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nvestigation o urine eta olic pro les in ne orns it prenatall diagnosed unilateral urinar tract dilatation using 1 spectroscop and eta olo ic anal sis

Résumé

Les dilatations des voies urinaires de diagnostic anténatal (DVU) peuvent être transitoires ou correspondre une ano alie signi cative de l écoule ent des urines pouvant entrainer une dégradation de la onction rénale L identi cation de io ar ueurs urinaires pourrait contri uer di érencier précoce ent les uropat ies des dilatations transitoires La éta olo i ue per et l identi cation de toutes les olécules de as poids oléculaire présentes dans un éc antillon iologi ue et la ise en évidence d une signature éta oli ue associée un événe ent p siopat ologi ue L o ecti principal de cette t se est l identi cation de ar ueurs urinaires pronosti ues c e les nouveau nés présentant une DVU de diagnostic anténatal par spectros- 

Introduction

T e development of ne e perimental met ods and tools in molecular iolog ena led tremendous progress in genomics, transcriptomics and proteomics over t e past decades. T ese olistic approac es aim to descri e t e content and operation of iological s stems at a de ned molecular level. T ese omics tec ni ues are used in an untargeted, pot esis free, top-do n approac , it out a priori regarding a selected molecule. T e intend to delineate t e complete assem l of genes, transcripts or proteins to stud t e overall response of a iological s stem to a p siological or pat ological event. Meta olomics as introduced as t e latest of t ese omics approac . ts purpose is to detect and uantif large num ers of small molecules, called meta olites, in a comple iological sample. As t e represent t e do nstream e pression of genome, transcriptome and proteome, t e uantitative and ualitative pattern of meta olites in od uids re ects t e status of an organism at a speci c time. T e tremendous amount of data collected t ese ne tec nologies can e computed multivariate statistical anal ses to identif speci c pro les associated it particular diseases or status. T us, t e represent a promising and d namic eld of translational researc . Meta olomics is a precious tool to discover iomar ers it prognosis or diagnosis value, t at could t erefore e used in clinical practice.

n t e eld of pediatric urolog , t e diagnosis of Urinar Tract Dilatation (UTD) is particularl c allenging. UTD ma e a response to various events occurring t rougout t e developmental period, and does not necessaril impl signi cant urinar o impairment (U ). dentif ing urinar iomar ers could elp to differentiate uropat re uiring surgical management from transient dilatation at an earl stage and prevent t e progressive deterioration of renal function.

T is t esis is dedicated to t e stud of urine meta olic pro les 1 H NMR spectroscop and meta olomic anal sis, in ne orns it prenatall diagnosed unilateral UTD. or surger , and anal sis of ioc emical pat a s and t eir pertur ations resulting from mutations, aging, diet, e ercise, or lifest le. 1 A gro ing num er of studies focus on t e applications of meta olomics in t e elds of pediatrics and neonatolog . 

A dynamic field of research in pediatrics and neonatology

Applications of metabolomics in neonatology

Several e perimental and clinical studies investigated t e in uence of ntrauterine ro t Retardation and Lo Birt eig t on meta olomic pro ling in maternal venous perip eral lood, in lood from um ilical cord and in neonatal urine. 

Applications of metabolomics in pediatrics

T e application of meta olomic approac in pediatrics is a recent and d namic eld of researc . A fe studies ave investigated t e meta olomic pro les of c ildren treated for ast ma, using e aled reat or urine. 3 ,37 A c aracteristic meta olic pro le in t e cere ral spinal uid of c ildren it in uen a-associated encep alopat as een reported. 3 Meta olomic anal sis as s o ed increased urinar e cretion of N-met l--p ridone--car o amide, N-met l nicotinic acid, and N-met l Nicotinamide in autistic c ildren compared it t eir unaffected si lings. 3 t er meta olomic studies ave focused on celiac disease, 4 c tomegalovirus infection, [START_REF] Locci | Ne orn meconium and urinar meta olome response to maternal gestational dia etes mellitus a preliminar case-control stud[END_REF] dia etes, 4 sepsis, [START_REF] Ca | Urinar (1)H-NMR and C-MS meta olomics predicts earl and late onset neonatal sepsis[END_REF] and in orn errors of meta olism. [START_REF] Clague | Neonatal ioc emical screening for disease[END_REF]4 Alt oug meta olomics as enormous potential in t e eld of pediatric nep rolog and urolog , it as een used onl in a ver limited num er of clinical applications so far. T e diagnosis of Urinar Tract Dilatation (UTD) is particularl c allenging, and t e evolution of urinar meta olomic pro les in c ildren it UTD is et un no n.

Clinical context of the study:

Urinary tract dilatations Alt oug t e interpretation of dilatation remains controversial, it is an essential signal of potential postnatal urinar tract pat olog (uropat ). Signi cant U t at occurs during earl idne development affects renal morp ogenesis, maturation and gro t . 4 n t e most severe cases t is ill ultimatel entail progressive renal tu ular atrop and interstitial rosis it loss of nep rons. 4 T e renal pelvis is onl readil seen ultrasonograp (US) once t e Antero-osterior Diameter (A D) e ceeds mm. i e 1.2.2 T e t res old used for diagnosing UTD ased on A D t picall varies depending on t e gestational age of t e fetus, as t ere is no consensus on t e dimensions of t e renal pelvis t at de nes UTD. 4 nosis. 1 US can also reveal t e association of UTD it ot er urological anomalies suc as a duple s stem, a orses oe idne or a ureterocele. An a normal amniotic uid volume is also an important sign, as fetal urine accounts for t e ma orit of its production in t e second and t ird trimesters of gestation. Severe loss of urine production ma lead to an oligo-dramnios, ic ma e t e conse uence of eit er a mec anical U or a de cient renal function as found in ilateral renal agenesis or placental failure. 1 ollo ing identi cation of UTD in t e fetus a detailed anomal scan s ould e performed to e clude t e presence of associated e tra-renal malformations. 4 T e glomerular ltration rate ( R) ould e a good determinant of renal function and a predictor of postnatal function, ut it is c allenging to determine R accuratel in t e fetus and t ere are no normative data for t is parameter in uncomplicated pregnancies.

-microglo ulin as een used as an indirect measure of fetal R. t is advantageous to use t is antigen for R estimation ecause of its constant production t e fetus, its ina ilit to cross t e placental arrier, and its free ltration at t e glomerulus. from on-line international data ases (Madison Meta olomics Consortium Data ase, 1 Human Meta olic Data ase, Biological Magnetic Resonance Ban , 3 ) and proprietar data ases (C enom TMNMR Suite, C enom Nc, dmonton, Canada AM SpectraBase, Bru er m H, R einstetten, erman ). n addition, D-NMR e periments are used for increasing t e signal dispersion and for elucidating t e connectivit et een nuclei, t ere ena ling t e identi cation of compounds present in t e studied meta olic pro le and solving some pro lems associated it t e recover of signals. T ese include 1 (some minutes for 1D spectra against several ours for D spectra), t e are usuall ac uired on onl some representative samples in large co ort studies.

Bucketing

After o taining NMR spectra, t e ra data go t roug a pre-treatment step to reduce t e data in a format suita le for statistical anal sis. Buc eting is a simple automated met od of signal integration (e.g. sum of intensities of t e NMR signal) of t e spectra into uc ets (t picall . 1 ppm) over t e c emical s ift range ( -1 ppm). 4 ac spectrum is reduced to a out 1 , varia les. During t is step, t e residual ater signal is e cluded. Data are regrouped in a matri , called matri , ere eac ro correspond to one of t e samples, and columns corresponds to uc ets.

Data alignment

Small c anges in pH or osmolarit and intermolecular interactions can affect t e a solute and relative pea s positions et een samples. T erefore, alignment of t e data can e necessar to ensure t at eac column of t e matri correspond to t e same meta olite efore statistical anal ses. Several algorit ms ave een proposed to remove misalignment of NMR signals a posteriori. 

Interval-aligned data

Raw data i e 1.3.5 Overview of the Icoshift algorithm results. the to s ect a ea s a e ot ali ed beca se o cha es i o osmola it bet ee sam les. the bottom s ect a data has bee ali ed si coshi t method.

Normalization

Normali ation is a mat ematical correction applied to e perimental data in order to cancel out effects of dilution et een samples and to ensure t at all o servations are directl compara le.

T e simplest form of internal normali ation, called constant-sum normali ation, is ere eac spectrum is normali ed suc t at its integral is 1. ts purpose is to reduce or minimi e t e effects of dilution et een samples. More comple met ods of normali a-tion ave een descri ed, suc as ro a ilistic uotient Normali ation, 7 C clic Loess Normali ation, Contrast Normali ation, uantile Normali ation, 1 Linear Baseline Normali ation, 1 Li-ong Normali ation, 1 1 and Cu ic-Spline Normali ation. 1 T e N ( ro a ilistic uotient Normali ation) as used in t is or . T is metod starts it an integral normali ation of eac spectrum, follo ed t e calculation of a reference spectrum suc as a median spectrum. Ne t, for eac varia le of interest t e uotient of a given test spectrum and reference spectrum is calculated and t e median of all uotients is estimated. inall , all varia les of t e test spectrum are divided t e median uotient. 7 N etter compensates for different dilutions et een samples t an integral normali ation and vector leng t normali ation. t is t erefore suited for urine meta olomic anal sis, as urine concentration is ig l varia le and affected degree of dratation.

Normali ation ma also e accomplis ed computational means using internal standard (TS ). 1 3,1 4 Scaling T e scaling met ods are aimed at ad usting t e variance of t e different meta olites, as ig l disparate intensities and variances et een varia les ould force most forms of multivariate anal sis to focus on a small set of intense signals.

Unit Variance (UV) scaling is a simple met od using t e standard deviation of t e data as a scaling factor. ne centers t e data su tracting from eac feature its mean feature intensit across spectra. T is ill result in a uctuation of t e data around ero, t ere ad usting for offsets et een ig and lo intensit features.

rom t e centered data t e standard deviation of eac feature is o tained and data is divided t is scaling factor. Auto Scaling renders all features e uall important, ut can in ate measurement errors. 1 3 Anot er scaling met od as used in t is or , t e areto scaling. denti ed meta olites can e regrouped according to t e meta olic pat a s in ic t e are involved using on-line tools suc as Met A, ic is dedicated to t e anal sis and visuali ation of meta olomic data it in t e iological conte t of metaolic pat a s. Met A com ines several advanced pat a enric ment anal sis procedures along it t e anal sis of pat a topological c aracteristics to elp identif t e most relevant meta olic pat a s involved in a given meta olomic stud . 

Median mm A D ( QR) 14 (1 17) ( -3 ) .

No. A D mm ( )

No. perip eral cal ceal dilatation ( )

No. a normal parenc mal t ic ness ( )

No. a normal parenc mal appearance ( ) 1 ( 3 ) ( ) .

Median mont s follo -up ( QR) 3 ( -4 ) 4 ( -4 ) . 34 No. S U grading s stem ( )

S U ( ) ( ) S U ( ) ( ) S U 3 ( ) ( 4) S U V (1 ) (7 ) 
No. UTD grading s stem ( ) 

UTD 1 1 (3 ) ( ) UTD 1 ( 1) ( 4) 

Probability of persistent dilatation

Unilateral UTD is a common condition and a ma or diagnosis issue. n t is conte t it is crucial to validate US classi cation s stems to differentiate et een uropat ies re uiring surgical management and cases of transient dilatation at an earl stage.

T is stud as several limitations. T e num er of patients is small, and UTD grading as done retrospectivel , as t e s stem as onl created in 14. 4 T e UTD classi cation s stem includes A D and a normal parenc mal t ic ness, ic are prognostic factor for surger . T is s stem as introduced in 14 a multidisciplinar consensus to esta lis a uni ed description of UTD t at could e applied ot prenatall and postnatall . 4 Hod od et al. reported its usefulness for predicting surgical intervention it etter relia ilit t an t e S U classi cation s stem. 13 13 Riant avorn and Lim attana used a compara le R C anal sis, and reported an area under t e curve of . for A D greater t an 1 mm and . 1 for S U grade 4. 13 e ad compara le results alt oug e c ose to e clude mild dilatations (A D less t an 1 mm) as t eir tendenc to resolve as een idel demonstrated. 4,13 ,14 n addition to etter accurac , A D as ig er inter-rater relia ilit t an S U as reported Vemula onda et al. 141 Moreover, current training in S U grading is mostl unstructured, and inaccurate grading is common even among trained radiologist. 14 

Objective

ur o ective as to identif diagnosis and prognosis urinar mar ers for uropat ies in c ildren it prenatall diagnosed unilateral UTD. T e urinar meta olomic pro les of ne orns it UTD ere compared it controls using 1 H NMR spectroscop com ined it multivariate statistical anal sis. T e potential correlation of speci c urinar meta olic pro les it clinical outcomes as also investigated.

Methods

Study population

T e stud population is descri ed in c apter . . 

H-NMR spectroscopy of urine samples

All NMR e periments ere carried out on a Bru er Avance spectrometer 

Multivariate analysis of urine metabolic profiles

Data ere e ported to S MCA-14 (Umetrics, Umea, S eden) for statistical anal sis. rincipal Component Anal sis ( CA) as performed on all samples including QC samples to assess t e ualit and omogeneit of t e dataset. 

Identification of metabolites

Meta olites ere assigned from t e mean NOES and D spectra ( 1 H- 13 C HSQC, 1 H-1 H TOCS and 1 H -resolved) using data availa le from literature, international reference data ase (Human Meta olic Data ase, Biological Magnetic Resonance Ban , 3 Madison Meta olomics Consortium Data ase 1 ) or proprietar data ases (C enom NMR Suite, C enom nc., Edmonton, Canada AM SpectraBase, Bru er m H, R einstetten, erman ).

Results

Descriptive Statistics

T e C i s uare test did not s o an signi cant difference in t e proportion of male and female et een t e patients and controls groups ( -value . ). . so ut rate (HMDB 1 73)

1. socitrate (HMDB 1 3) . L-Acet lcarnitine (HMDB 1)

3. Lactose (HMDB 1 ) 4. L-Alanine (HMDB 1 1)

. L-Alp a-amino ut rate (HMDB 4 ) . L-Ara inose (HMDB 4 )

L-Arginine (HMDB 17) . L-Carnitine (HMDB )

. L-ucose (HMDB 174) . L-lutamine (HMDB 41)

1. L-Histidine (HMDB 177) . L-Lactate (HMDB 1 )

3. L-L sine (HMDB 1 ) 4. L-Octano lcarnitine (HMDB 7 1)

. L-en lalanine (HMDB 1 ) . L-Serine (HMDB 1 7)

L-T rosine (HMDB 1 ) . L-Valine (HMDB 3)

. Mannitol (HMDB 7 ) 

Quality of the 1 H-NMR data

An initial principal component anal sis ( CA) as carried out to derive t e main sources of variance from t e 1 H-NMR data sets. 

Comparison between 1 H-NMR spectra of patients and controls

A 

metabolome in healthy newborns

Newborns metabolic maturation

At irt , t e continuous transplacental suppl of glucose is a ruptl disrupted, and emerging neonates undergo a dramatic meta olic adaptation associated it alternating periods of feeding and fasting. 1 T e rst mont s of life are c aracteri ed a signi cant increase of t e od eig t and eig t, as ell as a comple maturation of t e immune, endocrine, nep rologic and neurologic s stems. An infant usuall dou les irt eig t t e age of 4 to mont s and triples irt eig t it in t e rst ear of life. 1 ,1 1 T e pattern of su se uent c anges in t e meta olic and ormonal milieu is in uenced various genetic and environmental factors including gestational maturit , intrauterine gro t c aracteristics and postnatal feeding practices. 1 Current no ledge of t e ne orns meta olic maturation is partial. Epidemiological studies ave led to t e pot esis t at t e ris of developing c ronic diseases in adult ood is largel in uenced environmental factors acting during t e periconceptual, fetal and infant p ases of life. 1 A large od of researc as focused on lo irt eig t and gro t patterns as ris factors for meta olic diseases in adult ood, -3 and earl nutrition is no n to ave long-term effects on ealt , disease and mortalit ris s in adults. 1 A etter understanding of t e comple meta olic processes during earl infanc ma not onl improve t e management of neonatal diseases, ut also contri ute to t e prevention of c ronic pat ologies in adult ood. 1 3 T e in uence of age on urinar meta olomic pro les as previousl reported in c ildren ranging from mont s to 4 ears of age 1 1 and from 1 to 1 ears of age. 1 4 Age-related variations of urinar meta olomic pro les ere also demonstrated in adults, using 4 ears as a cutoff 1 and comparing su ects aged 3 and ears. 1 Marincola et al. also demonstrated t e impact of earl postnatal nutrition on t e NMR urinar meta olic pro le from irt to 4 mont s of life. 3 n t e present stud , e investigate t e in uence of age, gender, and gro t parameters, namel eig t and eig t, on t e ne orns urine meta olome during t e rst 4 mont s of life using 1 H-NMR spectroscop com ined it multivariate statistical anal ses. 1 7 

Experimental section

e-sam lin 1000 times nde the n ll h othesis c -loadin lot a te anal sis and en amini ochbe m lti le testin co ection. tatisticall si ni cant si nals co es ond to the colo ed s ect al e ions.

Meta olites identi ed as e molecules it signi cant correlation it age are listed in Table 3 17 Our results con rm its decrease in urine from to 4 mont s, as reported earlier. 3 T e increase in c oline levels o served in ne orns from to 4 mont s of age is concordant it data reported Marincola et al. 3 C oline is an essential nutrient, mainl provided food inta e, precursor of acet lc oline and a component of p osp atid lc oline. T e average c oline consumption is fre uentl elo t e ade uate inta e and c oline de cienc ma pla a role in liver disease and at erosclerosis. 171 C oline level is elevated in formula mil and its level in reast mil is correlated it respective level in maternal lood. 17 t is usuall grouped it B vitamins, ut can also e s nt esi ed from gl cine, ic concentration is interestingl correlated it age in c ildren. 1 1,1 4 C oline is also a precursor of etaine, anot er meta olite identi ed as age-dependant in ne orns and adults. 3 ,1 1,1 4-1 Betaine urinar concentration as een reported to increase from to mont s and decreasing from to 4 mont s. 3 
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x 10 -4 

T pred

Group 1 Group 3

x 10 -4

x 10 -4 as correlated it age in previous meta olomic studies, 3 ,1 1,1 4-1 et e found ere eig t to e t e most important factor modif ing its urinar concentration in ne orns.

tatisticall si ni cant si nals co es ond to the colo ed s ect al e ions. i ni cant concent ations a iations co elated ith ei ht a e s mma i ed in

Our meta olic signature also detects an increase of ippurate it eig t, ile it as reported as increasing it age in c ildren from mont s to 1 ear in a previous stud . 1 1 Hippurate is an ac l gl cine formed t e con ugation of en oic acid it gl cine, and is a normal component of urine increasing it consumption of p enolic compounds.

e found pantot enate urinar concentration to decrease it eig t alt oug it as reported to increase over time in ne orns fed it formula mil . 3 T is essential nutrient from t e B vitamin group (vitamin B ) is present in reast and formula mil .

ant otenate is needed for t e s nt esis of coen me-A and pla s a critical role in t e meta olism and s nt esis of car o drates, proteins, and fats.

e also o served an evolution in istidine and carnosine urinar concentrations related to eig t. Carnosine is a dipeptide of t e amino acids eta-alanine and istidine.

t is ig l concentrated in muscle and rain tissues and could ave suppressive effects on t e ioc emical c anges t at accompan aging. 17 T is evolution of istidine and carnosine concentrations could e related to t e gro t of muscle mass in ne orns.

Considering t ese results, e emp asi e t e necessit to s stematicall and precisel report c ildren age, eig t and eig t in meta olomic studies, as t e ave differential impact on urinar meta olic pro les. T is is particularl important in metaolomic studies investigating urine meta olome of premature c ildren or intrauterine gro t retardation, 14, ere ne orns at t e same age ma ave ver different eig t and eig t. nclusion criteria must e precise and rigorous considering t e fast evolution of ne orns meta olism. Conse uentl , e recommend patients to e matc ed age, eig t and eig t enever possi le efore an group comparison.

Influence of gender on the urine metabolomic profiles

Supervised anal sis as also applied to nd variations in t e dataset related to gender, ut t e O-LS model did not s o signi cant separation et een males and females. (R .1 4, R .117, Q -. ).

T ese results contrast it one previous stud reporting signi cant differences et een urinar pro les of ne orns one or t o da s old according to t eir gender. 177 n adults, 3-dro ut rate, creatinine and taurine and TMAO urinar concentrations ere reported as ig er in male su ects, ereas citrate, creatine, p en lalanine, ippurate, lactate, gl cine and succinate ere ig er in omen su ects. 1 nterestingl , t e differences o served et een adult male and female urinar meta olomes ere not identi ed in c ildren. 1 1,1 4,17 At irt , ig er levels of testosterone in males ave een earl documented. 17 Testosterone levels decrease ver rapidl after irt to prepu ertal values. T is p enomenon is commonl referred as mini-pu ert and could e plain differences in meta olic pro les associated it gender o served at irt and in adults, ut not in prepu ertal c ildren. 

Limitations of the study

Conclusions

T e present stud is t e rst one to ig lig t t e simultaneous in uence of neorns age, eig t and eig t on t e urine meta olome during t e rst four mont s of life. T e tremendous gro t occurring during t e neonatal period is associated it speci c modi cations of ne orns meta olism. e identi ed e -meta olites responsi le for t is evolution. Conversel , gender appears to ave no impact on t e urine meta olome in earl infanc . T ese results allo a deeper understanding of ne orn meta olic maturation and contri ute to identif potential confounding factors for meta olomics investigations in ne orns. Considering t ese results, e emp asi e t e necessit to s stematicall and precisel report c ildren eig t and eig t in meta olomic studies, as t e ave a critical impact on urinar meta olic pro les.

e urinary metabolome of newborns with urinary tract dilatation

Introduction

T e comparison of urinar meta olic pro les of ealt ne orns and ne orns it prenatall diagnosed UTD did not reveal signi cant differences et een t e t o groups. Ho ever, t ere is a strong in uence of age and gro t parameters on t e urinar meta olome of ealt ne orns. T e o ective of t e follo ing c apter is to evaluate t e in uence of age, eig t, eig t and gender on t e urinar meta olite pro les of ne orns it prenatall diagnosed UTD.

Methods

T e follo ing anal ses use t e same dataset as previous c apters, plus 4 urine samples from patients collected et een 7 and 1 mont s of age. T e original stud design included t ese additional urine samples it t e o ective of stud ing a potential normali ation of urinar meta olome of patients over time. T e 1 H NMR spectra ere ac uired in t e same atc as ot er samples. T e steps of meta olomic anal sis and multivariate statistical anal sis ere descri ed in c apter .4. .

Metabolic signature associated with age in patients

An initial CA as carried out to derive t e main sources of variance from t e T is anal sis revealed similarities et een meta olic signatures associated it age in patients and controls. lucarate, Histidine, L-lutamine, N-acet lglutamine, N-Acet l-L-t rosine and t ans-Aconitate ere signi cantl increasing it age in ot groups, ile so ut rate, L-Lactate, L-L sine, Lactose, M oinositol, ant otenate and rop lene gl col ere signi cantl decreasing it age in ot groups. T is later model as ased on a eterogeneous population and t erefore its interest is limited, ut t ese results onl con rm t e strong in uence of age on t e urinar meta olic pro le, et er UTD is present or not.

T e meta olic signature associated it age as identi ed it univariate anal sis of t e NMR meta olomic pro les and represented on a loading plot. i e 3.2.5 Meta olites identi ed as e molecules it ig correlation to age are listed in Table 3.2.2. creasing etaine urinar concentration as een reported efore in ealt c ildren. 1 1,1 4 Creatinine and Betaine increase latter in adults, 1 and Alanine urinar concentrations are also related to age after 4 ears. 

( 

( 
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Radioisotope renography

Radioisotope renograp using m Tc dimercaptosuccinic acid (DMSA), a tracer t at inds to t e pro imal convoluted tu ules after intravenous in ection, is considered as t e est investigation for detecting renal parenc mal anomalies. i e 2 t also provides uite accuratel t e relative function of eac idne . uidelines ave een edited t e European Association of Nuclear Medicine. 1 Etiologies of prenatall diagnosed UTD are summari ed in Table 1.

Table 1. Ureterocele, ectopic ureter, duple s stem, 7

(adapted from

Uret ral atresia, rune ell s ndrome, pol c stic idne diseases 1

Pyelo-ureteral junction anomalies

elo-ureteral unction anomalies ( U ), also called pelvi-ureteric unction anomalies are t e commonest detected uropat ies in ne orns it UTD it an incidence of 1 1 to 1 live irt s. 4 U anomalies are unilateral in of cases, and more fre uent in males t an females. Anastomosis o the ete to the enal el is. C S e y com leted.

Vesico-ureteral junction anomalies

Vesico-ureteral re u (VUR) is anot er common uropat de ned as a permanent or intermittent retrograde o of urine from t e ladder into t e upper urinar tract. 1 4,1 t is diagnosed in 1 to of UTD detected prenatal ultrasonograp .

ts incidence in t e general pediatric population is estimated at a out 1-, 
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ENVIRONMENT( 1

 1 Diet, Age, Lifestyle, Disease..) ENVIRONMENT (Diet, Age, Lifestyle, Disease..) The biological organization of "omics" sciences. cco di to s stems biolo the o o i o matio i biolo is o a i ed as ollo s om the e ome to the t a sc i tome to the oteome a d the the metabolome. o e e the mai biochemical com o e ts o each le el o o a i atio i te act ith othe s a d th s ca a ect o e a othe . the mo e the e i o me t la s a c cial ole o the e ome ot o l b modi catio s i.e. e etic m tatio s b t also o the e essio a d co ce t atio o t a sc i ts otei s a d metabolites.

  The steps of experimental metabolomic approach. a c isitio o s ect al data o cases a d co t ols. b ed ctio o metabolic o les to me ical data. c tatistical a al ses a d ide ti catio o metabolic si at es. Applications of meta olomics in personali ed medicine are ver promising, including disease diagnosis, monitoring t e effects of medical interventions including drugs

  Ho ever, it seems t at A D of at least mm in t e second trimester and or 7 mm in t e t ird trimester arrants postnatal investigation. 4 Besides renal pelvis dilatation, prenatal US also gives ot er information a out t e renal parenc ma, t e ureters and t e ladder. Ureters are normall not seen US during normal development. Visuali ation of t e ureters on prenatal US can t erefore e considered a ureteral dilatation. T e aspect of t e renal parenc ma is anot er precious indication t at can point toard renal d splasia. Loss of parencmal differentiation, presence of c sts, or poor renal development ma re ect a structural anomal it impaired renal function. A t ic ened and dilated ladder associated it a ilateral dilatation of t e upper urinar tract can re ect posterior uretral valves, uret ral atresia or comple cloacal malformations t at are associated it a poor prog-

1 H

 1 Chemical shift (ppm)

  H-1 H T CS (T tal Correlation Spectroscop ) e periments ic provide spin-spin coupling connectivities, giving information on ic drogen atoms in a molecule are close to one anot er, 1 H-13 C HS C (Heteronuclear Single uantum Correlation), ic investigates eteronuclear coupling and -resolved NMR e periments, ic ield information on t e multiplicit and coupling patterns of resonances, facilitating molecule identi cation. T e ac uisition times of D e periments eing muc longer t an t e standard 1D pulse se uences

  operating at . MH (proton resonance fre uenc ) e uipped it a cr o-pro e, and ig -t roug put sample c anger t at maintained t e samples temperature at 4 C until actual NMR ac uisition. All samples ere anal ed in one atc during 14 da s. or eac session, Automatic 3D s imming as performed once on a QC sample. rior to NMR data ac uisition, automatic tuning and matc ing, fre uenc loc ing on D O and 1D automatic gradient s imming as performed on eac sample. T e temperature as regulated at 3 t roug out t e NMR e periments. Standard 1 H 1D NMR NOES pulse se uence it ater presaturation as applied on eac sample to otain corresponding meta olic pro les. transient free induction deca s ( D) ere collected for eac e periment into 4 74 data points over a spectral idt of ppm. T e ac uisition time as set to s it a rela ation dela of 4 s. T e NOES mi ing time as set to 1 ms. T e pulse lengt as automaticall cali rated for eac sample at around 14. 4 s. n addition, D NMR e periments ( 1 H-13 C HSQC, 1 H-1 H TOCS and -Resolved) ere recorded on a su set of samples to ac ieve structural assignment of t e meta olic signals.Data processingAll Ds ere multiplied an e ponential function corresponding to a .3 H line-roadening factor, prior ourier transformation. 1 H-NMR spectra ere p ased, aseline corrected and referenced to t e TS signal at -. 1 ppm using Topspin 3.(Bru er m H, R einstetten, erman ). Residual ater signal (4. . ppm) as ecluded. Spectra ere divided into . 1 ppm-ide uc ets over t e c emical s ift range 1 ppm using t e AM soft are (Bru er m H). Spectra ere normali ed to ro a ilistic Quotient Normali ation and areto-scaled prior to anal sis. Spectra ere aligned using t e module cos ift in Matla (T e Mat -or s nc., Natic , MA).

4

 4 Overview of the 1 H-13 C HSQC NMR Spectrum (600 MHz) for a QC sample from 5 to 10 ppm. mbe s co es o d to metabolites i Table 2.5.2 .4.5 Overview of the 1 H-13 C HSQC NMR Spectrum (600 MHz) for a QC sample from 0 to ppm. mbe s co es o d to metabolites i

7 .

 7 Met lguanidine (HMDB 1 ) 71. M oinositol (HMDB 11) 7 . N-Acet lglutamine (HMDB ) 73. N-Acet l-L-aspartate (HMDB 1 ) 74. N-Acet l-L-t rosine (HMDB ) 7 . N-Acet lornit ine (HMDB 33 7) 7 . N-Acet l-D-glucosamine (HMDB 1 ) 77. N-Acet lputrescine (HMDB 4) 7 . N,N dimet laniline (HMDB 1 )

  Principal Component Analysis (score plot) based on 1 H-NMR spectra of within 120 days from birth. The ood stabilit o the M set a d e od cibilit o the e e ime ts is attested b the o ed set o sam les o the sco e lot.

  plot depicting t e meta olic signature associated it age is complemented color-coded correlation and individual statistical signi cance information o tained from univariate anal sis. i e 3.1.2c i e 3.1.2 O-PLS model constructed from the 90 1 H NMR spectra of newborns urine for a regression based on age. al e 1.3 10 -8 b -. a co e lot b model alidation b

1 T pred i e 3 . 1 . 3

 1313 0.314 Q 2 = 0.09 p-value = 0.26 R 2 Y= 0.297 Q2= 0.11 p-value = 0.07 R 2 Y= 0.540 Q2= 0.389 p-value = 0.01 R 2 Y= 0.437 Q 2 = 0.138 p-value = 0.007 R 2 Y= 0.729 Q 2 = 0.411 p-value = 0.001 R 2 Y= 0.355 Q 2 = 0 p-value = Score plots of the O-PLS models based on 1 H-NMR spectra of si ni cant disc imination as o nd bet een o s 0 and 3 bet een o s 1 and 2 and bet een o s 1 and 3.

  lot and b co es ondin loadin s lot a te ni a iate anal sis and en amini ochbe m lti le testin co ection.

  Score plot of the O-PLS model based on 70 urine sample of newborns with alidation b e-sam lin 1000 times nde the n ll h othesis and c loadin lot a te anal sis and en amini ochbe m lti le testin co ection.tatisticall si ni cant si nals co es ond to the colo ed s ect al e ions.

  .2.3 Score plot of the O-PLS model based on 70 urine sample of newborns 160 1 2 com onents 2 0.262 2 0.649 Q 2 0.464 -al e 1.10 -18

  Q 2 0.861 -al e 1.10 -10 by CV-ANOVA. goodness of t parameters of t is ne model ere ig er 1 components,

  .2.5 O-PLS loading plot after SRV analysis and Benjamini-Hochberg multiple testing correction. tatistically si ni cant si nals co es ond to the colo ed s ect al e ions.

  Histidine, N-Acet lglutamine, t ans-Aconitate 3-H dro isovalerate, Creatine, Hippurate, L-serine lucarate, L-lutamine, N-Acet l-L-T rosine --H dro iso ut rate, en lacetate, seudouridine -Carnitine, C oline, Et anolamine, L-Acet lcarnitine, Quinolinate --Ascor ate, Acetate, Citrate --3-H dro met lglutarate, AD , Creatinine, L-t rosine, O-p osp oet anolamine, Urea -so ut rate, L-Lactate, L-L sine, M oinositol, antot enate, rop lene gl col 1-met lnicotinamide, Homocarnosine, N-Acet lputrescine, ant osine -
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 3 A U R É L I E N S C A L A B R E -T H È S E D E D O C T O R A T D E L ' U N I V E R S I T É D E L Y O N ofthe renal pelvis and of the major calyces Ureteric bud divisions Resoption of the first 4 generations Formation of the major calyces Renal pelvis B-Formation of the minor calyces Formation of the renal pelvis and calyces Stages in the development of a metabephric excretory unit (nephron)

  T e normal range of differential renal function t at is accepted is 4 -. D namic isotope studies using Mercaptoacet ltrigl cine (MA 3), Et lene dic steine (ED C S) or m Tc di-et lene-tertraamine-penta-acetic acid (DT A), ma also aid assessment of a congenital U , alt oug interpretation of t e drainage curve can e dif cult. i e 2 Radioisotope renography using ethylene dicysteine showing a decrease in relative renal function on the left (36% vs 64% on the right kidney) and an abnormal homolateral drainage curve

1 Pyelo- ureteral junction i e 4

 14 Ot er urological anomalies (renal agenesis, multic stic renal d splasia, vesico-ureteral re u , orses oe idne ) are associated in a out of cases. Scheme of a pyelo-ureteral junction anomaly. The enal el is is dilated b t the ete is not. A B i e 5 Renal ultrasonography: A No mal i ht idney ilatation o the le t enal el is o 41mm ith abno mal a enchymal thic ness. The ete bein not dilated the dia nosis o P anomaly is the most li ely. C ildren it a sta le UTD, as mptomatic, it no istor of urinar tract infection or decrease of t e omolateral renal function on isotope studies can e managed conservativel . 1,14 ,1 3 Consensual indications for surger of t e U anomal are declining function of t e omolateral idne , important increase of t e UTD over time, recurrent p elonep ritis and omolateral an pain. Surger aims to improve urine o resection of t e U and anastomosis of t e ureter to t e renal pelvis (Anderson-H nes tecni ue). i e 6 i e 6 Pyeloplasty. A Resection o the yelo-ete al nction.

7 i e 8 4 A 4 i

 7844 Primary non-ref luxing megauretersrimar non-re u ing megaureters account for to 1 of prenatall detected UTD. T e are caused a narro ing of t e vesico-ureteral unction. T e male-to-female ratio is appro imatel 1, it up to of cases ilateral. T e diagnosis of primar megaureters is suspected enever US reveals a dilatation of t e ureter ( mm diameter) US, t e ladder appearance and volume eing normal. i e 8 i e Scheme of a primitive megaureter. The ete and the homolate al enal el is a e dilated. Primitive megaureter e ter ostnatal investigations include US, MCU and diuresis renograp . T e diagnosis of primar o structive megaureters is con rmed if MCU proves t at t e dilatation is not due to VUR. As mptomatic c ildren it a sta le omolateral renal function on isotope studies are managed conservativel . ndications for surger are recurrent urinar tract infections despite ade uate anti iotic cover, decrease of t e relative renal function on repeated isotope studies, or progressive increase of t e ureteral dilatation on serial US. T e operation consists in e cising t e distal o structive segment of t e ureter, ic is t en1 4 A U R É L I E N S C A L A B R E -T H È S E D E D O C T O R A T D E L ' U N I V E R S I T É D E L Y O Nreimplanted it an antire u mec anism, it or it out ureteric modeling. Ho ever, en renal function is poor ( 1 ), a nep roureterectom ma e indicated.Other uropathiesUTD can also e t e sign of less common uropat ies, li e multic stic d splastic idne s, duple s stems or posterior uret ral valves. Multic stic d splastic idne is a renal d splasia c aracteri ed t e presence of multiple, non-communicating c sts of var ing si e separated d splastic parenc ma. T e affected idne is non functional, ic can e assessed renal isotope stud . 3 Multic stic d splastic idne is usuall managed conservativel . A duple s stem descri es a idne t at is divided into t o separate pelvi-cal ceal s stems, it eit er complete or partial duplication of t e ureters. Most duple s stems are as mptomatic and can e managed conservativel . Surgical treatment can e re uired in case of recurrent urinar tract infections or alteration of t e renal function.T e treatment of duple s stems it ureterocele remains controversial and varies from endoscopic incision to upper pole emi-nep rectom . Ureteral reimplantation it antire u mec anism can also e re uired. posterior uret ral valve is an o structive mem rane in t e posterior male uret ra t at cause an urinar o struction t at results in t e dilatation of t e posterior uret ra, a ilateral UTD it a t ic ened ladder all, t ic ened smoot muscle tra eculations and ladder diverticula. i e 9 T e o struction ultimatel leads to renal failure. osterior uret ral valves are suspected prenatall en ilateral UTD is associated it ladder anomalies or oligoamnios. Renal US is performed rapidl after irt and a cat eter s ould immediatel e placed for ladder drainage. MCU is mandator to con rm diagnosis. T e de nitive treatment of c oice is c stoscopic valve a lation. On at asis potentiall eligi le participants ere identi ed (suc as s mptoms, results from previous tests, inclusion in registr ) ere and en potentiall eligi le participants ere identi ed (setting, location, and dates) et er participants formed a consecutive
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1. Metabolomics as tool for translational research in pediatrics and neonatology 1.1. Introduction to the metabolomic approach 1.1.1. What is metabolomics ?

  

T e contri utions of la orator medicine in improving patient care ave increasingl ecome essential in t e past decades. rogress in molecular iolog , especiall in genome se uencing and ig -t roug put measurements, ena led s stem level anal ses in genomics, transcriptomics and proteomics. T e omics tec nologies consist of olistic approac es on t e molecules t at ma e up a cell, tissue or organism, suc as genes, transcripts, proteins and meta olites.

1 

S stems iolog see s to integrate t ese different levels of information for a glo al understanding of iological s stems. i e 1.1.1 METABOLOMICS DNA mRNA Protein Metabolites

  Moreover, t e meta olomic anal sis of plasma from full term and ver lo irt eig t preterm infants revealed t at most essential and non-essential amino acids are depleted in ver lo irt eig t infants. Meta olomics as also a le to differentiate t e urinar pro les of neonates it and it out an acute idne in ur diagnosis and to identif meta olic developmental pro les correlated it gestational age.7 

	erinatal asp	ia as also een studied	means of meta olomic anal ses. Ban-
	upri a et al. demonstrated t at t e e cretion rate of urinar proteins, urinar malondial-
	de de and urinar uric acid increases it t e severit of perinatal asp	ia and asso-
	ciated rain damage. 3 Anot er stud reported differences in urinar meta olic pro les
	of ne orns suffering from perinatal asp	ia, according to t eir clinical outcome.

11

, -Speci c urinar meta olic signatures associated it prematuri-t ere reported.

31 

Ho ever, ver fe studies ave investigated t e evolution of meta olomic pro les of ealt ne orns during t e rst mont s of life.

3 

1.2.1. Prenatal diagnosis of urinary tract dilatations

  

	UTD is diagnosed	prenatal ultrasonograp in . -	of all pregnancies.

ultrasonography showing a dilatation of the renal pelvis (P) and the ureter (U)

  

			),	ic
	ma affect t e renal development and t e renal function. T e terms	dronep rosis
	and uretero-dronep rosis are often used	en descri ing t e upper urinar tract,
	ut t e term dilatation seems more accurate, and does not preclude an underl ing
	etiolog . Similarl , t e term o struction as no consensual de nition and s ould e

4 ,47 

Dilatation ma occur at an level of t e collecting s stem and ma e locali ed to t e renal pelvis and or ureters on one or ot sides. i e 1.2.1 Kidney Renal pelvis Ureter Bladder Urethra i e 1.2.1 Scheme of the urinary tract UTD ma e a response to various events occurring t roug out t e developmental period. t does not necessaril impl signi cant urinar o impairment (U avoided, as t e diagnosis of o struction can onl e made retrospectivel . 4 renatal ultrasonograp allo s detection of UTD, mainl during t e second trimester of gestation. T e em r olog of t e renal s stem is summari ed in e di . i e 1.2.2 Prenatal

1.2.2. The unpredictable evolution of upper urinary tract dilatation after birth

  

	en a UTD is diagnosed	prenatal US, anot er US must e performed after
	irt to con rm t e presence of t e UTD and to evaluate its severit . or unilateral
	UTD and unless posterior uret ral valves are suspected, it is recommended t at t is rst
	postnatal US e dela ed for at least 4 after irt to avoid underestimating t e severit
	of dilatation. 4 nvasive diagnostic procedures are not re uired en A D is less t an 1
	mm and clinical surveillance alone is recommended. , 3 n t e ot er and, it is recom-
	mended to investigate moderate (1	A D 1 mm) and severe (A D 1 mm) UTD
	to detect potential uropat ies. T e diagnosis of t ese uropat ies can onl e assessed

repetitive US and additional imaging including renal isotope studies and possi l micturating c stogram, it signi cant conse uences on c ild ood radiation, parental an iet and ealt care resources.

4 

At irt , t e neonate is sometimes placed on prop lactic anti iotics to prevent t e ris of UT until t e cause of dilatation is elucidated.

searching for a reliable biomarker

Currentl , serial ultrasound and invasive isotope studies are performed to guide surgical management of UTD, ut t e a ilit of t ese diagnostic modalities to accuratel predict t e need for surger is uestiona le. Additionall , t ere remains de ate regarding t e parameters t at indicate clinicall signi cant o struction. 4, T ere is a need to nd more e act predictors of long-term development of decreasing renal function. dentif ing urinar iomar ers could elp to differentiate uropat ies re uiring surgical management from transient dilatation at an earl stage. T e ma generate earl measures of renal in ur and functional impairment.

urinary obstruction in children with PUJ. Adapted from Jackson et al 2017.

  

	renal function. Ho ever, its usefulness as a mar er is limited ecause fetal lood sam-
	pling carries t e ris s of leeding, amniotic uid lea , infection, and fetal deat .
	t er molecules ave een identi ed as potential iomar ers, as t eir urinar con-
	centration in ne orns is modi ed	urinar o struction.	structive nep ropat
	is not a simple result of mec anical impairment to urine o ut a comple s ndrome
	resulting in alterations of glomerular, emod namic and tu ular function caused
	t e interaction of a variet of vasoactive factors and c to ines t at are activated in re-
	sponse to o struction. -				
	arl fetal urinar tract o struction is associated it an increased urinar concen-
	tration of tu ular mesenc mal mar ers (transforming gro t factor eta 1 (T -1), 1,
	-catenin, and vimentin), and a decrease in epit elial mar ers (a uaporin-and -cad-
	erin).						
	T e renal response to ureteral o struction involves angiotensin-dependent renal
	vasoconstriction it conse uent reduction in glomerular ltration rate, isc emia, -
	po ia, and accumulation of reactive o gen species. T is results in tu ular o idative
	stress, increased production of renin, angiotensinogen, angiotensin, and T -1, lead-
	ing to pro imal tu ular atrop and cell deat . , 3 T ese are also mediated	produc-
	tion of epidermal gro t factor (		) 4-7 and increased production of cell ad esion
	molecules, idne in ur molecule-1 ( M-1), and neutrop il gelatinase-associated li-
	pocalin (N AL). Table 1.2.2 summari es t e modi cations of urinar concentrations
	of potential iomar ers of urinar o struction in c ildren it U .
	hild e	de oi	elo last a e com a ed to health co t ols a d o co se ati el ma a ed
	child e ith	M .				
	he ima	o is labeled	o 3 st dies i hich the ima	o i cl des child e ith
	ilate al	eithe o e ated o o ma a ed co se ati el .
	Whe e a licable se siti it	e s eci cit		a d acc ac	c o the test at best th eshold al e
	om ecei e o e ati cha acte istic c e a al sis is ese ted
	† o detect di e e tial e al	ctio		40 o t o all h d o e h osis cases
	‡ o detect elo last cases o t o all h d o e h osis cases
	§ o detect elo last cases o t o all cases		
	l ali e hos hatase	a19 9	a boh d ate a ti e 19 9	c stati	1	eme
	e ase 1	amma l tam l a s e ase	10	te e o	d cible	otei 10	M 1
	id e	Molec le 1 M 1 Mac o ha e	ammato	otei 1	cet l beta
	l cosami idase	e t o hil elati ase ssociated i ocali	steo o ti
	e lated o cti atio o mal cell	essed a d ec eted

T e measure of fetal serum -microglo ulin as good predictive value for postnatal able 1.2.2

Urinary protein (corrected for creatinine)-- Primary measured group Comparators Bladder urine protein l---evel Sensitivity/ Accuracy * Post-operative bladder urine (compared to pre- operative) Ref

  

	ALP	eloplast	CM	ncreased pre-operative	Se 1.4	Decreased 1 mont s
					Sp 1	post-operative
	Ac 4 Alt oug t e concentrations of t ese molecules concentrations in lood and or
	Angiotensinogen urine are modi ed urinar o struction, furt er investigations are needed to use t em eloplast Healt control CM ncreased pre-operative Se 3.3 Sp	3
	B2-microglobulin as relia le tests to differentiate transient UTD from uropat ies and to identif U Healt control ncreased	Decreased 4 mont s post-operative ic
	B2-microglobulin patient ould eventuall need surger . Common a s of studies investigating potential eloplast Healt control No c ange
	Ca19-9 iomar ers for uropat are t e modest num ers of patients and t e lac of consensual eloplast Healt control ncreased pre-operative Se 7 Decreased 3 mont s
			CM		Sp	post-operative
	Ca19-9 de nition of urinar o struction. Moreover, some of t e a ove studies aimed to differ-eloplast Healt control ncreased pre-operative Se 1 Decreased 3 mont s
	H drocele renal c st entiate et een UTD and ealt controls,	Sp . ile ot ers ere designed to discriminate post-operative
	CyC et een UTD needing surger and UTD t at could e managed conservativel , eloplast Healt control No c ange	ic
	EGF is clinicall more relevant. or t ese reasons, none of t ese studied molecules are cur-U Healt control Decreased (o structed group No c ange
				onl )			
	EGF rentl integrated in clinical practice. eloplast Healt control	Decreased pre-operative		ncreased
	EGF t is unli el t at an single anal te ill ave suf cient po er to ecome a gold eloplast Healt control ncreased pre-operative Se 7 .4 Decreased 3 mont s and
	Sp . standard test for developmental idne in ur , ut several iomar ers in com ination 1 ear post-operative
	EGF	eloplast	Healt control	No c ange				1
	ET-1 could provide t e est accurac and predictive value. eloplast Healt control ncreased pre-operative	Se 74.3	Decreased 1 mont s
	VUR Renal stones n t is conte t, t e use of omics anal sis is promising to nd potential iomar -Sp Ac 1. post-operative
	GT ers it diagnosis and prognosis value for UTD. eloplast CM ncreased pre-operative	Se .	Decreased 1 mont s
					Sp 1	post-operative
	A proteomic stud		Ac 74 Decramer et al. investigated t e urinar proteome of 1 3
	HO-1 ne orns it U , s o ing t at t e anal sis of 1 distinct pol peptides allo ed to eloplast Healt control CM ncreased pre-operative Se 7 . Sp 7 .1 Decreased 1 mont s post-operative
	IP-10 discriminate et een ealt ne orns, ne orns it U eloplast Healt control No c ange	o re uired surger and
	KIM-1 ne orns it U	eloplast o did not re uire surger . 7 Alt oug a clear de nition of o -Healt control ncreased pre-operative Se 1
			CM		Sp 71.4		
	MCP-1 struction and indications for surger eloplast Healt control ere lac ing in t is stud , it opens interesting ncreased pre-operative Se 77. Decreased 3 mont s and
	Sp . perspectives regarding t e use of proteomics for iomar ers identi cation in ne orns 1 ear post-operative
	MCP-1 it UTD. Ho ever, a similar anal sis of urine from older c ildren re uiring p eloplas-U Healt control ncreased Decreased 4 mont s post-operative
	MCP-1 t failed to discriminate t em from U treated conservativel , s o ing t at t e test eloplast Healt control ncreased pre-operative	4
	MCP-1 result ased on an infantile proteome pattern cannot e e tended to older patients. eloplast Healt control ncreased pre-operative Se 1 Remains ig 3 mont s
	CM Alt oug important efforts ave een made for identi cation of useful iomar ers Sp post-operative
	MIP-1alpha	eloplast	Healt control	Decreased pre-operative		ncreased 1 ear post-
	operative in UTD, pediatric urologists currentl use none. T e present or uses a meta olomic
	NAG approac aiming to identif suc iomar ers. T e ne t c apter presents t e general eloplast CM ncreased pre-operative Se 7.1 Sp Decreased 1 mont s post-operative
	principles and successive steps of meta olomic anal sis.	Ac		
	NGAL	eloplast	Healt control	No c ange			
	NGAL	eloplast	Healt control	ncreased pre-operative			
	NGAL	eloplast	Healt control	ncreased pre-operative	Se 1	Decreased 3 mont s
			CM		Sp .	post-operative
	OPN	eloplast	Healt control	No c ange			
	OPN	eloplast	Healt control	ncreased pre-operative	Se .	Remains ig 3 mont s
			CM		Sp 1 .	post-operative
	RANTES	eloplast	Healt control	No c ange			
	TGF-beta	eloplast	Healt control	ncreased pre-operative	Se 1	Decreased 1 ear post-	1
					Sp	operative
					Ac .		
	TGF-beta	eloplast	CM	ncreased pre-operative	Se		
					Sp		

1.3. Metabolomic methodology 1.3.1. Analytical techniques

  

	Multiple anal sis tec ni ues can e used in meta olomics. Among t ese, nuclear
	magnetic resonance (NMR) spectroscop 1 and mass spectrometr (MS) are t e tec -
	ni ues of c oice, sometimes used in a complementar manner for t e most complete
	c aracteri ation of samples. MS as to e coupled it separation met ods suc as gas
	c romatograp , li uid c romatograp and capillar electrop oresis. C aracteristics
	of ot met ods are summari ed in table 1.3.1.

Table 1 .3.1. Main characteristics of NMR spectroscopy and MS NMR spectroscopy Mass Spectrometry

 1 

	Sample preparation	Minimal, non invasive, possi le	Samples ave
		anal sis of intact tissues,	to e e tracted into
		anal sis can e automated	a suita le solvent,
				time consuming
	Quantitation	uantitative ecause t e signal	on suppression limits
		intensit is onl determined	uantitation
		t e molar concentration
	Sensitivity	Lo , t erefore less suited for	Hig
		anal sis of trace compounds
	Analytical reproducibility	Hig		oor
	Technique	Nondestructive	Destructive as
				meta olite identi cation
				is ased on
				fragmentation patterns
	t ers anal tical tec ni ues ma also e used for meta olic pro ling, suc as
	ourier transform infrared spectroscop , t in la er c romatograp , p enot pe mi-
	croarra s and Raman spectroscop . 3, 4	atever t e tec ni ue used, t e result of t e
	detection and uanti cation of meta olites is called a spectrum.
	n t is t esis, t e ac uisition of meta olic information is ased on NMR spectros-
	cop e periments on urine.		

1.3.2. NMR investigations of biofluid

  

	NMR e ploits t e speci c properties of t e nuclear spins of a molecule	en
	placed in a magnetic eld, and allo s t e identi cation of t e different nuclei (for e -
	ample 1 H, 13 C, 31 , 1 N) according to t eir c aracteristic nuclear resonance fre uenc .
	or clinical studies, proton NMR is idel e ploited ecause t e ma orit of no n
	meta olites in iological samples contain drogen. T is ig t roug put and uan-
	titative tec ni ue is a rapid, ro ust and relia le met od t at presents a ig reproduc-
	i ilit and re uires a minimal and non-destructive sample preparation. T e o tained
	1 H NMR spectra are t e comple superposition of t e spectra from all meta olites
	present in t e uid. . NMR is also a uantitative met od. T e concentration of a me-
	ta olite can e calculated	comparing its pea intensit to an internal or e ternal
	standard it a no n concentration.
	formed on a spectrometer at	MH e uipped it a cr o-
	genic pro e. i e 1.3.1
	i e 1.3.1	

NMR is generall less sensitive t an MS, and re uires concentrations in t e range of 1 to 1 mol L. Ho ever, its sensi ilit can e improved t e use of longer anal sis times, application of ig er magnetic elds and t e use of cr ogenic pro es. 7 n t is or , NMR anal es ere per-

and high-throughput sample changer Sample preparation

  

			ualit Control ( C) samples ere used to ensure t e reproduci ilit of t e NMR
	1 H	anal ses it in and et een periods of manipulation called atc es. T e C samples 90°90°90° acq
		are de ned as eing iologicall identical to t e samples of t e stud . Several t pes of m
		C samples can e e ploited, commonl eit er pooled C (a pool of small fractions of presat
		eac sample, mi ed toget er) or commerciall availa le samples composed of standard
		mi tures of small molecules. n t is t esis, urine C samples ere o tained pooling
	a fraction of t e rst t elve urine samples anal ed. T e pool as ali uoted and eac i e 1.3.2
		ali uot processed as a regular sample, and anal ed t roug out t e run to assess t e
		good sta ilit of t e NMR setup and reproduci ilit of t e e periments.
		NMR data acquisition
			ac sample is introduced in t e spectrometer, and t e nuclear magnetic resonance
		response is o tained, called t e free induction deca ( D). A ourier transform is
		carried out to e tract t e fre uenc -domain spectrum from t e ra time-domain D.
		Repeated ac uisitions are carried out to improve t e signal-to-noise ratio.
			A small set of complementar pulse se uences implemented follo ing standard-
		i ed protocols is commonl used for most NMR meta olomic applications.
			T e 1D 1 H N S (Nuclear ver auser ffect Spectroscop ) pulse se uence
		it	ater presaturation is t e most popular ac uisition sc eme for collection of me-
		ta olites ngerprints from iological samples. T e ater presaturation allo s for good
		ater signal suppression and maintains a at aseline. ndeed, ater is ig l concen-
		trated in iological uids, leading to t e presence in t e NMR spectrum of a road and
		t at overlaps it t e resonances of certain meta olites and ence causes information
		loss. n man studies, t e 1D 1 H N S e periment corresponds to t e one and onl
		spectrum t at is recorded for eac sample in a meta olomics co ort. T e N S pulse
		Sample preparation in li uid-state NMR is uite straig tfor ard. NMR samples se uence as t e advantage of eing a simple sc eme, it minimal need for parameter
	from iological uids are prepared according to standard protocols. or t e large co-optimi ation, ile its implementation does not re uire an sop isticated ard are.
	ort studies, t is step can e automated T e 1D 1 H N S pulse se uence consists in a series of t ree t e use of a ro otic li uid andling tec nol-radio-fre uenc
	og ,	ic as een developed to andle repetitive li uid transfer tas s. pulses. i e 1.3.2 t can e t e rst increment of a t o-dimensional N S e -
		n t is stud , urine samples ere t a ed at room temperature and centrifuged at periment. T e rst pulse creates transverse spin magneti ation. T e second and t ird
	1 ,	g at 4 C for min. 4 l of t e supernatants ere mi ed it pulses, separated a mi ing time m correspond to t e N S	l of p osp ate lter, ic improves
	uffer in D t e ualit of ater suppression for ac uisition of meta olomic pro les in io uids. (1. M, pH 7.4) containing 1 of TS (3-trimet lsil l-, ,3,3-tetra-
	deuteropropionic acid) as internal standard ( nal TS concentration	.77 mM) and 3
	mM sodium a ide to prevent micro ial contamination and t en transferred into mm
	NMR tu es. Samples ere ept at 4 C efore anal sis.

Standard one-dimensional 1 H NOESY pulse sequence. The

  

					ate
	esat atio allo s o ood ate si al s	essio a d mai tai s a at baseli e.
	The st 90 adio e e c	lse c eates t a s e se s i ma eti atio . The seco d
	a d thi d lses se a ated b a mi i time m co es o d to the	lte
	hich im o es the alit o ate s	essio .	
	T e C M (Carr-urcell-Mei oom-ill) e periment is also commonl used in
	meta olomic anal ses of plasma or serum. n t ese io uids, protein and lipoproteins
	produce road ac ground signals t at ma possi l cover t e presence of lo -con-
	centrated small meta olites. T e main feature of t e multiple spin-ec o C M e peri-
	T ereafter, t e aseline of t ese spectra is improved and contri utions from ea er
	signals in t e aromatic region are clearl visi le. 7
	8	6	4	2
		1 H Chemical shift (ppm)

ment pulse se uence is t at it allo s t e resonances from larger molecules li e proteins and lipids to rela efore detecting t e longer-lived resonances from small molecules. i e 1.

3.3 

Superimposition of 600 MHz 1 H-NMR NOESY spectra from 90 urine samples. am les

  a e colo ed di e e tl sho i im o ta t di e e ces i metabolic o les.

	roteins and lipoproteins eing usuall a sent in urine, onl standard 1 H 1D NMR
	N S pulse se uence it ater presaturation as applied in t is or . i e 1.3.3
	After ac uisition, NMR spectra are p ased, t e aseline is corrected, and nall
	t e are cali rated it an internal standard suc as TS , previousl introduced into
	eac sample.	
	Metabolites identification	
	ac c emicall distinct drogen nucleus in eac meta olite in a iological sam-
	ple e i its an NMR signal at a c aracteristic resonance fre uenc ,	ic is measured
	as a c emical s ift ( it units of parts per million) relative to a standard compound
	suc as TS . T e 1 H NMR spectrum of a sample is t e superimposition of all t e pea s
	corresponding to different meta olites. i e 1.3.4	
	A large num er of signals can e directl annotated on t e asis of t eir c emical
	s ifts, coupling constant and t e multiplicit of t e resonance pea s using no ledge
	i e 1.3.4	

Example of a 600 MHz 1H-NMR NOESY urine spectrum.

  

	la e mbe o metabolites a e ide ti ed o the basis o thei chemical shi ts si
	o led e om o li e i te atio al databases.

  Meta olomic anal ses are generall aimed at comparing groups of samples to identif t e meta olic signature associated it a speci c p siopat ological state. Demograp ic and clinical c aracteristics of t e studied individuals are collected and stored in a matri called . T ese varia les can e eit er uantitative (age, eig t, eig t, etc ) or ualitative (gender, disease, etc ). Descriptive statistics are usuall t e rst step of t e statistical anal sis. uantitative data are compared using t e Student t-test if t e varia les are normall distri uted, and t e rus al-allis test if t e data are not normall distri uted. ualitative data are compared using t e C i-s uare test or t e is er e act test. T e signi cance t res old is set to . for all t ese tests.

	Descriptive Statistics
	Unsupervised

1 

After t e data is mean-centered, it divides eac value t e s uare root of t e standard deviation of t e varia les of t e column. T is met od gives to t e varia le a variance e ual to its standard deviation t us ig concentration meta olites do not dominate t e multivariate models. ts effect is less intense t an UV scaling and t e scaling of t e data is suc t at it remains close to t eir original values.

1 

Ho ever, ver large fold c anges ma still s o a dominating effect. analysis

Multivariate anal ses are performed to provide meaningful information on t e sample classi cation and identif speci c meta olic signatures. B e tracting and displa ing t e s stematic variation in t e data ased on pro ection met ods, t e reduce t e varia ilit of t e data and com ines comple interactions. T e rst step of t is anal sis relies on unsupervised met ods, suc as principal component anal sis ( CA),

1 7 

ic measure it out a priori t e intrinsic variation it in t e data set.

CA is applied summari ing t e data into muc fe er varia les called scores, ic are eig ted averages of t e original varia les. ac rinciple Component ( C) is a linear com ination of t e original data parameters and eac successive C e plains t e ma imum amount of variance possi le, not accounted for t e previous Cs. Unsupervised anal ses elp to identif outlier samples, resulting from an error in sampling, preparation or spectral ac uisition, ic ill e e cluded from t e rest of t e anal sis. Less common unsupervised met ods li e Hierarc ical Clustering Anal sis (HCA) 1 and self-organi ing maps can also e used. 1 Supervised analyses T e ne t multivariate anal ses, suc as LS regression met ods ( artial Least S uares or ro ection on Latent Structures) 11 and -LS ( rt ogonal artial Least S uares or rt ogonal ro ection on Latent Structures), 111 aim at uncovering metaolic signals t at are associated it t e p enot pe under stud . T ese supervised met ods are used to uild models for t e ro ust classi cation of samples and derived group-speci c meta olic p enot pes. LS models ma imi e t e covariance et een scores in (predictor) and (outcome) spaces and in t is a are a le to account for ot s stematic variation in t e meta olic pro les and correlations et een t e meta olic data and t e outcome. LS is often used in discriminant anal sis mode to classif meta olic pro les according to a discrete set of categories (e.g., disease cases and controls). 11 Results of t e multivariate anal ses are usuall visuali ed as score plots, ere eac point stands for t e pro ection of a single sample on t e main principal components and as loading plots, ic represent t e contri ution of t e meta olic varia les on t e principal components. -LS and -LS are met ods to separate t e variations it in t e dataset into parts. T e rst part, t e predictive or oint variation, models variation t at is common to ot t e (predictor) and (outcome) matri . or e ample, t is could e variation in t e meta olic pro le t at is linearl predictive of t e disease class of an individual. T e second part, t e ort ogonal or uni ue variation, models in uences t at are not linearl related to (t e outcome). T is captures an e traneous factors not related to t e outcome, et er tec nical or iological, suc as atc effects, gender, etc... Separation of t e model into t ese parts allo s a more parsimonious e planation of t e data ecause onl t e predictive part needs to e interpreted to understand t e meta olic factors in uencing t e outcome. 113 Ho ever, LS can generate e cellent class separation on t e score plot even it random data. Validation is mandator to ensure t e model ro ustness efore interpretation of t e results. Models validation nce a discrimination model is o tained, numerous statistical tools are availa le to ensure its ro ustness and validate its performance. T e models ualit can e evaluated ased on t e residuals (R , R ) and t e models predictive a ilit parameter (Q ). R and R are de ned as t e proportion of variance in and matri es eplained t e model and indicate goodness of t. Q is de ned as t e proportion of variance in t e data t at can e predicted t e model. T e Q value is estimated crossvalidation procedure, ic determines t e num er of signi cant component in t e model. 114 T e ig est t e Q , t e more t e model can e considered as predictive. n model s stems, Q are considered as ig t picall en .7 or . . t is different en stud ing io uids, ic ave ig inter-individual varia ilit . A predictive model in suc a stud is generall considered statisticall ro ust if its Q value is .3. Resampling under t e null pot esis is anot er tool to validate t e model per-formance. T is met od consists in calculating all possi le values of R and Q under random permutations of t e matri . T e num er of random permutations is usuall set to 1 . T e decrease of t e goodness-of-t R and Q parameters en correlation et een original model and random models decreased, indicated t e good ualit of t e model. 11 ,11 Calculation of t e level of statistical signi cance CV-AN VA can e also used. T is test is ased on an AN VA (anal sis of variance) assessment of t e crossvalidator (CV) predictive residuals of a model. 117 ternal validation of t e model t e lind pro ection of a ne independent co ort on t e model is t e est met od to evaluate its predictive a ilit , alt oug it is rarel availa le and resource consuming. ventuall , t e diagnosis performance of t e model can also e evaluated it a R C (Receiver perating C aracteristic) anal sis. 11 ,11 Biomarkers identification and interpretation T e results of t e supervised multivariate anal sis can e furt er processed to identif meta olites signi cantl associated it t e p siological or pat ological state under stud . To derive statisticall signi cant individual iomar ers, multiple univariate tests are used on all meta olites pea s simultaneousl . T e Student t-test or AN VA test are t e most commonl used for t is purpose. Ho ever, t e tremendous amount of varia les necessitates t at an e uivalent num er of tests are performed. T us, it is mandator to appl multiple testing corrections to compensate t e false discover rate. T e different possi ilities are t e Bonferroni met od, t e Ben amini and e utieli met od 1 and t e Ben amini and Hoc erg met od. 1 1 n t is t esis, t e statistical recoupling of varia les (SRV) met od is used to identif e meta olites eing potential iomar ers. 1 T e statistical relations ips et een consecutive varia les of t e matri allo aggregating t em into clusters folloing t e ig est direction of covariance correlation ratio, t us corresponding to NMR pea s. Neig oring clusters can t en e merged into superclusters to recover NMR multiplets. T ese superclusters correspond to NMR varia les of interest. SRV acts as an automated varia le-si e uc eting procedure coupled it an ef cient noise-removing lter. Based on t e statistical total correlation spectroscop , it is possi le to esta lis a t o-dimensional ( D) pseudospectrum de ned as a correlation map et een t e superclusters. 1 3 T ese ne varia les are t en su mitted to AN VA anal sis it multiple testing corrections of t e p-values, and varia les signi cantl associated it t e varia le of interest can e represented on a loading plot. T is met od allo s t e identi cation e meta olites associated it different groups of samples. Metaolic pro les can e ig lig ted it respect to a particular c aracteristic of a sample group, suc as t e disease, t e pat olog severit or t e response to t erap .

3. Prognostic value of ultrasound grading systems in prenatally diagnosed unilateral urinary tract dilatation 2.3.1. Objective

  

	n t is c apter, t e accurac of A D, S U and UTD grading s stems in predict-formal comparison of t e num er of correctl classi ed cases, re ecting differences in
	t oroug l ing t e need for surgical intervention in c ildren it prenatall diagnosed unilateral it arm ater and soap and dried it sterile gau e. A sterile ag as sensitivit and speci cit , as made comparing area under t e R C curves (AUC).
	placed on t e genital area until micturition. Samples ere stored in sterile tu es at UTD are compared. 1 7 AUC ere compared using t e met od descri ed management De Long et al. 1 Non-operative Surger p value
	-C efore ac uisition of t e NMR data. as calculated using t e aplan Meier met od. 2.3.2. Method or patients o did not re uire surger , t e pro a ilit of persistent dilatation No. patients 37 33
	acteri e t e population studied n c apter .4, e ill report t e comparison of urinar meta olic pro les of meta olomic anal sis. atients ere divided in groups. No. males ( ) 3 ( ) (7 ) .3 Data collection and statistical calculations ere performed using S SS (version T e severit of t e dilatation as evaluated prospectivel on t e rst postnatal US performed in our institution at one mont of age, using A D and S U grading s stems. 3. S SS, nc, C icago, L) soft are. No. females ( ) (14) ( 4)
	ne orns it UTD and ealt controls, using 1 H NMR spectroscop and meta o--roup 1 Unilateral UTD it A D 1 mm, and omolateral ureter diameter Table 2.3.1 Dilatation as graded retrospectivel according to UTD grading s stem T ere as no missing data. Completed c ec lists of standards for reporting of No. dilated ureter mm ( ) 1 1 ( 3 ) (1 ) .
	1 4 an e perienced pediatric urologist linded to t e clinical outcomes. Event of interest lomic anal sis. mm. ( ) diagnostic accurac (t e STARD initiative) are s o n in e di . 1 No. At least one fe rile urinar tract infection 4 (11) (1 )
	2. Case-control metabolomic study -roup Unilateral UTD it A D 1 mm, and omolateral dilatation of t e ureter (diameter mm). as need for surger for uropat efore age 4 mont s. 2.3.3. Results No. differential renal function 4 ( ) ( ) 1 (4 ) 2.2. Study protocol UTD grading s stem S U grading s stem Median differential renal function ( QR) 4 (4 -) 4 (33-47)
	of newborns with prenatally diagnosed unilateral urinary 2.2.1. Study population Grade 1 A D et een 1 and 1 mm onl central cal ceal dilatation No. ncrease of A D on serial US ( )	Visuali ed renal pelvis ( )
	tract dilatation Grade 2 or perip eral cal ceal dilatation A D 1 mm or dilated ureter	H dronep rosis and a fe calices identi ed
	2.1. Introduction ndications for surger relative renal function on isotope stud ere recurrent fe rile urinar tract infections, ipsilateral 4 , ipsilateral an pain and increasing Grade 3 A normal parenc mal t ic ness H dronep rosis or a normal parenc mal appearance or a normal ladder appearance and all calices are seen
	A D of more t an cations for surger	on serial US scans. ere increasing A D greater t an	(range	to	) in
					H dronep rosis
	Clinical and imaging data ere recorded prospectivel . Grade 4 -and a normal parenc mal 14 (4 ) cases, ipsilateral relative renal function 4 in (1 ), relative renal
	function 4	t ic ness and recurrent fe rile urinar tract infections in 1 (3 ). Additional in-
	Table 2.3.1. T a d dications for surger ere increasing A D plus fe rile urinar tract infections in 3 ( adi s stems. ociet o etal olo . T
	i a T act ilatatio ost atal		
	Statistical analysis		
	T is stud Continuous data ere reported as medians (inter uartile range, QR). Data ere as approved t e local et ics committee, e dices a d
	and nanced compared using t e is er e act test for categorical varia les and rus al-allis test t e Hospices Civils de L on in t e conte t of a rogramme Hos-
	pitalier de Rec erc e Clini ue . ritten informed consent as o tained from t e for continuous varia les (A D and ollo -up time ere not normall distri uted). T e
	parents of all stud su ects. Different classi cations are used to evaluate t e severit of t e UTD in t e aim Bonferroni correction as applied to ad ust for multiple comparisons it in eac grad-
	of distinguis ing c ildren o re uire follo -up and surgical intervention from t ose ing s stem. Ad usted p-value . as considered statisticall signi cant. Diagnostic 2.2.2. Samples collection and storage o do not. Measurement of A D and t e Societ for etal Urolog (S U) 1 grading accurac of A D and t e S U and UTD grading s stems as assessed sensitivit ,
	evaluated.				

n t e rst part of t is t esis, e introduced t e meta olomic approac as tool for translational researc in neonatolog . e descri ed t e diagnosis c allenge raised t e prenatal nding of a unilateral UTD, t at can e transient or represent a signi cant urinar o impairment t at ould lead to progressive deterioration of t e renal function.

4 

e t en reported t e current lac of relia le iomar ers in UTD.

Meta olomics as uge potential for t e identi cation of suc iomar ers. Alt oug plasma, serum, amniotic uid, cord lood or stool can e used for meta olomic anal sis, urine is particularl suited in ne orns and c ildren due to its non-invasive met od of collection. Urine ioc emical composition is in uenced a variet of factors suc as genot pes, diseases, nutritional state and lifest le. ,1 Moreover, urine is t e io uid ose compositon is t e most li el to e modi ed in uropat ies. T e main o ective of t is stud as to identif prognosis factors in ne orns it prenatall diagnosed unilateral UTD, to identif patients at ris for surgical intervention at an earl stage. n c apter . , e ill descri e t e design of t is stud including ne orns it prenatall diagnosed unilateral UTD and ealt ne orns as controls. T e met od of sample collection and storage ill e descri ed in c apter . . , and t e management of UTD in c apter . .3. C apter .3 focuses on t e accurac of different ultrasound grading s stems in predicting t e need for surgical intervention in c ildren it prenatall diagnosed unilateral UTD. Alt oug strictl medical, t is part of t e t esis elps to etter c arig t -t o consecutive patients under 4 mont s old prenatall diagnosed it unilateral UTD in H pital emme M re nfant, Bron, rance, ere prospectivel included from anuar 11 to e ruar 1 . nclusions criteria ere renatall diagnosed unilateral UTD, normal ladder and A D 1 mm on t e rst postnatal US, and age 3 mont s. T elve patients ere e cluded, for d splastic idne and 7 for duple s stems. Sevent patients ere included in t e anal sis. All patients ere follo ed-up according to t e usual protocols of t e pediatric urolog department. Ninet ne orns consulting in our institution for a enign condition (constipation, inguinal ernia, parental an iet ) ere included as controls during t e same period. clusion criteria for controls ere prematurit (gestational age of less t an 3 ee s), istor of meta olic, nep rologic or urologic disease, and istor of surger . T e stud design did not include an follo -up of control patients. ne urine sample as collected non-invasivel from eac patient and control during a medical consultation it in 1 da s from irt . A second sample as collected et een 7 and 1 mont s of age from it UTD. T is second sample as onl availa le in 4 patients at t e time of t e present stud . T e genitals ere cleaned atients ere managed according to t e usual protocol of t e pediatric surger department. atients under ent a clinical follo -up ever 3 to 4 mont s, an US performed ever 3 to 4 mont s and a renal isotope renograp it in mont s of life. A micturating c stogram as performed in c ildren from group (ureteral dilatation mm) it an a normal isotope stud .

2.

s stems ere most commonl used efore creation of t e Urinar Tract Dilatation (UTD) grading s stem introduced in 14 a multidisciplinar consensus.

4 

T e usefulness of t is ne grading s stem in predicting clinical outcomes as et to e speci cit , redictive ositive Value ( V), Negative redictive Value (N V), positive and negative li eli ood ratio (LR , LR-), dds Ratio ( R), Ris Ratio (RR) it Con dence ntervals ( C ) and Receiver operating c aracteristic (R C) plots. A A total of 7 c ildren it unilateral urinar tract dilatation (left sided in 3 and rig t sided in 3 ) ere included in t e anal sis. T e rst postnatal US as performed at a median age of 4 da s ( QR 3-). Analsis as performed on t e rst US made in our institution at a median age of 43 da s ( QR 34-). Median follo -up as 3 .7 mont s ( QR 7.4-4 . ). f t e patients 33 (47 ) patients re uired surger (for U anomalies in 3 , megaureters in and VUR in 1) efore age 4 mont s. No patients re uired surger after age 4 mont s. ndi-) cases, increasing A D plus alteration of t e relative renal function in ( 4 ) and all 3 indications in 1 (3 ). T e median age at surger as 4. mont s ( QR 3. -.4). Main aseline clinical c aracteristics of t e surgical and non-operative management groups are summari ed in table 2.3.2. Mean A D, proportion of a normal renal parenc mal t ic ness and proportion of perip eral cal ceal dilatations ere signicantl ig er in c ildren o re uired surgical procedures.

Table 2 .

 2 3.2. Patient demographics and baseline characteristics erformance of various t res olds for A D and t e UTD and S U grading s stems is summari ed in table 2.3.3. All grading s stems ere signi cantl associated it li eli ood of surger . A D mm ad t e est diagnosis accurac and allo ed cor-s stems ere compared using t e R C curves. i e 2.3.1 AUC as interpreted as t e pro a ilit t at a randoml selected patient o re uired surger ad a ig er grade t an a randoml selected patient o did not re uire surger . AUC as

	rect classi cation of .	of cases. ostnatal UTD grade 3 or ig er and S U grade
	4 or ig er ad an accurac of	. Comparison of sensitivit and speci cit of t e 3
	measures for t ese selected t res olds failed to reac signi cance.
	Table 2.3.3.								
	grading systems in predicting the need for surgery		
		Patients per group	Sensitivity (%)	(%)	PPV (%)	NPV (%)	Correctly cases (%)	LR+	LR-	OR (95% CI)	RR (95% CI)	p-value*
		1		1 .	3 .43	.	1	4	1 . 4	.	-	.3 (1.73-3.1 )	.
				1 .		1.	3. 3	1		1.	.	-	.14 (1. 4-.7	. 1
	SFU grade	3 31		7 .7		3.7	.	7 .4		4. 7	.	1 .1 (4. -. 7)	4.11 (1. 7-. 7)	.
		1		. 7		.	3.33	.		1.	.14	1 . (1. -.33)	1. 3 (1.37-.71)	. 1
		1		. 1	3 .	7.	.3	4	1 . 4	. 3	.3 (1. 3-4. 7)	1. 4 (1.3 -. )	.
		3 3		4.	7 .	73.	3. 7	7	3.	. 1	14. (4.3 -4 . )	3.1 (1. 3-. 4)	.
		3 34		1.		.	7 .41	.	1	4 . 1	. 3	1 . 4 ( . -. 1)	4. ( . 4-7. )	.
												4 .	.4
		4 3		1.		1. 7	.	4.	7	.	.	(11.31-	( . 7-	.
												1 . )	4. )
												1 .37	1.1
		44		7 .7		7.	.1	1.4	7	7. 7	.	(1 . -	(3. -	.
												3 . )	14 .4 )
		al e calc lated si	ishe s e act test a d o e o i co ectio to ad st o m lti le com a iso s
		ll atie ts aded	4 e e also T	ade 3 beca se o ab o mal e al a e ch ma
	95	95	o de ce te al		e ati e i elihood atio	T	i a T act ilatatio
		ositi e edicti e al e		dds atio		T	i a T act ilatatio ost atal adi
		e ati e edicti e al e		is atio			ociet o etal olo
		ositi e i elihood atio		te o-oste io iamete		
						o the e al el is			

rading . ( C .7 -. 7) for A D, . 4 ( C .74-. 3) for t e UTD grading s stem and . ( C .7 -. ) for t e S U grading s stem. All AUCs ere signi cantl greater t an . (p-value . 1 for t e 3 tests) ut t e differences et een AUC ere not statisticall signi cant. i e 2.3.1 of need for surgery te o oste io iamete o the e al el is ociet o etal olo T i a T act ilatatio atients it a normal parenc mal t ic ness ad a signi cantl larger mean A D ( 4 mm) t an t ose it normal parenc mal t ic ness (1 mm) (p-value . 1). sient dilatation it an A D of less t an 1 mm at t e last visit. Median time to resolution of UTD as 3. mont s ( C 1 . -31. ). i e 2.3.2 s o s t e decreasing pro a ilit of persistent dilatation over time calculated t e aplan Meier met od. i e 2.3.2 Probability of persistent dilatation over time calculated by the managed conservatively.

The e al el is as co side ed as ot dilated he e e as 10mm.

  n addition, o structive uropat ies often re uire surger during t e rst mont s or ears of life, alt oug patients su mitted to surveillance onl ma re uire surger at a later stage, ic support t e need for longer follo -up. Despite t ese limitations, t is prospective co ort stud is t e rst to ig lig t signi cant results comparing ATD and t e S U and UTDs ere included in t e t o previous studies. Coplen et al. calculated a sensitivit of 7 . and a speci cit of .1 and Bou ada et al. a sensitivit of .4 and a speci cit of 7. for fetal A D greater t an 1 mm.

	UTD grading s stems.	
	T ese results are consistent it recent pu lications regarding t e correlation e-
	t een A D and clinical outcomes. Dias et al. o served t at t e use of A D it a
	t res old of	mm ad a sensitivit	.

of and a speci cit of .7 in predicting need for surger .

1 3 

More recentl Arora et al. reported a sensitivit of . and a speci cit of 73. .

1 4 

A sensitivit of 1. and a speci cit of 1.7 using t e same t res old ere found in t is series, alt oug e c ose to investigate onl unilateral UTD ereas ilateral

  T e main dif cult is in distinguis ing et een S U grade 3 and 4 as parenc mal t inning can e segmental or diffuse, lead-is prospective co ort stud con rmed t e prognostic value of A D and t e UTD and S U grading s stems in ne orns it prenatall diagnosed unilateral UTD. A D is relia le for predicting t e need for surger and appears to e t e simplest measure. A D and a normal parenc mal t ic ness are t e most important US criteria for identi cation of c ildren at ris for needing surger . dentif ing a urinar iomar er for UTD could improve t e prognosis accurac en used in com ination it US grading, and guide furt er investigations and treatments.

	2.3.5. Conclusions	
	ing to modest inter-rater relia ilit . 143	
	T e classi cation developed	nen in	7 is similar to t e S U classi cation
	s stem. nen grade 1 includes S U grades 1 and , and S U grade 4 is divided into
	nen grade 3 and 4 according to a criterion of	parenc mal loss. 144
	im et al. reported t at t e nen s stem as increased intra-rater relia ilit ut
	decreased inter-rater relia ilit compared to t e S U grading s stem. 14
	A D is a relia le measure t at is simple and commonl used. ne of t e do n-
	sides of t is classi cation is t at A D can e affected degree of ladder distension,
	dration and position of t e patient en US is performed. for active follo -up, as surger as onl needed in 1 of patients	en A D as
	assessed at 1 or 11 mm. 14 ndications for renal scintigrap s ould e uestioned in
	as mptomatic c ildren it unilateral UTD, A D	mm and normal parenc mal
	t ic ness. n t e ot er and, close clinical and radiological follo -up is mandator
	for patients it A D	mm or a normal parenc mal t ic ness as t e are li el
	to re uire surger in t e rst ears of life.

4 Moreover, t is measure does not ta e perip eral cal ceal dilatation or parenc mal t ic ness into account, ot of ic are predictive factors for surger included in t e UTD and S U grading s stems. T e optimal A D t res old to determine furt er investigations as et to e determined. A lo t res old ould lead to unnecessar invasive diagnostic procedures, ereas a ig t res old could lead to underestimation of t e potential renal ris s. n t is series A D mm ad t e est predictive performances. e found t at A D and t e UTD and S U grading s stems ave good accurac in predicting t e need for surger . Considering t ese results, e recommend use of A D and parenc mal t ic ness as predictive tools to guide furt er imaging investigations. Clinical surveillance alone is suf cient for mild dilatations (A D 1 mm). -4,137,13 ,14 dentif ing uropat ies in a large irt co ort it a long follo -up Andrés-ensen et al. recentl suggested a postnatal A D of 1 mm as a cut-off value T

  Samples collected during t e medical consultation it in 1 da s from irt ere anal ed in randomi ed order. An additional series of ualit control (QC) urine sam-

	Sample preparation	
	ples (1 samples) as included in t e anal sis to evaluate t e reproduci ilit of t e
	NMR data ac uisition. T e QC samples ere o tained	pooling a fraction of t e rst
	1 urine samples. T e pool as ali uoted and eac ali uot processed as a sample. QC
	samples ere regularl anal ed t roug out t e run.
	Urine samples ere t a ed at room temperature and centrifuged at 1 ,	g at 4 C
	for min. 4 l of t e supernatants ere mi ed it	l of p osp ate uffer in D O
	(1. M, pH 7.4) containing 1 of TS 3-trimet lsil l-H4-propionic acid as internal
	standard ( nal TS concentration	.77mM) and 3 mM sodium a ide to prevent mi-
	cro ial contamination and t en transferred into mm NMR tu es. Samples ere ept
	at 4 C efore anal sis.	
			1. Urine samples from 7 pa-
	tients it prenatall diagnosed unilateral UTD and	controls ere anal ed. Con-
	trols ere ne orns under 4 mont s of age consulting at t e H pital emme M re
	Enfant, Bron, rance for a enign condition (a dominal discomfort, inguinal ernia,
	parental an iet ), included during t e same period (from anuar	11 to e ruar
	1 ). E clusion criteria ere prematurit (gestational age of less t an 3	ee s),
	istor of meta olic, nep rologic or urologic disease, and istor of surger . Demo-
	grap ic c aracteristics of controls are also detailed in c apter 3.1. .

Mean age, eig t and eig t of patients and controls ere compared using t e Student t test, and proportion of male and female as compared using C i s uare test.

of male and female in the study population.

  Table 2.4.1 Table 2.4.1 Proportion

	Male Female	(2) 1-Methylnicotinamide	(39) Formate	(61) Histidine	Patients 7 ( 1 ) 13 (1 ) (47) Hippurate (23) Carnosine (74) N-Acetyl-L-tyrosine	(99) Urea	(42) Galactose	Controls (73 ) 4 ( 7 ) (53) Lactose (42) Galactose (20) Ascorbate (2) 1-Methylnicotinamide (9) 4-Hydroxyproline (88) Pseudouridine (29) Creatinine	(28) Creatine	(22) Betaine	(45) Glycine (95) Taurine	(22) Betaine (24) Choline (29) Creatinine (34) Dimethylglycine	(33) Dimethylamine	Total 1 3 (77 ) 37 ( 3 ) (34) Dimethylglycine (94) Succinate (72) N-Acetylglutamine (77) N-Acetylputrescine (11) Acetate (54) Alanine (62) L-Lactate (6) 3-Aminoisobutyrate (11) Acetoacetate	(87) Propylene glycol	(82) Pantothenate
	Total	10	9		8	7	7	6		5	4			3		1 2	1	0
									1 H Chemical shift (ppm)		
		i e 2.4.1.													

T e mean age as 1.47 mont s -.74 in t e patients group, and 1. mont s -.73 in t e control group. T e result of t e Student t test did not s o an signi cant difference it a -value of . . T e mean eig t as . 4 g -1. 1 in t e patients group, and . g -.1 in t e control group. T e result of t e Student t test did not s o an signi cant difference it a -value of . . T e mean eig t as .4 cm -3. in t e patients group, and . cm -4. 7 in t e control group. T e result of t e Student t test did not s o an signi cant difference it a -value of .7 .

Mean 600 MHz 1 H-NMR NOESY spectrum from all 160 newborn urine samples represented with selected metabolites annotations. The

  

	Identification of metabolites	
	T e mean 1 H-NMR NOES spectrum from t e 1 urine samples collected it in
	1 da s from irt is s o n in i e 2.4.1, it annotations of e meta olites.
	n total 1 meta olites ere identi ed from 1 H NOES spectra, supplemented
	information from D 1 H-1 H TOCS	i es 2.4.2 a d 2.4.3 and 1 H-13 C HSQC NMR
	e periment i es 2.4.4 a d 2.4.5 .	

mbe s i a e theses e e to the ollo i list o ide ti ed metabolites. i e 2.4.3 Overview of the 1 H-1 H TOCSY NMR Spectrum (600 MHz) for a QC

  Table 2.5.2. denti ed meta olites are listed in Table 2.4.2. T e 1 H and 1 C c emical s ifts of eac meta olite are displa ed in e di .

	Table 2.4.2			1 H-NMR spectra of newborns urine
	1. 1-Met l istidine (HMDB	1)	. 1-Met lnicotinamide (HMDB	)
	3. 1,3-Diaminopropane (HMDB	)	4. 1, -an dro-eta-D-lucose (HMDB 4 )
	.	-H dro iso ut rate (HMDB 7 )	. 3-Aminoiso ut rate (HMDB 3 11)
	7. 3-H dro isovalerate (HMDB 7 4)	. 3-H dro met lglutarate (HMDB 3 )
	. 4-H dro proline (HMDB 7 )	1 . -Aminopentanoate (HMDB 33 )
	11. Acetate(HMDB 4 )		1 . Acetoacetate (HMDB	)
	13. Acetone (HMDB 1 )		14. Adipate (HMDB 44 )
	1 . AD (HMDB 1341)		1 . 1 . Agmatine (HMDB 143 )
	17. Allantoin (HMDB 4 )	1 . Alp a-etoisovalerate (HMDB 4 )
	1 . Aminoadipate (HMDB 1 )	. Ascor ate (HMDB	44)
	1. Beta-alanine (HMDB	)	. Betaine (HMDB	43)
	3. Carnosine (HMDB 33)	4. C oline (HMDB	7)
		. cis-Aconitate(HMDB	7 )	. Citramalate (HMDB 4 )
	7. Citrate (HMDB	4)		. Creatine (HMDB	4)
		. Creatinine (HMDB		)	3 . C clo e anone (HMDB 331 )
	31. D-lucuronate (HMDB 1 7)	3 . D-lucose (HMDB 1 )
	33. Dimet lamine (HMDB	7)	34. Dimet lgl cine (HMDB	)
	3 . Dimet l sulfone (HMDB 4 3)	3 . D-t reitol (HMDB 413 )
	37. Er t ritol (HMDB	4)	3 . Et anolamine (HMDB 14 )
	3 . ormate (HMDB 14 )		4 . umarate (HMDB 134)
	41. alactitol (HMDB 1 7)	4 . alactose (HMDB 143)
	43. lucarate (HMDB	3)	44. luconate (HMDB	)
	4 . l cine (HMDB 1 3)		4 . uanidoacetate (HMDB 1 )
	47. Hippurate (HMDB 714)	4 . Homocarnosine (HMDB 74 )
	4 . H po ant ine (HMDB 1 7)

  1 7 All samples ere anal ed toget er, including 1 QC samples, t e urine samples of 7 ne orns it UTD and controls collected it in 1 da s from irt . i e 2.4.6 T e good sta ilit of t e NMR setup and reproduci ilit of t e e periments are attested t e grouped set of QC samples on t e CA score plot. Controls samples and patients samples are not clearl separated t is unsupervised anal sis. One patient sample as identi ed as a potential outlier.T e ualit of t is spectrum as c ec ed, and t is sample as not removed for suse uent anal ses as no speci c clinical c aracteristics ere identi ed for t is patient.

		QC		Patients	Controls	
		8				
		6				
		4				
		2				
	PC 2	0				
		-2				
		-4				
		-6				
		-8	-4	0	4	8	10
					PC 1	

PLS model based on 1 H-NMR spectra to discriminate between 70 patients urine samples and 90 controls urine samples.

  

		x10 4	Patients	Controls			
		6							
		4							
	T ortho	0 2							
		-2							
		-4							
		-6							
		-8	-4	-3	-2	-1	0	1	2	x10 4
						T pred		
	1 1 com o e ts 2	0.186			
	eit er. (1 component, R	.1 , R		.13 , Q . 14 , p-value	. )
	Comparison					
	supervised anal sis as carried out	calculating an O-LS model to discrim-

inate et een meta olic pro les of patients and controls.

No 

signi cant discrimination as o tained, as assessed t e lo goodness of t parameters (1 1 components R .1 Q -. 1). i e 2.4.7 i e 2.4.7 Score plot of the O-2 0.001 . The e as o si i ca t disc imi atio bet ee atie ts a d co t ols. N=160 t could seem t at t ere is a ea separation et een t e t o groups, ut t is small separation is not statisticall signi cant as t e Q value is negative. T us, t ere is no evidence of signi cant difference et een patients and controls meta olic pro les. T e same anal sis as carried out using UV scaling instead of areto scaling, ut t is ne model did not s o an signi cant difference et een t e meta olic pro les

between the surgical and the non-operative management groups

  

		x10 4	Nonoperative management	Surgery
		5						
	T ortho	-5 0						
		-10						
		-15						
		-20	-5	-3	-1	0	1	3	x10 4
					T pred		
	i e 2.4.8 Score				
				Anot er O-LS anal sis as carried out to discriminate et een patients o re-
		uired surger during follo -up and patients o did not. No signi cant discrimination
			as o tained, as assessed	t e lo goodness of t parameters.
				(1 1 components R			. 4 Q -.3 ). i e 2.4.8

plot of the O-PLS model based on 1 H-NMR spectra to discriminate patients who needed surgery and patients who did not within 2 years of follow

  

	ences,	ic are mainl related to t e use of iological specimen, leads t e presence
	of iases also no n as confounding factors. T e can e introduced at all levels of T is clinical stud evaluating t e difference in t e urinar meta olome of ne -t e NMR meta olomic stud , from t e patient selection to spectral ac uisition. A orns it UTD and controls failed to demonstrate a c aracteristic meta olic signature num er of studies ave focused on t ese confounding factors and t eir impact on t e associated it UTD. e did not nd an c aracteristic signature associated it t e meta olic pro le of individuals in iological uids. T e iases can e classi ed into need for surger or t e decrease of relative renal function. Eit er t e urinar meta o-t ree main categories t e patients, 14 -1 1 sample andling 1 -1 and t e spectral ac ui-lome of ne orns is not modi ed in case of UTD, or a difference e ists t at t e present stud failed to demonstrate. sition and anal sis. ,1 7 Table 2.4.4
	T ese negative results contrast it t e or of Decramer et al. Table 2.4.4	o o served a
	speci c proteomic pro les in ne orns it U Patients Sample handling		o needed surger . 7 t is possi le Spectral acquisition and analysis
	Physiologic characteristics	Procedures of sample collection		Spectrometer
	Age		Biologist			ield strengt
	ender		T pe of tu e			ield omogeneit
	enetics		T pe of anticoagulant (EDTA, citrate )	Randomi ation samples
	Menopausal status	Time efore centrifugation			Run order	
			Multicentric			Solvent suppression
	Hormonal effects	Biological replicates			Batc es	
	T e results ere not signi cant eit er using UV scaling. (1 component, R Tec nical replicates
	.1 , R Extrinsic factors .1 , Q -. Transport , p-value 1)				
	Diet					Analyze	
	sical activities	Procedures of sample preparation		rocessing (p asing, Baseline correction )
	Medication	Manual or automated			rocedure of normali ation and scaling
	asting status	Material				
	Lifest le		rotocol (centrifugation, t pe of solution )			
	ut micro ora					
	Table 2.4.3	Storage conditions				
			Material				
			Temperature				
	O-PLS models Despite greater effectives and rigorous met odolog , e did not nd suc differ-Effective Components R 2 X R 2 Y Q 2 ree ing t a ing c cles p-value Relative renal function ( es no) 7 1 . . . 3 .13 confounding factors t at could ave in uenced t e results. 4 ence in meta olic pro les of UTD and controls. Conse uentl , e investigated potential Lengt of time storage
	roup 1 roup	7	1	.	.1	-.	1
	UTD grading	7	1	. 3	.117	-.	1

-up.

1 

1 com o e ts 2 0.254 2 0.32 . The e as o si i ca t disc imi atio bet ee these t o o s. Ot er models ere calculated to discriminate meta olic pro les according to groups 1 and , to t e decrease of t e relative renal function, and to UTD ultrasound grading s stem. T e results of t ese models are summari ed in Table 2.4.3. No clear discrimination as o served it t ese models. t at t e differences in urine composition et een patients it transient UTD and patients it U needing surger onl concern proteins. Ho ever no clear de nition of urinar o struction as provided in t is proteomic stud , and indications for surger

ere not speci ed. Moreover, t e speci c proteomic pro le associated it U as not con rmed in c ildren after one ear.

To our no ledge onl one meta olomic stud anal ed urinar meta olome of patients it o structive uropat and t is stud as several a s.

147 

T ent -one patients affected different nep rouropat ies ere included ( renal d splasia, 7 VUR, 4 urinar tract infections, acute idne in uries and 3 not speci ed). T is group of patients as t erefore ver eterogeneous. Controls ere 1 ealt su ects, ut t ere as no precision regarding potential e cluding criteria. T e aut ors calculated an O-LS model to discriminate et een patients and controls and concluded t at t eir urinar meta olic pro les ere different, ut no information as provided regarding t e goodness of t parameters of t e model. t is t erefore dif cult to ma e conclusions ased on t e results of t is stud .

Small differences in t e patient selection or in t e collection and andling of samples can ave dramatics effects in anal tical relia ilit and reproduci ilit , in statistical anal sis and interpretation of results.

14 

T e presence of t ese small differ-

Possible confounding factors in NMR metabolomic studies

  of da s. deall for a meta olite to e validated as a clinical or e posure iomar er, t e anal tical varia ilit and t e intra-individual varia ilit must e smaller t an t e inter-individual varia ilit . ooled samples captured t e est inter-individual

	varia ilit and could e a a to improve iomar er discover . 1 n t e present stud ,
	t e sample collection time-point of t e da	as varia le among patients. T e fasting
	status as not no n,	ic could e anot er confounding factor.
	Alt oug initiall	e did not found signi cant difference et een patients and
	controls mean age, e made anot er test considering age in da s and not in mont s.
	T e mean age as .4 da s -3. in t e patients group, and 7. da s -3. in t e
	control group. T e result of t e Student t test revealed t at t is small difference as
	signi cant it a -value of . 4.

A recent stud Maitre et al. s o ed t e in uence of t e sample collection timepoint of t e da on t e meta olic p enot pe of c ildren aged -ears old. Trimet lamine, N-acet l neuraminic acid, 3-dro iso ut rate, 3-dro ut rate 3-aminoiso ut rate, t rosine, valine and 3-dro isovalerate e i ited t e ig est sta ilit over a period T is ne result revealed a difference et een groups e did not suspected. or t is reason, e decided to investigate t e in uence of age on t e meta olic pro les in controls and patients.

Table 3 .

 3 

	1.1	
	Motives of medical consultation	n
	nguinal ernia	4
	A dominal discomfort	7
	Suspicion of p loric stenosis	11
	Undescended testis	
	Um ilical granuloma	3
	Um ilical ernia	

Table 3 .

 3 

	Quality of the 1 H-NMR data
		ood sta ilit of t e NMR setup and reproduci ilit of t e e periments are attest-
	ed	t e grouped set of QC samples on t e CA score plot. i e 3.1.1 T e CA

1.2 Motives of medical consultations

Metabolomic analysis

T e steps of t e meta olomic anal sis are descri ed in c apter . . . T e follo ing anal ses used t e same dataset. en t e calculated O-LS models ere found statisticall ro ust, t e Statistical Recoupling of Varia les (SRV) algorit m as used implemented it MATLAB omemade routines. Consecutive and correlated varia les ere associated into a series of clusters. T e signi cance of t ese ne NMR varia les for t e effect under stud (age, eig t, eig t, gender) as calculated ANOVA anal sis and multiple testing correction of t e p-values (Ben amini-Hoc erg false discover rate). 1 1 Correlation pro le of t e signi cant varia les as represented on a loading plot to allo a visual and ef cient identi cation of candidate iomar ers. 1 score plot as also used to c ec population omogeneit . No severe outlier as identi ed and all samples ere included in t e nal anal sis. 3.1.3. Metabolic signature associated with age i e 3.1.2 represents t e results of supervised multivariate anal sis (O-LS model) carried out in order to identif t e latent varia le correlated it age. T is correlation is illustrated along t e score plot ori ontal (predictive) a is. i e 3.1.2a interpreta le as measures of ac ground R and Q o tained to t t e data. R intercept value lo er t an t e original point of R -value, and negative Q intercept value indicate valid models. T ese criteria are met in t is model, ic con rm its validit .

  .1.3. naturall present in reast mil and added in formula mil . t pla s an important role in glucose meta olism and transport. t is a precursor of a num er of secondar messengers and an important component of t e structural lipids p ospatid linositol.

	Table 3.1.3:					
	Urine concentration increasing with age	Urine concentration decreasing with age
	Metabolite	p-value*	q-value**	Metabolite	p-value* q-value**
	-H dro iso ut rate	.	.1	4-H dro proline	. 4	. 7
	Carnitine	. 4	.	Citramalate	.1 -1	.1 -14
	C oline	.	. 4	alactose	.	. 7
	Et anolamine	. 4	. 4	so ut rate	. 4	. 4
	lucarate	. 1	.1	Lactose	.	.
	Histidine	. 4	. 4	L-Lactate	.	.
	L-Acet lcarnitine	7.1 -	.	L-L sine	3.1 -	.1 -
	L-lutamine	. 7	.	M oinositol	. 3	. 4
	N-Acet glutamine	1.1 -	. 3	antot enate	. 4	.
	N-Acet l-L-t rosine	.1 -13	4.1 -11	rop lene gl col	.	.
	en lacetate	.1 -7	.1 -			
	seudouridine	3.1 -7	7.1 -			
	Quinolinate	.1 -13	3.1 -11			
	t ans-Aconitate	7.1 -	. 1			
	-al e itho t m lti le testin co ection			
	-al e a te en amini-ochbe alse disco e	ate m lti le testin co ection
	T ese results ig lig t modi cations of t e urine meta olome during t e neonatal
	period. T is clear evolution of meta olomic pro les is concomitant it a period of
	rapid gro t and maturation of t e renal s stem. T is meta olic signature is speci c
	to ne orns, it different e meta olites t an in adults, in particular t ose involved
	in car o drate meta olism. 3 ,1 1,1 ,1 Evolution of car o drate meta olism is particu-
	larl central during t e studied neonatal period, as concentrations of lactose, galactose,
	m oinositol and lactate decrease over time. Lactose is t e ma or sugar in reast and
	formula mil , and t e source of glucose and galactose. Small amounts of lactose is

a sor ed intact across t e intestine and e creted unc anged in urine. Lactose and galactose concentrations in urine decreased from to 4 mont s, ic can e related to lactose intestinal upta e and urinar e cretion t at are signi cantl ig er in ne orns compared to adult su ects.

1 

M oinositol can e s nt esi ed from glucose--p ospate, and is

3.1.4. Metabolic signatures associated with growth parameters.

  

	Supervised anal sis	O-LS revealed signi cant variations in t e dataset related
	to eig t and eig t.					
						e
	calculated models according to eig t (R		.1 , R	. 1, Q	.341, -value
	.1 1 -7 ) and eig t (R	.11, R	.	, Q	.11 , -value	. 3).

i e 3.1.4 Hig goodness-of-t parameters and model resampling under t e null pot esis i e 3.1.5 assessed t e ro ustness of t

Table 3 .

 3 Meta olic signatures associated it eig t and eig t are supplemented it univariate anal sis of t e NMR meta olomic pro les. Meta olites signi cantl correlated it eig t and eig t are listed in Table3.1.4. 

	1.4. O-PLS regression

lot a te ni a iate anal sis and en amini ochbe m lti le testin co ection. tatisticall si ni cant si nals co es ond to the colo ed s ect al e ions. i e 3.1.5 -models o e ession a ainst ei ht a and hei ht b e e alidated b e-sam lin 1000 times nde the n ll h othesis.

Table 3 .

 3 investigated ere for t e rst time concomitantl t e in uence of age and gro t parameters on urine meta olomic pro les in ne orns. T e tremendous gro t occurring during t e neonatal period is associated it important modi ca-ine are ot results of t e rea do n of intracellular AT , ic suggest an increase of purine meta olism. T e increase in citrate, succinate and o oglutarate urinar concentrations is also consistent it an en anced activit of t e tricar o lic acid c cle

	1.4

-al e itho t m lti le testin co ection -al e a te en amini-ochbe alse disco e ate m lti le testin co ection e individual s eig t, it a signi cant association con rmed for ippurate and succinate after multiple testing correction. e also identi ed 3-dro met lglutarate, AD ,po ant ine and o oglutarate as speci call increasing it eig t. AD and po an-t tricar o lic acid c cle produced t e de dration of citrate also increased it eig t in our o servations. Creatinine is t e rea do n product of creatine p osp ate in muscle. ts lood concentration is no n to e correlated it age and eig t and is routinel used to evaluate renal function. 17 Creatinine concentration in lood and urine is a mar er of glomerular ltration in uenced numerous factors including age, eig t, gender, meat consumption, e ercise or drugs inta e. Creatinine urinar concentration

  mil or formula mil . Urine of neonates fed it formula mil contained ig er levels of glucose, galactose, gl cine and m oinositol, ile up-regulated aconitate, aminomalonate and adipate ere found in reast mil fed neonates. 1 Lactose, L acet lcarnitine, m oinositol, carnitine and pantot enate are detected in reast mil collected at da postpartum. 173 A s itc in ne orns nutrition from reastfeeding to formula mil in t e rst mont s of life could ave modi ed t e o served meta olite urinar concentrations. Ho ever, C iu et al. did not nd signi cant differences regarding different patterns of reastfeeding in ne orns less t an one ear of age, 1 1 and Marincola et al. reported t e same age-dependent meta olites in t e reast mil group and in t e formula mil group.

	T e main limitation in our stud is t e lac of information regarding t e inta e of
	reast mil or formula mil . et, Marincola et al. recentl reported t e effects of t ree
	different mil supplies on t e urinar meta olic pro les of ne orns during t e rst 4
	mont s of life. 3 Concentrations of fucos late oligosacc arides, N-acet l compounds,

formate and citrate ere elevated in t e reast mil group, ereas t e levels of pantot enate, c oline, t reonate, tartrate, cis-aconitate and lactate ere ig er in t e formula mil group. Dessi et al. compared urine meta olomic pro les of 7 da s neonates fed it reast 3 Alt oug t e num er of patients included is ig er t an in previous studies investing age-related modi cations of urine meta olome, it is still modest, ic is a recurrent issue in neonatal meta olomic studies. A co ort stud anal ing t e d namic modi cations of urine meta olomic pro les t roug out t e rst mont s of life it more samples per ne orns ill e re uired to furt er generali e our results.

115 days in 70 newborns with congenital urinary tract dilatation.

  

		4 Table 3.2.1 QC from 10 to Increasing with age until 4 months Controls Patients (1 st sample)	Patients (2 nd sample)
		Name		p-value* q-value** Name			p-value* q-value**
		3-H dro isovalerate		4.1 -	4.1 -	1-Met l istidine		1.1 -	1.1 -7
		0 Ascor ate		3.1 -	.1 -4	1-Met lnicotinamide		. 4	.13
	PC 2	-4 Acetate Citrate Creatine		. 1.1 -7 7.1 -	. 4 1.1 -.1 -4	Dimet lgl cine Homocarnosine so ut rate -1.5			. 4 . 1 .1 -	. .1 -.
		lucarate Hippurate		1.1 -4 .	1.1 -3 .	L-L sine L-Lactate 0 -2	0.2	0.4	3.1 -13 .1 -11 0.6 0.8	.1 -13 7.1 -1 1
		-8 Histidine		.	. 3	Lactose				.1 -4	.
		L-glutamine		.1 -1	.	M oinositol				. 1	. 7
		L-Serine		. 7	. 3	N-acet lputrescine		. 1	. 7
		-12 N-Acet glutamine		1.1 -4	.1 -4	antot enate				.1 -1	3.1 -13
		-10 N-Acet l-L-t rosine -8 -6	-4	-2 4.1 -	0 0 4.1 -	2 rop lene gl col 4	6	8	.1 -4	.
		t ans-Aconitate		.	PC 1 .	ant osine				. 3	.1
		1 H-NMR data sets. All samples ere anal ed toget er, including 1 QC samples, t e
	urine samples of 7 ne orns it UTD and i e 3.2.2 T e statistical signi cance of t e model as assessed controls collected it in 1 da s ig values of
	from irt and t e 4 additional samples from patients collected et een 7 and 1 goodness-of-t parameters (1 3 components R .3 R . 4 Q .31) and
	mont s of age. i e 3.2.1 T e good sta ilit of t e NMR setup and reproduci ilit a p-value of . CV-ANOVA and model resampling. T e good performance of t is
	of t e e periments ere attested model indicated a strong in uence of age in t e urine meta olite pro les of ne orns t e set of QC samples grouped on t e CA score
	plot. T is unsupervised anal sis s o ed a clear discrimination et een spectra of sam-it UTD. T e meta olic signature associated it age as identi ed it univariate
	ples collected efore 4 mont s (controls and patients rst sample) and et een 7 and anal sis of t e NMR meta olomic pro les and represented on a loading plot. Meta olites
	1 mont s (patients second sample), suggesting a strong in uence of age on t e urinar identi ed as e molecules it ig correlation to age are listed in Table 3.2.1.

meta olome of patients. No outsider as e cluded after t is initial anal sis. N=224 i e 3.2.1 Principal Component Analysis (score plot) based on 1 H-NMR st sample) nd sample). The ood stabilit o the M set and e od cibilit o the e e iments e e attested b the o ed set o Q sam les on the cente o the lot. This ns e ised anal sis sho ed a st on in ence o a e on the ina metabolome o atients.

To c ec if t e in uence of age on t e urinar meta olome o served on controls in c apter also applied to patients, an O-LS model as constructed from t e 7 1 H NMR spectra from patients rst sample ( it in 4 mont s of age) for a regression ased on age.

-value it out multiple testing correction q-value after Ben amini-Hoc erg false discover rate multiple testing correction

4. Influence of age on the urinary profile of patients

  To investigate t e evolution of urinar meta olic pro les in ne orns it UTD over a longer period, a ne O-LS model as calculated for classi cation ased on age, including all patients samples 7 patients rst samples collected efore 4 mont s and 4

	T e urinar concentrations of 1-Met lnicotinamide, 3-H dro	drovalerate, Ci-
	trate, Hippurate, L-Serine and N-Acet lputrescine ere in uenced	age in t e UTD
	group ereas t e ere associated it eig t or eig t in t e control group.
	Despite t ese similarities, t e evolution of urinar meta olic pro les in ne orns
	it UTD as different t an t e evolution o served in ealt ne orns. T e increase
	in concentrations of -H dro iso ut rate, Carnitine, C oline, Et anolamine, L-Ace-
	t lcarnitine, seudouridine and Quinolinate, and t e decrease in concentrations of
	4-H dro proline, Citramalate and alactose ig lig ted in ealt ne orns ere
	not found in ne orns it UTD.	
	On t e ot er and t e evolution of Ascor ate, Creatine, 1-Met l istidine, Dimet -
	lgl cine, Homocarnosine and ant osine concentrations it age ere speci c to t e
	patients group.	

Alt oug t e evolution of urinar meta olic pro les it age seems to e different in t e t o groups, t ese results s ould e considered it caution, as multivariate analsis did not reveal signi cant differences et een meta olic pro les of patients it UTD and controls. Conse uentl , t e a ove meta olites s ould not e associated to t e p siopat olog of UTD ased on t ese results.

A ne O-LS model as calculated for classi cation of all samples (patients and controls) for classi cation ased on age. ( igure 3. .3) it a greater effective, t e

3.2.

patients second samples collected et een 7 and 1 mont s. i e 3.2.

4 

T is model revealed a strong in uence of age and a clear discrimination et een patients rst and second samples. T e goodness of t parameters con rm t e ro ustness of t e model. 1 components, R .3 3, R . 3, Q . 1, p-value 1.1 -1 CV-ANOVA.

Table 3

 3 

	.2.2
	from 10 to

600 days in newborns with congenital urinary tract dilatation. Increasing with age until 18 months

  

	Name	p-value*	q-value**	Name	p-value* q-value**
	3-H dro isovalerate	.1 -4	. 1	1,3-Diaminopropane	7.1 -	3.1 -4
	3-H dro met lglutarate	1.1 -1	.1 -11	1-Met lnicotinamide	.	.
	-H dro iso ut rate	.1 -4	.	Alanine	. 7	.
	AD	.1 -	.1 -	Ascor ate	.1 -4	. 1
	Creatine	.1 -	.1 -7	Betaine	1.1 -4	4.1 -4
	Creatinine	. 1	. 4	Carnosine	.1 -7	

Table 3 .

 3 2.3. summari es t e evolution of meta olites associated it age in ealt ne orns efore 4 mont s, in patients it UTD efore 4 mont s, and in patients it UTD until 1 mont s.

Table 3 .

 3 2.3

Key metabolites evolution with age in healthy newborns before 4 months.

  

  T e in uence of age e previousl ig lig ted on some of t is meta olites efore 4 mont s continues during t e rst 1 mont s. or e ample, t e urinar concentrations of Histidine, N-Acet lglutamine and t ans-Aconitate increased it age in ealt ne orns and in patients. n t e same a , so ut rate, L-Lactate, L-L sine, M oinositol, antot enate and rop lene gl col decreased it age in all groups. n conse uences, processes in uencing t ese meta olites e cression are persistent during t e rst 1 mont s of life and are not modi ed in ne orns it UTD.

	T e concentrations of some ot er meta olites onl seem to c ange during t e rst
	4 mont s of life. During t is period, t e concentrations of lucarate, L-lutamine,
	N-Acet l-L-T rosine increase	ile Lactose urinar concentration decrease. T is de-
	crease in Lactose urinar concentration is onl seen during t e rst 4 mont s of life,
	ic corresponds to t e maturation of intestinal permea ilit and mucosal function. 1
	T e urinar concentrations of Carnitine, C oline, Et anolamine, L-Acet lcarni-
	tine, Quinolinate, 4-H dro proline and alactose ere in uenced	age onl in t e
	control group,	ile 3-H dro isovalerate, Creatine, Hippurate, L-Serine, 1-Met l-
	nicotinamide, Homocarnosine, N-Acet lputrescine, ant osine ere onl in uenced
	age in patients it UTD. Alt oug t ese evolutions s ould e considered cautious-
	l , t e represent potential leads for furt er investigations on t e meta olic pro les of
	ne orns it UTD.
	Urinar concentrations of 3-H dro met lglutarate, AD , Creatinine, L-T ro-
	sine, O-p osp oet anolamine, Urea, 1,3-Diaminopropane, Alanine, Ascor ate, Beta-
	ine, Carnosine, Citramalate, luconate, uanidoacetate and Taurine ere onl in u-
	enced	age in t e latter anal sis including all samples from patients it UTD. t is
	not possi le to determine if t ese evolutions are speci c to UTD. T e same evolutions
	could e seen in ealt ne orns, ut our stud design does not allo con rming t is
	pot esis. Ho ever, increasing Creatinine urinar concentrations it age and de-

3.2.6. Toward improvement of metabolomics investigations in newborns

  ConclusionB detecting it out a priori meta olites present in a iological sample, meta olomic anal sis is a useful tool to identif meta olic pro les correlated it a speci c disease or status. T is approac represents a uge potential for iomar er discover , and t e numer of meta olomic studies is rapidl rising. As genomics and proteomics, meta olomics ena les anal sis at a s stem level. t captures a glo al picture of meta olism at a given time, ic is in uenced numerous factors suc as genetics, disease, diet or lifest le. ) E elund, U. Ong, . . Linné, . Neovius, M. Brage, S. Dunger, D. B. are am, N. . R ssner, S. Association of eig t gain in infanc and earl c ild ood it meta olic ris in oung adults. . Clin. ndoc inol. Metab. Lau, T. . Rogers, M. S. o , T. . La , L. . ang, C. . ang, C. C. Meta olomic and ioinformatic anal ses in asp iated neonates. Clinical iochemist y 2006, 39 (3), 3 . ( ) Seremetis, . M. Mai els, M. T -eta mRNA e pression in t e renal pelvis after e perimental and clinical ureteropelvic unction o struction. . ol. Atar, A. O tar, T. ucu gergin, C. alelioglu, . Sec in, S. Ander, H. i lan, O. adioglu, T. C. T e roles of serum and urinar car o drate antigen 1in t e management of patients it antenatal dronep rosis. o nal o Pediat ic olo y 2015, 11 (3), 133.e1 .e . Craig, A. Cloarec, O. Holmes, E. Nic olson, . . Lindon, . C. Scaling and normali ation effects in NMR spectroscopic meta onomic data sets. Anal. Scala re, A. Dem de, D. aillard, S. racros, .-. Mouri uand, . Mure, .-. rognostic value of ultrasound grading s stems in prenatall diagnosed unilateral urinar tract dilatation. . ol. 2017, 197 (4), 1144 114 . (1 ) DeLong, E. R. DeLong, D. M. Clar e-earson, D. L. Comparing t e areas under t o or more correlated receiver operating c aracteristic curves a nonparametric approac . iomet ics 1988, 44 (3), 37 4 . 14 ) Tuc , M. . C an, D. . C ia, D. od in, A. . ri le, . E. rueger, . E. Rom, . Sanda, M. Sor ara, L. Stass, S. et al. Standard operating procedures for serum and plasma collection earl detection researc net or consensus statement standard operating procedure integration or ing group. Stella, C. Bec it -Hall, B. Cloarec, O. Holmes, E. Lindon, . C. o ell, . van der Ouderaa, . Bing am, S. Cross, A. . Nic olson, . . Suscepti ilit of uman meta olic p enot pes to dietar modulation. . P oteome Res. 2006, 5
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  e ureteric ud is a protrusion from t e mesonep ric duct appearing after its opening to t e cloaca. i e 3 T e ureteric ud comes in contact it t e metanep ric lastema, forming t e metanep ros. T e ureteric ud and metanep ric lastema reciprocall induce gro t , forming t e idne . T e ureteric ud progressivel enlarges and divides to form t e renal pelvis, infundi ula, collecting ducts, and -1 ma or and minor cal ces. i e 4 T e collecting tu ules invaginate metanep ric mesoderm to form metanep ric vesicles, ic su se uentl elongate to form metanep ric tu ules. As t e metanep ric tu ules are invaginated capillaries (glomeruli), nep rons are formed. T is process continues until t e 3 nd gestational ee . At irt , appro imatel 7 , to 1 million nep rons are present in eac idne it differential longitudinal gro t of t e em r o, t e idne ascends from its initial location in t e pelvis to its nal location in t e upper retroperitoneum. i e 5 Until gestational ee 7, t e em r o as a cloaca, a single ori ce at t e caudal aspect. i e 6 During gestational ee 7, t e urogenital mem rane gro s caudall , dividing t e cloaca into ventral (urogenital sinus) and dorsal (rectum) components. T e urogenital sinus can e furt er su divided into cranial (future ladder) and caudal (future prostate, uret ra, and e ternal genitalia) portions. T e vesical epit elium is entirel derived from t e endodermal la er of t e urogenital sinus. n ot se es, t e ureters, renal pelvis, and ladder trigone are derived from t e mesonep ric duct in t e male, t e mesonep ric duct also gives rise to t e vasa deferentia, epidid mides, and seminal vesicles.
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  4 , 1 U can e caused e traluminal, parietal or intraluminal anomalies of t e ureter. E traluminal anomalies are mainl caused a errant vessels or more rarel in s, ands, ad esions and vascular malformations spanning t e U and intermittentl reducing t e urine o . 4 ,1 1 arietal anomalies are due to an a normal distri ution of t e muscular and collagen ers at t e level of t e U it failure of peristalsis producing an incomplete, functional o struction. T e are t e most common etiolog (7 of cases). ntraluminal anomalies are rare, often associated to parietal anomalies, and are essentiall enign roepit elial pol ps. 1 U anomalies are suspected en US s o s a dilatation of t e renal pelvis, ile t e omolateral ureter is not dilated and t e appearance of t e ladder is normal. i es 4 and 5 n case of severe o struction, t e renal parenc ma appears t inner and t e differentiation et een t e medulla and t e renal corte disappears.

  4 ,1 ,1 7 and it is usuall diagnosed in infants eing investigated for an urinar tract infection. VUR facilitates t e ascension of acteria from t e ladder to t e upper urinar tract, ic can result in p elonep ritis and alteration of t e renal function. MCU is t e gold standard imaging for t e diagnosis of VUR. VUR can e classi ed according to t e result of t e MCU . i e 7 Management of VUR is mostl conservative, as spontaneous resolution occurs in more t an of cases. T e indications for surger are ig -grade re u it deterioration of renal function on radioisotope studies or recurrence of acute p elonep ritis despite anti iotic prop la is. 1 Surger aims to restore anti-reu ing mec anism of t e vesico-ureteral unction. 1 4 Open procedures suc as Co en tec ni ue are t e current gold standard it a success rate over .

1 

Minimall invasive tec ni ues suc as endoscopic, laparoscopic or ro otic approac es are promising alternatives. ,
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  De nition of and rationale for test positivit cut-offs or result categories of t e inde test, distinguis ing pre-speci ed from e plorator 1 De nition of and rationale for test positivit cut-offs or result categories of t e reference standard, distinguis ing prespeci ed from e plorator -13a et er clinical information and reference standard results ere availa le to t e performers or readers of t e inde test 13 et er clinical information and inde test results ere availa le to t e assessors of t e reference standard Analysis 14 Met ods for estimating or comparing measures of diagnostic accurac Ho indeterminate inde test or reference standard results ere andled Ho missing data on t e inde test and reference standard ere andled 17 An anal ses of varia ilit in diagnostic accurac , distinguis ing pre-speci ed from e plorator

	, random, or nde test, in suf cient detail to allo replication convenience series Reference standard, in suf cient detail to allo replication 11 Rationale for c oosing t e reference standard (if alternatives 1 a 1 e ist) 1 a Not done and ta le 1 Reference standard surger ntended sample si e and o it as determined Not done RESULTS Test methods Participants lo of articipants using a diagram Not done Baseline demograp ic and clinical c aracteristics of participants Ta le 1a Distri ution of severit of disease in t ose it t e target condition Ta le 1 Distri ution of alternative diagnoses in t ose it out t e target condition Ta le Time interval and an clinical interventions et een inde test and reference standard 7 Test results Cross ta ulation of t e inde test results (or t eir distri ution) t e results of t e reference standard Ta le 3 Estimates of diagnostic accurac and t eir precision (suc as con dence intervals) Ta le 3 An adverse events from performing t e inde test or t e reference standard -Stud limitations, including sources of potential ias, statistical uncertaint , and generalisa ilit Not done mplications for practice, including t e intended use and clinical role of t e inde test 1 4 1. 1 . 7 Acetoacetate 3.43 .13 . 3 . 3 Acetone 1 . 3 . Adipate 44 .17 4 . 1. 4 . AD 1341 . 1 1 4 . 4. 73. 4. 3 7 .71 4.14 4. 4. 7 . 7 Agmatine 143 3. 3 43.47 3. 4 . 1.73 . 1. . 7 Allantoin 4 .3 . Alp a-etoisovalerate 4 3. 37.4 1. 1 .3 Aminoadipate 1 3. 4 . 3.7 7. .33 31.1 . 3 3 . . 3 . 7 1. 3 . 1.7 1.1 1.7 7. 1. 4.13 Ascor ate 44 4. 1 -4. 1 -3.7 -1 Beta-alanine 3.17 4 . . 3 3 .43 Betaine 43 3. . 4 3. . 4 3 Carnosine 33 . 4 137.43 7. 7 1 1 .71 4.4 7. 3. 1 3 . 7 3.17 3 . 3. 1 3 . 4 umarate 134 . 13 . 41 alactitol 1 7 3. 7 7 . 3. . 4 3. 7 7 . 4 4 alactose 143 . .17 4. 7 .31 4. 7 73. 3. 7 . 3. 3 71. 3. 4 7 . 7 3.7 71. 3.74 3. 7 3.7 77. 3. 7 . 3.47 74.77 3.1 . 43 lucarate 3 4.1 7 . 7 4. 7 . 7 4. 74.7 3. 4 7 .3 44 luconate 4.1 7 .7 4. 1 7 .4 3. .3 3.7 7 . 3.7 73.71 3. . 4 l cine 1 3 3 . 44. 3 4 uanidoacetate 1 3.7 47.3 47 Hippurate 714 7. 1 . 7. 3 134. 7. 4 131.7 3. 4 . 3 4 Homocarnosine 74 . 3 137. 7. 11 . 4.4 73.47 3.1 3 . . 31. 1 . 4 .31 .3 3 .4 1. 31. p-H dro p en lacetate 7.1 133.3 . 11 . 3.44 4 .3 7 rop lene gl col 1 1 3. 1 71.4 3.44 .47 3.37 . 1 1.13 . seudouridine 7 7 7. 7 144. 1 4. 7 1.4 4. 7 .1 4.14 73. 4. 1 . 1 3.73 3. roglutamate 7 4.1 1.31 .4 . .3 3 .4 . 7.3 ruvate 43 .3 .1 1 Quinolinate 3 .44 1 . 7 . 14 . 1 Sor itol 47 3. 3 74. 4 3. 4 .31 3. 3 7 .73 3 Su erate 3 1. 3 . 1 1.3 31. .17 4 . 4 Succinate 4 .3 3 . 4 OTHER Acetate . 7 34. 1 4 C oline 7 4. . 3. 7 . 7 cis-Aconitate 3.1 4 . 4 7 . 1 .7 1. 7 4.44 4 H po ant ine .1 14 .1 1 7 . 144. Taurine 3.41 3 . 7 1 3. . 3

7 Ho ever, US performed an e perienced radiologist alread provides anatomical description of t e urinar tract, and magnetic resonance urograp ma impl sedation or general anest esia in c ildren under ears old, and is not easil availa le. Magnetic resonance urograp also as potential in t e evaluation of idne function, ut is not currentl used in clinical application.1 
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Appendices

Appendix A Embryology of the renal system mages r ierre-ves Mure.

Understanding t e normal em r olog of t e urinar tract is vital en considering congenital uropat ies. T e idne s progress t roug t ree developmental stages t e pronep ros, t e mesonep ros, and t e metanep ros t at persists as t e de nitive adult idne .

The pronephros

T e pronep ros i e 1 and 2 develops in t e cervical region of t e em r o during gestational ee 3 as a condensation of intermediate mesoderm, and almost entirel regresses in gestational ee 4.

T e pronep ric duct arises from dorsal and caudal evaginations of t e pronep ros and ultimatel give rise to t e mesonep ric duct.

The mesonephros

More caudall , t e mesonep ros develops into mesonep ric tu ules and t e mesonep ric duct ( olf an duct) during gestational ee 4. Alt oug t e ma orit of t ese tu ules degenerate, t e mesonep ric duct persists ilaterall and opens to t e cloaca at t e tail of t e em r o.

Renal artery

Ureter

Malpighi's pyramid

Renal cortex

Renal pelvis

Major calix

Minor calix

Renal papilla

Definitive structure of the metanephros

Renal column

Ascent of the kidneys from its location in the pelvis to the upper retroperitoneum between weeks 6 and 9

Appendix B of uropaties associated with prenatally diagnosed urinary tract dilatation

Postnatal ultrasonography

US s ould provide information regarding t e side of UTD (unilateral or ilateral), t e aspect of t e renal parenc ma, t e presence of ureteral dilatation, ladder anomalies and associated malformations. i e 1 T e do nside of US for evaluating UTD is t at t e distension of t e renal pelvis and cal ces ma var depending on factors suc as dration status, degree of ladder lling, and patient position. Different classi cations can e used to evaluate t e severit of UTD. T e measure of t e A D and t e Societ for etal Urolog (S U) 1 grading s stems ere t e most commonl used efore t e creation of t e Urinar Tract Dilatation (UTD) grading s stem introduced in 14 a multidisciplinar consensus. 4 or unilateral UTD and unless posterior uret ral valves are suspected, it is recommended t at t is rst postnatal US e dela ed for at least 4 after irt to avoid underestimating t e severit of dilatation. 4 ostnatal US ndings are reported as normal in 1 of patients referred for prenatal US. f t e rst US is normal, it is advisa le to repeat it on t o or t ree occasions during t e rst ear of life as some uropat ies ma onl ecome patent during t e mont s folloing irt . en posterior uret ral valves are suspected ( ilateral UTD it ladder anomalies), US s ould e performed on t e rst da of life. 
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Appendix F

The standard for reporting diagnostic accuracy checklist ( )