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R ¢ 6 RS SRR TR - AR 2R S, YUbk A2 Lz, UP/UC 1.0 Hif%
DE AR ZFHENIERD, BAEMART L7oRiR, JCFBREHE T 16 E4 9 kbR
ERARZRRO T2 TR & BUL S iz, B BAME R TSR BRI AL EBEEIE DO AR50



s g O 2788 AS(Alport JEMERD) bz, 4o T —47 2 ab BB TEY A
JAROY B0 XLAS (X et R Alport JEMERE) &REEZW, & AT
COL4AS5 8151 exond9 |2 I A& AR A FRO 7=, BHEEIRFF - JRE LB 2 W47 L ARB
ZHALZR, BARTEDET, 13 LV iRxIC J]’]l‘{FJ Cre il FA-Z7B»7=, ACE1%
BN U 72 SERERE IR T 1T, 15 mElFIZ CKD stage3 12 . BifE UP/UC 1.5~2.0, eGFR
35 mL/min/1.78 m2 {iif%2 THERE L T %,

BWEGZEDS  NEEI \ZE - 72 X Yo fRE g8 Alport SEMERE O LR H]. A/ AEE
2017 ; 121 : 236.

JER] 11

23 A M

FIEE « FETALREAS 20 A CRIRB A FRRE. 40 RBHEA SN 45 01, R ERAE Tl
JRZFRD | WEIRE B AR ST,

EOMER « HARBS X OIRBIZE CTH LR BE 72 L,

FKY « 3 7% O BB R A 588 . 14 ERFICIRAIMIR & 0 fE 5232 Lic, 18 i b &
0.3 g/gCr EDOE AR AZRD, 20 w0 bERARIEHHE L, 23 B AR BRI ABE L
77 H 164cm, AHE 51 kg, I 112/65 mmHg, BHEREIZIER TR L, HafB X
UHIRBIZZ T LN B 72 L, BHIR 0.35g/gCr, JLAIRIMER>100/F, Y FBHMEE T
BN 7o 72 < | B BEISEE CIEoRBRIRELE MU OV E APEIC SR L A 5B D 7203, JEiIRZE
1EoM8 BIRZE(bIZ 22 o o, SR HOE Y TlE o BRGICRE 2580 Rh-o T, FEEILE
JEEMERE DN BRI T2 203 BB A C COL4AS @ exon 19 (23T 36 HE R D KB Z 580
XLAS (X #EH Alport SEMERE) &72Wr L7-,

EAGIE— D ab SHNIE R ICY SN IEE LS BEMERE DN SO N T2 BB T HRNT T2l
o= X#EHME T VR — NMEGEREO BEE] B IEREEE 2015 ; 28 1 124.

JER] 12

13 A R

FIRIE B AR (OBHITER AR CRIEE & bic X #EH Alport SEMRE L2
Wr) . REARRE, REGEE, RV E 23R - EERUH%énm\éo

BAMELR © FhE7e L,
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) 3 RN D DOMIR - BARD T2 TR ERE T LI 2 A, 35 HOBILR
RO MM AR E 1R FR VI T N TITRED A % 0 AHIILIEIE A B 7,
BIEMEE T, REREO RSB IEE L L B - S o2 @b 2B, BEYea T IV
BaZ—5 v ab HRRIEDTZ®, Alport JEMHEE W L7z, Ll SREGRET IgA 28
SRERIRLRIFEE (29 - CUkaE L. B FBAIKEE CITILIEMN &5 2 2 % 7 A58IkIZ electric
dense deposits (EDD) 23#7E L T\ /=, EDD OLEITEERNICEE TH V. IgA DIk
HNH— B TR 7 TgA BUE L 13 B2 > T, IgA BIEO AL EETE T, 7
XAT v VEIERIAEREOR 5 CRIBEIZE L T\ e, 12 mE K AR E B ROM
e EERE DAL 2RO T2, 13 R 2 [ B OB EREIEIT L & 2 A, P HEMEE
TIE, WEAMEDOTFED A Y % 7 ARIEHE 2 580 VI P55 OfHE L & RIS 2
M & RBDTR I 17 Y MR E T2 EFHEMETH EDD IFER O e h o7,

BARZE A5 PRI AR T IgA 572 - 7228 B HIZkEME(L LTz Alport JEfERED —
HIEG., BHIEESE 2015 ; 28 : 219.

JER] 13

11 IR

FIERE - B NS BAREER S TS,
EAMIEIR 9 TR I IR P S,

PR T IR O FRARIR TR AR & MR 2 154 S a7z, MRIZ2 R RS & TS IE A2 789
X7 v —VREGEHEOZM CARE Lz, JREH 3+, il 3+, LiEFRIMEK 50-99/hpf, 1 EIJT&
EH 4.2g,. TP3.4g/dL, Alb 1.51 g/dL. T.cho 345 mg/dL. #H{RIER . BHEREER, &4
R ONFIEEE TIE AT X0 AHilal L OEE OB ANH B, MR & — Rk
@ double contour, FEMEMIAEM: - H AR, MERE 2RO 72, SEHURETIL IgM (++,
RAGREREE) . Fbg (++, RIEFRERRE) . C3 (+/-. KMHMRED 238k, IgA. IgG. Clq ¥k
P£C MPGN Ok CTh o7z, A7 A KL REEBL N 707+ A7 73 NELH%
Tolzi, REAITEDET, 7 oxRY > (CyA) 285 L1-E ZAREAIL 1g/H LU
TeAhy, REAMEDOUELZ L, VETL =Y EHNIRE CyA H5 %k L=
25, BERRMIRITERGE L. IREAIIASEEMOE £ 10 LRI UT-, £72 9 m%HE
(R RS & 22 Siuio, 11 AR R ARG T, YR BEISEEIT R0 E] R AR AR R AR
MPGN Th v, BB RISCRERAE R O RN BRIZ 3 # b, IR L & g 0% )8
{bZ7 D, SRERIRILERE ERZ T2 deposit #8872, IV i collagen a {0 g Yuta ©
1% ab SO KB E RO 272 X Yt AR Alport JEMGERE & 20 L7z, BEBMEEIZES
THLHINEEEAR (4~6g/H) BFFEL TS,
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Z OB 2T — VIR R A RIE UBEMEEE IR R ER AR 28 (MPGN) ARG A2 2R L7
X 47 Alport JEfERED —]. HIEREE 2014 ; 27 : 157-158.

SER] 14

11 s H IR

FIGIEE « REEUTRE R L,
RESMIER - RFEHL

HK) 3 IR ICCIRER - B A2 4E, 4 a7 —/7 2 ob ORI E T YA 7RISR
W, COL4A5ELTIZEA L PCR « By — 7 =0 ZIEICTHENT, EXON25 NIZ G638S D
IR RER LIEFE OWEY A HER LT, Lt kiT 46XY T, AME Y A 7 ZRIZLD
Alport JEMERE (AS) OIIIEH &2 Wr, REFITRF 22 L, AS (X EMER 2 TR 85% 48 X %
EARESETTH Y | ab DEVA 7 IRBBUIARLMETRD D, BIRFIID THTH Y &
HT D,

LTIERIMAD IV a T —7 2 ab HORHZ TV A 7RISR 7= Alport SEMERED 1 B IR
. A/NREEEE 2009 ; 113 : 1028.
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T OLEAREEMER T L AR — NEBERE

HEBT 1

64 M

FGIERE - N OBIRICIRS Y,

REOMEIR © PSS IR S PRI S 1 IGR O o T,

2K 20 A6 O MR, BAROBERH VD | 64 RO EHIEZ CRRERT (IR, &
FIR) & BEREREE (eGFR 53 mL/min/1.73 m2) % fafi SAVYPera i, WEREIR CTIRIE
& 1~2 glgCr DEARZRD, BAEBMITL2E 24, HE ORI A 2780,
BT AL C IR L R A 58 7, Alport JEMEREA SRV, FIEE A B A MR T
D& MR ZFRD D BBEDPEBAAFAE LTz, AN EBIBTIITICOWTHR LT L7z & 2
A R EE 2 DN DBER OB FERNFEE v, W ERENE Alport JEMRE & 22 &
VAR Y

BRAZ D« BAERZ RSN R > IO R ARENE Alport JERIED 1 1. HEREE
2021 ; 63 : 860.

HEB] 2

63

FIERE &, MR, FRICAIER] & RERORIREZEF H Y,
BEMER - PR ITTR D b e hr o Tz,

25K 0 20 R DRRIRSEH (RIEIL 3+, JREH 1+) M STz, e ICBHEEEIRT
D, EHEREIEE M OWRIR B H ORSE. I H ANIITE X0 S4B 4 BHEI T & o7, 12
BFRIR2IC CIRIERFIEE (50, 1, FRICFAROBIREF H V) 2o, FRME IgA BIES
Alport JEMHE 2 BE VB AR 21T o 7o, BARORIR, SCFBRMEUE T A > F 7 AR,
SR B & 3 I AT s o T, BOEHUATE TIX IgA DUEEZRD T, IVRIa T —5
ab SHITIEIER, AN~ U REILICHRICY . SN2, BT BBEHE TR OIESE L &
—HTEE L ARRO T, LRI F Y AN Alport SEMRHE & 5\ VB 1T & JidT L7z
i, COL4A3 D> Y 2 40 (TR LB 2 DD ~T nHEEREIR FARNRE S,
ADAS (i JuafRENE Alport SEMRE) &2 L7,
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INARERE: B @ IRIE R FIRE 2 0 O MR B 0 b R o W YL R M Alport i 5
(Autosomal Dominant Alport Syndrome : ADAS) @ 1 f4]. HE¥45EE 2021 ; 63 : 830.

HEBT 3

60

FIRIEE - Rle, BAARE, BHOK, RANMRS D,
BEAMER @ MK A RS PRI S IR O R o T,

LK) 1 10 mEIFIC AR T OIRIG I A F5H. 25 sRFICRR R R AR & A T S 7o Sl o
T, B, AR BEOLR, BB LMREZRO UGN %2, Cre1.38 mg/dL, eGFR
31.6 mL/min/1.73 m2, JREH 0.7 g/day. RILIERIEK 20-30/HPF Tdb 0 B AT, Ot
ZPAMEE CHRERIRIT intact TH Y, FETIIAERILEYIIHGECTE P IV a7 —4
a2/ab DHRPEGE T E intact, EHE CTIFFREFEE LM D 100-200 nm FEHEA L4 RHIZFROIE
WEALEEDE (TBMD) (CHEY L7223, — IO B G AR T o 7o, BB
H TO%FEEE L PRAMGE VE DR LN A B AL, —EIT IR Ok b b A Haviz, FHEE)
SEBE FRAENiTT, COL4A4 DTy V> 33 12~T B ARG A RNFE S, FY e
R Alport JEBEREDOZW & 7r o7,

KRIPREND © COL4A4 R T2 L 2 WO T VR — MEfREED 1 61, AE=
i 2021 ;63 : 723

HEB 4

50 mflzctE

FHERE « RS MENT. BUEFNE & 2 OB 2N & BHRERE,
EOMIEIR « B, ANFRIZ R o7z,

KD /NERROED B MR 2451 S 1 40 AR EIC B AR AT Sh 2B RRAHTH -
7z D% Cr3mg/dL L7220 Ytz L, MELHEEN, ILARMKEBEAREHE- T
T ENOBEMEFMAT Uiz, SRERIRIE 12 8 3 ML L, mEORERE 2380720
REREDZAITZ LdvoTe, L L, B BIE TIRCRERIFREREE O SEE L 238 7, TV A
277 ob SHYLEMEORFROEE, AR 723, Alport SEMHE 2 BE\ BT
BERMAT LI 25 COL4A4 DA > b u s 41 (T~T B A REG A B2 B F Al
M Alport JEERE (ADAS) S22l L7-,
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WOKKEBIED + BIREN T RO F R & FLEEAT R2N2 W o —Bh & 72 - 72 B Y o R e
Alport JEfERE. HE=FE 2020 ; 62 : 555.

HEBT 5

26

FHERE © FHI PR CIUR Z Ff S 4u. 22 kR OB A CRERIS IR o JEE L & FE 4
i, 48 CTHNTEA SNz, REFMHAIL 58 I CHBITEA SN2, REFRSUTMESH V|
% Cr 1 mg/dL & CTH D,

BOOMER © I e o 72

) ¢ 8 IR TR 278, 10 sERFICHEAT U 72 B AR Tl hEk (k2 k¢, B8
s THRIEIEOIEFE(L & splitting & 5B 72, 10 A1 X 0 BHEAREAVMEK T L. 26 iHE CKD
AT— G3a Thol-, i, —HLTEARTRDLholz, KEHE L ORHIC
COL4A4BAR T DFHADO~T G R R R E S, WY G REM: AS (Alport SEMEHE)
Lz sz,

SRS BAREZE ST CKD 27— G3 & & L2 F YR8 Alport JEMERED
16, BANERARESEE 2020 ; 40 : 184-187.

IED] 6

44 i

FERE - BBUTAEENOEIRE BEREL ) JRIEMZ2 R STz,
BAMESR  IRIEA & BE R E I e o T,

FKY ¢ 9 RREIC PR CIRIEIN. - JRE B A FRfE S 472, 10 B - 14 RERFIC AR R AR
EHATSND bW OO0 ehoTo, DIBRIZEREREZ 2 Lih o7, 43 IS E
WTIREZZ2 LIZBRICRE B 26 S s S vz, JRER 5.3 g/gCr, Alb 3.1 mg/dL,
Cr0.98 mg/dL TH v, B/EMEHEIT L7z, SO BAMEE TITRERIKICZE TR Do 72Dy IR
RS ARG N LS 2 B Ao VIR AR D BE TS A B LT, BB BAMEE TR BRIR IR O A~ H H]
PR &R g DM B AR A B S AL, TAR— MEBEREEZW LT, 4 Wa5—4 2 o5
YA CILRRE & BN B & FIERIC M T o 72, BB T2 C COL4A3 EIn 1|
FHRO~NT o FELSRI A 2R (c.1909G > A, p.Gly637Asp) ARt L. & Yt i
BT VAR — MEGREA R < Bz,
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SLEE S x 7 a—PIEERE A RIS L2 T VAR — NMEBREO 1. BESEE 2019;
61 : 907.

REBI 7

39 A

FIRIE  JRET RS DIRIERFIRED Y,
BEOMIEAR © W OB R E VR D V)

LK)« 3 RF ISR - JRE A &2 9D THIE, DABERIRBOICIRIE L - JRE A 278D, JEI7HE
’V‘?HEE‘JE{LJT&%:M&’)%) EbdoTo, 29 BERFICEIME AR Shv, BIEIES LA, RIS

JREEDFHET D720, X—10 FHFHIFEIT. BAR BRI ARL, ARtk JREH 0.4
glgCr. JRARIMEK 30-49/HPF., Cre 0.74 mg/dL. fE (BMI 32 kg/m2) ZRH7-, BAmHm
E, —EBOSRERRIZ A Bt DR A 386D | ARG AE O ZRME B S0 Hi kR BRI RE A LIE & 221
L7z, BEENETRALIC CTIRE A 238 TS THOMINNRE 2 Mkt L TNz a3, Pt - iR
WaL FI5A4T U AFIRETH T, LISJE - NARH T A 20 IR L, f)E RS (UE
i E 200 mmHg) . fFEE(L (HbAlc 7.8%) %3l X FIZHEE AN EIT o712, DL,
PRI SR OYRIE 72 FEEREEDHIBA . T O s R A 5R 6 . Alport JEMEREDNEEDIL
7o BAERRKTIX IV EID T — 7 o Yol IEF S % — 2 Th o 1203, Bin TN ¢l
COL4A4 D~T v G WERZRO | G MENE Alport JEBRE & 2Wr L7,

KERFAD IV Bla o —47 2 ob S50 1E 5 BRI HitE R ERIARELE Cilln 21
Alport JEEREE 2 L7- 1 6. HB&3E 2019 ; 61 : 883.

SEB 8

69 i A

FHRIE « BEDS T5 BRI EATEA, /NERIERIL, 2675 50 I MRS ITE A,
ESMIEIR « ik MRS A 58D T2 AN RHEAY 2 IR B OHEI SRR D e v o T,

) © X-19 4E Cre 1.5 mg/dL OB HEGEREE & MR, RAREZER I, FRE L&
PERBS R SR DAL S B DIEH L D72 DB RS G T T &, FAER S AR & ifT L
GERATIIIVRa T =7 a5 IZRFEZRD o 7o Alizhks £ 0 £ & [FREIZ MCV 59.0
L O/PNERMER M ZFRD TR Y . X-6 FEIEREZEH 2 51T L7223 B 27 B AT L 7 < R
RHTH -7, BHEREITR 2 IR T L X-1 4 11 AICRENTEA & 72 o T, Bin kT o
FER COL4A4 (2R KRZEH: (¢.1323_1340del : p.441-447del) ZiB0T-, FHEMRE L Ein A
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BN O YL R Alport SEEREN SO T2, COL4A4 EAG75 8 L /NERIMEA 1L o> BE
DOWTIIHM S TIXAME IR < . SBMH28ET 5,

WAREM S« COL4A4 KRR &R To/NERVER L 2 £F 5 Alport JEWEED —BI. HEE3E
2019 ; 61 : 746.

HEBT 9

50 mflzctE

FHERE AL REDSBE PRI VEREE.,
BAMEIR - EEREDH 0,

LK) « 30 kE & 0 MR ClbEBitAR. B O, 33 IS RMEHEIE TR, 43 kiRIR R
(R 3+, %A 3+, Cre0.85mg/dL) D7=DfEMHI2 S, BEO b REBRERE
MiAT, SCFBEABEE CRIE ISR Z — RO, EIIRMET, ob OKREBRETYA 71X
Do Tz, EBAMBE CRIKEOIEE LN A DT, 46 /22 MEEEE, 51 mE~52 ik
ZERMEER D7D AT 1 A RIEE % 3 [[lfifT, Cr 1.3 mg/dL Ak, HEd L OV EEF I3k«
ICHEATL TR Y . BARMITA & AbE T Alport JEMEREN SE DIV, BI5FIRA C i YL /i
P Alport SEWERE (COL4A4 ~7T n A HRER, I AU AER) L2kiaini,

S MY SRR A RE L - IR EREEYR O 1 #). BRSEE 2018 ; 60 :
744.
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YL R T L AR — NEBERE

HEG] 1

22

FIRIEE « Fede L,
BEAMELR - FhEe L,

TR 0 3 R &LV MR O 2 RR O RRBBI AL S ATV ZAY, 20 BRI LD FRferYE AR DS B
L. B4R BIEFREIC TR EMKRSYE Alport JEBRE (ARAS) L ZMrL7-, ARAS I
WHELDRF L D EAREZED., 20 mARPETEARITETT 205, ABIEIEIRE) 22 BAE
Of%iE %> TN 5D,

BRI S o B MR I TR D% IZE AR S B UE RS ME Alport JEERE
DOZWIZE-7= 161, B/NRESHE 2019 ; 123 : 621.

HEG] 2

41 R

FIEHE < 72 L,

EAMIEIR « BB TGS B I L7z, IR A B o Tz,

BLH /NP MLIR 2 4540 S AL, B CREE OSRERIRIRE & 2 S 723, Fricipdgi
L7ehoTz, 39 kI E WM CHSEEA IR 245 S, REAIL 7.52 g/gCr T 3+ T
b olz, ZHEORAMA CREMIL 5.5 g/dL, JREEFIT 19mg/dL, 7 LT F=21%0.75
mg/dL &R A ME A 5RO 7o DN EHRB IR FF S L Cuve, BHSRERIRB R 2 R W A a
Tol& A, SRERIRIEL & Ao X0 AEEOHEMERD T, E7-FEIZ foam cell D
7R 2780, PAM et CREARIEROZ @b 2R, L 2ANIVREaT—57
PASENG i;ﬁikﬁﬁﬁ§fhmﬁ IZ a2 $HE ob BHORBLARD T, T OPTRITEE £ 72 (T H YLk
HVE Alport JEBERE O BIERE & U CIEMAIRY 20 72 DIBE PRI A % i L 72, COL4A3 &
G ERNFEE S 1, Alport JEGERE & @2l S vT-, w9 R H M Alport JEBEREIZ H >
MO BT, 41 EEORE R TR OBHEREIREE L)oo T,

Kamijo Masafumi, et al: A case of mild phenotype Alport syndrome caused by COL4A3
mutations. CEN Case Rep. 2017; 6: 189-193. DOI: 10.1007/s13730-017-0273-2
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HEBT 3

17% 10 A LR

FHRE - B, AR, B SARICmRZFRD =05, HEE, BRI L,
BAMEIR - FodiZe L,

2R 1 1% 2 D H BRSO TR 2 FEf S, 1 700 ZA5 KW EARDSFHE T 5720
fAIT & e ole, BAMARAT L, SOChURAT R, B BEMERT B b FW @RS Alport
FEMRREZ 5t o T2, I FIIT OREFR COL4A4 DZER (HE~T 1) ZRDT,

RILFER S+ RYEFIBRNEMIR OFRIED & 2 H Qe tafk 50 Alport JEMAED 226, H/NR
26 2016 ; 120 : 1564.

HEB 4

3 it e 1]

FHRIE « ATV WA BIRFTRBE RN H 0 | 32 CHEITEA L 720 47 CTHT Lz, K7
AR FERENIE Th 0 ., FLEEE Th 5,

BN - 31 & bR L

2K

<Rt >

TR CURYIRE, 15 MHEA T Cre 0.7 mg/dL, JR¥EM 3+, JREM 1.0 g/gCr TH 7=, 19
% (Cre 1.2 mg/dL, R 2+, JREMA 1.9g/gCr) MO TIVE T R AL BT HLH
V<) 7Yz k% RAAS block Z3 A L7278, 20 BEED S U 7 AMIE . 5 FREEILIE
B A B, 27 AT CKD stage 4 Th D,

<RFH>

6 1% CHURWIFZ, 15 3 FFAT Cre 1.1 mg/dL, JRIEIM 3+, JREH 1.5 g/gCr TH-7=, 19
% (Cre 3.0 mg/dL, JR¥EM 2+, JREM 4.7 g/gCr) 75 RAASblock #BRtG L7228, 22 1%
TENEA Lo Tz,

<WH >

45 CHURHIZ, 9k (Cre 0.4 mg/dL, JRIEIM 3+, JREM 0.98 g/gCr) 75 RAAS block
ZEA LT, MRITFE L TV D 88, JREAED L, 15 w8 T Cre 0.80 mg/dL., JRIE
i 3+, JREH 0.12 g/gCr TRAE L T\ 5,
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BAGFENT T 3IERI & b COL4A31Z ¢.4354A>T & ¢.2330G>A ODBELH~T n B B545 %3
Wiz, RITHEHT ¢.4354A>T, REIC ¢.2330G>A 23588 H LTz,

WHZEAD : RAAS block DBHAARFHINC K 0 BHEBE DRGIE N F 72 » 7= WY R Alport
JERED 3 figh . HIEREE 2015 ; 28 : 124.

HEG] 5

1% 8 2 H AR
FIRIEE « Fede L,
BEAMELR - FhEe L,

) - RBEBR CIRER 4+, JRIEM 3+A4 s, EESZZ L, Mg Alb 2.2 g/dL %
m@ BRI & rolm, 37 0 —PIEGEREDBWIHEAEL - L, X%D4Fm%%%%b
DIRE AT L. ABEE 29 7 A &5 REM LR A 2 5T, IV Al 2 7 — 7 e

WVV%®ﬁa5ﬁg% R, (YRS Alport JEMERE) L2l L7-,

BREEES 17— BEGEEZ 2 L7 WY R TE Alport JEGRED 1 61, H/NELRES
2015 ; 119 : 636.

HED] 6

22 AT

FIRIEE « FEBUCIRE R AR, FEAFRUSICIR 27880 TV D DR 2RE L < . mBICm
BAMR B 7200,

EAMERR « TR Tt RIS 26 ) U T 2 S IRIE RO FE R 7 &2 O th D BRIRSE
EINESAYAN

FKY ¢ 1 IR DR ERF O PIIRAYIMIR . 2 5k D E AR HEL L Tz, 7 kRSB A
ERAT LIz & 2 A, BBEMEIIT R CRERALER (GBM) OIE#/(L &I, Wiz iR

7272 FRRET R 5 AS (Alport JEWERE) &35 272, 22 15D eGFR (% 33.1 mL/min/1.73
m2, JREEHZ LT F =% ACE HEAINR FIZ 1.56 g/g + Cre T, BEIME T IZXF LA
PREBA LT D MR BSCR EREE 2 &2 OO EEFIERIZ 2V, A0l RSO I
THEIRTRIREMAT LT=, COL4AS DFNTZAT > e NEREZ RO I o T2, RIZ, COL4A3
BELO COL4A4 ODWHEEAT>T2 L 25, COL4A3Z ¢.3266G>A O RTHARER 2R

7oo WO CTIIREBUZ RIEAL O~T m G RE R 25RO 1203, BUTITE R Z RO 120
ST, BHEA VY XA Y I =%\, ~NTa A TR ERIT LT E 2 A, COL4AS3 %5t

20



2q36-q37 fEIE THBAREBIMEA VY XA VY I —THDHZ ENHLMITR 5T,

BART- B @ 2q36-q37 FEIIC IS T D ERoy REBINEA ¥ 21 Y I —|2 & B el Alport
SEERED 1 B, BIEEEE 2012 ; 25 : 164,
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< DAt

HEG] 1
An Assessment of Survival and Cardiovascular Events (AURORA)RBERIZES I L T\ 5
MRENT 23T TWDEBFED O BIRIEOR G 1128 4 (25 27, 280 iz, 50-80
%) . 3 & Columbia University Medical Center (CUMOC):RERIZSIN L TV 5 EIEDZ
MTan ET7 REAT A DN Z—IZBWTERSN TWABRED > bREDELN
72 2187 4 DFE 3315 4 DTV Y — MM 24T o T2 & 2 A, COL4A3 DZEFNS 2T A
COL4A4 DAEFN 21 N, COL4A5 DFEFIN 44 N CRIE &ivlz, COL4A3. COL4A4,
COL4AS5 (T2 Wi E SRR L= 91 4 D 5 B TV — MEWERE F 72 1 X IR I N
CERERZW EZ T TV DL 354 (38%) DA TH -T2, FEY O 56 4 ITFAR D EIERER
REEERE (1640 [16%]). ZJERREDAREKIKIEE (204 [22%]). ERMEBHEE A4
[4%]). @i EMEEE B4 [83%]). REAHOEIE (144 [15%]) LEIKZE S
Tu =,

Groopman EE, et al: Diagnostic Utility of Exome Sequencing for Kidney Disease. N
Engl J Med 2019; 380: 142-151. DOI: 10.1056/NEJMo0a1806891
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e bR R (7 LR — R/AL) or (Alport/AL) and (PT=JE R 5, 25 451)
Pubmed #:52 X : Alport AND (casereports[Filter])
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NEE IS OD - SEATERBEEOZE - FFEAH o FE]
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[ 74T RRGERME AT 0 — YRRl
ZEOFHIX] oFPIcEFeT

DY [7 40Ty FRERESR 7 0 —URERBZBEOFF X ] RIS
F U7co ARFFIE I BETEREADIFEE MBI G (HRETERBBERITZEHESE) [/
REHBOMD - EHETHREBR OB - MTRARlOFE] WI7est (F7eERH
ABEEEAE) O RER 7 0 —ERERE (CNS) 7 L—7 (Mf9es3#HE &
B4 T2E4) ISk > TIERS N E Lz, BRATERBECRMZESREE. TIRARKNZ
WAL TB 59, D, BEELET BTN D % R WERATEEEIC
DWT, ZTOREMHW. PRI, B, EEREOHETALZ DS EN R OmE E
WKETAZEZHMNETAMMRHEIE] ESNTED. ZOFFIEHFZEOHMICH
W, BHzzEMERDZZEPTPRENE T,
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AF5ZOHM

74Ty FRIERESR 7 0 —EhEMEF (congenital nephrotic syndrome of
the Finnish type: CNF) O P#&IE, EFEREWE LTI, EFED
HHZEZBHE, BiFTORBREIIZ GV ERDNE T, 200, PIHHERD
SEBHEICES X TO—HOMN 2R L. CNF RZEO—BI& LTHEA LT
WREK ZEMHNEG>TVRET . H< ETONFROFEHIIOWTHY EF
TVWEITH, T4 272 FRIDSNOLRESR 7 0 —iEREROEH EEHET S
ECHEHVETDT, ZEILLTVLLETFLBDEZEZTNET,
ARF5EDMEARNRE L. CNF 2WNEEBEREOH TORAEA RN &2
BEZT NEBRBEZHMCBELTLLEMEZEELTVWET, /. AF
FIEOFELNFRIERKRIFHELIZ DD LG >TBY T,

AF5| & DIERTFIRA

CNF 3 HDERTH 5720, 70 ¥ LB FEE T, T8T 2 AL
NUDEVEH XS DL VONPBIRTT . Tl ORI > TE. i, 7 —
AT =R, FEFIHE R E2RREICRR L E Lz, BHIZ, BWNICBT22%IK
Hzdi. AOFEBITOEERZED EIFE Ui,

BHOBETIE, FTAT—FAY FEHBML. ZORICHETZMATVET,

AFG|Z DV

FERBUG TITO N2 2H - 161X, WELRBENZLONZL TV A+
SEBEINTLEEA. COFFEE. BEEPLEFOREIEICH ST 2k
MEIO—2I0BETEEADT, HHFEESPIHEITBIKRL 72 BT, BZF OB
EEBEREGEZEBR L. BEEEORRLEF A CERAT 208 PIREL T
72&E W,

WSRO ME-IZOWT

IRV EE AT 23, BRI ORE. BIfERZ2 +758ER L L2081 H D
9, £z, BWERZ E04 U581, RIS EIE Al 2 R i B o il g ot
RIZESEWVGEAENH AL EICHBETA2RENHDET., 2O LIF. REED
BEICHEALTBLLDEIHD T,
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wlEm A

Tty RERIFERYESR 7 0 —EhEfERE (congenital nephrotic syndrome of the
Finnish type: CNF) Z &4 1 FELINICHIES 2 % 7 0 — VYR (4% 3 »
AL % %KM+ 7 0 —EhEfEf [congenital nephrotic syndrome: CNS]. Dl#%
IS 7 0 — IR & IER) I3 A ZFERAMShTWD (£ 12]) 7,

CNF IZBH L Tidy RRAEIR & B R CRIE IS R2 I L. mTRE 7Z& #E P < Bl
O BEEEE 2 A TRAMICZKT % 7,

PURD & 5 2K - &R ZK D0 DB & 72 %,
- RMAOIE - FKPD a7z b FaTA ViBEOEE Y
- MEIREESHAEAED 25% DL E
- IME7 VT I IRE 1.0 g/dL K
- PREH 2,000 mg/dL PLE (REFIRA 2 7L 7 I 2 BFIOFITEIC & O IME
TIVT I VIR 1.5 g/dL DLEICHIE L2 358)
- RN T U —UNEERE 2T A MEEE R (R 12R)
- At 6 A CEBMBEIER (IMYE Cr0.2-0.3 mg/dL)
- FKIERED D CEBUBOARE. FlaoERiEaH)
- NPHSI BfifDRE
- B o NPHS1 SEH O g i

) 74252 FOMETIEIEE15-18BDO¥Ka7 = b us A VsET EEZED2.5
oL EZ cut-of fHE LTAZ Y —=>2 7% L.CNF WRIFERHMALE T 5.0 (50 ETH -
=Y, BIEFEROBEDSRRHIAETOH Y M+ 7HEIZHS TV,
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F1 ERM--ARKT7O—UCREREEE 29 2 FE2JFH K Gk 1. STk 2 & D —ERZ)

REN LG EEEEF (OMIM)

R FE
74Ty FRERESR 70— NPHS1 (602716)
BYMERO WA 7O -t
CEAMAY > F 7 LWL WT1 (607102), PLCEI (608414)
B B MR BRAR IR L NPHS2 (604766). PLCEI
M INEE
Denys-Drash fEfE#RF WTI
Pierson JEfRHE LAMB2 (150325)
nail-patella SEERE LMXIB (602575)
Herlitz BFERIZR B /KIaNE LAMB3 (150310)
Galloway-Mowat FEfERF OSGEP (610107). LAGE3 (300060)
IIT ¥ A L QL0 RIESE COQ2 (609825), COQ6 (614647)
Z DAt
—RH

JRYWE (Ml N¥Y IR~ wIUT
HA hAFTAIAILA FE
B BUAF % HIV)
2T FT =T A
T v RRTF 5 —EHiEAD
BHAD 5 OBAT

JeRME - AR A 70— PlERREE 29 5 ERFR 2R T,
AFFIE T, WAEICHIT 2 CNF 2oz M2 2 2 FHNE Lz20,
BT DSR2 EE T TR LT,
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2w EH

ATF—hFAY b

1. FEOE
O HEmEEDPT RN EAEIHEDIRRK & % 2K 7 LT I 2 IMAER IR L
T\ R 72 TV T7 I Y BAOMEZITS RRFIZIRO®EY ). %
Fe7 VT I VBRI OB GRICIIEE 7 0t 2 R 0.5-1.0 mg/kg & REEHIRD
L<IEHIRTHFHT 2.
Bl 7T I UBIA] 12 g/kg/2 Wi 1 H 1-3 [0
TNTIVBA 2-4 g/kg/6-8 Kl 1 H 11
TIVT I UBIE 2-4 g/kg/24 BB
Q@ 7rIFT Y yEBRBFEEERE (I7 VI 1-5 mg/kg/day [B
i & 0.5-1.0 mg/kg/day]l) THREHZWAD SHE 2 Z & ITM A, medical
nephrectomy CEVIEILIC X HHEEEREHE) OHME L THEHS NS,
@ FYPEECEMICHN:T 258 IXB M AR T 2. AFOREH] T3 B
HTIFEOEHRA R Z LNV, Z0O%., LRRQOIEYREZEML
THEMICENET 25813, WS 2 il LIEEERT 28 A9 2.
@ SEIHEERIRICZ L BFARNETH D,

2. REHHA
fmAa Y — (100-130 keal/kg/day) % HEUCHKEEHREZT 5,

3. iR

EY3IYD (PL77 ALY =L 0.1-03ug/day %2 &), BEEH I 2 HIH,
v 73> (50 mg/day). H1)LT 7L (500-1,000 mg/day). H1Y) T L ED
IFTIVEMAT Do HRIRAILE VIZAENRD S TSH OfEIC X 5 9 #i78 % Fi
i (BMGE @ 5pg/kg/day #2E) L. 2013 TSH 5u1U/mL MUK % BRI 5
T %,
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4. AOHEDE I

O  IMEFEFH Oz dFI/MEE (7 ALY > 3-5 mgkg RV ¥E—)L
5-6 mg/kg) EHUREEEE (TILT7 7 AU T L HEINR2) 259 5.

Q@ THNEREES T w707 > OERGIIHER L v, BUIIEZ5E - /-
B, R MBS ERE 2 BRI U REFEEE R G5 & b, &
BB CTH Y~ a7 Vv EHRET 5,

® TUFUERIBEMIIIT SN, BRI A - HURER O -0 O R IER
GIERELREARPIZEIER L THONIEE L,

5. BN

CNF O BV A O/NS WA BHNCENRBAIC L 5 2 ENZ L, BN
DGETHEHIGEWHFE OB 28 S e L, fEEIHEEZEIET 201 1
BT AT E L,

6. BB

BRMEICRA > ISR S R CRBEEZZRT 5, REEARICHESK
®/AH - KA~ 7a 7Y v IMERE R B EARE D S L 7 RE BRI EZ 1T S
ZENEF L. REHIMEDORIEZFHEMNIITOBRENH 2720, K773
> IMFERRED & & THAB AL 2 IR d 2 2 L I3 LW,

i

CNF (&, /DRFFFEME R 7 0 —EReiE & 3R 4 DIRAN ZREBEO 120D
BREDNEIE LR WIRBTH 5, IRRIIEHE2 K NS E, B2 HIETC &
Thd, TDIOH. ZTOWHRFEIEZ. 70—l B2, BBz 3 BRI
BITEZS (K1), 270 —YHTIX, BEEARICES FEZ S ICHE
MEOHFTPEROFILE 2D BYWER MEAEZR EDOSIED T 2T\ h
5, Y REER 2TV, BROMEREZKET . BARMICIZZ0BREIX
REREZERNT (peritoneal dialysis: PD) % 5. Ff&i 7 HELTdH 2 B A A 6E
BB ERE LTV Y AERBIZIERICEN T ORGAEH2ET 52
O, FHN/NEOBA LR EITA gk & O#EEE 302 K5 HETT %,
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1. FEOEM
I 7V7 3 Bl OHiFE & FIREE

CNF IZB T 5 EE&EAR (1,000-10,000 mg/dL) OB&EE iz B0 3 I7E
RRERH, BYE, EREL E RN GIESBHETH D, s OBEH
D7D BRI TV T 2V BAOMASBHEE 25,

REEAROE G, 7IVT7 I VHREZIT > TOIMET VT I MED B —RE
WTH27-0, BIEOMET VT I MEIZED RV, TILT I VHAIOERE L
TG T B RETH O Z OIS FAL KPR, EE O LRRER,
VEIEIC K B EE ORBITEIR R, RGYEA DI, ABHGEITEI TR 2 ETH %,

CNE QO RIZxT 277 I v BANZ, BROBETIZY, 7L7 30 34g
kg/day & 1-3 [BIUZ 731 THZE LIR % ISR 1 B0 RIFRH (6-8 Kifl]) IS8T %
FENTLEHINT WD, BREIORE LIz T7 VT I U RIFSICIE R AR LSRR
NTF—FNEEOTLNERY T — T VEESBEEZD ., FORBOAERER
RORRBICIE U THEROFEMEREE 20 DUNICHZRT .

O 773 BH 1-2 g/kg/2 Wil 1 H 1-3 [H]
@ 7T 3B 2-4 g/kg/6-8 il 1 H 11[1]
® TNT I B 2-4 g/kg/24 REEIFHGEARFE

FITHNCIZQD 24 KEEIRHERITE 2 B R T 50 $27 V7 I U RAIDOHHITEREIC
ILEE 7 2t 3 R 0.5-1.0 mg/kg 2REHIRS L < IEHIRTHAT 5.
WIROI=DIHIDEIR Y T — T VEE ZT A1 NHEIRZ 55 —ER &
T 5. BHIHO DI KBEHIRZIEBE L. TEROWNY ¥ >~ MEBO 018/ R
HIRNOME BT 5 2 EAEE Lo KM ABRIFDEIRSD 7 — 7 L b i S
NBD, [FRRICRIEEIRDS & O8E NERIREHZE IS TR N S v > MERRA
DHBELEZERTL2DLENDH S,

HUDEHIR A 7 — T VR B ICAE O IMARRE  (HZEMRIER &) SRHEIEZ R U 7z 8
LHD Y AUy k- FAY Y hONT 2 A% BIREICEE URE OIS % b
TLNEDND %,
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L7130
CNEOWRIZBWT, 7Y I94 70y v ERBEHRMESRE (Angiotensin-
converting-enzyme inhibitor: ACEI) 1 >~ FX ¥ ¥ V* TIREAZMD S ES
ZENTEREREESN TS 'Y, BT, medical nephrectomy (GEMIEEIC
X HHEEERER) O E U THEHHAI NS o EERM/NEE i#p#23 (European
Society for Pediatric Nephrology: ESPN) @ CNF #lO#E{IC & D . ACEI B4R
BTHRBICIME T VT I VES LR L7 VT I VEFORMRENHD Lz &0
Enps W ACELRL =T Y V4T v v REMHT 5 2 & clitiMBIk
EIRITHER USRIRAIR B EZ N2 2 E TREAZBADSE. AT A MO
EEMLAETS Y, BARZMOS T2 0HE—RINFEE LTIE. MiClEr»%
WEEREREIEFTL D 517 & 7V )L 1-5 mg/kg/day 2T %, KO &, SEE
HRAPFHE S 2 2 AR L7z SFR 2 BETd 5. FARICIE. MENBIKOR
BlConwZ &, RMEPZW EZER L. A7 7 V)L 0.5-1.0 mg/kg/day 53
3NORIGT 5. BREZ MO T 5 ENBETH D, —J7 RIMFEICEK
DR ePBEETHEATE TV ENZ 0. HHAFIOEEIZIE. A1 P85
YOBNMEEPER S NS, Fin-major X Fin-minor 7 & EICHERER O LA
%% CNFORTIEACELI® A ¥ R TV ICBRIENZ LWEIZ VD, &
RISk > TREARERD S ED 2 EhiETH D s

B e

SEYIBHEIC X BTFEB K OB IHEOEHICIIRADH 0. % < OREH T
HAPREEL S,

Frgfic KD EARZIES L. 7V T 3 D BIFIOMAREZ S 3 2 &A%
BETH B ", AFRTIZ Fin-major. Fin-minor ZEFI DML XL, 74T
Y RO XS BEEFIN DGV, BB CIREOEHA LI ENZ 0.
ZTOEEZERML, AIORET > — & TIE CNF DU 33 fild 25 filicHh
il 13 2 Hie (3-96 2 Aii) ORI BERHAITONTHE D — I g
W 2T 12 Bd o722 B, BB T SICEIMEAIC S 2 &1k
bz v, FERHELIZEOERICENE T 2550 BT EIE
F O 7z O BRI 72 (i SR EE T d - 72 ACEI R0 A > K X & 3 > ™12 & 2 S8tk
DEMBENZHED DS Yo TNTLERICHET 25513, MB2HEHL
PD ZE AT %,

A RAY TV D BHERNIREIIIRGES TR,
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I TRHEEE L-HOBHH S KOBMEE TCofRIZ. FICOR BhiH=-»
xHUlE = PD WEFEAH, @F B = PD S oM (B ICSHEIIE U T
SHEH) BT on2 V. WRIGAEICZEN L WIBEI. KERTH B
H2EEIT 521020, BokTRAEMIIEPFE 2.6 »H. WERMH LD PD
1T E TF 36.5 0 H. BHE THEE 54 A EOWENH S 0 AIBOFERT
. BRI A O IE 13 2 H. PD Bl A RE 21 2 H. BREA k4
Yl 59 A TH -7 BHEFFIEEIR (FAEIRS L < \SRIBEEIR) ~oW
ANEZ AN ZBERICT 2 2 EPHER SN BERICE B IR R 720,
BHEICHEITT B B A & T 2HPZ VW, FEMEIC R R 4 )51 2 Bt
LENT 5, DR, PDICK > TEHZITL, BBEZITY. AFITBWT, #

BIIRAD» RSN 2 ENZ N, LI YT Y FOKED 15 kgPl RO
S BHERIER O 7- O IR ISR & [ARIE RO R AZE R S NS,

—Jiv 74 27 FTHRS5MN % Fin-major X Fin-minor Z2 D & % & EEH
JR (10,000 mg/dL #1) DR Tld. FERMETRMNICERIRzBDSEL &
BEE LW, TOED RIS U TRERFE WK (7 kg WEHZR) 75 —HK
CHERHB LU PDEAZITV., T8 10kg Z HRICBBMHEZT>TEL Y,
LA ESPN 12K % CNF fIOREEHIC K O EYPRE 2 AR & U7 RFEREE D,
HOBTOmRBRHETS L PD BAICH > TEDL LA HEEIRENTED Y,
SHRERDMAPBREE LD, B, £ 6 PARKMOMEBERIHTIE. L=
AELU. MEBICENLERNEZET S ENDEHOTEERIVLETH S Y,

I ey b

CNF 3D REETHD. A70A R 70 AR Uik EOREiiflsEz
[ U7 KBIBE 2781372 e CNF & O 28 EED 7 0 —BiERERE (NS)
DHHIZBVWTH, AT FRI 7O AR VK> TERICE - -5 IE
EAERWEY . 3—1vw)S& LD CNS HE 45 AOWETIE. 1 ADHH
ATUA MR TERICE>TVWED, ZOEMEFNERIIAH (71T F
BPESPIEWAS A TRV) THH ™, NPHSI. NPHS2. WTI. PLCEI D—
EBORER] TIXFIMHIEE THEB 2RO EOHED H DD, TOAHNZALIZ
AHTHZ 70, 25704 R 70 2AE) VR RS A MCESEEHRL. %
Rk BRI O L EICEHE G L TWAAREENPH %, LA LA S5, CNF 25
W7z CNS DRIF—BITIER YA P BRUOZOMBEEFICEEZLREZA
T 52 ENZ L REIHFEEEICIIRIG LW, AFO2ET > — FRETIE.
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CNF @ 29l 3 BliC AT a A Ra2fH LaflrEsh, x7-. 28 fild 3 flicsm
EEIHEEEZ AL 1SS ER L TWORTH -7 Dbk v sk
BHEIIRICZ LSBT ERZITHDHEEZ D,

2. BB

CNF O JiZ, HLEDOZERE K TEMMMERL, ML ARTH 2. 27K
FTOALHRINIL, KEREVREEFEZ SO RRZIES 2 BTHRE T
THHD BRELTFVLF—ERIROTAH I 2GRN TRETED
Hln E2 HOIREREZIT . BEREVRELLE IHOEIREEZZE
T2, 7427y FOREEMIEHIE, ®H1 ) — (100-130 keal/kg/day) . &
B (3-4 g/kg/day) EENTWVD 7Y 28, THIZEHOFLEIR EEZ O L
TER LS 2 HEMHTH 2. B2 OEIREEIHZ1TbRwb P EOER
Tl MEBIUHEO-OICE AT Y — (100-130 keal/kg/day) %iERKT 5
EEEBET S, BARALAN T THHASINLINZNOOERDHI-D DRI
FFRLTELLVED, TAINF—2HILDITT R (K ; 4 keal/g)
SCHRNGFLA] (MCT A A4 )L ;9kcal/mL) HZEDHHLENTH 5.

3. fliFeREE

¥ 3IYD (77 7HLY F—=)L0.1-03ug/day 2 &) REE Y I 2 HIH,
v 72T L (50 mg/day). 1L L (500-1,000 mg/day) 1Y T LR ED
IFRTILVOMABENTIEEOL TV, 2B, HEEREITNZThOIEREZ HZIZ
T 5,

N AT7z2) Y, bTURAANT IV, T RATRIF UHRPICHEERT S
FHEMICZYRT W, BlICHd 5T 20 LT > O, Rk
Wb 0BEHEOBEREEENOREGRIDBRBICLDEIILD I ENE
Vo 7z, SR TT A IV DRPANDERIC K 2 HFFHEREAD & B
ENTHY Y ZOBIGIHE L7 ECHIAZ ZEBT 208D D 5.

—fRIIC CNF &0 NSORTIE, 1 uF o UEH 7 a7 > (TBG)
DIRHIZE D LIEUIZIMTED FARIR ALV E > M & 72 5 27 & 72 i R
BRI E EAE 2 K U C BURIRERSCR L > (TSH) 28 B L. HERARA L
2 OMFET TSH AIEWALT 5 EMESNTVS Y @I MIEHRIR A L E
HMEME & 72 ZHIIC TSH Y LF9 245, CNF O I Tl R R A L £
VEPBEMETH > TH, TSHAPER 1 PAZTRIERTHSIENFHD. TSH

T4V 5y RRERER 70— RSO T X



DIEIC & 5 FTHETRED S HRERLE Y 267 T 5 Y BB, LAFaFx
DU MU LIKIMME LT 5ug/kg/day RED»SHIA L. % 1 AR
TSH 5 41U/mL PLU R O#fEFs %2 BIEICZ O 58 2% T %,
KEENTEHZHD CNF TRIBALZZETHZ2 LD, ZOHAITATO
1 FOMANREE 22, RIEAROKFE LT, CNF OEE TRIB O AL
ZRDBHTEND B0, BIBMEOIREED S5 EHESh TS Y,

4. GOHEDOE M

FER & 75 2 IMAERE O T B L EGSRE DR R AIHAT B 2o MUARFE 1T AR 72 #iE
BOHEDIRKICH 25 >,

TISAI )= o7 ryFruryE vl (AT ORBAOELOREE L
T U7 EEPEE LS h, v 7ara7y >y, 74797, vayRS
SAF v, BEKTI. V. VI, X, XIAEFT2 Y, 2070 MEPEE
2 EEE G OHED CNF 2 & 072 NS ORTHESh TS 7, KEoL2ET ~
r— NI TIE. CNF 32§l 5 B CIfifiE 2 2 L Cwrz ) MEETRICR L
THUM MR (7 A >~ 3-5 mg/kg R P Y ¥E— )L 5-6 mg/kg) & HLitlE%E (7
V779 »H) 724 (PT-INR T2 BENBEE, 4% 3-4 8ED» ) 2857 %,
I N ALE 2 & 6 72 SV RHALE O BRI/ MESE P HLE EI%E 2 5-7 HEih» & ik
U AT 2 IEH b S & 5 720 —RF91C AT 50 Bifi /kg 2 Hi7ET %o

Hr=ra7) WA BT E DR TORFAOERIZED P\ NSOR
ZRHCI R BRI 72 EOFIE 2 A T D ME OBYUEICRER LT Ve AFBOLET
> — FIETIE. CNF 32 i 19 Bl CEEHR IS BYSEDBEEA B > 72 2,
CNF 21 o %7 a—E il (HhoRfl 1.1 4F) OEGYRE DR S 2 R T HAIC
W LTS A S 5 o BUIKEA® 2.5 1] / 4F, BUMAESEV A% 2.5 [6] / £ - 72705,
HODEIR T T — T VOGRS RIERICHE L G2 0o 7. £ THINGHE
BN 2 ruT) Y OBRGRIFERERS Shh o7z, BLEXD. PHNZH
FHELH Y= ru 7)) OFSEMEROHBRHINMA OB G E VWS TR v
F2ERL. LAV, L L, BIMAER5E - 7235 61&. FIIC M sk
ERIULERERE 2GS0 2310, RBEIRCTH Yy~ 77 v 25
T %, RRERAY~vZa7 ) CBAEICOWTIE, MEBICH T 2ME» 5D
0 = SROEFOEBPILEETND, LB, RhAO®EIZED, CRPfHIX
BRDHELZDI-DFERET 5. /2. BRICK D RIMEDOFIER 2 S 9 2 & AR HE
ThHs,
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LLBBYUETHIO—BRE LT, B PH#EE T XTITV., [EETHHEES
Za—ENy 7 ACOEEL RN ICHRR T 5. 5T BAY T R
BTOT 7 F U HEMER D720, BHEENIIZAET 7 F > OFAMMO A aHl & fFE
MO PBETH S,

5. BT

ARIOLEET > — b TIE. CNF 33 il 26 i PD 28f7hbhTH D,
PD BHIAAER O HUEL 21 2 H (4-90 2 H) TH -7, PD EHOMIZ, 25
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BEH 9 ADTKD/MRIBMEARRAZ BIEINE

2355k L

Ko (K5) TS (0 IR BRI T T S B

MO (BFRA) | SRR REPERRHTAY I B PE frac 8

%)

M8 (X4) LEdBALEILAEVDIENITE ) XnhABALD2ENTD
AL oA

(3 #)

M| (E4B) Autosomal dominant tubulointerstitial kidney disease

( %)

EHEEEERMNERE %R (Autosomal dominant tubulointerstitial kidney
disease: ADTKD) 1% ReathE8(R, RAMERE L EE MM, BIRICHETS
EWAEET 2R e T o EHBRETH 2. FEERETF L LTk, UMOD,
MUCI, REN, SEC61A1 B3R on Tk ), RAVRISGE CFEETRFICLVER 3.
BAF RERIT R, BEFRELZEZCD LT 2AME0ERBBROPLL I
5.

ADTKD iZchFcxicfflHIh T nwAIEEREEEE (Medullary cystic
kidney diseases: MCKD), %R &t 25 F & & IR BE (L AE % B i€ (Familial juvenile
hyperuricemic nephropathy: FJHN) ##& L7-ZWi&cH b, LI OBLEFEE%
5 ETHEESRICHN L T MCKD, FJHN %2 ULDEROZHLAS AL T E -
2, AP EEHERACHRELZBYICRT L, hiERL OEFIZHMNE LTH
s —a n7=(1).

23, HNFIBZERYD ADTKD KEDOLNB I L HFH 0D, ZTDERBEFETH
D, BCREREBRBEEORRYUTH 2 2 & %\ (2). Ll T HNFIB &
RE (BE) LLTERABZLDBEE LWAREMADH 2720, RFEITIZAD W,

e
AFic BT 2HEXIFACTHS. BFAZSURGHBREERELNRE LAAXF
Y ZDOWFEICE 3L, ADTKD OoFHLIIAOS =) 0B TIE 100 FAH~Y 16




AThot. 20T UMODER%#5 ADTKD (ADTKD-UMOD) OHHF
AEDEL, 100 HAHRD 9 A GREHEEESRZREREOEHEERR O+ < 0.9%)
TH-7:3). TAV ARFLLTHHRANEED, FicRAOBMUEERREE %N
KL L7ETH, ADTKD-UMOD OHEE I HERITE <, BEBRHREED 0.3%
L Tnwiz(4). ADTKD ik 2 8 FEFEOBEER, BRORBELIIZE TR
UMOD 75 43.1%, MUCI % 38.1%(5), 747 v F2 6 DL Tk ADTKD ik
\F 2B(E T RE OB X MUCI 5 42.6%, UMOD %5 35.2%TCH - 72 (6).

WA

ADTKD-UMOD

UMOD i uromodulin % 2 — F 3 %. Uromodulin 3 BRME ICOAFEET 5729,
BRAER & FREEHEIE T i X 2 @FRBRILSEIC X 2@8A% 29 3. Uromodulin @B &
Z OWEHBERE & 7 5 (7).

ADTKD-MUCI

MUCI i3 mucin 1 22— F3 3. 52H mucin 1 OFRME~OLERE L E X5
hTwv3(8). Mucin 1 BB OMSE, HLE, FURALICHFET 22, HEEH
KIRFT 3. 2DREFHS T o Tk,

ADTKD-REN

REN I% renin # 2 — F3 3. E%E renin OFFRMAE ~0ihE S B EREDERK &
EzoNTW3, 72, IEHE renin BEDET T 3(9).

ADTKD-SEC61A1

SEC61A11XSEC6la 19 72=y t#a—F335, SEC6la l DREHKIC XD /M
RPLREFRL, @ENR/MIER P L RABHEREE X 5T 5(10).

ADTKD-UMOD

HE yromodulin DIEENEMEEDCFMAE 5. 72, uromodulin DEFICL-T
RAE LB 27 P Y AEHRINEE% 723, ZOBRSK, BkenY,
PRANE T D PREEFFIUINAS N 5 (7).

ADTKD-MUC!

FBE mucin 1 OFICI YV RMERE»CBREEZE AT ILIRBINTNDS
(11).

ADTKD-REN

FH renin OWLFHICL ) RMBEE,» O BFEEL EALTLBTEINTNS(9).
¥ 7=, IEH renin EEETICHIBEORH Y ¥ AIMAE L EMEXAR NS & 28




H5. BMdFENEIERDO—2TH B2, ZHiL renin EEETICERTZ2 )Y
2o R FVEEET/2) 2ok F vikfitko-ve#EL LR T3,
ADTKD-SEC61A1

18R 72/ ik = b L R iC X 3 BREE 3 ADTKD-UMOD % ADTKD-REN & b it
WT BEELEZOLNRTWVE(10). ZhICofE CRAMPTENEEEE, M
MEE, FHEREVLILELTRLOATE Y, BETFEF I AL OERORERK
b7 B AREM SR I T 5 (10, 12, 13).

ERPRAEIR

AER, BEFTR%&T ADTKD ORI OME A LT icRd (1) ¢
ETHEO BiEES
FRICECTERE 2RD R

TATIVR/EARIBRED 2 VWEED RV
S 0030 3 B R IUFE % G20 7 b

B 4 ZIFIEH 2 KT

INRHIORIR, REEE

BITERIC X 2B RERZRICTT.

BRER

MERRE : BREESHET L T IEME 7 V7 5= vfE miFrx2Fv C A
7R

PRIRE EFERERIZBEESD 3 WId@D kv, RILETH ZREZRED TV,

BEE : B4 RZEE»LEFR. Blazilvsl b dhs.

BREE : [ oML, AT 0, RMEEEROARZL, RlE IR

2

IR BREEESS ), BERCRHENEEIoMELED, 70V
BRTEINEDD, L oEfcEZEoBICRILBEE AL LNS

- SEETRMT T MUCL, UMOD, REN. SEC61A1 D WD) F v b %
Db D

2 OER O HRE R ERIRZHT
ERDPIERENTH 2 T L b S BWPEERC &b S, FREAEERTT
HE L 2 -DFENOBREBEFRS R BERLZHOFEL2D & 3.

EPHEE




B

AWM R BERIZEES T, REWICIIIREL &9 1804 BEE o & 0HEEE 2 T
5. ADTKD-REN Tz 7 A FaaiF Y vic X 2 BEMNE A Y v AMAE & RILE I
B A AREE AR S T 2 (14). RPEBEA2ICE o 22 BRic 3 B E 2 Bt
T3, SEBBEYERT 385461, FFr—oBETHRE SR 205).

EH -7

RE - KR

Bk
BREMEIIRRIGETT 5. BACR -T2 BRERELET 2 2 LA
TH5. BREERCIBEERERERZV.

T RS DG

I

BREDFEY Z A

ADTKD #&Ebh 284D, ADTKD-UMOD & ADTKD-MUCT % ERER# i #5513
3720DAaT YV 7T ATY ZLBRBINTLE(5). £k, BEHETIE
ADTKD-MUCI % ADTKD-UMOD i b~ TR R 2IC E 2R HA R V—75, &
R DFAEIZ ADTKD-UMOD 78 ADTKD-MUCIICHERTRW I LRI NT W3,

ADTKD-UMOD k5w T, BETFEROEEIC X > TRABTTR2ICES I R7
®EHNLT 2R A b AT hTWw3(16).

ADTKD-REN T, ZREHFHIC K o THRKRERVBE LS Z e BSHL2ICE>TET
v»5(14). Preprorenin (renin O AiER{AZE ) @ signal peptide, prosegment, mature
renin # 73— F 43 @ETER L BERGEZHEE L2 X 2 &, mature renin S
DERRMBO oI RTERIEL, HEERAHOFBEAFRFr R HERINT
FHEBICB U EIER AT T 5. Signal peptide, prosegment Ik DZE R T34
HARD 2 Wiz > O BRERESHEL, L LEERAME THO K
TiAEERABT 2. 7L, Yor/r— 7T RMBARLICE 2 EMoPREIE 60
mALTH Y, BRERESERCGETTS I LTBVRL,

BEe




WrZeBE

FRAFALARE D R R

AR, #icHERD o PERICKIBTRRICES C 2% (1), BRICETT
37-8, BENRGBLE > CTEBHZ&D - BREREOBINEZTS 2 LBHFET
$3. ¥7-, ADTKD- UMOD, ADTKD-REN CIHHAEMICHERAERIET 5 - L 235
{, FEIMETH 3.
ERaAEEREERE L 240, BEAV 2 ) v 27k ELEERT 5.
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Abstract

Although the concept of chronic kidney disease (CKD) in children is similar to that in adults, pediatric CKD has some pecu-
liarities, and there is less evidence and many factors that are not clearly understood. The past decade has witnessed several
additional registry and cohort studies of pediatric CKD and kidney failure. The most common underlying disease in pediatric
CKD and kidney failure is congenital anomalies of the kidney and urinary tract (CAKUT), which is one of the major charac-
teristics of CKD in children. The incidence/prevalence of CKD in children varies worldwide. Hypertension and proteinuria are
independent risk factors for CKD progression; other factors that may affect CKD progression are primary disease, age, sex, racial/
genetic factors, urological problems, low birth weight, and social background. Many studies based on registry data revealed that
the risk factors for mortality among children with kidney failure who are receiving kidney replacement therapy are younger age,
female sex, non-White race, non-CAKUT etiologies, anemia, hypoalbuminemia, and high estimated glomerular filtration rate at
dialysis initiation. The evidence has contributed to clinical practice. The results of these registry-based studies are expected to
lead to new improvements in pediatric CKD care.

Keywords Chronic kidney disease - Kidney failure - Registry - Cohort study - Epidemiology - Children

Introduction

Chronic kidney disease (CKD) as a clinical concept was
originally studied in the adult population, and extensive
research into CKD has been rigorously carried out [1-3].
Although the concept of CKD in children is similar to
that in adults, there are some peculiarities in children, as
described subsequently.

One of the major characteristics of CKD in children
is that the underlying disease is different from that of
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adults. In addition, there are serious complications spe-
cific to children, such as growth and developmental dis-
orders and urological problems [4-6]. Furthermore, once
the patient has reached kidney failure, they require very
long-term kidney replacement therapy (KRT), including
kidney transplantation. Therefore, the long-term progno-
sis after transitioning to KRT is extremely important. In
particular, improved patient and graft survival rates are
the main goals in the management of kidney failure in
children. Although it is clear that these pediatric-specific
problems exist, there is less evidence regarding pediatric
CKD/kidney failure and many factors that are not clear-
ly understood compared with CKD/kidney failure in
adults.

Studies of detailed epidemiological data on pediatric CKD/
kidney failure are important in helping to provide better man-
agement for patients. In recent years, numerous pediatric CKD
or kidney failure registries and cohort studies have been re-
ported worldwide [7-32]. To improve our understanding of
pediatric CKD, we have reviewed the results of these latest
epidemiological studies.

@ Springer
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Registries and cohort studies

An overview of the registries and cohort studies covered
in this review is presented in Table 1. We searched for
registries and cohort studies written in English using
PubMed and the registries’ websites and ultimately
reviewed 24 registries and cohort studies. When com-
paring the various studies in Table 1, it is important to
note the variations in patient age and clinical objectives.
The disease classification, patient selection methods, tar-
get age, and disease severity differ between studies. Of
crucial importance is whether the population is a CKD-
only group or a group that also includes kidney failure.
Moreover, some studies include both children and
adults. In this review, CKD refers to the pre-KRT
status.

Chronic kidney disease
Definitions and classifications of CKD
Definition

The National Kidney Foundation (United States) proposed the
concept of CKD in 2002, and the Kidney Disease Outcomes
Quality Initiative provided guidelines for treating pediatric
and adolescent patients with CKD [33]. CKD in adults is
diagnosed when a patient has one or both of the following
criteria for at least 3 consecutive months:

1. Structural or functional abnormalities of the kidney based
on urinalysis, imaging diagnosis, blood testing, and
pathology.

Table 1 CKD/kidney failure registries and cohort studies worldwide that include pediatric patients
Registry Established Age of participants ~ Objective

North America USA (USRDS) 1978-ongoing  All ages CKD
USA (NAPRTCS) 1987—-ongoing <18y CKD/kidney failure
Canada (Canadian Pediatric ESRD Database) 1992-ongoing <18y Kidney failure
USA (USRDS) 1995-ongoing  All ages Kidney failure
USA (CKiD) 2005-ongoing  1-16y CKD

South America Brazil (HC-UFMG) 1990-1999 2moto 19y CKD

Europe Netherlands (LERIC) 1972-2010 1-14y Kidney failure
Sweden 1986-1994 0.5-16y CKD
Italy (ItalKid) 1990-2000 <20y CKD
France (REIN) 1992-ongoing <2y Kidney failure
Serbia (SPRECKID) 2000-ongoing <19y CKD/kidney failure
Belgium 2001-ongoing <20y CKD
Turkey 2005 <19y CKD
Spain 2007—on going <18y CKD
Europe (ESPN/ERA-EDTA) 2012—on going  All ages Kidney failure
UK (UK Renal Registry) 2016—on going  All ages Kidney failure

Middle East and Southeast Asia  Iran (Iranian Registry) 1993 <l4y Kidney failure (PD)
Taiwan (Taiwan Renal Registry) 1995-on going <20y Kidney failure (dialysis)
Japan 1998 <20y Kidney failure (dialysis)
South Korea 2004-on going <20y Kidney failure (dialysis)
Japan 20062011 <20y Kidney failure (dialysis)
Taiwan (TAPRC study) 20092012 1-18y CKD
Japan (P-CKD) 2010-on going 3 moto 15y CKD
South Korea (KNOW-Ped CKD) 2011-on going <20y CKD

Others Australia/New Zealand (ANZDATA) 1963—on going  All ages Kidney failure

Abbreviations: CKD, chronic kidney disease; PD, peritoneal dialysis; mo, months; y, years; ANZDATA, Australia and New Zealand Dialysis and
Transplant Registry; CKiD, Chronic Kidney Disease in Children; ESPN/ERA-EDTA, European Society of Pediatric Nephrology/European Renal
Association—European Dialysis and Transplant Association; HC-UFMG, Interdisciplinary Conservative Management Program of CRI at Hospital das
Clinicas; HC-UFMG, Interdisciplinary Conservative Management Program of CRI at Hospital das Clinicas; KNOW—-Ped CKD, KoreaN Cohort Study
for Outcomes In Patients with Pediatric CKD; LERIC, Late Effects of Renal Insufficiency in Children; NAPRTCS, North American Pediatric Renal
Trials and Collaborative Study; P-CKD, Pediatric CKD; REIN, Renal Epidemiology and Information Network; SPRECKID, Serbian Pediatric Registry
of Chronic Kidney Disease; TAPRC, Taiwan Pediatric Renal Collaborative; VUR, vesicoureteral reflux; USRDS, United States Renal Data System

@ Springer



Pediatr Nephrol

2. Glomerular filtration rate (GFR) < 60 mL/min/1.73 m?

The same basic concept is applied when diagnosing CKD
in children. However, the requirement for these findings to
persist for more than 3 months does not apply to newborns
or babies younger than 3 months of age.

Classification

In 2012, the Kidney Disease Improvement Global Outcome
(KDIGO) published a new classification of the severity of
CKD based on the combination of the cause (C), GFR (G),
and albuminuria (A). This CGA classification has been widely
used since then [34].

Cause The classification of “cause” in adults includes etiolo-
gy, such as diabetic kidney disease, idiopathic focal sclerosis,
and polycystic kidney disease, but is difficult to apply to chil-
dren. In children, it may be more appropriate to use the clas-
sification known as congenital anomalies of the kidney and
urinary tract (CAKUT) or non-CAKUT, which is discussed in
the section on disease progression.

GFR The KDIGO guidelines classify the CKD severity in
patients over the age of 2 years into six categories based on
the GFR. Patients with a GFR of 30-59 mL/min/1.73 m2,
previously classified as stage 3, are divided into those with
a GFR of 45-59 mL/min/1.73 m® (G3a) and 30-44 mL/
min/1.73 m* (G3b). Because the normal value of GFR per
body surface area is lower in children under 2 years of age
compared with adults, the CKD stage cannot be determined
for patients younger than 2 years using the same classifi-
cation of GFR. In children under 2 years of age, the degree
of kidney dysfunction should be evaluated by comparing
the estimated GFR (eGFR) of the patient with an age-
specific GFR value [34]. For further evaluation in Japan,
CKD staging tables are created by setting a normal serum
creatinine value for each age [30, 35].

Albuminuria The KDIGO guidelines recommend the use of
albuminuria in combination with cause and GFR to assess the
severity of CKD. In adults, albuminuria is considered impor-
tant; but in children, it has no more benefit than the use of
proteinuria because of the different underlying diseases of
CKD [36]. The effect of proteinuria on pediatric CKD pro-
gression is described in a later section.

Etiology

The causes of pediatric CKD are different from those in adults.
The most common etiology of pediatric CKD is congenital
diseases, including CAKUT, which is common to all study
data (Table 2), followed by hereditary disorders. The

distribution of glomerulopathy varies with age, being more
common in older age groups. The frequency of focal segmen-
tal glomerulosclerosis (FSGS) as the underlying disorder of
CKD varies greatly by race. African American children are
reportedly three times more likely (19% vs. 6%) to develop
FSGS than Caucasian [9]. In terms of incidence and preva-
lence, it is difficult to estimate because objects and severity of
CKD are markedly various by reports.

Progression of CKD

The effects of underlying disease, GFR, proteinuria, and hy-
pertension on CKD progression in children are summarized in
Supplementary Table 1. The CGA classification has been
used as a “heatmap” for the risk classification of CKD pro-
gression in adults but not in children. Recently, a combined
analysis of patients from the ESCAPE and CKiD studies was
performed to estimate the time to kidney failure in children in
accordance with the KDIGO CGA classification [37].

Underlying disease (“C” in the CGA classification)

Several registries and cohort studies have examined differences
in the rate of CKD progression according to the primary disease.
One study shows a slower decline in GFR among patients with
CAKUT compared to those with glomerular disease, whereas
some studies report no difference in the progression rate to KRT
as an outcome [18, 19, 38, 39]. According to reports from the
European Renal Association—European Dialysis and
Transplant Association (ERA-EDTA) registry, 50% of patients
with CAKUT who commenced KRT did not require KRT for
the first 30 years of life, even though CAKUT is a congenital
disease [40]. Kidney failure progression from hereditary disease
(such as nephronophthisis, polycystic kidney disease, genetic
nephrotic syndrome, Alport syndrome, cystinosis, oxalosis)
was faster than that caused by CAKUT [19].

GFR

The more severe the CKD, the closer the patient is to kid-
ney failure; therefore, the lower the GFR, the shorter the
time to reach kidney failure. In adults, the risk ratios for
CKD progression and kidney failure attainment as related
to GFR have been reported. A similar trend in the progres-
sion of CKD in children has been reported in registries and
cohort studies from various countries [16, 18, 19, 39, 41].
No study has compared the rate of eGFR decline among
CKD stages 3, 4, and 5. However, a matched case-control
study of children from the CKiD cohort showed that GFR
declined faster during the last 18 months prior to KRT,
suggesting that the rate of deterioration becomes faster as
the GFR declines [42].
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Proteinuria

Although proteinuria is often found in glomerular disease,
many associations between proteinuria and CKD progression
in non-glomerular diseases have been reported [39, 43—45]. In
all cases, marked proteinuria is an independent risk factor for
CKD progression in children.

Blood pressure and CKD progression

In children with CKD, hypertension is closely related to the
progression of kidney dysfunction, although this is controver-
sial. Progression of kidney dysfunction differed between nor-
motensive and hypertensive patients in a North American
Pediatric Renal Trials and Collaborative Study and the
CKiD study [41, 46]. In adults, it has been shown that opti-
mizing blood pressure slows the progression of CKD. In chil-
dren, some data support the results of these cohort studies: the
ESCAPE study showed that strict blood pressure control un-
der the 50th percentile slowed the progression of CKD in
children during a 5-year follow-up [47]. In contrast, hyperten-
sion was not a risk factor for progression to kidney failure in
Japanese and Brazilian cohort studies [13, 39]. The results
differed from those of previous studies [41, 46, 47], seemingly
because of differences in the target population, definition of
hypertension, race/ethnicity, and assessed variables.

Others

Other risk factors for CKD progression include metabolic aci-
dosis and underlying urological anomalies, which are modifi-
able risk factors. Non-modifiable risk factors include age, sex,
racial and genetic factors, low birth weight, prematurity, socio-
economic status, parental education, and health literacy [48].
Regarding metabolic acidosis, a multivariable Cox model
analysis showed that children with time-varying serum bicar-
bonate of <18 mmol/L had a significantly higher risk of CKD
progression compared with those with serum bicarbonate of
>22 mmol/L (adjusted hazard ratio 2.44; 95% confidence in-
terval: 1.43-4.15) [49]. In addition, the CKiD cohort study
showed that low serum bicarbonate was linked to a higher risk
of CKD progression in children with glomerular disease [50].
Regarding urological complications, the importance of uro-
logical interventions has been emphasized for a long time,
and recent reports have shown that vesicoureteral reflux and
urinary tract infection do not constitute a risk for kidney fail-
ure progression [51]; further accurate evaluation is warranted.
According to the ItalKid Project report, kidney survival
declines during puberty [16]. CKD progressed faster in female
patients with glomerular diseases than in male patients, but
there was no significant sex difference in patients with non-
glomerular diseases [52]. The racial differences in CKD pro-
gression observed in adults with CKD may be due to genetic

factors. Two variant alleles within apolipoprotein L1 are clas-
sified as a high-risk genotype of FSGS and CKD [53-56]. In
the study of the International Pediatric Investigation for
Genetic Factors Linked with Renal Progression Consortium,
data from 1136 children (262 from the CKiD study) were
investigated, and single-nucleotide polymorphisms associated
with GFR and proteinuria were identified, although none were
associated with genome-wide significance [57]. Low birth
weight and prematurity mostly affect CKD later in life
[58-61]. In general, GFR declines faster among African
American children than in children of other races. The CKiD
study showed that the difference in the rate of progression of
kidney failure between African Americans and non-African
Americans is largely explained by socioeconomic status.
Furthermore, in the CKiD cohort, higher parental health liter-
acy was associated with a slower progression of CKD [62].
Finally, it is important to acknowledge that racial disparities in
outcomes are multifactorial and could also be attributed to
social inequities.

Kidney failure
Incidence and prevalence

The incidence and prevalence of kidney failure requiring KRT
tend to vary worldwide in children and adults [63-68]. To sum-
marize and compare the incidence and prevalence among chil-
dren across countries, data related to pediatric kidney failure with
KRT were extracted from three large nationwide or international
registries, namely, the United States Renal Data System
(USRDS) registry, the Australia and New Zealand Dialysis
and Transplant Registry (ANZDATA), and the ERA-EDTA
registry. All incidence and prevalence rates were expressed as
per million age-related population (pmarp) calculated by the
numbers of incident and prevalent patients and population data
provided by annual data reports or population statistics of each
country (https://www.abs.gov.au/ for Australia; https:/www.
stats.govt.nz/ for New Zealand) [11, 32, 69—73].

Figure 1 shows secular trends in the incidence of kidney
failure by age across three registries. While having remained
constant according to the ANZDATA (Pyeng = 0.53, evaluat-
ed by a nonparametric trend test) and ERA-EDTA registries
(Pyena = 0.12), the incidence of kidney failure has been de-
creasing according to the USRDS registry (Pyeng = 0.001).
Consistent trends were observed in all age strata except for
US children younger than 5 years. In contrast to the overall
decreasing trend in the United States, the incidence rate has
been increasing in this population. The prevalence rates have
been slightly increasing according to the USRDS registry
(Pgena = 0.005) and ANZDATA (Pyeng = 0.004), while the
prevalence in Europe has been decreasing over time (Pyeng =
0.02) (Fig. 2). In age-stratified data, there has been increasing

@ Springer


https://www.abs.gov.au/
https://www.stats.govt.nz/
https://www.stats.govt.nz/

Pediatr Nephrol

w A o B

o | o | \/\/\/\
—_ -
o W
-
@®©
g_ 0 0
N
()
5
= o | — USRDS —— ANZDATA —— ERAEDTA | o |[—— USRDS —— ANZDATA —— ERAEDTA
e T T T T T T
> 2005 2010 2015 2005 2010 2015
)
§ =C D
Z N ’\_—\_\
— 15}
o
O 24
O
: -
=
£ *" S

o I|—— UsRDS —— ANZDATA —— ERAEDTA|  ||—— USRDS —— ANZDATA —— ERAEDTA |

T T T T T T
2005 2010 2015 2005 2010 2015
Year

Fig. 1 Secular trends in incidence of kidney failure with replacement
therapy across three large registries: A <20 years old (<18 for USRDS
and ANZDATA, <20 for ERA-EDTA), B 0—<5 years old, C 5—<15 years
old (5—<14 for USRDS, 5—<15 for ANZDATA and ERA-EDTA), and D
>15 years old (14—<22 years old for USRDS, 15-—<25 for ANZDATA,

prevalence among children younger than 5 years in Australia,
New Zealand, and the United States. These rates were higher
in the United States (incidence, 13 pmarp; prevalence, 77
pmarp [0—17 years old between 2005 and 2017]) than in
Australia and New Zealand (incidence, 9 pmarp; prevalence,
55 pmarp [0-17 years old between 2007 and 2018]) and
Europe (incidence, 9 pmarp; prevalence, 60 pmarp [0-19
years old between 2005 and 2017]). Regarding European
countries, we were not able to evaluate the incidence and
prevalence precisely because not all countries participated in
the registry, and the number of included countries changed
during the past decade. One ERA-EDTA registry study re-
ported a small decrease of 2.5% per year in the incidence of
European patients <19 years between 2001 and 2011 [74].
Another study of children <15 years old from the ERA—
EDTA registry showed a stable incidence and increasing
prevalence between 2007 and 2016 [75]. For other nation-
wide registries, particularly from Asia, the incidence in
Taiwan and Malaysia was similar to that reported by the
ANZDATA and ERA-EDTA registries, where the incidence
rates were 8.12 and 10-11 pmarp, respectively; whereas the
incidence and the prevalence were lower in Japan, at 4.0
pmarp and 22 pmarp, respectively [25, 26, 28, 76].
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and 15-<20 for ERA-EDTA). Abbreviations: pmarp, per million age-
related population; USRDS, United States Renal Data System;
ANZDATA, Australia and New Zealand Dialysis and Transplant
Registry; ERA-EDTA, European Renal Association—European
Dialysis and Transplant Association

The improvement in dialysis techniques for small children
may have contributed to the increasing incidence among chil-
dren younger than 5 years in the United States against the
overall decreasing trend. These children might have died be-
fore transitioning to kidney failure owing to a lack of re-
sources for dialysis.

Cause of kidney failure and initial KRT modality

The leading cause of kidney failure is CAKUT (30%) follow-
ed by glomerulonephritis (15-30%) in three registries (Fig. 3).
The proportion of CAKUT decreases with advancing age,
whereas that of glomerulonephritis increases. Similar results
including trends with age were reported from Japan (Fig. 3). A
systematic review of children requiring dialysis from sub-
Saharan Africa reported that primary glomerulonephritis was
the leading cause (50%) of kidney failure [77].

Among children and young adults younger than 20 years,
the proportion of those who started KRT with hemodialysis
(HD) accounted for approximately half of all incident patients
in three large registries (Fig. 4). However, peritoneal dialysis
(PD) was the most major initial KRT modality in Japan (Fig.
4). In age-stratified data, while PD was prevalent among
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Fig.2 Secular trends in the prevalence of kidney failure with replacement
therapy across three large registries: A <20 years old (<18 for USRDS
and ANZDATA, <20 for ERA-EDTA), B 0—<5 years old, C 5—<15 years
old (5-<14 for USRDS, 5-<15 for ANZDATA and ERA-EDTA), and D
>15 years old (14—<22 years old for USRDS, 15-<25 for ANZDATA,

children <5 years old, the major first KRT modality was HD
among those >15 years old. Interestingly, the proportion of
HD has been decreasing in Australia, New Zealand, and the
United States over time among those >15 years old, whereas
PD has been increasing. However, the percentage of HD has
been increasing among those <5 years old in all three

and 15-<20 for ERA-EDTA). Abbreviations: pmarp, per million age-
related population; USRDS, United States Renal Data System;
ANZDATA, Australia and New Zealand Dialysis and Transplant
Registry; ERA-EDTA, European Renal Association—European
Dialysis and Transplant Association

registries. The proportion of preemptive kidney transplanta-
tion has remained unchanged in this decade. Preemptive kid-
ney transplantation appears to be more common in Europe
than in the other two regions, accounting for approximately
25%. However, the proportion varies within European coun-
tries, and the median preemptive transplant rate was 17%

g|A g8
2 2
0 8 2
8
S 9+ 2
O
P —
S 8- 8
o - .
S A A N O O XD 2.0 %0 0. 0% 0 5.9 6
USRORZOATRREDTH Jreh Por . Loty Pagd Lot
USRDS ANZDATA ERA-EDTA JAPAN

B CAKUT I GN M Cyst/Hered M Others

Fig. 3 Cause of kidney failure across three large and Japanese registries.
A Overall data. B Age-specific data. Abbreviations: CAKUT, congenital
anomalies of the kidney and urinary tract; GN, glomerulonephritis;
Cyst/Hered, cystic/hereditary disease; USRDS, United States Renal

Data System; ANZDATA, Australia and New Zealand Dialysis and
Transplant Registry; ERA-EDTA, European Renal Association—
European Dialysis and Transplant Association
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Fig. 4 Secular trends in initial kidney replacement therapy modalities
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0—<S5 years old, C 5—<I15 years old (5—<14 for USRDS, 5—<I15 for
ANZDATA and ERA-EDTA), and D >15 years old (14—<22 for
USRDS, 15-<25 for ANZDATA, and 15-<20 for ERA-EDTA). Age-

according to a more comprehensive survey in European chil-
dren, which is similar to those of the other two regions [78].
Although the reason for increasing trends in HD among chil-
dren younger than 5 years is unclear, PD remains preferable
over HD in this population. A transition away from the use of
acute PD catheters might be one explanation for this. Patients
have to start with HD in the interim, while the PD catheters are
allowed to heal.

Many social backdrops affect the choice of KRT modality,
including economic, ethnic, and religious backgrounds or
transplant allocation systems. Thus, the distribution of the
KRT modality should vary across countries. In fact, the prev-
alence of KRT differs across countries, especially for transplan-
tation, according to the International Pediatric Nephrology
Association Global RRT Registry. Moreover, pediatric KRT
is not available in several low-resource countries. According

@ Springer

specific trends were not available for Japanese data. Abbreviations: HD,
hemodialysis; PD, peritoneal dialysis; USRDS, United States Renal Data
System; ANZDATA, Australia and New Zealand Dialysis and Transplant
Registry; ERA-EDTA, European Renal Association—FEuropean Dialysis
and Transplant Association

to a systematic review from sub-Saharan Africa, approximately
60% of children were able to access dialysis. Among them,
46% and 54% received HD and PD, respectively [77].
However, almost all studies included in this systematic review
were from centers with dialysis facilities and so the percentages
may be overestimated. KRT is not sufficiently provided in most
African countries due to limited financial resources or a short-
age of dialysis facilities and pediatric nephrologists [79, 80].

Mortality risk

Children with kidney failure are exposed to 30- to 60-fold
higher mortality risk compared with those without kidney
failure [14, 81-84]. However, there is no doubt that the mor-
tality rate has been improving over time in many countries
[81, 82, 84-88]. Cardiovascular disease is the most common
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cause of death in the United States, Canada, Australia, and
New Zealand, where the reported percentages were approxi-
mately 25-40% [10, 81, 84, 85, 88—94]. By contrast, infection
is the most common cause in other countries or regions, in-
cluding European and Asian countries, where the reported
percentages were approximately 20-40% [24, 25, 27, 28,
83, 95, 96]. Reported independent case mix factors for high
mortality are summarized in Table 3. Although the results
from various registries have heterogeneous study populations
and patient backgrounds, young age, especially those younger
than 5 years [24, 81, 84-86, 91, 95]; female sex [82, 84, 85,
88, 90]; non-White race [82, 85, 89, 91, 96]; dialysis com-
pared with transplantation [14, 81, 82, 84, 97] or HD com-
pared with PD among patients on dialysis [84, 85, 99]; non-
CAKUT etiology [85, 86, 88, 94, 95]; and presence of comor-
bidities [14, 84, 85, 98] may be associated with high mortality
risk among children with kidney failure with KRT. Aside
from case mix factors, short stature [92, 100], both low and
high body mass index [100, 101, 102], anemia [103-105],
hypoalbuminemia [104, 106—108], and high eGFR at dialysis
initiation [93, 109] may be independently associated with high
mortality.

These factors, even case mix factors, might be modifiable
in clinical practice. To achieve this, it is highly relevant to
elucidate the reasons for sex and race disparities or underlying
mechanisms that confer worse outcomes based on the etiology
of kidney failure. Although study cohorts have heterogeneous
backgrounds, the obtained results are relatively consistent.
Thus, they may be applicable to clinical practice worldwide,
although studies from other countries or regions are still need-
ed to achieve even better outcomes for children with kidney
failure.

Patient and graft survival among transplant
recipients

Kidney transplantation, not necessarily as an initial modality,
has survival benefits compared with dialysis. However, chil-
dren who have undergone transplantation are still at high risk
for mortality compared with the general population, and graft
failure is as highly relevant outcome as mortality among these
patients. Many epidemiological studies have highlighted graft
and patient outcomes, reporting that graft and patient survival
have also been improving over time in both developed coun-
tries [110-113] and developing countries [114]. In terms of
mortality, infancy and adolescence [111, 113], female sex
[112], non-FSGS or non-CAKUT etiology [110, 111], non-
preemptive kidney transplantation [115], presence of comor-
bidities [112], and deceased donor transplantation [111, 112]
may be independent risk factors, although there is a limited
number of studies (Supplementary Table 2). Regarding graft
failure, adolescence [113, 116-120], female sex [116, 118,
121], non-White race [116, 119—122], glomerulonephritis,

@ Springer

and focal segmental glomerulosclerosis as causes of kidney
failure [110, 118-120, 123], non-preemptive kidney trans-
plantation [115, 118], and deceased donor transplantation
[110, 113, 115, 119, 121] may be independently associated
with high risk (Supplementary Table 2). Aside from case mix
factors, non-adherence [116, 120], human leukocyte antigen
mismatching [98, 118—121, 124], donor age [118, 124], cold
ischemia time [121], delayed graft function [125], obesity
[126—129], and hyperphosphatemia [130] may be indepen-
dently associated with graft survival.

Conclusion

In the clinical setting, the main outcomes of interest are progres-
sion to kidney failure and mortality/graft failure in children with
CKD and kidney failure undergoing KRT, respectively.
However, it is challenging to study these relevant outcomes pro-
spectively because this requires long-term observation, and the
number of patients and outcomes is relatively small in children.
Thus, evidence obtained from large registries is imperative in this
field. In addition, registry data provide epidemiological informa-
tion including incidence and prevalence of CKD/kidney failure.
To date, several risk factors for progression to kidney failure
among CKD patients have been suggested, such as glomerular
diseases, lower eGFR, proteinuria, hypertension, and age.
Among children with kidney failure undergoing KRT, many
studies based on registry data have also revealed the risk factors
for mortality such as younger age, female sex, non-White race,
non-CAKUT etiology, anemia, hypoalbuminemia, and high
eGFR at dialysis initiation. The evidence has contributed to clin-
ical practice. Nevertheless, given the various environments
among countries and regions, such as social, economic, ethnic,
and religious backgrounds, insurance systems, and medical re-
sources, more evidence based on registry studies is especially
needed from Asia, Middle and South America, and Africa.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00467-021-05145-1.
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W) Check for updates

Examination of the predicted
prevalence of Gitelman syndrome
by ethnicity based on genome
databases

Atsushi Kondo'™, China Nagano?, Shinya Ishiko?, Takashi Omori?, Yuya Aoto?, Rini Rossanti?,
Nana Sakakibara?, Tomoko Horinouchi!, Tomohiko Yamamura?, Sadayuki Nagai?, Eri Okada?,
Yuko Shima3, Koichi Nakanishi*, Takeshi Ninchoji!, Hiroshi Kaito?, Hiroki Takeda?,

Hiroaki Nagase?!, Naoya Morisada?, Kazumoto lijima® & Kandai Nozu?

Gitelman syndrome is an autosomal recessive inherited salt-losing tubulopathy. It has a prevalence of
around 1 in 40,000 people, and heterozygous carriers are estimated at approximately 1%, although
the exact prevalence is unknown. We estimated the predicted prevalence of Gitelman syndrome
based on multiple genome databases, HGVD and jMorp for the Japanese population and gnomAD for
other ethnicities, and included all 274 pathogenic missense or nonsense variants registered in HGMD
Professional. The frequencies of all these alleles were summed to calculate the total variant allele
frequency in SLC12A3. The carrier frequency and the disease prevalence were assumed to be twice and
the square of the total allele frequency, respectively, according to the Hardy-Weinberg principle. In
the Japanese population, the total carrier frequencies were 0.0948 (9.5%) and 0.0868 (8.7%) and the
calculated prevalence was 0.00225 (2.3 in 1000 people) and 0.00188 (1.9 in 1000 people) in HGVD and
jMorp, respectively. Other ethnicities showed a prevalence varying from 0.000012 to 0.00083. These
findings indicate that the prevalence of Gitelman syndrome in the Japanese population is higher than
expected and that some other ethnicities also have a higher prevalence than has previously been
considered.

Gitelman syndrome (GS) is an autosomal recessive inherited salt-losing tubulopathy characterized by meta-
bolic alkalosis, hypokalemia, hypomagnesemia, and hypocalciuria. Patients with GS have clinical manifestations
including salt cravings, muscle weakness, cramps, fatigue, dizziness, nocturia, and thirst"? The gene responsi-
ble for GS is SLCI12A3 on chromosome 16q13, which encodes the thiazide-sensitive sodium-chloride cotrans-
porter (NCCT) located on the distal convoluted tubule of the kidney®. More than 250 pathogenic variants in the
SLC12A3 gene have been reported to date and biallelic inactivating variants of SLC12A3 cause GS**°.

The prevalence of GS is said to be around 1 in 40,000 people, although it is potentially more common among
AsiansS. This suggests that at least 1% of the population is a heterozygous carrier’. However, the exact prevalence
of GS is unknown because most cases are thought to be asymptomatic or have nonspecific clinical findings'.
Therefore, most GS patients have not been diagnosed, because of the absence of a blood examination to check
their serum potassium levels. A recent study also reported that patients with GS are more likely to develop type
2 diabetes mellitus®. We have previously reported that GS patients tend to have extrarenal symptoms such as
short stature, thyroid dysfunction, and epilepsy*. QT prolongation is also a significant fatal complication of GS°.
In addition, heterozygous carriers are expected to be quite common because heterozygosity confers the health
benefit of a reduced likelihood of developing hypertension’. Taken together, this could suggest that there are far
more patients and carriers than expected. However, to date, the actual prevalence of GS has not been examined.

In this study, we performed an examination of the disease prevalence of GS and the number of carriers of
GS-causing variants by ethnicity based on information in online genome databases. We have been conducting
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Race

Japanese

European non-
Finnish European Finnish | Ashkenazi Jewish | South Asian | East Asian | African Latino Other

Data bank

HGVD

jMorp

genomAD

Carrier

0.0948

0.0868

0.0234 0.00865 0.0280 0.00699 0.0575 0.0101 0.0120 0.0249

Patient

0.00225

0.00188

0.000137 0.0000187 0.000196 0.0000122 0.000828 0.0000255 0.0000363 | 0.000155

Table 1. Frequencies of carriers of SLCI12A3 variants and the prevalence of GS in each ethnicity and database.

Race Japanese

Data bank HGVD jMorp

The adjusted total allele frequency 0.0422 0.0406

The adjusted carrier frequency 0.0844 0.0812

The adjusted prevalence 0.00178 0.00165

Table 2. Adjusted total allele frequencies of SLC12A3 variants according to ACMG/AMP 2015 guidelines and
adjusted carrier frequency and prevalence of GS in a Japanese population.

gene tests for GS in Japan and realized that most cases are asymptomatic and diagnosed by chance during blood
tests. However, after diagnosis and receipt of precise information about the clinical symptoms, including salt
craving, nocturia, or general fatigue, the patients realize that they have been suffering from symptoms since
childhood. We also realized that there are few de novo variants in SLC12A3 and almost all variants are inherited
from the parents*®. Therefore, most of the pathogenic variants that have been reported have been registered in
single-nucleotide polymorphism (SNP) databases.

In this study, we included all of the missense or nonsense single-nucleotide variants of the SLCI2A3 gene that
have been registered in the Human Gene Mutation Database (HGMD Professional, https://portal.biobase-inter
national.com/hgmd/pro/start.php) as pathogenic variants, and searched for allele frequencies using the two
public SNP databases for Japanese populations, the Human Genetic Variation Database (HGVD, http://www.
hgvd.genome.med.kyoto-u.ac.jp/) and the Japanese Multi Omics Reference Panel (jMorp, https://jmorp.megab
ank.tohoku.ac.jp/202001/), as well as the Genome Aggregation Database (gnomAD, https://gnomad.broadinsti
tute.org/) for other ethnicities. We used the data obtained to calculate and compare the number of patients and
carriers of GS in each ethnicity.

In addition, for nine variants with especially high allele frequencies in the Japanese population, which were
expected to have a particularly strong impact on the results, we performed several in silico analyses, including
Sorting Intolerant From Tolerant (SIFT, https://sift.bii.a-star.edu.sg/), MutationTaster2 (http://www.mutationta
ster.org/), Polymorphism Phenotyping v2 (PolyPhen-2, http://genetics.bwh.harvard.edu/pph2/), and Combined
Annotation Dependent Depletion (CADD, https://cadd.gs.washington.edu/snv), and segregation analyses using
the information from our cohort to determine their pathogenicity. Following those, we confirmed the pathogenic-
ity of most of these variants according to the American College of Medical Genetics and Genomics (ACMG) and
the Association for Molecular Pathology (AMP) guidelines (Table 2, Supplementary Tables S2-510)'°.

Moreover, a retrospective data analysis study was performed that enrolled outpatients between the ages of
16 and 30 years who had undergone blood tests that included the serum potassium level at least once in the last
10 years at our hospital. We found that many of these patients presented with hypokalemia (defined as less than
3.1 mEq/L) and were suspected to have GS, excluding patients with underlying diseases or on medication that
affects the serum potassium level.

Results
There were 16 and 20 single-nucleotide variants out of the 274 missense or nonsense variants registered in
HGVD and jMorp, respectively, among the Japanese population, and 140 in the other ethnicities (Supplementary
Table S1).

In the Japanese population, the total allele frequencies of the SLCI12A3 gene variants were 0.0474 in HGVD
and 0.0434 in jMorp. Thus, the carrier frequencies were 0.0948 (9.5%) and 0.0868 (8.7%), and the calculated
prevalence was 0.00225 (2.3/1000 people) and 0.00188 (1.9/1000 people), respectively. The total allele frequen-
cies of the SLCI12A3 gene variants in the other ethnicities were 0.0117 in non-Finnish Europeans, 0.00433 in
Finnish Europeans, 0.0140 in Ashkenazim, 0.00350 in South Asians, 0.0288 in East Asians, 0.00505 in Africans,
0.00602 in Latinos, and 0.0125 in others (Supplementary Table S1). Then, the carrier frequencies for each eth-
nicity were 0.0234 (2.3%) in non-Finnish Europeans, 0.00865 (0.87%) in Finnish Europeans, 0.0280 (2.8%) in
Ashkenazim, 0.00699 (0.70%) in South Asians, 0.0575 (5.8%) in East Asians, 0.0101 (1.0%) in Africans, 0.0120
(1.2%) in Latinos, and 0.0249 (2.5%) in others. The calculated prevalence was 0.000137 (0.14/1000 people)
in non-Finnish Europeans, 0.0000187 (0.019/1000 people) in Finnish Europeans, 0.000196 (0.2/1000 people)
in Ashkenazim, 0.0000122 (0.012/1000 people) in South Asians, 0.000828 (0.83/1000 people) in East Asians,
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Blood test
Aim of Underlying Mg |UN |Cr UA | Alb VBG
blood disease or Na K Cl (mg/ | (mg/ | (mg/ | (mg/ | (g/ pCO2 HCO3- | BE
No | Age| Sex | test Symptom | status Medication | (mEq/L) | (mEq/L) | (mEq/L) |dL) |dL) |dL) |dL) |dL) |pH | (mmHg) | (mEq/L | (mEq/L)
. Pregnancy
1 |29 |p | Screen- | Extremity | o0 - 139 18 9% ND |48 |052 |81 |29 |ND |ND ND ND
ing weakness 28 weeks)
Pregnancy
Screen- (GA
2 25 | F in - 8 weeks), - 138 2.7 100 ND 7.6 051 |4.4 42 |ND ND ND ND
8 Hashimoto’s
disease
3 |22 | |Follow- | Gitelman KCl 138 2.8 101 2 124 082 |76 |49 |7.405 |444 274 24
up syndrome
Gitelman
4 |25 |p |Follow- | _ syndrome, | gy oo | 135 2.8 100 17 |65 |04 |42 |38 |ND |ND ND ND
up pregnancy
(GA19weeks)
Pregnancy
(GA
5 |30 |F |Screens | 36 weeks), | Sodium fer-| 57 )5 97 ND |7 |063 |63 |25 |[ND |ND ND  |ND
ing iron- rous citrate
deficiency
anaemia
Screen- Sturge-weber
6 21 |[M | - syndrome, Unknown 134 2.9 102 ND 5 028 |1.7 4.1 | ND ND ND ND
ng Glaucoma
h:t,ieosrtll;)f Suspected KCl,
7 26 | F %_I oka- Headache | of Gitelman | potassium | 138 3 99 1.7 11 044 |47 49 | 741 |504 31.3 5.8
1 P syndrome aspartate
emia
Investi-
g |16 |F |gationof| Oral allergy | _ 140 3.1 101 ND |144 |064 |6 44 | 7364 |55 31 44
proteinu- syndrome
ria
Screen- Dissociative
9 18 |F in Joint pain | osteochon- - 140 3.1 102 ND 12 0.46 |4 47 |ND ND ND ND
ng dritis
Investi-
10 |26 |M %Ia“‘m"f - Gout Febuxostat | 141 3.1 98 19 |151 |09 |92 |46 [7.389 |55.1 324 6
ypoka-
lemia
Investi- | Rash,
11 |27 |F | gationof | general Urticaria - 133 3.1 100 ND |9.6 082 |[ND |3 ND | ND ND ND
rash fatigue
Investi-
12 |29 |p |8tionof | Abdomi- | Abdominal 136 3.1 103 18 |6 055 |(ND |4 |ND |ND ND ND
abdomi- | nal pain | pain
nal pain
Investi-
13 |30 | |8ationof | Sore Pharyngitis | Ampicillin | 140 3.1 105 ND |67 |067 |ND |35 [ND |ND ND ND
pharyn- | throat
gitis

Table 3. Characteristics and blood test results of patients who showed hypokalemia with no apparent cause
other than GS. GA gestational age, ND no data, UN urea nitrogen, Cr creatinine, UA uric acid, Alb albumin,
VBG venous blood gas, BE base excess.

0.0000255 (0.026/1000 people) in Africans, 0.0000363 (0.036/1000 people) in Latinos, and 0.000155 (0.16/1000
people) in others (Table 1).

The estimated prevalence of GS per 1000 people in the Japanese population is 2.3 in HGVD and 1.9 in jMorp.
The estimated prevalences calculated from the two databases with different regional backgrounds are close
together, suggesting that there is little regional bias, and we believe that these data confirm the accuracy of the
estimated prevalence in the Japanese population. Regarding the estimated prevalence of GS in other ethnici-
ties, the rate in East Asians was the highest (0.83/1000 people), and it was also higher than previously reported
(1/40,000) in European non-Finnish (0.14/1000 people) and Ashkenazi Jewish (0.20/1000 people) populations.
It was lower in European Finnish (0.019/1000 people) and South Asian (0.012/1000 people) populations, and it
was almost equal in Africans (0.026/1000 people) and Latinos (0.036/1000 people) (Table 1).

For the nine variants which had an allele frequency of 0.001 or higher in the Japanese population, several in
silico and segregation analyses of 187 cases from our cohort in a previous report* were performed (Supplementary
Tables S2-S10). Based on the results, the pathogenicity of these variants was evaluated according to the ACMG/
AMP 2015 guidelines, and only three variants (rs199745548, rs201124663, and rs757776621) were considered
to be of “uncertain significance” (Supplementary Table S2). Excluding these three variants, the adjusted total
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allele frequency in the Japanese population was 0.0422 in HGVD and 0.0406 in jMorp. The adjusted estimated
carrier frequency was 0.0844 and 0.0814, respectively, and the adjusted estimated prevalence was 1.78 and 1.65
per 1000 people, respectively (Table 2).

The retrospective data analysis study using electronic medical records from Kobe University Hospital had a
total of 14,335 subjects, of which 143 patients showed hypokalemia (Supplementary Table S11). The number of
cases of hypokalemia was 13, or 0.9 per 1000 people, after excluding those with obvious secondary causes other
than GS and those who never showed hypokalemia in subsequent consequential blood tests (Table 3).

Discussion

To the best of our knowledge, this is the first study to examine the predicted prevalence and carrier frequency of
GS by ethnicity using multiple databases. The calculated prevalence of GS was found to be much higher in East
Asians, especially in the Japanese population, at approximately 2.0 in 1000.

In Western countries, although the frequency of heterozygous carriers based on phenotypic expression is esti-
mated to be about 1%, the estimated prevalence from 15 common variants in SLCI2A3 in unrelated subjects from
the Framingham Heart Study was 0.48%’. Some studies in Chinese populations showed that the allele frequency
of heterozygous SLCI12A3 variants was about 3%'". In a recent study in a Japanese population, the overall total
allele frequency of nine variants of the SLCI2A3 gene was 3.2% in 1852 Japanese subjects'>. However, our current
study shows a higher frequency than previous results because we investigated all reported pathogenic variants.

Our retrospective data analysis has shown that the ratio of patients suspected of having GS in our hospital
was about 0.9 per 1000 people when hypokalemia was defined by a threshold value of 3.1 mEq/L, referring to the
median serum potassium level in GS patients*. We put the definition as 3.1 mEq/L because the use of a higher
threshold caused the number of patients to increase such that it would be impossible to check all medical records.
The prevalence was lower than the estimated prevalence of GS; however, here, the threshold for hypokalemia is
set rather low. The number of patients would be expected to increase further if the reference value of hypokalemia
was extended to 3.5 mEq/L. Therefore, we consider the results of this retrospective analysis to be in no obvious
contradiction with the other results of this paper.

These suggest that numerous patients with GS are not accurately diagnosed because, as mentioned above,
most of them are asymptomatic or show nonspecific symptoms. However, in a large survey of quality of life in
patients with GS, it was revealed that they suffered from nonspecific symptoms causing a significant reduction
in quality of life!. Some reports also describe rare extrarenal features, including thyroid dysfunction, epilepsy,
and long QT syndrome, which could be fatal*"*. Patients with GS are also more likely to develop type 2 diabetes
mellitus®. There are some reports of end-stage renal failure associated with GS, although a large-scale study based
on accurate diagnoses is needed in the future to determine the renal prognosis of GS patients'*. Based on these
findings, it can be assumed that there are many more GS patients than previously reported, and earlier testing,
diagnosis, and treatment should be conducted as appropriate. We frequently encounter patients suffering from
nonspecific symptoms such as serious general fatigue or frequent nocturia. An accurate diagnosis of GS, the
provision of appropriate treatment, and an understanding of the clinical manifestations may enable the symptoms
of GS to be improved sooner, and help patients to feel reassured by an understanding of the underlying condition.

Interestingly, it has been reported that carriers of heterozygous variants in the SLC12A3 gene have a health
benefit in that they are less likely to develop hypertension’. Hypertension affects one billion people worldwide
and is the leading cause of death from stroke, myocardial infarction, end-stage renal disease, and congestive heart
failure. Ji et al. reported that heterozygous carriers of the SLC12A3 gene variants (approximately 1-3% of the
general population) showed significantly lower blood pressure and were at a lower risk for cardiovascular events’.
Alternatively, it should be noted, conflicting reports have been published about blood pressure in carriers®. It will
be intriguing to investigate whether cardiovascular morbidity and mortality do decrease among heterozygous
carriers as the population ages, and further research is warranted.

This study shows that the frequencies of heterozygous carriers of the SLCI2A3 gene variants are about 9% in
the Japanese population, 6% in East Asians, and 0.7-2.8% in other ethnic groups, indicating that carrier status
is common in most ethnic groups. There are some possible reasons why the carrier frequencies are so high for
a disease with an autosomal recessive form of inheritance.

The first reason is that the symptoms in GS are not fatal, do not affect development, and affected individu-
als are capable of reproduction in almost all cases, so both carriers and patients are able to produce offspring.

Second, geographical factors may have contributed to the high prevalence of GS in the Japanese population.
Japan is an island country, and an increased prevalence of a condition may arise from the historical migration of
carriers to geographically isolated areas, known as a founder effect. In particular, rs146158333 and rs185927948
are carried by more than 1 in 100 Japanese, while these variants are almost undetectable in other ethnicities.
The high rates of these two variants may be due to a founder effect, which could explain the high prevalence of
GS in the Japanese.

As for the limitations of this study, the method used for calculating the prevalence of GS was simplistic, as an
autosomal recessive form of inheritance was assumed and the possibility of de novo variants was not considered.
However, our genetic reports indicate that there are few de novo variants of the SLCI2A3 gene, so their impact
is considered to be statistically negligible*.

In addition, the subjects of this study were limited to previously reported missense and nonsense variants
within the exons, so we did not consider the presence of other hotspot variants. Only a heterozygous variant
can be detected in 15-20% of patients with GS, which suggests that there could be unknown hotspot variants,
such as in intronic regions'>. However, these limitations are likely to have caused the prevalence of GS to have
been underestimated in the current results, which would not affect our conclusion that the prevalence of GS is
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higher than previously reported. To obtain more accurate data on the prevalence of GS, it is important to further
understand the pathogenesis of this disease.

Another limitation of this study is that the pathogenicity determination of the database on which it was based
could be incorrect. In the HGMD database, the determination of pathogenicity is defined by computed scor-
ing using a supervised machine learning approach known as Random Forest. It is based upon multiple lines of
evidence, including HGMD literature support for pathogenicity and some in silico pathogenicity predictions'®.
However, the genetic variant in rs146158333, for example, is considered pathogenic in the HGMD professional
database, and Monkawa et al. reported that three of six patients diagnosed with GS (two of whom were sisters)
had this homozygous variant, but also two of 50 healthy individuals had the heterozygous variant'’. They con-
cluded that additional in vitro studies are required to prove that the variant is responsible for GS.

If the pathogenicity decision for a variant which has an allele frequency of 0.001 or higher is wrong, this can
significantly affect the results. However, we have detected such high allele frequency variants in our cohort that
are strongly suspected of being pathogenic based on in silico and cosegregation studies. As a result, according
to the ACMG/AMP 2015 guidelines, six of the nine variants with the especially high allele frequencies in the
Japanese population were considered to be “likely pathogenic” (Supplementary Table S2).

We have also compared the allele frequencies published in the report by Fujimura et al.* and the databases
for three variants for which the minor allele frequency (MAF) was more than 0.5% by chi-squared test. As a
result, two of the three variants (rs146158333 and rs185927948) showed significantly higher frequencies in the
population with GS (Supplementary Table S12). For another variant (rs139329616), although the difference was
not significant, it tended to be more common, with an allele frequency of 1.1% in the patient group compared
with 0.75% in HGVD and 0.56% in jMorp. These data can provide more evidence for the pathogenicity of these
variants. Therefore, although some variants with high allele frequency may include variants of unknown signifi-
cance, the influence of this point on the result is limited. In this way, the reliability of the database needs to be
carefully checked when estimating the prevalence of rare diseases with the research methodology used in this
study, and further accumulation of cases is expected.

In conclusion, this study suggests that the prevalence of GS could be higher than previously reported. This is
especially true in the Japanese population, in which it affects approximately 2.0 in every 1000 people. Although
most GS cases are mild, leaving patients undiagnosed may impair their quality of life, and many such patients
could exist. Accurate recognition of the prevalence of GS may help in early testing and diagnosis. The analysis of
pathogenic genetic variants in GS is progressing, but some uncertainties remain. As these are overcome, it will
become possible to conduct more precise genetic studies and more accurately estimate the number of patients.

Methods

This work is an epidemiological research study using multiple public databanks. First, we included all single-
nucleotide variants in exons of the SLC12A3 gene (referenced as NM_000339.2) registered in HGMD Professional
2020.1 as pathogenic, then excluded small insertion and deletion variants registered in other SNP databases such
as jMorp because there were low numbers of these and their allele frequencies were negligibly low in calculating
the prevalence (Supplementary Table S13). Consequently, the number of objective variants was 274. HGMD
presents published gene variants for inherited human diseases's, and the pathogenicity was evaluated by their
scoring system.

Second, we searched the allele frequencies for all 274 variants in each ethnicity using HGVD version 2.3'® and
jMorp 202001" for the Japanese, and gnomAD ver.2.1.1? for other ethnicities, such as non-Finnish Europeans,
Finnish Europeans, Ashkenazim, South Asians, East Asians, Africans, Latinos, and others. HGVD is a database
that is managed by Kyoto University and contains information on genetic variants based on exome analysis of
1208 samples and cohort studies of 3248 samples, and it is an analysis of genome sequences of healthy Japanese
people. jMorp is a database managed by Tohoku University Tohoku Medical Megabank Organization (ToMMo),
and it integrates information on health surveys in the Tohoku region of Japan from cohort studies and analysis
of more than 10,000 specimens, including whole genome sequences.

The nine variants which have an allele frequency of 0.001 or higher in the Japanese population (rs199745548,
rs146158333, rs201124663, rs759532318, rs757776621, rs79351185, rs139329616, rs200697179, and
rs185927948), could have a significant influence on the results of this study. The reason for this definition is
that in this study design, the inclusion of variants with allele frequencies of less than 0.001 does not have a
significant impact on the estimated carrier frequency or prevalence. To further investigate the pathogenicity of
these variants, in silico and segregation analyses were performed. In silico analyses were performed using SIFT,
MutationTaster2, PolyPhen-2, and CADD (GRCh37-v1.6). The segregation analysis was based on the cohort
published in the report by Fujimura et al.* and included 187 patients, adding two cases (B039-2 and B117) whose
genetic diagnosis was confirmed after the publication of the study. We then updated the data for eligible cases
(see Supplementary Table S10 for details). Regarding case B094, the father was asymptomatic and had the same
variants as the patient, while the mother’s specimen was not obtained. Because the pathogenic variants might be
in cis, Sanger sequencing was performed again on the patient’s sample, but no other variants were found in the
exon of the SLCI2A3 gene. Since the diagnosis could not be confirmed genetically, this case was excluded from
this analysis. Among the cohort, those with at least one of the above nine variants were evaluated along with
the results of the genetic tests of as many relatives as could be identified. Based on the results of the in silico and
segregation analyses, we evaluated the pathogenicity of the nine variants according to the ACMG/AMP 2015
guidelines'. For variants suspected to be pathogenic by more than two in silico analyses, PP3 was added to the
criteria. PP1 added the criteria for variants that cosegregated with GS in multiple unrelated families, and PM3
was added for variants that were detected in trans with a pathogenic variant in our cohort (see reference 10 for
details of each criteria).
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For three variants for which MAF was more than 0.5% (rs146158333, rs139329616, and rs185927948), we
compared the allele frequency in Fujimura et al.* (the group of GS patients) and the databases (HGVD and jMorp;
the group of general Japanese) by chi-squared test.

Moreover, to confirm the accuracy of the results of the above study, we conducted an additional retrospective
data analysis study using electronic medical records. All outpatients between the ages of 16 and 30 years who
had blood tests that included the serum potassium levels at Kobe University Hospital between January 2010
and December 2020 were included in the study, and the percentage of patients who showed hypokalemia with
no apparent cause other than GS was identified. We set this target age range because GS patients often show
symptoms in childhood or young adulthood, and hypokalemia due to other factors may increase at older ages.
The definition of hypokalemia in this study was 3.1 mEq/L, referring to the median serum potassium level in
GS patients reported by Fujimura et al.*. We then checked the medical record for all cases with hypokalemia
and omitted cases with underlying diseases or on medication that affects the serum potassium levels, such as
eating disorders, periodic quadriplegia, chronic or severe diarrhea or vomiting, drug abuse, medication (such as
insulin, diuretics, glucocorticoids, ritodrine hydrochloride, and adrenergic beta-2 receptor agonists), malignant
tumors, hyperthyroidism, and hemolysis.

Calculating the disease prevalence of GS and the number of carriers of GS-causing vari-
ants. GS is an autosomal recessive inherited disease that develops because of homozygosity or compound
heterozygosity of any pathogenic variant. The frequencies of single-nucleotide variants were summed to deter-
mine q, the total minor allele frequency of the SLCI2A3 variant in each ethnicity, and we defined p as the
normal allele frequency (p+q=1). According to the Hardy—-Weinberg principle, the carrier frequency is 2pq,
but because q is much smaller than 1 as GS is a rare disease, the carrier frequency was determined to be twice
the total minor allele frequency (2q), assuming that “p=1-q = 1”. Furthermore, the predicted prevalence was
calculated as g*?'.

Then, we compared the prevalence of GS and the rate of carriers of GS-causing variants in each ethnicity
obtained by the above calculation.

Ethical approval. The study protocol is performed in accordance with the relevant guidelines and with
the approval of the Ethics Committee at Kobe University Graduate School of Medicine (IRB approval number:
B210007). Since this is a retrospective data analysis study that does not use patient specimens and does not
involve any physical invasion to patients, we obtained permission from the committee and substituted individual
consent with an opt-out statement on the website of Kobe University Hospital.

Data availability
We have provided all data in the text and supplementary data file.
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Ultrasonographic reference values and a simple yet practical formula for estimating average kidney

length in Japanese children
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Koichi Kamei, Kentaro Nishi, Tetsuji Kaneko, Kenji Ishikura, Yoshimitsu Gotoh

On behalf of the Pediatric CKD Study Group in Japan in conjunction with the Committee of Measures for
Pediatric CKD of the Japanese Society of Pediatric Nephrology

1. Department of Pediatric Nephrology, Aichi Children’s Health and Medical Center, 426 7-chome,
Morioka-cho, Obu, Aichi 474-8710 Japan

Abstract

Background: The assessment of kidney size is essential for treating kidney disease. However, there are
no reliable and sufficiently robust ultrasonographic reference values or prediction formulas for kidney
length in Japanese children, based on a sufficient number of participants.

Methods: We retrospectively analyzed kidney measurements by ultrasonography in children aged 18
years or younger from eight facilities throughout Japan between January 1991 and September 2018.
Detailed reference values were developed by aggregating the left and right kidneys of boys and girls
separately. Simple and practical reference values were developed by combining all the data from left
and right kidneys and boys and girls. The estimation formulas for the average value and lower limit of
the normal range for kidney length were developed based on regression analysis.

Results: Based on the aggregated kidney length data of 1,984 participants (3,968 kidneys), detailed
reference values and simple reference values for kidney length were determined. From the regression
analysis, the formula for calculating the average kidney length was generated as “kidney length (cm) =
body height (m) x 5 + 2", and that for predicting the lower limit of normal kidney length in children
under 130 cm was calculated as “lower limit (cm) = 0.85 x [body height (m) x 5 + 2]”.

Conclusion: Detailed ultrasonographic reference values of kidney length for Japanese children and

simple reference values and estimation formulas for daily practice have been established.

Introduction

Assessing kidney size is essential for treating children with kidney disease. Ultrasonography is the most
common diagnostic imaging method used to investigate kidneys and urinary tracts and can provide
information on kidney size in children. This study aimed to define detailed ultrasonographic reference

values for kidney length in healthy Japanese children. We also tried to establish simple reference values



of kidney length for daily practice and a simple yet practical formula that could estimate the normal lower

limit of kidney length in children.

Materials and Methods

In this study, we reviewed the medical records of pediatric participants aged 18 years or younger who
underwent ultrasonography at each institution between January 1991 and September 2018. We obtained
the following data from medical records retrospectively: kidney length measured by ultrasonography,
body height, etc. Both detailed and simple practical Reference values of kidney length for
ultrasonography for each age and body height were calculated from the collected data. A simple formula
for predicting kidney length for daily clinical use was developed based on the regression formula using
the combined data of all participants. To simplify the formula, we rounded off to the first decimal place
for each term of the regression formula. A formula for estimating the lower limit of normal kidney length

was developed using the prediction formula for kidney length.

Results

Tables 1 and 2 show the simple reference values for kidney length, regardless of sex or kidney position,
for each age and body height group. The regression formula and coefficient of determination of kidney
length (cm) and body height (cm) for 1,771 participants (3,542 kidneys) was y = 0.496x + 2.0836 (R? =
0.8234). Based on this regression equation, we set a simple and practical formula for estimating the
average value of kidney length by body height as “body height (m) x 5 + 2”(Fig. 1). The formula for
calculating the value of the lower limit of kidney length for children with body height up to 130 cm was
set as “mean x 0.85” i.e. “0.85 x [body height (m) x 5 + 2]”.

Discussion

Ultrasonographic reference values and simple prediction formulas for normal kidney length in healthy
Japanese children under 18 years were developed in this study. These reference values and prediction
formulas can be applied in any facility regardless of sex, kidney position, presence of SFU grade 1
hydronephrosis, and body position at time of ultrasonography. We propose "the estimated average kidney
length (cm) = body height (m) x 5 + 2" as a simple and practical calculation formula for predicting
normal kidney length in children under 18 years. We also propose the formula “the estimated lower limit
of normal kidney length (cm) = 0.85 x [body height (m) x 5 + 2] to estimate the lower limit of normal

kidney length for children up to 130 cm tall.



Table 1 Simple and practical reference values of kidney length by ultrasonography for practical

clinical use by age

age (m/y) kidney length(cm)
n mean mean mean

+2SD  -2SD

0-2 my 56 50 61 39

3-5 62 54 67 42
6-8 492 55 69 42
9-11 52 57 68 46
12-17 72 59 69 49
18-23 36 62 74 50
2 y) 92 65 75 56

3 s64 68 79 57

4 208 72 85 58

5 184 75 87 63

6 328 78 91 65

7 322 80 95 66

8 280 83 97 70

9 218 84 98 69
10 238 90 105 7.6
11 280 94 109 79
12 314 97 115 80
13 252 101 117 85
14 230 101 116 8.6
15 94 103 120 86
16 16 104 128 79
17 8 107 117 98
18 10 101 111 91

SD, standard deviation; m, months; y, years.



Table 2 Simple and practical reference values of kidney length by ultrasonography for practical
clinical use by body height

body height(cm) kidney length(cm)

n mean mean  mean

+2SD  -2SD
50 - <60 36 49 5.9 39
60 - <70 62 54 6.5 43
70 - <80 90 5.9 7.0 4.8
80 - <90 130 6.4 7.4 54
90 - <100 520 6.8 7.8 5.7
100 -<110 288 7.3 8.6 6.1
110 -<120 418 7.8 9.0 6.5
120 - <130 426 8.2 9.4 7.0
130 - <140 350 8.6 10.1 7.2
140 - <150 35293 107 79
150 - <160 474 9.9 11.3 8.4
160 - <170 302 10.2 11.7 8.7
170 - <180 82 10.6 12.0 9.2
180 - <190 10 11.4 13.6 9.2
SD, standard deviation.
Fig. 1
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Abstract

Background: Severe congenital anomalies of the kidney and urinary tract (CAKUT)
progresses to infantile kidney failure with replacement therapy (KFRT). Although prompt
and precise prediction of kidney outcome is important, early predictive factors for its
progression remain unknown.

Methods: This retrospective cohort study included patients with CAKUT in 12 centers
between 2009 and 2020. Patients with a maximum serum creatinine (SCr) level of 1.0 mg/dL
or lower during the first three days, who died within neonatal period due to respiratory
failure, those who progressed to KFRT within the first three days, and those who were
lacking of the sufficient data were excluded.

Results: Of 2187 patients with CAKUT, 92 patients were finally analyzed. During the
median observation period of 52 (1—139) months, 25 patients (27%) progressed to KFRT and
24 (26%) had stage 3—5 CKD without replacement therapy. Among them, 22 (24%)
progressed to infantile KFRT. The free survival probability of infantile KFRT in patients
with maximum SCr level during the first three days (Cr-day3-max)=2.5 mg/dL (21.8%) was
significantly lower than those with Cr-day3-max<2.5 mg/dL (95.2%) (Log-rank, P < 0.001).
In the multivariate analysis, Cr-day3-max (P < 0.0001) and oligohydramnios (P = 0.04) were

associated with higher risk for infantile KFRT.
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Conclusion: Neonatal kidney function, such as Cr-day3-max, was strongly associated with

kidney outcome in patients with severe CAKUT. Future prospective studies with larger

cohorts are warranted.
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What is already known about this subject:

oNOYTULT D WN =

*  Most common cause of both chronic kidney disease and kidney failure is congenital

10 anomalies of the kidney and urinary tract (CAKUT) in children.

13 *  Most of patients with CAKUT progressed to kidney failure after school age and

16 adolescent.

19 *  Although severe CAKUT progressed to kidney failure during neonatal or infantile period,

22 early predictive factors for its progression remain unknown.

28 What this study adds:

31 + Patients with CAKUT who had kidney dysfunction during neonatal had poor kidney

34 outcome.

37 »  Maximum serum creatinine level during the first three days (Cr-day3-max)=2.5 mg/dL
40 and oligohydramnios were associated with higher risk for infantile kidney failure with
43 replacement therapy.

46 * A life outcome of severe CAKUT was never poor by treatment in tertiary pediatric

49 nephrology centers, if respiratory failure was overcome in neonatal period.

52 What impact this may have on practice or policy:

55 * These results showed early prediction for infantile kidney failure in severe CAKUT.
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*  Prompt and precise prediction of the timing and indications for dialysis initiation in

infants with severe CAKUT can lead to improvement of prognosis.

»  Aggressive therapy for severe CAKUT may be expected to have a good life outcome

through infantile dialysis and kidney transplantation.

Key words: chronic kidney disease; dialysis; kidney transplantation; children; congenital

anomalies of the kidney and urinary tract
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Introduction

Congenital anomalies of the kidney and urinary tract (CAKUT) comprises a broad range of

congenital disorders of the kidney and urinary tract, such as hypoplastic kidney, dysplastic

kidney, kidney agenesis, posterior urethral valves, and congenital obstruction uropathy.!-?

Although the severity can range from normal kidney function to neonatal or infantile kidney

failure with replacement therapy (KFRT), the most common cause of both chronic kidney

disease (CKD) and KFRT is CAKUT in children.3-3

Patients with CAKUT that complicated kidney dysfunction during neonatal period

can be required initiation of dialysis and systemic management from early age.®’” Although

the management for neonates and infants with kidney failure remains challenging and

demanding even in pediatric nephrology center, the mortality rate has significantly improved

with advancements in dialysis technology and clinical expertise in recent decades.®?

Accordingly, the early prediction of the timing and indications for dialysis initiation in infant

with kidney failure is important for appropriate judgement of early transference to a treatable

center. However, early predictive factors of progression to infantile KFRT have yet to be

clarified in a large study cohort.

We therefore investigated the kidney outcome and associated risk factors of KFRT

during neonatal or infantile period in patients with severe CAKUT in multicenter.
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Materials and Methods

Study design, site, and participants

This was a retrospective cohort study that included patients who developed CAKUT with

kidney dysfunction at birth between January 1, 2009 and August 31, 2020. Twelve pediatric

nephrology centers that deliver infantile dialysis treatment in Japan submitted data to this

study. The corresponding hospital included six university hospitals, three children’s hospitals,

and three local basal hospitals. Patients who were diagnosed with the hypoplastic kidney,

dysplastic kidney including multicystic dysplastic kidney, kidney agenesis, and urinary tract

obstruction were included. Patients with hydronephrosis alone and reflux nephropathy alone

were not included in present study. Patients with a maximum serum creatinine (SCr) level of

1.0 mg/dL or lower during the first three days, those who died within neonatal period due to

respiratory failure, those who progressed to KFRT within the first three days, and those who

had lack of the sufficient data of SCr level during the first three days were excluded.

Data collection

Anonymized data were remotely extracted from 12 center using hospital’s patient

administration system. We identified subjects by first querying each hospital’s electronic

medical record system for insurance names of disease. After subsequent medical record

review, patients were included if they were satisfied inclusion criteria. For all included
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patients, the following data were collected from the medical records to determine the clinical

course of patients: sex, birth information, oligohydramnios, primary kidney diagnosis and

associated disease including syndrome/genetic diagnosis, lower urinary tract function,

extrarenal congenital complications, other complications, neonatal complications, laboratory

data, treatment including kidney replacement therapy, time to KFRT, kidney outcome, death,

and follow-up duration. Laboratory data included all SCr levels during neonatal period.

Outcome

The primary endpoint was infantile KFRT. The secondary endpoint was neonatal KFRT and

progression to CKD. Infantile KFRT was defined as progression to KFRT within the first 1

year of life. Neonatal KFRT was defined as progression to KFRT within the first 28 days of

life. According to the Kidney Disease Improvement Global Outcome guidelines for CKD in

2012, Stage 1—5 CKD was classified as GFR >90, 60—90, 30—59, 15—29, <15 mL/min/1.73

m?, respectively.’

Definitions

CAKUT were diagnosed from using combined data including kidney ultrasonography,

kidney scintigraphy, and/or voiding cystourethrogram by nephrologists at each institution.

10
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Voiding cystourethrogram was performed only in a selected subgroup of patients. Syndromic

CAKUT were defined as CAKUT with congenital extrarenal complications.

The patients with kidney failure included those who died due to kidney-associated

death without initiation of dialysis. The estimated GFR (eGFR) was calculated using the

creatinine-based equation to estimate the glomerular filtration rate in Japanese children with

CKD.!%!1 The eGFR was used for staging of CKD. Neonatal AKI was defined as an SCr

greater than 1.5 mg/dL or an increase of at least 0.2 to 0.3 mg/dL per day from a previous

lower value and the elevation of SCr unexplained by natural history of progression to kidney

failure on CAKUT.!2

We defined Cr-day3-max as maximum SCr level during the first three days. SCr

was measured by the enzymatic method. Infantile dialysis was necessary for patient with

inadequate nutrition, uncontrollable metabolic acidosis and electrolyte abnormality, fluid

overvolume.® Only Low eGFR was not indicated for dialysis.

Gene mutations were identified using single-gene screening, multiplex ligation-

dependent probe amplification assay, array-based comparative genome hybridization, gene

panel, or next-generation sequencing.

Statistical analysis

11
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Continuous variables were expressed as medians with ranges and categorical variables were

expressed as a number (%). To compare continuous variables - test when normally

distributed or a Mann-Whitney U test when not normally distributed was used. _¥? test was

used to compare categorical variables. Infantile and neonatal kidney survival analyses were

performed by the Kaplan—Meier method to evaluate time until occurrence of outcome.

Difference between groups were compared using the log-rank test. For multivariate analysis,

cox proportional hazard regression analysis was performed to determine risk factors for

infantile KFRT.

A two-sided P value of <0.05 was considered to indicate statistical significance. All

statistical analyses were performed using the JMP software package for Macintosh, 14.2

(SAS Institute Inc).

Ethics

This study was conducted in accordance with the principles of the Declaration of Helsinki

and the Ethical Guidelines for Medical and Health Research Involving Human Subjects of the

Ministry of Health, Labor, and Welfare, Japan. The study protocol was approved by the

institutional ethics committee of the National Center for Child Health and Development

(approval no. 2020—169). Study approval with agreement for data was shared from each

site’s institutional ethics committee. In agreement with the abovementioned guidelines,

12
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informed consent was not required for participating in the study. For genetic analyses,

informed consent was obtained from all patients or their parents or legal guardians of all

patients.

13
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Results

Patient characteristics

During the study period, 2187 patients with CAKUT was born in 12 centers. Of them, 104

children with CAKUT fulfilled the inclusion criteria. Six patients who died within neonatal

period due to respiratory failure, two patients who progressed to KFRT within the first three

days, and four patients who lacked of the data of SCr level during the first three days were

excluded from the study. Therefore, the final analyses included 92 patients, including 56

male and 36 female patients (Figure 1).

Table 1 summarizes the clinical characteristics of the study cohort of 92 patients.

Briefly, approximately 50% of the patients were low birth weight infant, including five and

two patients with very low birth weight infant and extremely low birth weight infant. Most

common primary diagnosis of CAKUT was bilateral hypoplastic dysplastic kidney. Bilateral

kidney lesion was observed in 61 patients (66%), whereas 31 patients (34%) had unilateral

kidney lesion. Identified syndromes associated with CAKUT were present in the 29 cases

(32%). Oligohydramnios was complicated in 29 patients (32%). Lower tract obstruction was

immediate conducted intervention before initiation of dialysis in all patients.

The comparison between patients with and without infantile KFRT was shown in

Table 1. Bilateral kidney lesion (P = 0.0001), oligohydramnios (P < 0.0001), neonatal AKI
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(P =0.04), neonatal infection (P = 0.002), neonatal ventilator (P < 0.0001), and neonatal

inotrope (P = 0.005) were significantly related to infantile KFRT.

Neonatal and infantile KFRT

Of 92 patients, 22 patients (24%) progressed to infantile KFRT, including 10 patients (11%)

progressed during neonatal period. Whereas 70 patients did not progress to KFRT during

infantile period.

Kidney outcome at last follow-up time

Of 70 patients who did not progress to infantile KFRT, 17 patients (24%) had stage 1 CKD

and 26 patients (37%) had stage 2 CKD, whereas 16 (23%) had stage 3, 6 (9%) had stage 4, 2

(3%) had stage5 without replacement therapy, and 3 (4%) progressed to KFRT at last follow-

up time. Three patients progressed to KFRT for 12, 52, and 67 months, respectively.

Consequently, 25 patients (27%) progressed to KFRT and 24 patients (26%) had stage 3—5

CKD without replacement therapy by the last follow-up evaluation in this study. (Figure 2)

Transplantation
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During study period, 11 patients (44%) were transplanted at a median age of 54 (32—67)

months. Of 11 patients, 2 (8%) received pre-emptive kidney transplantation at age of 52 and

67 months, respectively.

Death

During study period, 10 patients (11%) died and the median age of death was 10 (0—77)

months. In infantile KFRT group, the cause of death was kidney failure without initiation of

dialysis, sepsis, encapsulating peritoneal sclerosis, and interstitial lung disease in 3, 1, 1, 1

patient, respectively. In non-infantileKFRT group, the cause of death was sepsis, respiratory

failure after Glenn anastomosis, pneumonia, and sudden death in 1, 1, 1, 1 patient,

respectively.

Predictors for infantile and neonatal KFRT

The median value of Cr-day3-max in infantile KFRT group (3.2 (range, 2.1—4.8) mg/dL) was

significant larger than that in non-infantile KFRT group (1.3 (range, 1.0—3.3) mg/dL) (P <

0.0001). In multivariable Cox proportional hazard analyses, Cr-day3-max (P <0.0001) and

oligohydramnios (P = 0.03) were each associated with higher risk for infantile KFRT (Table

2). Kaplan—Meier curves for time to progression to infantile KFRT from birth according to

cut off values of Cr-day3-max were shown in Fig. 3A and Supplement Fig 1. The free
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survival probability of infantile KFRT in patients with Cr-day3-max=2.5 mg/dL (21.8%)
was significantly lower than those with Cr-day3-max<2.5 mg/dL (95.2%) (P < 0.0001) (Fig.
3A). Fifty-percent event-free survival was 1.3 months in the Cr-day3-max=2.5 mg/dL
group.

Kaplan—Meier curves for time to progression to neonatal KFRT from birth
according to cut off values of Cr-day3-max were shown in Fig. 3B and Supplement Fig. 2.
The free survival probability of neonatal KFRT in patients with Cr-day3-max=3.0 mg/dL
(58.8%) was significantly lower than those with Cr-day3-max<3.0 mg/dL (96%) (P <

0.0001) (Fig. 3B).
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Discussion
In this a multicenter retrospective cohort study of children with severe CAKUT, we evaluated
the kidney outcome and associated early predictive factors of infantile KFRT. Twenty-two
patients (24%) progressed to infantile KFRT in 92 patients. In the multivariate analysis, Cr-
day3-max=2.5 mg/dL and oligohydramnios remained a significant risk factor for infantile
KFRT after adjusting for other risk factors, such as gestational age, bilateral kidney lesion,
and neonatal AKI. Prompt and precise prediction of the timing and indications for dialysis
initiation in infants with severe CAKUT can lead to improvement of prognosis.

During study period, 22 patients (24%) progressed to infantile KFRT, including 10
(11%) patients progressed during neonatal period. In general, CAKUT had much longer
progression time to KFRT than other causes of kidney failure, most of which is progressed
after school age and adolescent in some large cohort studies.!*-1¢ However, present study
showed that sever CAKUT that complicated kidney dysfunction during neonatal period
progressed rapidly to KFRT. At last follow-up time, 82 (89%) patients were alive in present
study. Additionally, 11 patients (44%) who progressed KFRT were transplanted. These
results suggested that the long outcome was never poor by treatment in tertiary pediatric
nephrology centers, even if severe CAKUT.

More prompt and precise prediction of the timing and indications for dialysis

initiation in infants with severe CAKUT is required. In present study, we selected Cr-day3-
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max as a prognostic indicator of KFRT. This can lead to prediction for neonatal and infantile
KFRT within the first three days. In the cox proportional hazard regression analysis, Cr-day3-
max and oligohydramnios were significantly associated with infantile KFRT risk in the
present study. In particular, we think that the useful cut—off values of Cr-day3-max was 2.5
mg/dL for infantile KFRT and 3.0 mg/dL for neonatal KFRT. Katsoufis et al. reported that a
neonatal cystatin C=3.0 mg/dL and Peak SCr (the maximum rise in SCr after birth) =2.0
mg/dL predicted progression to KFRT during the average age of 6.1 + 2.8 years.” This was
consistent with our results in that kidney function during neonatal period reflected future
kidney outcome. Although cut-off value of SCr in present study was higher than the one in
previous study, this difference may be due to aspects of our policy that aim to manage to
avoid dialysis for as long as feasible.

In the univariate analysis, the ratio of bilateral kidney lesion, oligohydramnios,
neonatal ventilator, neonatal inotrope, neonatal AKI, and neonatal infection were
significantly higher in the infantile KFRT group. Because these factors were relevant
confounding factors each other, we did not add neonatal ventilator, neonatal inotrope, and
neonatal infection to the multivariate logistic analysis. It is known that bilateral kidney lesion
is risk for kidney failure in patients with CAKUT.!”-!8 In particular, congenital bilateral
kidney lesion including the most critically CAKUT result in Potter sequence, which leads to

fetal oligohydramnios, and fatal respiratory distress by pulmonary hypoplasia within an hour
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of birth.!%2° We speculated that neonatal ventilator and inotrope were associated with these
fatal states. If compensatory hypertrophy of the contralateral kidney is present in contralateral
kidney, kidney outcome is generally good.!32! In fact, none patients with unilateral kidney
lesion progressed to KFRT in the present study. They might be included due to other factors
such as maternal SCr. However, predict for compensatory hypertrophy is not easy in neonatal
period. We considered that neonatal AKI and infection are associated the results by
complication of severe case.

The present study has several limitations. First, SCr was not measured at every day
in all patients due to the retrospective study design. However, the timing of the measurement
of SCr was determined by the experts of neonatology and pediatric nephrology. As a result,
all patients in infantile KFRT group were measured every day during first three days. Second,
approximately 50% of the patients were low birth weight infant in present study. However,
CAKUT with CKD is a potential cause of low birth weight infant??. Third, the diagnosis of
AKI based on CAKUT during neonate period was very difficult. Moreover, the influence of
AKI after neonatal period was not fully considered in present study.

In conclusion, patients with CAKUT who had kidney dysfunction during neonatal
had poor kidney outcome. Additionally, kidney function during neonatal period, including
Cr-day3-max =2.5 mg/dL, was strongly associated with infantile KFRT. Prompt and precise

prediction of kidney outcome in infants with severe CAKUT leads to management of well-
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prepared dialysis and management which preserves residual kidney function and promotes if

feasible. Our findings should be confirmed in future prospective studies with larger cohorts.

21
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1
2
2 Table 1. Clinical characteristics of 92 patients with CAKUT and comparison between patients
5 with and without infantile KFRT
? All subjects Infantile KFRT Non-infantile KFRT P value
8 (n1=92) (n=22) (n=70)
9 Male 56 (61%) 14 (64%) 42 (60%) 0.76
10 Gestational age (weeks) 37(29-42) 37 (33—41) 37 (29—42) 0.45
1 <37 32 (35%) 9 (41%) 23 (33%)
37-42 59 (64%) 13 (59%) 46 (66%)
12 42< 1 (1%) 0 (0%) 1 (1%)
13 Birth weight (g) 2509 (816-3734) 2389 (1398—3464) 2523 (816—3734) 0.82
14 <1000 2 (2%) 0 (0%) 2 (3%)
15 10001499 5(6%) 1 (5%) 4 (6%)
16 1500-2499 38 (41%) 12 (55%) 26 (37%)
17 2500-3999 47 (51%) 9 (41%) 38 (54%)
4000< 0 (0%) 0 (0%) 0 (0%)
18 Maternal SCr value 0.50 (0.33-1.32) 0.48 (0.33-0.58) 0.53 (0.35-1.32) 0.01
19 Primary kidney diagnosis
20 Bilateral hypo/dys 36 (39%) 9 (41%) 27 (39%)
21 Unilateral hypo/dys 10 (11%) 0 (0%) 10 (14%)
22 Bilateral kidney agenesis 1(1%) 1 (5%) 0 (0%)
23 Unilateral kidney agenesis 6 (7%) 0 (0%) 6 (9%)
24 Kidney agenesis and opposite hypo/dys 1 (1%) 1 (5%) 0 (0%)
Bilateral MCDK 2 (2%) 2 (9%) 0 (0%)
25 MCDK and opposite kidney agenesis 1 (1%) 1 (5%) 0 (0%)
26 MCDK and opposite hypo/dys 9 (10%) 3 (14%) 6 (9%)
27 Unilateral MCDK 15 (16%) 0 (0%) 15 (21%)
28 PUV 9 (10%) 4 (18%) 5 (7%)
29 Urinary tract obstruction 2 (2%) 1 (5%) 1 (1%)
30 Kidney lesion
Bilateral 61 (66%) 22 (100%) 39 (56%) 0.0001
31 Unilateral 31 (34%) 0 (0%) 31 (44%) 0.0001
32 Syndromic CAKUT 29 (32%) 4 (18%) 25 (36%) 0.12
33 VACTERL association 6 (7%) 1 (5%) 5 (7%)
34 4p deletion 4 (4%) 0 (0%) 4 (6%)
35 HNFI 8 mutation 4 (4%) 0 (0%) 4 (6%)
36 BOR syndrome 2 (2%) 1 (5%) 1 (1%)
Trisomy 21 (Down syndrome) 2 (2%) 0 (0%) 2 (3%)
37 Kabuki syndrome 2 (2%) 0 (0%) 2 (3%)
38 PAX2 mutation 1 (1%) 1 (5%) 0 (0%)
39 17q12 deletion 1 (1%) 1 (5%) 0 (0%)
40 Trisomy 18 1 (1%) 0 (0%) 1 (1%)
41 Noonan syndrome 1 (1%) 0 (0%) 1 (1%)
Monosomy 9p 1 (1%) 0 (0%) 1 (1%)
42 6q25.2 deletion 1 (1%) 0 (0%) 1 (1%)
43 1q duplication 1 (1%) 0 (0%) 1 (1%)
44 2p deletion 1 (1%) 0 (0%) 1 (1%)
45 14 Robertsonian translocation 1 (1%) 0 (0%) 1 (1%)
46 Oligohydramnios 29 (32%) 18 (82%) 11 (16%) <0.0001
47 Neonatal complications
48 AKI 13 (14%) 6 (27%) 7 (10%) 0.04
Infections 17 (18%) 9 (41%) 8 (11%) 0.002
49 Neonatal treatments
50 Ventilator 44 (49%) 21 (95%) 23 (33%) <0.0001
51 Tnotrope 28 (30%) 12 (55%) 16 (59%) 0.005
52 Observation period (months) 52 (1—139) 54 (1—139) 48 (1—138) 0.75
gi AKI, acute kidney injury; BOR, branchio-oto-renal; CAKUT, congenital anomalies of kidney and
55 urinary tract; Hypo/dys, hypoplastic kidney/dysplastic kidney; KFRT, kidney failure with
g? replacement therapy; MCDK, multicystic dysplastic kidney; PUV, posterior urethral valves; SCr,
58 serum creatinine; VACTERL, vertebral, ano-rectal, cardiac, tracheo-esophageal, renal, and limb
59
60
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Table 2. Results of multivariable Cox proportional hazard analyses for infantile KFRT

Page 28 of 34

Multivariate analysis

Factors HR 95% CI P value
Gestational age 0.8 0.6-1.2 0.30
Oligohydramnios 4.5 1.2-16.9 0.03
Cr-day3-max 6.5 3.2-14.1 <0.0001
Bilateral kidney lesion 1.5 0.2-12.3 0.70
Neonatal AKI 1.1 0.3-3.6 0.85

AKI, acute kidney injury; Cr-day3-max, maximum SCr level during the first three days; KFRT,

kidney failure with replacement therapy
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Figure legends

Figure 1. Flow diagram of patient selection

CAKUT, congenital anomalies of kidney and urinary tract; SCr, serum creatinine

Figure 2. Kidney outcome at last follow-up.

CKD, chronic kidney disease; Cr-day3-max, maximum SCr level during the first three days

Figure 3. Kaplan—Meier curve for (3A) time to progression to infantile KFRT from birth

according to Cr-day3-max, (3B) time to neonatal KFRT from birth according to Cr-day3-max

Cr-day3-max, maximum SCr level during the first three days; KFRT, kidney failure with

replacement therapy

Supplement Figure 1. Kaplan—Meier curve for (A) time to progression to infantile KFRT

from birth according to Cr-day2.0-max, (B) time to progression to infantile KFRT from birth

according to Cr-day3.0-max, (C) time to progression to infantile KFRT from birth according

to Cr-day3.5-max

Cr-day3-max, maximum SCr level during the first three days; KFRT, kidney failure with

replacement therapy

Supplement Figure 2. Kaplan—Meier curve for (A) time to progression to neonatal KFRT

from birth according to Cr-day2.0-max, (B) time to progression to neonatal KFRT from birth

according to Cr-day2.5-max, (C) time to progression to neonatal KFRT from birth according

to Cr-day3.5-max
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Cr-day3-max, maximum SCr level during the first three days; KFRT, kidney failure with

replacement therapy
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