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B 0630pe npeactaBiaeHbl 0CHOBHLIE M YyTOYHSIIOLME METOAbI ANArHOCTUKM, MPUMEHSIEMbIE A1 BepPUPUKALIMU MOBPEKEHNS
rnoyek y getei. Kpome Toro, nokasaHbl HEJOCTATKM CTapbIX M BO3MOMHOCTM HOBbIX METOOB AMAarHOCTUKK. B pa6ote npes-
CTaBJIEHb! aropPUTMbl AUArHOCTUKM, KOTOPbIE, 6a3npyach Ha AaHHbIX HOBbIX U CTapbiX METO/O0B UCCeA0BaHMS, N03BOJSIOT:
BO-MepPBbIX, ANArHOCTUPOBATL YPOBHM MOYEYHOI0 MOBPEXKAEHUS; BO-BTOPbIX, ONPEAE/IUTb 3TUONOIUI0 6ONE3HN U, B-TPEThUX,
OLIEHUTb CTaAMI0 HAPYILLIEHUS MOYEYHOH PYHKLIUM.

KnroyeBble cnoBa: 60/1€3HM NOYEK, ANarHOCTUKA, CUMITOMbI MOPaXEHUS MOYEK, AETH.

BpoxaeHHble M npuobpeTeHHble 3abosieBaHUs MNoYeK McxoaoM XpOHWYECKMX GONE3HEN MOYEK ABNSETCH Tep-
B [JETCKOM Bo3pacTe BcTpevatotcss 4vacto. Okono 10% MWHanbHas noyevyHas HegocTaTodHocTb (TIMH), npeactas-
neBoyek 1 5% ManbynMKkoB A0 18 neT nepeHocsT 04HO Un nawowas 60Mbluylo TepaneBTUYECKYIO, IKOHOMUYECKYIO
HECKO/IbKO 3ab0/ieBaHMK MOYEK, MMEKOLWNX pPasnyHyo M coumnanbHyto npobnemy. CMepTHOCTb NauyueHToB ¢ TIMH
Ho3onoruio (Taén. 1). B 10 pa3s npeBblllaeT TaKoBYlO B 06Llen nonynaumu [1].
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Rational diaghostic methods and algorithms
for detecting kidney diseases in children

This review summarises the basic and essential laboratory tools for identifying and differentiating renal diseases in children. Furthermore,
it describes the limits of out-dated techniques and the potential of new diagnostic laboratory methods. Diagnostic algorithms are shown
which, together with supplementary methods allow, firstly, the diagnosis of the location of renal damage levels; secondly, clarification
of the etiology of the disease and, thirdly, the characterisation of the stage of the renal function disorder.
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Ta6nuua 1. Yactota 3a6oneBaHuil NOYeK B AETCKOM Bo3pacTte

3a6oneBaHusa

YacroTa

BpoxaeHHble aHOManMn NoYeK U MOYEBbIX NyTen

OKo110 1% BCex HOBOPOX/AEHHbIX, Yalle Mab4uKu

BakTepuanbHble UHPEKLUU MOYEBBIX NyTEN

7,8% neBo4yek 1 2,5% Manb4ymKoB 0 7 neT

BpoxaeHHble U NPUOBPETEHHBIE TOMEPYNAPHbIE

YactoTa HedpoTHyeckoro cuHapoma 16 Ha 100 000 peten. HedpuTuyeckumn
CUHAPOM MK U30/IMPOBAHHAs reMaTypust U NPOTEMHYPUSA BCTpeYatoTcs valle,

3aboneBaHuns !
4yeM HedpPOTUYECKUA CUHAPOM

Ty6ynonatuun Pepnko

PeHoBacKynsipHble 3a6oneBaHus Penko

OcTpas noyeyHas HEAOCTATOYHOCTb

15-20 HOBbIX Cy4aeB Ha 1 M/H geTen B rog

TepMuHanbHasa noYyeyHas HeaoCTaTO4HOCTb
(Mcxop BbileonUcaHHbIX 3a60/1eBaHUI)

7-9 HOBbIX cny4aeB Ha 1 MSIH AeTew B rog

MNoyeyHas 3amecTUTENbHAsA Tepanusa B 60/bLLIMHCTBE EBPO-
NencKmnx ctpaH obxoamtcs B €20000-50000 Ha ogHoro
nauneHta B rog. MauneHtol ¢ TMH cocraBnsiotr 0,025%
obuen nonynaumMm HaceneHus ctpaH EBponenckoro coo6-
lecTBa, HO Ha WX nedveHue pacxoayetcsa ao 1,8% rocy-
[lapCTBEHHOr0 GlOAXKETa, BbIAENAEMOro Ha MEeAWULMHCKYIO

nomMoub. [2]. Takum o6pa3oM, rMaBHOW ULeNblo COBpe-
MEHHOW Hedponorum ABASETCS MaKcuMalibHOoe npoasie-
HUe GYHKLMW COBCTBEHHbIX NMOYEK nauueHToB. [Nns aToro
Heob6xoauMMa onTUMalnbHas opraHusaumsa Hedposormye-
CKOM CNy6bl, KOTOpas 3aBUCUT OT MHOXecTBa GaKTopoB
(puc. 1). B Tabn. 2 gaHbl COOTHOLWEHUS KOAMYyecTBa cre-

Puc. 1. OnTuMn3aumsa 4eTcKkon HedponornyecKon cnyobbl (AN UCKIOYEHWUS TMNO- UK TMNEPANArHOCTUKM BaXKHO NPpUMeEHeEHWe
YCTaHOBNEHHbIX U CTaHAapPTU3NPOBaAHHbIX METOA0B AMarHoCTuKKM). AgantuposaHo ot Campbell H. et al., 2008 [3]
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Nekuyunsa

Ta6nuua 2. Jemorpadunyeckne nokasartenu AeTCKon Hepponornieckomn cnyx 6ol B EBpone n Poccun B 1998 1. [4]

Ha 1 maH ageTckoro HaceneHus
CneuuanbHOCTb
Poccus EBpona
[eTtckune Hedponoru 4,4 49
MeaunaTpbl CO cneLmnanbHbIM MHTEPECOM B 061aCTU HedPONormun 6,0 5,8
Konuuyectso Hedponoros Ha 1 negnatpa 1/446 1/145
KonunyecTtBo negnatpoB co cneuuanusauunen no Hepponormum Ha 1 neguartpa 1/335 1/123

LMannMCToB K NONynsauun LETCKOro HaceneHus EBponbl
n Poccuun, nonyyaiouien Hedposiornyeckoe ieveHume.
[Mporpecc coBpeMeHHbIX METOLOB ANArHOCTUKU B AETCKOM
HedponorMm No3BONSET YCOBEPLIEHCTBOBATbL Hedposo-
rMYecKylo nomollb feTaM. HoBble MeToAbl, KaK npasu-
J10, O4eHb [0POrK, B CBA3U C YEM [OMKHbLI NPUMEHATLCH
Mo CTPOrMM NnoKasaHuAM. PyTUHHbIE UCCneloBaHUSa MeHee
3aTpaTHbl, HO UX BO3MOXHOCTU OrpaHuyeHbl B Mojly4eHuun
NonHow MHbopPMaLMK O cTeNeHU NopaxeHus novek. Kpome
TOr0, K COXXaneHuio, UX MoTeHUMan 4acto UCMonb3yeTcH
He nonHocTbio. OKasaHWe NoNHOLEeHHOW Hedponormyeckom
NOMOLLM AETAM BO3MOXHO NPU NPUMEHEHUU CTaHOapTU3K-
pPOBaHHbIX METOA0B NabopaTopHOM AMArHOCTUKKM U nede-
HUS. BaXHO NOMHWTb, 4TO BCE HOBOE M JOPOroe — He Bcer-
[a caMoe nydluee.

[AnarHocTuKa B AeTCKON Hedponorum

MNomumo TuwaTenbHoro c6opa aHaMHe3a U KIMHUYECKOro

OCMOTpa nauueHTa, peKoMeHayeTcs NpoBeaeHuMe:

® UccnegoBaHUi MouM;

° UccnegoBaHUM KPOBY;

®  WHCTPYMeHTa/lbHbIX UCCNEeA0BaHUN;

e OGMWOMCUU MOYKM C MOPPONIOrMHEeCKUMU UccnefoBa-
HUAMMU;

®  MOHWTOPWHra NPUHUMaEMBbIX JIEKAPCTBEHHbLIX MPenapaTos;

® MOJIEKYNAPHO-GMUONIOTMYECKUX UcCnefoBaHnin (6uo-
MapKepbl);

®  MONEKYNAPHO-reHeTUYECKUX UCCEefOBaHNUN.

K rnaBHbIM 3KCTpapeHanbHbIM MposiBNEeHWAM 3aboneBa-

HUM MOYEeK OTHOCATCH OTEKMU (AMArHOCTUYECKUM aNlropuUTM

npeactaBlieH HWXe) U apTepuanbHasa runepreHsua (Al).

Ans BbigBneHus AlC TpebyloTca 3HaHWe BO3PAacCTHbIX HOPM

(ta6n. 3) U NpoBEAEHNE CYTOYHOIO MOHWUTOPUHIa apTepu-

anbHOro aBneHuns.

Kak BMAHO “3 Tabn. 4, cneKTp KIMHUYECKUX CUMMMTOMOB

npu 3a6oneBaHUsAX NoOYEK HeJOCTaTOYHO MAaTOrHOMOHUYEH.

MoaToMy ycTaHOBEHWE AMarHo3a 6e3 LeneHanpaBieHHbIX

NabopaTopHbIX U MHCTPYMEHTaNbHbIX METOA0B UCCNefoBa-

HUSi HEBO3MOXHO.

1. UccnepoBaHua MoO4M

[na nccnenoBaHUs BaXKHO MCMONb30BaHME cpefgHen nop-
LMW BTOPOM YTPEHHEN CBEXEBbINYLWEHHON MOYM 6e3 npu-
MEHeHUs cTabunmaaTtopoB. TeM He MeHee, ec/in HeT BO3-
MOXHOCTM MPOBECTU 3a60p MOYM pPaHO YTPOM, MOMKHO

cobpaTb MO4y B TedeHne AHs. NpumeHeHne ctabunumsaro-
poB onpaBAaHO B PEAKMX chaydasx, Hanpumep, npu cbéope
MOYM 415 OnpeaeneHus aKCKpeLnn okcanatoB. He oTkna-
OblBanTe c60p MOYM, TaK Kak BO3MOMKHO, 3TO nocneaHsas
MOYa, KOTOPYIO MaLMEHT CMOT BblAENNUTb.

[eweBbiIM U TOYHbIM METOAOM CKPUHWUHIOBOrO WUCCNeno-
BaHWS MOYM SIBNAETCA MPUMEHEHWE TECT-NMOJIOCOK (Kade-
CTBEHHbIM aHanu3). MNOoMA0CKM MOMHO MPUMEHATb Aaxke
B TPOMMYECKMX ycnosuax [6]. B cnyyae otcytcTBMA rema-
TYPUN/TEMOTNOBUHYPUN UNN NTENKOLMTYPUU, NPOTEUHYPUN
(1Y), rnoKo3ypumn, HEO6XOAMMOCTb B MUKPOCKOMUYECKOM
uccneaoBaHnn Moy oTnagaet. lNpu obHapyxeHun nato-
NIOTMY4ECKMX HaxOAOK MPMU MCCNeaoBaHMU TeCT-NMOMOCKOM
HEeo6X0AMMbl fanbHeNlne KOAMYECTBEHHbIE OGUOXUMMU-
YeCKME M MUKPOCKOMUYECKUE wuccnefoBaHusa. EanHUuen
U3MEPEHUs cofepKaHMa XMMHUYECKUX BeLeCcTB B MoYe
ABNAIOTCS IUTPbI (HaNpUMep, BEPXHNAS rpaHnL,a HOPMbl anb-
6yMnHa B Moye 20 Mr/n), a Konuyectsa KIETOK — MUKPO-
NUTpbl. NS HUBENWPOBAHUSA Pa3fiMyHbIX KOHLUEHTpaLun
BELeCTB B MOYe PEKOMEHAYETCH MCMNOAb30BaTb OTHOLIE-
HWE WX YPOBHS K YPOBHIO BELLECTBA, IKCKPELMS KOTOPOro
NMOCTOSIHHA B TeYEHWE CYTOK. TaKMM BELLECTBOM SIBASETCSH
KpeaTnHWH. OTHOLWEHWE YPOBHS onpeaensemMoro selecrsa
K KpeaTWHWHY B MOYe MOMET BblparkaTbCs B MMOJIb Belle-
CTBa/MMOJIb KpeaTUHUHa, TM60 B MI BellecTBa (Hanpumep,
6enka/MmMonb KpeaTtuHuHa) (Tabn. 5).

BonbWKWHCTBO AeTen ctapwe 2-x NeT nNpu HOPManbHOM
NMUTEEBOM PEXUME MUMEIOT YPOBEHb KpeaTUHMHA MO4M
5 + 4 mmonb/n. MoXeT ObITb OLIMOKA «pa3BeAEHNT MOYN»,
Korga KpeaTMHUH MOYM COCTaBASET OKOMO0 2 MMO/b/N UK
«KOHLLEHTPUPOBAHMUS MOYM» MPU KOHUEHTpauMuM OKOJO
12 mmon/n. Toraa nokasaTenu KpeaTtMHUMHOBOro Koaddu-
umeHTta (KK) otnnyatotcs OT UCTUMHHBLIX B 2—3 pa3a. [pu
KOHLEHTpaunn anbbyMnHa B Mo4ve 1 r/n, TO eCcTb npwu
50-KpaTHOM ero nosbilweHnn, pacyer KK He Tpebyertcs.
KK Bcex BelecTB Yy rpyaHblX AeTen Bblle, YEM Y CTapLUUX
neten. 310 CBA3AHO HE C MOBbLIWEHHOW WX 3KCKpeuuen,
@ CO CHUWXEHHOW 3KCKpeLMen KpeaTMHWHa K3-3a Mason
MblileyHon Macchkl. Hopma KK y HOBOpOXaeHHbIX B 4 pasa
BbllLE, YeM y cTapwux geten. Mpu onpeagenennn KK Heob6-
XOAMMOCTb B OMpeAeNieHnn CYTOHHOM 3KCKPEeLUN BeLlecTB
oTnajaert.

Ana npaBuUNbHOW WHTEpPNpeTaLmMmU 3KCKPELIMU INEKTPOSIU-
ToB (Na, K, Ca, Mg, Cl, P) c MO4oM BaxHO 3HaHWE WX YpOB-
HeW B CbIBOPOTKE KPOBM U CYTOYHbLIV NPUEM. YHeCTb nocnes-




Ta6nuuya 3. CyTo4HOE MOHMTOPMpPOBAHWE apTepranbHOro AaBneHus y aeten [5]

Manb4uku

24-yacoBoe Al

AHeBHoe A[] (08:00-20:00)

HouHoe A/l (08:00-20:00)

Hate 50-i 95-i 50-it 951 50-i 95-ii
nepueHTu/b nepueHTulb nepueHTulib nepueHTuib nepueHTu/lb nepueHTu/b
120 105/65 113/72 112/73 123/85 95/55 104/63
130 105/65 117/75 113/73 125/85 96/55 107/65
140 107/65 121/77 114/73 127/85 97/55 110/67
150 109/66 124/78 115/73 129/85 99/56 113/67
160 112/66 126/78 118/73 132/85 102/56 116/67
170 115/67 128/77 121/73 135/85 104/56 119/67
180 120/67 130/77 124/73 137/85 107/56 122/67
[eBOYKH

24-yacoBoe A[l

AHeBHoe A} (08:00-20:00)

HouHoe A/l (08:00-20:00)

PocT, oM 50-i 95-i 50-it 95-it 50-i 95-i
nepueHTulib nepueHTuIb nepueHTulb nepLueHTu/1b nepueHTulb nepueHTulib
120 102/65 113/73 111/72 120/84 96/55 107/66
130 105/66 117/75 112/72 124/84 97/55 109/66
140 108/66 120/76 114/72 127/84 98/55 111/66
150 110/66 122/76 115/73 129/84 99/55 112/66
160 111/66 124/76 116/73 131/84 100/55 113/66
170 112/66 12476 118/74 131/84 101/55 113/66
180 113/66 124/76 120/74 131/84 103/55 114/66

Ta6auua 4. KnnHmyeckne cuMmnTombl 601€3HEN MOYEK

Monuauncus, CHUKeHUe anneTuTa, 6NeaHOCTb, CNabocTb, YTOMISEMOCTb, IMXOPajKa,
0O6Le CMMNTOMbI OTEKM, aCLUT, IKCUKO3, KENy[O0YHO-KMULLEYHbIE CUMMTOMbI, UBMEHEHUS KOXMK
(cucTeMHast KpacHas Bon4YaHKa, BaCKynuTbl), apTepuanbHas runepToHUs, TyroyxocTb

N3meHeHusa anypesa, MO4EBOro ocajKa

Onurypusa/anypus, Noanypus, AU3ypust, NoANaKUypuUs, HUKTYPUS, 3HYpes, 3aleprKa
MOU4HU, (MaKpo-) remaTtypus, NeHUCTas Moya (NPOTEUHYPUS), NEVKOLUTYPHS

CMMNTOMbI MOPaXKEHWUs1 IHAOKPUHHOM cUCTeMbl | HM3KOPOCIOCTb, OTCTaBaHMe B Pa3BUTUM

CMMNTOMbI NOPaXKEHWUsI HEPBHOW CUCTEMDI OcTpble NPUCTYMbl (06MOPOKHK, CyOPOrk), HapYLLIEHUS 3PEHMUS, TONIOBHbIE 6O

Bonesoi cMHAPOM Bonu B knMBOTE, B NOACHULE, B KOCTAX

CTurmbl au3ambpuoreHesa

MopoKK pa3BuUTUA UL, YLIHOW PaKOBUHbI, KUCTEN, NO3BOHOYHMKA, CTOM U GOKOBbLIE
LEeMHbIEe CBULLMX

Ta6nuua 5. SKCKpeuus BelwecTB C MOYOM N0 KpeaTUHUHOBOMY KO3ddULMEHTY B BO3pacTHOM acnekTe (95-1 nepueHTwunb) [7, 8]

BeluecTBO/KpeaTHHUH, BospacT, rogb!

MMo/b/MMOJIb 1/12-1 1-2 2-3 3-5 5-7 7-10 10-14 14-17
HaTpui/KpeaTuHuH 54 58 56 57 51 42 34 28
Kanuin/KpeaTuHuH 74 68 63 48 33 22 15 13
Kanbuun/KpeatuHuH 2,2 1,5 1,4 1,1 0,8 0,7 0,7 0,7
MarHuin/KpeaTtuHuH 2,2 1,7 1,6 1,3 1,0 0,9 0,7 0,6
docdat/KpeaTUHWH 19 14 12 18 5 3,6 3,2 2,7
OKcanat/KpeaTtuHUH 0,17 0,13 0,1 0,08 0,07 0,06 0,06 0,06
MoueBas Kucnota/KpeaTuHuH 1,5 1,4 1,3 1,1 0,8 0,56 0,44 0,4

i

NEAUATPUYECKASA ®APMAKOJIOIUSA /2009/ TOM 6/ N2 4



Nekuyunsa

HMI daKTop ydaeTca peako, 3a MCKIYEHUMEM CclyvaeB
napeHTepanbHOro BBEAEHUA 3JIEKTPONUTOB. Hanpumep,
npu runokannemumn 3,0 MMonb/n Kanumypusa < 20 MMONb/N
CBMIETENLCTBYET O HOPMasbHOM 3KCKPETOPHON YHKLUU
noyek. lMpu runepkanvemumn 6,5 MMOAb/N Kanunypus
< 20 MMONb/N — MpPU3HaK MNOYEYHON HEeLOCTaTO4HOCTU
C 3adepKon K, Tak Kak 300poBble MOYKU AOSKHbI JKC-
KPEeTUpOoBaThb Kasini B MOBLILLEHHbIX KOJIMYECTBAX — OKOJI0
80 mmonb/n u Bblwe. Ocoboe BHMMaHWE HeO6XOAUMO
obpallatb Ha 3KCKpeLMIo KanbLue, TaK KaKk ee MoBbllle-
HWE COMPSXEHO C BbLICOKMM PUCKOM HedpoKasblLMHO3a
n Hedbponutrasza. OnpegeneHne aKCKPeLnn opraHn4ecKmx
KWUCNOT (UUTpaThl, OKCanaThl, ypaTbl) NPOBOAUTCA NPU NoJO-
3PEHUN Ha rMnepoKcanypuio, rmno- Ui rmnepuuTpaTypuio,
rMNOypPUKO3ypuio. 3TO UCCNeloBaHWUE BbINONHAETCA B cre-
LmanbHbIx labopatopusax (0YeHb AOPOroCTOALLMMA MeTon).
Ana onpepeneHns pH ¥ OTHOCUTENLHOW MAOTHOCTU MOYM
PEKOMEHIYIOTCH KONMYECTBEHHbIE METOAbI (onpeaeneHue
pH 1 0OCMONSAPHOCTH), TAK KaK TECT-MONIOCKU B JaHHOM CIly-
Yyae ManoMHOOPMaTUBHbI.

1.1 NMpoTeuHypus, BKaIOYaa NPOTEOMUKY MOYU
MpoTtenHypus (MY) — npusHak 3a6osieBaHUsa NoOYeEK U Map-
Kep noKanusauuu U TAXKECTU MOYEYHOro MNOBPEAEHUS.
[Mpy TaKkuX COCTOSAHUAX, KaK Nnxopafka, 3HayuTenbHas
du3nyecKkasa Harpyska, rematypus u UHOEKUUA MO4YEBOM
CUCTEMbl MOXET ObITb TPAH3UTOPHOE MOBbLILEHWE anbOy-
MUHa B Moye. NccnegoBaHne aKTMBHOCTU NpoTeas B Moye
TaK e BawHO Ang Hedponora, OLHAKO AN UCKIIOYEHUSA
AMarHoCTMYeCKUX OWUOOK HEeobXOoAMMO MPOBOAUTL €ro
B MaKCMMalibHO paHHUe CpoKu (Temnepatypa 8°C cHuaet
WX aKTMBHOCTb, MO3TOMY MOYY MOXHO XpaHWTb HECKOJIbKO
4acoB A0 uccnegoBaHus). HopManbHble 3HaYeHUst NpoTeu-
Hypuu NpUBeAEHbI B Ta61. 6.

Ta6nuua 6. HopMbl NpoTenHypun

NS QWarHOCTMKM MPOTEMHYPUM MOMKHO WMCNONb30BaTb

onpeaeneHne Taknx nokasartenen, Kak [9]:

e 06NN BENOK;

° BefKuU-MapKepsbl: anbOyMuH, al-MUKPOrI06YAnH, TPaHC-
deppuH, 1G;

° 3nekTpodopes: uennonolo-auetatHbii, SDS-PAGE
(B nonnakpunamugHom rene) [11];

o  depmeHTypus: NAG (N-aueTtun-B-rnioko3amuHugasa),
AAP (anaHuH-amuHonenTuaasa) v ap.;

° MpPOTEOMMUKA;

e 6uomapkepbl (bepmeHTbl, NGAL).

lMpuMeyaHue: ManosaTpaTHbIM SBASETCA METOA NONYKOSU-

4yeCcTBEHHOro onpeaenexus MY y aeten ¢ HePpPOTUYECKNM

cuHapoMom ¢ nomouwptio 20%-ro pactBopa cynbdocanu-

LMN0BOM KMCNOThI (2 I cynbdOoCanmuUmnnoBON KUCAOTbl pas-

BECTM B 8 M1 ANCTUANMPOBAHHOM BOAbI): K 2—3 MA MO4Mn

[06aBuTb 3—4 Kanau roToBOro pactBopa M XOpoLWo pas-

MewaTb. MHTepnpeTauuns pe3ynbTaToB:

® MOYa OCTaeTcsl NPO3payvyHON: OTpULATENbHbIN pPe3ynbTar;

® JlerKkoe noMyTHeHue (4biM B KOMHaTe): 1+;

® yMepeHHOoe NOMYyTHEHMWE (MOSIOKO C BOAOW): 2+;

® BblpaXeHHOe NOMYyTHEHME (Cblp), OCafoK: 3+.

PactBop cynbdocannumioBon KMCAOTbl MOXET XpPaHUTbCS

ANUTENbHOE BpeMs.

OnpepeneHune oTHoLWEHUS BENOK/KpeaTUHUH B MOYe 3aMe-

HMNo 24-4acoBor c60p Mo4M 6e3 NoTeEPU ANArHOCTUHECKOM

YyBCTBUTENLHOCTU U cneuuduyHocTn. OnpeaeneHme ypoB-

HSA obuiero 6enka B moye 6e3 6enKoB-MapKepPOB He aaeT

HUKaKoON MHdOPMaLMK, B YaCTHOCTH, He NO3BoNseT andode-

peHuMpoBaTb MOMEPYNSpHYIO U Ty6ynsapHyto MY, Torga Kak

HOBble MeToAbl 3aneKkTpodopesa ¢ pasgeneHneM 6enKos

MOYM B 3aBUCUMMOCTM OT UX MOJIEKYNSIPHOrO Beca Mo3Bo-

natoT 310 caenatb [10]. HanpoTtus, Lenntono3Ho-aueTaTHo-

reneBblv aNeKTpodopes KaK yCTapeBLWNn METO HE JOMKEH

Benok AnbGYMUH Q-MUKPOrno6ynauH
3aopoBble B MoYe KpeaTHHWH B MoYe B Moue KpeaTMHUH B MoYe B Moye KpeaTHUH B Mo4e
>A2e'1r1v;1 mr/n mr/r Mr/MMOJ1b mr/n mr/r Mr/MMOJb mr/n mr/r Mr/MMOJb
<100 <100 <10 <20 <20 <5 <10 <b <1
Ta6auua 7. AMroput™ anbbyMuH — al-MuKporno6ynuH (AAA) [12]
AnbGYMHUH/KpeaTUHUH MOYU, Mr/T «l1-Ml'/KpeaTUHUH MOYU, Mr/T MpoTteunypusa
<20 <5 Hopma
> 20 <5 nomepynspHas
<20 >5 Ty6ynsapHas
Pacyet no ¢opmyne:
>20 >5 al-Ml X 100 / (a1-MI + A)
> 15% — rnomepynsapHas; < 15% — Ty6ynapHas

lNpumevarne.
al-MIN — al-MUKpPOrNo6ynuH.



npuMeHaTbes. HedpenoMeTpuyeckun MeTof onpeaeneHus
6eNKOB-MapKepoB C MUcnonb3oBaHMeM anroputma AAA
(Tabn. 7) no3Bonset 6bICTPO AuddepeHuMpoBaTh MomMepy-
NIAPHYIO U TYGYNAPHYIO ANCODYHKLMMK (pUC. 2).
HesHauutenoHasa anb6yMuHypus B npegenax 20-100 mr/n
(Tak Ha3blBaeMas MUKpoanbOyMUHYPKUS) paccMaTpuBaeTcs
KaK paHHWUIW MHOWKATOP NopaxeHUs NoveK (Hanpumep, npu
anabeTnyeckon HedbponaTun, cepaeyHo-CoCyanCTbIX Hapy-
LEHMSX NPWU 3CCEeHUMANbHOW TMNEPTOHUN). Takue pepmeH-
Tbl MO4M Kak N-aueTtun-6eta-D-rniokolamuHugasa v apy-
rMe no3BoNgalT AMAarHoCTUPOBaATb TOKCMYECKOE MopaXkeHue
KaHanbueB. MiccnegoBaHne GepmMeHTOB MOYM He aeT BO3-
MOXHOCTb AuddepeHunpoBaTtb TYOYNAPHLIE HapylleHUs
W rnomepynspHole 3aboneBaHUd Mexay cobou, No3Tomy
B PYTUHHOW NPaKTUKE He NPUMEHSAETCS.

HoBbI HEMHBA3MBHbLIN METOA AUArHOCTUKU — MPOTEOMMU-
Ka Mo4Yn — aBnseTcs oyeHb nHGopmatnBHbiM. Ha puc. 3
npeactaB/ieH NpuMMep MNPOTEOMUKU MOYM Y MauUeHTOB C
cvHApoMoM PaHKOHM. Tak, yCTaHOBNEHO, YTO 6BUOMapKep —
enaTMHa30-aCcCoOLUMNPOBAHHbLIA JIMMOKANINH 3HA4YUTENLHO
aKTUBU3UPYETCH MNMPU NOBPEKAEHUN NOYEYHbIX KaHabLEeB
M MOXET CBuAeTeNbCTBOBaTb 06 YPOBHE KaHa/bLEeBOro
nospexaeHus [13].

[aHHbIn MeToa NO3BONAET Ha OCHOBaHWKW BbIABIEHUA
pas3fnyHbIX NPOTEeoOMOB B MoYe auddepeHUMpoBaTb
MeXay COo60M pasnuyHble rIomMepynonartuum, Hanpumep,
IgA-HedponaTtuio oT poKanbHO-CErMEHTAPHOro rMomMepyno-
CKJIEpO3a U 601e3HU MUHUMaNbHbIX U3MeHeHUI. OaHaKo
npoTeOMMKa He 3aMeHuna 6Uoncuio.

1.2 MuKpocKonus Mo4u

MpyM NONOXKUTENBHOM peaKuMu TECT-MONOCOK Ha 3pu-
TPOUMTbI M NENKOUMTbl TpebyeTcs MUKPOCKOMUYecKoe
nccneaoBaHMe  CBEXEBbLINYUEHHONW HeUeHTPUPyrnpo-
BaHHOM MOYM. [lna 3TOro NPUMEHSAIOTCH CYETHble Kame-
pbl Neubauer, cogepxalme OAWH MUKPONUTP (puc. 4).
BepxHue rpaHuubl HopMbl: 10 ap/un y AEBOYEK U Mabyu-
KoB, 50 nenKk/un y rpyaHbIX U HOBOPOMXKAEHHbIX AEBOYEK)
n 10 newK/un (y Manb4ymMKoB).

PacnpocTpaHeHHOCTb aCMMNTOMaTUYECKON MUKporemarTy-
pun y aeTen WKONAbHOro Bo3pacTa coctaBaseTr 0,5-2,0%
cny4aeB (Y AeBOYEK BbIlle, YEM Y MalbYMKOB), MaKporema-
Typun — 0,13%. Mpn MUKPOCKOMNUK OCaKa MOYM BbiSIBIEH-
Hble 3PUTPOLUTBI HYXHO AnddepeHuMpoBaTb Ha peHanb-
Hble, UK FoMepynsapHble (AUCMOPdHbLIE) U NOCTPEHANbHbIE
(HE U3MEHEHHble), YTO BO3MOXHO MPU MCMNOJIb30BaAHUMU
$a30BO-KOHTPACTHOM MUWKpOcKonun. OnbITHbIM Hedposor
MOET pacno3HaTb AUCMOPOHbIE 3PUTPOLMUTBEI C MOMO-
b0 06bIYHOMO CBETOBOrO MMKPOCKOMa MpU YBEMYEHUU
B 400 pas. JanbHenwan anddepeHunaums aucMopdHbIX
3PUTPOLMTOB Ha NOArpynnbl TpebyeT 3aTpaT BPEMEHMU,
NO3TOMY OHa He MOXET 6blTb PYTUHHOW. JUCcMOPOHBIN 3pu-
TpouuT «MUKKKM Mayc» npefcTaBieH Ha puc. 5.
[MomepynapHas remaTtypus AuarHoCTUMpyeTcs npu AocTta-
TOYHOM KONMYeCTBE AUCMOPPHbIX I3pUTPOLMTOB (> 5-10%),
4yTO npeBblwaeT 3HavyeHne 200 ap/mn. B HedpoueHTpe
LETCKOM KIMHUKKM MeanUMHCKOro yHuBepcuTeTa [aHHOBepa
0BHapyXeHne 3pUTPOLMTapPHbIX LUIUHAPOB B OCaKe MOYM
B PYTUHHOM AMArHOCTUKE MCMONb3YeTCH TONbKO B Hesc-
HbIX cny4asx. KonMyecTBEHHbIN MOACYET KIETOK B CYTOHHOM

Puc. 2. lnarpamma gns AMarHOCTUKM NaToNorm4yeckom
NPOTENHYPUM NO IKCKPeLUn anbbyMrHa U al-MUKpornobynvHa

a1-Mukporno6ynuH (mr/n)
1.000 1
100 A
10 1 |
z ! ¢
J |
J |
|
1 T T T TTTTIT T T T TTTTI0 T T TTTTTIT T T T TTTTIT T
1 10 100 1.000 10.000
AnbGyMUH (Mr/n)
lMpnmeyvaHrne.

O6nacTb, HaxoasaWasncs Bbilwe NMMHUK A, COOTBETCTBYET TyOYNSPHOM
NPOTEUHYPUU (TPEYrONIbHUKK), HUXKE TIMHUK B — rnomepynsipHon
NPOTEUHYPUU (TOUKM) U MEXAY TMHUSMKU A U B — rnomepynsipHo-
TYGYNSApPHOM NPOTEUHYPUU (KBagpaThbl). [TYHKTUPHbIE TUHUK
NpeaCcTaBASioT BEPXHUE NOKa3aTeNM HOPMasbHbIX BEIUYUH

(ana anbbymnHa meHee 20 Mr/n u gns al-MuMKpornobynuHa
MeHee 15 mr/n).

Puc. 3. MNaHenb oTparkaet 24 nonunentnaa, onpeaenstoumnx
cuHAPOM PaHKOHM CO cneludUYecKUM NOAUNEeNTUAHbIM
XapaKTepoM, OT/IMYaIoLWMIA ero oT 340POBbLIX JIOAEN U NALMEHTOB
c XbIM [14]

Cco 3 Xbn

lpumeyaHue.

CP — npoteomuyeckuin npoduab MOYU y NALMEHTOB C CUHAPOMOM
®daHKOHU; 3 — y COOTBETCTBYIOLLMX NO BO3PaACcTy 340POBLIX AETEN;
XBIM — y naumMeHTOB € XPOHUYECKOM 6ONE3HbBIO NMOYEK;

A — NUKK NPOTEOMMUYECKOro NPodUNa y BCeX AeTew;

B — y peteit ¢ cuHApoMoM PaHKOHM.

Mo4ye no meTtoay Aganca He vHOOPMaTMBEH BCneacTBue
OWKNBOK cbopa MOYM U CMOHTAHHOIO Pa3pyLlIEHUs KIETOK.
Mpn OKpawunBaHWM NONS Ha TecT-nonocke npu 'Y Heobxo-
aMmo anddepeHuMpoBaTb 3PUTPOLMTYPUIO OT FreMO-, MUO-
rMOGUHYPUU.
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Puc. 4. CyeTHas kamepa Neubauer Ansi KOnM4eCTBEHHON OLEHKMU
KNETOK MOYun

[NaBHbIM NoKasaTenem GaKTepuanbHOM MHOEKLMM MoYe-
Bon cuctembl (MMC) aBnsaetcsa nemkouutypus. OaHako,
He no6as nenKkouuTypus aBnseTca cneacteBMem Gakre-
puancHon MMC: Hanpumep, cTepuibHas NEeNKOLMUTYPUS
npu TyGYyNnoUHTEpPCTUMLMaNbHOM HedpuTe, HedponutTuase
unu KkaHgugose. MNpu ageHosupycHon MMC nenkouuntypus
MOXET OTCYTCTBOBATb.

Mpn MUKPOCKOMMYECKOM UCCNeA0BaHUM MOYM HET HEOBXO-
aMmocTu anddepeHuUnpoBaTb NENKOLUTBI MO MOPDONOTMK.
BbisiBneHWe NogoumUToOB M KNETOK NapueTanbHOro anuTenus
BoymeHoBOW Kancynbl B MO4Ye — AOPOron MeToA AuarHo-
CTUKM NOYEYHOro NOBPEXAEHUS, TPEGYIOWNIA cneunanbHo
obopyaoBaHHOM nabopatopuu [15].

Mpn HedponuTMaze peKoMeHAyeTcs onpedeseHue Kasb-
UMs, UMCTMHA M OKcanaToB B Mo4ye. MUKpocKonuyeckas
anddepeHuMaumns KpUCTannoB He O4YeHb MHbOpPMaTMBHA
Npu OWArHOCTUKe runepkanbunypun. Mpu GaxkTepuypun
BO3MOXHa MMWKPOCKOMMYECKasi KO/IMYECTBEHHAs OLIEHKa
6aKTepuii, 0OAHAKO MWKPOBWMONOrMYECKOe WCCneaoBaHue
[JaeT 6Gonee TOYHble [aHHble O KOMMYecTBe M CBOMCTBaXx
MWKPOOOPraHn3mMoB. BbiaBneHne B Mo4ve rpubkoBon dno-

Puc. 5. JucmopdHbIi apuTpounT «MuKKn Mayc»
npwv rnoMepynsipHoOn rematypum

Puc. 6. HopmanbHble YpOBHM CbiIBOpPOTOYHOIO docdopa
B 3aBWCUMOCTHM OT Bo3pacTa [16]

docohop, Mmonb/n

BospacrT, roapbl

pbl BNSETCA OCHOBAHWM A/ MOCTAHOBKM AMarHo3a KaH-
anpgo3Hon MMC.

2. UccnepoBaHue KpoBMU

YpoBHu Na, K, Cl, Ca, Mg B KpOBM He 3aBUCAT OT BOo3pacTa,
Toraa Kak ypoBeHb docdarta MMeeT BO3pacTHble Koseba-
HUS: Y TPYAHbIX AETeil OH BbllWe, YEM Y AEeTEeN LKONbHOro
BO3pacTa (puc. 6).

YpoBHW MOYEBUHbI (MPM 3TOM HEO6XOAUMO Y4MUTbiBaTb
noctynneHne 6enKka, Katabonu3Mm, TSXKenble WAU XPOHMU-
yeckue 3aboneBaHus) M uuctatnHa C (nocne nepsoro
rofa YXW3HW) He 3aBUCAT OT BO3pacTa, TOraa Kak ypoBEHb
CbIBOPOTOYHOIrO KpeaTUHMHA MEHSETCS C BO3pacToM (yBe-
JIMYMBAETCS) BCNEACTBME HapacCTaHWS MbllEYHOM Maccehbl
(tabn. 8).

B cBS3K € 3TM BO3HMKAET BOMPOC, KaK oLieHUTb CKP? Mpun
nepBnYHOM o6CnefoBaHWN pebeHKa C naTonorMen novek
Mbl OMpeaensieM BCe TpW BbllleyKa3aHHbIX MapamMeTpa.
Y HOBOPOXAEHHbIX, FPYAHbLIX WMAW OYEHb AUCTPODUYHBLIX
[EeTen C XPOHMYECKOW MOYEYHOM HeaoCcTaTo4HOCTbIO (XIMH)
(Hanpumep, NpYM MWUENOMEHMHroUene WIn nevyeHOYHON



Ta6nuua 8. HopMaTBbI CbIBOPOTOYHOIO KpeaTUHUHA, LmucTaThHa C M CKOPOCTH KyB6o4YKoBOM dunbTpaumum (CKD) B 3aBMCHMMOCTH OT Bo3pacTta

(BayKHO y3HaTb B CBOEW flabopaTopui MeTo/ onpeaeneHua u paspaboTaTb CO6CTBEHHbIE HOPMaTUBbI)

Kpeatnunu LUucraTtuH C, CKo,
Bo3pact
MKMOIL/N mr/an mr/n M,/ MUH Ha 1,73 m2
3 aHd 80-130 0,8-1,5 1,2-24 20-30
7 oHen 30-40 0,4-0,6 1,0-2,2 20-30
1 mec — 1roa 25-40 0,4-0,6 0,8-1,6 70-100
2-8 net 40-60 0,5-0,7 0,6-1,4 90-130
9-18 net 50-80 0,6-0,9 0,6-1,4 90-130

HeAOoCTaTOYHOCTN) OTMEYaeTCs JIOKHO HW3KUIA YPOBEHb
KpeaTMHWHa B CBSI3M C Masion MbllEYHOM Maccom, Toraa
Kak umctatvH C nosbiweH [17]. 1S OUEHKM XKe nporpec-
cupoBanug XMH 6onee nHGoOpMaTMBHA AMHAMUKaA YPOBHS
KpeaTuHWHa, Yem umctatmHa C. KoHueHTpauus MoYeBUHbI
3aBUCUT He ToNIbKO OT CK®P, HO 1 oT Anype3a U MeTabonuns-
Ma 6esKa (NoBblWwaeTcs Npu KaTaboamM3me namM CTEPOUAHON
Tepanuu). Ee ypoBeHb BaxeH Ans onpeaeneHus nokasa-
HUM K ananndy (6onee 50 MMOSb/N), TaK KaK BbICOK PUCK
pPasBUTUS TMNEPOCMONIIPHOIO COCTOAHUSA U LiepebpanbHbiX
OCNOXHEHWUN, Torga Kak KpeaTuHUH M uuctatiH C B 06bly-
Hon ans XMH KoHUEeHTpaumMM He TOKCUYHbI ANna opraHM3ma.
Ansa oueHkn anHamuku CK®P npu XpoOHMYECKUX BONE3HAX
noyek (XbI) Heo6xoAMMO perynspHoe onpeneneHue ypoB-
HSl KpeaTUHUHA.

OnpeageneHmne n Kputepun XbI1

MauneHT ¢ XpoHMYeCcKoW 60MEe3HbI0 NOYEK JOMKEH UMETb

HUXKenepeuncneHHble KPUTEPUHU:

e CTpyKTypHOE WMAKN GYHKLMOHaNbHOE NMoparKeHWe Mno4veKk
6onee 6 MecsueB co cHUKeHnem CKD mnnmn 6e3 Hero;
N JOMONHUTENBHO OHO M3 HUXKEMNEPEUYUCEHHbIX NaTo-
JIOTMYECKUX UBMEHEHMUI:

1) B aHanM3ax KPOBW WU MOYMY;

2) NpU UHCTPYMEHTANbHbIX UCCIEA0BaHUAX MOYEK;

3) B no4yeyHoMm 6GuonTare.

nm

¢ CK® meHee 60 Ma/MUH/1,73 M2,

Craguu XBI gaHbl B Tabn. 9.

Homer H. Smith npeanoxun noHatne «KnupeHc» —
06beM nnasMbl, KOTOPbIM MOMHOCTbIO OyYMLLaeTCcA
OT oOnpeaeneHHoOro BellecTBa B €AWHULY BPEMEHMU
(Mn/MuH/1,73 M2 noeepxHocTv Tena). KnupeHc, unn CK®,
a TaKXe noyveyHol nnasmotoK (MNMT) asnatoTca rnaBHbIMK
napamMeTpaMmn 3KCKPETOPHOM (YHKLMKM MoYeK. KnupeHc
WMHYNIMHa W napa-amuHormnnyposon kucnotbl (MAlN asna-
I0TCA 30/10TbIM CTaHgapToM onpeaenenns CKD. UHynuH
cB060AHO PUNLTPYETCS, MOAHOCTLIO BblAENSETCH NOYKamu
1 He peabcopburpyeTca KaHanbLaMu. MAT TaK ke cB060AHO
unbTpyeTCs, NOYTU MOSHOCTbIO CEKPETUPYETCH B MPOK-
CMMasbHbIX KaHanbuax M He peabcopbupyetcs, TO eCTb
noaxoanT ana pacdeta [MNT. dunbTpaunoHHasa ¢pakums
(PDd) onpenensietca otHoweHnem CK®/MMT u B HOopMme
paBHseTca 17-23%. Mpu rnomepynoHedpute P cHuxKa-
eTcs, Npu Ty6YNOUHTEPCTULMANBbHBIX HapYLIEHUAX — MOBbI-
waertcs. B [leTckon KIMHUMKe MeanLMHCKOro yHuBepcuTeTa

hNy

Ta6nuua 9. Ctaamm XpoHUYECKOM 6oNe3HN NOYEK B AETCKOM Bo3pacTe [18]

Craaum XbIN CK®, mn/mun/1,73 m2 KnuHuuyeckue nposiBneHus
1 > 90 HopmasnbHasa QyHKUMS noYeK
Heo6patnumas rnomepynsipHo-TyoynapHas ANCHYHKLUSA U/UNK aHOMannu pa3sutus
KomneHcupoBaHHas noyeyHast HeA0CTaTOYHOCTb
2 60-90 YacTo HET CMMNTOMOB Y AP. MPU3HAKOB, KpoMe CHUXeHUss CK®D (gayke npu HopmMaibHOM
CbIBOPOTOYHOM KpeaTUHMHE), HO 3KCTpapeHasibHas KO-MOPGUAHOCTb YXKe Havanacb
3 30-60 lNo4e4Has HeoCTaTOYHOCTb
FBHblE aHeMMUS, KOCTHbIE HapyLWeHUs, 3afepKKa pocTa, aumnaos 1 ap.
4 15-30 Mo4yeyHas He4OCTaTOYHOCTb
+ rMnepTeH3us, Guanyeckas HeCOCTOATENbHOCTb
lNoye4Hasi 3amecTUTeIbHasa Tepanus
5 <15 Bce BbllenepeyncneHHoe + runepBonemMus, runepKaineMus, runepasoTemums,
Tpebytowme Amann3a unv TpaHcnaaHTaLmm
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Puc. 7. lNMpoueHT peabcopbLnn aMUHOKUCTOT
npu reHepannM3oBaHHON rMnepaMuHoaLMaypumn Npu LUCTUHO3Ee

ThrlSerlProlGIylAlalVal |Cys|Met| lle |Leu|Tyr |Phe|0rn|Lys|His|Arg

99,5
|_| /\\ 199
+90,5
90

v\/N/

Offene Kroise = Normwerte fiir Saulglingle < 1 J. Grau = Mittelwert + SD.

Puc. 8. MpoueHT peabcopbunn aMMHOKUCAOT NpW NapLmanbHOn
runepamuHoaumaypum (COLA) npu LMCTUHYpUK

ThrlSerlProlGIylAIalVaI |Cys|Met| lle |Leu|Tyr|Phe|Orn LyslHis |Arg o
(]

A A=A
R AVARVARR S

Offene Kroise = Normwerte fiir Saulglingle < 1J. Grau = Mittelwert + SD.

[aHHOBepa ¢ 1972 no 1996 r. Bcero nposeaeHo 999 onpe-
AeneHnn KnupeHca uHynuHa v MAT. B ¢BS3K co 3Ha4YuTeNb-
HOM AOPOroBU3HOM M AMCKOMbOPTOM ANS NauMeHTOB (aBe
BEHOMYHKLMK U 4 Yyaca OXuAaHUS) AaHHOEe NabopaTopHO-
XMMUYECKOEe WCCnefoBaHWe nepecTtano MNpPUMEHATbCS
10 net Hazaa. Bmecto Hero 6bin pa3paboTaH HOBbIN,
paguoHYKNnaHbIi Metoa onpeaeneHns CK® ¢ mcnonb3o-
BaHueM Xpom-51-34TK n Moa-123-runnypoBoi KUCNOoTbI.
[aHHbI MeToa NO3BONSET MONYYNTb TOYHbIE AAHHbIE MpPU
MWHUMaNbHOW paanoHyKnMaHon Harpyske (40—-80 kBq/Kr
Macchl Tena, 4To coctaBnseT meHee 1/20 ecTecTBEHHOWM
roooBOM Nly4eBON 3KCMO3WLIMM OKPYXKalolen cpeabl, Mpu-
MepHOo 2.4 mSv)! B ¢BA3K C 3TUM, AaHHbIK METO MOXHO
NPMMEHATb MOBTOPHO 6€3 pucKa 06nyd4eHus. Anroputm
O6epxay3eHa MNO3BONSAET TOYHO OLEeHUTb CK®P metogom

Ta6nmua 10. 3aB1cMMOCTb KoadduumeHTa «K» oT Bo3pacTa

Two-sample nnu Russel (3a6opbl KpoBK Yepe3 2 1 4 yaca
nocrie UHbEKLUM).

HekoTopble feTcKue HedposiorM OTKa3blBaloOTCs OT NpoBe-
[IEHUSA PaANOHYKINAHBIX KIMPEHCOBLIX METOA0B WU OLIEHU-
BatoT CK®D no KnMpeHcy KpeaTuHWHa ¢ NoMoLLbio Gopmyn,
Hanpumep, dopmynsl LBapua. Bce atn dopmynbl ume-
0T 3Ha4YuUTENbHbIE OTKJIOHEHUA MO CPaBHEHUIO CO CTaH-
JapTHbIM MEeTOAOM onpedeneHns KaupeHca. Hanpumep,
BCNeACTBME KaHaNbLIEBOW CEKpeuun KpeaTuHuHa, CKP
Nno KAMPEHCY KpeaTuHMHa Ha 10% oTiMyaeTca OT TaKoBoW
npW KNMPEHce MHynnHa. MNpu NnporpeccMpoBaHnm NOYEYHOM
He0CTaTOYHOCTM OTMEYatoTCs MOBbIWEHHAas KaHanbLeBast
CeKpeLmsa KpeaTHWHa U NI0XKHO BbicoKas CK®.

v BbISBNeHUs HapylleHnn peabcopbunm aMUHOKUCIOT
Heo6X04MMO onpeaeneHne Ux ypoBHEN B naa3Me U Moue.
C nomolbio cneunanbHOM MaTeMaTU4ecKon MnporpamMmel
(Hanpumep, Anbbepca) MOXHO UaeHTUOULMPOBaTL aMUHO-
aunaypuun. Ha puc. 7 npeacrasneH pe6eHoOK ¢ CUHAPOMOM
ne ToHu-[ebpe-PaHKOHM NPU LUCTUHO3E C reHepanuso-
BaHHOW aMWHoaLMAaypuen, a Ha puc. 8 — pebEeHOK C LIUCTU-
HypuMen, KamMHAMM B NOYKaxX M MapunasbHOW runepamu-
Hoauunaypuen (T.H. Tun COLA — noBbllWEHHas 3KCKpeuus
LLMCTUHA, OPHUTUHA, IM3WHA U aprUHUHA).

1.3 ®opmynbl B feTcKoi Hedpponoruun

CKOpOCTb KIy604KOBOH pUIbTPaLmMmn

OnpegeneHne CKD no ypoBHIO CbIBOPOTOYHOrO KpeaTUHUHA,
pocTy U KoadduuneHTy «K» (tabn. 10) no popmyne LLBapua.

CK®, mi/MuH =
Pocrt (cm) X K / CbiIBOPOTOYHBIN KPEATUHUH (UMOJIL/ 1)

[oe «K» — KoaddULMEHT, CBA3aHHbLIN C BO3pacToM pebeHKa.

K HepoctaTtkam $GopMy/bl OTHOCUTCS €€ MOrpeLHoCTb pac-
yeta MNpuM pasHbiXx CTagusx MNOYEYHOW HeAOCTaTOYHOCTM.
dopmMyna He NpUMeHMMa MpPU WUCTOLLEHMUU (BblIparKEHHOM
CHUXXEHWUW MblLLEYHOW MaccChbl) U NPU AUCTIPONOPLIUOHANBHO
ManeHbKom pocTe. Popmyna Kokpodta—lonta ¢ y4yetom
BO3pacTa M MaccChl Tenla He MOXET UCMONb30BaThCs Y AETEN
mnagwe 12 net [19].

CK®, msi/MnH =
[140 — Bo3pacrT (r) X Bec (kr) X K1/
CbIBOPOTOYHbBIN KpeaTUHUH (LUMOJIb/ 1)

[ne «K» KoapduumeHT, paBHbin 1,23 ang Myx4uH, 1,05 —
ONS KEHLWMH.

KoaddpuumneHt «K» npu KpeaTuHUHe, BbipaKaeMoMm B:
Bospacrt
HUMonb/n mr/an
HoBopoxaeHHble 33-40 0,45
MNpeny6epTaTHbIKM Nepuos 38-48 0,55
MocTny6epTaTHbIN Nepuog 48-62 0,7 (Manb4uKK)




Llenecoobpas3Ho NpUMEHEHWE TaKkoro napamMeTpa CbiBOPOT-
KW KPOBW, KOTOPbINA HE 3aBUCUT OT TEJTOC/IOXKEHWS U MblLLEY-
HoW Macchl. MpumeHeHne dopmynbl dunnepa ¢ MCNoIbL3O-
BaHMEM YPOBHSI CbIBOPOTOYHOrO uUucTatMHa C no3sonser
NOBbICUTb TOYHOCTb onpeaenerHns CKO.

CK®, vsi/MuUH =
antilog 1,962 + (1,123 X log (1 / CysC)]

BHyTpHCOCYAUCTBIA 06BbEeM KpoBM y feTer ¢ HedpoTu-
YEeCKMM cuHApPOMOM onpeaensetca no dopmyne BaH ae
Banne:

OTHOLIEHHE I/IEKTPOJINTOB MOYU =
[K/ (K+ Na)] X 100 (%)

lne K — ypoBeHb MOHOB Kanua B Mode, Na — ypoBeHb
MOHOB HaTpPUs B MoYe.

Heo6xo0aMMOCTb B MHOY3UAX anbbymuHa Npu AuypeTude-
CKOM Tepanuu 3aBUCKT OT pe3y/ibTaToB pacyeTa no JaHHOM
dopmyne: «underfilly — He3anonHeHHoe, «overfill» — nepe-
NOJSIHEHHOE KPOBEHOCHOE pycno (Tabn. 11).

®DpaKynoHHas 3KcKpeunss Hatpusa (FEy,) Heobxopu-
Ma ana gunbdepeHumanbHOro uarHosa npepeHansHon
M NOCTPEHANbHON MOYEYHOW HEeAOCTaTOYHOCTM. Y nauwu-
€HTOB C OCTPOW MnpepeHanbHOM MOYEYHOW HeaocTaToy-
HOCTblo BenndnHa FEy, meHee 0,5. OHa paccunThiBaeTcs
no ¢opmyne:

FEna = Una X Skreat/ Sna X Ugreat

e U — KOHUEeHTpauua yKkalaHHOro BellectBa B Moue,
S — B CbIBOPOTKE KPOBMW.

AHMOHHOE NPOCTPAHCTBO PACCUYNTbIBAETCSA NPU METAB0NU-
YECKOM aLunao3e HEeACHOW 3TUOJIOMNUKU C LeNblo BbiIBAEHUS

MaToNOrMYeCcKnX aHNMOHOB (TaKTaTa, KETOKMCIOT):

AHMOHHOE NMPOCTPAHCTBO =
SNa + SK — SCI — cho3 (HOpMa.' 8-16 MMOﬂb/ﬂ)

[Ae S — KOHLEHTPaLMs yKa3aHHOIO BELWECTBA B CbIBOPOTKE.

KaHanbueBas pea6cop6umns ¢pocaToB paccyUnTbiBaeTCs
no popmyne bpoaens npu NOAO3PEHNU Ha PeHabHbIE NoTe-
pu (cMHapom PaHKoHU, nbochaMni-Ty6ynoTOKCMYHOCTD).

KP®/CK® = ¢pocoart cbiBOp — pocpatr moum X
KpeaTUHUH CbiBOP / KpeaTUHUH MoYu (MMOJIb/N)

Mpun cbiBopoTo4HOM ¢ocdate > 1 mmonb/n n KPD/CKD
< 1,0 mmonb/n dUKeupyeTcs peHanbHas noteps docdaTos.

3. UHCcTpyMeHTanbHble MeToAbl UcCiefOBaHUsA

B Hedponorum

B Ta6n. 12 npuBeaeHbl OCHOBHbIE BU3Yanu3npyloLLMe MeTo-
Abl UCCNneaoBaHUs, NPUMEHUMble B HEPPOIOrMK OETCKOro
Bo3pacrTa.

Y Bcex nauneHToB ¢ 601e3HAMM MOYEK HEOBX0AMMO NpoBe-
JeHWe yNbTPa3BYKOBOrO MCCNEeAOBaHUS MOYEK U MOYEBbIX
nyten.lpunBbigBAeHUn rnapoHedpo3acnomMoLbio Y3N noka-
3aHa MUKUMOHHas uuctorpadua ans UCKIOHEHUS Ny3bIPHO-
MOYETOYHUKOBOIO peditoKkca. BHyTpuBeHHas nuenorpapus
B HacToslLLee BPeEMS MPUMEHSIETCS PeXe B CBA3MU C BPeaHO-
CTbi0 ¥ NpenmylLecTBamu ypo-MPT. lonnneporpadus novek
PEKOMEHAYETCA NPW HaNMMYUK apTepuanbHOM rMNnepTeH3nn
W ONS BbIABNEHUS MPUYMH AUCOYHKLMM TpaHCnaaHTaTa.
PagnoHyKNMaHble MeToAbl NMPUMEHSIOTCS A5 BbISIBIEHUS
py6LIOB B MOYEYHOM MapeHxume, ypoAMHAMMUYECKU aKTUB-
HOro CTEHO3a, AN CpaBHEHUS QYHKUMM NEBOM U NpaBow
MOYKHK. MpK NOCT-BE3UKANBHOM CTEHO3€ 3TU METOABI UCCre-
AOBaHMWA AOMOJHAOTCS KaTeTepM3aLmein MoYeBOro ny3sblps.
Mpy HasHa4YeHUn BUIyann3UPYIOLMX METOAOB UCClefoBa-
HUSI HEOBXOANMO YUMTbIBATb MX CTOMMOCTb.

4. BUoncus No4YKun

locTaHOBKa AvarHo3a MHOMMX rOMePYNApHbLIX U Ty6yno-
WMHTEPCTULMANbHBIX 60N1Ee3HEN HEBO3MOXHA 6€3 YPECKOXK-
HOW MNYHKUMOHHOM 6uoncuu noyku (Bx). MNokazaHuamu
K Bx aBnaioTCA: CTEPOMAPE3UCTEHTHbIN HEPPOTUYECKUM
CUHAPOM, OCTPblA HEPPUTUYECKUN CUHAPOM C MOYEYHOM
HeJOoCTaTO4YHOCTbLIO, MOAO3PEHNE Ha ObLICTPONPOrPeccUpy-
IOWWN rnoMepynoHedpuUT mam TyGyNnoUHTEPCTULIMANbHbIN
HebpuT, cUCTeMHblE 3a60/IEBaHUA C BOB/IEYEHUEM MOYEK
(CKB, nypnypa LWeHnnenH—leHoxa). Bx aBnseTcs 3010TbiM
CTaHAAPTOM [AMArHOCTUKM MPUYUH AUCPHYHKLIMKM MOYEYHO-
ro TpaHcnnaHtata. OTKpbiTas Bx NpoBOAUTCS B MCKIIOYMU-

Ta6nunua 11. JledyeHne oTeKOB NpU HeHGPOTUHECKOM CUHAPOME, Koraa TpebyeTcs BBeaeHue anbbymuHa (no ¢popmyne BaH ae Bane

1 MO 3KCKpeLnn GppaKLMoHnpoBaHHoro Hatpusa (FEy,))

KpoBeHocHoe pycno Hepo3anonHeHHoe Hopma NMepenonHeHHoe
OTHOLWIEHWE 3NEKTPOUTOB MOYM o a0 o
(K / {K + Naj] X 100 (%) > 60% 30-60% < 30%
JKcKpeuns GpaKkLMOHUPOBaAHHOIO O4yeHb HU3KKM Hu3kun Hn3kun
HaTpusa (FEy,) <0,5 0,5-2,0 0,5-2,0
NeyeHne Anb6yMHH B/B + NypeTuk OnypeTnk OnypeTnk

Mpumep 1. 50 / [50 + 100] X 100 = 33% (Hopma)

— JleyeHue: Jlazukec

Mpumep 2. 80 /[80 + 20] X 100 = 80% (Hepo3anonHeHne) — JleyeHnue: AnbbyMuH + Jladuke

NEAUATPUYECKASA ®APMAKOJIOIUSA /2009/ TOM 6/ N2 4



Nekuyunsa

Ta6amua 12. Ctapble M HOBble BU3yann3upyloLLMe METOAbI UCCIeA0BaHNs B Hehponorum

UccnepoBaHune L
(o6opyaoBaHue, MaTepuabl, YesoBeYeCK1e pecypcbl)

Y3U Huskas
Jonnneporpadusa YMepeHHas
Y3WU + nesoBucT Bbicokas
PeHTreHorpaduyeckne: MMKUMOHHaA uuctorpadus, B/B nuenorpadpus YmepeHHas
PafnoHyKNnaHbIE: NOAUH TMNNYpaHOBLIA KanpeHe, MAG3 Bbicokas
CKaHupoBaHue DMSA Bbicokas
CumHTMrpadmsa ¢ KantTonpuiom Bbicokas
Ypo-MPT Bbicokas
YpodnoymeTtpus Hwuskas
YpoanHamuka Bbicokas

Ta6nuuya 13. MpoToKkon 6uoncum novkn (MeanunHCKun yHusepcuteT laHHoBepa, [leTcKas KIMHUKa)

B aeHb noctynaeHms:

MNocTaHoBKa nepudepuyecKoro Katetepa u 3abop Kposu: TpombonnacTMHoBoe Bpems, YTB, pa3sepHyTas remorpamma, KLLC,
KpeaTWHWH, Mo4eBMHa, Ca, P, o6wunit 6enok, «C» peaKTUBHbIM GeNoK, rpynna KPpoBu (Npu Bx HATUBHOM NOYKK).
MNMoanvucaHHoe poauTenamu pebeHKka cornacue Ha npoBeaeHue Bx.

B geHb Bx:

MNMaumeHTa He KOpMKUTb 3a 6 Yacos Ao Bx (¢ 2:00 Houw).

Mpemeankauus: muaasonam (Jopmukym) 0,1 Mr nepopasnbHo.

[nqa Bx: KeTaHecT U Muaasonam B/B, KOHTPOSbHbIV IUCT NpenapaToB KpanHen Heo6Xx0AMMOCTH, AblXaTebHbIM MELLOK
N OKCUreHaTop, MeLoK ¢ neckoMm (okoso 0,5-1,0 Kr).

Bx:

e [lpoBoAMTCA B OTAENEHUMU WK Nanate MHTEHCUBHOW Tepanuu.

e PebGeHOK Haxo4uTCs B NOJOXEHUU Ha XXUBOTE C POJIMKOM MOJ 3nuracTpuem (npu Bx no4eyHoro TpaHcnaaHTata — Ha CNuHe).

e Cepauus: ketamuH 0,5-1,0 mr/kr B/B, Mngasonam 0,05 mr/Kr B/B.

e JloKanusauusi HUXHero nontoca neBon HaTUBHOM NOYKKU UK IOBOro NOJCa TPaHCMNaHTMPOBAHHOM NOYKKU C MOMOLLbIO
yNbTPa3BYKOBOro annapara, MapKMpoBKa MecTa MyHKLUH.

e MecTHas aHecTe3us (B OTMEYEHHOM MecTe) TMAoKauHoOM ¢ GOPMUPOBAHMUEM TYHHENS A5t GUONCUINHON UMbl (MO4 OCTPbLIM YI/IOM
K Kancyne noyku) ¢ moMoLlblo wnpuua.

° BBeaeHWe GMOMNCUINHOM UMbl B CHOPMUPOBAHHbLIN TYHHENb (BMONCUIMHBIM nucToneT Magnum, Gallini u ap., urna guameTpom
16-18 gauge annHon 20 cM) NOA TEM e OCTPbIM YrNoM Ans o6ecneyeHns MakCManbHOro o6beMa KOPKOBOIO C0S NOYKK,
COoAEepKaLLero KNy6o4Ku, U BO M36GEaHWe nonaaaHus uribl B MO3roBOM C/TIOM M TOXaHKY (KPYMHble COCybl M ONacHOCTb
KpoBoTeyeHus) (puc. 9).

e 3abop NoYeyHOM TKaHW (@aBTOMATMHYECKM, NOoce HeBGOoNbLLIOro NPOKOAA NOYEYHOW Kancynbl) C HeMeNeHHOM OLLEHKON aAeKBaTHOCTH
6uonTaTa ¢ NOMOLLbIO 06bIYHOrO CBETOBOro MMKpOCKona. [iMHa cTonbuKa AomxHa 6biTb 60/ee 1 cm, KNy60oYKM BbIrAAAT Kak
OKpyrnble 06pa30BaHu1s KpacHOro LBeTa, MO3roBOM C/10M B BUAE NapannesbHblX KpacHbIx Nonoc). 06bi4HO 1—-2 cToN6UKOB GbiBaeT
noctatoyHo (puc. 10).

e [lomeleHne 61MonTaToB B 1 Npo6UPKY, coaepxKaluyto 4%-1 3abydepeHHbIn GopmanuH (6epeTca n3 Toi NaTtoNoroaHaToOMMUYECKON
nabopaTopuu, Kyaa HanpaBnsieTcs 6Uoncus).

e CTepunbHas acenTMyecKas NoBS3Ka, MELWOK C NECKOM Ha MECTO NyHKLWUW, NepeBO B OTAENeHUE HePPONOrmu.

Mocne Bx:

6 4acoB CTPOrUi NOCTENbHLIN PEXMUM C MELLKOM NeCKa Ha MecTe MyHKLMK

B nocnegytowme 18 4acoB NOCTENbLHLIM PEXUM, AaBALLYIO NOBA3KY CHUMAIOT Yepes 24 yaca

MccnepgoBaHue Kaxaon Nopumn MOYM Ha MaKpo- U MUKporemMaTypuio (TECT-MONOCKOM), NPU KpoBoTevyeHun: Y3U B otaeneHuu
HatusHas noyka: Koutponb AL u YCC: nepBble 2 Yaca Kaxkable 15 MUHYT, nocneaytowme 4 4yaca Kaxable 30 MUHYT, fanee Kaxable
1-2 4aca v Ho4blo Kaxable 2—3 yaca. KoHTponb Y/l 1 Kncnopoa Yepes Macky, moka nauneHT NOMHOCTbIO NpocHeTes. Yepes

6 4acoB nocne Bx 06wnit aHanM3 KpoBM, MPU CHUXEHUKU reMornoburHa 6onee, 4eM Ha 2 MyHKTa, HE06X0AUM OCMOTP U KOHTPONbHOE
Y3 gexkypHoro Bpava.

MoyeyHbii TpaHennaHTat: KoHtponb AL 1 YCC: Kaxable 15 MUHYT 2-X KpaTHo, nocneaytowue 4 yaca Kaxable 30 MUHYT, nanee
Kaxkable 1—2 4yaca 1 HoYblo Kaxable 2—3 yaca.

KoHTponb Y/, 1 Kucnopoa Yepes mMacky, NoKka nauueHT NOJHOCTbIO MPOCHETCA

B AeHb BbINnUCKK: Y3U Noyku.




Puc. 9. buoncuiHeln nuctonet Magnum (CLUA)

TENbHBIX ClydasiX, Hanpumep, Mpu MNOLO3PEHUN Ha Ory-
X0/b. Bx He nmoKasaHa npu 4acTo peuuausupytollem HC,
3a MCKJIIDYEHMEM NOA03PEHNS Ha HEDPOTOKCUYHOCTb, 0BY-
C/IOBJIEHHYIO UMKIOCNOPUHOM A. BXx peKomeHayetcs npwu
AnuTenbHon mnaonupoBaHHou Y unu IY. MNokasaHua K Bx
B NocregHee BPeMS CyXKaloTCs B CBA3M C BOZMOXHOCTAMMU
MEeTOAO0B HEMHBA3VMBHOMN ANArHOCTUKM. [POTMBONOKa3aHUs
ans BX — eaMHCTBEHHas Noyka (3T0 OTHOCUTENbHOE Mpo-
TUBOMNOKa3aHKWe), IKTOMUSA MNOYKKN, HEKypabenbHOe HapyLle-
HWe CBEpPTbIBAIOLLEN CUCTEMbI KPOBU UIIM HEKOHTPOAUpPYe-
Masl apTepuanbHas TMnepTeH3uns.

Bx getam JomkHa NpoBOANTLCS OMbITHLIM AETCKUM Hedpo-
IOroM 6o XMpPyprom B ycnoBusax cTalmMoHapa. MNpoueaypa
HECNoXHa M 3aHMMaeT oKono 15-20 MUHYT. OCNoXKHEHUS
BCTpeYaloTcs peaxko. PUCK He3HayuTenbHOro KpoBoTe-
yeHuss coctaBnaer 5-10%. MpoTokon Bx npeactaBneH
B Tabn. 13.

Mopdonoruueckme uccnepoBaHua

PenpeseHTatuBHbIM 419 MOPHONOrMYecKoro auarHosa
noYeyHbl 6MonTaT AOMKEH coaepKaTb MUHUMYM 10 Kiy-
604KOB M apTepuio. Mopdonormyeckoe uccnegoBaHune
noyeyHoro 6uontata BKAOYaeT TPU WUCCNefOBaHUSA:
cBeToBYy10 (CM), MMyHOrMcTOXMMMYecKyto (UTX) nnn ummy-
HOGDIOOPECLUEHTHYIO U 3NEKTPOHHYI0 (AM) MUKPOCKOMNWUM.
Ons CM n X noyeyHas TKaHb, dUKcHMpoBaHHas B 4%-HoOM
3abydepeHHomM dopManuHe (MUHMMYM 2 4aca), 3aKilo-
YaeTca B FOMOreHM3UpPOBaHHbIM MapaduH C nocneayto-
LWMM MonyYeHUeM CepUNHbIX CPe30B TONLWMHON He 6onee
2-3 YM Ha poTauuoHHOM MUKpoToMe. na OM 6Gepetca
coaeprKallMin KNy6o4yKU Kycovyek GuonTtata AJMHOM OKOMO
1 MM, GUKCUPOBaHHbLIN B 2,5%-HOM rnioTapanbiervae.

CBeToBasi MUKPOCKOIMUSA

CepuiiHble cpesbl pacnonaratoTcs Ha 16 npeamet-
HbIX CTEKNax, No 3 Ha Ka)AoMm, AN OKpacKu MeToaamu:
[eMaToKcunnH-303uH, Lnka (PAS), cepebpeHune no [XKoHcy.
OcTanbHble HEOKpalleHHble CTeKna npeaHa3HayeHbl Ans
JONONHUTENbHBIX TUCTO- (KOHFO KpacHbIM Ha amuioup)
U UMMYHOTUCTOXMMUYECKUX UCCNEeSOBaHUN.

UmMmyHorucroxumms

Onpepensitotcs cnefyowune nokasatenu: IgG, IgM, IgA,
C3, C1 q, C4d (npu TpaHCnNaHTUPOBAHHOW MOYKe).
[lononHuTenbHble NokasaTtenu: Kanna u nsM6aa nerkve
Lenu (ans BbISIBNEHUS MOPAXKEHUS MOYKKU NPU MUETOMHOM

Puc. 10. [Mo4yeyHblt 6uonTaT AMHOM OKONO 2 CM

6onesHu u ap.), SV40 (nonnoma-Bupyc B TpaHCMIaHTUPO-
BaHHOM NOYKE) U Ap.

3/1IeKTPOHHasAs MUKPOCKOMNUS

MpurotoBneHve npenapatoB Ans 3M BKIOYaeT: 3aKiio-
YeHne B 3NOKCUAHbIE CMOJbl, NOAy4EHUE MONY- U ynbTpa-
TOHKMX CPEe30B, MOMELLEHNE UX HAa MEAHbIE CETKM C KOHTPa-
CTUPOBaAHUEM.

OCHOBHble MOPG}ONOrMYECKME U3MEHEHUS, KOTOpble Yyu-
TbiBalOTCS HedponaTtonoroMm Mnpu NOCTaHOBKE AMarHosa,
nepeyuncneHsl B Tabn. 14, 15.

Ta6nuua 14. OcHoBHble MOPHONOrMyecKkne U3MeHeHus
npv 3a6oneBaHusX NoYeK

1. CseToBasf MUKpPOCKONUA
o Kny6ouku:
— CTPYKTYpbl (3HAOTENNUI, ME3aHTUI, INUTENUN,
rnomepynspHas 6a3anbHas membpaHa)
— pacnpocTpaHeHHOCTb: Auddy3Has/doKanbHas,
TOTanbHas/cermeHTapHas
— aKTUBHblE U3MEHEHUS (HEKPO3, anonTos,
rMNEePKNETOYHOCTb, NponudepaLms)
— XPOHWYECKUE U3MEHEHUS (CKNEPO3, rMainHo3)
°  KaHanbLbl U MHTEPCTUL A
e Cocyabl
2. WNmMMyHOrncToxMmmnyeckas MUKpPOCKOMMUS
e Hanuuue oKpalunBaHus (rpaHynsapHoe, IMHENHOE)
Ha IgA, IgM, IgG, C3, Clq
3. 3JNneKTpoHHasi MUKPOCKOMMUs
° basanbHble MEMGPaHbI: YTO/LEHWe, NaMennaums
° Me3aHruanbHbl MaTpUKC: paclumpeHue
®  JNEKTPOHHO-NNOTHbIE AENO3UTbI: CYG3aHAOTEeNNaNbHbIE,
MHTPaMeMGPaHO3HbIe, Cy6anuTenmanbHble,
Me3aHruanbHble
* [lofouuTbl: pacnnaBfieHNe HOXEK
e [pyroe: Ty6yn0peTUKYNSiPHbIE CTPYKTYpSI,
Gubpunnbl 1 ap.

Ta6nuua 15. Mopdonornyeckue tmnol romepynonatun (M)

°  Bone3Hb MUHUMasbHbIX UBMEHEHUIN (HEDPOTUHECKUA
CUHAPOM C MUHUMaNbHbIMU U3MEHEHUAMM)

*  ®dOoKaNlbHO-CErMeHTapHbIM MOMepyNoCKNepo3

e Me3saHrvonponudepatmsHbli MH: ¢ genosutamu IgA 1 6e3 Hux

e Mem6paHonponudbepatnBHbIv MH: 3 TNa

e [Onddy3HbIM 3HAOKANUANSPHBIN NponndepaTuBHbIvi H

°  JKCTpaKanuapHbIA (NOYNYHHbIR) NponndepaTuBHbIn MH

¢ Mem6paHo3HbIN MH

* Tpom6oTHUYeCcKas MUKpOaHrnonaTus
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Puc. 11. InddysHbin
nponudepaTtnBHbii MTH
(NOCTUHOEKLUMOHHbIN TH)

lNpumevaHue.

1) CM — yBennyeHHbIN
KNy604eK C OKK/03MEeN NPoCBETOB
HEKOTOPbIX KanWANApoB U3-3a
BbIPaXXE€HHOW 3HAOKaNWNISAPHOM
nponudepalun, B OCHOBHOM

3a cyet HenTpoodunos (PAS).

2) WUINX — gudoysHoe
rnobanbHoe rpaHynspHoe
oTnoxeHue C3c B rnoMepynspHom
6a3anbHON MembpaHe U Me3aHruu.
3) 3M — KpynHbIn
cy6anuTeNnanbHbIn 3NEKTPOHHO-
NAOTHbIN AeN03UT («ropb»).

Mpumepbl  HEKOTOPbIX
rnoMepynapHbix 3abone-
BaHWW NpeacTaBieHbl Ha
puc. 11-13.

OCHOBHbIMW NPUYUHAMHM
ANCPYHKLMM MOYEYHOro
TpaHcnnaHtata ABAA-
I0TCA OCTPO€E OTTOpXe-
HWe, HedbpPOTOKCUYHOCTb
WHIMOUTOPOB KanbLUM-
HEeBpWHa, NOAMOMaBM-
PYCHbIM  Ty6y/nouHTEpP-
cTuumanbHbin - HebpuT
(puc. 14-16).

5. MoHUTOPUHI
JNleKapCTBEeHHbIX
npenaparos
MmMMyHocynpeccuBHas
Tepanua nNpuUMeHseTcs
B JNeYeHUWn peunansu-
pytoLwero, crepounapesu-
cTeHTHoro HC, nponnde-
patMBHbIX dopm H, TH
Npu BacKynTax, ayToum-
MYHHbIX 3abofieBaHuu,
a TaKXXe rnocne TpaHc-
nnaHTaumm noyku (Tx).
MMMyHOCynpeccuBHbIE
npenapartbl (UMKIoCMo-
puH A (LUcA), modeTtunna
MukodpeHonat (MM®),
TakposuMMmyc, panamu-
UWH, 3Beposnmyc), a
TaKe HEKOoTopble aHTu-
MUKpPOGHbIE npenaparbl
(To6bpaMUUMH, BaHKO-
MWLUMH) KMeloT Yy3Koe
TepaneBTUYECKOE OKHO.
bonee TOro, BaXKHO y4u-

TbiBaTb 60/blUME MHAWBUAYA/bHbIE Pa3NiMuna B dapMaKko-
KWHETUKe, dapMaKoaMHaMUKe npenapaToB U UX B3aMMO-
[eNCTBUU ApYr ¢ Apyrom. BpoxaeHHble pa3nnyins B oTBeTe
Ha NleKapCcTBEHHble NpenapaTbl M3y4yaeT dapMaKoreHeTu-
Ka. TaK, reHeTMyeckui noammopdmam depmeHToB, MeTa-
6GONM3NPYIOLLMX IeKapCcTBa, BCTPeYaeTcs Npu npuMeHeHun
30% Bcex nekapcts. K npumepy, gaxe Ha cTaHAapTHOM
[103e a3aTUomnpuKHa, OTCYTCTBUE WM CHUMKEHWE YHKLMK
TUOMNYPUH-S-MeTUNTPaHcdepasbl y NaUMEHTOB MNPUBOAUT
K yrpoalowew Ans XW3HU reMono3TUHECKON TOKCHMYHO-
ctn (Eichelbaum M., Ingelman-Sundberg M., Evans W.E.
Pharmacogenomics and individualized drug therapy. Annu
Rev Med. 2006; 57: 119-37). Ha puc. 17 oTpakeHbl pas-
M4ng B ypoBHAX LICA B KpOBM y MauUMEHTOB NPU OAHOWM
W TOW e Ao3e nepopanbHoro LicA.

B cBfi3n ¢ BbllleyKa3aHHbIM, A1 AOCTUXEHUS ONTUMasb-
HOM wWHAMBMAYaNbHOWM [03bl, ob6ecrneynBatowen pocra-
TOYHbIA MMMYHOCYMNPECCHUBHbIAN OTBET U OTCYTCTBME TOK-
CUYHOCTW, BaXKHO PErylsapHO MOHMTOPMPOBATb YPOBHM
npenapaTtoB B KpPOBW. 30M0TOM CTaHAAPT NEeKapCTBEH-

HOr0O MOHWTOPHUHIa —
onpeagenexHne AUC (nno-
Wwaab noJ BPEMEHHOM
KPUBOM KOHLEHTpaLWK,
HF/Mn/4ac), KoTopoe
peako nNpUMeHseTcs B
KNWHWUYECKON MpaKTu-
Ke B CBSA3M C Heob6Xo-
OMMOCTbIO  HECKOJNbKMX
3a6opoB KpoBu. Yaue
YPOBEHb npenapara
B KpPOBW ornpegensercs
OLHOKpaTHO — nepej
npuemom npenaparta (Cp)
WX Ha MNWKE ero ypos-
Ha B Kposu (C, TO ecTb
yepes 2 Yyaca nocsne npu-
ema ans LicA). Mpu pac-
yeTe [03bl Mpenapartos
HeobxoamMmo obsa3aTerb-
HO y4uTbiBaTb YHKLUK
NMOYeK, TaK KaK 60JbLUNH-
CTBO  JIeKapCTBEHHbIX
CPEeACTB ITMMUHUPYIOTCA
noykamu. MOHUTOPUHT
JIEKapCTBEHHbIX npena-
patoB — OYeHb A0pPOo-
rocrosiwas  npoueay-
pa. Tak, Ang KOHTpons
3a aHTMOMOTUKaMH (BaH-
KOMULMH, TOGpPaMULMH)
M aHTUKOHBY/NbCaHTaMM
(oKcKap6asenuH, BaJib-
npoat, ¢deHobapbutan,
GEeHUTONH) npu noyeuy-
HOMW HeLOCTaTO4YHOCTH
TpebyeTcsa OKOJO ThiCHYU
€Bpo B roga.

6. MonekynsipHas
6uonorusa

B nocnegHue ropbl
B Hedponoruun crtanu
yauwe npuMMeHaTbCH
MOJIEKYNSIPHbIE METOAbI
uccneaoBaHus, KoTopble
No3BONAOT AUArHOCTU-
poBaTb reHeTu4ecKue
60/1€3HU NOYEK A0 UX
KIMHUYECKNX nposBe-
HWI, BbIABASATb NAaTODK-
3U0N0TUYECKNE MeXxa-
HU3Mbl WX pPas3BUTUSA
(reHomuKa), andpdepeH-
LUMpPOBaTh 3TUOSTIOMMYECKH
CXOXWEe KNUHUYEeCKUe
W TMCTONaToNOrMYecKne
deHoTUnbl (TPaHCKpUM-
TOMMWKa) U NPOBOAUTL
OUEHKY MHOAMBUAYaNb-

Puc. 12. doKkanbHO-cermeHTapHbIi
rnomMepynocKkiepo3

lNpumeyvaHue.

1) CM — yBenuyeHHbI Kny6o4ek
C CerMeHTapHbIM CKepo30M

1 rMasMHO30M, C HEBOSbLLOK
Me3aHrnanbHou nponudepaumen
1 yBENUYEHMUEM ME3aHrManbHOro
maTpuKkca (PAS).

2) 3M — pacnnaBneHue HOXeK
noaounTOB.

Puc. 13. IgA-HedponaTua

MpnumeyvaHme.

1) CM — Ouoddy3sHoe ymepeHHoe
pacliMpeHne Me3aHrnanbHoro
MaTpUKca U Me3aHrManbHas
nponuoepaums (PAS).

2) WX — 3HayuTenbHoe
oTN0XeHue IgA B Me3aHrmu.

3) 3M — 31EeKTPOHHOMNOTHbIE
[1eno3uThl B ME3aHTUK.



Puc. 14. Taxxenoe octpoe
cocyauctoe ottopxkeHue Banff Il
BbipaxeHHbIN MHTUMANbHbIN 1
TpaHcMypanbHbI apTepunt (PAS)

Puc. 15. HeppoTOKCHYHOCTb
WHIMBUTOPOB KanbLMWHEBPUHA

lMpnumeyvaHne.

1) ocTpas: u3omeTpuyeckas
BaKyonusauus TyGynsipHoro
anutenus (M-3).

2) XpOHWYecKas: HOAYNAPHbIN
rManuHo3 HebonbLon aptepun (PAS).

Puc. 16. MonvomaBHUpyCHbIN
TYOYNOUHTEPCTULMANbHBIA HEDPUT

lMpnmevarne.

1) CM — yBenu4yeHHble 5apa
K1ETOK Ty6YNpHOro anuTenus
C XapaKTepHbIMU TeNlbLLaMu
BKJTIOYEHUS, BblpaXKeHHas
MHOUNBTPALMA MHTEPCTULLUSA
MOHOHYyKeapamu (PAS).

2) WUIX — BblpaykeHHas
NO3UTUBHOCTb Ha aHTUreH
nonnomaBupyca (SV40).

HOM YYBCTBUTEJNILHOCTHU
K NeKapCTBEHHbIM Npe-
napatam (HegocTatovyHoe
NEVNCTBUE WU TOKCUY-
HOCTb) (papMaKoreHe-
TUKa). UmeeTcs MHOro
JIOBYLLUEK B MOMIEKYNSPHO-
6MO0NOrM4ecKon aua-
FHOCTUKE, KOTOopble
OoT4YacTU CBHA3aHbl C
BblpaXXeHHbIMW pas3-
JIMYUAMU KIUHUYECKUX
nposiBNeHnn 60ne3Hu
B O[HOM U TOW XK€e CEMbE
(oTcyTcTBME KOppens-
LUK reHoTun-deHoTmn).
CnegyeT NOMHUTb O BO3-
MOXHOCTH COCYLLEeCTBO-
BaHWA ABYX He3aBUCU-
Mbix 60/ie3Hen no4ek
y OOHOro nauueHTa,
Hanpumep, HeGPOTOK-
CUYHOCTb LIUTOCTaTUKOB
nocsne fieyeHnsa onyxonu
Bunbmca; nHTEpPCTULM-
anbHbI HePUT, BbI3BaH-
HbI nevyeHnem TpaBaMu
y nauueHTa ¢ HedpoTu-
YECKUM CUHOPOMOM, UNn
NOCT-UHPEKLMUOHHbBIH
H y HocuTenqa reHa
Anbnoprta u ap. Npun MHO-
FMX HacneacTBEHHbIX
60Ne3HsAX XxapaKTepHble
MyTauuK A0 HacTosIWero
BPEMEHM ellle He BbIsiB-
NEHbI.

7. MoneKynsapHas
reHeTuKa

Bce wupe npumeHsieTcs
YyBCTBUTENbHbLIA METO[
MOJIEKYNSIPHOIO  KOMMU-
4YeCTBEHHOro aHanusa
BupycHbix OHK u PHK,
No3BONAIOWNN AnarHo-
CTMpOBaTb HOBYIO WK
peaKTUBaLMIO XPOHUYe-
CKOW uMHbekunn (LMB,
Bupyc AnwtenH-bapp,
BMpPYC MNpoCTOro rep-
neca, noavoma BUpYC
(BK) n T.4.) 3a Hepenu
40 MMMYHONIOrMYEeCKOoro
oTtBeTa. lpu 3tom BoOC-
NpPOM3BOAMMOCTb, YyB-
CTBUTENIBHOCTL M COMO-
CTaBMMOCTb METO0B,
06YyCNOBNEHHbIE MyTaLK-
el U3MEHEHUS U UHTEp-

Puc. 17. lHanBuayanbHble pa3nnyns B GpapMaKoKUMHETUKE
LicA (ypoBHM B LIeNIbHOM KPOBWM) cpeaun 8 AeTer, NonyyatoLmx
0[MHaKoBYIO 403y NepopanbHoro LicA 200 mr/m2/cyT [20, 21]
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YpoBeHb LIMKIIOCNOpUHa A B KPOBU, HI/Mn

Yacbl nocne npuema uuknocnopuHa A

npetauusa AMHaMUKK TUTPOB Ha QOHE fiedeHUs — npegme-
Tbl NMOCTOAHHbIX AWUCKYCCUW. AHann3bl 3KCNPECCUU TEHOB
NoKasblBaloT pas/inyma B 3aBUCMMOCTU OT UCCNieLyeMOro
MaTepuana (KpoBb, 6UOMNCKK), BPEMEHU U BO3AENUCTBUSA
BHelWHNX GaKTopoB. (MmeeTcsi BO3MOXHOCTb 6ecniaTHOro
nceneaoBaHus nsonuposaHHon JHK (npeanoytuTtenoHee,
4yeM UefibHas KPoBb) Ha MyTaL MK reHOB HEKOTOPbLIX 3a60-
NeBaHUN noyek B YHuBepcutete Muuurana, CLUA (www.
renalgenes.org)). MeTtoabl reHHOW aKTMBauUUW C KOMU-
4YecTBeHHbIM onpeaeneHnem PHK paoT uHdopmauuio
06 MMMYHO-BOCNANUTENbHbLIX NpoLLeccax B No4yxkax (Mo4a,
éuoncua) U B opraHM3aMe B LIENOM (KPOBb), NO3BONSAIOT
BbIABUTb MHAMKATOPbI 060CTpeHUa 3abo/eBaHUd (OTTop-
eHue TpaHcnnaHtata, CKB, ®CIC v T1.4.) BO3MOXHO
nony4yeHne uMHOOpMaLMM O HaNMyYUMM TaK Ha3blBaeMblX
CypporaTHbIX MapKepoB elle [0 HacTynneHua mopdosno-
TMYECKUX NposBleHU 3aboneBaHud, nNpu HeabdeKTUB-
HOCTM Tepanuu. MccnefoBaHue aKTUBaUWKW OTAESNbHbIX
reHOB, KOTOpble HaxoadATcs B ¢das3e U3Yy4eHWUs, LO/IKHO
06CYyAaTbCs TONIbKO C OMbITHbIM AETCKUM HebpOnorom.
B Ta6n. 16 npeactaBneHbl BO3MOXHOCTU MOJSIEKYNSIPHOM
reHeTUKU B [MarHOCTUKE Pa3fIYyHbIX HacNeACTBEHHbIX
3a60/1eBaHUI NOYEK.

TeM He meHee, MoneKynsapHas AMarHoCTMKa He OCBOOOX-
[laeT Hac OT BbIACHEHUA TOYHOM KIIMHUYECKOW W TUCTO-
NaToNIOrMYEeCKOM KapTuHbl 60/€e3HU. [porHo3 60ne3Hu
Ha OCHOBAHWW TreHeTUYEeCKUX UCCneaoBaHUN BO Bpems
6epeMeHHOCTU TpebyeT KPUTUYECKOro noaxoaa, OCHOBaH-
HOro Ha 3aKoHax reHeTMKW 4yenoseKa. B cBaA3M ¢ Jopo-
roBU3HOM MeToda HeobxoauMMa CKOOPAMHUPOBAHHOCTb
[ENCTBUI NeanMaTpoB C AETCKUMU HEDPOIOraMun U reHeTu-
KamMu Ans MaKCUMManbHO LieneHanpaBieHHOro npuMeHe-
HUS MONEKYNSPHOW AUArHOCTUKMK.

MpaKTUyecKue peKkomeHaaLumn

Mpumep.

Y pebeHKa C OCTpoM noyeyvyHow HepocTtaToyHocTblo (OMMH)
B TeyeHue nepBbix 12 4acoB nocne MocTynieHUs Heoo6-
XOAMMO YCTaHOBWTb YPOBEHb MOparKeHus (npepeHasnb-
HbIW, peHaNbHbIM MAW MOCTPEHaNbHbIM). N aToro Tpeby-
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Ta6nunua 16. BO3MOXXHOCTU MONEKYNSAPHON FrEHETUKM B AUArHOCTUKE PasnnyHbIX HacneACTBEHHbIX 3a60/1eBaHuii NoYeK

HacnepcrtBeHHOe 3a6oneBaHue NoveK

leH (Omim#) / lokanusaumsa

Koaunpyembi 6enok/PyHKuusa

MmomepynspHble 3a6on1eBaHunA

Col4A5 (301050) / Xq22.3

b uenb KonnareHa 4 Tuna

CuHapom AnbrnopTta

Col4A4 (203780) / 236-q37

a4 uenb KonnareHa 4 tuna

NPHS1 (602716) / 19913.1 HedpuH
Hedposbl
NPHS2 (604766) / 1925-q31 MNMopounH
TyGynsipHbie 3a6oneBaHus
Bartterl — SLC12A1 (601678) / 15915-qg21 BaptTuH
CuHapom baptrepa
Bartter2 — KCNJ1 (241200) / 11q24
UunctnHos CTNS (219800) / 17p13 LIMCTUHO3UH
UuctuHypusa SLC3A1 (220100) / 2p16.3 Benok-TpaHcnoptep aMMHOKUCNOT

bonesHb [eHTa

CLCN5 (300008) / Xp11.22

CLCK2-x110p1AaHbIM KaHan

Okcano3s

AGXT (259900) / 2q36-37

AnaHWH-rMMoKcKunaT aMmuHoTpaHchepasa

HedporeHHbI HecaxapHbIi AuabeT

NDI1 (304800) Xq28 / NDI2 (125800) 12q13

V2-peLenTop, akBanopuH-2

PeHanbHbIM TYGYNSipHbIN aLnaos

a) MNPOKCUMManbHbIN, ayTOCOMHO-
[NOMWHAHTHbIN

b) AucTanbHbIR, aQyTOCOMHO-PELLECCUBHbIN

SLC9A1 (182307) / 5p15.3

SLC4A4 (604278) / 4g21

KucrosHble 3a6oneBaHus

NPHP1 (256100) / 2913 HedpoumcTuH
HedpoHodTH3
NPHP2 (602088) / 9931 NHBEpPCHH
PKD1 (601313) / 16p13.3-p13.12 MonuunCTrH

MoNUKWUCTO3HasA fereHepaums noyex

PKD2 (173910) / 4921-g23

NMonnunctmH 2

MCKD 1(174000) 1g21

MegynnsipHas KUCTO3Hasi 601€3Hb NMOYEeK

MCKD 2 (603860) 16p12

CHUHApPOMBI

Onyxonu Bunbmca JeHuc-Apalu

WT1 (607102) / 11p13

Zinc-Finger TpaHCKPUNLWUOHHBIA reH

BpaHx1o-0To-peHanbHbIv

EYAL (113650) / 8q13.3 ?

NopeHca—MyHa—-bapae—buans

BBS1-BBS8 (209900) / 20p12, 16921,
11g13 u.a.

BBS, dyHKLMS ?

Jloy (oKynouepebpopeHasbH)

OCRL1 (309000) / Xg26.1 ?

Nail-Patella

LMX1B (161200) / 9934.1

daKTop TpaHcKpunumm LIM

BonesHb Lnmke

SMARCAL 1 (242900) / 2q34-q36

Perynatop xpomatuHa,
BoccTaHoBneHnune HK

eTCA OLEHKa 3KCKpeuun (pakuMOHMPOBAHHOIO HaTpus,
xapakrtepa Y, Y n Y3 KapTUHbl NOYEK MU MOYEBLIX NYTEN.
Mpn 3aTpyAHEHUSX B AMArHOCTMKE 3ab0seBaHMsl MOYEK
Heo6xoAMMO cobpaTb M 3aMOPO3WUTb KPOBb U MOYYy Ans
nocneaywouero yrny6neHHoro uccnegosaHus. lMNpu nep-
BOM Ob6palleHnn 6biBaeT TpyaHo anddepeHumposats OMNMH
oT XIMH. Ha XIMH moryT yKa3biBaTb HU3KUI POCT, UBMEHEHMUS
rMasHoro gHa rmnepToHMYECKOro XxapakTepa, ocTeonartus,

ONUTENbHOE CHUXEeHWE (PU3UYECKON aKTUBHOCTU (YTOM-
NI9eMOCTb), aHEMUS, MONNYPUSA U CHUXKEHUe Beca. C Lienbio
ObICTPOW, LieneHanpaB/ieHHOW, paLMOoHanibLHOM U Manosa-
TpaTHOM AMArHOCTUKKM 3abosieBaHWi MOoYeK pas3paboTaHbl
anropuTMbl AMarHOCTUKK 60ne3Hern noyveK. AliroputMbl gna-
rHoctuku npu OMNH npeacTtaBneHsbl B Tabn. 17 v Ha puc. 18,
npu NpoTenHypum — B Ta6n. 18 n Ha puc. 19, remaTtypum —
B Tabn. 19 v Ha puc. 20 1 NENKOUMUTYPUK Ha puc. 21.




Ta6nuua 17. ANropyMtm AMarHOCTUKM NPU OCTPOM NOYEYHOWM Ta6nuua 18. ANropyT™M AMarHOCTUKK NPU NPOTEUHYPUM

HeAOCTaTO4YHOCTH

UccnepoBaHua KpoBu:
OcCHOBHbIe UCCNIe[0BaHUSA:

e OAK

*  Ma3oK KpoBw (bparmMeHTo

e KomnnemeHt C3,C4,CH50

e K, Na, Ca, Cl, P, MoyeBHHa, KpeaTUHWH
e «C» peaKTUBHbIV 6enokK, roTamMaT-oKcanawlerar-
TpaHcaMuHasa, KpeaTUHKMHa3a, 6enoK

JlononHutenbHo npu nogo3peHun Ha MyC:
e NI n cBOGOAHbLIN reMOrno6uH

LMTbI)

JlononHuTeNbHO Npu NOA03PEHUN Ha OCTPbINA H:

e ANA, ANCA, aHT1cTpenTonuauH O, asyxcnupansHas OHK
UccnepoBaHMa MoUuM: OCMONAPHOCTb, KpeaTuHuH, Na, K, XONUHACcTEpPa3a
anbbyMuH, al-MUKpPOrno6ynunH, okcanaTtbl, FeMOrMO6UH, .
MUOMNO6UH, 3PUTPOLUTLI, TEMKOLMTI.

OCHOBHble UccnefoBaHUs:

°  AHaMHe3: CEMEeNHbI aHaMHe3, leKapCcTBEHHasn
Tepanus, NpeLecTBYOWME U COMYTCTBYOLLME
3a6oneBaHus

e du3MKanbHbIN OCMOTP: OTEKU, aCLLUT, BbINOT
B NieBpasnbHON nonoctu, Al

°  AHanu3bl MO4YM: TECT-NOMOCKU, KONMYECTBEHHOE
onpepeneHve anbbymuHa, al-MMKpoOrnobynuHa, Kanus,
HaTpWA, KONMYECTBA KNETOK B Ui MOYU.

°  AHanuabl Kposu: CO3, remorpamma, 3NeKTPONUTHI,
MOYEBWHA, KPEATUHWH, anbBYMUH, XONECTEPHH,
rNOKO3a, KOMMNIEMEHT, TUTP aHTUCTpenTonnauHa O,

OpTocTaTMyeckas npob6a
° Y3/ no4yeKk 1 MOYeBbIX NyTeEN

AnpopeperHumansbHbii guarHod OfH no aHaamsam mMo4u

JlononHutesbHble UCCAe[0BaHUS:

°  MHbeKUMKU: ceponorna Ha renatutbl

e WmmyHonorus: Ig, aHtutena K agsyxcnupansHon JHK,
C3 HedpuTUYECKHI DaKTop U ap.

e Koarynorpamma
NMpepeHanbHan PeHanbHas
CrieynanbHble UCCAEA0BaHMSA:
OcmonsapHocTb > 500 mmonb/n | OcmonapHocTb > 300 mMMonb/n ° BX CO CBETOBOW, UMMYHHOTMCTOXMMUYECKOMN
N N 1 3/IEKTPOHHON MUKpOCKoNuen HedpobuonTtaTa
FEna <1 FEna > 2 e KnupeHc ans onpeaeneHuns CK®, MMAOT n P
«L-MUKPOTNIOBYAMH OTP. «L-MUKPOTNIOBYAMH | * MonekynapHas reHeTuKka, Hanpumep, MyTaLMn reHos
noouuToB
* FEna = (Una X Screa / Ucrea X Sna) X 100
Takum 06pa30M, B Te4yeHue nocnegHux 20 net B aeT- BaHbl MeTOAbl AWArHOCTUKKU remMatypum U npoTenHypuu,
CcKoM Hed)DOJ'IOFMVI npounsoLwen 3Ha4YUTENbHbIN nporpecc onpegeneHna aNeKTpoJIMTOB B CbIBOPOTKE KPOBU U MOYe.
B pa3pa60TKe MeToaoB AWMArHOCTUKMWU. ﬂpw CKPWHWHTIO- MeTO,Cl,bI onpeageneHna CbiIBOPOTO4YHbIX KpeaTUuHUHa

BOM MCCNEA0BaHWM MOYM YCTaHOBNEHa MHDOPMATUBHOCTb M MOYEBWHbI GbiNM [JOMOMHEHbl onpefefeHnemM LucTa-
TecT-nonocku. Kpome Toro, ynpoleHbl U cTaHAapTManpo-  TuHa C. Paspa6oTaHHble GopMynbl M auarpammsl napa-

Puc. 18. Anroputm AMarHOCTUKM OCTPOM NOYEYHON HEAOCTATOYHOCTH

( MpepeHanbHas )

'mnosonemuns,
2-CTOPOHHWIA CTEHO3

HIMBI + pu3. Harpy3ka

Oc'rpaﬂ noyeyHass HeA4O0CTaTO4YHOCTb )

PeHanbHas ) MocTpeHanbHas )

¢
/

@OCWJ,I/ICTaFD (FnomepynﬂpHaﬂ) (TyGVHOMHTepCTVI Ll,maanaq) O6cTpyKums

noyeyHor aptepum + nAMNO,

Backynutbl

MOY€EBbIX NyTeWn
/ \ (kameHb)

Hedput. HedpoT.
CUHAPOM CUHAPOM

CFI/II'IOKCGMI/ID GOKCVI‘-IeCKOB nospe)Kp,eHme)

OHOO0reHHoe: OK30reHHoe:
6enkn (M1MornobuH) JiekapcTBa, Tpashbl,
KpucTann. (okcanar) TOKCUHBbI
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Puc. 19. AnropuT™ AMarHoCTUKM Npu NPOTEUHYPUU

| NPOTEUHYPUS (NY) I |

| MocTpeHanbHas (TPaBMbl MOY€BOIO Ny3bIps)

’—{ PeHanbHas | |

| Benku nnasmsl | | HennaameHHble 6enku |
YBenuyeHa rnomepysn. CHuxeHa kaHanbLueBas omep. punbTpaums
KaHanbuesas cekpeums
dunbTpauus peabcopbuns (6enKkn «<nepenosHeHns», (DEHANLHAER SHANMYPUS)
(rnomepynsipHas MY) (Ty6ynsipHas My) HepeHanbHas My) P P

1) W3meHeHus knyboykoB
a) rnomepynoHedpuUThb
(HC Bcnepcteumne MIMICH)

b) rnomepynonatum ) OINH
(anabeTny. HedpponaTus) BpoxaeHHble Amunnasypusa 2) XMNH
2) MuHMManbHble U3MEHeHUs TyGynonaTtum (naHkpeaTuT) 3) OTtTopXEeHne

Knybouka (MMnonaHbIi Hedpoa, (LMCTMHO3) Jlnsoummypus NnoYeyHoro
MukpoanbLbypus B ebdiote MprobpeTeHH. (nenkos) TpaHcnaaHTaTa
onabeTny. Hedponart. TyGynonaTtum Mwuornobunypus 4) Onyxosb NoYkn
3) bBe3 nameHeHuin knybo4KkoB, (uHTEPCTUUMAN. lfeMorno6uHypus 5) HedpoToKChyHbIE
\ (opTocTaTtuyeckas y) J HedpuT) MY beHc-IxoHca BellecTBa

Puc. 20. AnropuTm AMarHOCTUKK Npu rematypuu

Mepcuctupyiowaa remartypus (I'Y)

AHamMHe3, ceM. aHamMHe3, OCMOTP, TecTbl fematypus.
KoHTponb 5 CK® KLLC, Na, K, CI, Ca, P, anbbymuH, B HOpME + CuHApOM
yepes ron HOPME KpeaTUHWH, MOYEBUHA, opTocT. Y, COaBNeHUs

remorpamma + Tpom6, Quick-Tecr, gonnsiep NnoYeyHo’

AYTB, IgA, ANA, C3, AC/I-0O, ar. nexa/cros BEHbI

OpTocT. npoba. Y3U.
Moua: MrKpockonusi, TECT-NOJSTIOCKM,
anbOyMWH, KpeaTUHUH

| momepyn. saputp. N3omopd. aputp.
Chbinb, Ypemus, Bonu, TpaBma
OTaroLleH femaTtombl, HB-,
Bonbluas Maccus 0TeKMU, Tpom60- BbIX0O[, B aHaMH.,
cem CKJIOHHOCTb MWOrNo-
aHaMHes ny ny apTpanr, nexus, K KDOBOTEY KaMHs, Gemus VHOPOA.,
XKK-cumnTombl aHemums P ’ Y3U+ TEN0
HelipoceHc Tpombo- Ca, P, untpar,
P Hedpo- Hedpu- P TP
TYroyxocTb, . . neHus, okcan, femonns, LuncTto-
TUYECKUIA TUYECKMI
JIEHTUKOHYC Koaryno- ypaT Mouu, MNONN3 ckonus
CMHAOPOM CUHOPOM
Hap porosuupl rpamma KT
- +
Aobpo- MMrH
KayecT- C-m ! MUrH, Mypn Koaryno- Pabpno- TpaBma,
BaCKYJINT, ryc KameHb
BeHHas AnbnopTta TH IgA-HIN L-r naTus MNONN3 OonyxoJsib
cemly

locnutanusauma B JeTckuii Hepponornyeckni
LLeHTP, Npu HeobxoamMmocTu Bx




Puc. 21. Anroputm AMarHOCTUKK NpU NENKOLUTYPUK

’ C 6aktepuypuein ‘4—‘ JleiikouuTtypus }—»’ Bes 6akTepnypun

e

N

t* Hopma,
CPB < 35 mr/n,
a1-Mukporno®.

t°>38,5°C,
CPB > 35 mr/n,
al-MI B Mmoue

MaTonornyeckas npoTenHypus ‘

’ duanonornyeckas NPoTeNHypus

(a1-MT) B Moue
<15wmr/n > 15mr/n
! } |
LUnctur al-MIr al-MIr . o
FoHopes Muenonedput <15mr/n > 15 mr/n C rematypuen bes rematypun C remarypueii
Ypetput AHanbretuy. LLinctocomos TpuxomoHaabl LLinctocomos
HedponaTusa KameHb Xnamngmm Blasen-CA
Hedpoypo- MOYETOYHMKA, XpoHuyeckunn OvsepTukyn
TyGepkynes, MOYEBOr0 npoctatut MOYEBOro Nny3bIps
yponutnas ny3bips OHTEepobnos Monnoma-MBC
Ypetput KameHb MOYeTOYHNMKA,
Yponntnas MOYEBOro Nny3bIps

Ta6nuua 19. Anroput™ AMarHOCTUKKU Npu remaTypum

OcHOBHbIe UCcCe[0BaHuUS:

AHaMHe3: CEMENHbIN aHaMHes3, lekapcTBeHHas Tepanus,
npeALecTByioLLME U CONYTCTBYIOLWKUE 3a60neBaHNA
Du3nKanbHbIM OCMOTP: Nanbnauusa Xueota, UHGeKLnm
[bIXaTeNbHbIX ¥ NONOBLIX NyTEN, U3MepeHue AL
AHanu3bl MOYU: KONMYECTBEHHAA U KavyeCcTBEHHas OLEeHKa
ocajika Mo4M (LMNUHAPLI, PeKO TpexcTakaHHasa npoba),
Kanbuuin

AHanuabl kposu: CO3, Nat, K+, Cl-, Ca2+, PO3-,
remorpamma + TPOMOOLUTBI, MOYEBUHA, KPEATUHWMH,
6enoK, ACT, C3 KoMNNeMeHT, BO3MOXXHa 3aMOpO3Ka
CbIBOPOTKM ANS NOCNEAYIOWMX UCCNEefoBaHUM

Y3WM no4yeK 1 MOYeEBbLIX NyTEN

JlononHuTesibHble UCCEA0BaHUS:

AHanu3sbl KPOBU: MOYEBas KMUCNOTa, UMMYHOTOBYNNHBI,
aHTUHYKNeapHbI aKTop U T.4.

MmmyHonorus: 1g, AT kK aByxcnupansHon JHK, C3-nedbput
dakTop 1 ap.

AHanu3 Mo4Y1 Ha MOYEBYIO, LLAaBENEBYIO KUCOTbI, LUCTUH
KoHcynbtaums JIOP-Bpaya v okynucta AN UCKNI0HEHUS
rNyXOTbl U APYrUX HapyLWeHW

CneymasibHble UCCAe]0BaHUSA:

Linctockonus npu makporematypmu U Nogo3peHMmn

Ha OAHOCTOPOHHW NPOLLECC, ONYX0Jib, UHOPOLHOE TENO
KnupeHc ans oueHkn CK®, MNMNT n dP

Bx npu nogospeHun Ha rnomepynsipHoe 3aboneBaHve

METPOB CbIBOPOTKU KPOBM M MOYM MO3BOSMIN MONYYUTb
npeacrasneHne o0 natoPpM3nMONOrMyecKux mnpoLeccax,
fexalwux B OCHoBe 60ne3Hen MNo4vyeK. TeM He MeHee,
OUEHKa CKOPOCTU KNy6O4YKOBOW ¢uabTpauuM C¢ MNOMO-
Wwbto ¢opmyn, no-npexHemy npeacraBnaser cobon cna-
60e 3BeHO B [MarHOCTWKe, Torga Kak 60Jiee To4Hble
METObl OLLEHKU KJIMpEeHCa UHBa3UBHbI, TPeOYIOT 3aTparhl
BPEMEHU U CPELCTB, NIMOO CONPSAXEHbI C pagnaLUOHHON
Harpy3kon. B TeyeHue nocnegHux NeT CyXaloTcs MoKa-
3aHUA K GMOMNCUM MOYKM B CBSA3U C 6OJiee LWUPOKUM
npUMeHeHneM MHOOPMAaTUBHbLIX HEUHBA3WBHbLIX METOLOB
AMarHoCcTuKW. TepaneBTUHECKUM NIEKAPCTBEHHbLIA MOHUTO-
PUHT 3aliMLLaeT NaLneHToB OT HeJOCTaTOYHOW MK U36bI-
TOYHOW [O3UPOBKU MeAWMKaMeHTOB MNpu UMMYHOCYMNpec-
CMBHOM Tepanuu WAM Mpu NOYEYHOM HEeOOoCTAaTOYHOCTH.
MonekynspHo-61M0N0orMyeckme uccnegoBaHua (B HacTHO-
CTW, onpegefieHne LUMTOKMHOB) MOKa OCTaloTCs Ha CTaauu
pa3paboTKK, B CBA3M C YeM HEeAOCTYMHbl AN WKWPOKOro
npuUMeHeHus. MoneKkynspHoO-reHeTU4YecKne nccneqoBaHus
NO3BOSAIOT AMArHOCTMPOBATbL PEAKMEe HacneACTBEHHble
3a60/1eBaHM1s, HO OHM HE CMOCOBHbI 3aMEHWTbL TLLATENbHOE
KNWHWYecKoe W natodpusnonornyeckoe obcnegoBaHue.
MoatanHaa gnarHoCTMKa U anropuTmbl o6seryatoT nocra-
HOBKY AMarHo3a npu TSeblX COCTOAHUAX B HEPPONOrmK.

CnUCoOK nnTepaTtypbl CM. Ha cTp. 83.
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This review summarises the basic and essential laboratory tools for identifying and differentiating renal diseases in children.
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Diagnostic algorithms are shown which, together with supplementary methods allow, firstly, the diagnosis of the location of
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Inherited and acquired renal diseases occur frequently in
childhood. About 10% of girls and 5% of boys under
18 years of age have experienced one or more renal
diseases of varying nosology (see Table 1).

The outcome of chronic renal diseases is end-stage
renal disease (ESRD), which presents serious therapeutic,
economic and social problems. The mortality rate among
patients with ESRD is 10 times higher than the mortality
rate in the general population [1]. In most European
countries, the renal replacement therapy for one patient
costs €20.000-50,000 per year. Patients with ESRD
represent 0.025% of the general population of the
European Community countries, but governments spend
up to 1.8% of the state medical care budget on treatment
[2]. Therefore, the main aim of modern nephrology is the
maximum prolongation of own-kidney function. Thus, it is
essential to optimise nephrological care, as this depends
on a variety of factors (Fig. 1). In Table 2, the ratio of
specialist per child population in Europe and Russai
receiving nephrological treatment is shown.

Progress in modern diagnostics in pediatric nephrology
allow for improved nephrological care for children. As a
rule, the new tools are very expensive, and they should
only be applied when indicated. Routine methods are less
expensive but their capabilities are limited in that they

may not present a complete picture of the renal damage.
Additionally, unfortunately, their potential is often not fully
used. The comprehensive nephrological care of children is
only possible if standardised laboratory diagnostics and
treatment methods are used. It is important to remember
that new and expensive may not always be the best.

Diagnostics in pediatric nephrology
Aswellasacomprehensive historyandclinical examination,
the following is recommended:

e Urine tests.

* Blood tests.

e Instrumental investigations.

e Kidney biopsy + morphological investigations.

e Drug monitoring.

e Molecular biology (biomarkers).

* Molecular genetics.

The main extrarenal manifestations of renal diseases are
oedema (the diagnostic algorithm is presented below)
and arterial hypertension (AH). To identify AH the age-
dependent values (Table 3) and daily monitoring of arterial
blood pressure are required.

As clearly seen from Table 4, the variety of clinical
symptoms associated with renal diseases is poorly
pathognomonic. In this case it is impossible to diagnose



Table 1. The frequency of the renal diseases in childhood

Diseases

Frequency

Congenital abnormalities of the kidney and urinary tract

About 1% of all the newborns, more often boys

Bacterial infections of the urinary tract

7.8% of girls and 2.5% of boys under 7 years

Inherited and acquired glomerular diseases

The frequency of the nephrotic syndrome is 16 per 100,000 children.
The nephritic syndrome or isolated haematuria and proteinuria occur more
frequently than the nephrotic syndrome

Tubulopathies

Rare

Renovascular diseases

Rare

Acute renal failure

15-20 new cases per 1 mio. children per year

End-stage renal disease
(outcome of the above-mentioned diseases)

7-9 new cases per 1 mio. children per year

Fig. 1. Optimisation of pediatric nephrological care (it is essential to apply the approved and standardised diagnostic tools to exclude
under- or overdiagnosis). Adapted from Campbell H. et al., 2008 [3]

Expert training

and certification
Management

and assignment
Measures to attract
and/or support staff

influencing the quality
of paediatric inpatient

Resources Clinical facilities Organization
Financing Diagnostics / General public \
* No financial irregularities e Clinical examination * Demand for medical care
¢ Insurance schemes e Laboratory and instrumental e Interaction with primary
e Bonuses diagnostic tools etc. medical carers
Communication and referral
Availability and transportation/
Staff Children’s adaptation N

Family care
Information and advice
Education and games
Cultural development

Factors

Post-graduate education

Physical facilities

e Buildings
e Service

List of vital medications
Medication supply

Rational application and safety
of medication

Auxiliary technologies

* Oxygen, IV solutions, nutrition
e Supply of medical equipment

care 4
Clinical standards \
Evidence-based practical
\ guidelines
Treatment Applicability

Training strategies
Renewal

\

Quality control

Audit, information system
of healthcare

Quality analysis
Certification

/

the patient without special laboratory and instrumental

diagnostic methods.

1. Urine investigations

For analysis, it is essential to use the middle portion of
the second freshly-voided morning urine without using

stabilizers. However, if there is no possibility of getting
an early morning urine sample any urine obtained during
the day may be used. Stabilisers are rarely justified, for
example, when collecting urine for detection of oxalate
excretion. Do not delay the urine collection, as it could be
the last urine, which the patient is able to void.

i

NEAUWATPUHECKASA ®APMAKOJIOIUSA /2009/ TOM 6/ N2 4



Nekuyunsa

Table 2. Demographic indices of pediatric nephrological care in Europe and Russia in 1998 [4]

Per 1 mio. children
Specialty
Russia Other Europe
Paediatric nephrologists 4.4 4.9
Paediatricians with a special interest in nephrology 6.0 5.8
Number of nephrologists per paediatrician 1/446 1/145
Paediatricians with an interest in nephrology per paediatrician 1/335 1/123

Table 3. Mean 24h arterial blood pressure measurement in children [5]

Boys
24h Daytime (08:00-20:00) Nighttime (08:00-20:00)
Height
cm 50th 95th 50th 95th 50th 95th
percentile percentile percentile percentile percentile percentile
120 105/65 113/72 112/73 123/85 95/55 104/63
130 105/65 117/75 113/73 125/85 96/55 107/65
140 107/65 121/77 114/73 127/85 97/55 110/67
150 109/66 124/78 115/73 129/85 99/56 113/67
160 112/66 126/78 118/73 132/85 102/56 116/67
170 115/67 128/77 121/73 135/85 104/56 119/67
180 120/67 130/77 124/73 137/85 107/56 122/67
Girls
24h Daytime (08:00-20:00) Nighttime (08:00-20:00)
Height
cm 50th 95th 50th 95th 5Qth 95th
percentile percentile percentile percentile percentile percentile

120 102/65 113/73 111/72 120/84 96/55 107/66
130 105/66 117/75 112/72 124/84 97/55 109/66
140 108/66 120/76 114/72 127/84 98/55 111/66
150 110/66 122/76 115/73 129/84 99/55 112/66
160 111/66 124/76 116/73 131/84 100/55 113/66
170 112/66 124/76 118/74 131/84 101/55 113/66
180 113/66 124/76 120/74 131/84 103/55 114/66

Table 4. The clinical symptoms of renal diseases

General symptoms

Polydipsia, loss of appetite, pallor, weakness, fatigue, fever, oedema, ascites,
exsiccosis, gastrointestinal symptoms, skin changes (systemic lupus erythematosus,
vasculitides), arterial hypertension, hearing loss

Changes in diuresis, urinary sediment

Oliguria/anuria, polyuria, dysuria, pollakisuria, nycturia, enuresis, urine retention,
(macro-) haematuria , foamy urine (proteinuria), leukocyturia

Symptoms of endocrine system disorder

Short stature, developmental retardation

Nervous system damage symptoms

Acute attacks (syncope, seizures), visual impairment, headache

Pains

Abdominal pain, loin pain, osteoalgia

Dysembryogenetic stygmas

Congenital abnormalities of the face, auricles, hands, spine, feet and lateral
cervical fistulas




Using urinary dipsticks (qualitative analysis) is cheap and
accurate for urine screening. Sticks can be used even in
tropical conditions [6]. It is not necessary to perform
microscopic investigations of the urine if there is no
haematuria/haemoglobinuria or leukocyturia on dipsticks.
If a pathological finding is found on dipsticks, further
quantitative biochemical and microscopic investigation is
required. Liters are the units of measurement for the
chemical substances in urine (for example, the upper
limit of albumin in urine is 20 mg/l), while microliters
are the units for cell count. In order to neutralise the
different concentrations of substances in the urine, it is
recommended to use the ratio of their level to the level of
a substance, of which excretion is stable during the day.
Creatinine is such a substance. The ratio of the levels of
the identifiable substance and creatinine in urine may
be expressed by mmol of substance/mmol of creatinine
(Table 5).

Most children older than 2 years have 5 * 4 mmol/| of
creatinine in urine with a normal fluid intake regimen.
There might be an error of «urine dilution» when urine
creatinine is about 2 mmol/l or «urine concentration» if
the concentration is about 12 mmol/Il. In these cases,
the creatinine coefficient (CC) differs from the true
one by 2-3 times. CC calculation is not required if the
albumin concentration in urine is 1 g/l which means a
50-fold increase. CC of all substances is higher in infants in
comparison with older children which is not due to
their increased excretion but to smaller muscle mass.
Normal CC indices in newborns are 4 times higher than in
older children. Once the CC is calculated, it is not necessary
to further determine the daily excretion of substances.

For the correct interpretation of the urinary excretion
of electrolytes (Na, K, Ca, Mg, Cl, P), a knowledge of
their serum levels or of their daily intake is essential.
The last factor is rarely available except in cases with
parenteral electrolyte infusion. For example, in a case
of hypokalemia 3.0 mmol/I and kaliuria of < 20 mmol/I
reflects the normal excretory renal function. In case of
hyperkalemia 6.5 mmol/l a kaliuria < 20 mmol/I is a
sign of renal failure with the retension of K, because the
healthy kidneys should excrete K in increased amounts of
ca 80 mmol/l and higher. Special attention should be paid
to the calcium excretion, as its increase is associated with
the higher risk of nephrocalcinosis and nephrolithiasis.
Excretion of the organic acids (citrates, oxalates, urates)
should be defined in special laboratories (as it is a very
expensive method) in case of suspected hyperoxaluria,
hypo- or hypercitraturia, hypouricosuria. For detection of
pH and relative urine density the quantitative methods
(pH-metry and osmolality detection) are recommended
as urinary dipsticks are of little use poorly informative in
this case.

1.1 Proteinuria, including urinary proteomics
Proteinuria is a sign of renal disease and a marker for
localisation and severity of renal damage. There may be a
transient elevation of albumin in urine in conditions such
as fever, considerable physical exertion, haematuria and
urinary tract infection. The activity of proteases in urine is
also important in diagnostic errors (the temperature of 8°C
reduces their activity, thus, the urine can be stored for a
couple of hours prior to analysis). Normal values of the PU
are given in Table 6.

Table 5. Age-dependent urinary excretion of substances by the creatinine coefficient (95th percentile) [7, 8]

Substance/Creatinine, Age, years
millimoles/millimoles 1/12-1 1-2 2-3 3-5 5-7 7-10 10-14 14-17
Sodium/creatinine 54 58 56 57 51 42 34 28
Potassium/creatinine 74 68 63 48 33 22 15 13
Calcium/creatinine 2,2 1,5 1,4 1,1 0,8 0,7 0,7 0,7
Magnesium/creatinine 2,2 1,7 1,6 1,3 1,0 0,9 0,7 0,6
Phosphate/creatinine 19 14 12 18 5 3,6 3,2 2,7
Oxalate/creatinine 0,17 0,13 0,1 0,08 0,07 0,06 0,06 0,06
Uric acid/creatinine 1,5 1,4 1,3 1,1 0,8 0,56 0,44 0,4
Table 6. Normal ranges of proteinuria
Protein Albumin a-1-microglobulin
He_althy in urine /creatinine in urine in urine /creatinine in urine in urine /creatinine in urine
:I;“;::?s mg/I| mg/g mg/mmol mg/| mg/g mg/mmol mg/I| mg/g mg/mmol
<100 <100 <10 <20 <20 <5 <10 <5 <1
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Fig. 2. Diagram for diagnostics of pathologic proteinuria using
albumin levels and alpha-1-microglobulin excretion

a1-Microglobulin (mg/l)
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The region above the A line corresponds to tubular proteinuria
(triangles), while the region below the B line corresponds

to glomerular proteinuria (dots) and the region between

the A and B lines, corresponds to the glomerular-tubular proteinuria
(squares). The dashed lines represent the upper limits of normal
values (for albumin less than 20 mg/I and for al-microglobulin —
less than 15 mg/I).

PU could be studied by various methods [9]:

e Total protein.

e Protein-markers: albumin, «-1-microglobulin, trans-
ferrin, IgG.

e Electrophoresis: cellulose-acetate, SDS-PAGE [11].

e Enzymuria: NAG, AAP etc.

* Proteomics.

e Biomarkers (enzymes, NGAL).

Notice: the low-cost method for semiquantitative

identification of proteinuria in children with nephrotic

syndrome at home — using 20% solution of sulphosalicylic

acid (2 g of sulphosalicylic acid should be dissolved in 8 ml

distilled water). Method of detection: 3—-4 drops of the

solution should be added to 2—-3 ml of urine and mixed

well. Interpretation of findings:

e Urine remains clear: negative.

e Light clouding (smoke in the room): 1+.

Table 7. Albumin — a1-microglobulin algorithm (AAA) [12]

* Moderate clouding (milk in water): 2+.

* Intense clouding (cheese), sediment 3+.

The solution can be stored for long periods.

Estimation of the protein/creatinine ratio in urine replaced
the 24 h collection of urine without loss of diagnostic
sensitivity and specificity. Detection of the level of the
total protein in urine without proteins-markers does not
provide any information for us, particularly it does not allow
differentiation between glomerular and tubular proteinuria,
whereas the new electrophoresis methods for separation
of the urinary proteins depending on their molecular weight
allow for this [10]. By contrast, the cellulose-acetate-gel
electrophoresis should not be used because it is an out-
of-date method. The nephelometric method to define the
proteins-markers by means of AAA algorithm (Table 7)
quickly distinguishes between the glomerular and tubular
dysfunction (Fig. 2).

Slight albuminuria about 20-100 mg/l (so-called
microalbuminuria) is of clinical importance as an
early indicator of renal damage (for example, in case of
diabetic nephropathy, cardiovascular disorders in essential
hypertonia). Urine enzymes such as N-acetyl-beta-D-
glucosaminidase and others allow detection of toxic tubular
damage. The study of urinary enzymes does not distinguish
between different tubular disorders and diseases and for
this reason are not used in routine practice.

Urinary proteomics, a new noninvasive diagnostic method,
is invaluable in pediatric practice. In Fig. 3, there is an
example of the urinary proteomics in patients with Fanconi
syndrome. It has been discovered that the biomarker
gelatinase-associated lipocalin is considerably activated in
cases of tubular damage and may allow definition of the
level of renal damage [13].

On the basis of distinguishing various proteom patterns in
urine, this method allows differentiation of various
glomerulopathies, for example, IgA-nephropathy from focal-
segmental glomerulosclerosis or minimal change disease,
however proteomics have not replaced renal biopsy.

1.2 Microscopy of the urine.

If the urinary dipsticks are positive for erythrocytes and
leukocytes, microscopic investigation of the freshly voided
non-centrifugated urine is required. The Neubauer counting
chamber containing one microliter (Fig. 4) is usually used.
The upper normal limits are 10 erythrocytes/ul in girls

A/urine creatinine, mg/g «-1-MG/urine creatinine, mg/g Proteinuria
<20 <5 Normal
>20 <5 Glomerular
<20 >5 Tubular
Calculations according to the formula:
>20 >5 al-MG X 100 / (a1-MG + A)
> 15% — glomerular; < 15% — tubular

Note.
a1-MG — al-microglobulin.



and boys, and 50 leukocytes/ul in girls and neonates, and
10 leukocytes/ul (in boys).

The prevalence of asymptomatic microscopic haematuria in
school-aged children is 0.5-2.0% (more frequently in girls
than in boys), macrohaematuria occurred in 0.13%. During
the urinary microscopy the identified erythrocytes should
be differentiated into renal or glomerular, (dysmorphic) and
postrenal (unchanged), which is possible using the phase-
contrast microscopy. An experienced nephrologist can
detect dysmorphous erythrocytes even using a common
light microscope with 400 times magnification. Further
differentiation of dysmorphic erythrocytes into different
subgroups is a relatively time consuming method and thus
should not be used routinely. An example of the dysmorphic
erythrocyte «Mickey Mouse erythrocyte» is given in Fig. 5.
Glomerular haematuria is established if there is a sufficient
number (> 5-10 percent) of dysmorphic erythrocytes in a
total of e. g. 200 eyrthrocytes/ul. In our clinics the detection
of the erythrocyte casts as a routine investigation is used
only in unclear cases. Quantitative calculation of cells in the
daily urine by Addis’s method is not informative due to the
errors in urine collection and spontaneous cell destruction.
It is important to differentiate between the haematuria
and hemo- and myoglobinuria, if, for example, the dipstick
test is positive, however, there are no erythrocytes on
microscopy.

The main index of the bacterial urinary tract infection is
leukocyturia. However, not every leukocyturia is a sign
of bacterial urinary tract infection, for example, sterile
leukocyturia is found in tubulointerstitial nephritis, or
nephrolithiasis, or urinary candidiasis. Leukocyturia may be
absent in adenoviral urinary tract infection.

During the microscopic urine investigation there is no
need to differentiate leukocytes by morphology. Detection
of podocytes and parietal epithelial cells of the Bowman’s
capsule in urine is an expensive method to detect
glomerular damage, and requires a specially equipped
laboratory [15].

In case of nephrolithiasis, it is recommended to measure
Ca, cystine and oxalate in urine; the microscopic
differentiation of crystals is not very informative when
looking for hypercalciuria.

In case of bacteriuria the quantitative evaluation
of bacteria by microscopy is possible, however the
microbiological investigation yields more accurate data on
the amount and properties of microorganisms. Detection of
fungi in urine indicates a candida urinary tract infection.

2. Blood tests

Na, K, Cl, Ca, Mg levels in serum do not depend on
age, while the phosphate level is age-dependent: it is
higher in infants in comparison with school-aged children
(Fig. 6).

Urea levels (it is necessary to take into account the
protein intake, catabolism, severe or chronic diseases) and
C cystatin (after the first year of life) do not depend on age,
while the serum creatinine changes with age (rises) due
to increase of the muscle mass (Table 8).

This brings up the question: how to evaluate GFR? During
the initial examination of a child with renal disease,

Fig. 3. The panel depicts 24 polypeptides, which define
Fanconi Syndrome — a specific polypeptide pattern,
distinguishing them from healthy children and patients
with CKD [14]

FC H CKD

Note.

FC — Proteomic urine profile in patients with Fanconi syndrome;
H — age-matching healthy controls;

CKD — patients with chronic kidney disease;

A — proteomic profile showing all peaks;

B — showing the disease-characteristic peaks only.

Fig. 4. Neubauer counting chamber for the quantitative evaluation
of the urinary cells
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Fig. 5. Mickey Mouse dysmorphic erythrocyte in glomerular
haematuria

we assess all three above-mentioned parameters.
In newborns, infants or extremely dystrophic children
with chronic renal failure (CRF) (for example, in case of
myelomeningocele or hepatic failure), the falsely low levels
of creatinine could occur, related to small muscle mass,
while the cystatin C is elevated [17]. For the purpose
of evaluation of severe CRF progression, the creatinine
level dynamics is more informative than that of cystatin
C. Urea concentration depends not only on GFR, but also
on diuresis and protein metabolism (increases in cases
of catabolism or steroid therapy). It's level is important for
determination of indications for dialysis (> 50 mmol/l),
since the risk of the hyperosmolar state and cerebral
complications is very high, whereas the creatinine and
cystatin C in the concentrations, which is common for CRF,
are not toxic.

It is essential to determine the creatinine levels regularly
for evaluation of GFR in chronic kidney diseases (CKD).

Definition and criteria of CKD

A patient with CKD should comply with the following

criteria:

e Structural or functional renal damage of more than
6 months duration with reduced GFR or without it; and,
in addition, one of the following abnormal changes:

Fig. 6. Normal levels of the serum phosphorus in dependence
on age [16]

2,4 7
2,2

1,8
1,6
1,4
1,2
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0,8

Age, years

1) in blood or urine tests

2) inrenal imaging

3) in renal biopsy

or

e GFR less than 60 ml/min/1.73 m?2

CKD stages are given in Table 9.

Homer H. Smith created the «Clearance» term, which is
the plasma volume completely purified from a certain
substance in unit of time (ml/min/1.73 m2 of the body
surface). Clearance or GFR, as well as the renal plasma
flow (RPF) are the key parameters of the renal excretory
function. Inulin and para-amino-hippuric acid (PAA)
clearances are the gold standard for GFR evaluation.
Inulin is freely filtered, not reabsorbed by the tubules and
completely excreted by kidneys. PAA is also freely filtered,
almost completely secreted in the proximal tubules and not
reabsorbed, i.e. completely suitable for RPF estimation.
Filtration fraction (FF) is defined by GFR/RPF ratio and in a
normal state is 17-23%. FF declines in glomerulonephritis
and increases in tubulointerstitial disorders. The Children’s
Hospital of Hannover Medical School carried out 999 inulin
and PAA clearance assesments from 1972 to 1996. Due
to significant cost and discomfort for patients (two vein
punctures and 4 hours of waiting period), this laboratory
and chemical method was stopped 10 years ago. Instead, a

Table 8. Age-dependent values of serum creatinine, cystatin C and glomerular filtration rate (GFR) (it is important to know the method
of assessment used in your laboratory and thus create your own normal values)

. Creatinine Cystatin C, _GFR, \
pmol/I mg/dl mg/I| ml/min/1.73m
3 days 80-130 0,8-1,5 1,2-2,4 20-30
7 days 30-40 0,4-0,6 1,0-2,2 20-30
1 month — 1 year 25-40 0,4-0,6 0,8-1,6 70-100
2-8years 40-60 0,5-0,7 0,6-1,4 90-130
9-18 years 50-80 0,6-0,9 0,6-1,4 90-130




Table 9. Stages of the chronic kidney disease in childhood [18]

CKD stages GFR, ml/min/1.73m?2 Clinical implications
1 > 90 Normal renal function
Irreversible glomerular-tubular dysfunction and/or congenital abnormalities
Compensated renal insufficiency
2 60-90 There are often no symptoms or signs except for reduced GFR (even in normal serum
creatinine), but extrarenal comorbidity has already commenced
3 30-60 Renal failure
Distinct anemia, bone abnormalities, growth failure, acidosis etc.
Renal failure
4 15-30 + hypertension, physical inability
Renal replacement therapy
5 <15 All mentioned above + hypervolemia, hyperkalemia, hyperazotemia, requiring dialysis
or transplantation

new radionuclide GFR identification method was developed
by means of Chrome-51-ethylenediaminetetraacetic
acid and lodine-123-hippuric acid. This method allows
accurate data collection with minimal radionuclide load
(40-80 kBqg/kg of body weight), which amounts to less
than 1/20 of the natural annual radiation exposure in
the environment (approx. 2.4 mSv)! Thus this method can
be used repeatedly without risk of irradiation in routine
diagnostics. Oberhausen algorithm allows accurate
assessment of GFR by two-sample or Russel methods
(blood samplings 2 and 4 hours after injection).

Some paediatric nephrologists refuse to use the
radionucleide clearance methods and estimate GFR
with creatinine clearance using, for example, Schwartz
equation. All these equations have significant deviations in
comparison with the standard clearance assessment
method. For example, GFR assessed using the creatinine
clearance is up to 10% different from inulin clearance due
to tubular secretion of creatinine. During progressive renal
failure there is an increased tubular secretion of creatinine,
and falsely elevated values of GFR are found.

Fig. 7. The percentage of aminoacid reabsorbtion in a case
of generalised hyperaminoaciduria in cystinosis

In order to detect the disturbances in aminoacid
reabsorbtion assessment of plasma and urine levels is
required. By means of a special mathematical programme
(such as the Albers programme) it is possible to identify
different aminoacidurias. Fig. 7 shows an example of a
child with De Toni-Debre-Fanconi syndrome in cystinosis
with generalised aminoaciduria, while in Fig. 8, there is
an example of a child with cystinuria and renal stones and
partial aminoaciduria, so-called COLA type — increased
excretion of cystine, ornithine, lysine and arginine.

1.3 Formulas in paediatric nephrology

Glomeraular filtration rate

GFR estimatation measuring the serum creatinine level,
height and coefficient C (Table 10) according to the Schwartz
formula.

GFR, ml/min =
Height (cm) X C/ Serum creatinine (umol/I)

Where «C» is the coefficient related to age.

Fig. 8. The percentage of aminoacid reabsorbtion in a case
of partial hyperaminoaciduria (COLA) in cystinuria
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Table 10. Age-dependent values of the coefficient C

Coefficient C in creatinine expressed in:
Age
umol/I mg/dl
Newborns 33-40 0,45
Prepubertal period 38-48 0,55
Postpuberal period 48-62 0,7 (boys)
This formula fails in different stages of the renal failure. The «underfill» — underfilled blood volume, «overfill» — overfilled

formula is inapplicable in cases of malnutrition (significant
loss of the muscle mass) and disproportionately short stature.
Cockroft-Gault formula, which is based on age and body
weight, is inapplicable for children under 12 years of age [19].

GFR, ml/min =
[140 — age (years) X Weight (kg) X Cl/
Serum creatinine (umol/|)

Where C is the coefficient of 1.23 for men and 1.05 for
women.

However, it is more appropriate to apply such a blood serum
parameter, which does not depend on body constitution
and muscle mass. Filler's formula using the level of the
serum cystatin C allows an increase in accuracy of GFR
estimation.

GFR, ml/min =
antilog 1.962 + [1.123 X log {1 / CysC}]

Intravascular volume in children with nephrotic syndromeis
determined according to the Van de Walle formula:

Urinary electrolytes ratio = [K/ {K + Na}] X 100 (%)

Where K is the level of potassium ions and Na is the level
of sodium ions in urine.

The necessity for albumin infusions or diuretic therapy
depends on the results of the following formula:

blood volume (Table 11).

Fractionated sodium excretion (FEy,) is calculated for
the differential diagnosis of prerenal and postrenal failure.
FEng is less than 0.5 in patients with acute prerenal
failure.

FEna = Una X Screat/ Sna X Ucreat

Whereby U isthe concentration of the indicated substance in
urine and S — in serum.

Anionic gap is calculated in cases of metabolic acidosis
of unknown origin for detection of pathological anions
(lactate, ketoacids):

Anionic gap =
SNa + SK — SC/ — SHCO3 (normal.' 8-16 mmOI/I)

Whereby S is the concentration of indicated substance in
serum

Tubular phosphate reabsorbtion is calculated according
to the Brodehl formula in case of suspected renal losses
(Fanconi syndrome, ifosfamide-tubulotoxicity).

TPR/GFR = serum phosphate — urinary phosphate X
serum creatinine/urinary creatinine (mmol/I)

If serum phosphate is > 1 mmol/l and TPR/GFR is
< 1.0 mmol/lI — renal phosphate loss can be diagnosed.

Table 11. Treatment of oedema in nephrotic syndrome: when is albumin infusion required? (according to the Van de Walle formula

and fractionated sodium excretion (FEy,))

Blood volume Underfill Normal Overfill
Urine electrolytes ratio o o o
(K / {K + NaJ] X 100 (%) > 60% 30-60% < 30%
Fractionated sodium excretion Very low Low Low
(FEng) <0,5 0,5-2,0 0,5-2,0
Treatment Albumin IV + Diuretic Diuretic Diuretic

Example 1. 50 / [50 + 100] X 100 = 33% (normal)
Example 2. 80 /[80 + 20] X 100 = 80% (underfill)

— Treatment: Furosemide
— Treatment: Albumine + Furosemide




3. Instrumental investigations in nephrology

In Table 12, the major visualising methods applicable in
paediatric nephrology are presented.

An ultrasound of kidneys and urinary tract should be
performed in all patients with renal diseases. If ultrasound
reveals hydronephrosis or voiding cystography it is
essential to exclude vesicoureteral reflux. Intravenous
pyelography is rarely performed today due to it's harmful
effects and the advantages of uro-MRT. Renal Duplex-
sonographyisindicatedin patientswith arterial hypertension
and to detect the reasons for kidney transplant dysfunction.
Radionucleide methods are applied to identify the scars in
renal parenchyma, urodynamically active stenosis and
to compare the functions of the left and right kidneys.
In postvesical stenosis these diagnostic methods are
supplemented by bladder catheterisation. It is necessary to
take into account the cost when visualising investigations
are perfomed.

4. Kidney biopsy

The diagnosis of many glomerular and tubulointerstitial
diseases is impossible without transcutaneous renal
biopsy (Bx). Indications for Bx are: steroid-resistant
nephrotic syndrome (NS), acute nephritic syndrome with
renal failure, if rapidly progressive glomerulonephritis is
suspected (GN) (with the exception of post-streptococcal
glomerulonephritis), or tubulointerstitial nephritis and
systemic diseases with renal involvement (SLE, Henoch-
Schoenlein purpura). Bx is the gold standard for diagnosis
of the causes of renal transplant dysfunction. Open
Bx is carried out in exceptional cases, for example, if a
malignancy is suspected. Bx is not indicated in patients
with frequently relapsing NS, only in cases suspected
of cyclosporine A nephrotoxicity. Bx is often indicated in
patients with long-lasting isolated proteinuria or
haematuria. Presently indications for Bx have been
narrowed because of progress in non-invasive diagnostic

Table 12. Old and new visualising techniques in nephrology

methods. Contraindications to Bx are: single kidney
(facultative), renal ectopia, incurable coagulation disorder
or uncontrollable arterial hypertension.

Bx in children should be carried out by an experienced
paediatric nephrologist or surgeon in in-patient clinics.
The procedure is simple and takes about 15-20 minutes.
Complications are rare and the risk of minor bleeding is
5-10%. The Bx protocol is given in Table 13.

Morphological investigations

The biopsy cylinder should contain at least
10 glomeruli and an artery. Morphological investigation
of the renal biopsy includes three studies: light (LM),
immunohistochemical (IHC) or immunofluorescent
and electron (EM) microscopical investigations. For
LM and IHC investigations, the renal tissue fixed in the
4% buffered formalin (for at least 2 hours) is put into
the homogenised wax with further serial sections of
no more than 2-3 pm thick in the rotation microtome.
For EM investigation, a section of the biopsy about
1 mm in length containing glomerulus and fixed in 2.5%
glutaraldehyde should be used.

Light microscopy

The serial sections are placed onto 16 slides, 3 per
each, for further staining using the following methods:
Hematoxylin-eosin, Perjodic acid-Schiff (PAS), Jones’
silver staining. Other uncolored slides will be used for
additional histo-investigations (Congo red on amyloid)
and immunohistochemical, if necessary.

Immunohistochemistry

The following antibodies should be used: IgG, IgM,
IgA, C3, C1 q, C4d (kidney transplant). Additional
antibodies: kappa and lambda light chains (to detect
the renal involvement in myeloma etc.), SV40 (polyoma-
virus in kidney transplant) etc.

Technic . ?OSt
(equipment, materials, human resources)

Ultrasound Low
Duplex-sonography Moderate
Ultrasound + levovist High
X-ray: voiding cystography, IV pyelography Moderate
Radionuclide: iodine hippuric clearance, MAG3 High
DMSA scanning High
Scintigraphy with captopril High
Uro-MRT High
Uroflowmetry Low
Urodynamics High

~
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Table 13. Kidney biopsy protocol. (Children’s Hospital, Hannover Medical School)

L]

L]

Arrival day:

Positioning of the peripheral catheter and blood sampling: Thromboplastin time, PTT, complete blood count, acid-base balance,
creatinine, urea, Ca, P, total protein, C-reactive protein, blood group (in case of Bx of native kidney).
Signed parental consent form for Bx.

Kidney biopsy day:

Patient should not be fed for 6 hours prior to Bx (since 2:00 a.m.).

Premedication: Midazolam 0.1 mg/kg orally.

For Bx: Ketamine and Midazolam IV, checklist of emergency medication, breathing sack and oxygenator, sandsack
(about 0.5-1.0 kg).

Kidney biopsy:

To be carried out on the ward or ICU.

The child in prone position with a pillow under the epigastrium (in case of Bx of the renal transplant — in supine position).
Sedation: Ketamine 0.5-1.0 mg/kg IV, Midazolam 0.05 mg/kg IV.

Localization: lower pole of the left native kidney or any pole of the transplanted kidney using US, puncture place marking.
Local anesthesia (on the marked place) with lidocaine and formation of the tunnel for the biopsy needle (in an acute angle
to the renal capsule) using a syringe.

Insertion of the biopsy needle into the formed tunnel (Magnum, Gallini biopsy guns etc., 16—18 gauge diameter needle
and 20 cm long) in the same acute angle to provide the maximum volume of the renal cortex, containing glomeruli,

and to prevent needle-inflicted damage of medulla and pelvis (large vessels and risk of bleeding) (Fig. 9).

Checking of the renal tissue (automatically, after a minor puncture of the renal capsule) with an immediate evaluation

of the adequacy of the biopsy material using a common light microscope. The cylinder length should be more than 1 cm; glomeruli
should be red round formations; renal medulla should be parallel red stripes). As a rule, 1-2 cylinders are enough (Fig. 10).
Placement of the biopsy material into 1 tube, containing 4% buffered formalin (from the pathology laboratory performing
morphological investigations).

Sterile aseptic dressing, sandbag onto the puncture, transfer of the patient to the ward.

After kidney biopsy:

6 hours bedrest with a sandbag placed onto the puncture.

Next 18 hours — bed rest; compression band should be removed after 24 hours.

Investigation of every urine sample for gross and microscopic haematuria (urinary dipstick); in case of bleeding: US should be
performed.

Native kidney: Blood Pressure and heartrate control: every 15 minutes for the first 2 hours, every 30 minutes for the next 4 hours,
and then every 1-2 hours and every 2—3 hours at night. Breathing rate control until the patient wakes completely. 6 hours after Bx,
CBC; if it drops by more than 2 points, the doctor on duty should be informed.

Renal transplant: ABP and heartrate control: every 15 minutes for the first 2 hours, every 30 minutes for the next 4 hours,

and then every 1-2 hours and every 2—3 hours at night.

Breathing rate control and oxygen supplementation until the patient wakes completely.

Discharge day: US of the kidney.

Fig. 9. Magnum biopsy gun (USA) Fig. 10. Renal biopsy material with a length of about 2 cm

Electron microscopy The main morphological changes, which should be
In order to prepare the biopsy for electron microscopy the taken into account in nephropathologist diagnosis are
following steps should be taken: placementinto the epoxyde listed in Tables 14, 15.

resins, performance of the semithin and ultrathin sections, Examples of selected glomerular diseases are given in

their placement onto the copper grids with contrasting. Fig. 11-13.




Table 14. The key morphological changes in renal

diseases

1. Light microscopy
e Glomeruli:

e Tubules and interstitium
e Vessels
2. Immunohistochemistry

3. Electron microscopy

— Structures (endothelium, mesangium, epithelium,
glomerular basement membrane)

— Distribution: diffuse/focal, total/segmental)

— Active lesions (necrosis, apoptosis,
hypercellularity, proliferation)

— Chronic lesions (sclerosis, glassy degeneration)

e Staining (granular, linear) for IgA, IgM, I1gG, C3, C1q

e Basement membrane: thickening, lamellation

e Mesangijal matrix: expansion

e Electron-dense deposits: subendothelial, intramem-
branous, subepithelial, mesangial

e Podocytes: foot process effacement

e Other: tubuloreticular structures, fibrills etc.

Fig. 11. Diffuse proliferative GN
(post-infectious GN)

Note.

1) LM — enlarged glomerulus
with occlusion of the lumens
in some capillaries due

to significant endocapillary
proliferation, mostly
neutrophils (PAS).

2) IHC — diffuse global
granular C3c deposition in the
glomerular basement membrane
and mesangium.

3) EM — a large subepithelial
electron-dense deposit
(«<humpp»).

The main reasons for
renal transplant dys-
function are: acute rejec-
tion, calcineurin inhibi-
tor nephrotoxicity and
polyomavirus induced
tubulointerstitial nephri-
tis (Fig. 14-186).

5. Therapeutic

drug monitoring
Immunosuppressive
therapy is used in the
treatment of relaps-
ing steroid-resistant
NS, proliferative forms
of GN, GN secondary to
vasculitides, autoim-
mune diseases and after
kidney transplantation
(Tx). Immunosuppressive
drugs (cyclosporine A
(CsA), mycopheno-
late mofetil (MMF),
Tacrolimus, Rapamycin,
Everolimus), as well
as some antimicro-
bial drugs (Tobramycin,
Vancomycin) have very
narrow therapeutic win-
dows. Furthermore, the
significant individual
variability in pharma-
cokinetics, pharmaco-
dynamics and interac-
tion between the drugs
have to be taken into
account. The congenital

differences in response
to drugs is studied by
phamacogenetics. The
genetic polymorphism
of enzymes and me-
tabolising drugs oc-
curs in 30% of all drugs.
For instance, even with
a standard dose of aza-
thioprine, an absence or
reduction in function of
the thiopurine-S-meth-
yltransferase in patients
leads to life-threatening
hematopoietic toxicity
[20]. In Fig. 17, the dif-
ferences in CsA blood
levels in patients receiv-
ing the same dose of the
oral CsA/kg are demos-
trated.

Thus, in order to achieve
the optimal individual
dose in the form of a
sufficient immunosup-
pressive response and
absence of toxicity, it is
essential to monitor the
levels of medication in
the blood on a regular
basis. The gold stand-
ard for therapeutic drug
monitoring is AUC (area
under the curve concen-
tration), which is rarely
applied in clinical prac-
tice because multiple
blood samplings are re-
quired. The drug level in
the blood is more often
defined only once —
prior to drug intake (CO)
or at the peak of concen-
tration in blood (C2, i.e.
2 hours after intake of
CsA). In the calculation of
the drug dosage, it is im-
portant to take into ac-
count the renal function,
since some medica-
tion is eliminated by the
kidney. Therapeutic drug
monitoring is a very
expensive procedure.
The monitoring of an-
tibiotics (Tobramycin,
Vancomycin)andanticon-
vulsants (Oxcarbazepine,
Valproate, Phenobar-
bital, Phenytoin) in pa-

Fig. 12. Focal segmental
glomerulosclerosis

Note.

1) LT — enlarged glomerulus
with segmental sclerosis

and hyalinosis, mild

mesangial proliferation

and widening of the mesangial
matrix (PAS).

2) ET — podocyte foot process
effacement.

Fig. 13. IgA-nephropathy

1) LT — diffuse moderate
expansion of the mesangial
matrix and mesangial
proliferation (PAS).

2) IHC — strong positivity for IgA
in mesangium.

3) ET — electron-dense deposits
within the mesangium.

~
~
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Fig. 14. Severe acute vascular
rejection Banff Ill. Prominent
intimal and transmural
arteritis (PAS)

Fig. 15. Calcineurin inhibitor
nephrotoxicity

Note.

1) Acute: isometric vacuolation
of the tubular epithelium (G-E).
2) Chronic: nodular hyalinosis
of a small artery (PAS).

Fig. 16. Polyomavirus induced
tubulointerstitial nephritis

Note.

1) LM — enlarged nuclei

of tubular epithelial cells

with typical inclusion bodies,
significant interstitial
infiltration with mononuclear
cells (PAS).

2) IHC — significant positivity
for polyomavirus antigen
(SVv40).

tients with renal failure
costs about €1,000 per
year.

6. Molecular biology

In recent years, mo-
lecular methods, which
allow the diagnosis of
genetic renal diseases
prior to their clinical
manifestation, to iden-
tify pathophysiological
mechanisms of their de-
velopment (genomics),
to differentiate between
etiologically similar clini-
cal and histopathological
phenotypes (transcrip-
tomics) and to evaluate
individual sensitivity to
drugs (insufficient effect
or toxicity / pharmaco-
genetics) are more fre-
quently used in nephrolo-
gy. There are many traps
in molecular biological
diagnostics, which are
partially related to the
significant differences in
the clinical symptoms of
the disease within one
family (no correlation
genotype-phenotype).
It is important to take
the possibility of two
co-existing independent
renal diseases in one
patient into account, for
example, the nephrotox-
icity of cytostatic agents
after Wilms tumor treat-
ment; interstitial nephri-
tis caused by treatment
with herbs in patient with
nephrotic syndrome, or
postinfectious GN in an
Alport gene carrier etc.
In many inherited dis-
eases the typical mu-
tations have not been
identified yet.

7. Molecular genetics
The sensitive method of
molecular quantitative
analysis of the viral
DNA and RNA is more
widely used, as it
allows the detection
of new or reactivated

Table 15. Morphological types of glomerulonephritides (GN)

e Minimal change disease (minimal change nephrotic
syndrome)

Focal segmental glomerulosclerosis
Mesangijoproliferative GN: with or without IgA deposits
Membranoproliferative GN: 3 types

Diffuse endocapillary proliferative GN

Extracapillary proliferative (crescentic) GN
Membranous GN

Thrombotic microangiopathy

Fig. 17. Individual differences in CsA pharmacokinetics
(the levels in whole blood) between 8 children receiving
the same dose of oral CsA 200 mg/m2/day [20, 21]
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chronic infection (cytomegalovirus, Epstein-Barr virus,
herpes simplex virus, polyoma virus (BK) etc.) weeks
before the immunological response has developed. In
addition, the reproductibility, sensitivity and comparability
of methods, mutation-related changes and interpretation
of titer dynamics during treatment are topics of constant
debate. Analyses of gene expression show the differencesin
dependence on the material investigated (blood, biopsy),
time and influence of the external factors. (The Michigan
University, USA (www.renalgenes.org) offers testing for
mutation analysis of genes in certain renal diseases free
of charge. An isolated DNA sample is preferable to whole
blood.) The methods of gene activation with quantitative
RNA identification give data on immune-inflammatory
processes in kidneys (urine, biopsy) and in organisms in
general (blood), allow one to detect the exacerbators
of the disease (graft rejection, SLE, focal segmental
glomerulosclerosis etc.). It is possible to obtain information
on the existance of the so-called surrogate markers even
prior to the onset of the morphological changes, in the
case of inefficient therapy. The study of the individual
gene activation, which is currently in the research stage,
should be discussed. Table 16, shows the capabilities of
molecular genetics in the diagnosis of different hereditary
renal diseases.



Table 16. The capabilities of the molecular genetics in diagnostics of the different hereditary renal diseases

Hereditary renal disease

Gene (Omim#) / Localization

Coded protein Function

Glomerular diseases

Alport syndrome

Col4A5 (301050) / Xq22.3

o5 collagen chain, type 4

Col4A4 (203780) / 236-q37

a4 collagen chain, type 4

NPHS1 (602716) / 19913.1 Nephrine
Nephroses
NPHS2 (604766) / 1q25-q31 Podocin
Tubular diseases
Bartterl — SLC12A1 (601678) / 15915-921 Barttin
Bartter's syndrome
Bartter2 — KCNJ1 (241200) / 11924
Cystinosis CTNS (219800) / 17p13 Cystinosin
Cystinuria SLC3A1 (220100) / 2p16.3 Protein-amino acid transporter

Dent’s disease

CLCN5 (300008) / Xp11.22

CLCK2-chloride channel

Oxalosis

AGXT (259900) / 29436-37

Alanine-glyoxylate aminotransferase

Nephrogenic diabetes insipidus

NDI1 (304800) Xq28 / NDI2 (125800) 12q13

V2-receptor, aquaporin-2

Renal tubular acidosis
a) proximal, autosomal-domin
b) distal, autosomal-recessive

SLCOA1 (182307) / 5p15.3
SLC4A4 (604278) / 4921

Cystic diseases

NPHP1 (256100) / 2913 Nephrocystin
Nephrophthisis
NPHP2 (602088) / 9931 Inversine
PKD1 (601313) / 16p13.3-p13.12 Polycystin
Polycystic kidney disease
PKD2 (173910) / 4921-q23 Polycystin 2

Medullary cystic kidney disease

MCKD 1(174000) 121

MCKD 2 (603860) 16p12

Syndromes

Wilms tumors and Denys-Drash syndrome

WT1 (607102) / 11p13

Zinc-Finger Transcription gene

Branchia-oto-renal

EYA1 (113650) / 8q13.3

?

Laurence—Moon-Bardet—Biedl

BBS1-BBS8 (209900) / 20p12, 16921,
11913 u.a.

BBS, function ?

Lowe (oculo-cerebro-renal)

OCRL1 (309000) / Xq26.1

?

Nail-Patella

LMX1B (161200) / 9934.1

Transcription factor LIM

Schimke’s disease

SMARCAL 1 (242900) / 2q34-g36

Chromatin regulator,
DNA recovery

Nevertheless, moleculardiagnostics doesnotrelieve usfrom
the need to identify a clear clinical and histopathological

required.

picture. The prognosis of the disease, based on

genetic investigations during pregnancy requires the critical
approach based on human genetics laws. As soon as this
method is expensive, the coordination of pediatricians
with pediatric nephrologists and geneticists in order to

Example:

maximum targeted usage of the molecular diagnostics is

Practical recommendations

In a child with acute renal failure (ARF), hospital admission
during the first 12 hours is essential to establish the level

i
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of renal damage: prerenal, renal or postrenal. This requires
an evaluation of the fractionated sodium excretion, type
of haematuria, proteinuria and US of kidneys and urinary
tract. If it proves difficult to diagnose the renal disease,
it is vital to sample and freeze blood and urine samples

Table 17. Diagnostic algorithm in acute renal failure

for later investigation by further methods. In case of first
referral, it could be difficult to differentiate between ARF
and CRF. CRF may be suspected in cases of short stature,
hypertonic changes in fundus, osteopathy, decreased
physical activity (tiredness) over a long period, anemia,

Table 18. Diagnostic algorithm in proteinuria

Blood tests:

Basic tests:

* K, Na, Ca, Cl, P, urea, creatinine

e C-reactive protein, Alanine-amino-transferase, creatine
kinase, protein

e CBC

In addition, if haemolytic-uremic syndrome is suspected:

e LDH and free haemoglobulin

e Blood smear (fragmentocytes)

In addition, if acute GN is suspected:

e (3,C4,CH50 complement

* ANA, ANCA, anti-streptolysine, double-stranded DNA

Urine investigation: Osmolarity, creatinine, Na, K, albumin,
al-microglobulin, oxalate, hemoglobine, myoglobine,
erythrocytes, leucocytes.

Differential diagnosis of ARF based on urine analyses

Prerenal Renal

Osmolarity > 500 mmol/I Osmolarity > 300 mmol/I

Basic tests:

e Family history, drug therapy, preceeding diseases
and co-morbidity

e Physical examination: oedema, ascites, exudate
in pleural space, blood pressure

e Urinanalyses: Dipsticks, quantitative determination
of albumin, al-microglobulin, potassium, sodium,
amount of cells in pl of urine.

¢ Blood tests: Erythrocyte sedimentation rate, blood count,
electrolytes, urea, creatinine, albumine, cholesterol,
glucose, complement, anti-streptolysin O titer,
cholinesterase

e Orthostatic test

e US of kidneys and urinary tract

Additional tests:

¢ Infections: Serologies for hepatitis

e Immunology: Ig, antibodies to double-stranded DNA,
C3 nephritic factor etc.

e Coagulogramm

Special tests:

e Bxwith light, immunohistochemical and electron
microscopy of biopsy;

FEna<1* FEna > 2* «  Clearance for GFR, RPF and FF estimation
al-microglobulin refl al-microglobulin } * Molecular genetics, for example, mutations of podocyte
genes
* FENa = ( UNa X Pcrea / Ucrea X PNa) X100
Fig. 18. Diagnostic algorithm in acute renal failure
Acute renal failure )

) C

Postrenal )

( Prerenal ) ( Renal
| / |

hypovolemia,

CVascuIar) ( Glomerular ) ( Tubulointerstitial )

Urinary tract

bilateral renal artery
stenosis + ACEi,

/

obstruction
(stone)

NSAID + phys. exercise

Nephrit.
syndrome

Vasculitides

Nephrot.
syndrome
CHypoxemy) C Toxic damage )
Endogenic: Exogenic:
proteins (myoglobin) drugs, herbs,
crystal. (oxalate) toxins




Fig. 19. Diagnostic algorithm in proteinuria
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Table 19. Diagnostic algorithm in haematuria

Basic tests:
e Family history, drug therapy, preceeding diseases and
co-morbidity

e Physical examination: Abdominal palpation, respiratory
and genital tracts, ABP measurement

e Urinanalysis: Quantitative and qualitative evaluation
of the urine (casts, rarely three-glass test), calcium

* Blood tests: Erythrocyte sedimentation rate, Na*, K+,
Cl-, Ca2+, PO3-, blood count + platelets, urea,
creatinine, protein, aspartate aminotransferase,
C3 complement, perhaps serum freezing for further
investigations

e US of kidneys and urinary tract

Additional tests:

e Blood tests: Uric acid, immunoglobulins, antinuclear
factor etc.

* Immunology: Ig, antibodies to double-stranded DNA,
C3 nephritic factor etc.

e Urine test for uric and oxalic acids, cystine

e Consultations of otolaryngologist and ophtalmologist
to exclude deafness and other disorders

Special tests:

e Cystoscopy in case of gross haematuria and suspected
unilateral process, tumor, foreign body

e Clearance for GFR, RPF and FF assessment

e Bxin case suspected as glomerular disease

polyuria and weight loss. The diagnostic algorithms
were developed for fast, targeted, rational and low-cost
diagnostics of renal diseases. Diagnostic algorithms in
cases of ARF are given in Table 17 and in Fig. 18, for
proteinuria —in Table 18 and in Fig. 19, for haematuria — in
Table 19 and in Fig. 20 and for leukocyturia — in Fig. 21.

There has been steady progress in diagnostic approachesin
pediatric nephrology for the last 20 years. Urinary dipsticks
have proven to be informative in urinary screening. The
methods of diagnostics of haematuria and proteinuria,
identification of electrolytes in the blood serum and
urine were simplified and standardised. Methods for
the detection of serum creatinine and urea have been
supplemented with detection of Cystatin C. Developed
formulas and diagrams of blood serum and urine
parameters allow us to understand the pathophysiological
processes, underlying the renal disease. However, the
formula-based estimation of the glomerular filtration
rate is still a weak link in the diagnostics chain, while
more accurate clearance evaluation methods are invasive,
time-consuming and expensive, or related to radiation
exposure. In recent years, indications for kidney biopsy
have been narrowed, due to a wider use of the informative
non-invasive diagnostical methods. Therapeutic drug
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Fig. 20. Diagnostic algorithm in haematuria
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Fig. 21. Diagnostic algorithm in leukocyturia
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monitoring protects patients from insufficient or excessive
dosage of medication during immunosuppressive therapy
or renal failure. Molecular and biological investigations,
particularly, cytokine identification, are still in reasearch
and thus are unavailable for wider introduction. Molecular
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YBaxaemblit npodeccop bapaHoB!

Muwy Bam, 4T06bI No6narogaputb 3a npu-
rnaweHxue 6biTb YneHoM Hay4Horo Komuteta,
a TaKKe M 3a BO3MOXHOCTb BHECTU CBOW
BK1aa B IV EBponencKknin KoHrpecc neguar-
poB EUROPAEDIATRICS-2009 B KauvectBe
[IOKNaa4mKa.

Y MeHs HeT HWKaKUX COMHEHWH, 4TOo
KoHrpecc npouwen ¢ 6oabwnm ycrnexom. OH
OoCTaHeTcs 419 MHOrMX M3 Hac He3abbiBae-
MbIM COObITUEM, U onpeaeneHHO 60nblwnMm

larom Ans yKpeniaeHus 340poBba AeTel B
pasHbIX cTpaHax.
Cnacu60 3a Baly npeBoCxoaHyl0 MHULMATK-
BY v 60bluyt0 paboTy.
Hapelocb Ha nNpoao/mKeHWEe KOHTaKTOB B
GyayLiem.
C HanAyyLWnMK NnoxKenaHusamMm
npogeccop V. Usonis,
PYKOBOAUTE/Ib YHUBEPCUTETCKOIO
LeHTpa neanaTpmm
(BunbHtoc, Jiutea)

YBakaembiit npodpeccop bapaHoB!
Bonbuwoe cnacu6o.
3710 6blna YeCTb ANA MEHS NPUHATL yyacTue
B IV EBpONEencKOM KoOHrpecce negvaTpos,
KOTOPbIN 6bl1 OT/IMYHO OPraHn30BaH.
7 ¢ HeTepneHneM ay Oyayuiero CoTpyaHu-
yecTBa.
C HaunyqLWnMK MoxKenaHUsIMH,
Franco Chiarelli,
lNpe3unageHT EBponerickoro obuectsa
3HAOKpPUHO0roB, Mtanns
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