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[ Abstract] In recent years, research on the clinical phenotypes, new classifications, modified functional
tests, biomarkers and management experience for patients with Gitelman syndrome (GS) has made a lot of progress
in China. Based on evidence-based medicine, this consensus summarizes aspects related to GS, including clinical
manifestations and classification, diagnosis, treatment strategies, and management of chronic complications and co-
morbidity. This consensus provides an important reference for the diagnosis and treatment of GS.
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Gitelman ZEA B2 T E G RILR (2021 IR)

NS IR I R 2 M) PR G AR B S Bt B s R A
( sodium-chloride cotransporter, NCC) [ SLC12A3
BB, GS WEMRELN (1~10) /4 T7,
P ATERT REFE L2 2017 4R, Bless AR B I T
JA¢H % (Kidney Disease; Improving Global Outcomes,
KDIGO) il T4~ GS il fuds T W
95, hHE GS IR L RILNUMEA LA T
(Gitelman ZEAME2IR LR ILPY P, 2018 4F, HHK
DA 2y BHEGHE . TARE . ERA 0 B E
Hry, E R R TR A S ER (5
— LTI H ) K GS A, 2019 4, ZH
ROAMEZEASZE, BRDERREZT W2
JPERE L X E RS DA ERLBE TR EE
(FEWHTIZIT T (2019 i) ), Ha GS fEN M
121 DL X e HARURIE R TRV GS 123A
RIETERMEDEN, BN GS kK7 WG T
KEH#HY, XTHEAR GSHMIGKRFRR 458
MR INREII . A b A5 W AR R T L £ 50
AHARAE [ Y A0 w8, D aE— 2D W GS A Il
KRR, MFELWr, 1Ry A BN, b [ 50 2
BEpir TR ae . PEFEIREKE, teFE i
WISIT GRS A MO L K, DAEIE = 2%
NEERY, WITT TAIEU B AR Bl R BE TR
ALHT GS 1297 il

1 HRFITTE

2020457 H 20 H, “Gitelman ZE A 1E2YT & R It
W2 H#IT, 2R NHE TR SR FESE,
AT RARAT 553 1y BETARMER BRI (IR &
W, LW, BTG IRYT), JRESS GS TS
Rt RE, BiE TR e IR T A
ITTAEH, BRlExR4A, wPbdAMEmEH, Kbt
HM GO ABNEE, OHEE LR, IR R
JRIERE . KSRl | 3B E ARG R A T 2 S ek

PR EHPL “Gitelman syndrome” “Gitelman p
BAE” “HRFRLEAAE" N F KR T PubMed,
Embase ., Cochrane Library, ClinicalTrials o =
T3 77 B AR R 55 F- 5 F b SO B R, R R (R
AR 2020 47 110 H, SR AR IRAGHRC
SCHR 1634 Jf , e 152 SCHRAN 22 A0/ 8042 30, I &N AAE
AR SCHR 76 i o ARYE A HAB R R 7 I
P90t 7% BN AN T 6 7 2 30k
KA BT SEIEDE 73 9 6 MR AESE (1a, 1b, 2a,

2b, 3. 4) (1), FHREHENESEHRETRE N A
(i), B (F). C (59) 34 (£2), UCEILIH
ITLRANHE, 2021 455 A4, 545N 7R
EUWAIRG; S A 15 B, TAUREAT T IR KA S,
THSH, BRAMITL ACH, Wi, FR0NE. B
MRsEEIARE W, 7 23 B, A &3 a L R4
Tie I EE, RN BUE 85% UL E BN & KB I
B2 i AR 2 S| 5 i A2 N

R 1 AIERRIESE FUE L
TEHE S E X
la G Z TR BB TE (25 3 00T
1b F/A — T REHLXT RS
2a D T REFRIXT RIS, (AR
2b FDA T R A AR e R 5T
3 Bt RAFB AR MR PERT 7S, I LB S, A
PERFSE, RIS
4 BRE R BTA, DL AUEE 5 M I R 28 45

&2 ARSLHREHET R E X

A0 E X RS

A (BR) TSI B RS BRI Ta, 1b
I PR ] R

B (*F)  BOAZREL, ABOTRAFRIGRDISEHE 2a, 2b, 3
AREEHLIA

C () BRERIICGEEMS, UEBEE 4

FKIIR By, B 7R AU AT 55 S
I RBTE

2 IWARRIASISE

2.1 IERFHR

GS “H DL AR R I . IR BE e = B £ R
SR, W ERKEHSIL, FIE, SpiE ., Ol g
MRS, ok A E GBS B W& 31, LE
GS BEFWHMIZIEH AT, LT, K AFIR
%, FRAMES KEEARRRHAIRSE SR 70% 19 GS
BEFBGAEZRD 3 A REMIGERIERT , GS B
ET AR R D Re B S BB BR 55 A
AN, Wl RBC R NE R RSB G, D EOR
B T HAB N EREER . GS & I B /R4 3 19 9
BTG R AT B B /NERIEAL T | Clq PR | Bk
ANRAE R A H R S BEAE L 2 I s
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%3 HE A Gitelman Z55 AEEH 1Y RE

Z5) W IAEIR (>50%) Z AR (20% ~50% ) IAER (<20%)
ERESTEIN e, = M, 2K -
MZ-NH RS WLIEH7 FRMRE ., MRS, BERE, k& Mo, SEDFORTR, BORE, PR A
LM RS O, MR R QT [A] 1A W
WIRRGE IR % BT -
BRURS - ik P
HILRSE - - 3

2.2 IGKRiSHET, BRI SI6EI2HT

BEEEL:

(1) FTFHFIFIRFLR, 2R MR
PE ., )RR KT R K4 o 5 RAKSS AR &
#, BHEGCS (EHFLR. 3; #ERE.: B),

(2) AREEXEZHBLH GSH—FHEL
KAk, Ao TEANBENERGHRAL, KikFiE
NCC e kA& (ERFR. 3; BERE: B),

(3) BENEARLBH GS & EITABAR A
K, GSARRETRAEFKRER (EHFLR. 3;
BRERE: B),

(4) XFERGEEHRRF %4 SLCI2A3 AR A#
AFE, —RAUFER, STEBRHATHEXR
(multiplex ligation-dependent probe amplification, MLPA)
EHR T GS 4 (EBFR. 3; BERAE: B),

(5) #¥% ACMG X B X 7500 H ik 8 dy it & 7
RATH R, L BWTHRAAIKI S RXE, HH
RERMEREE (EEFL. 3; #ERE: B),
2.2.1 I&KRZH

(1) AR 2 s HERR T AL B R A 2 e
75 ERRIIRF 4R P9 AN o A S S 0L

(2) FEAE B PR R B JAR B il o AH DG I R 30,
FREA I BE I AE SR ES PR E . B RSB, B <
3.0 mmol/Lif, FREAFHEM & >20 mmol/24 h; R Il #f <
3.5 mmol/L i}, JREFHEM 5 >25 mmol/24 h,

(3) I IEF SURAL,

(4) R
2.2.2 5 Bartter ZZ S F AL T2 Kt

25 B Bartter 255 fiF (Bartter ZESMF M &) M
Yt F B T8 i CIC-Kb /) CLCNKB % A %€ 4% iy
O, BE R (263 ZHT), HHIH
RREERSE, MWPEKFZIESR, REGKTIER SR
o ATABE IR, 2 R E T A E R AT
o7 I % Wk FEKAR SR TC S g, KA B T I PR IZ T Bartter
ZERAE, SEPAEIN AT HE— 2555 5, Gitelman 255 fiF 2
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RZY PR LA 1,

- <35 o, |

| Y 4 <3.0 mmolLM, 24 hiRHI> |
= ' 20 mmol !
BAS oo MA<<3.5 mmol/LiT, 24 hfRME> |
i L2ommol
— y — h « JFURRTA
| s | | fotmes G RRTA
| 4
ks
l RAS»‘ i
[owreans | [ans Pttt

p

B o
il

st ———[maRA| |

RASELL
‘[ EE Byl l
. EEE/\ 5 o R R Tk I’ =l 3
R A i o LS L e
o R EE o Mgk, R el B o= B e -
RS WER FiE =l g5
» Liddle 2l a2t
l BEE || B
» Cushing B | %R W am
SEAE B |5 & &
W
%
i iE
TR %}%u —
Il P2 Il P2
GitelmanZi &1L || BartterZ£ & 1iE
y
AMEALIETT
* FhFE HL AR R

- B BRA(RUERI R, COXMH]R. ACEVARB
o HURRE DT S5 B
< EEIBVEIRE

1 Gitelman ZEATE 2T R
RTA. B/NERR P, RAS, BE-MEEKERS,
COX: FREMLME; ACEL/ARB. il Sk ELEEHM H
/148 B K R AZ RSP



Gitelman ZEAFI2Y7 P EEG R (2021 fi7)

2.2.3 HHiLW
2.2.3.1 SRR

HETC A SLC12A3 SR 2848 T 500 4~ (A
RIE RALBAE . hitp://www. hgmd. org) . FFPEA
PSS AR W0 R B 1Y 2 Bl 3L R 58 A8y p. TeOM Al
p. DASON'T- 210 R A 2 A5 A AR i A T Fh 3
275 Hp. A313V | c. 1180+1G>T ., p. G74IR ., p. L859P
p. R861C . c.2883+1G>T il p. C994Y ™) | FHZH ARERY
ER AT R, % GS 3k K 5878 43 A ] BEATAE
P25,
2.2.3.2  FEPIKGI R mE

BEXF SLC12A3 5 PR ) B4 00 5 475 2 H w06 A A
P BRI 5, E2 8% ~ 30% 1Y H A A 40 ]
ety gerApt TR it — xS TR A R
B KA BB R Y BT, AR AR
MLPA i B 51 Lb 58 3 A 4 2% 28 £ R (array-based
comparative genomic hybridization, aCGH) BWH T2
Wi GS'20220) 3 — R FAXUA SLC12A3 B4 %
R, 4T MLPA | 44 i T4 a4 5
2 AR e SR AL T RE A AE A A, W&k il
AR AR PR R T 3 RS T
2.2.3.3 FEHZWiRE

SLC12A3 4l RAZ S B 75 RZ W #Hii2 GS,
ARG A ) R T A A I IRIE DA T 0T, R
KR )5, AI7E 1000 Genomes, GnomAD SRR R
BIZAE A IR AR BRI R 72 AEHER %
ARSI R AT ) R R SCHR A S o B ARGE AR S, T
HRAE ACMG Jk PR A8 5 3000 M i 152 48 ma % I 3E 47 43
KU LR I AR AN D RER S, A
P PE PR AIEYE . JTCE D BE A1 A 1R R 2 H i E bR
NN BAIE A SUAR S NCC B BE 52 0 19 55 - (AR M s

AT S E R IR g BT A
TR NCC DhBEKT .
2.2.4 Tifigigh

ABETHERIRKAE GS K RiL Wb B f 2 E
SCo B FH/NGR iR B ] NCC Fl Na-K-2C1 #5512
AR 25— E R Ik sk, T EE T
HERIRE (AR BT REIREE ), A BT %09 GS
Bartter ?/%/a\?EBS] 5
2.2.4.1 JREEEI

N R R ER (A S0 mg, 7~17 %
1 mg/kg) FLHEPHIMT NCC, W% MR 24 i 5 543 7 HE
it 4340 (fractional excretion, FE) AR fLFEE DI BE
fli NCC ZhfiE, T NCC IhfiEBif, GS BE A A
WE R X 0 &5 SR 3 R R Bk R M R AR, L R AR R
JEE AT )42 ) ik NCC By Re 461 00 i ™ = 7 2, [ P9 6
Az AR mAELT 40 (K2), ik
B AR WA AN ANEEVRYT 1 d, HARIERUES
T L8 K- A E T 3 mmol/L, a5 3o % b 75 5 i
YOk BBURPRAS | SRR MR bR A, &8 HE
SEOTE TN, FE. =100x (Uu/sc]) X (SCR/
Uep) (FEREE FHEM 2250, U ol IR R T
B, Sy MR F W, SN ML ULEF B, U,
J PR IUEF R EE ) o
2.2.4.2 Wi E &% e

A BEVE IR X T GS 2 W I R (8 B 76 R
) R e 45 RAE S 2225970 b i I B B P R
YCOKE B0 1 S T8 BRI O vk 0 P E GS
H, e T ASAERIEI2 M GS MAHE (AFE,
<2.86%) 7, DIFEFBWIN S brifE, RAERIAE
1ZWT GS 1% R B FARE S5 B2 43 il R 93. 1% 1 100%
OB AL RS AL G i ik ) AR

| s/ vk |
A 74

Fifn AN PaN
A 10 mL/kg (VB 7R B) QO 150 mL Q150 mL QO 150 mL
i [8—15 min 0 h 0.5h lh 15h 2h 2.5h 3h 35h 4h

\ A A L ) A A A !
%E’K L L e e i e e L L LT R >

LR ETHIMA 4L H#ERE TR 4
CQIRBCPHMED (GIRHURRIED

B2 R EEE RIS R
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IR RN 2 W T %, F AT R AR AR L%
7 TR AT I AN Rl L
A AR R B Ao AR v R AR L o
KV, SRR AR e, S E R I g AT ] S
1o OO IRRRAE R A, BN ARG, FEal e
DR 5t 1545 531 R SRR P /NI 32 SR SRR B T T
2.3 @RS REHE

EEER.

(6) GSIEBRAASH, BRER®ERE LK
4, KB hEREMX, BAMKEALEEF (EE
FUA: 3; BERE: B),

(7) % GS & st ¥, EF oK nsd
EHBALAAE, THLEEADERSBGREZ—
(EEFAR: 3; £HRAE: B),

(8) GS B&u49RATFIM % E2 (prostaglandin E2,
PGE2) R F=MAFTHE, LE5BEAXATER
BAAR, THEGEABRSBRFATHREI—
(EBFH: 3; RERE: B),

2.3.1 MRG0 4

2016 4 KDIGO #R4E WHO A RS F5r 4, HHAI
BME RSB M0 4 2, FHLAPEAT GS R H Al B 3E
HLAITE R B R XU (hitps : //kdigo. org/ conferences/
gitelman/) , W3 4,

SEBRICAE R, AR AR R B B KT, AR
< 210 11 > Ol v 3 - N i IR I B N
film R R, 2 MR 3E [ L AR S B 2017 4R &
A E WA R P4 EH A5 #E ( common terminology
criteria for adverse events, CTCAE) 5.0 fR4% (https://
ctep. cancer. gov/ protocolDevelopment/ electronic_ applica-
tions/ cte. htm#cte_ 60) , Z5EIGIREZFRIEN, HHE GS
I PR IL™ AR BERE PG 72y 4 9 (32 5) . 74y

FEERYE . —BUER . IR ARG 2L
AGUER . HAERGUER | A FOK | o
ZERANC A QT 4%,
2.3.2 AR R

ZHAFFNT, FE GS BE B L PEIm R A T
LTI R, Bk 18 S &M
PlE s, MR, REIREHR S, £
PRAERTE R 2 Hy 0 Tseng 5517 NSRBI o, 5B
P AR RR ST | I SRR TR K A,
| S ANAT B9 B 2 1 7 14 R B HE T R B g | b
BRI A ST A LA B R AN AR T
S
2.3.3  R¥EMLBEKF2 1

AR P SCHR I 3B, TE I BE Y GS BB LR
230y 8% ~22% 1 HRAYIEH MLEE Y A A TR
AREE IRE ' WS HE HOE % 156 GS FE A 1Y Ha fi
FUZEALRREE . NCC ZhRe it F 12 B Bl i B8 GS &
FRIPT TR T AL SO 5 B i /N A B B R B
5 H ( transient receptor potential channel melastatin
subtype 6, TRPM6) 5 NCC Ht3&ik, 1E# 1M EE A&
(¥ TRPM6 3 ik 5 fi# B A H2 3, i {1 o 8% A& 3 (9
TRPM6 I 5 WA, T Sy IE 6 I 86 0 780 114 ) 7.
PRAE T A A AL H R i BE K
BT FIT GS B B 1 " AR L, DA ML BEAE
I R 53 B AR A 2 — o
2.3.4  MRAERRATH IR AE o B

RN, HAAEE (cyclooxygenase, COX) I
IRV AT e GS i PEARR A | AP B MLAE B AR S I RAE
ARUCET AN, AHFIEIEEE] GS BRI I 2 R
AIFIAR £ E2 X729 ( prostaglandin E2 metabolites,
PGEM) 7K F-Hcfd i ARE A=, =ik PGEM 418 3%

R 4 Gitelman ZES A BEIRAT MR | B A ™ H AR L 7020

Wi/ 3 1% 2% 3 44
MA (mmol/L)  3.0~3.4 2.5~2.9 2.0~2.4, SUERBCBICIAYT, SR <2.0, SURIMAREERRE, AR, SR fE KA ay O A
RIT K
M (mmol/L)  0.60~0.70 0.45~0.59  0.30~0.44 <0.30, BUAEME R A O, BT R
%5 Gitelman Z5A AR IR R B4 il
e el ==

AR TEAERARER AT (ARSI R BURBIMIE) ; SR 0 . 57, 24k, A, AW H LR, AN 8E &R

B % SCRERIIE, —ERREE LR H AR I B

CH% FrPEBAAERERE L, HAE R, PR B B A TP E N H R A, ATRER N A B

D % TTRESE KA, R AIRT
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Gitelman ZEA B2 T E G RILR (2021 IR)

HH R PR 8 22 AT PRI 1Y) L 3R 0 s, AR el B
TEEE | DREPFIDR GUCHEME BT 0 A RE R Y S
HAR IR PGEM 412270 [k, JR PGEM ZKF- 1l ff 4
GS 4y BUK 4R, A B TR B GS & f& /& & A i
COX #0137 1Y & B AR, HET, Ih K Bl R
PGEM EIA &7 &l 22 JK PGEM % i,

3 BITRHEE

EEER:

(9) GS &FTBIERRFHHPANALA M, 4b
AP BCR A LS, AMERBCRAAMBREHIN; &
FARAT g R AR R JE A T T #HMRANE (EEFA.
3; _ERE. B),

(10) % GS BHALERAE KL MR T LA X
AR, AR KA F Ao/ X B BRANFANE S T,
HAMFANE R W B, R F RS R KA A RA
(Jm3B W B, 4R A 8 o FT K& A ), COX 474 A
(R EF) ERFL: 1b; BERE: A), &
THRAEA g KK EHAEBH 4 M (angiotensin
converting enzyme inhibitor, ACEI) /s & %7K % %4k
FHRA (angiotensin receptor blocker, ARB) %X 24,
fefBalhk (EHFL. 3; #ERE. B),

GS W) FZHRYT B A ol i i ROT 5 = A
Fite . IRIT TR E R A SRR R T
FIRHLRIARTT , A KA D7 A W
3.1 BERERET
311 e

HAREWIKEMH R, ZEHE SN, EMaEY,
mayr, BR AT, sk, BAR, BRI A, W
KEIEIME, ShZFa&hke.

3.1.2 2RI
3.1.2.1 #M#ZY

AP T LB, AE AR A R b TR IR W %
RMEE T, A ACH G, Y 8 IOk
S R A ™ AR A A B A R
WLOPORE . PR R | BRSO R AR O KlE ), AT
THEEKANRYT . RN GS BE I F L IE A
¥4 3.0 mmol/L LJ |-V o
3.1.2.2 #MEZY

B IR MR, N PLSEAMEEIRYT, A IR
HEME, A B FRAR AR 9 2 £ A Bk
FHRE RN RERAIMARRES WA RES
R R OB M 2GR T, nT R

AURRERSIF (TR MmRE: . WG RREE . AR
S5), AEWIRIRIRETE i, o3 Uk B IR AT U 4% 9 Ak
FEAR . 2 B ™ AR I £ T R A SO A R
B, ATERIKANEEIR YT . I GS B G i Y i Bk
KK 0.6 mmol/L L) 1Y
3.2 ETFRBEINEINET

M GS R A e L [ M R T 3R L B G I IR
FEAR, TR K R B RN K R R AN R TR Y, BR
NP AN BT T A2 I, T B A 2 LA 3 e A T
FAL, WABRBT AP R, BA A E A
35, AR R F . CcOX #il#) . ACEI/ARB, H
AT, ST GS BEA 24 1 SCHRA AL 7 1 01 Bl #1135 131
A& AR F 1 I [l JAE o ) BB AF TS HiAy
ESbLRE S
3.2.1  PREFFIIRFA

FEAASEREE RSP EAGY (BN B R
LR ) AR R RS BRI R 25 (BRI A
TEAS 1 455 A 790 2 245 00 30 435 7 T o 3 il /0N A
LB FEENER, BEIURSHE, 525
MR, Hor B2 YR A BURE S R S v, W] B
BVEFLG A E S RIE R 00 AR ] i Ay 25 % 1 [
Fi 32 A H5 B AR, R R I3 R 28 R A2 AR SR R ) )
I, JCHR N B A B A 2 AR DG RIE . B R
LA 25 Wy o B RS P L R i a9 B HE
it . Blanchard %HQJ w5 & B, K A A A1)
150 mg/d ., BIKigH] 20 mg/d Al fli GS H# AY 1l 41 K
S 4E 5 0. 15 mmol/L, 0. 19 mmol/L., HF, MG
5T HLH MR N R 5 4085 R R A P 322 500, MRS R A
SKRIVEFIZE B8, A0S I R DR IV 45 /i o HL P 3
3.2.2 COX Mkl

YT H 4 GS B F IR PGE2 K& PGEM 7K - 3
Elees0) CH R PGEM K - w5 B R I R 3 B
FO0, COXMEIR (anmimEEE) A B TS GS
FEAE TRE {IKE IMLRE B AH SR, 3E I E R PGEM
KA BTk 2 # % . Blanchard 2510 1 BE AL
BIsE LI B, MW SESE 75 me/d Il GS &
1 AR K SE TS 0. 38 mmol/L, (B HEE 25 BIVE
F L RRRR B/ N R IR AT R AR AN AL PR 595 55
3.2.3 ACEL/ARB

ACEL/ARB FEGE I GS W0 1Y B 2 -1
BHEIKE RS (renin angiotensin system, RAS) K%
VEF, 24 F 5 o 2 ), 6 0 Zh RS2
3.3 BEpMNFTE

GS B B E MR A, BE N 3~6 1 H

Vol. 12 No. 6 907



Z P ARPRIN RS 1k, PPASRDCREIR | )
REAMNAEL i A | IR RAENT B0 O . WA
SRR | OEEERE . RIS, HE
LYNGYT T RARN R, BT ] RE A R R RS,
GS MBI HAE, FHZ5 I R 57375 % 1 B 5
MEEREARIYZ5 Y, 0 B2 2 IRsh R > | T 5 m i
T R e R A AT AR R ERRIRS L 15
2%, 2GS BMEVUS R, HIRASIE™EX
MRS LA R AGE, HICF A2
iy A B S B BA B X

4 BUFLXERAAENERE

EEBR:

WARRFF

(11) GS B HX THAERBFF, CHEBEL
BB, BAEEERA2 BRRA, BEZHENE E
B Ef KT GERFL: 3; #ERE: B),

(12) AMPAMERIZ N EEL T THRE GS &40
ﬁ“’f‘k“lﬁ'ﬁ"#‘ (ﬁﬁ'%ﬁ 3; #&gﬁ/ﬁ B)o

FRIAE

(13) JLERRKH GS &4 T AL M4, 4
FWAER T TRERPEENEHHKRE; TR
BREEEGHHERRER, THERET X
B, STARBESRZATTERBTAT (EH
FY. 3; BHERE.: B),

(14) #M£%& 7 THE X R T BB RRRK
(calcium pyrophosphate deposition disease, CPPD); X
VERX TR R ST FIEG KRR EE (nonsteroidal
anti-inflammatory drugs, NSAIDs) 2 4 # &k KAl 8
MHEET (ERFAR. 3; #ERE. B),

4.1 ¥R

IR, 14% ~60% ) GS (& Al i SRR
S 790 yyan 28T BFSE R, 53.6% 1 GS i
B, ARSI (3.6%) . ¥
Ml A (28.6%) 12 BUBEIRHG (21.4%), HAF
PRI ZRARDT . FER AR DL g R0 AR 0 i A 5 S8R
By 2R b, AR AT 100 7 e B R AR 51 il At
ALK 2 5 3% 5% 4 250 0 1y SRR 70 A R Ak e e
11 ) 8 2 5 ) J 0y R AR o S0 M 300 2 R £
MBS B T2 W, WM RMEE SR N BRIA YT ATk
AR Z
4.2 ERREEEFXTEE

JLEER R GS AT BB MR/ K

908 November, 2021

RERE AMAAMETR YT AT BGERR A BLI AR K
TEHLCY I RIAYT S B KON AT B
TERIAERS | [RIHEE L& B & ¥ H-28D LIF, 4
WA =2 ¥ H<14 %, ZTHHR<10 ¥ EEZF
#<11%, HHEKEMHEILE (Tanner 1), w17
ARBEAORLE, X TARKBRZFH T AR
FIRIT. GSBFMHF AH RN ™, I NCC KTk
A ELA AR 0 R 20 B o A R SR TR N, A,
GS A B CPPD, Z7E 50 % ZHi, (AR 1B
18 AE T PR 56 T A1 IR B M AE 2 R R
PRILOTO0T  RNFRBE TR | 24 I A Il B K T AT 9
b CPPD, JARYE ST i St 00 m] >R NSAIDs 8¢
N BRALRRE TR T
4.3 HMt'B/NERR

GS & al B /D A W R R O
71> 167 , A& A E LM Fanconi ZE & 1F, & 4b
BRI R, ACBHERR b | IR I AE A0 I AE
YR s, $E R HO v /N T AR B A5 T 4k kT
AR Il RE
4.4 AHEMNLE

HHREEBA GS BEGIFR M ENHE, &
R G HR 5% ~44%1 % REE @ I 9 %
FR T, GS B I I 2% O I AR5 JF 19 A g
PR, (AEABRINS GS BH M RAS RRELHUE . 17
TENE B RHRPAT 20 Bk, e i R AR AR Sy HE
B GS Wi b B 554
4.5 BHEMEKER

GS B W & I p e o HOIR IR 9w, A4
Grave’s i . BF A< BC HOIR IR A A H IR IR 2 BB 7 46,
JE R ARG 0 AN, GS IR AT A I IR S e I
WY | TR LA AR A AT S SO B I R Y
i, IR R R

5 HHBERERE

BEEER.

i3

(15) IR T EKST, KELE, B 2R
T, BN Gl R, S s A gk 8 AL
Ry WG4, ERFTERE (EBFLR. 3;
BHERE: B),

(16) TREZEZHRARAANE ZXNEH%K,
BEME S FAE, T EWER GEEFA.
3, BHERE. B),



Gitelman ZEA B2 T E G RILR (2021 IR)

BREEE

(17) BGS & AALME, RATFHFEL,
AE QT M ALK EEZBZRSCELXFTHRE, BAR
B AN WHAE, BASEAE, HITAMALFETER
(GERFL. 3; BARE. B),

5.1 &R

GS BH BRI YRS, Jy KA, W R M 56 I & iE £
FEFKE A AR ORI RS . AE %= I . HELLP 25
BAE, TRERR L IRILETS . ASRFE . B AE N
AR GE AR A iR SR B I Y 7™ O A 2 B
HEMOHERE . AT WP URSE, EE
BB HAET SR Z A A R RE, Wk
OGS BB 5 fd BB 4T U AH 56 O & E & A R
%R,

GEARAT IR | R AE, FE LA TEIR
SRR DRI A W R S KPS R B
MURNTE s IR, T 5 B 4 4R 30t 7% 2t 38 i 7 2 1 5
W, WYIERRE R SIS R | i B K AT
B, BT ACEL/ARB 26 25 ) 77 16 U KUK
TEORIAR T2 R A R 00 8 P B P T R S0
ALYE R B S AR, H 3 A N BT R 30 Y A
RSO0 St K 34l NSAIDs, HoA S 806 L3
ik S ek R 6 PR B KU TGS HR Y 23 e T R
PR 7 0 T s, Sk R GE R R A
509% 00 R 7= 2SRk UV R B W 1 R R R
2, ABUE R, EIERE R RERHRLEEE
AR S5 BE S,

5.2 BEIRHER

CHEmM CS BEF AR RWE —E R, K
B sl 2 ol 4 SRR, R R ME B DY R B
SRR B TR s R CR AR iR Al AR Y
fifp T B TR T R AL RE . DR F T E IR
SE A RS, D) W ol ol gL 0 A RS
Tebr, R 2 RHME . WA R B O R
HAp, XF GS BEBMAMZ &M, i gEKF
WA BB, AR ] SR BRI R R F 5 T
B FE rE HERE,  IMLER AT 3.0 mmol/L, I 86 B
AMEF0.5 mmol/LI 7 bR WS [ 75 1 AR . fIK
B ILAE X R W 2555 OS2, A SRR 2 4 %ot 185 i
P05 v e XU

6 NG

GS JE— st (L TEF/INVE B, B 3B AR

MR, BOR M Z A UE S 878 GS IR A ] 5 Y R 1E
FNVE TR S, R L R ALAE, b ] B
OHRHE . BB T OREREIR . A RKEKFR
GEETFENEOL, TAROR, BN GS A RHT TG K
ARRIE, WITH B GS R AL AT, L, A
T RO IE LR 2# UE G, M GS Byl PR R BL 5 70 1Y
FIRAEAIZ W, YT A PR A A T R, A
By PR RO R IT A B ERR 2T NS, ROk,
Wi B2 GS o f Wi PRATE 5 TR 9 69 B, LUK
AW A SE

EB TR, HATH e KB ITEIRER, M ERH T
IAELE, FFAEAS, TR AW AR TAEE 3] Lk,
MEEPAE, WRAB S FHERTR, S Ew
fa, StRJE Ay PTA R R ALkt R ET &
Wy #IR, MgeiE, S, AR, NRkE, FF
A3 3R R RATE T A FAL

FIZZE, BT AT EABARY FRRE
B B AR

BHRAMG (0 CEFRHET)

HmH (AR REREAM), BE (PLXER
BH—EREAF), B (EHREFKRFRELT
ZRERENF), B (FIZXFEFREWES —
ERFIERY ), HEN (AEXFRELLER
BAH), R (FLRFEFRWES EREN
), EHE (AFEHAFAEREAA), 254H (L
wAEREAM), FAL (ARFEREERE
A, xhF (LFrhEREZ4H), 2%
(BHEHXFMELTILEERTAH), Mk
(AFWAERRLEARNF ERATHFHAET),
NHEF (FPREXHFRABEFHRL EFiR4
FAR), BR (FBLEERABRAREREFAM),
EAM (AFERFAHR), KKk (LBHERIEER
BAf), 22 (ke EREAHM), 5% (L
TR ERERA), 4 (LERBRXFEFRH
BwHEERENHA), F%FH (AFHRERA SR
), IR (ARXFFHFZERTFAH), 8K (L
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(mWf ERREHR), KE (AXXFFHF—ER
BARA), kT (AFEHFRERS A BETRER
ENHEARELEZRET), AF4L (PLRERES
—EREAH)

Vol. 12 No. 6 909



R B % gt &

MPLARR: k& (xR ERTAF), #&H
(R AERILF), FHE (HFZXFEFRH
BHEEREAM), £EF (LR ERA L
#)

PEE: Gm# (AR REREAHR), K& (1
FWRERENA), HH (LR FERILA),
FAE (LXK FEFEWES —EREAF),
EhE (AR ARERALA), Birk (4 HILA
R EILEEREAA), H2F (PLREH
BHE—ERENR), BAH (LTl ERER
), LR (EBREREAH), EHFHF (L
FWRERTRA), 2m (LR FFEREA
#)

2 £ X W

[1] Blanchard A, Bockenhauer D, Bolignano D, et al. Gitel-
man syndrome; consensus and guidance from a Kidney Dis-
ease: Improving Global Outcomes (KDIGO) Contro-versies
Conference [J]. Kidney Int, 2017, 91 24-33.

[2] GitelmanZE G AELIR L FILHPMELL. Gitelman ZE51E 2
LRI [T]. PAEAREE, 2017, 56: 712-716.

[3] Graham AJ, Gelfand G, McFadden SD, et al. Levels of ev-
idence and grades of recommendations in general thoracic
surgery [J]. Can J Surg, 2004, 47. 461-465.

[4] wiREESNBESS, EaH, KEER, F TEK
NMLNRIE A AE 97 & R 3ER [T]. PR,
2020, 59. 498-510.

[5] Jones J, Hunter D. Consensus methods for medical and
health services research [J]. BMJ, 1995, 311. 376-380.

[6] Zhang L, Peng X, Zhao B, et al. Clinical and laboratory
features of female Gitelman syndrome and the pregnancy out-
comes in a Chinese cohort [ J]. Nephrology ( Carlton),

2020, 25. 749-757.

[7] Tseng MH, Yang SS, Hsu YJ, et al. Genotype, pheno-
type, and follow-up in Taiwanese patients with salt-losing
tubulopathy associated with SLC12A3 mutation [J]. J Clin
Endocrinol Metab, 2012, 97. E1478-E1482.

[8] Bulucu F, Vural A, Yenicesu M, et al. Association of
Gitelman’s syndrome and focal glomerulosclerosis [ J J.
Nephron, 1998, 79. 244.

[9] Rosado Rubio C, Fraile Gomez P, Gomez Muiioz MA,
et al. Clq nephropathy in a patient with Gitelman syndrome
[J]. NDT Plus, 2011, 4; 392-393.

[10] Hanevold C, Mian A, Dalton R. Clq nephropathy in asso-

ciation with Gitelman syndrome; a case report [J]. Pediatr

Nephrol, 2006, 21 1904-1908.

910 November, 2021

[13]

[16]

[17]

[19]

[22]

Chen Q, Wu Y, Zhao J, et al. A case of hypokalemia and
proteinuria with a new mutation in the SLC12A3 Gene [J].
BMC Nephrol, 2018, 19, 275.

Konrad M, Nijenhuis T, Ariceta G, et al. Diagnosis and
management of Bartter syndrome: executive summary of the
consensus and recommendations from the European Rare
Kidney Disease Reference Network Working Group for
Tubular Disorders [J]. Kidney Int, 2021, 99. 324-335.
Shao L, Ren H, Wang W, et al. Novel SLC12A3 muta-
tions in Chinese patients with Gitelman’s syndrome [ ] ].
Nephron Physiol, 2008, 108: 29-36.

Qin L, Shao L, Ren H, et al. Identification of five novel
variants in the thiazide-sensitive NaCl co-transporter gene in
Chinese patients with Gitelman syndrome [ J]. Nephrology
(Carlton) , 2009, 14. 52-58.

Miao M, Zhao CQ, Wang XL, et al. Clinical and genetic
analyses of Chinese patients with Gitelman syndrome [J].
Genet Mol Res, 2016. doi: 10. 4238/gmr. 15027859.
Wang F, Shi C, Cui Y, et al. Mutation profile and treat-
ment of Gitelman syndrome in Chinese patients [ J]. Clin
Exp Nephrol, 2017, 21. 293-299.

Liu T, Wang C, LuJ, et al. Genotype/phenotype analysis
in 67 Chinese patients with Gitelman’s syndrome [J]. Am ]
Nephrol, 2016, 44, 159-168.

Ma J, Ren H, Lin L, et al. Genetic features of Chinese
patients with Gitelman syndrome: sixteen novel SLC12A3
mutations identified in a new cohort [ J]. Am J Nephrol,
2016, 44. 113-121.

Zeng Y, Li P, Fang S, et al. Genetic analysis of
SLC12A3 gene in Chinese patients with Gitelman syndrome
[J]. Med Sci Monit, 2019, 25. 5942-5952.
Vargas-Poussou R, Dahan K, Kahila D, et al. Spectrum
of mutations in Gitelman syndrome [J]. J Am Soc Nephrol,
2011, 22. 693-703.

Glaudemans B, Yntema HG, San-Cristobal P, et al.
Novel NCC mutants and functional analysis in a new cohort
of patients with Gitelman syndrome [J]. Eur J Hum Genet,
2012, 20. 263-270.

Peng X, Zhao B, Zhang L, et al. Hydrochlorothiazide test
as a tool in the diagnosis of Gitelman syndrome in Chinese
patients [ J ]. Front Endocrinol ( Lausanne ), 2018,
9: 559.

Nozu K, lijima K, Nozu Y, et al. A deep intronic
mutation in the SLC12A3 gene leads to Gitelman syndrome
[J]. Pediatr Res, 2009, 66: 590-593.

Nozu K, Nozu Y, Nakanishi K, et al. Cryptic exon activa-
tion in SLC12A3 in Gitelman syndrome [J]. J Hum Genet,
2017, 62. 335-337.



Gitelman ZEA B2 T E G RILR (2021 IR)

(27]

[29]

[34]

Lo YF, Nozu K, lijima K, et al. Recurrent deep intronic
mutations in the SLC12A3 gene responsible for Gitelman’s
syndrome [ J]. Clin J Am Soc Nephrol, 2011, 6:
630-639.

Nagano C, Nozu K, Morisada N, et al. Detection of copy
number variations by pair analysis using next-generation se-
quencing data in inherited kidney diseases [J]. Clin Exp
Nephrol, 2018, 22. 881-888.

Tavira B, Goémez J, Santos F, et al. A labor- and cost-
effective non-optical semiconductor (Ion Torrent) next-gen-
eration sequencing of the SLC12A3 and CLCNKA/B genes in
Gitelman’s syndrome patients [ J]. J Hum Genet, 2014,
59 376-380.

Ashton EJ, Legrand A, Benoit V, et al. Simultaneous se-
quencing of 37 genes identified causative mutations in the
majority of children with renal tubulopathies [ J]. Kidney
Int, 2018, 93. 961-967.

Hureaux M, Ashton E, Dahan K, et al. High-throughput
sequencing contributes to the diagnosis of tubulopathies and
familial hypercalcemia hypocalciuria in adults [J]. Kidney
Int, 2019, 96. 1408-1416.

Richards S, Aziz N, Bale S, et al. Standards and guidelines
for the interpretation of sequence variants: a joint consensus
recommendation of the American College of Medical Genetics
and Genomics and the Association for Molecular Pathology
[J]. Genet Med, 2015, 17. 405-424.

Riveira-Munoz E, Chang Q, Godefroid N, et al. Tran-
scriptional and functional analyses of SLC12A3 mutations:
new clues for the pathogenesis of Gitelman syndrome [J]. J
Am Soc Nephrol, 2007, 18. 1271-1283.

De Jong JC, Van Der Vliet WA, Van Den Heuvel LP,
et al. Functional expression of mutations in the human NaCl
cotransporter: evidence for impaired routing mechanisms in
Gitelman’s syndrome [J]. J Am Soc Nephrol, 2002, 13;
1442-1448.

Kunchaparty S, Palcso M, Berkman J, et al. Defective
processing and expression of thiazide-sensitive Na-Cl cotrans-
porter as a cause of Gitelman’s syndrome [J]. Am ]
Physiol, 1999, 277. F643-F649.

Sabath E, Meade P, Berkman J, et al. Pathophysiology of
functional mutations of the thiazide-sensitive Na-Cl cotrans-
porter in Gitelman disease [ J]. Am J Physiol Renal
Physiol, 2004, 287. F195-F203.

Colussi G, Bettinelli A, Tedeschi S, et al. A thiazide test
for the diagnosis of renal tubular hypokalemic disorders [J].
Clin J Am Soc Nephrol, 2007, 2. 454-460.

e, H 2, B, B OAE TERIKEE
Gitelman ZE GRS A WP g RIH] [J]. B 2R

[39]

[44]

Bedi, 2016, 38: 275-282.

Nozu K, lijima K, Kanda K, et al. The pharmacological
characteristics of molecular-based inherited salt-losing tubu-
lopathies [ J]. J Clin Endocrinol Metab, 2010, 95
E511-ES18.

SR, BRBKHT, ZRedT, AF. wk ZEOR/ SR WE R 1 A I
5576 JLE Bartter £ 1A Gitelman 25 A 1F 4252 W P (1)
BEAT [T, WAJLRHIGAE, 2016, 34: 891-893.

Lin SH, Cheng NL, Hsu Y], et al. Intrafamilial pheno-type
variability in patients with Gitelman syndrome having the same
mutations in their thiazide-sensitive sodium/chloride cotrans-
porter [J]. Am J Kidney Dis, 2004, 43. 304-312.
Fukuyama S, Okudaira S, Yamazato S, et al. Analysis of
renal tubular electrolyte transporter genes in seven patients
with hypokalemic metabolic alkalosis [ J]. Kidney Int,
2003, 64. 808-816.

Lin SH, Shiang JC, Huang CC, et al. Phenotype and gen-
otype analysis in Chinese patients with Gitelman’s syndrome
[J]. J Clin Endocrinol Metab, 2005, 90. 2500-2507.
Berry MR, Robinson C, Karet Frankl FE. Unexpected
clinical sequelae of Gitelman syndrome: hypertension in
adulthood is common and females have higher potassium re-
quirements [ J ]. Nephrol Dial Transplant, 2013, 28.
1533-1542.

Cruz DN, Shaer AJ, Bia MJ, et al. Gitelman’s syndrome
revisited: an evaluation of symptoms and health-related
quality of life [J]. Kidney Int, 2001, 59. 710-717.
Tammaro F, Bettinelli A, Cattarelli D, et al. Early ap-
pearance of hypokalemia in Gitelman syndrome [ J].
Pediatr Nephrol, 2010, 25. 2179-2182.

Jiang L, Chen C, Yuan T, et al. Clinical severity of Gitel-
man syndrome determined by serum magnesium [J]. Am ]
Nephrol, 2014, 39. 357-366.

Larkins N, Wallis M, McGillivray B, et al. A severe phe-
notype of Gitelman syndrome with increased prostaglandin
excretion and favorable response to indomethacin [J]. Clin
Kidney J, 2014, 7. 306-310.

Jeck N, Schlingmann KP, Reinalter SC, et al. Salt handl-
ing in the distal nephron: lessons learned from inherited hu-
man disorders [J]. Am J Physiol Regul Integr Comp Physi-
ol, 2005, 288. R782-R795.

Liaw LC, Banerjee K, Coulthard MG. Dose related growth
response to indometacin in Gitelman syndrome [ J]. Arch
Dis Child, 1999, 81. 508-510.

Blanchard A, Vargas-Poussou R, Vallet M, et al. Indom-
ethacin, amiloride, or eplerenone for treating hypokalemia
in Gitelman syndrome [J]. J Am Soc Nephrol, 2015, 26.
468-475.

Vol. 12 No. 6 911



[63]

Peng X, Jiang L, Chen C, et al. Increased urinary
A potential therapeutic
PLoS One, 2017,

prostaglandin E2 metabolite
target of Gitelman syndrome [ J].
12, ¢0180811.

Cho YJ, Park GT, Cho YJ, etal. Renal potassium wasting
and hypocalciuria ameliorated with magnesium repletion in
Gitelman’s syndrome [ J]. J Korean Med Sci, 1997, 12:
157-159.

Robinson CM, Karet Frankl FE. Magnesium lactate in the
treatment of Gitelman syndrome: patient-reported outcomes
[J]. Nephrol Dial Transplant, 2017, 32. 508-512.
Hayashi M. Gitelman’s syndrome and hypomagnesemia [J].
Intern Med, 2004, 43, 351-352.

Ayuk J, Gittoes NJ. How should hypomagnesaemia be in-
vestigated and treated? [ J]. Clin Endocrinol ( Oxf),
2011, 75. 743-746.

Sundram V, Daly E, Waldron M. Gitelman syndrome:
Case report of a toddler following salbutamol inhaler [J].
Archives of Disease in Childhood, 2019, 104. A182.
Tursi A. Gitelman syndrome triggered by proton-pump inhib-
itor use [J]. Dig Liver Dis, 2019, 51. 911.

Yuan T, Jiang L, Chen C, et al. Glucose tolerance and
insulin responsiveness in Gitelman syndrome patients [J].
Endocr Connect, 2017, 6. 243-252.

Blanchard A, Vallet M, Dubourg L, et al. Resistance to
insulin in patients with Gitelman syndrome and a subtle inter-
mediate phenotype in heterozygous carriers: a cross-sectional
study [J]. J Am Soc Nephrol, 2019, 30, 1534-1545.
Ren H, Qin L, Wang W, et al. Abnormal
metabolism and insulin sensitivity in Chinese patients with
Gitelman syndrome [J]. Am J Nephrol, 2013, 37. 152-157.
Knoers NV, Levtchenko EN. Gitelman syndrome [J]. Or-
phanet J Rare Dis, 2008, 3. 22.

Fujimura J, Nozu K, Yamamura T, et al. Clinical and Ge-

glucose

netic Characteristics in Patients With Gitelman Syndrome
[J]. Kidney Int Rep, 2018, 4. 119-125.

Cruz DN. The renal tubular Na-Cl co-transporter (NCCT): a
potential genetic link between blood pressure and bone density?
[J]. Nephrol Dial Transplant, 2001, 16; 691-694.
Nicolet-Barousse L, Blanchard A, Roux C, et al. Inacti-
vation of the Na-Cl co-transporter (NCC) gene is associated
with high BMD through both renal and bone mechanisms:
analysis of patients with Gitelman syndrome and Necc null
mice [J]. J Bone Miner Res, 2005, 20. 799-808.
Gutierrez M, Silveri F, Bertolazzi C, et al. Gitelman syn-
drome, calcium pyrophosphate dihydrate deposition disease
and crowned dens syndrome. A new association? [ ] ].

Rheumatology (Oxford), 2010, 49. 610-613.

912 November, 2021

(ks -

Favero M, Caldo LA, Schiavon F, et al. Miscellaneous
non-inflammatory musculoskeletal conditions. Bartter’s and
Gitelman’s diseases [ J]. Best Pract Res Clin Rheumatol,
2011, 25. 637-648.

Igbal Z, Sayer
syndrome [J]. QIM, 2016, 109 563-564.

Vigand C, Amoruso C, Barretta I, et al. Renal phosphate

JA. Chondrocalcinosis and  Gitelman

handling in Gitelman syndrome--the results of a case-control
study [J]. Pediatr Nephrol, 2013, 28. 65-70.
Bouchireb K, Boyer O, Mansour-Hendili L, et al. Fan-
coni syndrome and severe polyuria: an uncommon clinicobi-
ological presentation of a Gitelman syndrome [J]. BMC Pe-
diatr, 2014, 14, 201.

Balavoine AS, Bataille P, Vanhille P, et al. Phenotype-
genotype correlation and follow-up in adult patients with hy-
pokalaemia of renal origin suggesting Gitelman syndrome
[J]. Eur J Endocrinol, 2011, 165: 665-673.

Zhou H, Liang X, Qing Y, et al. Complicated Gitelman syn-
drome and autoimmune thyroid disease: a case report with a
new homozygous mutation in the SLC12A3 gene and literature
review [J]. BMC Endocr Disord, 2018, 18; 82.

Miao 7, Gao Y, Bindels RJ, et al. Coexistence of normo-
tensive primary aldosteronism in two patients with Gitelman’s
syndrome and novel thiazide-sensitive Na-Cl cotransporter
mutations [J]. Eur J Endocrinol, 2009, 161 275-283.
Mishima E, Mori T, Sohara E, et al. Inherited, not ac-
quired, Gitelman syndrome in a patient with Sjigren’s syn-
drome: importance of genetic testing to distinguish the two
forms [J]. CEN Case Rep, 2017, 6 180-184.

Elkoundi A, Kartite N, Bensghir M, et al. Gitelman syn-
drome; a rare life-threatening case of hypokalemic paralysis
mimicking Guillain-Barré syndrome during pregnancy and re-
view of the literature [ J]. Clin Case Rep, 2017, 5.
1597-1603.

Srinivas SK, Sukhan S, Elovitz MA. Nausea,
and muscle weakness in a pregnant adolescent [ J]. Obstet
Gynecol, 2006, 107. 481-484.

Mascetti L, Bettinelli A, Simonetti GD, et al. Pregnancy

emesis,

in inherited hypokalemic salt-losing renal tubular disorder
[J]. Obstet Gynecol, 2011, 117. 512-516.

Moustakakis MN, Bockorny M. Gitelman syndrome and
pregnancy [J]. Clin Kidney J, 2012, 5; 552-555.
Gallagher H, Soar J, Tomson C. New guideline for periop-
erative management of people with inherited salt-wasting al-
kaloses [J]. BrJ Anaesth, 2016, 116: 746-749.

2021-07-26 . 2021-08-04 7EZE: 2021-10-15)
(ARG FEIR)



	目录（医脉通临床指南整理）
	摘要
	１　共识制订方法
	２　临床表现与诊断
	３　治疗策略
	４　慢性并发症及合并症的管理
	５　特殊情况管理
	６　小结

