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ABSTRACT
A 3 year old girl presented with fever, failure to thrive, hypokalemic, hyperchloremic metabolic acidosis
.(normal anion gap), hypercalciuria, and alkaline urine PH during severe metabolic acidosis. Ultrasonography
of both kidneys showed diffuse nephrocalcinosis bilaterally compatible with distal type renal tubular acidosis.
The patient was treated with sodium bicarbonate and potussium citrate. During 7 years follow up, the growth

velocity is improved but bilateral nephrocalcinosis was persistent
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A329319M8
\/E : Temp 38.5 °%, PR 120 / min, RR
54/min, BP 90/50 mmHg. Body weight 9.5 kgs.

ANENInazdIugs : lildiuiinly

(< 3 percentile). Hight 84 cm (3 percentile) BSA =
0.45 m?

GA : Good consciousness, mild dehy-
dration, hyperpnea, dyspnea no pallor, no jaundice

HENT No cervical lymphadenopathy,
pharynx + tonsil not injected

Lung Hyperpnea, tachypnea, clear, no

chest deformity

Heart : Normal S1 S2, no murmur
Abdomen : Soft, no guarding. no hepato-
splenomegaly, no mass

Extremity : No deformity

CNS.system : Normal

mIasemaviealfjianms

CBC Hb 12.5 g/dL, Hct 40% wbc 14,000 cell/
cumm , N 68 %, L 32%, platelet adequate

Urine analysis : sp. gr. 1.006 pH 8 Proteine
negative, sugar negative, ketone-negative, rbc 2-3
Cell / HPF, WBC 0-1 cell/HPF

Urine PH Mmﬂﬂ%ﬂ =78

Blood chemistry. BUN 14 g/dL Cr. 0.4 m/dL
Na* 136 K*3.5 CI'114 CO3" 10 mmol/L Ca 10.1
mg/dL, Phosphorus 4.5 mg/dL

Thyroid function 1n#

24 hr urine (Total volume 960 ml)

Ca 7.4 mg/dL (7.4 mg/kg/day), Phosphorus
12.8 mg/dL, cr. 145 mg/day, HCO3" 10.7 mmol/L

Protine 0.39 g/d, citrate 'l31#vin, Na*46 mmol/
L, K*22 mmol/L

Anion gap = (Na + K) - (Cl + HO3) = 15.5 mEq/L
(normal = 15 - 20 mEq/L)

Urinary calcium/creatinine ratio = 0.49 mg/mg

GFR = cr. clearance = Urine cr. x Volume of urine

Plasma cr.

X 1.73 = 97 mi/min/ 1.73 m?
BSA

GFR Un@luidinang 13 U = 96 + 22 ml/min/
1.73m?

Electrolyte wA9l#F1 7.5% Na HCO3

Na* 140 K*2.5 CI'114 HCO3" 24 mmol/L
Fractional excretion of HCOS3" (FE

HCOS-)
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= Urine HCO3 / Plasma HCO3 x 100 = 1.3%

Urine cr. / Plasma cr.
Plain KUB. Bilateral nephrocalcinosis
Uitrasound KUB : Bilateral medullary nephro-
calcinosis. No hydronephrosis or RC

Film longbone : Normal
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ANUsEAR, NMIATIRTINNIE UATNNTATIINN
vanlfiAnisresdion dldiu RTA Aeliniaiedy
wulnldands @emdlunsa (anion gap Uns) Tumg-
uas Aaelsdgaluden Silaannzniusisnd
waslunse IAlnsihen dae 7.5% Na HCO3Z
40 ml Mavean@ens Waudnnzdeadunia uaz
1% M. pocit (Potassium citrate) ieinmninztilung-
duas dlelunfuawsludenatssii 2324 mEgL
3 1 38U 24 br urine WewnAn FE HCO3™
Septic workup WaUNGE filsaglsaneruna 6 U
Wan iveuwmilen inndeu Muld e Sodamint
2 Wim 4 1A M pocit 15 3@ 2 1281 Sodamint
1 in SMuafluum 357 mEq, M pocit Ainanly
Tsanenuamiiiugeaan Jluafluwe, Wlunadas
ativay 9.2 mEq Fa 15 39

IinRnmuilaendueat 7 U Taelu 6 ey
usn wWanniaau anthutann 3 deu gninadnyidula
ANsuladin Electrolyte Bun, creatinine uAALTeIN
eanesa lwdam mmailaanay, iy 24 hr urine
iAo creatinine clearance wAaiTeNsiaATATY
(Caler rotio). Ultrasound KUB )n1]

I5suenmadidniasies asnunszauly-
Afuanluden aglutos 2224 mmoll uazsTsiu
TWusadeuaglunuailng nansnaiaanas A
799N 1.004-1.012, PH 6.5 - 8 Ca/cr rotio < 0.2

mg/mg, creatinine clearance 90-109 ml/min/1.73 M

Ultrasound KUB £i4asil Bilateral nephorcalcinosis
mmm”lmv?mmﬁwmﬂ‘lummeﬁﬂﬂﬁ uazlainunnay
Hydronephrosis

AnmNELaeagn (R 1 gAnAN WA, 2547)
nswatyuin vhwin = 25 nn. (25:50 th percentile)
ANGN = 127 4. (25th percentile) Blood chemistry :
Glucose 89, BUN 11, Creatinine 0.6 mg/dL, Na* 143,
K* 3.63, Cl 111, CO2 24 mmol/L, Ca 10.1, Phos-
phorus 5.6, Mg 2.2 mg/dL.

24 br urine (Total volume 1850 ml) .

Ca 3.4 mg/dL (2.5 mg/kg/day) Phosphate 10.8
mg/dL cr.440 mg/day. Citrate lail&vin

Creatinine clearance 95 ml/min/1.73m? Ca/cr
ratio 0.14 mg/mg

anuilenldl45y Sodamint 1 WTm 2 a1 M
pocit 2 Faulfy 3 1an

lutae 3 Tusn maudesnis luafuamn =
5 mEqg/kg/day 14 1 1nde Aanusiasnisluafuaium
= 2.5 mEg/kg/d
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uﬁﬂfmmﬂﬁ undnsiFasnasiouintadi mqr'
@anlunse anion gap UnA Tumadeasn aaelss
geluiden taaauilusanaen susfidendunsn
quuss Aunaidanlullaanazge uinnda 4 un/nn/au,
Ca / Cr ratio gandnunf uazl bilateral nephrocaci-
nosis 1in1#¥U RTA Saihazifly distal type ez
1. aniinnazideadunsnguus (HCO3- =
10 mmol/L) PH rasilaanqziiluanimaan W proxi-
mal RTA urine PH azwlatuuladldannsiands 55
flugendn 55 eszdulumuawmlunszuaiden
A
2. Fractional excretion of HCO3 (FE, 5,,) 11
fufatiay 1.3 (AL Proximal tubule UnAazdl FE, o,
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Haeindnfeaas 5) 1u proximal RTA FE,... 870n91

HCO3
Yoruar 15 lunnuziAnluefuewmlu@anlng &
szann¥asas 5-15 anallu RTA type’

3. finsmeuauasiissenislflumfuemn lu
WA 5 mEg/kg/day lutaeusn senanadvide 2.5
mEq/kg/day 1w proximal RTA N13AILANNIILNIA
AN uazaaBianinsdas vinldenn avwsiaanislu-
mi‘u@mmdﬂuﬁ'\qqq Aalszuno 515 mEqg/kg/day?3
.Santos F JCM" l@Anmauinaeq alkaline lunns
mummq"nmmo'lumnmﬂu distal RTA Wu91
ANFRINsIREAe 3 mEgkg/day (1-7 mEg/kg/day)

4 q9 a_  a aX
waldnisiRsgyisuinatu

lutlagnaz i proximal RTA waadanlutlganzain
Unf wasiinegandutesunaiden Afunis distal
tube a1’ uasimsgeydedmemmalaann @asm
azfiufansriefisanuaaiden) 3dmal muiletenns
wazans' IEAnEnaunafinzanseluna@es
Fimsniianansoaslenafinfisriauaadesludin 8
el distal RTA Wudn 210 3 mEg/NN/3U U
2 weu lanaavinlkanlumfuewmludenn® uas
anpREsluNsfintoriaunaden sanden uA
ignansnaneau@eslumsifatiatiauaa @ magmn
Murg@endinm uananazdeauininzllunaide

s luiaan fatly alkaline 1AN91 Sodium alkaline'™

4. finnaz Nephrocalcinosis dawuldtiasndn  Tetrsanuaadanlutiagnng

1 1 ¥
Ty distal RTA (Hasani uaafengs uazdimsas nsmsaan el imnsluddonseil vinla

M3 1 UAANANEUITRY RTA lulsazaiin

pRTA dRTA RTA type 4
Untreated serum HCO,” (mmol/L) 15-20 10-15 15-20
Features with metabolic acidosis
Serum K+ N/L N/L H
.Ammonlum chloride loading test <5.5 >5.5 <55
Urine excretion
NH*, N L L
K* NMH H L
Ca? N H N
Citrate N/H L N
FEHCO, (normal serum HCO,)) > 15% <5% >5-15%
U-B Pco, (alkaline urine) >20 <20 >20
Nephrocalcinosis / renal stone -/+ ++ -
Rickets + -I+ -
HCO," correction (mmol/kg/d) 4-10 1-2 (adult), 4-15 (child) 2-4
Reponse to HCO," (2 mEq/kg) Refractory Good Variable

+, often ; ++ , very common association ; - , rare or absent ; N, normal ; H, high ; L, low ; N/H, normal or high ;

N/L, normal or low
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Asuanysol wnzdednineedlsanenung U urine
Pco,, urine citrate §11F NH, Cl loading test Tailsl
W wsefihefinnzideailunsaguuseguda uay
tagmziiuawnaen c}’ﬂamwﬁ’lﬁmﬁnwﬁw So-
damint LAY M pocit (potassium citrate) Lﬁﬂuf'fmflx
@eaflunse WunaFesludensn doanslfumne
mLﬁﬂlﬁf-\'ﬂumi‘u'ﬂLumiutﬁmﬂgﬂummeﬁ 22-24
mEg/L wazAamunisineudunan 7 I wudndnm
nMasoyALTRATY naReneglunnsiing GFR (Cr.
clearance) 1Inf Ca/Cr ratio 18891 0.2 mg/mg Wsi
flapaiinay Bilateral Nephrocalcinosis laiwyu hy-
dronephrosis Caldas A uavanuz'” lARnATNELlae
Primary distal RTA lwdin 28 e lusmedsl ne-
phrocalcinosis nauatads uaelFn1sfneluszay
21 Wudn wiasl alkaline athamsnzanuazsind

o

-3 S . . - [l
AflAIN nephrocalcinosis Waaag naswensallsn

M3A 2 AauneEes distal RTA

Tnanudadniily primary distal RTA azfl per-
manent defect wazfinaliinnsfnfaesananndin
ANsiaansiumfuauRazAns o ARAIEBEENIN
3 = ) ] Yas o < ]
wiauwinglug  winldfunisinmiFaludasusn
azgunailesiunnae nephrocalcinosis 1# Tanazil
a1analiiim Chronic interstitial nephritis $2aNrU
scarring glomerulosclerosis Auule Aaii lwsn
AnssiAuingn  Heansuaneuarnisnsaania
iafiifinsnasde RTA acssiaslinisitiade uaz.
asfnese  Tnnsinuaanisineatnesaiiag
Wenennsallsafia auveaes distal RTA 1Huandlu
o
AN 2

asimsasramedentlfiiims lugihenasde
RTA
1. meandaeanntzaestladnay, pH 189

Primary (without associated systemic disease) :
Idiopathic or genetic (AE, defect)

Genetically transmitted systemic diseases :

(Sickel cell anemia, Heredirary elliptocytosis)

Autoimmune diseases :

roxaluria

to urolithiasis, Leprosy

with nephrocalcinosis : Primary hyperparathyroidism,

Ehlers-Danlos syndrome, Medullary cystic kidney, Glycogenosis type lll, Hematologic disorder

Sjogren syndrome, Thyroiditis, SLE, Hypergammaglobulinemia, Vasculitis Diseases associated

Vitimin D intoxication, Hyperthyroidism, Idiopathic, percalciuria, Medullary sponge kidney, Hype-

Drug or toxin : Amphotericin B, Ifosfamide, Toluene, Lithium, Gule, Analgesics Tubulointerstitial

diseases : Obstrucitive uropathy, Renal transplantation rejection, Chronic pyelonephritis with secondary

Miscellaneous disease : Nephrotic syndrome, Hepatic cirrhosis, Chronic active hepatitis
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M3190 8 daulsznavany alkali solution

Shohl’s solution Citric acid 140 gm.
Sodium citrate 98 gm.
H,0 1 litre
(HCO,” 1 mEg/mi, Na* 1 mEg/ml)
Modified Shohl’s solution Citric acid 60 gm.
Sodium citrate 100 gm.
H,0 1 litre
(HCO, 1 mEg/mi, Na* 1 mEg/ml)
Polycitra Citric acid 66.8 gm.
Sodium citrate 100 gm.
Potassium citrate 110 gm.
H,0 1 litre
(Na* 1 mEg/ml, K 1 mEg/ml, HCO," 2 mEg/ml)
NaHCO, 7.5% Sodium 8925 mEq/L
Bicarbonate 8925 mEg/L

(Na* 0.9 mEg/ml, HCO,” 0.9 mEqg/mi)

m15139% 4 Normal Indices of Urinary Excretion of Citrate and Other Variables'315

Index Measurement Normal Values

.Calcium < 4 mg/kg per 24 h
Urinary calcium / creatinine ratio :
< 0.21 mg/mg (adults)
<0.41 mg/mg (19 moto6y)
< 0.60 mg/mg (7 to 18 mo)

< 0.86 mg/mg (< 7 mo)
Oxalate <50 mg/1.73 m? per 24 h (< 2 mg/kg per 24 h)
Uric acid <815 mg/ 1.73 m? per 24 h (35 mg/kg per 24 h)
Cystine <75 mg/g creatinine
Citrate > 180 mg/g creatinine
Creatinine Newborns : 8 to 10 mg/kg per 24 h
Children : 12 to 10 mg/kg per 24 h
Adults : F 12 to 15 mg/kg per 24 h

15 to 20 mg/kg per 24 h
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flagnay Arsazfluilagnasndemaeudn daulugjas
NNgn 6.3

2. blood gas pH #n, Bininsdedluden Az
wulupfemazsn anion gap Und, TmAeuind
vdesn Tusaidensnly RTA type 1.2 usazgalu
RTA type 4

3. msIAlRang BUN, A3eTAnu,
Nagnasa

]
WARLTEIN,

wiutaanae 24 dalng msaunsaninsdes,
¥
uwpaldan, Weaneds, uwardmIm uAia1Razding
nIvagnInaciiludae
5. naad gialwszuunaduilasnay viveg
478 nephrocalcinosis ey
6. vnlumfuaium loading test
Wlumfuawnluauisinaananazm i lu-
afuanludeneagluseiy 2326 mEgL Wuan
o =l s
wae ] U asadeauactiaatnzuluafueun
a ad v o < o 1\
uazpzerAdunien i Taafudunisduenetig
T @My Y o ° .
azidanasaan ud laudainniAwanmn fractio-
nal excretion 284lUAYTUALLA
¥
01 FEHcoa-

lumfuawaludeminiviesn uamedndy proximal

(%4 dl 1
wnndfasay 15 lurnieian

RTA thuszaneu 515 anadlu type 4 rtlaandn
wialszinnfersy 3 uansiniazilu distal RTA

NH, CI loading test \flun1smaaanssann
ansmaandaadiulata lunnsa¥g titrable acid (TA)
uazindouanludly (NH,) lusnminidadnenis
\flunsmaziinisa¥ine TA uaz (NH,* Wiy lunu
unAazliflurfuamnluilaarsvradusdasuin
11 proximal RTA azil NH,* uaz TA Und usily
distal  RTA aussanwlunsdu NH,* uae TA A
Yotne Erimeagluanmiidunse (plasma bicar-
bonate N1 15 mEg/L)

o :'/ ¥ vy a . . [
Al gl severe acidosis Bgjuaua

k73
pH tagnazunngn 6.5 laiandiusasrinnimagesil

agul

Isnenudilaeinudgeang 3 U wadoenis
Wydnlndh Snzdendiunms Wusadeum ase-
lasigeluden Hilasazdusnenaen ansifinine
Lﬁmlﬂun?mqutm # nephrocalcinosis #2341 Frac-
tional excretion of HCO3 Fatay 1.3 Jtade distal
RTA MWin1sfnmidiae Sodamint wazlilunad@esd
wse Aamunisinenat 7 1 wudrdnisasidula

aX o L H o
ATU WHAENANN nephrocalcinosis va9lnisansdnag

naAnssuszma
292UANS WNLUWNERTR 1AngYiY Farusenis
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