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Product Information

Pl forlax® 4g forlax® 10g
ME . Sk = % = %
ST B Ez|o|2aiIZ2Z(Polyethylene glycol) 4000 -+ 4g E2|0ll2@Z2|Z(Polyethylene glycol) 4000 -+ 10g
g4 HiAfo] 7122 BjIBH0| lonf S0 K0|H FHEH o] £inf QaX|et Jjo|ZF2E | ot M|zt Qlch
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(Y =322 Yo B30 et MEs| 2HIIssict) Sulof w2t £5] of2lol= oISt 10g (1IX)S 288 4 Uk
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—BH1~ 4N — 1 ~ 254 ~ 8g) Bl 28 51 ~ 22(24 ~ 48A12) LHoll 2H51A| LIEF
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Patients with aHUS can be at continuous
risk of the life-threatening consequences of
unpredictable complement-mediated TMA!2

Chronic, uncontrolled complement activity in aHUS leads to ongoing endothelial
injury, organ damage, and sudden death??3

SOLIRIS®

References: 1. Laurence J. Clin Adv Hematol Oncol. 2016;14(suppl 11):1—15, 2. Legendre CM, et al. N Engl J Med. 2013:368:2169-2181. 3. Noris M, et al. Nat Rev Nephrol. 2012;8:622—633.

[HIZE] £22|A F [ZA] 1HI0IZ(E0mL)E HIZ2IFY 30mg [&5 - S 1) WEH 0F2 8M Ak Z(PNH : Paroxysmal Noctumnal Hemoglobinuria) 23S ZtAA|7|7| et At 0F2+ 8MA b Z(PNH : Paroxysmal Nocturnal Hemoglobinuria) 2HXte| X|2, 43 0[2{nt 2tA|910|, 2 21 42 ofn|st
=YY EHO| = ERt) | Q4% 01010 S2I=IACE 2) b &4 2= S37aHUS : atypical Hemolytic Uremic Syndrome) 25| DH7H 174 DIMSHHZS Ko | SHHIEY 84 Q= S37(aHUS : atypical Hemolytic Uremic Syndrome) 2HX10] X|2 - ALZHSt: A|7HShiga) E41 4
g TRl 2fet 2 ES2(STEC-HUS) A} CHALO| M2 AAISHX| o4=Ct 3) HAl 55 2P24Z(Generalized Myasthenia Gravis) 0tHZIZ2! 8| &) & (Refractory gMG: Refractory Generalized Myasthenia Gravis)2| X[ 4) AAIZ 2i4 2 Eist
(Neuromyelitis optica spectrum disorder) 2010t 2I-4(AQP-4) SH| QA1 SEXLO| A|AIZ 4G 7= ZIBHNMOSD: Neuromyelitis optica spectrum disorder) 2] X2 [8% - B2 A1Zt5t 20l Ch3t S F0|7| QoM SRS Z[AI1] Al TE X|Z|(Advisory Commitiee on Immunization Practices(ACIP)
recommendations) il (2t #A1 FZS SHOF SITH(AKSAQ| ZQAFSH, 11 3 AT) 0] 22 HUE0{|0{0F 510 SEHUEOY(V push) = LAIHHEC(V bolus)2 FOIGHAE QHEILE (4O1) 1) LEH OFZF S A F(PNH) : 5143242 O 720HCH600 mg, Ul 17 825 £01 7% S0 CHAT I 82O 2 900
mg2 £0{511, 1 SSE= 0f 142010900 mgS F0ISITH 0] 2 T EO0I2HT} U0 U S0, £ 0 FE UHO| 22U X MY 28N 9% 537(aHUS) ¥ 284 T 55 22 S (Refractory gMG) X AlAIZ K- HZHIS PRS2 T 720ICH900 mg, Yl
T2 E0 72 301 A AT 82O 2 1200 mgS £0{5H1, 1 SHE{= 0§ 14U0ICHA0 mgS FOISICH (AOH 1) HIHE &Y QEZ57(aHUS) 2HBA| D|2He| aHUS EHXIY Z2, AIS0H 2t #E YO 2 SOfSIC) (MZHE YE 8% - 82 [H 1] BHEM| 02 X0l HLE0I A1) 0] 42 P
SO U0 S| R0, 22 O UFO| 22 /22 SO0IE|0{0} BTt (HHUSQH U A SAHUSOA HOI U A0HHIHH Q=527 4O SS3Y MU SS RS AANZH SHSHXI0] CHaH PE/PI(&4E 12t 2(plasma exchange = plasmapheresis), (= A4 &
(freshfrozen plasma infusion))2t 2 248 A& S B 29 571 83 S0I7HUQSICE (NBHE 212 8 - 8% [H2]PE/PI0| 0] 22| F714 S0y 5 o LA A7 |HO 2 Q15101 0| 2f2| ALZ2 S af 5t
BIXO| A2 STPAIZIC, 0] 240 S0F SRIOAIM XIHE0| 1 WHS Slioh= 277 ZH0| LUBIACE 2277 A2 01 S| i L4l 42 X 5)0 et REt0] LSSt QICk ZHO| S W] Y5101, 0] ¢ X2t K|HEO= 0
B IRH0[ 2T P Lol YR 2 ARE RIQfstuE ZE EtE ot Cl X171 2135] 0] 24| X2 S RI00F 51, Z|CH 3t e 0t Ml S0 W S SHt 070 HA HF 05 25 0|Lf 0] 242
E0E AL, 471 294710 WA HE 0|5 25 SO HESH 04X SO 2 X|2 HHoL0} SiCt M 2OIH SIS 0l4ol7| U5t 7ESSICHE ST A, C, Y, W135, BOj| LS AI0] HZEICH SIXIS2 WA MRS |5t £[A12| Al HZE X|E)(Advisory Committee on Immunization Practices(ACIP)
recommendations)Of] 2t #1AIS FE 22 XS OO} SHCY, il HMEL HRHS OIS E4EAIZ 4= Tt ZIHOZ PNH, aHUS, 84 gMG % NMOSDS 2 8t5t 4| 071 LS 712 EXHS2 S3(PNHS| ZR)0|Lt &%t DIMIERHES(TMA; aHUSS) #9) £= £5 2925 A =34 MG
A9) EE THLNMOSDS| Z9)2 22 59| 7|1 ato| 1S 9 0| 57 BS &4~ QUCH M2tAf, KIZI0) M2 BA1 HE 0% 0| S804 Chsh THEIE|0{OF SIT, A B2 0IH 2R IS ZU 4 QK| 2 = OH=Ch TS MR AL0Y| CHEH A XIZ(0f: 2LH 490!
Mz 220 YUTSX|F A0otS)S 12{510{0F S, 0417 O 27| L SH0| LIEILI=X| US| 2261, 0| QY= ZA| ZALLO[0F BIC SHk= 0[2(3HS 9L B4 A ZA| X2 S = Hxjof Cha QL otof 12} 0] 2fC) X|2.2| 2|31t 0|lS 4ol
OfOF BHC} a7 ZH2 27|0f| Y74t X|Z5HX| QO H F245| X|FH0| 1 MEHS E 2 3 = BIC} 2. CkS EHXI0= FO0fotk| 2 2 1) 0| of2| T, F2l T A = 7|Bf g0l 2RURHS0| U= EHRH2) X2 K|
B4t (Neisseria meningitidis) 2% 2tAt3) =2f7#{(Neisseria meningtidis) #1415 3114 HESHA| 242 %25 SOt & | SMQUOR XI5 S WX| 42 BRH0| A2 X|2E =5 A0| 2U71d UES UOT = AL CHSIHGI]

1) 7B 24 e ARIIHO 2 016101 0] Q40| x|= 2 T 20| U= BXIS U F0J5101 S04610{0} BiCt, 0] %2 LT HA| 22 % 2 SRS 2, S5 Neisseriat X I/'d MixH{encapsulated bacteria) 210l Lt 2t=~40| S7F3t 4= ULt MEY Yt 2SS Z3!5H= N. meningftidis 2|
9 Neisseria Z0f| 0|3t i3t 24210 21| QICH M| SCHEH 2int 1 Z4 U RS0 et QIAS £017| 5 44 LA Y FOl1 7 MIZHOF BTt A2 oftoy] fOll7| Z015HOF 5111 0] Uiz EHXK= H71KIQI AS AUSHTE KIS0, HIf240| US}el SiRtet SF7 24 8
RiOl|Af OtAHZ LR A ZIHO| LUMSISL, 0] OFS F0] fH= AOH= TR HAATLR(Streptococcus pneumonia)t QIS 2 7k B (Haemophilus influenza type b(Hib))oll 215H SCHSt ZHS UOZ I&0| S713t 4= QUCH M AT Streptococcus pneumonia) 2t QIZR A} 7kt BE(Haemophilus
influenza type b(Hib))01| 28t ZHS OIS | ol ZA1) thAl FE X0 T2t Al HES WS St HA ZH0| QU= EXI0j|A| 0| U2 F0IE M= FOISH=S Bit 02|50l QP& 1 RX| QU = S0 5:71Xi0l HiAl HEO0| West AL, 0] o S0{0f M2 tAl FHE A7 |S AS5| 12{aHof
BiCt 2) MEAX AL 20t BLIER): PNH #iXk= LDH RIS &, , 88 F0tE|HS S510] D|MSHUS 0§25 2EIGI0{0F 510, RX17|2H S0t HE S0 (14 220N % - 82 ZH0| LR 2 QICHOH 12277HK)). 4, H20|MS A|
T3 H0 9 AR AHAI0A H 0 E FS0IHIS(LYS 19 04 2H): S 0 > )- W, &7 |=UE, HIQISY, 72X, Q2 Y, 1 2HA, MHAAAT IS 20, 37|15, 0124101y, DY 7|F, YIS, HAL 1E, 7Y, SRES, U g2 A
AT, PEE, 288, &, N2, ASZUR QALSDE MAR0M, 7H L3t 0AS2 2431, 0= 0] O 2 R[22 SX|OfIA| AT LT 0| E5HZH0|QUCE AR IHZFO| LSS0 Chfsh EXIN|H U2| 1 ZA| Q2 ZX| B 23 BRI H| H15H0F ST Neisseria
gonorrhoeae, Neisseria sicca / subflava, Neisseria spp unspecified 2 @15t Iif 01 Neisseria Z2| CH2 AIS0| 2 EIQICH [HIZS] LA [$UTH R (F)5HS [ZISTHEY] 2001-02-18 "R KIMISH YR = HIE NYMS RXSIA7| HIRLICE

ALEXION (F)BHE MSA| Z EISI2HE 132 Tel. 02)527-5114 Fax. 02) 527-5001 www.handok.co.kr HANIDOK




Improving lives together

2|2 H|XZ AoiSt X} gLct -
Creating a future worth living.
For patients. Worldwide. Every day.

(F)z LA CIZAH lZ 2|0
07320 MEEEA| SSET 02|HZ 24
(HOl=Z, FKIEF 145)

Telephone: 02-2146-8800

Fax: 02-3453-9213
www.freseniusmedicalcare.asia



Potent Protease Inhibitor”

Nafamostat Mesilate
Since 2004.06.01°

. " 1.3.4)
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e 3-E-l-é-"----...s.'i'\‘* Plasmin

FABSE HEQOFHL

(HZY] - FASFEHLITIZAEIEH M) - FABSELO(LTIZAEIEH M) [MR%E W O 28] 0 [ AIARH(P)--10mg « FAFRZEIS0
SRER LR AEENAMAP)-50mg [§5 - §] - FARBSE: 1. o FHSHE NG, TeHFel 24 dsp| 4432 & [HxEs 2o FE, MY el M 2
IEEHHSTE(DC) 3. £ YH = SHLS Ze 2t FUH QS| HRENH STUX|(FUEA U SR |EES) - FARRSES0: 1. IIEHEHISTE(DC) 2. £ YH &=
EYYS A= SiRfel FAHemEA| HREN S (RS ol SxiEa|uiEs) (8Y - 8] 7L SO 1 2ol S4B MM BE 18] UIIRAEIEHHUMHOZM 10mgS 5%
ZERARY 500mLol| st oF 2417t ZA 1Y 1~23] FULlE HHESIC, Safof met Ho| ZSICE 2. IIEHRHISIE(DIC): BE 1922 5% Z=GFAI 1,000mLol| S3lstod
LITIZAEIEHAMHEOZA] HA| 0.06~0.20mg/kgS 24AIZH0] 2K HULHZ X|&F0I5ICE 3, E8Y HH T= SHLBS e SXfe| UK HFHM STUX| HE H|AEHAl0]
N LmRAEIEHAMOORA 20mgS ARl 5% BEGFAINOLL FAIBA40| et £ MalAlH 500mL0) B3t Ho= R A - SHstn MeAREIAl Fols
LT RAEE|ARI0 24 DfA| 20~50mgS 5% EESFAR0] Safetol SIS Fe2tolol RSFUBICL SMof ulet Ho| SLBICL, ANHOIAE TR F0IZ20| OHARF 35mgOIRICt, L,
ZAho Z| - 0] OFS E0i57| Yk ChSQ] AMZ NS ZHISH, 1. Hiiol FHEH| o] ALBSHE Z2: 1) 10mg HIOIL0l TmL 0A0] 5% EEEIFAR EE FABLE 7f5(0f
TI5| BaHEICt 2) Bsfet UG 5% LZEZAH 500mLofl EFBICE 2, MFHBHSDS(DICIH ARSSH= ZS: 1) 10mg BIOILO= Tml Of, 50mg BO|0fl= 5l 0[440] 5% F=EITARH =
FAIRSE JI510] 25| SaHBICE ) SaHEt NS 5% HETAIY 1000mLo| EBIBICL 3 ST HH L= SHUNS W= Bx0) TRl 2B BEHU STUR ABsl= FP: )
SloHB2LH2 AF - S (1) 10mg BOIOE mL O}, 50mg HIOIol= SmL O14fe] 5% EEHZTAlR = FABSE 715101 25| SaBIL, (2) LIIRAEIED|ANS 20mgS SR8t Bafls
A2 A4 500mLof| EBICE 2) M2k (1) 10mg HOILolk= 1mL 0|4, 50mg HIO|Y0f= 5mL 02l 5% EEEFA E= FARSE J510] 25| SSiCt, (2) 8aist %S &Sux|
RIAZFR7Io] 80| WA 5% BELFARYOR SIAMBICE 4, SEAIQ] FOf HEf EE ZM0| AEE 4 QOOR MM 3 B|H2E FI95H SUS Hj0|U0f ZKY JHHAL OHECt M2
FOAE] 1. 21, A3, OILITIAIAY S40| LIEf 4 QOO 0] ofof et 110150| w2t iatol S25| SEIa0F BT, T3t 0] OF E0{0) Ofsf A7} AISH 220] chblslo PERAIS e
ZHIZ 311 B25| TESI0] 0[2{3t S0 WS HL0= ZA| S0i2 SAI5ID TSt HXIS S0F Bt 2. (S SHxjolis SOf5HK| L 24, 0| ofl Thate] RIS WR0] U Eixt (52))
(MIZAf] - R3ts8 55 HRIF QG HPHR|Z 210 - HOAR SH MOM| HET B 720212 33 [(MZCIZIxt, BHXUAAOADIZE) 271 HeAl 257 BI2 310 20180528 7Y
XAMESIAZ| T HZAEYM TES HUstAIR. 24 517kl st HE = "AIZO|bZ QA O bZQHHLIE} (https://nedrug.mids.go.kr/index) Oil A 2teISt 4= UFLICE

References 1. Iwaki M et al. Pharmacological studies of FUT—175, nafamostat mesilate. V. Effects on the pancreatic enzymes and experimental acute pancreatitis in rats. Jon J Pharmacol, 1986 Jun;41(2):155-62 2, Mori S et al,, J

Pharmacol Sci. 2003 Aug;92(4):420-3. 3. Hitomi Y et al. Inhibitory effect of a new synthetic protease inhibitor (FUT—175) on the coagulation system. Haemostasis, 1985;15(3):164-8, 4. Fuiii S et al. New synthetic inhibitors of Ctr, C1
esterase, thrombin, plasmin, kallikrein and trypsin, Biochim Biophys Acta, 1981 Oct 13:661(2):342-5, 5, ZAI2SEt 6{7pHHE, O|QkZOtMLIz} [Cited 2020.06.11] Available from : https://nedrug.mids.go.kr/
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CRYSVITA’

burosumab

CRYSVITA" is a new

that
binds to and inhibits the excess
activity of FGF23'

CRYSVITA demonstrates rapid and significant
improvements in clinical outcomes
in children with XLH*®

Substantial healing of rickets?3
(72% vs 6% with conventional therapy)?

Improved growth, mobility and reduced pain?3

Improved biochemical markers?3

HEOW

FGF23, fibroblast growth factor 23.

‘Based on a Phase 2 and a Phase 3 study. In the Phase 2 study, 52 children with XLH aged 5-12 years were randomised to receive CRYSVITA either every 2 weeks or every 4 weeks (dose was titrated
according to serum phosphorus concentration). In the Phase 3 study, 61 children with XLH aged 1-12 years were randomised to receive either CRYSVITA (0.8 mg/kg starting dose, administered every 2 weeks)
or conventional therapy (oral phosphate and vitamin D). In both studies, change in rickets was assessed at 40 weeks.

1. Kyowa Kirin Limited. CRYSVITA (burosumalo). Summary of Product Characteristics. February 2019; 2. Carpenter TO, et al. N Engl J Med. 2018;378:1987-98; 3. Imel EA, et al. Lancet. 2019;393:2416-27.

CRYSVITA Solution for Injection 10 mg, 20mg, 30mg (Burosumab, Genetical Recombination)

[Product Summary] Burosumab is a recombinant human monoclonal  and osteomalacia [Dosage and Administration] If an oral phosphorus
antibody, and is composed of a variable region of anti-human fioroblast  formulation or activated vitamin D3 formulation is administered, these
growth factor 23 antibody and a constant region of human IgG1 r should be discontinued one week before starting this drug,
Burosumab is produced from ovary cells of dihydrofolate reductase- — and administration of this drug should be initiated after confirming the
deficient Chinese hamster. Burosumab is a glycoprotein c osed of  serum phosphorus concentration falls below the reference er limit.
two molecules of heavy chain (y1 chain) consisting of 447 amino acid  [Manufacturer] Kyowa Kirin Co.,Ltd, Takasaki Plant, Piramal Healthcare UK
residues and two molect f it chain (x chain) consisting of 213 amino  Ltd. [Importer] Kyowa Kirin Korea Co.Ltd. 11F, Asia Tower, 430, Nonhyeon-
acid residues. [Indication] elated hypophosphataemic rickets  ro, Gangnam-g oul (82-2-3471-4321)

KR03-2010CRV-LO1
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References 1) HE4M2016-11-09) 2) Everaert, etal. ICH 3 ics. 2019.

E51 2 01S(6H0L), ORICkad) 201 2= ORERSKO| X200 7)) BU8Y Uik OlaSIENDNY) : HEA ZNLATEALIOR) 0.2m08 BP0, &I} 26 92 22 0.4ngriA| 52 + 91, K20 TRRE 201 PHE 3 201 170071 2012 BBt Weloly 250, ORIa9) 201 51 ORIn80l FR(eslf ) - 8 FH&JW 0.1mg2 Z7S0ict, 972 S0i= &apt S50 42 3
< 0.2mg02 £t Aalot &1t SE0lK| 10 27 212402 Z25101 0.mg7iR| AISE 4+ G0 BHZH 2 R0 R S} 8iE 22 S01E SARICH, MBM TN 1. ’SI‘.Q% 5 TOE RHESHE, 42 3502 96 & 58 U0z 4 91002 012 oel| ikl 252 Y Bt 228 WHGI=S S0, 2, i Exil= S0 2 A, 1) 0] % % 0] % 201 1250 H20] 9l Bt 2) S2Y 3l i w2 TS
& 30| RIS dor g2 2264 393 EW)—"ON“ A 8t 4) 0lniE 58301 81 5) MY 953 8t ) 0] 942 0l XEAI BUSRIBTOR! S0 7) 85T % B3 L &t (SRADfEIK S20fEIA S0nifE OR) §) 0luSE2 S S22 (SADH 9) HLESESOR E 813, S Smple 5| Y 7 1) 78018 Atk -v-‘zﬂ\ "eﬂ S SRS, PSS AXHAAS HSAP B3 AL +
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RIS Ag5IeS 8k, 4, Olé"i’i 1) S5l cigat Tl 52 T‘*H— 33 %“%‘; 3 HHESSS0] LiEt 4 9, 2) OfS 2R Sl 2282 Sy} 2k °’:‘W“L TIEES 2K A0 55 B8 79 Qe 1SS 5 07k S0 OB NS S8 S B B 82 A%ISY RS2 ENBloD R S48t 7k HLIEBHS S5 85 a8 7o Wi
B7}5, QHIRFO) {) SAE X5 #1022 42 242 2 e 0\ % 01 H 1ARIOA] 01 2 BARIIR| RRIcioof B, © A7fs BEA| 229 H5= 0] o 201 1 1ARKHM 201 & 217K 304052 MBI, 43458 i) 0¥ 22K 0 82 T ESERA) Ll 431 (5, 77E, M55t 120 423 32 22 3) UM 65K g s
0 of A Uekiet, Jeio2, I3 8 g EaAFW— © | T} T, NELER AX8 LS 30} 247} 2 ] 12 8742 8-3 0N RSS9 90| 1, 2T X7} T2} Bt Kol B TP AR % 39 22 22457 TPLD SO HoAD| 34182 ZE500} 861, 0 22T T2 HLESEE0| 2475, ©
4, 7, &9 At 4 350 Es <1500} | K28 C S 2 A% 5] 1P 2950, 4 07k 300 0L | S X2 AR K01 22501 a3l 7B 7500 3, 0Pk 52017155 SRS P}, oAl 3 bl 1138 Fei Ol 755E], 5) RAE, e 9IS 20| 4% 291200 T 7 5250 Lkt 38 28
LE"MF E"Esﬂ‘mi 51, 60| 942 SX0L 7PEKS20| TRk 0123 50 90 6, A5HS1) 0] 9| 2218 30l 0] Kl 2 4oL 0 f D22 T2 42l HESO 118 55| 2261, 20|91 A 280, SOpInE| 4R o5 R EBRZY 2250 Hmebione 3 UER SASY 5 oLiRer 3 221207 e, S0k, Semeal, SlcEp, T2Ar
i B0l 182 S| 22RO Aeikis SN 2 . 4) S2iTR0lce SEE0| 0l KBS ZAd 3 01, 5) SUEAD} S0 S0l 2 3 U 3 594 230| 25iE Aozl 2 91 ) HALR0[EY ANTEHE J\Dﬂ Sl 2P SR S8LIER RUERIS BE5I MLIERESS Lep| 43t 2ot L5k 7) 2ueiolo|Sloperamide) $E S0 AR Szt of 35 “%}01 SRR
1LE§§%—1 TF 'ﬁ% DU 4 ‘L‘E} 8) CIERHdimeticone) 8 F0iA| cRARIRA S4 2AS JIKiE 4 9 ) 0] % AP"ll 0032202 4385 in viroAEOA Offet 4551 24 LAl 2] Bl 7402 002, 74 Tk GBS T ot 4SX0| 9 2 ZClin vivoZi S| %53) 10) 0] ot SA, £2 Sof "JAI{@ OF0] 27% XHI0| £ EEANS & 22 iAmmail 481 4571 s 2ASEL. TAL % 05 (Y 2
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OBJECTIVE: SCurrently, pyuria in catheterized urine is required for the presumptive diagnosis
of urinary tract infection (UTI) . However, it is influenced by urine concentration and
contamination. The purpose of this study is to determine whether urine neutrophil gelatinase-
associated lipocalin (UNGAL) is more useful than pyuria in diagnosis of UTI in children,

without being affected by urine concentration.

METHOD: This is a retrospective cross-sectional study of children under 3 years of age who
have visited an outpatient or emergency room for 5 years. The sensitivity, specificity,
likelihood ratio, predictive value, odds ratio and the area under the receiver operating curves
(AUC) of uNGAL cutoff and pyuria (= 5 WBCs, HPF) were compared in diluted urine SG
<1.015 and concentrated urine SG = 1.015 group.

RESULTS: Of the total 456 patients, UTI group (n=218) had higher median uNGAL than non
-UTI group (n=238) (204.5 vs. 32.95 ng/ml, P<0.001) . There was no significant difference
in the age between the UTI group and the non-UTI group. There were more boys than girls
in the UTI group. Urine SG = 1.015 group had relatively lower sensitivity, positive predictive
value, odds ratio and AUC value of pyuria for detection of UTI than urine SG<1.015 group.
In particular, in the urine SG = 1.015 group, sensitivity, odds ratio, and AUC value (0.613,
95% CI 0.481-0.745) of pyuria were not significant for UTI diagnosis. In the comparison
between the uNGAL cutoff (68.5 ng/mL) and pyuria for UTI diagnosis, the uNGAL cutoff had
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higher specificity, positive likelihood ratio, positive predictive value, odds ratio and AUC than
pyuria regardless of urine concentration (Urine SG<1.015, uNGAL cutoff vs. pyuria 0.744 vs.
0.638, P<0.05); Urine SG = 1.015, uNGAL cutoff vs. pyuria 0.737 vs. 0.613, P<0.05) .

CONCLUSIONS: The uNGAL could be a better predictor than pyuria for identifying of UTI

regardless of urine concentration.
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Objective: Culture-negative urinary tract infection (UTI) in young infants caused difficulty in
the appropriate treatment. Accurate and rapid identification of the presence of bacteria can

help to clinical decision. It was assumed that 16S ribosomal RNA (tRNA) analysis would help.

Materials and Methods: Young infants under 6 months of age who were suspected febrile UTI
from May 2018 to April 2019 had been enrolled. Urine samples collected from eligible
subjects were analyzed by conventional automated microbiologic system. Also sequence
analyses of the 16S rRNA were performed including amplicon band confirmation and the
comparison with the data of BLAST. We compared the 16S rRNA analysis with the

conventional culture method.

Results: A total of 57 infants with febrile UTI were enrolled, and the median age was 3.0
months. Among the patients who were tested for kidney, abnormal findings were followed as:
hydronephrosis on ultrasonography were found in 41.1% (23/56), cortical defects on
dimercaptosuccinic acid scan in 55.9% (19/34), and vesicourethral reflux and ureterocele on
voiding cystourethrogram in 41.7% (5/12), respectively. Uropathogens were identified in 43
patients (75.4%) in a conventional culture method; Fscherichia coli in 38 patients (88.4%),
Klebsiella pneumoniae in 3 (7.0%), Enterobacter cloacae in 1 (2.3%), and Pseudomonas
aeruginosa in 1 (2.3%). Fifty urine samples (87.8%) had positive 16S rRNA amplicon band on

electrophoresis, and the sequencing of 16S rRNA revealed that 40 bacteria were identified
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comparing with BLAST database. Highest level identity strains were followed as; £ fergusonii
in 36, K. pneumoniae in 3, and Shigella flexneri in 1. The sensitivity of 16S rRNA sequencing
was 81.4% (95% confidence interval (CI), 67.4-90.3 %) and the specificity was 64.3% (95% CI,
38.8-83.7%).

Conclusion: Uropathogen identification using 16S rRNA analysis under the febrile UTI in young

infants were as clinically useful as conventional culture.

10
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Purpose: Lupus nephritis (LN) has an etiopathogenesis caused by activation of the
complement system. The purpose of this study is to investigate the differences and clinical
implication of the activation pattern of complement system between pediatric and adult LN

patients.

Methods: We retrospectively reviewed medical records of 14 pediatric and 26 adult patients
whose tissue specimens were stored among patients diagnosed with LN through renal biopsy.
The activation of complement system was evaluated by performing IHC for C4d (a component
of the lectin pathway), Clq (a component of the classical pathway), and IF for C3 (a

component of the alternative pathway) in renal tissue.

Results: A total of 14 pediatric patients had male-to-female ratio of 2:12, which was
significantly more female. The average age at diagnosis was 11.7 + 2.9 years, eGFR was 112.2
+ 50.1 mL/min/BSA, spot urine protein to creatinine ratio was 2.6 * 2.4 g/g and C3/C4 was
31.6 + 11.3/ 5.1 + 4.8 mg/dL. Except for age and C3 level, the baseline clinical
characteristics of pediatric and adult patients were similar. As a result of complement staining
of kidney tissue, the C3 and Clq positivity rate in pediatric/adult patients were 92.9/76.9%
and 85.7/80.8%, respectively and there was no significant difference. However, the C4d
positivity was 35.7% in pediatric patients and 76.9% in adult patients (p=0.010), which was

significantly higher in adult patients than in pediatric patients. Although there was no

"
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correlation between C4d activation and initial laboratory findings and prognosis in both
groups, the C4d/Clq(+/+) group among adult patients had poor prognosis (defined as CRF,
dialysis or death) than the C4d/Clq(+/-) group. (81.8% vs 33.3%, p=0.028)

Conclusions: Pediatric LN patients had significantly lower C4d activation compared to adult
LN patients and the high score of C4d and Clq can be considered as a prognostic factor for
LN patients. Therefore, we conclude that the activation of lectin pathway plays an important

role in deciding the age difference and prognosis in LN.

12
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Purpose: As pathophysiologic understanding of membranoproliferative glomerulonephritis
(MPGN) advanced to introduce new classification, we aimed to compare the clinical
characteristics between childhood onset immune complex-MPGN (IC-MPGN) and
C3-glomerulopathy (C3G).

Materials and Methods: We retrospectively reviewed the medical records of 21 patients
diagnosed as MPGN from Asan Medical Center Children's Hospital. Biopsy findings were

reviewed for re-classification, and clinical characteristics were analyzed.

Results: Flectron microscopy (EM) based classification comprised of 12 MPGN type 1, 6 MPGN
type 3, and 3 MPGN type 2(Dense deposit disease(DDD)), and immunofluorescent(IF) based
new criteria classified these patients into 11 IC-MPGN, and 11 C3G(8 C3GN, 3 DDD). Mean
age of onset was 12.9+2.3 years for IC-MPGN, 11.2+1.6 for C3G.(p=0.054) Abnormal
urinalysis from school checkup was the most common presentation in both entities(60% in
IC-MPGN, 72.7% in C3G). Initial estimated glomerular filtration rate(eGFR, ml/min/m2) and
serum albumin(mg/dl) showed no significant difference between two groups.(129.8 vs 126.8,
p=0.877 and 2.7 vs 3.1, p=0.342, respectively) At initial presentation, serum C3 level was
decreased in 40% of the IC-MPGN patients(mean 60.3+45.7) while all C3G patients showed
decreased C3 level(mean 20.6+13.8) at presentation.(p=0.024) Among 9 out of 11 C3G

patients whose initial C3 level dropped and follow up complement level was available, 7

13



20213 CHRrAORMEStS] FAH SIS 2

patients showed normalization of C3 level during median 2.83 (range 0.33-7.33) years; 6 of
them subsequently reached remission with serum albumin normalization and proteinuria
resolution. Full remission was achieved in 60% of IC-MPGN, and 72.7%(C3GN 5/8, and DDD
3/3) of C3G patients.(p=0.361) 30.0% of IC-MPGN patients progressed to end stage renal
disease(ESRD) in median 11.1(range 5.3-11.5) years, while 18.2%(2/9 from C3GN, and none
from DDD) of C3G patients progressed to ESRD in median 13.9(range 9.5-18.2)
years.(p=0.635)

Conclusion: Childhood onset IC-MPGN and C3G shows no significant difference in the clinical

characteristics except for the incidence of decreased C3 level at presentation. Normalization

of C3 level is possibly associated with loss of disease activity in C3G.

14
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Background: We aimed to evaluate the diagnostic yield of whole-exome sequencing (WES) in

renal disease of unknown etiology.

Methods: From April 2018 to March 2021, 155 patients with renal disease referred to Asan
Medical Genetics Center for were included and underwent WES, which was analyzed by
automated interpretation system. We conducted diagnostic analysis using clinical phenotypes

and genetic findings.

Results: Among 155 patients with renal phenotypes, median age at genetic evaluation was
11.8 (range 0.2-73) years, and 49.0% (76/156) were male. WES initially revealed variants in
63.9 % (99/155) of patients. Sanger confirmation reduced the rate to 63.2% (98/155), and final
genetic confirmation was mad in 49.0% (76/155) after family testing. Diagnosis rate was
highest in the age group of 0-10 years (49.2 %, 32/65), followed by 10-19 years (45.6%,
26/57), 20-39 years (41.2%, 7/17), and in 40 years or more (37.5%, 6/16). Overall diagnostic
yield was 47.7% (74/155). When classified with underlying renal phenotypes, diagnostic yield
was 47.1% (32/68) in glomerulopathy attributed to 15 kinds of genetic alterations, 47.9%
(34/71) in tubulopathy due to 24 genetic diseases, and 50.0% (8/16) in congenital urogenital
anomaly due to 7 genetic alterations . Variant classification by ACMG classification revealed
77.8 % (7/9) of diagnostic yield for “Pathogenic”, 87.5% (21/24) for “Likely Pathogenic”, and

15
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69.7% (46/66) for “Variant of unknown significance”, respectively.

Conclusions: This study demonstrates the beneficial use of genetic diagnosis with WES which
unraveled a significant portion of renal diseases of unknown etiology across the age groups.

16
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OBJECTIVE: This is a single center study of 25-year experience on horseshoe kidney. We
investigated the clinical features and patient characteristics comparatively in children and

adults.

MATERIALS AND METHODS: We reviewed clinical records and imaging studies of 76 patients
with HSK over a 25-year period. There were 49 adult patients and 27 patients were of age
under 18. Patients’ information including age, sex, symptoms and signs, and associated

anomalies were documented.

RESULTS: In the children group (27 cases) with a median age of 5 months, 17 subjects were
male and 10 were female. Major associated complications were urinary tract infection (UTI)
(22.2%), hematuria (26.9%), and proteinuria (38.5%), respectively. Hydronephrosis was found
in 4 of 27 patients (14.8%), renal stone in 3 of 26 patients (11.5%), and renal cyst in 1 of 25
patients (4.0%). In the adult group (49 cases) with a median age of 45 years, 25 were male
and 24 female. Major associated complications were UTI (68.8%), hematuria (66.7%), and
proteinuria (52.3%), respectively. Renal cyst was found in 12 of 46 patients (26.1%),
hydronephrosis in 12 of 47 patients (25.5%), renal stone in 10 of 49 patients (20.4%), and
ureter stone in 2 of 48 patients (4.2%). Ureteropelvic junction obstruction was observed in 5

cases. Thirty-seven patients (48.7%) had other urologic anomalies. Among the extrarenal
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diseases and syndromes, VACTERL (vertebral defects, anal atresia, cardiac anomalies,
tracheo-esophageal fistula with esophageal atresia, renal anomalies, and limb anomalies)
syndrome was the most common (3 cases). While most adult patients (85.7%) were diagnosed
by computed tomography, most of the pediatric patients were diagnosed through ultrasound
examination, limiting the evaluation of associated anomalies. Of the adult patients, two cases
were diagnosed with renal cell carcinoma and one patient with multiple carcinoma of the

urinary bladder, ureter, and renal pelvis.

CONCLUSION: Urinary complications, such as hematuria, proteinuria, and UTI, were higher in
the adults than in children. Half of the patients (children and adults) with HSK had associated
urologic anomalies. In addition, various types of extrarenal diseases and syndromes were
accompanied. The results of the study suggested that children with HSK likely require through

follow-up for both renal and extrarenal complications.
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Background: Angiotensin II (Ang II) induces glomerular and podocyte injury via systemic and
local vasoconstrictive or non-hemodynamic effects including oxidative stress. The release of
free radicals from podocytes may participate in the development of glomerular injury and
proteinuria. We studied the pathophysiologic roles of oxidative stress in Ang II-induced

podocyte apoptosis.

Methods: Mouse podocytes were incubated in media containing various concentrations of Ang
II and at different incubation times and transfected by Nox4 or ATIR siRNAs or negative
control scrambled siRNA for 24 h. The changes of podocyte oxidative stress and apoptosis
were observed by confocal imaging, western blotting, realtime PCR, FACS and TUNEL assay
according to the presence of Ang II.

Results: Ang II increased the generation of superoxide anions and intracellular reactive
oxygen species levels but suppressed superoxide dismutase activity that was reversed by an
antioxidant, probucol. Ang II also increased Nox4 protein and expression in podocytes,
measured using western blotting and real-time PCR analysis that was also reversed by
probucol. Nox4 suppression by small interference RNA (siRNA) reduced the oxidative stress
induced by Ang II. These results suggest that Ang II induced oxidative stress via the
upregulation of Nox4 protein in a transcriptional mechanism. Ang II promoted podocyte

apoptosis that was reduced significantly by probucol and Nox4 siRNA. Ang II-induced
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podocyte apoptosis were also recovered by Ang II type 1 receptor (AT1R) siRNA.

Conclusion: Our findings suggest that Ang II induced podocyte oxidative stress and apoptosis
through ATIR and Nox4. These findings suggest that Ang II promoted podocyte oxidative
stress and apoptosis through ATIR and via the upregulation of Nox4, which could be

preventive by Nox4 inhibition and/or antagonizing AT1R as well as antioxidants.
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Purpose: This prospective study was designed to confirm whether initial steroid therapy of a
4-week steroid regimen (standard therapy, ST) or a 6-week steroid regimen (long-term
therapy, LT) could be selectively applied according to the time to remission in the first

episode of nephrotic syndrome (NS).

Methods: A prospective study was conducted in pediatric patients aged 2 to 12 who were
firstly diagnosed with NS at 7 university hospitals in South Korea. Patients were classified into
three groups (early responder: ER, intermediate responder: IR, late responder: LR) based on
the days from the start of steroid treatment to remission and were randomly assigned to a ST

group and LT group through the block randomization method.

Results: Of the total 35 patients enrolled in this study, 17 were assigned to the ST group (ER:
7, IR: 6, LR: 4 patients) and 18 to the LT group (ER: 5, IR: 12, LR: 1 patients). The male to
female ratio of all patients was 26:9. Mean age at diagnosis was 6.9 + 3.4 years and mean
duration of follow up was 28.7 + 16.6 months. The baseline characteristics between the ST
and LT group were similar and the days to remission after start of steroid treatment were also
similar at 10.3 £ 5.1 and 9.7 + 2.3 days. Duration to the first relapse after initial diagnosis
in the ST and LT group were 4.6 + 3.1 and 5.1 * 4.5 months and frequency of relapses
during the first 12/24 months was 1.9 + 2.3/3.2 + 5.4 (ST) and 0.8 * 2.3/2.2 + 2.3 times
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(LT), respectively. The relapse-free period was slightly longer in LT group and frequency of
relapse was also slightly lower in LT group, but there was no significant statistical difference.
In the ER and IR groups, there was no significant difference in relapse-free period and

frequency of relapse between ST and LT.

Conclusions: We found that ST in NS patients, which achieved the first remission within 2
weeks after the start of steroid therapy, did not have a higher relapse rate and shorter
relapse-free period than LT. However, due to the small number of patients enrolled in this

study, we need an additional prospective study.
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Background: Rituximab (RTX) is an effective therapeutic agent widely used in children with
nephrotic syndrome (NS). However, long-term effects after the B cell depleting treatment
remain unclear. We investigated the efficacy and safety of long-term use of RTX in pediatric

NS patients.

Methods: We retrospectively reviewed the medical records of 58 patients with steroid-
dependent or steroid-resistant NS who had received more than 3 cycles of RTX. Each cycle
consisted of one to four infusions of RTX (375 mg/m 2 per dose) until the depletion of B
lymphocytes.

Results: The first cycle of RTX was started at the median age of 12.1 (interquartile ranges
(IQR) 8.8-14.1) years. Median 5 (IQR 4-8) times of RTX cycles were used during a period of
median 4.0 (IQR 2.3-5.9) years. The B lymphocytes recovered to 1% at a median 5.7 (IQR 4.8~
6.7) months after the completion of RTX administration. The relapse significantly decreased
from median 2.0 (IQR 1.0-3.0) times per year to 0.2 (IQR 0.1-0.5) times per year after
long-term RTX treatments (P <0.001). Height growth and hypertension improved significantly
compared with prior to the long-term use of RTX. Acute infusion reactions were observed in
21 (36.2%) patients. During long-term RTX treatments, hypogammaglobulinemia developed in
6 (10%) patients, and neutropenia was noted in 4 (6.9%) patients. Severe infections which

required hospitalization and/or intravenous antibiotic were observed in 6 (10.3%) patients, but
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no life-threatening infections were identified. No secondary neoplasms or opportunistic

infections occurred during the study period.
Conclusions: Long-term therapeutic use of RTX could be effective and relatively safe in

pediatric patients with NS. However, impaired immunity should be monitored and carefully

followed up during the long-term use of RTX.
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Background: Congenital nephrotic syndrome (CNS) is a rare kidney disorder presenting severe
nephrotic syndrome within the three months of life. The major causes are genetic defects in
the components of the glomerular filtration barrier, especially slit diaphragm. CNS is
complicated with severe edema, malnutrition, sepsis and thrombosis, rendering its treatment

difficult. Rarity of this condition also contributes to the difficulties of managing physicians.

Methods: A retrospective, single-center study of all children diagnosed as CNS between
January 2000 and May 2021.

Results: Thirty-two children (20 males) whose symptom of CNS had developed earlier than
their age of 3 months were included in this study. Their median age at diagnosis was 40 days
(ranges 1-180) with presentation of edema (n=21), end-stage kidney disease (ESKD, n=8), or
lethargy (n=3). Pathologic findings (n=12) were focal segmental glomerulosclerosis (5),
Membranoproliferative glomerulonephritis (2), minimal change disease (1), diffuse mesangial
sclerosis (1), immune mediated nephropathy (1), diffuse proliferative glomerulonephritis (1),
and non-specific nephropathy(1). CNS was secondary to congenital infection (n=2), severe
renovascular hypertension (n=1), or capillary leak syndrome (n=1). Genetic testing (n=28)
revealed mutations of NPHSI (14), WT1 (8), LAMBZ (1), PODXL (1), CFH (1), and none (3). For
treatment, 11 (34.4%) were treated medically with indomethacin and/or captopril, and

nephrectomy was performed to reduce proteinuria (unilateral, n= 2 with NPHSI) or to prevent
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the occurrence of Wilms tumor (bilateral, n= 3 with W77 defect). 22 patients reached ESKD at
their age of 41.4 + 64.1 months, and six patients (NPHSI(2), WT'I(1), PODXI(1), unknown (2))
expired at a median (range) age of 3.8 (0.3-123) months from uncontrolled infection (n=2),
multiorgan failure (n=3), and complication of kidney transplantation (n=1). Three patients

(genetic defects unknown) achieved spontaneous remission without relapse.
Conclusions: Most of the CNS were of genetic causes and NPHSI was the most common cause

in our cohort. Remission was achieved in 10% in whose genetic causes were unknown, and

mortality rate of CNS was 19%.
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Particulate Matter disrupts vitamin D signaling and
activates the renin angiotensin system inappropriately in
human renal proximal tubular epithelial cells
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Background: Disruption of vitamin D signaling contributes to the inappropriate activation of
the renin angiotensin system (RAS), as a major mechanism of progression of chronic kidney
disease. A significant association between exposure to particulate matter (PM) and kidney
injury has been found and exposure to air pollution can interfere hormonal systems including
vitamin D endocrine system. The present study investigated the hypothesis that PM particles
could cause renal tubular cell injury in vitro and an inappropriately activated RAS by vitamin

D deficiency might be an underlying mechanism for the harmful effects of PM exposure.

Methods: Human proximal tubular epithelial (HK-2) cells were treated with PM with or
without 1,25(0OH)2D3 (paricalcitol, 10 nM) for 48 h. The dose- and time-dependent
cytotoxicity of PM with or without paricalcitol (10, 100 nM) was examined by using the
CCK-8 assay. Western blot analyses were performed to detect the protein expression of
vitamin D receptor (VDR), CYP27B1, CYP24Al, klotho, B-catenin, renin, angiotensin
converting enzyme (ACE), and angiotensin II type 1 receptor (AT1). Oxidative stress marker
[superoxide dismutase (SOD)] was analyzed using a commercial enzyme-linked immun-
osorbent assay kit. Additionally, the levels of heavy metals in PM suspension were determined

by inductively coupled plasma-mass spectrometry.

Results: PM exposure significantly decreased HK-2 cell viability in a dose- and time-dependent

manner. Paricalcitol restored cell viability in PM-treated HK-2 cells over all time (6~48h).
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Treatment with PM decreased VDR and klotho, while increasing CYP27B1, CYP24Al, A
-catenin, renin, ACE, and AT1, and of note, these changes were attenuated by paricalcitol.
Furthermore, the SOD activity in HK-2 cells increased significantly in the PM exposure group.

Eight heavy metal elements in PM suspension were detected in the order of Fe, Pb, Cu, Mn,
As, Cr, Ni, and Cd.

Conclusion: Our findings indicate that exposure to PM is associated with renal tubular cell
injury, which may result from impaired vitamin D signaling and RAS activation. Vitamin D

could attenuate kidney damage following PM exposure by suppressing the RAS activation.
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Introduction: Tubulointerstitial nephritis (TIN) is characterized by kidney interstitial
inflammation, which is caused by drugs, autoimmune diseases, or infections, and it could
progress to chronic kidney disease (CKD). Recently, the prevalence of TIN in adults has
increased, three-fold compared to 20 years ago, but, it is known to be rare in children. Here,

we report the recent increase in the detection of TIN in adolescents.

Method: From January 2011 to June 2021, patients diagnosed with TIN among children under
18-year-old, who performed kidney biopsy were included in two hospitals. We retrospectively
reviewed the medical records of patients to evaluate clinical manifestations, treatment, and

outcomes.

Result: Among 932 patients, 13 (1.4%) were diagnosed with TIN at the median age of 15.4
(interquartile ranges (IQR) 13.2-16.2) years. From 2011 to 2020, six children were diagnosed
with TIN, but during the first half of 2021, seven were diagnosed. While 8 of 9 patients with
nausea had weight loss, only 5 patients showed fever, three of whom lasted more than 4
weeks without focus. Because of these nonspecific symptoms, 6 were initially diagnosed with
infectious diseases. Five patients had taken non-steroidal anti-inflammatory agents,
loxoprofen in 3, before symptoms. Six (46.2%) were drug-related and four (30.8%) were
immune-related (TIN with uveitis and Sjogren syndrome in 2 each). At the time of referral for

kidney dysfunction, median serum creatinine (Cr) and estimated glomerular filtration rate
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(eGFR) were 1.56 (IQR, 1.31-2.05) mg/dL and 44.7 (IQR, 33.6-48.3) mlL/min/1.73m2,
respectively. Laboratory abnormalities included non-nephrotic range proteinuria (100%),
beta-2 microglobulinuria (100%, 12/12), pyuria (53.8%), elevated erythrocyte sedimentation
rate (100%, 9/9), and eosinophilia (30.8%). Eleven patients had been treated with steroids for
2.5 (IQR 2.5-4.0) months. After follow-up for 5.4 (IQR 3.6-23.4) months, serum Cr and eGFR
were improved (median 0.88 mg/dL and 78.2 mL/min/1.73m2, respectively, P <0.05).

Conclusion: TIN may have been underdiagnosed because of ambiguous clinical manifestations
and less kidney biopsy. We should consider systemic evaluation in patients confirmed TIN but
whose drug history is not clear. Also, since chronic TIN can result in CKD, early detection

and proper treatment are required.
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Background: Clinical presentation and etiologies of nephrocalcinosis (NC) are highly variable
in children as well as kidney outcomes. There are controversies regarding whether NC leads
to chronic kidney disease (CKD) or not. We aimed to evaluate the clinical outcome of

preschool-age children with NC and compare the differences according to the etiology.

Methods: We retrospectively reviewed the medical records of children diagnosed with NC at
Seoul National University Children’s Hospital from 2004 to 2020. The inclusion criteria were
as follow: 1) patients with NC aged 2 to 5 years; 2) patients who were followed up for 1 year
or longer. We classified the causes of NC into three categories: prematurity, tubular disorders,

and others.

Results: A total of 86 children (boy:girl, 53:33) were diagnosed with NC at the median age of
0.75 (Interquartile ranges (IQR) 0.42-1.91) years. The etiology of NC included prematurity
(32.6%), tubular disorders (24.4%), and others (43.0%). Seventy (81.4%) children were
asymptomatic and had been diagnosed accidentally through the kidney ultrasonography. In 17
children (19.8%), the causative diseases were diagnosed because of NC, which included distal
renal tubular acidosis, Bartter syndrome, Dent disease, and primary hyperoxaluria. At a
median follow-up of 4.2 (IQR 1.9-8.6) years, median urine calcium/creatinine ratio had
significantly declined from 0.50 (0.24-1.06) mg/mg to 0.19 (0.08-0.35) mg/mg (P <0.001). CKD
stage 2 (estimated glomerular filtration rate, eGFR <90 mL/min/1.73m2) and growth
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impairment (height Z score { -1.88) were found in 43 (50.6%) and 28 (32.9%) patients,
respectively, at the last follow-up. However, there were no statistical differences in the eGFR
and height Z score between the diagnosis and the last follow-up point. While the proportion
of CKD stage 2 significantly increased from 14.3% at the diagnosis to 59.3% at the last

follow-up in the prematurity group (P = 0.002), there were no differences in the other groups.
Conclusions: Early recognition of NC is clinically meaningful and may lead to further

diagnosis. The proportion of CKD patients had increased over time in preterm infants with

NC. It is necessary to monitor long-term kidney function in preschool-age children with NC.
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Background: Gitelman syndrome is a salt-losing tubulopathy that is characterized by
hypokalemic metabolic alkalosis, hypocalciuria, and hypomagnesemia. It is caused by
loss-of-function mutations in the SLC12A3 gene, which encodes the sodium chloride
cotransporter in the distal convoluted tubule. In this study, the genotypes and phenotypes of

the Korean pediatric patients with Gitelman syndrome were analyzed retrospectively.

Methods: A total of 26 patients with Gitelman syndrome who were diagnosed from 2008 to
2021 in Seoul National University Children's Hospital or Hallym University Sacred Heart

Hospital were included in this study.

Results: Fifteen were female, and the median age at onset was 11.6 (range, 0.2-22.8) years.
Hypokalemia (serum potassium < 3.5 mEq/L), alkalosis (blood pH ) 7.45), hypomagnesemia
(serum magnesium < 1.5 mg/dL) and hyponatremia (serum sodium < 135 mEq/L) were noted
in 100%, 79%, 27%, and 19% of the patients, respectively. A total of 25 different mutations
were identified, including 18 (72%) non-truncating mutations, 5 (20%) truncating mutations,
and 2 (8%) splicing site mutations. Twenty (77%) patients were homozygotes or compound
heterozygotes, and 6 (23%) carried single heterozygous mutation. Compared to the patients
with biallelic mutations, the patients with single heterozygous mutation showed no significant
difference in the onset age and biochemical features in the blood and urine at the initial

presentation except for higher serum sodium (140.5 [interquartile range 139-144] vs. 139
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linterquartile range 134-139.5] mEq/L, P value = 0.04) and chloride (99.5 [interquartile range
97-101] vs. 94.3 [interquartile range 90-96.5] mEq/L, P value < 0.01) levels. There was no
difference in the phenotypes between patients with two non-truncating mutations (Group 1, n
= 14) and patients with one or two truncating mutations (Group 2, n = 6). One patient in the
Group 1 progressed to chronic kidney disease (eGFR 45.4 mL/min/1.73 m2) after 21.8 years

of follow-up.

Conclusion: There was no genotype-phenotype correlation in this group of pediatric patients
with Gitelman syndrome. Approximately a quarter of patients carried single heterozygous
mutation in SLC12A3. However, their phenotypes including biochemical parameters were

almost same as, maybe a little milder than, those of patients with biallelic mutations.
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Background: Acute kidney injury (AKI) is a common complication in pediatric patients with
underlying diseases, and it is associated with increased length of hospital stay and higher
mortality. Additionally, AKI is a well-known risk factor for chronic kidney disease (CKD).
Although studies about AKI in children have been increasingly conducted, the longitudinal
kidney outcomes after AKI remain inconclusive. Therefore, we investigated the short-term
and long-term effects of AKI on kidney function in children with AKI through a prospective

cohort study.

Methods: A prospective cohort study was conducted in children who were diagnosed with AKI
in Seoul National University Children’s Hospital, between February 2016 and July 2021. AKI
was defined according to Kidney Disease: Improving Global Outcomes criteria. Kidney
function was evaluated at 1, 3, 6, and 12 months after AKI development. After a 12-month

follow-up, patients with kidney dysfunction were evaluated every year.

Results: A total of 807 children with AKI were recruited during the study period, and 577
patients (male 57%) with follow-up data were analyzed. In this cohort, AKI occurred at a
median age of 5.3 (interquartile range (IQR) 0.7-11.8) years. 488 (84.6%) patients had
underlying diseases, including hemato-oncological diseases (26.9%), preterm birth (18.2%),
kidney diseases (9.9%), and cardiovascular diseases (7.8%). Hypertension and CKD were

present in 60 (11.4%) and 33 (5.7%) patients, respectively. The estimated glomerular filtration
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rate (eGFR) declined from 104 (IQR 70-139) mL/min/1.73m’ at baseline to 52 (IQR 24-74)
mL/min/1.73m" at the onset of AKI. AKI stage was 1 in 317 (54.9%) patients, 2 and 3 in 146
(25.3%) and 114 (19.8%), respectively. At follow-up of 1, 3, 6, 12 months, eGFR were 90 (IQR
64-122), 102 (IQR 82-125), 103 (IQR 86-126), and 98 (IQR 80-115) mL/min/1.73m’,
respectively. The eGFR at follow-up of 12 months was significantly lower than that at baseline
(P <0.001). At 12 months after AKI, the proportions of patients with eGFR less than 90 and 60
mL/min/1.73m" were 33.3% and 6.4%, respectively.

Conclusions: One-third of analyzed patients of this cohort progressed to CKD following AKI.

These findings confirm the recently emerged notion that patients with AKI need to be

monitored for long-term kidney outcomes.
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Introduction: Most pediatric patients with nephrotic syndrome respond to steroid treatment
and steroid-sensitive nephrotic syndrome (SSNS) is expected to fade out when the patient
grows. However, in some patients, SSNS still relapses even in their adulthood, and its
prognosis beyond childhood is not clear. Our objective was to evaluate long-term outcomes

of pediatric SSNS patients by literature reviews.

Methods: PubMed, Embase and the Cochrane library were used for data sources and four
researchers independently reviewed the databases until May 2021. Full-text papers including
data on the percentage of non-relapsing, frequent relapsing (FR) or steroid-dependent
patients (SD), percentage of patients with active disease at age of 18 and possible risk factors
for active disease at 18 such as age of onset, time to first relapse and total number of relapse
etc were reviewed. A patient was considered to have active disease if the patient is on

immunosuppressive treatment or experienced any relapse within the last 12 months.

Results: A total of 17 studies were selected. The number of study subjects was 1,405 and 939
(63.5%) were male. The median onset age was 4.9 year and median follow-up duration was
13.7 year. The percentage of subjects who had active diseases at adulthood was 25.1%. 18
patients (1.3%) were dead and one patient had progressed to kidney failure. Among 937
patients, the percentages of subjects with non-relapsing, infrequent relapsing and FR or SD

patients were 20.4%, 47.1% and 32.5%, respectively. Male sex, early onset age and FR or SD
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were risk factors for active disease at adulthood in pediatric onset SSNS patients.
Conclusion: Our findings suggest considerable portions of SSNS patients seems to experience

relapses at their adulthood. Long-term studies of childhood onset SSNS patients are needed to

understand the true risk of the disease to adult health.
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Background: Underlying causes of chronic kidney disease (CKD) in children are various.
Identification of the underlying cause of CKD is important because disease course, treatment
and prognosis may differ according to the etiology. Genetic causes comprise significant
portion of pediatric CKD. To identify genetic causes of pediatric CKD, we used whole-exome

sequencing (WES).

Methods: From January 2021 to June 2021, WES was performed in pediatric CKD patients

whose underlying cause was not verified.

Results: Genetic causes were sought using WES in 37 patients (17 males) with pediatric CKD;
CKD stage I (5), 1I (7), III (2), IV (2), or end-stage kidney disease (21). Their underlying
diseases were focal segmental glomerulosclerosis (9), congenital anomalies of kidney and
urinary tract (6), other glomerulopathies (7), reflux nephropathy (2), unknown etiology (6),
and others (7). WES identified genetic causes of CKD in 12 (32.4%) of 37 patients; COLA44 (2),
WT1 (2), ACTN4, CEP290, COL4A3, CUBN, GATA3, LAMA5, NUP107, and PAX2 in one patient,
respectively. W77 defects were found in patients whose pathologic diagnoses were
membranoproliferative glomerulonephritis, and identification of CUBN defect lead to
discontinuation of immunosuppressive agents. Genetic diagnosis confirmed the clinical
diagnosis of Alport syndrome, Joubert syndrome, and HDR syndrome, and found genetic
disorders in half of the 6 patients with CKD of unknown etiology (COLA44 (2), CUBN (1)).
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Extra-renal symptoms were sought upon obtaining the genetic diagnosis of W71, PAXZ, and
CEP29) defects.

Conclusions: WES provided genetic diagnosis in significant portion of patients with pediatric

CKD, which confirms the diagnosis, guides management and familial counselling.
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Background: In children with chronic kidney disease (CKD), a monogenic cause accounts for
almost 30%, of which inherited cystic kidney disease (iCKD) is the most common. Nearly 100
causes of renal cystic ciliopathies have been identified and the genetic diagnostic yield is
reported to be approximately 50%. Here, we report results of comprehensive genetic testing

in a cohort of Korean pediatric patients with iCKD.

Method: From July 2019 to February 2021, children under the age of 18 with three or more
cysts in both kidneys on imaging studies were recruited from three centers in Korea. Genetic
analysis was performed using targeted exome sequencing (TES) including 89 genes known as

cystogenesis-related or causative-ciliopathy.

Results: A total of 46 pediatric patients (28 boys, 60.9%) with iCKD were recruited. The
median age was 9.2 years (IQR, 5.49-14.53). The clinical diagnoses of the patients were
autosomal dominant polycystic kidney disease (ADPKD) in 10 patients, autosomal recessive
polycystic kidney disease in 5, multicystic dysplastic kidney in 2, nephronophthisis in 1, and
CKD of unknown etiology in the others. The mutation detection rate was 50% (23 of 46);
PKD1 was the most common causative gene (16 patients, 34.8%), followed by HNFIB (3
patients). PAX2 (1 patients), PKD2 (1 patient), PKHD1 (1 patient), and NPHP3 (1 patient).
Eleven patients (27.9%) had a family history of iCKD, ten of which pathogenic or likely

pathogenic variants were identified. In patients without a family history, causative variants
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were found in 37.1% (13 of 35).

Conclusion: The causative variant detection rate in this cohort of Korean children with iCKD
was 50% by TES. ADPKD was the most common diagnosis, but other diseases showing renal
cysts were diagnosed through genetic analysis. Since genetic analysis yields a diverse genetic
diagnosis in half of children with iCKD, molecular genetic testing is worthwhile in this

population for better management.
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Objectives: We aimed to evaluate the use of antibiotics and the emergence of antibiotic

resistance in pediatric patients with recurrent urinary tract infections (UTI)

Material and methods: Patients who were admitted more than three times due to febrile UTI
between January 2004 and September 2019 were included in this study. Medical records
regarding the causative bacteria, use of antibiotics, and changes in antibiotics at each UTI

episodes were collected and statistically analyzed.

Results: More than 3 times of recurrent UTIs were reported in 47 patients. The fraction of
Enterobacter species as an etiology significantly decreased as recurrent episodes occurred
(p=0.004). The portion of Extended-spectrum p-lactamase (ESBL) producing species and
overall resistance rate for cefotaxime increased as UTI recurred (p=0.056, p=0.037).The use of
cefotaxime or ampicillin-sulbactam, trimethoprim-sulfamethoxazole (TMP-SMX) prior to UTI
recurrence was significantly associated with increased resistance to each antibiotics (p=0.001,
p=0.035, and p=0.010 respectively). The duration of prior use needed for the emergence of
resistance showed a cut-off of 21.5 days for cefotaxime, and 31.0 days for TMP-SMX
(p=0.016, and p=0.014, respectively). The cut-off value for the antibiotics free period in order
to observe resistance was within 16.5 - 23.5 days of interval for cefotaxime (p=0.022) and
27.0 days for TMP-SMX (p=¢0.001).
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Conclusion: Resistance to 3rd-generation cephalosporins and emergence of ESBL producing
pathogens increased significantly with recurrent UTIs. Antibiotics susceptibility change during
multiple recurrent UTIs was dynamically influenced by previous exposure to particular
antibiotics. Using TMP-SMX as prophylaxis or treatment turned out to gain rapid resistance
for TMP-SMX in the subsequent UTI, but was associated with decreased incidence of ESBL

occurence.
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Objectives: We aimed to evaluate the change in estimated glomerular filtration rate (eGFR)
and factors associated with the change in eGFR in pediatric patients with recurrent urinary

tract infections (UTI).

Materials and Methods: Patients who were admitted more than three times due to febrile UTI
between January 2004 and September 2019 were included. Medical records regarding the
clinical and laboratory findings at each UTI episodes were collected and statistically analyzed.
eGFR% was defined as (eGFR/lower limit of normal eGFR according to the patient’s age) x
100 (%). eGFR% below 100 was considered as decreased. AeGFR%(nth/(n+a)th) was defined as
{leGFR%((n+a)th UTD) - eGFR%((nth UTD]/eGFR%(nth UTD)} x 100(%).

Results: Median eGFR % (median [minimum, maximum)]) were 89.2% [12.8, 205.2] at 1st UTI,
89.8% [13.4, 259.1] at 2nd UTI, 96.7% [24.2, 207.8] at 3rd UTI, and persistently higher than
90.0% at later episodes of UTIL. The percentage of low eGFR% was 61.7% at 1st UTI, 55.3% at
2nd UTI, 55.3% at 3rd UTI, and 23.4% at the last follow-up. eGFR% at each UTI episodes (Ist
UTI through 3rd UTI) was significantly associated with the eGFR% at previous UTI. AeGFR%
showed significant negative correlation with the baseline eGFR% between 1st and 2nd, 2nd,
and 3rd, 1st and 3rd UTIs, respectively (p< 0.001). A negative correlation was also shown with
AeGFR% of each UTI (Ist to 3rd) with eGFR% at last follow up (p< 0.001). Only C-reactive

protein at each admission showed a consistent negative correlation with eGFR% at each UTI
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(Ist UTI through 3rd UTI) and a negative correlation with AeGFR% between 1st and 2nd, 2nd
and 3rd, 1st and 3rd UTIs, respectively (p < 0.05).

Conclusion: The renal function of patients with recurrent UTI showed a significant decrease in
eGFR when there was a decrease of eGFR at the prior UTI, or when CRP elevation was higher
at the time of admission. However, restoration of normal renal function at follow up was

more remarkable when the renal function decreased further at admission.
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Background: Post-hematopoietic stem cell transplant (HSCT) autoimmune diseases occur as a
result of alloreactivity phenomenon. Evans syndrome (ES) is rare and characterized by
autoimmune hemolytic anemia (AIHA) and autoimmune thrombocytopenia. The association
between ES and acute kidney injury (AKI) is uncommon. However acute hemolysis can be a
cause of AKI

Case: An 18-year-old boy visited the emergency room due to gross hematuria and general
weakness. He received unrelated HSCT from a HLA-DR 1 allele mismatched, ABO & Rh type
matched donor for severe aplastic anemia 3 month ago. His initial laboratory findings were as
follows: hemoglobin 3.0 g/dL, WBC 15,120/ulL, platelet 45,000/uL, haptoglobin <20 mg/dL,
C3/C4 67/10.2 mg/dL, Coombs test direct/indirect (3+/3+), cold antibody(+), CRP 5.51 mg/dL,
blood urea nitrogen 77.3 mg/dL, serum creatinine 4.35 mg/dL, albumin 4.0 g/dL, AST/ALT
384/105 U/L, total bilirubin/direct bilirubin 15.63/2.47 mg/dL, sodium 136 mmol/L,
potassium 6.0mmol/L, Urinalysis blood 3+, protein 2+, urine RBC 1-3/HPF. He was diagnosed
with AKI related to ES. He was admitted and treated with steroid pulse therapy and
plasmapheresis for ES. Cyclosporine, previously used for graft-versus-host disease of the gut,
was discontinued due to nephrotoxicity. However, one week into treatment, his AKI and ES
were sustained with no improvement. Therefore, he was given continuous renal replacement
therapy for 2 weeks to manage his AKI stage 3, and then was switched to intermittent

hemodialysis 3 times per week. Despite treatment for AKI his kidney function did not
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dramatically improved because his ES did not respond to steroids, daily plasmapheresis (3
times), and rituximab, initially. Finally, the patient was successfully treated after the use of
mycophenolate mofetil (MMF) and rituximab (4 times). As a result, he recovers enough to
discontinue dialysis after 1 month and his serum creatinine improved to 1.23 mg/dL after 1

year.

Conclusions: The incidence of AKI and ES in post HSCT pediatric patients is rare, but
complications are very serious if treatment is delayed or not appropriate. If AKI presents with
hemolytic anemia and thrombocytopenia, ES should be considered. In particular, if the
response to initial steroid treatment is poor in ES, aggressive treatments such as

plasmapheresis, rituximab, and MMF may be necessary to restore kidney function.
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Steroid-resistant Nephrotic Syndrome (SRNS) is a subtype of nephrotic syndrome charac-
terized by proteinuria, hypoalbuminemia, and edema that does not respond to intensive
steroid therapy. A monogenic cause can be identified in up to 30% of SRNS cases, and
causative genes encode proteins of the podocytes or the glomerular basement membrane
(GBM). Among the 44 reported genes, most frequently observed are mutations in NPHSI,
NPHS2, LAMB2, and WT1. The Laminin-Alpha-5(LAMA5) gene encodes laminin-a5, an integral
structural component of the GBM. LAMA5 knockout mice demonstrated hematuria,
proteinuria, and renal cysts. Several studies have already linked LAMAS variants with adult
and pediatric renal disease, SRNS in particular. Reported pediatric patients with LAMA5
mutations all had onset of NS before 4 years of age and did not have any extra-renal
manifestations or syndromic features. However they differed greatly in response to steroid
therapy and progression to ESRD. We present a case of a 10-month-old female who
presented with eyelid edema and massive proteinuria. There were no extra-renal symptoms
nor family history. She was diagnosed with SRNS and renal biopsy revealed Focal segmental
glomerulosclerosis(FSGS). The patient progressed to end-stage renal disease(ESRD) requiring
hemodialysis at 3 years and 5 months of age, and received deceased-donor kidney
transplant(DDKT) at 6 years of age. She developed Post-transplantation lymphoproliferative
disorder(PTLD) of the intestine and went through chemotherapy. Years later in 2021, the
patient has been off therapy for 6 years and maintains adequate renal function without

relapse. Only recently was the patient found to have a heterozygote VUS mutation of LAMA5
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(c.3434G)A, p.Cys1145Tyr, c.6883C)T, p.GIln2295% on whole exome sequencing. This is the
first Korean case report of pediatric SRNS associated with LAMA5 mutation and provides
insight on the clinical phenotype of this rare disease and furthermore on monogenic

nephrotic syndromes.
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Nephrocalcinosis, which might lead to impairment of kidney function, is often incidentally
found in infants, and its known causes include excessive calcium or vitamin D
supplementation, neonatal primary hyperparathyroidism, genetic disorders like Idiopathic
infantile hypercalcemia (IIH), and metabolic disorders. IIH, a rare cause of nephrocalcinosis,
is caused by genetic defect of CYP24A1 or SLC34A1. CYP24Al, encoding 25-hydroxyvitamin
D 24-hydroxylase, causes hypercalcemia via vitamin D metabolism dysregulation. If 25-OH
vitamin D 24-hydroxylase does not function, degradation of active vitamin D molecule is
disturbed. Thereafter, 1,25-OH vitamin D level increases, leading to increase of intestinal
calcium absorption and activation of osteoclast activity. IIH clinically manifests with failure to
thrive and hypercalcemia within 1st year of life, and usually remits spontaneously. We here
introduce a case of infantile hypercalcemia associated with compound heterozygous variants
of CYP24A1. An 11-month-old female infant visited our hospital with chief complaint of
fever. Incidentally, hypercalcemia (13.4mg/dL, ionized Ca 1.45mmol/L) and hypercalciuria
(spot urine Ca/Cr ratio 2.19) were discovered. At the time she visited hospital, her body
weight fell short of 10th percentile of the age, compared to her birthweight, 62th percentile
of her gestational age. According to her parents, her oral intake seemed to decrease over
time since her age of about 6 months. Her initial serum parathyroid hormone level was low
(0.7pg/mL). Her 25-OH vitamin D level was normal (47 ng/ml) and 1,25-OH vitamin D level
was also normal (23 pg/mL), and her renal ultrasonography showed bilateral nephrocalcinosis.

Whole exome sequencing revealed compound heterozygous variants in CYP24Al
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(NM_000782.4:c.376C)T (p.Prol26Ser) and c.1310C)A (p.Pro437His)), predicted as probably
damaging by in silico prediction. As expected from the known clinical course of IIH, her
hypercalcemia spontaneously resolved in about 8 months, along with her poor oral intake.
While the long-term kidney outcome of IIH is not yet well established, we expect her
nephrocalcinosis would not progress, since there is no hypercalcemia any more. As seen in
this case, hypercalcemia from IIH needs to be suspected in infants with severe

nephrocalcinosis, especially when presenting with poor feeding or failure to thrive.
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Hypokalemic periodic paralysis is a condition that causes episodes of extreme muscle
weakness typically beginning in childhood or adolescence. It is a rare inherited
neuromuscular disorder caused by the calcium or sodium channel mutations. It is typically
triggered by vigorous exercise, stress or high carbohydrate diet. We present a case of
14-year-old boy visited our hospital with general weakness. He had a past medical history of
multiple episodes of general weakness since the age of 8. Hypokalemia was accompanied at
each attack, and general weakness disappeared and the serum potassium levels returned to
normal after parenteral potassium supplementation. When he visited our emergency room,
the vital signs were stable but he was unable to walk alone due to generalized weakness
involving four limbs. He was under stressful situation at the time, serving as a juvenile
prisoner. None of the family members has similar symptoms. The serum potassium level was
3.2 mEq/L, and the transtubular potassium gradient was 4, indicating normal renal potassium
secretion. The thyroid function test was normal. Abdominal imaging studies showed paralytic
ileus. After correction of hypokalemia with parenteral potassium supplementation, all
symptoms disappeared. The genetic study revealed a heterozygous variation, c¢.1583G)A
causing p.Arg528His, in the CACNAIS gene. This gene encodes one of the five subunits of the
slowly inactivating L-type voltage-dependent calcium channel in skeletal muscle cells, and the
variation is one of the well-known pathogenic mutations causing hypokalemic periodic
paralysis. After the genetic diagnosis, lifestyle changes including low sodium and carbohydrate

diet to minimize triggers of paralytic attack was recommended first without oral potassium
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supplementation. However, we could not follow up the patient after discharge because he was
transferred to another prison. Although hypokalemic periodic paralysis is a rare disease, it

should be suspected in patients with multiple and transient hypokalemic paralysis.
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Nutcracker syndrome, which defined as compression of the left renal vein between the aorta
and the superior mesenteric artery, is usually benign and self-limiting. Long-term renal venous
retention can increase the risk of renal vein thrombosis, however, renal vein thrombosis
associated with nutcracker syndrome is a rare entity. We present a patient whose complaint of
flank pain led to the diagnosis of a renal vein thrombosis and nutcracker syndrome. He was
subsequently found to have protein S deficiency. DNA sequence analysis identified a novel,
heterozygous, frame-shit mutation in PROS 1 gene (c.166dellp.(Arg56Glufs*31)]l. The patient
was treated with anticoagulants (first with heparin and then with warfarin) and partial

resolution of the renal vein thrombosis with good forward flow from the left renal vein at 3

months of follow up.

Abdomen C.T.A at diagnosis Abdomen C.T.A after 3 months
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Introduction: Nephrogenic diabetes (NDI) is a disease that shows a decrease in the ability to
concentrate urine due to refractory to the action of antidiuretic hormone (ADH). Most
patients with NDI show X-linked recessive mode of inheritance (XL-NDI) due to
loss-of-function mutations in the AVPR2 gene, encoding arginine vasopressin V2 receptor.
Therefore, the vast majority of XL-NDI patients have been severely affected males with a
hemizygous AVPR2 mutation, while there also have been far less symptomatic female carriers
due to skewed X inactivation. We experienced a 3-year 5-month-old girl with a heterozygous
AVPR2 mutation, who showed polyuria and a partial urinary concentrating response to

desmopressin (1-desamino-8-D-arginine vasopressin; DDAVP).

Case: The patient had a high basal body temperature of 37.8°C and had been checked for
infection at our hospital since around 7 months of age. Her mother noticed that she had
polydipsis at 1.6 year of age, and serial blood ADH levels (normal 0.00~2.80 pg/mlL) were
checked as follows; 50.89 pg/mL in Sep. 2019, 23.70 pg/mL in Aug. 2020, and 20.70 pg/mL
in Feb. 2021. A genetic test performed two months ago revealed that she carried a
heterozygous Val88Met mutation in the AVPR2 gene. At the time of admission to our hospital
recently, at the age of 3.4 years, the height was 97cm (25-50 %ile), weight 18.1kg (95-97
%ile), water intake 1.5-1.8 L/day, urination frequency 7 times/day, urination amount 1,000
mL/day (55 mL/kg/day). After 6 hours of water deprivation, the urine osmolality increased
from 115 to 261 mOsm/kg, however, the urine osmolality had double to 579 mOsm/kg at 2
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hours after taking desmopressin (0.2 mg). She was discharged and now taking desmopressin

0.1 mg bid without polyuria.

Conclusion: This patient was a symptomatic carrier of XL-NDI and responded partially to

desmopressin, which suggested underlying ‘skewed X inactivation’.
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Kimura disease (KD) is a rare benign chronic inflammatory disorder, mainly seen in young
Asian males. The disease is characterized by painless subcutaneous nodules and
lymphadenopathy most commonly in the head and neck region. It also presents increased
peripheral eosinophilia and elevated levels of serum immunoglobin E. KD affects kidney
damage in 12-16%, typically presenting as nephrotic syndrome. We present two KD cases with
the history of steroid dependent nephrotic syndrome. First case is about a 11-year-old boy
with a history of nephrotic syndrome who present soft tissue swelling in the left
submandibular gland that was finally diagnosed with KD. Surgical resection of mass was
performed. Second case is about an 8-year-old boy with history of nephrotic syndrome,
presenting right buccal swelling, who was diagnosed with KD and treated with steroid and

cyclosporin.
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Introduction: Hyperammonemia is one of the medical emergency which requires prompt
management in order to prevent neurological sequelae. Even though the causes of hyperamm-
onemia in pediatric patients are usually related to liver diseases, non-hepatic causes such as
urinary tract infection (UTI), especially infection associated with urease-producing organisms
should also be considered as differential diagnosis. We report a case of acute severe
hyperammonemic encephalopathy leading to brain death due to accumulation of ammonia in

blood caused by Morganella morganii UTI in a 10-year-old girl with cloacal anomaly.

Clinical report: A 10-year-old girl visited our pediatric emergency room with acute symptoms
of vomiting, irritability, and mental change. She was born with multiple congenital anomalies
including cloacal anomaly. She also had dysplastic changes in left kidney accompanied with
bilateral vesicoureteral reflux leading to recurrent UTIs. In spite of managements at
emergency room, mental deterioration progressed and she was transferred to intensive care
unit for immediate application of continuous renal replacement therapy continuous renal
replacement therapy (CRRT). Urine collected via a needle cystostomy was turbid and urine
ammonia level was measured to be 2,606.5 umol/L. Even though ammonia level declined after
urine excretion through cystostomy and CRRT application, the patient's mental status did not
recover and eventually progressed to brain death. Later, the presence of Morganella morganii
was confirmed in urine culture results. Urease production by these bacteria induced the

hydrolysis of urinary urea into ammonia which diffused across the urothelial cell membrane
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into nearby blood vessels. Therefore, it was postulated that increased production of urea into

ammonia led to hyperammonemia and subsequent encephalopathy in the patient.

Conclusion: We report a case of pediatric hyperammonemic encephalopathy due to UTI by
urease-producing bacteria in a patient with obstructive uropathy related to cloacal
malformation, which eventually led to fatal hyperammonemic encephalopathy. It is important
to have a high index of suspicion for possible hyperammonemia in pediatric patients with
underlying urologic obstructive lesions and prompt assessment and management are crucial

for early correction of hyperammonemia.
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Steroid resistant nephrotic syndrome A3|E (M22|ah)

Alport syndrome LA (M22lTh)

IgA nephropathy
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Guidelines of Alport syndrome

Alport syndrome (AS) Structure of Type IV collagen

Six different a chains, al to a6 = triple helix structures
Classic chain : al-al-a2, Novel chain : a3-04-a5 or a5-a5-a6
Triplet a3-a4-a5 : GBM, cochlea basement membrane, and base of the

.

.

Progressive hereditary renal disease, sensorineural hearing loss (SNHL), ocular
abnormalities (anterior lenticonus, retinal flecks.. )

ocular lens
* Incidence: 1in 5000 (2" m/c cause of inherited ESKD after ADPKD)
* Accounts for newly developed CKD G5 : 0.5% in adults & 12.9% in children Wa::::i
Y avYe L
* Mutations in any of three type IV collagen genes, COL4A3, COL4A4, or COL4AS5 WuS(IV)
* Mode of inheritance 1

X-linked Alport syndrome (XLAS): COL4A5, Chr X, ~ 80-85% w

Autosomal recessive AS (ARAS): COL4A3 or 4, Chr 2,~ 15%

Non- Non-

- Autosomal dominant AS (ADAS): COL4A3 or 4, Chr 2, ~ 5% collagsnons Gly-X-Y collagen domain collagenous
igeni domain domain
- Digenic [TIIIIILI

Amino Triple-helical collagenous domain (Gly-X-Y motif) Carboxy Clin ] Am Soc Nephrol
Clinical and Experimental Nephrology terminus terminus (2015) 10:703-709
htps//doi.org/10.1007/510157-018-1629-4 Current Topics in
Membranes, volume 76
Kidney International (2018) 93, 1045-1051 (ISSN 1063-5823)

Kidney Biopsy finding of AS Inheritance of AS - xLAs

Immunofluor « XLAS

escence (IF)

A. Normal - ~85% FMHx of HU ( PU t renal failure), 15% de novo variants
(a2(1V) (red),

as(Iv) - Male : mHU in 100%, early onset PU

(green) 90% -> CKD G5 by age 40 yrs (median age : 25 yr)

B. XLAS, male

C. XLAS, female. - Female : mHU in 98%, PU in 73% (median age : 7 yr)

mosaic pattern 12% -> CKD G5 by age 40 yrs (median age : 65 yr)

Electron - SNHL:90% of male, 12% of female by age 40
[::;r)oscopy - XLAS male : strong correlation between Genotype-Phenotype

: Truncating (Rearrangements, nonsense, frameshift) < splicing (truncating or
non-truncating) < Non-truncating (in-frame, missense mutations)

Abnormally Abnormally spl
thin GBM laminated GBM

Normal Thin Basement Alport Syndrome POOR A GOOD
Membrane Lesion

RISt Selc s A RIS * Median age reaching CKD G5 :22/ 25/ 37 years e

Kidney Med. (2020) 2(5):639-649 Kidney International (2018) 93, 1045-1051
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Critical and well-established domains and
mutational hotspots

(m/c changes found in COL4A3-5)

Table 3 Location u!l missense \:m«u\lqm the collagen IV a5 chain in different variant databases.

Number of missense variants Number of amino acids (% of total) ClinVar  ARUP. HGMD LOVD
Total 1691 (100%) 487 M7 430 639
Amino NC domain 41 (2%) 40%) 0 7% (=034 1 (0%) (p<00001)

Intermediat 1418 (845
Carboxy NC domain 231 (14%) S6(11%)  44(13%)  55(13%) 73 (11%) (p=0.17)

ollagenous domain

©) | Gly substitution (95%) 427 (88%) 303 (87%) 368 (86%) 565 (88%) (p=0.006)

p values indicate the difference in the number of missense variants found in the region according to this database compared with the expected

number based on the number of amino acids in this domain using Fisher's exact test.

* Gly : tightness, critical for helix formation

| (‘G-X-Y’ = Gly-Proline-Hydroproline) | » * Pro - flexibility

1) Gly mutin ‘G-X-Y’ triplets: critical position 1 = disrupts helix formation
2) Pro sub. > pathogenic much less often than Gly sub.
3) Cys sub. in the carboxy NC domain - critical

(10 of the 12 Cys residues are critical for cross-linking)

‘European Journal of Human Genetics (2021)
https://doi.org/10.1038/s41431-021-00858-1

Inheritance of AS - ARAS, ADAS

* ARAS
- No gender differences in clinical symptoms, incidence and prognosis
- Poor prognosis : CKD G5 at age 21 yrs, SNHL at age 13-20 yrs

* ADAS
- May histologically resemble TBMD or FSGS
- Good prognosis : CKD at age 70 yrs & HL, ocular changes : rarely reported

Clinical and Experimental Nephrology
https:/doi.org/10.1007/510157-018-1629-4

J. Clin. Med. 2019, 8, 178; doi:10.3390/jcm8020178

Peditric Nephrology
hitpsd/doiorg/10.1007/500467-020-04819-6

‘GUIDELINES

Clinical practice rec dations for the di
and of Alport synd in children, adolescents,
and young adults-an update for 2020

Clifford E. Kashtan' @ - Oliver Gross*

Received: 15 July 2020 /Revised: 24 August 2020 / Accepted: 8 October 2020
1PNA 2020

Introduction

.

2013 guideline - Through development of genetic testing +
retrospective/prospective studies of responses to ACEi Tx for 7 years ...
-> Updated with 2020 guideline

.

Through IF/genetic testing, significant number of FSGS pts > revealed to AS !

.

Should be Dx to avoid ineffective and potentially harmful IS Tx

.

Well known fact : ACEi is most effective when initiated before kidney
function'¥ & delaying the need for KRT by years and even decades

.

Trial & Hypothesis : early ACEi Tx is safe and effective

For early Tx, early Dx should be achieved!

Evidence of choosing agents

* ESCAPE trial : Ramipril > very low frequencies of AEs in children with CKD

* ARAS mouse model

C> £27)

Untreated Gp
10wks

& o
Ramipril F
treated Gp awks 20wks

&

Ramipril
treated Gp 7wks  10wks

- Ramipril VS. Candesartan : inc lifespan by 111% VS. 38%

* First, start ACEI. If you add ARB, start with a relatively low dose.

1 Am Soc Nephrol (2018) 29:2225-2233
Kidney Int (2003) 63:438-446
Nephrol Dial Transplant (2004)19:1716-1723

Rationale for ACEi therapy

* Large cohort of genotyped XLAS male in Japan

KRT age

. e
on-truncating delayed
50 V!
) 16 12yrs
Truncating
28 delayed

10 20 30 40 50 60 (yrs)

o

HUntreated Gp M Treated Gp

Kidney Int. (2020) https://doi.org/10.1016/) kint. 2020.06.038
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ionale f I i th i i i
Rationale for Early ACEi therapy Birth of Early ACEi therapy trial
* Retrospective cohort studies in Europe
Median age at onset of KRT (yrs)  Untreated | e * All AS patients.. initially start with isolated HU
1004 2 = mparec Keney - MA - PU - CKD/ESKD
N —_ ;k:“lhavany i o function
z & . . .
. ] 40(+18) A (starts at CKD St lll or IV) * Q: ACEi Tx during the isolated HU
g sod -1 Y
H none could delay progression to MA and PU?
£
3 oy PU w normal kidney
3 = function (> 0.3g/d)
g 404 -
§ 5 d P-value
z 1 o T-lvs noT & T-II, =
] P ke it - EARLY PRO-TECT trial
DR .-y s s o Oligosymtomatic (HU or (Early Prospective Therapy European Ct ity Trial in Alport syndrome)
- T - - —  Mic ia (MA))
0 10 20 30 40 50
Same 5e"°t‘((”e Time to dialysis (in years) EARLY PRo-TECT
lo. at ris|
Notherapy 109 105 96 75 5 20 10 5 0 0 0 A’
T 26 26 26 25 17 10 8 5 2 1 o J
TH 115 113 105 84 52 31 15 9 7 4 3 Porr
T 33 32 20 8 2 1 1 1 1 0 0 \\l‘d /
Kidney Int. (2012) 81:494-501 =
Persi Ll rular he ur 1
Tactics for
* Prospective, double blined RCT, open-label, 3 phase trial Early Dx
+ At baseline Oligo-symptomatic (isolated HU or MA) children et - Workup of
el Aportsyndrome isolated
* Ramipril-treated vs. untreated (n=66, mean 8.8 + 4.2 yrs, FU for 6 yrs) glomerular HU
* Primary outcome : progression to the next phase of dz
« Efficacy data was not significant, but preemptive ACEi Tx has won
a
[
10 disease
09- l
% 08
i " v Appropriate
§or - egule folow-up regular follow-up management
g . oAl oo torecarmendatns]
g :: * Ramipril Tx Gp e e e ey e catons
3 04 W progression to the next groups & registres groups & registres
g 03 phase of dz > 40%
§ :f in both the randomized and An approach to Dx of individuals with persistent glomerular HU using genetic testing and/or kidney Bx
0o o re.al_world.a_rms * The genetic testing approach may vary based on the level of suspicion of a Dx of AS.
] 7 z 3 3 s s without critical AEs. - Ifitis High, NGS of COL4A3-5 is indicated.
= . Wi s 9 5 n - Ifitis Moderate or Low, a broad NGS panel including FSGS & PKD genes, or WES, should be considered.
R D : H H i H 3
** Kidney Bx should, if possible, always include routine transmission EM.
. 1 - When TEM shows GBM suggestive of AS, or (When TEM is not available)
9 FOI’ Early TX Of ACEI, Early DX ShOUId be made' Kidney International (2020) - IF of col IV a expression can provide useful di icand ic il
97, 1275-1286
Clinical and Experimental Nephrology (2020) 24:651-656
Kidney Int (2018) 93:1045-1051
Reorganized by prof. Haell Jeong
Heterozygous couAs.xcouAn;“
gy Mematura Proteinuria ESRD Table 1. for genetic testing for AS
Fecisort BFH o pEsD ] Clinical spectrum| # Typical sx : persistent HU, progressive ESKD + FHx (HU or ESKD)
Pathological [ vewnwrsos | PU, HL or a lamellated or thinned GBM may be present.
diagnosis
ADRS
o :]Aumm,. Gominant laer-onsetl *Consider! Persistent PU, SRNS, FSGS ; familial IgAN (common); ESKD of unknown cause (up to 10%)%
Igenetic _ Alport-related nephropathy - Pathogenic COL4A3-5 are the genetic found in all these
diagnosis [ Atosomal dominant Type V colagen nephopatiy | %; pU, FSGS, GBM thickening and lamellation, (EX) COL4 in Adult-onset FSGS : 5% with sporadic, 20% with familial, m/c)
C’"”'s"’; SIARAS SNHL, or evidence of progression in pt or - GBM : may not be typical AS such as lamellation, late onset ESKD
ADAS. | family, gentic modifier Genetic testing | # Target NGS : detects >80%
# Useful for early diagnosis and predict prognosis
Inheritance Gene. Allele state Comment (estimated risk of CKD G5) * Where AS is suspected, genetic testing for dx should take precedence over even a Bx.
Hemizygous (male) Frequent extrarenal manifestations (100%)
X-linked COL4AS
Heterozygous (female) (Up to 25%)
Recessive (homozygous or | o ot eytrarenal manifestations (100%)
Autosomal COL4A3 or COL4A4 Lo
T Includes pts w TBMN/BFH .
ominant (heterozB0US) | (.04 amang those w isk factors*, <1% in absence of isk factors) More extended spectrum..
coAs colass Simalate AR Inbecitance (Up to 100%) Some Cystic kidney dz but not ADPKD showed COL4A3-5
01443, COL4A4, and | COLaA3 and COL4Ad Should also be tested for COL4? - Insufficient evidence
Digenic . * 3 Simulate AD inheritance (Up to 20%)
coL4as mutations in cis
Mutations in COL4AS and
& Does not simulate any Mendelian inheritance (Up to 100% in male)
in COL4A3 or COL4A4 European Journal of Human Genetics (2021)
https://doi.org/10.1038/541431-021-00858-1
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In a recent exome sequencing analysis of 3315 patients with CKD,
~10% (307/3315) had a genetic cause.

TeMN

/
30% 31% 62%

Alport Syndrome PKD Misdiagnosed or Not Disgnosed
as Alport Syndrome or TBMN

* COL4A3-5 mutations represent 30% of pts w a genetic cause of CKD.

* Genetic testing is more sensitive and specific for the Dx of AS than kidney Bx,
and provides predictive information about Dz severity and prognosis.

* COL4A mut should be considered in pts w FSGS, IgAN, CKD of unknown origin ..
esp, in the presence of a FHx (+), even if clinical and Bx features are atypical.

Kidney Med. (2020) 2(5):639-649

Summary of new classification

* Females with heterozygous COL4AS5 variants : ‘Carriers’ = ‘AS’ patient
* HU with heterozygous variants in COL4A3 or COL4A4 : “TBMD’ - ‘ADAS’

* FSGS or IgAN-like changes on Bx + pathogenic variants in the COL4A3-5
: ‘FSGS or IgAN’ > ‘AS’  or
‘Coincidental renal disease’ (‘FSGS or IgAN.. + AS’) > Just ‘AS’

% Goal

To maximize Early Dx of AS - early Mx intervention
- preserving kidney function

Benefit >>>>>> Risk

% Genetic testing is strongly recommended %

For Early Clinical Suspicion of AS (1),

* HU

100% (persistent) : XLAS male, ARAS

95% (can be intermittent) : XLAS female, ADAS (most)
FHx (+) : HU + ESKD, HL / FHx (-) : 10-15% of XLAS males

.

Symptom

- (m/c) Persistent mHU starting as early as 5 years of age (all males)

- RGHU (often synpharyngitic) : 60-70%, within 20 yrs
40-60% during infancy, early childhood
(males at an aver at 3.5 yrs, females at 9 yrs))

Uptodate (2021) Alport syndrome.
Medicine (1999) 78(5: 338-60
Orphanet, Aportsyndrome

Genefeviews®
hitps/emedicine medscape. comarticle 238260-cnicol

For Early Clinical Suspicion of AS (2),

* ReConsider Dx - IgAN, FSGS, unknown origin CKD

* IgAN : pts may present at any age, peak incidence 20s-30s.
Uncommon in < 10 yrs

* (G)HU (+/- PU) + FHx of ESKD, HL

s“s%es“ed * HU (esp, RGHU) < 3yrs(?), if non-glom origin is excluded

¢ CKD of unknown origin + SNHL (£ Ocular changes + FHx)

* Males without HU by the 10 yrs
* PU prior to the onset of mHU

Uptodate (2021) IgA nephropathy

Treatment recommendations

Indication for treatment

I XLAS males At time ot'dingnosis.]ifﬂgc> 12 to 24 months
XLAS females Microalbuminuria (ACR > 30mg/g)

[ ARAS At time of diagnosis,|if age > 12 to 24 months
ADAS (heterozygous variant in COL4A3 or COL4A4) Microalbuminuria

Table 1. Indications for Tx of AS in children, adolescents, and young adults

2013 Guideline

Family history of early ESRD Family history of late ESRD
(<30 years) or severe (> 30 years) or less severe
COL4AS mutation® COL4AS mutation”
Male Female Male Female
Hematuria Intervention prior o onset of No No No
microalbuminuria is not
recommended at this time
i + microalbuminuria Consider intervention Consider intervention No No
i + proteinuria Yes Yes Yes Yes

* ACEI, first : Ramipril or Lisopril

* XLAS males & ARAS : start treatment at time of diagnosis!!

Agent Dose (2013) Dose (2020)

Ramipril Starting 1-2 mg/m2/day; Starting 1 mg/m2/day w
inc by 1-2 mg/m2/day uptitration Over 3-4 months
Every 3 months until target UPCR or to 6 mg/m2/day or
adverse effect is attained; until the max tolerated dose is achieved
max 6 mg/m2/day

Lisinopril | 4 x Ramipril dose (4-8 mg/m2/day) Starting 0.2 mg/kg/day (max 10 mg/day) w
up-titration to 0.6 mg/kg/day (max 40 mg/day),
or until the max tolerated dose is achieved,
over 3-4 months

Dose should be adjusted as needed as the child grows

in order to maintain a constant mg/m?2 or mg/kg dose

These dosing regimens DO NOT consider the Lv of albuminuria or PU
(no target UPCR Lv)

* XLAS females & ADAS

Ramipril & lisinopril dose : same protocols for XLAS males
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2013 Guideline
Table 2 First-line therapy (angiotensin-converting enzyme inhibitor) ~ Table 3 Second-line therapy (angiotensin receptor blocker)
Agent Dose Agent Dose
Ramipril Starting dose of 1 t0 2 Losartan 125 3 month

Ty
effect is attained:

by 1102 mg/m%d
target UPC or adverst
maximum dose 6 mg/m’

y Candesartan

Enalapril 2 * Ramipril dose (2 t0 4 Irbesartan
Lisinopril 4 x Ramipril dose (4 to 8 mg Telmisartan s
Benazepril Valsartan 1.5  Losartan dose (18.75
Fosinopril Epresartan 12 % Losartan dose (150 mg/
Quinapril
Cilazapril 1% Ramipril dose (1 to 2 mg/m*/day)
Perinopril . Table 4 Sccond-line therapy (aldosterone antagonist)
Trandolapril 0.5  Ramipril dose (0.5 to | mg/m?/day)
Agent Dose
Spironolactone 25 mg daily for subjects 10-20 years of age:
consider lower starting dose in children
Tess than 10 years o
Target UPCR (mg/mg)

* UPCR < 0.5 if baseline > 1.0 or
* 50% reduction if baseline 0.2 - 1.0
* MA/Cr < 50-100 mg/g Cr if Tx started in MA stage

Additional interventions
Dual RAAS blockade

* Limited data on the efficacy and safety

* In AS w UPCR > 1.0 despite max ACEi - could consider dual RAAS blockade

» Option : ARB or an aldosterone antagonist

* Losartan : initial dose of 0.8 mg/kg/d to ACEi

* Regular monitoring of serum K & Cr is needed, esp, those receiving dual Tx
(In EARLY PRO-TECT trial, only 1.5% AEs were occurred.)

BP and life-style habits

* BP goals: about the 50th percentile
* Moderation intake of meat protein and salt
* Maintaining a BMI < 25 kg/m?

Hearing evaluation S ) )

XLAS male & ARAS : should begin at age 5 to 6 yrs & vearly check-up
(needs earlier : pts w overt PU or speech delay)

XLAS female : overt PU or when impaired hearing is suspected clinically

ADAS : clinical suspicion of hearing impairment

All AS patients should avoid exposure to loud noise.

HL due to AS usually responds well to amplification with hearing aids.

Ophthalmological evaluation @

* XLAS male w truncating mutation & ARAS : should begin at age 15 yrs &
annually check-up, earlier if there is clinical suspicion of abnormal vision

* XLAS female, ADAS : clinical suspicion of abnormal vision

Investigational agents

* Consider safety

oenerr

- Bardoxolone methyl (Nrf2-activator) : attractive for pts w WGFR, but undesirable for
young pts w normal GFR

Timing of intervention

- » i i
g =
0 » & w w 8
s 2s o
§ = 23w 2
g v v e e g
S om 03 £ om x5
S 28 -
§ % 3 5 w3
g B 3
. i o “ 3 T2DM w CKD St 3-4
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e : o ;
o o=
i e

MiR-21 antagonism (anti-fibrotic Tx) : may benefit younger as well as older pts

Kidney International (2019) 96, 1030-1036

Take home messages E

AN

* Early ACEi (Ramipril) Tx at Oligo-symptomatic stage is recommended

* For the early Dx and Tx, genetic testing based new classification of COL4
associated dz has been introduced

- Female ‘Carrier’ > ‘AS’
- TBMN -> ‘ADAS’
- Bx-proven FSGS or IgAN + COL4A3-5 pathogenic variant > ‘AS’

* Early clinical suspicion is important

* Genetic testing is strongly recommended, including in extended AS
phenotypes
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Management of IgA nephropathy
- 2021 KDIGO guideline update

Mg

JiS2iolty FUNRY

IgA nephropathy (IgAN) is the most common primary glomerulopathy in children and
adolescents worldwide, especially in Asian countries and the most common cause of kidney
failure in young adults. However, there are still no specific therapies capable of targeting key
pathways involved in disease pathogenesis. IgAN has variable outcomes along with variable
initial presentation. Most commonly, IgAN is asymptomatic and follows a slowly progressive
course with approximately 25-30% of any cohort developing kidney failure within 20-30 years
of presentation.

Recently, many large randomized controlled trials have been reported, including supportive
therapy only versus immunosuppressive therapy for the treatment of progressive IgAN,
targeted-release budesonide versus placebo, high-dose steroid versus low-dose steroid and
mycophenolate mofetil and hydroxychloroquine versus placebo etc. Based on these findings,
the 2021 Kidney Disease:Improving Global Outcome (KDIGO) clinical practice guideline for
the management of glomerular disease including IgAN has been updated and published as a
revised version of the 2012 KDIGO guideline. Here, I would like to summarize the
management of IgAN based on the contents newly updated in the 2021 KDIGO guideline. The

table of contents is as follows.

1) Contents requested for revision in 2012 guideline
2) Risk stratification- International IgAN prediction tool
3) Conservative treatment

4) Steroid and other immunosuppressants
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Introduction Introduction

+ Hematuria: Red blood cells (RBCs) in the urine, > 5 RBCs/HPF SinAHAA0Y

. . 10%
+ Gross/Macroscopic hematuria ’

+ Visible as pink or red, tea-colored or dark cola-colored, 1 mL of blood per liter of urine

+ Other substances: (@) Medications (rifampin, deferoxamine, metronidazole, iron sorbitol, ibuprofen) 8 _’/\‘h‘ o TS

(2 Foods (beets/beetroot, blackberries, blueberries, food/candy coloring) 4 215
(3) Metabolite (melanin, porphyrin, urates, tyrosinosis) 2 1222:, By
@ Presence of heme (hemoglobin, myoglobin) 0
. ) . 15 216 018 219
+ Microscopic hematuria R H —oOfRH AP —an0fRP SR BEEA,DSY

* Absence of visible color change in the urine

) o + Incidence
+ Confirmed by microscopic examination

* Macroscopic hematuria: 1.3 of 1000 outpatient visits, USA
* Microscopic hematuria: 1 ~4% of school-aged children

Cause of hematuria Evaluation

UPPER URINARY TRACT DISEASE ‘][‘EXCE‘FD%?EI:I\@EY Dinsi k( )
* Dipstick (+
. Multisystem Tubulointerstitial 3
Isolated renal disease N 5 Vascular Anatomic : . i i i
disease dsease « Red/Brown color urine Peroxidase chemical reaction

+ IgAnephropathy ~ * SLEnephritis + Pyelonephritis ~ + Nutcracker + Hydronephrosis  * Cystitis + erythrocytes, free hemoglobin or myoglobin
* Alportsyndrome ~ * HSPnephritis + Interstitial syndrome + Polycystic + Urolithiasis
* Thin GBM + HUS nephritis + A/V. thrombosis kidney disease  * Urethritis

nephropathy + Papillary + Malformations ~ + Multicystic + Trauma + Urine test : body or even room temperature, no refrigeration
+ PostinfectiousGN neCrosis + aneurysm, dysplasia + Coagulopathy + Observations: after 15 s and up to 1 min after dipping
* Membranoprolifer * Acte tbular hemangioma + Tumor. Wilms + - Heavy exercise * Moisture, sunlight, cold, heat, or time (strips have expiration dates) — false result

ative GN necrosis tumor,thabdomy + Bladder tumor
* Membranous osarcoma,

nephropathy angiomyolipoma * False negative: dilute urine, ascorbic acid in the urine, highly acidic urine pH (<5),
+ Rapidly + Trauma + False positive :presence of Heme, oxidizing agents in the urine, heavy bacterial

Progressive GN i the semen- d urine of post-coital men,
* Focal segment R ,

contamination with menstrual blood in young women.
glomerulosclerosis
Nelson 21 ed
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() [ Other cause:

+ Dysuria, frequency, urgency, or flank or abdominal pain

+ History

* Recent trauma, strenuous exercise, menstruation
+ Sore throat or skin infection within the past 2 to 4 weeks, gastrointestinal infection
+ Drugs and toxins

+ Family history: hematuria, hearing loss, hypertension, nephrolithiasis, renal diseases, renal cystic diseases
+ Physical examination

+ Vital sign, especially Blood pressure

* Rashes, Arthritis, Edema

" Hematuria
BN 9 —
- e Dipstick positive blood Red/brown color urine
St AHAA ZetEo| LT S ‘ ‘ ‘ =) ' Other cause:
Urine Dipstick — Food/Metabolite/Drug
Heme (-)
Dyes "
Drugs (Vegetable/Frit) Metabolites
Chloroquine | Phenazopyridine | Beets Homogentisic
Deferoxamine | Phenolphthalein | Blackberries | acid
Ibuprofen Phenothiazines | Food/candy Melanin
Iron sorbitol | Rifampin coloring Methemoglobin
Metronidazole | Sulfasalazine Porphyrin
Nitrofurantoin Tyrosinosis
FEELED)
e Ut
Hematuria Hematuria
‘Dipstick positive blood ‘ ‘Red/brown color urine ‘ Dipstick positive blood ‘ ‘Red/brown color urine ‘

—= () [ Other cause:
Urine Dipstick — Food/Metabolite/Drug
7 () -
Trauma history, CT abdomen with
+ History Painful hematuria Contrast &

surgeon/urologist

+ Dysuria, frequency, urgency, or flank or abdominal pain

* Recent trauma, strenuous exercise, menstruation

+ Sore throat or skin infection within the past 2 to 4 weeks, gastrointestinal infection
+ Drugs and toxins

+ Family history: hematuria, hearing loss, hypertension, nephrolithiasis, renal diseases, renal cystic diseases
+ Physical examination
+ Vital sign, especially Blood pressure

* Rashes, Arthritis, Edema

Hematuria

‘ Dipstick positive blood ‘ ‘ Red/brown color urine ‘ .

() Other cause:

‘ Edema, hypertension, oliguria, body weight gain ‘

* History RBC on Urine Microscop) |

"
+ Dysuria, frequency, urgency, or flank or abdominal pain (+)
* Recent trauma, strenuous exercise, menstruation
+ Sore throat or skin infection within the past 2 to 4 weeks, gastrointestinal infection

+ Drugs and toxins

+ Family history: hematuria, hearing loss, hypertension, nephrolithiasis, renal diseases, renal cystic diseases
+ Physical examination

+ Vital sign, especially Blood pressure

* Rashes, Arthritis, Edema

Suspected Glomerulonephritis

+ Glomerular injury accompanied by inflammation
+ Hematuria, variable degrees of proteinuria, |renal function, hypertension

+ Focuses on identifying Primary glomerulonephritis

Lo . Membranous glomerulonephritis

the underlying diagnosis % — f
p

C3 glomerul (Dense deposit disease, C3

TgAnephropathy

Anti-glomerular basement membrane disease
Idiopathic crescentic glomerulonephritis
Secondary glomerulonephritis
Post-streptococcal glomerulonephritis
Other post-infectious glomerulonephritis
Infective endocarditis
IgA vasculits (Henoch-Schanlein purpura nephritis)
Systemic lupus erythematosus nephritis
wih polyangii y called Wegener's
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Suspected Glomerulonephritis

* Blood test
* Serum CBC, reticulocytes, creatinine, BUN, electrolytes, albumin, ASTALT
* Serum C3 and C4 complement levels
* Antinuclear antibodies(ANA), Anti-dsDNA antibodies
* Antineutrophil cytoplasmic autoantibodies (ANCA)

+ Serology for hepatitis C virus, hepatitis B virus

+ Antiglomerular basement membrane (GBM) antibody

Low Serum Complement Level Normal Serum Complement Level

specially in a child with concurrent pulmonary symptoms =g SRR Lupuswephis S E—
. . . . Dstases | * i . is v ®
+ Urine test: Urine protein/creatinine + Shunt nephris Hypersnsivity vascalis
08 o .
3 « Visceralab . d ‘s synds
+ Kidney USG
Reml  + Acute posistreplococcal TgA nephropathy
W X 3 Diseases pidly progressi
Kidney biopsy Menbranoprolferaive domenlonephis
‘glomerulonephritis Anti-GBM disease
Pauci-immune (no immune
deposits)

Immune-depostdiscase

Hematuria

‘ Dipstick positive blood ‘ l Red/brown color urine ‘

Dipstick positive blood
RBC on Urine Microscopy | (without nephritic syndrome)

() [ Other cause:
— Food/Metabolite/Drug

(Repeat YA XN, 2 weekly)

Hemoglobinuria/ ‘ Transient hematuria
Myoglobinuria

Persistent hematuria

Hematuria

‘ Dipstick positive blood ‘ l Red/brown color urine ‘

Hematuria

‘ Dipstick positive blood ‘ l Red/brown color urine ‘

(+) | Other cause: (+) | Other cause:
Dipstick positive blood | —— | Food/Metabolite/Drug Dipstick positive blood | —— | Food/Metabolite/Drug
RBC on Urine Microscopy | (without nephritic syndrome) RBC on Urine Microscopy | (without nephritic syndrome)
NoRBC NoRBC
(Repeat YA XN, 2 weekly) (Repeat YA XN, 2 weekly)
Hemoglobinuria/ ‘ Transient hematuria ‘ Persistent hematuria Hemoglobinuria/ | Transient hematuria | Persistent hematuria
Myoglobinuria Myoglobinuria
IR‘ ibd lysis, Extreme exercise, Myopathies, Hemolysis I
CONDITION HEMATURIAMICRO ORMACRO  PROTEINURIA  HISTORY EXAMINATION DIAGNOSTIC EVALUATION
Trasient Hematuria
Exercise Micro + Hematuria andlor Noncontributory Absence of hemauia or proteinuria
f ithout . o .
B u i N l Dipstick positive blood ’ ‘ Red/brown color urine ‘
v Miro + ——
protenuri withfebile  associated illnes resolves (-) | Other cause:
b Dipstick positive blood | ——>| Food/Metabolite/Dru
Urinary tract ifection or Micro of macro Fever,flank orlower abdominal - Urine dipsick, uine microscopy, urine g
pyclonephriis
Trauma nsrunentaon Maro - Recent rauma or Nocontibuory o findings~ magng sudes T ) B
procedure rebed to rauma RBC on Urine Microscopy | (without nephritic syndrome)
Urethritis Micro - Sexually active NAAT |
Bladder calculus/mass Macro - ¥ 4 Imaging, 24
Schistosomiasis Terminal macro Imaging, PC |
with fresh water;
e snsioes NoRBC
like illness; dysuria,
frequency
Adenov gic cystitis Ms " Recent URI: and Active URI Respiratory viral includ; »
ovirus hemorthagic cystiis  Macro X.m;m signs signs mmxg ial sreen including (Repeat YA XN, 2 weekly)
Transient hematuria : Hemoglobinuri/ | | Transient hematuria : | Persistent hematuria |
association with fever, exercise, Myoglobinuria association with fever, exercise,
hemorrhagic cystitis, urethritis hemorrhagic cystitis, urethritis Glomerular vs Non-Glomerular
Pediatr Rev. 2018 December ; 39(12): 573-587
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Persistent hematuria
Glomerular vs Non-Glomerular

Glomerular Non-glomerular
Color of gross H Dark Red Bright Red
Proteinuria may be (+), >2+ (-)
RBC cast may be (+) ()
RBC morphology Dysmorphic Isomorphic
Blood clot ) may be (+)
Three Tube Test Total Initial or Terminal

Dysmorphic RBC

+ Glomerular cause of the hematuria (HU) A| At

+ In 1979, Birch and Fairly initially described the distorted morphology of RBCs

+ No uniform criteria for determination of glomerular versus non-glomerular HU

+ Cutoff for significant dRBCs in the literature varies between 10% and 90%

* >75% vs Non-glomerular: <25%

*+ >40% of at least 100 red blood cells

(Lancet 1982;1:1432-4)

(Pediatr Nephrol 2008;23: 1093-1100)

UTL family history of

Pediatr Rev. 2018, 39(12): $73-587

+ 16 patients ( 10 children, age: 9.5+2.5), 55 urine samples ~ Urinary finding - Posiivelurinary - Sensiivity - Positive
samples predictive value
>40% dysmorphic 3055 (582%)  92%  906%
erythrocyles
>Stacambocytes 4055 (%) 694% 5%
Eryrocylc s 655 (109%)  122%  100%
Cleclnd Clini Joumalof edicin knuary 018,85 1) 1213
D hic RBC D hic RBC
ySmOrpnic ySmOrpnic I
Glomerulonephits
Table 3, 100
o 90 2
+ Association of dRBCs and renal pathology -
‘ P . 2
+ 482 adult patients with kidney biopsies w
+ 173 (35.9%) <25%, 76 (15.8%) 2 25% dRBCs %50
i 486
. . & om0 ¥ es % e % e ©
+ Glomerular disease in 372 (77.2%) [T S—— Ed
2
10
‘Table 4. Multivariate analysis of factors associated with the presence of GN 0
0 1 2 3
UARBC level" >10 versus <10 667 £ 1145 <0001 Model Score
UA predicid 24h protein 1000 verss <1000 0% 035 » 038
8 No Hematuria UA dRBCs >25%" Yes versus no 141 070 2w 034 FIGURE 2: The probability (%) of finding glomerular disease or GN
Serum humn 3w >3 101 om B 059 basedonthe presence o hematurisand proteoura on rinalysis
dRBCs < 25% Serum cretinine >09 vess <09 10 o7 m 053 The score i based on the presence of urinary RBCs (<3, 3-10and
8208 2§ 31,853 F % 3w 2 calnc >10RBCshyfcach s soreof 0,1 o 2, respecively),protena-
I 5 §oosid E:‘ 3 B i3 tia <24 (score of ) verss >2(sore of 1),
BEEEREHHIEEE
i § £ i s 52 é‘a HE IR The presence of 25% urine dRBCs is specific but not sensitive for GN.
H $ 36 £"33e3 3 5 e 5 3 i
& 2= 3§ < 2 it ¢ Degree of hematuria and proteinuria found on urinalysis was able to predict the presence of GN.
H K
Nephrol Dil Transplant (2018) 33 1397-1403 Nephrol Dial Tansplant (2018) 33: 1397-1403
Persistent hematuria Persistent hematuria
Glomerular vs Non-Glomerular Glomerular vs Non-Glomerular
CONDITION HEMATURIAMICROORMACRO PROTEINURIA HISTORY EXAMINATION DIAGNOSTIC EVALUATION CONDITION HEMATURIAVMICROORMACRO PROTEINURIA  HISTORY EXAMINATION DIAGNOSTIC EVALUATION
Nonglomerular
Hypercalcuria Micro - Family history of ‘Noncontributory High CalCr Glomenular
nephrolthiasis .
iAoy Micro or macro H Concomitant recurent  Noncontributory ‘Normal complements, kidney biopsy
Nephrolithiasis Micro or macro - Poor daily oral luid ‘NormallCVA o flank High Ca/Cr,imaging, crystals on UA Depupetly hematuria with infectious
intake,flank pain tendemess illess, flank pain rare)
Nutcracker syndrome Micro or macro Upto15% Flank pain Noncontributory Imaging x 2 Micro/macro - Nonblanching rash, joint  Petechial/purpuric rash, joint Normal C3/C4
HenockSchdnlcn purpura: swelling,bdominal  swellng, ypertension
Sickle el i Miero - Sickle el it or Noncontribulory Hemoglobin ectrophorsis in od nssoepion
anemia
1 Micro or macro - Fanily history, perssent -
‘Coagulation disorders Micro or macro - Known discase or family  Petechiae, ccchymosis, bleeding  Abnormal cloting profile, CBC count Alportsyndrome’ ‘microscopic o episodic
History, brisin, acroopic b,
bleeding, petechiae, ‘poor school performance
lehargy
) . - 4 Microormacro - Fanily history, ersistent  Noncontributory Nil
Polycystic kidney disease: Micro or macro + l history \bdominal - ‘microscopic or episodic
polycystc kidney discase ‘macroscopic hematuria
. v -2 Microor macro - ant-DNase B,
[ Nt LT L’fm:lﬁ“;‘;ﬁz}’“ Abdiial vy Utnsonography Postinfectiousglomerulonephris skin infection hypertension, fluid overload  throat culture
pain, hypercasion fevr Hemoyt wenic synone’ Micro - Bloody diarrhea, Edema, intravascular fluid Stool culture for Escherichia coli
Structural boormaliies of kidney,  Micro - Noncontributory, Abdominal mass Ultrasonography, radioisotope renography oligura, history ofsick - depleion, pallr,petechiae: OIs7H7
uretr,bladder ez, UPJO, UVIO) recurtent o firsttime. mli“;' mzf‘ﬂmﬂ’
uncooked mea

Pediatr Rev. 2018, 39(12): $73-587
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Persistent hematuria

Urine microscopy and culture

1Ca/Cr ratio Hypercalciuria
-

Urine protein:creatinine ratio X
Cysts Kidney stone

Urine Ca:Creatinine ratio Abnormal ultrasound Congenital anomalies
. Tumors
Coagulation (if personal, family history) Nutcracker syndrome

CBC, Chemistry

Family history of HU or

3 and C4 complement hearing loss, CKD Alportsyndrome R
———————  Thin GBM (only hematuria family history)

ASO Low 3
3 o oW LN, PIGN, C3GN.....

Anti-nuclear antibodies > ’

ANCA
Yearly follow up:

Renal ultrasound If work up negative + Urinalysis

e + Urine albumin/creatinine ratio

+ Blood pressure check

Pediatr Rev. 2018; 39(12) 573-587

Imaging evaluation: kidney Ultrasonography

Recommended Not recommeded
* non-invasive examination + Isolated microscopic hematuria without
+ Isolated microscopic hematuria with proteinuria

proteinuria + Low yield

+ Isolated macroscopic hematuria + Very rarely the presenting scenario of Wilms
* Renal mass: High risk for Wilms’ tumor, fumor
including those with Denys-Drash syndrome,
Beckwith-Wiedemann syndrome, WAGR
syndrome, aniridia, hemihypertrophy, Sotos
syndrome, von Recklinghausen syndrome, and
horsesh«?e Kidny i Y Should be considered to rule out structural lesion
Anatomic abnormalities (cystic renal disease, e .
nuteracker syndrome, congenital anomalies, such as tumor, cystic discase, hydronephrosis or
ete) urolithiasis.

JAm Coll Radiol (2018)15: 591- 5103/ Clin Exp Nephrol (2014) 18:679-689/Nelson 21th

Imaging evaluation: CT

+ Painful Hematuria
* Nontraumatic : CT abdomen & pelvis without contrast
+ Suspected urolithiasis, tumor and ureteropelvic junctionobstruction
+ Low incidence, not typical presentation , sensitivity & specificity > 90%
+ Very low CT dose, useful in the setting of painful hematuria, a negative kidney and
bladder US examination (eg, small stone size, obscuration of a portion of the kidney by
bowel gas, poor sonographic window), sensitivity 75%
+ Traumatic: CT abdomen & pelvis with contrast
+ Best modality for evaluating renal trauma

+ Retrograde Urethrography: urethral injury and disruption, especially if associated with
pelvic fractures or straddle injury

JAm Coll 15: 591- 5103/ Clin Exp Nephrol (2014) 18:679-689

Cystoscopy

+ Adult patients with asymptomatic microscopic hematuria

Patient it micohematua
R —
¢, Eleaton ieced by signrm

e arechn e e

W skstatiicton’

ntemedite Rk
Lowhik Aayeltheolowing
the following Y

High
Aayoftheolwing

> ISRRCHPY 0 e U
s benatsa

oo eéotesof W

month R Cytscopy and Resal i
Utrsowé: mome

U INE 2020

Cystoscopy

* Rarely performed in children, Unnecessary
* 136 of 294 patients, 2.2% (3 patients) had a bladder mass, transitional cell carcinoma
Urology 69. 166-169 (2007)
+ 342 children with microscopic hematuria: no cancer
+ 228 children with gross hematuria : one case of Wilms tumor

Arch. Pediatr. Adolesc. Med. 159, 353-355 (2005)
+ No strong indications exist for cystoscopy in pediatric patients with hematuria

+ Unexplained hematuria persists in the absence of findings on US, after ruling out GN, stone,

infection + Suspected bladder urothelial neoplasm

Nat. Rev. Urol. 7, 189-194 (2010 J Pediatr Surg 17, §0022-3468 (2021)

Kidney biopsy

+ Mi pic hematuria in combination with

+ Proteinuria

* Recurrent gross hematuria

* Hypoalbuminemia (<3.0 g/dL)

+ Hypocompl ia (except for acute p D | gl lonephritis)
* | GFR

* Hypertension

+ Recurrent gross hematuria associated with
+ | GFR, proteinuria, or hypertension

+ Not recommend
+ asymptomatic, microscopic hematuria in the absence of proteinuria
+ intermittent gross hematuria but with no proteinuria

Clin Exp Nephrol (2014) 18:679-689 Nelson 21th
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Follow up

+ Microscopic hematuria
+ Yearly follow-up

* Quarterly follow-up in the first year — urinalysis once or twice a year and an annual blood

examination are recommended until the resolution of hematuria

+ Microscopic hematuria with macroscopichematuria or proteinuria

* More frequent monitoring

Pediatr Rev. 2018; 39(12): 573-587 Clin Exp Nephrol (2014) 18:679-689

Asymptomatic isolated microscopic hematuria

* Most common causes

* Hypercalciuria (with or without kidney stones), urinary tract infections and
urinary tract malformations (including nutcracker syndrome), disorders of the
GBM (Alport syndrome), IgAN

+ No albuminuria, normal kidney function and BP, and no hypercalciuria
— Reassurance
— Long-term follow-up
: recommended for early detection of signs, such as proteinuria or

hypertension, suggestive of Alport syndrome or [gAN

Asymptomatic microscopic hematuria guidelines

+ Asstudy in Sweden [BMJ 2003; 326: 813-15]
+ The Canadian Urological Association (CUA) [Can Urol Assoc J 2009; 3: 77-80]
+ Dutch Associations of Urology [AJR Am J Roentgenol 2012; 198: 1256-65]
+ The Japanese guidelines [Clin Exp Nephrol 2014; 18: 679-89]
+ The American College of Physicians (ACP) [Ann Intern Med 2016; 165: 602]
+ Canadian Urologic Oncology Group, and Bladder Cancer Canada
[Can Urol Assoc J 2016; 10: E46-80]

+ The American Urological Association (AUA) guideline [J Urol 2020; 204: 778-786]

Etiologies of asymptomatic microscopic hematuria in children

* 3618 studies — 7 systematic review
+ Subjects aged 18 years or under with asymptomatic microscopic hematuria + proteinuria
+ Experimental, observational, or cross-sectional studies of 10 or more patients

+ Exclusion : Gross hematuria, history of known illness, family history of glomerular disease...

Article solated Combined hematuria- Ages (M:F) Country
hematuria (IH) proteinuria (CHP) oforigin
Moghtaderieta. 6] 2% NA 6-16 years (unknown M:f) ran
Leeetal. (4] 289 163 1142.7 years (1.2:1) Korea
Bergstein etal. [7] %2 NA 1 month-18 years (1:1.1) USA
Piqueras etal. 8] 131 NA 10.153.7 years (unknown M:F) UK
Hisano and Ueda [9] N/A 6 6-15years (1.5:1) Japan
Trachtman et al. [10] & NA 3-19 years (unknown M:f) USA
Vehaskarietal. 2] 7 6 8-17years (1:1.5) Finland

Diagnosis 2015; 2(4): 211-216

H CHe
No diagnosis/normal 494(57.6%) 44(18.7%)
AN 89(10.4%) 104(46.3%)
TBMN 130(15.2%) 30(128%)
MGN 20023%) 407%)
PSGN 8(093%) 4(17%)
HSPN 0 10(43%)
FS65 0 6(26%) " 5
Hars o 1043%) * Identified etiology
Alportsyndrome 4047%) 4(.7%) o isolated mi ich i 42.4%
fhen 1012%) s isolated microscopic hematuria: 42.4%
MesPGN 1(0.12%) 21(89% ) 1 1 1 i 0,
o foin T combined with proteinuria: 81.3%
Oligomeganephronia 1(0.12%) 0
Polyarteritis 0 1(043%)
Other GN* 17(2.0%) 0
e A6 0 + Hypercalciuria may be underrepresented d/t only
Doube eyl 202 d three of seven studies screened
collecting system (VP)
Hypercalciuria without 66(7.7%) 0
nephrolithiasis
Hypercalciuria with 20023%) 0
‘nephrolthiasis
Nephrolthiasis 13(15%) 0
Oncocystoma 1(0.12%) 0
Solitary kidney 1(0.12%) 0
Unilateral hypoplasia 1(0.12%) 0
Vesicoureteral reflux 1(0.12%) 0
(grade3)
Hilar vasculopathy/ 2003% 0
vascular (3
Total 857 25

Diagnosis 2015; 2(4): 211-216

Persistent asymptomatic isolated hematuria in children: clinical
and histopathological features and prognosis

‘Tabl 1. Clincalfeatures of 35 childen with persstent asymptomatic

+ 351 children with persistent asymptomatic isolated bt

microscopic hematuria with or without macrohematuria and ¢ e AMH AMIP Pl
proteinuria " 213 136

. . Meanage during renal biopsy,y 9247 99439 0.146

* Kidney biopsy Maleffemale 1980 805 0381

Familyhistory of enal discase i 0510

asymptomatic isolated hematuria > 6 months Bascline proteinuria, mg/24 h
¢GFR (Schwartz formula)
Baseline serum urate level, pmolL

Elevated 2A serum concentration

patient preference or parental anxiety

+ positive family history Follow-up,y 3501 3729 009
. . Complete resolution of hematuria 71 n 0057
+exclusion of non-glomerular diseases, such as CAKUT,  peqnthensuriawito 131 n Py
urinary tract infections, trauma, drug-induced If“‘fflﬂ' eveals . N
2 sa . o yperension 3 3
hematuria, idiopathic hypercalciuria, hyperuricosuria,  igifcan rotenuia (500meg) 7 n Q001
or urolithiasis Impaired renal function 3 6

World J Pediatr 2013,9(2):163-168
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Persistent asymptomatic isolated hematuria in children: clinical
and histopathological features and prognosis

Table 2 Renalbiopy resuls ofpatiats with AIVH or AMHP

Persistent asymptomatic isolated hematuria in children: clinical

and histopathological features and prognosis

Patients n IAN  Nnomal biopsies/minor lesions MsPGN TBMN _ Alporfs  FPGN  Others
Vibmcobewaia 255 312 [T 3 5 2 10y Sunial fnction
With macrobematuria 136 n 39 10 1 1 4 2 b ¥
Total 351 14 191 2 8 4 9 4 ""
TgAN: A aephropathy; MsPGN: mesangial prolifeative lomenlonephis TBMN: tin basement membrane nephopathy; Alports: Alpot 08
syndrome; FPGN: focal proiferative AIMH: asymptomatic isolted AMEHP: esisent asymplomatic =
‘proteimuria z 4
‘Table 4. Comparison of pathological diag with AIMH or AMHP in i di 206 H'
Publshing year IgAN__ Nomal biopsesminor kesion MsPGN__TBMN __ Alports_ FPGN___ Others £ L\
With isolated microscopic hematuria 9]
Chow® 2004 ® 80 . 4 s - - 04F - ADE b
Shen' 2007 Au 9 0B 19 56 , 9 1 AP
Kovacevié™ 2008 62 2 19 15 3 - - 3 -+ AIMH censored
Kimf* 2009 [E £l 0 . . - =+ AMHP censored
Pr dy 2013 25 3 152 n 7 3 5 2 02—
e - 2 ¢ 6 8§ 10
Cai 2006 128 52 18 31 Total 27 cases Year
W s 0 a8 5 e 1 i . - Fig. Kaplan-Meier survival curve in patients with asymptomatic
Cler” 00 P 21 16 " . 5 6 isolated microhematuria (AIMH) or persistent asymptomatic
Presntsudy_ 2013 T ) 10 | 1 4 2 i e proteinunia (AMHP)
IgAN: IgA nephropathy; MsPGN: mesangial proliferative glomerulonephrits, TBMN: thin basement membrane nephropathy; Alports: Alport deternuned using the log-rank est.
syndrome; FPGN: focal proliferative glomerulonephrits; AIMH: asymptomatic isolated mictohematuria; AMHP: persistent asymptomatic
microhematuria, ecurrent macrohematuria and/or proteinuria
wora s vediatr 2013921163-168 World ) Pediatr 20139(2)163-168
‘Table 1 The causes of asymptomatic gross hematuria in childrea
" . @ Patint groups acording tosymptoms Sex Ageat onset . o s
Causes and outcomes of asymptomatic gross hamaturia in i e simens At grOSS hamaturia in
1 Idiopathic 1030 63(02-157)
Chlldren PU (without hypocomplementemia) 55(208%) 4015 o 156)
IgA nephropathy on Bx. 31(11.7%) o
Spontancously resolved PU 162%)
. . . Alport syndrome on Bx 603%)
+ Patients under 16 years-of-age who presented with asymptomatic GHU i S
APSGN on Bx 104%)
. H ‘Thin GBM disease 1(04%)
EXCIUSlon 1o GNoaBx 104%)
. - - : : s - - Follow-up loss. 104%)
uTologlc symptoms such as pain, frequency, urgency, residual urine, incontinence, abdominal s Ao i PO o | T
discomfort, blood clots in the urine Senograpkic abuormality Vo0 B 560012
" f . d t f lf ] Urologic abnormality 9(34%)
symptoms indicative of renal failure Hydronephrosisbsrcion 502
" Renal eyt 3(11%)
Purpura Reaal stone: 706%
. P ‘Renal mass (Wilms'tumor) 3(11%)
”, Kldney blopsy ‘Hypocomplementemia 10(38%) &6 65(10-1C
E . 5 " APSGN 303.0%
+ recurrent GHU with prolonged proteinuria (PU, defined as 24-h urine protein > 100 mg/m2 per day olpus el 1049
or random urine proteincreatinine ratio >0.2 mg/mg creatining) e ) 1049
(spontaneous recovery, ASO negative) rep
oo . 2 : : ; ) e )
+ with significant PU (defined as 24-h urine protein >1000 mg/m2 per day or random urine protein- Fansly bistary ofbematuria w0 63 3L
. . . Bleeding tendency 4(15%) 222 50018
creatinine ratio > 3.0 mg/mg creatinine) ) 208
Aspicn 104%)
1(04%)
Total 25(100%) 19075 64(00-157)

Nephology 19 (2014) 101-106

Nephology 19 (2014) 101-106

Causes and outcomes of asymptomatic gross hamaturia in
children

S

2

ZF

F

Cumulative probability of hacmaturia

0 50 100 150

Haematuria duration (months)

Median duration of gross hematuria: 11.0 months, (95% confidence interval 8.4- 13.6).

Median duration of microscopic hematuria: 17.0 months, (95% confidence interval 12.9-21.1)

Nephology 19 (2014) 101-106

Nationwide, population-based, retrospective cohort study medical
data from 1,203,626 persons aged 16 ~25 years

» Persistent asymptomatic isolated microscopic hematuria

3690 B (0.3%), 21.88 (SD, 6.74) years of follow up
» ESRD
26 B(0.70%) with AMH vs 539 B(0.045%) without AMH

HR 19.5 (95% confidence interval [CI], 13.1-28.9)

» Primary glomerular disease, incidence rate

19.6 vs 0.55 per 100 000 person-years,

HR, 324 [95% CL, 18.9-55.7)). i i

Persstent Asymplomatc olted Micoscopc Hematua

JAMA 2011;306:729-736.
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+ Kliegman RM, Berhman RE, Jenson B, Stanton BF, Nelson textbook of Pediatrics, 20% ed.:
Elsevier, 2016

+ Zelikovic I, Eisentein I. Practical Algorithms in pediatrics Nephrololgy. 1% ed. Switzerland: Karger,
2008:4-5

+ Avner ED, Harmon WE, Niaudet P, et al. Pediatric Nephrology. 7™ ed. Berlin:Springer, 2016 :
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Urologic considerations of hematuria in children
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Causes of hematuria in children

GROSS (macroscopic)

.
.
.
.
.
.

Transient
Hypercalciuria/nephrolithiasis
Glomerulonephritis (all types)
Cystitis

Exercise

Congenital anomaly of urinary
tract

Benign urethrorrhagia

Wilms tumor or bladder tumor
Bleeding dyscrasia

Renal vein thrombosis
Papillary necrosis

Nutcracker syndrome

MICROSCOPIC

Transient
Hypercalciuria/nephrolithiasis
Glomerulonephritis (all types)
Cystitis/pyelonephritis
Exercise

Congenital anomaly of urinary
tract

Thin basement membrane
disease

Drugs
Interstitial nephritis
Sickle cell disease/trait

SNUH®Y 424

Diagnostic approach

Persistent microscopic hematuria lasting at
least 6months or gross hematuria warrants
investigation.

Based on documentation of

History (Family history)
Physical examination findings
Laboratory findings (proteinuria)

Radiographic studies

SNUHY 42

History taking

Dysuria, frequency, urgency or flank or

abdominal pain

— Urinary tract infection or nephrolithiasis

Trauma, strenuous exercise, menstruation,

catheterization

— Transient hematuria

Sore throat or skin infection within past 2 to 4

wks.

— Postinfectious glomerulonephritis

SNUHY ‘igimacizorss

Physical examination

Fever or CVA tenderness
- UTI

Abdominal mass
— Tumor (Wilms’ tumor, Rhabdomyosarcoma)

Hydronephrosis, MCDK or ADPKD

Rashes & arthritis
— Henoch-Schonlein purpura and SLE

Edema — Nephrotic syndrome

SNUHY ‘igimacizorss
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Key points of diagnostic approach
Gross/Microscopic
Symptomatic/Asymptomatic

+Proteinuria

SNUHY ‘igimacizorss

Categories of hematuria

Gross hematuria
Microscopic hematuria with clinical symptoms
Asymptomatic microscopic (isolated) hematuria

Asymptomatic microscopic hematuria with
proteinuria

SNUHY ‘igimacizorss

Gross hematuria

Gross hematuria in children is relatively
unusual, accounting for approximately
1 in 1000 outpatients.

The implications of GH in children are very
different than in adults, especially because
urologic malignancies in children are less
common.

SNUHY ‘igimacizorss

Major causes of GH in children and adolescent
Glomerulopathy
UTI
Hypercalciuria/Urinary stone
Congenital anomaly of urinary tract
Trauma

Minor causes
Urologic malignancy
Angiomatous malformations of the collecting system
Nutcracker syndrome
Autosomal dominant polycystic kidney
Sickle cell disease
Hyperoxaluria
Idiopathic thrombocytopenic purpura
Schistosomiasis (FEE£35)
SNUHY Mgisaczorss

Gross Hematuria in Children:
A Ten-Year Review Greenfield SP et al. Urology. 2007
Total 342 patients (272 boys, 70 girls)

52 (15%, all boys) : benign urethrorrhagia

48 (14%) : urinary tract infection
10 : urologic anomalies

48 (14%) : trauma
45 (13%) : congenital urologic anomalies
18 (5%) : urinary stones

3 (0.9%) : low-grade bladder transitional cell ca.
1: Wilms tumor

118 (34%; 95 boys and 23 girls) : no etiology

GH and co-conditions

GH and abdominal trauma
+ emergency
» radiographic and/or surgical evaluation is
immediately necessary

GH and fever, dysuria, urgency, or frequency
« urinary tract infection
+ with flank pain : pyelonephritis

GH and unilateral sharp flank pain
« urolithiasis (urinary stone)

GH and a palpable mass : urologic malignancy

SNUHY ‘igimacizorss
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Timing of GH

GH before or at the beginning of the urine stream
is likely urethral in origin.

Mid stream or late stream GH likely originates from
higher in the genitourinary tract.

Respiratory symptoms, a proximate (within 1 week)
or remote (within 2 to 3 weeks) history of GH could
suggest IgA nephropathy or post-infectious
glomerulonephritis.

SNUHY ‘igimacizorss

Physical examination

Visual examination of the urine
+ bright red blood : lower urinary tract lesion

+ darker, tea-colored urine with clot
- the presence of blood which has
undergone oxidization in the bladder

Evaluation for elevated blood pressure or recent
weight change.

Abdominal examination should note evidence of
ascites, trauma, masses, or tenderness to palpation.

SNUHY ‘igimacizorss

Physical examination

Assessing for edema in the face, extremities, or
dependent regions of the groin (scrotum or labial
folds) is key.

Costovertebral angle (CVA) tenderness

Urethral meatus in males or the vaginal introitus in
females for evidence of frank blood or irritation.

- Urethrorrhagia

**Young girls with recurrent gross hematuria
child abuse or insertion of a vaginal FB

SNUHY ‘igimacizorss

Imaging study of GH

Dillman JR et al. ] Am Coll Radiol. 2018

Isolated asymptomatic gross hematuria

Imaging has a role to exclude nephrolithiasis,
underlying urologic abnormalities, and rarely renal or
bladder tumors.

Ultrasonography

Renal and bladder tumors. However, if unexplained
hematuria persists in the absence of findings on US,
cystoscopy may be indicated

KUB
Detecting suspected asymptomatic nephrolithiasis.
Constipation

SNUHY ‘igimacizorss

Isolated asymptomatic GH

CT scan
Generally, not indicated as a first-line imaging study.
Contrast enhanced CT has a role in evaluation of renal

mass diagnosed by US or recurrent gross hematuria
with negative US.

Non-enhanced CT (NECT) may also be used to
evaluate for suspected asymptomatic nephrolithiasis.

SNUHY ‘igimacizorss

Isolated asymptomatic GH

VCUG (Voiding cysto-urethrography)

Usually not indicated in the evaluation of isolated GH.

But, consider in
suspected posterior urethral valves
suspected urethral causes of hematuria
polyps
meatal stenosis
urethral stricture

SNUHY ‘igimacizorss
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Painful (nontraumatic) GH

Principal differential diagnosis is
urolithiasis
tumor
ureteropelvic junction(UPJ) obstruction...

CT scan

useful in the painful hematuria, a negative kidney and
bladder US, and high clinical suspicion for urolithiasis.

Ultrasonography
limited sensitivity in detection of renal and ureteral stones.

SNUH® 4gdszotzorsa

Traumatic GH

CT scan
Contrast-enhanced CT is the best modality for evaluating
renal trauma.

Retrograde urethrography
If associated with pelvic fractures or straddle injury
- risk for urethral injury and disruption

Should undergo retrograde urethrography before Foley
catheter insertion.

Ultrasonography

Although US has been advocated as a first-line imaging
test in abdominal trauma, renal injuries are sometimes
missed.

SNUHY i

Cystoscopic evaluation

Cystoscopy can be useful at the time of hematuria
v Suspicious urethra and bladder pathology
v Lateralization
both: glomerular source
unilateral: urinary tract or vascular origin
— RGP or URS
v Limitation : General anesthesia

136 patients (40%) underwent cystoscopy.
60 cystoscopies (44%) : no findings

posterior urethritis 25, cystitis 25,
PUV 10, urethral stricture 6,
bladder mass 4

*The malignancy of the 4 patients was all initially identified by
ultrasonography. Greenfield SP et al. Urology. 2007

SNUH® 4gdszotzorsa

Lt. bloody efflux
SNUH® Agasoro

Urethral stricture

Kx:)

RS
Bladder hemangioma
SNUHY Mgtemoleoras

Transitional cell ca.

Rigid/Flexible uretero-renoscopy

5 4 ) Smallstons

SNUH® Agaezoizol

Kx:)
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Urethrorrhagia

A spotting of blood on the underwear after urination,
or voiding of clear urine followed by a few drops of
blood.

Most commonly seen in boys.

The etiology is unclear
meatal stenosis, bladder bowel dysfunction

SNUHY ‘igimacizorss

Urethrorrhagia

High rate of spontaneous resolution:
up to 92% routine cystoscopy is not necessary.

Urethral strictures are diagnosed in 14% to
60%.

A careful analysis of voiding symptoms
and uroflow is therefore imperative before
cystoscopy is considered.

Urinary tract infection

Most common cause of GH in children is acute
bacterial urinary tract infection.

Most commonly E. coli,
Immunocompromised or catheterized children
- Candida, BK virus, adenovirus infections

GH include fever, dysuria, urgency, or frequency.

Bladder bowel dysfunction place children (especially
girls) at high risk for UTI.

SNUHY ‘igimacizorss

Diagnostic consideration

Urine dipstick
hematuria, pyuria, nitrites, and leukocyte
esterase is strong enough to suggest UTI.

Foul smelling urine increases the probability of
diagnosing UTI.

Bladder-bowel dysfunction.
Clinicians should concern for vesicoureteral reflux.

In adolescents, a history of sexual activity is
important to identify sexually transmitted pathogens.

SNUHY ‘igimacizorss

Hemorrhagic cystitis

Exposure to the cyclophosphamid
and ifosfamide.
- a few days to months following CTx. and BMT

BK virus is the most common virus and adenovirus
has been correlated with hemorrhagic cystitis.

Hydration and restoration of plt. count
Continuous bladder irrigation, Transfusion

If needed, anticholinergics

SNUHY ‘igimacizorss

Renal mass lesions

Autosomal dominant polycystic kidney disease
- GH with flank pain and hypertension

Moderate or severe hydronephrosis
- may present as a renal mass, particularly in
neonates.
- GH due to vulnerability of the dilated
collecting system to minor trauma

Wilms’ tumor
- most common urological malignancy

SNUHY ‘igimacizorss
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Genitourinary tumors

Wilms’ tumor
Renal cell carcinoma

Rhabdomyosarcoma
- 34 most common malignant tumor
- hematuria, dysuria and urinary retention

Transitional cell carcinoma

Bladder hemangioma

Inflammatory myofibroblastic tumor of bladder
Patent urachus

SNUHY ‘igimacizorss

Urolithiasis (urinary stone)

Gross hematuria + flank pain, abd pain, vomiting
The majority of urolithiasis
Calcium based stone

(calcium oxalate, calcium phosphate)

Crystals irritate the urothelial lining, resulting
in microscopic or gross hematuria.

SNUHY ‘igimacizorss

Diagnostic consideration

Random urine
analyze characteristic crystalline patterns

24-hour urine collection
urine volume, pH, and metabolic composition
(e.g. calcium, oxalate, and phosphorus excretion)

Direct analysis of a passed, fragmented stone

Calcium stones are radio-opaque, while uric acid
stones are radio-lucent and will only appear on
non-enhanced CT (NECT).

SNUHY ‘igimacizorss

Stone Image & Weight

SNUHY ‘igimacizorss

Stone Weight: 27.6mg

Take-home message

Once glomerulopathies have been excluded, gross
hematuria most often has a benign underlying cause
in children and adolescents.

Obvious presentations, such as trauma or acute
flank pain suggestive of stones, require specific
imaging, usually CT.

Renal ultrasonography will identify most congenital

urologic conditions and malignancies.

SNUHY ‘igimacizorss

Take-home message

VCU may be useful in those with the ultrasound
findings of hydronephrosis or thick walled bladder,

those with a urinary tract infection, lower urinary
tract symptoms.

Cystoscopy has a role in evaluating children with
gross hematuria, but it should be reserved for the
few in whom hematuria persists or those with
ambiguous imaging study findings.

SNUHY ‘igimacizorss
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1. Pediatric KORDS

- BIBpARSH OF S ARISHS| S2 AP AOKSIRI SE 8% © Voluntary enrollment of ESKD pediatric patients by KSN and KSPN members
2. Suggestion o Analysis : patients <18 years of age with CKD grade 5

© 2020 total 8 +acenters (M 2TH, B, KT, SMTY, W), 240, 330y, 28M2d)

o Established by the ESKD registry committee, Korean Society of Nephrology

o undergoing kidney transplantation or dialysis (HD/PD)

Pedatric CKD Registry(~2019) [Peliatric KORDS Registry(2020°)]

Grades CKD grade 2to 5 CKD grade 5 treated by dialysis or KT
Age <20 years <18 years
o« L o
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Pediatric CKD registry (~2019)

1

Y
hies Hereditary glomerulopathies
(Alport syndrome, congenital NS)

CAKUT Reflux nephropathy, renal hypoplasia,
UPJ/UVJ obstruction, PUV, neurogenic
bladder.

Congenital obstructive uropathy

Primary renal disease classification

=) Pediatric KORDS (2020%)

-+
=
o r=
o2
oo
ox
g
3
o
0
o
2
F o
o%
%
> 1o
[ 1
4
=
29! I
ox ro
=
rx > i g
r2n = T

Cystickidney ~ Medullary
diseases ADPKD/ARPKD, others

Other non- Renovascular diseases, ischemic
glomerulopat  nephropathy
hies Drug/radiation-induced nephropathies
(Other NG)  ATN, interstitial nephritis,
Complications of transplantation, acquired
uropathies,
Trauma, tumors, etiology uncertain, others

2,3 = Chronic GN (GP)

4 =DM nephropathy / 5= HTN nephropathy

6= Cystic kidney disease

8= Acute pyelonephritis/interstitial nephritis
(CAKUT + Other NG)

9,13,14 = Drug-induced, tumor (Other NG)

10 = Lupus nephritis (GP)

12 = Congenital kidney disease (CAKUT + GP)

Distribution of primary renal disease (KORDS, 2020)

Total 87

:
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- Genetic dz (Primary oxaluria,
Alport syndrome, Glomerulopathy
(DDS, SIOD, genetic FSGS..)

-Genetic causer7t SF6{K|X| %42
20t glomerulopathy &

- CAKUT, preterm ...

o JE
- Joubert.. = cystic kidney dz

Pediatric KORDSS| SFZ W74t

-r

Discussion point

180 58 &

3

- 37 N HRZE Glomerulopathy, CAKUT 20| 23

2. Data Cleaning - L3t B 3t3] 56

3.9%7|
- Pediatric KORDS registry : 18Af 0|2t

¥

- O CKD registry & S, HIRA : 204 0|2 (USRDS 224 0|2

- KONUS data ; 194 0|2t
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2021 2 HEE7| X[ 9 3] 2t 30 2h 2,700,000
2021 & 58| GXHH|: F 10 3] 2t 30 Bt 3,000,000
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7y ge 7 Fe
2020 & stE|X] 10 €5 = 2020 & stE|X] 10 €= X
FMC: 1 LRI 770,000 LEEUAL ST 1,708,215
St=r 1 LHX|IZD 770,000 ofEt7| M2 MEHO|X| 2ZH| 660,000
SKADZ: 1 LHRIEL 770,000 M2 24 H 25 F15H]| 660,000
=R 1 WAEY 770,000 2020 A IHY 2HFE XM2H| 63,000
dEnoZ: 1 WAED 770,000

ot=: B4 &1 2,200,000 1,296,240
AteI): 1 LA ZD 770,000 M2PI 26 H 13 54| 495,000
FMC: 1 WiXIZ2 770,000 M2PI K 2HO|X| A FX|2H] 1,980,000

SKAOIZ: 1 HXED 770,000
=R 1 WAEY 770,000

42 2

2020 & HOj01F 427 315,000
Bz 187 195,000
moj$ol3 2 27| 225,000
mjol2 327 165,000
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Y J|Ef 2FH| = =l 7|Et 2GH| X
IE stelis] Ll X[ 1 5,626,161 rleIHe] goH] 107 2 22 140,000
5 ofsis] 2 X|EH| 2 2,990,000 ZHsQ 5| BloH| 2: 7Y Zt 29ty 140,000

ASE OIAt 10,196 rleIHEe] 2o 3: 7 2 22 140,000

N e =& N e XE
20202 327 BIM E7 785,540
17| 274 g7 658,630
2E7] Bt ER 4,108,630
3E7| Bt ER 4,709,650
MSARRA 2021 & A A 110,000
7R E~29) 1,320,000
BN =28= 550,000
J|EtASA 1 27 894,540
WNEESS N R R 89,380
J|BtASA 2 27 324,490
NYASN 2 27 32,420

CHe A22 29H)

CHe AlR2 S|

20204 1 E~12 &
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2|2fH| =

O[AlZl 18 26 : 11F 2f 22+ 220,000
O[Atz| 4 6: 14F 2 2 2+ 280,000
O[Atz] 6 16: 11F 2 22+ 220,000
H=XEeEe Zo=: 23] 2t 30 2 600,000
T=XHAE=] =loH] 1: 108 2 2 2 200,000
=AY =loH 22 11E 2 22 220,000

EX0|X} 230,031 IHHY HgH] g8 300,000
MZeaa 35,980 HEtolats| sl 1,500,000
o|m3 o3| 500,000

ASPNA ¢izH| g5 147,268

ASPNA SZH| X|¢ 239,667

oy ALK H22PH| 1,000,000

UMTIZXIR T8 S2H| Xjgh 1474 230 420,000

L33 uad skt 80,000

LAz MY e 89,900

S MHHIE 9,000

SEAL Y TEIME SEUSH]| 262,370

SS2USM Hg 2d 8,800

(1P [Eay= 11,000
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1) %71 49 oA ]
> 12} 20219 1€ 269 (3D 2291 AHI]9]
» 22k 20219 4¢¥ 6 (3D 281 A9
> 32k 20219 6¥ 169 () 231 A9
> 42k 20219 10€¥€ 13¢¥€ () 2RI A9

> hF A 2FTHI] & AFSHEA (FD)

> 49 25U F5A Ao IFAIY (Online 22 7iFd, F3-L2)
> 69 19¢ Higtaorilgets] EAIskEH S (Online)

SHAIASHS] (KSN 2021)

Sraropilgels] FAIskEH S (Online)

3) 20219 A F3ld o3 Ao A2

Hal sl g2

m
> | g
tou | toir | ton
rio

S 019 33 o 2 3| 18 alf=
5|2 123 37 14 14 58
=39 458

#2519 4

Sileld 2
e 591
2021 @ HASE 7HR 33
FalEdeld) 3
FelH(tY=ld) 15
2021 & OIS0 7HdAt 15
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> 20219 4143 7140 339

D> A3Y SACIA] 591, d3H] 9 AsH] GF 7|5 39
> =319 52 159

> 7FIZ 5 w5l A9 159

D> F4 vl5? 7HIA}E 587

o A3jH] 33] oY vid U 58%
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@ S0t

1) 2021 sh&dAb (R85 PAL 23
(1) KSN 2021 (2021.9.2.~5) A& / Pediatric CRRT 2021 F4&
(2) 20219 tigtioPgadat 83 Aokl QAR

o 2R T 20, TAH 16
o A% 1A 167, ZTAFE 204
(3) 20219 thetaopalgsls] FAskEt 3] (2021.10.22.)
FAstEN oA LR B3
A AAD/A 27 Q]

?l/AAHlab, ¥4, M54
o=, AgA, daet A4 A

2) AZAA] AZ: Aoto] i 20224
1) W& 39/4
(2) Key question/key words 4173
(3) tHetAIEs] AeAH AR o

D FAEHEH); BB, AHER
@ () B4, 9

23 B 9/54

SSAHES): AxlE
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3) YAty "Pediatric nephrology PGE course”

2H AlzZk FH| X}
o2 62 () 19:00-20:00  From big data to precision medicine S| (M SLH SR MH D} SHE)
= 5 : : Disease modeling using kidney organoids "
- :00 - 20: . . : = =2 ME LT
92 138(g) L0 - derived from human induced pluripotent stem cells SatrE=el L=
93 27U (E) 19:00-20:00 circulating factors in nephrotic syndrome EHH (B o|CH)
Single cell biology: technologies and biomedical PN Sl 1 el R i
2] 190/ 000
10218(8)  19:00-20:00 oo prieny
19:00-21:00  Pediatric aHUS Medical Symposium E3h HBH( A 2a)
102 2621(3) 19:00-20:00  Atypical hemolytic uremic syndrome in children (Em Drlj,aémﬁ}grrfseggsfe?;
20:00-21:00  Korea case sharing: An approach forimproving RIEETEPYETE
diagnosis of pediatric aHUS
112 8%(&) 19:00-20:00 Genetic steroid-resistant nephrotic syndrome/FSGS utRZI (BRIl
. " s g Steroid-Sensitive Nephrotic Syndrome in Children: xos{ (A Eo|r
11E158(F) 13:00-20:00  po ont Guidelines from KDIGO zelE(@=el)
119 229(8)  19:00-20:00  Microbiome studies in human diseases B $=(BH2lchE a M st
112292(2)  19:00-20:00 Child_hoc:d nephrotic sy_ndrome cohort study: oren|(xo|t)
= a review of current findings
1286(Y)  19:00-2000  Proteomics® A St gl(M st mEgl)

4) olsraY Fu detaobdadnels A “dWE AE A
S0l Qi A dolold WAE Akt XzakA] et
—~ 27, AANFL 71 T1&Tte] AET
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1) 20214 7.20Y, 9.14Y 7+339] 3, 43 3]9]
o =RET W =EAXE /A, EWe, kx| ZAS A 5 =9

2) FAEY 1295 &0 F (FH 1, ¥4 3, 9 4

3) &%
(1) FE=2 39 (turn-it-in/cross checks) A& AR/} 24 28 & E11

(2) Conflict of interest: personal connections (minors (age under 19) or researchers family
members (spouse, offspring, relatives, and so on) BA| &7}

(3) ARt 22 718 =24 BiA

4) <9]8] LA

&4, v A, o =2 AR

ol
(3) &obilgste] Aw] eE=A (202219~)

5) sk&=A] ZASk Pubmed central A1 A1 (2021.9.17)
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ExE 4 FEUE
FANALDZTE 2 oo
t2t4-o417388] A (Childhood
Kidney Diseases)°ll, A1AAZ H4
S 1Hol4e ¥ ==& AASHAY
ARAE SEAE AlEskooF *tt.
&R 4 FEUE (HE3)
ERARS] #9 F8 28 T AR
FANALZRE 29 oo digta: | =EolHTE v& 83 F SiE W | A
oRA1E8] 4], Korean Journal of | ok A9 AQe A5t
==AE Pediatrics, Hist A138rs]x] -2
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@ HEO|A}

1)

2)

ORIV Y 'S4 IF Y E8 omT]7] AR
MedcompAte] SPLIT CATH III A& (10~30kg HD catheter) =% o5-of tiall AHE Q4519 'off
AA o] FIEA] Qo] "ggloz ol HW

A o= oA ZRAFE ASA A=A ol 84 A
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o PANY: 2021 thstAobilAsHs] EASREUS] 2 A|223] AedE
e UA: 20214 6¥€ 19¥4(E) 07:55 - 12:30

e Z13Y: Online Web Seminar

° Egj%

AlZt oz g, Ext
07:55 - 08:00 JH2IAL CHotAOrIEret] OJARY OfEjd
AHPZE | B ATHL(S ML)
08:00 - 08:30 PRI MARRE YOOF & EHEE] fA(@H2h)
AHSZE I A3 Hi7|(0r=2rH)
08:30 - 09:00 Acid-base disorder Yslg(Ma2t)
09:00 - 09:30 Fluid therapy RIS (QIH|2|H)
09:30 - 10:00 Q&A
AL I I WISHEUHEEE YLEe)
10:00 - 10:30 Disorders of Sodium balance 0| 3|(71E=Qlth)
10:30 - 11:00 Disorders of Potassium balance St 5|(HI==2lcH)
ASYH IV g f71E(11 o))
11:00 - 11:30 Renal Tubular Acidosis O|FZ(84tlrH)
11:30 - 12:00 Bartter/Gitelman syndrome HollM(7I=2h)
12:00 - 12:30 Urinary tract infection 0| &(0]=telch)
12:30 HSA & ARNES CHetaOriErets| 3% =03
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5. Al%

1) A7 =it

e A& Malignancy after Pediatric Kidney Transplantation: The 30-Year Experience of a
Single Center

o A2} HAL
Jiwon Jung!, Young Seo Park®, Duck-Jong Han?

o A ZAtojd] AZohEd
'Department of Pediatrics, Asan Medical Center Children's Hospital, University of
Ulsan College of Medicine, Seoul, Republic of Korea, Seoul, Republic of Korea
Department of Surgery, Asan Medical Center, University of Ulsan College of

Medicine, Seoul, Republic of Korea

2) Childhood Kidney Diseases 49184+
o g8 dg2

3) Childhood Kidney Diseases -54IAMY
o gy Ao

o 2d QYO A

4) thkaolAlete] FAATH
o 4: e
o 2 Aol

o A%: @ Aot WEBO] QA FF L FAA Ho] BA

5) Higtaorigets] SR ATH]
38 tast
o && Ao

o A& AT GAR A& RES S AR diet A
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