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RESUMO

INTRODUCAO: As anomalias congénitas dos rins e do trato udng€ongenital
Anomalies of the Kidney and the Urinary Tract - CAK) compreendem um grupo
heterogéneo de doengas que variam entre alterdg8asns, ureteres, uretra e/ou bexiga. O
diagndstico precoce das uropatias reveste-se daiakgmportancia devido a sua natureza
progressiva e seu potencial de irreversibilida@BJETIVOS: Os objetivos desta tese
consistem em uma analise mais abrangente sobrerdaglem cirirgica de pacientes com
CAKUT (estudol) e uma mais especifica que consistavaliar a evolucao de doenca renal
cronica (DRC) moderada ou grave em pacientes cdrulgdde uretra posterior (VUP)
(estudo 2). No primeiro estudo, foi desenvolviclo modelo de predicdo para a necessidade
de cirurgia em pacientes com CAKUT e, no segundades um modelo de predicdo para
evolucdo para DRC moderada em pacientes com \EFTUDO 1 - PACIENTES E
METODOS: Estudo de coorte retrospectiva de 694 lactentes €GAKUT admitidos na
unidade de nefrologia pediatrica do HC/UFMG de 188Z013. O desfecho primario foi
intervencao cirurgica. A idade mediana de admigeéide 2 meses e 65% eram do sexo
masculino. Considerando as caracteristicas do miacéeadmissao: género, idade, creatinina
sérica, ritmo de filtracdo glomerular estimado RF@Gkgohidramnio, presenca de outras
anomalias do trato urinario associadas com dilataga pelve renal (megaureter,
megabexiga), lateralidade da dilatacédo anteropostdDAP) da pelve renal (unilateral ou
bilateral), presenca de lesdes renais na cintifiegestatica (DMSA), magnitude da dilatacdo
anteroposterior (DAP) da pelve renal e periododirissdo (antes de 2000). Um modelo de
predicdo foi desenvolvido utilizando o modelo deatade falhas proporcionais de Cox e a
selecdo de backward. A validacdo interna foi obtadeavés da técnica de bootstrap.
RESULTADOS: Um total de 164 pacientes (23%) foram submetidegurgia com uma
idade média de 7.8 meses. Os preditores inclusosogelo foram RFGe, presenca de outras
anormalidades associadas a DAP da pelve renalenga&sde lesdes renais no DMSA, a
magnitude da DAP da pelve renal e o periodo de ssdmi O otimismo do modelo foi de
0.84.CONCLUSAO: O nosso modelo de predicdo para necessidade dgiaiem pacientes
com CAKUT pode contribuir para identificar pacientde alto risco para intervencao
cirdrgica. Mais estudos serdo necessarios pardaval modelo em amostras independentes
de pacientes com CAKUTESTUDO 2 — PACIENTES E METODOS Neste estudo de
coorte retrospectiva, 173 pacientes com VUP forastermaticamente acompanhados na
unidade de nefrologia pediatrica do HC/UFMG. Odeatd®s primarios deste estudo foram



DRC estagio 3 ou maior e DRC terminal. As covaigvestudadas foram periodo de
admissao (1970-1989 x 1990-2015), apresentacéicxljpré-natal e pés-natal), presenca de
refluxo vesicoureteral (RVU), lateralidade do RVUni(ateral ou bilateral), creatinina a
admisséo, RFGe a admisséao, nadir de creatininaofmaior da creatinina durante o primeiro
ano apos a intervencgdo cirurgica), episédios decg@o do trato urinario e intervencao
cirurgica primaria. Duas variaveis tempo dependefdeam incluidas na analise: proteindria
e hipertensédo arterial sistémica (HAS). A anatisesobrevida foi realizada através do
modelo de taxas de falhas proporcionais de Cox conariaveis tempo-dependentes.
RESULTADOS: Depois de um tempo meédio de 83 meses, 65 criangssndolveram
(37.6%) desenvolveram DRE estdgio 3 e 39% (22.5%) atingiram estagio 5. Quat
pacientes evoluiram para Obito durante o0 acompaafi@mTrinta e seis pacientes (20.8%)
apresentaram HAS e 78 (45%) apresentaram protaidarante 0 acompanhamento. Apos o
ajuste pelo modelo de Cox variavel dependentetiohea a admissdo, nadir de creatinina,
hipertenséo e proteindria permaneceram como prediiadependentes para DRC maior ou
igual ao estagio 3 e DRC terminalCONCLUSAO: Nossos achados sugerem que a
identificacdo precoce dos fatores de risco passideiintervencédo clinica podem contribuir

para amenizar a progressao da disfungao renal.

PALAVRAS-CHAVE: ANOMALIAS CONGENITAS DOS RINS E DO TRATO
URINARIO, CIRURGIA, HIDRONEFROSE, DOENCA RENAL CRARA, VALVULA
DE URETRA POSTERIOR



ABSTRACT

INTRODUTION: Congenital anomalies of the kidneys and the urintaagt (CAKUT)
comprise a heterogeneous group of diseases thabgaween changes in the kidneys, ureters,
urethra and / or bladder. Early diagnosis is imgoarbecause of its progressive nature and its
potential for irreversibility OBJECTIVES: The objectives of this thesis consist of a analysi
of the surgical approach of patients with CAKUTu¢st 1) and a more specific one that
consists of evaluating the evolution of moderates@rere chronic renal disease (CKD) in
patients with posterior urethral valve (VUP) (stw@ly In the first study, a prediction model
was developed for the need for surgery in patiavitis CAKUT and, in the second study, a
prediction model for evolution to moderate CKD imtipnts with VUP.STUDY1 -
PATIENTS AND METHODS: This is a cohort study of 694 children with CAKUT
admitted at the pediatric nephrology unit of owstitution. Children were included between
1987 and 2013. The median age at admission wasnthsiand 65% were male. Considered
patient characteristics at baseline were: gendgs, serum creatinine, estimated glomerular
filtration rate (eGFR), oligohydramnios, presentether urinary tract anomalies associated
with renal pelvic dilatation (RPD) (megaureter, megstis), anteroposterior renal pelvic
dilatation (APRPD) laterality (unilateral vs bilea#), presence of renal lesions (RL) on Tc-
99m DMSA scan, APRPD magnitude and period of adomsgbefore vs after 2000). A
prognostic model was developed using Cox propoatidrazard regression analysis and
backward selection. Internal validity was studied100 bootstrap sampleRESULTS: A
total of 164 (23%) patients were submitted to siyrge a median age of 7.8 months. The
predictors included in the model were eGFR, preseofc other urinary tract anomalies
associated with RPD, presence of RL on Tc-99m DM8&n, APRPD magnitude and period
of admission. The optimism corrected c statistic Wa884.CONCLUSIONS: Our prognostic
model for the need of surgery may contribute tanidg CAKUT patients at high risk for
surgical intervention. Further studies are necgssarvalidate the model in independent
samples of CAKUT patientsSTUDY 2 - PATIENTS AND METHODS: In this
retrospective cohort study, 173 patients with PU¥ravsystematically followed up at a
tertiary Pediatric Nephrology Unit. The primarydepoints of the study were CKD stage 3 or
higher and ESRD. Survival analyses were performespectively by Cox regression
proportional hazard model with time-dependent ciades. RESULTS: After a mean time
of 83 months, 65 children (37.6%) developed CKysta3 and 39 (22.5%) reached CKD
stage 5. Fourteen (8.1%) died during follow-up.irfiFsix patients (20.8%) presented



hypertension and 78 (45%) exhibited proteinuriairdpufollow-up. After adjustment by the
time-dependent Cox model, baseline creatinine, rnadeatinine, hypertension, and
proteinuria remained as independent predictors ®DC> stage 3 and ESRD.
CONCLUSION: Our findings suggest that an earlier identificataf risk factors amenable

to clinical intervention might contribute to sloiet progression of renal impairment.

KEY WORDS: CONGENITAL ANOMALIES OF KIDNEY AND URINARY TRACT,
SURGERY, HYDRONEPHROSIS, CHRONIC KIDNEY DISEASE, BUOERIOR
URETHRAL VALVE
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1. INTRODUCAO

As anomalias congénitas dos rins e do trato uon@bngenital Anomalies of
the Kidney and the Urinary Tract - CAKUT) compreendum grupo heterogéneo de
doencas que variam entre alteracfes dos rinsyesetaetra e/ou bexiga. Junto com as
anomalias congénitas do sistema nervoso centrahpmendem as principais
malformagbes ao nascimento. Sua prevaléncia vebbd tlas gestagcdes (1, 2). Dentre
as causas mais comuns estdo o rim displasico mstiltar, estenose de juncéo uretero-

pélvica, refluxo vesicoureteral (RVU) e valvulautetra posterior (VUP) (3).

O diagnéstico precoce das uropatias reveste-sspeial importancia devido a
sua natureza progressiva e seu potencial de igibiletade. Estas anomalias sdo, quase
sempre, assintomaticas ao nascimento e, mesmo c¢um palpacdo abdominal
cuidadosa visando a procura minuciosa de malforesadd trato urinario, a incidéncia
encontrada é muito inferior da incidéncia estimpda estudos de necropsia (4). O
diagnostico €, entdo, frequentemente, obtido apdsiaca apresentar complicacdes tais
como infec¢ao do trato urinario (ITU), hipertenséterial sistémica (HAS), atraso no
crescimento e, algumas vezes, uma lenta e silendeterioracdo da funcéo renal. Por
conseguinte, as CAKUT sao responsaveis por 20 addcausas que levam a doenca

renal crénica (DRC) em criancas (5).

Nos ultimos anos, houve crescente avango na congi&eela fisiopatologia, das
bases genéticas e da historia natural das CAKU®B-(®). Entretanto, ha ainda varias
controvérsias a respeito do significado clinicodeteccdo pré-natal dessas condigdes.
Um dos principais dilemas em relacdo as CAKUT éntiflear as anomalias que
predispdem ao desenvolvimento de complicacfes d¢dA®, ITU e DRC e quais irdo
se beneficiar da intervencdo cirargica (16). A segardo discutidos alguns pontos
ainda polémicos como a indicacdo cirargica em CAK&JA evolucdo para DRC em

pacientes com VUP.

Muita duavida ainda existe a respeito de qual é arelfatamento de pacientes
com CAKUT: conduta expectante ou intervencéo cioargrecoce (1, 9, 17-25). Ainda,
nao existe um exame padrdo ouro que determine ppgénte ird necessitar de um
manejo mais agressivo. Os principais exames deemagalizados em pacientes com
CAKUT sdao: a ultrassonografia de rins e vias ur@gruretrocistografia miccional

(UCM), cintilografia renal estatica e dinamica (28).
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Sobre os achados ultrassonograficos, comparadosudagao normal, pacientes
com hidronefrose fetal tém maior risco de uma dagmgs-natal (1). A maioria dos
casos de hidronefrose leve evolui com resolucaorggpea (19, 20, 27). Ja a incidéncia

de uropatia aumenta proporcionalmente da dilatk@oa grave (1, 28).

A UCM é um exame utilizado na investigacao de dasmp trato urinario baixo
e como triagem de RVU, no entanto, trata-se de x@me mais invasivo que causa

muita ansiedade nos pais e criancas (29).

Quanto ao exame de cintilografia renal, os maisdasasdo 99Tc-acido
dietilenotriaminopentacético (DTPA), 99Tc-acido dmraptosuccinico (DMSA) e
99Tc-acido mercaptoacetiltriglicinico (MAG3). Asdicacoes classicas de cirurgia sao
a deteccao de curva de eliminagcdo com padréo gletréuncao renal relativa menor
do que 40% ou perda da funcdo renal relativa mdmrque 10% em exames
consecutivos (29-31). Infelizmente, esses examesaptam limitacdes e isoladamente

nao sao bons preditores de obstrucao (29).

O tipo de manejo é determinado de acordo com ashé&mwratoriais, de
imagem e clinicos. No entanto, os melhores par@setinda ndo estdo bem
estabelecidos (1, 6, 26, 29, 32). Alguns autorsfitam uma intervencao precoce para
evitar que os pacientes evoluam com perda progees& parénquima e infecées do
trato urinario; no entanto, outros justificam o mjanconservador ja que muitas

alteracdes do parénquima sao congénitas e irrgeergl8, 29, 33-39).

Outro tépico ainda pouco estudado na literaturdC&UT diz respeito a VUP.
VUP é a anomalia obstrutiva congénita mais comumrdta com uma incidéncia de 1
para 3000 a 8000 nascimentos (40). Ela esta reladéoa obstrucdo congénita do trato
urinario num momento critico da organogénese, quke gausar profundo impacto na

formacdo dos rins, ureteres e bexiga (41, 42).

A morbidade associada a VUP estende-se da infand@a adulta. Sua taxa de
mortalidade diminuiu significativamente nas Ultind&cadas de 50% para menos do
que 5% (43, 44). No entanto, com o0 avanco no detggwde manejo, mais pacientes
tém enfrentado sequelas em longo prazo, que inclD®@, disfuncdo miccional e

disfuncéo sexual e reprodutiva (45-47).

A VUP é uma causa comum de DRC, mas pouco se sah® [gacientes irdo

progredir rapidamente para DRC e quais irdo ter progressao mais gradual (48-51).
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As taxas de progressao para DRC variam na literatar22 a 68% (44, 52). Alguns
fatores preditivos tém sido associados com a aocaéde DRC terminal, incluindo
oligoidramnio, creatinina plasmatica inicial elesadadir (menor valor) da creatinina
plasmatica dentro de um ano apds descompressassigade de suporte ventilatério,
presenca de RVU bilateral, diagnostico tardio,utigéio da bexiga, atraso na aquisicdo

da continéncia urinaria e infeccdes do trato urng9, 52-54).

Nas ultimas décadas, a Unidade de Nefrologia Rediato Hospital das
Clinicas da UFMG tem estudado pacientes portadtgegopatias com diagndstico pré
e pos-natal e desenvolvido diversas pesquisascasima tentativa de uma melhor
compreensao desse grupo heterogéneo de doencenderse, em Ultima instancia,
estabelecer diagnéstico mais precoce e precisogeinsento clinico adequado a
condicéo de cada paciente, ou seja, condutas naigencionistas em pacientes de alto
risco para evolugdo desfavoravel (DRC, HAS, ITWpadutas mais conservadoras nos
casos de baixo risco.

Portanto, o presente estudo se insere em uma tiehpesquisa mais ampla
compreendendo diversos aspectos clinicos, labaesta marcadores das anomalias
congénitas do trato urinario. Mais recentementey $&do desenvolvidos no servico
modelos de predicdo de desfechos clinicos em CAKW&ando identificar pontos
ainda controversos na conduta de pacientes de CAKWHIs especificamente, a
indicacao de intervencao cirurgica e a evolucéda p&C nos pacientes com VUP (55).

Assim, a tese de doutorado sera constituida néoseato final em dois artigos
de revisdo: (1) Abordagem cirdrgica x conservadiwra AKUT (2) Valvula de uretra
posterior: desfechos clinicos e manejo; e doiga@storiginais (1) Modelo de predicao
clinica da necessidade cirtrgica em casos de CARYModelo de predi¢éo clinica de
desfechos para DRC em casos de valvula de uretsterfpz. As referéncias
bibliograficas estédo dispostas ao final de cadgadu secao. Para as citagdes do texto
foi utilizado o sistema denominado Vancouver, elabo por um grupo de editores das
principais publicac6es biomédicas internacionaixidade de Vancouver, no Canad4,
em 1979 e atualizado em 2004 (Uniform Requirem@artdvanuscripts Submitted to
Biomedical Journals: Writing and Editing for Biomeal Publication -
www.ICMJE.org.
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2. ARTIGOS DE REVISAO

2.1. Artigo de reviséao |

Congenital Anomalies of Kidney and Urinary Tract: Theissue

of surgical versus non-surgical management

Mariana A. Vasconcelos; Ana Cristina Simdes e Siiduardo A. Oliveira
Abstract

Congenital anomalies of kidney and urinary tractAKOT) comprise a
heterogeneous group of pathologies that affectekidcand urinary tract. They are main
responsible for urinary tract infection (UTI), chio kidney disease (CKD) and end
stage renal disease (ESRD) in children. Howeveretlare still controversies about the
best parameters and timing to submit patients tgical procedure. It is important to
avoid unnecessary intervention, but a late proedould submit patients to infection
and renal parenchymal loss. Despite the evolutiommiaging exams and biomarkers,
there has not been so far a gold standard examefmed surgical treatment.
Nevertheless, the natural history of CAKUT has shdhat the best management in
most cases is non-surgical. Currently, non-surgicahagement of CAKUT should be
considered whenever possible for infants with ANH.

Keywords: Congenital anomalies of urinary tract; Antenatabionephrosis;
Hydronephrosis; surgery; ureteric pelvic junctiobstuction; vesicoureteral reflux
obstruction; primary obstructive megaureter; my#te dysplastic kidney; posterior

urethral valves
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I ntroduction

Congenital anomalies of kidney and urinary tracAKOT) are a heterogeneous
group of diseases that affect kidney and urinaagtirThey comprise anomalies in the
kidneys, ureters, bladder and urethra like uretpelvic junction obstruction (UPJO),
vesicoureteral reflux (VUR), multicystic dysplastikidney (MCDK), primary
megaureter, obstructing megaureter, ureterocetepieckidney and posterior urethral
valve (PUV) (1-6). CAKUT are one the most commongenital anomalies and occurs
in 1 in 500 to 16 in 1000 live births with predorante of male gender (1-3, 5, 7-11).
Of note, Mallik et al have detected an increasehm incidence of CAKUT during

recent years (1).

Antenatal hydronephrosis (ANH) is a surrogate maddepotential congenital
renal anomalies. Nevertheless, ANH usually candentify any specific uropathy.
Currently, the measurement of the anteroposteeioalrpelvic diameter (APRPD) is the
most studied parameter for assessing ANH. Neveshkelt is clear that establishing a
simple threshold APRPD value that separates nofroat abnormal situations is a
challenging task. The definition of ANH varies aating to studies protocols between
4-7 mm of APRDP in the 8trimester (2, 12). There is no consensus of thénap
APRDP threshold for determining postnatal follow(@g). Some studies classify ANH
into three categories according APRDP in the thimester: mild < 9 mm, moderate
10-15 mm and severe 15 mm (2, 13). The most common presentation isild m
dilation (3). In 1993, the Society for Fetal Urojo(BSFU) proposed a 4 point numerical
grading system based on the postnatal appeararthe ofnal pelvis, calyces, and renal
parenchyma (14). According to this system, no @wpijtcorresponds to SFU grade 0,
urine in pelvis barely splits sinus correspondsSteJ grade 1, full pelvis and major
calyces dilated corresponds to SFU grade 2, unlfjordilated minor calyces and
parenchyma spared corresponds to SFU grade 3 dudy@Ee 4 corresponds to SFU3
plus reduction of renal parenchyma (12, 14).

The importance of precocious diagnosis and manageaieCAKUT lies in the
fact that they are the principal responsible fanany tract infection (UTI), chronic
kidney disease (CKD) and end stage renal diseaSRI in children (9, 15-18). The
majority of CAKUT is non-surgically managed, buh, some cases, surgery will be
obviously necessary (2, 6, 10, 19-21). Gokce etfoaind a rate of surgery of 30% in

patients with antenatal urinary tract anomalies @wever, Mallik et al found an
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incidence of 7% in their cohort study (1). Nef etpospectively studied 115 children
with prenatally diagnosed with CAKUT and found tligohydramnios and postnatal
bilateral anomalies were significantly associatethwsurgery and impaired renal
function (6). Nevertheless, there are still comérsies about the best parameters and
timing to submit patients to surgical procedure112, 22, 23). It is important to avoid
unnecessary intervention, but a late proceduredceubmit patients to infection and
renal parenchymal loss (12). So far, there haveen yet identified a gold standard test
to define which patient will need surgery. In thmntext, the aim of this review is to
compile literature evidence about the issue ofisafgyersus non-surgical management
of CAKUT.

Objective: Compile the literature evidence about the issuswtfical versus non-

surgical management of CAKUT.

Methodology: A review articles was conducted using PubMedluhed studies
reported at least one of the following items: congd anomalies of kidney and urinary
tract, antenatal hydronephrosis, vesicoureteralluxef ureteric pelvic junction
obstruction, multicystic dysplastic kidney, megderge ureterocele, posterior urethral

valve, antenatal diagnosis, postnatal management.
Postnatal imaging evaluation

The postnatal evaluation of ANH has been a topicedfate and controversy.
The understanding that any degree of ANH can beceged with significant uropathy
can set the stage for deriving a consistent apprt@a¢he evaluation of these infants.
The difficulty in establishing a standardized agmto is related to the complexity and
variability of the kidney and urinary tract anonesli On one hand, CAKUT comprises
an intricate spectrum of malformations that caruoat the level of the kidney, ureters,
bladder, or urethra (24). On the other hand, moae half the cases of ANH resolve by
the end of gestation or during the first year f& (25). For instance, Madden-Fuentes et
al (26) followed-up 416 infants with SFU grade | lbrand showed that low-grade
urinary tract dilation (UTD) diagnosed within theest year of life remains stable or

improves in 97.4% of renal units.

Renal imaging has a central role in the investigatnd follow-up of these
infants. The information concerning the featurepmanatal ultrasonography is essential
to guide postnatal evaluation and management. Ugpé&r is the most common renal
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anomaly detected prenatally, and both vesicoureteflux (VUR) and ureteropelvic
junction obstruction (UPJO) should be considereendR parenchyma disease can be
recognized in the fetus by cystic changes or byafipearance of abnormal echogenicity
of the renal parenchyma. The fetal bladder is t&catistructure in the evaluation of the
lower urinary tract (27).

There are several imaging modalities commonly uiséde postnatal evaluation
of ANH, including renal ultrasound (US), voiding stgurethrography (VCUG), and
diuretic renal scintigraphy (DRS). The ultimate lgolaany imaging strategy is to detect
which patients would benefit from surgical intertien and which may be best assisted
by continued surveillance (28). Nevertheless, maspects concerning postnatal
imaging evaluation of ANH are still controversiéih this regard, in 2010, the SFU
published the consensus statement on the evalumtdmanagement of ANH(12). The
consensus stated that, as evidenced by the cuiterature, the optimal schedule for
postnatal evaluation of children with ANH is uncledhe consensus suggests an
individualized approach, based on certain charisties including the degree of UTD,
laterality, suspected ureter, bladder and uretilvabrmalities, and amniotic fluid status
(12).

The guiding principle in imaging must be to undiegtappropriate investigations
using the lowest radiation and least invasive tephes possible (29). For this purpose,
renal US is the first imaging exam to be perfornadkr birth. Renal US findings
determine the extent and the need for further iy&sons (2). As mentioned, most of
minimal hydronephrosis will resolve spontaneouslyirty the first year of life (11, 30,
31). The incidence of urological diseases increasgsificantly from mild to severe
dilation (2, 3). According to Lee et al., the riskuropathy is 11.9% for mild, 45.1% for
moderate and 88.3% for severe ANH (2). De Kortl.estzowed that children with mild
to moderate ANH have low risk of UTI (3.8%) and ginal interventions (0.9%) as
compared with moderate to severe ANH (26.3% an@%6.respectively) (32). In
addition, Barbosa et al. described that most mid moderate cases are not associated
with uropathies and more than a half of severe scasquire surgery (32, 33). In
contrast, Chertin et al. showed that 50% of childsth moderate ANH require surgery
(34). Blachar et al. found that fetal APRDP higliean 9 mm is predictive of surgery
(35), while Plevani et al. reported the associatietween a mean antenatal APRDP

superior to 15 mm with uropathy and surgery anggsed a cutoff of 7 mm at the third
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trimester to predict neonatal nephrouropathy (1f).a systematic review of the
literature, Passerotti et al. detected that 8%atiepts with normal renal pelvic diameter
or mild hydronephrosis at the first postnatal U8l kEPJO or ureteral obstruction (3).
This finding shows that infants should be followgmuntil the certainty on the absence
of any uropathy. Renal parenchyma thinning is asot§S feature frequently correlated
with uropathies (3). Several studies have shown t®onatal renal US has good
accuracy in identifying clinically significant AHN36, 37). In a retrospective study,
Rianthavorn and Limwattana (38) showed that an APRPL6 mm and SFU grade IV
are good cut-off points in identifying significahydronephrosis with areas under the
receiver operating characteristic (ROC) curve @&b60and 0.81, respectively. Of note,
Vemulakonda et al. have assessed the inter-raiabitity (IRR) of the SFU grading
and of the APRPD and have concluded that the SFAdligy is associated with
excellent IRR, although the APRDP seems to havieanitRR(39).

Table 1 resumes studies of ANH and risk of ren#iqlagy.

Table 1

Another imaging test to be considered in the irigatbn of AHN is the voiding
cystourethrogram (VCUG). VCUG is absolutely indezhas an immediate postnatal
study for neonates with suspected bladder outlstrottion, most commonly posterior
urethral valve (PUV) (40). In addition, VCUG may belpful in the evaluation for
VUR, megaureters, ureteroceles, and renal dupdicaanomalies. However, this is an
invasive method with radiation exposure and possdiverse effects (12). Although the
recommended use of VCUG for severe hydronephr&it)(grades 3 to 4) has been
well-established, the need for VCUG in the workdpatients with mild to moderate
hydronephrosis (SFU 2 or less) remains controvef2&. VUR accounts for about 10
to 15% of urinary tract anomalies associated witiHA Most studies have shown that a
single postnatal US is unable to predict the presem severity of VUR. However, as
the definition of clinically significant VUR contues to evolve, so does the role of
screening VCUG (39).

The SFU consensus recommends VCUG for infants pétfsistent moderate-
severe UTD, bilateral UTD, and/or the presence mdtanal, bladder, and urethral
abnormalities on postnatal US. However, some cerdvocate detailed investigations

and others indicate a less invasive approach (fp new studies highlighted the
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diversity regarding this issue. Vemulakonda e{29) performed a retrospective study
to identify geographic variability in the imaging mfants with AHN. The authors
showed that the use of VCUG is highly variable asrsites (17.6%-88.9%) even after
controlling for age and hydronephrosis grade. ggengly, the use of other imaging
studies did not differ significantly across sitBsaga et al. (42) performed a survey to
ascertain practice patterns for obtaining VCUG mfiamts with AHN by pediatric
nephrologists and urologists across Canada. Regptlde indications for VCUG, 31%
of pediatric nephrologists would recommend thig fes patients with unilateral low-
grade AHN compared with 7.7% of urologists, althougimost all nephrologists
(96.6%) and 69.2% of urologists would obtain tlsttfor patients with unilateral high-
grade isolated AHN. Some studies have proposedrierifor the safe omission of
VCUG in postnatal management (43, 44). For instahee et al. (43) have suggested
that VCUG should be recommended only if the US dvaes of the following findings:
presence of hydroureter, renal dysmorphia or dafio. By using these criteria, they
found that low- and high-grade VUR would have begssed in 33% and 17% of the

cases, respectively, although this appeared td lmsvaclinical significance.

DRS is the most commonly imaging modality useddtetmine the presence of
upper urinary tract obstruction in infants with ANHAhe SFU currently recommends
DRS for the following patients without VUR: moderatnilateral ANH with persistent
postnatal hydronephrosis, severe ANH regardlegmsinatal US findings, moderate or
severe postnatal hydronephrosis, any hydronephresta bladder or urethral
abnormalities, any hydronephrosis with dilated emetand any hydronephrosis
associated with decreased amniotic fluid. The mmostmon type of nuclear renography
used in cases of suspected obstruction utilize3 theercaptoacetyltriglycine (MAG3)
radiotracer, permitting the measurement of botlferdhtial renal function (DRF) and
renal drainage. An initial renogram is generallyaniied at least 6 to 8 weeks after birth
to allow renal maturation. The diagnostic accuratypRS has been reported to be
highly variable. In a notable review, Ismaili & P&z (45) outlined the advances,
pitfalls and difficulties in the interpretation oénography for the evaluation of upper
tract obstruction in infants. Interestingly, in alixdesigned study, the same group
concluded that DRS should only be performed ingodsi with APRPD >30 mm, major

calyceal dilatation and/or renal parenchyma thignin
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The typical surgical recommendations for ANH aretolictive wash-out curve
and relative renal function less than 40% or reduacsuperior to 10% of renal function
in sequential renograms (12, 46, 47). Unfortuyatblese exams have limitations in the

prediction of ureteral obstruction (12).

New biomarkers are promising tools for the improeemof the diagnosis and
management of CAKUT (48-50). Measurements of mffaatory and fibrogenic
molecules in urine samples and proteomic analysi® lshown relevant results (48-50).
However, these methods are not available in clinicactice. Ultimately, the aim of
submit the patient to urologic surgery is avoid pregression of kidney lesions and
new urinary tract infections episodes, consequed#iaying the progression of CKD.

Management of specific uropathies

Ureteric pelvic junction obstruction (UPJO)

UPJO is the most common obstructive uropathy ifdotm with an incidence of
about 4.2 per 1000 births (5, 7, 9, 10). The prinstiructural anomaly may be attributed
to a malfunction in smooth muscle cells of the ergb1). Males are most commonly
affected and this anomaly is usually unilaterahvatedominance of the left side (3, 19,
34). The management of UPJO is still a matter btk Traditionally, the treatment of
choice for UPJO was surgical. However, owing to tmenatal diagnosis and
consequent better understanding of the naturabryisof UTD, the potential for
spontaneous resolution of UPJO over time has beerodstrated (28). However, the
ability to define which children will resolve thegondition or will benefit from a
surgical procedure remains elusive (52). Aroral.e(58) reported a prospective single
center study involving 122 renal units with ANH. rAultivariate analysis revealed
APRPD and preoperative DRF on DRS as the only iexéent predictors for the need
of surgery. ROC curve analysis showed that an APRD24.3 mm could predict the
need for surgery, with a sensitivity of 73.1% andsgecificity of 88.0%. Most
observational protocols recommend surgery if pédieginow a DRS with obstructive
washout curve, DRF < 40%, decreased DRF > 10% oal £RS, and progression of
hydronephrosis on serial US (54). For non-surgycalanaged patients, the time and
frequency of follow-up imaging must be individu&izbased on clinical experience and
judgment (28, 45, 52). The management of UPJO wdr@n non-surgical approach

with long-term clinical follow-up to surgical inteention, including pyeloplasty,
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nephrostomy and nephrectomy (19, 34, 55, 56). Apprately, 19-25% of UPJO
patients require surgery (11, 12, 57, 58). On ttleerohand, Chertin et al. found a

prevalence of 50% of surgery in patients with alition-surgical management (34).

The parameters used to indicate surgical intergentre the magnitude of
APRDP, the progression of APRDP, renal cortex théds, diuretic renography curve,
DRF and presence of complications like UTI and faib, 34, 47, 54). The degree of
hydronephrosis has strong correlation with the misgs of UPJO, but not all patients
will need surgery (3). Longpre et al. studied 1@figmnts with ANH and found that high
values for initial APRDP (mean initial APRDP 29 mmedict the need for surgery
(59). Mudrik-Zohar et al. analyzed infants with leged hydronephrosis and found
APRDP and parenchymal thickness (PT) as predidtorpostnatal pyeloplasty. ROC
curve analysis showed that a 14mm cutoff for AP2daunder the curve of 0.817) had
a sensitivity of 77% and specificity of 69% and AIRRDP/PT ratio of more than 2.1
had sensitivity of 87% and specificity of 65% faegicting the need of surgery (area
under the curve of 0.822) (54). In a cohort stutipewborns with isolated ANH, Dias
et al. found that a cutoff of 18 mm for fetal APRRBd a cutoff of 16 mm for postnatal
APRPD have the best diagnostic odds ratio to iflemfants who needed pyeloplasty
(37).

The diagnostic value of renography is mainly tolede obstruction than to
confirm (47). DRF less than 40% is an indicativesofgery, but Huang et al. showed
that normal radionucleotide uptake did not necdgsaflect normal renal parenchyma
(60). Only severe alterations in renal parenchyma associated with significant
reduction of renal function on renography (60). &iise, Han et al. speculated that
reduction in differential renal function correlat@gh histological damage (61). Chertin
et al. detected RRF <40% and moderate to severéngiak hydronephrosis as

independent predictors for surgery (34).

The indication of surgical intervention for pediafpatients has decreased, while
there has been an increasing trend toward noneslingianagement (56, 62). Most of
renal parenchymal alterations have already occutugshg the antenatal period, which
possibly justify the usefulness of surgical inteven in many cases (60, 61, 63, 64).
For instance, in some patients with unilateral URB®re is no difference in DRF after
surgery because kidney damage had probably occatréte antenatal period (47, 64,

65). Gordon et al. did not found a substantial geaof function in patients submitted to
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surgery in comparison to non-operated group (438)is€ et al. retrospectively studied
84 patients and the renal function of prenatallieded cases was not influenced by
early or delayed surgery (64). Insignificant funogl loss has been recorded among
some cases operated after non-surgical managerBdnt Notwithstanding, some
authors advocate early intervention because of rpssgre alterations of renal
parenchyma (34, 60, 66-71). For instance, Huarg.eftudied kidney biopsies of 61
patients with UPJO and found tubular changes aatativith interstitial fibrosis more
frequently in patients who underwent surgery witbrenthan 1 year of age (60). This
finding suggests that congenital hydronephrosis by deleterious and progressive
condition (60) Sheu et al. evaluated retrospectiveD2 patients with UPJO and
detected an improvement more than 5% in 61.5% téma submitted to pyeloplasty
(66). In addition, Subramaniam et al. analyzed dtdldren with UPJO and found lower
improvement of renal function in patients submittedielayed pyeloplasty compared to
early pyeloplasty (67). In the same way, Yang etrgported that patients with SFU
grades 3 and 4 hydronephrosis need early surgicaledure for preserving renal
function (69).

Table 2 resumes predictors of surgery and UPJO.

Table 2

Vesicoureteral reflux (VUR)

VUR is also a common urinary tract anomaly withiracidence of 3.6 per 1000
births with male predominance among those casextaet after investigation of ANH
(7, 9). However, Skoog et al. found the same pengd in male and in females among
siblings (72). Children with ANH have an increasek of VUR compared to general
population (2). During investigation of patientstwANH, VUR incidence was 12-16%
of patients (1, 72). It is the most common causéygfo/dysplastic kidney (73). The
accuracy of both antenatal and postnatal ultraseusdoor to detect VUR (7, 74). The
severity of hydronephrosis is not associated wrgs@nce or grade of VUR (2, 3, 33,
72, 75). Lee et al. did not find an associatiowieen the grade of ANH and the risk of
VUR (2). Accordingly, Dias et al. reported thatdlednd postnatal renal pelvic dilatation
were poor predictors of VUR (41). On the other hatieey found that fetal and
postnatal renal pelvic diameter less than 10 make the diagnosis of VUR improbable




36

(41). In addition, de Kort et al. showed an asdamabetween antenatal APRPD higher
than 15 mmm and VUR (32). Similarly, Passerottlefound a significant association
between the degree of postnatal hydronephrosis\dsid (3). Other postnatal US
findings associated with VUR are renal parenchyhmianing [Odds Ratio (OR) 2.94],
ureteral dilation (OR 1.52) and duplication (OR2).43). In contrast, in a systematic
review, Passerotti et al. have not found an assoni®etween the degree of postnatal
hydronephrosis and VUR (3). The aim of the treatnoé’/UR is avoidance of kidney
damage and UTI, but surgical procedure did not geahe number of UTI and kidney
damage (76, 77). Therefore, surgical intervent®maot necessary in most cases of
VUR, because spontaneous resolution occurs in tlagority of cases (78-80).
Furthermore, children with antenatal diagnosis &fR/have a resolution rate higher
than VUR diagnosed after febrile UTI (78).

Table 3 resumes studies about APRPD and VUR.

Table 3

Primary obstructive megaureter (POM)

The primary obstructive megaureter (POM) has ard@nce of 1.8/1000 births
and affects more boys than girls and the left §[Je81-83). It is defined as an ureteric
diameter equals or superior to 7 mm (84). It caadsociated with another CAKUT and
malformations (81). The urological abnormalitiesasated are UPJO, renal hypo-
/dysplasia, VUR and renal agenesis (81). The mostnton symptoms are UTI and
abdominal pain (81, 83, 85, 86).

Concerning US findings, Gimpel et al. have not fbulan association of the
degree of hydronephrosis with the width of megauré8l). They found spontaneous
resolution in megaureters with a diameter less ®i&hmm (81). Notwithstanding,
Passerotti el al. found a significant associatidnremal pelvic dilatation, ureteral
duplication (OR 4.54) and megaureter (OR 27.600 \WiOM (3).

DRS findings vary from normal, dilated non-obstruet partial obstruction and
obstructive pattern (81). Poor drainage alone tsaqredictor of surgery, since it can be

consequence of full bladder or the effect of gsa(@4).
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The majority of cases are non-surgically managéd&8, 84). A combination of
clinical and radiological findings must be taketoimccount for the decision of the best
management (84). Surgery is indicated when thexgegetitive UTI, abdominal pain,
impairment of renal function (presence of an ihid&F below 40% or a drop of 5% on
serial scans), severe hydroureteronephrosis amitozased dilation (81, 82, 84, 85,
87). The rate of surgery varies between 20-30%enliterature (81, 83, 88). According
to Chertin et al., independent risk factors forgstal procedure were SFU grade 3-4 of
postnatal hydronephrosis, DRF less than 30% arnénatediameter more than 13.3 mm
(88). Others predictors related to spontaneoudu&sio are perinatal presentation and
non-obstructive washout pattern (83). RecentlyRBinzo et al. prospectively studied 57
children with antenatally diagnosed POM and, dutimg first year of life, they found
very low frequency of surgery (86). This findingpports the evidence for non-surgical
treatment mostly to patients with early diagnobkisvertheless, long-term follow-up of
non-surgically managed megaureters is warrantedaleeidence of late symptoms in

adolescents and adults (84).

Therefore, it has been clearly showed that manydmm with partial
ureterovesical junction obstruction will also sprgously resolve their hydronephrosis
(86). Recently, the British Association of Paeddatdrologists reported a consensus
statement on the management of the primary obsteustegaureter and recommended
initial non-surgical management. Indications forgstal intervention include an initial

DRF < 40% and complications related to non-surgitahagement (84).
Posterior urethral valve (PUV)

PUV is a common cause of lower urinary tract olztiom in male infants with a
reported incidence of 1 in 3000 to 1 in 8000 b@&-93). PUV is also a common cause
of CKD in children (89-93). PUV is commonly assdeth with kidney dysplasia,
bladder dysfunction, VUR and Prune Belly syndro®w 05).

Heikkila et al. found an incidence of ESRD in 22.8%ong 193 patients with
PUV (96). Smith et al. evaluated the long-term onte of 100 patients treated for PUV
and found that 10% had ESRD by 10 years of age,3886 required dialysis by 20
years of age. Chronic renal disease was prese&#%mnand 51% at 10 and 20 years of
age, respectively (97). Ansari et al. studied 269sband found an incidence of 11.8%
of ESRD at a mean age of 11.2 years (92).
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The most common symptoms are a palpably distentietiléx or upper urinary
tract, ascites, respiratory distress or sepsieonates and UTI and bladder dysfunction
in older children (91, 95, 97, 98).

The VCUG is the gold standard test for the diaghadi PUV with typical
findings of a dilated prostatic urethra, bladdebgculation, and a narrow bladder neck.
Overall, 50% of patients with PUV have VUR, beirgiftof them bilateral (95, 98, 99).

Furthermore, the most common US findings are hypehied bladder,
increased kidney echogenicity and severe urinast tilatation (3, 7). In a systemic
review, thickened bladder was almost 25 times dadddy hyperechogenicity was 7.5
times significantly associated to PUV(3). Renahsgraphy with DMSA is important
to evaluate renal damage and to provide a baselirfellow-up and prognosis.

The management of PUV is always surgical intereentbut this can be done at
the antenatal or postnatal period (98). Antenat@hagement remains controversial and
comprises early delivery, vesico-amniotic shuntimggn fetal surgery and percutaneous
fetal cystoscopy (98). Regarding postnatal treatmit is primarily focused on relief
of the bladder outlet obstruction by endoscopicverabblation; alternative initial
treatments include temporary cutaneous vesicostammgh urinary diversion (95, 97).
Valve ablation is the treatment of choice (97, 100}he urethra is too small for the
cystoscope, vesicostomy is recommended (101). Tiseme benefit to high diversion
with cutaneous pyelostomy over primary valve abtatiand the latter is reserved for
patients who have persistent severe hydronephawsgisrenal dysfunction after valve
ablation (97, 102, 103).

The rate of urinary incontinence in these patieatges from 19% to 81% (92,
98). Whereas not all patients with dysfunctionaldolers have incontinence, all patients
with incontinence have dysfunctional bladders, Wwhige found in up to 75% of all

patients following valve ablation (98)
Multicystic dysplastic kidney (MCDK)

The MCDK has an incidence of 1/4300 - 2.1/1000 hkirtwith male
predominance (5, 7, 23, 104). Among patients withtematal urinary tract
abnormalities, it corresponds 4 to 6% of total 10). It is usually unilateral and if
bilateral is incompatible with life (23). About hidogical findings, MCDK is defined as

a structural disorganization of renal tissue withdifferentiated epithelium and
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primitive ducts surrounded by fibromuscular connecttissue, being the kidney
entirely or partially involved with grossly visibleysts (105). The principal urinary tract
anomalies associated are VUR, UPJO and UVJO (1@6-110). Some rare

complications reported in the literature are Upértension, CKD and neoplasia (106,
111).

The most common image exams for MCDK are US and BM&lioisotope
scan. On radioisotope scan, generally, there ikidoey function (23). Serial renal
ultrasonographies show a tendency of involutiothefaffected kidney (109, 110, 112,
113). VCUG and dynamic radioisotope scan are recemndg®d only if there is some
alterations on the contralateral kidney (114).

The main indications for surgery are large mass promising breathing or
feeding, hypertension and no involution of the lkgn(23, 105, 108, 109, 112).
Nowadays, MCDK is non-surgically managed, sincedmeplications are rare and the
involution of the affected kidney frequently occy#04, 106, 109, 110, 113, 114).
Eickmeyer et al. found a cumulative probabilityio¥olution of 9.8% at one year of
age, 38.5% at five years of age, 53.5% at ten ya@aage and 64.9% at 15 years of age
(112). Similarly, Tiryaki et al. reported an invtln of 33% at 3 years of age (109) and
Rabelo et al. detected that 75% of the MCDK waswd” percentile at 36 months of
age (113).

Hypertension is a rare event and its incidencahbsut 3-5% (112, 113).
Chiappinelli et al. retrospectively studied nonegaally treated patients from 6 months
to 11 years of follow-up and none of them developgdertension (76). Recently, a
Canadian guideline suggests nephrectomy in caseaungbntrolled hypertension.
Children with MCDK must be followed up in order wetect hypertension and
proteinuria secondary to hyperfiltration (114). Hewer, there are only some case
reports and case series about the control of heppsidn after nephrectomy (111, 115-
117). Some cases of hypertension are associatatinormalities of the contralateral
kidney or other comorbid (106, 112).

In regard to malignancies, the occurrence is exdhemare (104, 105). This is
one of the reasons that supports the non-surgitaftment (104, 105). Mattiolli et al.
and Chiappinelli et al. did not detected malignasaciin their studies (105).
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Nevertheless, there are some cases of Wilms tumaephroma related with MCDK
(118, 119).

Concluding remarks

In summary, CAKUT are a heterogeneous and complexipg of diseases
responsible for UTI, CKD and hypertension in cheldr CAKUT are responsible for 20
to 30% of all prenatally detected anomalies. Thasemalies are the most common
cause of CKD in childhood (120). A multidiscipliyateam approach is required to
diagnose and treat these complex disorders. Futskefactors will likely include
urinary or serum biomarkers, more quantitative wsialof hydronephrosis patterns and
less invasive functional imaging modalities suchHvigl to predict outcome in a more
accurate manner. The long-term impact of the piecscmanagement of these renal
abnormalities also needs to be addressed by fprospective studies with significant
clinical outcomes including proteinuria, hypertemsiand CKD (121, 122). Despite the
evolution in imaging exams and biomarkers, there rinat been so far a gold standard
exam to define surgical treatment. The definitidrthee best time and which patients
will need surgery is still a matter of debate foephrologists and urologists.
Nevertheless, the natural history of CAKUT has shdhat the best management in
most cases is non-surgical. Currently, non-surgicahagement of CAKUT should be

considered whenever possible for infants with ANH, (123).
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Table 1— Antenatal hydronephrosis and risk of renal path

52

Source Period Studied population (N) Conclusions
Leeetal (2)| 1983-2003 Patients with antenatal rdwyephrosis (1308 The risk of any postnatal pathology per degree oiterzatal
patients) hydronephrosis was 11.9% for mild, 45.1% for motkerand 88.3% fo
severe.
Blachar et al 1987 -1991 Patients with antenatgklvic-to- renal APD ratig APRPD of 9 mm or more, and a pelvic-to-renal APDoraf 0.45 before
(35) greaterthan 0.35 (69 patients) 32 weeks of gestation and 0.52 thereafter, weredda be useful for the
detection of severe outcome.
Chertin et al| 1988-2003 Patients with antenatal hydronephrosit3 ($urgical correction was needed in 179 children 2%3. during the
(34) patients) course of conservative management. SFU grade 3—postnatal
hydronephrosis was an independently predictor fdotosurgery.
Passerotti et 1998-2006 Patients with antenatal hydronephres®mm in| On multivariate analysis, the degree of hydronegisran the first
al (6) the third trimester (1441 children) postnatal ultrasound was correlated with an ine@gadsk of ‘any’
urological pathology.
De Kort et| 2000-2005 Patients with antenatal hydronephee&isnm (125 Infants with fetal APRPD>15 mm require significantly more surgical
al (32) patients) interventions than infants with fetal APRRI15 mm.
Barbosa et 2002-2006 Patients with antenatal hydronephrasts mm in| Most mild cases resolved spontaneously, a quafteoderate and morg
al (33) third trimester (329 patients) than half of severe cases required surgery.
Plevani et al 2002-2007 Patients with antenatal hydronephrests mm in| The rates of postnatal urinary tract pathology wite 27 and 53% for
(11) third trimester (120 fetuses) antenatal HY ok 7, 8 — 15 and > 15 mm, respectively. An APRPD
mm in the third trimester had a sensitivity of 10@%d a specificity of
23% to predict unfavorable outcome. For absentanyitract anomalies
and APDRP < 15 mm, there is a < 10% chance thanhatad surgery
will be needed.
Rianthavorn| 2007-2012 Fulkerm infants with antenatal hydronephrog Areas under the receiver operating characteridtitsg95 % CI) were
.86 (0.79-0.94) versus 0.81 (0.73-0.89F, 0.08, and 87.6 versus 79.8

et al (38)

Postnatal APRPED 10 mm or SFU grade 3-4 in tf
neonatal ultrasound (96 newborns)

% of cases were correctly classified, for APRPQ6 mm versus SFLU

J

grade 4, respectively.

APRPD - anteroposterior renal pelvis diameter; SBdciety of Fetal Urology; APD — anteroposteri@ndeter



Table 2— Predictors of need of surgery in patients witkteric pelvic junction obstruction

Source Period Studied population (N) Predictors Cocrlusions

Arora et all 2004-2012 Antenatally detected hydronephrosis |dodial postnatal APRPD andAPRPD>24.3mm

(53) UPJO (109 renal units) pre-operative DRF (sensitivity 73.1% and
specificity 88%)

Longpre et - Antenatally detected hydronephrosis (10Q0itial postnatal APRPD andMean initial APRPD in

al (59) patients - 118 renal units) SFU 4 surgical group was 29 mm

Mudrik- 2001-2012 Antenatally detected isolateintenatal APRPD of third- Antenatal APRPD > 14

Zohar et al hydronephrosis due UPJO (69 patients) | trimester and APRPD/PT ratio mm, (AUC 0.817

(54) sensitivity 7% and
specificity 69%) APRPD/PT
ratio > 2.1 (AUC 0.822 +
sensitivity 87% and
specificity 65%)

Dias et all 1999-2010 Antenatally detected isolatedintenatal and initial postnatal Antenatal APRPD > 18

(37) hydronephrosis due UPJO (312 patients) | APRPD mm (AUC 0.96 — sensitivity
92 % and specificity 89.5%
- Postnatal APRPD > 16
mm (AUC 0.97 — sensitivity
99.8% and  specificity
88.5%)

Chertin et| 1988-2003 Antenatally detected hydronephrosis |deestnatal SFU grade 3-4 apn8FU grade 3-4 and DRF <

al (34) UPJO (343 patients) DRF 40% were independently
predictive  factors  for
surgery

APRPD = anteroposterior renal pelvis diameter; SFebciety of fetal urology; PT = parenchymal thieks; AUC = area under the curve



Table 3— Association between anteroposterior renal pelidmeter and vesicoureteral reflux

Source Period Studied population (N) Conclusions
Lee et al 1983-2003 Patients with antenatal hydronephros&81 No association between the grade of ANH and the afs
(2) patients) VUR
Passerotti | 1998-2006 Patients with antenatal hydronephrasgnm | Significant association between the degree of @akn
et al (6) in the third trimester (1441 children) hydronephrosis and VUR.
De Kort et| 2000-2005 Patients with antenatal hydronephrefismm| There is an association between antenatal APRDRehig
al (32) (125 patients) than 15mm and VUR
Dias et al 1999-2008 | Patients with isolated antenatal hydronephr{ Fetal and postnatal renal pelvic dilatation wereorpo
(41) >5 mm (250 patients) predictors of VUR. On the other hand, they founat ttetal

and postnatal renal pelvic diameter less than 10 nrake

the diagnosis of VUR improbable.

APRPD — anteroposterior renal pelvis diameter; \ANRsicoureteral reflux
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Abstract

Lower urinary tract obstruction (LUTO) compriseshaterogeneous group of
pathologies, commonly causing bladder neck obstmictPosterior urethral valves
(PUV) constitute the most common infravesical unynabstruction in boys. PUV are
often accompanied by severe consequences to tleg bovd upper urinary tract and are
the most common cause of end stage renal dise&&Eduring childhood. In spite of
continuous advances in the diagnosis and manageshgatients with PUV in the last
decades, approximately a quarter of the patier@segmt progression to ESRD during a
long-term follow up. In addition, besides renal d¢tion impairment, patients with PUV
can also exhibit multiple associated morbidity teatends beyond childhood through

adolescence and into adult life.

Keywords: Posterior urethral valves - urinary tract obstmcti—- antenatal

diagnosis — antenatal intervention - chronic kiddsgase

I ntroduction

Congenital anomalies of kidney and urinary tracAKOT) comprise a complex
spectrum of anomalies that can occur at the leveghe kidney, collecting system,
bladder, or urethfd. Over the past 20 years, there has been a conradvance in the
understanding of genetic basis and clinical coafsEAKUT ¥ Congenital kidney
and urological disorders account for up to 60% lofooic kidney disease (CKD) in
infants and they are the most common cause of &ga senal disease (ESRD) in this

age group*®.

Among CAKUT disorders, lower urinary tract obstioot (LUTO) represents
the most severe obstruction of the urinary traett ttan be antenatally recognized.
LUTO is relatively rare but can result in substahperinatal mortality with lifelong
morbidity ®® . Posterior urethral valves (PUV) constitute theshmwmmon infravesical
urinary obstruction in boys. PUV are often acconigaiy severe consequences to the
lower and upper urinary tract{9,10}. Among CAKUTsdrders, PUV are the most
common cause of ESRD during childhood {11}. In s@f continuous advances in the
diagnosis and management of patients with PUV énléist decades, approximately a
quarter of the patients present progression to ES8&®ihg a long-term follow up{12}.

In addition, besides renal function impairment,igrggs with PUV can also exhibit
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associated morbidity that extends beyond childhtboough adolescence and into adult
life {13,14}. PUV are associated with recurrent nauy tract infection (UTI),
dysfunctional voiding, urinary incontinence, and [@KThe current literature about
PUV lacks a systematic analysis of these clinicétomes, which might provide further
insight into unresolved issues. The aim of thiseevis to provide an overview of the

current advances in the management and in thealiautcomes of children with PUV.
Epidemiology and Etiology

Congenital LUTO is a relatively rare event affegtiprimarily male fetus. A
population-based registry study from the Unitedd€iom Northern Region has shown
that LUTO has an incidence of 2.2 per 10 000 birBstween 1984 and 1997, 113
cases were registered, with the underlying patholodentified by postnatal
investigation or autopsy. In this study, the incice of PUV was 1.4/10 000 birtHs’.

Recent epidemiological data suggest that the pmlialence of LUTO is stable.
In a large population-based study from United Kimyd there were 284 LUTO cases in
851 419 births during the study period, represgnérotal prevalence of 3.34 (2.95-
3.72) per 10 000 births. This prevalence did n@ngfe significantly between 1995 and
200748,

Posterior urethral valves are the most common autajeobstructive lesion of
the urethra, with an estimated incidence of 1 pe@@to 8,000 live birtff”. PUV are
a relatively rare disorder, with a disproportiomatelevated incidence in African-
Americans and infants with Down'’s syndroffie Lloyd et al™® reported, using the
Kids’ Inpatient Database (KID), a national databasgfeseveral million inpatient
pediatric hospitalizations per year that a totab@B newborn males were diagnosed
with PUVs from 1997 to 2009 in USA. According toisthdatabase, there was a
weighted prevalence rate of 9.3 PUV births per Q00,in-hospital live male births.
There was no significant change in the birth prene¢ of PUV in newborn males
during the study period. Newborns with PUV were enacommonly black and less
commonly white, Hispanic or Asian/Pacific Islandgr <0.001). Similarly, in the
population-based study from United Kingdoffy, the prevalence of LUTO was
significantly higher in black and minority ethnicogips when compared with white
Europeans (OR 2.38; 95% CIl 1.87-3.03), and are ceded with area-based

deprivation measures (P < 0.01). Clearly, it isomi@nt to notice the impact of prenatal
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ultrasound on epidemiology of the major genitounynenalformations. For instance,
Cromie et af’® evaluated the database from the Malformations éllamce Program
at Brigham and Women’s Hospital between 1974 ari1$hcluding data tracked of
163,431 pregnancies and pregnancy termination ratefetuses with spina bifida,
bladder exstrophy, the prune belly syndrome and PBkégnancy was electively
terminated in 65% for spina bifida, 25% for bladdgstrophy, 31% for the Prune Belly
syndrome and 46% for PUV. Interestingly, the @tpregnancy terminations began to
increase after 1982 and accelerated after 1986ocautemtly with improvements in
antenatal sonography.

PUV is most commonly sporadic, however familialeafiave been reported.
For instance, there have been described in twoessix® generatioffs, in two
siblingst?2?®  in three sibling$**'and in identical and nonidentical twiff§2%". These
findings suggest that genetic factors may playla o the origins of PUV. Recently,
Boghossian et al*”* have shown a potential role of copy number vaigti(CNVSs) in
up to 57% of cases of PUV examined. Investigatibrgenes in these CNVs may

provide further insights into genetic variants tbamtribute to PUV.

Anatomically, PUV are obstructing membranous foldthin the lumen of the
posterior urethra and the obstruction resultingnfrealve leaflets or a membranous
diaphragm situated at the distal limit of the veamt@anum, the prominent mound of
prostate tissue that forms an anatomical featurthénfloor of the normal posterior
urethra® %128 The etiology of PUV remains elusive and the medcirigins regarding
the anatomy and embryology of posterior urethralvas remain undefined.
Historically, Tolmatschew?® was the first to postulate an embryological theofy
PUV development, namely overgrowth of normally presurethral folds. Young et al.
80 published in 1919 a landmark article in the higtof PUV. They described the
largest series at that time including clinical grstion, diagnosis, intervention and
autopsy in 12 infants with PUV. Of note, they wéhe first to classify valves into types
1 to 3. Since that original classification, the agsion of PUV embryology has
weaving between claims of abnormal integrationhef Wolffian ducts into the urethra

and exaggerations of normal folds seen in normethual developmenit’*),

Contemporarily, studies on the topic claims tha tbrm valves was incorrect
because the condition actually reflected obstraciiothe posterior urethra caused by a

single membrane and Type | and Il valves repretiensame entity. Dewan et &34
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in series of papers in the early 1990s proposedténemn COPUM (congenitally
obstructing posterior urethral membrane) to take place of the more classic term
PUV. They believed that there were only two didtimmtities with two distinct
embryological origins causing obstruction in thetgeoor urethra, namely COPUM and
Cobb’s collar. The term “Cobb’s collar” has beerplsggd to a distinct congenital
urethral stricture occurring distal to an extenmadthral sphincter. Modern studies using
three-dimensional reconstruction of the histologingages study supports the concept

{17}

of a persistent urogenital membrane, as the eyolfgPUVs' /. Nevertheless, the

embryology of PUV is far from clear and currensyain area fertile for reseafth.
Diagnosis

On antenatal sonography, the constellation of figgdimost consistent with fetal
LUTO includes male gender, bilateral hydronephrosmargement of the fetal bladder
(megacystis), a dilated posterior urethra (keyhsifgn), and oligohydramnio€3%.
Therefore, an antenatal US typically reveals bidtaydronephrosis with a distended
and thickened bladder, dilated prostatic urethra dypertrophic bladder neck.
Nevertheless, the spectrum of findings is varied:c@mbination of bilateral
hydroureteronephrosis, bladder distention, corti¢hinning, cortical cysts and
oligohydramnios can be observed depending on atigiruseverity. In the prenatal
setting, specific sonographic criteria such as ddadwall thickening and dilated
posterior urethra are somewhat difficult to identif' 8. The earliest sign of LUTO is
the presence of megacystis (distension of the Idalder) which could be diagnosed as
early as 11 weeks. Bladder diameters greater tiiamrh in the first trimester is most
likely caused by obstructive disordéf¥. In the second trimester, megacystis has been
defined as an abnormally large appearing bladdéh @r without the failure of the
bladder to empty over 45 mifi€. PUV are the most frequent cause of megacystis
detected in the second or third trimesté*®. The presence of oligohydramnios is
frequently associated with bladder outlet obstarcnd its observation is also a sign of
poor prognosi§"**”. In a series of 40 cases of urethral obstructigtahony et al®*®
showed that decreased amniotic fluid volume wasent in 52.5% of the cases and
80% of them did not survive. Bladder distention waserved in 90% of the cases and
88% of them had a poor prognosis.

Distinguishing between the different causes of LUiEQhallenging given the

overlap in sonographic characteristifs PUV is the principal cause and the other
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causes must be included in the differential disgnare urethral atresia, prune belly
syndrome, anterior urethral valves/anterior urdthmiverticulum, congenital

megalourethra, and obstructing ureteroceles.

Posterior urethral valves have a wide range oficdinpresentations. Currently,
antenatal ultrasound evaluation of the developetgs has become routine care in the
management of healthy pregnancies. Consequentlgineiti and urinary tract
abnormalities, including PUV have been diagnoseaténo®®>%. Two-thirds of infants
with PUV have been identified by prenatal US in thst years in the developed
world®Y. The scenario in the developing world is remarkatifferent °2°%. Before
the era of antenatal detection, the majority oam$ with PUV were identified in the
first year of life with a combination of symptomsdasigns such as poor urinary stream,
distended bladder, failure to thrive, and UTI. Nat®s may occasionally present with
abdominal distension, abdominal mass, poor urislgam and respiratory distress due
to pulmonary hypoplasid®®*®*®. These children frequently presented also with
septicemia, acidosis and at various stages of CRD Although most patients are
diagnosed in the prenatal and neonatal periodetlm@ve been published reports
regarding patients presenting in adolescence amdehond decade of I{f¢. Among
the most common symptoms in late presenting PUV wapaling symptoms,
incontinence, hematuria and UF#°%. In adults, voiding and ejaculatory dysfunction

have been reported as predominant sympf6His.

Some studies have observed that some findings éocidase the sensitivity of
sonography in predicting urethral obstruction ie firenatal setting. Kaefer et &7
evaluated 15 male fetuses with a distended blaaluébilateral hydroureteronephrosis.
Postnatally, 8 neonates were confirmed to have PUWey demonstrated that the
simultaneous presence of oligohydramnios and isectaenal echogenicity was highly
predictive of infravesical obstruction with 100%nsgivity and 93% specificity.
Montemarano et af” reported as most suggestive of PUV the presence of
oligohydramnios, progressive bladder thickening amddilated posterior urethra.
Oliveira et a®? have shown in a cohort of 148 cases of fetal hyelbrosis (10% of
LUTO), that after adjustment by multiple logistiegression analysis, two findings
were identified as independent predictors of fatathral obstruction: oligohydramnios
and megacystis. The sensitivity and specificitytied combination of both variables

were 60 and 98.5%, respectively. Bernades & allemonstrated in a series of 42
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fetuses suspected to have PUV, that increased édaddll thickness and bladder
dilatation were highly associated with the diagaasi PUV (P < 0.001). However, a
thick-walled bladder was observed in 39% and atetildbladder in 48% of the infants
with other pathologies than PUV.

Postnatally, the diagnosis of PUV is confirmed bycambination of renal
imaging, including a prompt neonatal ultrasound armding cystourethrogram
(VCUG). Renal-bladder US is an important tool toaleate for the degree of
hydroureteronephrosis, renal parenchyma, renal aizé bladder wall thickening. An
increased renal echogenicity and subcortical cgstspoor prognostic signs for renal
function ®. A thick walled bladder may signify a poorly corapit bladder that can
result in damage to the renal parenchyma and uybeary tract at filling pressures
above 40 cm H20. A VCUG is absolutely indicateduasmmediate postnatal study for
neonates with suspected bladder outlet obstructimst commonly PUV® . A thick-
walled trabeculated bladder, bladder diverticulumd &esicoureteral reflux (VUR) are
also frequent®. Nevertheless, in a systematic review on the amyuof diagnostic
procedures for infravesical obstruction in boysnhies et al®> were unable to draw
conclusions on diagnostic accuracy of tests asnaerpuence of low quality of methods

of the available studies.

Management

Antenatal sonography has allowed the early deteadioa broad spectrum of
structural anomalies. Advance warning of theseditmms has radically altered
neonatal practice concerning diverse aspects imguohedical and ethical issues. In
case of a severe obstructive uropathy is suspeeteltidisciplinary counselling should
be offered immediately. The diagnosis and managewfecomplex CAKUT require a
team effort, because no single specialty is futjyipped to deal with all the maternal
and fetal implications of a diagnosis of a struatutefect. Prenatal diagnosis of these
anomalies provides a unique opportunity to inflleeperinatal management favorably.
Therefore, the medical team must plan the optiratdl fand neonatal care of fetuses
with a prenatally-diagnosed severe malformationvedeless, some challenging
clinical aspects must be addressed by the medteat including parental counselling,
site of delivery for immediate postnatal treatmeuassible early delivery to prevent
ongoing fetal organ damage, intervention in uterprevent, reverse, or minimize fetal

organ injury or death, and even pregnancy ternon§fi®”.
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Antenatal intervention

The foundation upon which fetal intervention for TO is based on animal
studies suggesting that earlier reversing of thal fierethral obstruction can preserve
renal function, resulting in improved amniotic fluievels and allowing a subsequent
pulmonary maturatioff®®. Therefore, these assumptions have set the way for
interventions attempting to decompress human faiakary tract obstruction and thus
possibly improve prognosis and survival"™".

Ultrasound-guided percutaneous vesico-amniotimshg (VAS) is the most
commonly used method to relieve urinary tract aletton!’®. This procedure was first
reported in 1982 by Golbus et’@ and the technique involves the placement of a
double pig-tailed catheter under ultrasound guidaacd local anaesthesia, with the
distal end in the fetal bladder and the proximad @m the amniotic cavity to allow
drainage of fetal urine. However, in spite of @ltienthusiasm its efficacy is still
debatable. In 1986, Manning et'4f. reported, based on the International Fetal Surgery
Register, the outcome of 73 fetuses with ultrasoewvidence of LUTO that had been
treated with VAS. Overall survival rates of 41% welemonstrated. Similarly, in 1997
Coplen™ reviewed 169 cases of successful VAS placemergs b¥ years. Overall
survival was found to be 47%, with 40% of survivimesented early ESRD. These
studies suggested that better patient selecti@ugfr further prognostic testing prior to
intervention could further improve survival ratés.2003, Clark et df® conducted a
meta-analysis to estimate the effect of prenatatldér drainage on perinatal survival
in fetuses with LUTO. The review identified 16 ebgational studies that included 147
fetuses and seven controlled series with 197 fetlMdeta-analysis results showed that
VAS appeared to improve overall perinatal sualivas compared to the non-
drainage group (OR =2.5; 95% CI 1.0-5.9; P 3).Mhterestingly, subgroup analysis
indicated that this improved survival was predwantly noted in fetuses with a poor
prognosis, defined on ultrasound appearance afet&rurinalysis basis (OR 8.0; 95%
Cl, 1.2-52.9; P < 0.03). The study concluded tdaspite this form of fetal therapy
having been practised for more than 25 ye#inere is a lack of high-quality
evidence to reliably inform clinical practi€®. Based on the findings of these studies,
in 2005 was founded a randomized controlled tidr¢utaneous Shunting in Lower
Urinary Tract Obstruction, PLUTO) to assess thertshtemd long-term effects of this
intervention!”"®"% Unfortunately, the trial stopped early with 31 men randomised
because of difficulties in recruitment. Morris €& reported that, based on intention-
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to-treat analysis, survival at 28 days was higheVYAS arm (50%) than conservative
management (27%) [relative risk (RR) 1.88, 95% warfce interval (Cl) 0.71 to 4.96,

p = 0.27]. At 12 months survival was 44% in the VA& and 20% in the conservative
arm (RR 2.19, 95% CI 0.69 to 6.94, p = 0.25). Bayesnalysis suggested an 86%
probability that VAS increased survival at 28 daysl a 25% probability that it had a

clinically important effect.

Fetal cystoscopy has been proposed as an altexnapitton to the VAS for
severe LUTO with the advantage of providing a ptanaiagnosis and specific
treatment of cause of bladder outlet obstructioana®es et af” reported a
retrospective cohort study of all fetuses that uwedat cystoscopy for prenatal
diagnosis of LUTO in three tertiary referral cesteA total of 50 fetal cystoscopies
were performed revealing PUV in 31 (62%) fetusesiofig the infants, 17/30 (56.7%)
survived and 13/17 (76.5%) had normal renal fumctid one year of life. Recently,
Ruano et af™ presented a single center experience of a staizedrcprenatal
multidisciplinary management protocol for fetal LOTand proposed a classification
based on disease severity. In a multivariate aisalfetal intervention (OR 6.97 [0.88-
70.16], Pr (OR>1)=96.7%), anhydramnios (OR 0.124.35], Pr (OR<1)=99.9%),
and favourable fetal urine analysis (OR 3.98 [®63L5], Pr (OR>1)=92.7%) were

predictors of survival.

Postnhatal management and intervention

As mentioned earlier, an important benefit from natal diagnosis is the
possibility of delivery in a tertiary care settitg facilitate the postnatal management.
Neonates must be assessed by a multidisciplinaayn tencluding neonatologists,
paediatric nephrologists and paediatric urologiBke initial assessment should include
a thorough examination looking for abdominal masses for signs such as respiratory
distress, deficient abdominal wall musculature ndescended test&s”. The early
management of neonates suspected of LUTO can ndguequire intensive care, in
particular respiratory support. Bladder drainageusually established by urethral
catheter. Diagnosis and prompt correction of fl@iéctrolyte, and acid-base imbalance
are crucial. Infants presenting with urosepsisuiey in addition to the adequate
bladder drainage (urethral or suprapubic cathetgomz), appropriate systemic
antibiotics. Renal function is estimated by meagygerum creatinine, and electrolyte

and acid-base balance must be monitored frequefi§l. Hyperkalemic acidosis is a
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known common serious sequéld. Microscopic examination and culture of urine are
routine. Renal-bladder ultrasound and VCUG are mflymarranged after clinical

stabilization. Renal scintigraphy with DMSA is inmpant to evaluate renal damage and
provide a baseline for follow-up and prognosisnéonates this is usually delayed for

4—6 weeks to allow for renal maturation.

The surgical management of PUV is undertaken atiisfactory preoperative
control of metabolic issues and of infection. Catig in developed countries the
surgical management has been simplified by theodoiction of miniaturized
endoscopes. Therefore, the standard of care issketion of the catheter drainage until
clinical stabilization, followed by transurethrablation of the valves using the small
resectoscopes now available to urologi$té®®® Due to the improvement of these
devices, most children can be ablated shortly dfieth, with vesicostomies only
required if the urethra will not allow for the page of the resectoscope. It is beyond the
scope of this review to explore the technical atgpetthe diverse surgical procedures
for PUVs.

Outcomes

All children born with PUV require long-term caréfaonitoring. The morbidity
associated with PUV extends beyond childhood thnaadplescence and into adult life.
The morbidity of PUV is related to the congenithtyuction of the urinary tract at a
critical time in organogenesis which may have afqamd and lifelong impact on
kidney, ureter, and bladder functitify®®.

The mortality rate in patients with PUV has sigrahtly decreased in the past
decades, from 50% to less than 59678 Survival rate has improved due to early
diagnosis, improvement of respiratory support, adgquate management of renal
function impairment in neonates and infarits.spite of these improvements in early
management, long-term morbidity related to PUM s@presents a heavy burden for
these patients and for the medical t&am=%%% Jalkanen et &/ investigated the
quality of life of men who had been treated for FUM childhood. The adult PUVs
patients reported lower scores in sleeping, eatargl sexual activity. The PUVs
patients with renal insufficiency or urinary incor@nce had impaired quality of life in

several dimensions
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Therefore, with the advances in diagnosis and nm&anagt, more patients have
been facing the long-term sequelae of PUV duringepty and adulthood, including
renal function impairment, bladder dysfunction,antnence, and impaired sexual and

reproductive function&#4%,

Obstructive uropathy secondary to PUV is still amomon cause of CKD disease
in children. The rate of progression to CKD or ESR#&» been reported from 22% to
68% 89294 ylinen et a®™ have shown in a series of 46 boys that the long-tenal
outcome was poor in 14 (30%) after a mean followpgriod of 12.5 years.
Interestingly, the highest rates of ESRD occurnedthe first year of life and late
adolescence, as shown similarly by an earliestyshydSmith et al®®. By contrast,
Heikkila et a*® have shown, from a large cohort with a long teatiofv-up of 193
patients, that 44 (22.8%) had progression to ESREcording to Kaplan-Meier
analysis, the lifetime risk of ESRD in this serigas 28.5%. Of note, in this series a
third of ESRD cases presented after the age okarsy However, the progression curve

was somewhat steeper during the first year ofdifd in adolescence.

A number of studies have been identified possibtgpostic factors affecting
the renal outcome in patients with PUY}. Some predictive factors have been
associated with the development of ESRD, includolggohydramnios, baseline
creatinine concentration, nadir serum creatinirierad period of decompression, need
of ventilatory support, bilateral vesicoureterdlue (VUR), delayed diagnosis, bladder
dysfunction, delayed achievement of urinary comtage and break through urinary
tract infection&38:93-95.98-104} pacently, Pulido et af® have shown that a reduced renal
parenchymal area as observed on the first postn#itakound is associated with an
increased risk of ESRD during childhood. On theeothand, some factors such as
unilateral VUR, large congenital bladder divertaguland urinary extravasation are
considered as protective factofs. VURD (posterior urethral valves, unilateral VUR,
and renal dysplasia) syndrome was first identifred982 by Hoover and Duckegnd
described in 1983 by Greenfield et al. It is defirees persistent unilateral VUR and
renal dysplasia in boys with PUW’®7 It works like a pop-off mechanism that
unilateral VUR would lead to dysplasia in the aféet kidney while sparing the
contralateral kidney, portending a potentially méaeorable long-term prognosis for
renal function. However, recently, Hoag et al didiound protective effect in their

retrospective stud{?®.
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Lower urinary tract symptoms is a common phenomemonboys with
PUVS410% nitial urodynamic studies performed after valdglation have found
bladder dysfunction in as many as 75% of patf&ifits The most frequent urodynamic
patterns found are hyperactive bladder, poor canpé and myogenic failufét**2,
Recently, Hennus et af®® reported a systematic review on renal and bladder
dysfunction after endoscopic treatment of infrawalsobstruction in boys. They found
17 studies that reported urodynamic evaluationr aftve ablation. Urodynamic
abnormalities were found in 55% of patients (0—72%)seven studies, a decreased
bladder capacity was found in 42% of boys, (14-608onean of 29% (0-50%) boys
had poor bladder compliance and 31% (0-64%) hadustat overactivity.
Hypocontractile bladder was seen in 35% (0—73%)onted in eight studies. Post
voiding residual urine was found in 31% (0-5694)"1**?} Transitory polyuria after
valve ablation occurs in up to 60% of boys with P4J&6 consequence of a defective

renal concentrating ability.

Urodynamic abnormalities of the lower urinary trawtithout properly
management through childhood can lead to progressival damage despite successful
relief of bladder outlet obstructidh'®*?*!22} Of note, to add further complexity, these
bladder alterations can occur in sequence in saatenps during childhood and
adolescence. A detailed evaluation of the bladgefuthction will help in planning the
management and possibly improve the long-term owécd herefore, it is crucial to the
management of these patients a follow-up with céigetlinical assessment of bladder
voiding pattern, serial ultrasound examination, amddynamic investigation. Infants
with hyperreflexic bladders needs anticholinergierapy, the small noncompliant
bladders of childhood may need medical therapy &l w&s clean intermittent
catheterization (CIC), while for the myogenic bladslof later childhood, CIC is often
necessaf$’’. Consequently, these children require multiple seguential interventions
including timed/double voiding, anticholinergicsidaclean intermittent catheterization.
In cases where conservative measures are not studces protecting renal function,
enterocystoplasty is required. Patients with ingirga hydronephrosis, deteriorating
renal function and a poorly compliant bladder tfags to respond to medical measures
should undergo bladder augmentation. Ureteral] beacolonic bowel segments are
effective in providing capacity and compliance wimptying via urethral CIC or
catheterization of a surgically created contineharmel between the bladder and

abdominal wall (Mitrofanoff procedur@f®!884 |nterestingly, Tikkinenet af"
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assessed the impact of childhood PUV on lower wyii@act symptoms in adulthood.
Overall, at least one moderate or severe loweratyitract symptom was reported by
32.4% of patients with PUVs urethral valves and%of controls (p < 0.002).

In addition to the concerns of the valve bladderdsgme on renal function, the
valve bladder may also lead to incontinence, wghnaany as 17-70% of children
complaining of wetting at advanced ages. Oftenepédi with PUVs achieve continence
at a delayed age, especially patients with unfaatderkidney outcome. The two main

causes of this incontinence are bladder dysfunetimhsphincter incompeten@&!2%,

Few studies have addressed the sexual functioreatility in PUV patients. It
has been suspected that fertility could be impaiiedthis population 31124
Moreover, CKD is a common long-term complicationtirese patients and it is well
recognized that libido and potency are affectecdnlts with renal impairment. The
posterior urethra can remain elongated and dilatdlUV patients, despite successful
valve ablation. Bladder neck and sphincteric lesimay lead to retrograde ejaculation.
Scarring of the posterior urethra secondary to evalblation, reflux into the seminal
vesicles and the ejaculatory ducts, and cryptorsimd which has been referred as

occurring on 16% of PUV patienf§’.

Concluding remarks

Posterior urethral valves (PUV) are the most comrmoauase of lower urinary
tract obstruction in male infants. Currently, PUYE aypically suspected based on
prenatal sonography and the definitive diagnosimasle postnatally. The management
of children with PUV is complex and requires a ndigiciplinary team. Patients require
long-term follow up after ablation of valves witlareful monitoring of renal function
and of signs of bladder dysfunction. An approprisi@nagement may prevent further
deleterious effects on the upper urinary tract amntain renal function. Although
prognosis has been improved in the past decadd®nizaborn with PUVs are
committed to nephrological and urological follow;dpom early life until adolescence
and adulthood.
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. OBJETIVOS

Avaliar os fatores clinicos, laboratoriais e de gewa preditores para

intervencao cirargica com paciente com CAKUT.

Desenvolvimento de um modelo preditivo para nedads de cirurgia em

pacientes com CAKUT.

Andlise de fatores preditivos para evolucdo de DRflerada (estagie 3) e

grave (estagio 5) em pacientes com VUP.

Desenvolvimento de modelo de predi¢do para DRC raddgestagia 3) em

pacientes com VUP.
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4. PACIENTES E METODOS

4.1. ESTUDO MODELO DE PREDICAO PARA
INTERVECAO CIRURGICA EM CAKUT

4.1.1. PACIENTES:

Todos os lactentes com o diagnostico perinatal A€W (n=819) admitidos na
Unidade de Nefrologia Pediatrica do Hospital dami€Chs/UFMG de 1987 a 2013

foram acompanhados.

Foram registrados, em protocolo préprio, os dadbsicos, os exames
laboratoriais e de imagem a admisséo e duranteategtalucdo, o tratamento e os dados
evolutivos de cada paciente. Para o presente estoiddesenvolvido um banco de
dados especifico no prograr8tatistical Package for the Social Sciences (SR8SHO0
18.0.

» Critérios de incluséo: Criancas portadoras de nefrouropatias acompanimadas
Unidade de Nefrologia Pediatrica de 1987 a 2013.

» Critérios de excluséo:
* Fetos com aneuploidias ou malformac¢des multiplad @
» Pacientes que interromperam 0 acompanhamento pEggoanascimento
(n=115).

4.1.2. DELINEAMENTO:

O delineamento da pesquisa é de um estudo de aetrbspectivo, sendo 0s
dados coletados de pacientes acompanhados ergn®jda 1987 e dezembro de 2013.
Com a finalidade de atender os objetivos propostosfeita a identificacdo de
pontenciais fatores de risco que foram independeie associados a necessidade de
intervencao cirargica durante o periodo de seguionemeterminacdo de um modelo de

predicdo clinica de necessidade de intervencamael

+ Desfecho clinico de interess@& desfecho clinico de interesse foi a necessidade

de intervencéo cirargica durante o seguimento.
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Variaveis explicativas: As seguintes variaveis foram incluidas na analise:
género, idade a admisséo no servigo, creatiniram@iica & admissao, ritmo de
filtracdo glomerular estimado a admissdo, presedeaoligoidramnio na
gestacao, presenca de outras alteracOes do tramiorassociadas, lateralidade
da hidronefrose (unilateral versus bilateral), pnea de lesbes no DMSA
(ausente, unilateral ou bilateral), diametro amgesterior (DAP) da pelve renal

a admisséao e periodo do diagndstico (1987 a 1981¥2000 a 2013).

4.1.3. PROTOCOLO CLINICO

Acompanhamento clinico:Os dados clinicos dos pacientes foram registrados
em protocolo proprio. O seguimento clinico foi watlo, inicialmente, para
todas as criancgas, tendo sido instituida antilbptiafilaxia para infeccdo do
trato urinario (ITU). A antibioticoprofilaxia foinstituida a todos os pacientes
admitidos antes de 2009 e apenas para aqueles édh>[10 mm admitidos
apos 2009. Utilizou-se a cefalosporina de primegeracdo (cefalexina
50mg/dia) nos dois primeiros meses de vida. Apéa &xa etéria, a profilaxia
foi modificada para sulfametoxazol+trimetoprim (Rd@kg/dia de trimetoprim)
ou nitrofurantoina (1-2mg/kg/dia) em dose UnicaididA profilaxia foi mantida
enquanto aguardava-se propedéutica de imagemcagsoa de ITU de repeticao,
para aqueles com DAP 10 mm, para pacientes com uropatias até a correcao
cirdrgica e para pacientes com refluxo vesicouae{®&VU) maior ou igual a 3.

A cada retorno do paciente foram avaliados: amescio pondero-
estatural, evolugdo clinica, pressdo arterial isi® adesdo ao uso do
medicamento antibacteriano profilatico e quadraichi - laboratorial de ITU

(urina rotina e urocultura).

A avaliacdo da funcao renal (por meio da dosageitaséde uréia, de creatinina

e célculo do ritmo de filtracdo glomerular estimadlai obtida, semestralmente, no
primeiro ano de seguimento e, ap0s esse periodajraente ou mais frequentemente,

conforme a necessidade clinica.

A medida da pressdo arterial sistémica foi reatizath todas as consultas

médicas, com a utilizacdo de esfigomomanbémetram@nho apropriado para a idade,

como recomendado pel@Working Group of the National High Blood Pressure
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Education Program Foram considerados os valores de referéncia enigleds

empregadas no estudo lBaurthTask Force on Blood Pressure in Children (1)

Investigacdo por imagensA avaliagdo por imagens do trato urinério foi dati
em todos os neonatos com dilatacdo da pelve réaacordo com o algoritmo
da figura 1 até o ano de 2009. Apds 2009, a uristomrafia miccional passou a

ser realizada apenas em pacientes com DAP > 10 mm.
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DAP fetal 2
5mm
USAUCM
Ambos normais RVU VUP RVUANUP
ausentes
us DMSA DMSADTPA
em 6 meses quimioprofilaxia Vesicostomia
<10mm 210mm
| |
USacada 6 DMSA/D TPAS

UE
meses

Figura 1 - Algoritmo para avaliagdo do trato urio&lo neonato portador de
hidronefrose fetal antes de 2009 (Oliveira, EA,t8tolo da Unidade de Nefrologia
Pediatrica do HC/UFMG).

US: ultrassonografia; UCM: uretrocistografia micagi RVU: refluxo vesicoureteral,
VUP: vélvula de uretra posterior; DMSA: cintilogiafestatica; DTPA: cintilografia

dindmica; UE: urografia excretora



84

DAP fetal= 5mm

Ultrassonografia

l I

DAP <10 mm DAP =210 mm
US em 6 meses UCM
RvU VuP RVUNUP
ausentes
DMSA DMSA/DTPA
quimioprofilaxia Vesicostomia
DAP <10 mm DAP =10 mm
USacada6 DMSA/DTPA
meses

Figura 2 - Algoritmo para avaliagdo do trato urio&lo neonato portador de
hidronefrose fetal apés de 2009 (Oliveira, EA, &toto da Unidade de Nefrologia
Pediatrica do HC/UFMG).

US: ultrassonografia; UCM: uretrocistografia micayi RVU: refluxo vesicoureteral,
VUP: vélvula de uretra posterior; DMSA: cintilogiafestatica; DTPA: cintilografia

dindmica

» Ultrassonografia: A primeira ultrassonografia (US) pos-natal foi izadio apos
a primeira semana de vida, exceto para os caspsitssde grave hidronefrose
bilateral, quando foi realizado logo apds o nasobme-oram realizados exames
ecogréficos a cada seis meses até o desaparecidzediiatacdo. Se submetidos
a intervencao cirurgica, a avaliacao foi realizadamédia a cada quatro meses
apos o procedimento. Os exames foram realizadosgetipamento GE (Logiq
Book XP), na posicdo supina. As seguintes mensesag@nais foram
registradas: comprimento no corte longitudinaln&o transversal e antero-
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posterior dos rins no corte transversal (figura@)olume renal foi calculado
de acordo com a formula proposta por Han & Babd@k A pelve renal foi
mensurada no corte transversal (DAP e diametreveral). A razdo entre o
DAP e o diametro antero-posterior do rim foi cadclel para todas as unidades
(3). A gravidade da hidronefrose foi graduada derdm com a escala
padronizada pela SFU (Society of Fetal Urology) T&das as medidas da pelve
renal foram realizadas quando a crianca estavaadoaxiga vazia (5).

/
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Figura 3 - Dimensdes da pelve e das unidades remaissuradas pela

ultrassonografia: (a) diametro antero-posteriopelae renal; (b) diametro transverso da

pelve renal; (c) diametro longitudinal da pelvealerfd) diametro antero-posterior do

rim; (e) diametro transversal do rim; (f) diamelwagitudinal do rim; (g) espessura do

parénquima renal.

Uretrocistografia miccional: A avaliagdo contrastada do trato urinario baixo
foi obtida no primeiro més de vida, apés exclus@méeccao urinaria através do
exame de urocultura negativa, sempre precedida atertara antibidtica
profilatica com % da dose terapéutica de cefalaspode primeira geracéo
(cefalexina ou cefadroxila) em dose Unica diarise®ames foram realizados no
Servi¢o de Radiologia do HC/UFMG, segundo técneamrmas padronizadas
por radiologistas que desconheciam as dimensdespelae renal a

ultrassonografia (6).

Cintilografia renal: A morfologia do parénquima renal foi estudadaasrido-
se radiois6topos: DMSA para quantificar a captagéoparénquima renal e
DTPA para a avaliacao do fluxo e excrecédo renalckso de dilatacdo de pelve
renal maior 10 mm, foram obtidas cintilografia @stée cintilografia dinamica
apos o primeiro més de vida. Nos casos de RVU,aaparcintilografia estatica
foi obtida.
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« Exames laboratoriais:

- Dosagem sérica de ureia e creatinind@s testes sericos de funcéo renal
foram coletados ap6s 72 horas de vida e, em segedzestralmente no primeiro ano
de vida, apds anualmente durante o acompanhamiémitmdcou antes, se 0 houvesse
necessidade clinica. A funcdo glomerular foi estimale acordo como a formula
convencional proposta por Schwartz et al até 20118). Apdés 2011, a creatinina
passou a ser mensurada usando o método IDMS. Resdie a formula adotada para
estimar a funcéo renal foi a formula de Schwartdifreada (8).

Quando a suspeita diagnéstica foi de valvula deraurposterior ou outra
condicdo na qual poderia haver comprometimentaidgéio renal, esses exames foram

realizados logo apds 0 nascimento e repetidos enoréa.

- Urina rotina e urocultura: Amostras de urina de todos 0s recém-
nascidos foram obtidas para urindlise e culturasapéprimeiro dia de vida e
subsequentemente a cada visita clinica ou quandeehsuspeita clinica de ITU. Os
exames foram coletados no Laboratério Central depiia das Clinicas da UFMG,
com técnicas padronizadas. Piuria significativadi&finida como o achado de 5 ou mais
leucécitos por campo em microscépio com 400 vezsumento. A urocultura foi
considerada positiva quando houve isolamento de (mta bactéria, com valor igual
ou superior a 100.000 unidades formadoras de @I@dFC)/ml, na vigéncia de
sintomatologia. A técnica de coleta foi a seguirspécimes de urina para cultura
foram cuidadosamente coletadas por profissionaisados do Laboratério Central do
HC/UFMG. Para criancas com controle de esfinctemlbtida coleta do jato médio em
recipiente estéril apds higiene da area em tornmetato uretral com dgua e sabao. Para
lactentes, a amostra de urina foi obtida com ussade plastico coletor apés completa
higiene da area perineal. O saco coletor foi trocadtada 30 minutos para assegurar
uma obtencdo de amostra adequada, sendo prontarsemigido apds a micgdo. A
amostra de urina foi imediatamente processada logamta em refrigerador apropriado.

Foi diagnosticado ITU quando o paciente apresentaisica e exames
laboratoriais alterados.

« Conduta cirargica: Para os casos de uropatias obstrutivas, foi tentaca
abordagem néo cirargica em pacientes com dilatpéidica leve/moderada,
unidades renais com funcdo preservada (40%) e wrd@ado obstruido ao
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DTPA. Pacientes com dilatacao grau IV (SFU), fung@ualerada ou gravemente
acometida e curva de padréo obstrutivo ao DTPAnidratados cirurgicamente
de acordo com a uropatia diagnosticada. Os pasiéatam prospectivamente
acompanhados e exames de imagem foram realizadogsirapdamente seis

meses apos a cirurgia ou apos a avaliacao inicial.
4.1.4. ANALISE ESTATISTICA

As estatisticas descritivas foram apresentadas caomdiana e intervalo
interquartilico ou frequéncia. Dados faltantes d@$aveis preditivas candidatas foram
submetidos a imputacdo multipla dos dados. Cada tlthnte foi imputado cinco
vezes. Valores imputados foram tirados de umaillisgéo preditiva em um modelo de
imputacao que incluiu todos os preditores candglato desfecho. Os resultados foram
combinados para produzir estimativa global e epadrdo que refletissem a incerteza

dos dados faltantes (9).

A curva de Kaplan-Meier com logrank foi utilizagara ilustrar as associacoes
das variaveis preditoras estudadas com necessiliadeurgia em analise univariada.
O modelo de risco proporcional de Cox foi usadoapaalcular a associagcao entre
preditores candidatos com a ocorréncia de cirulyitaxa de falha e o intervalo de
confianca (IC) de 95% foram utilizados para medsogiacao entre grupos. A taxa de
falha para variaveis continuas foi expressa peaicepél 75 versus percentil 25. Apenas
aguelas variaveis que foram associadas com o edentteresse na analise univariada
(p<0,25) foram incluidas no modelo de taxas deafgdfoporcionais de Cox. Entao,
utilizando a estratégia estatistica de backwar@niancluidas no modelo final aquelas
variaveis que permaneceram independentemente adasaom o desfecho. Todos os
valores de p foram bi-caudais e o valor de p memog 0,10 foi considerado

estatisticamente significativo.

Um modelo preditivo foi, entdo, construido a patésses dados, dividindo cada
coeficientep no modelo multivariado final pelo menor coeficeefitencontrado nessa
analise. Assim, utilizando-se esses resultadosgtfiiuido um peso para cada variavel
do modelo. Finalmente, um escore de risco para gadante foi obtido pela soma dos
pesos para cada variavel presente (10). Os esderesco obtidos para os pacientes
foram agrupados e trés grupos de risco para ndeesside cirurgia e foram, entéo,

identificados: baixo risco, risco intermediariol® aisco.
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Durante o desenvolvimento de modelos de predicateseapresentam um
desempenho otimista e super ajustado. Para cooigiimismo e o super ajuste, foi
realizada uma validacdo interna pelo método de wsaagem bootstraping. Cem
amostras foram retiradas com substituicdo. Um noodel predigéo foi desenvolvido
com cada amostra e o desempenho foi avaliado nesti@® do bootstrap e na amostra
original (11, 12). Os coeficientes do modelo fifatam corrigidos pela técnica de
shrinkage. A discriminacdo do modelo indica quam lmemodelo de predicédo € capaz
de distinguir entre pacientes que irdo vivenciatesfecho e aqueles que néo irdo. A
discriminagdo é acessada através da estattsti®aa interpretacdo € equivalente a area
sob a curva, ou seja, uma estatistica ¢ igual an@diba uma discriminacdo abaixo da
chance e uma estatisticggual a 1.0 indica uma discriminacéo perfeita.afibracao do
modelo foi demonstrada pelas curvas de Kaplan-Mmea pacientes em divididos em
grupos de risco (baixo, médio e alto risco) e &sade grafico de barras comparando a

probabilidade predita e o risco observado com 2 a@ecseguimento.

O modelo foi apresentado através de um nomogrante @ada variavel
preditora pode ser julgada com sua importanciativalapelo namero de pontos

atribuidos.

As analises estatisticas foram realizadas no progr& versdo 2.13.1R(
Foundation for Statistical Computing, Vienna, Aigtno programa SPSS verséao 18.0
(SPSS, Inc., Chicago).

4.1.5. ASPECTOS ETICOS:

O estudo foi aprovado pelo comité de ética da UFRM@3 pais ou responsaveis
legais das criangas assinaram um termo de conssmtrivre e esclarecido.

4.2. ESTUDO MODELO DE PREDICAO VUP X DRC

4.2.1. PACIENTES:

Todos os pacientes admitidos com o diagndéstico B Yh=178) admitidos na
Unidade de Nefrologia Pediatrica do Hospital dagi€as/UFMG de 1970 a 2015.

Foram registrados, em protocolo préprio, os dadbsicos, os exames
laboratoriais e de imagem a admissao e duranteatestalucéo, o tratamento e os dados

evolutivos de cada paciente. Para o presente estoiddesenvolvido um banco de
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dados especifico no programa Statistical PackagddéoSocial Sciences (SPSS) versao
18.0.

» Critérios de inclusdo: Criancas portadoras de VUP acompanhadas na Unidade
de Nefrologia Pediatrica de 1970 a 2015.

» Critérios de exclusdo:Pacientes que interromperam o acompanhamento logo

apos o nascimento (n=5).
4.2.2. DELINEAMENTO:

O delineamento da pesquisa é de um estudo de aetrbspectivo, sendo 0s
dados coletados de pacientes acompanhados entPeel®@15. Com a finalidade de
atender os objetivos propostos foi feita a idesaggo de fatores de risco potenciais que
foram independentemente associados a evolucdoDiRE€ estagio> 3 e estagio 5
durante o periodo de seguimento e determinacamdeaadelo de predicdo de evolugao
para DRC>3.

» Desfecho clinico de interessen desfecho clinico de interesse evolucdo para
DRC estagio> 3 e estagio 5. DRC foi classificada de acordo csnestagios
propostos pela the National Kidney Foundation jpractjuidelines (13). DRC
estagio 5 foi definida como ritmo de filtracdo gh&rular menor que 15 mL/min
em 3 exames consecutivos e/ou a necessidade géatde substituicdo renal

cronica.

» Variaveis explicativas: As seguintes varidveis foram incluidas na analise:
periodo de admissao (1970-1989 versus 1990-20fpEsentacao clinica (pré-
natal e pdés-natal), presenca de RVU, lateralidadeR¥U (unilateral vs
bilateral), creatinina a admisséo, ritmo de filflaglomerular & admisséo, nadir
de creatinina (menor valor da creatinina duranteroeiro ano apoés intervengao
cirdrgica), episodios de infeccdo do trato urindrintervencdo cirurgica
primaria. Duas variaveis tempo-dependente foramluit@s na analise:

proteinuria e hipertenséo.
4.2.3. PROTOCOLO CLINICO

» Pacientes com diagndéstico pré-natal: conducgéo serhahte ao item 1.1.3.
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» Pacientes com diagnostico pés-natadt maioria dos pacientes foi diagnosticada

no contexto de investigagdo de um episodio ou dmisdecorrentes de ITU.

* Acompanhamento clinico: ap0s avaliacdo inicial e intervencao cirurgica,
consulta clinica, exames de laboratoriais (uréieatina, urina rotina,
urocultura, proteindria amostra Unica e/ou 24tge émagem foram realizados a
cada seis meses, ou antes, se necessario. A eooBaoita consistiu de exame
fisico, incluindo medidas antropométricas e degiesrterial. Culturas de urina
foram obtidas em cada consulta ou apds qualquebdipi de febre sem foco
definido ou na presenca de sintomas urinarios.u@ulle urina foi coletada de

maneira apropriada no laboratério do HC/UFMG.

A creatinina plasmatica foi colhida na admissd@mestralmente, ou antes, se
necessario.A funcao glomerular foi estimada de acordo comoérentila convencional
proposta por Schwartz et al até 2011 (7, 8). Apd$l2 a creatinina passou a ser
mensurada usando o meéetodo IDMS. Desde entdo, aufforatotada para estimar a

funcao renal foi a formula de Schwartz modifica8la (

ITU foi definida como o crescimento de pelo men08.Q@00 ufc/mL de urina de
um uropatdégeno obtida por saco coletor ou jato médim febre (38 °C ou mais) e/ou

sintomas urinarios.

ApoOs o tratamento do primeiro episédio de ITU adicacdo da infeccdo com
negativacdo da urocultura, foi iniciada a profismxdom antibiotico. Utilizou-se a
cefalosporina de primeira geracao (cefalexina 5@rmphos dois primeiros meses de
vida. Apdés essa faixa etaria, a profilaxia foi niiedda para
sulfametoxazol+trimetoprim (1-2mg/kg/dia de trinfgion) ou nitrofurantoina (1-
2mg/kg/dia) em dose Unica diaria. A profilaxia foiantida enquanto aguardava-se
propedéutica de imagem, até a correcdo cirdrgicearm pacientes com refluxo
vesicoureteral (RVU) maior ou igual a trés até -0sa&hos de idade.

A medida da pressdo arterial sistémica foi reatizath todas as consultas
meédicas, com a utilizacdo de esfigomomandmetr@a@mnho apropriado para a idade,
como recomendado pel@Working Group of the National High Blood Pressure
Education Program(1). Foram considerados os valores de referéncia eiciidis

empregadas no estudo BHaurth Task Force on Blood Pressure in Children. @ara
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pacientes acima de 17 anos de idade, foi consideraigertensdo, valores

consistentemente acima de 140/90 mm Hg.

A presenca de proteinuria foi considerada quandazdo proteina/creatinina
estava acima de 0.2 ou proteindria de 24 horasaaden150 mg/dia em pelo menos

duas avalia¢cGes consecutivas.

* Investigacéo por imagemaA investigacao do trato urinario foi obtida de atwr

com algoritmo abaixo (figura 4):

| ITU comprovada
[

I |

| <2 anos | | > 2 anos |
| usucm | | us |
l_? ] 1 l—%
Hidorere |l [ vup ] [ R ] | Norlmal | | Alter‘ado |
| Seguimento | [ DMsA/ DTPA | | DMSA/DTPA | | DM\SA | Seguimento | UCMIDTPA/
DMSA

Figura 4: Algoritmo para avaliacdo do trato urinaeém criancas com ITU

comprovada

US: ultrassonografia; UCM: uretrocistografia micagi RVU: refluxo
vesicoureteral; VUP: valvula de uretra posterioM$A: cintilografia estatica; DTPA:

cintilografia dinamica
4.2.4. ANALISE ESTATISTICA

Os valores foram expressos como mediana e inteivamuartilico, frequéncia
ou media e desvio padrdo, quando apropriado. Rmsstovariaveis preditivas dos
desfechos foram avaliadas pelo modelo de Cox canvesi e pelo modelo de Cox
com variavel tempo-dependente. No modelo com veiséixas, apenas as covariaveis
presentes até o primeiro ano de vida foram inctuidessim, por exemplo, apenas
pacientes que apresentaram hipertensdo e ou pnateiaté 12 meses foram
considerados na analise. O modelo com variaveipddiras foi conduzido em duas
etapas. Na primeira etapa, a analise univariadaefdizada para identificar variaveis
gue foram significantemente associadas com o desfek analise de sobrevida foi
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realizada pelo método de Kaplan-Meier para avaligempo ate a ocorréncia dos
desfechos estudados: DR ou DRC estagio 5. Hazard ratio ou razéo de dax@alha
(HR) e o respectivo IC a 95% foram usados na analsvariada (regressdo de Cox).
As diferengas entre os subgrupos foram avaliadbs tpste de log-rank bicaudal. O
modelo de taxas de falha proporcionais de Coxtftitado para identificar as variaveis
que foram independentemente associadas a ocordm@®RC> 3 ou DRC estagio 5.
Apenas aquelas variaveis que foram associadas cewertto de interesse na analise
univariada (p<0,25) foram incluidas no modelo de&.Emt&o, utilizando a estratégia de
backward elimination foram incluidas no modelo final aquelas varidveise
permaneceram independentemente associadas confechdeslodos os valores de p

foram bicaudais e o valor de p<0,05 foi considerstatisticamente significativo.

Um modelo preditivo foi, entdo, construido a pat@sses dados, dividindo cada
coeficientep no modelo multivariado final pelo menor coeficeefitencontrado nessa
analise. Assim, utilizando-se esses resultadostfiiuido um peso para cada variavel
do modelo. Finalmente, um escore de risco para cadtevel presente foi obtido pela
soma dos pesos para cada variavel presente (1(scoses de risco obtidos para os
pacientes foram agrupados e trés grupos de risca P®C> 3 foram, entdo,

identificados: baixo risco, risco intermediariol® aisco.

Durante o desenvolvimento de modelos de predicateseapresentam um
desempenho otimista e super ajustado. Para coorigitrmismo e o0 super ajuste, foi
realizada uma validacdo interna pelo método de osaagem bootstraping. Cem
amostras foram retiradas com substituicdo. Um noodel predicéo foi desenvolvido
com cada amostra e o desempenho foi avaliado nesti@® do bootstrap e na amostra
original (11, 12). Os coeficientes do modelo fifiatam corrigidos pela técnica de

shrinkage.

A discriminacéo foi avaliada usando a estatisticque representa a area sobre a
curva ROC (receiver operating characteristic curde)maior area indica a melhor
discriminagdo. A avaliacdo da calibragdo do modeoquanto mais proximo as
probabilidades preditivas refletem o risco atuadyapa predicdo de DRC3 foi
determinado na populacdo estudada pelo método geark®leier. Por fim, foi
estimada pelo método de Kaplan-Meier a probabiédael sobrevida renal de acordo

com as categorias de risco (baixo risco, riscanmeeliario).
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4.2.5. ASPECTOS ETICOS:

O estudo foi aprovado pelo comité de ética da UFRM@3 pais ou responsaveis

legais das criancas assinaram um termo de consgritifivre e esclarecido.
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Abstract

Purpose: To develop a prognostic model for the need of ewrgn patients with

congenital anomalies of kidney and urinary tracdKOT).

Patients and Methods:This is a cohort study of 694 children with CAK@d@mitted at

the pediatric nephrology unit of our institutionhi@ren were included between 1987
and 2013. The median age at admission was 2 manth§5% were male. Considered
patient characteristics at baseline were: gendge, &erum creatinine, estimated
glomerular filtration rate (eGFR), oligohydramnigsesence of other urinary tract
anomalies associated with renal pelvic dilatati®®PD) (megaureter, megacystis),
anteroposterior renal pelvic dilatation (APRPD)etatity (unilateral vs bilateral),

presence of renal lesions (RL) on Tc-99m DMSA s@dPRPD magnitude and period
of admission (before vs after 2000). A prognostiodel was developed using Cox
proportional hazard regression analysis and baakwatection. Internal validity was

studied in 100 bootstrap samples.

Results: A total of 164 (23%) patients were submitted togsuy at a median age of 7.8
months. The predictors included in the model wegéR, presence of other urinary
tract anomalies associated with RPD, presence odRLc-99m DMSA scan, APRPD

magnitude and period of admission. The optimisnexbed ¢ statistic was 0.84.

Conclusions Our prognostic model for the need of surgery roamtribute to identify
CAKUT patients at high risk for surgical interveoti Further studies are necessary to

validate the model in independent samples of CAKldiients.



97

INTRODUCTION

Congenital anomalies of kidney and urinary tracAKOT) are among the most
common fetal malformations with an incidence of4ldases per 1000 births (1, 2).
CAKUT comprises a wide phenotypic spectrum and ri@st commonly involved
anomalies are non-obstructive hydronephrosis, apédvic junction obstruction,
vesicoureteral reflux, ureteropelvic junction ohbstion, posterior urethral valve,
primary megaureter and multicystic dysplastic kid(®). CAKUT are important causes
of kidney morbidity and the most frequent causelabnic kidney disease (CKD) and

end-stage renal disease in infants and young enil¢#, 5).

In spite of the continuous advances in the undedihg of the genetic basis and
outcomes of CAKUT, there are still many controvessiregarding the clinical
significance, postnatal evaluation, and managemeinfants. Consequently, taken into
account the heterogeneity of CAKUT, there is anausidndable little consensus about
the best approach for these patients (6-10). Theagement of these anomalies is a
challenge for the medical team including neonatstsg pediatricians, pediatric
nephrologists and pediatric urologists. In thidisg, a relevant issue concerning the
management of CAKUT is to establish a consistept@xh to discern which patients
would benefit from surgical intervention and whietay be best assisted by continued
surveillance. (7, 11-13). Nevertheless, there hasnbscarce literature concerning
predictive models of the need of surgical interi@ntin this population (14).
Retrospective cohort studies have suggested sonmbles as prognostic factors for
surgery or for spontaneous resolution of renal ipetlilatation (15-18). Prognostic
factors that have been reported include anteropostef renal pelvic diameter
(APRPD), renal cortical thickness, differential aéfunction on renal scintigraphy (11,
12, 16, 18-21). We have previously described theicell course of children with
prenatally detected CAKUT and we identified varesbthat are possible predictors of
progression to CKD (22). The aim of this retrospectcohort study was to identify
potential prognostic factors for the need of swgera large series of patients with
CAKUT. In addition, we combined the strongest fastan a model to assess
individualized risk of surgery need. Such a modalndentify patients at high risk for

surgical management.
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Patients and methods

Patients. All infants with diagnosis of CAKUT (n=819) adnmett at the Pediatric
Nephrology Unit (Hospital das Clinicas, Federal \gnsity of Minas Gerais (UFMG),
Brazil) from 1987 to 2013 were followed-up. Patgenwith aneuploidy, multiple
malformations, neurogenic bladder or loss of folopv soon after the birth were
excluded (n = 125). In total, 694 infants were uigigld in the analysis.

Clinical protocol. During the 25 years of this study, the clinicabtpcol for the
management of infants with perinatal diagnosis AKOT has inevitably evolved. In
the first decade of the study, infants were ingegéd according to a comprehensive
systematic protocol described elsewhere (23). Briafl patients with anterior posterior
renal pelvis dilatation (APRPD) equal or greatemnt/® mm were placed on prophylactic
antibiotics at birth and submitted to an extensiveging workup, including renal
ultrasonography (RUS), voiding cystourethrogram &), and renal scintigraphy.
After 2000, we developed a more tailored clinicatpcol, based mainly on the severity
of the renal pelvic dilatation (21). Briefly, alfants were submitted to VCUG within
three months of life. Regarding imaging workugJ& scan was performed after the
first week of postnatal life, and, until 2009, aifants underwent a voiding VCUG.
Since 2009, VCUG has been indicated for a selestibgroup of patients with fetal or
postnatal APRPD > 10 mm and or ureter dilatatioRenal scintigraphy (Tc-99m
DMSA and Tc-99m DTPA) was performed after the firginth of life in patients with
APRPD equal or greater than 10 mm. Antibiotic pydakis was started on the first

postnatal day and maintained in accordance witlptstnatal diagnosis.

Follow-up protocol.After initial clinical and imaging evaluation, RU&ans, clinical
visits, and laboratory reviews (including urine tau¢é and serum creatinine) were
scheduled at 6-month intervals. In short, the cihepproach consisted of full physical
examination, including evaluation of anthropometrieasurements and blood pressure
performed at 6-month intervals. Urine cultures walnéained on each 6-month follow-
up visit, and it was recommended that urine samiescollected during any

unexplained febrile episode or in the presenceiobty symptoms (24).

Outcome: Prognosis was defined as the time from birth uthé first surgical

intervention.
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Candidate predictorsThe following variables at baseline were considenmedthe
analysis: gender, age, serum creatinine, estimgitaderular filtration rate (eGFR),
oligohydramnios, presence of other urinary tracinaalies associated with renal pelvic
dilatation (RPD: megaureter, megacystis), APRPRr#dity (unilateral vs bilateral),
presence of renal lesions (RL) ©0-99m DMSA scan, APRPD magnitude and period
of admission (before or after 2000). Combined adimined by VCUG, renal scan and
sequential RUS were considered for the diagnosisirofary tract anomalies. The
absence of any recognized uropathy was classifeddepathic hydronephrosis.
Isolated hydronephrosis was defined as the presehé®RPD> 5 mm without any
other alterations of the urinary tract. Associatedironephrosis was defined as the
presence of APRPD >5 mm combined with other ali@mat such as megaureter and
megacystis. When bilateral renal pelvic dilationswaesent, the largest APRPD was
considered for analysis. Tc-99m DMSA RL was clasdifas none, unilateral and
bilateral when there was renal scarring in nonee on both kidneys, respectively.
Oligohydramnios was determined on the basis ofatihaiotic fluid index (25). Since
creatinine measurements were made using the Jatfeooh until November 2011 in our
institution, glomerular filtration rate (eGFR) wasstimated by the conventional
Schwartz formula (26) for data obtained until tlperiod. After November 2011,
creatinine was measured using the IDMS traceabléhade Therefore, the modified
Schwartz formula (27) was adopted to estimate e@&iRer than the conventional

Schwartz formula.

Statistical analysisand development of the risk prediction modsissing values for
candidate predictors were multiple imputed (MI)ckEanissing value was imputed five
times. Imputed values were drawn from the predéciilistribution in an imputation
model that included all candidate predictors angl plnognosis. Ml resulted in five
complete datasets, which were analyzed with standamplete data methods. The
results were combined to produce overall estimate$ standard errors that reflect
missing data uncertainty (28, 29). Cox proportiohakards regression analysis was
used to assess the association between the camghiaatictors and the occurrence of
surgery. Hazard ratios for continuous variablesewgiven for the 75 percentile versus
25 percentile of the variable. Using a backwardhglation strategy with p < 0.1, the

strongest prognostic factors were included in ihal imodel (30).
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When prediction models are developed in relatigehall samples, they may be
overfitted and may show optimistic performance. @&djust for overfitting and
optimistic performance of the model, we used boapstresampling for internal
validation. One hundred bootstrap samples were rraith replacement; a prognostic
model was developed in each sample; and the peafozen was evaluated in the
bootstrap sample and in the original sample. Theramge calibration slope of the

bootstrap procedure was used to shrink the regmressiefficients in the final model.

The model was presented as a nomogram where eagdictpr could be judged
its relative importance by the number of pointsilaited over the range of the predictor
(31, 32).

Statistical analyses were performed with R softwamrsion 2.13.1 (R
Foundation for Statistical Computing, Vienna, Aigtand SPSS version 18.0 (SPSS,
Inc., Chicago).

Ethical aspectsThe study was approved by the Ethics Committeb®tiFMG and the
parents or legal guardians responsible for thedadml gave written informed consent to

participate.
RESULTS

A total of 164 (24%) patients underwent surgerg atedian age of 7.8 months
(interquartile range (IQR), 2.4-16.1 months). Thajonty of patients were boys,
considering the entire CAKUT group (65%) as we# gubgroup of children submitted
to surgical intervention (76%). The median follow-#or patients who did not undergo

surgical intervention was 50 months (IQR, 25-15sths).

Table 1 shows the baseline characteristics andciasiem between patient

characteristics and the need of surgery.

Table 1

Age, oligohydramnios, serum creatinine, eGFR, aased urinary tract
anomalies with RPD, APRPD laterality, presence &f ¢ Tc-99m DMSA scan,
APRPD magnitude and period of admission showedssociation with the need of

surgical intervention (Figure 1).

Figure 1
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After backward selection, five predictors remaingd the model: eGFR,
associated urinary tract anomalies with RPD, prasesf RL on Tc-99m DMSA,

APRPD magnitude and period of admission (Table 2).

Table 2

The uniform shrinkage factor estimated with boeygting was 0.94. The
statistic was 0.84 (IC95% 0.82-0.87) after cormacfior optimism.

The prediction model is presented as nomogram aodides the risk that a
patient needs surgery within 2 years (Figure 2)u3e the nomogram, a line from each
predictor value needs to be draw upwards to thentpekis. Then, the points
corresponding to the predictor values need to loedand the result be located to the
Total Points axis. A line from the total points walto the axis for 2 years risk of

surgery need to be drawn to find the patient’s oiskurgery within 2 years of follow-
up.

For example, a child with eGRF of 40 ml/min/1.73 (@ points), associated
urinary tract anomalies with RDP (5 points), bitateRL on Tc-99m DMSA scan (9
points), APRPD magnitude of 40 mm (10 points), tiofediagnosis after 2000 (0
points). The total points of 31 correspond to &k asundergoing surgery before the age
of 2 of 90%.

The formula with shrunk coefficients to calculate individual absolute risks of
needing surgery is described in figure 3. We diditiee risk score into tertiles: low-risk
(<20 points), medium-risk (20-28 points) and higgkr(29+ points). High-risk patients
showed a 2 year risk of needing surgery of 55% uileigd). Figure 5 shows the
calibration plots (predicted vs observed) for thedel of risk prediction during 2 years
of follow-up.

Figure 2

Figure 3

Figure 3

Figure 4
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DISCUSSION

In this study, we evaluated prognostic factors fbe need of surgical
intervention in a large cohort of children with CAK, who were included between
1987 and 2013. About a quarter of these patiezggled surgical intervention; children
born after 2000 needed less often surgery (15%#. skfongest prognostic factors for
the need of surgery were eGFR, associated urinacy anomalies with RPD, presence
of RL on Tc-99m DMSA and the APRPD magnitude. Véenbined the factors in a

prognostic model that showed good predictive pertorce.

CAKUT is a heterogeneous and complex group ofadise associated with UTI,
CKD and hypertension in children. These anomalresthe most common cause of
CKD in childhood (4). The majority of CAKUT is nasurgically managed, but, in
some cases, surgery will be necessary. Neverthetesdgroversies still exist about
which children and when submitting to surgery (2, 133, 34). Unnecessary
interventions should be avoided, but late proceslaoaild enhance the risk of infection
and renal parenchymal loss (34). During the follop the medical team requests
imaging workup and laboratory tests to assess idgndsis of uropathy and to choose
the best management (9). So far, a referencestesitiavailable to define which patient
at what time will need surgery. Early identificatiof patients at high risk for needing
surgical procedures may be helpful for medical sleos and may decrease unnecessary
interventions in low risk patients.

We found that before the year 2000, the surgicahagament was more
common than after 2000. This finding is consistesth the current literature that
recommends nonsurgical treatment for the majoriitgatients with CAKUT. (2, 6-10,
19, 35-38).

Some studies have identified possible prognostitofa for the need of surgery
in patients with CAKUT (16, 20, 39, 40). For instan Nef et al. reported impaired
renal function, oligohydramnios and postnatal kiiak renal anomalies as prognostic
factors (39). The latter two were also associatéth weed of surgery in the current
cohort, but not selected in the model. Possibly #tatistical power to identify
oligohydramnios as important prognostic factor weaslow, because of the high rate of
missing data in our database concerning the arorflatd.
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The magnitude of renal pelvis dilatation is the tramsmmonly found prognostic
factor for need of surgery. Most studies use thasnement of antenatal APRPD (16,
19, 20, 40). Some used antenatal hydronephosis jAH found a major incidence of
surgery in patients with higher risk for higher SBland 4 (19). Similarly, Plevani et al
analyzed patients with ANH. The need for postnstiagjery increased significantly with
the degree of renal pelvis dilatation: 0%, 10.1% a8.3% for ANH of first, second and
third degree, respectively. Compared non-surgiaaks, the surgical cases had greater
in utero AP diameter (10.2 + 4.3 vs. 17.1 £ 11.0,nfx 0.001) and a higher rate of
associated urinary tract anomalies (6.7 vs. 88.8%x 0.001) (16). In our study,
associated RPD was strongly associated to needrgéry. Similarly, Plevani et al in
their study found that the presence of associatiedny tract anomalies and magnitude

was independent predictors of postnatal surgery (16

Some authors recommended surgery in patients \ffigrehtial renal function
(DRF) less than 40% (12, 34, 41). We have categdrike presence of renal lesions as
none, unilateral and bilateral, since patients vbtlateral renal lesions could have
normal DRF. Unilateral and bilateral renal lesioms DMSA were predictors for

surgery in our cohort.

Clinical and methodological issues should be takeém account in evaluating
our findings. From the methodological point of viewe did not have validated our
prognostic model in an independent cohort. Exteuadidation is important, because
accurate predictions in the development cohort,ndb necessarily guarantee good
predictions in other patients (30, 42, 43). A daliweakness is that the medical team
decided who needed surgery. The end-point is heabgctive and probably based on
the variables in the model. That would imply tha modelled the decision making of
the surgery rather than need of surgery. Howeber,children who did not undergo
surgery, most likely did not need surgery, giver tlong follow-up time. False
positives, i.e. children who underwent surgery, did not need it, could not be
identified. Our population contains a variety ofepbtypes of CAKUT, with a mixing
of isolated hydronephrosis and more complex estitighich may disturb accurate
predictions. Including a factor that indicates pieenotype of CAKUT did not improve
the model performance. On the other hand, somerésaof our study may increase the
strength of our findings, including the large datasollected over many years, the



104

length of the follow-up time, and the managementh®same medical team using an

standardized protocol.

In summary, we have developed a clinical progeastodel for need of surgical
intervention in children with CAKUT. The magnitudé renal pelvic dilatation, renal
function at baseline, presence of associated writract anomalies with RPD, and
presence of renal lesion remained as predictossiigfical intervention. We believe that
this prognostic model, after external validatioan csupport the medical team to identify

infants with CAKUT at high-risk for surgical intezmtion in the first years of life.
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Table 1 - Patient characteristics and association withrteed for surgery, Pediatric

Nephrology Unit, HC/UFMG, 1987-2013.

Surgery
Unit or Yes No Hazard
Characteristics category N =164 N =530 Ratio [95%ClI]
Gender male 124 (76%) 329 (62%) 1.2 [0.82 - 1.6]
Age at admission months 1.1(0.19-2292(0.82-49) 1.1[1.0-1.2]*
Plasma Creatinine  mg/dl 050 (0.39 -036 (0.30 -12[11-1.2]
0.73) 0.50)
eGRF ml/min/1.73m2 52 (31 - 75) 71 (51 - 92) 2.2[1.7 - 2.9]*
Oligohydramnios yes 14 (8.5%) 12 (2.3%) 3.7[2.1-6.4]
missing 426
Associated RPD  yes 92 (61%) 160 (31%) 3.0[2.2-4.2]
missing 25
Bilaterality yes 63 (45%) 220 (43%) 1.2[0.83-]1.6
99mTC — none 55 (38%) 200 (69%) reference
DMSA lesion unilateral 75 (52%) 84 (28%) 2.6 [1.9-3.7]
bilateral 13 (10%) 9 (3%) 4.3[2.3-7.8]
missing 258
APRPD mm 20 (13 - 29) 8 (6-12) 1.5[1.4 - 1.7]
missing 85
Period of before 2000 80 (49%) 84 (16%) 3.8 [2.7-5.1]
admission

Values are given as number (percentage of obsé¢otall or median (25 — 75 percentile), unless dtate

otherwise.

Hazard ratios for continuous variables are giverttie 75 percentile versus the 25 percentile.

*risk is higher for lower predictor values

eGRF: estimated glomerular renal function; APRPesposterior renal pelvis dilatation; RPD: renal

pelvic dilatation; 95%CI: 95% confidence interval
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Table 2 —Multivariable association of the selected progro$tictors with need for
surgery, Pediatric Nephrology Unit, HC/UFMG, 198713

Prognostic factor Unit or category Harzard ratio [95% CI]
eGFR 47 vs. 90 ml/min/1.73 mz 1.6 (1.3-2.0)
Associated RPD yes 23(1.6-3.3)
Tc-99m DMSA lesion unilateral 20(1.3-3.1)
bilateral 4.3 (2.2-8.2)
APRPD 16 vs. 7 mm 15(1.3-1.7)
Period of admission Before 2000 4.2 (2.8-6.3)

Hazard ratios for continuous variables are given for the 75 percentile versus the 25 percentile.
eGRF: estimated glomerular filtration rate; APRPD: anterior posterior renal pelvis diameter; RPD: renal

pelvic dilatation; 95%CI: 95% confidence interval
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Figure 1. Kaplan Meier estimates for the risk of surgeratiied by gender (A); age in months
(B); eGFR (ml/min/1.73 A) (C); oligohydramnios (D); associated RPD (rerelVje dilatation)
(E); bilaterality (F); DMSA lesion (G); APRPD matuide (Anteroposterior diameter /APD in
mm) (H); Period of admission (I), Pediatric Neplogy Unit, HC/UFMG, 1987-2013
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Figure 22 Nomogram for predicting two years risk of surgégsed on 5 predictors;
Estimated glomerular renal function in mL/min/1.73m (eGFR), Associated
hydronefrosis, Presence of renal lesion on DMSAPRPD (anteroposterior renal
pelvis diameter) in mm, period of admission (bef2080) ; 2-year Risk of surgery %,
Pediatric Nephrology Unit, HC/UFMG, 1987-2013.

The predicted risk of getting surgery at age months can be calculated as:
risk (t) = [1— S, (£) PP x 100%, where

Ip = — 0.010x GFR + 0.766x associated RDP +0.626lesion uni + 1.248& lesion bi + 0.037
x APRPD + 1.373% diagnosed before 2000

So(12) = 0.962; §36) = 0.920; §60) = 0.910

with eGFR: estimated glomerular renal function ib/min/1.73nf; associated RPD: associated

Figure 3. Formula with shrunk coefficients to calculate thdividual absolute risks of
getting surgery: with eGFR: estimated glomerularatefunction in mL/min/1.73
associated RPD: associated renal pelvic dilatates¥1/no=0); lesion uni: unilateral
lesion (yes=1/no=0); lesion bi: bilateral lesioreg¥1/n0o=0); APRPD: anteroposterior

renal pelvis dilatation in mm; diagnosed beforeQ@&s/no)
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ABSTRACT

Background and objectives: Posterior urethral valves (PUV) constitute the mos
common infravesical urinary obstruction in boys amd often accompanied by severe
consequences to the lower and upper urinary tRidY/ are one of the most common
causes of chronic kidney disease (CKD) and endestagal disease (ESRD) during
childhood. The aim of this study was to descrikedlnical course and risk factors for

CKD in a large cohort of patients with PUV.

Design, setting, participants, & measurementdn this retrospective cohort study, 173
patients with PUV were systematically followed upaatertiary Pediatric Nephrology
Unit. The primary end-points of the study were CKiage 3 or higher and ESRD.
Survival analyses were performed respectively by €mression proportional hazard

model with time-dependent covariables.

Results: After a mean time of 83 months, 65 children (37).@¥veloped CKD stage

3 and 39 (22.5%) reached CKD stage 5. FourtedfdBdied during follow-up. Thirty-
six patients (20.8%) presented hypertension an#3%) exhibited proteinuria during
follow-up. After adjustment by the time-dependerdxOmodel, baseline creatinine,
nadir creatinine, hypertension, and proteinuriaae®d as independent predictors of
CKD > stage 3 and ESRD.

Conclusion: Our findings suggest that an earlientdication of risk factors amenable

to clinical intervention might contribute to slotet progression of renal impairment.

Keywords: posterior urethral valves - fetal hydronephrosissicoureteral reflux

- urinary tract infection — chronic kidney diseaskypertension

INTRODUCTION

Posterior urethral valves (PUV) are the commonesise of bladder outflow
obstruction in male infants. Although not precisé&lyown, its prevalence has been
reported as ranging from 1/8000 to 1/25000 livéhii(1,2). The incidence of PUV has
remained steady over the years; however, the piagam and timing of diagnosis has
substantially changed (3,4). Currently, most pasidrave been identified by prenatal
sonography due to the presence of hydroureteroasishioccasionally associated with
megacystis and oligoidramnios (5,6). PUV are oftaocompanied by severe
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consequences to the lower and upper urinary tia&) (@nd are one of the most
common causes of chronic kidney disease (CKD) anutistage renal disease (ESRD)
during childhood (9). The morbidity of PUV is reddtto the congenital obstruction of
the urinary tract at a critical time for organogesgewhich may have a profound and
lifelong impact on kidney, ureter, and bladder fume (10,11).

Over the past two decades, there has been a cousinadvance in the
understanding of pathophysiology, diagnosis, mamage and clinical course of PUV
(12-15). However, in spite of continuous advanaggproximately a quarter of the
patients evolved to ESRD during a long-term follopv{16). Studies that systematically
analysed the clinical outcome of patients with P@é scarce. In addition, the
identification of predictive factors for renal impaent may probably contribute to the

formulation of therapeutic strategies.

The aim of this study was to evaluate the outcoaid3UV patients treated at
tertiary centre between 1970 and 2015, with emghasirisk factors for the progression
to CKD and to ESRD.

PATIENTS AND METHODS

Patients In this retrospective cohort study, the recorti$®8 patients with PUVs who
were admitted consecutively at the Pediatric Nepfmogy Unit of Hospital das
Clinicas from Federal University of Minas Gerais—FWG, Brazil) between 1970 and
2015 were reviewed. We excluded five patients fthenanalysis due to lost to follow-
up.

Baseline dataAll patients were admitted to our outpatient lici For the antenatal
cohort, after the initial renal and bladder US (RBU neonates with antenatal
hydronephrosis suspect of PUV underwent urinarst iraaging workup according to a
systematic protocol described in detail elsewh&ig1@). Antibiotic prophylaxis was
started at the first postnatal day and was maiathimtil surgical intervention. For the
postnatal cohort, the majority of the cases weragmbised in the context of the
investigation of an episode or recurrent episodeelrile UTI, as described in detall
elsewhere (19,20). Independent radiologists evadudhe association of PUV with
vesicoureteral reflux (VUR) based on the finding$ oonventional voiding
cystourethrography.
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Follow-up protocol. After initial evaluation and surgical interventiorclinical,
laboratory and imaging assessments were carriegariddically at 6-month intervals.
Briefly, the clinical approach consisted of full ysiical examination, including
evaluation of anthropometric measurements and bpwedsure performed at 6-month
intervals or more frequently, whether clinicallyeed (18,21,22). Urine cultures were
obtained at each follow-up visit, and it was recaenaed that urine samples should be
collected during any unexplained febrile episode irthe presence of urinary
symptoms. Urine specimens for culture were cangfubllected at our hospital
outpatient laboratory as described in detail elss®h(23,24). Plasma creatinine
concentration was determined at baseline and abrém intervals. Since creatinine
measurements were made using the Jaffe method MNotlember 2011 in our
institution, glomerular filtration rate (GFR) wastienated by the conventional Schwartz
formula (25) for data obtained until this periodtek November 2011, creatinine was
measured using the IDMS traceable method. Therefloeemodified Schwartz formula
(26) was adopted to estimate GFR

OutcomesThe end-points for this study were time from tiaseuntil the occurrence of
(1) CKD stage> 3 and (2) ESRD or CKD stage 5. CKD was classifiedording to the
stages proposed by the National Kidney Foundatrantjige guidelines (27). CKD stage
5 was defined as eGFR < 15 ml/min in three consexsitests and/or the need for renal

replacement therapy.

Covariates.The following variables were included in the anayperiod of admission
(1970-1989 vs. 1990-2015), clinical presentatiamdnatal vs. postnatal), presence of
VUR, VUR laterality (unilateral vs. bilateral), e creatinine, baseline GFR, nadir
creatinine (lowest creatinine during the first yedter surgical intervention), UTI
episodes, primary surgical interventiofwo time-dependent covariates were included

in the analysis: proteinuria and hypertension.

Definitions.UTI was defined as growth of at least 100,000mfuh urine obtained by
bag or from a mid-stream sample, with fever (38.05C more) and/or urinary
symptoms. Hypertension was defined as values pensiis above the 95percentile for
age, gender, and height on three consecutive vi8lit®d pressure measurements were
performed as recommended by the Working Groupefational High Blood Pressure
Education Program. Reference values and definitafnsormal blood pressure were

based on The Fourth Report on High Blood Pressur€hildren and Adolescents
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(28,29). For patients above 17 years of age, weidered as sustained hypertension
values consistently above 140/90 mmHg. The presehqeoteinuria was considered
when urinary protein creatinine ratio is above @&.24-hour protein excretion is higher

than 150 mg/day in at least two consecutive evanst

Statistical analysis. The values were expressed as medians and intelguanges
(IQs) or means and SDs when appropriate. Potemtiagnostic variables were
evaluated as predictors of survival in both timeafi and time-dependent Cox models.
In the time-fixed model, only the covariables preed until the first 12 months of life
were applied. Univariate analysis was performedidentify variables that were
significantly associated with adverse outcome. dnate analyses were performed
using the Kaplan-Meier nonparametric survival fumttestimator. Differences between
dichotomous variables were assessed by the twd-dmgrank test (30). For the
purpose of plotting the survival curves, the optincat-off point for continuous
variables was determined by the receiver operatihgracteristic curve using the
Youden index (31). Cox’s regression model wasiepgb identify variables that were
independently associated with adverse outcome. thoke variables that were found to
be associated with adverse outcome by univariadéysis (p < 0.25) were included in
Cox’s regression model. Variables that met thigeaon were included in the
multivariable model. Inclusion in the final modelasv determined by a backward
stepwise process with the use of the likelihootrad evaluate the effect of omitting
variables. Values of p<0.05 were considered sicguifi and 95% confidence intervals
were provided when appropriate. Next, we fitted ativariable time-dependent Cox
model, including the time-dependent covariates.iabdes selected for multivariable
analyses were used to build a final model afterckimg for interactions and
proportionality assumptions. Possible interactibesween variables that remained in

the final model were evaluated, including interactierms in the model (32-34).

Development of clinical predictive modé\. prognostic model was then constructed
from these data by dividing eag¢hcoefficient in the final multivariable model with
significant risk factors by the lowest coefficient. Thep coefficients were used for
factor weighting; points were assigned to each peddent prognostic factor, their
coefficients being rounded to the nearest integ®y36). Finally, a prognostic score was
calculated for each patient by summing up the goifihe prognostic score derived was

then grouped into three categories (low, mediuna, lagh-risk groups). We assessed
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the accuracy of the derived model by looking at tdoenponents of accuracy (i.e.,
discrimination and calibration) (35-38). Discrimiizan was evaluated on the basis of 2,
5, and 10 years of follow-up using thestatistic, which represents the area under the
receiver operating characteristic curve (for whitdrger values indicate better
discrimination) (39). Calibration was also assesgeaphically by a KM plot for
patients in different risk groups (low-risk, mediumsk, and high-risk) (40-42). To
adjust for overfitting and overoptimistic perforntanof the model, we performed an
internal validation of our model with a bootstrappitechnique (39). In each bootstrap
sample, the entire modeling process was repeagsilting in shrinkage of the
regression coefficients when applicable (35,38,48g shrinkage factor obtained from
bootstrap results was 0.8958. All reported p valrestwo sided, and a p value <0.05
was considered to represent a statistically sicgmii difference for all analyses

including interaction terms.

Ethical aspectsThe study was approved by the Ethics Committe&l@f1G and the
parents or legal guardians responsible for thedadml gave written informed consent to

participate.
RESULTS

Baseline findings.

The main baseline clinical characteristics of 1@8gmts included in the analysis
are summarized in Table 1. The median age of admnisgs 8.5 months (IQ range, 1.1
— 42.9) and 62 (35.8%) infants were diagnosed m itivestigation of antenatal
sonography abnormalities. Seventy-nine patients6@4p were followed up for more
than 5 years and 55 (32%) for more than 10 yedrs. dommonest primary surgical
intervention was transurethral ablation of the galin 98 patients (56.6%) and 6 infants

(3.5%) died in neonatal period before any surgrt&rvention.

Table 1

Outcomes

Mean follow-up time was 83 months (SD, 70 montlws)those patients who
survived neonatal period. Thirty-six patients (20)8 presented blood pressure
persistently above the 95percentile, according to age, gender, and heightvas

estimated that the incidence of hypertension wasitab2%, 21%, and 40% after 5, 10,
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and 18 years after admission, respectively. Seveigtyt patients (45%) exhibited
proteinuria. Similarly, the estimated incidencepodteinuria increased with age: 26%,
40%, and 70% after 5, 10, and 18 years after admissespectively. At the end of
follow-up, 80 patients had CKD stage 1 (46.2%)(28.2%) patients, CKD stage 2, 16
(9.2), CKD stage 3, 10 (5.8%) CKD stage 4, and Z25%) reached CKD stage 5 or
ESRD. Therefore, 65 children (37.6%) developed Gikaye> 3 with a median GFR of
25.6 ml/min per 1.73 m2 (IQ, 12.4 — 38.0). Usingokaa-Meier curves, the cumulative
incidence of CKD stage 3 was estimated as about 24% at 5 years age, BIQoy&ars
age, and 56% at 18 years age. In addition, the ativelincidence of CKD stage 5 was
estimated as about 10% at 5 years age, 15% atal® gge, and 31% at 18 years age.
Of 39 with CKD stage 5, 1 died within the first dayf life, 28 were on dialysis, and 10
of them underwent renal transplantation. The lalooyeevaluation at the end of follow-
up revealed a median serum creatinine of 0.7 n{fdl0.45-0.89) for patients at CKD
stages 1 and 2. The median estimated GFR for fregmts was 100.4 ml/min per 1.73
m? (IQ, 83.3-120.1). During follow-up, UTI occurred 148 (85.5%) children: 35
children (20.2%) presented one UTI episode, 255(b4.had two episodes, and 88
(50.8%) children had three or more episodes. Of datgnts included in the analysis,
14 (8.1%) died during follow-up. The median ageleath was 2.7 months (IQ, 15 days
— 66 months). The proportion of death was greatesrg patients enrolled in the first
period of the study (14% vs. 5.7% for 1970-1989 48€0-2015, respectively), but the
difference was not statistically significant (OR#2CI 95%, 0.89-8.14, P=0.07).
Univariate analysis

In univariate analysis, patients who evolved todC#tage 3 or higher presented
significantly more proportion of bilateral VUR, hgyiension and proteinuria. These
patients also had higher values of baseline semg@tinine and of nadir creatinine as
well as lower values of eGFR (Table 2). Similatlye same variables were associated
with patients who evolved to CKD stage 5 (TableRyure 1A-C illustrates the renal
survival of CKD stage> 3, according to the presence of bilateral VUR,ebas
creatinine (cut-off 0.85 mg/dl), and nadir creata(cut-off 0.70 mg/dl).

Table 2

Table 3

Figure 1 (A-C)
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Multivariate analysis

End-point CKD> stage 3 As shown in Table 2, in univariate survival arsay six
variables were suitable for inclusion in the tinneel multivariable model: VUR
bilateral, proteinuria, hypertension, serum creaginnadir creatinine, and eGFR. The
model derived from the time-fixed approach is digeld in Table 4. After adjustment,
three variables were found to be independent pradiof CKD > stage 3: baseline
serum creatinine, nadir creatinine, and proteinuifdere was no interaction between
the remained variables in the final model. Thelelaerived from the time-dependent
approach is given in Table 5. After adjustment iy €Cox time-dependent model, four
variables were found to be independent predictdrsCKD > stage 3: baseline
creatinine, nadir creatinine, hypertension, andtganaria. There was no interaction

between the remaining variables in the final model.

Table 4

Table 5

End-point CKD stage 5 (ESRDAs shown in Table 3, the same six variables wke a

suitable for inclusion in the time-fixed multivabie model: VUR bilateral, proteinuria,

hypertension, serum creatinine, nadir creatinind, @GFR. The model derived from the
time-fixed approach is shown in Table 6. Similadfter the adjustment, three variables
were found to be independent predictors of CKD estagbaseline serum creatinine,
nadir creatinine, and proteinuria. There was nracttion between the remained
variables in the final model. The model deriveahirthe time-dependent approach is
given in Table 7. After adjustment by the Cox tidependent model, three variables
were found to be independent predictors of CKDestaignadir creatinine, hypertension,
and proteinuria. There was no interaction betwéenrémaining variables in the final

model.

Table 6

Table 7
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Clinical predictive model

A clinical predictive model based on a time-fixedxQegression analysis was
developed for the end-point CKB stage 3. A prognostic weighting was derived for
each variable by dividing eadh coefficient by the lowesp (Table 4). Finally, a
prognostic risk score was calculated as the sunthe$e weightings for the three
variables. A risk score was calculated for eaclepaby adding up these points. The
risk score ranged from O to 79 points (median, Btpp Finally, the prognostic risk
score was divided into three categories: low-risB points, 69 children, 39.9%),
medium-risk (4-20 points, 45, 26%), and high-risk20 points, 59, 34.1%) for the
event. The accuracy of the score applied to thepamas consistently high through
time, with a meart statistic of 0.867 (95%CI, 0.804—-0.916), 0.838%@3, 0.729—
0.916), and 0.847 (95%CI, 0.766—0.909) for theofetup periods of 2, 5, and 10 years,
respectively (Figure 2A-C). The accuracy of thedelowas also assessed by the
Kaplan-Meier method (Figure 3). The probability@D > stage 3 at 10 years age was
estimated as 6%, 40%, and 70% for patients assigntee low-risk, medium-risk, and

high-risk groups, respectively (P < 0.001).

Figure 2 (A-C)

Figure 3

DISCUSSION

In this retrospective cohort study, we evaluatedicdl outcome and risk factors
for CKD in a cohort of children with PUV. Our fintys confirm the dismal prognosis
for the renal function among children with PUV. Acding to our analysis, about half
of these patients evolved to moderate to severa fanction impairment and about a
third of them will need renal replacement therapgleout 18 years of age. Interestingly,
we also identified baseline serum creatinine, nadiatinine, hypertension, and

proteinuria as possibly predictive factors of CKiridg follow-up in this population.

The mortality rate in patients with PUV has sigrafitly decreased in the past
decades, from 50% to less than 5% (44-46). In tuays the overall mortality was 8.1%
in agreement with recent published series (10).eNbeless, the survival rate has

improved in the last period of the study (5.7%)s$bly due to multiple factors
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including early diagnosis, improvement of respirgtsupport, and better management
of renal impairment in neonates and infants. Moeepduring the first years of our
cohort, renal replacement therapy for infants hat been fully implemented at our
institution. However, during the study period, aedRalysis Interdisciplinary
Management Program was created in our Unit withdime to provide full clinical
assistance to children with CKD (47). We believattthis program has contributed to

improving the prognosis for these patients (48,49).

The decrease in mortality rate has resulted in rpatents facing the long-term
sequelae of PUV during puberty and adulthood, olioly renal function impairment
and bladder dysfunction (16, 50, 51). In our settles rate of moderate to severe CKD
was 37.5% (65/173) and 22.5% (39/173) patients hehcESRD. Of note, the
cumulative incidence of CKD> stage 3 and of CKD stage 5 was estimated,
respectively, as about 56% and 31%, at 18 yearsltgenot a trivial task to compare
these data with the literature on PUV, since thedeno concept of CKD and its
classification was established only on the begipm@h2000s (27). Before this era, there
were several different classifications for the afled chronic renal insufficiency and
this scenario hampers the comparison and intetpretaf clinical studies concerning
this issue. Consequently, the rate of progressio@€KD and/or to ESRD in patients
with PUV varies widely from 22% to 68% across a hemof studies (45,52-54).
Nevertheless, current series have shown renal m&apite similar to our series. For
instance, Ylinen et al(55) have shown in a serfed6oboys that the long-term renal
outcome was poor in 14 (30%) after a mean followpepiod of 12.5 years. From a
large cohort with a long term follow-up of 193 patis, Heikkila et al(16) have reported
that 44 (22.8%) patients progressed to ESRD. Istieagly, Kaplan-Meier analysis
estimated that the lifetime risk of ESRD in thisieg was 28.5%, again quite similar to
our sample. Sarhan et al (56) evaluated 120 patianth PUV using the same
definitions of CKD used in our study. Follow-up gnwas from 2 to 16 years with a
median of 3.6 years. CKD stages 3 to 5 developélaeagnd of follow-up in 44 patients
(36.5%) and ESRD in 18 (15%).

A number of studies have evaluated risk factore@ated with a poorer renal
outcome in PUV. However, the majority of these madhave applied univariate
analysis or included only baseline variables inghalysis. From our point of view, the

strength of the present study relies on the inclusof well-recognized factors
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associated with long-term impairment of the renaiction, namely proteinuria and
hypertension in a time-dependent Cox regressionei@f note, both time-dependent

variables remained as predictive factors for rémattion impairment in our series.

Several studies have identified possible pted factors associated with the
development of ESRD in patients with PUV, includioigohydramnios, baseline
creatinine concentration, nadir serum creatinirierad period of decompression, need
of ventilatory support, bilateral vesicoureterdlue (VUR), delayed diagnosis, bladder
dysfunction, delayed achievement of urinary comtage and breakthrough urinary tract
infections (21,52-55, 58-65). Recently, Pulido et(6) have shown that a reduced
renal parenchymal area as observed on the firéha@d ultrasound is associated with
an increased risk of ESRD during childhood. On thieer hand, factors including
unilateral VUR, large congenital bladder divertaguland urinary extravasation are

considered as protective factors (67).

We believe that the most original contribution ofirostudy was the
demonstration of the role of hypertension and pnaté in the progression of CKD in
children with a congenital anomaly of kidney anchary tract (CAKUT). As a matter
of fact, there have been a number of studies irtadnd children showing that both,
hypertension and proteinuria, are consistently @atsd with decline of the renal
function in diverse clinical conditions (68-74).rHastance, in the context of CAKUT,
Ardissino et al (75) have shown that proteinuriaais independent predictor of
progression to ESRD in children with congenital dyysplastic kidneys. Similarly,
Fathallah-Shaykh et al (68) have reported that liv&seroteinuria and systolic BP
levels are independently associated with CKD pregjom in 522 children with non-
glomerular CKD enrolled in the CKiD study. Nevetgss, to the best of our
knowledge, our study is the first to show, by aetidependent model, the importance of
hypertension and proteinuria, both potential madiie factors, in the progression of
renal function impairment in children with PUVs. &de findings indicate the need of
more active investigation and more aggressiveddinintervention in modifiable factors
in order to slow the decline of renal function iB\P. In this regard, the ESCAPE trial
has shown that an intensified blood-pressure cbotmofers a substantial benefit with

respect to renal function preservation among caildvith CKD (76).

The retrospective nature of our study is a cleaitéition. Possibly, the main

weakness is related to the impossibility to recagne important data from the records
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of the patients. Thus, we were unable to analyzebigs including prematurity, birth
weight, and sonography renal measurements, all mthwmay contribute to the
prediction of renal outcome of children with PUVn @he other hand, we believe that
the most original aspect of our study was the syate analysis of clinical outcome in
this selected group of infants and the evaluatibtinee-dependent covariables as risk
factors for renal function impairment in a largehod of patients with VUP. In
addition, the size of our sample, the length offtilw-up time, and the management
by the same medical team using a standardized qmiotaight minimize the biases

inherent to longitudinal cohort studies.

In summary, in this retrospective cohort study, e@served that, in spite of
recent advances in the management of PUV, the mertebme did not improve for the
majority of patients. Nevertheless, our findingsess the importance of earlier
identification of risk factors amenable to clinicaitervention that can possibly
contribute to slow the rate of renal impairment.cdnfirmed in future studies, infants
with PUV may benefit from closer surveillance faopgeinuria and hypertension during
follow-up. Further prospective studies and clihitéals are obviously necessary to
establish the best interventions for these modif@adors in children with PUVs and to

propose a tailored therapeutic approach.
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Table 1 - Baseline clinical characteristics of 173 infantsth PUV, Pediatric

Nephrology Unit, 1970-2015

N (%)
Diagnosis
Antenatal 62 (35.8)
Postnatal 111 (64.2)
Period
1970 — 1989 50 (28.9)
1990 - 2015 123 (71.1)
Age of admission (months)
Median (IQ range) 8.5(1.1-42.9)
VUR features
Absent 61 (35.3)
Unilateral 45 (26.0)
Bilateral 67 (38.7)
Primary Surgical Intervention
Vesicostomy 54 (31.2)
Suparevesical diversion 15 (8.70)
Transurethral ablation 98 (56.6)
None 6 (3.50)

Creatinine (mg/dl)

Median (IQ range)
GFR (ml/min/1.73rf)

Median (IQ range)
Nadir Creatinine (mg/dl)

Median (IQ range)

0.86 (0.50 — 1.6)

42 (18.9 — 72.2)

0.6 (0.40 — 1.09)
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Table 2 - Univariate analysis of risk factors for CKEB in children with PUV(n=173),
Pediatric Nephrology Unit, 1970-2015.

Variables CKD <3 CKD=>3 p-value*
n =108 (%) n = 65 (%)
Diagnosis
Prenatal 41 (66.1) 21 (33.9) 0.83
Postnatal 67 (60.4) 44 (39.6)

Period of admission

1970 — 1989 28 (56.0) 22 (44.0) 0.76
1990 - 2015 80 (65.0) 43 (35.0)

VUR
Absent 42 (68.9) 19 (31.1) 0.19
Unilateral 30 (66.7) 15 (33.3)
Bilateral 36 (53.7) 31 (46.3)

VUR
Absent/Unilateral 72 (67.9) 34 (32.1) 0.13
Bilateral 36 (53.7) 31 (46.3)

Proteinuria
Absent 100 (65.8) 52 (34.2) <0.001
Present 8 (38.1) 13 (61.9)

Hypertension

Absent 106 (62.7) 63 (37.3) 0.028
Present 2 (50.0) 2 (50.0)

UTI episodes/year

Median (IQ range) 0.49 (0.2-1.41) 0.44 (0.07 - 2.3) 0.78
Creatinine (mg/dl)

Median (IQ range) 0.60 (0.40 - 1.01) 1.60 (0.92 - 3.0) <0.001
GFR (ml/min/1.73rf)

Median (IQ range) 58.1 (27.2-84.5) 23.0(12.0-39.5) <0.001
Nadir Creatinine (mg/dl)

Median (IQ range) 0.47 (0.31-0.60) 1.20 (0.88 — 1.70) <0.001
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Table 3 - Univariate analysis of risk factors for CKD Sta§ in children with PUV
(n=173), Pediatric Nephrology Unit, HC/UFMG, 197015

Variables CKD 1-4 CKD 5 p-value*
n =135 (%) n = 38 (%)
Diagnosis
Prenatal 49 (79.0) 13 (21.0) 0.29
Postnatal 86 (77.5) 25 (22.5)
Period of admission
1970 — 1989 38 (76.0) 12 (24.0) 0.63
1990 - 2015 97 (78.9) 26 (21.1)
VUR
Absent 52 (85.2) 9 (14.8)
Unilateral 37 (82.2) 8 (17.8) 0.09
Bilateral 46 (68.7) 21 (31.3)
VUR
Absent/Unilateral 89 (84.0) 17 (16.0) 0.03
Bilateral 46 (68.7) 21 (31.3)
Proteinuria
Absent 124 (81.6) 28 (18.4) <0.001
Present 11 (52.4) 10 (47.6)
Hypertension 36 (21.3) <0.001
Absent 133 (78.7) 2 (50.0)
Present 2 (50.0)
UTI episodes/year
Median (IQ range) 0.47 (0.18 — 1.7) 0.55 (0.07 - 1.7) 0.47
Creatinine (mg/dl)
Median (IQ range) 0.7 (0.49-1.2) 20(1.5-3.4) <0.001
GFR (ml/min/1.73rM)
Median (IQ range) 51.6 (25.2—-75.5) 15.4(8.0-31.4) <0.001
Nadir Creatinine (mg/dl)
Median (1Q range) 0.50 (0.35-10.73) 1.52 (1.2-2.0) <0.001
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Table 4 - Risk factors associated with CKB3 after adjustment by the Cox regression
model without time-dependent covariables and rasmeweighting points used in the
risk score, Pediatric Nephrology Unit, HC/UFMG, 092015.

Variables Coefficient* Hazard Ratio  p value Points

(95% CI)

Baseline creatinine (mg/dl) 0.210 1.23 <0.001

(1.09-1.88)
0,20 — 0,49
0,50 — 0,70
0,71 - 1,10
1,11 - 1.80
1,81 20

BN kR O

Nadir creatinine (mg/dl) 0,234 1.260 <0.001

(1.11 — 1.43)
0.13 -0.37
0.38 - 0.50
0.51 - 0.74
0.75-1.21
1,22 28

R A )

Proteinuria at baseline 1.378 3.96 <0.001 31
(2.10-7.47)




139

Table 5- Risk factors associated with CKB3 after adjustment by the Cox regression
model with time-dependent covariables , PediatepiNology Unit, HC/UFMG, 1970-
2015

Variables Coef Hazard Ratio p value
ficient
(95% CI)
Baseline creatinine (mg/dl) 0.216 1.14 0.04
(1.01-1.28)
Nadir creatinine (mg/dl) 0.27 1.31 <0.001
(1.17 — 1.48)
Hypertension 1.51 454
<0.001
(2.10 -9.91)
Proteinuria 1.46 4.30 <0.001

(2.30 — 8.06)
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Table 6 - Risk factors associated with CKD 5 after adjuetinby the Cox regression
model without time-dependent covariables, Pediat@phrology Unit, HC-UFMG,
1970-2015

Variables Coef Hazard Ratio p-value
ficient

(95% CI)

Baseline creatinine (mg/dl) 0.221 1.24 0.001
(1.09-1.42)

Nadir creatinine (mg/dl) 0.325 1.38 <0.001

(1.21 - 1.58)
Proteinuria 1.822 6.18 <0.001

(2.84 — 13.47)
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Table 7 - Risk factors associated with CKD 5 after adjuetinby the Cox regression

model with time-dependent covariables, PediatripiMelogy Unit, HC/UFMG, 1970-
2015

Variables Coefficient Hazard Ratio p-value
(95% CI)
Nadir creatinine (mg/dl) 0.36 1.44 <0.001
(1.26 — 1.63)
Hypertension 1.22 3.40 0.005
(1.45 — 7.90)
Proteinuria 3.11 22.44 <0.001

(9.14 — 55.04)
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Figure 1 - Kaplan-Meier curves showing the probability dkK[@>3 according to (A)
presence of bilateral VUR, (B) baseline creatiniaeg (C) nadir creatinine, Pediatric
Nephrology Unit, HC/UFMG, 1970-2015.
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Figure 2 - Receiver Operating Characteristic Curve Ristr8of CKD> 3 according

to follow-up time. (a) 2 years follow-u étatistic: 0.867 - 95%CI, 0.804-0.916); (b) 5
years follow-up ¢ statistic 0.838 - 95%ClI, 0.729-0.916) (c) 10 ydallsw-up (c

statistic 0.847- 95%ClI, 0.766—0.909).
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6. CONSIDERACOES FINAIS E CONCLUSOES

Apesar dos crescentes avangos diagnosticos e genétds Ultimos anos em
CAKUT, ainda existem muitas lacunas a serem pradasttom relacdo ao manejo dos
pacientes portadores dessas anomalias (1-5). gemiee tese consistiu na avaliacdo
retrospectiva de duas coortes de pacientes com JAKid qual abordamos (1)
aspectos da necessidade de cirurgia e os fatoeektiposs deste evento, e (2) um
aspecto mais especifico, a evolucdo para DRC, raddeas grave, de pacientes com
VUP. Em ambas andlises foram desenvolvidos moddtopredicdo clinica para os

eventos estudados.

O manejo de pacientes com CAKUT ainda apresent&rax@mnsias sobre a
forma de abordagem mais conservadora ou mais agregsavaliacdo propedéutica
pode ser bastante extensa, invasiva e de alto ocgsionando impacto significativo
nos sistemas de saude publico e privado. Aléem dsshagnostico de CAKUT pode
causar significativa ansiedade nos pais e incerte#lica, no que concerne
principalmente ao tratamento pré-natal e pés-ri@jal A tendéncia atual tem sido uma
abordagem mais conservadora em substituicdo a@mgdio cirurgica (7-10). Frente a
esta situacdo, o objetivo do primeiro estudo fdieckar variaveis preditivas para
necessidade de cirurgia em pacientes com CAKUTarirpdai, o desenvolvimento de
um modelo de predi¢cdo para a necessidade de arudgmodelo de predicdo é uma
ferramenta que tem como objetivo auxiliar o médit® conduta de pacientes
direcionando sua atencdo para 0S que possuem nsaepara o tratamento cirdrgico.
Este estudo, as variaveis preditivas fortementecastas a necessidade de cirurgia
foram: ritmo de filtracdo glomerular reduzido, arsdies do trato urinario associadas a
dilatacédo da pelve renal, presenca de lesdes ran@d/SA e a magnitude da dilatagao
da pelve renal. Foi desenvolvido modelo de predogin uma boa acuracia, estatistica
c de0.84 (IC 95% 0.82-0.87). O instrumento utilizgohra apresentar o modelo foi o
nomograma, pois trata-se de uma excelente ferramgema ser utilizada na rotina
médica por sua facilidade de manejo. No entanitopértante ressaltar que € necessaria

a validacao externa do modelo com outras seri€sAdaJT.

Em relacdo ao segundo estudo, abordamos a evgbagaoDRC de pacientes
com VUP. Apesar de rara, a VUP é uma doenca quedler morbidade em pacientes

com CAKUT (11-15). Neste estudo, encontramos cormadaveis preditivas para
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ocorréncia de DRC estagio 3 e DRC estagio 5 nadir de creatinina, ritmdilttacao
glomerular estimado a admissédo, hipertensédo dri@g#i&S) e proteindria. Deve ser
ressaltado que trabalhamos os cofatores hiperteasi@oial e proteindria como
variaveis tempo-dependentes, pois sédo reconhecidarfegores que podem variar com
o tempo de seguimento do paciente. Importantaltassinda que ndo existem estudos
na literatura que abordam variaveis tempo-depeedenbmo as duas ultimas. E
finalmente, desenvolvemos um modelo de predicdo cam@veis fixas coletadas no
primeiro ano de admissdo do paciente. Neste model@m significativas as
covariavies: nadir de creatinina, ritmo de filtragflomerular estimado a admissao e
proteinuria. Esse modelo apresentou excelente @au@ara 2, 5 e 10 anos de
seguimento, estatisticade 0.867 (95%CI, 0.804-0.916), 0.838 (95%ClI, 0.02316) e
0.847 (95%CI, 0.766-0.909), respectivamente. Eséehados demonstram a
importancia de identificar fatores de risco respopgs pela perda da fungéo renal,
possibilitando a intervencéo clinica precoce e igebaente reduzindo a velocidade da

progressao da DRC.
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7. PROPOSTAS DE INVESTIGACAO FUTURA

Diante das considerac¢des acima delineadas, é ¢é¥igea novos estudos se
fazem necessarios para esclarecer diversas dugdaspermeiam a questdo do
diagndstico e evolucdo dos pacientes e criancamdumras do complexo CAKUT.

Alguns possiveis estudos sao pontuados a seguir:

* Modelos de predicdo clinica incorporando varidvemo
marcadores ecograficos e biolégicos, tais como ssspa do
parénquima renal, volume renal, prematuridade, dbg®so ao
nascimento, obesidade e variaveis tempo-depergjemtamo
hipertenséo e proteinuria.

* Validacdo externa dos modelos preditivos de nedadside cirurgia
e desenvolvimento de DRC;

* Avaliar questdes pertinentes aos modelos de predigdica, como
extensao, calibracéo e validacao.

e Avaliar modelos de predicdo incorporando covargvempo-
dependentes.

* Estudo de novos biomarcadores urinarios e séricms mpssam
predizer alguns desfechos, como obstrucdo sigtifecado trato
urindério, deterioracao da funcao renal e hiperteaséerial.

* [Estudo de marcadores genéticos, como polimorfisenosutacdes
possivelmente mais prevalentes nesta populacdo, ppssam
auxiliar na compreensao da ontogénese do compledeUCT e,
consequentemente, contribuir para aconselhamentetige e

tratamento individualizado para esses pacientes.
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ABSTRACT

Background and objectives: Posterior urethral valves (PUV) constitute the mos
common infravesical urinary obstruction in boys amd often accompanied by severe
consequences to the lower and upper urinary ffaet.aim of this study was to evaluate
the impact of antenatal diagnosis on long-termi@dinoutcome of patients with PUV.
Design, setting, participants, & measurementsin this retrospective cohort study, 173
patients with PUVs stratified according to the icad presentation (prenatal vs.
postnatal) were systematically followed up at &idey Renal Unit for a mean time of
83 months. The events of interest were urinargttiafection (UTI), surgical
interventions, proteinuria hypertension, chronidndy disease (CKD), and death.
Survival analyses were performed in order to eveluane until occurrence of the
events of interest.

Results: 62 patients (35.8%) were diagnosed by fetal sapmgr. Patients of postnatal
group presented a higher risk of UTI episodes (OB#H, 95%Cl, 3.5 — 28.6, P<0.01)
as well as of recurrent UTIs (OR = 5.6, 95%ClI, 2.81.2). Thirty-six patients (21%)
presented hypertension and 77 (44.5%) presentesisfgt mild proteinuria. By
survival analysis there was no significant differenin the estimated incidence of
hypertension (Log rank= 1.1, P = 0.28) and protegngLog rank= 0.09, P = 0.78)
between antenatal and postnatal groups. The cuwneilmicidence of CKD stage 3
was estimated as about 37% at 10 years age, andab@® years age. By survival
analysis there was also no significant differentehie estimated incidence of CKD
stage> 3 (Log-rank=0.32, P = 0.57) and CKD stage 5 (Lagk= 1.08, P = 0.28)
between the groups.

Conclusiont Our study suggests that, for severe kidney amary tract anomalies such
as PUV, the renal outcome has not been improvedh wi#rly diagnosis and

management.
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INTRODUCTION

Posterior urethral valves (PUVs) constitute the tmosmmon infravesical
urinary obstruction in boys with an estimated iecide of 1 per 3,000 to 8,000 live
birth(1), with a disproportionately elevated ingide in African-Americans and infants
with Down’s syndrome (2). Lloyd et al.(3) reportadveighted prevalence rate of 9.3
PUV births per 100,000 in-hospital live male births USA. PUVs are often
accompanied by severe consequences to the lowerpgred urinary tract (4, 5). While
the mortality rate in patients with PUVs has siguaihtly decreased in the past decades,
approximately a quarter of the patients presengnession to ESRD during a long-term
follow up (6, 7).

Over the last two decades, antenatal ultrasountuai@n of the developing
fetus has become routine care in the managemenheafthy pregnancies (8).
Consequently, congenital anomalies of kidney and thinary tract (CAKUT),
including PUVs, has been diagnosed in utero (9-Tio-thirds of infants with PUVs
have been identified by prenatal US in the developerld (12). Nevertheless, to our
knowledge the long-term impact of prenatal diaghosi PUV has not been
systematically assessed. Moreover, studies comgriai systematic analysis of the
clinical outcomes of PUVs are scarce, which mightvge further insight into
unresolved issues. The aim of this study was tduat@ the impact of prenatal
diagnosis of PUV by comparing two cohorts treategkdiary centre between 1970 and
2015.

MATERIALS AND METHODS

Patients In this retrospective cohort study, the records7@ patients with PUVs who
were admitted consecutively at the Pediatric Neptmiogy Unit of Hospital das
Clinicas of Federal University of Minas Gerais (UEB\MBrazil) between 1970 and 2015
were reviewed. Patients were stratified into twougs according to the clinical
presentation (antenatal vs. postanatal diagndsie)excluded five patients from the
analysis due to lost to follow-up.

Baseline dataAll patients were admitted to our outpatient liaci For the antenatal
cohort, after the initial renal and bladder US (RBlUneonates with antenatal
hydronephrosis suspect of PUV underwent urinamt iraaging workup according to a

systematic protocol described in detail elsewh&Be {4). Antibiotic prophylaxis was
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started at the first postnatal day and maintairedraing to the specific uropathy. For
the postnatal cohort, the majority of the caseswiggnosed in the context of the
investigation after an episode or recurrent episaddebrile UTI as described in detall
elsewhere (15, 16). The presence of PUV and adedorasicoureteral reflux (VUR)
was ascertained by independent radiologists afteventional voiding
cystourethrography.

Follow-up protocol. After initial evaluation and surgical interventjorclinical,
laboratory and imaging assessments were carriegariddically at 6-month intervals.
Briefly, the clinical approach consisted of full ysical examination, including
evaluation of anthropometric measurements and bpwedsure performed at 6-month
intervals or more frequently whether clinicallyegled. Urine cultures were obtained at
each follow-up visit, and it was recommended thataisamples should be collected
during any unexplained febrile episode or in thespnce of urinary symptoms. Urine
specimens for culture were carefully collected @t lnospital outpatient laboratory as
described in detail elsewhere (17, 18). Plasmatioiea concentration was determined
at baseline and yearly thereafter. Since creatimeasurements were made using the
Jaffe method until November 2011 in our institutfighomerular filtration rate (GFR)
was estimated by the conventional Schwartz fornfi® for data obtained until this
period. After November 2011, creatinine was meabwsing the IDMS traceable
method. Therefore, the modified Schwartz formuld) (2as adopted to estimate GFR.
Outcomes The events of interest were surgical intervergtjoTl, hypertension,
proteinuria, chronic kidney disease (CKEB , ESRD, and death.

Covariates.The following variables were included in the anayperiod of admission
(1970-1989 vs. 1990-2015), presence of VUR, VURrHity (unilateral vs. bilateral),
baseline creatinine, baseline glomerular filtratrate (GFR), nadir creatinine (lowest
creatinine during the first year after surgicabmention), primary surgical intervention,
dysfunctional voiding (including daytime and/or hitime urinary incontinence)
Definitions. CKD was classified according to the stages prappodee National Kidney
Foundation practice guidelines (21). Urinary tractection (UTI) was defined as
growth of at least 100,000 cfu/ml in urine obtaitgdbag or from a mid-stream sample,
with fever (38.0°C or more) and/or urinary symptoritypertension was defined as
values persistently above the"%ercentile for age, gender, and height on three
consecutive visits. Blood pressure measurements performed as recommended by
the Working Group of the National High Blood PregstEducation Program. Reference
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values and definitions of normal blood pressureewsssed on The Fourth Report on
High Blood Pressure in Children and Adolescents 2&}. For patients above 17 years
of age, we considered as sustained hypertensiamewyatonsistently above 140/90
mmHg. The presence of proteinuria was considerednwirinary protein creatinine
ratio is above 0.2 or 24-hour protein excretiohigher than 150 mg/day in at least two
consecutive evaluations.

Statistical analysisThe values are expressed as medians and intakguarige (IQ) or
means and standard deviation (SD), when appropiiée Mann-Whitney or Kruskal-
Wallis test was used to compare nonparametric rwoatis variables. Odds ratio (OR)
and 95% confidence intervals (95%CI) were usedyfoup risk comparison. Survival
analyses were performed by the Kaplan-Meier methditth log-rank in order to
evaluate time until occurrence of outcomes: CKDpdriension, proteinuria, and death.
Differences between groups were assessed by thsitled log rank test.

Ethical aspectsThe study was approved by the Ethics CommittdgrG.

RESULTS

Baseline findings

A total of 173 patients were included in the anialy§2 (35.8%) of them diagnosed
prenatally. The main baseline clinical charactesstof these patients stratified

according to the clinical presentation are sumnedrim Table 1. Children enrolled

after 1990 had a 14 times greater chance to betddt@renatally compared to those
admitted during the period between 1970 and 198B=(13.4, 95%CI, 4.2-48.9,

p<0.001). As expected, postnatal group was olddr ennsequently, presented higher

median GFR at admission.

Table 1

Clinical course

Mean follow-up time was 83 months (SD, 70 montlwg)those patients who survived
neonatal period. Seventy-nine (45.6%) patients vi@lewed up for more than 5 years
and 55 (32%) for more than 10 years.

Surgical interventions.The most common primary surgical interventions was
transurethral ablation of the valves in 98 patigbt.6%). Fifty-four infants (31.2%)
underwent vesicostomy and 15 patients (8.7%) hadasesical diversion on neonatal
period as primary intervention. Six infants (3.58t@d in neonatal period before any

surgical intervention. Postnatal group had sigaritly more transurethral ablation as
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primary surgical intervention (Table 1). Of notafants who underwent supravesical
diversion presented a significant worse renal satvas shown in Figure 1. However,

this subgroup presented higher levels of seruntiorea at admission (P=0.003).

Figure 1

Urinary tract infection. During follow-up, UTI occurred in 148 (85.5%) difien.
Approximately, half of the cohort (85, 49.1%) mestwo or less episodes while 88
children (50.9%) had three or more episodes. Aslmseen in Table 2, patients of
postnatal group presented a higher risk of UTIeages (OR = 10.0, 95%CI, 3.5 — 28.6,
P<0.01) as well as of recurrent UTIs (OR = 5.6, €9%2.8 — 11.2). This difference

remained significant even after adjusted by thiefolup time (Table 2).

Table 2

HypertensionThirty-six patients (21%) presented blood presgpansistently above the
95" percentile according to age, gender, and heighhe cumulative incidence of
hypertension was estimated in about 12% at 5 yegas18% at 10 years age, and 40%
at 18 years age. The risk of hypertension waatgran postnatal group (OR = 2.7,
95%CIl, 1.1 — 6.7, P = 0.02). Nevertheless, by sahanalysis there was no significant
difference in the estimated incidence of hypermmdietween antenatal and postnatal
groups (Log rank= 1.1, P = 0.28) (Figure 2).

Figure 2

Proteinuria Of 173 patients included in the analysis, 77 %%). presented persistent

mild proteinuria at an estimated median age ofh68ths (1Q, 142 — 189 months). The
cumulative incidence of proteinuria was estimatedbout 27% at 5 years age, 40% at
10 years age, and 61% at 18 years age. The fipkoteinuria was also greater in

postnatal group (OR = 1.9, 95%CI, 1.04 — 3.8, RP03D) (Table 2). However, again by

survival analysis there was no significant differenn the estimated incidence of

proteinuria between antenatal and postnatal grups rank= 0.09, P = 0.78) (Figure

3).

Figure 3

Chronic kidney diseasdt the end of follow-up, 80 patients had CKD stdg(46.2%),

28 (16.2%) patients, CKD stage 2, 16 (9.2), CKyst3, 10 (5.8%) CKD stage 4, and
39 (22.5%) reached CKD stage 5. Therefore, 65 @ml@37.6%) developed CKD stage
> 3 with a median GFR of 25.6.0 ml/min per 1.73(iQ, 12.4 — 38.0). The cumulative
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incidence of CKD stage 3 was estimated as about 24% at 5 years age, BIQoy&ars
age, and 56% at 18 years age. By contrast, the laticeuincidence of CKD stage 5
was estimated as about 10% at 5 years age, 15% yats age, and 31% at 18 years
age. There was no significant difference betwerteratal and postnatal groups
regarding risk of CKD stage 3 (OR=1.3, CI95%, 0.67 — 2.4, P = 0.45) as welbfs
CKD stage 5 (OR = 1.09, CI95%, 0.51 — 2.3, P =)0.8imilarly, by survival analysis
there was no significant difference in the estidateidence of CKD stage 3 (Log-
rank=0.32, P = 0.57, Figure 4) and CKD stage 5 (tavtk= 1.08, P = 0.28, Figure 5)
between antenatal and postnatal groups.

Of 39 with CKD stage 5, 1 died within the first dayf life, 28 were on dialysis, and 10
of them underwent renal transplantation. The lailooyeevaluation at the end of follow-
up revealed a median serum creatinine of 0.7 n{ifddl0.45—0.89) for patients who did
not present CKD. The median estimated GFR for tipegients was 100.4 ml/min per
1.73 nf (1Q, 83.3-120.1).

Figure 4

Figure 5

Death Of 173 patients included in the analysis, 14%8.Hied during follow-up. The

median age at death was 2.7 months (IQ, 15 day$ -ménths). There was no
significant difference between antenatal and pastrgroups regarding risk of death
(OR=0.72, 95%ClI, 0.24 — 2.2, P = 0.57). Survivadlgsis also have not shown any
significant difference in the estimated incidence death between antenatal and

postnatal groups (Log-rank=1.03, P = 0.31, Figyre 6

Figure 6

DISCUSSION

In this retrospective cohort study we compared dlveical outcomes of two
cohorts of children with PUV, stratified accorditigthe clinical presentation. The main
finding of our cohort is that the impact of an earldiagnosis of PUV by antenatal
sonography has not apparently improved the prognobithese patients. The only
benefit highlighted by our analysis was a less nemab episodes of UTI in the patients
prenatally detected. Nevertheless, is importardttess some difficulties with this sort

of comparison of somehow distinct cohorts and thesybilities of bias inherent to this



156

analysis. Although many specific types of bias amart studies have been described,
there are three broad categories: selection bigsmation bias, and confounding(24).
Particularly in our study, is important to commesdme issues concerning to the
selection bias. It is clear that there is a widecspim of outcome for patients with
PUV. Moreover, there is a high mortality associatgtth urethral obstruction that is not
reflected in the medical literature. This represdahe so-called “hidden mortality” of
this disorder, because the newborn may die beferdrénsferred to a specialized
pediatric center or even before the definitive d@gs (25). Therefore, the former
literature regarding the prognosis of children wRkJV possibly overestimated the
outcome of these patients since comprised of dmgd individuals who survived the
perinatal period. Possibly, after the prenatagdasis, the current literature including
all the spectrum of infants with PUV depicts moczwately the prognosis for this
population. Another issue to be considered in tunlysis the occurrence of some cohort
effect, i.e., variations resulting from the unigeerperience/exposure of a group of
subjects (cohort) as they move across time. Faameg, one might speculate that
antenatal cohort could has been somehow benefitatidbimprovement on intensive
perinatal care and by the advances of the treatmoéntenal failure in infants.
Consequently, our results must be considered int laf these potential limitations
inherently associated with cohort studies. On ttherohand, we believe that the most
original aspect of our study was the systematidyarsaof clinical outcomes in children
with PUVs. To the best of our knowledge, our stuslythe first to systematically
evaluate covariables associated with for renal impent such as proteinuria and
hypertension in a large series of PUV. In additidre size of our sample, and the
management by the same medical team, and a lologviap time might minimize the
biases inherent to cohort studies.

At baseline, as expected the antenatal and pokgrataps differed concerning
some variables, such age, period of enrolment, @mmary surgical intervention.
Interesting, the baseline creatinine of both grcugs not differed significantly although
the estimated GFR has been higher for the postgatal possibly due to the greater
age of admission. Regarding the events of intexest whole, our analysis has shown
that the clinical outcomes for antenatal and pdatn@ohorts were quite similar. The
only difference observed emerged from the analg$idJTI episodes through the
follow-up. Interestingly, the postnatal group hassented a significant higher incidence
of UTI even after adjustment by the length of tb#ofv-up. We believe that multiple
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factors could have contributed in reducing thedeace of UTI in the antenatal group,
including the immediate use of antibiotic prophytagoon after birth. However, from
our point of the view, this fact cannot accountlesively for this improvement. In spite
of early antibiotic prophylaxis and careful follawp, UTI has occurred at a significant
rate in our series of antenatally detected hydrbresps (11, 17). Therefore, probably
other factors also had an adjuvant role in the gmggn of UTI in the antenatal group,
including a better understanding and managemeudiysfunction of the lower urinary
tract that may follow the patients with PUV throogh life (26-29). Typically, these
patients suffer from detrusor overactivity and avlgompliance bladder in early
childhood, and later the bladder may become hypaaeind distended (30-32). Thus,
patients admitted later in our series, most wignptal diagnosis, had the opportunity to
receive an active urotherapeutic intervention adl wae an early anticholinergic
medication. Other factor that may have contributed smaller incidence of UTI was
the improvement in the recognition and treatmentasfstipation intestinal, which was
certainly undervalued in the earlier period of series. Moreover, the retrospective
nature of our study has precluded to recover rdiaimformation concerning
dysfunctional elimination syndrome, urinary contioe, and other important features
that were not systematically obtained before 199¢hay are today (26, 28, 29). In this
context, it is important to stress another limdatof our study, that is, the difficulty to
verify with certainty the accurate occurrence oflldind its features in a retrospective
study.

The mortality rate in patients with PUVs has sigmihtly decreased in the past
decades, from 50% to less than 5% (33-35). In twdys the overall mortality was
8.1%, and there was no significant difference betwantenatal (9.7%) and postnatal
(7.2%) groups concerning the risk of death as alhe survival analysis. Possibly, the
survival rate has improved due to multiple factsush as early diagnosis, improvement
of respiratory support, and current managementepélrimpairment in neonates and
infants. Nevertheless, in our series these advahaes not apparently impacted the
survival of the patients possibly due the issusebéction bias as mentioned eatrlier.

The decrease in mortality rate has resulted in rpateents facing the long-term
sequelae of PUV during puberty and adulthood, ohioly renal function impairment
and bladder dysfunction (7, 29, 36). In our setfesrate of moderate to severe CKD
was 37.5% (65/173) and 22.5% (39/173) patientshesh@nd-stage renal disease. Of
note, the cumulative incidence of CKD stagg and CKD 5 was estimated respectively
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as about 56% and 31% at 18 years age. It is notial task compare these data with
the literature on PUV since the modern concept KDCand its classification was
established only on the beginning of 2000s (21¥oiethis era, there were several
different classifications for so-called chronic aerninsufficiency and this scenario
hampers the comparison and interpretation of @dirstudies in this issue. As result, the
rate of progression to chronic renal insufficieranyd or ESRD in patients with PUV
varies widely from 22% to 68% across a number odliss (34, 37-39). Nevertheless,
current series have shown renal outcome quiteairtolour series. For instance, Ylinen
et al.(40) have shown in a series of 46 boys tmatidng-term renal outcome was poor
in 14 (30%) after a mean follow-up period of 12€@is. From analysis of a large cohort
with a long term follow-up of 193 patients, Heikkikt al(7) have reported that 44
(22.8%) patients progressed to ESRD. Interestingdplan-Meier analysis estimated
that the lifetime risk of ESRD in this series wa&.526, again quite similar to our
sample. Sarhan et al. (41) evaluated 120 patieitks RWJV using the same definitions
of CKD used in our study. Follow-up time was fronio216 years with a median of 3.6
years. CKD 3-5 developed at the end of follow-ugldnpatients (36.5%) and ESRD in
18 (15%).

Although the absolute risk for hypertension andtgirmria has been greater in
postnatal group, this difference did not remaingphiBcant after adjustment by the
survival analysis. Nevertheless, it should be malrdut the estimated high incidence of
these covariables in our series. At 10 years of #gefigure was 18% and 40% for
hypertension and proteinuria, respectively. Urindrgct obstruction and reflux
nephropathy have been regarded as the most comisandets leading to hypertension
in childhood (42, 43). In the PUV context, Parklmes al.(34) have shown that seven
(8.7%) among 80 patients were hypertensive in @ana@e follow-up of 5 years.

These clinical variables are well-known predictofsenal function deterioration
in long-term follow-up studies with children anduétd (44-48). Therefore, routine
screening for hypertension with intermittent asses® of proteinuria and renal
function during the entire follow-up seems to be advisable measure in this
population. Moreover, current evidence suggest$s dmimizing the care for the
common cofactors, such as high blood pressuregiptoia, metabolic acidosis, and
anemia, may slow CKD progression and thus possibabyd or delay the progression to
ESRD (47-53).
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In conclusion, after about twenty years of syst&napproach to prenatally
detected nephrouropathies, our understanding wicali course of CAKUT has clearly
improved. Nevertheless, it can be inferred by analysis that, for severe kidney and
urinary tract anomalies such as PUV, the renalan& has not improved with early
diagnosis and management. Unfortunately, renaliriaiin patients with PUV is often
caused by renal dysplasia that is already estadlisat birth because of fetal
obstruction(54). Therefore, we believe that thesepts possibly can benefit from the
earlier diagnosis by a more strict management with identification of modifiable
cofactors such as proteinuria, blood pressure,béadtler dysfunction allowing prompt
intervention in order to slow the progression of lCKFurther prospective studies and
clinical trials are obviously necessary to estdblice best interventions for these

modified factors in children with PUV and to propastailored therapeutic approach.
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Table 1. Characteristics of children with PUV acling to clinical presentation (n=173),
Pediatric Nephrology Unit, HC/UFMG, 1970-2015

Variables Prenatal Postnatal P-value
n =62 (%) n=111 (%)
Period of admission
1970 — 1989 3 (4.80) 47 (42.3) <0.001
1990 - 2015 59 (95.2) 64 (57.7)
Age of admission (months)
Median (1Q range) 1.0 (0.5-4.5) 25.2 (7.6 — 43.2) <0.001
VUR
Absent 22 (35.5) 39 (35.1) 0.14
Unilateral 21 (33.9) 24 (21.6)
Bilateral 19 (30.6) 48 (43.2)
Primary surgical intervention*
Transurethral ablation 25 (44.6) 73 (65.8) 0.029
Vesicostomy 25 (44.6) 29 (26.1)
Other urinary diversion 6 (10.7) 9(8.1)
Creatinine (mg/dl)
Median (1Q range) 0.80(0.47 —-1.51) 0.86 (0.60 — 1.60) 0.16
GFR (ml/min/1.73rM)
Median (1Q range) 27.5(13.5-67.1) 47.3(21.0-78.3) 0.02
Nadir Creatinine (mg/dl)
Median (1Q range) 0.52 (0.30-1.14) 0.61(0.45-1.08) 0.07

*6 children of antenatal group died before any&al intervention
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Table 2. Clinical outcomes in children with PUV aating to clinical presentation (n=173),
Pediatric Nephrology Unit, HC/UFMG, 1970-2015

Variables Antenatal Postnatal P-value
n =62 (%) n =111 (%)

Urinary tract infection
Present 42 (67.7) 106 (95.5) <0.001
Absent 20 (32.3) 5 (4.5)

Recurrent UTI
Present 17 (27.4) 71 (64) <0.001
Absent 45 (72.6) 40 (36)

UTI episodes/year
Median (1Q range) 0.22(0.0-0.68) 0.70(0.26 —3.1) <0.001
Voiding Dysfunction*

Present 15 (41.7) 23 (29.5) 0.20
Absent 21 (58.3) 55 (70.5)
Proteinuria
Mean survival time 154.9 147.8 0.76
(CI195%) (124.2 — 185.6) (127.0 - 168.6)
Hypertension
Mean survival time 239.5 203.6 0.28
(CI95%) (210.2 — 268.9) (182.6 — 224.5)
Chronic Kidney Disease
Mean survival time 161.3 169.6 0.57
(CI195%) (129.8 — 192.7) (146.7 — 192.5)
End-stage renal disease
Mean survival time 213.0 223.6 0.28
(CI195%) (179.9 — 246.2) (203.9 — 243.3)
Patient survival
Mean survival time 254.1 258.5 0.31
(CI195%) (233.0 — 275.2) (244.8 — 272.2)

*Missing data for 59 patients: 11 infants withgphincter control, 18 patients with
urinary diversion and 30 without clinical informari.
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Figure 1. Kaplan-Meier curves showing the probabibf CKD > 3 according to
primary surgical intervention. The shaded areasesgmt the 95% confidence intervals.
Number of patients at risk is shown below x-axigdigtric Nephrology Unit,
HC/UFMG, 1970-2015.
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Figure 2. Kaplan-Meier survival curves reveal cuativk incidence of hypertension
according to clinical presentation. The shaded samegresent the 95% confidence
intervals. Number of patients at risk is shown beleaxis, Pediatric Nephrology Unit,
HC/UFMG, 1970-2015
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Figure 3. Kaplan-Meier survival curves reveal cuativk incidence of proteinuria
according to clinical presentation. The shaded samepresent the 95% confidence
intervals. Number of patients at risk is shown beleaxis, Pediatric Nephrology Unit,
HC/UFMG, 1970-2015.
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Figure 4. Kaplan-Meier curves showing the probabof CKD >3 according to clinical
presentation. The shaded areas represent the 98%desme intervals. Number of
patients at risk is shown below x-axis, Pediatrephrology Unit, HC/UFMG, 1970-
2015.



171

100%
|

Postnatal

75%
|

Antenatal

Renal Survival (CKD 5)
50%
|

25%
|

P=029

0 24 48 72 96 120 144 168 192 216 240
Time (months)

Number at risk
Antenatal 62 31 21 15 8 3
Postnatal 111 85 63 40 28 7

Figure 5. Kaplan-Meier curves showing the probgbdf CKD 5 according to clinical
presentation. The shaded areas represent the 98%desme intervals. Number of
patients at risk is shown below x-axis, Pediatrephrology Unit, HC/UFMG, 1970-
2015.
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Figure 6. Kaplan-Meier curves showing the prohbgbdf death according to clinical
presentation. The shaded areas represent the 98%desme intervals. Number of
patients at risk is shown below x-axis, Pediatrephrology Unit, HC/UFMG, 1970-
2015.
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9. ANEXOS

ANEXO A

UMG Universidade Federal de Minas Gerais

Comite de Etica em Pesquisa da UFMG - COEP

Parecer n®. ETIC 109/07

Interessado(a): Prof. Eduardo Aratjo Oliveira
Depto. Pediatria
Fac. Medicina -UFMG

DECISAO

O Comité de Etica em Pesquisa da UFMG - COEP aprovou, no
dia 15 de maio de 2007,apés atendidas as solicitagdes de diligéncia, o
projeto de pesquisa intitulado “Anomalias congénitas do trato
urinario: do diagnéstico pré-natal a prevencdo da doenga renal
crénica” bem como o Termo de Consentimento Livre e Esclarecido.

O relatério final ou parcial devera ser encaminhado ao COEP um
ano apds o inicio do projeto.

L ke / /.
Profa. Dra. aﬁm$Sé?to§%astro
Vice -Presidente do COEP-UFMG

Presidente em Exercicio

Av. Pres. Antonio Carlos, 6627 — Unidade Administrativa Il - 2°andar - Sala 2005 ~ Cep31270-901 — BH-MG
Telefone: (031) 3499-4592- FAX: (031)3499-4516 - e-mail: prpg@coep.ufmg.br
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ANEXO B

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

TITULO DO PROJETO:
Anomalias congenitas do trato urinario: do diagnostico pre-natal a prevencao da

doenca renal cronica

Por meio deste termo de consentimento. informamos que estamos desenvolvendo
uma pesquisa no Hospital das Clinicas da UFMG para estudarmos os problemas que
aparecem durante a gravidez nos rins de algumas criangas. Esses problemas podem ser
diagnosticados durante a gravidez por ultrassonografia. e caso ndo sejam diagnosticadas
e tratados apds o nascimento podem ocasionar pressio alta e perda da func¢io dos rins.
Este estudo quer saber se essas doengas tém causa genética, familiar e se o diagndstico e
o tratamento apropriados podem proteger as criangas desses graves problemas.

Os exames para os estudos genéticos serdo coletados através de puncdo venosa.
aproveitando a mesma coleta dos outros exames de rotina do paciente. Estamos
garantindo que a realizacdo dos exames somente sera autorizada apds assinatura deste
termo de consentimento por um responsavel pelo paciente. Garantimos ainda que a
identidade e a privacidade do paciente serdo mantidas. Os resultados desse estudo
somente serdo utilizados para aumentar os conhecimentos da medicina. Os dados desse
estudo tém também como finalidade serem utilizados em teses de doutorado.

Finalmente. sera resguardado o direito de recusa em participar do trabalho em
qualquer etapa do mesmo, sabendo-se que o paciente continuara a receber o tratamento
convencional das doencas renais, tendo assim garantida sua assisténcia médica.

Eu, . mée, (ou pai ou responsavel) pelo

paciente entendi

tudo que foi explicado sobre a pesquisa e concordo que meu filho (ou minha filha ou
outro grau de parentesco) participar das coletas de sangue e urina para o estudo das

doencas renais.

Este estudo sera feito pelos doutores: Débora Marques Miranda. Ana Cristina Simdes e

Silva, Eduardo Araujo Oliveira, ¢ Maria Candida Bouzada Viana do Hospital das



Clinicas da UFMG (TELEFONE: 32489445). Dou meu consentimento para que seja
coletado sangue e urina de meu filho (minha filha ou outro grau de parentesco) para
estudar se as doencas dos rins que aparecem no ultrassom durante a gravidez tém
tendéncia familiar. Confirmo que meu filho (minha filha ou outro grau de parentesco)
fo1 selecionado de forma voluntaria para participar dessa pesquisa. Entendo ainda que
os resultados do estudo serdo entregues aos responsaveis pelos pacientes. Eu assinei e

recebi uma cépia dessa autorizacao.

Data e local:

Assinatura

do responsavel:

Grau de parentesco

do responsavel:

Assinatura
do pesquisador:

Eduardo Araujo Oliveira

Endereco: Av. Alfredo Balena, 190 — Faculdade de Medicina — Departamento de
Pediatria Fone: 32489445

EM CASO DE DUVIDA, entre em contato com:
COEP/UFMG: Conselho de Etica em Pesquisa da UFMG: Av. Antonio Carlos.
6627- Unidade Administrativa II — segundo andar - Fone: 3499 4592
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ANEXO C

UNIVERSIDADE FEDERAL DE MINAS GERAIS

PROGRAMA DE POS-GRADUAGAO EM CIENCIAS DA SAUDE U F mc
SAUDE DA CRIANGA E DO ADOLESCENTE ]

FOLHA DE APROVACAO

MODELOS DE PREDICAO EM ANOMALIAS CONGENITAS DO TRATO
URINARIO: NECESSIDADE DE CIRURGIA E PROGRESSAO PARA DOENCA
RENAL CRONICA

MARIANA AFFONSO VASCONCELOS

Tese submetida & Banca Examinadora designada pelo Colegiado do Programa de Pos-
Graduagdio em Ciéncias da Saude, Satde da Crianga ¢ do Adolescente, como requisito para
obtengio do grau de Doutor em Ciéncias da Satde, Satde da Crianga e do Adolescente, drea
de concentragdo Ciéncias da Saude.

Aprovada em 15 de setembro de 2016, pela banca congituida pelos membros:
\ ’ [} .'l‘

Prof? Ana Cristina Simdes e Silva - Coortentadora
UFMG

L~
Prof]/ José Maria Penjdo Silva
UFMG

-

Prof. Enrico Antdnio Colosimo
UFMG

of? Vera Maria Santoro Belangero

UNICAMP
¢

ﬁmJJm Pou aov

Dr? Cristina Maria Bouissou Morais Soares
UFMG

Belo Horizonte, 15 de setembro de 2016.
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UNIVERSIDADE FEDERAL DE MINAS GERAIS

PROGRAMA DE POS-GRADUAGAO EM CIENCIAS DA SAUDE U F m G
SAUDE DA CRIANGA E DO ADOLESCENTE

ATA DA DEFESA DE TESE DA ALUNA
MARIANA AFFONSO VASCONCELOS

Realizou-se, no dia 15 de setembro de
da Faculdade de Medicina, da Universid
intitulada “MODELOS DE PREDIGAO

2016, as 09:00 horas, na sala 62, andar térreo
ade Federal de Minas Gerais, a defesa de tese,

: EM ANOMALIAS CONGENITAS DO TRATO
URINARIO: NECESSIDADE DE CIRURGIA E PROGRESSAO PARA DOENGA

RENAL CRONICA”, apresentada por MARIANA AFFONSO VASCONCELOS, nimero
de registro 2013670162, graduada no curso de MEDICINA, como requisito parcial para
a obtengdo do grau de Doutor em Ciéncias da Salde, pelo Programa de Pés
Graduagdo em Ciéncias da Saude, Saude da Crianga e do Adolescente, a seguinte
Comissao Examinadora formada pelos Professores Doutores:. Ana Cristina Simdes e
Silva - Coorientadora (UFMG), José Maria Penido Silva (UFMG), Enrico Anténio

Colosimo (UFMG), Vera Maria Santoro Belangero (UNICAMP), Cristina Maria Bouissou
Morais Soares (UFMG).

A Comisséo considerou a tese:
(*/) Aprovada

( ) Reprovada

Finalizados os trabalhos, lavrei a presente ata que, lida e aprovada, vai assinada por
mim e pelos membros da Comiss3o.

Belo Horizonte, 15 de setembro de 2016.

Ao Qb \(A&k

Prof.# Ana Cristina Simées e Silva ( Doutora )

Prof. mmo Suutor )
(/Kk\;

Prof. Enrico Anténio Colosimo ( Doutor )

/“/M’éd/l/b l/\/—‘
Prof.¢ Vera Maria Santoro Belangero ( Doutora )

ﬂ]il’m Zou €50«

Dr.2 Cristina Maria Bouissou Morais Soares ( Doutora )

de Pos Graduaclio e se)
mﬁm CONFERE COM ORIGINAL
Av. Prof Atiredo Balena , 180- 3 Andar Centro de Pés-Graduagao .

CEP 30130-100-Funcionérios -BHMG Faculdade de Medicina - UFV



