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WESTLHZ LG, )FEMAD CKD LIIRESER-TEHY, /NERA OFREHE, 15RIEDHEST
MDROLEN TS, F-RTENTEAINTHE, —AEICb 2B H 5 WIXEEEIOBE
fi 78 EOIRRNB IR L 72 5728, /NEHIO CKD A THIH 2SRRI EHE TH 5.

H AN CKD W98 7 v —7" (P-CKD) TIFHIHEE (Epk 22 42) 12 TARFR/INR O 7= 7252 W v
(2 K D/ NRABAE R igeles D FEREHEHR D 72 O OFRAMFFE (VN CKD 27 FAF5E) ) 24TV, /N CKD &
FH (AT —=U 3000 5 THhOBBE, SITEEZRI) ORERGIZ T Lo, HZEE N E
Bed 2 HEMED 3 5T X TOEREE (2FE 1190 fisk) ZXRICT 7 — bRt a1T o 125
B, I LT 925 gk (ARhEIER 77.7%) MHEIENH 7=, 2 b ORI x L
TRAAEZITY, 2E 119 sk 47 A\OXRRBFE LMD Lz (B 272 A, &I 175 A,
FEEN TR 8. T ik, AT —3, 316 A, 4, 107 A, 5, 25 N). LA LEO#EENS, 2010 4E 4 H
1 B 02 EO/NE CKD #3813 536. 5 A (95%C1:493. 2-579. 8) & HERF L7=. ZAVTAFR/NEA
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TS AL« FHIEIRIC K o TREIB A E2~OMIT 2 I TX 2 alReE R S iufz. —J7, CKD
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HBERE~OHEITIZEN TN L, /R CKD IR DR EE R APHE TH 5 EREEIL,
CKD A7 =T 3 b bit, A7 —VO#ITE & bITE kTS Z RSz (7, 8). CKD
AT — 3 LA EFE TH#AT L7 BFICB W TR AR E & BEEIXZLE4 27, 8%, 21. 9% & —fX A
Dk s, WIRL/NEIZBIT 2 EE CKD OfERIN - TH 5 Z EnnSiniz (9).
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e Z L2k v, /MR CKD ORMT#% & AT ORI F 23] 5272 5 2 & D3 HIfF
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# 2 /NECKD 27— EH
(1) 2R (Bkrbic) NEmEZ L7 F =2 2EHEE (mg/dl)
per(?égtile peri(e)zi?tile per?:sztﬂe AT=V3 | AT =Y 4 | AT V5
3-5 7 H 0.14 0.20 0.26 0.41~0.80 | 0.81~1.60 1.61~
6-8 » A 0.14 0.22 0.31 0.45~0.88 | 0.89~1.76 1.77~
9-11 » A 0.14 0.22 0.34 0.45~0.88 | 0.89~1.76 1.77~
1% 0.16 0.23 0.32 0.47~0.92 | 0.93~1.84 1.85~
(2) 2Ll B 12 RN (Bl s Hio) NRME S LT T = HUEfE (mg/dl)
perczégtile perigi?tile perg(:thile AT—=V3 | ATV 4 | AT=V5H
GFR 120 90 SO | SO 15 ki
2 7% 0.17 0.24 0.37 0.49~0.96 | 0.97~1.92 1.93~
3 Ik 0.21 0.27 0.37 0.55~1.08 | 1.09~2.16 2.17~
4 1% 0.20 0.30 0.40 0.61~1.20 | 1.21~2.40 2.41~
5 7% 0.25 0.34 0.45 0.69~1.36 | 1.37~2.72 2.73~
6 7% 0.25 0.34 0.48 0.69~1.36 | 1.37~2.72 2.73~
7 % 0.28 0.37 0.49 0.75~1.48 | 1.49~2.96 2.97~
8 i 0.29 0.40 0.53 0.81~1.60 | 1.61~3.20 3.21~
9 7% 0.34 0.41 0.51 0.83~1.64 | 1.65~3.28 3.29~
10 % 0.30 0.41 0.57 0.83~1.64 | 1.65~3.28 3.29~
117 0.35 0.45 0.58 0.91~1.80 | 1.81~3.60 3.61~

(3) 123U 19 AR (B 4) ANRIE 2 L7 F = HAEE (mg/dl)

1) BR
50.0 — s — a3 — s
percentile AT —V3 AT — 4 AT —VH
60 AT 30 A ;
12 7% 0.53 1.07~2.12 2.13~4.24 4.25~
13 % 0.59 1.19~2.36 2.37~4.72 4.73~
14 % 0.65 1.31~2.60 2.61~5.20 5.21~
15 % 0.68 1.37~2.72 2.73~5.44 5.45~

11



2) A

pemontile | ATV | AT—V4 | ATF—V5
GFR 120 60 %5 30 i 15 il
12 % 0.52 1.05~2.08 | 2.09~4.16 | 4.17~
13 % 0.53 1.07~2.12 | 2.13~4.24 | 4.25~
14 % 0.58 1.17~2.32 | 2.33~4.64 | 4.65~
15 % 0.56 1.13~2.24 | 2.25~4.48 | 4.49~

GFR (ml/min/1.73m2)
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REBRIOOESELUL, BET-IPHIHEILALLE, B TRELEEETIVHERIENEEA.

2010 ESYRAICODEYRMRILZHAZVELSE, HYHESTETNET,

o M1 IRNTOAICHRAWVWLEY. JRFOKREITBALLESL,

ERED #HfE-REBEITLZALLS,
MRZEN, BEERZZINTVEAE, FROHA, CEIZZSENLETY.

®EH 20 % A B (BREANELZSEEE L (CTRBALLEIY
BE cm | O FAE 0 £ A B)
3 Cr mg/dL | O FKBIE (20 & A H)
FRH Cr mg/dL | O KBIE 0 F A A)
REEHTE mg/dL | O FKAE (0 £ A H)
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EEEROAY-FAEAT-TIVEA B EL TS,

0 mRENR (20 &F A H)
O EEEN (20 &F A H)
O £HEBiE (20 &F A H)
IR O BEBE (20 F A =)
(EHUEIRT) O #xbe-&k (20 F A H)
Ly wFo @) contszmEsan,
O 3T (20 F A H)
L LFo @ oontelmEs<Ray,
A% o (20 =3 B B)
M Cr (20 F A H)
FEER BHO mg/dL
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A REE e Cr maydL (20 S A H)
S hE G
)T(Epiamimgm (20 & J )
=R ZH 20 F A H
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(EEH T 25)

MoE (E48) Autosomal dominant tubulointerstitial kidney disease

(FE )
Y AR R A R PE B % . (Autosomal dominant tubulointerstitial kidney

disease: ADTKD) (¥R EKEIEER, FRME RS & ME ML, BikictETS
2 BERERT Z2RE L T2 8cEBRKECH 2. FKERRTL L Tlid, UMOD,
MUCI, REN, SEC6IAl I bNTH Y, REMILE CHRNERTFICL YV EL S,
WA ZERETZ RS, BEBERBFEZIICD LT 25HEOEHEMREOH.LL &
5.

ADTKD iz FcEICHH ST LTz fliEFZ M EEE (Medullary cystic
kidney diseases: MCKD), & JiE ¥ %5 4 1% & JR B8 I AF P B fiF (Familial juvenile
hyperuricemic nephropathy: FJHN) %#t& L7zi2Wi% ch 5. LiloBEL TR E%
PR ETHEEER I LT MCKD, FJHN % i U EHEoZarH o T 7z
25, Wi R A CREZEYICERT 2 &, fREA L il 2 Hiy e L T4
FRostE— X 7z (1).

%%, HNFIBZRb ADTKD ic&® b5 2 e B% 0w, ZofEREIZETH
b, BCRERMEREREORIMcH 22 L b4\ (2). izl T HNF1B B#E
BRE (BIE) LLTEAZILBAEELVHRNELND 2720, KHICIIED R,

e
A BT 2HEELEIIFRHTH 5. BAZEDEGEBREBEEEEZNRE L4 X
DV ZOMfEIc L 5 E, ADTKD OFRRIZAOS -0 ofE ¢t 100 FAH7=H 16




ANThHotz. ZohTd UMOD ZEE %5 ADTKD (ADTKD-UMOD) D F%H
Db E <, 100 AABHZY 9N GEGHEBEED K O 84 EB R O < 0.9%)
THo7203). TAV AZEFLETZMANEED, FICHADMEEB R EE % %t
RE L7WsETd, ADTKD-UMOD DAFERET K <, BHEEEREE D 0.3%
) Twiz(4). ADTKD ICk ) 3BT RE OME X, WCKRO KBRS X
UMOD % 43.1%, MUCI % 38.1%(5), 7A L7 v F» 60Tk ADTKD ik
\F 238 5T B OB X MUCI %3 42.6%, UMOD %3 35.2%T® - 72 (6).

b

ADTKD-UMOD

UMOD (% uromodulin # 2 — F 3 %. Uromodulin (B JRME IC D AFIEST 5728
BEK & PREEHEIHK T 1 X 2 & RRIMAEIC X 208 % £ 3 5. Uromodulin ® R &
Z OUHE TR & 72 5 (7).

ADTKD-MUCI

MUCI ¥ mucin 1 22— F3%. %H mucin 1 DEIRME~DILEPFRAE & E 2 5
NTW5%(8). Mucin 1 1B OMSGE, HLE, AMASICHFEET 225, WEAIRE
WKIRET 5. ZDJRKAIZIAS 20 i&o’Cblﬁb\

ADTKD-REN

REN % renin Z 2 — F3 5. ¥ renin OFRME ~DUAE B HEEERE O K &
EZLNTW5, 7z, IEH renin EAE DK T3 25(9).

ADTKD-SEC61A1

SEC61A11ESEC6la 147 2=y b%a—F325,. SEC6la 1 DEFIC X Y /Natk
2R L REERL, BRI/ MIEZ P L ZAERE#E 2 5 Tw3(10).

ADTKD-UMOD

FH uromodulin DWENPBFFEEDHIKNE 72 5. ¥ 72, uromodulin DEFICL > T
JRIEICE T 5 ) LHBRINEELZ & 723, ZOMELIK, Boke Y, il
PRANAE < D PRIEFFIRAN 23 803 % (7).,

ADTKD-MUCI

B mucin 1 OB ICLX YV RMERELOBRELXZ TR RIBINTND
(11).

ADTKD-REN

Y renin OB IC XV IKMERE» O BHEL X T LRBINTN5(9).

¥ 72, IEH renin EAMKTICEIBEOEA Y v AME L KMELR 502 Z &2




H5. BId RO IERDO —2TH 252, i renin FEAEKFICERNT 2T
2R RIF VEAKT/Z) 2u R F ViEHiEo -t E1 5N TV 3,
ADTKD-SEC61A1

1SR 2/ Nk 2 b L2 X 3B fEE 12 ADTKD-UMOD < ADTKD-REN & 31t
HT2RELEZLNTWA(10). T TCOMETCREMP TEHNFEEIELE,
EE, FhERED B L CRONTE Y, B TEFEIR NS OMEROJFKIC
b 72 5 A[REME DS RIR X T 5 (10, 12, 13).

ERPRAEIR
FER, AR % & T ADTKD OfoME L2 AT iR (1) ¢
HEATTE D B RERE &
PRIGECRE 280 v
TAT I VIR/EARIZEED 2\ I3EE0 R
JROII I EE S M 2 380 72
B A XIZIEH 2> o KK
INEHI DR, PRAREE

ELTRFRIC X 2 REM RIER 2 R IR

BRERR

MR« BFERERE S 25 T L T URIIE 7 v 7 F = v, M A& F v C{A
28 b5

PRIRE  lHIREFIZEED 2 W IFE80 2, JRIETH BE IO 20,

HER B AXBIEE > KPR, B2l bd5.

BIREE - RE ORMEL, PRAIE OZME, RME KR ARIZAL, RE Ok

- IR BHEBEREE SR D . B AR CIRMENEEMNOEELZRD, A 70V
BREEINEZD D, %L DEFCEZEFOBICH UBEELRREDOLNS

- BT MUCI, UMOD, REN. SEC61IA1 D\ $NHDIFEIIN) T v+ %
D T-d D

2T OB D BE R EAI BT

TERDIERFRINITH 2 2 L b L K BWHBREER C &b H v, EROAENELT
K2t 5 OFHENOBEREEETMI RS BERLZWOFT00 ) L 725,

AHHE




R

IRAH 72 iR ETES S, (REEHIC RIRIEE % & 0 7o 18 M B IO A DHES B % 17
5. ADTKD-REN Tz 7V FuanFy vic X 208G A Y 7 LMUE & AARILE i
D75 ATHEPE DR R S T B (14). SRIIB A 21 o 7= Bic i BHRERREE & WY
+5. EFRBBMEEZEERT 2581, FF—oBETRE D RT3 (15).

EE-TT

RE - XE

Ttk
BHBEIEE IR IRIGET T 5. AL > T b BRBEEYET 3 2 L3 —&k1
TH 5. BEHEZICITEHEE BRI RV,

TR RIS DX IS

i

RED MY 7R

ADTKD 235%tb i 556D, ADTKD-UMOD & ADTKD-MUCI % ERFRIC 8853
2720DRAaT7 Vv 7T XLABPRIEBINTWEGB). 72, R TIE
ADTKD-MUC1 % ADTKD-UMOD IZ tt R CTRIIE A2 ICE 2 R Fv—7,
JE\DFNE X ADTKD- UMOD 78 ADTKD-MUCTICHARTHWZ 2R ENTW 5,

ADTKD-UMOD 1235 \»C, R FEROEIC X o TRINBEARICES Y X7
AL 23 A D T 5 (16).

ADTKD-REN T3, ZREMZIC X o THIRES R LS 2 L0321z >TET
2% (14). Preprorenin (renin D HER{AE ) @ signal peptide, prosegment, mature
renin % 2 — N3 28K 2R L KRG Z 8 L 21981 X % &, mature renin FHI
DZEFNIMh D — DI AR TR, HFRERANAORRFENE 2 2R Ic R T T
ZAEHIC IS M B ER 2581 T3 % . Signal peptide, prosegment FEIK D T34 { 23
HAERED 2 WIS O BRBEREE A ML, L LEFERAIE CTHL 2 2K
TiEAaSEHT 2, 2770, o7/ —7Th KHBEARICE 2 Fiivo byl 60
AR TH Y, EHEERE 2SRIRICHET T 2 2 L iCiTE Vo,

BE




Wrsesk

BRAFAURE O FEE R

A, FRicHFE 2 o REICRIIB A RICE 2 2 2% 0w (11). BIRICHETS
27-%, BENABZE > CBEBHEZ &0 B REBREOEREZTH 2 L BIFET
»3. ¥7-, ADTKD-UMOD, ADTKD-REN CI3HAEMIC A Z FRIEST 5 2 & 03%
{, FRPMETH .
HROREBEREXE L 2720, Bihv vt ) v 7R EbEEMRG T 5.
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Key Points

Question: What factors are associated with progression to kidney failure in children with
chronic kidney disease (CKD)?

Findings: This nationwide cohort study of 447 children conducted via hospital-based surveys
and 10-year follow-up found that CKD stages 3b, 4, or 5 (vs 3a); age after the onset of
puberty; heavy proteinuria; and hyperuricemia were factors associated with risk of CKD
progression. Congenital anomalies of the kidney and urinary tract (CAKUT) was associated
with slower disease progression in stage 3a patients only.

Meaning: This long-term study provides valuable insight on the risks and management of

pediatric CKD.



Abstract

Importance: Epidemiological data of pediatric chronic kidney disease (CKD) are lacking,
especially in Asian countries. The Pediatric CKD (P-CKD) study, a long-term analysis of
pediatric CKD, was initiated in 2010.

Objective: P-CKD aimed to characterize the pediatric CKD population in Japan and clarify
the prognosis and the factors associated with progression to kidney failure in children with
CKD.

Design: This was a nationwide prospective cohort study conducted via two hospital-based
surveys (one reporting the number of patients with confirmed CKD diagnosis and one
collecting patient demographic and clinical data), with annual follow-up surveys.

Setting: Japanese university and children’s hospitals and general hospitals with >200 beds.
Participants: Data of 479 children were obtained, and 447 met the inclusion criteria: age 3
months-15 years (as of April 2010) with stage 3-5 CKD, without chronic dialysis or kidney
transplantation history, and kidney dysfunction for a minimum of 3 consecutive months. At
the 10-year follow-up, data were available for 353 (79.0%) patients; 71 (15.9%) were lost to
follow-up (transfer to another healthcare facility).

Exposures: CKD stage was determined based on serum creatinine measurements.

Main Outcomes and Measures: Progression of CKD to kidney failure and risk factors for
progression of CKD were evaluated.

Results: KM? # of KRT? Congenital anomalies of the kidney and urinary tract (CAKUT)
were more common than non-CAKUT across all CKD stages. Pre-emptive kidney
transplantation (PEKT) was the most common initial therapy (#?), followed by peritoneal
dialysis (#7?). Risk factors associated with disease progression were CKD stages 3b, 4, or 5
(vs 3a); age after the onset of puberty; heavy proteinuria; and hyperuricemia. By CKD stage,

kidney survival was similar for CAKUT vs non-CAKUT patients, except for CKD stage 3a,



in which patients with CAKUT had significantly better survival vs non-CAKUT patients.
Eighteen (4.0%) patients died during the 10-year follow-up; the most common cause of death
was infectious complications or background disease exacerbation.

Conclusions and Relevance: Ten-year follow-up data showed that the most common initial
therapy for children with CKD was PEKT, patients with CAKUT had slower progression of

CKD than non-CAKUT patients, and there were few deaths owing to severe kidney failure.



Introduction
Pediatric chronic kidney disease (CKD) is a progressive, difficult-to-treat illness. Patients can
broadly be divided into two categories: those with congenital anomalies of the kidney and
urinary tract (CAKUT) and those without (non-CAKUT).!? In contrast with adult CKD
patients, in whom CKD is often secondary to diabetes, chronic glomerulonephritis, or
hypertension, CAKUT is the most common underlying condition leading to CKD in
children.? In addition to CAKUT, features of CKD that are specific to pediatric patients
include genetic anomalies, growth/developmental disorders, urological problems
(complications?), and the prospect of very long-term kidney replacement therapy (KRT).**

In recent years, the diagnosis of CKD in children is usually based on KDIGO guidelines,’
which define CKD as having obvious kidney damage (according to imaging, urinalysis, or
hematology results) and/or an estimated glomerular filtration rate (¢GFR) <60 mL/min/1.732
that persists for a minimum of 3 months. However, prior to the development of the KDIGO
and other® guidelines, there was no universally accepted definition of CKD (the term “CKD”
had not been coined as well); thus, countries often used different diagnostic criteria, such as
different eGFR thresholds or reliance on serum creatinine levels to make a clinical diagnosis.
Further complicating pediatric diagnosis is the difficulty of accurately estimating GFR in
children, particularly those under the age of 2 years.>’

Although numerous registries and cohort studies for patients with CKD have been

initiated across the globe,!%-13

a lack of consistency for diagnostic methods and inclusion
criteria have made global prevalence, morbidity, and mortality of pediatric CKD difficult to
estimate.® Current research suggests that the prevalence of CKD may be increasing among
adults in recent years;'® however, because the etiology of adult CKD differs from that of

children, data obtained from registries including adult patients are unlikely to portray an

accurate description of the pediatric CKD population. There is currently a lack of data



specific to pediatric populations, especially in Asian countries, including Japan.

For this reason, the P-CKD study, a hospital-based survey, was conducted in 2010 by
the Pediatric CKD Study Group in Japan in conjunction with the Committee of Measures for
Pediatric CKD of the Japanese Society for Pediatric Nephrology (JSPN)!7 as a nationwide,
cross-sectional analysis of pediatric CKD. Based on the abovementioned cohort, the
following prospective cohort study reported follow-up data on disease progression at 1 year.'®
Presently, we report 10-year follow-up results from the original 2010 pediatric CKD cohort.
The study objectives were to characterize the pediatric CKD population in Japan and clarify

the factors associated with progression to kidney failure in Japanese children.



Materials and Methods

Study design

This paper reports 10-year follow-up results from a nationwide prospective cohort study in
Japan that was initiated in 2010. The primary outcome was progression of CKD to kidney

failure, and the results for the primary cross-sectional analysis, as well as outcomes after 1

year of follow-up, have been described previously.!”!®

In brief, in 2010, 2 surveys were sent to 1190 institutions throughout Japan, the first
of which asked institutions to report the numbers of patients with a confirmed diagnosis of
CKD (3-5) or with abnormal serum creatinine values; the response rate to this initial survey
was 77%. The second survey gathered demographic data and clinical characteristics of each
patient; data were provided for 479 children, of whom 447 met the study inclusion criteria. At
that time, based on the results, estimated prevalence of CKD (stage 3-5) in children was
XXX. Patient ethnicity was included among the requested survey items, as this is especially
relevant to eGFR calculations@. The inclusion criteria were as follows: children aged 3
months to 15 years (as of 1 April 2010) with stage 3-5 CKD, without a history of chronic
dialysis or kidney transplantation, and with kidney dysfunction for a minimum of 3
consecutive months.

A follow-up survey was conducted after 1 year, the results of which have been
reported,'® and annual surveys have been conducted thereafter. The focus of the present report
includes the results after 10 years of follow-up (i.e., the 2020 survey results). Because the 10-
year data revealed conflicting results in patients with stage 3 CKD compared with the 2010
data, for the present analysis, we divided patients with stage 3 CKD into 2 groups (3a and 3b)
to investigate the differences in outcomes. Furthermore, eGFR was also recalculated in the
2010 data, using updated equations specific to the Japanese pediatric population.!

CKD stage was determined based on serum creatinine measurements. In a previous



study, reference ranges were developed for Japanese children aged 1 month to 18 years; the
intervals were age-matched up to age 11, and ages 12-15 were also matched for sex.?’ Stage
3a CKD was classified as 2 times the median normal creatinine level and 3b CKD was
classified as 2.7 times the median normal creatinine level. Stages 4 and 5 were classified as 4
and 8 times the median normal levels, respectively.!”

Risk factors for the progression of CKD were defined as follows: heavy proteinuria
= urine protein:creatinine ratio (u-Pro/Cr)>2.0 unit, and hypertension = systolic blood
pressure>95™ percentile based on GL?.2! Cystatin C, blood urea nitrogen (BUN), serum uric
acid and use of anti-hyperuricemic drugs and anti-hypertensive drugs were also recorded.

This study involved a nationwide analysis. Additionally, a sample size of 447
patients was considered representative of the patient population given the rarity of the
disease. Finally, the follow-up rate after 10 years was >90%. Thus, we consider that these

study features were helpful to address potential sources of bias.

Ethics

This study was conducted in accordance with the ethical principles set out in the Declaration
of Helsinki, and with the ethical guidelines for epidemiological studies and for medical and
health research involving human subjects issued by the Ministry of Health, Labour and
Welfare in Japan. Study approval was obtained from the JSPN ethics board and the central
ethics board of the Tokyo Metropolitan Children’s Medical Center prior to initiating the
survey. For the current analysis, approval was granted by the ethics board of Kitasato
University Hospital. Because data were gathered only from anonymized patient medical

records, informed consent was not required.

Statistical analysis



The primary outcome measure (progression to kidney failure) was estimated using the
Kaplan—Meier method. Risk factors for the progression of CKD were identified using a Cox
proportional hazard regression model. Hazard ratios with 95% confidence intervals were
calculated for the following variables: CKD stage, age, sex, presence of CAKUT, heavy
proteinuria, hypertension, hyperuricemia, and use of anti-hypertensive or anti-hyperuricemic
drugs. Missing data were not imputed and it was assumed that losses to follow-up occurred at
random. Statistical analyses were conducted with SAS system version 9 (SAS Institute, Inc.,

Cary, NC, USA).



Results

Patient characteristics

Data for 447 patients were available in the original 2010 cohort, and their characteristics are
shown in Table 1. Of the 447 patients, 405 (91%) were reported to be of Asian ethnicity; 3
(<1%) were of non-Asian ethnicity, and race/ethnicity was not reported for the remaining 39
patients. In the present analysis, we identified significant differences in outcomes between
patients with stage 3a versus stage 3b CKD. Therefore, the original 2010 patient background
data, which presented data for stage 3 CKD patients as a single group, are now subdivided.
Furthermore, we included additional baseline factors (heavy proteinuria, hypertension, use of
anti-hypertensive drugs, rate of CAKUT, and serum uric acid). CAKUT was more common
than non-CAKUT across all CKD stages, and the rates were similar among all stages, ranging
from 58%-69%. Heavy proteinuria was significantly positively correlated with increasing
CKD stage. Table 1 also shows recalculated eGFR data using the updated Japanese
equation.!” Data were available for 353 patients at the 10-year follow-up point. Of the
original 447 children, 71 (15.9%) were lost to follow-up (i.e., transfer to another hospital), 18

(4.0%) died, and 5 (1.1%) discontinued the study.

Outcome measures

Data from the follow-up survey results obtained in 2020 regarding patient outcomes are
shown in Table 2. The data are organized according to patients’ first and second KRTs (or
death). For the 157 patients who were alive and had progressed to KRT, the most common
initial therapy was pre-emptive kidney transplantation (PEKT) (69/157), and the second-most
common initial therapy was peritoneal dialysis (68/157), followed by hemodialysis (20/157).
The majority of patients (68/69) who underwent PEKT did not require secondary KRT at the

10-year follow-up point. Details of patients who had died at the 10-year follow-up point are



shown in eTable 1 in the supplement. The cause of death of most patients was an infectious
complication or an exacerbation of the background disease.

Table 3 shows the results of the Cox regression analysis investigating risk factors for
progression to kidney failure. Risk factors associated with progression to kidney failure
included stages 3b, 4, or 5 CKD (vs 3a); age after the onset of puberty; heavy proteinuria; and
hyperuricemia. In contrast to the 1-year follow-up results, age <2 years was not associated
with an increased risk of disease progression. We also investigated risk factors for
progression to kidney failure separately in patients with stage 3 CKD (eTable 2 in the
supplement). Factors associated with disease progression in this subgroup included CKD
stage 3b (vs 3a), age after the onset of puberty, CAKUT, heavy proteinuria, hypertension, and
hyperuricemia.

Time to kidney failure according to CKD stage and presence/absence of CAKUT is
shown in Figure 1. After 10 years of follow-up, 215 (48.1%) patients progressed to kidney
failure; of these patients, 131 (60.9%) had CAKUT, and 84 (39.1%) did not. The kidney
survival rates according to CKD stage at the 10-year timepoint were as follows: stage 3a,
75.3%; stage 3b, 44.4%); stage 4, 8.9%; and stage 5, 0%.

Kidney survival for CKD stages was similar between CAKUT and non-CAKUT patients,
except for stage 3a, where patients with CAKUT had significantly better survival. Table 4
shows the distribution of patients by CKD stages throughout the 10-year follow-up.
Approximately 31% of patients (51/166) with stage 3a CKD in 2010 remained at stage 3a,
while roughly 14% (23/166) had progressed to stage 3b, 7% (12/166) to stage 4, 2% (3/166)
to stage 5 without KRT, and 19% (32/166) to stage 5 with kidney failure and KRT; 26% of
patients (43/166) were lost to follow-up and 1% (2/166) died. Most patients with stage 5
CKD in 2010 had progressed to kidney failure with KRT at the 10-year follow-up; 1/25

patients (4%) in this group remained at stage 5 without KRT and 3/25 patients (12%) died.



Discussion

This long-term, prospective observational study reports 10-year follow-up data obtained from
pediatric CKD patients in the P-CKD study initiated in Japan in 2010. The objectives were to
characterize the pediatric CKD population in Japan and clarify the factors associated with
progression to kidney failure. Our results indicate that stage 3b, 4 or 5 CKD; age after the
onset of puberty; heavy proteinuria; and hyperuricemia are all factors associated with disease
progression. Of the initial 447 patients, 215 (48.1%) had progressed to kidney failure by the
10-year follow-up timepoint. We found that the most common initial KRT was PEKT, and
very few patients had died from kidney failure by the end of the follow-up.

Advanced CKD may have common pathophysiology regardless of etiology. In the
present study, CAKUT was associated with slower disease progression, but only in stage 3a
patients. Other studies have suggested better outcomes in transplant recipients with CAKUT
compared with non-CAKUT patients.>?? Our results suggest that for patients with more
advanced disease, a common pathophysiology, such as increased strain on residual nephrons,
may lead to disease progression.

Treatment approaches have changed in recent years with respect to dialysis versus
PEKT, as long-term studies have found poorer outcomes for children treated with dialysis
versus transplantation.?*>* A US study that analyzed data for a large pediatric kidney failure
cohort found that patients who received dialysis prior to kidney transplantation had a
significantly higher risk of graft failure and death than patients receiving PEKT.?> However,
not all studies have demonstrated a survival benefit for PEKT versus dialysis.?¢ It is
important to note that such retrospective observational studies are prone to selection bias, and
the criteria for judging whether a child is a suitable candidate for PEKT are not universal.
Nevertheless, improvements in pre-transplant preparation, advancements in the understanding

of the immune system with respect to donor selection and graft survival, and improvements



in surgical techniques, post-operative care, and prophylaxis have all contributed to reduced
morbidity for PEKT recipients in recent years.?’

We can say that in the present study, only a few children with severe CKD died, the
majority of whom died of reasons other than CKD. Infection and exacerbation of the
background disease were the primary causes of death. Thus, the data from the present study
support the conclusion that early access to kidney transplantation should be promoted where
possible.

Our study confirmed a shift in treatment patterns for pediatric CKD in Japan as the
2010 data'8 reported that most patients initiated KRT with peritoneal dialysis, whereas after
10-years of follow-up, the most common initial KRT was PEKT. Importantly, 96% of patients
who underwent PEKT did not require secondary KRT at the 10-year follow-up timepoint,
supporting our assertion that PEKT should be recommended as a viable therapeutic option for
pediatric CKD patients.

In the present study, age <2 years was not independently associated with risk for
progression, which contradicts the results from the 2010 study.'® In the 1-year follow-up
study, many patients <2 years of age at diagnosis had very distinct features and had
progressed to kidney failure. However, when risk was re-assessed at the 10-year time point,
the association was lost. Heavyproteinuria, hypertension, uricemia,

Regarding differences in eGFR decreases between CAKUT/non-CAKUT patients, it
is important to note that children with CAKUT have a low nephron number at birth.?8
Residual nephrons may be normal, but the excessive load may damage residual nephrons.
Therefore, at an early stage (3a), disease progression is slow in those with CAKUT. In
contrast, in children with other diseases, nephrons are destroyed via several mechanisms,
including immune attacks. Thus, disease progression may occur at a faster rate compared

with patients with CAKUT. However, the excessive load increases in both CAKUT and non-



CAKUT children at later disease stages because of the reduced number of nephrons. This is a
common pathway of disease progression in advanced stages of CKD, and thus, both CAKUT
and non-CAKUT patients may present similar disease courses.

The strengths of this study are as follows: given the rare nature of this disease and
owing to the extensive number of participating institutions (covering approximately 80% of
facilities that care for children with CKD at the time of the establishment of the cohort), this
nationwide study cohort can be considered highly representative of the stage 3-5 pediatric
CKD population in Japan. Although our study used a hospital-based survey, given the
universal health care system in Japan and the 80% coverage mentioned above, our data are
likely similar to those that would be gained from population-based surveys, and does not
suffer from the bias of other studies that may only include data from a select number of large
hospitals (centers). Additionally, despite the length of the follow-up period, we achieved a
high follow-up rate after 10 years. Finally, the long-term follow-up period of 10 years
allowed for a more detailed analysis of outcomes and thus a clearer picture of the
characteristics of the study population, treatment modalities, and risks associated with disease
progression.

As with all observational studies, several limitations warrant mention. (1) CKD stage
was classified using serum creatinine levels compared with reference values for Japanese
children, which may not be applicable for other ethnic groups. (2) Forty-two patients were
either non-Asian or of unknown ethnicity. As eGFR equations are race-specific, this could
have affected the results. Nevertheless, Japan is exceptionally ethnically homogenous, so the
effect would likely be negligible. (3) The pubertal stage of children was not assessed, and
patients were instead stratified by age based on the mean age of Japanese children at the start
of puberty. (4) The study’s observational nature precludes firm conclusions on the efficacy of

various KRTs and can only identify associations of risk factors for progression rather than



causality. (5) Not all facilities included in this survey routinely collected quantitative data for
all laboratory tests of interest; however, this is to be expected given the observational design
of our study. (6) The overall results may not be generalizable to other ethnic populations.

In conclusion, this long-term, prospective cohort study revealed prognosis and
factors associated with disease progression in pediatric patients with CKD, and provides
valuable insight on the risks and management of pediatric CKD. The results of our study may

serve to inform clinical decision-making for pediatricians and nephrologists worldwide.



Acknowledgment

Author Contributions:

All authors contributed to the conception and design of the study, or analysis and
interpretation of data (or both); drafting the article or revising it; providing intellectual
content of critical importance to the work described; and gave final approval of the version to
be published and agreed with submission to JAMA Pediatrics.

K. Ishikura was the Principal Investigator, oversaw the research and prepared the manuscript,
had full access to all the data in the study, and takes responsibility for the integrity of the data
and the accuracy of the data analysis; O. Uemura, M. Honda, and K. Iijima fostered the
relationship between the Pediatric CKD Study Group and the Japanese Society of Pediatric
Nephrology; T. Kaneko and Y. Ohashi performed data management and statistical analysis; S.
Ito and K. Nakanishi planned the survey and designed the follow-up protocol; R. Tanaka and
M. Hattori collected the data and promoted the survey; and N. Mikami, R. Harada, and Y.

Hamasaki developed the questionnaires.

Contflict of Interest Disclosures:

K. Ishikura has received grants and lecture fees from Chugai Pharmaceutical Co., Ltd. and
Kyowa Kirin Co., Ltd.

Y. Hamasaki has received lecture fees from Chugai Pharmaceutical Co., Ltd.

R. Hamada has received grants from Chugai Pharmaceutical Co., Ltd. and Kyowa Kirin Co.,
Ltd.

K. Nakanishi has received grants from Chugai Pharmaceutical Co., Ltd. and lecture fees from
Chugai Pharmaceutical Co., Ltd. and Kyowa Kirin Co., Ltd.

K. Iijima has received lecture fees from Chugai Pharmaceutical Co. Ltd. and Kyowa Kirin

Co. Ltd, and consulting fees from Kyowa Kirin Co. Ltd.



Funding/Support:
This work was funded by childhood-onset, rare, and intractable kidney diseases in Japan,
research on rare and intractable diseases, Health, Labour and Welfare Sciences Research

Grants (20FC1028).

Role of the Funder/Sponsor:
As governmental grants funded this study, the funding agency did not play any roles in study
design or conduct; collection, management, analysis, or interpretation of data; preparation,

review, or approval of the manuscript; or decision to submit the manuscript for publication.

Data Sharing Statement:

Data are available from the corresponding author upon reasonable request.

References

1. Gonzalez Celeddn C, Bitsori M, Tullus K. Progression of chronic renal failure in

children with dysplastic kidneys. Pediatr Nephrol. 2007;22(7):1014-1020.

2. Monteverde ML, Paz M, Ibafiez JP, et al. Kidney transplantation in children with

CAKUT and non-CAKUT causes of chronic kidney disease: Do they have the same

outcomes? Pediatr Transplant. 2020;24(8):e13763.

3. Harada R, Hamasaki Y, Okuda Y, Hamada R, Ishikura K. Epidemiology of pediatric

chronic kidney disease/kidney failure: learning from registries and cohort studies.



10.

I1.

Pediatr Nephrol. 2021 June 6 [Online ahead of print] doi:10.1007/s00467-021-05145-

Chevalier RL. Congenital urinary tract obstruction: the long view. Adv Chronic

Kidney Dis. 2015;22(4):312-319.

Harambat J, van Stralen KJ, Kim JJ, Tizard EJ. Epidemiology of chronic kidney

disease in children. Pediatr Nephrol. 2012;27(3):363-373.

Penna FJ, Elder JS. CKD and bladder problems in children. Adv Chronic Kidney Dis.

2011;18(5):362-369.

Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO

2012 clinical practice guideline for the evaluation and management of chronic kidney

disease. Kidney Int Suppl. 2013;3:1-150.

K/DOQI clinical practice guidelines for chronic kidney disease: Evaluation,

classification, and stratification. Am J Kidney Dis. 2002;39(2 Suppl 1):S1-266.

Warady BA, Chadha V. Chronic kidney disease in children: the global perspective.

Pediatr Nephrol. 2007;22(12):1999-2009.

Hattori S, Yosioka K, Honda M, Ito H. The 1998 report of the Japanese National

Registry data on pediatric end-stage renal disease patients. Pediatr Nephrol.

2002;17(6):456-461.

Hooman N, Esfahani ST, Mohkam M, et al. The outcome of Iranian children on



12.

13.

14.

15.

16.

17.

18.

continuous ambulatory peritoneal dialysis: the first report of Iranian National

Registry. Arch Iran Med. 2009;12(1):24-28.

Peco-Antic A, Bogdanovic R, Paripovic D, et al. Epidemiology of chronic kidney

disease in children in Serbia. Nephrol Dial Transplant. 2012;27(5):1978-1984.

Vigneau C, Kolko A, Stengel B, et al. Ten-years trends in renal replacement therapy

for end-stage renal disease in mainland France: Lessons from the French Renal

Epidemiology and Information Network (REIN) registry. Nephrol Ther.

2017;13(4):228-235.

EURODOPPS - ERA Registry. https://www.era-online.org/en/registry/projects-and-

collaborations/eurodopps/ Accessed September 30, 2021.

Australia & New Zealand Dialysis Transplant Registry. ANZDATA 43rd Annual

Report 2020 (Data to 2019). Updated 17 May 2021. Accessed September 30, 2021.

Hill NR, Fatoba ST, Oke JL, et al. Global prevalence of chronic kidney disease - A

systematic review and meta-analysis. PLoS One. 2016;11(7):e0158765.

Ishikura K, Uemura O, Ito S, et al. Pre-dialysis chronic kidney disease in children:

Results of a nationwide survey in Japan. Nephrol Dial Transplant. 2013;28(9):2345-

2355.

Ishikura K, Uemura O, Hamasaki Y, et al. Progression to end-stage kidney disease in

Japanese children with chronic kidney disease: Results of a nationwide prospective



19.

20.

21.

22.

23.

24.

25.

cohort study. Nephrol Dial Transplant. 2014;29(4):878-884.

Uemura O, Nagai T, Ishikura K, et al. Creatinine-based equation to estimate the

glomerular filtration rate in Japanese children and adolescents with chronic kidney

disease. Clin Exp Nephrol. 2014;18(4):626-633.

Uemura O, Honda M, Matsuyama T, et al. Age, gender, and body length effects on

reference serum creatinine levels determined by an enzymatic method in Japanese

children: a multicenter study. Clin Exp Nephrol. 2011;15(5):694-699.

[Special issue: Evidence-based practice guideline for the treatment of CKD]. Nihon

Jinzo Gakkai Shi. 2013;55(5):585-860.

Okuda Y, Soohoo M, Ishikura K, et al. Primary causes of kidney disease and mortality

in dialysis-dependent children. Pediatr Nephrol. 2020;35(5):851-860.

El Shafei AM, Soliman Hegazy I, Fadel FI, Nagy EM. Assessment of quality of life

among children with end-stage renal disease: A cross-sectional Study. J Environ

Public Health. 2018;2018:8565498.

McDonald SP, Craig JC. Long-term survival of children with end-stage renal disease.

N Engl J Med. 2004;350(26):2654-2662.

Amaral S, Sayed BA, Kutner N, Patzer RE. Preemptive kidney transplantation is

associated with survival benefits among pediatric patients with end-stage renal

disease. Kidney Int. 2016;90(5):1100-1108.



26.

27.

28.

29.

Samuel SM, Tonelli MA, Foster BJ, et al. Survival in pediatric dialysis and transplant
patients. Clin J Am Soc Nephrol. 2011;6(5):1094-1099.

Verghese PS. Pediatric kidney transplantation: A historical review. Pediatr Res.
2017;81(1-2):259-264.

Murugapoopathy V, Gupta IR. A primer on congential anomalies of the kidneys and
urinary tracts (CAKUT). Clin J Am Soc Nephrol. 2020;15(5):723-731.

Matuso N. Skeletal and sexual maturation in Japanese children. Clin Pediatr

Endocrinol. 1993;2(Suppl 1):1-4.



Tables

Table 1. Patient characteristics according to CKD stage (2010 data)?

CKD stage
3a (n=166) 3b (n=149) 4 (n=107) 5 (n=25) p-value

Female 61 (36.7) 62 (41.6) 40 (37.4) 12 (48.0) 0.63
Age in 2010, y 8.52+4.63 8.69 +4.53 8.41 £4.25 991 +447 0.50
Height in 2010, cm 121.72 + 119.81 £27.91 117.36+£26.94 118.06+28.92 0.67

28.48
Height standard -1.13£1.56 -1.48+1.42 —-1.83+£2.04 —2.88+3.16 <0.001
deviation score in
2010
Birth weight, g 2743.03 + 2731.62 + 2632.09 + 2359.60 + 0.10

640.88 661.06 818.79 801.67
CAKUT 97 (58.4) 92 (61.7) 74 (69.2) 15 (60.0) 0.35
Serum creatinine, 0.93+0.32 1.35+0.46 2.25+0.81 534+1.99 <0.001
mg/dL
eGFR, mL/min/1.73  49.6 +7.03 34.6+4.93 21.6+4.42 11.8+3.33 <0.001
m>
Cystatin C, mg/L 1.64 +£0.38 2.16 £0.57 3.09+£0.98 4.14+0.90 <0.001
Blood urea nitrogen, 24.76 +£7.93 32.37+£10.03 4842+18.06 74.93+31.55 <0.001
mg/dL
Heavy proteinuria® n=99 n=104 n=68 n=13

13 (13.1) 19 (18.3) 16 (23.5) 6 (46.2) 0.02
Serum uric acid, 6.54+1.80 6.96 £1.77 6.93 £1.67 7.98 £2.82 0.01
mg/dL
Use of anti- n=143 n=132 n=94 n=19
hyperuricemic drug®

37 (25.9) 32(24.2) 29 (30.1) 6(31.6) 0.68
Hypertension® n=142 n=135 n=91 n=20




25 (17.6) 28 (20.7) 21 (23.1) 7 (35.0) 0.31
Use of anti- n=146 n=133 n=94 n=20

hypertensive drug®

23 (15.8) 27(20.3) 29 (30.9) 3 (15.0) 0.04

Data are mean + standard deviation or n (%).

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; CAKUT,
congenital anomalies of the kidney and urinary tract.

2Reproduced with modifications from Ishikura K, Uemura O, Hamasaki Y, et al. Progression
to end-stage kidney disease in Japanese children with chronic kidney disease: results of a
nationwide prospective cohort study. Nephrol Dial Transplant. 2014;29(4):878-84.

bAt the time the study was initiated, not all hospitals collected certain data; some facilities
only collected qualitative data for items such as proteinuria. Therefore, we are unable to
report quantitative data for the full cohort; n values are specified where they differ from the

respective group totals.



Table 2. Patient outcomes: kidney replacement therapy

First KRT Second KRT? Overall CAKUT Non-CAKUT

Peritoneal dialysis 1 0 1
Hemodialysis

Transplant 8 7 1
(n=20) o .

Hemodialysis (continued) 11 4 7

Hemodialysis 3 1 2
Peritoneal dialysis

Transplant 21 10 11
(n=68) : o ,

Peritoneal dialysis (continued) 44 21 23

Hemodialysis 1 0 1
Transplant Peritoneal dialysis 0 0 0
(n=69) Functioning graft (no additional

68 46 22
therapy)

aSecond KRT refers to the KRT reported in the survey data gathered in 2020, and patients

may have received subsequent KRTs since then.

CAKUT, congenital anomalies of the kidney and urinary tract; KRT, kidney replacement

therapy




Table 3. Risk factors for progression to kidney failure (Cox regression analysis)

Variable? Hazard ratio (95% p-value

confidence interval)

CKD stage 3b (ref. 3a) 2.839 (1.639-4.919) 0.0002
CKD stage 4 (ref. 3a) 6.543 (4.470-9.576) <0.001
CKD stage 5 (ref. 3a) 9.460 (4.294-20.841) <0.001
Sex (female) 1.214 (0.829-1.776) 0.3196
Age <2 years (versus 2 years to the start of puberty)® 0.973 (0.475-1.992) 0.9408
After puberty (versus 2 years to the start of puberty)® 1.518 (1.011-2.279) 0.0443
CAKUT 0.746 (0.499-1.117) 0.1546
Recognizable syndrome 1.274 (0.720-2.256) 0.4051
Heavy proteinuria 3.163 (2.014-4.970) <0.001
Hypertension 1.247 (0.827-1.881) 0.2912
Use of anti-hypertensive drug 1.172 (0.757-1.812) 0.4769
Hyperuricemia in 2010 1.229 (1.126-1.341) <0.001
Use of anti-hyperuricemic drug in 2010 1.461 (0.957-2.230) 0.0789

CAKUT, congenital anomalies of the kidney and urinary tract; CKD, chronic kidney disease
aVariables are according to patients’ status in 2010.

bAge at the start of puberty was defined as 10.8 years for boys and 10.0 years for girls.?



Table 4. Distribution of patients by CKD stage throughout the 10-year follow-up

All patients CAKUT Non-CAKUT

CKD stage 2010 2013 2015 2020 | 2010 2013 2015 2020 2010 2013 2015 2020

CKD stage 3a in 2010

(n=166)
3a=or> 166 129 96 51 97 79 61 31 69 50 35 20
3b - 21 31 23 - 13 19 14 - 8 12 9
4 - 2 8 12 - 1 5 7 - 1 3 5
5,no0 KRT - 0 2 3 - 0 1 2 - 0 1 1
5, with KRT - 6 12 32 - 1 2 13 - 5 10 19
Death - 1 1 2 - 0 0 1 - 1 1 1
Lost to follow-up - 7 16 43 - 3 9 29 - 4 7 14
(including transfer to
another hospital

CKD stage 3b in 2010

n=149
3b 149 84 72 29 92 57 47 15 57 27 25 14
4 - 27 22 22 - 17 14 14 - 10 8 8
5,no KRT - 13 9 12 - 8 6 7 - 5 3 5
5, with KRT - 20 34 65 - 8 17 41 - 12 17 24
Death - 0 0 0 - 0 0 0 - 0 0 1
Lost to follow-up - 5 12 21 - 2 8 15 - 3 4 5
(including transfer to
another hospital)




CKD stage 4 in 2010

n=107
4 107 43 32 11 74 29 22 7 33 14 10 4
5,no KRT - 15 11 12 - 11 9 7 - 4 2 5
5, with KRT - 44 58 77 - 31 39 55 - 13 19 22
Death - 3 3 4 - 1 1 2 - 2 2 2
Lost to follow-up - 2 3 3 - 2 3 3 - 0 0 0
(including transfer to
another hospital)
CKD stage 5 in 2010
n=25
5,no0 KRT 25 9 5 1 15 5 3 1 10 4 2 0
5, with KRT - 14 18 21 - 9 11 12 - 5 7 9
Death 2 2 3 1 1 2 1 1 1
Lost to follow-up - 0 0 0 - 0 0 0 - 0 0 0
(including transfer to
another hospital)

CAKUT, congenital anomalies of the kidney and urinary tract; CKD, chronic kidney disease; KRT, kidney replacement therapy.



Figure Legend

Fig. 1. Kaplan—Meier curves of kidney survival in (A) stage 3-5 CKD patients overall, (B)
stage 3-5 CKD patients with CAKUT, (C) stage 3-5 CKD patients without CAKUT, (D) stage
3a and 3b CKD patients with CAKUT, and (E) stage 3a and 3b CKD patients without
CAKUT.

CAKUT, congenital anomalies of the kidney and urinary tract; CKD, chronic kidney disease.
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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
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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 %,

11



12

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,

T4V 5y RRERER 70— RSO T X



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
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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
REOUEE, HAEOHEN, KEOF Y v F 7y THARESATVS Y, F/-
AIRIZB VT, MEEHNT (hemodialysis: HD) & 33 filrf 1 Bl cirbh Tz
CNF [ ZAED/NS WAL RINENEAIC 22 2 EAZ L, HD TREHIGE
WEHE OB ABREE 2> TLE D, ETIREEHIBT2HIC. A TIEPD 2
BT 22 N2 0,

BT T — 7 V2 W T HD zfif79 2B3. WHEFRZHE—ZERET 5.
BB 72 DICKBFIRZ IR L. RERONT v > MEROD7- 0 1285 MR~
DOHBEZERTHZENEE LU,

CNFORIZ VI LEREBEANN =7 2G0T 570, PD hT—T L EHHAT
BB ATHNC IS X VAR R ITO Z L2 BETT 5. F ARG, BEAEAR X
LR 2 2 ENZ 020 PD AT — T IVIZERNCHFAT 5D HE L,

6. BItEhi

FEHMOHZE LT, K 75-80 cm. (A 8-10 kg I > LK CTEBIEZ
8T 5, AOLET > — MAETIE. CNF 33§l 17 Hl c BB T
bhTHBY., ffEid 59 H (34-96 H) TH-7 " CNF BADOBEBHET
& BYYEIC K AP & IMMIEIC K 2B A I E 2 5720, BEERAR
CESREE - K7 >~ 7 a7 VIER R ERE 2 & B L 7R TR R
2T TENEFT LWL 2, KFICB T 2 HEHRORE T, ME7 LT 3
> >2.5¢/dL Lo T OB EIT 572 2 LI K D B MEDFA L 4 >
WG ERTWD Y, KEHIMAEDRIE 25T BRELH B 720, K
TNT I VIMFENSTRAET S IRED £ T AR TR T E 2 Wik BB 2 B IR
BT EIFEH LW,

BRI 7 F > OEREARE & 5 5 7-0. BHEETNCEET 7 F 2 ikl
OFFHI 7 & CICHEROBRF PBRETH 5. ARBOF 70—, IgG

T4V 5y RRERER 70— RSO T X



DRAPICHERT B 720, BRI A 2 HAERO - O RKETHiEEIL. &E
BEARPIFEIBH L T2 ONEE L,

BH% O+ 7 0 —EHIEIZ. CNFICB I 2 BB EEOFRKNO—DTH %,
Fin-major. Fin-minor DEETERZH T HERTIE, 2170 —ERIED Y X
IEL L SHEEBRIZ72% THoERESNTVDE Y, 270 —¥2HIE
L7z BIICHd 218 E LTIE. AT HA R, Y7074 A77 IR, UVFY
< 7. MERBOARAEIRE SR TVS ¥, ZASHRBREICOVLTIRE
T4YTYRPETHD, 27 0—EOREIIIH A7) U HAOBEGA RS
TV, —J AFROFEFICB I 2557V Y HAOBGIIRHTH 5720, 1V
VF YT, MBSO EREZSROMN 2T 2.
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Clinical characteristics of nephronophthisis
in Japanese children: a national survey

'Department of Pediatrics, Kitasato University School of Medicine

2Depanmem of Nephrology, Toho University Faculty of Medicine

3Department of Pediatrics, Kindai University Faculty of Medicine

4Department of Pediatrics, Kashiwa Municipal Hospital

Department of Nephrology, Tokyo Metropolitan Children’s Medical Center
“Department of Clinical Research, Tokyo Metropolitan Children’s Medical Center

Yusuke Okudal, Yuko Hamasakiz, Keisuke Sugimoto3, Mika Okutsu®
Riku Hamada®, Tetsuji Kaneko®, Kenji Ishikura'

[Background] Epidemiological information on clinical characteristics of nephronophthisis in children is scant.

[Methods] We obtained and summarized clinical data for children with nephronophthisis by a national survey of pediatric facilities
in Japan which was conducted in 2020.

[Results] The estimated incidence/prevalence rates were 0.32/3.4 per million age-related population. Among 90 patients, median
age at the first hospital visit was 8.6 (range: 0—18.3) years. Fifty (56%) were male, 33 (37%) had syndromes associated with
nephronophthisis and 61 (68%) had extrarenal complications. The most common extrarenal complication was the neurological
complication (N=39) followed by the ocular complication (N=36). The most common contributor to detecting/suspecting
nephronophthisis was kidney dysfunction (N=32) followed by urinary abnormalities (N=20), anemia (N=17) and growth failure
(N=12). Representative pathological findings among 64 patients who had a kidney biopsy were as follows: 45 had tubular
dilatation, 36 had tubular basement membrane abnormalities, and 43 had glomerulosclerosis. Fifty eight patients had a genetic test,
of whom 40 had a gene mutation associated with nephronophthisis.

[Conclusions] The incidence of nephronophthisis in Japan might be lower compared with other countries. The proportion of
patients who have extrarenal complications was much higher than previously reported. Our results will contribute to improvement

in the detection and diagnosis of nephronophthisis.
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Nephronophthisis: case report of an adolescent girl and
up-to-date results of a national survey in Japanese children
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Abstract

Background The assessment of kidney size is essential for treating kidney disease. However, there are no reliable and suf-
ficiently 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 1984 participants (3968 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) x5 +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) x5 +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.

Keywords Kidney length - Ultrasonography - Pediatric nephrology - Chronic kidney disease - Reference value - Prediction
formula
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Introduction

Assessing kidney size is essential for treating children with
kidney disease. Many kidney diseases are accompanied
by changes in the morphology and size of the kidneys,
and the relationship between kidney function and size in
children has been shown in previous reports [1, 2]. Evalu-
ating kidney size can also provide important insight for
the diagnosis and management of chronic kidney disease.
Congenital anomalies of the kidney and urinary tract in
children, especially hypoplastic or dysplastic kidneys, can
be determined by data like kidney size.

Ultrasonography is the most common diagnostic imag-
ing method used to investigate kidneys and urinary tracts
and can provide information on kidney size in children [3].
A reliable ultrasonographic reference value is crucial for
assessing kidney size. Although some reports provided ref-
erence values for normal kidney measurements in children
by ultrasonography [3—6], most of them were not reliable
due to relatively small sample sizes. Therefore, it is vital
to establish robust reference values for normal kidney size
in children based on a large dataset. Additionally, deter-
mining a formula that could easily estimate average and
lower limits of normal kidney length would be useful in
clinical practice.

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 practi-
cal formula that could estimate the normal lower limit of
kidney length in children.

Materials and methods
Study design and data collection

In this observational retrospective study, we reviewed the
medical records of pediatric participants aged 18 years or
younger who underwent ultrasonography at each institu-
tion (Table 1) between January 1991 and September 2018.
The inclusion criteria were as follows: (1) patients with
asymptomatic hematuria, benign familial hematuria, or
monosymptomatic nocturnal enuresis based on the main
diagnosis at the time of ultrasonography; (2) children
who underwent ultrasonography during an infant medical
examination and were assumed to have normal kidneys
and urinary tracts. We included participants with differ-
ences of 1 cm or more in kidney length between the left
and right kidneys if there were no obvious abnormalities
in morphology, internal structure, or echo intensity. We
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also included patients with mild hydronephrosis defined
as grade 1 by the Society for Fetal Urology classification
(SFU) based on the report which showed that the length of
kidneys with SFU grade 1 hydronephrosis is almost equal
to that of kidneys with SFU grade 0 [7].

The exclusion criteria were as follows: (1) patients with
kidney or urological disorders (excluding asymptomatic
hematuria, benign familial hematuria, and monosympto-
matic nocturnal enuresis); (2) abnormal ultrasonography
findings such as hydronephrosis with SFU grade 2 or higher,
kidney cysts, horseshoe kidney, double pelvis, single kidney,
and abnormal echo intensity; (3) patients with infectious or
inflammatory diseases; (4) malformation syndrome includ-
ing chromosomal abnormalities; (5) patients with a history
of malignancy; (6) hypertensive patients requiring treatment;
(7) patients with heart/liver/pancreatic disease requiring
treatment; (8) women who were pregnant or could become
pregnant; (9) participants considered inappropriate by the
authors.

We obtained the following data from medical records
retrospectively: date of birth, sex, date of ultrasonography
examinations, kidney length (maximum longitudinal diam-
eter) of the right and left kidneys measured by ultrasonog-
raphy, body height, and body weight at the time of ultra-
sonography (if there was no data available on the day of
ultrasonography, measurements within three months before
and after the date of ultrasonography were accepted), body
position at the time of ultrasonography, gestational age, birth
body weight, and the presence or absence of SFU grade 1
hydronephrosis.

In this study, we only used data collected from ultra-
sonography results prepared by pediatric nephrologists,
radiologists, and medical sonographers proficient in pediat-
ric kidney ultrasonography. The type of ultrasound machine
system, ultrasonic probe, and acoustic operating frequency
were not specified.

Reference values of kidney length
for ultrasonography

Reference values of kidney length for ultrasonography for
each age and body height were calculated from the collected
data. Values by age were summarized as follows: every
3 months for 1 year, every 6 months between 1 and 2 years,
and every year between 2 and 18 years old. Values of body
height were summarized for each 10 cm body height (50
to 59.9 cm, 60 to 69.9 cm, etc.). Then, we calculated the
mean + 2 standard deviations (SD) for each age and body
height group. Detailed reference value tables were created
and organized separately by sex, and by right or left kidneys.
Simple and practical reference value tables for daily clinical
use were developed by combining all the data regardless of
sex or kidney position.
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Table 1 Clinical characteristics
of participants and data- Age (years) (n=1984)

providing facilities Sex

Male

Female
Body height (cm) (n=1771)
Body weight (kg) (n=1783)
Gestational age (week) (n=698)
Birth weight (g) (n=1115)
SFU grade

Grade 0

Grade 1

No data
Position (n=3968 kidneys)?

Prone

Supine

Lateral position

Sitting position

No data

8.0(4.3)

889 (44.8%)
1095 (55.2%)
124.9 (27.8)
28.1(14.5)
38.9(1.7)
3037.1(432.4)

1660 (83.7%)
303 (15.2%)
21 (1.1%)

2844 (71.7%)
1039 (26.2%)
73 (1.8%)
10 (0.3%)
2(0.05%)

The facility that provided the data for this study®
Aichi Children’s Health and Medical Center
Japanese Red Cross Aichi Medical Center Nagoya Daini Hospital

Kitasato University School of Medicine
National Center for Child Health and Development
National Hospital Organization Chibahigashi National Hospital

Shiga University of Medical Science

Toho University Faculty of Medicine
Tokyo Metropolitan Children’s Medical Center

Data are presented as mean (SD) or n (%)

SFU Society for fetal urology

#The result is shown by the number of kidneys because there are cases in which the left and right kidneys

were measured in different positions

PFacility names are listed in alphabetical order

Formula for estimating kidney length
by ultrasonography

Linear regression analysis was used to create a prediction for-
mula for kidney length based on age or body height.

A simple and practical formula for estimating
kidney length by ultrasonography

A simple formula for predicting kidney length for daily clini-
cal 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 simple formula for estimating the lower
limit of normal kidney length for children
by ultrasonography

A formula for estimating the lower limit of normal kid-
ney length was developed using the prediction formula for
kidney length. We set the lower limit of kidney length as
“mean—2 SD” and converted it to “mean X (1-2 SD/mean)”
so that it could be expressed by a single equation using a
coefficient and calculated “2 SD/mean” from the collected
data of age or body height groups with 100 or more partici-
pants. While using this formula for screening, we adopted
the rounded down values as the “2 SD/mean” so that partici-
pants with borderline values could be detected as requiring
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attention. To evaluate the performance of this prediction for-
mula, we examined the rate of participants who were below
the lower limit based on the lower limit value calculated
from the formula. This evaluation was performed for all par-
ticipants younger than 10 years of age, which is equivalent
to approximately 130 cm or less in height; where kidney size
is considered to be a more important indicator of congenital
kidney disease than it is in older children.

Difference in measured values at each facility

When comparing values by institution, we considered the
issue of legitimacy when using a small amount of data for
regression analysis, and therefore only examined institutions
that reported more than 100 cases.

Differences in measured values according to sex,
kidney position, and body position

To examine the differences in kidney length according to
sex, kidney position, and body position during ultrasonog-
raphy, each regression line corresponding to body height and
kidney length was compared to its 95% confidence intervals
in all participants.

Statistical analysis

Statistical analyses were performed using SPSS® version 26
(IBM, Chicago, USA), to clarify descriptive statistics and
linear regression analysis.

Results
Characteristics of the study population (Table 1)

The data of 1997 participants were obtained from eight facil-
ities throughout Japan. Of these, 1984 children; 889 boys
and 1095 girls, who fulfilled the eligibility criteria, were
included (Fig. 1). However, since height data were missing
in 213 cases, 1771 (89.3%) cases were included for regres-
sion with height.

Reference values of kidney length
by ultrasonography

Tables 2 and 3 show the detailed reference values for kidney
length+2 SD for each age and body height group. Since
there was only one patient (two kidneys) with a body height
less than 50 cm, they were excluded from Table 3. Tables 4
and 5 show the simple reference values for kidney length,
regardless of sex or kidney position, for each age and body
height group.
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All collected
participants
1997

Participants with incomplete
data
13

l%

Participants used for analysis of
kidney length by age
1984

Participants without height measurement
data
213

Participants used for analysis of
kidney length by body height
1771

Fig. 1 Participant selection flow chart

Formula for estimating kidney length
by ultrasonography

As shown in Supplementary Fig. S1, the reference values of
kidney length for each height were almost completely linear
when plotted on the height-length graph, while those for
each age formed a curve. From this, we decided to use height
data for the prediction formula of kidney length.

The kidney lengths measured by ultrasonography by
body height for 1771 participants (3542 kidneys) and their
regression lines are shown in Fig. 2. The regression for-
mula and coefficient of determination of kidney length (cm)
and body height (cm) for all participants combined was
y=0.496x +2.0836 (R*=0.8234).

A simple yet practical formula for estimating
average kidney length by ultrasonography

Based on the regression equation for all participants men-
tioned above, each term was rounded off to the first decimal
place and as a result, we set a simple and practical formula
for estimating the average value of kidney length by body
height as “body height (m) x5+ 2”. Supplementary Fig.
S2 shows the measured ultrasonographic values of kidney
length by body height, their regression line, and a straight
line indicating the results of the estimated average values of
kidney length calculated by this formula.

A simple formula for estimating the lower
limit of normal kidney length for children
by ultrasonography

Table 6 shows the results of the “2 SD/mean” reference
values for each height group. The calculated average value
for “2 SD/mean” values from the data with a sufficient
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Table 2 Detailed reference values of kidney length by ultrasonography according to age

Age (m/y)  Kidney length (cm)

Boys Girls

Right kidney Left kidney Right kidney Left kidney

n Mean Mean Mean Mean Mean Mean n Mean Mean Mean Mean Mean Mean

+2sd  -2sd +2sd  -2sd +2sd  -2sd +2sd  -2sd

0-2 (m) 21 5.0 6.2 3.8 5.1 6.0 4.2 7 4.9 6.0 3.7 5.2 6.5 39
3-5 25 5.5 6.6 4.4 5.6 6.6 4.6 6 4.9 6.5 33 53 7.1 3.6
6-8 17 54 6.7 4.1 5.8 7.0 4.5 4 5.2 7.4 3.0 5.5 7.0 4.1
9-11 17 5.5 6.7 43 5.8 6.6 4.9 9 5.7 6.8 4.6 6.0 7.2 4.7
12-17 23 5.8 6.5 5.2 6.0 7.0 4.9 13 5.7 6.8 4.6 6.1 7.1 5.0
18-23 12 5.9 7.1 4.7 6.4 7.5 5.3 6 6.3 7.3 5.3 6.4 7.8 4.9
2 (y) 20 6.5 7.5 5.5 6.7 7.6 5.8 26 6.4 7.4 54 6.6 7.4 5.7
3 108 6.6 7.7 5.6 6.9 8.0 5.8 174 6.7 7.8 5.6 6.9 8.0 5.8
4 44 7.1 8.3 5.9 7.3 8.9 5.7 65 7.0 8.2 5.9 7.2 8.5 6.0
5 46 7.4 8.6 6.3 7.6 8.9 6.4 46 7.5 8.7 6.3 7.5 8.8 6.1
6 78 7.7 9.0 6.4 7.8 9.2 6.4 86 7.8 9.0 6.6 7.9 9.3 6.5
7 65 7.9 9.3 6.6 8.1 9.7 6.5 96 8.0 9.3 6.7 8.1 9.6 6.6
8 59 8.1 9.3 6.9 8.3 9.6 6.9 81 8.3 9.7 7.0 8.5 9.9 7.0
9 43 8.3 9.5 7.0 8.5 9.8 7.3 66 8.2 9.7 6.8 8.5 10.1 6.8
10 45 8.7 10.0 7.4 9.0 10.3 7.7 74 9.0 10.5 7.6 9.2 10.7 7.7
11 46 9.2 10.6 7.8 9.3 10.9 7.7 94 9.4 10.9 8.0 9.5 10.9 8.1
12 72 9.6 11.6 7.7 9.7 11.6 7.8 85 9.7 11.2 8.2 9.9 11.5 8.3
13 55 10.2 11.9 8.5 10.4 11.9 9.0 71 9.9 11.5 8.3 10.0 11.5 8.4
14 55 10.0 114 8.6 10.2 11.8 8.6 60 10.0 11.3 8.6 10.2 11.6 8.7
15 30 10.4 12.3 8.5 10.5 12.3 8.6 17 10.0 11.6 8.5 10.2 11.5 8.8
16 10.4 12.6 8.3 10.3 12.8 7.8 4 10.2 12.3 8.2 10.5 14.2 6.7
17 2 11.0 11.1 11.0 11.3 11.6 11.0 2 10.1 10.1 10.1 10.6 11.0 10.1
18 2 10.2 10.3 10.0 10.3 10.4 10.3 3 9.8 10.4 9.2 10.2 12.1 8.3

SD standard deviation, m months, y years

number of participants of 100 or more was 0.156, and the
rounded down value of 0.15 was applied to “mean X (1-2
SD / mean)”. As a result, the formula for calculating
the value of the lower limit of kidney length was set as
“mean X 0.85” i.e. “0.85 X [body height (m) X5+ 2]".

The number and rate of participants whose actual kid-
ney lengths were shorter than the lower limit by this for-
mula is shown in Table 6. When the formula was applied
to all cases or cases with a height of 130 cm or less, the
rate of cases judged to be below the normal range was
approximately 2.1% and 2.3%, respectively. The rate of
being below the lower limit of the normal range tended
to be small in participants with a body height of 140 cm
or more. Figure 3 shows the measured kidney length by
height, the estimated normal values of kidney length by
height, and the lower limit of the normal range by this
formula for children with body height up to 130 cm.

Difference in measured values for each facility

Figure 4 shows the measured values for five facilities, which
reported more than 100 cases. As shown in the figure, there
were differences in the measured values depending on the
facility.

Differences in measured values according to sex,
kidney position, and body position

The regression lines, regression formulas, and coefficients of
determination for boys and girls, for right and left kidneys,
and for each body position are shown in Supplementary Fig.
S3 and S4. The regression lines for body height and kidney
length in all participants along with their 95% confidence
intervals are also shown in Supplementary Fig. S5 and S6.
Each regression line was within a narrow range, but some
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Table 3 Detailed reference values of kidney length by ultrasonography according to body height

Body height (cm)  Kidney length (cm)

Boys Girls

Right kidney Left kidney Right kidney Left kidney

n Mean Mean Mean Mean Mean Mean n Mean Mean Mean Mean Mean Mean

+2sd  -2sd +2sd  -2sd +2sd  -2sd +2sd  -2sd

50-59.9 12 5.0 6.4 3.5 5.0 59 4.2 6 4.6 54 3.9 4.9 5.3 4.6
60-69.9 20 53 6.4 4.3 5.5 6.5 4.5 11 5.3 6.9 3.6 54 6.2 4.5
70-79.9 27 5.7 6.9 4.6 59 7.0 4.7 18 5.9 6.9 4.9 6.2 7.0 54
80-89.9 25 6.3 7.5 5.2 6.6 7.5 5.7 40 6.4 7.5 52 6.5 7.3 5.6
90-99.9 90 6.6 7.7 5.5 6.9 7.9 5.8 170 6.7 7.7 5.8 6.9 8.0 5.8
100-109.9 64 7.2 8.2 6.1 7.4 8.7 6.0 80 7.3 8.5 6.1 7.4 8.8 6.1
110-119.9 93 7.7 9.0 6.5 7.8 9.1 6.5 116 7.8 8.9 6.7 7.8 9.2 6.5
120-129.9 85 8.1 9.3 6.9 8.2 9.5 6.9 128 8.2 9.2 7.1 8.3 9.4 7.2
130-139.9 77 8.5 9.7 7.2 8.8 10.1 7.5 98 8.6 10.2 7.1 8.7 10.3 7.1
140-149.9 46 9.2 10.7 7.7 9.3 10.8 7.8 130 9.3 10.4 8.1 9.4 10.9 7.9
150-159.9 71 9.5 11.1 8.0 9.8 11.5 8.1 166 9.9 11.1 8.6 10.0 11.3 8.7
160-169.9 93 10.1 11.4 8.7 10.3 11.7 8.9 58 102 11.9 8.6 10.3 12.0 8.6
170-179.9 40 10.6 11.9 9.3 10.6 11.9 9.3
180-189.9 5 11.4 14.3 8.4 11.4 12.8 10.1

SD standard deviation

segments of the lines were found to deviate from the 95%
confidence intervals.

Discussion

In this study, we developed the ultrasonographic reference
values for kidney length in Japanese children based on the
data of 1984 participants (3968 kidneys) from eight facili-
ties throughout Japan. Detailed and simple reference value
tables by age and by height were prepared; the detailed
tables were shown separately by sex, and by right or left
position, and the simple tables were shown regardless of sex
or position. Additionally, we developed an estimation for-
mula for kidney length by ultrasonography. The regression
equation of kidney length (cm) and body height (cm) was
“y=0.0496x +2.0836 (R*=0.8234)”. Based on these results,
we proposed the following simple and practical estimation
formulas: “the estimated average kidney length (cm)=body
height (m) X 5 +2” for all children, and “the estimated lower
limit of normal kidney length (cm)=0.85 X [body height
(m) X 5+ 2]” for children up to 130 cm tall. These are the
first reference values created with a sufficiently large number
of participants, and simple reference values and estimating
formulas are expected to be widely utilized in daily clinical
practice.

Reliable reference values for clinical use should be based
on the data of a sufficient number of participants. However,
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most previous reports on ultrasonographic reference val-
ues of kidney length in children were based on the data of
approximately 200 to 1000 participants, and the number of
participants per age group was small [3, 4, 6]. Our reference
values, especially the simple ones, were considered more
reliable than previously reported values because they were
based on a much larger number of participants for each age
and height group.

The clinical reference values should be applicable to a
variety of situations at multiple institutions. Most previous
reports of kidney size by ultrasonography in children were
based on measurements performed by a limited number of
examiners on the same ultrasonography device in the same
body position and in a single facility [5]. However, it has
not been fully verified whether these values can be applied
when other examiners use different models at other facilities
or with different body positions. The data we used to create
reference values in this study were obtained from multiple
examiners at eight facilities throughout Japan using differ-
ent ultrasonography systems. We also did not limit the body
position at the time of ultrasonography. Previous reports
have shown that kidney length differs depending on the body
position during ultrasonography [8]. Although we could not
analyze kidney length in the lateral and sitting positions due
to the insufficient number of participants, we did find that
the difference between the supine and prone positions was
small and practically negligible (Supplementary Fig. S4 and
S6). Therefore, our results can be considered to be more
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Table4 Simple and practical reference values of kidney length by
ultrasonography for practical clinical use by age

Age (m/y) n kidney length (cm)
mean mean mean
+2SD -2SD

0-2 (m) 56 5.0 6.1 3.9
3-5 62 54 6.7 4.2
6-8 42 5.5 6.9 4.2
9-11 52 5.7 6.8 4.6
12-17 72 5.9 6.9 4.9
18-23 36 6.2 7.4 5.0
2 ) 92 6.5 7.5 5.6
3 564 6.8 7.9 5.7
4 218 7.2 8.5 5.8
5 184 7.5 8.7 6.3
6 328 7.8 9.1 6.5
7 322 8.0 9.5 6.6
8 280 8.3 9.7 7.0
9 218 8.4 9.8 6.9
10 238 9.0 10.5 7.6
11 280 9.4 10.9 7.9
12 314 9.7 11.5 8.0
13 252 10.1 11.7 8.5
14 230 10.1 11.6 8.6
15 94 10.3 12.0 8.6
16 16 10.4 12.8 7.9
17 8 10.7 11.7 9.8
18 10 10.1 11.1 9.1

SD standard deviation, m months, y years

Table5 Simple and practical reference values of kidney length by
ultrasonography for practical clinical use by body height

Body height (cm) n kidney length (cm)
Mean Mean Mean
+2SD -2SD
50-59.9 36 4.9 5.9 3.9
60-69.9 62 5.4 6.5 4.3
70-79.9 90 5.9 7.0 4.8
80-89.9 130 6.4 7.4 54
90-99.9 520 6.8 7.8 5.7
100-109.9 288 7.3 8.6 6.1
110-119.9 418 7.8 9.0 6.5
120-129.9 426 8.2 9.4 7.0
130-139.9 350 8.6 10.1 7.2
140-149.9 352 9.3 10.7 7.9
150-159.9 474 9.9 11.3 8.4
160-169.9 302 10.2 11.7 8.7
170-179.9 82 10.6 12.0 9.2
180-189.9 10 11.4 13.6 9.2

SD standard deviation

widely applicable than previously reported findings and
may be specifically used for measurements in the prone and
supine positions.

There may be differences in kidney length depending on
gestational age and birth weight [9]. Given that considerable
data on gestational age or birth weight were lacking among
the participants included in this study (Table 1), it should
be noted that our results include findings of cases wherein
where we could not clearly ascertain preterm birth and/or
of participants with a low birth weight history. As a refer-
ence, data on kidney length in participants with clear data
on gestational age and body weight at birth are shown in
Supplementary Fig. S7.

Simple reference values can be more useful for daily
clinical use than detailed ones. However, the creation of
simple reference values by combining the data of both left
and right kidneys could be considered controversial, because
the length of the left kidney has been reported to be slightly
longer than the right kidney in previous studies [6, 10]. In
this study, slight but significant differences in length were
also observed between the left and right kidney, and between
boys and girls (Fig. 2, Supplementary Fig. S1, S3, and S5).
However, these differences were considered minor enough to
be practically insignificant in daily clinical practice. There-
fore, we thought that the simple reference values that we
developed by combining all the data can be applied to daily
clinical practice regardless of sex and kidney position.

A simple predictive formula that can easily estimate nor-
mal kidney length at the bedside would be highly useful in
clinical practice. Several formulas for predicting the nor-
mal length of kidneys in children based on age and/or body
height have been shown in previous reports (Supplementary
Table S1) [3-6, 10-13]. However, these formulas were rela-
tively complicated for daily use at the bedside. Therefore, we
tried to create a simpler estimation formula. Of the formulas
shown in Supplementary Table S1, there were similarities
between the formulas of Kim et al. [11] and our own. This
could be due to the fact that both sets of formulas were based
on data from East Asian children.

Whether age or body height is more appropriate as a
parameter for estimating kidney length has not been suf-
ficiently investigated. One previous study reported a simple
formula that used age data to predict normal kidney length in
children [6]. However, in our data on kidney length, the rela-
tionship with body height was almost linear, while the rela-
tionship with age was a curve similar to a growth curve. Fur-
thermore, although there was almost no difference in kidney
length by body height between boys and girls, kidney length
tended to differ by age between boys and girls after puberty
(Supplementary Fig. S1). Therefore, we considered body
height a more appropriate measure than age to establish a
single, simple, and practical predictive formula. For these
reasons, based on the regression equation of body height

@ Springer
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Fig.2 Kidney length by
ultrasonography of right (light
red cross) and left (light orange
cross) kidneys of girls and those
of right (light blue cross) and
left (light green cross) kidneys
of boys according to body
height. Colored solid lines show
each regression line, and the
thick black dashed line indicates
the regression line for all par-
ticipants

14

10

(@]

6

kidney length (cm)

0

right kidney of girls

left kidney of boys

right kidney of boys

Table 6 The 2 SD and “2 SD/mean” reference values for each height
group, and the number and rate of subjects whose actual kidney
length were judged shorter than the lower limit by the formula “esti-
mated kidney length by body height x (1-0.15) (cm)”

Body height n 2SD  2SD/mean  Number and rate of
(cm) (cm) subjects lower than the
value of “estimated
kidney length by body
height x (1-0.15) (cm)”
n (kidney)  Rate (%)
50-59.9 36 1.01  0.20 1 2.8
60-69.9 62 1.12  0.21 3 4.8
70-79.9 90 1.09 0.18 3 33
80-89.9 130 1.03 0.16 4 3.1
90-99.9 520 1.05 0.15 9 1.7
100-109.9 288 1.27  0.17 9 3.1
110-119.9 418 124 0.16 11 2.6
120-129.9 426 1.16 0.14 6 1.4
130-139.9 350 146  0.17 13 3.7
140-149.9 352 140 0.15 5 1.4
150-159.9 474 143  0.14 6 1.3
160-169.9 302 151 0.15 4 1.3
170-179.9 82 136 0.13 2 24
180-189.9 10 2.16  0.19 0 0.0

SD standard deviation
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and kidney length from our results, we propose “estimated
average kidney length (cm)=body height (m)x5+2” as a
simple prediction formula. Using this formula, the estimated
average kidney length can be easily calculated at the bedside
regardless of sex and kidney position.

The normal range of kidney length is as important as the
average value, and it would be highly useful if the lower
limit of normal kidney length can be easily clarified at the
bedside. Therefore, we suggest that “0.85 X the estimated
average value of kidney length (cm).” could be used as the
prediction formula for estimating the lower limit of kidney
length.

However, when this formula was applied to participants
with a body height of 140 cm or more, the rate of being
judged below the lower limit was low (Table 6); hence, it
was considered inappropriate to apply this formula to taller
participants. In contrast, when this formula was applied to
those with a body height of 130 cm or less, which corre-
sponds to under 10 years of age, 2.3% were judged to be
below the normal range (Table 6); therefore, it was consid-
ered appropriate for this prediction formula to be used for
children with a body height of 130 cm or less.

There are some limitations to this study. First, we
included patients with asymptomatic hematuria, benign
familial hematuria, and monosymptomatic nocturnal
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Fig.3 The measured values 12
of kidney length by height by
ultrasonography, their regres-

sion line (thick dashed line), and

the estimated normal values of 10
kidney length (solid line). The

straight dotted line shows the

lower limit of the normal range

by this calculation formula (dot- 8
ted line). Body height is shown
in meters up to 1.3 m

kidney length (cm)
[=2]
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enuresis, in addition to healthy children who underwent
ultrasonography during physical examination. Strictly speak-
ing, these patients may not be considered healthy. However,

HCCHD
y=0.0515x+1.9641

40 60 80 100 120
body height (cm)

Nagoya2
y=0.046x+2.2199

Tokyo
y=0.0513x+2.026

Chiba
y =0.0497x+2.2009

60 80 100 120 140 160 180 200

body height (cm)

Nagoya2 Chiba

we only excluded children with diseases that might affect
kidney size. Second, some cases reported as SFU grade 1
were not described as bilateral or unilateral; therefore, the
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actual number of kidneys with SFU grade 1 was unknown.
Third, the number of participants varied depending on the
age and body height categories. For example, the number of
3-years-old children included was extremely large compared
to other age groups; both younger and older, due to the medi-
cal examination required of 3-years-old children in Japan.
Since the number of participants under 2 and over 16 years
was insufficient, as well as those with body height less than
60 cm or over 180 cm, the reference values for kidney length
in these age and body height groups were unreliable. Finally,
we conducted research by collecting data measured by mul-
tiple examiners using different types of ultrasound machine
systems at multiple facilities throughout Japan. The techni-
cal quality of each examiner who performed ultrasonography
was guaranteed based on the study method that specified the
qualification of the examiner. However, the differences in
the measurement values due to technical skill variations of
each examiner and ultrasound machine system distinctions
were not examined.

Conclusions

Ultrasonographic reference values and simple prediction
formulas for normal kidney length in healthy Japanese chil-
dren 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 the
time of ultrasonography. We propose “the estimated aver-
age kidney length (cm)=body height (m) X5+ 2" as a sim-
ple 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) X5 +2]” to estimate
the lower limit of normal kidney length for children up to
130 cm tall.
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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 treated at 12 centers between 2009

and 2020. Patients with a maximum serum creatinine level <1.0 mg/dL during the first 3 days, patients who died

of respiratory failure during the neonatal period, patients who progressed to KFRT within the first 3 days, and

patients lacking sufficient data were excluded.

Results: Of a total of 2187 patients with CAKUT, 92 patients were finally analyzed. Twenty-five patients

(27%) progressed to KFRT and 24 (26%) had stage 3—5 chronic kidney disease without replacement therapy

during the median observation period of 52.0 (interquartile range, 22.0—87.8) months. Among these, 22 (24%)

progressed to infantile KFRT. The kidney survival rate during infantile period was significantly lower in

patients with a maximum serum creatinine level during the first 3 days (Cr-day3-max) >2.5 mg/dL (21.8%)

compared with those with a Cr-day3-max <2.5 mg/dL (95.2%) (log-rank, P < 0.001). Multivariate analysis

identified Cr-day3-max (P < 0.001) and oligohydramnios (P = 0.025) as associated with higher risks of infantile

KFRT. Eighty-two patients (89%) were alive at last follow-up.

Conclusion: Neonatal kidney function, including Cr-day3-max, was strongly associated with kidney outcome in

patients with severe CAKUT. Aggressive therapy for severe CAKUT may have good long-term life outcomes

through infantile dialysis and kidney transplantation.
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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, including hypoplastic kidney, dysplastic kidney, kidney agenesis, posterior

urethral valves, and congenital obstruction uropathy.>2 Although the severity can range from normal kidney

function to neonatal or infantile kidney failure with replacement therapy (KFRT), CAKUT in children is the

most common cause of both chronic kidney disease (CKD) and KFRT.3®

Patients with CAKUT and complicated kidney dysfunction during the neonatal period may require

dialysis and systemic management from an early age.®” Although the management of neonates and infants with

kidney failure remains challenging and demanding, even in pediatric nephrology centers, the mortality rate has

improved significantly in recent decades in line with advancements in dialysis technology and clinical

expertise.®® Accordingly, early prediction of the timing and indications for dialysis initiation in infants with

kidney failure is important for making an appropriate decision regarding early patient transfer to a treatment

center. However, early predictive factors for the progression of CAKUT to infantile KFRT remain to be

clarified in a large study cohort.

We therefore investigated the kidney outcomes and associated risk factors of KFRT during the

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

Study design, site, and participants

This retrospective cohort study 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, including six university hospitals, three children’s

hospitals, and three local hospitals. Patients diagnosed with hypoplastic kidney, dysplastic kidney including

multicystic dysplastic kidney, kidney agenesis, and urinary tract obstruction were included. Patients with

hydronephrosis alone or reflux nephropathy alone were excluded. Patients with a maximum serum creatinine

(SCr) level <1.0 mg/dL during the first 3 days, patients who died of respiratory failure within the neonatal

period, patients who progressed to KFRT within the first 3 days, and patients who lacked sufficient data on SCr

levels during the first 3 days were also excluded.

Data collection

Anonymized data were extracted remotely from the 12 centers using the hospitals’ patient administration

systems. We identified subjects by first querying each hospital’s electronic medical record system for the

insurance-related disease. Patients who satisfied the inclusion criteria after subsequent medical record review

were included in the study. The following data were collected from the medical records to determine the clinical

courses of the patients: sex, birth information, oligohydramnios, primary kidney diagnosis and associated

diseases including syndrome/genetic diagnosis, lower urinary tract function, extrarenal congenital
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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 the neonatal period.

Qutcome

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 year of life and 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, CKD stages 1—5 were classified as a glomerular filtration rate

(GFR) of >90, 6090, 30—59, 15—29, and <15 mL/min/1.73 m?, respectively.®

Definitions

CAKUT was diagnosed using combined data from kidney ultrasonography, kidney scintigraphy, and/or voiding

cystourethrography carried out by nephrologists at each institution. Voiding cystourethrography was only

performed in a selected subgroup of patients. Syndromic CAKUT was defined as CAKUT with congenital

extrarenal complications.

Patients with kidney failure included patients with kidney-associated death without initiation of

dialysis. The estimated GFR (eGFR) was calculated using the creatinine-based equation in Japanese children

with CKD%! and was then used for staging of CKD. Neonatal acute kidney injury (AKI) was defined as an SCr
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>1.5 mg/dL or an increase >0.2-0.3 mg/dL per day from a previous lower value and an elevation of SCr

unexplained by the natural history of progression to kidney failure on CAKUT .

We defined Cr-day3-max as the maximum SCr level during the first 3 days. SCr was measured by

the enzymatic method. Infantile dialysis was necessary for patients with inadequate nutrition, uncontrollable

metabolic acidosis and electrolyte abnormalities, and fluid overload.® Low eGFR alone was not an indication for

dialysis.

Statistical analysis

Continuous variables were expressed as median with interquartile range (IQR) and categorical variables were

expressed as number (%). Normally distributed continuous variables were compared using t-tests and non-

normally distributed variables were compared using Mann-Whitney U tests. Categorical variables were

compared by »? tests. Infantile and neonatal kidney survival were analyzed by the Kaplan—Meier method to

evaluate time until occurrence of outcome. Differences between groups were compared using the log-rank test.

Risk factors for infantile KFRT were determined by multivariate analysis using a Cox proportional hazard

regression model. Cr-day3-max, oligohydramnios, gestational age, bilateral kidney lesion, and neonatal AKI

were adjusted as risk factors.

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

analyses were performed using the JMP software package for Macintosh, 14.2 (SAS Institute Japan, Tokyo,

Japan).
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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 among each institution’s ethics committee. In agreement with the abovementioned guidelines, informed

consent was not required for participation in the study.
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Results

Patient characteristics

During the study period, 2187 patients with CAKUT treated at 12 centers fulfilled the inclusion criteria. Of

these, 2083 patients with a maximum SCr level <1.0 mg/dL during the first 3 days, six patients who died of

respiratory failure within the neonatal period, two patients who progressed to KFRT within the first 3 days, and

four patients who lacked data on SCr levels during the first 3 days were excluded from the study. The final

analyses therefore included 92 patients (56 male, 36 female) (Fig. 1).

Table 1 summarizes the clinical characteristics of the study cohort. Briefly, approximately 50%

were low birth weight infants, including five and two with very low birth weight and extremely low birth

weight, respectively. The most common primary diagnosis of CAKUT was bilateral hypoplastic dysplastic

kidney. Bilateral kidney lesions were observed in 61 patients (66%) and unilateral lesions in 31 patients (34%).

Twenty-nine patients (32%) had identified syndromes associated with CAKUT. Oligohydramnios was

complicated in 29 patients (32%). Lower tract obstruction was treated before the initiation of dialysis in all

affected patients.

Bilateral kidney lesions (P < 0.001), oligohydramnios (P < 0.001), neonatal AKI (P =0.042),

neonatal infection (P = 0.002), neonatal ventilator use (P < 0.001), and neonatal inotrope use (P = 0.005) were

significantly related to infantile KFRT (Table 1).

Neonatal and infantile KFRT
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Of the 92 patients, 22 (24%) progressed to infantile KFRT, including 10 patients (11%) who progressed during

the neonatal period. The remaining 70 patients did not progress to KFRT during the infantile period.

Kidney outcome at last follow-up

Of the 70 patients who did not progress to infantile KFRT, 17 (24%) had stage 1 CKD, 26 (37%) had stage 2

CKD, 16 (23%) had stage 3 CKD, six (9%) had stage 4 CKD, two (3%) had stage 5 CKD without replacement

therapy, and three (4%) had progressed to KFRT at the last follow-up. 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 at the last follow-up evaluation (Fig. 2). The

observation periods in 12 patients in the non-infantile KFRT group were <1 year. The ratios of KFRT (31%)

and stage 3-5 CKD (24%) without replacement therapy were similar in the remaining 80 patients.

Transplantation

During the study period, 11 patients (44%) received kidney transplants at a median age of 54.0 (IQR,

37.0-62.0) months, including two (8%) who received pre-emptive kidney transplantation at 52 and 67 months,

respectively.

Death



O©CoO~NOOOITA~AWNPE

Ten patients (11%) died during the study period, with a median age of death of 10.0 (IQR, 0.8—44.0) months.

The causes of death in the infantile KFRT group were kidney failure without initiation of dialysis in three

patients, and sepsis, encapsulating peritoneal sclerosis, and interstitial lung disease in one patient each. The

causes of death in the non-infantile KFRT group were sepsis, respiratory failure after Glenn anastomosis,

pneumonia, and sudden death in one patient each.

Predictors of infantile and neonatal KFRT

The median Cr-day3-max was significantly higher in the infantile KFRT group (3.23 (IQR, 2.87-3.88) mg/dL)

compared with the non-infantile KFRT group (1.30 (IQR, 1.08—1.84) mg/dL) (P < 0.001). Multivariable Cox

proportional hazard analyses identified higher Cr-day3-max (P < 0.001) and oligohydramnios (P = 0.025) as

factors associated with higher risks of infantile KFRT (Table 2). The Kaplan—Meier curves for times from birth

to progression to infantile KFRT and neonatal KFRT according to cut-off values of Cr-day3-max are shown in

Figures 3 and 4, respectively. All cut-off values of Cr-day3-max were significant risk factors for neonatal and

infantile KFRT.
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Discussion

In this multicenter retrospective cohort study, we evaluated the kidney outcomes and associated early predictive

factors of infantile KFRT in children with severe CAKUT. Twenty-two of 92 patients (24%) progressed to

infantile KFRT. Multivariate analysis identified higher Cr-day3-max and oligohydramnios as significant risk

factors for infantile KFRT after adjusting for other risk factors, including gestational age, bilateral kidney

lesions, and neonatal AKI. Prompt and precise prediction of the timing and indications for dialysis initiation in

infants with severe CAKUT can improve their prognosis.

During the study period, 22 patients (24%) progressed to infantile KFRT, including 10 (11%) who

progressed during the neonatal period. CAKUT generally has a longer progression time to KFRT than other

causes of kidney failure, with most cases progressing after school age and adolescence in some large cohort

studies.’>*6 However, the present study showed that severe CAKUT with complicated kidney dysfunction

during the neonatal period progressed rapidly to KFRT. Nevertheless, 82 (89%) patients remained alive in the

present study, and 11 patients (44%) who progressed to KFRT had received transplants at the last follow-up.

These results suggested that the long-term outcomes could be favorable following appropriate treatment, even in

patients with severe CAKUT.

More prompt and precise prediction of the timing and indications for dialysis initiation in infants

with severe CAKUT is required. Although progression to KFRT should be predicted as soon as possible, SCr in

early neonates may be affected by contamination with maternal SCr. We therefore selected Cr-day3-max as a

prognostic indicator of KFRT in the present study. Cox proportional hazard regression analysis accordingly
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identified a higher Cr-day3-max and oligohydramnios as factors significantly associated with infantile KFRT

risk in the present study. The significance remained for all cut-off values of Cr-day3-max. Considering that a

cut-off value associated with a kidney survival rate >95% is useful, we considered that Cr-day3-max cut-off

values of 2.5 mg/dL and 3.0 mg/dL were likely to be suitable for assessing the risks of infantile KFRT and

neonatal KFRT, respectively. Katsoufis et al. reported that a neonatal cystatin C level >3.0 mg/dL and peak SCr

(maximum increase in SCr after birth) >2.0 mg/dL predicted progression to KFRT up to an average age of 6.1 £

2.8 years.” This was consistent with the current results in that kidney function during the neonatal period

reflected future kidney outcome. The cut-off value for SCr in the present study was higher than that in the

previous study, which may reflect difference of indication for dialysis.

The univariate analysis identified the ratios of bilateral kidney lesions, oligohydramnios, neonatal

ventilator use, neonatal inotrope use, neonatal AKI, and neonatal infection as significantly higher in the infantile

KFRT group. However, because these factors were relevant confounding factors with each other, we did not add

neonatal ventilator use, neonatal inotrope use, and neonatal infection into the multivariate logistic analysis.

Bilateral kidney lesions is known to be a risk factor for kidney failure in patients with CAKUT .28 In particular,

Potter sequence which leads to fetal oligohydramnios and fatal respiratory distress due to pulmonary hypoplasia

within an hour of birth was the most critically CAKUT.%2° We speculated that neonatal ventilator and inotrope

use were associated with these fatal states. Kidney outcome is generally good if compensatory hypertrophy of

the contralateral kidney is present,'® and no patients with unilateral kidney lesions progressed to KFRT in the

present study. However, predicting compensatory hypertrophy in the neonatal period is not easy.
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The present study had several limitations. First, SCr was not measured every day in all patients due

to the retrospective study design. However, the timing of SCR measurements was determined by neonatology

and pediatric nephrology experts, and SCR was measured in all patients in the infantile KFRT group every day

during first 3 days. Second, the diagnosis of AKI based on CAKUT during the neonatal period was very

difficult. Moreover, the influence of AKI after the neonatal period was not fully considered in the present study.

In conclusion, patients with CAKUT who had severe kidney dysfunction during the neonatal period

had poor kidney outcomes. Additionally, kidney function during the neonatal period was strongly associated

with infantile KFRT. Prompt and precise prediction of kidney outcome in infants with severe CAKUT can guide

the need for dialysis and management to preserve and promote residual kidney function.
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Table 1. Clinical characteristics of 92 patients with CAKUT and comparison between patients with and without
infantile KFRT

All subjects Infantile KFRT Non-infantile KFRT P value
(n=92) (n=22) (n=70)
Male 56 (61%) 14 (64%) 42 (60%) 0.760
Gestational age (weeks) 37(35-39) 37 (35-38) 37 (36-39) 0.233
<37 32 (35%) 9 (41%) 23 (33%)
3742 59 (64%) 13 (59%) 46 (66%)
42< 1(1%) 0 (0%) 1 (1%)
Birth weight (g) 2509 (2119-2982) 2389 (2154-2723) 2523 (2060—-3046) 0.552
<1000 2 (2%) 0 (0%) 2 (3%)
1000-1499 5 (6%) 1 (5%) 4 (6%)
1500-2499 38 (41%) 12 (55%) 26 (37%)
2500-3999 47 (51%) 9 (41%) 38 (54%)
4000< 0 (0%) 0 (0%) 0 (0%)
Maternal SCr value 0.51 (0.43-0.57) 0.48 (0.40-0.52) 0.53 (0.45-0.59) 0.015
Primary kidney diagnosis
Bilateral hypo/dys 36 (39%) 9 (41%) 27 (39%)
Unilateral hypo/dys 10 (11%) 0 (0%) 10 (14%)
Bilateral kidney agenesis 1 (1%) 1 (5%) 0 (0%)
Unilateral kidney agenesis 6 (7%) 0 (0%) 6 (9%)
Kidney agenesis and opposite hypo/dys 1 (1%) 1 (5%) 0 (0%)
Bilateral MCDK 2 (2%) 2 (9%) 0 (0%)
MCDK and opposite kidney agenesis 1 (1%) 1 (5%) 0 (0%)
MCDK and opposite hypo/dys 9 (10%) 3 (14%) 6 (9%)
Unilateral MCDK 15 (16%) 0 (0%) 15 (21%)
PUV 9 (10%) 4 (18%) 5 (7%)
Urinary tract obstruction 2 (2%) 1 (5%) 1 (1%)
Kidney lesion
Bilateral 61 (66%) 22 (100%) 39 (56%) <0.001
Unilateral 31 (34%) 0 (0%) 31 (44%) <0.001
Syndromic CAKUT 29 (32%) 4 (18%) 25 (36%) 0.123
VACTERL association 6 (7%) 1 (5%) 5 (7%)
4p deletion 4 (4%) 0 (0%) 4 (6%)
HNF1B mutation 4 (4%) 0 (0%) 4 (6%)
BOR syndrome 2 (2%) 1 (5%) 1 (1%)
Trisomy 21 (Down syndrome) 2 (2%) 0 (0%) 2 (3%)
Kabuki syndrome 2 (2%) 0 (0%) 2 (3%)
PAX2 mutation 1 (1%) 1 (5%) 0 (0%)
17q12 deletion 1 (1%) 1 (5%) 0 (0%)
Trisomy 18 1 (1%) 0 (0%) 1 (1%)
Noonan syndrome 1 (1%) 0 (0%) 1 (1%)
Monosomy 9p 1 (1%) 0 (0%) 1 (1%)
6025.2 deletion 1 (1%) 0 (0%) 1 (1%)
1q duplication 1 (1%) 0 (0%) 1 (1%)
2p deletion 1 (1%) 0 (0%) 1 (1%)
14 Robertsonian translocation 1 (1%) 0 (0%) 1 (1%)
Oligohydramnios 29 (32%) 18 (82%) 11 (16%) <0.001
Neonatal complications
AKI 13 (14%) 6 (27%) 7 (10%) 0.042
Infections 17 (18%) 9 (41%) 8 (11%) 0.002
Neonatal treatments
Ventilator 44 (49%) 21 (95%) 23 (33%) <0.001
Inotrope 28 (30%) 12 (55%) 16 (59%) 0.005
Observation period (months) 52.0 (22.0-87.8) 53.5 (19.0-85.8) 48.0 (20.5-89) 0.752

Values are expressed as number (%) and median (interquartile range).

AKI, acute kidney injury; BOR, branchio-oto-renal; CAKUT, congenital anomalies of kidney and urinary tract;
Hypo/dys, hypoplastic kidney/dysplastic kidney; KFRT, kidney failure with replacement therapy; MCDK, multicystic
dysplastic kidney; PUV, posterior urethral valves; SCr, serum creatinine; VACTERL, vertebral, ano-rectal, cardiac,

tracheo-esophageal, renal, and limb
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Table 2. Multivariable Cox proportional hazard analyses for infantile KFRT

Multivariate analysis

Factors HR 95% CI P value
Gestational age 0.85 0.62-1.17 0.304
Oligohydramnios 451 1.2-16.92 0.025
Cr-day3-max 6.46 3.22-14.1 <0.001
Bilateral kidney lesion 1.52 0.19-12.32 0.697
Neonatal AKI 1.12 0.35-3.63 0.846

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 serum creatinine level during the first 3 days

Figure 3. Kaplan—Meier curves for time to progression from birth to infantile KFRT according to (A) Cr-

day2.0-max, (B) Cr-day2.5-max, (C) Cr-day3.0-max, (D) and Cr-day3.5-max.

Cr-day3-max, maximum serum creatinine level during the first 3 days; KFRT, kidney failure with replacement

therapy

Figure 4. Kaplan—Meier curves for time to progression to neonatal KFRT from birth according to (A) Cr-

day2.0-max, (B) Cr-day2.5-max, (C) Cr-day3.0-max, (D) and Cr-day3.5-max.

Cr-day3-max, maximum serum creatinine level during the first 3 days; KFRT, kidney failure with replacement

therapy
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tarly predictive factors for progression to kidney failure in patients with - .
severe congenital anomalies of the kidney and urinary tract (CAKUT): {\ }G&%@hlcal

: : : tract
a multicenter retrospective cohort study in Japan

HYPOTHESIS: What is early predictive factors for the progression of CAKUT to infantile kidney failure with replacement

H—h Ll i |
Cr-day3-max<2.5 mg/dL

DESIGN & OUTCOMES: Kidney outcome at last follow-up ~ Timing of progression to KFRT 95.2%

KFRT after
infantile period
3 cases (3%)

KFRT

92 patients CKD stage1-2
25 cases (27%)

43 cases (47%) i y >
with severe CAKUT Cr-day3-max=2.5 mg/dL

KFRT during
infantile period
22 cases (24%) 00
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| ' 21.8%
P < 0.0001
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Age (months)
B Multivariable Cox proportional hazard analyses

CKD stage3-? without KRT Factors
24 cases (26%) HR 95% ClI P value
Observation period: median 52 months (range, 1-139 months) Gestational age 0.85 0.62-1.17 0.304

Exclusion criteria: il e Coio2 Riles

+ Patients with a maximum creatinine <1.0 mg/dL during the first 3 days 646 3.22-141  <0.001

« Patients who died of respiratory failure during the neonatal period 152 0.19-1232  0.697

« Patients who progressed to KFRT within the first 3 days 112 0.35-3.63 0.846

* Patients lacking sufficient data * Cr-day3-max, maximum creatinine level during the first 3 days**AKI, acute kidney injury

A 4 .y
CONCLUSION: Patients with CAKUT who had severe kidney dysfunction Nishi et al. 2022

dur?ng the neonatal per?od had poor kidney ogtcome; K.idney.function e) Pediatric Nephrology
during the neonatal period was strongly associated with infantile KFRT. &

Journal of the
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