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[ Abstract] Bartter syndrome (BS, OMIM #601678) is a rare inherited salt-losing tubulopathy charac-
terized by hypokalemia metabolic alkalosis with secondary renin-angiotensin-aldosterone system activation. As
reported, BS type 1 is generally presented prenatal and neonatal period, and symptoms usually appear before
and after birth or in infancy, accompanied by severe salt loss, whilst kidney function remains mostly normal.
In this study, we report a case of BS type 1 with childhood onset and proteinuria and renal impairment. The
child was born preterm due to hyperamniotic fluid, but there were no apparent symptoms after birth until the age
of 3 when the child began to present with polydipsia, polyuria and increased nocturnal uria. At the age of 5,
she had elevated serum creatinine level and proteinuria. After admission, she was diagnosed with chronic tubu-
lointerstitial disease and stage 2 chronic kidney disease ( CKD). According to the chloride clearance test, the

abnormal function of medullary thick ascending limb Henle's loop, was confirmed and BS type 1 was diagnosed
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by gene sequencing. After active management of complications, kidney function of the child improved. In the

long-term follow-up, the urinary protein amount of the child still increased, eGFR slowly decreased, and the

child was currently in the CKD2 stage. Children with prenatal BS may not present typical clinical manifestations

immediately after birth until the onset of relevant clinical symptoms in childhood. BS type 1 patients may have re-

nal impairment, which needs to be identified in time. Clinical differentiation diagnosis between BS and Gitelman

syndrome can be made by chloride clearance tests. Early diagnosis and treatment are critical to improve prognosis.
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Funding: National Key Research and Development Program of China (2016YFC0901500); the Research Foundation of

Capital Institute of Pediatrics (FX-2019-02)

Bartter 25 & fif ( Bartter syndrome, BS, OMIM #
601678 ) Fh 4 i e 45 Bk T SORLBOUK SR Sz A5G EE
FIEE R AR G, 2 — b 2 DL Y 3 A5 1 2k #h e
g, IR 322 RO AR P B 5, PRk R
B R -1 Bk R - E B 258 ( renin-angiotensin-aldo-
sterone system, RAAS) {iffb, SCHRIRIE BS &R
M1/1 000 00012, M2 AR KL N AR [T AT 43 M1 ~ 5 7
(o4 B SL5y Sy 4a F4b L) | 4258 S SLCI2AL
KCNJI1., CLCNKB . BSND . CLCNKA . MAGED2 Z5 3 F Y
AL ML i R 3 B H 2> 7 T2 (antenatal BS,
aBS) . Hr LA (neonatal BS, nBS) FIZHLAL (clas-
sical BS, ¢BS)"', — % aBS 8 HL =Rk £,
nBS 4845 1 M H WA, BSIRTLF/KLZ | B Ak
Y o TR I PR 3 I DR) 25 A 1 7R DR R ) 2 S T AN
6], GRS R R S, 2 THHER, BS
1 BRI 4t Na-K-2C1 SE56ia{k (NKCC2) 19 SLCI2AT 3
PIDREGR R SRAST IR, el 2 8 22 0 7™ iy B Rff A=
JLAS BS, SRR TR A BUEBCEU B, A
HREERI, BIREL NIER . BS BILATREH BL/E
KAHRA, MHEAATRE G EEOHEEY, KIPD
AR ERAE T 5 L B /IVE ) Bt 3 | /NS A T AR PSS
RN BEIIREVERE, BRI TG ER U |
P i AT B U G A SO E— 1) LB R 1
AHEARLEDIRER T BS 1 B,

1 &R

BILS B Rt 2018 4E5 AN “LHk LR
24, EEUBIIRERE 6 A7 IR T e A LB 5
ikt E LB EBE (LA T fAfcdkbe) w2, BILABE
"2 AE B2k (A H kUK 2500 ~ 3000 mL) K £
JRO(JREEZ) 2000 mL) fERIRIEZ (1~2 /1K),
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Fig. 1 Patient’s familial pedigree
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DS, MR, RFRER fib B, RUE X TR, Il
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Wbk, (1) WK A, M. pH 7.45,
HCO,™ 27.2 mmol/L, BE 3.6 mmol/L, Ak, 1ML
fit 49. 8~54.5 pmol/L [ Bt K Schwartz J5 F 35 55
BN BK U8 i F (estimated glomerular filtration rate,
eGFR) 76.3 ~83.6 mL/ (min - 1.73 m*) ], JR &
8.1 mmol/L. JRMR 737 pmol/L, BEINE C 1.6 mg/LYy
Fhim, FFOIRE. HEE ., MAESFRIER . dff. #
2.91 mmol/L, 44 138 mmol/L, % 97 mmol/L, %5
2.35 mmol/L, #£0.75 mmol/L,

(2) J&Ge . Gy, WM R AER A . C L
FH 4.4 mg/L T, HBIIFEE 33 mmh T, R
WEH T M C3 K C4, HilE O, LA IgE FFIEH
SR CTIRE IR ZE/INE N A B e i 1 O 108 & 1K NN I =¥
ANERFEJEBEHTARBAE . 24 b JRAR K i 6 5 26 (15 3 .
FeRAEA G I B PRI A R DL S, RMOL I 8 55
SRR T REEREE T, MAEKRRRD, BRIER;
MM EHRR T, MERRRD, BR . BEEEEY

T,

(3) IR A, R, pH 6.5, HHE 1.000,
A+, FMALREA/NUE 2. 28 mg/mg, R/
F 0. 45 mg/mg, JREEEMBIKP I FHEA L 91.4%,
K> F 8.6%, 24 h JRIE H E & 254 ~ 395 mg/d
[10.5~16 mg/ (kg-d) ], 24 h Jg # 30 mmol/d
[1.25 mmol/ (kg - d) 7, 24 h JR45 0. 14 mmol/ (kg - d)
PR HE M % 0.41 mg/(kg - h), KRR IE B F
1.33 mL/min (JREGHEMA ALY |

(4) HAAFBIK A . OB, BA.OSER L
SH WRFEE . B R/NER, TEATEHRN, W
P S [ P R, KRBT ST, BUR R T DL [l
FEIGR T OMHEI YA A S RSR[5 HRRL 2 H B
BFE RIS

(5) DHREIRLS . 38 2 ok ZE K X0 i A S e R ik
B PEAG B ANE DI RE, R E R 1Y N IE
L, ORI RN, BEAREHEILE 1,

(6) BALUGK. L8 LA ¥ WLENE
245 [T AE L SO | R ANERE . B ENE
B E (K2),

F 1 B/MEDReIe RIS
Tab. 1 Results of renal tubular function test
HE 535 TRZERIR L AE YRR

(%) FEK FENa FECI FEK FENa FECI
SERiE 19.7 1.3 1.6 14.70 1.30 0. 86
T oN] 28 4.5 2.4 54. 00 4.50 11.00
2:MH 8. 30 3.20 0. 80 39.30 3.20 10. 14
E= i 39.1£17.8 17.8+7.3 24.5+8.9 8.45+4. 06 3.230.77 4.46=1. 04

FE: RUFEBIGHEI M, HRTEN

FEX = 100 x (UX/SX) X (Scr/ Uer),

Ser: IMUUUEFHEEE , Uer: FRIUEFHEEE, X 45 Na, K, Cl

Py
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Fig. 2 The manifestation renal biopsy in the patient with Bartter syndrome
A RARR-PHIREAEE (HEX200) 5 B iR ARG (PASMx100) 5 H/NERANIEEOR WA B3 2, K2 B4
T RAF B /NERFEIE A D T S 109 05 5 /N b B T DL e s oo N DR ZR I 2k (R BT )
E RN A s ST W AR K, P R | SO BRI RAE A (L)
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(7) HEDIRIN . KRN B SLCI2A1 B E &I E
A (HESEMUA S NM_ 000338.2), 434 4 5 4)
BT R EAREER . 595C>T p. R199C 48 L5748, LU
K25 AR F ok A ACER . 3057G>A p. W1019 *
TXRAE, Pl ReEoR e (K 3), KEEY
WAL r 5E R4 22242 (American College of Medical
Genetics and Genomics, ACMG) 43 254K 45 70 7 4 .
PM2_ supporting+PP3_ moderate + PM3+PMS5_ supporting
F1 PVS1+PM2_ supporting,,

BT G KB . ARG GRS WO i8 e/ NVE TR
B AR, M2k EOBEE 2 B kBRI R S5 AE AE
SLCI2A1 FERE G585, #ieh BS 1 8L, Blifiie
Wim Tl Y RE R RS IRE, 4T 0 IR
FANBIAST , TARAG R T IR R PR IR M AR L r
Ji, EUIREAEAE bR, MAF AT A 3.2~3.5 mmol/L,
MLPRARZE AL e 2R 1, e I e 7 R DL Y 84
WV 3 A ARNELIRE A 2B (R2), kh
INAHE KRB R RIEEF DR, HAETEIL 10 24,
Zik, ZIRIERZESR, TORIRW Z Rk, Lz,
JUURG L Aa A 2 UL PR RE R, PR AG B 0 K R
(P90~97), PRRUILRE (HFE>PIT), IMEIEHR, W
N L B0 AT 2 R AR AE SV R N, (ERER 11 AT A BT
fn, eGFR 212 T K&, 4 T 18 ¥ & WEH ( chronic
kidney disease, CKD) 2 (£ 2),

2 g

BS 1 7 g i 6 #F T+ SO B NKCC2 9 SLCI2A1

B B LE

SENRASTIE, i PR 2 9 7 i B SR 2 LY BS, iE
ARG AR AT R B L B, PR E R KRR
B, WIIREZ NIES . A SCHRE— 6] BS EILR L
B R OK G 2, R LN R TR,
{HEB LA 5 T S ATCER R ARl A A OGS B, R 22
LR REISHT, S i T fh th B2 1k 2 JRAEAR
AREM, HEEHBERES T LEAR, %% R
TR B/VER BB P, 2/ NME DRSS R 4G
WHZ o BS 1 8L, P IRy, JFMAREDT 5 4F,
BULIRREERAE R AT, AR T R, (A IREIZ%
18I, KENBZHIEZ .,

FEHITEY BS JE I R R B R E A — Ff R A, BS
1~5 RPN, TR L2 IR 51 4 22 & 4 U 39
Pk 2R E AL R R B, — A 20 ~ 30 JA] i
W R BS BILEZ R L, RS AT R R
BRI, WIREAME, ZIRED, BALYT A
Wi ZIREIR, BREAL . EREFRZE, Wi
AIRESIG IS S S5 WASRDUE . W REA e MR
FURTE BS " A i, (iR 752 RAEA R
(BT, BT JC T 58 i & R SR AR T e
FEMIEREE I, F7 . RAAS KIWIEOE | 4 & A
BB AR R DR SRR R AR
AN BS ISR, SCERRGE BS (9 8 H IR AT A
BERBEAIKR, BIHERNEE T E kGG a4,
AN TR TR AL, A ZEAGE  LUR AR BEPE F ek
BEfLZ L, Clg B9 1A BRI A il . i,
BS HOR /NGRS, AT s E/NRBUE T A5
LA 33 AR, R AR, S5 A LM

B U

GCTCTTCATTICGCCTC T CC TG

c.595C>T

GCTCTITCATTCGCECETICTCC TG

G ¢ TC T'CAL T CEGEC T'C TC C.TG

A
AAACT CCGTGAAAAATT ACA AC TCCG TG TTACAG cILeE 166 ARA BT T ACH G
c.3057G>A
0 AW A A
W, A\
B

Bl 3 ABJLEHACHEE SLCI2A1 FE ) Sanger I 745 5
Fig. 3 Sanger sequence results of the patient’s and her parents’ SLCI2A1 gene
A. ¢. 595C>T p. R199C 4% L Z84F; B. ¢. 3057G>A p. W1019 # J& S 548
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Tab. 2 Clinical data of the patient over a 5-year period

25 Kok 34 H 544 14 34F 54F S AN
RE (kg) 24.2 26.3 26.5 32.1 41 51 -
BE (em) 114 118 119 127 136 151 -
IJE (mm Hg) 90/50 90/60 100/60 100/60 115/60 115/60 -
1AL
B4 (x10°/L) 7. 44 8.67 8.99 8.85 9.62 13.12 4.3~11.3
LI (x10'2/L) 4.91 5.06 4.55 4.79 4.82 4.43 4.2~5.7
M£LEH (g/L) 138 142 130 135 139 130 118~156
/MR (x10°/L) 407 508 602 650 545 495 167~453
S5 H7
pH 7.450 7.461 7. 466 7.462 7. 460 7. 394 7.25~7.45
HCO,~ (mmol/L) 27.2 30.2 29.6 24.6 24.8 28.9 22~27
FIATH (mmol/L) 3.6 4.5 5.7 1.2 2.4 4.2 3~3
L HLAEBT (mmol/LL)
i 138 142 143 146 146 148 135~145
# 2.91 3.24 3.45 3.83 4.04 3.7 3.5~5.5
23 0.75 0.76 0.81 0.77 0.78 0.8 0.66~1.00
5 2.35 2.31 2.40 2.49 2.24 2.35 2.25~2.74
MENLEF (wmol/L) 49.8 43.4 45.4 50.5 59.6 82 27~66
ML PRFER (mmol/L) 737 527 255 666 544 506 <320
FORFFIME  (pg/mL) 105.2 NA NA 84 109.8 80.2 14.9~56.9
PR FUIR AR 1 5 + + + + ++ + GRS
PR5/ FRILEF (mg/mg) 0. 451 0.59% 0.31 0.152 0.293 0.223 <0.21
BERLER /AT (mg/mg) 2.28 2.32 0. 81 0. 66 3.19 2.69 <0.20
24 h JREF (mmol/d) 30 34.7 60 33.5 78 65 <25 mmol/L
24 h JREH (mg/d) 254.2 670 362 285 1508 2340 <150
24 h JREH [mg/ (kg-d) ] 10.5 25.5 13.7 8.9 36 45.8 &
eGFR [mL/ (min - 1.73 m?) ] 83.6 98. 4 94.8 91 83.2 67 90~ 120
NP AIE e gl i Rl e S
EAEM AR R E |1 (N i KA | i il i}
ASEE  AEER
KA RAGE A

eGFR . Mﬁ'ﬁd\ﬂ(d{?ﬁi, MR Schwartz 77 #1154 , eGFR=
THIH; NA HEBEAT

A B R D R R AR, CKD AL
RN s R R ETE ) R R, (R
RAS RGEHC R 51 2 40 M1 55 | 5% 05 40 i 94 4 %
TBE R/ NERBEAL  RIVIE LB A5 IR nT SR/ NE
AE R AN SN 5 R A B I R IRAL 22 1R
ZIR, RAEBAAR KT B 5 S WA IR GEAME R i
Bh L RIS SR, TR TR R, RULRRRR
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R AR )R, SCHIRGE BS 141, BS 4 4 BS
28, BS3MH 5 KL CKD!'' . BS HE T BV
84F, 25% (19 1) %4 CKD (£ B4 &E H IR
eGFR TR )5 1 05 B0l W38 M, 4 B 28 7%
O whEE 2 OB R, AT R 8 4
A% BE SRR (BEIRTH 3 o), 610
(11%) HBF B IEEZ B (CKD3 ] 4 ], CKD5
24 Bk, WRERIHBWIR T, s s
PRV IS RS, S B LR R R AR TR i
LA U X FE 53 A TR B 2 4
FEZWIrd:, BS 2 W e bn i 2 S A, 22000t B
FoKoad Z2 AR G LA R ARG I K oK B K 40 DNA 7]
RIS B weAh, TR FL Ly (48 AR 2
B2t < AR E, IEER (/L) xHh
B (MoM), EAHEE <12 B SRw o 4e
i, 7EFKIEZ | TR ORRE | O EG LT
M ELRRFE 2 5 A R P, 28. 6% /B L AR R AT 12
BS' AR MR BS (KN cBS) WHEY
Gitelman Z¢ & i ( Gitelman syndrome, GS) #f 17 %
BT GS g B B it /N R R 2 T NCC Y
SLCI2A3 FEN R AS T8, — & ¥R B R A Gk
R SRS IS BRI ORI SE /NS D) R 1
SE N2 W AR 1) R R RS S B ST PR bR
FEHZTE . GS FH 0 S SUME G SN IR 58, T %) ik 2
KB RAF, 2, BS H A X & S0 e S vy 1E
TS R FE K B S A7 RS [R) R JEE A i s . A o) i Lok
FBEH K2 ) im R AR BE eBS, 55 GS #4755,
R ot 7 8B FIH R, 455 W S SE Y
J PSR B HRE S O RN, AN SRR GS 2, ik —
AATWRIEARIRS A I A i B HE T S RO AN B
PR BERETH SORLB NKCC2 MG I RERR A%, SCHF BS
GRS, X5 HEL IR ZEE Ry &, Fik,
o PSR 1B B ) DL 5 4 i PRA2 W Y 3805
WWIT T, P EITA BS TERRIZ G . MR ET, AT
BT 2RI SE IR YT, (HI R E AT RE SR R L
SR e, R R X iR L 3 Tk A T T
BUAEAT I T AR R Y BS FEIRYT H AR b4l IE
BRI R R B3R TL L s AR LI RAE RO B e AR 0
Pl WRAEKKREZWR, REARA (IR EE
R D R A3 R ) | A R K AR R A T A ) )
(angiotensin-converting enzyme inhibitor, ACEI) /IfilL%
K5k £ Z K5 H1 K (angiotensin receptor blocker,
ARB) RZj¥y MR EALEE (cyclooxygenase, COX)

HF (s e SE e ) EEAE BS R — R YT AL
2022 FT BS 5 B ICA AR ELE AR TR FE 3R 9T RCRAS
HRAEE R COX #fl " 1) s A il e L A7 A B 2
REAN 4, HOKRIEFE COX #HHI57], ACEL/ARB £ %2if
iG] BS BTG A RAS BZAEMER, FZ9Rd i &
WD 1t FRE D E K-, R FH ACEL/ARB BE f% 4E 2%
CKD #f J&, 1% B L fic & % 5 RAS 1 il 7 % K 3%
FUOT LR WS IN eGFR RYAR, AR Ak B H i R OK 2K
EH

g b, euiA BS LA S AT Re AN Sz B B i A
IIRFRE, E & ILEWy BB AAER, T3 i
ABE PRI AT IR RIS W, BS 1 BB E T RES
HELE TR, T L EHR] RIS IR
A T A R

EERE: ¥Rl vkERTH, IFES5; K
G TR E T, A LFAFTRTFAGE; BE

M B RAE R TR E TR, MLFEHRS NS
BEATF RS
PR TAEEHEFRAREEAZF R,
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