UNIVERSIDADE FEDERAL DA GRANDE DOURADOS
FACULDADE DE CIENCIAS DA SAUDE
PROGRAMA DE POS-GRADUACAO EM CIENCIAS DA SAUDE

JUCILANE LIMA HENKLAIN FERRUZZI

EFETIVIDADE DO TRATAMENTO COM INIBIDORES DA ENZIMA
CONVERSORA DE ANGIOTENSINA ISOLADOS E/OU ASSOCIADOS A
HIDROXIUREIA EM PACIENTES PEDIATRICOS COM NEFROPATIA

FALCIFORME: UMA REVISAO SISTEMATICA

DOURADOS - MS
2024



JUCILANE LIMA HENKLAIN FERRUZZI

EFETIVIDADE DO TRATAMENTO COM INIBIDORES DA ENZIMA
CONVERSORA DE ANGIOTENSINA ISOLADOS E/OU ASSOCIADOS
A HIDROXIUREIA EM PACIENTES PEDIATRICOS COM
NEFROPATIA FALCIFORME: UMA REVISAO SISTEMATICA

Tese apresentada ao Programa de POs-
Graduacao em Ciéncias da Saude da Faculdade
de Ciéncias da Saude da Universidade Federal
da Grande Dourados (UFGD), para obtencao do
titulo de Doutora em Ciéncias da Saude.

Area de concentracdo: Farmacologia

Orientadora: Profd. Dr? Silvia Aparecida
Oestenrreich
Co-orientador: Prof. Dr. Gustavo Roberto
Villas Boas

DOURADOS - MS
2024



Dados Internacionais de Catalogagdo na Publicagdo (CIP).

F398e

Ferruzzi, Jucilane Lima Henklain

EFETIVIDADE DO TRATAMENTO COM INIBIDORES DA ENZIMA CONVERSORA DE
ANGIOTENSINA ISOLADOS E/OU ASSOCIADOS A HIDROXIUREIA EM PACIENTES
PEDIATRICOS COM NEFROPATIA FALCIFORME: UMA REVISAO SISTEMATICA [recurso

eletronico] / Jucilane Lima Henklain Ferruzzi, Bruno Nascimento, Emerson Ferruzzi. -- 2024.
Arquivo em formato pdf.

Orientadora: Silvia Aparecida Oestenrreich.

Coorientador: Gustavo Roberto Villas Boas.

Tese (Doutorado em Ciéncias da Satde)-Universidade Federal da Grande Dourados, 2024.

Disponivel no Repositorio Institucional da UFGD em:
https://portal.ufgd.edu.br/setor/biblioteca/repositorio

1. crianga. 2. nefropatia falciforme. 3. inibidor da enzima conversora de angiotensina. 4.

hidroxuréia. I. Nascimento, Bruno. II. Ferruzzi, Emerson. III. Oestenrreich, Silvia Aparecida. IV.
Boas, Gustavo Roberto Villas. V. Titulo.

Ficha catalografica elaborada automaticamente de acordo com os dados fornecidos pelo(a) autor(a).

©Direitos reservados. Permitido a reprodugdo parcial desde que citada a fonte.




Ministénio da Educacio Universidade

Universidade Federal da Grande Dourados Federa
PROPP - Pro-Reitoria de Ensino de Pds-Graduagio e Pesquisa l ;i l da Grande

Dowrados

ATA DA DEFESA DE TESE DE DOUTORADO APRESENTADA POR JUCILANE LIMA HEMWKLAIN
FERRUZZI, ALUNA DO PROGRAMA DE POS-GRADUAGCAO EM CIENCIAS DA SAUDE, AREA DE
CONCENTRAGAO "FARMACOLOGIA".

Aos vinte e trés dias do més de agosto do ano de dois mil e vinte e quatro, as treze horas e trinta minutos,
em sessdo plblica, realizou-se na Universidade Federal da Grande Dourados, a Defesa de Tese de
Doutorado intitulada " Efetividade do tratamento com inibidores da enzima conversora de
angiotensinaisolados e/ou associados & hidroxiureia em pacientes pediatricos com nefropatia
falciforme: uma revisdo sistematica”, apresentada pela doutoranda Jucilane Lima Henklain Ferruzzi, do
Programa de Pds-graduacdo em Ciéncias da Salde, 4 Banca Examinadora constituida pelos membros:
Prof. Dr. Pablo Christiano Barboza Lollo/UFGD (presidente), Prof® Dr.® Ana Paula Dossi de Guimaraes e
Queiroz/UFGD (membro titular extermo), Prof.® Dr.® Ariany Carvalho dos Santos/UFGD (membro titular
externo), Prof. Dr. Djalma José Fagundes (membro titular externo), Prof. Dr. Eduarde Fernandes
Barbosa/UFOB (membro titular extemo). Iniciados os trabalhos, a presidéncia deu a conhecer & candidata e
aos integrantes da banca as normas a serem observadas na apresentacio da Tese. Apds a candidata ter
apresentado a sua Tese, os componentes da Banca Examinadora fizeram suas arguicdes. Terminada a
Defesa, a Banca Examinadora, em sessio secreta, passou aos frabalhos de julgamento, tendo sido a
candidata considerada APROVADA . Nada mais havendo a tratar, lavrou-se a presente ata, que
vai assinada pelos membros da Comissao Examinadora.

Dourados/MS, 23 de agosto de 2024.

Darcuima nii asind ¢ digitalrnte Documanis &1 mado digiabmerte Decumsnts assinada dipitalimsnite

PABLD CHRESTIANO BARBOZA LOLLG b AMA PALILA D551 DE GUIMARAES E QUEIRDZ ARIARY CARVALHG DOS SANTES
g “b Diata: 2608 /3004 19150300 g “ Diata: 24/08/ 2024 13:97:12-0300 g “ Daka: 25082024 19:02:35-0300
i qiat ALt uIB . gV vieriliqiss om hitps falidar. it gov b \l:rll;queern itgs: .;,"“Ldan_" gavbr

Prof. Dr. Pablo Christiano Barboza Lollo Prof.? Dr.® Ana Paula Dossi de Guimaraes & Prof.? Dr.® Ariany Carvalho dos Santos
Presidente Queiroz Membro Titular Externo
Membro Titular Externo

Do cument asinado digitalments Decumsnie assinada digitalms e
DUALMUA, BDSE FAGLINDES b Eduarde Fernandes Barbosa

g “ Dt 1809/ 04 1E3E:A5 0300 g “ Data: 18/02024 LL:06:0-0300
verifiquee em hips:/ ialidar.it. gos b wirifigue evn htps: | fvalidar i gov e
Prof. Or. Djalma José Fagundes Prof. Or. Eduardo Fernandes Barbosa

Membro Titular Externo Membro Titular Externao



AGRADECIMENTOS

A Deus, por ser o Criador de tudo e todos e amor justo pelos seus filhos.

Aos meus pais, José Francisco (in memoriam) e Aldemira, por acreditarem e sempre me
apoiarem e exemplos de trabalho e honestidade.

A0 meu esposo, Emerson, por seu imenso amor e companheirismo, por me incentivar e
contribuir na conquista desse projeto.

Aos meus filhos, Luisa, Felipe e Nicolas (in memoriam) por despertarem em mim,
minha melhor versdo e vontade de ser uma pessoa melhor dia ap6s dia. Amo vocés com toda a
minha forca;

A Professora Doutora Silvia, minha orientadora e amiga pelo incentivo nessa jornada
académica, orientagédo paciente e dedicada e pelo imenso conhecimento compartilhado comigo.

Ao Professor Doutor Gustavo, por me orientar e ensinar sobre revisao sistematica com
muito conhecimento, paciéncia e disposicao.

Ao académico Bruno pela contribuicdo dedicada ao trabalho.



RESUMO

A doenca falciforme (DF) € uma das condicGes hereditarias mais prevalentes no mundo
e atualmente com maior expectativa de vida devido a melhorias no diagndstico e tratamento. A
nefropatia falciforme (NF), que se inicia na infancia, € uma complicacdo frequente nestes
pacientes. Esta revisdo sistematica (RS) analisa a efetividade do uso de inibidores da enzima
conversora de angiotensina (ECA) em criangas com NF. Foram incluidos estudos clinicos
randomizados com participantes entre zero e 18 anos de idade e NF, cuja intervengéo foi o
tratamento com inibidores da ECA. De 6.560 estudos selecionados apenas um atendeu aos
critérios de inclusdo, o que impossibilitou a realizacdo de meta-nalise. Houve reducdo da
microalbumindria (MA) no grupo intervencdo, maior que no grupo placebo, no periodo de 3
meses. Nao é possivel determinar o grau de certeza sobre a eficacia do lisinopril comparado ao
placebo na NF pediatrica em virtude da auséncia de meta-anélise e do risco de viés do estudo.
Desta forma, séo necessarios novos estudos clinicos randomizados e controlados de medicacdes
com efeito protetor ou redutor de complicacBes renais nos pacientes pediatricos visto que o
comprometimento renal na DF inicia na infancia e com importante morbimortalidade no

paciente adulto.

Palavras-chave: crianca; nefropatia falciforme; inibidor da enzima conversora de

angiotensina; hidroxuréia.



ABSTRACT

Sickle cell disease (SCD) is one of the most prevalent hereditary diseases in the world and
currently has a longer life expectancy due to improvements in diagnosis and treatment. Sickle
cell nephropathy (NF), which begins in childhood, is a frequent complication in these patients.
This systematic review (SR) analyzes the effectiveness of using angiotensin-converting enzyme
(ACE) inhibitors in children with NF. Randomized clinical studies with participants between
zero and 18 years of age and NF, whose intervention was treatment with ACE inhibitors, were
included. Of the 6,560 studies selected, only one met the inclusion criteria, which made it
impossible to carry out a meta-analysis. There was a reduction in microalbuminuria (MA) in
the intervention group, greater than in the placebo group, over a 3-month period. It is not
possible to determine the degree of certainty about the efficacy of lisinopril compared to
placebo in pediatric NF due to the lack of meta-analysis and the risk of bias in the study.
Therefore, new randomized and controlled clinical studies of medications with a protective or
reducing effect on renal complications in pediatric patients are necessary, given that renal
impairment in SCD begins in childhood and with significant morbidity and mortality in adult

patients.

Keywords: child; sickle cell nephropathy; angiotensin-converting enzyme inhibitor;

hydroxyurea.



LISTADE ILUSTRACOES

Figura 1- Processos patogenéticos importantes no desenvolvimento da nefropatia falciforme
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1 INTRODUCAO

A doenca falciforme (DF) é um problema de satde publica com alta prevaléncia em
varias regifes do mundo. Estudos estimam que por ano, nascem 300.000 crian¢as com DF e
com previsdo de aumento para 400.000 nascimentos/ano até 2.050 (MBURU; ODAME, 2019;
PIEL et al., 2013a, 2013Db) e caracteriza por elevada morbidade e mortalidade precoce (KATO
etal., 2018; KAVANAGH; FASIPE; WUN, 2022).

A presenca da hemoglobina S (HbS) caracteristica da DF decorre de uma muta¢do no
gene da B-globina. Individuos heterozigotos para HbS, herdam um alelo HbS de um dos pais e
um alelo hemoglobina adulta normal A (HbA) do outro, sendo denominados portadores de trago
falciforme (FAS). Individuos homozigotos para HbS (SS) herdam alelos HbS de ambos os pais
e sdo portadores de anemia falciforme (AF). Existem individuos com heterozigosidade
composta que herdam alelo HbS de um dos pais e alelo de outra variante de hemoglobina, como
a hemoglobina C (HbC) ou alelo com B-talassemia. Estes individuos e aquelas com AF séo
considerados portadores de DF (WILLIAMS; THEIN, 2018).

A HbS polimeriza em condicOes especiais e essa polimerizacdo altera a forma dos
eritrécitos, levando-os a forma de foice. Estes eritrocitos sdo propensos a hemolise. Além deste,
hd outros mecanismos fisiopatologicos, como a vaso-oclusdo e a ativacdo do sistema
imunoldgico, responsaveis por um amplo espectro de complicag6es clinicas agudas e cronicas
que comprometem a funcdo de 6rgaos vitais como os rins (WARE et al., 2017). Crises dolorosas
sdo a principal causa de internacdo em pacientes com DF. Outras complicagdes agudas incluem
acidente vascular cerebral (AVC), sindrome toracica aguda (STA), sequestro esplénico,
priapismo e infeccdes. As complicacbes crénicas mais comuns entre 0s portadores de DF sdo
hipertensdo pulmonar (HP), necrose avascular, retinopatia, nefropatia e tlcera em membros
inferiores (HOWARD; TELFER, 2015).

A nefropatia € uma complicagdo comum em pacientes com DF. Ela tem inicio na
infancia e ocorre devido a oclusdo dos pequenos vasos sanguineos nos rins pelos glébulos
vermelhos falciformes, resultando em lesdes e disfuncédo renal. As alteracfes renais iniciais
podem ser assintomaticas na infancia, passarem despercebidas e evoluirem para doenca renal
crénica (DRC) no final da adolescéncia ou fase adulta. Os sintomas podem variar, e 0s pacientes
desenvolverao, inicialmente, hiperfiltracdo glomerular e proteintria. Com o tempo, 0s pacientes
poderdo evoluir com alterac6es histoldgicas, reducao da filtragdo glomerular, hipertensao e, em

casos graves, insuficiéncia renal (POWARS et al., 1991).
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A deteccgé@o precoce das alteracdes renais da DF, os fatores de riscos associados e o
manejo terapéutico sdo importantes para o prognostico destes pacientes. Marcadores
diagnosticos foram propostos para deteccdo precoce de NF na infancia como dosagem de
albuminuria e relagdo microalbumindria/creatinina urinaria. Estes marcadores, quando
presentes, ja definem uma lesdo renal avancgada na infancia (WARE et al., 2010).

Estudos clinicos relataram efeito benéfico da hidroxiuréia (HU) para retardar a
progressédo da leséo renal e inibidores da ECA na proteinaria, porém em situacdes mais graves,
o transplante renal pode ser necessario. E importante que os pacientes com DF recebam
cuidados médicos regulares para monitorar sua funcéo renal e prevenir ou tratar complicacfes
renais associadas a condicdo (ALVAREZ et al., 2012; AOKI; SAAD, 1995; LAURIN et al.,
2014).

Desta forma, o presente estudo teve como objetivo analisar a efetividade do uso de
inibidores da ECA na NF na populacdo pediatrica, partindo da seguinte questdo de pesquisa:
dada a populacdo de pacientes pediatricos diagnosticados com nefropatia falciforme (P), o
tratamento com inibidores da enzima conversora de angiotensina em monoterapia e/ou em
associacao com hidroxiuréia (I), em comparacdo ao tratamento com placebo em pacientes com
o diagndstico (C), é efetivo na reducdo ou resolucdo da microalbumindria (O)? A resposta a
esta pergunta da pesquisa fornece um importante direcionamento no tratamento mais adequado

e precoce da NF na populacédo pediétrica.
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2 REVISAO DE LITERATURA

2.1 Doenca Falciforme

2.1.1 Definicao

A DF ¢é uma sindrome clinica caracterizada por alteracdo na morfologia dos eritrocitos,
conhecida como hemécias em forma de foice. Essa alteracdo decorre de uma mutacao (rs334)
missense no codon 6 do gene da globina beta da hemoglobina (Hb) humana, representada pela
troca do nucleotideo adenina por timina (GAG — GTG), resultando na substituicdo do
aminoéacido acido glutamico por valina na posicéao 6 da cadeia B-globina da Hb (GOLDSTEIN;
KONIGSBERG; HILL, 1963; INGRAM, 1957), levando a formacédo da HbS no lugar da Hb
normal.

A homozigose para a mutacao rs334 é conhecida como AF. Outras apresentacGes da DF
ocorrem na heterozigose entre a mutacao rs334 e mutacdes responsaveis por outras variantes
estruturais da beta-hemoglobina ou redug@o na produgio de [3-globina (B-talassemia). O FAS
decorre do status heterozigoto da mutacao rs334 com a presenca de moléculas de HbA e HbS
(WILLIAMS; THEIN, 2018).

2.1.2 Fisiopatologia

A Hb é uma proteina tetramérica composta por diferentes combinacdes de subunidades
de globina; cada subunidade de globina esta associada ao cofator heme, que pode transportar
uma molécula de oxigénio (PERUTZ et al., 1960). A codificacdo das subunidades de globina e
suas combinacdes tetraméricas definem o tipo de Hb formada. A HbA ¢é a hemoglobina adulta
normal, composta de duas subunidades de a globina e duas subunidades de  globina (2a2p*) e
os genes responsaveis pela codificagdo das subunidades o e P estdo localizados nos
cromossomos humanos 16 e 11, respectivamente (ORKIN et al., 2015). A hemoglobina fetal
(HbF) é sintetizada no periodo fetal e a producdo diminui drasticamente ap0s 0s seis meses de
vida, predominando a producdo de HbA. A HbF é composta por duas subunidades de a globina
e duas subunidades de y globina (202y). A HbS decorre de uma mutacdo na codificacdo das
subunidades B da globina. Os individuos heterozigotos para o alelo BS sdo considerados FAS

(2a1B*1p*) e os homozigotos para o alelo BS sdo portadores de AF (202p%) (ORKIN et al., 2015).
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A HbS sofre polimerizagdo quando submetida a um estado de baixa tenséo de oxigénio
(desoxigenacgdo) (BUNN, 1997). Os polimeros decorrem do alinhamento de moléculas de HbS
unidas por ligacdes hidrofobicas. Estes polimeros sdo estruturas tubulares compostos por 14
fibras de desoxiemoglobinas, enoveladas entre si que se dispdem ao redor de um eixo central
no interior da célula, resultando na alteracdo da forma do eritrdcito (bicébncavo para forma em
foice) e na reducdo de sua deformabilidade (por rigidez na membrana celular) necessaria para
sua livre circulacdo (BUNN, 1997; O’BRIEN; ALI; CHEVASSUT, 2022). As hemacias
falcizadas promovem aumento da viscosidade sanguinea. Estes fatores sdo responsaveis pela
oclusdo vascular e lesdo de tecidos que representam os principais processos fisiopatologicos da
DF.

A taxa de polimerizacdo da HbS desoxigenada depende da concentracdo de oxigénio,
pH, temperatura, pressdo, concentragdo de HbS, de HbA e de HbF no eritrécito. A HbF inibe a
polimerizagéo e a HbA ndo participa deste processo (BUNN, 1997).

A ocluséo vascular depende da adesao das hemacias ao endotélio vascular e da interacao
entre hemacias, leucocitos e plaquetas. A interacdo entre as hemacias falcizadas e o endotélio
é dindmica e resulta em ocluséo, principalmente, de pequenos vasos de forma episédica com
consequente isquemia tecidual e alternando com restauracéo do fluxo sanguineo e reperfusédo
(DARBARI; SHEEHAN; BALLAS, 2020). Esta alternancia entre isquemia e reperfusao causa
estresse oxidativo e inflamatorio com aumento na sintese de citocinas inflamatorias e
consequente leucocitose (BELCHER et al., 2003). Existem outros processos patolégicos
associados como aumento da adesividade de neutrofilos, ativacdo plaquetaria e
hipercoagubilidade (REES; WILLIAMS; GLADWIN, 2010). Os episodios recorrentes de vaso-
oclusdo e inflamacdo produzem lesGes progressivas no cérebro, pulmdes, rins, 0ssos, retina e
sistema cardiovascular (REES; WILLIAMS; GLADWIN, 2010).

A polimerizagdo da HbS ativa a desidratagcdo celular e consequente aumento na
concentracdo de HbS o que exacerba a polimerizacdo, resultando em eritrocitos
irreversivelmente falcizados. Este processo é responsavel pela reducdo da meia-vida da
heméacia do paciente com DF, caracterizando a anemia hemolitica presente na DF
(STEINBERG et al., 2009).

Segundo Piel et al. (PIEL; STEINBERG; REES, 2017) a diversidade de fenotipos da
DF pode ser explicada por variantes genéticas que controlam a expressdo dos genes HbF e co-
heranca do gene da o-talassemia e por variantes ndo genéticas como o clima, qualidade do ar,

aspectos socioeconémicos e infeccdes. A a-talassemia, presente em um terco dos pacientes de
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origem africana e até metade dos pacientes de ascendéncia do Oriente Médio ou da india,
provoca reducdo da taxa de Hb no interior da hemacia, consequentemente reduz o dano
eritrocitario induzido por polimero de HbS (STEINBERG; EMBURY, 1986). Sendo assim, a
co-heranca HbS e a-talassemia apresenta uma taxa de hemolise inferior a da AF, porém as
alteracOes associadas a vaso-oclusdo sdo mais significativas na presenca da co-heranga com a-
talassemia em decorréncia do maior volume do eritrocito presente na o-talassemia (KATO;
GLADWIN; STEINBERG, 2007).

A primeira correlacdo entre frio e complicacdes agudas da DF foi descrita por Graham,
em 1924, nos Estados Unidos (GRAHAM, 1924). No entanto, ha inconsisténcias nos achados
de estudos realizados na América do Norte, Europa e Africa relacionando o clima com
manifestacdes da DF, assim como os efeitos da qualidade do ar (PIEL; STEINBERG; REES,
2017). Em altitudes elevadas, ha baixo nivel de oxigénio que pode estar associado a vérias
complicagdes na DF como observado nos estudos que evidenciaram infarto esplénico e
sequestro esplénico em portadores do FAS e DF respectivamente quando em altitude elevada
(GITHENS et al., 1977; GOODMAN et al., 2014).

2.1.3 Epidemiologia

Segundo Kato et al, 2018 (KATO et al., 2018), a distribuicdo geogréafica do alelo S é
impulsionada por dois fatores: a endemicidade da maléria e a migracdo de povos. Em 1954,
Allison (ALLISON, 1954) observou que pessoas portadoras de FAS em regides endémicas para
malaria na Africa tinham menos infeccdo pelo Plasmodium falciparum do que individuos que
possuiam apenas Hb normal. Taylor et al. (TAYLOR; PAROBEK; FAIRHURST, 2012)
observaram que a HbS estéd associada a elevada protecdo contra as manifestacdes graves da
maléria por Plasmodium falciparum. A relacéo entre protecdo da HbAS contra malaria explica
a elevada prevaléncia do alelo BS observadas na Africa Subsaariana, no Oriente Médio, na india
e na regido da Bacia do Mediterraneo que sdo regides endémicas para malaria (PIEL et al.,
2010).

Aproximadamente 300.000 criangas nascem todo ano com DF globalmente, sendo que
80% encontram-se na Africa Subsaariana (MBURU; ODAME, 2019; MODELL; DARLISON,
2008; PIEL et al., 2013a) e aproximadamente 5.500.000 nascem com FAS (PIEL et al., 2013a).
A estimativa anual de nascimentos de crian¢as com DF na Europa € de 1.300 nascimentos e na
Ameérica do Norte de 2.300 nascimentos (MODELL; DARLISON, 2008). A revisdo
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sistematica realizada por Wastnedge et al., em 2018, demonstrou prevaléncia global de DF de
111,91 por 100.000 nascidos vivos e com grandes disparidades por regido, com prevaléncia na
Africa de 1125,49 por 100.000 nascidos vivos em comparacdo com 43,12 por 100.000 nascidos
vivos na Europa (WASTNEDGE et al., 2018).

A mortalidade por DF em menores de 5 anos, observada em estudos africanos, foi de
50% a 90% (GROSSE et al., 2011), diferente das taxas de mortalidade em criancas em paises
com indicadores socioecondémicos elevados (menos de 5%) (QUINN et al., 2010). Segundo um
estudo realizado nos Estados Unidos em 2020, a DF esta associada com mortalidade prematura
e com idade média de sobrevida de 43 anos (IQR 31,2 — 55 anos) (PAYNE et al., 2020a). O
tratamento requer, segundo Brandow e Liem, diagnostico precoce, prevencao das complicacdes
agudas e cronicas e manejo adequado dos danos em 6rgdos-alvo (BRANDOW,; LIEM, 2022).

A DF ¢é uma hemoglobinopatia hereditaria com elevada prevaléncia no Brasil e com
maior prevaléncia nas Regides Norte e Nordeste (CANCADO; JESUS, 2007). Em 2007, havia
estimativa de que cerca de 4% da populacdo brasileira fosse portadora do FAS e 25.000 a 50.000
pessoas tivessem a doenca em estado homozigotico (SS — anemia falciforme) ou na condicédo
de heterozigotos com outra hemoglobinopatia (SC, SE, SD, SBetaTAL) (CANCADO; JESUS,
2007). Em 2014, a incidéncia de nascidos vivos diagnosticados com DF foi de 1 em 650
nascidos vivos na Bahia, 1 em 1.300 nascidos vivos no Rio de Janeiro e de 1 em 13.500 nascidos
vivos no Parana (BRASIL. MINISTERIO DA SAUDE, 2014). Atualmente, estima-se que varie
de 60.000 a 100.000 casos (BRASIL. MINISTERIO DA SAUDE, 2018). Um estudo realizado
no Brasil, em 2022, analisou a mortalidade em criancas e adolescentes com DF e observou 2422
Obitos por DF em criancas e adolescentes entre 2000 e 2019, com taxa mais elevada na regido
Nordeste (40,46%) e menor taxa na regido Sul (3,10%). A taxa media global foi de 0,20/100
mil pessoas-ano, principalmente em pessoas até 4 anos de idade e entre 15 e 19 anos de idade
(NASCIMENTO et al., 2022).

2.1.4 Apresentacdo clinica da doenca falciforme

As manifestagdes clinicas da DF decorrem principalmente da vaso-oclusdo e em menor
grau da anemia hemolitica. O inicio dos sinais e sintomas surge por volta dos 6 meses de vida
devido a queda importante dos niveis de HbF. Por conseguinte, os recém-nascidos portadores
de DF néo apresentam manifestacOes clinicas relevantes (ORKIN et al., 2015). No primeiro

ano de vida, a manifestacao clinica mais comum € a sindrome mé&o-pé caracterizada por dor e
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edema nas extremidades. Essa sindrome deve-se ao infarto da medula 6ssea nos pequenos 0sso0s
das maos e pés (ORKIN et al., 2015).

A dor aguda é a manifestacdo clinica mais comum e decorre da vaso-oclusdo na medula
6ssea principalmente. Os principais locais dolorosos sdo 0s 0ssos longos, articulag@es, regido
lombar, abddémen e térax (DARBARI; SHEEHAN; BALLAS, 2020). A dor associada a crise
vaso-oclusiva € intensa e geralmente necessita de tratamento com opidide (BALLAS;
LUSARDI, 2005).

Durante as crises dolorosas pode ocorrer declinio da taxa de Hb ( > 2g/dl) em relacdo a
taxa basal do paciente, caracterizando como anemia aguda. Esta também pode resultar do
sequestro dos eritrocitos pelo bago ou pelo figado ou decorrente de aplasia de medula 6ssea por
infeccdo pelo parvovirus B19 (HATTON; BUNCH; WEATHERALL, 1985; SERJEANT et al.,
1981).

A crise vaso-oclusiva dolorosa é a complicagdo mais frequente no paciente falciforme
e a principal causa de hospitalizacdo e aumento de mortalidade (BAILEY et al., 2019). Por
outro lado, a infec¢do bacteriana € a principal causa de morbimortalidade na DF, principalmente
na faixa etaria pediatrica. Asplenia funcional tem um papel fundamental no aumento da
suscetibilidade a infeccbes em criangas com DF (BROUSSE; BUFFET; REES, 2014),
principalmente por organismos encapsulados como o Haemophilus influenzae tipo b e o
Streptococcus pneumoniae (LOGGETTO et al., 1999; WILKINS, 2002). A osteomielite é uma
condigdo associada a DF. O principal agente infecciososo é a Salmonella (60,9%), seguida por
Staphylococcus aureus (21,8%)e outras bactérias entéricas (7,2%) (HEGEMAN et al., 2023).

No que se refere as complicagfes neuroldgicas nas criangas portadoras de DF, o AVC
é a principal e com risco elevado de episddios recorrentes sintomaticos e silenciosos. No adulto,
é mais frequente a hemorragia cerebral que decorre de microaneurismas que acometem vasos
sanguineos dilatados que se desenvolvem ao redor de areas isquémicas. No sistema nervoso
central, a vaso-oclusdo acomete principalmente vasos sanguineos de médio calibre (DEBAUN;
KIRKHAM, 2016).

As principais manifestacdes pulmonares sdo a STA e a HP. A STA é mais frequente em
criancas (CASTRO et al., 1994) e é a segunda causa mais comum de hospitalizacdo em
portadores de DF. Decorre da combinacao de fatores como infecgéo, embolia gordurosa e vaso-
oclusdo pulmonar (REES; WILLIAMS; GLADWIN, 2010). A HP é encontrada mais em
adolescentes e adultos com DF. As manifestacdes cardiacas sdo secundarias aos mecanismos

compensatdrios da anemia hemolitica cronica agravada por crises vaso-oclusivas. A anemia
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cronica é o stress mais importante ao sistema cardiovascular, levando a cardiopatia cronica com
débito cardiaco elevado, dilatagdo da camara ventricular e morte sibita no paciente falciforme
(GLADWIN; SACHDEV, 2012; POLUDASU et al., 2013).

2.1.5 Diagnostico

Existem quatro periodos para o diagnostico de DF: pré-concepcdo, pré-natal, neonatal
e p6s-neonatal. O diagnostico é feito por meio da eletroforese de Hb. Na fase pré-concepcéo,
utilizam-se testes laboratoriais para identificar a presenca da HbS nos pais. O diagndstico pré-
natal é invasivo pois requer amostras de sangue fetal e pela eletroforese de Hb consegue detectar
cadeias B globinicas a partir da 10* a 12* semana de vida intrauterina (HOPPE, 2013). A triagem
neonatal, por sua vez, € realizada ao nascimento, antes que os sintomas da doenca aparegam.
Os programas de triagem neonatal podem ser seletivos ou universais. Nos programas seletivos,
faz-se a pesquisa da HbS apenas em recém-nascidos cujo um ou ambos o0s pais sejam portadores
da HbS. Na triagem universal, faz a pesquisa da HbS em todos os recém-nascidos. Nos Estados
Unidos, a triagem universal foi iniciada em 1975, nos Estado de Nova York e a partir de 2007
todos os estados faziam a triagem universal (BENSON; THERRELL, 2010). No Reino Unido,
a triagem neonatal tornou-se universal em 2006 (STREETLY; LATINOVIC; HENTHORN,
2010). Na Africa, a triagem neonatal é recente com poucos estudos-piloto realizados em alguns
paises como Gana, Burkina Faso, Benin, Republica Democréatica do Congo e Nigéria (HSU et
al., 2018).

Em 2001, foi criado no Brasil o Programa Nacional de Triagem Neonatal pelo
Ministério da Saude (BRASIL. MINISTERIO DA SAUDE, 2002) com a pesquisa de
hipotireoidismo congénito, fenilcetondria, fibrose cistica e DF e outras hemoglobinopatias.
Segundo dados do Ministério da Saude, em 2020, 82,53% dos recém-nascidos realizaram 0s
exames de triagem neonatal (BRASIL. MINISTERIO DA SAUDE, 2021).

2.1.6 Tratamento

O tratamento do paciente com DF inicia-se com o diagndstico precoce, vacinagéo,
terapia antimicrobiana, uso de &cido félico, hemoterapia, quelacéo de ferro, HU, transplante de
medula 0ssea e terapia génica, além do manejo adequado das complicacdes e agudas e crénicas
da doenca (BAILEY et al.,, 2019; KAPOOR; LITTLE; PECKER, 2018; KAVANAGH,;
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FASIPE; WUN, 2022). H& cerca de 20 anos, apenas a HU foi utilizada como terapia
modificadora da doenca, em 2017 a Food and Drug Administration (FDA) liberou o uso de um
novo medicamento modulado da DF, L-glutamina e em 2019, a FDA liberou mais dois novos
medicamentos, crizanlizumabe e voxelotor (LEE; OGU, 2022).

Aderinto et al., em 2023, realizaram uma revisao sistematica e demonstraram que a HU
é efetiva na prevencdo de AVC secundario em pacientes pediatricos com DF (ADERINTO et
al., 2024). Estudos clinicos randomizados em criancas e adultos demonstraram a acdo da HU
na reducéo dos episodios vaso-oclusivos, frequéncia de STA e necessidade de hemotransfusdo
nos pacientes com DF (CHARACHE et al., 1995; THORNBURG et al., 2012). Com relagdo ao
efeito da HU nos rins, um estudo multicéntrico randomizado fase 3 (Baby Hug) que estudou a
eficacia e seguranca da HU em criancas de 9 a 18 meses por 2 anos, ndo demonstrou efeito
protetor da HU a nivel renal (WYKES; REES, 2011).

A L-glutamina, um aminoécido n&o essencial, reduziu a incidéncia de crises de dor em
pacientes falciformes, conforme um estudo fase 3 que incluiu pessoas entre 5 e 58 anos com
AF, em 2018 (NIIHARA et al., 2018).

A P-selectina € uma molécula de adesdo de hemécias e leucdcitos de pacientes
falciformes ao endotélio vascular, levando ao infarto, hemolise e inflamacéo. A crizanlizumabe
é um anticorpo monoclonal que atua inibindo a ligacdo da P-selectina as hemaécias e leucocitos
e mostrou-se eficaz na reducéo de crises dolorosas em pacientes falciformes com mais de 16
anos de idade (ATAGA et al., 2017).

Em 2016, Oksenberg et al. descobriram que o voxelotor se liga a cadeia alfa da Hb, na
sua porcao terminal, levando a alteracdo da estrutura da Hb. Essa acdo resulta em maior
afinidade da Hb pelo oxigénio e atraso na polimerizacdo da HbS (OKSENBERG et al., 2016).
Em 2019, foi realizado um estudo multicéntrico fase 3, randomizado com adolescentes (maiores
de 12 anos) e adultos com DF para avaliar a eficacia e seguranca do voxelotor em comparacéo
com placebo. Observaram aumento do nivel de Hb em relacdo ao valor basal, diminuigdo da
taxa de crises vaso-oclusivas e reducdo de hemolise no grupo intervencao (VICHINSKY et al.,
2019). O estudo HOPE-Kids 1 avaliou a eficacia e seguranca do voxelotor em criancas de 4 a
11 anos com DF e observou-se aumento da Hb em relacdo ao valor basal, melhora nos

marcadores hemoliticos e com boa tolerancia (ESTEPP et al., 2022).

2.2 Nefropatia Falciforme
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A DRC ¢ definida como alteracdo estrutural ou funcional dos rins com duragcdo maior
que trés meses e com implicacdes na saude do individuo (ABBOUD et al., 2013).

O comprometimento renal é uma condicao impreterivelmente presente na evolucéo da
DF devido as caracteristicas fisioldgicas e anatdmicas da microarquitetura renal que incluem
artérias renais terminais, baixas tensdes de oxigénio, pH &cido e alta tensdo osmotica. Como
consequéncia, esse ambiente € propicio a polimerizacdo da HbS com falcizacdo das hemacias
e vaso-oclusdo, levando a isquemia renal. O envolvimento renal € mais grave nos pacientes
homozigotos do que nos heterozigotos para hemoglobinopatias, podendo acometer, em menor
intensidade, nos individuos portadores de FAS. O comprometimento renal na DF tem
repercussao negativa no prognéstico e responde por 16 a 18% da mortalidade na DF
(HAMIDEH; ALVAREZ, 2013; PLATT et al., 1994).

2.2.1 Fisiopatologia

Hipdxia, hiperosmolalidade e meio acido estdo presentes na medula renal e favorecem
a polimerizacdo da HbS com falcizacédo dos glébulos vermelhos (BECKER, 2011). A falcizacéao
cronica das hemécias resulta em vaso-oclusdo com lesdo isquémica e microinfartos na medula.
O processo de isquemia-reperfusdo presente na DF afeta a microvasculatura renal e é recorrente
(HEBBEL, 2014). Este fendmeno amplifica a lesdo no tecido renal e provoca inflamacgéo e
disfungdo endotelial local e sistémica (NATH; HEBBEL, 2015). O fluxo sanguineo lento da
vasa recta que irriga a medula renal aumenta o tempo que a hemacia permanece na medula,
com consequente aumento na taxa de polimerizacdo e maior adesdo do eritrocito falciforme ao
endotélio vascular. A hipoperfusdo medular e a isquemia contribuem para a doenca renal na
DF, levando a hematulria, defeitos de concentragdo de urina e disfuncdo tubular distal
(CAZENAVE et al., 2020).

Com relacdo a alteragdo vascular da DF no rim, Nath et al. (NATH; KATUSIC;
GLADWIN, 2004) observaram perfusdo paradoxal caracterizada por hipoperfusdo medular
devido a vaso-oclusao dos vasos retos, associado a hiperperfusao cortical e do restante do rim.
Esta hiperperfusdo também é observada em outros 6rgaos. A hiperperfuséo decorre do aumento
do volume plasmatico e do débito cardiaco associado a resisténcia vascular sistémica reduzida
que sdo caracteristicos da DF. As prostaglandinas exercem a¢éo vasodilatadora, diminuindo a

resisténcia vascular renal e contribuindo para a hiperperfusdo renal (NATH; KATUSIC;
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GLADWIN, 2004). A producao de prostaglandinas estd aumentada nos rins de pacientes com
DF devido a isquemia medular (DE JONG; VAN EPS, 1985).

A hiperperfusdo renal € responsavel pelo aumento na taxa de filtracdo glomerular (TFG)
(HATCH et al., 1970) observada desde a infancia (WARE et al., 2010). A hiperfiltracdo
glomerular diminui e normaliza com o envelhecimento ou associada a DRC. A TFG fica
reduzida quando da progressao da DRC. Estudo realizado por Powars et al. (POWARS et al.,
1991) detectou associacdo entre declinio da TFG e anemia grave, alouminuaria, hemataria e
sindrome nefrdtica.

Na DF, os vasos sanguineos renais podem responder ao estresse de forma anémala,
levando a vasoconstricdo ciclica exagerada. Este fenbmeno é responsavel por episodios
recorrentes de injuria renal aguda (NATH; HEBBEL, 2015).

Nas figuras 1 e 2, observamos os processos fisiopatologicos responsaveis pela variada
apresentacdo da NF.

Figura 1- Processos patogenéticos importantes no desenvolvimento da nefropatia falciforme
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Figura 2- Fisiopatologia da nefropatia falciforme
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Conforme observado nas figuras 1 e 2, a alteracdo vascular renal na DF provoca uma
perfusdo paradoxal, ocorrendo hiperperfusdo renal/cortical e hipoperfusdo medular. A
hiperperfusdo na regido cortical e restante do rim (exceto regido medular) leva a uma
hiperfiltracdo glomerular com consequente hipertrofia renal e glomerular, hiperfuncédo tubular
proximal com consequente lesdo glomerular e proteindria (NATH; HEBBEL, 2015). A
hipoperfusdo medular prejudica a reabsor¢do de solutos na alga de Henle, diminuindo a
retencdo de solutos na medula renal e consequente reducdo da osmolalidade intersticial com
defeito na concentracdo urinaria (DE JONG; VAN EPS, 1985) e também provoca necrose
papilar renal, hemataria e disfuncéo tubular distal. Esta disfuncdo se manifesta como acidose
tubular renal distal (ALLON, 1990). Observa-se também na vasculopatia renal falciforme,
respostas vasculares andmalas ao estresse, com alternancia entre vasoconstri¢ao renal elevada
e consequente vaso-ocluséo e perfusdo adequada renal. Os ciclos de vasoconstri¢do provocam
leséo de isquemia-reperfuséo e ativacao de vias pro-inflamatdrias renais (HEBBEL, 2014) com
consequente lesdo renal aguda (LRA) subclinica e clinica (NATH; HEBBEL, 2015). A
hemolise cronica presente na DF acarreta deposicao de ferro no rim e consequente proliferagéo

de células mesangiais e fibrose glomerular e intersticial (OLANIRAN et al., 2019).

2.2.2 Epidemiologia
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Ware et al, em 2010(WARE et al., 2010), observaram complicacdes renais da DF
iniciadas na infancia como hiperfiltracdo glomerular, hipostenuria e albumindria. Proteinuria
foi relata em 50% dos pacientes falciformes entre 36 e 45 anos (NISS et al., 2020). A fungéo
renal diminui mais drasticamente na DF que no FAS (ATAGA; SARAF; DEREBAIL, 2022).

Microalbumindria (MA), uma manifestacdo precoce e precursora da doenca renal,
acomete 30-60% dos pacientes com DF e a prevaléncia aumenta com a idade (DAY etal., 2012;
SHARPE; THEIN, 2011). Estudos detectaram proteindria em 20-25% dos pacientes com DF
(FALK et al., 1992; GUASCH et al., 2006; SCHEINMAN, 2009). A sindrome nefrética foi
observada em até 4% dos pacientes com DF e a insuficiéncia renal foi relatada em 5-30% dos
pacientes adultos com DF (SHARPE; THEIN, 2011).

Na populacéo pediatrica com DF, alguns estudos observaram que de 12% a 27% destas
criancas tém albuminuria (DATTA et al., 2003; DHARNIDHARKA et al., 1998; GUASCH,;
CUA; MITCH, 1996; SHATAT et al., 2016)

2.2.3 Apresentacdo clinica

A perda da capacidade de concentracdo urinaria (hipostendria) na DF inicia na infancia,
sendo o sinal mais precoce e caracteristico de nefropatia na DF (AYGUN et al., 2011). Essa
alteracdo também pode ser observada no portador de FAS, porém em menor intensidade
(SABORIO; SCHEINMAN, 1999). A hipostenuria é consequéncia da falcizacdo que acontece
na microcirculacdo da medula renal (VAN EPS et al., 1970). As hemaécias falcizadas aumentam
a viscosidade sanguinea, interferindo na circulacdo da vasa recta com prejuizo no acimulo
passivo e ativo de solutos na papila renal e reabsorcdo de agua livre prejudicada com
consequente reducdo na concentracdo urindria maxima. A hipostendria pode ser acompanhada
de poliuria, enurese noturna e desidratacdo (BECKER, 2011). O comprometimento da vasa
recta também promove hipodxia e infarto da papila e medula renal, levando a necrose papilar e
hematdria.

A hipoperfusédo medular renal pode levar a disfuncdo do néfron distal com déficit na
acidificacdo da urina e na secre¢cdo de potassio e consequente acidose tubular renal distal
(ADEBAYO et al., 2022).

A hematdria é uma das manifestacdes renais mais comuns na DF e é consequéncia da

congestdo nos vasos que irrigam a medula e a pelve renal com extravasamento de eritrocitos
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para o limen tubular. Esta congestdo é consequéncia da oclusdo da vasa recta que leva ao
desvio do fluxo sanguineo para os capilares da medula e pelve renal. A necrose papilar por
oclusdo da vasa recta também provoca hematuria (SCHEINMAN, 2009).

A doenga glomerular caracterizada por hiperfiltragdo leva a albumnuria que é uma
manifestacdo assintomatica e precoce da NF e aparece desde a infancia e piora com a idade
(BRANDOW; LIEM, 2022).

A hiperfiltracdo e hipertrofia glomerular aparecem desde a infancia na DF
(MCCARVILLE et al., 2011). A hiperperfuséo leva a hiperfiltracdo que promove um aumento
de &gua e sal ao tubulo proximal. Este necessita aumentar a reabsorcao de dgua e sal para manter
0 equilibrio glomerulotubular. Todo esse processo estimula processos celulares adaptativos
culminando no aumento tubular e de todo o rim (FINE, 1986) seguida de glomeruloesclerose
segmentar focal (GESF) (WESSON, 2002). Um aumento absoluto da TFG foi observado em
43% das criancas com DF segundo o estudo realizado por Lindesberg em 2019
(LEBENSBURGER et al., 2019).

De acordo com National Kidney Foundation (LEVIN et al., 2013), os valores normais
da TFG estimada variam com a idade e sexo:

Crianca: 70 a 140 ml/min/1,73m?,

Mulheres: 88 a 128 ml/min/1,73m? e

Homens: 97 a 137 ml/min/1,73m2,

A TFG estimada é calculada através de formulas que usam coeficientes pré-definidos.
A férmula de Schwartz (TGF = altura x 0.55 / creatinina sérica), foi descrita pela primeira vez
em 1976 com modificacdo em 2009 sendo a mais utilizada na pediatria (SCHWARTZ et al.,
1976, 2009). Em 2021, uma nova férmula foi validada para calculo da TFG e inclui uma faixa
etaria ampla de uma a 25 anos de idade (PIERCE et al., 2021).

A hemolise cronica que ocorre na DF promove deposicdo de ferro nos rins e como
consequéncia proliferacdo de células mesangiais e fibrose intersticial e glomerular (SCHEIN et
al., 2008; VASAVDA et al., 2012).

Guasch et al. (GUASCH et al., 1997) observaram, em 1996, que a albuminiria na DF
estd associada ao aumento da permeseletividade glomerular da proteina, ocorrendo mesmo
quando a TFG estd normal. Outro mecanismo responsavel pela albuminuria é a inibicdo da
recaptacdo de albumina no tubulo proximal renal pelos dimeros da Hb liberados durante a
hemolise (ESHBACH et al., 2017). Preditores de risco para MA na DF foram estudados por

varios autores. Shatat et al. (SHATAT et al., 2016) observaram associacao positiva entre piora
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da MA e aumento da idade, niveis elevados de bilirrubina e baixo nivel de HbF. Lebensburger
et al. (LEBENSBURGER et al., 2011) observaram o papel protetor da HbF na doenca renal
precoce em criangas com DF. Outros preditores associados com piora da MA sdo niveis baixos
de Hb, aumento de reticuldcitos, haptoglobina sérica e desidrogenase latica (LDH) (BECTON
etal., 2010; GURKAN et al., 2010).

Na pratica clinica, MA pode ser definida como >20 mg/L (DE ZEEUW; PARVING,;
HENNING, 2006). Outra definicdo de MA € baseada na propor¢do de albumina urinaria sobre
creatinina urinaria e é expressa em miligramas por grama (mg/g). Segundo Hogg e Milliner,
essa razdo e considerada normal quando o valor se encontra < 30mg/g e MA quando o valor
estd entre 30mg/g e 300 mg/g (HOGG et al., 2000). A albumindria, definida pela presenca de
albumina na urina > 30 mg/g durante 24 horas, foi observada em 32% dos adultos com DF(NISS
et al., 2020).

A DRC e a proteindria estdo associadas a varios fatores como idade avancada,
hipertensdo arterial, baixos niveis de Hb, hematlria, hemdlise grave e cronica, leucocitose,
hiperuricemia, priapismo (DAY etal., 2012; FAULKNER et al., 1995; GORDEUK et al., 2008;
LEBENSBURGER et al., 2011; POWARS et al., 1991, 2005; WIGFALL et al., 2000).
Segundo Niss et al., em 2020, de 20 a 40% dos adultos com DF desenvolvem DRC e correm 0
risco de desenvolver doenca renal em estagio terminal, com declinios rapidos na TFG estimada
> 3 mL/min/1,73 m2 associado ao aumento da mortalidade (NISS et al., 2020).

Segundo Falk (1992) e Amarapurkar (2022), as principais alteracBes associadas a
insuficiéncia renal na DF sdo a necrose papilar, a GESF e a glomerulonefrite
membranoproliferativa tipo 1 (AMARAPURKAR et al., 2022; FALK et al., 1992). Segundo
Powars et al (POWARS et al., 1991), quando o paciente com DF evolui para uma TFG <
60ml/min, o tempo meédio de sobrevida é de 4 anos. A insuficiéncia renal cronica surge entre a
terceira e quarta década de vida no paciente falciforme (HASSAN et al., 2024).

A LRA pode ocorrer durante as crises vaso-oclusivas dolorosas e é um fator de risco
para a DRC. Em um estudo realizado por Baddam et al. (BADDAM et al., 2017), das 197
internacOes de criangas falciforme com crise vaso-oclusiva dolorosa, 17% apresentaram LRA
e estas apresentaram uma queda significativamente maior na Hb que os pacientes que nao
desenvolveram LRA. O estudo associou a lesdo renal ao efeito tdxico direto do heme livre no
plasma por hemolise e também ao estado hiperinflamatorio e uso frequente de anti-inflamatorio

nao esteroidal.
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2.2.4 Terapéutica

O tratamento da NF em criancgas envolve varias abordagens como o gerenciamento de
complicacdes renais associadas a condicdo falciforme e de outros fatores de risco como,
controle da anemia e da dor, manter o paciente hidratado, e evitar substancias que possam
sobrecarregar 0s rins bem como triagem e tratamento precoce de microalbuminuria/proteindria
(BRANDOW; LIEM, 2022). A maioria dos dados sobre terapéutica para NF sdo oriundos de
estudos de caso e ensaios clinicos de curto periodo e principalmente em populagéo adulta.

O monitoramento e a deteccdo precoce da leséo renal sdo as pecas fundamentais no
manejo do paciente pediatrico com DF em decorréncia da progressdo cronicada NF (POWARS
et al., 2005; WARE et al., 2010). Yawn et al (YAWN et al., 2014) realizaram, em 2014, uma
revisao sistematica sobre manejo da NF e observaram que as diretrizes ndo especificavam sobre
0 momento ideal de inicio do rastreamento com albumindria e a frequéncia e como a
microalbumindria/proteindria precede a DRC na DF, recomendaram triagem anual de
microalbumina/proteina na urina a partir dos 10 anos de idade. Alguns estudos detectaram
albumindria em criangcas com DF aos 4 anos de idade (MARSENIC; COULOURES; WILEY,
2008; RANQUE et al., 2014).

O manejo terapéutico para prevencdo ou tratamento da NF tem se concentrado em
terapias modificadoras DF como o uso de HU e a transfusdo crénica e/ou terapias para a DRC
como os inibidores da ECA e os bloqueadores do sistema renina-angiotensia-aldosterona
(OBADINA et al., 2023; ZAHR; SARAF, 2024).

A HU é um antimetabolito que aumenta os niveis de HbF e como consequéncia reduz a
polimerizacdo de HbS (PAIKARI; SHEEHAN, 2018; PLATT, 2008; THORNBURG et al.,
2012). A HU também atua no metabolismo do Oxido nitrico e reduz a interacdo hemécia-
endotélio (ARAUJO et al., 2023). Um estudo multicéntrico realizado em 2012 ndo encontrou
efeito significativo da HU na TFG de criancas falciformes em comparacéo ao placebo, mas com
resultados satisfatorios no aumento da capacidade de concentragdo urinaria (ALVAREZ et al.,
2012). No entanto, existem estudos mostrando reducdo da albuminaria em criangas com NF
com o uso de HU (FITZHUGH; WIGFALL; WARE, 2005; MCKIE et al., 2007). Aygun et al.
(AYGUN et al., 2013) observaram reducdo na hiperfiltragdo e nos niveis sericos de LDH em
criangas com NF apds o uso de HU, mas ndo apresentaram efeitos significativos na reducao da
MA. No entanto, um estudo prospectivo realizado em criangas com DF tratadas com HU,

observou que as criangas que iniciaram HU antes dos 10 anos tinham um risco 2 vezes menor
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de desenvolver albuminuria do que as criangas que iniciavam o uso de HU apés os 10 anos de
idade (ZAHR et al., 2019).

A transfusdo de concentrado de hemacias reduz a concentracdo de HbS e como
consequéncia diminui a falcizacdo das hemacias na vasculatura renal, prevenindo a vaso-
ocluséo renal (ROY et al., 2023). A hemotransfusdo também previne 0s danos renais através da
reducao da taxa de hemolise e consequente reducdo do sequestro de 0xido nitrico pela Hb livre,
levando a uma vasodilatacéo renal local (POTOKA; GLADWIN, 2015). O estudo realizado por
Alvarez et al., em 2006, demonstrou que transfusdes cronicas de hemacias antes dos nove anos
de idade protegiam pacientes falciformes de desenvolver MA (ALVAREZ et al., 2006).

Ojo et al. (OJO et al., 1999) observaram em um estudo coorte de 1984 a 1996, que o
transplante renal em pacientes falciformes com doenca renal terminal apresentavam resultados
semelhantes aos pacientes com doenga renal terminal por outras causas a curto prazo, porém os
resultados a longo prazo mostravam uma reducdo na sobrevida dos pacientes com DF. Em outro
estudo também foi observado que a sobrevida dos pacientes apos transplante renal € menor em
pacientes com DF do que em pacientes com outras doencas renais (GERARDIN et al., 2019).
Na insuficiéncia renal terminal em pacientes com DF, a sobrevida em 10 anos foi observada
em 56% dos pacientes submetidos a transplante renal e em 14 % dos pacientes em dialise
(SCHEINMAN, 2009).

A inativacdo do sistema renina-angiotensina-aldosterona reduz danos renais devido a
diminuicdo da pressao intraglomerular e perda de proteina pela urina (ROY et al., 2023). Essa
inativacdo pode ocorrer através de bloqueadores dos receptores da angiotensina como o losartan
e através dos inibidores da ECA. Dois estudos avaliaram a acdo do losartan, antagonista dos
receptores da angiotensina 11, em pacientes com AF e albuminuria e observaram que o losartan
se mostrou eficaz na reducdo de albuminuria a curto prazo de tratamento em adultos e criancas
falciformes com albuminuria, mas sem reducgédo na TFG (QUINN et al., 2017; YEE et al., 2018)
e a associacdo com HU aumentou o efeito positivo na redugdo da albumindria (YEE et al.,
2018).

2.3 Inibidores da enzima conversora de angiotensina
Os inibidores da ECA atuam inibindo a acdo da enzima responsavel pela conversdo de

angiotensina | em angiotensina Il, diminuindo a producéo de angiotensina Il. A angiotensina Il

€ um vasoconstritor renal, aumenta a pressao de filtracdo glomerular, com retencéo de sédio e
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agua e aumento de volemia e os efeitos hemodindmicos na membrana basal glomerular
promovem proteindria (ROY et al., 2023). Por conseguinte, os inibidores da ECA tém a
capacidade de reduzir a pressao intraglomerular e a permeabilidade da membrana glomerular,
reduzindo a proteindria e progressao da lesdo renal (WOLF, 1998) e pode ter efeito protetor
contra o estresse inflamatorio e oxidativo, disfungdo endotelial e remodelagdo tecidual
(SCHMIEDER et al., 2007).

Os inibidores da ECA tém sido utilizados na DF com a finalidade de prevenir ou
diminuir as complicagOes renais ou DRC nestes pacientes (ROY et al., 2023). Um estudo
realizado em camundongos em 2014, observou reducdo na expressdo do gene que codifica a
ECA nos rins de camundongos com DF associada a reducdo dos niveis plasmaticos de
angiotensina Il nos mesmos animais (SANTOS et al., 2014).

Estudos demonstraram acdo dos inibidores da ECA como o enalapril na reducdo da
proteindria em adultos com DF (AOKI; SAAD, 1995; FALK et al., 1992; FOUCAN et al.,
1998) e em criancas falciformes (MCKIE et al., 2007), porém beneficios destes medicamentos
a longo prazo na progressdo da doenca glomerular ndo foram demonstrados (FELTRAN;
CARVALHAES; SESSO, 2002). Um estudo realizado em 2005 observou que o uso de enalapril
por 3 anos em criancgas falciformes diminuiu a albumindria para niveis normais e redugdo da
relacdo albumina/creatinina urinaria, mas sem normalizacdo (FITZHUGH; WIGFALL;
WARE, 2005) e a associacdo da HU ao inibidor da ECA potencializou o efeito positivo na
albumindria e normalizacdo da relacdo albumina/creatinina urinéria (FALK et al., 1992;
FITZHUGH; WIGFALL; WARE, 2005).

O estudo realizado por Ham et al., em 2021, demonstrou que 25% dos pacientes com
DF e em uso de inibidores da ECA, descontinuaram a medicacdo devido a hiperpotassemia,
hipotensdo arterial e insuficiéncia renal aguda (HAN et al., 2021).

Algumas diretrizes recomendam o uso de inibidores da ECA em pacientes com DF e
albumindria com monitoramento rigoroso da pressdo arterial e niveis séricos de potassio (LIEM
et al., 2019; YAWN et al., 2014). No entanto, o impacto do uso do inibidora da ECA na
sobrevida desses pacientes é desconhecido até o momento (LIEM et al., 2019).

O inibidor da ECA apresentou maior efeito na melhora da albumindria de pacientes
falciformes com macroalbumindria e pouco beneficio em pacientes com MA conforme
observado em estudo realizado com estes pacientes (LIEM et al., 2019).

Em 2019 iniciou-se um estudo multicéntrico, randomizado, fase Il, com dois bracos,

que avalia o efeito do crizanlizumabe associado ao tratamento padrdo (HU e/ou inibidor da
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ECA) e o tratamento padrdo sozinho na funcdo renal em pacientes com DF com idade igual ou
maior de 18 anos com DRC devido a NF. O estudo finalizou em 2023 e os resultados, até o
momento, nao foram publicados (CLINICAL TRIALS, [s.d.]).

A maioria dos estudos sobre tratamento de NF e inibidores do sistema renina-
angiotensina-aldoesterona foram realizados com a populacéo adulta, com pequenas amostras,
curto periodo de acompanhamento e ndo foram estudos clinicos randomizados (LIEM et al.,
2019). Em decorréncia da maioria dos estudos terem sido realizados em populacao adulta, os
beneficios potenciais podem ser diferentes para a populacdo pediatrica (ADEBAYO et al.,
2022).

Diante dos fatores acima descritos, € de fundamental importancia investigar a
efetividade do uso do inibidor da ECA como tratamento em pacientes pediatricos com NF e,
portanto, justificando a realizacdo de uma revisdo sistematica (RS) com meta-analise, dada a
sua capacidade de agregar informacdes, analisar dados e sintetiza-los criticamente, fornecer

material atualizado sobre as melhores evidéncias cientificas para os profissionais de saude.

2.4 Revisao sistematica e meta-analise

Revisdo sistematica (RS) é um método de pesquisa que busca identificar, avaliar e
sintetizar todas as evidéncias disponiveis relevantes para uma pergunta de pesquisa especifica.
Ela é conduzida de forma rigorosa e transparente, sequindo um protocolo pré-definido para
minimizar o viés e garantir que todas as fontes de evidéncia sejam consideradas de maneira
imparcial (SAMPAIO; MANCINI, 2007). Uma das ferramentas utilizadas para auxiliar na
conducdo da RS é o Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) que discrimina uma lista de itens obrigatorios numa revisao sistematica ( PRISMA
checklist) e qual fluxograma dos critérios de incluséo e excluséo dos artigos (PRISMA flow
diagram) (MOHER et al., 2009).

A elaboracdo da RS inicia com a delimitacdo da questdo que contempla a populagéo ou
0 problema de determinada populacao, interven¢do com comparacao se houver e o desfecho.
Esta abordagem é conhecida como PICO, onde p é populagéo ou problema, i € a intervencdo, ¢
é comparacio e o é o resultado ou desfecho (ARAUJI, 2020). A segunda etapa é a selecio das
bases de dados para a busca dos artigos e outros materiais ndo publicados. A etapa seguinte é
constituida pela elaboracéo da estratégia de busca com a relagio dos descritores (GALVAO;

RICARTE, 2019). A selecéo dos estudos é realizada por pelo menos dois revisores que atuaréo
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de forma independente e cega, seguindo rigorosamente critérios de inclusdo e exclusdo
definidos no protocolo de pesquisa. Estes critérios sao definidos previamente durante a
formulacédo da questdo norteadora da pesquisa (SAMPAIO; MANCINI, 2007). Na discordancia
entre os revisores, um terceiro revisor ira conduzir a resolucdo da discordancia via consenso
dos revisores (JADAD et al., 2000). Apds a selecdo dos estudos para a RS, os pesquisadores de
forma independente irdo analisar a qualidade metodoldgica de cada estudo incluido
considerando as possiveis fontes de viés (SAMPAIO; MANCINI, 2007).

As revisdes sistematicas sao frequentemente utilizadas para informar decisdes clinicas,
politicas ou de pesquisa, reunindo resultados de multiplos estudos para chegar a conclusdes
mais robustas do que um unico estudo poderia oferecer (GALVAO; RICARTE, 2019). Através
da RS ¢é possivel compilar, de forma organizada, um grande nimero de resultados qualitativos
e quantitativos. Isso auxilia na interpretacdo das consisténcias e inconsisténcias encontradas
entre estudos primarios que investigam a mesma questdo (COOK; MULROW; HAYNES,
1997; HONORIO; SANTIAGO, 2021) Uma das principais vantagens da meta-analise aplica-
se quando existem varios estudos sobre uma intervencdo especifica. Ainda assim, ha davidas
se 0 pequeno numero de individuos envolvidos poderia mascarar 0s seus resultados. Nestes
casos, a meta-nalise aumenta o “n” da pesquisa, permitindo maior seguranca na tomada de
decisdo. Além disso, quando o numero de estudos sobre um determinado assunto é escasso,
como no presente estudo, a meta-analise nos permitira reunir as evidéncias disponiveis no
momento do estudo e apontar areas onde ha necessidade de mais pesquisas (PETRIE; SABIN,
2001; PISSINI, 2006).

Meta-analise é uma técnica estatistica que combina os resultados de multiplos estudos
independentes sobre 0 mesmo tema, a fim de obter uma estimativa quantitativa mais precisa do
efeito de interesse. Em outras palavras, € uma analise que sintetiza os dados de diversos estudos
para quantificar o tamanho do efeito ou a associagéo entre variaveis, proporcionando uma viséo
mais abrangente do que cada estudo individualmente poderia oferecer. Geralmente sdo
realizadas apds uma revisao sistematica, onde os estudos relevantes sdo identificados, avaliados
e selecionados com base em critérios pré-definidos. Elas sdo amplamente utilizadas na pesquisa
cientifica, especialmente na medicina, psicologia, educacdo e em outras areas onde € crucial
sintetizar e interpretar resultados de estudos diversos e muitas vezes conflitantes (GALVAO;
RICARTE, 2019; SAMPAIO; MANCINI, 2007).
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3 OBJETIVOS

3.1 Objetivo geral
Analisar a efetividade do tratamento com inibidores da enzima conversora de
angiotensina em monoterapia e/ou em associacao com hidroxuréia no tratamento da nefropatia

falciforme na populacdo pediatrica, por meio de revisao sistematica da literatura.

3.2 Objetivo especifico

3.2.1 Avaliar a reducdo e/ou resolucao da microalbumindria apos inicio do tratamento
com inibidores da enzima conversora de angiotensina na populacéo pediatrica com diagndstico
de doenca falciforme em monoterapia ou em associa¢do com hidroxuréia.

3.2.2 Realizar uma revisdo sistematica com a populacdo de pacientes pediatricos
diagnosticados com nefropatia falciforme em tratamento com inibidores da enzima conversora

de angiotensina em monoterapia e/ou em associacdo com hidroxiuréia;
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4 CONCLUSOES

N&o foi possivel determinar a efetividade do tratamento com os inibidores da ECA na
NF e reducdo ou resolugdo de microalbumindria em criangas e adolescentes falciformes.

H& uma importante escassez de estudos clinicos randomizados conduzidos com
populacédo pediatrica que avaliem a efetividade dos inibidores da ECA para complicagfes renais
em pacientes falciformes.

Novos estudos clinicos randomizados e controlados, adequadamente desenhados, que
abordem medicacfes com efeito protetor renal ou reducdo de complicagdes renais para
pacientes pediatricos falciformes sdo necessarios, visto a precocidade que se iniciam as
alteragBes renais na infancia e que a NF é um fator importante na morbimortalidade de

pacientes adultos com DF.
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ABSTRACT

Introduction: Sickle cell disease (SCD) is one of the most prevalent hereditary diseases
in the world and currently has a longer life expectancy owing to improvements in diagnosis and
treatment. Sickle cell nephropathy (SCN), which begins in childhood, is a common
complication in these patients. Materials and methods: This systematic review analyzed the
effectiveness of angiotensin-converting enzyme inhibitors (ACEi) in children with SCN.
Randomized clinical trials with participants aged 0-18 years with SCN, whose intervention was
ACEi treatment, were included. Results: Of the 6,560 selected studies, only one met the
inclusion criteria, which made it impossible to perform a meta-analysis. There was a greater
reduction in microalbuminuria in the intervention group, than in the placebo group, over a 3-
month period. Conclusion: It was not possible to determine the degree of certainty about the
efficacy of lisinopril compared to placebo in pediatric SCN patients due to the lack of a meta-
analysis and the risk of bias in the study. Therefore, new randomized and controlled clinical
trials of medications with protective or reducing effects on renal complications in pediatric
patients are necessary, given that renal impairment in SCD begins in childhood, with significant

morbidity and mortality in adulthood.

Keywords: child; sickle cell nephropathy; angiotensin-converting enzyme inhibitor.
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INTRODUCTION

Sickle cell disease (SCD) is a public health problem with a high prevalence worldwide.
Studies suggest that 300,000 children are born with SCD per year and this is expected to
increase to 400,000 births/year by 2050.(MBURU; ODAME, 2019; PIEL et al., 2013a, 2013b)
According to a study carried out in the United States in 2020, SCD is associated with premature
mortality and average survival age of 43 years (IQR 31.2 — 55 years).(PAYNE et al., 2020b)
Treatment requires, according to Brandow and Liem, early diagnosis, prevention of acute and
chronic complications and adequate management of damage to target organs.(BRANDOW;
LIEM, 2022)

Nephropathy is a common complication in SCD patients. Ware et al.(WARE et al.,
2010) , in 2010, observed renal complications of SCD that began in childhood, including
glomerular hyperfiltration, hyposthenuria (decreased urine concentration capacity) and
microalbuminuria (MA). Proteinuria has been reported in 50% of sickle cell patients aged 36-
45 years; 20% to 40% of adults with SCD develop chronic kidney disease (CKD) and are at
risk of developing end-stage renal disease, with rapid declines in estimated glomerular filtration
rate (GFR) > 3 mL/min/1.73 m2 associated with increased mortality.(NISS et al., 2020)

Hypoxia, hyperosmolarity and an acidic environment are present in the renal medulla
and favor the polymerization of Hemoglobin S (HbS) with sickling of red blood
cells.(BECKER, 2011) Chronic sickling of red blood cells results in vaso-occlusion with
ischemic injury and renal medulla microinfarcts. The recurrent ischemia-reperfusion process
present in SCD affects the renal microvasculature,(HEBBEL, 2014) which amplifies damage
to the renal tissue and causes inflammation and local and systemic endothelial
dysfunction.(NATH; HEBBEL, 2015) The slow blood flow of the vasa recta that irrigates the
renal medulla increases the time in which red blood cells remain in the medulla, with a

consequent increase in the polymerization rate and greater adhesion of the sickle erythrocyte to
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the vascular endothelium. Medullary hypoperfusion and ischemia contribute to kidney disease
in SCD, leading to hematuria, urine concentration defects, and distal tubular
dysfunction.(CAZENAVE et al., 2020)

Regarding the vascular alteration of SCD in the kidney, Nath et al. (NATH; KATUSIC;
GLADWIN, 2004) observed paradoxical perfusion characterized by medullary hypoperfusion
due to vaso-occlusion of the vasa recta, associated with cortical hyperperfusion, and with the
rest of the kidney, which is also observed in other organs. Hyperperfusion results from an
increase in plasma volume and cardiac output associated with reduced systemic vascular
resistance, which is characteristic of SCD. Prostaglandins exert a vasodilatory action, reducing
renal vascular resistance and contributing to renal hyperperfusion.(NATH; KATUSIC;
GLADWIN, 2004) The production of prostaglandins is increased in the kidneys of patients with
SCD due to medullary ischemia.(DE JONG; VAN EPS, 1985)

Renal hyperperfusion is responsible for the increase in GFR,(HATCH et al., 1970)
observed since childhood.(WARE et al., 2010) Glomerular hyperfiltration decreases and
normalizes with aging or is associated with CKD. GFR is reduced when CKD progresses. A
study carried out by Powars et al.(POWARS et al., 1991) detected an association between a
decline in GFR and severe anemia, alouminuria, hematuria, and nephrotic syndrome.

Initial kidney changes may be asymptomatic in childhood and thus go unnoticed and
evolve into CKD in late adolescence or adulthood. Symptoms may vary, and patients may
initially develop glomerular hyperfiltration and albuminuria.(BRANDOW; LIEM, 2022) In
clinical practice, MA can be defined as >20 mg/L.(DE ZEEUW; PARVING; HENNING, 2006)
Another definition of MA is based on the ratio of urinary albumin to urinary creatinine and is
expressed in milligrams per gram (mg/g). According to Hogg and Milliner, this ratio is
considered normal when the value is < 30 mg/g and MA when the value is between 30 mg/g

and 300 mg/g.(HOGG et al., 2000) Risk predictors for MA in SCD have been investigated by
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several authors. Shatat et al.(SHATAT et al., 2016) observed a positive association between
worsening MA and increasing age, high bilirubin levels, and low hemoglobin F (HbF) levels.
Other predictors associated with worsening MA include low hemoglobin levels, increased
reticulocytes, serum haptoglobin and lactic dehydrogenase (LDH).(BECTON et al., 2010;
GURKAN et al., 2010)

Treatment of sickle cell nephropathy (SCN) in children involves several approaches
such as managing kidney complications associated with the sickle cell condition and other risk
factors such as controlling anemia and pain, keeping the patient hydrated, and avoiding
substances that can overload the kidneys as well as screening and early treatment of
microalbuminuria/proteinuria.(BRANDOW; LIEM, 2022) Yawn et al.(YAWN et al., 2014)
carried out, in 2014, a systematic review on the management of SCN and observed that the
guidelines did not specify the ideal time to start screening for albuminuria and the frequency
and how microalbuminuria/proteinuria precedes CKD in SCD, and recommended annual urine
microalbumin/protein screening from the age of 10 years.

Therapeutic management for the prevention or treatment of SCN has focused on
modifying therapies for SCD, such as the use of hydroxyurea and chronic transfusion, and/or
therapies for CKD, such as angiotensin-converting enzyme inhibitors (ACEi) and renin-
angiotensin-aldosterone system blockers.(OBADINA et al., 2023; ZAHR; SARAF, 2024)

Hydroxyurea is an antimetabolite that increases HbF levels and consequently reduces
HbS polymerization.(PAIKARI; SHEEHAN, 2018; PLATT, 2008; THORNBURG et al., 2012)
Hydroxyurea also acts on nitric oxide metabolism and reduces the red blood cell-endothelium
interaction.(ARAUJO et al., 2023) A multicenter study carried out in 2012 found no significant
effect of hydroxyurea on the GFR of sickle cell children compared to placebo, but with
satisfactory results in increasing urinary concentration capacity.(ALVAREZ et al., 2012)

However, studies have shown a reduction in albuminuria in children with SCN with the use of
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hydroxyurea.(FITZHUGH; WIGFALL; WARE, 2005; MCKIE et al., 2007) Aygun et
al.(AYGUN et al., 2013) observed a reduction in hyperfiltration and serum LDH levels in
children with SCN after the use of hydroxyurea, but did not show significant effects in reducing
MA. However, a prospective study carried out in children with SCD treated with hydroxyurea
found that children who started hydroxyurea before the age of 10 years had a 2-fold lower risk
of developing albuminuria than those who started using hydroxyurea after the age of 10
years.(ZAHR et al., 2019)

ACEi work by inhibiting the action of the enzyme responsible for converting
angiotensin | into angiotensin 1, thereby reducing the production of angiotensin 1. Angiotensin
I1is a renal vasoconstrictor that, increases glomerular filtration pressure, with sodium and water
retention and increased blood volume, and the hemodynamic effects on the glomerular basal
membrane promote proteinuria.(ROY et al., 2023) Therefore, ACEi have the ability to reduce
intraglomerular pressure and the permeability of the glomerular membrane, reducing
proteinuria and progression of kidney damage.(WOLF, 1998)

Studies have demonstrated the action of ACEi, such as enalapril, in reducing
proteinuria in adults with SCD(AOKI; SAAD, 1995; FALK etal., 1992; FOUCAN et al., 1998)
and in children with SCD,(MCKIE et al., 2007) but long-term benefits of these medications in
the progression of glomerular disease have not yet been demonstrated.(FELTRAN;
CARVALHAES; SESSO, 2002) A 2005 study observed that the use of enalapril for 3 years in
children with SCD reduced albuminuria to normal levels and reduced the urinary
albumin/creatinine ratio, but without normalization. After the association of hydroxyurea, the
urinary albumin/creatinine ratio normalized.(FITZHUGH; WIGFALL; WARE, 2005) The
study carried out by Ham et al.(HAN et al., 2021) in 2021, demonstrated that 25% of individuals
with SCD using ACEi discontinued the medication due to hyperkalemia, arterial hypotension,

and acute renal failure.
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Guidelines recommend the use of ACEi in patients with SCD and MA or proteinuria
with strict monitoring of blood pressure and serum potassium levels.(LIEM etal., 2019; YAWN
etal., 2014) However, the impact of the use of ACEi on the survival of these patients is currently
unknown.(LIEM et al., 2019) For this, systematic review (SR) with meta-analysis is necessary,
which is at the top of the pyramid of evidence in medical research.

Through SR with meta-analysis, it is possible to compile, in an organized way, a large
number of qualitative and quantitative results, which helps interpret the consistencies and
inconsistencies found between primary studies investigating the same issue.(COOK;
MULROW; HAYNES, 1997; HONORIO; SANTIAGO, 2021) One of the main advantages of
meta-analysis is the application of several studies on a specific intervention. In addition, there
are doubts regarding whether the small number of individuals involved could mask the results.
In these cases, meta-analysis increases the research ”n”, allowing greater security in decision
making. Furthermore, when the number of studies on a given subject is small, as in the present
study, meta-analysis will allow gathering evidence available at the time of the study and identify
areas where there is a need for further research.(PETRIE; SABIN, 2001; PISSINI, 2006)

Therefore, the aim of this SR was to analyze the effectiveness of using ACEi as
monotherapy and/or in combination with hydroxyurea in reducing or resolving MA in pediatric
patients diagnosed with SCN. However, owing to the scarcity of studies that met the eligibility
criteria established in the International Prospective Register of Systematic Reviews
(PROSPERO) research protocol, it was not possible to perform a meta-analysis on this SR. This
highlights the importance and need to investigate the effectiveness of using ACEi as a treatment
in pediatric patients with SCN and, therefore, justifying the performance of an SR, given its
capacity to aggregate information, analyze data, critically synthesize them, and provide up-to-

date material on the best scientific evidence for healthcare professionals.
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MATERIALS AND METHODS
Study design

This SR was previously registered in the PROSPERO under protocol
CRD42022315682, and its conduction and reporting were carried out in accordance with the
recommendations of the Preferred Reporting Items for Systematic Reviews and Meta-analysis
(PRISMA),(MOHER et al., 2009) allowing the optimization of the SR report and is useful for
critically evaluating previously published reviews.

The research guiding question was determined following the PICO acronym
(Population, Intervention, Comparator and Outcome). Therefore, the following question arises:
“Given the population of pediatric patients diagnosed with SCN (P), treatment with ACEi alone
and/or associated with hydroxyurea (1), when compared to treatment with placebo (C) in
patients with the same diagnosis is effective in reducing renal impairment (O0)?”

The study was developed at the Faculty of Health Sciences of the Federal University of

Grande Dourados.

Eligibility Criteria and Intervention Characterization

The review included randomized clinical trials in which the research subjects were ages
between zero and 18 years, had a confirmed SCN diagnosis and whose intervention was
treatment with ACEi alone and/or associated with hydroxyurea. Studies were eligible regardless
of publication status or language.

The following criteria were followed:

1. Studies that, in some way, quantified the effectiveness of treatment with ACEi alone
and/or associated with hydroxyurea on pediatric patients with SCN;

2. Studies published in any language;

3. Studies whose participants were diagnosed with SCN;
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4. Studies with individuals aged 0-18 years;

5. Presence of albuminuria > 30 mg/g;

6. The ACEi intervention factor must be present.

Studies with patients exclusively aged > 18 years and those that did not include
albuminuria nephropathy were excluded.

The intervention was characterized by treatment with ACEi alone and/or in

combination with hydroxyurea in pediatric patients with SCN.

Search Strategy and Preliminary Screening

The central search strategy was performed using the following online databases:
Embase, Medline/PubMed, Cochrane Library, and Regional Virtual Health Library Portal.
Regarding studies not published in journals, the search was conducted using university digital
repositories. No restrictions on the publication period were included.

For all studies, the strategy adopted was based on the PICO structure, with related
keywords and more common synonyms adopted (Supplementary Table 1 (Table S1)).

In all cases, descriptors were chosen based on preliminary research results within the
scope of the critical evaluation by researchers in the area and, members of the review team. The
reading of systematic reviews related to the theme proposed in the present study was also
carried out, and the final criterion for selecting keywords was sensitivity; that is, more
comprehensive strategies were preferred over more specific searches.

Search strategies were adapted to the standards of each database regarding the use of
filters and Boolean operators. Selection filters were used for the comparators. Eligible studies

from bibliographic references were also included.
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To ensure the efficiency and precision of the study inclusion process, screening was
carried out in three sequential and cumulative stages, each with its own verification criteria, as
follows:

A) Title analysis (for criterion 1, described in data extraction).

B) Abstract analysis (for criteria 2, 3, and 4, as described in the data extraction section).

C) Full text analysis (for criterion 6, described in data extraction).

The Rayyan application was used (available at https://rayyan.qcri.org/welcome), which
provides agility and selection of articles for inclusion (or exclusion) in the study.

Two reviewers (JLHF and BSN) independently read all titles and abstracts of studies
that were digitally searched on previously specified virtual platforms. Studies that did not meet
the inclusion criteria were also excluded. In the next phase, the studies selected in the previous
phase were independently read by the two reviewers, and the evaluation was performed
according to the inclusion criteria. In case of disagreement regarding the inclusion or exclusion
of a particular study at all stages, a third reviewer resolved the differences between the two
reviewers.

The possible duplicate population studies were rigorously analyzed according to the
following criteria: authors and year of publication; study location and clinical setting;
intervention details, such as dose, frequency, and time; number of participants and baseline
sample characteristics; and recruitment method and study duration. As the outcome of interest
for this review did not change in cases of multiple publications, after confirming a duplicate

sample, only the first published study was selected.

Data Extraction and Final Screening
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Data extraction and final screening were independently performed by two reviewers
(JLHF and BSN). A third reviewer (GRVB) resolved any differences between the two
reviewers through meetings and dialogue.

Excel® from the Microsoft 365 Office package was used to tabulate the collected data.
The database comprised the main fields provided for parametric and non-parametric data from
the included studies. The extraction was started only when the two reviewers responsible for
this stage presented convergent results.

Data were collected according to the following criteria:

1) Time and methodology used in the research to obtain data that demonstrate the
effectiveness of the ACEi;

2) Detail of the intervention (use of ACEi to treat SCN);

3) Process of recruiting research participants;

4) Risk factors of the study population, when available;

5) Possible withdrawals of research participants;

6) Results obtained,;

7) Participant inclusion and exclusion criteria.

In addition, information allowing the analysis of the risk of bias and effect
measurements, as well as the methods used to measure them, was collected.

To increase the power of comparison, homogeneity of experimental designs and real
scientific advancement, in relation to data described in literature, only studies that contained at
least one group of individuals who used an ACEi to treat SCN were included, and this group
must have been compared with a group of individuals who used placebo (8), who had their
treatment in public or private health institutions (9). Therefore, studies that aimed to analyze

parallel issues (10) were excluded.
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At this stage, aiming for greater methodological rigor, criteria 1 to 6 were checked again

based on the full text, and definitive screening (7 — 10) was performed.

Main outcome and secondary outcomes

The main outcome analyzed was the effectiveness of ACEi in the treatment of SCN in
the pediatric population.

The effect measures analyzed in the outcomes are: mean, standard deviation, median,
and confidence intervals, in addition to the sample size of the treated (ACEi) and control
(placebo) groups. These measures were extracted based on the initial assessment and follow-

up after intervention.

Risk of bias analysis

Two reviewers (JLHF and BSN) independently assessed the risk of bias of included
studies according to the criteria proposed by the Cochrane Collaboration, using the Cochrane
Collaboration tool for risk of bias analysis 2.0 (RoB 2.0),(HIGGINS et al., 2019) which is based
on the following domains:

1) Randomization process;

2) Deviation from intended interventions;

3) Lack of results data;

4) Measurement of results;

5) Selection of the reported result.

The risk of bias for each domain analyzed was judged as low risk of bias, high risk of
bias, or uncertain risk of bias. Disagreements between the reviewers regarding the risk of bias

analysis were resolved through discussion mediated by a third reviewer (GRVB).
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No meta-analysis or significant quantitative analysis was possible because only one
study was included in the present SR. Alternatively, qualitative analysis was applied to discuss

the results.

RESULTS
Study search results
The database searches initially resulted in 6560 studies. Of these, 1438 duplicate studies
were excluded, leaving 5122 studies for screening. After the first stage of reading the titles and
abstracts, thirteen studies were selected for full text reading. Subsequently, twelve studies did

not meet the inclusion criteria, and only one study was included in this review (Figure 1).

Included study

This study was conducted at the Sickle Cell Disease Center of the Federal University
Hospital in Gombe/Nigeria. This Center treats an average of 50-70 children with sickle cell
anemia per week.(ALIU et al., 2020)

Only patients aged 1-18 years, diagnosed with sickle cell anemia and MA without
previous sickling crisis or fever (absence of fever or crisis for more than 4 weeks), using only
folic acid and malaria prophylaxis, undergoing clinical follow-up at the Sickle Cell Disease
Center at the Federal University Hospital in Gombe/Nigeria participated in the study, and
whose legal guardians provided written consent for their participation in the study. Children
with other co-morbidities such as diabetes, high blood pressure, human immunodeficiency
virus infection and urinary tract infection were excluded from the study. MA was defined as a
value between 30-300mg/g (urinary albumin/creatinine).

Regarding the intervention, the included study compared ACEi (lisinopril) with placebo

(vitamin C) in reducing MA. The primary outcome showed a greater reduction in MA in the
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intervention group (p= 0.001), although a reduction in MA was also observed in the placebo
group. At the end of the study, the MA rate was higher in the placebo group.
The study met the inclusion criteria for the pediatric population with SCN, evaluating

the effectiveness of ACEi as an intervention compared to placebo (Table 1).

Risk of bias in the included study

The risk of bias analysis, carried out using the ROB2 tool,(HIGGINS et al., 2019)
classified the study with bias characterized as “some concerns”. Of the five domains analyzed
(randomization process, deviation from intended interventions, lack of outcome data, outcome
measurement, and selection of reported outcome), three were classified as “low risk” of bias
and two were classified as “some concerns” of bias (in domain 1, randomization process and in
domain 5, selection of the reported outcome). Therefore, as a result of the analysis of domains
1 and 5, the general risk of bias was classified as “some concerns”. In domain 1, randomization
process, the study was classified as “some concerns”, as there was a randomly generated
randomization sequence and there were no initial differences between intervention and placebo
groups that would suggest a randomization problem, and the allocation sequence was blinded
from participants and their parents, but there was no information as to whether the researchers
had also been blinded regarding the allocation sequence of participants. In domain 2 (deviation
from intended interventions), the study was classified as “low risk” of bias; therefore,
participants received the intervention previously designated by the randomization process.
Regarding domain 3 (lack of results data), the classification was “low risk™ of bias; for all
participants, outcome data were available at the end of the study. In domain 4 (outcome
measurement), the study was classified as “low risk” of bias; therefore, appropriate MA
measurement and calculation techniques were used. Finally, in domain 5 (selection of the

reported result), the work was classified as “some concerns” of bias, as it did not report whether
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the data that produced the analyzed results were in accordance with a specified pre-analysis
plan that would be finalized before unblinded outcome data were available for analysis.
Additionally, domain 5 also analyzed whether there were multiple eligible outcome
measurements, such as outcome assessment at different time points, and the study measured
MA at 1, 2, and 3 months of treatment in both groups (Figures 02 and 03 using RevMan 5.4
software).(COCHRANE COLLABORATION. REVIEW MANAGER VERSION 54

(SOFTWARE)., 2020)

DISCUSSION

SR plays a fundamental role in the clinical context, providing a rigorous and
comprehensive approach to synthesizing scientific evidence, is essential for evidence-based
clinical decision-making, and provides more reliable information to guide medical
practice.(COOK; MULROW; HAYNES, 1997; PEREIRA et al., 2019)

SCN is a progressive clinical condition that begins in childhood with an increased GFR
and albuminuria. Inefficient or no intervention in this age group leads to the loss of kidney
function and kidney failure in adulthood.(BRANDOW; LIEM, 2022; POWARS et al., 1991)

In this SR, only one randomized clinical trial met the review criteria with “some
concerns”, and the risk of bias was identified. The authors observed a higher proportion of
subjects with decreased MA after 1 and 3 months of intervention compared to the placebo
group. At the end of the study, the percentage of participants without MA was higher in the
intervention group. The authors also attributed the reduction in MA in the placebo group to
spontaneous regression, as reported by other authors(MCKIE et al., 2007; PERKINS et al.,
2003) and a possible antioxidant effect of vitamin C used as placebo in the study. This clinical
trial was carried out for a brief period of 3 months, and it was not possible to evaluate the effect

of ACEi on albuminuria in the medium and long term.
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Non-randomized clinical studies carried out with adult sickle cell patients showed a
positive effect of ACEi on reducing albuminuria; however, a study carried out in 2007 with a
pediatric sickle cell population did not observe statistical significance in proteinuria reduction
with the use of ACEi.(AOKI; SAAD, 1995; FALK et al., 1992; MCKIE et al., 2007)

SR carried out in 2017 on intervention in individuals with SCN included only two
studies; one study was carried out with children aged 9-18 months whose intervention was
hydroxyurea. An other study included only adults, and the intervention was an ACEi. The
authors concluded that there was no scientific evidence of the action of hydroxyurea in
improving GFR in infants with SCD and no positive effect of the ACEi on preventing renal
complications in sickle cell adults with normal blood pressure and MA.(ROY et al., 2017)
Sasongko et al.,(SASONGKO; NAGALLA; BALLAS, 2015) carried out an SR in 2015 with
the aim of determining the effectiveness of ACEi in individuals with SCD to reduce
intraglomerular pressure, MA, and proteinuria. Five studies were identified in the databases and
only one met the inclusion criteria. This trial was the same trial included in the SR carried out
by Roy et al.(ROY et al., 2017) in 2017 in the adult population.

In 2023, Roy et al.(ROY et al., 2023) updated the SR published in 2017, with the
inclusion of the study selected in this review. They considered the three studies to be at high
risk of bias, concluding that they were not sure whether hydroxyurea improves GFR or reduces
glomerular hyperfiltration in sickle cell children aged 9-18 months, as well as whether ACEi
has any positive effect on prevention or reduction of renal complications in adults with SCD,
normal blood pressure and MA and finally, they also did not define whether ACEi compared
to vitamin C (placebo) has positive effect on preventing or reducing renal complications in
children and adolescents with SCD, normal blood pressure and MA.(ROY et al., 2023)

In a study carried out in Brazil by Aoki et al.,(AOKI; SAAD, 1995) in 1995, of the 56

patients with SCD, 22 had albuminuria, of which, nine received enalapril for 2 years, and one
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patient was under 18 years of age. The study observed a significant reduction in urinary albumin
concentration in these patients, and more markedly in those with moderate albuminuria. Falk
et al.,(FALK et al., 1992) in 1992, evaluated the effectiveness of enalapril in 10 sickle cell
adults with albuminuria after 2 weeks of treatment with ACEi and observed a significant
reduction in the urinary albumin excretion rate. In a case report by Fitzhugh et al.,(FITZHUGH;
WIGFALL; WARE, 2005) three adolescent patients with SCD showed a reduction in MA after
starting enalapril. In 2007, McKie et al.,(MCKIE et al., 2007) carried out an observational
study, in which nine pediatric patients with albuminuria received ACEi enalapril, and
improvement in albuminuria was observed in five patients. Three patients discontinued
medication because of hyperkalemia.

Most studies on the treatment of SCN and inhibitors of the renin-angiotensin-
aldosterone system were carried out in the adult population, with small samples, short follow-
up periods and were not randomized clinical trials(BRANDOW; LIEM, 2022). As most studies
were carried out in the adult population, the potential benefits may be different in the pediatric
population.(ADEBAYO et al., 2022)

Due to the absence of a meta-analysis, it is not possible to obtain a high degree of
certainty about the efficacy of lisinopril compared to placebo (Vitamin C) in reducing MA in
the pediatric population with SCD with normal blood pressure, although the study demonstrated
a significant reduction in MA levels in both groups (intervention and placebo) after the first
month of treatment.

Although this SR was carried out based on a broad search in several databases and a
search for registered clinical trials, only one randomized clinical trial approaching ACEi
therapy in SCN in the pediatric population was carried out, as observed in other SR.(ROY et
al., 2023) Carrying out clinical trials in the pediatric sickle cell population with a focus on

kidney disease is a challenge, especially in countries with medium and low human development
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index where there are few pediatric nephrologists.(ADEBAYO et al., 2022) However,
guidelines recommend the use of ACEi in adult and pediatric sickle cell patients with
albuminuria, although the impact of this therapy on the survival of these patients is
unknown.(LIEM et al., 2019; YAWN et al., 2014)

In 2019, a multicenter, randomized, phase I1, two-arm study was conducted to evaluate
the effect of crizanlizumab combined with standard treatment (hydroxyurea and/or ACEi ) and
standard treatment alone on the renal function of SCD patients over 18 years of age with CKD
due to SCN. The study ended in 2023 and the results have not yet been published.(CLINICAL
TRIALS, [5.d.])

This SR obtained updated data on the effectiveness of ACEi in reducing renal
complications of SCD in the pediatric population. It is evident that there is a lack of randomized
clinical trials conducted with this population to evaluate the effectiveness of ACEi for renal
complications in sickle cell patients.

Finally, it was not possible to generate a consensus on the effectiveness of ACEi in
reducing proteinuria in children and adolescents with sickle cell MA. New randomized and
controlled clinical trials, adequately designed, that address medications with a renal protective
effect or reduction of renal complications in pediatric sickle cell patients are necessary, given
the early onset of renal changes in childhood and that SCN is an important factor in morbidity

and mortality in adult patients with SCD.
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Figure 1. Diagram of the study selection steps for the SR.

After removing duplicates, studies were selected according to the methodology described
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previously. Studies that were excluded did not meet the eligibility criteria. The reasons for

excluding studies were as follows: i) the studies did not include patients aged < 18 years; ii) the

studies were not randomized clinical trials; and iii) the studies did not compare the intervention

with ACE inhibitors.
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APENDICE B - Estratégia PICO (Populagao, Intervencdo, Comparador e Desfecho) e

buscadores centrais para estudos regulares



Estratégia PICO (Populacao, Intervencao, Comparador e Desfecho) e buscadores centrais para estudos regulares.

ALVO

DESCRICAO

UNITERMOS (CODIGO DE PROGRAMAGAO UTILIZADO NA BASE DE DADOS)
TERMO DeCS (BVS), MeSH (MEDLINE) E EMTREE (EMBASE)

ESTRATEGIA UTILIZADA NO PORTAL REGIONAL DA BVS

POPULACAO/
CONDICAO

1. Doenga
falciforme/nefropatia/crianca
;adolescente

#1.

MH:(Anemia Falciforme) OR (Anemia Falciforme) OR (Anemia, Sickle Cell) OR (Anemia de
Células Falciformes) OR (Doenga Falciforme) OR (Doenga da Hemoglobina S) OR (Doenga de
Células Falciformes) OR (Doengas Falciformes) OR (Doengas de Células Falciformes) OR
(Anemias, Sickle Cell) OR (Cell Disease, Sickle) OR (Cell Diseases, Sickle) OR (Cell Disorder, Sickle)
OR (Cell Disorders, Sickle) OR (Disease, Hemoglobin S) OR (HbS Disease) OR (Hemoglobin S
Disease) OR (Hemoglobin S Diseases) OR (Sickle Cell Anemia) OR (Sickle Cell Anemias) OR (Sickle
Cell Disease) OR (Sickle Cell Diseases) OR (Sickle Cell Disorder) OR (Sickle Cell Disorders) OR
(Sickling Disorder Due to Hemoglobin S) OR (Enfermedad Falciforme) OR (Enfermedad de
Células Falciformes) OR (Enfermedad de la Hemoglobina S) OR (Enfermedades Falciformes) OR
(Enfermedades de Células Falciformes) OR MH:C15.378.071.141.150.150$ OR
MH:C15.378.420.1556 OR MH:C16.320.070.1506 OR MH:C16.320.365.1555 AND
MH:(Insuficiéncia Renal Crénica) OR (Insuficiéncia Renal Crénica) OR (Renal Insufficiency,
Chronic) OR (Insuficiencia Renal Crdnica) OR (Doenca Crénica Renal) OR (Doenca Renal Cronica)
OR (Doenga do Rim Crdonica) OR (Doencas Cronica do Rim) OR (Doencas Cronicas Renais) OR
(Doengas Cronicas do Rim) OR (Doencas Renais Cronicas) OR (Doencas do Rim Crénicas) OR
(Insuficiéncia Cronica Renal) OR (Insuficiéncia Cronica do Rim) OR (Insuficiéncia do Rim Cronica)
OR (Insuficiéncias Crénicas Renais) OR (Insuficiéncias Cronicas do Rim) OR (Insuficiéncias Renais
Crodnicas) OR (Insuficiéncias do Rim Cronicas) OR (Nefropatia Crénica) OR (Nefropatias Cronicas)
OR (Chronic Kidney Disease) OR (Chronic Kidney Diseases) OR (Chronic Kidney Insufficiencies)
OR (Chronic Kidney Insufficiency) OR (Chronic Renal Disease) OR (Chronic Renal Diseases) OR
(Chronic Renal Insufficiencies) OR (Chronic Renal Insufficiency) OR (Disease, Chronic Kidney) OR
(Disease, Chronic Renal) OR (Diseases, Chronic Kidney) OR (Diseases, Chronic Renal) OR (Kidney
Disease, Chronic) OR (Kidney Diseases, Chronic) OR (Kidney Insufficiencies, Chronic) OR (Kidney
Insufficiency, Chronic) OR (Renal Disease, Chronic) OR (Renal Diseases, Chronic) OR (Renal
Insufficiencies, Chronic) OR (Enfermedad Crdnica del Rifidn) OR (Enfermedad Crdénica Renal) OR
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INTERVENCAO

1. Inibidor da enzima
conversora de angiotensina

(Enfermedad del Rifién Crénica) OR (Enfermedad Renal Crénica) OR (Enfermedades Crénicas
del Rifién) OR (Enfe medades Crénicas Renales) OR (Enfermedades del Rifién Crénicas) OR
(Enfermedades Renales Crénicas) OR (Insuficiencia Crdnica del Rifidn) OR (Insuficiencia Crdnica
Renal) OR (Insuficiencia del Rifién Croénica) OR (Insuficiencias Crénicas del Rifion) OR
(Insuficiencias Crénicas Renales) OR (Insuficiencias del Rifidn Crénicas) OR (Insuficiencias
Renales Crénicas) OR MH:C12.777.419.780.750$ OR MH:C13.351.968.419.780.750$ OR
MH:Nefropatias OR Nefropatias OR (Kidney Diseases) OR (Enfermedades Renales) OR (Doenga
Renal) OR (Doencas Renais) OR Nefropatia OR (Disease, Kidney) OR (Diseases, Kidney) OR
(Kidney Disease) OR (Enfermedad Renal) OR Nefropatia OR Nefropatias OR MH:C12.777.419S
OR MH:C13.351.968.4195 OR MH:Crianca OR Crianca OR Child OR Nifio OR Criancas OR
Children OR Nifios OR MH:M01.060.4065 OR MH:Adolescente OR Adolescente OR Adolescent
OR Adolescéncia OR Adolescentes OR Jovem OR Jovens OR Juventude OR (Adolescent, Female)
OR (Adolescent, Male) OR Adolescents OR (Adolescents, Female) OR (Adolescents, Male) OR
(Female Adolescent) OR (Female Adolescents) OR (Male Adolescent) OR (Male Adolescents) OR
Teen OR Teenager OR Teenagers OR Teens OR Youth OR Youths OR Adolescencia OR Joven OR
Jévenes OR Juventud OR MH:M01.060.057$

#2.

#2.

MH:(Inibidores da Enzima Conversora de Angiotensina) OR (Inibidores da Enzima Conversora
de Angiotensina) OR (Angiotensin-Converting Enzyme Inhibitors) OR (Inhibidores de la Enzima
Convertidora de Angiotensina) OR (Inibidor da ACE) OR (Inibidor da Enzima de Conversao da
Angiotensina) OR (Inibidor da Enzima de Conversdo da Angiotensina I) OR (Inibidor de Cininase
I1) OR (Inibidores da ACE) OR (Inibidores da Enzima Conversora da Angiotensina) OR (Inibidores
da Quininase Il) OR (ACE Inhibitor) OR (ACE Inhibitors) OR (Angiotensin Converting Enzyme
Antagonists) OR (Angiotensin Converting Enzyme Inhibitor) OR (Angiotensin Converting
Enzyme Inhibitors) OR (Angiotensin | Converting Enzyme Inhibitor) OR (Angiotensin | Converting
Enzyme Inhibitors) OR (Angiotensin |-Converting Enzyme Inhibitor) OR (Angiotensin I-
Converting Enzyme Inhibitors) OR (Angiotensin-Converting Enzyme Antagonists) OR
(Angiotensin-Converting Enzyme Inhibitor) OR (Antagonists, Angiotensin Converting Enzyme)
OR (Antagonists, Angiotensin-Converting Enzyme) OR (Antagonists, Kininase 1l) OR (Enzyme
Antagonists, Angiotensin-Converting) OR (Enzyme Inhibitor, Angiotensin-Converting) OR
(Enzyme Inhibitors, Angiotensin-Converting) OR (Il Inhibitor, Kininase) OR (Inhibitor, ACE) OR
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(Inhibitor, Angiotensin-Converting Enzyme) OR (Inhibitor, Kininase 1I) OR (Inhibitors, ACE) OR
(Inhibitors, Angiotensin Converting Enzyme) OR (Inhibitors, Angiotensin-Converting Enzyme)
OR (Inhibitors, Kininase II) OR (Kininase Il Antagonists) OR (Kininase Il Inhibitor) OR (Kininase Il
Inhibitors) OR (Inhibidor de Quinasa Il) OR (Inhibidor de la ECA) OR (Inhibidor de la Enzima
Convertidora de Angiotensina) OR (Inhibidor de la Enzima Convertidora de Angiotensina |) OR
(Inhibidores de ACE) OR (Inhibidores de Quininasa 1l) OR MH:D27.505.519.389.745.085$ OR
MH:Hidroxiureia OR Hidroxiureia OR Hydroxyurea OR Hidroxiurea OR Hidroxicarbamida OR
Hydrea OR Hydroxycarbamid OR Oncocarbide OR Hidroxicarbamida OR MH:D02.065.950.395%

OPERADOR #3
BOOLEANO OR e AND #1 AND #2

ESTRATEGIA UTILIZADA NO BANCO DE DADOS DA MEDLINE VIA PUBMED

#1.

#1.

"Anemia, Sickle Cell"[Mesh] OR (Anemias, Sickle Cell) OR (Sickle Cell Anemias) OR (Hemoglobin
S Disease) OR (Disease, Hemoglobin S) OR (Hemoglobin S Diseases) OR (Sickle Cell Anemia) OR
(Sickle Cell Disorders) OR (Cell Disorder, Sickle) OR (Cell Disorders, Sickle) OR (Sickle Cell
Disorder) OR (Sickling Disorder Due to Hemoglobin S) OR (HbS Disease) OR (Sickle Cell Disease)
OR (Cell Disease, Sickle) OR (Cell Diseases, Sickle) OR (Sickle Cell Diseases) AND "Renal
Insufficiency, Chronic"[Mesh] OR (Chronic Renal Insufficiencies) OR (Renal Insufficiencies,

POPULACAO/ 1. Doenca Chronic) OR (Chronic Renal Insufficiency) OR (Kidney Insufficiency, Chronic) OR (Chronic Kidney
_CONDICAO falciforme/nefropatia/crianca Insufficiency) OR (Chronic Kidney Insufficiencies) OR (Kidney Insufficiencies, Chronic) OR
;adolescente (Chronic Kidney Diseases) OR (Chronic Kidney Disease) OR (Disease, Chronic Kidney) OR

(Diseases, Chronic Kidney) OR (Kidney Disease, Chronic) OR (Kidney Diseases, Chronic) OR
(Chronic Renal Diseases) OR (Chronic Renal Disease) OR (Disease, Chronic Renal) OR (Diseases,
Chronic Renal) OR (Renal Disease, Chronic) OR (Renal Diseases, Chronic) OR "Kidney
Diseases"[Mesh] OR (Disease, Kidney) OR (Diseases, Kidney) OR (Kidney Disease) OR
"Child"[Mesh] OR Children OR "Adolescent"[Mesh] OR Adolescents OR Adolescence OR Teens
OR Teen OR Teenagers OR Teenager OR Youth OR Youths OR (Adolescents, Female) OR
(Adolescent, Female) OR (Female Adolescent) OR (Female Adolescents) OR (Adolescents, Male)
OR (Adolescent, Male) OR (Male Adolescent) OR (Male Adolescents)
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INTERVENCAO

OPERADOR
BOOLEANO

1. Inibidor da enzima
conversora de angiotensina

OR e AND

#2.

#2.

"Angiotensin-Converting Enzyme Inhibitors"[Mesh] OR (ACE Inhibitor) OR (ACE Inhibitors) OR
(Angiotensin Converting Enzyme Antagonists) OR (Angiotensin Converting Enzyme Inhibitor)
OR (Angiotensin Converting Enzyme Inhibitors) OR (Angiotensin | Converting Enzyme Inhibitor)
OR (Angiotensin | Converting Enzyme Inhibitors) OR (Angiotensin I-Converting Enzyme
Inhibitor) OR (Angiotensin I-Converting Enzyme Inhibitors) OR (Angiotensin-Converting Enzyme
Antagonists) OR (Angiotensin-Converting Enzyme Inhibitor) OR (Antagonists, Angiotensin
Converting Enzyme) OR (Antagonists, Angiotensin-Converting Enzyme) OR (Antagonists,
Kininase 1I) OR (Enzyme Antagonists, Angiotensin-Converting) OR (Enzyme Inhibitor,
Angiotensin-Converting) OR (Enzyme Inhibitors, Angiotensin-Converting) OR (Il Inhibitor,
Kininase) OR (Inhibitor, ACE) OR (Inhibitor, Angiotensin-Converting Enzyme) OR (Inhibitor,
Kininase II) OR (Inhibitors, ACE) OR (Inhibitors, Angiotensin Converting Enzyme) OR (Inhibitors,
Angiotensin-Converting Enzyme) OR (Inhibitors, Kininase 1l) OR (Kininase Il Antagonists) OR
(Kininase Il Inhibitor) OR (Kininase Il Inhibitors)

#3
#1 AND #2

ESTRATEGIA UTILIZADA NO BANCO DE DADOS DA CENTRAL VIA COCHRANE LIBRARY

POPULACAO/
CONDICAO

1 Doenga
falciforme/nefropatia/crianca
;adolescente

#1.
MeSH descriptor: [Anemia, Sickle Cell] explode al

#2.

(Anemias, Sickle Cell) OR (Cell Disease, Sickle) OR (Cell Diseases, Sickle) OR (Cell Disorder, Sickle)
OR (Cell Disorders, Sickle) OR (Disease, Hemoglobin S) OR (HbS Disease) OR (Hemoglobin S
Disease) OR (Hemoglobin S Diseases) OR (Sickle Cell Anemia) OR (Sickle Cell Anemias) OR (Sickle
Cell Disease) OR (Sickle Cell Diseases) OR (Sickle Cell Disorder) OR (Sickle Cell Disorders) OR
(Sickling Disorder Due to Hemoglobin S)

#3
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MeSH descriptor: [Renal Insufficiency, Chronic] explode all trees

#4.

(Chronic Renal Insufficiencies) OR (Renal Insufficiencies, Chronic) OR (Chronic Renal
Insufficiency) OR (Kidney Insufficiency, Chronic) OR (Chronic Kidney Insufficiency) OR (Chronic
Kidney Insufficiencies) OR (Kidney Insufficiencies, Chronic) OR (Chronic Kidney Diseases) OR
(Chronic Kidney Disease) OR (Disease, Chronic Kidney) OR (Diseases, Chronic Kidney) OR
(Kidney Disease, Chronic) OR (Kidney Diseases, Chronic) OR (Chronic Renal Diseases) OR
(Chronic Renal Disease) OR (Disease, Chronic Renal) OR (Diseases, Chronic Renal) OR (Renal
Disease, Chronic) OR (Renal Diseases, Chronic)

#5.
MeSH descriptor: [Kidney Diseases] explode all trees

#6.
(Disease, Kidney) OR (Diseases, Kidney) OR (Kidney Disease)

#7.
MeSH descriptor: [Child] explode all trees

#8.
Children

#9.
MeSH descriptor: [Adolescent] explode all trees

#10.

Adolescents OR Adolescence OR Teens OR Teen OR Teenagers OR Teenager OR Youth OR Youths
OR (Adolescents, Female) OR (Adolescent, Female) OR (Female Adolescent) OR (Female
Adolescents) OR (Adolescents, Male) OR (Adolescent, Male) OR (Male Adolescent) OR (Male
Adolescents)
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INTERVENCAO

OPERADOR
BOOLEANO

1. Inibidor da enzima
conversora de angiotensina

OR e AND

#11.
MeSH descriptor: [Angiotensin-Converting Enzyme Inhibitors] explode all trees

#12.

(ACE Inhibitor) OR (ACE Inhibitors) OR (Angiotensin Converting Enzyme Antagonists) OR
(Angiotensin Converting Enzyme Inhibitor) OR (Angiotensin Converting Enzyme Inhibitors) OR
(Angiotensin | Converting Enzyme Inhibitor) OR (Angiotensin | Converting Enzyme Inhibitors)
OR (Angiotensin I-Converting Enzyme Inhibitor) OR (Angiotensin I-Converting Enzyme
Inhibitors) OR (Angiotensin-Converting Enzyme Antagonists) OR (Angiotensin-Converting
Enzyme Inhibitor) OR (Antagonists, Angiotensin Converting Enzyme) OR (Antagonists,
Angiotensin-Converting Enzyme) OR (Antagonists, Kininase II) OR (Enzyme Antagonists,
Angiotensin-Converting) OR (Enzyme Inhibitor, Angiotensin-Converting) OR (Enzyme Inhibitors,
Angiotensin-Converting) OR (Il Inhibitor, Kininase) OR (Inhibitor, ACE) OR (Inhibitor,
Angiotensin-Converting Enzyme) OR (Inhibitor, Kininase Il) OR (Inhibitors, ACE) OR (Inhibitors,
Angiotensin Converting Enzyme) OR (Inhibitors, Angiotensin-Converting Enzyme) OR
(Inhibitors, Kininase 1) OR (Kininase Il Antagonists) OR (Kininase Il Inhibitor) OR (Kininase II
Inhibitors)

#13.

#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10
#14

#11 OR #12

#15

#13 AND #14

ESTRATEGIA UTILIZADA NO BANCO DE DADOS DA EMBASE
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POPULACAO/
CONDICAO

INTERVENCAO

OPERADOR
BOOLEANO

1 Doenga
falciforme/nefropatia/crianca
;adolescente

1. Inibidor da enzima
conversora de angiotensina

OR e AND

#1.

'sickle cell anemia'/exp OR (anaemia, sickle cell) OR (anemia, sickle cell) OR drepanocytemia
OR (drepanocytic anaemia) OR (drepanocytic anemia) OR drepanocytosis OR (haemoglobin SS)
OR (haemoglobin SS disease) OR (Hb SS disease) OR (hemoglobin SS) OR (hemoglobin SS
disease) OR (homozygous sickle cell anaemia) OR (homozygous sickle cell anemia) OR
(homozygous sickle cell disease) OR meniscocytosis OR (sickle anaemia) OR (sickle anemia) OR
(sickle cell anaemia) OR (sickle cell disease) OR (SS disease (sickle cell)) OR 'chronic kidney
failure'/exp OR (chronic kidney disease) OR (chronic kidney disorder) OR (chronic kidney
insufficiency) OR (chronic nephropathy) OR (chronic renal disease) OR (chronic renal failure) OR
(chronic renal insufficiency) OR (kidney chronic failure) OR (kidney disease, chronic) OR (kidney
failure, chronic) OR (kidney function, chronic disease) OR (renal insufficiency, chronic) OR
'Kidney Diseases'/exp OR (disease, kidney) OR (kidney diseases) OR (kidney disorder) OR
(kidney pathology) OR nephropathy OR perinephritis OR (perirenal infection) OR (renal disease)
OR (renal disorder) OR (unilateral kidney disease) OR 'child'/exp OR children OR 'sickle cell
anemia'/exp OR teenager

#2.

'dipeptidyl carboxypeptidase inhibitor'/exp OR (ACE inhibitor) OR (angiotensin converting
enzyme inhibiting agent) OR (angiotensin converting enzyme inhibitor) OR (angiotensin
converting enzyme inhibitors) OR (angiotensin i converting enzyme inhibitor) OR (angiotensin-
converting enzyme inhibitors) OR (converting enzyme inhibitor) OR (dipeptidyl
carboxypeptidase i inhibitor) OR (kininase ii inhibitor) OR (peptidyl dipeptidase inhibitor) OR
(peptidyldipeptide hydrolase inhibitor)

#3.
#1 AND #2
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ANEXO A - Protocolo CRD42022315682 da PROSPERO

This record cannot be edited because it has been marked as out of scope

1. * Review title.

Give the title of the review in English

Effectiveness of treatment with angiotensin-converting enzyme inhibitors alone and/or
associated with

hydroxyurea in pediatric patients with sickle cell nephropathy: a systematic review with meta-
analysis.

2. Original language title.

For reviews in languages other than English, give the title in the original language. This will be
displayed with the English language title.

English

3. * Anticipated or actual start date.

Give the date the systematic review started or is expected to start.

01/04/2022

4. * Anticipated completion date.

Give the date by which the review is expected to be completed.

31/03/2023

5. * Stage of review at time of this submission.

This field uses answers to initial screening questions. It cannot be edited until after
registration.

Tick the boxes to show which review tasks have been started and which have been completed.
Update this field each time any amendments are made to a published record.

The review has not yet started: No

Review stage Started Completed
Preliminary searches Yes No
Piloting of the study selection process No No
Formal screening of search results against eligibility criteria  No No
Data extraction No No
Risk of bias (quality) assessment No No
Data analysis No No

Provide any other relevant information about the stage of the review here.
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6. * Named contact.

The named contact is the guarantor for the accuracy of the information in the register record.
This may be any member of the review team.

Jucilane Ferruzzi

Email salutation (e.g. "Dr Smith™ or "Joanne") for correspondence:

Mrs Ferruzzi

7. * Named contact email.

Give the electronic email address of the named contact.

jucilanelima@gmail.com

8. Named contact address

Give the full institutional/organisational postal address for the named contact.

Street Floriano Peixoto, 1695. City Dourados , State Mato Grosso do SulCountry BrazilZip
Code 79824-090

9. Named contact phone number.

Give the telephone number for the named contact, including international dialling code.
556734222805/ 5567981512080

10. * Organisational affiliation of the review.

Full title of the organisational affiliations for this review and website address if available. This
field may be completed as 'None' if the review is not affiliated to any organisation.

Faculty of Health Sciences, Federal University of Grande Dourados, Dourados/Itahum
Highway, Km 12 - Unit Il | PO Box: 364 | Zip code: 79.804-970, MS, Brazil.

Organisation web address:

11. * Review team members and their organisational affiliations.

Give the personal details and the organisational affiliations of each member of the review team.
Affiliation refers to groups or organisations to which review team members belong. NOTE:
email and country now MUST be entered for each person, unless you are amending a
published record.

Mrs Jucilane Ferruzzi. UFGD

Professor Silivia Aparecida Oesterreich. Faculty of Health Sciences, Federal University of
Grande Dourados, Dourados/Itahum Highway, Km 12 - Unit Il | PO Box: 364 | Zip code:
79.804-970, MS, Brazil.
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Professor Gustavo Roberto Villas-Boas. Research Group on Development of Pharmaceutical
Products (P & DProFar), Center for Biological and Health Sciences, Federal University of
Western Bahia, Rua Bertioga, 892, Morada Nobre |1, Barreiras CEP 47810-059, BA, Brazil.
Dr Emerson Ferruzzi. Faculty of Health Sciences, Federal University of Grande Dourados,
Dourados/Itahum Highway, Km 12 - Unit Il | PO Box: 364 | Zip code: 79.804-970, MS, Brazil.
Mr Bruno Souza do Nascimento. Faculty of Health Sciences, Federal University of Grande
Dourados,

Dourados/Itahum Highway, Km 12 - Unit Il | PO Box: 364 | Zip code: 79.804-970, MS, Brazil.
12. * Funding sources/sponsors.

Details of the individuals, organizations, groups, companies or other legal entities who have
funded or

sponsored the review.

Not applicable.

Grant number(s)

State the funder, grant or award number and the date of award

13. * Conflicts of interest.

List actual or perceived conflicts of interest (financial or academic).

None

14. Collaborators.

Give the name and affiliation of any individuals or organisations who are working on the review
but who are not listed as review team members. NOTE: email and country must be
completed for each person, unless you are amending a published record.

15. * Review question.

State the review question(s) clearly and precisely. It may be appropriate to break very broad
questions down into a series of related more specific questions. Questions may be framed or
refined using PI(E)COS or similar where relevant.

Given the population of pediatric patients diagnosed with sickle cell nephropathy (P), treatment
with

angiotensin-converting enzyme inhibitors alone and/or associated with hydroxyurea (1), when
compared to treatment with placebo (C) in patients with the same diagnosis, is effective in
reducing disease progression (O).

16. * Searches.
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State the sources that will be searched (e.g. Medline). Give the search dates, and any restrictions
(e.g.

language or publication date). Do NOT enter the full search strategy (it may be provided as a
link or

attachment below.)

EMBASE, through Elsevier, MEDLINE, through PubMed, CENTRAL, through Cochrane
Library and Virtual Health Library(VHL) Regional Portal, Gray literature materials
(unpublished), through university digital repositories. No restrictions of language nor
publication period were applied.

17. URL to search strategy.

Upload a file with your search strategy, or an example of a search strategy for a specific
database, (including the keywords) in pdf or word format. In doing so you are consenting to the
file being made publicly accessible. Or provide a URL or link to the strategy. Do NOT provide
links to your search results.

Alternatively, upload your search strategy to CRD in pdf format. Please note that by doing so
you are

consenting to the file being made publicly accessible.

Do not make this file publicly available until the review is complete

18. * Condition or domain being studied.

Give a short description of the disease, condition or healthcare domain being studied in your
systematic

review.

Pediatric patients with sickle cell nephropathy; Effectiveness of treatment with angiotensin-
converting

enzyme inhibitors in monotherapy and/or associated with hydroxyurea.

19. * Participants/population.

Specify the participants or populations being studied in the review. The preferred format
includes details of both inclusion and exclusion criteria.

Clinical studies will be included in which research subjects must be between zero and 18 years
of age and have a confirmed diagnosis of sickle cell nephropathy. In primary studies, patients
must have been

diagnosed according to the following criteria: 1) Positive diagnosis of sickle cell disease,

confirmed by
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hemoglobin electrophoresis; 2) albuminuria above 30 mg/g. Studies with exclusively patients
over 18 years of age, studies that do not include sickle cell nephropathy or have not diagnosed
sickle cell disease through hemoglobin electrophoresis and nephropathy through albuminuria
will be excluded.

20. * Intervention(s), exposure(s).

Give full and clear descriptions or definitions of the interventions or the exposures to be
reviewed. The

preferred format includes details of both inclusion and exclusion criteria.

Treatment with angiotensin-converting enzyme inhibitors alone and/or associated with
hydroxyurea in

pediatric patients with sickle cell nephropathy.

21. * Comparator(s)/control.

Where relevant, give details of the alternatives against which the intervention/exposure will be
compared (e.g. another intervention or a non-exposed control group). The preferred format
includes details of both inclusion and exclusion criteria.

Placebo treatment in pediatric patients diagnosed with sickle cell nephropathy.

22. * Types of study to be included.

Give details of the study designs (e.g. RCT) that are eligible for inclusion in the review. The
preferred format includes both inclusion and exclusion criteria. If there are no restrictions on
the types of study, this should be stated.

Randomized clinical trials in general.

23. Context.

Give summary details of the setting or other relevant characteristics, which help define the
inclusion or

exclusion criteria.

24. * Main outcome(s).

Give the pre-specified main (most important) outcomes of the review, including details of how
the outcome is defined and measured and when these measurement are made, if these are part
of the review inclusion criteria.

Effective rate (maintenance or improvement of albuminuria levels).

Measures of effect

Please specify the effect measure(s) for you main outcome(s) e.g. relative risks, odds ratios,

risk difference, and/or 'number needed to treat.
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The mean, standard deviation, median, and confidence intervals, plus sample size of the Treated
and

Control groups (intervention with angiotensin-converting enzyme inhibitors alone and/or
associated with hydroxyurea or placebo) will be extracted, considering the initial evaluation
and the follow-up after the intervention.

25. * Additional outcome(s).

List the pre-specified additional outcomes of the review, with a similar level of detail to that
required for main outcomes. Where there are no additional outcomes please state ‘None’ or
‘Not applicable’ as appropriate to the review

Effective rate (Reduction of clinical manifestations (arterial hypertension); Improvement in
laboratory

parameters related to renal function (levels of urea, creatinine, and improvement in glomerular
filtration rate using the Schwartz method)).

Measures of effect

Please specify the effect measure(s) for you additional outcome(s) e.g. relative risks, odds
ratios, risk

difference, and/or 'number needed to treat.

The mean, standard deviation, median, and confidence intervals, plus sample size of the Treated
and

Control groups (intervention with angiotensin-converting enzyme inhibitors alone and/or
associated with hydroxyurea or placebo) will be extracted, considering the initial evaluation
and the follow-up after the intervention.

26. * Data extraction (selection and coding).

Describe how studies will be selected for inclusion. State what data will be extracted or
obtained. State how this will be done and recorded.

he evaluation of the eligibility of the studies that will be included in this review will be carried
out in two stages. In the first step, two reviewers will independently read all titles and abstracts
and abstracts of Works digitally searched on the previously specified virtual platforms. Studies
that do not meet the inclusion criteria will be discarded at this stage. Those listed will be
compiled according to the responses to each survey using the Rayyan app. In the second step,
the studies selected in step 1 will be read independently by the two reviewers, and the evaluation

will be done according to the inclusion criteria. If there is disagreement on the inclusion or
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exclusion of a particular study at all stages, a third reviewer will decide the vote. The authors
will describe the study selection process using the Preferred Reporting Items for Systematic
Reviews and Meta- Analyses (PRISMA) flowchart. Reasons for excluding any full-text articles
will be recorded. All relevant data will be extracted from the studies selected by both reviewers
and included through a standardized form previously agreed by the team. The data to be
extracted will include the authorship list; month/year of publication; kind of study; parents; the
language of publication; main goals; Population; characteristics of the participants;
Intervention, and Comparator (in particular clinical data on both, when available); methods
used;

and any explanations for the results.

27. * Risk of bias (quality) assessment.

State which characteristics of the studies will be assessed and/or any formal risk of bias/quality
assessment tools that will be used.

Two authors will independently assess the risk of bias in the included studies according to the
criteria

proposed by the Cochrane Collaboration, which is based on the following seven domains:
Random

sequence generation; Allocation concealment; Blinding of participants and incomplete
personnel; Blinding of outcome assessment, outcome data, selective reporting, and other
sources of bias. The risk of bias for each analyzed domain will be judged as low risk of bias,
high risk of bias, or uncertain risk of bias. Disagreements between authors regarding assessing
the risk of bias will be resolved through discussion, with the involvement of a third review
author when necessary. We will contact the study authors to request missing data.

28. * Strategy for data synthesis.

Describe the methods you plan to use to synthesise data. This must not be generic text but
should be

specific to your review and describe how the proposed approach will be applied to your data.
If metaanalysis is planned, describe the models to be used, methods to explore statistical
heterogeneity, and software package to be used.

RStudio Version 1.4.1717 will be used for analysis. For continuous results, the mean difference,
or the

standardized mean difference (SMD) will be used between the group treated (intervention with

angiotensinconverting
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enzyme inhibitors alone and/or associated with hydroxyurea) and the group control
(intervention

with placebo), with 95% confidence intervals (Cls). The mean difference will be used if the
same

measurement scale has been used in all studies. The SMD will be used if there is variation in
the

measurement instrument to measure the outcome. The odds ratio (OR) with 95% CI will be
used for

dichotomous outcomes. The heterogeneity will be evaluated with the 12 statistic.

29. * Analysis of subgroups or subsets.

State any planned investigation of ‘subgroups’. Be clear and specific about which type of study
or

participant will be included in each group or covariate investigated. State the planned analytic
approach.

a) Angiotensin-converting enzyme inhibitor in monotherapy vs. Angiotensin-converting
enzyme inhibitor associated with Hydroxyurea;

b) Angiotensin-converting enzyme inhibitor-associated with Hydroxyurea vs. Hydroxyurea in
monotherapy;

c¢) Angiotensin-converting enzyme inhibitor in monotherapy vs. Hydroxyurea in monotherapy;
d) Chronic blood transfusion vs. Angiotensin-converting enzyme inhibitor in monotherapy;

e) Chronic blood transfusion vs. Hydroxyurea in monotherapy;

f) Chronic blood transfusion vs. Angiotensin-converting enzyme inhibitor-associated with
Hydroxyurea.

30. * Type and method of review.

Select the type of review, review method and health area from the lists below.

Type of review

Cost effectiveness

No

Diagnostic

No

Epidemiologic

No

Individual patient data (IPD) meta-analysis



No

Intervention

Yes

Living systematic review
No

Meta-analysis

Yes

Methodology

No

Narrative synthesis

No

Network meta-analysis
No

Pre-clinical

No

Prevention

No

Prognostic

No

Prospective meta-analysis (PMA)

No

Review of reviews
No

Service delivery
No

Synthesis of qualitative studies
No

Systematic review
Yes

Other

No

Health area of the review

Alcohol/substance misuse/abuse

106
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No

Blood and immune system
Yes

Cancer

No

Cardiovascular

No

Care of the elderly
No

Child health

Yes
Complementary therapies
No

COVID-19

No

Crime and justice
No

Dental

No

Digestive system
No

Ear, nose and throat
No

Education

No

Endocrine and metabolic disorders
No

Eye disorders

No

General interest

No

Genetics

No



Health inequalities/health equity
No

Infections and infestations
No

International development
No

Mental health and behavioural conditions
No

Musculoskeletal

No

Neurological

No

Nursing

No

Obstetrics and gynaecology
No

Oral health

No

Palliative care

No

Perioperative care

No

Physiotherapy

No

Pregnancy and childbirth
No

Public health (including social determinants of health)
No

Rehabilitation

No

Respiratory disorders

No

Service delivery

108
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No

Skin disorders

No

Social care

No

Surgery

No

Tropical Medicine

No

Urological

Yes

Wounds, injuries and accidents

No

Violence and abuse

No

31. Language.

Select each language individually to add it to the list below, use the bin icon to remove any
added in error.

English

There is not an English language summary

32. * Country.

Select the country in which the review is being carried out. For multi-national collaborations
select all the countries involved.

Brazil

33. Other registration details.

Name any other organisation where the systematic review title or protocol is registered (e.g.
Campbell, or The Joanna Briggs Institute) together with any unique identification number
assigned by them. If extracted data will be stored and made available through a repository such
as the Systematic Review Data Repository (SRDR), details and a link should be included here.
If none, leave blank.

34. Reference and/or URL for published protocol.

If the protocol for this review is published provide details (authors, title and journal details,

preferably in
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Vancouver format) Add web link to the published protocol.

Or, upload your published protocol here in pdf format. Note that the upload will be publicly
accessible.

No I do not make this file publicly available until the review is complete

Please note that the information required in the PROSPERO registration form must be
completed in full even if access to a protocol is given.

35. Dissemination plans.

Do you intend to publish the review on completion?

No

Give brief details of plans for communicating review findings.?

36. Keywords.

Give words or phrases that best describe the review. Separate keywords with a semicolon or
new line.

Keywords help PROSPERO users find your review (keywords do not appear in the public
record but are

included in searches). Be as specific and precise as possible. Avoid acronyms and abbreviations
unless

these are in wide use.

37. Details of any existing review of the same topic by the same authors.

If you are registering an update of an existing review give details of the earlier versions and
include a full bibliographic reference, if available.

38. * Current review status.

Update review status when the review is completed and when it is published.New registrations
must be

ongoing so this field is not editable for initial submission.

Please provide anticipated publication date

Review_Ongoing

39. Any additional information.

Provide any other information relevant to the registration of this review.

40. Details of final report/publication(s) or preprints if available.

Leave empty until publication details are available OR you have a link to a preprint (NOTE:
this field is not editable for initial submission). List authors, title and journal details preferably

in Vancouver format.
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Give the link to the published review or preprint.



