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CONSIDERACOES SOBRE A TESE




O Programa de PoOs-Graduacdo em Medicina e Ciéncias da Saude -
FAMED/PUCRS nado exige um formato especifico para apresentacdo da tese de
doutorado. Assim, o formato segue a preferéncia do autor, sendo a mesma escrita
conforme as recomendacdes de Spector (Spector, N. Manual para Redacao de Teses,
Dissertacoes e Projetos de Pesquisa. Rio de Janeiro: Guanabara Koogan; 1997. 117
p.). As referéncias bibliograficas na introducdo seguem as normas de Vancouver e as
citacOes indicadas no texto seguiram o sistema de citacbes em sequéncia.

A avaliacdo da Taxa de Filtracdo Glomerular (TFG) é considerada o melhor indice
para avaliar a funcdo renal. Sua estimativa acurada é necessaria para detectar,
classificar e acompanhar o estagio da doenca renal. Ha escassos trabalhos brasileiros
na literatura, que avaliem esse parametro em criancas. Objetivando a solucdo desse
fato, realizamos pesquisa em Franca com a producédo de um banco de dados a partir
da coorte de Lyon do servico de nefrologia pediatrica.

Incluimos nessa tese, como introducdo, o projeto basilar que nos levou a realizar a
pesquisa. Apés, descrevemos as producdes cientificas. O autor participou da revisdo
da literatura, do desenvolvimento da ideia, da preparacao do projeto, da selecédo dos
pacientes, da coleta de dados, da analise e interpretacdo dos dados e da redacédo da
tese e do artigo. No Laboratério de Fisiologia Renal do Hospital Edouard Herriot de
Lyon, a técnica e procedimentos para avaliagéo das substéncias estudadas foi instruida
pela professora Laurence Dubourg.

O primeiro manuscrito foi o artigo original, que deu o escopo para o tema, publicado
na revista internacional Journal of the American Society of Nephrology (fator de impacto
9,66) sobre avaliacdo de equacBes em adolescentes e adultos jovens. Outros dois

artigos basearam-se na doenca renal policistica autossébmica dominante e



http://jasn.asnjournals.org/

transplantados renais pediatricos, tendo sido publicados nas revistas Pediatric
Nephrology (fator de impacto 2,52) e Transplantation Proceedings (fator de impacto
1,05).

No momento, estamos com um quarto artigo em vias de encaminhamento para
publicacdo para Clinical Journal of the American Society of Nephrology (fator de
impacto 5,22). Concomitantemente, participamos da elaboracdo de capitulo de livro,
em francés, e de 5 temas livres apresentados em congressos internacionais, versando

sobre 0 mesmo assunto.



http://jasn.asnjournals.org/
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RESUMO

Introducéo: As recomendacdes internacionais e nacionais recomendam a afericdo da
taxa de filtracdo glomerular como preditor de doenca renal na populacdo geral, com
uso de creatinina plasmatica. Entretanto, na pediatria existe uma alta prevaléncia de
fatores que interferem na creatinina plasmatica, dentre os quais a taxa de crescimento.
As equagbes mais empregadas sdo derivadas da formula de Schwartz abreviada
(bedside). A cistatina C sérica, uma proteina ndo glicosilada de baixo peso molecular
gue € produzida por todas as células nucleadas, tem sido apontada como um marcador
de filtracdo glomerular. Nesse contexto, ha dividas em relacdo a cistatina C na
pediatria, devido a escassez de estudos com delineamento adequado no Brasil.
Objetivo: Avaliar transversalmente a acuracia diagnostica da cistatina C, creatinina
plasmatica, ou ambas em estimar mudancas na TFG comparados a inulina numa
coorte prospectiva de criangcas com doenca renal.

Pacientes e Métodos: Em uma fase inicial, adquirimos a estratégia metodoldgica para
a realizacao da TFG por depuracao plasmatica de inulina, em pediatria e na populacdo
de adultos jovens, com respectiva publicacdo. Apos, utilizou-se de medidas
simultaneas e repetidas de depuracdo renal de inulina em pacientes pediatricos. A
andlise foi realizada por modelo linear misto, devido ao numero repetido de medidas no
mesmo paciente. Para avaliar a concordancia entre os métodos foram utilizados
graficos de Bland Altman e teste de correlagcdo de concordancia. Em uma segunda
fase, foram realizadas medidas de cistatina C e de creatinina plasméatica em pacientes
renais pediatricos, inclusive transplantados, com subsequente publicacdo de um artigo
e submissado de outro para andlise.

Resultados: Essa tese gerou 4 apresentacdes em congressos cientificos
internacionais, 4 artigos e 1 capitulo de livro em francés (em anexo).

Conclusdes: A afericdo adequada da TFG € de fundamental importancia na pratica
clinica em todas as fases da vida do individuo. A TFG declina progressivamente, com o
tempo, na maioria das enfermidades renais, o que resulta em complicacdes como
hipertenséo arterial, anemia, desnutricdo, enfermidade 6ssea, neuropatias.

Descritores: Cistatinas. Taxa de Filtragcdo Glomerular. Inulina. Pediatria.
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ABSTRACT

Introduction: There have been national and international recommendations to
estimate glomerular filtration rate as a predictor of kidney disease, in the general
population, measuring plasma creatinine concentration. In pediatrics, however, there
is a high incidence of factors that affect plasma creatinine concentration, such as
growth rate and the equations most commonly used to estimate GFR are derivative
from Bedside Schwartz formula. The serum cystatin C, an unglycosylated protein of
low molecular weight, produced by all nucleated cells, has been proposed as a
marker of glomerular filtration. In this context in Brazil, there have been doubts
among professionals about using cystatin C in pediatrics, due to the lack of
appropriate studies about it. Objective: We sought to investigate the transversal
diagnostic accuracy, either related to cystatin C or plasma creatinine or both in
comparison with inulin, for estimating changes in GFR in a prospective cohort of
children with kidney disease. Patients and Methods: Firstly, we have chosen as
methodological strategy for the estimation of GFR the measurement by inulin
clearance, in pediatrics and in a young adult population, followed by a respective
publication. Secondly, we have used repeated and simultaneous measurements of
renal clearance by inulin in pediatric patients. The analysis has been performed by
linear mixed model due to the number of repeated measurements from the same
patient. In order to assess the equivalence between methods, we applied Bland &
Altman graphics, as well as concordance correlation tests. In a second phase, we
had cystatin C and serum creatinine measured in pediatric renal patients, including
those patients who had undergone a transplant. Consequently, an article was
submitted to publication and another one was submitted to analysis. Results: This
thesis has generated four presentations at international scientific congresses, 4
articles and 1 book chapter in French (attached). Conclusions: The adequate
measurement of GFR is of fundamental importance in clinical practice in all phases of
one's life. The GFR progressively declines with time, in most renal diseases, which
results in complications such as hypertension, anemia, malnutrition, bone disease,
neuropathies.

Keywords: Glomerular Filtration Rate. Inulin. Pediatrics. Cystatins.
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1 INTRODUCAO

1.1 ASPECTOS GERAIS

A Taxa de Filtracdo Glomerular (TFG) é considerada o melhor indice de
funcdo renal, e a técnica mais utilizada para a sua avaliacdo € a medida da
depuracdo plasmatica de certos compostos endégenos ou exdgenos pelos rins* =8, A
taxa de depuracdo (clearance) € definida como a quantidade de plasma que é
eliminada de uma substancia na unidade de tempo. A determinacéo estrita da TFG
requer a medida da depuracdo de um marcador que nao seja reabsorvido e nem
secretado pelo tibulo, sendo excretado na urina apenas por filtragcdo glomerular* 2,

A TFG poder ser aferida pelo método de infusdo endovenosa continua de
substancias exégenas (exemplo: inulina), com coletas de urina e sangue a intervalos
regulares, sendo esta a técnica padrédo de depuracgéo renal*®.

A TFG pode ser medida por meio da determinagcdo da concentracdo
plasmatica de proteinas endégenas, como ureia, creatinina e cistatina C.

A dosagem plasmatica de ureia foi introduzida como indice de funcéo renal,
em 1903, por Strauss. A ureia conserva-se como um teste de baixa precisédo por ter
poucos caracteres de um marcador ideal, visto que ndo tem uma producao
constante, variando na ingestdo e no catabolismo proteico e apresentando uma
grande reabsorcéo tubular® 2.

A avaliacdo precisa da TFG é uma importante chave para a identificacdo e
tratamento da doenca renal cronica (DRC), cujas primeiras etapas sdo silenciosas e
nao sdo detectadas com exames de rotina. A funcdo renal declina progressivamente
com o tempo, na maioria das enfermidades renais, o que resulta em complicacdes
como hipertensédo arterial, anemia, desnutricdo, enfermidade 0ssea, neuropatia e

baixa qualidade de vida®.
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1.2 INULINA

Em 1935, Shannon e Smith propuseram como substancia ideal para a medida
da taxa de filtracdo glomerular, a inulina® ?*>. A depuracao renal da inulina é o padrédo
ouro de medida da TFG, tanto para animais como para o homem; e, desde que foi
descrito em 1951, poucas mudancas foram feitas na técnica original* 2?43, A inulina
€ um polimero de frutose com peso molecular de aproximadamente 5.200 daltons,
sendo encontrada na natureza em poucas espécies de plantas, como a alcachofra
de Jerusalém, a dalia e a chicéria. Possui todos os atributos de um marcador ideal
de extracelular, € livremente filtrada pelos glomérulos, ndo sofre reabsorcdo nem
secrecdo pela célula tubular renal®*2.

A técnica de injecdo Unica de inulina é outra forma de se medir a TFG,
através do calculo da dose injetada dividida pela area sob a curva de decaimento

2738  para calcular a area sob a curva de maneira acurada, S&o

plasmético
necessarias varias amostras da concentracdo ou da atividade do marcador no
plasma. A estimativa dessa area fundamenta-se na estimativa da inclinacdo na
curva, denominado como método da inclinacéo-intercepto.

Na pratica clinica, a TFG é estimada, preferencialmente, pela creatinina
plasmatica (CrP)*. A cistatina C (Cys C) tornou-se mais frequente como novo
marcador da TGF, visto que a CrP possui variacdo importante na sua medida em

pacientes com doenca renal®?*+38,

1.3 CREATININA PLASMATICA

As determinacfes da CrP e da sua depuracdo em urina de 24 horas sé&o 0s
procedimentos mais utilizados para a avaliagdo da funcéo de filtracdo glomerular na
rotina laboratorial'***3®, A CrP é formada a partir da hidrélise ndo-enzimatica da
creatina e da fosfocreatina musculares, com um peso molecular de 113 daltons e
sem ligacdo a proteinas plasmaticas. Noventa e oito por cento da creatina é
estocada no musculo apoés ter sido sintetizada no figado a partir dos aminoacidos
glicina e arginina. A outra fonte de creatina é a ingest&o de proteina animal®?3.

Um percentual proximo a 2% da creatina muscular é convertido em creatinina
a cada dia. Entretanto, apresentam alguns inconvenientes. Variaveis pré-analiticas,

como a perda de urina durante a coleta e a hidratacdo do paciente, — bem como a
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—
interferéncia analitica o método de Jaffé dependente decorrente da presenca de
bilirrubina, glicose, ascorbato e hemdlise, ou substancias exdégenas como as
ciclosporinas e cefalosporinas e outros medicamentos e seus metabdlitos — podem
prejudicar o uso da CrP**38 A desproteinizacéo de amostras e o uso de métodos
enzimaticos, a creatinina iminoidrolase ou amidoidrolase, foram implantados na
pratica laboratorial para extrair esses interferentes®?*2,

Nas situacbes em que a funcdo renal esta discretamente alterada, a
correlacdo entre a CrP e a filtracdo glomerular € menor, levando a uma estimativa

hY

imprecisa da filtragdo glomerular, devido a alta variabilidade interindividual e a
secrecdo tubular da mesma®%.

Nos consensos, recomenda-se a aplicacdo de formulas para avaliar a TFG
em vez da depuracdo da CrP. Essas equacdes propdem-se a minimizar os fatores
que interferem na CrP, tais como peso, altura, idade, sexo, rac¢a, dieta e o0 método

analitico laboratorial*?.

1.4.1 CREATININA PLASMATICA NA PEDIATRIA

Notoriamente, a CrP é a substancia mais utilizada para afericdo da TFG, seja
por férmulas ou por coleta de 24 horas. Entretanto, como descrito anteriormente
possui as mesmas dificuldades, seja na afericdo laboratorial, seja na variabilidade
interindividual que varia com o crescimento da crianga®?2>33,

A depuracdo de creatinina também traz limitagbes pela necessidade de
armazenar urina por um periodo de 24 horas, pois fica sujeita a erros de coleta e ao
esvaziamento incompleto da bexiga, além do efeito de secrecdo tubular da
creatinina.

Assim, a estimativa do clearance de creatinina pode ser realizada, com
confiabilidade razoavel, por férmulas que relacionam a estatura, ou altura em
centimetros, com o valor da CrP em mmol/litro. A equacdo mais difundida na

pediatria é a de Schwartz simplificada®*'%2023,

Essa formula foi proposta pela
primeira vez, em 1976, por Schwartz?, tendo sido revisada em 2009. A equac&o
derivou-se da relacéo, por regressao linear, entre a CrP e altura de 349 criancas
portadoras de doencga renal crénica, com idade mediana de 10,8 anos e com retardo
de crescimento?>*3, Apés andlise por regressdo multivariada, demonstrou-se que a

razdo entre a CrP e estatura possui a melhor correlacdo com TFG (R?*=0.65),
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indicando essa associagédo (altura e CrP) como essencial para avaliar a filtragao

glomerular em populacéo pediatrica®?°.

1.4 CISTATINAC

A cistatina C (Cys C) é uma proteina ndo glicosilada, de baixo peso molecular
de 13,35 daltons, constituida por uma cadeia polipeptidica de 120 aminoacidos, com
uma ponte de enxofre entre os residuos 73 e 83 e uma entre os residuos 97 e 117,
O ponto isoelétrico € de 9,3 e ela tem carga positiva, inibidora da proteinase da
cistina, que é produzida pela maioria das células nucleadas, e estd presente em
todos os liquidos biolégicos em concentracdes fisiologicamente relevantes®”.

A Cyst C é produzida em taxa uniforme pelas células nucleadas, sendo um
inibidor das proteinases cisteinicas. O seu gene € localizado no cromossoma 20. A
Cyst C faz parte de uma superfamilia com 12 membros, subdividida em: Familia 1,
ou estefinas, na qual estéo incluidas as cistatinas A e B; Familia 2, ou cistatinas, que
compreende as cistatinas C, D, E, F, G, S, AS e SN; e a Familia 3, formada por duas
glicoproteinas nomeadas kininogénios®”.

A determinacao plasmatica da Cys C possui alta sensibilidade na avaliacao

do indice de filtragdo glomerular®****%",

A concentracdo média normal dessa
proteina é de 0,7 mg/dL e aumenta proporcionalmente com a diminuicdo da taxa de
filtracdo glomerular (TFG). Esta alta sensibilidade deve-se ao fato de a Cys C ser
produzida de forma constante, de sua producdo nao ser influenciada por processos
inflamatorios, dieta ou massa muscular e de nao ocorrerem variacées no sexo do
paciente®’ 1425,

Estudos mostram que os niveis séricos de Cys C comecam a aumentar
quando a TFG esta em torno de 88 ml/min, enquanto a concentracdo sérica de
creatinina somente aumenta quando a TFG esta abaixo de 75 ml/min®*°?2,

Os principais atributos da Cys C, como marcador de fungéo renal, sdo o peso
molecular baixo e a caracteristica isoelétrica, os quais permitem que essa proteina
seja facilmente filtrada através da membrana glomerular, sendo reabsorvida no
tubulo proximal em uma proporcdo significativa e, entdo, catabolizada de forma
quase total neste sitio®. Ndo estdo descritas rotas extrarrenais de eliminacao da Cys
C, e fatores como processos inflamatérios e infecciosos néo alteram os niveis dessa

proteina, que sao essencialmente dependentes da filtracdo glomerular. Portanto, os
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niveis séricos de Cyst C nao seriam afetados pela massa muscular nem pela idade,

nitidas vantagens sobre a CrP% 13,

1.4.1CISTATINA C - dosagem laboratorial.

Ensaios automatizados baseados em nefelometria e turbidimetria possibilitaram a
ampliacdo do uso da Cyst C na rotina. O primeiro ensaio laboratorial por
turbidimetria (PETIA — Particle-enhanced immunoturbidimetry assay) para a
dosagem de Cyst C em amostras de soro e plasma foi comercializado em 1994. Em
1997, se propds o primeiro ensaio laboratorial baseado na técnica de
nefelometria®**3°,

A nefelometria é uma técnica para medir as concentracbes de
imunoglobulinas e outras proteinas plasmaticas de uma amostra. E utilizado, para
isso, um aparelho especifico que mede a turbidez e mede a difracdo (desvio) da luz
ao passar por uma solucéo contendo complexos imunolégicos®*.

Ja a imunoturbidimetria mede a diminuicdo da luz ao passar por um complexo
antigeno-anticorpo. Em outras palavras, a turbidimetria mede o quanto a solucao
antigeno-anticorpo absorve da luz e o quanto ela deixa passar. Essa técnica, assim
como a nefelometria, é usada para medir a concentracao plasmatica de diversas
proteinas®.

A principal diferenca entre nefelometria e a turbidimetria € que na nefelometria
a luz é difundida, ou seja, atravessa a solucao, enquanto que na turbidimetria a luz
nao difundida (a absorvida) é medida.

Em principio, a dosagem sérica de Cyst C ndo apresenta interferéncias
laboratoriais com bilirrubinas, paraproteinas, hemoglobina, triglicérides, processos
inflamatdrios, proteinaria, massa muscular, sexo, etnia ou superficie
Corpérea7,9,12,l4,32.

O uso de doses elevadas de corticoides tem sido associado ao aumento da
producdo de Cyst C e & elevacdo dos seus niveis séricos™®?3°. A terapia com
corticoides resulta em subestimativa do TFG dose-dependente, devido a elevacéo
da cistatina C. A disfuncéo da tireoide, mesmo sendo leve, altera os seus niveis®. A
Cyst C possui valores influenciados pela acdo dos horménios na sua producéo

celular, sendo eles inferiores no hipotireoidismo e elevados no hipertireoidismo®=°.
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1.4.2CISTATINA C EM PEDIATRIA

A determinacdo de Cys C apresentaria vantagens em relacdo a CrP em
populacdes pediatricas’***"1°%1"22_ por estar relacionada com a massa muscular, a
CrP poderia ndo detectar alteracdes na TFG em criancas menores de 4 anos.**
Por outro lado, a Cys C seria constante em criancas a partir do primeiro ano de vida
até a fase adulta®®. Bokenkamp e colaboradores descreveram uma acuracia melhor
para Cys C em relacéo a CrP para afericdo da TFG em criancas, quando comparado
a inulina®.

Filler e colaboradores definiram os intervalos adequados para Cys C em
criancas, sendo eles mais elevados em neonatologia, com reducdo gradativa no
decorrer do primeiro ano de vida, e permanecendo constantes entre o primeiro ano
de vida até os 17 anos™.

Finney H et al.° definiram, pela primeira vez, os intervalos de referéncia para
a concentracdo sérica de Cyst C na populacdo pediatrica, notando que a sua
concentracdo ndo se alterava por influéncia de variantes antropométricas, como
peso e massa muscular, no desenvolvimento das criancas. A Cyst C é mais elevada
em prematuros (0,43 a 2,77 mg/dL), neonatos (0,81 a 2,32 mg/dL) e gradativamente
cai no primeiro ano de vida. Em criancas com idade entre 1 e 17 anos, a Cyst C foi
constante entre 0,50 a 1,27 mg/dL. J4 a CrP tem comportamento semelhante nos
primeiros meses de vida, porém os niveis séricos crescem gradualmente na infancia
e na adolescéncia, independente da filtragdo glomerular.

Como nao ha trabalhos no Sul do Brasil que avaliem a Cys C como marcador
de TFG em pacientes pediatricos, decidiu-se avaliar este marcador, utilizando-o
como componente em formulas para medida de TFG. Para isso, seria de
fundamental importancia a utilizacdo de inulina, que é o padrdo ouro para avaliacdo
de TFG, como controle das medidas que incluissem Cys C, técnica nao disponivel
para uso rotineiro no Rio Grande do Sul. Assim, a possibilidade de concretizar este
estudo com um numero suficiente de individuos seria conduzindo a pesquisa em um
Centro que realizasse rotineiramente a avaliacdo da TFG através da inulina em

pacientes pediatricos.
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2 OBJETIVOS

GERAL

Comparar o desempenho preditivo de formulas para estimativa de TFG
utilizando Cys C, com equacdes que utilizam CrP, em pacientes pediatricos, tendo

como padrao ouro a medida da TFG com a inulina.
ESPECIFICOS

1.Colacionar quatro formulas para medida da TFG utilizando Cys C isoladamente
(Filler® e Bricon'®) ou associada & CrP (CKID® e zappitelli*!) com duas

22)

equacBes (Schwartz bedside?®® e Schwartz Lyon que utilizam

exclusivamente CrP, em pacientes pediatricos;

2.Confrontar o desempenho preditivo de quatro formulas para medida da TFG
utilizando Cys C, isoladamente (Filler e Bricon) ou associada a CrP (CKiD e
Zappitelli), com duas equacgbes (Schwartz bedside e Schwartz Lyon) que
utilizam exclusivamente CrP, utilizando-se como padréo ouro de controle a

TFG estimada com inulina como marcador, em pacientes pediatricos.




3 PACIENTES E METODOS
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3 PACIENTES E METODOS

3.1 Definicdo de Termos

Variaveis de confuséo: aquelas cujas modificacBes durante o periodo do
estudo poderiam interferir na taxa de filtracdo glomerular. As varidveis de confusao
cujas modificacdes poderiam interferir nos valores de inulina, creatinina e cistatina C
sdo: indice de massa corporal (IMC), dose diaria de prednisona, inulina, bexiga

neurogénica, uso de diuréticos.

Insuficiéncia Renal Cronica: consiste em lesdo renal e perda

progressiva e irreversivel da funcéo dos rins (glomerular, tubular e endécrina).

Estadiamento da Insuficiéncia Renal Crdnica: definido pela taxa de
filtracdo glomerular pela inulina em grupo 1 (>90 ml/min /1,73m?), grupo 2 (60-89),
grupo 3 (30-59), grupo 4 (15-29) e grupo 5 (<15).

Sindrome nefrotica: presenca de proteindria > 3,5 g/1,73m2 em 24 h ou

50 mg/ Kg de peso, acompanhada de hipoalbuminemia, dislipidemia e edema.
indice de massa corporal: IMC (kg/m?) = Peso/Altura2.
Percentil altura e peso: Os resultados dos percentis de crescimento sao
comparados com as medidas normais ou padrdo para meninos ou meninas da

mesma idade e sexo. Os resultados foram interpretados como médias de percentis.

Classificagcao do estado nutricional, como se segue:

e Acima do percentil 97: classificar como sobrepeso;
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e Entre os percentis 97 e 10: faixa de normalidade nutricional;
e Entre os percentis 10 e 3: classificar como risco nutricional;
e Entre os percentis 3 e 0,1: classificar como peso baixo;

e Abaixo do percentil 0,1: classificar como peso muito baixo.

3.2 Delineamento do Estudo

Estudo transversal com medidas repetidas da coorte da populacéo pediatrica

do Servico de Nefrologia Pediatrica da regido Rhéne-Alpes, Franca.

Fase 1
Lyon — Franca
% Agquisicdo da metodologia da afericdo da TFG através da inulina.

% Comparar a TFG através da inulina e a TFG estimada por Cyst C e CrP.

«+ Estagio no servico de bioestatistica do Hopital Edouard Herriot.

Fase 2
Brasil
Andlise de dados, redacdo da tese, confeccdo e submissdo do artigo a uma

revista de impacto internacional e defesa publica do doutorado.

3.3 Amostra

A amostra € composta de 259 criancas com 695 medidas, média de 3
medidas, por individuo, de clearance de inulina da coorte do Servigco de Nefrologia

do Hopital Mére et Enfants e Hopital Edouard Herriot.

3.4 Periodo de Realiza¢&o do Estudo

1. Contato e aceite do servico de Lyon para estagio pratico-tedrico (anexol)
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2. Estagio pratico-teérico no servico de transplantes renais e laboratorio de
fisiologia renal do Hoépital Femme Mere et Enfants (Lyon-Franca) com
submissdo dos dados em artigos cientificos: julho/2010 a dezembro/2011
(anexo 2).

3. Execucdo do projeto no Brasil com coleta de cistatina C em pacientes
pediatricos: foi abortado por falta de recursos financeiros e técnicos no pais.

4. Aprovacao no teste de qualificacdo em abril de 2012.

5. Analise dos dados coletados na Franca: maio/2011 a junho/2012.

6. Confeccdo da tese de doutorado e artigo para publicagdo: julho/2012 a
outubro/2012.

7. Apresentacdo da tese: 18 de dezembro de 2012.

3.5 Critérios de Incluséao

Idade inferior a 18 anos.
Ambos 0s sexos.

Funcéo renal medida pela inulina.

0w NP

Consentimento informado assinado pelo responsavel (em anexo).

3.6 Critérios de Exclusao

. Pacientes portadores de hipotireoidismo.

. Alta doses de corticoterapia, acima de 0,5 mg/kg de peso

3.7 Desfechos de Interesse

.Taxa de filtragdo glomerular.
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3.8 Variaveis Analisadas

Foram avaliados os seguintes parametros: idade, indice de massa

corporal, doenca basica, faixa etaria, TFG por inulina e estimadas pelas formulas.

Formulas utilizadas para estimar a taxa de filtragdo glomerular.

Formula (mL/min per 1,73 m?)

Creatinina plasmatica

Schwartz Lyon eGFR =k x altura (cm)/CrP
k*= 35,5 meninos >13 anos
k*= 32,5 todas as outras crian¢as
k**= 0,401 meninos >13 anos

k**= 0,368 todas as outras criancas

2009 Schwartz bedside eGFR* = 36,5 x altura (cm)/CrP
eGFR** = 0,413 x altura (cm)/CrP

Cistatina C

Bricon eGFR** = (78/Cys C**) + 4

Filler log(eGFR)**= 1,962 + [1,123 x log (1/Cys C**)

Combinadas

CKID eGFR** = 39,1 x [altura (m)/(CrP**)]%%® x [1,8/Cys
] 0,294 o [30/BUN (mg/dl)]0'169 < [l,ogg]masculino <
[altura(m)/1,4] °1%8

Zappitelli

eGFR* — [507,76 X e0,003><a|tura (m)]/[cys C**0,635] X
[Crp*0,547]

Se transplante renal, x 1,165

Se espinha bifida, x [CrP**°*"])/40,45

pmol/L*, mg/dL**
CrP(umol/L) = CrP (mg/dL) x88,4
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3.8.1 Determinacao da Depuracao Renal de Inulina

As medidas de depuracdo foram feitas no laboratério da Unidade de
Exploration Functionelle Rénale de Lyon - Franca. Os pacientes foram mantidos em
repouso absoluto no leito, em decubito dorsal, apds periodo de jejum de 12 horas e
dieta pobre em proteinas nas 18 horas que antecederam ao exame.

A apresentacdo farmacéutica da inulina utilizada foi o polyfructosan, uma
forma sintética de inulina (sinistrin, INUTEST 25%, Fresenius Kabi Austria GmbH,
Linz, Austria). Esse polimero de frutose tem elevada solubilidade e conveniéncia
para administracdo endovenosa, com equivalente permeabilidade na membrana
basal glomerular. A inulina foi administrada com técnica de infusdo continua, em veia
periférica e com Bomba de Infusdo apds dose em bolus de 30 mg/kg de peso diluida
em 100ml de SF 0,9%. O tempo de infusdo foi de 05h30min, dando inicio as
07h30min e término as 13h. Os pacientes receberam aporte hidrico de 5 ml/kg
antes da infusdo do bolus, seguidos por 3 ml/kg de 4gua a cada 30 minutos e
solucdo de cloreto de sodio a 0,9%, até o final do exame. Apds 90 minutos de
infuséo, tempo necessario para a estabilizacdo da inulina no sangue, foi feita coleta
de sangue e solicitado ao paciente esvaziamento espontaneo da bexiga, dando
inicio ao 1° periodo de depuracdo. Para cada paciente foram feitos 04 periodos de
clearance, e o resultado final dado como a média dos 04 periodos.

O esvaziamento vesical se deu de modo espontaneo. A decisdo por nao
cateterizacdo foi baseada em estudos ja publicados de validacdo de métodos de
depuracdo que utilizaram a depuracao renal de inulina como método padrdo-ouro e
com esvaziamento espontaneo da bexiga.

O método empregado foi espectrofotometria, utilizando o reagente de antrona
117.

3.8.2 Dosagem de Inulina no plasma

Os plasmas foram desproteinizados por meio da diluicdo 1:11 do plasma (50
pI) em acido perclérico a 5% (500 ul) e centrifugagado de 06 min; em tubo de ensaio,
aos 250 ul do sobrenadante se adicionava 3,0ml do reagente de antrona. Para o
tubo branco, adicionava-se 3,0ml de reagente de antrona a 250 uyl de acido

perclérico a 5%.
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Os tubos foram agitados antes e depois da adicdo do reagente de antrona e
colocados em banho-maria por 10 minutos. ApGs esse periodo cronometrado, 0s
tubos foram resfriados em &gua corrente; a leitura da amostra foi feita por
espectrofotometria em 620nm e a concentracdo plasmatica dada pela equacéo:

Concentracéo plasmatica de inulina (mg/dL)= (Absorbéncia da amostra x Fc x11)/5.

3.8.3 Dosagem de Inulina na urina

Em tubo de ensaio, 100 yl da amostra de urina diluida foi adicionada a 150ul
de acido perclérico a 5%, seguido por 03ml do reagente de antrona. Os tubos foram
agitados antes e apdés a adicdo do reagente de antrona. Para o tubo branco (blank),
100 pl de agua destilada era adicionada a 150 yl de acido perclérico a 5%, seguido
por 03ml do reagente de antrona.

O tubo foi agitado antes e apés a adicao do reagente de antrona. Os tubos de
ensaio (amostras e blank) foram colocados em banho-maria a 52°C por 10 minutos,
depois resfriados em agua corrente; por fim, foi feita a leitura da absorbancia em
espectrofotometro a 620nm.

A concentracdo em mg/dL foi calculada pela férmula baixo: Concentracéo
Urinaria de inulina (mg/dL)= (Absorbancia x Fc x 11 x 3)/2.

3.8.4 Dosagem de Creatinina Plasmatica

A medida da CrP foi determinada pelo método colorimétrico de Jaffé
modificado. O método tem como principio a reacdo, em solucdo alcalina, da
creatinina com o0 acido picrico, formando um complexo amarelo avermelhado. A
leitura espectrofotométrica foi medida em comprimento de onda de 512 nm; a
intensidade da cor é diretamente proporcional a CS de creatinina.

Os insumos empregados foram produzidos pela empresa Roche da Franca.
A sensibilidade e a linearidade para 0 ensaio de creatinina sérica sao,
respectivamente, 0,2 e 25 mg/dL. O coeficiente de variacdo intraensaio foi de 0,7% e
o interensaio é de 4% em concentracdes mais baixas de CrP (45-50 umol/l) e 1,5%
na mais alta concentragao (580 umol/l), respectivamente. Os valores de referéncia
foram estabelecidos para homens em 62-106 umol/l e, para mulheres, em 44-80

pmol/l. Os resultados foram estandardizados por regressao linear, ajustadas pela
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espectrometria cromatografica de massa (LCMS). LCMS foi calibrada por trés
laboratorios europeus e 2 americanos, com as concentrages variando entre 66,5 e
404 umol/l. Os parametros da regresséao linear eram adquiridas de 54 amostras com
creatinina sérica variando de 41 a 220 ymol/l. 94,2% das amostras do nosso grupo
estavam dentro desse nivel. A calibragdo respeitava a seguinte equacao: creatinina
sérica estandardizada= 0,9395* (Jaffé compensada creatinina sérica em pmol/l) +
4.6964. Intercept (4.6964; 95% IC [-2.4619 to 11.8656]) e slope (0.9395; 95% ClI
[0.8719 to 1.0072]), ndo sendo significativamente diferente de zero e 1,

respectivamente. O coeficiente de correlagao foi de 0,97.
3.8.5 Dosagem de Cistatina C Plasmatica

A medida da CS de cistatina C foi realizada em amostras de soro por técnica
de Nefelometria. As amostras foram dosadas em nefelometro BN |l Dade Behring
(Sistema BN), empregando-se insumos da mesma procedéncia do equipamento (kit
N Latex Cystatin C)?%.

O método de imunonefelometria utiliza particulas de poliestireno carregadas
com anticorpo de coelho especifico contra a cistatina C humana, que, na presenca
de amostras de soro contendo cistatina C, sofrem aglutinagdo, gerando
luminescéncia. A intensidade de luz dispersa no equipamento depende da
concentracdo da proteina cistatina C na amostra; a concentracdo analitica da
amostra pode ser determinada por comparacdo com diluicdes de um padrdo de
concentragdo conhecida. Para o ensaio laboratorial, todos os passos foram
executados automaticamente pelo aparelho (Sistema BN), que inclui um software.

As amostras de soro foram diluidas a 1:100 com diluente N; esse reagente N
€ composto por uma suspensdo de particulas de poliestireno carregadas com
aproximadamente 0,03g/L de anticorpo de coelho anticistatina C humana.

O controle de qualidade é dado pelos controles do material do calibrador, cuja
fonte € um purificado de cistatina C humana (control cystatin c). A curva de
calibracéo fornece intervalos de medidas de 0,23-7,25mg/dL. A variacéo intraensaio
e de 2,3 a 4,1%; a variacao interensaio de 2,6 a 3,3%; o valor de referéncia é de
0,50 a 0,96 mg/dL.

3.8.6 Dosagem de Uréia Plasmaética
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A ureia foi dosada em amostra de soro pelo método cinético, que utiliza o
sistema enzimatico urease/glutamato desidrogenase (GLDH).

A ureia contida na amostra € hidrolisada em amonia e CO2 na presenca da
enzima urease. A amonia formada reage com alfacetoglutarato e NADH
(dinucleotide adenina de nicotinamide), na presenga de GLDH, gerando NAD, L-
glutamato e agua. A diminuicdo na absorbancia devido ao consumo de NADH é
medida cineticamente.

NGs convertemos o resultado de ureia em mmol/L para o resultado de BUN em
mg/dL, dividindo-a por 0,357.

3.9 Analise Estatistica

A andlise estatistica foi executada com o Software livre R versdo 13.0. Os
dados foram previamente avaliados quanto a sua distribui¢édo, tendo sido aplicado o
teste de normalidade de Kolmogorov-Smirnov. O teste Mann-Whitney foi utilizado
para comparacgao entre medidas, quando apropriado.

As medidas de depuracdo foram normatizadas para 1,73m2 de superficie
corporea. Para calculos da superficie corporal foi utilizada a equacéo de DuBois: SC

(m?)= (0,007184)*(Altura *"®)*(Pes0®*?), com peso em kg e altura em cm.

3.9.1 Bland-Altman para medidas repetidas com modelo misto

O desempenho de seis férmulas foi comparado com o clearance de inulina.
Para analise dos dados, foram utilizadas a raz&o média entre a TFG estimada e a
TFG real com representacéo grafica de Bland-Altman®>“°.

A andlise estatistica de Bland-Altman foi utilizada para avaliar o grau de
concordancia entre a depuracao de inulina e as férmulas de estimacdo. A razdo
média das diferencas representa uma estimativa de erro ou bias, uma diferenca
sistematica entre os métodos de depuracdo da inulina e das férmulas; o desvio
padrdo dessas razdes mede as flutuacdes ao redor da média. Noventa e nove por

cento dessas diferencas estardo entre dois limites definidos como limites de




3 Pacientes e Métodos 34
[

concordancia: o limite inferior, dado pela média das diferengas subtraida de 1.96xdp;
e o limite superior, dado pela média das diferencas somado a 1.96xdp. Para medir o
grau de concordancia, foram considerados o erro (bias) e os limites de concordancia.
A TFG estimada (TFGe) e a TFG medida (TFGm) foram comparadas entre e intra
individuos.

A terminologia de medidas repetidas é usada para nomear medidas dispostas
na mesma variavel ou na mesma unidade experimental, em mais de uma ocasiao.Os
modelos mistos proporcionam a modelagem intraindividuo, muitas vezes em dados
agrupados. As observagfes no mesmo individuo ndo podem ser consideradas nédo
correlacionadas e os modelos mistos constituem uma ferramenta conveniente para
adequar essa analise intraindividuo. Diversos planejamentos com medidas repetidas
sdo corriqueiros, sejam longitudinais, transversais e Split plot (parcelas
subdivididas). Nés optamos pelo tipo transversal, j& que a andlise longitudinal nao foi
possivel, pela pouca variancia durante o tempo.

As medidas repetidas foram mensuradas através de agrupamentos de
pacientes e ajustadas por modelo linear de efeito misto*. Foram estimados os
limites de 95% de intervalo de confianca para razdo das médias associando a

variancia entre e intrassujeito®*. Foi utilizado o seguinte modelo:
Ime(log difference ~ 1, random =~ 1| patient)

Onde: log.difference = log (valor de TFGe) — log (valor de TFGm). Como o resultado
em diferencas de Logaritmo Taxa nao € facil de interpretar, foi utilizada a operacéo
inversa (anti-log = log (TFGe) / log (TFGm)). Desta forma, para tornar a
apresentacao de dados mais clara, o0s mesmos sdo apresentados diretamente em
razdo TFGe / TFGm. A razdo para cada par de medidas (j) no individuo (i) foi

modelada como segue:

R, =0+, +E,

Sendo R;; a razdo entre a formula e a inulina, B a razdo média entre essas medidas,
| a interacdo entre individuos e Ej; os efeitos randdémicos intraindividuo para cada
razdo entre a formula e a inulina. Foram estimados os limites de concordancia,
somando as variancias intra e interindividuos, e calculando o desvio padrdo da razéo

média, como o modelo:
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limag = f+1.96*SD

A razdo média foi utilizada para corrigir a variancia de bias, visto que a
diferenca média entre TFGe e TFGm no mesmo sujeito ndo eram constantes. Houve
um aumento na variabilidade com aumento dos valores de inulina. A razao
representada entre o bias das férmulas e a inulina quando o valor é 1, demonstra

auséncia de bias entre as médias da populacéo.
3.9.2 Coeficiente de correlagéo de concordancia (CCC)

O coeficiente de correlacdo de concordancia (CCC), descrito por Lin, € uma
medida de ajuste na correlacdo de Pearson®. Essa andlise avalia o quanto a
correlacdo entre as medidas de TFG afastam-se da linha de 45° refletindo a
acuracia (Cb) e a precisdo (p). A primeira analisa 0 quanto a reta de regressao se
desvia da linha de concordancia perfeita (valor= 0 - 1). A precisdo descreve o quanto
as observacdes se distanciam da reta de regressao.

Foi utilizada apenas a primeira medida da TFG para cada paciente. O grau de
concordancia entre a inulina e as equacgfes respeitou 0 pressuposto matematico do

quadrado das diferengas:

E[(formu."n _value—iGFR value)’ ] = (,u] — U, ) + (o—f +o, 20, )

= {,“1 —H, )2 + (_0-1 - 0_2)2 +2(1- ;(3')(7152):
onde p é o coeficiente de Pearson. Se em cada par, formula e inulina tivessem
perfeita concordancia, o valor esperado de E seria zero. Uma transformacao é
realizada para que os valores de CCC estejam escalonados de -1 a 1.
Para comparar os CCCs entre as formulas, o intervalo de confianca de 95% das

diferencas foi estimado pelo método de bootstrap usando o CCC macro descrito por
Crawford et al®.

3.9.3 Acuracia
Segundo recomendacées do NFK-KDOQI?, verificamos transversalmente a
medida da acuracia, definida como a descricdo do percentual de medidas de TFG
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estimado que estivessem dentro de 10 e 30% das medidas de TFG por Inulina (valor
verdadeiro).

3.10.4 Curvas de Caracteristicas de Operacdo do Receptor (Curvas ROC-

Receiver Operating Characteristic).

Utilizamos a area sobre a curva ROC (AUC) para determinar a habilidade da
TFGe em discriminar pacientes com ou sem insuficiéncia renal crénica (definida por
TFGm < 60 ml/min/ per 1.73 m?).

Para calcular o AUC é necessério calcular a o diagnéstico de IRC estimado
pelo padrdo ouro que € a inulina. O AUC sobre os pontos de grade é calculado de

acordo com:

S (2, —P)—(0, —0.)]

S

=]

T ?

Ad = A =

>(P,—-P) > (0, —-0,)

mr=1 =1

Na equacdo acima, Pc representa o valor médio da variavel no ponto m

obtido pelo modelo e Oc o valor médio observado (inulina) da variavel no ponto m.

Caso as anomalias simuladas e observadas sejam ambas positivas ou negativas, 0

numerador na equacao acima sera positivo. Ja quando as anomalias sdo opostas

em sinal, o numerador contribuira negativamente. Dessa forma, quanto mais positivo

(negativo) for o valor de AUC, maior sera a semelhanca entre as anomalias
simuladas e observadas. O valor de AUC sempre estara entre -1 e 1.

O método de Delong Clarke-Pearson comparou AUCs*. O valor de p<0.05 foi

considerado como estatisticamente significativo. Para andlise foi utilizado programa

R para Windows versao 2.13.
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3.10 Aspectos Eticos

O estudo encontra-se dentro das normas e diretrizes regulamentadoras de
pesquisas envolvendo seres humanos, conforme a Resolucédo n® 196/96, do Conse-
Ilho Nacional de Saude.

Considera-se que toda pesquisa com seres humanos envolve risco, podendo
causar dano eventual imediato ou tardio, comprometendo o individuo ou a coletivi-
dade. Nao obstante, os riscos potenciais do presente estudo sdo admissiveis, pois o es-
tudo oferece elevada possibilidade de gerar conhecimento para entender, prevenir ou
aliviar um problema que afeta o bem-estar dos sujeitos da pesquisa e de outros
individuos.

O projeto foi aprovado pelos Comités de Etica das instituicbes participantes

do estudo (anexos).
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o« GFR Estimation in Adolescents and Young Adults

Luciano Selistre,*! Vandréa De Souza,* Pierre Cochat,**5 lvan Carlos Ferreira Antonello,’
Aoumeur Hadj-Aissa,** Bruno Ranchin,’ Olga Dolomanova,* Annie Varennes,”
Frangoise Beyerle," Justine Bacchetta,**% and Laurence Dubourg**®

*Exploration Fonctionnelle Rénale et Métabolique, Groupement Hospitalier Edouard-Herriot, Haspices Civils de
Lyon, Lyon, France; *Pontificia Universidade Catdlica do Rio Grande do Sul, Porto Alegre, Brazil; *Centre de
Référence des Maladies Rénales Rares, Service de Néphrologie et Rhumatolegie Pédiatrigues, Hospices Civils de
Lyon, Lyon, France; Yniversité Claude Bernard Lyon 1, Lyon, France; 'FRE 3310, CNRS, Université Claude-Bernard
Lyon 1, Lyon, France; and YLaberatoire de Biochimie et Bickogie Moléculaire, Groupement Hospitalier Edouard-
Hermiot, Lyon, France

ABSTRACT

Q2 The performance of creatinine-based equations to obtain the estimated GFR in adolescents and young
adults is poorly understood. We assessed creatinine-based GFR estimating equations in a cross-section of
751 adolescents and young adults (1054 measurements), using inulin clearance (measured GFR [mGFR]) as
the reference method. We evaluated the following: Cockeroft-Gault, four-variable Modified Diet in Renal
Disease, and the Chronic Kidney Disease Epidemiology Collaboration equations for adult participants, as
well as the Schwartz 2009 and Schwartz-Lyon equations for pediatric age groups. Participants ranged in
age from 10 to 26 years {(mean 16.8 years); we divided the population into four groups according to age
(10-12 years, 13<17 years, 18-21 years, and 2125 years). Evaluation of the agreement between these
formulas and mGFR (e.g., correlation, Bland-Altman plots, bias, and accuracy) showed that there was a
good correlation between mGFR and both pediatric formulas in all age groups, whereas the adult formulas
substantially overestimated mGFR. In conclusion, we recommend the use of pediatric equations to esti-
mate GFR from childhood to early adulthood.

JAm Soc Nephro! 23: ese-eee, 2012, dor: 10.1681/A5N.201 1070705

GFR is the most widely used index of renal function;
therefore, accurate estimation of GFR is often needed
in both cdinical practice and research. Reference
methods to determine GFR require an exogenous
marker, such as inulin, *' Cr-EDTA, iohexol, or iotha-
lamate, and cannot be used in daily practice because
of its complexity and costs.! Plasma creatinine (PCr)
is the most commonly used biochemical marker of
renal function. However, several factors other than
GFR can affect PCr, including its gencration from
muscle metabolism, tubular secretion, and the creat-
inine assay method. In addition, PCr is insensitive for
detection of mild to moderate reductions of GFR.?
Therefore, clinical guidelines on CKD management
recommend the use of GFR estimating equations as
an alternative noninvasive method to estimate GFR.?
Several formulas have been developed for daily clin-
ical practice. Among them, the Cockcroft-Gault
{CG) formula and the Modification of Diet in Renal

J Am Soc Nephrol 23: ses-ses, 2012

Disease (MDRD) simplified formula are the most
frequently used in adults.*® More recently, the
Chronic Kidney Disease Epidemiology Collaboration
{CKD-EPI} equation was developed to reduce bias
compared with the MDRD equation, especially
among patients with an cstimated GFR (eGFR)
=60 ml/min per 1.73 m"* The original Schwartz
formula developed in children in 1976 has been re-
cently adapted to current methods of PCr assay and
its use is now recommended to estimate GFR in
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children,”* Another locally adapted Schwartz formula to our
creatinine assay method has very good agreement with stan-
dardized creatinine measurement.”'" However, all of these
adult or pediatric equations have been determined for a spe-
cific population and their external validity in adolescents and
young adults is limited. Therefore, this study was conducted to
assess the performance of the most commonly used creati-
nine-based formulas in adults and children in a large cross-
sectional cohort of adolescents and young adults with a bread
spectrum of GFRs,

RESULTS

We analyzed data from 1054 inulin clearance measurements in
751 patients. Demographic and clinical characteristics of
patients at the time of GFR assessment—including age, height,
body weight, body mass index, and body surface area—are
presented in Table 1. Our results showed that 11% of patients
had weight or height under the third percentile, Diagnoses
included glomerular disease (20%), tubulointerstitial disease
(26%), kidney transplant recipients (19%), and others {35%).
The number of blacks was insufficient to analyze the race
compaonent in ecither series. The median PCr and measured
GFR (mGFR) for all participants were 67.6 pmol/L (range,
54.4-91.1) and 91.0 ml/min per 1.73 m* (range, 66.0-109.7),
respectively. According to the National Kidney Foundation
Kidney Disease Outcomes Quality Initiative (KDOQI) classi-
fication, 51%, 30%, 17%, and 2% of patients had stage 1, 2, 3,
or 4-5 CKD, respectively.

Evaluation of Performance of PCr-Based Formulas
to Estimate GFR

It the Whole Population

Mean eGFR as well as mean ratios (eGFR/mGFR), accuracies
(10% and 30%}, and univariate correlation coefficients between
mGFER and eGFR obtained with the PCr-based formulas in the
whole cohort are summarized in Table 2. Figures 1 and 2 corre-
spond to the different correlation and Bland-Altman plots ob-
tained in the whole population for adult and pediatric formulas,
respectively. The adult formulas (i.¢, CG, MDRD, and CKD-
EPI) substantially overestimated mGFR in the whole population,
with mean ratios of 1.42=0.35, 1.41=0.47, and 1.38+0.36 ml/
min per 1,73 m’, respectively. That is, the adult formulas over-
estimated mGFR by 42%, 41%, and 38%, respectively. At the
same time, the mean ratios for the pediatric formulas (i.e., 2009
Schwartz and Schwartz-Lyon) were 1.0020.22 and 0.95%0.20
ml/min per 1.73 m?, respectively. The Schwartz 2009 has no
over- or underestimation of mGFR, and Schwartz-Lyon under-
estimated the mGFR by 5%6. The correlation between ¢GFR and
mGFR according to the Bland-Altman plot of all formulas
highlighted a strong overestimation of GFR by the CG,
MDRD, and CKD-EPT formulas, with marked scattering of val-
ues {Figure 1) compared with the pediatric formulas (Figure 2),
Accuracies (10% and 30%) were much lower with adult formu-
las than with pediatric formulas (Table 2},

According to Age
Mean ¢GFR as well as mean ratios, accuracies (10% and 30%),

and univariate correlation coefficients between mGFR and eGFR
obtained with the PCr-based formulas according to each age

Table 1. Description of the whole population and characteristics of each age group

Group 1 Group 2 Group 3 Group 4
Chamctarisic ) (10-12 yr) {13-17 yn) (18-21 yr) (22-25 yr)
n 1054 225 322 262 245
Male 54 58 57 50 52
mGFR (ml/min per 1,73 m?) 21.0(66.0-109.7) 95.0(73.9-113.0) 87.0 (66.5-108.7} 94.0 (6%.0-112.0) 84.0(62.0-105.0}
Age (yr) 17.0(13.0-21.0)  11,000.0-12.1) 15.0(14.2-16.1) 20.0{19.1-20.3) 23.1(22.3-24.0)
Weight (xg) 52.0 (41.0-61.3) 34 (28.2-39.5) 51.0{43.1-59.1} 56.0 (49.0-65.0) &0.0{52.0-70.1)
Weight percentile 30.8 (8.8-64.2) 37.2(9.2-67.4)
Height (cm) 151.4 (149.7-170) 1407 134.0-147.0) 1860.0{152.0-16&4.5) 166.0{159.0-174.0) 169.0{1£1.0-175.0)
Height percentile 28.1(8.7-61.7) 345 (5.6-63.7)
BSA {m?) 1.5(1.3-1.7} 1.11.0-12) 1.5(1.3-1.¢) 1.6(1.4-1.7) 1.7(1.5-1.8)
BMI {kg/m?) 19.7 (17.4-21.9) 167 (15.3-18.8) 19.5{17.5-21.8} 206 (18.6-22.4) 211 (19.3-23.4)
PCr (umol/L) 67.6(54.4-91.1) 51.6(441-610) 66,7 54.4-84.2) 73.761-95.8) 83.6 (64.8-106.1)
KDOQ!I classification
1 541 (51) 134 (60) 149 {46) 144 (55) 114 (48)
2 312 (30) 5% (26) 105 (34) 71{27) 73 (30)
3 178(17) 29013 57(18) 42(1&) 50 (20)
4.5 232 m 712 5(2) a14)
Diagnosis
glomenslopathies 217 (20) 35015 7122 58 (22) 53{22)
tubulointerstitial disease 260 (25) 53 (24) 5718) neEn 7932
kidney transplant recipients 227 (21) 35018) a1 (25) 48(18) 63 (26)
others 350 (34) 102 (48) 113 (35) 85{33) 50 (20)

Values are median [1QR] or n (%} unless otherwise specified. BSA, bady surface area; BMI, body mass index.
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Table 2. Mean bias and accuracies according to age groups and equations
Group CG MDRD CKD-EPI Schwartz 2009 Schwartz-Lyon

All measurements {n=1054)

mGFR=388.7=30.8

eGFR 123.0x453 12292566 11672340 85.8+27.7 81.8+27.7

correlation coefficient (1) 0.83 076 0.80 0.85 0.86

mean ratic (eGFR/mGFR) 142035 1.41+0.47 1.3820.36 1.00=0.22 095+0.20

95% limits of agreement 073,210 0.48,2.32 0.69,2.06 0.55,1.45 0.55,1.34

10% accuracy 15 22 18 ag* 36*

30% acouracy 41 50 49 86" ar
Group 1{10-12 yr) {n=225)

mGFR=$3.4229.3

eGFR 150.9+45.2 17932590 144.6=25.6 98.6+25.6 88.7+25.0

correlation coefficient (1) 0.87 0.84 0.84 0.88 0.89

mean ratic (eGFR/mGFR) 1.65+0.32 1.95x0.42 1.6520.39 1.10:0.21 0.98x0.18

95%: limits of agreement 1.02,2.28 113,277 0.8%,2.41 0.69,1.51 0.63,1.33

10% accuracy 1 1 3 47 48*

30% accuracy 10 a4 17 86 92°
Group 2 {13-17 yr} (n=322)

mGFR=87.3=325

aGFR 1271454 125.3=3509 119.9=325 B87.2+283 85.7+29.7

correlation coefiicient (r) 0.88 0.86 0.85 0,89 089

mean ratio (@GFR/MGFR) 1.50+0,33 1.46+0.37 1.44+0.32 1.04£0.21 1.01+0.20

95%: lirmits of sgreement 0.85,2.15 0.74,2.18 0.81,2.07 0.63,1.45 0.62,1.40

10%: accuracy [ 14 10 a1 3

30% accuracy 3 M 38 B8 90
Group 3 {18-21 yr) {n=262)

mGFR=50.4-30.1

aGFR 113.2+£3%.3 1029401 1069305 82.0x264 7942273

correlation coefficient (1) 0.85 0.85 084 0.86 0.85

mean ratic [eGFR/MGFR) 1.28+0.29 1.16x0.30 1.23=027 0.94+0.22 0.90+0.41

95% limits of agreement 0.71,1.85 0.57,1.75 0.96,1.56 0.51,1.37 049, 1.3

10% accuracy 25 36 27 32 78

305 accuracy 59 75 &9 847 83*
Group 4 (22-25 yr) (n=245)

mGFR=24.1+303

eGFR 102.54355 89.34318 97.3+284 76.0425.7 73.0£252

correlaticn coefficient (1) 0.85 0.85 0.85 0.856 0.85

mean ratio [eGFR/mGFR) 1.27+0.31 1.10+0.27 1.21+028 0.94x0.21 0.50:0.23

95%: limits of agreement 0.66, 1.87 0.57,1.63 0.66,1.76 0.53,1.35 0.45, 1.35

10% accuracy 29 36 33 33 31

30% accuracy &4 78 72 85 8z

MGFR and eGFR are measured in milliliters per minute pe 1,73 m?,

*P<0.05 barwean pedlatis formdas and other equations, favorng padiatric aquations, but without sgnificant difference betwaen Schwanz 2007 and Schwartz-Lyon,
YP20.05 between pediatric formulas and other equations, favoring Schwarte-Lyon. All results are expressed as mean £ SO,

group are summarized in Table 2, Mean ratios were significantly
higher with adult formulas than with pediatric formulas even for
patients aged =17 years. The Schwartz 2009 and Schwartz-Lyon
formulas had superior accuracy (10% and 30%j) in all popula-
tions and in each age group. The performance of adult formulas
was comparable with those of pediatric formulas only for pa-
tients aged >21 years.

According to KDOQI Classification Subgroups

Results for mean ¢GFR, mean ratio, and accuracies (10% and
30%) are presented in Table 3 with respective SDs. Pediatric
formulas (Le,, Schwartz 2009 and Schwartz-Lyon) performed

JAm Soc Nephrol 23: ese-see, 2012

better than adult formulas in the whole normal GFR population
with mean eGFR/mGER ratios 0f 0.92+0.16 and 0.8920.16 ml/
min per 1.73 m’, respectively. This superiority was found at any
stage of CKD. The accuracies (10% and 30%} were similar for
pediatric formulas when mGFRs were =30 ml/min per 1.73 m’,
but were poor when mGFR was below this value.

DISCUSSION

The accurate and repeated estimation of GFR is a major
concern in patients, especially during the transition period

GFR Estimation In Adolescants and Young Adults 3
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The main findings of this study are as
follows: (1) the demonstration of the validity
of the 2009 published “new bedside
Schwartz” formula in a population of ado-
lescents and young adults with different
characteristics than the original one, mainly
in terms of GFR and age; (2) the validation of
the “locally adapted™ Schwartz formula in
this population; and (3) the demonstration
that adult formulas should not be used in

L #1 - adolescents.
! ' ’ ' . ' ° B W =, W m The Schwartz 2009 formula is very close
c D to our locally adapted formula, but it does

o3 (G I mikmin per 1 73

m
bl

not take age into account, especially in
adolescent boys. Indeed, Schwartz et all de-
veloped this formula in a cohort of 349
North American children with mild to severe
CKD (median GFR 41 ml/min per 1.73 m’)
and notable growth retardation, In contrast,
the Schwartz-Lyon formula has been devel-
oped in the same way than the original
Schwartz formula, that is with different co-
efficients according to age and sex (k=33 for
females and males aged <13 years and k=37
for males aged =13 years) and has been val-

COFR | mGFR

1o (eGF ) mitrin per 1.7 "
. H

RT=084 =1

idated in a pediatric population of 252 pa-
tients aged 10.7 24.0 years (range, 4.4-19.9)
with mild or any renal insufficiency (mean
mGFR 101+32 ml/min per 1.73 m*) and no
significant growth retardation,'” The results
of our study demonstrated that the 2009
Schwartz and Schwartz-Lyon are bedside
formulas that had superior accuracies (10%
and 30%) than the adult formulas in the
whole population and in each age group.

i ? . ' . r o » -

w s Inaddition, they are simpler to use and

1o (reGE ) mhivss par 17320 JrOAI s WGIRY2 mhimin per 1,730 they can therefore be reliable in an extended

Figure 1. Comparison between different adult-based formulas (eGFR) and inulin
clearance (mGFR). The left column shows Univanate relationship plots of the (A) CG, (C)
MDRD, and (E) CKD-EPI formulas, using logarithmic transfarmation. The right column

population from about 5 to 25 years, which
allow an easy follow-up of renal function,
Comparison of the two pediatric formulas

shows Bland-Altman plots of the (8) CG, (D) MDRD, and (F) CKD-£P| formulas, using  Showed that in the whole population and

ratios of eGFR/mGFR against (eGFR + mGFRY2,

from childhood to adulthood in which rapid growth and changes
ofbody composition occur. Reference methods for assessing GFR
are difficult to perform and estimations of GFR by PCr-based
formulas are widely used in clinical practice. However, if the
performance of the equations to estimate GFR has been largely
studied in children and in adults,'! it has been very rarely eval-
uated in adolescents and young adults. In this study, we com-
pared five GFR estimating equations (CG, MDRD, CKD-EP],
Schwartz 2009, and Schwartz-Lyon) with measurements of in-
ulin clearance in a large cross-sectional adolescent and young
adult population,

4 Jotrnal of the American Society of Nephrology

for patients aged =13 years, they have a

similar performance to estimate GFR

with comparable concordance {mean ratio),
correlation coefficients, and accuracies, However, in children the
performance was slightly impraved (P<<0.05) (Table 2), likely
due to the specific k coefficient used in these subgroups of
patients,

Despite the good performance of the pediatric formulae,
an underestimation of GFR of about 10% is observed in
patients with normal renal function (GFR =90). These results
are in accordance with those of Fadrowski ef al., which
suggested that the bedside Schwartz 2009 formulae may under-
estimate renal function in normal patients with 8.9% of normal

adolescents having an eGFR <75 ml/min per 1.73m”."”

J Am Soc Nepheol 23; ese—eee, 2012




4 Resultados

l0g (6GFR) mlimin/1.73 m?

log (6GFR) miimin/1.73 m?

R'=0.74
T T

T T T
2 3 4 S L) 7

1og (MGFR) mUmin/1.73 m?

44

wwsjasn.org | CLINICAL RESEARCH |

35

30

eGFR / mGFR

eGFR I mGFR

00

1] 0 100 150 20 250
(MGFR + ¢GFR)2 m¥min per 1,73m?

Figure 2. Comparison between pediatric-based formulas {eGFR) and inulin clearance (mGFR). The left column shows univariate re-
lationship plots of the (A) Schwartz 2009 and (C) Schwartz-Lyon formulas, using logarithmic transfermation. The right column shows
Bland-Altman plots of the (B} Schwartz 2009 and (D) Schwartz-Lyon formulas, using ratics of eGFR/mGFR against {¢GFR + mGFRY/2.

Chavers er al. found comparable results with the Chronic Kidney
Disease in Children formula, which includes PCr, cystatin C, and
BUN.*

The three most used creatinine-hased formulas in adults
(CG, MDRD, CKD-EPI) considerably overestimate the true
GFR in the whole population, probably due to anthropometry.
The overestimation of GFR by adult formulas was reduced after
18 years of age but was still present in patients aged between 22
and 26 years, whereas children’s formulas tended to underes-
timate GFR of about 10%. In fact, the adult creatinine-based
formulas were developed in middle-aged or aged populations
of patients with various pathologic conditions and were not
designed to study renal function in young adults or

J Am Soc Nephrol 23: ese_ses, 2012

adolescents. The CG formula was developed in 1976 by using
the mean 24-hour urine creatinine excretion from two urine
collections obtained in 249 adult men aged from 18 to 92 years.
The use of the CG equation for children and adolescents is con-
troversial.' !4 The MDRD study prediction equation was devel-
oped in 1628 patients (males and females) with a mean age of
50.6 = 12 years and a mean GFR of 39.8+21.2 ml/min per 1.73
m* and included age, sex, and race to account for average differ-
ences in muscle mass in subgroups.'* The MDRD formula was
re-expressed in 2005 using PCr standardized to reference meth-
ods.> MDRD equation performance to estimate GFR in adults
with moderate to severe CKD is now accepted worldwide,” but is
grossly inaccurate in children and not validated under 18 years of

GFR Estimation in Adolescents and Young Adults 5
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Table 3. Mean bias and accuracies according to KDOQI classification and equations

KDOQI Classification cG MDRD CKD-EPI Schwartz 2009 Schwartz-Lyon

Stage 1: GFR =90 (n=341)

mGFR=113.4418.1

eGFR 150.5237.0 15214539 136.0221.0 103.4420.4 99.6221.0

mean ratio ([@GFR/MGFR) 1332029 1.352045 1.22=0.21 0.92+0.16 0.89=0.16

10% accuracy 19 25 26 a1 35"

30% accuracy 51 55 66 2% 90"
Stage 2: )< GFR =90 (n=312}

mGFR=75.218.4

aGFR 1105+28.8 1102+38.9 11322264 784+17.8 740x17.2

mean ratio [eGFR/mGFR) 1474035 1.46+0.48 1.502033 1.04+0.21 0.98+0.20

10% accuracy 12 19 10 g 37

30% accuracy 34 47 32 84 B6”
Stage 3: 30< GFR =40 (n=178}

mGFR«46.6+8.4

eGFR 71.5+19.0 6744241 73.7£2346 51.9+133 48.0+115

mean ratio ([EGFR/MGFR) 1.55+0.35 1.4540.46 1.6020.46 1.1220.25 1.0520.21

10% accuracy 7 0 8 32 367

30% accuracy 29 M 30 aok ar
Stages 4-5: GFR <30 {n=23)

mGFR=222+47

eGFR 4442123 37.7¢121 40.82135 32.5:9.0 29.9x8.1

mean ratio [eGFR/MGFR) 203+049 1.7+0.51 1.80=0.54 148034 1.36=032

10% accuracy ] 4 4 9 22

30% accuracy 4 30 22 39 43

mGFR and «GFR are messurad in milliliters pes minute per 1,73 m®

‘P 0.05 between pediatric formulas and other equations, faverng pediatric formulas, but without significant Gifference betwesn Schwartz 2009 and Schwartz-Lyon.
“P=0.05 betwean paciatric formulas and othar equations, favonng Schwartz-Lyon. All resuks are expressed in mean = SD. CKD stages 4-5 wems combned dua to

the smail numbar of patients,

age.!'11416 Mare recently, the CKD-EPI equation has been de-
veloped using data from 26 studies (12,150 patients with a mean
age of 47-50 years and a mean GFR of 67 £40 ml/min per 1.73
m).% However, the number of adolescents and young adults is
limited in these studies and equations has not been adapted to
this specific population. In the adult formulas, the term age
forms a central component in order to integrate that muscle
mass decreases with time resulting in higher ¢GFR in younger
participants, However, the opposite is true for children, whose
muscle mass increases with age and is, in fact, more closely
correlated with height than age, Therefore, it is logical that adult
creatinine-based equations (i.e., CG, simplified MDRD, and
CKD-EPI) overestimate GFR in adolescent and young adults.
Several studies reported that the CG or MDRD equation tends to
underestimate GFR when renal insufficiency is light or moderate
(i.¢.,, GFR =60 ml/min per 1.73 m*),”7 and the CKD-EPI equa-
tion was proposed to increase the precision of eGFR, especially
when GFR is in the higher range.” The averestimation due to the
inadequate role of age in adult formulas is likely much more
important than the expected underestimation of GFR due to
the higher GFR of our population compared with those of the
training data sets of the MDRD and CKD-EPL This is confirmed
by the progressive decrease of the overestimation of GFR from
group 1 to group 4 (Table 2}, In conclusion, adult creatinine-
based equations (Le., CG, simplified MDRD, and CKD-EPI} are
not reliable in adolescents and young adults and should not be use
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to estimate GFR in clinical practice. We recommend the use of
pediatric GFR prediction equations, especially the Schwartz 2009,
to estimate and to follow GFR from childhood to early adulthood.

CONCISE METHODS

Patients
We compared eGFR using variowus formulas based on PCr with the results

of mGFER, Le, inulin clearance in a retrospective cross-sectional cohort
of 751 patients { 1054 measurements) which included all of the patients
aged 10-25.9 years referred to our center between July 2003 and July
2010 to perform inulin clearance for suspected or established renal
dystunction. An appropriate informed consent was obtained from all
patients and/or their familics. Height, weight, and age were recorded
and for patients aged < 18 years, and height and body weight percentiles
were expressed in medians and 1QRs, according to the Centers for
Discase Control and Prevention body weight and height for age and
sex growth charts.'® Growth retardation was defined by a height and/
or body weight below the third percentile, The whole population was
divided into four groups according to age: 10-12 years, 13-17 years,
18-21 years, and 22-25 years. The groups were then further divided by
renal function according to the KDOQI classification as follows: stage
1 {mGEFR =90}, stage 2 (60= mGFR <90), stage 3 (30= mGER <60),
and stage 4-5 (MGFR <30}, Stage 4-5 CKD data were combined due
to the small number of patients.
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PCr Measurements

PCr was obtained from a kinetic colonimetric compensated Jafte
technique (Roche Modular, Meyian, France) for which the impreci-
sion of the assay method was checked (intra-assay coefficient was
0.7%; interassay coefficients were 4.0% at low concentration PCr (45—
60 pmol/L) and 1,5% at high concentration PCr (580 gemol/L), re-
spectively). All PCr measurements were performed with the same
method over the entire study period. The results for PCr were stan-
dardized by linear regression adjustment of the concentrations ob-
tained by the compensated Jaffé assay and the concentrations ob-
tained by liquid chromatography-mass spectrometry (LCMS).
Briefly, the LCMS apparatus was calibrated with three European
standards (BCR; Bureau community Reference 373, 574 and 575)
and two Amernican standards {Standard Reference Material) in which
creatinine concentrations ranged from 66.5 to 404 pmol/L. The pa-
rameters for the linear regression line were obtained for 54 patients
with serum creatinine values ranging from 41 to 220 gmol/L; 94.2%
(993) of our PCr values were within this range. Calibration equation
was as follows: standardized serum creatinine = 0.9395 X (Jaffé com-
pensated serum creatinine in gmol/L} + 4.6964, The intercept
(4.6964; 95% Cl, —2.4619 to 11,8656) and slope (0,9395; 95% CI,
0.8719-1.0072) were not significantly different from 0 and 1, respec-
tively. The coefficient of correlation (r) was 0.97. Mean difference
between LCMS and compensated Jafté was 1.24= 10,05 pmol/L. Sta-
bility of the PCr assays was assessed during the study, Blinded Pro-
BioQal controls were tested every 5 weeks and a nationwide-blinded
control was tested cach year.'?

GFR Measurement
The GFR was measured by the renal clearance of inulin method

(polyfructosan, Inutest; Fresenius Kagi, Graz, Austria). A standard
technique was used by a trained staff with a continusous infusion after a
priming dose of 30 mg/kg polyfractosan, Water diuresis was induced by

Table 4. Equations used to determine eGFR
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oral administration of 5 ml/kg of water followed by 3 mltkg every 30
minutes combined with an intravenous infusion of 0.9% sodmm
chloride, This enabled the patients 1o spontaneously empty their bladder
every 30 minutes; patients needing intermittent urethral catheterization
were excluded from this study. Three to four urine samples were callected
and a blood sample was drawn mid-way through each collection period,
The dearance values, calculated by the standard UV/P formula, were
obtained from the mean values of the three to four clearance periods.
Measurements of plasma and urine polyfructosan were performed using
the same enzymatic method™ for which we previously checked the im-
precision of the assay method (within-run precision values in plasma
and urine of 0.3% and 0.79%, respectively; between-run precision values
were 3.5%, 1.6%, and 2.4% at mean polyfructosan values of 117, 198,
and 285 mg/l. respectively).”® The results were expressed to 1.73 m?,
according to the Dubois formula: body surface area = height"™* X
weight"** % 0,007184.2!

GFR Estimation
GFR was estimated using five formulas: CG,* simplified MDRD,*

CKD-EP1," 2009 Schwartz (bedside),” and Schwartz-Lyon.'" The
eGFR was normalized by body surface area and expressed in milli-
liters per minute per 1,73 m’. Standardized creatinine values were
used for the calculations of simplified MDRD, CKD-EPI, and 2009
Schwartz formulas. The equations used to determine ¢GFR are pre-
sented in Table 4,

Statistical Analyses
Statistical analyses were performed in the entire population and in
cach group separately, Performance of each ¢GFR equation was
assessed in terms of mean ratio (eGFR/mGFR), the Pearson corre-
lation coefhicient (r}, and accuracy (proportion of ¢GFR results within
10% and 30% of mGFR). The mean ratio wis used in order to correct
the variance of bias that was not constant.” The eGFR mean ratios were
compared cach other using the paired ¢ test. The
accuracics of the eGFR equations were compared

Name Formula

using McNemar’s test, We used the Kolomo-

CG adyusted to BSA*

MORD?
#0.742 if female
%1212 if black

CKD-EPI®

eGFR = (1.73/BSA) x [(140 — age) X weight]/72
X (PCr x 0,0113) x 0,85 if fernale
oGFR = 175 % (PCr x 0.0113) ™59 x {age) **®

k1 x [(PC/88.5k2)]= x 0.993" with
k1 = 141 or 144 for white male and female, respactively
K1 = 163 ar 166 for black male and female, respectively

gorov-Smirnov and Kruskal-Wallis tests to eval-
uate the normalization of quantitative data.
Bland-Altman plots illustrated the agreement
between eGFR calculated by different formulas
and the reference mGFR. Avalue of P<<(0.05 was
considered to indicate statistical significance.
These calculations were performed with [BM
SPSS software (version 17.0 for Windows).

kZ = 0.7 or 0.9 for female and male, respectively
k3 = ~0.411 or - 1,209, for male with PCr =80 and

PCr >80 pemoliL, respactively

K3 = —0.329 or —1.209, for female with PCr =62 and

PCr =62 pmol/L, respectively
aGFR = K X height/PCr
K=365
eGFR = K x height/PCr
K = 37if males aged >13 yr
K = 33 if others

Schwartz 20097

Schwartz-Lyon'?
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Comparison of Cystatin C- and Creatinine-Based Glomerular
Filtration Rate Formulas With Inulin Clearance in Pediatric Renal
Transplantation

L. Selistre, O. Roquet, D. Saitovitch, V.C. de Souza, |.C. Antonello, B. Ranchin, A. Hadj-Aissa,
P. Cochat. and L. Dubourg

ABSTRACT

Background. It has been suggested that plasma cystatin C (Cyst-C) concentrations
provide better indicators of changes in glomerular filtration rate (GFR) than plasma
creatinine concentration (PCr).

Methods. We compared the performance of five equations—2009 Schwartz, Local
Schwartz, Larsson, Le Bricon. and Schwartz Combined—in 6l renal transplant children by
calculating the mean bias, Pearson correlation coefficient (R) and determination (R?), 10%
(P10) and 30% (P30) accuracics, and Bland-Altman plots. GFR was measured by inulin
clearance.

Results. For the whole pepulation, R* was slightly lower for formulas based on Cyst-C or
PCr, but the mean bias was lower, and P10 and P30 were greater, than using combined
Schwartz equation. However, the mean estimated GFR by Schwartz 2009, Local Schwartz,
and Schwartz combined equations was not statistically different from the mean inulin
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clearance measurement,
Conclusions.

In our pediatric transplant population, the combined Schwartz formula

exhibited better performance to estimate GFR than formulae based on Cyst-C or

combined PCr.

lomerular filtration rate (GFR) is the most important
parameter for functional assessment in the renal
transplant population.’™ Although inulin clearance is re-
garded 1o be the gold standard to measure GER, its use is
limited in clinical practice.” Unlike plasma creatinine {PCr),
cystatin C {Cyst-C) has been described to meet many of the
characteristics of an ideal GFR marker: It is endogenously
produced at a constant rate, frecly filtered, neither reab-
sorbed nor secréted in the renal tubule, and is at least as
accurate as the commonly used PCr," ™ The present study
was designed to test the hypothesis that plasma Cyst-C
correlated more clesely with GFR than PCr among an
unselected consecutive cohort of pediatric renal transplant
recipients who underwent GFR determinations using the
gold-standard inulin method.

PATIENTS AND METHODS

Study Population

This cross-sectional study of 60 pediatric transplant reciplents was
approved by the Institational Research Ethics Board.

2 2012 Published by Elsevier Inc,
360 Park Avenue South, New York, NY 100101710

Transplantation Proceedings, 44, 2357~2359 (2012)

Laboratory Assessment

GFR was messured (mGFR) by plasma cearance of inelin (polys
fructosan infusion; Invtest; Fresenius Kagi, Austria). PCrowas
obtained with a kinetic colorimetric compensated Jafle 1echnique
(Roche Modular, Meylan, France) and Cyst-C with a nephelomet-
ric technique (BN2, Behring. France). The following equations
were used to determine estimated GFR {(¢GFR):

o PCr based 2009 Schwartz = 36,5 % [height (cm)/PCr|; Local
Schwartz = ¢GFR = k ¥ [height (cm)/PCr]; (k = 37 in hoys >13
years old; k = 33 in other children).

o Cyst-C based: Le Bricon = [(78) % (1/Cyst-C)] + 4 Larsson «
77.239 X C)S(-C 10623 2%

o Cyst-C and PCr associated: Schwartz Combined = 39.1 x
[height/PCr "% % [18/Cyst-C]" ™ x [MYBUN|"™ x (1099 if
mide) * [height/14]

Statistical Analysis

Statistical analysis was performed using the 1BM SPSS Statistics
software 17.0 for Windows. To assess the pecformance of formulas,
we calculated the Pearson product-moment correlation coefficient

0041-1345/-see front matter
http=//dx.doi.org/ 10,1016/ transprocead, 2012,07.051
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Fig 1. Bland-Altman graphs, showing the agreement between GFR measured by Inulin clearance and GFR estimated by formulas
based on creatinine (A), Cystatin-C (B), and combined {C). The solid fines show the mean values and the detted ines show the ranges
of 85% of the values.

50




4 Resultados

CYSTATIN C TO ESTIMATE GFR

(R), the coefficient of determination (R°), 1he mean bias (eGFR —
mGFR), and 10% and 30% accuracles.

RESULTS

The 60 patients including 30 boys had a mean age of 135 = 3.8
years, For the whole population, the mean GFR was 63 + 20
mE/min/1.73 m* based on 196 measurements. The correlation
between mGFR and ¢GFR was significant for the 5 formulas
with R? values of 0,72, 0,72, 0,58, 0.56, and 0,75 for 2009
Schwartz, Local Schwartz, Le Bricon, Larsson, and Schwartz
Combined, respectively. The mean absolute bias was 6.5 + 1.3,
21+12.25 =13, ~75 = I4,and - 1.2 = [0 mL/min/1.73 m",
Figure 1 shows the agreement for each formula according to
the Bland-Altman method. P10 and P30 were 349 and 82%
for 2009 Schwartz, 38.5% and 89.5% for Local Schwartz, 37%
and 83% for Le Bricon, 36% and 92% for Larsson, and 47.5%
and 98% for Schwartz Combined. However, the equations of
2009 Schwartz, Local Schwartz, and Schwartz Combined
showed no significant difference of either the mGFR or eGFR
P=.7).

DISCUSSION

GFR assessments in renal transplant patients are useful for
carly recognition of rejection or of renal toxicity due to
caleineurin inhibitors,"*” An ideal GFR marker should
provide accurate and sensitive results to detect mild renal
dysfunction, it should also show low variability over time
when compared with the gold-standard inulin method,**
When compared with PCr in pediatric and adult renal
transplant recipients Cyst-C has been reported to produce
conflicting results with changes in GFR.™*™* This lack of a
uniform superiority of Cyst-C over PCr can be attributed 10
several factors related o the measurement methods for
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Cyst-C or PCr, differences in the techniques which was
reference for GFR, as well as various studied popula-
tions.”*® The present study, performed exclusively in pedi-
atric renal transplant recipients, showed equations with PCr
or combined with Cyst-C to correlate more closely with
inulin GFR than those with isolated Cyst-C. a small but
significant difference,
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Abstract

Background Autosomal dominant polycystic kidney disease
(ADPKD) in children is often regarded as a benign condi-
tion. However, previous studies pointed out renal-related
anomalies which may benefit from ecarly appropriate treat-
ments, This study was conducted to evaluate the prevalence
and severity of early renal dysfunction in ADPKD children.
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Methods An extensive renal evaluation was performed in 52
consecutive ADPKD patients diagnosed ¢ither from prena-
tal screening or post-natal ultrasound (US) examination
(54 % males, mean age 10=4 years [1-17]).

Results Three patients had both systolic (SBP) and diastolic
(DBP) blood pressure above the 95th percentile, one patient
had # “high normal™ DBP, and one child was treated with an
angiotensin-converting enzyme inhibitor (ACEI). The mean+
SD glomerular filtration rate (GFR ml/min per 1.73 m’, inulin
clearance) was 115426 [47-168] but six children (12 %) had a
GFR<90 and 11 (21 %) experienced hyperfiltration (GFR>
135). Microalbuminuria (2<Ualb/Uer=20mg/mmol) was
found in 25 patients and five had macroalbuminuria
(=20 mg/mmol),

Conclusions Early renal manifestations are frequent in
ADPKD children, including hypertension in 6 %, albumin-
uria in 58 %, and decreased GFR in 12 %, In conclusion,
renal function in children with ADPKD should be regularly
assessed in order to manage early renal dysfunction and
cven consider further therapeutic intervention,

Keywords Autosomal dominant polycystic kidney discase -
Children - Renal function < Glomerular filtration rate -
Arterial hypertension - Microalbuminuria

Introduction

Autosomal dominant polycystic kidney disease (ADPKD) is
the most prevalent inherited renal disease. Despite the usual
onset of end-stage kidney disease during adulthood, pre-
symptomatic screening for ADPKD in children is now con-
sidered as necessary in order to initiate an appropriate
follow-up to delay or prevent long-term consequences, in-
cluding renal failure and cardiac complications |1]. Early
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renal manifestations off ADPKD have been reported in chil-
dren but their frequency and severity remains debated, es-
pecially concerning prevalence of renal function
impairment, In this study, we focused on reviewing the
phenotypic characteristics (i.e., modifiable risk factors),
such as arterial blood pressure, albuminuria, and renal func-
tion, neglecting both ultrasound (US) and genetic testing
data, which were not available and/or reliable for all
children,

Methods

The 52 consecutive ADPKD patients (28 males, 1-17 years)
seen at the Pediatric Nephrology ambulatory (Lyon. France)
between December 1989 and May 2011 were referred for
renal evaluation and their data were collected. Among them,
19 patients were assessed at least two times with a mean
delay between the first and the last follow-up of 5.0+
2.1 years [2-5]. The diagnosis of ADPKD was made by
prenatal screening or by post-natal US examination [1].
ADPKD was confirmed before examination by US demon-

strating bilateral cysts in the setting of a family history of

ADPKD or multiple cysts clinically consistent with a new
diagnosis of ADPKD.

However, children were mostly referred with an
ultrasound-based report performed in various centers and
the exact kidney size and/or numbers and size of renal cysts
were not known,

Height, body weight, age, and blood pressure were
recorded. Percentiles for systolic (SBP) and diastolic
(DBP) blood pressure were determined according to age,
height, and gender [6, 7]. Blood pressure (BP) measure-
ments were recorded by an oscillometric device regularly
calibrated against an auscultatory method. The mean value
of three consecutive readings in resting state was then com-
pared with BP standards based on gender, age, and height.
Hypertension was defined as systolic and‘or diastolic BP
greater than or equal to the 95th percentile for age, sex, and
height on at least three different occasions. High-normal
blood pressure (HNBP) was defined as a DBP and/or SBP
between the 90th and the 95th percentile [7].

Blood samples were collected from each patient for plas-
ma creatining (Per) and fresh second-morning urine samples
were collected for albuminuria (Ualb) (nephelometry, BM2:
Behring Siemens, Paris. France). Albuminuria was
expressed as urine albumin to urine creatinine ratio (Ualby
Ucr) and patients were divided into two groups according to
Ualb/Ucr: (i) Group ! (G1): normal (< 2.0 mg/mmol) and
(11) Group 2 (G2): increased Ualb/Ucr (2.0 mg/mmeol) [8].
True glomerular filtration rate was measured by the standard
method of urinary ¢learance of inulin (iIGFR) (Inutest™,
Fresenius Kabi, Graz, Austria) based on a priming dose
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followed by a continuous intravenous infusion of inulin with
34 timed urine collections. Estimated glomerular filtration
rate (eGFR) was calculated from Per according to the
Schwartz formula [9]. Per was obtained from a kinetic
colorimetric compensated Jaffe technique (Roche Modular,
Meylan, France; compensation according to manufacturer’s
recommendations) for which we checked for good agree-
ment with an enzymatic Roche method (y=1.019x+1,556,
R*=0.997).

Statistical analysis

Descriptive analysis was done using mean + SD for continu-
ous variables. Student’s parametric unpaired ¢ test and analysis
of variance (ANOVA) were used for comparison between the
groups, and paired Student’s 7 test was used for comparison of
repeated measurements, Qualitative variables were compared
using the Chi-square test. A p value of <€.05 was considered
statistically significant. Analyscs were performed with SPSS
software version 15.0 (SPSS, Inc,, Chicago, IL).

Results
Whole population at presentation

The main clinical and biological characteristics of the
patients are given in Table 1. None presented growth retar-
dation or low body mass index. Three patients had both SBP
and DBP above the 95th percentile, one patient had HNBP,
and one child was alrcady being treated with an
angiotensin-converting enzyme inhibitor (ACEI) for pre-
viously established hypertension. The mean iGFR was
in the normal range but six (12 %) children had an
iGFR<90 ml/min per 1.73 m® (1<60) and 11 (21 %)
showed hyperfiltration (GFR>135). Mean eGFR was
significantly decreased compared to iGFR (p<0.05) with
a mean difference eGFR-IGFR of —6.2+22.2 mi/min per
1.73 m® (=53.1-+54.1). However, it is noteworthy that
¢GFR underestimated iGFR in 33 patients with a mean
¢GFR-IGFR of —19.4£13.2 [-53 to —0.08] lcading to
the misclassification of a more severe chronic kidney
disease (CKD) stage for 9/52 patients, Thirty patients
(58 %) had clevated albuminuria.

Evolution of renal function

In 19 patients, two assessments of renal function were
performed with a mean time interval of 5.0£2.1 [2-9] vears.
Mean SBP and DBP percentiles tended to decrease (61.0+
21.3 vs. 52,7£28.2 (p=0.16) and 62.6+4,7 vs. 48.6+26.9,
p=0.01, respectively), probably due to a better BP control in
hypertensive children. An ACEI treatment was given prior
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Table 1 The main clinical and
biological charactenstics of the
whole population and of each
Ualb/Usr groups (Gl Ualhy

Ucrs 2 my'mmol and G2: Ualb/

Uer=2 mg/mmol)

Clinical features All (n=52) Gl (n=22) G2 (n=30)

Male gender 28 16 12

Age (years) 10.1=42[1-17) 9.0+4.1 [1-17] 109:4.1 [3-17]
Weight (kg) 36.9=15.6 [11-66] 32.5414.1 [11-57) 014160 [14-66]

Height (cm)
SBP percentiles (mmHg)
> 95th
Between 90th and 95th
DBP percentiles (mmHg)
> 9Sth
Between 90th and 95th
Plasmuy creatining (pmol/1)
Lalb/Uer (mg/mmol)
<2
2-20
>20
IGFR (mUmin per 1.73 m’)
WGFR> 135
90 < iIGFR<135
IGFR<90
¢GFR (mlmin per 1.73 m%)
eGGFR=>135
90 = ¢GFR<135
eGFR<%

14145259 [83-182]
52.6=27.9 [1-100]
3

=]

53.4+£28.6 [5-100]
3

i

51.0£18.3 [29-137
1.3+22.2 [0.5-128]

N

5

1
2
2
5
114.6£25.5 [47-168]
|
3

I
5

-

108.3=28.3 [37-1660]
n
30
12

<

134.5+25.7 [83-169]
S6.4+20.6 [13-98]

S -

53.9+21.6 [9-87]

=]

]
45.3+8.9 [30-63]
1.4+0.1 [0.5-2)

23.5223.4 [80-16]]

12.3£31.1 [66-166]

146.4+25.2 [94-182]
49.8:431,7 [1-100]

b
-

0
51.5433.1 [5-100]

3

I

$3.2419.9 [29-137]
17.5426.7 [2.1-128]**
O

s

wmeord

108.0+25.4 [47-168]*
i

22

s

105.4£26.3 [37-146]
4

20

6

*p<0.05, **p<0.001

to the second renal assessment to three other children and
the percentage of patients with an abnormal Ualb/Ucr de-
creased from 58 to 42 %). In the meantime, iGFR did not
change between the two measurements (114.8428.8 vs.
114.5419.5) and no patient changed CKD stage.

Renal function according to Ualb/Uer

For further analyses, ADPKD patients were divided into two
groups according to Ualb/Ucr. The characteristics of the
subjects in the two groups were similar with regards to
age, body weight, and body surface area, but Gl included
a greater percentage of boys than G2 (73 vs. 40 %, p<0.05)
(Table ). The frequency of hypertension or HNBP was not
increased in albuminuric children. The mean iGFR was
significantly decreased in the albuminuric group of patients
and the percentage of patients with renal impairment was
greater in G2 (16.6 vs. 4.5 %). Hyperfiltration was signifi-
cantly more frequent in Gl (36.4 vs. 10 %).

Discussion

ADPKD s not only an adult-onset disease, but may have
early renal manifestations during childhood (hypertension,

albuminuria, CKD) affording maximal anticipatory care and
future opportunity to benefit from new therapies [1-53].
Compared to adults, few studies have been conducted in
children and the prevalence and severity of renal manifes-
tations remains debated, especially conceming renal func-
tion insufficiency. In this study of 52 consecutive ADPKD
patients referred to our unit and aged 10=4 years old, we
focused on reviewing ADPKD-associated morbidity. The
main findings of this study are (1) the confirmation that
early clinically relevant renal manifestations of ADKPD
(hypertension, albuminuria. or renal insufficiency) are fre-
quent in children (40/52 patients have at least one abnor-
mality); (2) the demonstration of the lack of reliability of the
current Schwartz formula to properly assess GFR and clas-
sify ADPKD-children in CKD stages: (3) the confirmation
that albuminuria can be considered as an early severity
marker of the disease during childhood; (4) the demonstra-
tion that hyperfiltration may be present carly in the disease,

Renal function

Twenty-one percent of the children experienced hyperfiltra-
tion, mainly in the group of patients with normal albumin-
uria. These results are consistent with findings from
previous studies in pediatric ADPKD of about the same
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age where the authors concluded that there was no correla-
tion between renal structural abnormalities and GFR [4].
Helal et al. found that hyperfiltration and increased renal
volumes may be early markers for a more severe form of
ADPKD in children [10]. In addition, Meijer et al., regard-
ing young adult patients, found that hyperfiltration is present
before the occurrence of microalbuminuria [11]. Increased
levels of vasopressin have been demonstrated in ADPKD
and its potential role in ADPKD progression has been
suggested. Indeed. vasopressin V2 receptor activation
reduces sodium concentration at the macula densa, inhibits
tubuloglomerular feedback, stimulates renin release, and
could result in glomerular hyperfiltration. proteinuria, and
renal damage in APKD patients [12, 13].

The incidence of CKD among ADPKD children is prob-
ably biased due to discrepancy between GFR measurement
methods. Renal function was regarded as normal when GFR
was estimated from the former Schwartz formula (which
usually overestimates GFR in CKD) [2, 5] whereas Mekahli
et al. [6] found 39 % of patients with a CKD stage>2 with a
locally adapted Schwartz tormula (k=33). In the present
study, 11.5 % of patients have an iGFR<%0} ml/min per
1.73 m’, This discrepancy may be explained by the under-
estimation of GFR with the current Schwartz formula
(k=36.5), which is adapted to our Per measurement method
and which is very close to that used by Mekahli et al. [6]. In
our study, the use of the current Schwartz formula would lead
1o an overestimation in the rate of CKD {23 vs. 11.5 %).

Blood pressure

Office measurements of BP in the entire cohort showed SBP
and DBP above the 95th percentile in 6 % of patients. These
results are consistent with previous studies [2, 6], which
identified 9 to 43 % of hypertensive patients depending of
the characteristics of the population and the method of BP
measurement.

Albuminuna

The rate of pathological albuminuria in our patients at first
presentation was higher (58 %) compared to previous stud-
ies (from 5 to 36 %) [3. 4. 6]. which may be related to the
various reference ranges (2 mg/mmol in our study), How-
ever, pathological albuminuria is associated with a de-
creased 1GFR, with an increased rate of CKD, and a
decreased number of patients with hyperfiltration. The oc-
currence of hyperfiltration mainly in the group without
albuminuria may indicate that this process occurs early in
the disease even before the onset of microalbuminuna. We
did not find any differences in BP in relation to albuminuna.
These results confirm that microalbuminuria can appear
early in the course of ADPKD and may be a marker of the
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discase severity as previously suggested by Sharp et al. [3],
but does not seem to be the first, and underlines the impor-
tance of a search for other markers of discase severity.

Finally, the S-year follow-up of 19 children showed no
progression of CKD course as reported by Fick et al. [14],
but did show an increased rate of albuminuria. These data
are consistent with previous conclusions [6, 15] about the
necessity of a close follow-up of these patients to slow down
the natural evolution of the disease, and early adequate renal
investigation in the scope of intervention clinical tnals,

In conclusion, this study confirms the high incidence of
ADPKD-linked renal manifestations (77 % with at least one
symptom: hypertension, high-normal blood pressure, elevat-
ed albuminuria or abnormal GFR) in this population. The
rate of CKD during childhood can be estimated at 12 %
when a reference method of GFR measurement is per-
formed. Progression of renal insufficiency seems to be slow
during childhood, and carly evaluation of discase severity
could be a major task to imitiate an appropriate clinical/
biological follow-up. To better initially assess the severity
of the disease, we recommend measurement of renal func-
tion with a reference method.
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Which GFR estimating equations can be reliably used in children with standardized
creatinine and cystatine C measurements?

AUTHORS

Luciano Selistre’?®, Vandréa De Souza®, Pierre Cochat ***® Olga Dolomanova’,
David Saitovitch?, Ivan Carlos Ferreira Antonello?, Aoumeur Hadj-Aissa'*, Bruno
Ranchin®, Justine Bacchetta'**, Muriel Rabilloud*” , Laurence Dubourg *3*°

1. Exploration Fonctionnelle Rénale et Métaboligue, Groupement Hospitalier
Edouard-Herriot, Hospices Civils de Lyon

2. Pontificia Universidade Catdlica do Rio Grande do Sul, Brazil

3. Centre de Référence des Maladies Rénales Rares, Service de Néphrologie et
Rhumatologie Pédiatriques, Hospices Civils de Lyon, Lyon, France

4. Université Claude-Bernard Lyon 1, Lyon, France

5. FRE 3310, CNRS, Université Claude-Bernard Lyon 1, Lyon, France

6. Laboratoire de Biochimie et Biologie Moléculaire, Groupement Hospitalier
Edouard-Herriot, Lyon, France

7. Hospices Civils de Lyon, Service de Biostatistique, CNRS, UMR5558, Laboratoire
de Biométrie et Biologie Evolutive, Equipe Biostatistique-Santé, Villeurbanne, France
8. Universidade de Caxias do Sul, Brazil.

CORRESPONDING AUTHOR:

Luciano Selistre

Exploration Fonctionnelle Rénale et Métabolique - Pavillon P

Hépital Edouard Herriot, 5 Place d’Arsonval,

F-69437 Lyon cedex 03

Tel: 334721102 44

Fax: +33 4 27 85 67 68

selistre71@agmail.com



mailto:selistre71@gmail.com

4 Resultados 60

Summary

The limitations of estimates of glomerular filtration rate (GFR) based only on plasma
creatinine measurements have spurred an interest in more sensitive markers of GFR.
Cystatin C, a low-molecular-weight glycoprotein freely filtered through the glomerular
basement membrane and with minimal non-renal elimination, may be such a marker.
The diagnostic accuracy of cystatin C estimated GFR (eGFR) by various cystatin C.

equations have varied in different studies. We hypothesized that the age range and

GFR of enrolled patients affects the diagnostic accuracy of a cystatin C and

creatinine equations. We analyzed 259 consecutively enrolled children and

adolescents at a single French center in a prospective and cross-sectional study.
Cystatin C was analyzed with nephelometry and IDMS-traceable plasma creatinine to
eGFR was estimated by the equations validated in children. GFR was measured by
inulin. GFR was estimated using the plasma creatinine—based the 2009 Schwartz
bedside and a Schwartz Lyon equations, and 4 cystatin C-derived equations (2
simples cystatin, Filler and Bricon, and 2 combined with creatinine, CKiD and
Zappitelli). In children, Schwartz Lyon had low median ratio bias and high accuracy
such that 93% of estimates were within 30% of measured GFR. In adolescents, the
median mean ratio bias of 2 equations, Schwartz Lyon and CKiD, was low and
accuracy was high such that 90-93%. In the GFR categories <60 and <90 ml/min per
1.73 m?, the Receiver-operating characteristics (ROC) to children and adolescents
wasn't between haven’t significantly different between CKiD, Filler, 2009 Schwartz
bedside and Schwartz Lyon. These results were an improvement compared to the
other equation based cystatin C and 2009 Schwartz bedside, both of which had high
median bias and reduced accuracy. The diagnostic accuracy of various equations
varies with GFR and range age. In addition, we found no evidence that serum
cystatin C—based estimates of renal function are superior to serum creatinine-based

estimates.

INTRODUCTION

Assessment of glomerular filtration rate (GFR) is an important tool for
monitoring renal function. GFR has to be determined by measuring the clearance of

an exogenous marker totally and exclusively eliminated by glomerular filtration, such
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as inulin® #®%”. However, in clinical practice, determination of the GFR by inulin is
quite cumbersome?®’ .

Therefore, plasma creatinine (PCr) and creatinine clearance are widely used
as non-invasive methods for the assessment of GFR, although several drawbacks
have been identified™ * 2" ?°. The monitoring of GFR based on equations of creatinine
may have a bias compared with the current gold standard®. PCr production is
proportional to muscle mass and varies considerably intra- and inter-individually™ 2.
PCr is freely filtered by the glomerulus, not reabsorbed by the proximal tubules and is
secreted in small amounts. PCr is also not sensitive for detecting small decreases in
GFR because of the non-linear relationship between its plasma concentration and
GFR. PCr values have to be adjusted for body height and body compaosition to reflect
renal function in paediatric patients accurately® % 22629,

Unlike PCr, cystatin C (Cys-C) is produced at a constant rate by all nucleated
body cells. Cys-C is a non-glycosylated basic protein (13.36 kDa) and can be found
in a variety of biologic fluids®. Cys-C serum concentration is not influenced by gender,
inflammation, or lean tissue mass and is regarded to be mainly determined by GFR.
Cys-C has been described as meeting many of the characteristics of an ideal GFR
marker (e.g., endogenously produced at a constant rate, freely filtered in the
glomerulus, neither reabsorbed nor secreted in the renal tubule, not extrarenally
eliminated) and has been reported to be at least as accurate as the commonly used
serum creatinine to detect impaired renal function in various patient groups, including
renal transplant patients and children® &9 1113, 16.18-19,28, 30-32

Several prediction equations have been derived from both paediatric and adult
patients to estimate GFR from the serum Cys-C concentration® 213 2021 yntil
recently, however, studies that have evaluated Cys-C have used the serum
concentration rather than an estimate of GFR based on the measured
concentration?: 2% 3340,

Accordingly, the objective of this study was to compare GFR level with
equations that include Cys-C, PCr, or both levels adjusted for staging of chronic
kidney disease (CKD) at in a cohort of children and adolescents.The equations were

compared with inulin GFR reference measurement.
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MATERIAL AND METHODS

Study Population

Children cohort of 259 French children who were followed at the Hopital Mére-
enfants at Lyon, aged 1 to 18 years, who underwent renal functional assessments
between October 2003 and July 2011 (695 GFR measurements in all with an
average of 2 measurements per patient). The baseline population was divided into
two age groups: 165 children (<13 years, 318 measurements) and 194 adolescents
(13-18 years, 341 measurements). The age limits for adolescents was chosen to

allow comparisons with the original Schwartz cohort.

The study was approved by the Research Ethics Board.

Laboratory Assessment

Measure of glomerular filtration rate (MGFR) was measured by the plasma
clearance of radiolabel by the clearance of inulin (polyfructosan infusion, Inutest®;
Fresenius Kagi, Graz, Austria). A standard technique was used by a trained staff with
a continuous infusion after a priming dose of polyfructosan (30 mg/kg). Water
diuresis was induced by oral administration of 5 ml/kg of water followed by 3 ml/kg
every 30 minutes combined with an intravenous infusion of 0.9% sodium chloride.
This enabled the patients to spontaneously empty their bladder every 30 minutes.
Three to four urine samples were collected, and a blood sample was drawn mid-way
through each collection period.?

The clearance values were obtained from the mean values of the three to four
30-minute clearance periods. Patients needing intermittent urethral catheterization
were excluded from this study. To obtain valid results in patients with mild urologic
abnormalities, polyfructosan was diluted in mannitol 10%, and water diuresis was
induced before the arrival of the patients; thus, the increase of urine volume and the
secondary decrease of urinary concentration of inulin allows minimization of the
errors caused by mild urological problems, by allowing a diminution of sample
variability and a facilitation of vesical voiding. In addition, whatever the pathology of

the patient, a maximum scatter of 20% between the three or four clearance periods
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was accepted to assess the validity of mMGFR measurement in each period.
Measurements of plasma and urine polyfructosan were performed using an
enzymatic method. The results were expressed to 1.73 m2, according to the Dubois
formula of body surface.

Plasma creatinine (PCr) was obtained from a kinetic colorimetric compensated
Jaffe technique (Roche Modular, Meylan, France; compensation according to
manufacturer’'s recommendations) for which the imprecision of the assay method was
checked (intra-assay coefficient was 0.7%; inter-assay coefficients were 4.0% at low
concentration PCr (45 — 60 pmol/L) and 1.5 % at High concentration PCr (580
pmol/L), respectively. All measurements of PCr were performed with the same
method all over the study period. The results for PCr were standardized by linear
regression adjustment of the concentrations obtained by the compensated Jaffé
assay and the concentrations obtained by liquid chromatography-mass spectrometry
(LCMS). Briefly, the LCMS apparatus was calibrated with three European standards
(BCR; Bureau community Reference 573, 574 and 575) and two American standards
(SRM; Standard Reference Material) which PCr concentrations range from 66.5 to
404 pmol/l. The parameters for the linear regression line were obtained for 54
patients with serum creatinine values ranging from 41 to 220 pmol/L. 94.2% (993) of
our plasma creatinine values were within this range. Calibration equation was as
follows: standardized serum creatinine = 0.9395 * (Jaffé compensated serum
creatinine in umol/l) + 4.6964. Intercept (4.6964; 95% CI [-2.4619 to 11.8656]) and
slope (0.9395; 95% CI [0.8719 to 1.0072]) were not significantly different from zero
and 1 respectively. The coefficient of correlation r was 0.97. Mean difference
between LCMS and compensated Jaffé was 1.24 +10.05 pumol/l. Stability of the PCr
assays was assessed during the study. Blinded ProBioQal controls were tested every
5 weeks and a nationwide-blinded control was tested each year®’.

Blood Urea Nitrogen (BUN) were analyzed centrally at the CKiD’s laboratory at
the Hopital Edouard Herriot Lyon on an Advia 2400 (Siemens Diagnostics,

Tarrytown, NY). BUN [mmol/L]= 2x urea [mmol/L].

eGFR was estimated with equations that used plasma PCr (Schwartz 2009
(bedside)® and the Schwartz Lyon??), equations that used Cys-C (Filler and Bricon)®
2 and combined PCr and Cys-C (CKiD and Zappitelli)**?* % (Tables 1). All the

eGFRs were normalized by body surface area and expressed in mL/min per 1.73 m?.
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Plasma cystatin C (Cys-C) from a nephelemetric technique (BN2; Behring, Paris,
France). We had previously checked that the Roche compensated method closely

agreed with an enzymatic Roche method.

Statistical analysis

The eGFR and the mGFR were compared for individual patients using the
following measures:

1) Mean ratio= Mean eGFR / mGFR, to asses bias.
2) Concordance correlation of eGFR with mGFR, to asses agreement

The mean ratio was used in order to correct the variance of bias (mean difference
between eGFR and mGRF in the same subject), that was not constant. There was an
increase in variability when the magnitude of the Inulin measurement increased. The
ratio represents the bias between formula and Inulin clearance; that means, no bias if

the mean ratio is equal to 1%,

The concordance correlation coefficient (CCC) is a measure of agreement that
adjusts the Pearson correlation downward if there is a systematic bias between the

measures being compared®.

We performed comparisons in the overall data set and in age subgroups. Also,
we used accuracy 10 and 30% according K/DOQI guidelines. Accuracy 10% and
30% are defined as a proportion of mMGFR that were within 10 and 30% of the
mGFR?.

Comparing performance of creatinine-based and cystatin C equations

We compared performance of the 5 based formulas with mGFR in our overall
data set and in age subgroups. For data analysis, we used mean ratio, CCC, and
Bland Altman graph.

In order to compare the CCCs between all formulas, the 95% confidence intervals
of the differences were estimated by a bootstrap method using the CCC macro
described by Crawford et al.?®
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The repeated measurements were grouped by patient and adjusted by a linear
mixed effects model. We estimated the 95% limits of agreement of mean ratio by
adding the within-patient and between-patient variances.

We used area under the ROC curves (AUC) to determine the ability of the eGFR
to discriminate between patients with and without CKD (defined by an mGFR < 60
ml/min/ per 1.73 m)*. The Delong Clarke-Pearson method is used to compare
AUCs. A value of p<0.05 was considered to indicate statistical significance. These

calculations were performed using R for windows version 2.13.
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RESULTS

Baseline characteristics of the study population are presented in Table 2. 695
measurements of mMGFR and eGFR were available in 259 patients. The median [IQR]
age was 11.4 yrs [7.9-13.9], and 61% were male. Most subjects (77%) had mGFR
superior 60 ml/min/ per 1.73 m? Forty-two percent had tubulointersticial disease.
Table 2 shows the median IQR [IQR] derived from the five GFR estimating equations
with measured GFR at different time points in the study cohort.

The percentage error of the eGFR by all of the equations with respect to the

MGFR is shown in table 3.
Bias, Precision, and Accuracy of Estimated GFR

In the whole population

The performance of the various estimates of GFR is shown in Table 2 and
(Figure 1). The mean ratio differences between equations and inulin are statistically
significantly different of zero (p< 0.001). We then compared the diagnostic
performance of the combined based prediction (eGFRCom) equations with that of the
simplified PCr prediction (eGFRCr) and Cyst-C-based GFR-estimating equations
(eGFRCys). The Schwartz Lyon (Intercept, 1.05; 95% CI, 0.70-1.40), 2009 Schwartz
bedside (Intercept, 1.10; 95% CI, 0.70-1.50), Filler (Intercept, 1.13; 95% ClI,
0.69-1.60) and Bricon (Intercept, 1.05; 95% CI, 0.57-1.52) equations produced a
statistically significant overestimation of GFR.

The Zappitelli (Intercept, 1.01; 95% CI, 0.62-1.40) and CKiD equations
(Intercept, 0.99; 95% CI, 0.64-1.35) had bias ratio near zero without significantly
difference between GFR by inulin. However the percentage of values that fell within

10 and 30 accuracy of the true GFR wasn't different of Schwartz Lyon (table 1).

According to age
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Children

When the same evaluations were performed in the subgroup of age Group 1
(Table 2, children<13 yrs, G1) with the true GFR, the Filler, 2009 Schwartz bedside
and Bricon overestimated GFR at 15% (Intercept, 1.15; 95% CI, 0.75-1.55), 12%
(Intercept, 1.12; 95% CI, 0.72-1.52) and 4% (Intercept, 1.04; 95% CI, 0.51-1.39),
respectively. In contrast to CKID (Intercept, 0.99; 95% CI, 0.62-1.35) and Zappitelli
(Intercept, 0.98; 95% CI, 0.62-1.34) had prediction at underestimated at 1% and 2%
equation for G1 without significantly difference by mGFR. Moreover, eGFR/GFR
obtained by the Schwartz Lyon (Intercept, 1.00; 95% CI, 0.51-1.39) did not differ
significantly from those between GFR values predicted by either the CKiD or
Zappitelli.

Schwartz Lyon had accuracy superior to eGFRCys and 2009 Schwartz bedside,
the proportions of patients with GFR estimates within accuracy 10 and 30 of
measured GFR (Table 2) an weren't significantly higher for eGFRCom.

Adolescents

At adolescents group (Table 2, children=13 yrs, G2), mean ratio eGFR/GFR to
CKID and Schwartz Lyon underestimated the mGFR at 1% (Intercept, 0.99; 95% ClI,
0.54-1.35) and 3% (Intercept, 0.97; 95% CI, 0.54-1.40) respectively, being
statistically difference (p<0.05) between both. The Zappitelli, Filler, 2009 Schwartz
bedside and Bricon were significantly different by CKiD and Schwartz Lyon (p<0.01)
and overestimated the mGFR by 5% (Intercept, 1.05; 95% CI, 0.64-1.45), 6%
(Intercept, 1.06; 95% CI, 0.59-1.60), 9% (Intercept, 1.09; 95% CI, 0.61-1.58) and
11% (Intercept, 1.11; 95% ClI, 0.63-1.57) respectively.

CKiD have 54% of eGFR values were within the 10% cut-off of mGFR, and 93% of
the eGFR values were within the 30% cut-off of mMGFR, with differ significantly from

all other equation (p<0.05).

According to K/DOQI classification subgroups
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To stage of CKD I (mGFR = 90ml/min per 1.73 m?), the results for mean
eGFR, mean ratio and accuracies 10 and 30% are presented in Table 4 with
respective standard deviations. CKiD formulas and 2009 Schwartz bedside had a
better and significantly performance than other formulas in the whole normal GFR
population with a mean eGFR/mGFR ratio of underestimated of 3% (Intercept, 0.97,;
95% CI, 0.55-1.38, p<0.001) and overestimated of 3% (Intercept, 1.03; 95% ClI,
0.60-1.48, p<0.001), respectively. However, there wasn't any difference to
accuracies 10 and 30 between all equations.

At stage Il (60 =<mGFR > 90ml/min per 1.73 m?), the bias of Schwartz Lyon
(Intercept, 1.00; 95% CI, 0.64-1.35) was similar with CKID (Intercept, 0.99; 95% ClI,
0.62-1.35) and near zero. Both equations had accuracies 30 similar and statistically
superior to other equations (p<0.05), except Zappitelli. To accuracies 10, CKiD was
the value better than other formulas.

Schwartz Lyon and Zappitelli were superior and significantly all the other
equations with overestimated of 11% (Intercept, 1.11; 95% CI, 0.64-1.58, 95% CI,
0.66-1.56, p<0.001) to stage Ill of CKD (30 <GFR >60 ml/min per 1.73 m?). The
accuracies 10 and 30 weren't superior to CKiD when mGFR were inferior to 30

ml/min per 1.73 m2;

Agreement and Reproducibility between GFR measurement methods

All the population, the concordance correlation coefficients between the
measured GFR and the estimation equation GFR are shown in Table 3. Agreement
higher methods were for CKID (CCC of 0.89, 95% CI 0.86, 0.91), Schwartz Lyon
(CCC of 0.88, 95% CI 0.86, 0.90) and Zappitelli (CCC of 0.87, 95% CI 0.84, 0.89)
without statistically difference between those equation. The 2009 Schwartz bedside
(CCC of 0.85, 95% CI 0.81, 0.89), Filler (CCC of 0.80, 95% CI 0.76, 0.84) and Bricon
(CCC of 0.81, 95% CI 0.76, 0.84) formulas were lower and significantly inferior than
CKiD, Zappitelli and Schwartz Lyon.

Children
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The performance analysis was repeated after subdividing patients by age
range. In children, concordance was strongest to the equation Schwartz Lyon (CCC
of 0.88, 95% CI 0.84, 0.90), but without difference to CKiD (CCC of 0.89, 95% CI
0.86, 0.91) The formulas based strictly on Cys-C (CCC of 0.84, 95% CI 0.80, 0.88,
CCC of 0.76, 95% CI 0.70, 0.81) or Zappitelli (CCC of 0.84, 95% CI 0.79, 0.88) and
2009 Schwartz bedside (CCC of 0.84, 95% CI 0.81, 0.89) were statistically lower
(p<0.05).

Adolescents

In adolescent populations, equation performance varies considerably,
particularly between the combined and other equations, with significantly better
concordance to CKiD (CCC of 0.92, 95% CI 0.89, 0.95) and Zapittelli (CCC of 0.90,
95% CI 0.85, 0.93) formula than to other formulas.

Moreover, the equations based at PCr, 2009 Schwartz bedside (CCC of 0.86, 95%
Cl1 0.84, 0.91) and Schwartz Lyon (CCC of 0.88, 95% CI 0.83, 0.92), were superior
only with Bricon (CCC of 0.85, 95% CI 0.87, 0.90). Filler (CCC of 0.87, 95% CI 0.81,

0.88) had similar concordance with PCr equations that group.
Association between eGFR measurement and CKD classification

ROC curves for the eGFR measurements and CKD classification are shown in
Figure 4 and their respective AUC values are provided in Table 3. eGFR values were

related to 2 range of mMGFR (>60 and >90 ml/min per 1.73 m2).

In the whole population

The AUC was significantly higher with eGFR measurement based at 2009
Schwartz bedside, Schwartz Lyon and Filler (AUC 0.949; CI 0.925, 0.973, p<0.01)
than Zappitelli (AUC 0.920; CI 0.888, 0.951, p=0.03) and Bricon (AUC 0.902; CI
0.867, 0.937, p=0.02) for diagnosis of mild CKD (mGFR <90 ml/min per 1.73 m?2).
Almost, CKiD had AUC lower, isn't significant (AUC 0.943; C1 0.917, 0.970, p=0.4)
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By contrast, only Bricon (0.902; 95% CI 0.867—0.937, p<0.01) was lower than the
AUC for others eGFR at moderate CKD (MGFR <60 ml ml/min per 1.73 m?2) with all
other equations (Table 4, Fig.4).

According to age

To evaluate the diagnostic validity by age range, the ROC analysis was
performed. Within G1 (<13 yrs) or G2 (=13 yrs) haven't significantly different between
CKiD, Filler, 2009 Schwartz bedside and Schwartz Lyon (P=0.3) to mild and
moderate CKD (table 4). However, the AUC for Bricon was significantly smaller than
those (P<0.05) at both range age and level of CKD. Also, Zappitelli had AUC

statistically inferior to G1 with moderate CKD.
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DISCUSSION

This is the first study to examine the consistency of performance of eGFR with
repeated measures Cyst-C and PCr compared with inulin in a cohort comprising a
pediatric population. We found no substantial evidence that equations based on
Cyst-C alone or in combination with PCr provide better GFR estimates than the PCr
equations, notably Schwartz Lyon with mild and moderate chronic kidney disease in
population with age inferior 13 yrs, or with normal renal function.

For the measurement of GFR, the inulin continuous perfusion method is
considered to be the gold standard, because inulin meets the ideal requirements for
a glomerular tracer, except for a minor extra-renal clearance. In our study suggest
that performance to eGFRCom, eGFRPCr and eGFRCys, changed with level CKD
and age range to population pediatric?’** #,

We analyzed the diagnostic accuracy of various equations by three methods: first,
by the ability of the equations to classify the measured mGFR appropriately, as
tested by the AUC, sensitivity, and specificity; by the accuracy of the equations in
predicting the measured GFR, as tested by the ratio bias, ratio SD of bias, and eGFR
values within 10% and 30% of the respective inulin and by the concordance
correlation coefficients between the mGFR and the eGFR.

We compared the diagnostic performance of these prediction equations for the
subgroup to age under of 13 yrs with data for all 341 measurements. The equation of
CKiD?, zappitelli** and Schwartz Lyon®* estimated GFR near the real valor to that
group, no difference between them (p=0.08). In contrast to the eGFRCys and 2009
Schwartz bedside® that overestimated and were different to anterior (p<0.01). Thus,
the results obtained in this study confirmed the Study CKiD formula in a general
pediatric cohort, where Schwartz et al described an overestimated less than 15% to
Schwartz 2009 compared with iohexol-based GFR?” %, Unlike the Schwartz 2009,
Schwartz Lyon used 2 coefficients for age and gender which would explain this
difference between biases. Filler and Lepage suggested that, like the Schwartz
original and 2009 bedside prediction equation overestimates GFR and that eGFRCys

might be more suitable for children. Although, Sharma et al.®

report that the
reciprocal of had a significantly higher concordance with eGFRCys and mGFR, there
wasn't clear the superiority evident with eGFRCys or eGFRCom to agreement with

inulin in our population under 13 yrs.
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To allow for appropriate clinical and research application, we aimed to examine
the distribution of GFRs obtained from eGFR estimating equations in a sample of
adolescents from our population. Among adolescents, the CKiD obtained estimated
GFR near true GFR by inulin and statistically better than all other equations.
Exception Schwartz Lyon, the other formulas overestimated, in our study, of 5% to
11%, being inferior Schwartz Lyon equation (p<0.05). The concordance correlation
coefficient with measured GFR was higher in the group of adolescents for all
assessments, both eGFRCom. The reason for this is not completely clear, but
formulas for eGFRCom also perform better like stipulated Fadrowski et al**, the
pediatric GFR estimating equations systematically underestimate GFR because they
were derived in children with CKD. It underestimated to adolescents is associated
account for the relationship between creatinine production and muscle mass by
growth and GFR?> **. Our work is unique that studies the different formulas to
estimate renal function in adolescents with the reference method to GFR. Alike the
CKiD study failed to demonstrate a difference to adolescents, our findings
demonstrated benefits to eGFR with equation CKiD that group. This formula yielded
87.7% of estimated GFR within 30% of the iohexol-based GFR (CKiD), and 45.6%
within 10% to general population.”

The concordance correlation coefficient with measured GFR was higher in the
group of adolescents for all assessments, both eGFRCom. The reason for this is not
completely clear, but formulas for eGFRCom also perform better. It is well known that
eGFR calculated by the modification of diet in renal disease formula underestimates
GFR in the normal range by up to 30% but only by 6% in patients with CKD.** 272

With lower estimated GFR (eGFR), we looked for evidence of morbidities that are
commonly associated with decreased GFR to support a potential diagnosis of CKD"
42728 "Unlike the findings in previous studies, we found that the ROC plot area of PCr
equation wasn't worse than that of only Cyst-C or combined PCr to all population.
Indeed, the areas for the equations were not significantly different among equations,
exception to Bricon. These data confronted to the promising results reported in other
recent pediatric studies® . There wasn't an apparent variance in the diagnostic
accuracy of eGFR equations in GFR or age categorization and GFR prediction.
Andersen et al*® published a review about the Cyst-C and area under the ROC curve.
They described in five studies of the remaining, Cyst-C had a significantly higher area

under the curve (AUC) than did PCr, in four studies there was no significant
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difference. However, no study found creatinine to be significantly better than Cyst-C.
According the authors, to make a reliable assessment of a method’s ability to
discriminate between normal and moderately decreased GFR the ROC analysis
should only include data from patients with GFR values no less than 50%. Otherwise,
the diagnostic value of the method will be overestimated. Unfortunately, this was not
the case in any of the papers aforementioned.

Furthermore, the diagnostic accuracy of the equations estimated by eGFR values
within 10% and 30% of the respective inulin varied more expressively in the GFR
ranges <30 and <60 ml/min per 1.73 m% The CKiD equations had a higher accuracy
in the all GFR ranger. However, was significantly only to GFR ranges <60 and <90
ml/min per 1.73 m? to the Schwartz Lyon and Zappitelli. No equations had greater
accuracy in the GFR categories = 90 ml/min per 1.73 m? There was an apparent
discrepancy in the diagnostic accuracy of eGFR equations in GFR categorization and
GFR prediction. For example, the Bouvet equation had an excellent AUC and
correlation coefficient overall; however, it had a relatively large relative bias and lower
predictive accuracy in the low GFR range. It is important to consider that the AUC
and sensitivity of an equation depends on the cutoff points selected for GFR
categorization and the equation’s tendency to underestimate or overestimate the
GFR38, 41, 45.

On the other hand, the accuracy of an equation for GFR prediction varies by
the closeness of an eGFR to the measured GFR, regardless of the equation’s
tendency to underestimate or overestimate the measured GFR®® **. This point was
further evident from a higher percentage error of the eGFRCys and 2009 Schwartz
bedside equation at the low GFR. While Bachetta et al*®* concluded that the
eGFRCys can be used reliably in a general pediatric population, without significant
differences between inulin clearance, we found difference important favoring
Schwartz Lyon and CKiD.

Variation in creatinine assays is a great concern, adding systematic errors to
eGFR. IDMS is considered the gold standard for establishing true creatinine
concentration> * ?* 3 Thus, creatinine values must be traceable to an IDMS
reference value for creatinine measurements to be comparable regardless of method
or laboratory used. Concerning the PCr equations, the CKiD, 2009 Schwartz bedside,
Schwartz Lyon were developed for use only with standardized creatinine values and

while the Zappitelli equation has not. Therefore, the eGFR using the Zappitelli




4 Resultados 74

equation with standardized serum creatinine is generally higher and less accurate
than with non-standardized creatinine?®. Following the latest recommendations,
serum creatinine was measured by an IDMS traceable Jaffé method in our study.

In addition, the method of Cyst-C measurement in our study, using Siemens Dade-
Behring determination, may differ from the Dako kit, which has been reported as
perhaps the less precise measurement of Cyst-C available®® ?* 3% %4 Almost, the
Cyst-C based estimate formula from original CKiD studies used the Dako kit as well;
this formula did perform well with our population. Zappitelli, Filler and Bricon were
built using the Siemens Dade-Behring that not explains the inferior performance with
CKiD. Several factors may contribute to the insufficient performance of most of the
equations based Cyst-C in our study group cannot be applied our population. It has
been demonstrated that cystatin C is affected by factors other than GFR?. Thus, in
patients with chronic kidney disease, cystatin C was 4.3% lower for every 20 years of
age and 9.2% lower in women®. In addition, diabetes was associated with 8.5%
higher levels of cystatin C. Higher BMI, C-reactive protein and leucocytes count, and
lower serum albumin were also associated with higher levels of cystatin C*™*’,
However, were not found in our population. Unlike our laboratory, there is no
standardization between assays and laboratories for Cyst-C*’. According to recent
studies, a downward shift in calibration for the Siemens Cyst-C method occurred
between 2006 and 2010%. Therefore, eGFRcys that were derived from results
obtained from older lots of reagent and calibrator cannot be used with the current
Siemens method. These observations emphasize the need for an international
cystatin C reference value and may partly explain the results of our study. For the
time being, the lack of standardization is a serious obstacle for routine use of
eGFRcys39 43 4748 |f this obstacle could be overcome, eGFR levels based solely
on cystatin C (without the need for correction for age, sex or ethnicity) could provide
a more accurate way of estimating GFR than creatinine-based formulae, which
require information on patient age, sex and ethnicity“®.

Researchers have developed Cyst-C-based GFR-estimating equations, and have
compared their performance with original Schwartz equation. Blufpand et al.®®
demonstrated that Cyst-C-based equations are more accurate in GFR prediction in
oncology paediatric, than PCr equations. Filler et al.> * found that Cyst-C-based
equations might diagnostic accuracy of various Cyst-C-based or associated PCr

equations varies with mGFR at children.
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Examination of the estimating formulas a follow-up period, longitudinal direct
measurement of GFR to show substantial differences from the rest of the population

(data not shown). Abraham et al*

showed that during a 1-year follow-up period,
longitudinal direct measurement of GFR can be complemented with consistent
estimates of GFR using transition models and biomarker data. The marriage of direct
and estimated GFR provides a continuity of GFR data that befits the longitudinal
study platform. Additional follow-up time and the availability GFR data hold the

promise for realizing the full potential of longitudinal estimating equations.

CONCLUSION

We have demonstrated that the cystatin C-derived formulas for estimating
GFR seem less accurate in non selected pediatric patients. The diagnostic accuracy
of eGFRCys does not appear to be superior to that of either creatinine
measurements in the pediatric population investigated, notably to age inferior 13 yrs.
This study, together with the higher costs and larger assay time of Cyst-C compared
PCr, lead us to suggest that use of Cyst-C as marker of the GFR is of no advantage
in large pediatrics populations. In assessing the utility of a screening test, cost is a
significant factor, as well as its diagnostic sensitivity. It has been reported that the
cost of the cystatin C assay is 13-fold greater than the assay for serum creatinine
(10). Costing was similar in our laboratory.

The international standardization of creatinine assays with the IDMS method will
probably improve the accuracy of “universal” creatinine-based formulas®® ?” %°, but to
date, these cystatin C-derived formulas can be used reliably when reference methods
for measuring the true GFR are not available or when the local adaptation of
Schwartz formula has not been performed

Further studies on larger populations are required to validate this report and to
evaluate the potential utility of eGFRCr, notably Schwartz Lyon equations, in the

progression and monitoring of CKD in children and adolescents.
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Table 1. Formulas used for the estimation of glomerular filtration rate

Formula (ml/min per 1.73 m?2)

With plasma creatinine
Schwartz Lyon

2009 Schwartz bedside
With serum cystatin C
Bricon

Filler
Combined formula
CKID

Zappitelli

eGFR = k x height (cm)//PCr

k= 35.5 in boys >13 years of age
k= 32.5 in other children

eGFR = 36.5 x height (cm)/PCr

eGFR = (78/Cys) + 4

log(eGFR)= 1.962 + [1.123 x log (1/Cys)

eGFR = 39.1 x [height (m)/(PCr/88.4)]>**° x [1.8/Cys]00'294
x [30/BUN (mg/dI)]>*®® x [1.099]™ x [height (m)/1.4] >®

eGFR = [507.76 x e0.003Xheight (m)]/[CySO.635] % [PCr°‘547]
If renal transplant, x 1.165
If spina bifida, x [PCr>>*"])/40.45

76
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Table 2 — Baseline of the whole population and each age group characteristics.

All Group 1 Group 2
(1-12 years) (13-18 years)
*Patients 259 165 94
Males (%) 51.5 54.5 46
*mGFR(N) 695 341 354
*mGFR 85.0 87.0 80.5
(ml/min/1.73 m2; median [IQRY]) [64.0-109.0] [66.0-112.0] [57.8-105.5]
*Age (yr; median [IQRY]) 11.4[7.9-13.9] 9.3[7.0-10.9] 14.9 [13.8-15.0]
*Follow-up (months; median [IQR]) 29 [16-43] 25 [14-37] 32 [19-47]
*Weight (kg; median [IQR]) 34.6 [24.1-47.3] 27 [21.2-33.5] 48.8 [42.3-58.5]
*Weight percentile (median [IQR]) 30[9.7-57.1] 34.5[12.3-60.3] 24.5[7.5-56.2]
“Height ( dian [IOR)) 141.7 140.7 157.7
ei cm, median
g [122.0-154.0] [134.0-147.0] [150.5-163.8]
*Height percentile (median [IQR]) 32 [5.5-54.5] 32.6 [7.5-57.7] 17.4 [3.6-49.8]

*BSA (m2, median [IQR])

*BMI (kg/m% median [IQR])

*BMI percentile (median [IQR])

*PCr (umol/l ; median [IQR])

*Cyst C(mg/dl; median [IQR])

BUN (mg/dl; median [IQR])

K/DOQI classification n (%)

*
1]
*

Diagnosis n (%)
Glomerulopathies
Tubulointersticial disease
Kidney transplant recipients

*others

1.18[0.9-1.42]
17.1[16.2-20.1]
43.0 [16.2-72.6]
54.5 [42.3-70.5]
1.02 [0.84-1.26]
16.2 [11.8-23.2]

102 (39)
97 (38)
60 (23)

53 (21)
110 (42)
60 (23)
36 (14)

0.99 [0.84-1.18]
16.1 [15.1-18.4]
44.6 [23.0-76.4]
48.8 [38.5-63.5]
1.00 [0.83-1.15]
16.3 [11.5-22.1]

81 (49)
60 (37)
24 (14)

31 (19)
69 (42)
38 (23)
27 (16)

1.47 [1.33-1.59]
19.5 [18.1-22.0]
39.4 [12.5-69.1]
65.3 [52.4-95.6]
1.07 [0.84-1.45]
16.4 [12.4-24.8]

34 (36)
36 (38)
24 (26)

22 (23)
41 (44)
22 (23)
9 (10)

IQR= interquartile range, mMGFR= measured glomerular filtration rate by inulin clearance, BSA= body surface area,

BMI= body mass index, PCr= plasma creatinine, BUN= blood urea nitrogen) *p < 0.05
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Table 3 - Bias, SD of bias, Lins’concordance and 30% accuracy of the four estimating GFR

formulas (compared with measured GFR) for the total population and each subgroups

78

Schwartz Schwartz Filler Bricon CKID Zappitelli
2009 Lyon
A. All measurements (N=695) mGFR= 84 +32.7 (ml/min per 1.73m?)
eGFR (ml/min/1.73m?2) 91.0 £34.2 83 £30.7 93 +30.7 85 +24.2 86 +25.5 84 +31.3
Lin's concordance 0.86" 0.88 0.86" 0.76*° 0.88 0.90
correlation coefficient,  (0.83-0.89)  (0.85-0.90) (0.82-0.89) (0.71-0.80) (0.86-0.90) (0.89 - 0.91)
p. (95% CI)
Mean ratio 1.10 +0.23 0.9910.16 1.13 £0.22 1.06 £0.14 1.05 #0.20 1.01+0.20
(eGFR / mGFR)
95% limits of 0.87,1.34 0.82,1.15 0.91, 1.35 0.82, 1.30 0.86, 1.25 0.81;1.21
agreement
Accuracy 10% 40*° 48 39%° 36*° 40 47
(%) 30% 8420 92 872" 86" 93 90
B. Group 1 (<13 years, N=341) mGFR= 89.4 +£31.9 (ml/min per 1.73m?)
eGFR (ml/min/1.73m?) 96.5 +30.1 86.0 +26.4 86.7 £28.5 80.1 +22.3 78.0 £23.2 89.5 +28.2
Lin's concordance 0.85*" 0.87 0.79*" 0.71*° 0.81%° 0.87°
correlation coefficient, (0.81-0.89) (0.84-0.90) (0.73-0.84) (0.64-0.77) (0.76-0.85) (0.83-0.90)
p. (95% CI)
Mean ratio 1.12 +0.26 1.04 +0.18 1.13 +0.20 1.00 +0.25 1.02 +0.19 0.94 +0.19
(eGFR / mGFR)
95% limits of 0.86,1.38 0.86, 1.23 0.94, 1.33 0.75, 1.25 0.83,1.21 0.76, 1.11
agreement
Accuracy 10% 43*° 48 42*° 37*° 40* 51
(%) 30% 843P 93 88’ 86" 93 92
C. Group 2 (213 years, N=354) mGFR=80.8 +32.5 (ml/min per 1.73m?)
eGFR( ml/min/1.73m?2) 85.7 £37.0 76.3 £32.9 79.3+32.3 74.1 £25.5 73.1+27.4 78.5 £33.2
Lin's concordance 0.86% 0.88° 0.86° 0.81%° 0.89 0.90
correlation coefficient, (0.80-0.91) (0.83-0.92) (0.82-0.89) (0.74-0.87) (0.85-0.93) (0.87-0.93)
p. (95% CI)
Mean ratio 1.12 +0.26 1.06 £0.25 1.14 +0.24 1.02 £0.23 1.05 +0.16 1.01+0.19
(eGFR / mGFR)
95% limits of 0.86, 1.38 0.81,1.31 0.90, 1.38 0.80, 1.23 0.89, 1.25 0.83,1.21
agreement
Accuracy 10% 36° 38 37 35° 40 43
(%) 30% 84° 90 86° 86" 92 89

4 p < 0.05 for difference between Zappitelli formula and other equations; ° p < 0.05 for difference between creatinine and

cystatin equations, favoring Schwartz Lyon; All results are expressed in mean + standard deviation mGFR= Measured

glomerular filtration rate by Inulin clearance, eGFR= estimated glomerular filtration rate.
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Table 7 — Means ratio bias and accuracies according to K/DOQI classification and equations

Schwartz Schwartz Filler Bricon CKID Zappitelli
2009 Lyon

I. GFR 2 90ml/min/1.73 m? (N=283) mGFR= 116.1 +22.4 ml/min per 1.73m?2
eGFR (ml/min/1.73m?) 119.1+29.6 112.6+26.7 107.4+243 96.3+185 97.3+19.6 110.3+24.4
Mean ratio 1.03+0.23 0.98 +0.21 1.06+0.16  0.93x0.15 0.96+0.15 0.95+0.18
(eGFR / mGFR)
95% limits of agreement 0.81, 1.25 0.76, 1.19 0.86, 1.26 0.78, 1.08 0.81,1.11 0.77;1.13
Accuracy 10 % 44°¢ 46° 41°¢ 27°¢ 27°¢ 50
(%) 30% 91° 93 90°¢ 87°¢ 90°° 95
Il. 60 <GFR >90ml/min per 1.73 m? (N=251) mGFR= 75.2 8.4 ml/min per 1.73m?
eGFR (ml/min/1.73m?) 83.5+15.8 79.0+150 77.2+185 727+147 700£127  77.2#155
Mean ratio 1.12+0.18 1.00 £0.19 1.14 £0.21 1.07 £0.19 1.06 £0.15 1.030.18
(eGFR / mGFR)
95% limits of agreement 0.94,1.29 0.89, 1.22 0.95, 1.33 0.89, 1.26 0.91,1.21 0.85, 1.21
Accuracy 10% 432be 49 432 48 46°° 50
(%) 30% 8620° 93 89"° 93 98 92°
Ill. 30 <GFR >60 ml/min per 1.73 m? (N=161) mGFR= 44.5 +10.8 ml/min per 1.73m?2
eGFR( ml/min/1.73m?) 53.3+14.8 50.3+13.7 53.3%152 548%141 495+128 485z%14.1
Mean ratio 1.25+0.27 1.18+0.18 1.25 +0.25 127+027 1.21+021 1.11+0.23
(eGFR / mGFR)
95% limits of agreement 0.98, 1.52 0.93, 1.44 0.99, 1.50 0.98,1.56 0.97,1.46 0.89,1.34
Accuracy 10 % 252be 33° 3120¢ 34°¢ 52 36°
(%) 30% 682°° 802 80° 76%0° 90 80°

2 p < 0.05 for difference between CKID formula and other equations, favoring CKiD; ° p < 0.05 for difference between

creatinine and cystatin equations, favoring Schwartz Lyon, ° p < 0.05 for difference between Zappitelli formula and other

equations, favoring Zappitelli; All results are expressed in mean + standard deviation mGFR= Measured glomerular filtration

rate by Inulin clearance, eGFR= estimated glomerular filtration rate.
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Table8. Area under the ROC curves to detect GFR <90 and 60 ml/min perl.73

Schwartz Schwartz Filler Bricon CKID Zappitelli
2009 Lyon
GFR <90 ml/min per 1.73 m?
All measurements
AUC 0.879 0.871 0.792 0.744 0.780 0.849
95% ClI 0.834,0.924 0.823,0.818 0.732,0.851 0.608,0.808 0.726, 0.847 0.798, 0.901
Std Error 0.023 0.024 0.030 0.033 0.031 0.026
Group 1 (<13 yrs)
AUC 0.853 0.855 0.775 0.727 0.777 0.853
95% ClI 0.791,0.915 0.793,0.918 0.700,0.849 0.647,0.807 0.702, 0.852 0.791, 0.916
Std Error 0.032 0.032 0.038 0.041 0.038 0.032
Group 2 (213 yrs)
AUC 0.925 0.898 0.832 0.784 0.813 0.839
95% ClI 0.869, 0.981 0.825,0.970 0.737,0.928 0.676,0.892 0.711, 0.915 0.746, 0.931
Std Error 0.028 0.037 0.049 0.055 0.052 0.047
GFR < 75 ml/min per 1.73 m2
All measurements
AUC 0.856 0.862 0.840 0.808 0.862 0.869
95% ClI 0.791, 0.904 0.809,0.915 0.768,0.894 0.753,0.864 0.815, 0.908 0.818, 0.919
Std Error 0.029 0.027 0.028 0.028 0.024 0.026
Group 1 (<13 yrs)
AUC 0.814 0.845 0.805 0.795 0.850 0.859
95% ClI 0.732,0.895 0.772,0.919 0.727,0.882 0.722,0.869 0.790,0.910  0.789, 0.929
Std Error 0.042 0.037 0.039 0.038 0.030 0.036
Group 2 (213 yrs)
AUC 0.887 0.879 0.885 0.818 0.889 0.865
95% ClI 0.811, 0.964 0.802,0.957 0.810,0.960 0.802, 0.907 0.816, 0.961 0.786, 0.945
Std Error 0.039 0.040 0.038 0.049 0.037 0.041
GFR < 60 ml/min per 1.73 m2
All measurements
AUC 0.813 0.853 0.877 0.879 0.905 0,889
95% ClI 0.729,0.896 0.777,0.929 0.811,0.942 0.816,0.942 0.851, 0.958 0.827, 0.951
Std Error 0.043 0.039 0.033 0.032 0.027 0.032
Group 1 (<13 yrs)
AUC 0.746 0.785 0.859 0.856 0.884 0.855
95% ClI 0.620, 0.873 0.664,0.906 0.761,0.958 0.757,0.954 0.799, 0.968 0.751, 0.959
Std Error 0.065 0.062 0.050 0.050 0.043 0.053
Group 2 (213 yrs)
AUC 0.882 0.923 0.888 0.894 0.922 0.908
95% ClI 0.782,0.981 0.837,1.000 0.800,0.975 0.815,0.973 0.858, 0.986 0.840, 0.977
Std Error 0.051 0.041 0.044 0.040 0.033 0.035

AUC= area under ROC curves, 95% Cl= 95% Confidence Interval




4 Resultados

Q PR
- P i
T T
= ey
7 -
@ e
o 7
|
117
© i
2 o
2
g |
& <
[=]
-~ Bricon
o | = Filler
e = Schwartz.2009
= Schwartz.Lyon
== CKiD
o _| —— Zappitelli
[=]

T T T T T T
0.0 0.2 0.4 0.6 08 1.0

1-Specificity

Sensitivity

1.0

0.8

0.6

04

0.2

0.0

81

-- Bricon
—o Filler
-~ Schwartz.2009
= Schwartz.Lyon
—~ CKiD
—— Zappitelli

0.0

T
0.2

T T T T
0.4 0.6 0.8 10

1-Specificity

FIG 4 — A. AUC of equations for the diagnosis of moderate chronic kidney disease (GFR <90 ml/min
per 1.73m2). B AUC of equations for the diagnosis of mild chronic kidney disease (GFR <60 ml/min

per 1.73m2)




4 Resultados

Schwartz 2009

™ -
°
3
o °© °
ke
9]
£
=
£
[=2]
o
o
N
=
©
H
Z
G
» o -
-
T T T T T
0 50 100 150 200
Inulin clearance ml/min/1.73m?
Bricon
o -
o
o o
o
2
S
[
£
=]
£
c
o
2
@
o 4
<
T T T T T
0 50 100 150 200
Inulin clearance ml/min/1.73m?
CKiD
™ -
o
8
S
9]
£
=
£
a
<
]
o 4
-

T T T T
50 100 150 200

Inulin clearance ml/min/1.73m?

Schwartz Lyon inuline ratio

Filler inuline ratio

Zappitelli inuline ratio

82

Schwartz Lyon

T T T T
50 100 150 200

Inulin clearance  ml/min/1.73/m?

Filler

T T T T
50 100 150 200

Inulin clearance ml/min/1.73m?

Zappitelli

T T T T
50 100 150 200

Inulin clearance ml/min/1.73m?

FIG 2 — Estimation equation bias according to level of estimated GFR in ml per min per 1.73m2. Bias
was calculated by ratio the measured GFR from the estimated GFR and is expressed in ml per min
per 1.73m2. The mean bias is represented by the solid line and the limits of concordance 95% by the

dashed lines.




4 Resultados

~ 7 - Line of perfect concordance
—— Reduced major axis
© -
£
d
~
b=l
£
£
E
(<}
=
ERRE
£
j=
o
g}
™ -
~ -/ CCC:0.86 (95% C10.83 - 0.89)
T T T T T
2 3 4 5 6
Log Schwartz 2009 ml/min/1.73m?
©o 4 N
=~ Line of perfect concordance
—— Reduced major axis
e 7
I
~
o
£
E
E o<+
[
=
=]
=
j=2)
o
3 oo
O CCC:0.81 (95% C10.76 - 0.84)
T T T T T T
2 3 4 5 6 7
Log Bricon m/min/1.73m
i Line of perfect concordance
—— Reduced major axis
© -
£
I
~
o
£ v
5
E
@
£
ERE
=
j=2]
o
-
o -
~ CCC:0.91 (95% C10.89 - 0.92)
T T

T T T
2 3 4 5 6 7

Log CKiD ml/min/1.73m

Log Inuline mi/min/1.73m

Log Inuline ml/min/1.73m

Log Inuline ml/min/1.73m

83

7 - Line of perfect concordance
—— Reduced major axis
*
- ':P.
» L4
°
L
7 L
®
ARN
L4
— *
47 CCC: 0.88 (95% C10.85 - 0.9)
T T T T T T
2 3 4 5 6 7
Log Schwartz Lyon ml/min/1.73m
~ - .
=~ Line of perfect concordance
—— Reduced major axis
©
w0
<
o
N A CCC:0.86 (95% C10.82 - 0.89)
T T T T T T
2 3 4 5 6 7
Log Filler mi/min/1.73m
~ H .
=~ Line of perfect concordance
—— Reduced major axis
©
w0
<
o
INJ CCC:0.9 (95% C10.88 - 0.91)

T T T T T T
2 3 4 5 6 7

Log Zappitelli ml/min/1.73m

FIG 3 — Concordance Correlation Coefficient (CCC) graphs using logarithmic
transformation of mMGFR and eGFR. Performance of five formulas in comparison
MGFR. From left to right, and from top to bottom: Schwartz 2009, Schwartz Lyon,
Bricon, Filler, CKiD and Zappitelli. Line of perfect concordance: (---), Regression line:

)




4 Resultados

Abbreviations

BMI Body mass index

BSA Body surface area

PCr  Plasma creatinine

Cys-C Plasma cystatin C

BUN Blood Urea Nitrogen

MGFR Measure glomerular filtration rate

eGFR Estimated glomerular filtration rate

eGFRCys Cys-C based eGFR equations

eGFRPCr PCr based eGFR equations

eGFRCom Combined PCr and Cys-C based eGFR equations
CKD  Chronic kidney disease

CKiD A Prospective Cohort Study of Kidney Disease in Children equation
IQR  interquartile range

SD Standard deviation

K/DOQIKidney Disease Outcomes Quality Initiative

ACKNOWLEDGMENTS

The authors thank the staff and the patients who participated in the study.

DISCLOSURES

None

84




4 Resultados 85

References

1. Steinberg EP, Eknoyan G, Levin NW, et al. Methods used to evaluate the quality
of evidence underlying the National Kidney Foundation-Dialysis Outcomes Quality
Initiative Clinical Practice Guidelines: description, findings, and implications. Am J
Kidney Dis 2000;36:1-11.

2. K/DOQI clinical practice guidelines for chronic kidney disease: evaluation,
classification, and stratification. Am J Kidney Dis 2002;39:51-266.

3. Shannon JA, Smith HW. The Excretion of Inulin, Xylose and Urea by Normal and
Phlorizinized Man. J Clin Invest 1935;14:393-401.

4. Levin N, Eknoyan G, Pipp M, Steinberg E. National Kidney Foundation: Dialysis
Outcome Quality Initiative--development of methodology for clinical practice
guidelines. Nephrol Dial Transplant 1997;12:2060-3.

5. Filler G, Priem F, Vollmer |, Gellermann J, Jung K. Diagnostic sensitivity of serum
cystatin for impaired glomerular filtration rate. Pediatr Nephrol 1999;13:501-5.

6. Myers GL, Miller WG, Coresh J, et al. Recommendations for improving serum
creatinine measurement: a report from the Laboratory Working Group of the National
Kidney Disease Education Program. Clin Chem 2006;52:5-18.

7. Bokenkamp A, Domanetzki M, Zinck R, Schumann G, Byrd D, Brodehl J. Cystatin
C--a new marker of glomerular filtration rate in children independent of age and
height. Pediatrics 1998;101:875-81.

8. Stickle D, Cole B, Hock K, Hruska KA, Scott MG. Correlation of plasma
concentrations of cystatin C and creatinine to inulin clearance in a pediatric
population. Clin Chem 1998;44:1334-8.

9. Filler G, Bokenkamp A, Hofmann W, Le Bricon T, Martinez-Bru C, Grubb A.
Cystatin C as a marker of GFR--history, indications, and future research. Clin
Biochem 2005;38:1-8.

10. Larsson A, Malm J, Grubb A, Hansson LO. Calculation of glomerular filtration
rate expressed in mL/min from plasma cystatin C values in mg/dL. Scand J Clin Lab
Invest 2004,64:25-30.

11. Grubb A, Nyman U, Bjork J, et al. Simple cystatin C-based prediction equations
for glomerular filtration rate compared with the modification of diet in renal disease
prediction equation for adults and the Schwartz and the Counahan-Barratt prediction
equations for children. Clin Chem 2005;51:1420-31.

12. Le Bricon T, Leblanc I, Benlakehal M, Gay-Bellile C, Erlich D, Boudaoud S.
Evaluation of renal function in intensive care: plasma cystatin C vs. creatinine and
derived glomerular filtration rate estimates. Clin Chem Lab Med 2005;43:953-7.

13. Bouvet Y, Bouissou F, Coulais Y, et al. GFR is better estimated by considering
both serum cystatin C and creatinine levels. Pediatr Nephrol 2006;21:1299-306.




4 Resultados 36

14. Ylinen EA, Ala-Houhala M, Harmoinen AP, Knip M. Cystatin C as a marker for
glomerular filtration rate in pediatric patients. Pediatr Nephrol 1999;13:506-9.

15. Krieser D, Rosenberg AR, Kainer G, Naidoo D. The relationship between serum
creatinine, serum cystatin C and glomerular filtration rate in pediatric renal transplant
recipients: a pilot study. Pediatr Transplant 2002;6:392-5.

16. Willems HL, Hilbrands LB, van de Calseyde JF, Monnens LA, Swinkels DW. Is
serum cystatin C the marker of choice to predict glomerular filtration rate in paediatric
patients? Ann Clin Biochem 2003;40:60-4.

17. Filler G, Lepage N. Should the Schwartz formula for estimation of GFR be
replaced by cystatin C formula? Pediatr Nephrol 2003;18:981-5.

18. Schwartz GJ, Munoz A, Schneider MF, et al. New equations to estimate GFR in
children with CKD. J Am Soc Nephrol 2009;20:629-37.

19. Zappitelli M, Parvex P, Joseph L, et al. Derivation and validation of cystatin C-
based prediction equations for GFR in children. Am J Kidney Dis 2006;48:221-30.

20. Bacchetta J, Cochat P, Rognant N, Ranchin B, Hadj-Aissa A, Dubourg L. Which
creatinine and cystatin C equations can be reliably used in children? Clin J Am Soc
Nephrol 2011;6:552-60.

21. Crawford SB, Kosinski AS, Lin HM, Williamson JM, Barnhart HX. Computer
programs for the concordance correlation coefficient. Comput Methods Programs
Biomed 2007;88:62-74.

22. Bland JM, Altman DG. Measuring agreement in method comparison studies.
Stat Methods Med Res 1999;8:135-60.

23. King TS, Chinchilli VM, Carrasco JL. A repeated measures concordance
correlation coefficient. Stat Med 2007;26:3095-113.

24. Schoonjans F, Depuydt C, Comhaire F. Presentation of receiver-operating
characteristics (ROC) plots. Clin Chem 1996;42:986-7.

25. Levey AS. Measurement of renal function in chronic renal disease. Kidney Int
1990;38:167-84.

26. Cirillo M, Anastasio P, De Santo NG. Relationship of gender, age, and body
mass index to errors in predicted kidney function. Nephrol Dial Transplant
2005;20:1791-8.

27. Cockcroft DW, Gault MH. Prediction of creatinine clearance from serum
creatinine. Nephron 1976;16:31-41.

28. Levey AS, Coresh J, Greene T, et al. Expressing the Modification of Diet in
Renal Disease Study equation for estimating glomerular filtration rate with
standardized serum creatinine values. Clin Chem 2007;53:766-72.




4 Resultados 87

29. Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate
glomerular filtration rate. Ann Intern Med 2009;150:604-12.

30. Hogg RJ, Furth S, Lemley KV, et al. National Kidney Foundation's Kidney
Disease Outcomes Quality Initiative clinical practice guidelines for chronic kidney
disease in children and adolescents: evaluation, classification, and stratification.
Pediatrics 2003;111:1416-21.

31. Dubourg L, Cochat P, Baverel G, Hadj-Aissa A. Schwartz formula has to be
adapted to the method of creatinine determination. In: 40th annual meeting -
european society for paediatric nephrology. Palermo, Italy: Pediatr Nephrol
2006:1526.

32. Bacchetta J, Cochat P, Rognant N, Ranchin B, Hadj-Aissa A, Dubourg L. Which
Creatinine and Cystatin C Equations Can Be Reliably Used in Children? Clin J Am
Soc Nephrol 2010.

33. Pierrat A, Gravier E, Saunders C, et al. Predicting GFR in children and adults: a
comparison of the Cockcroft-Gault, Schwartz, and modification of diet in renal
disease formulas. Kidney Int 2003;64:1425-36.

34. Fadrowski JJ, Neu AM, Schwartz GJ, Furth SL. Pediatric GFR estimating
equations applied to adolescents in the general population. Clin J Am Soc Nephrol
2011;6:1427-35.

35. Chavers BM, Rheault MN, Foley RN. Kidney function reference values in US
adolescents: National Health And Nutrition Examination Survey 1999-2008. Clin J
Am Soc Nephrol 2011;6:1956-62.

36. Filler G, Foster J, Acker A, Lepage N, Akbari A, Ehrich JH. The Cockcroft-Gault
formula should not be used in children. Kidney Int 2005;67:2321-4.

37. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more accurate
method to estimate glomerular filtration rate from serum creatinine: a new prediction
equation. Modification of Diet in Renal Disease Study Group. Ann Intern Med
1999;130:461-70.

38. Schwartz GJ, Work DF. Measurement and estimation of GFR in children and
adolescents. Clin J Am Soc Nephrol 2009;4:1832-43.

39. Stevens LA, Coresh J, Greene T, Levey AS. Assessing kidney function--
measured and estimated glomerular filtration rate. N Engl J Med 2006;354:2473-83.

40. Centers for Disease Control and Prevention: CDC Growth Charts. 2011.
(Accessed september 2011, at
http://www.cdc.gov/growthcharts/computer_programs.htm.)

41. Buron F, Hadj-Aissa A, Dubourg L, et al. Estimating Glomerular Filtration Rate
in Kidney Transplant Recipients: Performance Over Time of Four Creatinine-Based
Formulas. Transplantation 2011.




4 Resultados 38

42. Dubourg L, Hadj-Aissa A, Ferrier B. Adaptation of an enzymatic polyfructosan
assay to clinical practice. Anal Biochem 2010;405:266-8.

43. Dubois D, Dubois EF. A formula to estimate the approximate surface area if
height and weight be known. Arch Intern Med 1916;17:863-71.

44. White CA, Akbari A, Doucette S, et al. Effect of clinical variables and
Immunosuppression on serum cystatin C and beta-trace protein in kidney transplant
recipients. Am J Kidney Dis 2009;54:922-30.

45. White CA, Akbari A, Doucette S, Fergusson D, Knoll GA. Estimating glomerular
filtration rate in kidney transplantation: is the new chronic kidney disease
epidemiology collaboration equation any better? Clin Chem 2010;56:474-7.

46. Maillard N, Mariat C, Bonneau C, et al. Cystatin C-based equations in renal
transplantation: moving toward a better glomerular filtration rate prediction?
Transplantation 2008;85:1855-8.

47. Zahran A, Qureshi M, Shoker A. Comparison between creatinine and cystatin
C-based GFR equations in renal transplantation. Nephrol Dial Transplant
2007;22:2659-68.

48. Xu H, LuY, Teng D, Wang J, Wang L, Li Y. Assessment of glomerular filtration
rate in renal transplant patients using serum cystatin C. Transplant Proc
2006;38:2006-8.

49. Zahran A, El-Husseini A, Shoker A. Can cystatin C replace creatinine to
estimate glomerular filtration rate? A literature review. Am J Nephrol 2007;27:197-
205.

50. Filler G, Sharma AP. How to monitor renal function in pediatric solid organ
transplant recipients. Pediatr Transplant 2008;12:393-401.

51. Poge U, Gerhardt TM, Stoffel-Wagner B, Woitas RP. Need of standardization
for creatinine and cystatin C-based GFR equations in renal transplantation. Nephrol
Dial Transplant 2008;23:1763; author reply -4.

52. Poge U, Gerhardt T, Stoffel-Wagner B, et al. Cystatin C-based calculation of
glomerular filtration rate in kidney transplant recipients. Kidney Int 2006;70:204-10.

53. Sweeney WE, Jr.,, Avner ED. Diagnosis and management of childhood
polycystic kidney disease. Pediatr Nephrol 2011;26:675-92.

54. Fick GM, Duley IT, Johnson AM, Strain JD, Manco-Johnson ML, Gabow PA.
The spectrum of autosomal dominant polycystic kidney disease in children. J Am Soc
Nephrol 1994;4:1654-60.

55. Sharp C, Johnson A, Gabow P. Factors relating to urinary protein excretion in
children with autosomal dominant polycystic kidney disease. J Am Soc Nephrol
1998;9:1908-14.




4 Resultados 89

56. Fick-Brosnahan GM, Tran ZV, Johnson AM, Strain JD, Gabow PA. Progression
of autosomal-dominant polycystic kidney disease in children. Kidney Int
2001;59:1654-62.

57. Tee JB, Acott PD, McLellan DH, Crocker JF. Phenotypic heterogeneity in
pediatric autosomal dominant polycystic kidney disease at first presentation: a single-
center, 20-year review. Am J Kidney Dis 2004;43:296-303.

58. Wong H, Vivian L, Weiler G, Filler G. Patients with autosomal dominant
polycystic kidney disease hyperfiltrate early in their disease. Am J Kidney Dis
2004;43:624-8.

59. Shamshirsaz AA, Reza Bekheirnia M, Kamgar M, et al. Autosomal-dominant
polycystic kidney disease in infancy and childhood: progression and outcome. Kidney
Int 2005;68:2218-24.

60. Boyer O, Gagnadoux MF, Guest G, et al. Prognosis of autosomal dominant
polycystic kidney disease diagnosed in utero or at birth. Pediatr Nephrol
2007;22:380-8.

61. Fencl F, Janda J, Blahova K, et al. Genotype-phenotype correlation in children
with autosomal dominant polycystic kidney disease. Pediatr Nephrol 2009;24:983-9.

62. Mekahli D, Woolf AS, Bockenhauer D. Similar renal outcomes in children with
ADPKD diagnosed by screening or presenting with symptoms. Pediatr Nephrol
2010;25:2275-82.

63. Lurbe E, Cifkova R, Cruickshank JK, et al. Management of high blood pressure
in children and adolescents: recommendations of the European Society of
Hypertension. J Hypertens 2009;27:1719-42.

64. Gibb DM, Shah V, Preece M, Barratt TM. Variability of urine albumin excretion
in normal and diabetic children. Pediatr Nephrol 1989;3:414-9.

65. Cadnapaphornchai MA, McFann K, Strain JD, Masoumi A, Schrier RW.
Prospective change in renal volume and function in children with ADPKD. Clin J Am
Soc Nephrol 2009;4:820-9.

66. Diamond LH, Daly DC. Forum of the End-Stage Renal Disease Networks' role
in implementing the National Kidney Foundation-Dialysis Outcomes Quality Initiative
Clinical Practice Guidelines. Adv Ren Replace Ther 1999;6:28-35.

67. Goolsby MJ. National Kidney Foundation Guidelines for chronic kidney disease:
evaluation, classification, and stratification. J Am Acad Nurse Pract 2002;14:238-42.

68. Kilpatrick ES, Keevil BG, Addison GM. Does adjustment of GFR to extracellular
fluid volume improve the clinical utility of cystatin C? Arch Dis Child 2000;82:499-502.

69. Patel SS, Kimmel PL, Singh A. New clinical practice guidelines for chronic
kidney disease: a framework for K/DOQI. Semin Nephrol 2002;22:449-58.




4 Resultados 90

70. Hellerstein S, Berenbom M, Erwin P, Wilson N, DiMaggio S. The ratio of urinary
cystatin C to urinary creatinine for detecting decreased GFR. Pediatr Nephrol
2004;19:521-5.

71. Vupputuri S, Fox CS, Coresh J, Woodward M, Muntner P. Differential
estimation of CKD using creatinine- versus cystatin C-based estimating equations by
category of body mass index. Am J Kidney Dis 2009;53:993-1001.

72. Andersen TB, Erlandsen EJ, Frokiaer J, Eskild-Jensen A, Brochner-Mortensen
J. Comparison of within- and between-subject variation of serum cystatin C and
serum creatinine in children aged 2-13 years. Scand J Clin Lab Invest 2010;70:54-9.

73. Aydin F, Tezcan G, Gungor O, et al. Can serum cystatin C reflect the
glomerular filtration rate accurately in pediatric patients under chemotherapeutic
treatment? A comparative study with Tc-99m DTPA two-plasma sample method.
Nucl Med Commun 2010;31:301-6.

74. Blufpand HN, Tromp J, Abbink FC, et al. Cystatin C more accurately detects
mildly impaired renal function than creatinine in children receiving treatment for
malignancy. Pediatr Blood Cancer 2011;57:262-7.

75. Buron F, Hadj-Aissa A, Dubourg L, et al. Estimating glomerular filtration rate in
kidney transplant recipients: performance over time of four creatinine-based
formulas. Transplantation 2011;92:1005-11.

76. Sharma AP, Yasin A, Garg AX, Filler G. Diagnostic Accuracy of Cystatin C-
Based eGFR Equations at Different GFR Levels in Children. Clin J Am Soc Nephrol
2011;6:1599-608.

77. Weinert LS, Camargo EG, Soares AA, Silveiro SP. Glomerular filtration rate
estimation: performance of serum cystatin C-based prediction equations. Clinical
Chemistry and Laboratory Medicine 2011;49:1761-71.

78. Xirouchakis E, Marelli L, Cholongitas E, et al. Comparison of cystatin C and
creatinine-based glomerular filtration rate formulas with 51Cr-EDTA clearance in
patients with cirrhosis. Clin J Am Soc Nephrol 2011;6:84-92.

79. Mitka M. Guidelines offer "roadmap" for chronic kidney disease. JAMA
2002;287:973.

80. Andersen TB, Eskild-Jensen A, Frokiaer J, Brochner-Mortensen J. Measuring
glomerular filtration rate in children; can cystatin C replace established methods? A
review. Pediatr Nephrol 2009;24:929-41.

81. Stevens LA, Schmid CH, Greene T, et al. Factors other than glomerular filtration
rate affect serum cystatin C levels. Kidney Int 2009;75:652-60.

82. White CA, Rule AD, Collier CP, et al. The impact of interlaboratory differences
in cystatin C assay measurement on glomerular filtration rate estimation. Clin J Am
Soc Nephrol 2011;6:2150-6.




4 Resultados 91

83. Maahs DM, Jalal D, McFann K, Rewers M, Snell-Bergeon JK. Systematic shifts
in cystatin C between 2006 and 2010. Clin J Am Soc Nephrol 2011;6:1952-5.

84. Abraham AG, Schwartz GJ, Furth S, Warady BA, Munoz A. Longitudinal
formulas to estimate GFR in children with CKD. Clin J Am Soc Nephrol 2009;4:1724-
30.




4 Resultados

92

4.6 CAPITULO DE LIVRO ENTRETIENS DE BICHAT 2011

sisteméatica da técnica de afericdo de TFG

Revisao




4 Resultados

Meédecine générale B

by Interprétation d'une clairance
29 sapt. 2011 Ou comment estimer la fonction rénale en 2011 ?
14 :.30 -31542:45

A. Hadj-Aissa*, ***

*** Unwergod Cliuds Semand, Lpon |
SO0TFRE CNRS 3310

Résumé

L'évaluation du cébit de filtration glomérulaire (DFG) est une
étape indispensable 4 la prae en charge ou au suivi de tout
patient. L'utésation de formules d’estimation du DFG 3 par-
tir de la créatininémie (MDRD, Cockeroft, Schwartz) est suf-
fisante dans la majorité des cas. Lorsque la créatininémie
n'est pas fiable (dénutntion, pathakagie chronique), | utili-
sation de formules dérvées de la cystatine C doit étre pré-
ferée. Enfin, dans des situations particuliéres (drogues
néphrotomques, don de rein, momphotypes extrémes), une
mesure précse du DFG par des marqueurs glomérulases
reste nécessaire,

Mots-clés

Débit de filtration glomérulaire, créatininémie, Cystatine C,
MDRD, Cockeroft, Schwartz

L'évaluation de la fonction rénale et plus particubérement du
débit de filtration glomérulaire (DFG) est une étape indspensable
lors de la prise en charge de tout patient quelle gue soit sa pa-
thologie. De nombreux travaux se sont intéressés a ce probleme
et des recommandations sont maintenant proposees par les au-
torités de santé, & ks fois chez I'adulte et chez I'enfant” ',

Rappel : évolution de la filtration glomérulaire au
cours de la vie

Le DFG évolue au cours de lavie. Aire le DFG du nouveau-né
est trés faible (=20 mimin/1,73nv) et va augmenter rapidement
au cours des premiers mois de |a vie pour atteindre une valeur
comparable 3 celle de P'adulte (100 - 120 mUmin/1,73 m’} vers
I'age d'un an, Le DFG reste ensute stable pusqu'a 40 ans puis
décroit ensuite de 1 mifmin/an pour conduire & une insuffisance
rénale « physologique » chez le sujet dg&.

Mesures du DFG

Le DFG est le principal é¢ment d'appréciation de 1a fonction ré-
nale. idéalement, il devrait dtre déterminé par la mesure de la
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e Ehoroie de Snchime et Bologie Mokoulsre, Groupement Hospiaer Edouard Hemiot, Lyco
SRR Service Ce Nephiologh, Grovpement Hospuler Edound Mesiot Lyon

dairance d’un marqueur glomérulaire. Cependant ces mesures
ne sont pas réalsées en routing et sont résenses 3 des indika-
tions spécifiques au sein de services spécialisés. En pratique quo-
tidienne, le pratcien doit savoir utiliser d'autres moyens
d’évaluation gque nous évoquerons successvement,

Mesure de la clairance rénale
Les marqueurs glomérulaires exogénes

La mesure du DFG fait appe! au concept de dairance rénale d'un
indicateur glamérulaire comme linuline. Un tel indicateur a
comme propriété d'étre filtré fibrement par le glomérule et de
n'étre ni réabsorbé ni sécrété par les tubules. Ainsi, |a quantité
filtrée au niveau du glomérue (produit de 18 concentration plas-
matique par le DFG (P x DFG)) est égale a celle qui est excrétée
dans l'urine (concentration unnare x débit urinaire (U x V). En
mesurant [a concentration plasmatique de cet indicateur P, sa
concentration urinaire U et le débd urinaire V on peut cakuler la
filtration glomérulaire par la formule suivante DFG=U xV /P
Les principaux indcateurs glomeérulaires sont l'inuline cu le po-
Wfructosan {marqueurs de référence), les radic-éléments (51Cr-
EDTA, 99Tc-DTPA) et les marqueurs iodés (iohexal, Iothalamate),
La mesure de la dlarance rénale par perfusion continue avec re-
cueil d'unnes est généralement réalisée en utilisant l'inukne ou
le polyfructosan et reste la méthede de référence. Cependant,
cet examen nécessite une perfusion continue €1 surtout une
bonne widarge wesicale, ce qui limste son utilisaton et rend cette
méthode difficilement réalisable chez le jeune enfant ou lors
d'uropathie sévére,

La créatinine

La oéatinine est considérée en pratigue courante comme un
marqueur glmérulaire (ibrement filtrée), mais un marquear im-
parfait puisqu’elle est sécrétde par ke tubude et ce d'autant plus
que fa fonction rénale est altérée, Cest pourquol la dairance de
la créatinme surestime le DFG et cette surestimation est d'autant
plus importante que l'insuffisance rénale progresse. Quoi qu'il
en soit, 1a mesure de la dairance de la créatinine sur des urines
de 24 heurss ou sur 2 & 3 périodes d'une heure reste une alter-
native smiple et utde si &a fizbilité du recued d'unines est vénfie.
Cependant, pour de nombreux auteurs, son intérét ne persiste

D Ewtmeniens oe Bowar 2011 -1

93




4 Resultados

que dans les cas ol 12 créatiminémie n'est pas fiable (myopathie,
dénutrition, efc.)

Mesure de la clairance plasmatique

Du fait des contraintes etfou des limites impartantes de la me-
sure du DFG par la technique de perfusion continue avec recued
d'urines, la mesure de la clairance plasmatique est souvent pni-
wikégiée, Elle repose sur des techniques de oécroissance plasma-
tique d’un margueur glormérulaire (eénéralement e S1C-EDTA
ou l'iohexol) et permet ainsi la mesure du DFG sans recuell
d'urines. Cette techreque présente cependant I'inconvénient de
necessiter deux vores d'abord vasculaire, de nécessiter des pré-
levements prolongés {minimum 4 heures apeés l'injection) et de
ne pas étre utilisable §'|l exsste un troisieme secteur ou sl I'msuf-
fisance rénale est avancée (nécessité de prelonger I'examen
|usqu’a 24 heures aprés I'mjectan)

La mesure du DFG (dairance rénale ou plasmatique) par des in-
dicateurs glomérdaires comme l'inuline, le 51CrERTA ou ['o-
hexol nécessite un perscanel farmeé et des structures spécialisées
et ne peut donc pas se faire en routine, En général, les indications
de ces examens sont résenvees & certaines situations particuliéres
oll une détermination précise de la fonction rénale est néces-
saire : situation a rsque sur le plan rénal (bdan avant don de ren,
maladie de systeme, chimiothérapie ou traitement néphro-
toxique, etc.) ou adaptaton de la posologie de certains meédica-
ments a elimination rénale (ex | carboplatine).

Estimations indirectes de la fonction rénale

La concentration plasmatique de substances endogénes dont
I'élimination est uniquement rénale est un refiet indirect du DFG
(lorsque le DFG diminue, la concentration plasmatique de ces
substances augmente). C'est ainsi que la oréatinine et la gystatine
C plasmatigues sont utilisées en pratique quotdienne pour ap-
précier Iz fonction rénale pour des rasons de simplicté,

La créatininémie et les formules d‘estimation du DFG &
partir de la créatininémie

La créatininémie

La mesure de la créatininémie st de loin la méthode la plus uti-
lisée pour estimer le DFG en pratique quotichenne, mais C'est auss
la méthode la moins sensible. En effet, la créatinine provent du
catabolisme de 3 créatine musculaire et Iz quantité de créatining
formée quatidiennement (et denc la créatininémie) dépend de la
masse et de I'actvité musculaire, Son interprétation doit donc
lens compte de I'Age, du sexe, de Fethree maks aussi de la pa-
thologie du patient (dénutrition, maladie chranique, etc.).

Malgré V'utilisation ancienne de la créatninémie, son desage
reste difficile. Plusieurs méthodes sont utilisées selon les labora-
toires (méthodes colonmétriques dérivées de la réaction de Jafie,
méthedes enzymatiques) et les variations de concentration doi-
vent étre appréciees en tenant compte de ce paramétre, Du fait
des difficultés d'harmonisation entre labarataires, des recom-
marxiations concernant kes techniques de dosage sont propo-
sées™ En pratique, a créatininémie doit toujours étre interprétée
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en fonction de |'age et de la 1echrmique de dosage (valeurs de ré-
férence du laboratoire paur la technique utfisée) et les dosages
itératifs devraient étre réalisés par le méme laboratoire (excellente
reproductibaling).

Les formules d'estimation du DFG a partir de la aréatininémie

Pour pallier les difficultés d'interprétation iées aux vanations de
la masse musculaire, des formules d'estimation du DFG ont été
proposées chez I'adulte (Cackeroft, MDRD (Maodtfication of Diet
in Renal Disease study equation), etc.™} et chez I'enfant
{Schwartz™) permettant ainsi de « pandérer » la créatininémie
en fonction des caracténstiques anthropemétriques du sujet.
A noter gue certaines formules (MDRD, Schwartz) ont été rééva-
luges récemment en fonction des nowvelles technigues de me-
sure de 1a créatinindémie, dont les valeurs de référence en général
plus basses condusaient & une surestimation du DFG®9. Enfin
une nouvelle formule (CKD-EPY), plus complexe et encore en
cours d'évaluation, a eté proposée dans le but d'améliorer i fia-
bisté de l'estimation du DFG chez les patients avec ure fonction
rénale normale ou peu altérée™, Lestimation de la fonction ré-
nale par les formules est recommandée par les autorités de santé
lors de chaque dosage de créatinnémie et doit étre systématique
du fait de ses avantages ; rapidité, absence de recueil unnaire,
faible codt et surtout fiabilité qui a été maintenant démontrée
dans une large part de la population générale’". Bien que la for-
mule de Cockcroft soit largement utilisée, 1a supénorité du
MDRD 2 été démontrée dans de nombreuses pathologies et son
utiisation dort 8tre recommandée pour 'évaluation du DFG en
pratique caurante. Enfin, les formules « adultes » — MDRD et
Cockcroft — ne dosvent pas étre utilisées chez I'enfant et I'ado-
lescent pour lesques la formule de Schwartz (& = 36,5) reste la
référence, Cependant, ies fimites de ces formules doivent étre
connues, Les erreurs les plus impartantes sont celles liges a une
diminution de la masse musculaire ou & une dénutrnition, $tua-
tions o la baisse de la créatininémie condust 3 une surestimation
impartante du DFG estimé.

Utilisation d'autres marqueurs

Les petites protémies plasmatigues comme la B2micregicbuline
et la cystatine C sont élimindes par vole rénale excdusne et ont
été proposées comme marqueurs de la fonction rénale. La B2mi-
croglobuline a &1é pratiquement abandonnée du fait des vana-
tiors de sa concentration plasmatique lors d'états inflammatoires,
La cystatine C est proposée comme un indicateur de @ fonction
rénale plus fiable que la créatininéye puisque sa concentration
plasmatique n'est influencée ni par I'age (chez I'enfant de plus
de 1 an), ni par la masse musculaire, ni par des pathologies extra-
rénales. En revanche, sa concentration sefait augmentée par cer-
tains facteurs extra-rénaux  (tratement par corticoides,
hyperthyroidie). Mlusisurs formules d'estimation du DFG ant été
proposées en utilisant ka concentration plasmatque de cystatine
C et un bon nombre sont utilsables chez 'enfant”. Certanes for-
mules associent la créatininémie, la cystatine C et parfoss I'urée,
augmentant sensiblement la performance des équations, mas
au dépend d'une plus grande complexité du calod, Cutilisation
de la oystatine C n'est pas encore de pratique courante en parti-
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culier du fait de son codt icystatine C: BHN 100 soit 27 euros,
créatininémie | B7 soit 1,9 euros), mais elle se développe comme
mayen de dépistage de l'insuffisance rénale surtout dans les cas
ol I'utilisation de la céatiningmie n'est pas fiable

Conclusion

I'estimation de la fonction rénale grace aux égquations (MDRD,
Cockcroft, Schwartz) est fiable dans la population générale du
fait 1) des progrés des techniques de dosage de la créatininé-
mie 2) des avancées vers une harmonisation des techniques de
dosage entre les laboratoires et 3) de I'adaptation des formules
aux nouvelles techniques de dosage ; elle doit donc étre systé-
matiquement assocée a toute mesure de la geatiminémie, La
cystatine C dait &tre privilégie dans les cas ol la créatininémie
re peut pas étre utilisée pour estimer la fonction rénale. Enfin,
la mesure de la fonction rénate par les technigues de référence
garde sa place dans les cas ol une détermination précise (et par-
fois itératwve) du DFG doit étre réalisée,
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PCr : créatinine plasmatque (pmolf), SC : surface corporelle)
Formule de Cockeroft (ou de Cockeroft-Gault, CG)

CG ={1,73/5C (m2)) » [{140-age (années)) x poidsikg) x k/PCr
avec k = 1,23 chez I'homme et 1,04 chez Ia femme

MDRD

de référence de niveau supéneur.

Formule CKD-EPI
CKD-EPI = k1 x [(PCr/88,5M%2)Jk3 x 0.993 age avec

couleur nowre, respectiverment

avec PCr < 62pmold et > 62pmol, respectvermnent.

Formule de Schwartz
Schwartz = taille (cm) x 36,5/ PCr

ANNEXE - Principales formules d'estimation du DFG a partir de la créatininémie (exprimé en mi/min/1,73 m?)

MDRD =k x (PCr/88,5)-1.154 x aqge {années) -0.203 x 0,742 (chez a fermme) x 1,21 {chez les patients de couleur noere)
avec k = 186 pour les méthodes non standardisées et k = 175 pour les méthodes tracables a la méthode et aux matériaux

- k1 =141 ou 144 pour les hommes et femmes d'ongine caucasienne et k1= 163 ou 166 pour les hommes et femmes de

- k2 =0,9 ou 0,7 pour les hommes et les femmes, respectivernent
-k3 =-0,411 ou -1,209 pour les hommes avec une PCr < 80pmold et > 80umol, et k3 = -0,329 ou -1.209 pour les femmes
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Abstract

INTRODUCTION AND AIMS: The measure of glomerular filtration rate (GFR) is
challenging in adolescents and young adults. The reference methods are difficult to
use in daily practice and the estimated GFR by formulas incorporating plasma
creatinine (Pcr) are still commonly used. These estimators are widely studied either
in children or in adults but rarely in adolescents. We therefore evaluated the
performance of six formulas for estimating GFR (GFRe): Cockcroft-Gault (CG),
MDRD simplified, CKDEPI, Schwartz 2009, Léger, and locally adapted Schwartz
(Local Schwartz, k=33 or 37) in adolescent patients and young adults compared with
a reference method: inulin clearance (GFRin).

METHODS: 1,277 measurements of GFRin were performed in 927 patients (54%
males) aged between 10 and 25 years (mean+SD: 16.8+4.5 yrs - median 16 yrs. The
BMI was of 19.4+4 kg/m2. We studied four groups: 1 (10-13 yrs, n=348, 57% M,
GFRin=92+31 ml/min per 1.73 m2, 2 (14-16 yrs, n=288, 51.5% M, GFRin =93+31
ml/min per 1.73 m2, 3 (17-20 yrs, n=334, 54% M, GFRin =94+30 ml/min per 1.73
m2), 4 (21-25 yrs, n=307, 53% M, GFRin=85+30 ml/min per 1.73 m2. Pcr was
measured by a colorimetric method (Roche compensated). We checked the

correlation with the Roche enzymatic technique (n =199,y =1.0 x + 1.6, r2 = 0.997).
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RESULTS: The mean (ml/min/1.73m2) estimated GFR by CG, MDRD, CKDEPI,
Schwartz 2009, Léger and Local Schwartz were 83+47, 177+92, 124+37, 92+32,
94+32 and 86+29, respectively. The bias for CG, MDRD, CKDEPI, Schwartz 2009,
Leger, Local Schwartz were 39+31, 64+67, 34+25, 0,7+19, 3+22 and -518,
respectively. The precisions 10%, 30% and 50% were 25.5%, 46%, and 23% for CG,;
7%, 16%, 19% for MDRD; 14%, 31%, 28% for CKDEPI; 38%, 49%, 12% for
Schwartz 2009; 36%, 53%, 11% for Local Schwartz and 34%, 52%, 14% for Léger.
The correlation of Spearman was 0.44 for CG, 0.68 for MDRD, 0.68 for CKDEPI,
0.80 for Schwartz 2009, 0.81 for Local Schwartz and 0.76 for Léger.

CONCLUSIONS: The three most conventional formulas widely used in adults (CG,
MDRD, CKDEPI) overestimate the GFR in adolescents and young adults. The use of
the modified Schwartz formula (2009 or Local) is an accurate and simple estimation

of GFR in clinical practice in this population of patients.
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inchentes %o eveiaule the divasion of cods besrtadnninz doztee sh pln
quantite [gaantay cltensd by docoe shopping in Datined Dally Dooe (D)
dustoe shappmg incfestor [N pgrniy quandily ol by tse sl u)pq:nml
quantix.
Rewilias Thocter <huppaog ineSesiees of Husitmosgenn e 2705 in PTACACona:,
11.1% In Rhine Ales ard 8.7% In MIdi Pyréndes ‘The toal cdmmd quantiy cf
Munitrssrern @ mues D 1 i TION in PACACose:, 268 184 DON in Bl
Alpes and 91 815 DLO 1o pdl Pyrenses. For cl dozer sheppl
mdxalvc! n\m 2.6% e PACA-Corar, 105 in Bhine Alpes s 0.5% In 2didi
Uoztoe for mlpidenz were 2.5% In PACA Cone. 1L1%
n Rbame Alrat and 1.1% i Middi Paninies,
Canell 2 For all the heraodtaxicines under stucdy, PACA (m was the ana
with the hdl.el dustor shoppug unhcstoes, Abus: putenlst of | Wk

of preszat a lack of
I::!mm in faces, and an early lmpaimwru in cn(nli@ vnmnl allention 1 Husmen
faces could resalt In difficalties In the development aof the fce prosessing wpetise
which narmally deoclop in cnallatal subjocis anvm. podioat witl antivm

an early prefecence foc manimate axec omared to saclal stk such as
fAne s, T apgirese U niseecs of intenz o Do Dedopicad subet e could scpion
(h: ptueut us an therapy using mb:m Bds-d on t ,‘he h;puhrﬁs ol a monﬁf

smm' «mmh ;ul physlolayml Ipuges nﬁmua!ul. nlkz:uuum tvlaunl sbcntion)
reusal resporses MR to human Zzelal expressians af emetion ond tyes of verual
l’uu. 3 (vstars), hybenls bolwean Burean Gocs aml cigecis, ms ety pogedstion
arsd i ndults with vuticn,
Fipka imlivicdunls with sutsm aod ome msiched contro) suboects (13-335 vears of
age) weme evahiated using eye..mcklnf and BRI investigations. Foe both stadies,
oo Images (e, neatzal Auman lioes, bappy buman faces. sad huamnn fazs
natural scenes; wers prassotec in ran, ceder.
The gy taeking sdmly Ity Iunhln mbmn revwnbed 4 vzl pesfierance For huaman
when compared 1o cbje: t Aot Lo svatasa Mo 2xch visual prefersnce was
vheizvel i the salists: yroap, m;y:sluu that buman Guoes soe not mocs slivnl
than cblzcts or avatars. However, dferences in pupil clatation were nluerv:d
bariacan granps ond shinsl, R bade n subpots wish sutlem covieded e
activatioe W e xrmdnln for avatars than for foces enmpavcd o healthy sul ot
Lyre tracking A Lacly papl d that the use of avatay
nllueno srousnl m sd-.ds with mtison, s DIRD oy showai thal svales
=exn to ncrease attenticosl amusal by sctivaticn o the amypdale. Avatars moy
Uz o al trraampentie vl e e rebadlitation of mapessass b sl cotice.
tovasing the mterest of sebdecs with autism.
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munﬂlnl. cenochins, 1 Pennprer, § \lumu e, W Tapuyy-plieane, [ Nl

P Asctoniylisnce PACA-Corse, Fhannsoal e, ! Thnzite, :r.'.m-llk

& -‘.ﬂﬂlul dexe Nenmadmies Covatioe dr b Moillmm{v. e & Médang LR
£IHI-CNRS, Py
Ingroduction: S Tt s illgal m Prancs intmoet G popvide presaiptos doags.
and wace widdy sy sl af pseclactive diags, O ok objative & Lo b 1|-¢
wcyuistien of prycractive drugs by pulients preseoting wn sbuss or o Jip

induce, tigger. oo exacecbute the dissass = of primary tmportance o clinteal
practins. Drag intake i oomojor oondeen o this . We iz thin: caves of

drug-incuved proriusis (o cuses) or drag pev-emisting {one
onse) vtilizal i phasni avigilin: oot of Sfs.

Maethanl: An snquiry of Emrmmcovigihacy bax bt reshiand scoonling 0 Frexh
Impatetian methed,

Ruwibty; Qos 1; The capowibilily of dxodcd was suspectind m idoctoe of
peovdasts for 40 yearsoll man. The score of imputability was C1521133

Cosa 30 Thy veceosthlllly of adnieeferon theewpr wis stronply suspected 4o
induction of recclasis for m[zymrwld waman with n mvmlr nrpatir O Ve aoee

of impeitability war C2 82 12 and B3

Case 32 The veeponsindfity of Carsarsimpig in o u:.h Lt of g asisling jeaxingis
;vns m?b waspected oo 37 peurs oh’ man., The score of impatability was C2 82
rE .

Thee mest dr.\ns thal kave induced or exacerbaied pecctasls

1 prychractivn drngs or fllzesing o opydd replncsment theeagy o Franes.
Metheds For this study. two of the fools developed by Frenchy Leli-
Addbctorigilance meweork, allwnsd 1o spsex petting by intenet: OPPIDUM i o
cross secbicon susvey led e.\u yexr in U wb-cr o w'cazaed addiction care unlts;
ol OPTMA, bed wsich N in v tunks to werweal
practitiomes’s tetwoek, I this sy, we bo-.usn! o ench x‘svu\ncu'ac drags
ot una: by intearal, Dol 2007 wou 2009 Tor OPPITEDY and curing yeans
2008 and 2009 far 0

Teszibin:

OPPIDUM surveys: B-nmen 2007 and 2009, the UPFIDUM survezs have
oollacted] data oo 31 278 deups fillics o poaeopliuns dougs). Jlhapal acguisitees
have been vepoeted for 15% of thess drugs. internet accuisition vepresacts LA %
In o= 483 of flw dilecws) ways of ilegal soqusion anc comzoe 37 patne:
Iitowng 15 463 Bwhided),

Among crups cbtaaned by internet, 28 Sien puthmulvb drugs are notilied, Jae
wAnnsbiz (0 = 12}, hensn (n = 6, uumumuu (0= 30 e cnsive o= 31 Al

ll,:;‘a\hwcﬁw pmsmpuons drusw exzht alber p&)t.:»xu:v mksun'! Fave

were lithinm, bely sdovnprgie maapior teckmg sagenls animalacis o7 miscel-
lanesas drugs soca as sdetederan, (- hmﬁmn The {mhn'gumh athanian: of
drugs indvesce on the counee of X
.bmism an impaired lvm:.hu.-'t. nnuslaum-.n n du.v s CAMP i intoe-
{ of epidermal cuf prodeewilon und an

with ¢
nrx.nm.ilnl.lrr af k'ul.mnmm

368
llm estinimde the wlameralar filtrscdon eate b sdolesconty and youmy

o

L Selestre, V Souss. O Todomanove ¥ Cochat. [ Ranchin, A Varennes, A Dads
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Introduction: The metoc: o glimealir Exrtion rle [GFR} i chudk a,m‘g n

heaiduty (2 = 3 s & e
[ =3} are repeceively. the mt:st reeortes ol these tvo

ared weeng odalts, The relerener methadks are deflcult to use in cally
prwets ol e egtimate:d GFR by Semmlne courpenting shoms onsdinioe (Per]
arwselll commoaly used. These estlimatars are widey studizd sther 2 chilinen or
silufts byl candy o adubsaacis, Ve thecefore sesionind ths serfrmoenn of s
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formekas for mmx:la; GFR WG Nor Cockerofi-Cault (CGK MDXD spiiiod.
focally adypiad sdm 1ocal &Omm

P2T Abstructs 2071

and five paseots had severe rennl flure. Bxpermeontal denclits aller pesipliorsd
mmanmmdﬂotlol -1 Mxhrmumku weee shown foe sutolenune
e terdad occl cercbral hemerrbage.

CXOERL Schwarex , und
V= 33 0r 37 I adndmont patients el youua ks
rothod; beasin dean

n noe
Paticats and methodes: Oue o d twn and 1y meb-
mnd were perforned In 927 mmm(summmmn 10
{mw:wmuus mdlul 0 years The BMI was of
'M' '2 1 1-13 U 3K 5T M,
FRin =92 + 31 mLmind,73 m’ ~16 yoera, = 288, 51L5% M. GFRin

83+ 31wl 73w, 3 h-zomn. 0= 334, 54% M. GFRIn= 94 +

ll)mllmw} TAmt), 4 421-2 = 107, 55% M, GI'Rin = 85 ¢ 30 mL/
i 1,55 m. P waes messunad mhrlmun:nuhad (Knche e ),
We mm-nmumm etepinialic techalgee (2 = 199, y = 10

x+ 16 r =0.997)

Results: The mean (milJmin/1,73 m*) esenmad GFR by Ci MDRIL CKDEPL
Schrwarts 2006, hmmdlmlsdlmmﬁl‘n. 177 4 9L 124 & 37,
02032.00'32“3& 9, eopectrrely. The bas for OG, MDRD, CXDEPT,
Schreartx 2 .lan.lnai ‘Schwuree wers 30 = 31, 64 % 67, 34 % 23,
07219 .3+ Ilnd 5+ 18, . The prectdoss 1%, 0% und 506

CRDEPL 35% II%NSGMI!“IIM ]6&:3% IIIM'IM‘IS: ts
el 34%, 52'&. 14% foe a was 044 for CG 068
Toe MINUED, CLAK for asl)hkhmnx 9, 081 for Lot Sehwanix sed

0.7h e Liger.

Conclosion: The three most conventional foerouks widdy osed o edaks (00,
MDED, CKDERT) the GFR 1o 3dok and young aduks The use of
tha: meddfied Schowerts fmmule |2009«la:luunammumdnm-nm
of GFR in diiniesl practice i this population of petents.

P to resp y events threngh heart rate variabillty

amalysts

F Grouchon. V Pichet, | Barthehny, F oche (g o & TTivension,
CHU Noed Saiet Etienre, Pres de Lgon, L'JMSnnl- Deane. Frawe

by enhanced permsympethellc oiivis -J o nndm mpathetlc
enl el u events 5

bunt Wt e end of e et Iiﬂww'?‘ﬁmmunwthm,w’il

ar pactied upper umy ccctusion, oxypee desatureton of certicel
Furtbermore. the acaomic sciivity durlg TespiEmiey events on the
of cortical ly & oot i

ﬂ\:pn-lulllmmdthm i ¥ o nep ¥ woeniks and itx
moduletion ymu&mymdwm uration wod
pmdmnmnmdmmuﬂ(m} and rebatian betwen
Autonnie acewity durisg CA.

Miechods: Fourteen wntreated ISMB pmuﬂu 1309 yeqes: throe women,
with u wmen obstruciive n,nnndhnnpnv-l wdex of 1

!tl‘luv—wm
b LK intervake
(RR). spectra) uealysbs of RS, tsing wovelet transires -mm;am

ST ' and LEWV/EFWV rattol and pes w
u&-do(udunqlnun,nnndmmdl il n)u-r
occludon (lypopaoss v, sgooes), # o osyzn 'ﬁ:'p

events, RR & F< 0011 wed LFWYV
P= um l and UWVIH!WV ratio (P < om Jincreass vmh:ul ol

oxygen dessturution imd o€ 1 lugn docrese
" F‘ln 01} sead lln Increaes nm l (Inr;” und mwnuw\' bl
o dicresse In RR (P < OL01) and

when nspiestocy ey

O < Q011 werw observad with anil withoul CA

LFWY/HFWY st (P < 001) mmnllmnb e
garve rise 10 CA. Moreover, high LFWY/HFWY rutho durtog respiretocy evenls wis
Telvied 30 more Fequent cortical acousal

Comclaelon; Thne cexolts sugaes thal, lewl, spnesdhy lnhnum

MwuwwumnuﬁﬁWNm Pl g
derp ar partial uj arwey oockasion o m
:ﬁr%mm t:-uum« dering respicasocy events could (nctitmied

agon,
udhlnl\lmn.
+a wnd snibAnlism-

pmpmu of Bor vie inhibitica ?NRB. but abu ils neurctoxadly v
tioa of u Mted proteins. Oar results suggest that Bor cas reach

In raws wdicate that conceniritions o Bor 36 the louis are seversd Gibd lowes thas
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I'lutm (= 33} norcdobeses
(NCLE) and d;hn-m mm ;m canoentratioess, &numlnd by nm - ua;
during the Beodine pernd md aller B nlredoclion of snsly=al
2019 mp«hm! H.Iuﬂqmlhn ul-nn&nmchmul
the NCLACLE ratio were aea) sing a patmm:
Resndtx e dity were avafiabie In 51 wlmum d the mean
"""n"ﬂy""".-..a"’“"‘“{.“.'.‘.‘: oo n wghi of 1 7 ;-m gt ’&“"Z‘c’ :
nepect cuen, 0 ne. In t 0l Lx( h‘Nw n; the
NCLB/CLE tato wis observerd The 1«. mm:lnun
m:mmmmcmum i e m In=5/
8 l (n'!lﬂ& Souy-fve pescent
tutnh!&“nwml’llmbﬂ'mllt InﬁnNClMuiwbanl
75 m-*nnmh:h with no chisege In the NCUWCIR sutio. No enest
ol betwoss these two groups s term of respoose (P > 0,05,
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Tempanm! ansets of the aloe niod nctivity

|AN-omset) and she thoesio In ammdummﬂum)mnum

MM|M'MM teesth rhythm was driven by an sodiiory

s
Methods: Both mesets (AN-orwet sl THoset) wene determitusd on surfece ENG
detocier The

I recoedaigs usuuan autossatle elporiten. relithonship hetireen cenets
Elfecix of bortezomib on the comtral nervows sywtom: rivics smd petential was assessed by the delay between AN and TH casets. the AN pesectivation tims
bemetit vmxmwmmw;mm Indoctive o
€ Duslendre, P Bivosx, L Mosk & Cestres Righs de Plur gl AP mlh P10} measarements. Con ressng
CREY Purs Coclan. Paris. Frasce his d w b Mlumu)n Auditory
Wmmmmm nlmu'oumen ol Tk nlmﬁumwumm m«& 1) & frquency mi ltnumuml
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oo etk a2 el agasdarbpand i A s K mum»mmm oty chyibims med o
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Puore publishad oxpertroantad and

Mmolummmymmw{ poklidhed, In witro, Bor
e nimsrotosic, particsdrty on Sopsmenerys: o year at Cocirn hogtal,
0 pestienis wdhwudlhmhdmﬂlmuﬂydlk indudng cns pedient
ullh‘ { s ae kmumm,\wdbm
weee retained tn lhe nhmmﬂglm datatase. e
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YN d eacly, sogpedmg an mdivicesl suscepehilty,

Results: The driv) h—ﬂllqdly!h-b, slimalus decreased PreAN
time 1240 4+ 110 ys 180 + S0 s, I < 0.05). mmmmanmwm
broathing pattern or atrmnment min bt dmudui on the lmdtmry stimadus
vecumTEnce: PreaAN dme
remadned in tie contrel nioge (,-han o ml On the Wg‘n mu audrory
mmm;mummmm all eycles the N lsoe wis atoot
100 ms. Ween sudnocy 4 betweos AN 0 THS-orset. the
Tiscosel mnyblowenbuutn«muhu {obot lm)mslandlhrmn
tane wies determsined by the delay hetwaen AN-caset snd the wmaditocy sttmukas
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74 € 2011 The Authors Furstamental and Ofnical Pharmocology & 2011 Sociéte I de Ph dogie et de The ique 25 (Suppl. 15 1-111




4 Resultados 102

Pediatr Nephrol (2011) 26:1567
DOV 1O IDOTSOMET AN 119551

)

european

-

nephrology

44" Annual Scientific Meeting of the European Society
for Paediatric Nephrology

Under the Auspices of the President of the Republic of Croatia, Ivo Josipovié¢
14 — 17 September 2011, Hotel Croatia, Cavtat — Dubrovnik, Croatia

ABSTRACTS

wwwespn20]1com

ﬁ Springer




4 Resultados

103

Podintr Nepbrol (2011) 26:1573-1500

1583

survive in children with ESRD. latersationsd offores should be made w
mcrease ocoess 10 Tx for children deoughout Euroge,

OS4FRI-362
Acute renal fadlure in chiddren In Norway, 19992008

GG Jenssen™'". 1), Bragsmad’, AK. Bjeore®, Loyt K. Nygiid',

£ Hovlund'?

'D uf Infections Disease Epidemiciogy. Division of Infections
Dnmc Control, The Norweglan Instinee of Pabtic Health, Ovio, N’omn:..
* The Medical Stodent R It Program, Fasulty of Medicine, University

of Osko, Oslo, Nerway, "Departmest of Fediatrics. Osbo University
Fospital, Oslo, Noraay

Objectives and stody: Acute izndd Lulure (ARF) is Selimod o8 sadden
sustined boes of kidney function, with declming GFR. ARF is classified as
peercnal, renal o postrenal. Hemolytic-urembe sysdeame (HUS) & one of

the mast ctinlogies. Our objective was % o3t )v.iyndune
speific me of and distribution of etinlogies of ARFE, particularly the HUS
proporticn, mchlld:m-l\orww(ngd(l 16), 19592008,

Methods: A ip soady, tasod an dus from pationt

Journals Eam pedlmc deparumends i Noeway, Search cniferia were [CD-
Il) codes N17 erF). DS (HUS) wnd NONOLNOS (nephuitis - wih

opisodes of el d senum ine >35 (<1 years) of >90 monol’
| (1 years)) NIT dingnosed cases of birth asphyxia or post-TX esiology
were excluded,

Results: We idenaitied 316 ¢ases of ARF This peedicts an overnll moidence
rate oF 3,29 per 100000 children'yeer. Estmaled distribazion of cases 5 72
1 Z25%%) prerenal, 239 (T5,6%) rendd and § {1,6%) postrenal, basedd on
probable clinicel mechanisus. 53 ctiologies have been idastsfied. Nephras,
138 (43,75 casex, followed by HUS, 49 (15.5%) vases, are the fargest
catwgories, Yesr of Bighest cocurrence ts 2006 (€1 (16,1%) cases),
Remasing nine years has & mean @stnbution of 29 year Most raguently
affected age group is -4 years, wilh 136 (43,083) cases. 0- and | yearakls
harve the ighest proportions, 57 (18,09 and 35 |11,1%), respectively.
Conclusions: Tomal locidence of ARF & Nooway s low Most commen
cause is nephritls, followed by HUS, There is a wide spesad of ctiologies
relimed %0 ARFE Children aged 0.4 years nave the lugest proportion of
cases. yearolds constinune mearly Ralf the toml sustiber of cises, Risabs
are probahly uoderestimates doe w the snady design

OS4FRI-S21
Can we uccurately use the “pew” Schwarte-f fa to estl
glomerulsr Giration rate in pediatric resal trunsplant recipients”

Y. De Sowra*'?, L. Selistee’, M. Raobitloud®®, B. Kassai’',
A HaG-Aissa’, B. Ranchin'. P Cochar'#4 | Duboseg™>4*

‘Dép de Nephrodoge Ped Hesp Civils de Lyon,
France, *Explaration F e Rézale ¢t Méeabolique; Hospioss Civile
do Lyon, Framce, "EPICIME, Lyon France

“Universiié Claude Bemand 1300 1, France, "FRE 3310, CNRS, Ly,
France, “Service do Biostatistisue des Hospaces Civils de Lyon, France

Objectives and study: Red, hods to GFR are dilﬁtull [
perfiem in cliniea] prictice and the inine-based Schwanz f =
commonly wsed. Howeves little is known aboe its validity i renal trarsplace
panenss. We almed 2t evaluating the reveed 2009-Scvwarte fonla and the
localty adapied Schrwetz formuln = kidney transphint pabens.

Methads: lnuhn chkeomose (IGFR, mbmin per 1.7] o0') was messured in
254 poadi renal \ ipients (male= 136, mean age= 1265
148 fl 18] years) bcrnrm 2003 znd 2010, Too fomwlas were spplid;
Schwanx 2009 (K=36.5) st local-Schoentz (Schwirtz foomila with our
laboratory-specific opimiax] vidwe of k: 37 in boys >13 yrs ood 33 in
aibersh The agroement between formutas and iGIR was assessed by Bland
Alman methed and Lin concordance conelstion soctficient. The diffe-
enoe berween Samuils and KGFR was expressed as a porcentage (relative
bias) B two loveds - 10% and -30%

Results: The mean+S1 iGFR was 65420, For Schwartz 2009 aml Jocal-
Sckwietz the Bland Altman mean difierence was 6 32(=15.40) and 1.36
(212421, and the Lin coeflicient(IC 95%) was O.7X0,74-0.57) sad 082
(0.78 0,80, respectively. Pescentsges of paticas (%) who had relstive bias
below 104 were 33.9 for Schwartx 2009 sad 417 for locul-Schwartz and
Delow 0% weee R2A Sor Schwartz 2009 and 59.8 foe bocal-Sclaanz.
Comelusions: This suudy & d the good perf of Seh
formpals (2009 and local Schwartz) in the pediasic renal mq:hm
recopients, with results similar 50 the padawic geoera! pogal
However, they display derable Samils of agr and they cannot
rephace o reference method when a valid measurement is needad. Faally,
the & fon by cach lab v of i3 own k coellcien can increise
the perf| of e prods i

OS8Sal120
Cawses of dearh and prediciors of survibal in pedistric PD: insights
from the Interuational Pediatrcie PD Network (IPPN) registry

D, Borzych*™™ [ mdun;m’ LS. Ha', L Ress®, M. Azoces’,
A. Buescher”, A, Migsl”, Y H. Kim", n A Waendy®, F. Schaefer'”

'Medical Univessity of Cidassk, Polind, PrBehoet Uz Children Researeh
and Education Hospical, Turkey, 'Dislvsis Center for Childrem and
Adolescens, Soonl, Republic of Koeea, 'Great Ormond Sweet Hospital,
Loodin, United Kingdoe, "Hospaal Luts Calvo Mackenna Santlagn,
Chite, “Childrenn University Hospatal, Essen, Gormany, Tonsificia
Univessidd Catilica de Chide, Sastiagn, Chile, "Smaw NKENUH Chids
m\ Kidney Cenire, Singapoee, *Clilldrens Mclc) Hocpnml Kaesas Cily,

Sa, "Center for Pedmirics aml Adod Heidelborg,
Gumm.v

Objective: We sought 10 descrbe patient survival and assess rsk factoes
for death in = globad pediatric peritoscal dialysis (PD)} population,
Methodx: We ssaesed patient survival im 2 prospeetive sogistry study of
137 pedsaine PD pationts from 70 centers, meated in 27 countries
between 2007 and 2011 Median age & dialysis initation wes 36 years
(igr 0.95-5.4),
Results: 45 children died during the observation period; e aversge
death rate was | per 303 pationt yesss Canses of death scluded
congestive heart fuilure is 1S ceses, mfections related w0 D in 7 and
u-vhml to PD in 10 cases, anfoctious dialysis plications in &,
b in 4, malignancy in 2 and portul byperiession in
I case, In 2 parlents, therapy was electvely discontimnad due % severe
co-muorbadities.
Among the 936 patients followed from PD initanon, actussal susvival
e was 9K, 9% and W% ar 12, 24 and 36 months on trestment,
rexpectivaly. Tndependent risk Eactors for death were patient age <6 yees
(Cox hiezard mgio (HR) 4.4, p<(L0003), the presence of & defloed symdvene
(HR 2496, p<001 ) severe metsbolic scalnsiy (HR 4.5 for seram bicarbonse
<20 mM, p<0201), hyperpurbaroadism »800 pgiml (HR 2.4, p<0.05),
byposlbummemis <25 gL (HR 7.5, p<0.0001), aad body weight exceeding
estimated dry weight by more than 4% oo avenge (HR 3.1, p<001) The
reglon ar ecantry of residence was not pradictive of desth on dislysis,
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female ratio was 5:1, The initial dose was 0.5 mg/kg and it
ranged from 0.5 mg/ke to 3 mg/ke during the course of the
treatment. There was a 42 % reduction in PTH levels noted,
The calcium phosphate product was unchanged. Durstion of
treatment ranged from 3 — 27 months, In 2 patients the
treatment was stopped, | afler 18 months due o improve-
ment in PTH levels and the 2nd underwent a renal trans-
plant; in others the treatment s still ongoing. There were no
side effects noted

Conclusions: Calammmetic agents are useful in reducing
PTH levels in CKD patients with or without dialysis. We
did not see any side effects of cinacaleet although the long
term effect on growth is yet to be determined.

P297 - Which equation to estimate Glomerular Filtration
Rate in renal hyperfiltrating children?
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Introduction: Monitoring renal function is crucial in
pediatric patients with glomerular hyperfiltration: the
use of plasma creatinine (PCr) to cstimate glomerular
filtration rate (GFR, mL/min per 1.73 n¥) 18 hampered
by its lack of reliability and data on the performance of
cystatin C (CystC) are sparse. The wim of this study
was to evaluate the performance of CysC-based, PCr-
based, and combined (CysC+PCr) equations in hyper-
filtrating children,

Material and methods: We assessed the performance of 6
GFR estimating equations ¢GFR ) in hyperfiltrating paticnts: 1)

CysC-based equations; Filker, le Bricon, i) PCr-based equa-
tions: bedside Schwanz, Schwartz-Lyon, iii) combined equa-
tions: CKiD and Zapitelli; using inulin ¢learance (mGFR) as
the reference method. The agreement between ¢GFR and
mGER was assessed usmg bias (eGFR-mGEFR) and 30 %
agcuracy.

Results: 37 patients (52 measurements) aged 2-18 years
(11.3:44.2) with various systemic discase (liver transplanta-
tion (9), glomerulonephritis (8), wropathy (5) glveogen-
stomge diseases (4). others (11)) and a GFR =135 were
studied, Mean GFR was 152.7£16.8 [135-201]). The bias
(mUmin per 1.73 m2 [IC 95 %]) were of =7 (=1.-14), -28
(=21,-35), -10 (=2,-18), -18 (=10,:26), -27 (-21,-32), -23
(=15,-30), for the Filler, Bricon, bedside Schwartz,
Schwartz-Lyon, CKiD, and Zappitelh equations, respective-
ly. The ability to classify hyperfiltrstion patients by arcas
under the ROC curves was better for Filler, bedside
Schwartz und Schwartz-Lyon (0.81, 0.75 and 0.70) than
for the others (0.63, (164, and 0.65 for Bricon, CKiD, and
Zappitelli respectively). The 30 % accurucies were 96 %,
T7T Y, 96 %, 86 %, 88 %, and 83 % for the Filler, Brncon,
bedside Schwartz, Schwartz-Lyon, CKiD, and Zappitelli
equations, respectively. The performance of Filker equation
was significantly better for all the studied parameters.
Conclusions: The Cyst C based Filler equation which is 1)
simple 1o use and 2) a reliable equation in hyperfiltrating
children should be used when hyperfiltration s suspected,
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Introduction: The equations used to estimate glomerular
filtration rate (GFR, mL/min per 1.73 m?) based on plasma
creatinine (PCr) have been recommended by guidelines. In
2009, Schwartz et al. updated the traditional Schwartz equa-
tion to IDMS-standardized creatinine assay, but they cannot
demonstrate K coefficient variation with puberty as previ-
ously proposed. We aimed 1) to determine the usefulness of
using different coefficients according to age and gender for
the bedside Schwartz formula (Schwartz-Lyon formula) and
2) to validate them in an external population, and 3) to
compare the performance of these 2 revisited Schwartz
formulae.

Material and methods: A linear mixed effects model
was used to determine coefficients according to age
and sex in a French cohort of 360 children and adoles-
cents aged 1-18 yrs (190 males, 965 measurements,
GFR=86.0+34 ). We model the inulin clearance
(mGFR) according to the ratio of height over PCr.
These coefficients were validated in a Swedish cohort
of 109 children and adolescents (55 males, GFR=66.0+
37), aged 4-17.9 years.

Results: We found two coefficients (k=36.5 for boys>
13 years of age and 32.5 for others) for the Schwartz-Lyon
formula. In the Swedish cohort, the performance of
Schwartz-Lyon assessed by the mean ratio eGFR/mGFR
(expressed in mL/min per 1.73 m?+SD) for all patients,
children, and adolescents was 0.96 +0.19, 1.04 +0.22, 0.92
+0.16 respectively. These results are significantly better than
those of the 2009-Schwartz formula (p=0.018) in children,
but comparable for adolescents.

Conclusions: The good performance of the bedside
Schwartz and the Schwarz-Lyon formulas and their
simplicity to use in clinical practice are strong argu-
ments to recommend these formulas in routine in chil-
dren and adolescents. The best performance of
Schwartz-Lyon less than 13 years of age was probably
linked to the specific lower k coefficient used in that
population.
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MEDICAL UNIVERSITY OF GDANSK

Introduction: Children with neurogenic bladder due to
myelomeningocele are at increased risk for chronic kidney
disease (CKD). Nephroprotective measures with clean in-
termittent catheterization (CIC) and anticholinergic drugs
are standard treatment used to decrease the incidence of
CKD. The aim of the study was to assess the risk factors
for kidney damage in this group of patients.

Material and methods: 115 patients with MMC were in-
cluded. The stage of CKD was classified according to esti-
mated GFR (Shwartz formula), presence of albuminuria and
results of imaging tests. Logistic regression analysis was
used to select the risk factors, including: duration of CIC
and anticholinergic therapy, presence of urinary tract infec-
tions (UTI, vesicoureteral reflux (VUR) in 1st year of life,
history of recurrent UTTs, urodynamic results in 1st year of
life and presence of paraplegia.

Results: CKD was diagnosed in 43.5 % children. The major-
ity presented with CKD stage I (80 %). Children who did not
develop CKD were without paraplegia (p=0,009), had a neg-
ative history of UTI (p=0,003) and no VUR in 1 st year of life
(p=0.0039). Neither duration of CIC (p=0.431), anticholin-
ergic therapy (p=0,258) nor urodynamic findings (LPP>
40 cm) in first year of life (p=0,194) significantly influenced
the development of kidney damage. The presence of UTI in
first of life (OR=3.2), recurrent UTIs (OR=3,53), paraplegia
(OR=2,66) and the presence of VUR in first year of life (OR=
2.99) were the risk factors for CKD.

Conclusions: 1. Children with neurogenic bladder due to
MMC are still at increased risk for kidney damage, despite
early introduction of nephroprotective therapy with CIC and
anticholinergic drugs. 2. Paraplegia, the presence of UTI
and VUR in the st year of life and recurrent UTIs are risk
factors for CKD in MMC patients.
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GURKAN GENC’, GONUL CALTEPE’, OZAN
OZKAYA’, HULYA NALCACIOGLU’, MURAT
HOKELEK®, AYHAN GAZI KALAYCI®

105




5 PONDERACOES FINAIS




5 Discussio 107

5 PONDERACOES FINAIS

A pesquisa cientifica pode ser caracterizada como atividade intelectual intencional
que visa responder as necessidades humanas, percebidas no individuo como
sensacao permanente de insatisfacdo. Pesquisar € o exercicio intencional da pura
atividade intelectual, visando melhorar as condicfes praticas de existéncia. Para que
a pesquisa cientifica aconteca, é necessario estar imbuido do espirito cientifico.

Dessa forma, presumimos na hipétese de que a CrP nao seja adequada para
medir TFG na pediatria. Para essa proposicdo, optamos em utilizar inulina como
padrao para afericdo da TFG.

Devido a inexisténcia de inulina para investigacdo no Brasil em criancas,
referenciamos a amostra ao servico de nefrologia pediatrica de Lyon (Franca) que
rotineiramente utiliza inulina em avaliacdo de criancas portadoras de doencas renais.

No projeto, estudamos o0 uso de inulina na afericdo da TFG na faixa etéaria
entre 10 e 25 anos. Concomitantemente, comparamos 0 comportamento das
férmulas pediatricas baseadas na CrP para estimacao da TFG. Concluimos que
essas equacdes possuem uma melhor relacdo com o padrdo-ouro (inulina) do que
as aplicadas de uso rotineiro no adulto (CKD-EPI, MDRD e Crockfot-Gault).
Verificamos que essas formulas de adultos, quando aplicadas em criancas e
adolescentes, superestimam muito a TFG, enquanto as pediatricas, mesmo se
aplicadas numa populacdo de jovens adultos (18 a 25 anos), subestimam a TFG em
10%. Em funcdo destes achados e da simplicidade da formula de Schwartz 2009
simplificada, recomendamos seu uso na estimacdo da TFG de criancas,
adolescentes e adultos jovens. Sao circunstancias consideradas inéditas na
literatura até a publicacdo da nossa pesquisa no JASN.

Concomitantemente a essa publicagdo, organizamos um artigo de revisdo da
afericdo da TFG para a Revista da Sociedade Médica Francesa, com a orientacdo
da professora Laurence Dubourg. Também foi apresentada, em conclave nacional, a

experiéncia do grupo de Lyon na investigagcdo da fungéo renal em varios aspectos.
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Entdo, confinamos o pressuposto que a Cyst C poderia substituir a CrP na
estimativa da TFG na populacdo pediatrica. Para tanto, averiguamos o estudo
transversal da coorte de Lyon. Idealizamos o estudo com modelagem estatistica
utilizando o programa R. Para tanto, foi realizado estagio de 4 meses no servi¢o de
bioestatistica e epidemiologia de Lyon.

Nesse trabalho, propomos uma nova maneira na busca pela eficiente andlise da
reprodutibilidade. Grande parte dos estudos praticos nos diversos campos da ciéncia
envolve o uso de algum tipo de modelo de regressdo, com 0 objetivo de descrever
comportamentos, identificar fatores que afetam e/ou explicam certos fenGmenos,
entre outros objetivos relacionados.

Os resultados aqui obtidos sugeriram uma nova maneira de verificagcdo da
reprodutibilidade, ndo baseada exclusivamente em médias, mas na correspondéncia
entre as medidas obtidas nos dois momentos distintos e na distribuigcdo dos valores
para a diferenca entre as medidas em tempos diferentes.

O coeficiente de correlacdo de Pearson mede a correlacdo entre as duas séries
de medidas, mas ndo o quanto as medidas desviam da reta a 45°, portanto, era
impossivel detectar a acuracia entre as duas séries de medidas feitas. Como
complemento ao teste de Pearson, realizamos o coeficiente de correlagédo de
concordancia proposto por Lin que possibilitou, pela primeira vez em estudos de
TFG, identificar a acuracia em medidas repetidas.

Outro fato original da nossa pesquisa, foi a aplicacdo da inulina como padréo-
ouro para TFG, a Cyst C e CrP IDMS como modelo de referéncia laboratorial.
Podemos criticar algumas deficiéncias, como a auséncia de marcador de puberdade
e o delineamento da coorte que nédo foi estruturada prospectivamente para o tipo de
analise realizada.

O nosso estudo é o primeiro a examinar a consisténcia no desempenho na
eGFR com Cyst C associada ou ndo a CrP usando o clearance de inulina como
padrdo ouro na pediatria. Ndo encontramos nenhuma evidéncia substancial de que a
Cyst C isolada ou em combinacdo com CrP forneceestimativa superior do que 0 uso
isolado da CrP, em pacientes com funcao renal normal ou com perda moderada na
TFG.

Outrossim, quando investigamos o0s individuos transplantados renais,
encontramos uma associagao estreita entre o padrao-ouro e as formulas conjugadas

de CrP com Cys C para a TFG. Possivelmente, essa associa¢cdo poderia ser uma




5 Discussio 109

compensacao balanceada entre a baixa producéo de CrP pela massa muscular e 0
uso de corticoides que elevariam os niveis de Cys C nos transplantados.

Em outro momento, no subgrupo das criancas portadoras de doenca renal
policistica autossdmica dominante, corroborando varias publicacdes anteriores, nos
demonstramos alteracdo na funcéo renal, seja associada a microalbumindria seja a
reducdo da TFG, em fases precoces do diagndstico. Salientamos, nessa publicacao,
gue somente a afericdo de CrP como indice de estimacdo da TFG acarretaria uma
diferenca em até 12%, quando comparada ao uso de inulina. Concluimos que
haveria necessidade de acompanhamento precoce desses pacientes e, se possivel,
que se fizesse o0 uso de algum método de referéncia para aferir a TFG.

N&o podemos nos delegar de comentar sobre os beneficios e importancia da
internacionalizacdo. O programa internacional trouxe-nos o aprimoramento nas
habilidades cognitivas, no pensamento critico, na busca de informacao, na resolucéo
de problemas, na tomada de deciséo e na capacidade de lidar com mudancas.

Vimos que o estabelecimento de parcerias estratégicas para ampliacdo do
horizonte académico e fortalecimento e promoc¢do da imagem institucional sao
essenciais para melhora da qualidade da producdo do conhecimento académico.
Infelizmente, num primeiro momento, ficamos constrangidos por notar que Nosso
estado ndo era conhecido fora do eixo Rio-Sado Paulo. Mas, paulatinamente,
comecamos a mostrar nossa regido, com insercdes culturais e cientificas.

Dessa forma, ficou evidenciada a importancia estratégica da internacionalizacéo
para a comunidade académica, condicdo basica para o éxito das nossas iniciativas.
O processo de internacionalizacédo exige o comprometimento da alta administracao,
professores, funcionarios e estudantes, atuando como forca integradora e com

resultados imediatos sobre as atividades de ensino, pesquisa e extensao.
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6 CONCLUSOES

Os resultados da presente tese permitem que se estabelecam as seguintes

proposicoes:

1.

Verificamos a aplicabilidade das férmulas pediatricas para a populagdo adulta
jovem até os 25 anos;

Demonstramos que o0 uso de um padrdo de referéncia para TFG é
fundamental para detectar alteracbes em pacientes pediatricos portadores de
Doenca Renal Policistica Autossémica Dominante;

Estatisticamente, na populacdo de transplantados renais, a associagdo da
cistatina C isolada ndo aparenta superioridade com a creatinina plasmatica;

A cistatina C isolada em criancas menores de 13 anos ndo se demonstrou
superior a creatinina plasmética para estimar a TFG;

Em pacientes com estagio | de doenca renal cronica, a cistatina C associada
a creatinina plasmatica demonstrou grau de superioridade para estimacdo da
TFG.

Apesar do surgimento de novos indices, verificamos que a creatinina
plasmatica permanece como um marcador de eleicdo para a funcao renal.
Entretanto, salienta-se que adequacdo na técnica laboratorial e
estandardizacdo internacional (IDMS) na medida da creatinina sao

fundamentais para a decisao clinica.
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APROVACAO DO COMISSAO CIENTIFICA E PARECER DO COMITE DE ETICA




l FAMED Pontificia Universidade Catélica do Rio Grande do Sul
)

FACULDADE DE MEDICINA

PUCR! POS-GRABUACAD EM MEDICINA E CIENCIAS DA SAUDE

Of. 239/10-PG
Porto Alegre, 21 de julho de 2010.

Ao Pos-Graduando
Lucianc da Silva Selistre

N/Faculdade

Prezade Pos-Graduando:

Comunicamos que a proposta de tese intitulada “Avaliacdo da
depuragdo de cistatina C para deteccio precoce de alteracbes na
fungdo do enxerto apds o transplante renal em pacientes pediatricos”
foi aprovada pela Comissdo Coordenadora do Programa de Pos-Graduacgdo
em Medicina e Ciéncias da Salide. )

A mesma deveré ser encaminhada ao Comitd de Etica em
Pesquisa, através do setor de Pesquisas e Estagios, 2° andar do Hospital
Sdc Lucas/PUCRS. Apds aprovacdo do CEP entregar cdpia na secretaria do
Programa. Em anexo, copia da avaliagdo.

Atenciosamente,
\\
Prof. Dr. Carlos Eduardo Poli de Figueiredo

Coordenador em Exercicio do Programa de
Pés-Graduagdo em Medicina e Ciéncias da Saude

C/c: Prof. Dr. Ivan Carlos Ferreira Antoneilo

Campus Central

¢ Av. lpiranga, 6690 - P. 60 - 3% angar - CEP 90610-000
l)u‘ A Furto Alegra -« RS - Brasil
o Fone: {($1) 3320-3318 - rax (51) 3320-3316

E-mall; medicina-og@pucrs.or
v pucres, beflamed/ pos
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Tt l FAMED Pontificia Universidade Catdlica do Rio Grande do Sul
]] ' FACULDADE DE MEDICINA
S POS-GRADUAGAO EM MEDICINA E CIENCIAS DA SAUDE

PUCR

PARECER DO PROFESSOR AVALIADOR

1. Titulo: adequado, claro, conciso?
Sim

2. Introdugdo: fundamentacdo, justificativa e relevancia adequadas e
pertinentes? Hipdtese é apresentada?

Fundamentacéo, justificativa e relevéncia, adequadas. Hipbotese ndo
apresentada

3. Objetivos: claros e adequados?
Sim
4. Métodos
a) Delineamento:
b} Pacientes ou material:
c) Aferi¢gdo das variaveis:
d) Estatistica:
Sim
5. Referéncias bibliograficas:
Sim
6. Avaliagao final
a. (X) Aprovado

b. ( ) Retornar com modifica¢des para avaliagdo
c ( ) Reprovado

Questbes especificas (em caso de retorno com modificaces):

Vejo problemas para a realizagdo da Fase 2, que o investigador deve
antecipar: o n de sua amostra € o tempo de acompanhamento da coorte.

Campus Central
l’)LJCg'_\ Av. Ipiranga, 669C ~ P, 60 - 30 andar — CEP 90610-0C0
L% | Porto Alegre -~ RS ~ Brasil
Fona: (51} 3320-3318 - Fax (51) 3320-3316
E-mail: madicina-pgeipucrs.br
wwvs pucrs.brifamad/pos




OF. CEP- 763/12

Prezado Pesquisador,

Pontificia Universidade Catdlica do Rio Grande do Sul

PRO-REITORIA DE PESQUISA E POS-GRADUACAQ
COMITE DE ETICA EM PESGUISA

Porto Alegre, 06 de agosto de 2012.

O Comité de Etica em Pesquisa da PUCRS em resposta a carta
encaminhada em 12 de julho de 2012, referente ao Estudo “Avaliacdo da
depuracdo de Cistatina C para deteccdo precoce de alteragbes na
fungdo do enxerto em transplantados renais pediatricos”, Informa
que por este estudo ja ter acontecido, o CEP tomou ciéncia quanto a sua
execucdo, bem como em relagdio & producdo cientifica decorrente do

mesmo.

Iimo. Sr.

Dr. David Saitovitch
HSL

Nesta Universidade

c/c

Iimo. Sr.

Dr. Ivan Carlos Antonello
FAMED

Nesta Universidade

Atenciosamente,

wl {/{/WM{ (f&m\(

Prof. Dr. Rodolfo Herberto Schneider
Coordenador do CEP-PUCRS

PUCRS

Campus Central

Av. Ipirangs, 6690 - 3%ndar ~ CEP: 90610-000
Sala 314 ~ Fone Fax: (51) 3320-3345

E-mail: cep@pucrs.br

WwW.plcrs.be/propg/cep
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GROUPEMENT HOSPITALIER EST

Hépital Fenymo Mére Enfant
59 howlevard el
69677 Bran codax - Franoe

SERVICE DE PEDIATRIE
Chal do Senvice : Pr Fietre Cochal
Takoopis 01 27 3567 68

NEPHROLOGIE
CEMINE [ DEFERENCE 58 MALAOES NEARLES RARES
NEPHROGONES

Pr Piesre Cochat
Fofissewr das bewrsis
Fratciny tugdyla
Socrdtarial - Fdisnes Cazel
0172119338

Or Bruno Ranchin

Hrodcien Hessdater
Sooxsnnal - fenick Barthe|
04278561 %0

Dr Aurtlia Lluthus
Pritoio Moty
Secrétsdat - Flarsoe Garda
0427856478

Dr Qdile Basmaison
Prascion Foupdely
Socrttarial - Chrisfre Thenenat
M27866126

Dr Gulllsuma Mastrallat
Assittan! Che! do Choigan

Secsdai] - Aonkk Barthal
4270561 20

Dr Valérie Pichault

Assstan! Chol gt Cleiguo
Secélavist « Florerca Garcls
D427555478

Dr Christian Grand

Pratcing Alactd

Segtdatal - Morkoe Socvand
427856130

EXPLORANION FORCTIOMRELLE
Dr Laweance Dubourg

Mave de Coelivonco - Prabioiny
fnndez-voss 04 27 35681 34

RHUMATOLOGIE
CEMINE 06 CEUPTTENOE DTS MALADIG NJTO-

s ey

Or Agnés Duquesna
Fratint Aktactd

Dr Marine Fouillet-Desjonquires
Aok g

Locriarist Chasbng Thevermi
M2TE56128

HOPITAL DE JOUR
Reedee-0us 01 27 85 61 34
Secebtarial 04 77 35 61 28

HOSPITALISATION
SacréladstO4 27 84 61 20
Cadee — Asnitk Bowdin

0427 8560 42

Cades edjsinte - Chrsine Ansres
0427865080

SERVICE SOCIAL
tssbedin Turmud 04 1212 9475

emad
Foanoon nem@tu-yen fr

R;‘.: Unlversité Claude Bernard x\l\f\’g@? Lyon 1

HdpHaux o Lyon

Dear Madam, Dear Sir,

I will be my plessure tc accept Dr Luciano Da Siva Selisire s a research fellow in cur
dapartment,

We have been in charge of renal transplantation in chikiren for more than twenty years and
we have the opporluntly fo ocoltaborate with the physiology department from the very

beginning,

Il vill be @ unique apportunity fo start with & prospestive investigation of kidney transplant
daviligm using cystatin C measurement for eerdy detection of abnormal GFR in transplant
palients.

Doctos Luclano Da Sitva Selisire will be in chage of designing the project, coliscling patients

and renal investigations, analyzing data and pubshing the resulls in order to validate this
biochemical paramsier compared fo inuling clearance which s currently the gold standard

Of course, | fully support the appkcation of O Luciano Da Silva Sefistre.
Sincerely,




Direction Générale
Directlon des Affaires Médicales

dossier suivi par ; B.CAZELLES

20 gcr. 2010

Lyon, le

Monsieur le Professeur G. BAVEREL
Exploration fonctionnelle rénale et métabolique
Pavillon P

Groupement Hospitalier Edouard Herriot

Objet : stage de Monsicur Luciano DA SILVA SELISTRE

Monsieur le Professeur,

Jai ¢té informé par courriel du 18 octobre dernier de la venue dans votre service de
Monsieur L. DA SILVA SELISTRE, pour un stage de médecin observateur non rémunéré, a compter du 1%
octobre,

J'ai I'honneur de vous donner mon accord concernant le séjour de ce médecin en qualité
d’observateur. Ce statut n’autorise pas son titulaire & exercer des activitds a visée diagnostique ou
thérapeutique au sein du service qui accueille, y compris par délégation. Durant son stage, je vous précise
que Monsicur L. DA SILVA SELISTRE est placé sous votre responsabilité ¢t couvert par I'assurance des

Hospices Civils de Lyon,

Il lur est toutefois conscillé de scuscrire une assurance de responsabilité individuelle et
professionnelle a titre personnel pour les dommages dont il pourrait étre victime.

Je vous prie d'agréer, Monsieur le Professeur, l'assurance de ma considération distinguée

Le Directeur Adjoint des Affaires Médicales,

( i N*—\
B.CAZELLES
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GROUPEMENT HOSPITALIER EST

Hopital Formme Meére Enfant
59 bowevard Anel
B9677 Bron cedex - France

SERVICE DE PEDIATRIE
Chef de Samics : Pr Pamre Cochat
Takcople 04 27 BS 67 68

NEPHROLOGIE

CENTRE DF REFERENCE D5 WALADES REVALES RARSS
NPMEDGONES

Pr Pierre Cochat

Frofssow das Unbersles

Fratoat

Hospetabev:
Secréianal - Fabkenne Cazet
72119338

Dr Bruno Ranchin
Fradcan Hoapdxi
Secritaral - Amick Barthet
27856130

Dr Aurélia Bertholet-Thomas
Fradcies Hospdabor

Sexrdiaral - Fleeros Garsa
27856128

Dr Anne-Laure Leclerc
Frascon Hospealer

Secrélsral - Flvenos Garca
27856128

Dr Odile Basmaison
Prtcat Hogviner

Seciélanal - Florenos Garce
27856128

Dr Justine Bacchetta
Assictere - Chal 09 Cévgun
Secrdtarat - Arnick Barthet
M27856130

Dr Christian Grand

Frafon Asché

Secrétaral - Arnick Barthe:
0427856130
EXPLORATION FONCTIONNELLE

Dr Laurence Duboury
Mate ge Conderance < Pratoon Hosptaler
Randez-vous 04 27 8561 34

RHUMATOLOGE

COATRE DT COMPETEACE OCS WALASES
AUTO-MFLARMATORES £1 ARTHRITES ANSHLES DICPRTHCUE
Secrétarat

427856126

Dr Agnés Duguesne
Pradcon Adsche

Dr Marine Fouillet-Desjonquéres
Praccis Hoaoda

Dr Alexandre Belot
Aesisiy ~ Chef 08 Civip

DERMATOLOGIE
Secréterial
0427856126

Dr Alice Phan
Mate de Coodroncs - Priticer Hosptader

HOPITAL DE JOUR
Rendezovous 04 27 85 61 34
Secritaral 04 27 85 €1 2

HOSPITALISATION
Secrétaral 04 27 8561 30
Cadre - Darkdn Gustn
2T RS 6042

Adjeinte - Sandrine Yenlua
27855080

emall prenom<omposé romEchy-ton fr

Université Claude Bernard

Hépibux de Lyon

Bron, le 7 juin 2012

ATTESTATION D’AUTORISATION D'UTILISATION DE DONNEES

Je soussigné Pierre Cochat, chef du service de Néphrologie Rhumatologie
Dermatologie Pédiatriques de I'Hopital Femme Mére Enfant du CHU de
Lyon, France, autorise le Professeur Luciano SELISTRE qui a travaillé dans le
service d’Adut 2010 a octobre 2011, a utiliser, a des fins de recherche et de
publication, les données cliniques et biologiques des patients suivis dans le
service. Ces données ont été soumises au consentement éclairé des
patients ou de leur représentants légaux.

Les données recueillies par le Professeur Luciano SELISTRE sont
uniquement rétrospectives et ne nécessitent pas, en France, de demande
d’autorisation spécifique auprés du comité d’éthique. Cependant, ce travall
a é1é réalisé selon les recommandations éthiques données par les autorités
francaises pour I'utifisation des données de patients.

Fait a Bron le 7 juin 2012

Plackakc

Pr Pierre Cochat, MD, PhD
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ANEXO 3

ATA DE DEFESA DE TESE
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MED Pontificia Universidade Catdlica do Rio Grande do Sul

FACULDADE DE MEDICINA
POS-GRADUAGAD EM MEDICINA E CIENCIAS DA SAUDE

ATA DE DEFESA DE TESE N° 146

Aos dezoito dias do més de dezembro do ano de dois mil e doze, no Curse de Doutorado
em Medicina e Ciéncias da Salde, drea de concentragdo em Nefrologia da Pontificia
Universidade Catdlica do Rio Grande do Sul, o pés-graduando Luciano da Silva Selistre
defendeu a tese intitulada “Avaliacao da estimativa do ritmo de filtracdo glomerular
com cistatina C em pacientes pediatricos” sob as orientagdes dos Professores Dr.
David Saitovitch e Dr. Ivan Carlos F. Antonello e sob a Co-orientacdes dos professores
Dra. Laurence Dubourg e Dr. Joseph Pierre Cochat, em sessdo plblica, sala 317 da
Pés-Graduagdo no Prédio 60, 3° andar do Hospital S30 Lucas da PUCRS. A sessdo fol aberta
pelo Professor Orientador que saudou os presentes e passou a presidir os trabalhos da
comissdo examinadora constituida pelos professores: Dra. Clotilde Druck Garcia (UFCSPA),
Dr. Paulo Cesar Kock Nogueira (UNIFESP), Dr. Mario Bernardes Wagner (PUCRS) e Dr.
Carlos Eduardo Poli de Figueiredo (PUCRS). O presidente da comissdo examinadora
informou o doutorando as orientacoes sobre o processo de defesa de tese concedendo-lhe
cinglenta minutos para expor o trabalho. Apds a exposigdo, o doutorando foi arguido pelos
componentes da comissdo examinadora, respondendo a cada examinador. Encerrada a
argliicdo os examinadores consideraram o candidato APROVADO COM LOUVOR. O
presidente da comissdo examinadora comunicou a aprovagao do doutorando encerrando a
sessdo publica de defesa. Para constar, lavrou-se esta ata que deverd ser anexada a
documentagado exigida para posterior expedicdo do diploma. A presente sera assinada pelos
integrantes da comissao examinadora, pelo professor orientador, pelo pds-graduando e por
mim, Alexandra Brum Correa, secretaria que a redigl. Porto Alegre, aos dezoito dias do més
de dezembro do ano de dois mil e doze.

—~

'\‘. b
g\u oy
atflos Eduardo Folie Figueiredo

Dr) David : Saltov}tch
S

.'/ lII‘ '/
1 /1 /&(
Dr. Mérlo Berna des Wagn r " cuano da Silva Selistre
ea

/‘)/, ("’: ‘---(/\.

Dr. Clotilde Druck Garcla
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