&, QHAE FE] A
AAATH10]. 9 Az 24 o]sel
AREAQI Agto] 9l 795 Fanconi s%wolzt
s op|icihs, Wi 9ol AQIFES el 28t -
He] =7 WslE suet11].

Fanconi G%-2] theFst 2191 A koA 9] Al
=9 Ve FolE ek veE 7o E AN
H 1 Q= A AE 2] ATP Aol 14 o
=+ /‘ﬂLﬂrOWﬂ FAol ] ef 2, QAL of
Tl Bask Al Ui9]e] YEF B4t
7} A ET= ZlojtH[12].

X743 Fanconi 5%2] 991 © 2= cystinosis

R

Ty o2
i e
o

v}

kol gers]#] ¢ A 14 @ A 23 20104

7

ditary fructose intolerance, Dent’s disease,

&35} Fanconi—Bickel syndrome, here-

Lowes syndrome, galactosemia, Wilson's dis-
ease 5°] It (Table 2) [7, 10, 11].
2, 9= 5ol gste] o]xkARl 4 Fanconi
TS et = glom fiEA el oFE 2= amino-
glycoside, ifosfamide, tenofovir, salicylate &
o] AvH10, 111.

e I S =
SweT, T

=
S

Hel M=t £ES(Distal RTA)

A9 AT AFS A9 A $4 o]
1) So] Aozt Qlom g Agh Al Al w
E5aL 2] pHE WE 5= Tk Zlo] 94 Al
w3 A 5401, 4], Al = 4l
Aol FEZF L Faole FE 1,0008)
7 4= 9lerg 2o pHYL 4.5-5.074 4
28 52 9lon), Q9] AT A A5 4
o] pHE 6.5 oJstz W57] PErh

p

I (collectmg duct)> €9 Al FelM=
QAMIS7} o]Fof A= FHl F-9lolaL o] Al
o 3}]3};‘; A 7)5A oz vlokel B oz A Ho]
3 4 A gk (cortical collecting tubules) 2]
I intercalated cell® A3 (principal cell)
= o] A}, Alpha intercalated cell®] A%
A3 AAEH(brush border membrane) ol =
0] HE(H —ATPase &

%

proton pump) <} H*

Table 2. Inherited Causes of the Renal Fanconi Syndrome

Disease Gene defect OMIM I[Q7eyfle€fricle]
Cystinosis Cystinosin (CTNS) 219,800
Tyrosinemia Fumarylactoacetase 276,700
Fanconi—Bickel syndrome Glut 2 138,160
Hereditary fructose intolerance Fructose—1—phosphate aldolase 229,600
Dent’s disease CICN5 300,09
Lowes syndrome OCRL1 309,000
Galactosemia Galactose—1—phosphate uridylyltrasferase 230,400
Wilson’s disease ATPase, CU?" —transporting, betapolypetide 277,900
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)
-

uha) e Al w3 A

ol

—K"ATPase’} £A5}k11, 7]14 2152 (basolateral
membrane) & 5] & (anion [C17/HCO;™]
exchanger; AE1) 7} 3101, Al3Z Ujof] Balea
4~(carbonic anhydrase) 7} tH(Fig. 2). 4%
(principal cell) & 7]1#42]=14} (basolateral mem-
brane) o= Na*—K*—ATPase”} 91, A= A
3 ZAFA"H(brush border membrane) ol epi-
thelial sodium channel (ENaC) 7} &3t} (Fig.
3).

A9 A= ME(FE alpha—intercalated cell)
o] 4] Al4Fd 3} (distal acidification) ¥ 2] 7l =
Fig. 20l &=2] ® nke}l o} S MEZ o) itz A4
¥ olaksterAvt w3 Aiteto] b E A (car-
bonic anhydrase II; CA 1Dl 28 =€t (H,
COz) & A Faol3d} TRl o ® Fald &
2022 H' ~ATPase ¥t H' —K'ATPasecl
ot A W How sFHow et
(Fig. 2). 0|3t 40]28] 584l Es]
9] FaolR st 4 Faol 2w °F 1,000
v (4%19] pH 4.4) 7} = O o] #H|E ] o=
th PR A o] A wdal] flsiAle
FH]E 424 o] o] AW o] 95-A (urinary buffer)
Q1 A7} A (titratable acid; TA), T2 AR
ollA] olkel HPO,* v 9] Alcabelln] BAE o
T oF(NHs) 9F Agtato] Alat W] A 74k o]

basolateral
membrane

Brush border
membrane

Fig. 2. Model of acid excretion in an alpha—
intercalated cell in the distal nephrons.

&(free H) 9] ¥E5 #olA] owA HPO, 9}
SR U (NH ) el = v gkl 2], e Fgk
AbO] 2 (HCO3 )< anion exchanger, AE1S %535
of ol Y2 A HEE Ao R Fholo]
AS B8] A (excretion) ¥4l FEHtO]R
3} 217} A48 (regeneration) ¥t}

A Alxde] FAHE (principal cell) & A=
A3 AR89 (brush border membrane) ol epi-
thelial sodium channel (ENaC) ©]2]ef A17-¢] 5
T4 ZESZ(ROMK2) 7} EA18)aL, 714 9] 51t
(basolateral membrane) = 2 Na"—K" ATPase
AF F2E|Fo|= 4-8-A (mineralocorticoid re-
ceptor) 7} A3k} (Fig. 3) [13]. 43 (principal
cel) o)X= Na*—K"—ATPase$} epithelial so-
dium channel (ENaC)-& &3te] A€ HEFS]
FE Afo] & QIsto] Ayt o] SdskE e A
ks frdsh, oledt M d71E AL
(transtubular electrical gradient)+= S=4:0]-2-3}
ZE ol8] #HlE XAk

o]%de] ALl Aol AR A FnaA
ezt 71|, & H' -ATPase T H'-K'—
ATPase?] Zoll& F40]29] wjdo] Aad
Anion exchanger (AE1)¢] ol FgHito]-

Lumen oo Principal cell Blood
‘.l"
ENaC 3Na*
® ()
Na+ \ 2K*
\
\ MR
\
KR
%
o %
ROMK2 O,b
o

a intercalated cell

Fig. 3. Model of aldosterone effects in a prin-
cipal cell in the distal nephrons.
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(HCO3) & Ag57F #ash v = ghibdralh
(carbonic anhydrase) 2] A3 A 9% AlA=

Aol A 5 gl

1) F8Y 32 Mg A5

A4 991 A A2 FEAA 3w
Ao g GHATH(Table 1). H waixl 2148
812 Aol wh=W A 4 A9 AlAsw
AbEe. Al 17p21—-229 £ anion ex-

changer (AE1)E ZAVsh= SCL4A1 7342 &
Aol oJato] AZITH14, 15]. ©] 3% Aol
23RleA 3] sl A% A 5 AbeS
Heltk I ol AZFET, 14w, AT7AA
X (hypocituria), A143]st, Q& A4, A3}z,
Ad7 95 (erythrocytosis) 59 94 F=
SRk 16].

Al

& HZ(H —ATPase) 2 Bl subunit® dAlsl=
ATP6VIBI 5734 2= @A) 7p33—-34°] &4
3l a4 subunitE AAR= ATP6VOA4 731412
EAHolof o]sto] WS (Table 1) [17]. o] 4
© Qoht LotelA IR whEsith. ATP6VIBI
AF ZArole] o3t A= IFHA dHo] dH
b AA 3]}, FE, g AR ol 75
S T, ATP6VOA4 F-3AF Seiwolof <
855 AE o] vwA vl e AU o
Aol M= A s A8 1= gt (Table
[17]. Baotretelr= &84 RiEy Fily
o] AoteflA] Qo E FHH ] Y= A% B
U ]

oy

oo ot 2 do o

.

2) MY A9l MM AS
HedskAl 717 2]3ke] alpha—intercalated cell
Hhz o 2 st ey $344d A9 AlM e Ak

o]
o] vk}, 4 1dl S35 (Sjogren’s syndrome)
o] taEAQl Af-olal FF2 Aoy Graves's

disesase®l 2J&to] @RS = Bk oH[7]. 7+

kol gers]#] ¢ A 14 @ A 23 20104

oA A Z M= AlA w ¥ Abgo] WA o] 7
S 7)ol <J8k AARIA| oFEo] 2t Z191%]
371 7F ol 3rH18].

Amphotericin Bell 2Jato] A g Axe] F344
S7FEW 74 o] o] o fEo] o]F Ao R ]
skt Fsh w% ztolg A Xt E AlA|

etk Aol whAEkAl frH[19].

3.

rlok

5 MM =2t AE(Combined RTA)

9] AT AR A9 A ARSS o
< W Yepdll= =
st} 9] At Ak SAfellA] Jopr]ol M=t
o] mls o Qlsto] AAIAR] 9] MM ARSE]
S/%0] A= A5l oleg Y e B T 3
oH4].

ERAME=E 2 1T (carbonic anhydrase 1I; CA
IDE AAlshs CAZ29] EAWoZ FAAA 94

e

A= Abgo] e TH(Table 1), BAETaA
II(CA D= 291 2 9] Al Al djol] 25 &

K

Az 23 Ay Akgo] Bk, v Al
(osteoclast) ] 75 oz =395 (osteopetro-
sis) ¥} th] 23] 8} (cerebral calcification) 7} 2
e Gl ZA|, Av, FgE sHkee[20].

4. IZUEEET MM =t ME(Hyperkalemic

AL HES A5 F2EF0]= -84 (miner-
alocorticoid receptor) 2} Agsle] A9 Mo
F=AM|2E (principal cell) 9] epithelial sodium chan-
nel (ENaC) & &3 YEHS A& Aoy
T ZHETFEROMK2) & &3 29 #rls 53
sl FaolS FHleEs d3ds +rH(Fig. 3)
[13]. Bt d=AHE2 alpha—intercalated cell
oAl A5 H'—ATPase®] %3S T7H1711 o
Yol A4S AAg
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ol

Jo7|u, NAFETS Ayt A2 ¢
Abs SAIgTH13]. SFRYotel] &gk o] ekt
gol Fhaglol wet raol L8] #H|7) sl w
ehA] e AEFT] Adelel vl S 4ke) wiA
Zrof7F dojdri[13].

IZFEET N S 85 dErHER
gde] se) met A7EA] A9-= &
A, Addison ®, Az F-4 34 (congeni-
tal adrenal hyperplasia; CAH), ¥uHd A &T~
HE5 Zo] dEAHE A el 2 5= gl
t}. o] A5 Ude Sk aHddTY g
Hl 238 = (hypereninemic hypoaldosteronism) A
gloloh, =4, Hd o7 A% Aol FFEA
Al 5o 2 A9 7k W juxtaglomerularr ap-
paratus® £AEW AHUESTA ALdEAHEY
% (hyporeninemic hypoaldosteronism)©]t}. Al
A, A Rl B ofAllel] gJte] dEAHE &
&5 Wallsto] dEAHE A5 (aldosterone re-
sistance) ©] T8 Hdy dEAEHES] 5 5

T Ly
T BT o=k

E
ol

2]
71 &3 9918 21 —hydroxylase 23 ol 23k A
A B4 3t} A (Congenital Adrenal Hyper-
plasia; CAH)o]t}H21].

2) SFM UZAHIE XMES
Epithelial sodium channel (ENaC) 9} 995 =

ZE]Fo]E 4=8-A| (mineralocorticoid receptor)

&% dEAEHEE 2ol tiste] AlA|xato] A
e 2 HH 1Z2EdT A s Aol 1y
sith. dEAEHEY] FF s o nE 7MY Ad
E2HE% (pseudohypoaldosteronism; PHA) ©]

2tal $Hh(Table 3) [22].

A 978 M3 AYEAEES 13 (AD PHA
type 1)& GAA] 4q31.10l £ A7 7=2E
Fo|= 8A A} (mineralocorticoid receptor
gene; MLR) & AAFk= MLR F349] “loss of
function” FdRolel] 2Jsto] AITE A MA A
4 7M3 ALEAEHES 13 (AR PHA type 1)
A 16p13—-pl2 (a), 12p13 (B, v)oll =4t
™ ENaC®| a subunit$} 3, v subunitE 212} A}
&H= SNCCIB, SCNNIG, SNCCIA f+3#] =

Table 3. Molecular Defect and Clinical Manifestation of Inherited Hyperkalemic Renal Tubular

Acidosis
Inheritance/ type Protein Gene Clinical features References
AD PHA type 1 MLR MLR Renal form, salt—losing syndrome [22]
spontaneous improvement
AR PHA type 1 ENaC SNCC1B Multi—organ [22]
(colon, salivary, sweat duct)
a subunit SCNN1G Respiratory illness
B,v subunit SNCCIA Poor prognosis
PHA type 2 WNK kinase WNK1 Hypertension [23, 24]
Gordon syndrome WNK4 Inversion of Gitelman’s syndrome
FHHt

Abbreviations : PHA, pseudohyperaldosteronism; MLR, mineralocorticoid receptor; ENaC, epithelial
sodium channel; FHHt, familial hyperkalemic hypertension; WNK, With—No—Lysine Kinase
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Arolof] oate] BRItk AAANA 93 M Y=
2HES 28 (PHA type 2) < familial hyperka-
lemic hypertension pseudohypoaldosteronism
(FHHt) 3= Gordon F-F-ro|2halt sh 44]
12p13q3, 17pl1—21°] &Ask WNK (With—
No—Lysine) kinaseE HARR= 3% WNKI,
WNK4 gene 74 “gain of function” &%
ofef] o]ato] AZITH23, 24].

3) =HY
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Borle & o U2 oox et

1.
(posterior urethral valve) ]\ }+
T 2E A a2 AZe] 7}
HA7F GEAEH Rl e A3 S
ob 2 A A FrH13].
® 7]1% 3} calcineurin inhibitor 5-2] X
oate] ANt Abgo] A 4= QioH18].
U= AHES] 28-S Wallshs AE dEx oFA
2 A el Agasd A A (ACE inhibitor),
kx| @ BlAl =87 2}<tA] (angiotensin receptor

blocker; ARB), 3|3}, %4334 (prostaglandin

B~

o

%
o

rune belly

o
(N
=)

ol
F[ot
ol
o
.-
o o

Jo

ik

ol

FIF
SORLLER

o4 N
ra

SE2
=

> M
o
)

rlr

Normal Proximal RTA
HCO;™ 24 24 20 15
100 100 80 75
85 0 60
15 15 15
0 25 B 0
UpH low >7.8 6.5 <55

Fig. 4. Mechanism of bicarbonate wasting in pro-
ximal renal tubular acidosis.

kol gers]#] ¢ A 14 @ A 23 20104

inhibitors), amiloride, spinololactone, cyclos-
porine % Ut} okx| @Al Agta A o #|A) (ACE
inhibitor) 2k 94 L €A 484 24l (ARB) & &
E2EEY] B AT 3], Amiloride=
ENaCZ, spinololactones™ UEAHE £8AZ,
cyclosporine® Na'—K'ATPaseZ Ztz} Hhsjjs}

o] Sl AEHE AFZo] HrAETH13].

e

1. 29 MMzt 25 (Proximal RTA)

)

Zrofol|A MM RS 7P & A 5
2 A B-A (failure to thrive)ol™, AFZE=
8] W IGH-T 199 74 W =g AF 9] 7=
o] I ARle® AZATH25]. v, Ui, 7E 2
HHE= 4= 9] ©W Fanconi 551
FREEATE g 29 Al A

S/do] Asht Adsim 104 o]l

€
T

A7} domg A

o gl % FrHto]2] Fr
2 AstEo] itk 29 Al A Fola 2w
ZEhtol L 42 348 Fig. 4 =218k A4t
Ao 7 ARA A o3 SRl 100% A
3t 1 & 85%7F 9 AlxdtelA, 15%7F €
9 Aol AEs) 9] Al 3 Sl
Al 3ol Frhato] 0] st 4 wis ojzle
FEAIO] & k] 60% H LN 9] AldolA &
ot 9] Ayl 15%E 7 STl &
HO R oF 25% 7FFS] TEAtol-S st @
ol 2eu Hal akgo] REste] dA FEitole
F57F 15 mEq/L o|8F2 FHAashd, Aol
H FERbol S AFS ASS & Al =
WO FrRto]Zo] udE]A] ol=t}3]. o] gt

Fo) A% FRitoleo] 2ol o ame] obzk

r
b

> b

O
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uha) e Al w3 A

ol

Y 3p7F doJubA] ok A EjollA] 9] At 4
o] 1|7} FAtolahd 42 pHE 5.5 o|3lE 7+
2% oty aeEE g9 SRkl st
17-20 mEq/Le] A5 SAplA stk
(NH,CD & Fojste] @4 Setol2e] 5525 15
mEq/L °|3t& A7 § A~Wo] pHE S &}
pH 5.5 oJslz2 FFAshd 9] A= AFso =,
1 ool A Aledtke] Fraol HH|e Aelj7t
A A9 MM Ao 7 7 At = Qv

[3, 26].

24 mEq/L ©1d, 30 mEq/L7HA] A A7 S0
Fractional Excretion of HCO3  (FEpcos-) & &
et 29 Al o7l slrhd 9] Al
o)/do] Sthal sloit 4t A9 MlimvkelA Hh A
T 15%5 2348 5 gtk 18 2E FEncos-
7} 15% o) dold 9] AA|xt AHF o Zdkst

[e)
= FA8#] 9kl = 6 mEg/kg/day |4
FEAE o] o7} A et 4]. 1#v

()
=l =R s Rsil] Eg] A 7}

%T , TT70 71 O Hﬁ@’@‘ﬂgoa
M= Aol A s Foiahr] del AZEd

X

& WA Zlo] Ri=A] sttt (5],

Fanconi 53-72] x]Zojl+= Tubular Reabsorp-
tion of Phosphate (TRP)7} 85% ©¢]3t= <lXlx
o} TEHE SRk R QlAk v D BFo] 3
7he A st}

2. 99| M= ARES(Distal RTA)

A ST S4=2 dAtel] 25|
34 FalE g Ao ko] A=
59 A9 9b=A (urinary buffer)

7} AEA o7 2AEE oJolo] AbS FIlshet &
g Sofl= =49 $413}1913]4] (hydroxyapatite)

dEo] Aol (hydroxy ion)S AAdste] AkS
Fesith 491 Alasatels =42 AEel ¢
st} 2452 o] 4% o] (negative balance)
ZEETel] gste] A4 3]st (nephrocalcinosis)
9} @ 24X (nephrolithiasis) ©] E4tE = Zlo] &
Holth2, 4]. 9] AladelA FAxk(citrate) 9
ANET7F S7hE o] A9 Al e] el F-IAk
FETF AT Al AMssE Sl 9l
HTH27]. o] st AAslel] oJate] Al o R %13
gt B3 AREdET, AT, FdA
Gxlel| gJato] Aotell A= 771, ARl =
Sleo oIt A9 Mt AT oA E &9
I e 71w AEdTe] WA, o]& <
o5 oFst B 5 v @71 gtk
AR Aol A= v AR Abell dhigt gt
Z I Yol A (ammoniagenesis) ©] =7}
Fob 9] Mled Ml e S5E (glutamine)
o] glutamate, alpha—keto—glutarate® A i
T3 (glucose) © & ol -3} (deamidation) ¥+
gl AAE R (NH, D)2 sodium hydro-
gen exchanger (NHE—-3) % #H|% 1, ¢tE 1o}
(NHy) &= #Fabso] Alast U2 o3t (Fig. 5)
[13]. 291 AlmdtelA B9 FEYoR= 49 Al
HollA ekgA] AAgs hh(Fig. 2). A9 Ayt Ak
ol gJate] Fraol 28] FH|7) A R o}
(NHa) 7F FRU3- (NH, ) 0. & A3k #] Zaka &
Nz eitEE R A9 Al A St =

g7dlel st} RUe] Wi b et

[e;

b}

0, 4o
o og

.

s

llg o

9 o
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Lumen Proximal tubular cell Blood

Glutamine —
deamination

Glutaminase
Glutamate
Glutamate
dehydrogenase
a-ketoglutarate Na*

NH,* AAH o, @ HCO;

Glucose

Na*

NH,*

NH; < =|— = NH,
H

Brush border
NH,* membrane

basolateral
membrane

Fig. 5. Model of ammoniagenesis in a proximal
tubule cell.

[13]. 18122 A% Ayt Ae] $kx4e] vy
7] Ae ARSIt AR el A Aol
o] AL STk vl st ® 1Y
g5o] W = qlrk
TALETA A At Aol %LEW%PJ
HjAdo] FhaE o] Qlrhd 9] Allxyhel] A
Aol AW e dRUEe sEE 4 2
A AT A9 AT ARSS AhEE
tH2]. 2k &2 o) YEF, ZF, 942 5
59 54L& 7Fssht °LD‘4E«] e
A A A A %
(electroneutrality) W@ AA|=Z 34
011"1 wol&s W YA} o) ol
Ak 71;]. /\tﬁoﬂ/q Zx%ﬂ;q o}‘_‘:‘ ooko]%% F2
E‘/]E(NHH)O]U% SAEA e SOl TE
o] & (HCOs ) oM, SHEA] o Yol
o] 2] #olE AWl Fo]2(Urinary anion
gap; UAG) & 3} 2, 26]. dHd A2 Ak
o] AatAt dskety (NHLCD = A3t &
A FEhto] 2 FE7t 15 mEg/L O]K}E ZAZ A
T = AWOR o3t FRbo]Ro] BF A
&5 7Fs sk E (AW pHZY 6.5 ©]3h) ARl T
Aol o] EA= A = vk a8 ERE AW &
o]&22}F(Urinary anion gap; UAG) & &¥Ue] 1

Efd 2850 s U gol da sEE

o
8
o
X

dle ofN oS 001'

o ;o

(>

tgkiobalgetsl 4] - A1 14 P Al 25 20104
Folm EYS 529 otk

Urine [Na']+Urine [K']+Urine [NH;"]+etc.
= Urine [Cl ]+Urine [HCO; ] +etc.

Urinary Anion Gap (UAG)=Urine [Na']+
Urine [K']=Urine [CI"] = —Urine [NH;"]

= AW So]22HUAG) 7} 7do1W Ry 5o]
thF EAehE Smgiel whebA] dR1dt 29 Al
T AREE Ao = A A AR el R U
o] wjdo] TrkelEE AW 5ol 22HUAG) 7F &4
ojtf, e Al Aol s A Ak AdEielA
L REYEe o] ke ko r® oot
[26].

AR U AR e £E e Hs} e
WO E FEMER (NaHCOs) Fol - Holn}
o] o]AkslekA Bt A1o] (blood—urine pCO:
tension) & F43H[28]. Aol FEHEAO] &

9] Alte] Al S5 2aketo] 99 Al

M) SRS S, ol ee] Bl )50l B
QL AEel e FRatol &3t Agstel oAksieih

= ST

H"+HCO3 —H,CO3—~H:0+CO>

A& (collecting  duct) oM+ &AL
(carbonic anhydrase) 2] &4Jo] AatE o] glof o]
ARt A Al R AlSTE A gl Ao =
A B2 4o o]iksters F9(urine pCOy) ©]
S} ldolu 9] Ml ARSelA] FekAke
el § A o ibsleka H9(urine pCO2) &
43hd 70 mmHg ool a. -2 o]akslek
¢+ 21o] (blood—urine pCO2) = 30 mmHg ©]
goltt. TIefuf paolR Enle] Aol e A
AsollME AW oliksteka tol 70
oo ® F7FsHA] Fah P - ]
shekas 9k 2ko]7F 30 mmHg ©]&toltt[3, 28],

AL AN = A 3kl A 524 A7) 3
& A7) 218l Folahe L] ok 29 Al
L AR EAtell A QFtEE R E AT
AR Atk (citrate) Wi -S Adslst] S8 2

O

o
2

[o
o
N

o



] A= A

Q3 FAAEE (potassium citrate) &) o4& 3—4
mEq/kg/day g5&0]al, Fofellre= o w2 o] I
Q3= AN g7l 64 o] 5= 3 mEqg/kg/day
2 st A A9 AR AR A A
%5 dglon ARdo g Rayst 4= gk et
2357 97) el 7] wdste] &
A&EA 02 A A1 o] Thssh o=

£0H27, 29, 30].

3. IZSEZS MMz 2 (Hyperkalemic
RTA)
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