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1. INTRODUCCIO

Els defectes de creixement fetal afecten un 10% de les gestacions i, per tant,
constitueixen una causa freqlient de morbimortalitat tant materna com
neonatal.(1-3) La fisiopatologia exacta d'aquesta condicié encara no és del tot
ben coneguda, pero és sabut que en la gran majoria de casos esta estretament
relacionada amb la insuficiencia placentaria.(4,5) La identificacio del mecanisme
fisiopatologic subjacent és clau per al desenvolupament de noves estrategies
preventives i de tractament que permetin disminuir tant la prevalenca d'aquesta

condicio com de les complicacions associades.

Dins I'espectre dels defectes de creixement fetal, es poden diferenciar diverses
situacions cliniques. En el cas més greu, el retard de creixement es presenta de
forma precog, sovint abans de la setmana 32, i es caracteritza per una insuficiencia
placentaria més greu. En l'altre extrem, el retard de creixement tarda, tot i ser més
freqUent, es manifesta en estadis gestacionals més avancats i presenta un patré
clinic diferent, sovint amb una insuficiencia placentaria menor.(6) Aquestes
diferéncies fisiopatologiques impliquen la necessitat d'adaptar les diferents
estrategies de seguiment segons la gravetat i el moment d'aparicid de cada
situacio.

Actualment, el sequiment de les gestacions amb defectes de creixement fetal es
realitza principalment amb I'avaluacié ecografica del pes fetal i I'analisi Doppler

de la circulacié fetal i placentaria.(1,7) Tot i la seva utilitat demostrada i ampliament
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estudiada, aquesta eina presenta diverses limitacions. D'una banda, la seva
sensibilitat i especificitat son limitades, amb un elevat nombre de falsos positius
que condueixen a un seguiment sovint massa intensiu de gestants que, en molts
casos, no ho requeririen. D'altra banda, les decisions cliniques basades Unicament
en l'ecografia poden conduir a la finalitzacio de la gestacio a edats gestacionals
molt precoces, amb el conseglent augment de la prematuritat i de les

complicacions maternes i fetals associades, tant a curt com a llarg termini.(8)

En els darrers anys, els factors angiogenics placentaris, especialment el receptor
soluble de la tirosina-cinasa 1 (sFlt-1) i el factor de creixement placentari (PIGF),
han sorgit com una eina prometedora en el maneig de les patologies relacionades
amb la insuficiencia placentaria.(9—11) Tot i haver estat inicialment investigats en el
context de la preeclampsia, aquests biomarcadors podrien ser Utils tambe per
identificar gestacions amb risc elevat de complicacions associades al retard de
creixement fetal. En particular, la ratio entre aquests dos biomarcadors podria
constituir una eina complementaria per millorar I'estratificacio del risc i optimitzar

el maneig clinic d'aquestes pacients.(12,13)

Aquesta tesi doctoral es planteja com un analisi exhaustiu d'aquests biomarcadors
en el context dels defectes de creixement fetal i la insuficiencia placentaria. En
primer lloc, es pretén investigar la correlacié entre els valors de la ratio sFIt-1/PIGF
i els parametres Doppler en els casos de retard de creixement precoc. En segon
lloc, s'explorara la utilitat clinica d'aquests biomarcadors en el maneig del retard

de creixement a terme, una de les situacions més frequents en la practica clinica.
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L'objectiu final és contribuir al desenvolupament d'estrategies de maneig mes
precises i individualitzades que permetin reduir el nombre d'intervencions
innecessaries i minimitzar el risc de prematuritat i complicacions maternofetals

associades.
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2. DEFECTES DEL CREIXEMENT FETAL

2.1. HISTORIA

La definicio de “defecte de creixement fetal” ha evolucionat al llarg de la historia.
Inicialment, abans que l'ecografia estigués disponible com a metode diagnostic,
el terme "prematur" s'utilitzava de manera habitual en pediatria per descriure els
nounats amb un pes inferior a 2500 grams, independentment de I'edat gestacional
estimada.(14) L'any 1961 es va descriure per primera vegada el concepte de
Creixement Intrauteri Restringit (CIR), que assumia per primera vegada que el
creixement fetal podia veure's compromes ja en vida prenatal i que, en alguns
casos, els nounats naixien amb un pes molt inferior al que s'esperava per a la seva
edat gestacional. (15) Més de 10 anys després de les primeres imatges
ecografiques, I'any 1971, es va desenvolupar el primer grafic de cefalometria, que
abastava des de la setmana 13 fins a la 40, i es va observar que els fetus CIR
experimentaven una disminucié en el creixement del diametre biparietal durant el
tercer trimestre. De fet, durant molts anys, la cefalometria seriada es va consolidar
com el metode estandard per avaluar el creixement fetal en paisos en vies de
desenvolupament.(16) Set anys més tard, es va demostrar el valor de la datacio
gestacional per ecografia, fet que va suposar un punt d'inflexio en el diagnostic i
maneig dels defectes de creixement fetal.(17) El pes fetal estimat (PFE) es va
consolidar com a eina clau en I'abordatge d'aquesta patologia. Paral-lelament, els
ecografs van millorar progressivament la seva qualitat i va expandir-se el seu Us

en la practica clinica obstétrica. Durant la decada de 1980, les mesures
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biometriques fetals estandard per avaluar el creixement van incloure el diametre
biparietal, el perimetre cefalic, la circumferencia abdominal (CA) i la longitud del
femur. Aquestes biometries van ser incorporades en les equacions per calcular el
PFE, segons els models desenvolupats per Hadlock, els quals continuen sent
ampliament utilitzats avui dia.(18) Habitualment, i en linies generals, es considera
un fetus “petit” tot aquell fetus amb un PFE inferior al percentil 10.(3) Aquesta
definicio té una sensibilitat baixa (al voltant del 38%), de manera que no detecta
casos de restriccio del creixement que no cauen per sota del dese percentil. Tot i
aixi, la seva especificitat és alta (al voltant del 95%), pel que identifica un
subconjunt d'embarassos amb alt risc de resultats perinatals adversos.(19) Més

endavant es desenvolupara aquest aspecte.

2.2. FACTORS DE RISC | ETIOLOGIA

Donat que la base fisiopatologica dels defectes del creixement fetal i la
preeclampsia (PE) és en molts casos la mateixa, els factors de risc més importants
son comuns a les dues patologies. Els principals son I'habit tabaquic (en aquest
cas al contrari, ja que en la PE n'és protector), I'edat materna extrema (tant en
pacients joves com d'edat avancada), la raca, i la patologia materna de base
(hipertensio, diabetis o malalties renals i autoimmunitaries). A més, els factors
socioeconomics tenen influencia també, ja que modifiquen de manera clau I'estat
nutricional matern i s'associen també a un increment dels habits toxics. L'alcada

dels progenitors també condiciona el risc d desenvolupar un fetus de baix pes, tot
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i que habitualment es traduira en un fetus petit de manera constitucional i, sovint,
no incrementa el risc d'insuficiencia placentaria subjacent de manera

independent.(20,21)

Els defectes de creixement fetal no sempre tenen un mecanisme subjacent
patologic, ja que aproximadament el 40% dels casos son considerats fetus
constitucionalment petits, com s'explicara al seglent apartat.(14) En la resta de
casos, els fetus de baix pes es relacionen amb multiples etiologies, sent la
insuficiencia placentaria la causa més freqient.(22) Aquestes es poden classificar

en causes fetals, placentaries i maternes.(23)

2.2.1. CAUSES FETALS

Les anomalies genetiques fetals es detecten en aproximadament un 5% dels casos
de CIR.(24) Aquestes poden incloure aneuploidies, mutacions en gens individuals,
delecions o duplicacions parcials, cromosomes en anell i alteracions de la
impressio genomica. Es calcula que la meitat dels fetus amb trisomia 13 o 18
desenvolupen CIR, i la presencia d'una restriccié6 del creixement abans de la
setmana 20 suggereix una aneuploidia. A més, els fetus amb anomalies congenites
no cromosomiques o sindromes especifiques també poden presentar un

creixement restringit.(24,25)

Les infeccions fetals son responsables d'un 5%-10% dels casos de CIR, sent el
paludisme la causa més frequient a escala mundial, tot i que poc freqUent al nostre

medi. Altres agents infecciosos implicats inclouen el citomegalovirus, la
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toxoplasmosi, el virus de la varicella-zoster, la sifilis i el virus de [|'herpes

simple.(24,25)

2.2.2. CAUSES MATERNES

Diverses comorbiditats maternes poden alterar el flux sanguini uteroplacentari i
comprometre el creixement fetal, com ara I'edat materna (tant en pacients molt
joves com l'edat avancada), la hipertensio cronica, la diabetis gestacional o
pregestacional, el lupus eritematos sistemic, la sindrome antifosfolipidica, les
malalties cardiovasculars o renals greus, I'anémia severa i la malaltia de cél-lules

falciformes.(21)

El consum de substancies com l'alcohol, la cocaina, la nicotina, I'heroina i la
marihuana també s'ha associat significativament amb el naixement de nounats de
baix pes. Probablement aquests factors també estiguin relacionats amb I'augment
de la incidencia en pacients de baix nivell socioeconomic, degut a un pitjor estat
nutricional i un abus incrementat de substancies toxiques. Altres factors materns
implicats en la CIR inclouen la gestacio multiple, un baix pes pregestacional, un
guany ponderal insuficient durant I'embaras, I'exposicid a farmacs teratogénics
(per exemple els agents antineoplasics), la radiacio, les hemorragies greus, la
residencia a gran altitud, les malformacions uterines i la concepcié amb tecniques

de reproducci6 assistida.(21,23-25)
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2.2.3. CAUSES PLACENTARIES | DEL CORDO UMBILICAL

La insuficiencia placentaria és la causa mes frequent (fins prop del 90% dels casos),
pel que es desenvolupara més endavant aquest aspecte. Diverses anomalies
morfologiques placentaries poden contribuir al CIR, incloent-hi la placenta
bilobada, circumbal-lada, els infarts placentaris, la placenta accreta, la placenta
previa o la displasia mesenquimal placentaria. A més, les anomalies del cordd
umbilical, com la presencia d'una Unica arteria umbilical (AU) o una insercid
velamentosa o marginal del cordd, també poden comprometre el creixement fetal.
Aquestes alteracions placentaries i umbilicals afecten negativament la perfusio

placentaria, limitant aixi I'aportacié d'oxigen i nutrients al fetus.(24-26)

2.3. CLASSIFICACIO

La classificacio dels fetus de baix pes pot realitzar-se en funcié de la seva gravetat

i en funcid del moment d'aparicio.

2.3.1. CLASSIFICACIO SEGONS LA GRAVETAT

Segons la gravetat, els fetus de baix pes es poden classificar en dos grups: els fetus
CIR, que sén aquells que no aconsegueixen el seu potencial de creixement
geneticament predeterminat, i els Petits per a I'Edat Gestacional (PEG), que es
defineixen com a fetus constitucionalment petits. Independentment de si aquestes
categories reflecteixen amb precisié la fisiopatologia subjacent, des d'un punt de

vista clinic, la distincié entre CIR i PEG és important a causa de la seva correlacié
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amb els resultats perinatals. Pel seu pitjor pronostic, existeix consens sobre la
finalitzacio de les gestacions de manera electiva en casos de CIR quan es pot
presumir que la maduracio pulmonar s'ha assolit, o fins i tot abans en casos de
deteriorament hemodinamic fetal. En canvi, els fetus PEG solen tenir un resultat
perinatal similar als fetus de creixement normal, i la intervencié activa o la induccio
electiva abans del terme complet no aporta beneficis.(3,27) Per a la distincié entre
ambdues situacions existeixen diferents guies cliniques que basen els seus criteris
en les biometries fetals, la velocitat de creixement i el Doppler maternofetal.

Aquests aspectes seran desenvolupats amb profunditat més endavant.

Existeix heterogeneitat en la definicic del CIR i el PEG. Tot i que el concepte CIR
ha estat tradicionalment utilitzat de manera intercanviable amb PEG, la utilitat de
la definicid de PEG radica en la seva senzilla aplicacié, ja que es tracta nomes d'una
desviaci6 estadistica de la mida fetal, sovint el dese percentil, comparada amb una
taula de referéncia per definir I'anormalitat.(3,28) Tot i que existeix una
superposicio significativa entre PEG i CIR, els dos termes es refereixen a condicions
diferents (figura 1). Aproximadament un 40% dels nadons amb una pes inferior al
percentil 10 son constitucionalment petits i sans, mentre que el CIR tradueix una
condicio patologica amb una hipoxia subjacent, encara que el fetus no sigui
necessariament petit.(29) De tal manera, un fetus amb un PFE normal pot patir

una restriccio de creixement si el seu potencial de creixement intrinsec era més alt.
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Figura 1: Representacié esquematica de la superposicio i la diferencia entre CIR (FGR) i PEG (SGA).
PEG inclou tots els fetus amb un pes inferior al desé percentil. CIR representa I'area taronja, que es
dilueix cap als percentils de creixement més alts. SGA: Small for Gestational Age, FGR: Fetal Growth

Restriction, AGA: Appropiate for Gestational Age, LGA: Large for Gestational Age.(14)

El diagnostic, seguiment i el moment del part dels fetus CIR son questions de gran
importancia en la practica obstetrica. Tot i aixi, existeixen discrepancies importants
respecte a la seva definicio entre diferents societats cientifiques. Al 2016, un panell
d'experts va definir el CIR fent servir el metode Delphi. Aquesta definicio ha estat
adoptada per la International Society for Ultrasound in Obstetrics and Gynecology
(ISUOG) i basa els seus criteris no Unicament en el PFE si no també en la velocitat
de creixement i el percentil del perimetre abdominal.(30) (Taula 1) Tanmateix,
altres societats cientifiques no segueixen els mateixos criteris i existeix, per tant,
una heterogeneitat important en la definicio del CIR encara avui dia.(3,27,31,32)

Taula 1: Definicié de CIR segons la International Society for Ultrasound in Obstetrics and

Gynecology (ISUOG). CIR: Creixement intrauteri restringit, CA: circumferencia abdominal, PFE: pes
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fetal estimat, IPmAUt: index de pulsatilitat mig de les arteries uterines, IPAU: index de pulsatilitat

de l'arteria umbilical, ICP: index cerebroplacentari.(30)

CIR precog (<32 setmanes) CIR tarda (=32 setmanes)

CA/PFE <p3 o diastole absent AU | CA/PFE <p3

O + almenys 2 de 3 dels segients:

1. CA/PFE <p10 / 1. CA/PFE <p10

2. IPmAUt >p95 jo 2. disminucié6 de més de 2 quartils els
3. IPAU >p95 percentils de CA o PFE

3. ICP<p5 o IPAU >p95

Al nostre medi, la classificacio més emprada és la proposada per Figueras i
Gratacds. Aquesta, classifica com a CIR qualsevol fetus amb un percentil de PFE
inferior al percentil 3 o bé inferior al percentil 10 acompanyat d'alguna alteracio
hemodinamica materna o fetal (arteries uterines, AU, cerebral mitja, index
cerebroplacentari o ductus vends). A més, divideix el CIR en diferents estadis en
funcio de la gravetat del Doppler per a simplificar-ne tant el sequiment com per a
decidir el moment de la finalitzacié.(3) (Taula 2)

Taula 2: Classificaci¢ dels defectes de creixement fetal segons Figueras i Gratacds. PEG: Petit per a
I'Edat Gestacional, PFE: pes fetal estimat, CIR: Creixement Intrauteri Restringit, ICP: index
cerebroplacentari, IPAU: index de pulsatilitat de I'arteria umbilical, IPACM: index de pulsatilitat de

I'arteria cerebral mitja, IPmAUt: index de pulsatilitat mig de les arteries uterines, AU: arteria

umbilical, IPDV: index de pulsatilitat del ductus vends, RCTG: registre cardiotocografic.(3)
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Tipus

Correlacié fisiopatologica

Criteris

(un 0 més)

Seguiment

PEG

Fetus constitucionalment petit

PFE 3-10 sense

alteracié Doppler

2 setmanes

CIR |

Insuficiencia placentaria lleu

PFE <p3

ICP <p5
IPAU <p5
IPACM <p5

IPmMAUt >p95

Setmanal

CIR I

Insuficiencia placentaria greu

AU amb diastole

absent

Bisetmanal

CIR I

Baixa sospita d'acidosi fetal

AU amb diastole
reversa

IPDV >p95

24/48 h

CIR IV

Alta sospita d'acidosi fetal

DV amb ona a reversa

RCTG patologic

12 h
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2.3.2. CLASSIFICACIO SEGONS L'EDAT GESTACIONAL

A meés de la classificacio en estadis en funcié de la gravetat, el CIR es pot classificar
tambeé en funcié del moment d'aparicio; tal i com s'ha pogut observar a la definicié
de la ISUOG (Taula 1). Com s’ha comentat préviament, la insuficiencia placentaria
és la base fisiopatologica més frequent en el CIR. Dins d'aquesta patogenesi
comuna, el CIR es presenta amb dos fenotips diferents segons si l'inici és precog
o tarda durant la gestacio. En general, perd no sempre, hi ha una correspondencia
entre el CIR precog i I'espectre més greu de la patologia.(3) L'edat gestacional
optima per a la distincio del CIR precog i el tarda també ha sigut discutida
ampliament a la literatura, sent actualment les 32 setmanes la més acceptada, ja
que ens permet la diferenciaci6 mes precisa de les formes amb més risc de
complicacions perinatals (CIR precog, < 32 setmanes de gestacié) d'aquelles amb
una evolucio més favorable (CIR tarda, > 32 setmanes de gestacio).(6) Aquesta
diferenciacio és util principalment a nivell de recerca i per a entendre els diferents
espectres de la patologia a nivell clinic. Des del punt de vista del maneig, tenint
en compte que al nostre medi la classificacio en estadis proposada per Figueras i
Gratacos és la més emprada, és poc probable que aquesta diferenciacié aporti un

valor afegit.

2.3.2.1. CIR precog

El CIR precog (aparicid <32 setmanes) representa entre el 20 i el 30% de tots els
casos de CIR i s'associa a la PE precog (<34 setmanes) en fins al 50% dels casos.(33)

Aquest fet tradueix una insuficiencia placentaria greu de base i una hipoxia fetal
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cronica amb una alta proporcié de casos amb alteracions del Doppler de I'AU i
un empitjorament progressiu fins a I'acidosi fetal, que es manifesta amb canvis en
el flux diastolic de I'AU i en un augment de la pulsatilitat del ductus venés (DV). El
temps de latencia d'aquest empitjorament és variable, per0 acostuma a
prolongar-se durant setmanes.(34) Independentment del temps i la rapidesa del
deteriorament, aquest segueix un patré ben descrit que permet monitoritzar la
progressio de la malaltia i ajustar el seguiment i el moment optim de la finalitzacio.
(Figura 2) En molts casos, el CIR precog s'associa amb un alt risc de mal resultat
perinatal o de mort intrauterina;(35) per tal motiu, el repte rau en el maneig, que
es basa en la cerca de I'equilibri optim entre els riscos de mantenir la gestacio i les

complicacions derivades de la finalitzacio electiva de forma prematura.

Insuficiéncia placentaria
Augment impedancia

NARCADORS CRONICS/DIAGNOSTI(A/MARCADORS AGUTS/PRONOSTICS\
Setmanes 7-10 dies

IPmAUt >p95
ICP <p5

| IPAU >p95 ‘ AU absent > | AU reversa >

IPACM <p5 | IPDV >p95 > ‘ DV areversa >
RCTG
Perfil biofisic

RESTRICCIO DE CREIXEMENT

Hipoxia/acidosi progressiva Compromis fetal greu
Disfuncio diastolica Mort fetal

Hipoxia |

Figura 2: Deteriorament hemodinamic en el CIR preco¢. IPmAUt: index de pulsatilitat mig de les
artéries uterines, ICP: index cerebroplacentari, IPAU: index de pulsatilitat de I'arteria umbilical,

IPACM: index de pulsatilitat de I'arteria cerebral mitja, AU: arteria umbilical, IPDV: index de
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pulsatilitat del ductus venos, RCTG: registre cardiotocografic. Adaptacio de Figueras F, Gratacds E:
Update on the Diagnosis and Classification of Fetal Growth Restriction and Proposal of a Stage-

Based Management Protocol. Fetal Diagn Ther, 2014.(3)

2.3.2.2. CIR tarda

El CIR tarda representa entre el 70 i el 80% dels casos de CIR.(33) A diferencia del
CIR precog, la seva relacié6 amb la PE tardana (> 34 setmanes) és baixa, al voltant
del 10%, fet que tradueix una insuficiencia placentaria subjacent més lleu. Aquest
fet explica que el Doppler de I'AU sigui normal en gairebé tots els casos.(36)
Malgrat tot, sén frequents els casos d'alteracions de |'index cerebroplacentari (ICP)
i de l'arteria cerebral mitja (ACM), que tradueixen una vasodilatacid cerebral
indicativa d'hipoxia cronica.(36) En canvi, signes ecografics avancats de
deteriorament fetal, com alteracions en el DV, sén extremadament
infreqUents.(37) Per tant, la seqUencia de deteriorament hemodinamic fetal

progressiu descrita en el CIR precoc es diferent a la del CIR tarda.(3) (Figura 3)

Malgrat que el CIR tarda es considera menys greu que el precog, comporta un risc
de deteriorament fetal agut abans del part, fet que es reflecteix en la seva
contribucié significativa a la mortalitat en el tercer trimestre.(38) A més, s'associa
freqientment a patiment fetal intrapart i a acidosi neonatal, encara que no
existeixin alteracions el I'AU.(39) Aixi doncs, el CIR tarda no segueix una evolucio
clinica previsible i pot empitjorar de manera sobtada. Aquesta vulnerabilitat es
podria explicar per diversos factors, com ara la menor tolerancia del fetus a terme

a la hipoxia o la major freqliencia de dinamica uterina en la gestacio a terme. Per
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tant, a diferencia del CIR precog, el repte en el CIR tarda és el diagnostic, ja que el
CIR no detectat segueix representant una part important de les morts intrauterines

en la gestacio avancada.(40)

Insuficiencia placentaria
Reserva placentaria menor

f MARCADORS DIAGNOSTICS \/DETERIORAMENT AGUh

Setmanes Hores

‘ Acidosi
Compromis fetal/mort fetal

Hipoxia

IPmAU >p35 >

[CR=p5 >
IPACM <p5 >

RCTG >

RESTRICCIO DE CREIXEMENT

Figura 3: Deteriorament hemodinamic en el CIR tarda. IPmAUt: index de pulsatilitat mig de les

artéries uterines, ICP: index cerebroplacentari, IPACM: index de pulsatilitat de I'artéria cerebral
mitja, RCTG: registre cardiotocografic. Adaptacié de Figueras F, Gratacds E: Update on the
Diagnosis and Classification of Fetal Growth Restriction and Proposal of a Stage-Based

Management Protocol. Fetal Diagn Ther, 2014.(3)

A la Taula 3 es resumeixen les principals diferencies entre les dues entitats

descrites previament.

Taula 3: Diferencies entre el CIR precog i tarda. AU: arteria umbilical, PE: preeclampsia. Adaptacid
de Figueras F, Gratacds E: Update on the Diagnosis and Classification of Fetal Growth Restriction

and Proposal of a Stage-Based Management Protocol. Fetal Diagn Ther, 2014.(3)
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CIR PRECOC CIR TARDA

Menys prevalent (<1%) Més prevalent (5-8%)
Major insuficiencia placentaria: Menor insuficiéncia placentaria:
Alteracio Doppler AU, Menor alteracié Doppler AU,
Major associacio a PE Menor associacio a PE
Major tolerancia a la hipoxia Menor tolerancia a la hipoxia
Cascada hemodinamica progressiva Desenlla¢ més agut

Alta morbimortalitat perinatal (baixa | Menor mortalitat pero causa frequent

prevalenca) d'obit fetal (major prevalenca)

Repte: maneig Repte: diagnostic

2.3. INSUFICIENCIA PLACENTARIA | CIR

Les complicacions de I'embaras relacionades amb la placenta que condueixen al
CIR tenen el seu origen fisiopatologic en les primeres etapes de la placentacio i
poden manifestar-se a partir del final del primer trimestre, durant el procés de
placentacio.(41,42) Qualsevol insult durant aquest periode pot disminuir el volum
placentari i, per tant, la seva funcié. Aquest fet es justifica en que les gestacions
amb diagnostic de CIR (amb o sense PE) tenen volums placentaris menors i un
augment de les resistencies placentaries comparades amb gestacions control ja

des de l'inici del segon trimestre.(43)

La relacio entre la insuficiencia placentaria i el CIR és complexa, i identificar-ne les
causes resulta dificil, ja que molts estudis clinics sén de mida reduida, retrospectius

i influits per factors de confusié com el tabaquisme matern i I'etnia. Per a entendre
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millor aquesta relacio, és fonamental descriure primer el procés de placentacié

normal.

2.3.1. PLACENTACIO NORMAL

El procés de placentacio és un mecanisme complex que es pot resumir en les

segUents fases:(44)

a) Remodelacié de les arteries espirals: les arteries espirals experimenten una

profunda transformacio estructural durant la gestacié per a garantir una perfusio
optima a la unitat feto-placentaria. Aquest procés és iniciat per la invasio
trofoblastica i comporta la destruccio parcial de la capa muscular i endotelial de
les arteries espirals, i la substitucid per material fibrinoide i teixit connectiu. La
remodelacié arterial redueix la capacitat de vasoconstriccid i incrementa el

diametre luminal, permetent un flux sanguini de baixes resistencies essencial.

b) Invasio de la decidua: el trofoblast penetra progressivament en la decidua basal

mitjancant mecanismes d'invasio i interaccid amb la matriu extracel-lular i les
cellules deciduals. Aquesta invasid permet [|'establiment d'una interficie
maternofetal funcional, afavorint I'adaptacié immunologica i el desenvolupament
de la placenta. La interaccié entre el trofoblast i la decidua esta regulada per
factors angiogenics, citocines i molecules d'adhesié, que modulen la profunditat

d'invasio i la resposta immune materna.
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c) Migracid arterial trofoblastica: les cellules trofoblastiques s'introdueixen

progressivament dins les arteries espirals i modifiquen la seva estructura. La
migracio intraarterial comporta la substitucio de la capa muscular per cel-lules del
trofoblast, afavorint la conversié d'aquests vasos en estructures de baixa

resistencia.

d) Invasid intramural vascular de les arteries espirals: a mesura que avanca la

gestacio, les cel-lules trofoblastiques infiltren les capes mitjana i adventicia de les
arteries espirals, provocant la destruccio parcial de la musculatura llisa i la
reorganitzacio de la matriu extracel-lular. Aquesta invasio intramural és fonamental
per assegurar una disminucié sostinguda de la resistencia vascular i una adaptacié

optima de la circulacio uterina a les demandes hemodinamiques fetoplacentaries.

e) Perdua de la capa muscular i substitucio per material fibrinoide i teixit connectiu:

la remodelacié de les arteries espirals comporta la degradacio de la capa muscular
aixi com la deposicié de material fibrinoide i teixit connectiu per part del trofoblast.
Aquest procés impedeix la resposta vasoconstrictora als estimuls hormonals i

simpatics.

f) Baixa resisténcia i aportacio sanguinia adequada: I'efecte final de la remodelacio

de les arteries espirals és l'increment de la perfusi6 materno-placentaria i

I'optimitzacié de l'intercanvi de gasos i nutrients a la interfase maternofetal.
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2.3.2. FISIOPATOLOGIA DE LA INSUFICIENCIA PLACENTARIA

Diversos mecanismes intervenen en la etiopatogenia de la insuficiencia
placentaria, que se sol manifestar en forma de CIR, PE 0 ambdues a la vegada. La
insuficiencia placentaria es considera la principal causa de PE i CIR, tot i que hi ha
altres mecanismes causants, com s'ha detallat anteriorment en aquesta tesi. Per
altra banda, la causa de la insuficiencia placentaria és multifactorial i hi intervenen
diversos mecanismes.(45) Segons aquests es pot classificar principalment en
insuficiencia placentaria primaria o intrinseca o en insuficiencia placentaria
secundaria o adquirida. Aquest origen dual és de recent concepci6, per aquest
motiu no hi ha consens clar en la terminologia i en classificar la insuficiencia
placentaria com a primaria o secundaria. Tot i aixi, son termes Utils en aquesta tesi
per expressar aquesta dualitat en la etiopatogenia de la insuficiencia

placentaria.(46—48)

2.3.2.1. Insuficiéncia placentaria primaria o intrinseca

Es tracta d'aquella que es produeix com a causa d'una deficient invasio
trofoblastica i remodelacio de les arteries espirals. Es creu que aquesta invasio
deficient esta mediada per les caracteristiques maternes i per mecanismes
genetics, immunitaris i inflamatoris. En condicions normals, les cellules
trofoblastiques envaeixen I'endometri matern i remodelen les arteries espirals, per
un mecanisme anomenat decidualitzacio, destinat a incrementar el flux sanguini
placentari. A la PE i el CIR, aquesta invasio és insuficient, provocant una mala

perfusid placentaria, generant hipoxia, estres oxidatiu, activant mecanismes
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inflamatoris, vasoconstriccio i augmentant la produccio de factors antiangiogenics.
Aquest mecanisme es pot observar en tots els casos de PE i CIR, tot i que és més

comu i mes accentuat en els casos d'inici més precog.(47)

2.3.2.2. Insuficiencia placentaria secundaria o extrinseca

Fa referencia a aquelles situacions que condueixen a una perfusié placentaria
deficient, pel que fan que aquesta sigui secundaria a un excés dels requeriments
de la unio feto-placentaria (per exemple la gestacio multiple o la macrosomia fetal)
0 a una impossibilitat d'aportar els requeriments d'adaptacid necessaris per part
del sistema cardiovascular matern. Aquesta Ultima situacié estaria present en
gestants amb baixa reserva cardiovascular degut, per exemple, a I'edat avancada,
I'obesitat o les malalties cardiovasculars o metaboliques subjacents. Aquest
mecanisme es pot observar en tots els casos de PE i CIR, tot i que és més comu i

mes accentuat en els casos d'inici més tarda.(47,48) (Figures 4 i 5)

Funci6 CV U2 Placentaci6 =
deteriorada deficient :,

/Re erva cardiaca insuﬁcien\ : G N o
2 £ L Decidualitzacié anormal Estrés oxidatiu

Hipertensio s e . ié
(gb o artéries espirals Inflamacio
esita Vasoconstriccio

Di\abgtis Coagulopatia
Etnia Permeabilitat capil-lar
Edat materna
\ Malalties autoimmunes /
e

INSUFICIENCIA
PLACENTARIA

-

!

Demanda excessiva

Macrosomia /

Gestacio multiple
Gestacio perllongada
Ne J

PREECLAMPSIA

Figura 4: Fisiopatologia de la insuficiencia placentaria i preeclampsia.
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/

CIR/PE PRECOC CIR/PE TARDA

acentaria secundaria

Insuficiencia placentaria primaria

Figura 5: Tipus d'insuficiencia placentaria i relacid amb el CIR i la PE precogos i tardans.

2.3.3. DIFERENCIES EN LA PRESENTACIO DE LA INSUFICIENCIA PLACENTARIA
ENTRE EL CIR | LA PE

Tot i que les dues entitats acostumen a ser conseqUéncia de la disfuncié
placentaria subjacent, el fet que el CIR sigui una afectacio fetal y la PE una afectacié
materna, ens indica que la insuficiencia placentaria pot incidir en el desenllag
gestacional a través de diferents vies i mecanismes. EI CIR es caracteritza per una
insuficient perfusid placentaria i no acostuma a presentar alteracions vasculars
sistemiques maternes significatives, mentre que en la PE hi predomina una
disfuncio endotelial sistemica amb afectacié d'organs materns.(44) En el CIR, la
inflamacio sistemica és menys intensa que en la PE, on es detecta una resposta
immune alterada i un estres oxidatiu més marcat.(44,49) Pel que fa a les troballes
anatomo-patologiques placentaries tant el CIR com la PE s’han associat a troballes
patologiques amb més freqlencia que en gestacions sense complicacions
placentaries, tot i que els estudis no son homogenis en establir-ne el grau

d'associacié.(5,50)
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2.3.4. FACTORS ANGIOGENICS EN EL CIR | LA PE

Com s'ha comentat, la insuficiencia placentaria es caracteritza per la hipoxia
placentaria, la qual indueix estres oxidatiu, inflamacié placentaria i desequilibri
entre els factors angiogenics placentaris.(10-12,51) Aquests factors tenen un paper
fonamental en l'equilibri de la vascularitzacié placentaria durant I'embaras,
regulant el creixement i la funcié dels vasos sanguinis a la placenta i contribuint al
desenvolupament i nutricio fetal. Existeixen diferents factors angiogenics
relacionats amb la insuficiencia placentaria, pero els més estudiats i implementats
en la practica clinica son el “soluble fms-like tyrosine kinase-1" (sFlt-1) i el “placental
glrowth factor” (PIGF). El PIGF és un factor proangiogenic de la familia VEGF que
afavoreix la formacid de nous vasos sanguinis i la remodelacié dels existents,
garantint un adequat subministrament de nutrients i oxigen al fetus. En situacions
normals, es troba lliure en el torrent sanguini, unint-se al seu receptor de
membrana, I'FIt-1, i promovent 'angiogenesi. En situacions d'isquémia placentaria,
I'endoteli afavoreix I'alliberament d'aquest Flt-1 en la seva forma soluble (sFlt-1),
que s'uneix al PIGF dins el torrent sanguini, promovent la vasoconstriccio i
I'augment de la permeabilitat vascular endotelial, la qual cosa causa els signes i
simptomes tipics de la insuficiencia placentaria. Aquest fet es tradueix en una
disminucié del PIGF i un augment de I'sFlt-1, fet que provoca un increment de la
seva ratio (sFlt-1/PIGF), que pot detectar-se setmanes abans de l'apariciod de la

clinica.(10,52,53)

34



En gestacions normoevolutives, I'sFlt-1 augmenta a partir de la segona meitat de
la gestacio, assolint el seu maxim al voltant del moment del part. El PIGF, en canvi,
augmenta progressivament ja durant el primer i segon trimestres, assolint el
maxim al voltant de les 32 setmanes i disminuint progressivament després. En
condicions normals, existeix un equilibri entre PIGF i sFlt-1. No obstant aixo, en
trastorns com la PE i el CIR, aquest equilibri es trenca i existeixen nivells elevats de
sFIt-1, nivells baixos de PIGF i com a consequencia, un augment en I'sFlt-1/PIGF.(10)
Existeixen altres factors angiogenics que estan sent investigats, com |'endoglina,

pero aquests no han estat encara implementats en la practica clinica.(54)

2.3.2.2. Evidéencia de la relacio entre els factors angiogenics i la PE

El gran gruix d'evidencia cientifica actual sobre la implementacié clinica dels
factors angiogenics és en la PE. En els Ultims anys s'han vist incrementades de
manera exponencial les publicacions en aquest cap i actualment diferents societats
cientifiques recomanen el seu Us en el maneig d'aquesta patologia.(55-57)
Actualment les seves aplicacions s'enfoquen tant a la prediccio, diagnostic, maneig

i pronostic.

Degut a I'evidencia del tractament preventiu de la PE amb aspirina,(58) una de les
seves aplicacions és I'Us del PIGF en la prediccid de PE al primer trimestre dins
d'un cribratge combinat poblacional que inclou factors materns, bioquimics i
ecografics. Existeixen diferents algoritmes per a la prediccio de PE al primer

trimestre i I'Gs del PIGF conjuntament amb la resta de parametres ha demostrat
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augmentar la taxa de deteccié de PE precog en un 20% per a una taxa de positius
del 10% de PE precog, arribant a xifres superiors al 80%.(59,60) L'addici¢ de I'sFLt-
1 no és Util per a predir PE al primer trimestre, ja que les concentracions d'aquest

comencen a incrementar-se a partir del segon trimestre.(10)

L'Us dels factors angiogenics tambe serveix per a la prediccid de PE al segon i
tercer trimestres. El seu Us més important és per al “rule out” de la malaltia, degut
al seu elevat valor predictiu negatiu (VPN). Un sFIt-1/PIGF <38 té un VPN del 99.3%
i del 94.3% per a descartar PE en 11 4 setmanes, respectivament.(9) El seu Us és
encara limitat per al “rule in”; ja que el seu valor predictiu positiu (VPP) és inferior,
tot i que superior al dels simptomes i signes habituals de la PE. S'han establert
diferents punts de tall que es correlacionen tant amb el diagnostic de PE com amb
la prediccio de complicacions placentaries i amb un menor temps fins al part, com
851110 (per sota i per sobre de les 34 setmanes, respectivament).(9,61-65) A més,
només el fet de coneixer el resultat dels biomarcadors, permet reduir el temps fins
al diagnostic de la PE i complicacions molt greus com l'eclampsia, I'accedent
vascular cerebral o linfart agut de miocardi sense augmentar el numero
d'hospitalitzacions.(66,67) Actualment el seu Us també es recomana per a prendre
decisions cliniques en pacients amb diagnostic de PE establert segons els criteris
classics, ja que s'ha demostrat que la finalitzacio electiva de les gestacions amb
diagnostic de PE sense criteris de gravetat i un PIGF inferior a 60 pg/ml disminueix
la progressio a PE amb criteris de gravetat i les complicacions maternes sense

empitjorar les complicacions neonatals.(68) Els estudis de cost efectivitat també
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mostren que la implementacié dels factors angiogenics en la prediccié i maneig
de la PE és cost-efectiva, ja que millora I'estratificacié del risc i pot disminuir els
costos elevats derivats de les complicacions maternes i dels parts preterme i els
ingressos perllongats a les unitats de cures intensives (tant maternes com

neonatals).(69,70)

2.3.2.2. Evidencia de la relacié entre els factors angiogenics i el CIR

Malgrat que I'evidencia sobre I'Us dels factors angiogenics en el CIR és més
limitada que en la PE, s'han erigit també com a una estrategia prometedora en el
maneig d'aquestes gestacions. Com s'ha explicat previament, la disfuncio
placentaria s'associa amb PE i aquesta, en moltes ocasions, s'associa a CIR;
especialment en les formes més greus i precoces.(71) Es per tal motiu que les
gestacions que cursen amb CIR mostren un perfil angiogenic similar a les que
cursen amb PE.(72) De fet, I'estudi PROGNOSIS, ja estudiava els valors de sFlt-
1/PIGF en el CIR, ja que un dels criteris d'inclusié dins de “sospita de PE" era el CIR
(tambeé amb tensié arterial normal).(9) En linies generals, I'sFlt-1/PIGF en el CIR
s'associa, igual que en la PE, amb un menor temps fins el part i amb un major risc
de complicacions perinatals.(55,73,74) Existeixen diferencies en quant a I'evidencia

disponible en funcié de les setmanes al diagnostic del CIR.

2.3.2.2.1. Factors angiogenics en el CIR precog

El gruix més important de I'evidencia és en el CIR precog, ja que associa un grau

d'insuficiencia placentaria major i, per tant, major associacio amb PE i valors de
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sFIt-1/PIGF més elevats. En absencia de PE al diagnostic de CIR, 4 setmanes abans
del part aquestes gestacions mostren ja valorar elevats de sFlt-/PIGF, i aquests es
relacionen amb un menor temps fins el desenllac. A més, aquests augmenten de
manera significativa quan se sobreafegeix una PE (principalment a expenses de
sFIt-1), traduint aixi una insuficiencia placentaria més severa.(75) Existeix evidencia
que a major sFIt-1/PIGF, major risc de complicacions perinatals (maternes, fetals i
neonatals), menor pes neonatal al naixement i menor temps fins el part, motiu pel
qual son Utils per a I'assessorament en el moment del diagnostic. Aquest fet és
especialment rellevant amb valors extremadament alts (>655), ja que només el
30% d'aquestes gestacions no es finalitzen abans de dos dies.(73,74,76—78) De fet,
el valor d'sFIt-1/PIGF es relaciona també amb el pronostic i el temps fins el part en
CIR amb diastole present a I'AU (CIR tipus | segons la classificacio de Figueras i
Gratacds), ja que amb valors <38 cap fetus requerira finalitzacid abans de 2
setmanes. Al contrari, valors 285, indicarien que més de la meitat de les gestacions
precisaran finalitzaci¢ abans d'una setmana. El valor de sFlt-1/PIGF podria, per tant,
ajudar a establir el temps entre ecografies ja que semblaria individualitzar millor
el pronostic i I'evolucié del CIR preco¢ que el Doppler fetal en el CIR tipus | al

diagnostic.(79)

Respecte els punts de tall valids en el CIR, existeix evidencia que els punts de tall
habitualment utilitzats en PE (38, 85 i 110) serien Utils tambe en el CIR precog,
simplificant-ne, d'aquesta manera, el maneig.(80) Malgrat el cada cop més elevat

nombre d'estudis disponibles en el CIR precog, no existeix evidencia que incloure
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els factors angiogenics en el maneig d'aquestes gestacions suposi un benefici

clinic respecte el maneig habitual.

2.3.2.2.2. Factors angiogenics en el CIR tarda

L'evidencia és menor en el CIR tarda. Tot i aixi, de manera general I'sFlt-/PIGF
també es correlaciona amb la severitat, ja que valors >38 s'associen a un menor
pes neonatal al naixement i a un index de pulsatilitat mig de les arteries uterines
(IPmAUt) més elevat aixi com a esdeveniments perinatals adversos, també en
gestacions normotensives.(73,81-83) La seva relacid amb el Doppler també ha
estat investigada per0O amb evidencia més contradictoria. Alguns autors han
demostrat que els factors angiogenics i el Doppler sén equivalents a I'hora de
predir PE i esdeveniments perinatals adversos i que la combinacio de tots dos no
aporta un benefici addicional respecte al seu Us per separat; de manera que, en
els casos de CIR tarda, I'Us exclusiu del Doppler és suficient, i en cas de no
disposar-ne, I'Us de sFIt-1/PIGF podria ser una alternativa.(63) Altres autors han
conclos que la capacitat predictiva de I'sFlt-1/PIGF per a esdeveniments adversos
és baixa si es fan servir com a parametre Unic, pero augmenta si s'afegeixen a la
resta de parametres habitualment utilitzats (PFE i Doppler), principalment per a
predir PE.(84) Aquestes diferencies poden explicar-se, en part, pels diferents
criteris d'inclusio i els diferents esdeveniments adversos que s'han considerat com
a resultat principal en aquests estudis. No existeix, per tant, evidencia suficient per

a la implementacio dels factors angiogenics en el maneig clinic del CIR tarda.
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2.3.2.2.3. Factors angiogeénics en el CIR a terme

Existeix un estudi observacional que ha comparat la identificacio dels fetus de baix
pes a terme (PFE inferior al percentil 10, entre les 36+0 i les 37+6 setmanes) amb
un risc elevat d'esdeveniments adversos, utilitzant I'avaluacié Doppler habitual
enfront d'una nova estrategia basada en I'sFlt-1/PIGF.(85) En I'estudi, del total de
521 fetus amb un PFE inferior al percentil 10, 102 presentaven valors anormals
d'sFlt-1/PIGF(=38), mentre que 412 presentaven un Doppler patologic. Aixi, segons
el protocol basat en Doppler (habitual en la practica clinica), el 79,1% (412/521)
dels fetus petits haurien estat classificats com a CIR. En canvi, amb I'estrategia
basada en factors angiogenics, només el 19,6% (102/521) dels fetus petits haurien
estat considerats com a CIR. Malgrat tot, ambdds estratégies van mostrar un VPN
similar per a descartar esdeveniments perinatals adversos (99,3% i 99%,
respectivament), indicant un bon pronostic per a aquelles gestacions no
classificades com a CIR independentment del criteri utilitzat. Per tant, la
classificacio basada en sFlt-1/PIGF semblaria més precisa i podria tenir una menor
taxa de falsos positius, reduint un 79% els fetus classificats com a CIR, sense
incrementar el risc d’esdeveniment perinatal advers. Tot i aixi, en tractar-se d'un
estudi observacional, els autors van concloure que un assaig clinic hauria de
validar aquesta estrategia. Per aquest motiu, encara no existeix evidencia per a I'Us

dels factors angiogenics en el maneig del CIR a terme.
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2.4 MANEIG DELS DEFECTES DE CREIXEMENT FETAL

El maneig dels defectes de creixement fetal segueix sent un repte avui en dia, ja
que existeixen discrepancies importants entre les guies de les diferents societats
cientifiques, com hem vist en els criteris diagnostics, pero tambe en quant al
seguiment i a la finalitzacio.(2) A continuacié es descriuran els diferents parametres
utilitzats per al diagnostic i sequiment i es revisara l'evidencia cientifica actual de

cadascun d’ells.

2.4.1. PES FETAL ESTIMAT

El PFE forma part dels criteris diagnostic de CIR de la majoria de guies cliniques i
protocols, considerant com a criteri Unic el PFE inferior al percentil 3 tot i I'absencia
d'anomalies del Doppler maternofetal.(2,3,24,25,32) Aquest fet es deu a que
existeixen estudis que han relacionat el pes fetal molt disminuit amb un increment
de la mortalitat perinatal i un increment dels esdeveniments perinatals adversos
aixi com un pitjor pronostic neurologic a llarg termini.(86-88) Aquestes troballes
les explicaria el fet que, tot i un Doppler maternofetal normal, el PFE inferior al
percentil 3 aconseguiria diagnosticar una proporcio de fetus amb una insuficiencia
placentaria de base (no detectada per Doppler) amb pitjors resultats
perinatals.(87) Malgrat aquesta evidencia, existeix un metaanalisi recent que
conclou que tot i que el PFE extrem comporta un risc 1.97 vegades superior de
complicacions perinatals, la capacitat predictiva és moderada i, a més, és similar a

la reportada per altres criteris emprats, com I'lPmAUt i I'ICP.(89) De fet, en un
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estudi que avalua els criteris diagnostics Delphi, el criteri del pes com a criteri Unic
va ser el majoritari per al diagnostic de CIR (un 56% dels casos) pero Unicament
responsable del 5.8% dels esdeveniments adversos.(90) El metaanalisi conclou que
la probabilitat d'un esdeveniment perinatal advers tenint en compte el PFE com a
criteri Unic és baixa i que, de fet, el risc és superior en els fetus de PFE normal amb
alguna alteracié Doppler que en els CIR amb PFE inferior al percentil 3 amb
Doppler normal. Posa en dubte, per tant, la utilitzacié del PFE com a criteri Unic

dins de la definicid de CIR.

2.4.2. VELOCITAT DE CREIXEMENT

La velocitat de creixement es defineix com el canvi en la mida fetal (ja sigui en el
PFE o d'alguna biometria especifica) en dos moments de la gestacié. Normalment
s'expressa com a la diferencia per unitat de temps (per exemple, mm/setmana o
g/dia) o en z-score.(91) Existeix heterogeneitat respecte la valoracio de la velocitat
de creixement (ja sigui de la CA o del PFE) a les diferents guies i protocols, fet que
reflexa I'evidencia contradictoria existent.(2) Mentre alguns estudis han conclos
que la velocitat de creixement no millora la prediccié d'esdeveniments adversos
quan s'afegeix al Doppler maternofetal, (92-96) altres autors han arribat a
conclusions oposades, indicant que la velocitat de creixement és un factor de risc

independent als altres marcadors.(97-99)
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La interpretacio de la velocitat de creixement és mes complexa que els calculs de
percentils de PFE i requereix informacié sobre la mediana i la desviacio estandard
per a l'edat gestacional en cada cas. A més, per a considerar I'Us de la velocitat de
creixement cal tenir en compte certs aspectes logistics, metodologics i estadistics:

91

1. Implica un increment de les exploracions ecografiques amb les conseguents

implicacions en temps i recursos.

2. Cal tenir en compte l'interval entre ecografies. Un interval de temps curt pot

tenir errors importants degut al propi error de la mesura.

3. Es desconeix quina és la millor edat gestacional per a iniciar el calcul del PFE.
Aquest és un fet rellevant, ja que reflectira el potencial de creixement del fetus |,
per tant, hauria de realitzar-se abans de l'inici de disminucio del creixement tenint
en compte els factors de risc subjacents que poden afectar aquest parametre. Si
el primer control de PFE es realitza posteriorment a I'inici de I'afectacio placentaria,
I'Us de la velocitat de creixement com a marcador por infraestimar el veritable
potencial de creixement i, per tant, disminuir la deteccié del CIR amb risc

d'esdeveniments adversos, i al contrari.

4. Cal tenir en compte tambe la variabilitat intra i interobservador, que s'estima al

voltant del 5-11%.(100,107)

5. Finalment, cal prendre en consideracié questions estadistiques que es

produeixen quan es mesura una variable de manera repetida; com el principi de
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regressio a la mitjana. Aquest fet descriu la tendencia de valors extremadament
alts o baixos d'una mesura a apropar-se a la mitjana amb les mesures

subsequents.(102) (Figura 6)
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Figura 6: Principi de regressio a la mitjana. Quan la primera mesura del pes fetal estimat (PFE) es
inferior a la mitjana (punt blau a les 30 setmanes), el percentil del mateix fetus a 34 setmanes
tendira a ser més alt i més proper a la mitjana. Aquesta tendencia no s'observara quan el primer
PFE estigui proper a la mitjana (punts verds a 30 i 34 setmanes). De manera similar, quan el
percentil és inicialment elevat (punt vermell), el percentil seglent tendira a ser més baix i més
proper a la mitjana. Aixi, els fetus amb un PFE inicialment baix mostraran, de mitjana, una velocitat
de creixement més alta en comparacié amb els fetus amb PFE mitja, mentre que els fetus amb un

percentil alt mostraran, de mitjana, una velocitat de creixement més baixa.(91)

Per tots aquests motius i donada I'evidencia contradictoria, les guies cliniques
difereixen en la incorporacié de la velocitat de creixement per al diagnostic i el

seguiment dels fetus de baix pes.(2)
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2.4.3. CIRCUMFERENCIA ABDOMINAL

De manera similar a la velocitat de creixement, existeix evidencia heterogenia en
quant a la valoracié de la CA de manera aillada en els fetus de baix pes i també
en el percentil considerat com a patologic.(2) Mentre que alguns autors han arribat
a la conclusié que la CA augmenta la prediccio dels fetus de baix pes,(103-105)
existeix també evidencia contraria.(106) Aquests resultats contradictoris es podrien
explicar pel fet que la majoria d'estudis avaluen la capacitat predictiva de la CA
per a diagnosticar PEG o CIR. Altres, en canvi, avaluen la capacitat de predir

esdeveniments adversos, que sembla que és equiparable a la del PFE.

Degut a la manca d'evidencia solida, les diferents guies també mostren diferencies
a I'hora d'incloure la CA com a criteri independent dins el diagnostic i maneig de

les gestacions amb fetus de baix pes.(2)

2.4.4. DOPPLER MATERNOFETAL

Les alteracions del Doppler poden traduir afectacions fetals croniques o agudes.
Mentre que en el primer cas els marcadors es tornen progressivament anormals a
causa d'una hipoxemia i/o hipoxia progressiva, en el segon cas, es correlacionen
amb canvis aguts que es produeixen en fases avancades del compromis fetal,
caracteritzades per una hipoxia severa i una acidosi metabolica, i que
habitualment precedeixen la mort fetal en pocs dies. Algunes de les mesures i

indexs que es descriuen a continuacid s'utilitzen principalment per a la
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diferenciacic del CIR enfront del PEG i, en conseqUéncia, son rellevants per al
maneig. Altres parametres tenen, a més, valor pronostic, ja que permeten
determinar un alt risc de compromis fetal i, per tant, s'utilitzen per indicar el part

abans del terme.(3)

2.4.4.1. Artéria umbilical

El Doppler de I'AU tradueix de manera indirecta les resistencies placentaries i €s
I"inica mesura que proporciona valor diagnostic i pronostic en els fetus de baix
pes. Historicament, ha estat considerat el parametre d'eleccié per a identificar el
CIR. No obstant, una proporcié important de fetus petits amb un index de
pulsatilitat (IP) de I'AU normal (inferior al percentil 95) tenen pitjor pronostic que
els fetus amb PFE normal. Per aquest motiu, no pot ser emprat com a marcador
Unic i actualment s'ha de valorar conjuntament amb altres parametres del Doppler

matern i fetal.(3)

S'ha demostrat que la utilitzacié del Doppler de I'AU en gestacions de risc redueix
fins el 29% les morts perinatals.(107) Aquest Us és especialment rellevant en el CIR
precog, ja que com s'ha explicat previament, té una insuficiencia placentaria
subjacent més greu que el CIR tarda i forma part de la classificacié per estadis
emprada al nostre medi.(3,108) En aquests casos és necessaria la valoracid no
Unicament quantitativa (mitjangant I'lP) si no tambeé qualitativa, valorant-ne el flux
diastolic. Els canvis en I'IP poden iniciar-se diverses setmanes abans de

I'empitjorament hemodinamic més greu.(109,110) En insuficiencies placentaries
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majors, aquest disminueix progressivament i pot arribar a negativitzar-se i,
posteriorment a fer-se revers. (Figura 7) Aquestes alteracions es correlacionen
directament amb un menor temps fins el part i amb el risc de dany cerebral i mort
intrauterina i un pitjor pronostic neurologic a llarg termini que els fetus amb
diastole positiva; sembla que independentment de la prematuritat.(3,110-115) A
més, en molts casos el CIR precog s'associa a PE, situacio en la qual els canvis en
I’AU poden ser més rapids i imprevisibles.(116) A les 30 setmanes de gestacio el
risc de mort intrauterina d'un CIR preco¢ amb una diastole reversa a I'AU és
superior als riscos de la prematuritat. Per aquest motiu, la seva valoracié també és

util per a decidir la finalitzacio de la gestacio.(117,118)

Decreased end diastolic flow

Absent end diastolic flow (AEDF)

AAAAA

Reversed end diastolic flow (REDF)

Figura 6: Progressié del Doppler anormal a I'arteria umbilical. Inicialment es produeix un augment
de l'index de pulsatilitat (rati entre la sistole i diastole), a la imatge superior. Posteriorment la
diastole es torna absent i en fases avancades, reversa (imatge al mig i inferior).(119)

En el CIR tarda, en canvi, les alteracions en I'AU son poc freqUents i el seu Us de

manera aillada és poc Uutil, ja que no prediu esdeveniments adversos
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acuradament.(6,27,120) Si que ho és, en canvi, combinat amb I'ACM formant part

de I'lCP, com es detallara més endavant.

2.4.4.2. Arteria cerebral mitja

L'ACM serveix com a indicador de vasodilatacié cerebral, fet conegut com a “brain
sparing”. L'afectacié de I'ACM es considera una manifestacid més aviat tardana,
amb una especificitat acceptable perd una sensibilitat baixa, la qual es millora amb
I'ts de [I'ICP perque és un marcador més precog, com es discutira a
continuacio.(1,3,29,36,121) Existeix associacid entre un IP anormal (inferior al
percentil 5) i un pitjor pronostic perinatal i neurologic i és especialment Util per a
identificar i predir resultats adversos en el CIR tarda, independentment del Doppler
de I'AU, que sovint és normal en aquests fetus.(36,122,123) Els fetus amb
vasodilatacié cerebral tenen un risc sis vegades més elevat de cesaria urgent per
sospita de perdua de benestar fetal en comparacié amb els fetus amb una IP
normal.(124) A més, s’ha demostra que els fetus amb CIR tarda i una ACM
patologica mostren un pitjor neurodesenvolupament tant al naixement com als 2

anys d'edat.(122,125)

En el CIR precoc I'ACM té un paper encara no del tot establert, pero segurament
el seu valor pronostic és escas tenint en compte l'elevat valor per predir

complicacions de I'AU i del DV.
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2.4.4.3. Index cerebroplacentari

L'ICP combina en un sol index els IP de I'AU i de I'ACM i ha demostrat ser un
parametre mes sensible per a detectar hipoxia que els seus components de
manera independent, a més de predir esdeveniments adversos i, especialment,
mort perinatal.(29,126-129) Per tant, I'ICP es troba disminuit de manera més
precog, quan els valors de AU i ACM presenten canvis subtils i encara es troben
dins dels limits de normalitat. Fisiologicament, I'ICP representa la interaccio entre
les alteracions en el flux sanguini cerebral, manifestades per un augment del flux
diastolic com a resultat de la vasodilatacié cerebrovascular secundaria a la hipoxia,
i I'increment de la resistencia placentaria, que provoca una disminucié del flux
diastolic a l'arteria umbilical.(128) L'evidencia es focalitza principalment en el CIR
tarda, pero sembla que I'lCP podria predir també resultats perinatals adversos en
el CIR precoc.(130) De fet, I'lCP sembla ser Util també en gestacions de baix risc i
amb PFE normal, ja que un estudi recent ha demostrat una reduccié del 50% en
el risc de complicacions neonatals greus, tot i que sense disminuir-ne la
mortalitat.(131) Aquest fet podria traduir la insuficiencia placentaria subjacent
present també en alguns fetus amb PFE normal i la possibilitat de detectar-la
mitjancant I'lCP per a finalitzar les gestacions a terme, encara que tinguin un PFE
normal. Malgrat tot, no existeixen assaigs clinics randomitzats que avaluin I'Us de
I'lCP en fetus de baix pes i existeix també discrepancies sobre el seu Us en les

diferents guies cliniques.(2)
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2.4.4.4. Arteries uterines

A més dels parametres anteriorment descrits, la valoracié del Doppler matern
sembla ser també d'utilitat en la valoracio del risc d'esdeveniments adversos en
els fetus de baix pes. El Doppler anomal de les arteries uterines s'ha associat amb
un risc augmentat de patiment fetal intrapart, cesaria urgent i ingrés a la unitat de
cures intensives neonatal.(132-135) En el CIR precog, la seva inclusio té I'avantatge
de reflectir la insuficiencia placentaria des del costat matern i existeix consens entre
els experts que un Doppler anomal de les arteries uterines és un criteri diagnostic.
En canvi, per al CIR tarda, només el 55% dels experts hi van estar d'acord, i per
aquest motiu no es va incloure com a criteri diagnostic dins els criteris de la
ISUOG.(32) Evidencia recent mostra que els fetus de baix pes amb un IPmAUt
patologic tenen 2-3 vegades més de risc d'un resultat perinatal advers. Malgrat
tot, aquesta capacitat predictiva és Unicament moderada i similar a la resta de
parametres emprats per a la diferenciacic de PEG i CIR, principalment
I'ICP.(136,137) Per tant, en presencia d'un ICP patologic, les artéries uterines
probablement no tinguin utilitat. En canvi, si ambdds parametres son normals, els
“likelihood ratios” d'ambdos tests poden combinar-se per a calcular el risc
d’'esdeveniment advers. Per exemple, suposant que el risc de resultat advers d'un
fetus PEG és del 28%, un Doppler d'uterines normal el disminuiria fins el 19.4%
("negative likelihood ratio” de 0.65). Aquesta disminucio és similar a la calculada
davant un ICP normal (18.2%, ‘likelihood ratio” de 0.60). Assumint la

independencia dels dos marcadors, si els dos son normals en una mateixa pacient,
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el risc hauria de multiplicar-se per ambdos “likelihood ratios”, disminuint fins el
13%. Els autors del metaanalisi, per tant, aposten per incloure el Doppler de les
arteries uterines dins els criteris diagnostic de CIR.(136) No obstant, no existeix
consens entre les diferents societats cientifiques per al seu Us en el maneig

d'aquestes gestacions.(2)

2.4.4.5. Ductus vends

El ductus vends és una estructura vascular essencial durant el desenvolupament
fetal, que permet la desviaci6 del 30% de la sang provinent de la placenta
directament a la vena cava inferior, passant per sobre del fetge. Aquesta desviacio
és important perque permet que la sang més oxigenada arribi de manera mes
eficient a la circulacio sistemica fetal i, en Ultima instancia, al cor.(138) EI DV és el
parametre Doppler més fiable per predir el risc de mort fetal a curt termini en el
CIR precog, ja que traduira sobrecarrega de cavitats dretes i disfuncio diastolica
durant la contraccio¢ atrial.(139) Els estudis longitudinals han demostrat que I'ona
de contraccio atrial “a” del flux vends es torna anomala només quan existeix
compromis fetal, de manera que existeix una bona correlacié entre aquesta i
I'acidemia mesurada en cordocentesi.(34,115,140-142) L'ona "a” absent o reversa
durant la contracci6 atrial s'associa amb mortalitat perinatal independentment de
I'edat gestacional, amb un risc del 40-100% en el CIR precog.(118,143,144) Per tant,
es considera suficient per a indicar la finalitzacié de la gestacié a qualsevol edat
gestacional.(53) Cal tenir en compte que un IP del superior percentil 95 s'associa
amb un risc més alt, tot i que no de manera tan consistent com quan el flux atrial
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és revers. Malgrat tot, la sensibilitat per a la mort perinatal es manté entre el 40 |
el 70%.(35,141,144). A més, en aproximadament el 50% dels casos, el DV anomal
precedeix la perdua de variabilitat a curt termini en la registre cardiotocografic
computeritzat (RCTGc), i en el 90% dels casos s'altera entre 48 i 72 hores abans
del perfil biofisic.(34,145) Aixi, es considera que ofereix una gran finestra

d'oportunitat per a decidir la finalitzacio de la gestacié degut a la seva precisio.

2.4.5. REGISTRE CARDIOTOCOGRAFIC

Els primers estudis a la decada dels 80 sobre gestacions d'alt risc van evidenciar
que, malgrat la seva elevada sensibilitat, el RCTG presenta una taxa del 50% de
falsos positius en la prediccio de resultats adversos.(146) A més, un metaanalisi va
concloure que no té cap benefici en la reduccié de la mortalitat perinatal.(147) Per
tant, no hi ha proves que justifiquin I'is del RCTG en els fetus de baix pes. Cal tenir
en compte que aquests estudis fa més de 40 anys que es van realitzar, i el grup
control no rebia cap avaluacié del benestar fetal. Un patré silent de la frequencia
cardiaca fetal o la presencia de desacceleracions espontanies acostumen a ser
indicadors molt tardans i previs a la mort fetal, motiu pel qual és essencial trobar

actituds que permetin una deteccio del risc de mort més precoc.

Una de les principals limitacions del RCTG convencional s que la interpretacioé de
la freqUencia cardiaca fetal és observador-depenent, fet que dificulta la seva

aplicacio en fetus extremadament prematurs, que tenen una variabilitat
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fisiologicament reduida. El RCTGc ha suposat un aveng significatiu, aportant nous
coneixements sobre la fisiopatologia i el maneig del CIR. Aquest metode permet
quantificar la variabilitat a curt termini de la freqUencia cardiaca, un aspecte que
no es pot avaluar subjectivament. L'evidencia actual indica que el RCTGc ofereix
una capacitat predictiva de la mort fetal a curt termini equiparable a I'ona “a”
reversa del DV. A més, la variabilitat disminuida a curt termini es relaciona amb
I'acidosi i la hipoxia severa, com s'ha demostrat en analisis de la sang del cordd
umbilical obtinguda durant cesaries.(148,149) D’altra banda, estudis més recents
suggereixen que podria actuar com un marcador agut,(34) ja que la disminucio
de la variabilitat esdeve anormal simultaniament amb el DV en molts casos.
Malgrat tot, en aproximadament la meitat dels pacients, |'alteracic del DV apareix
abans de la perdua de variabilitat a curt termini, mentre que en la resta, aquesta
és el primer signe de deteriorament.(34) L'aparicié recent de la intelligencia
artificial i la seva aplicacid amb exit en ambits similars, com I'analisi computacional
d'electrocardiogrames o electroencefalogrames, ha proporcionat noves eines
estadistiques eficients per ajudar en I'analisi del RCTG. No obstant, queden encara

moltes preguntes per a resoldre abans de la seva implementacié a la practica

clinica.(150,151)

2.4.6. PERFIL BIOFISIC

El perfil biofisic es calcula combinant I'avaluacié ecografica del to fetal, els

moviments respiratoris i corporals, la quantitat de liquid amniotic i el RCTG
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convencional. Inicialment es va descriure per a millorar el rendiment de la valoracié
del RCTG. Existeixen estudis observacionals que mostren una associacié entre un
perfil biofisic anormal i la mortalitat perinatal, aixi com amb el risc de paralisi
cerebral.(152) Existeix una bona correlacié també amb I'acidosi, sent el to fetal i els
moviments motors els components amb millor correlacié.(153) No obstant aixo,
igual que succeeix amb la valoracic del RCTG, I'elevada taxa de falsos positius
(50%) limita la seva utilitat clinica.(154) A més, un metaanalisi no va trobar cap
benefici significatiu de la valoracié del perfil biofisic en gestacions d'alt risc.(155)
Recentment, estudis que utilitzen estrategies de vigilancia integrades, que
combinen el monitoratge de la frequencia cardiaca amb I'avaluacié del perfil
biofisic i el Doppler, han demostrat millors resultats i taxes de mort fetal compreses
entre el 0% i el 4%, en comparacid amb les taxes d'entre el 8% i 1'11% observades
amb una frequencia de vigilancia determinada empiricament.(156) Degut als
resultats discordants, I'evidencia sobre I'ds del perfil biofisic encara és

controvertida. (3)

2.4.7. DISMINUCIO DE MOVIMENTS FETALS

La percepcié materna d'una disminucié dels moviments fetals s'ha associat a un
augment del risc de mort fetal intrauterina.(157) No obstant aixo, la deteccio dels
moviments fetals és subjectiva, fet que suposa una limitacié en la practica clinica.
A més, les gestants amb un CIR sever tenen més dificultat per percebre la
disminucié dels moviments fetals en comparacié amb les que no presenten CIR,
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la qual cosa posa de manifest la necessitat d'una vigilancia mes estreta en aquests
casos.(158) Existeix una associacid entre la disminucid de moviments fetals i
anomalies en la morfologia i funcié placentaria, donant suport a la hipotesi d'una
relacio causal entre insuficiencia placentaria i disminucic de moviments fetals.(157)
A més, el recompte de moviments fetals ha demostrat una millor identificacio dels
casos de CIR i una millora dels resultats perinatals, sense augmentar el nombre de
consultes o intervencions innecessaries.(159) D'altra banda, la disminucid de
moviments fetals és un predictor significatiu i independent de pitjors resultats
neonatals en el CIR, fet que suggereix una agressié aguda sobreafegida a una
insuficiencia placentaria subjacent. Donada la seva rellevancia clinica, la disminucio
de moviments fetals s’ha de considerar com un factor a considerar en la presa de
decisions sobre la finalitzacié de la gestacid, conjuntament amb la resta de

variables i sempre tenint en compte |'edat gestacional.(3,160)

2.4.8. OLIGOAMNIS

La valoracio de la quantitat de liquid amniotic forma part del perfil biofisic, pero
és |'lnic parametre de caracter cronic. Un metaanalisi de 18 estudis aleatoritzats
va demostrar que I'oligoamnis s'associa amb una puntuacié d’Apgar als 5 minuts
meés baixa, pero no es va trobar cap associacié amb acidosi o mort perinatal en
els fetus PEG.(161) Posteriorment, estudis longitudinals en el CIR preco¢ han
mostrat una reduccié progressiva del volum de liquid amniotic.(34,115) Una

setmana abans del deteriorament agut, entre un 20-30% dels casos presenten

55



oligoamnis.(115,145) Recentment, s'ha descrit que la combinacio d'oligoamnis amb
I'lCP pot incrementar la taxa de deteccié d'esdeveniments adversos en aquests
pacients.(162) Degut a la poca evidencia sobre el paper de I'oligoamnis en la
predicci6 de complicacions perinatals en fetus amb CIR controlats mitjancant
Doppler, no existeix un consens clar sobre la seva incorporacio en el maneig dels
fetus petits i és un parametre que ha de considerar-se per a la presa de decisions

conjuntament amb la resta de variables.(3)

2.5. FINALITZACIO DE LA GESTACIO

Ateés que no existeix cap tractament que hagi demostrat ser efectiu en el CIR,
I'estrategia acceptada es basa en un maneig personalitzat, aixi com en la
finalitzacio de la gestacid en el moment mes oportu. Precisament, determinar
aquest "moment optim" continua sent, avui dia, un tema de debat i controversia,
ja que hi ha una manca gairebé absoluta d'assaigs clinics que en donin una
resposta concloent. El maneig dels fetus amb restriccid de creixement implica
equilibrar els riscos de prolongar la gestacié amb els de la prematuritat derivada
d'una finalitzacié precoc. Trobar el punt d'equilibri entre aquestes dues situacions

continua sent un dels principals reptes en aquest ambit.
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2.5.1. FINALITZACIO DE LA GESTACIO EN EL CIR PRECOC

L'edat gestacional preco¢ en el moment del part i un pes neonatal baix sén els
principals factors que impacten negativament en el pronostic neonatal dels fetus
amb CIR precog. De fet, per sota de les 27 setmanes i amb un PFE inferior als 600
grams, cada dia de prolongacio de la gestacio augmenta la supervivencia neonatal
en un 2%. A partir de les 27 setmanes, els parametres Doppler del ductus vends

esdevenen el principal predictor de I'evolucié neonatal.(35)

Existeixen dos assaigs clinics randomitzats sobre la finalitzacié en el CIR precog. El
primer va ser el GRIT (“Growth Restriction Intervention Trial”).(163) Aquest estudi
va avaluar l'efecte de la finalitzacié immediata en comparacié amb un maneig
expectant quan els clinics tenien dubtes sobre el millor moment per al part d'un
fetus CIR en risc. El temps mitja fins al part va ser de 4,9 dies en el grup de maneig
expectant i de 0,9 dies en el grup de finalitzacié immediata i no es van observar
diferéncies significatives en el desenvolupament neurologic als 2 anys (tot i que
una tendencia a un pitjor desenvolupament en els finalitzats immediatament) ni

en edat escolar entre els dos grups.(117)

El segon assaig clinic, el més gran realitzat en CIR precog, és el “TRUFFLE".(164) En
aquest estudi, totes les participants van rebre seguiment amb Doppler de I'AU i
RCTGc i es van aleatoritzar a la finalitzacio de la gestacié segons tres estrategies

de maneig: canvis "precogos" (IP del DV>percentil 95), canvis "tardans" (ona “a

del DV absent o reversa) i canvis en la variabilitat a curt termini en el RCTGc.
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Una indicacid absoluta de finalitzacio, independentment del grup de
randomitzacid assignat, incloia la presencia de desacceleracions espontanies
repetides i persistents en els tres grups i una disminucio de la variabilitat <2,6ms
entre les 26+0 i 28+6 setmanes de gestacio i <3,0ms entre les 29+0 i 31+6
setmanes en els grups de DV. El protocol recomanava la finalitzacié no més enlla
de les 30 setmanes en cas de flux diastolic revers a I'AU i no més enlla de les 32
setmanes en casos d'’AU amb flux diastolic absent. L'estudi TRUFFLE va concloure
que la decisic de finalitzacié basada en el DV combinat amb el RCTGc
proporciona els millors resultats neurologics a llarg termini (als 2 anys) en els
nounats supervivents.(165) En el nostre medi, seguim la proposta de finalitzacio
proposada per Figueras i Gratacos, basada en els diferents estadis que previament

s’han detallat.(3)

2.5.2. FINALITZACIO DE LA GESTACIO EN EL CIR TARDA | A TERME

L'evidencia és encara més escassa en els casos de CIR tarda, ja que Unicament es
disposa d'un assaig clinic randomitzat, el DIGITAT, sobre el CIR a terme.(164)
Existeix controversia entre diferents guies, pero la majoria recomanen la
finalitzacio a les 37-38 setmanes basada en aquest estudi.(2) En aquest, els fetus
amb un PFE inferior al percentil 10 es van aleatoritzar en dos grups: induccié del
part en el terme preco¢ o maneig expectant fins a l'inici del treball de part

espontani. La induccio sistematica del part a terme no va millorar els resultats
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perinatals. Per contra, es va observar un augment significatiu en el nombre
d'ingressos a la unitat de cures intensives neonatals i a la unitat de cures
intermedies en els nadons nascuts a terme precog (51,1%) en comparacio amb els
nascuts a terme complet (39,8%).(166) Com que no es van trobar diferencies en
les caracteristiques basals dels grups en el moment de la inclusid, es pot assumir
que aquesta diferencia del 11,3% en els ingressos neonatals es devia principalment
a la diferencia en l'edat gestacional en el moment del part entre els grups. Per
aquest motiu, una revisio Cochrane de 2015 va concloure que no hi ha evidencia
que la finalitzacié electiva a terme dels fetus petits (basada unicament en el PFE)
hagi de ser recomanada per evitar resultats perinatals adversos.(167) Cal tenir en
compte que en l'estudi DIGITAT no es van considerar altres factors predictius de
mal pronostic en fetus petits, com liquid amniotic, el Doppler maternofetal o el
perfil biofisic. Per tant, és possible que, amb una identificacioc més precisa dels
fetus petits amb un risc realment elevat de complicacions perinatals (és a dir,
aquells CIR), la finalitzaci electiva a terme preco¢ hagués mostrat beneficis. De
fet, existeixen estudis observacionals posteriors que demostren que els fetus de
baix pes tenen un risc de mort intrauterina incrementat a partir de les 37

setmanes.(168)

Posteriorment altres estudis han provat d'identificar, mitjancant Doppler, en el
subgrup de fetus PEG, aquells amb un pitjor pronostic que es beneficiarien d'una
induccié a terme, mostrant reduccions en els esdeveniments adversos. Per tant,

sembla que I'estrategia d'identificar correctament els fetus amb un pitjor pronostic
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i finalitzar la gestacid d'aquests de manera electiva al terme tindria beneficis
respecte la conducta expectant.(121,169,170) Malgrat tot, no existeixen assajos
clinics randomitzats que comparin aquestes estrategies i existeixen, per tant,
discrepancies entre les diferents guies de les societats cientifiques sobre el

moment de finalitzacié adequat del CIR tarda i a terme.

2.5.3. VIA DEL PART

La via del part dependra de diferents factors, com les cirurgies maternes previes,
la patologia materna de base o la presentacio fetal, entre d'altres. Tenint en
compte Unicament el PFE i els diferents estadis anteriorment descrits, es considera
que en els fetus PEG la via d'eleccié6 és la vaginal donat que son fetus
constitucionalment petits i sense un risc incrementat de manera significativa
respecte la resta de gestacions. En quant els CIR, es prioritza la via vaginal en els
de tipus 1, és a dir amb una diastole a I'AU positiva.(3) Tot i aixi, aquests fetus
tenen incrementat el risc de patiment durant el treball de part, traduint unes
menors reserves placentaries, i cal monitoritzar-los de manera continuada durant
el treball de part actiu.(2,124) Respecte els CIR tipus 2, 3 i 4 cal tenir en compte
gue en la immensa majoria de casos tradueixen insuficiencies placentaries greus i,
per tant un risc molt incrementat de patiment fetal intrapart i de cesaria urgent
(fins el 50% en el tipus 2). Tenint en compte les setmanes de gestacié en les que

cal finalitzar I'embaras, la via d’eleccié recomanada és la cesaria.(3)
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2.5.4. MECANISME D'INDUCCIO

No existeix evidencia solida sobre quin és el métode de maduracid cervical
recomanable en els fetus amb CIR. Sembla que els metodes mecanics (sonda de
Foley i bald de Cook®) s'associen a una menor estimulacio uterina i a una menor
taxa de taquisistolia en comparacié amb les prostaglandines. Per aquest motiu
s'han proposat com a opcions adequades per a la maduracio cervical en el CIR, ja
que podrien reduir el risc de patiment fetal.(25,171,172) Existeixen autors que, al
contrari, no han trobat diferéncies entre ambdds métodes.(173) Actualment s'esta

duent a terme un assaig clinic per a donar resposta a aquesta questi6.(174)

2.6. PRONOSTIC

El diagnostic d'un CIR durant la gestacié condicionara el pronostic neonatal si no
també de la gestacid en si, a nivell fetal i perinatal i el pronostic matern. A

continuacié es detallen aquests aspectes.

2.6.1. PRONOSTIC MATERN

El CIR s'associa a un augment del risc de complicacions maternes, especialment
en els casos de presentacido precog, on la insuficiencia placentaria és més

marcada.(175) El principal risc per a la gestant és el desenvolupament de PE, amb
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un augment del risc de formes greus i de complicacions com la sindrome HELLP

(hemolisi, elevacié d'enzims hepatics i trombocitopenia).(176)

A més, les gestants amb CIR tenen un risc incrementat de despreniment de
placenta i de cesaria urgent, incloent-hi el risc d'hemorragia massiva i
coagulopatia.(177,178) D'altra banda, cada vegada hi ha més evidencies que el fet
de desenvolupar CIR durant la gestacid també comporta una afectacio
cardiovascular materna. Aquesta és similar a I'observada en la PE, tot i que sembla
ser menys greu. S'ha demostrat que dues terceres parts de les dones amb
gestacions amb CIR i sense PE manifesten reserves diastoliques menors i un terg
presenta disfunci¢ diastolica. Aquests resultats son coherents amb ['etiologia
placentaria comuna tant del CIR com de la PE i tenen una rellevancia clinica
important, ates I'elevat risc a llarg termini d'insuficiencia cardiaca en pacients amb
disfuncié diastolica del ventricle esquerre. Les alteracions cardiovasculars sén més
freqUents i més greus en les dones amb PE concomitant, que mostren signes de
deteriorament de la contractilitat miocardica i disfuncio sistolica.(179) Aquestes
alteracions podrien explicar, en part, la major incidencia de malaltia hipertensiva
en embarassos amb CIR, aixi com el risc elevat de patologia cardiovascular en el

postpart i a llarg termini.(180-182)

2.6.2. PRONOSTIC FETAL

El CIR és la principal causa d'obit fetal.(183) L'exemple més clar d'aquesta relacid

és que l'antecedent de CIR en una gestacio previa és un dels factors de risc més
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importants per a la mort fetal intradter, fins i tot més que I'antecedent d'obit en si

mateix.(184)

Durant la vida intrauterina, a més, els fetus CIR presenten alteracions cardiaques i
neurologiques detectables mitjancant ecocardiografia fetal i neurosonografia. A
nivell cardiovascular, els estudis han demostrat un remodelatge cardiac amb cors
més grans i ventricles més esferics (especialment el dret) i hipertrofics a mes de
disfuncié sistolica i diastolica.(185,186) Aquests canvis sébn més evidents en els

Casos severs i precogos, pero també es presenten en el CIR tarda.(187)

A nivell del sistema nervios central, els fetus CIR mostren també alteracions
detectades ja prenatalment. S'han descrit alteracions cerebrals, com una longitud
meés curta del cos callds i un retard en el desenvolupament cortical, especialment
en aquells amb Doppler anomal (tant fetal com matern), a més d'una redistribucio
de la materia blanca i grisa.(188-190) Existeix evidencia que aquestes troballes no
desapareixen postnatalment.(191-193) Totes aquestes troballes suggereixen una
adaptacio fetal a I'entorn hipoxemic i nutricionalment desfavorable, amb possibles
consequencies a llarg termini en la funcid cardiovascular i el

neurodesenvolupament.

2.6.3. PRONOSTIC NEONATAL

2.6.3.1. CIR precog

El pronostic neonatal ve condicionat per dos aspectes principalment: la

prematuritat i el CIR en si mateix. El cas del CIR precog les setmanes de gestacié
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al part son el factor determinant ja que condicionaran no nomes la morbimortalitat
a curt termini si no tambe del futur, ja que existeix una relacid inversament
proporcional entre l'edat gestacional i el neurodesenvolupament a llarg

termini.(194,195) (Figura 7)
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Figura 7: Probabilitat de supervivencia i d'alteracié del neurodesenvolupament en la prematuritat
greu.(195)

El CIR mostra taxes més elevades de mortalitat i morbiditat en el periode neonatal
immediat, amb un risc més elevat d'asfixia perinatal.(195) A més, s'ha demostrat
que el percentil de pes juga un paper important en la morbimortalitat,
principalment a edats gestacionals inferiors a les 32 setmanes i, especialment, en
la prematuritat extrema.(196,197) A curt termini, durant l'ingrés a les unitats de
cures intensives neonatals, els nadons CIR presenten complicacions freqientment
a nivell respiratori, gastrointestinal i hematologic. A nivell respiratori, és freqUent
el distrés respiratori. Aquest, sembla que no es relaciona directament amb el CIR,

si no que és consequencia principalment de la prematuritat. Malgrat tot, el risc de
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malaltia pulmonar cronica i displasia broncopulmonar esta incrementat més de 3
vegades en el CIR i es relaciona directament amb una menor edat gestacional i un
menor pes al naixement.(198,199) Existeix també un major risc d'hipertensio
pulmonar.(200) A nivell gastrointestinal el risc més important és el de problemes
amb l'alimentacié i d'enterocolitis necrotitzant, que contribueix de manera
important a augmentar la mortalitat en aquests pacients.(201) Existeix evidencia
que relaciona I'anormalitat del Doppler fetal prenatal amb un risc incrementat de
desenvolupar aquestes complicacions en periode neonatal, multiplicant per 4 el
risc d'enterocolitis necrotitzant.(202) La lactancia materna té un paper preventiu
important en aquests pacients disminuint el risc a la meitat.(203) A nivell
hematologic és frequent que desenvolupin policitemia (predisposant al risc
d'ictericia), trombopenia o neutropénia, en general com a mecanismes

d'adaptacio a la hipoxia.(195)

El CIR precocg també presenta un pitjor pronostic de manera global a llarg termini.
Aquest fet es coneix com a programacié fetal o “fetal programming”.(195)
L'evidencia indica que el remodelatge vascular i les alteracions metaboliques
observades en el CIR s'associen a un major risc de patologia cardiovascular i
metabolica en I'edat adulta.(195) En el periode neonatal, la provisid d'una nutricio
adequada és un repte rellevant. No obstant aixO, la composicid optima de la
nutriciod parenteral i enteral, la fortificacié de la llet i el ritme de guany ponderal
per millorar els resultats a llarg termini despres del CIR encara no estan ben

establerts. De fet, existeix evidencia que suggereix que el creixement accelerat
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postnatal ("catch-up growth”) pot tenir consequencies perjudicials en el futur, com
un major risc d'obesitat, acumulacié de greix visceral i sindrome metabolica

(hipertensio, dislipemia i resistencia a la insulina o diabetis tipus 2).(194)

Pel que fa al neurodesenvolupament, els infants amb CIR presenten un risc més
alt d'alteracions motores, cognitives i conductuals en comparacié amb els nounats
de pes adequat per a l'edat gestacional. Aquest risc esta relacionat amb
alteracions en el creixement i la maduracié cerebral que es manifesten intradter i
depenen tant de l'edat gestacional d'inici com de la severitat del CIR.(204) A més,
el CIR s'associa a un augment de 15 a 30 vegades en el risc de paralisi cerebral i
és un factor de risc per a la retinopatia del prematur.(205) No obstant aixo, un curs
postnatal sense complicacions greus es relaciona amb un menor risc d'alteracions

neuroconductuals en el futur.(206)

2.6.3.2. CIR tarda

En el CIR tarda, el pronostic és més favorable, ja que la majoria de casos es
finalitzen a terme o en el preterme tarda. El risc de mortalitat neonatal és molt
baix, inferior a I'1% en paisos desenvolupats.(207) S'ha demostrat que predisposen
a un pitjor pronostic I'edat materna de més de 35 anys, la coexistencia de PE, i les
alteracions Doppler, especialment una vasodilatacio cerebral aixi com una menor
edat gestacional i un menor pes neonatal.(207) Els riscos principals a curt termini
comprenen principalment la sepsia, el destret respiratori, la taquipnea transitoria i

la necessitat de ventilacio invasiva aixi com el risc d'ictericia no immune. En aquests
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casos, el risc d'enterocolitis és molt menor.(208) Existeix evidencia també que
relaciona el risc de complicacions amb el pes neonatal. D'aquesta manera, els
nounats amb un pes inferior al néixer tenen pitjor pronostic neonatal que els
nounats amb un pes normal a les mateixes setmanes de gestacio i el risc de

mortalitat neonatal es multiplica per 2.(208-210)

Igual que el CIR precog, el CIR tarda també presenta un pitjor pronostic de manera
global a llarg termini. Com s’ha comentat previament, degut a la programacio fetal
descrita en el CIR, el baix pes en néixer s'ha associat amb un augment del risc de
mortalitat per malaltia coronaria, ictus, hipertensio, intolerancia a la glucosa i
diabetis mellitus no insulino-dependent.(211-216) Aquestes associacions han estat
descrites independentment de les diferencies en |'esperanca de vida o en el
sistema sanitari.(217,218) Aquest fet s'explica per la presencia de canvis
estructurals, funcionals i metabolics en el fetus com a resposta adaptativa a un
ambient advers o suboptim. Aquest ambient desfavorable persisteix en la vida

postnatal, fet que comporta un major risc de malaltia en I'edat adulta.(219)

El CIR tarda també presenta pitjor neurodesenvolupament a llarg termini.(220)
Malgrat aix0, durant els darrers anys s'han publicat multiples estudis amb resultats
dispars que no donaven resposta a si aquest fet estava condicionat per la
prematuritat o si, el CIR per se conferia un pitjor pronostic. Recentment un
metaanalisi descriu que el baix pes es correlaciona amb un pitjor
neurodesenvolupament a curt i a llarg termini en els nadons amb baix pes al

neixer, i que aquest és independent de |'edat gestacional.(221)
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2.6.4. PRONOSTIC A LLARG TERMINI DELS FETUS NASCUTS EN EL TERME

PRECOC

Es defineix com a nounat a terme preco¢ aquell que neix entre les 37 i les 38+6
setmanes. Aquesta diferenciacio resulta rellevant, ja que diversos estudis han
demostrat, també en nadons amb pes normal, un augment de la morbiditat
postnatal (com l'ingrés a les unitats de cures intensives neonatals per necessitat
de suport respiratori) i uns resultats a llarg termini menys favorables; com un major
risc de diabetis, obesitat i morbiditat respiratoria, en els nadons nascuts a terme
preco¢ en comparacid amb els nascuts a terme complet.(8,222,223) Existeix un
estudi prospectiu realitzat en 232 infants, als 3, 61 12 mesos, mitjangant les escales
de neurodesenvolupament de Bayley que conclou que en totes les edats de
seguiment, el neurodesenvolupament (tant a nivell cognitiu com en
psicomotricitat) és significativament superior en els infants nascuts en el terme
complet o tarda en comparacid amb aquells nascuts en el terme precoc. La
principal conclusio d'aquest estudi, doncs, és que I'edat gestacional és un factor
predictiu del desenvolupament cognitiu i psicomotor.(224) Aixi, hom pot pensar
que una correcta identificacié prenatal dels fetus petits amb risc d’esdeveniment
perinatal advers (que actualment es finalitzen a les 37-38 setmanes) permetria
allargar I'edat gestacional en els de baix risc i, per tant, incrementar també el pes
al naixement. Aquest fet podria suposar, en Ultima instancia, una millora del
pronostic metabolic, cardiovascular, respiratori i neurologic a llarg termini en

aquests pacients, contribuint aixi a una millor salut general a escala global.
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3. HIPOTESIS

Aquesta tesi doctoral es planteja en base a les seglents hipotesis:
HIPOTESIS PRINCIPALS

1. Els valors de sFlt-1/PIGF determinats al diagnostic d'un PEG o CIR precog

mostren una bona correlacid amb els estadis Doppler emprats a la practica clinica

2. La classificacio dels fetus petits a terme en PEG/CIR mitjancant sFlt-1/PIGF és no
inferior a la classificacio habitual segons pes fetal estimat i Doppler per detectar
els fetus amb risc d’acidosi neonatal o cesaria per sospita de perdua de benestar

fetal.

HIPOTESIS SECUNDARIES

1. En el PEG/CIR precog, els valors de sFlt-1/PIGF al diagnostic es correlacionen de
manera inversament proporcional amb 'edat gestacional al part, un menor temps
fins el part, el pes al naixement i directament proporcional amb el temps d'ingrés

a les unitats de cures intensives neonatals.

2. En el PEG/CIR a terme, el diagnostic i maneig mitjancant sFlt-1/PIGF permet
disminuir les induccions innecessaries, allargant l'edat gestacional al part i
incrementant el pes neonatal respecte el maneig habitual amb pes fetal estimat i

Doppler.
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3. En el PEG/CIR a terme, el diagnostic i maneig mitjancant sFlt-1/PIGF disminueix
les complicacions perinatals respecte el maneig habitual amb pes fetal estimat i

Doppler.

4. En el PEG/CIR a terme, el diagnostic i maneig mitjancant sFlt-1/PIGF disminueix
les complicacions neonatals respecte el maneig habitual amb pes fetal estimat i

Doppler.

5. En el PEG/CIR a terme, el diagnostic i maneig mitjangant sFlt-1/PIGF disminueix
les complicacions maternes respecte el maneig habitual amb pes fetal estimat i

Doppler.
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4. OBJECTIUS

OBJECTIUS PRINCIPALS

1. Comparar els valors de sFlt-1/PIGF determinats al diagnostic d'un PEG o CIR i

correlacionar-los amb els estadis Doppler emprats a la practica clinica.

2. Analitzar si la classificacio del PEG/CIR a terme mitjangant sFlt-1/PIGF és no
inferior a la classificacio segons pes fetal estimat i Doppler per a detectar els fetus

amb risc d'acidosi neonatal o cesaria per sospita de perdua de benestar fetal.

OBJECTIUS SECUNDARIS

1. Comparar els valors d'sFlt-1/PIGF en el PEG/CIR precog, i correlacionar-los amb
I'edat gestacional al part, el temps fins el part, el pes al naixement i el temps

d'ingrés a les unitats de cures intensives neonatals.

2. Comparar, en el PEG/CIR a terme, I'efecte del maneig mitjancant sFlt-1/PIGF en
les induccions del part, I'edat gestacional al part i el pes neonatal al naixement

respecte el maneig habitual amb pes fetal estimat i Doppler.

3. Comparar, en el PEG/CIR a terme, l'efecte del maneig mitjancant sFlt-1/PIGF en
les complicacions perinatals respecte el maneig habitual amb pes fetal estimat i

Doppler.
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4. Comparar, en el PEG/CIR a terme, I'efecte del maneig mitjangant sFit-1/PIGF en
les complicacions neonatals respecte el maneig habitual amb pes fetal estimat i

Doppler.

5. Comparar, en el PEG/CIR a terme, I'efecte del maneig mitjancant sFlt-1/PIGF en
les complicacions maternes respecte el maneig habitual amb pes fetal estimat i

Doppler.
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5. METODOLOGIA | RESULTATS
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METODOLOGIA DEL PROJECTE D'INVESTIGACIO

El disseny del treball, la poblacic objecte d'estudi i la metodologia emprada es
troba descrita als apartats “Methods” de cadascun dels articles publicats dels quals
es composa aquesta tesi doctoral. Aquests es troben al final del present apartat.
A meés, per la complexitat i detall dels metodes de I'estudi 2, en tractar-se d'un
assaig clinic randomitzat multicentric, s'adjunta a continuacié el protocol publicat

préviament.

CONSIDERACIONS ETIQUES

El projecte es basa en dos estudis independents que van ser aprovats pel Comite
d'Etica i Investigacié Clinica de I'Hospital Universitari Vall d'Hebron el 2 de juny del
2017 i el 18 de febrer del 2020. Estan registrats amb el codi PR(AMI)349/2016 i
PR(AMI)527/2019). Tots els participants van rebre el document d'informacio en el
moment de la inclusio y van signar el corresponent consentiment informat que es

s'adjunta a l'annex.

PRESSUPOST | FINANCAMENT

- L'estudi no va rebre cap tipus de financament per a la seva execucio. Els reactius
(sFIt-11i PIGF) van ser proporcionats per Roche Diagnostics. Roche Diagnostics no
va participar en la recollida de dades, I'analisi o la interpretacid, el disseny de

I'estudi, el reclutament de pacients ni en cap altre aspecte rellevant de I'estudi.
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- Les participants van formar part dels estudis de manera voluntaria i no van rebre

compensacié economica.

- El personal investigador no va rebre cap tipus de compensacié economica per

participar a |'estudi.

- No es preveu que de la informacié obtinguda dels resultats dels estudis es pugui

treure cap tipus de rendiment economic.
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Abstract

Introduction: Increased soluble fms-like tyrosine kinase to placental growth factor
ratio (sFIt-1/PIGF) has been demonstrated in early-onset fetal growth restriction
(FGR) and small for gestational age (SGA). sFlt-1/PIGF cut-offs have been described
to assess preeclampsia severity; however, sFIt-1/PIGF values present in early-onset
SGA and different FGR severity stages remain unknown. Hence, the objective of this
study was to describe and compare the sFlt-1/PIGF values and pregnancy outcomes
among early-onset SGA/FGR stages.

Material and methods: This is a prospective case-control study conducted at Vall
d'Hebron University Hospital. Singleton pregnancies with estimated fetal weight
<10th centile and a control group of uncomplicated pregnancies between 20*° and
31 weeks of gestation were enrolled. Study women were classified at diagnosis
into different stages, according to estimated fetal weight centile and Doppler ultra-
sound. sFlt-1/PIGF serum concentrations were measured at diagnosis and, together
with pregnancy outcomes, were compared among FGR severity stages, SGA, and
controls. Finally, correlations between sFIt-1/PIGF values and time to delivery, ges-
tational age at delivery, days of neonatal admission, and birthweight z-scores were
investigated.

Results: Among the 207 women enrolled, 32 (15.4%) had uncomplicated pregnan-
cies, 49 (23.7%) pregnancies showed SGA, and 126 (60.9%) involved FGR (92 being
stage |, 17 stage Il, and 17 stage Ill). SGA and controls had similar median sFlt-1/
PIGF values (25.7 vs 27.1, P > .05) and pregnancy outcomes. However, all FGR stages
had significantly poorer outcomes and greater sFlt-1/PIGF values than those of SGA
and controls. Furthermore, median values differed significantly among all FGR sever-
ity stages (9.76 for stage |; 284.3 for stage Il, and 625.02 for stage Ill, P < .05) in-
creasing with FGR severity as well as the frequency of adverse pregnancy outcomes.

Abbreviations: AUC, area under the curve; CTG, cardiotocography; EFW, estimated fetal weight; FGR, fetal growth restriction; GA, gestational age; NICU, neonatal intensive care unit;
PE, preeclampsia; PI, pulsatility index; PIGF, placental growth factor; sFit-1, soluble fms-like tyrosine kinase-1; SGA, small for gestational age.

© 2020 Nordic Federation of Societies of Obstetrics and Gynecology

Acta Obstet Gynecol Scand. 2021;100:119-128.
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feasible.

KEYWORDS

1 | INTRODUCTION

Small-for-gestational-age (SGA) fetuses and fetal growth restriction
(FGR) affect around 10% of pregnancies.1 SGA are considered con-
stitutionally small fetuses and are commonly defined as estimated
fetal weight (EFW) between the 3rd and the 10th centiles with no
abnormalities in fetal and/or uterine Doppler assessment, whereas
FGR is described as EFW <3rd centile or EFW <10th centile with
fetoplacental Doppler abnormalities.> Additionally, FGR and SGA
fetuses can also be divided into two groups: early-onset and late-
onset, depending on the gestational age (GA) at which diagnosis is
made (before or after 32 weeks of gestation).3"1 SGA and FGR, and
especially early-onset FGR, increase the risk of adverse pregnancy
outcomes and are known as major causes of morbidity and mortal-
ity.” Fetoplacental Doppler assessment has been widely studied and
has been shown to predict adverse pregnancy outcomes;® thereby,
different severity stages have been described and are frequently
used to tailor follow-up.2* However, accurate Doppler measure-
ments require intensive training and may be influenced by mild-
to-moderate intra- and inter-observer variability.”? Additionally,
approaches to surveillance and timing for delivery can vary consid-
erably between countries.’ In contrast, maternal serum concentra-
tions of angiogenic factors, such as soluble fms-like tyrosine kinase-1
(sFlt-1) and placental growth factor (PIGF), can be precisely meas-
ured in automated assay platforms.11 These placental biomarkers
have been consistently related to poorer outcomes in women with
placental dysfunction such as preeclampsia (PE) and/or FGR. For this
reason, different cut-off values (<38, 38-84, and >85) have been es-
tablished in PE for their implementation in clinical practice as they
have proved to be associated to disease severity and prognosis.*?*°
Increased sFIt-1/PIGF ratio in early-onset FGR has also been recently
shown to be related to more severe forms of the disease and also to
shorter time to delivery and other obstetric complications, such as
placental abruption and fetal demise.**¢¥Although adverse preg-
nancy outcomes in early-onset FGR due to placental ischemia can
be studied and predicted, either by fetoplacental Doppler or sFit-1/

r=.311, respectively).

Additionally, a significant correlation was found between greater sFlt-1/PIGF ratio
values and gestational age at delivery, time from diagnosis to delivery, birthweight
z-scores, and time in neonatal intensive care unit (r = -.637,r = -.576,r = -.161, and

Conclusions: Values of sFit-1/PIGF at diagnosis permit early-onset FGR/SGA sever-
ity classification with good correlation with Doppler ultrasound findings and the oc-
currence of adverse outcomes. Thus, sFIt-1/PIGF could aid in early-onset FGR/SGA
severity classification and clinical management when Doppler assessment is not

adverse pregnancy outcomes, angiogenic factors, fetal growth restriction, placental growth
factor, soluble fms-like tyrosine kinase 1, small for gestational age

Key message

sFIt-1/PIGF ratio at the time of diagnosis allows classifi-
cation fetal growth restriction/small for gestational age
with good correlation with the severity of feto-placental
Doppler abnormalities. Angiogenic factors could be useful
in clinical practice to classify fetal growth restriction sever-
ity when Doppler assessment is not feasible.

PIGF ratio, no previous studies have analyzed if an association ex-
ists between the degree of fetal circulation abnormalities and the
maternal serum concentrations of angiogenic factors. Hence, the ob-
jective of this study was to describe and compare sFIt-1/PIGF ratio
values and pregnancy outcomes among the different severity stages
of early-onset SGA/FGR.

2 | MATERIAL AND METHODS
2.1 | Study design and participants

This was a prospective case-control study conducted at Vall
d'Hebron University Hospital, Barcelona (Spain), between July 2017
and July 2019. The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement was followed for writ-
ing this report. The study population comprised women referred to
the specialized clinic for fetal growth assessment and EFW <10th
centile between 20*° and 31%° weeks of gestation. Exclusion cri-
teria were: stillbirth, known fetal chromosomal abnormalities and/
or congenital defects, and need for immediate delivery (ductus
venosus a-wave reversal, non-reassuring cardiotocography [CTG]
or placental abruption). After all the study women were recruited,
a group of consecutive pregnancies with EFW >10th centile and

not complicated with PE at diagnosis served as the control group,
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in whom the following baseline characteristics were matched to the
study women: maternal age, prepregnancy body mass index, smok-
ing status, obstetric history, maternal history, ethnicity, mode of
conception, and GA at enrollment. Matching was verified after each
control participant was recruited. As controls were only included as
a means of setting in context the sFit-/PIGF values in the FGR and
SGA groups, the minimum number of cases were enrolled.

Gestational age was determined by the measurement of fetal
crown-rump length at 117°-13* weeks of gestation.18 After EFW
<10th centile was confirmed by customized birthweight standards for
a Spanish population,*”?° fetoplacental circulation was assessed by
Doppler ultrasound consisting of the measurement of mean uterine
artery pulsatility index (P1), umbilical artery PI, middle cerebral artery
Pl and ductus venosus Pl and diastolic flow (a-wave present, absent,
or reversed). Above 28 weeks of gestation, fetal wellbeing was also
assessed by conventional CTG. Additionally, maternal serum concen-
trations of PIGF and sFlt-1 in pg/mL were analyzed at the time of di-
agnosis by means of the fully automated Elecsys assays for sFlt-1 and
PIGF on an electrochemiluminescence immunoassay platform (cobas
e analyzers; Roche Diagnostics). sFIt-1/PIGF ratio values were calcu-
lated and classified into three categories (<38, 38-84, and =85) in order
to simplify its analysis. These cut-offs were selected because they are
commonly used in PE.}> Additionally, optimal cut-offs to distinguish be-
tween FGR stages were assessed and their sensitivity, specificity, pos-
itive predictive value, and negative predictive value were calculated.

Small for gestational age was defined as EFW between the 3rd
and 10th centiles with normal Doppler assessment. FGR was de-
fined as EFW <3rd centile or between the 3rd and 10th centiles with
fetomaternal Doppler abncvrmality.z'21 FGR was classified into four
stages according to the Doppler findings: stage |, umbilical artery
Pl >95th centile, cerebroplacental ratio <5th centile, middle cere-
bral artery Pl <5th centile, and/or uterine artery Pl >95th centile;
stage I, umbilical artery absent end-diastolic flow; stage I, reversed
end-diastolic flow and/or ductus venosus Pl >95th centile; and stage
1V, ductus venosus reversed a-wave.!

All cases were assessed and followed up until delivery at a spe-
cific Placental Insufficiency Unit by the same group of experienced
obstetricians, accredited by the Fetal Medicine Foundation for
Doppler assessment.

2.2 | Outcome measures

Adverse pregnancy outcomes were compared between groups.
Adverse perinatal outcomes were defined as any adverse fetal out-
come (stillbirth and cesarean for non-reassuring CTG) or any adverse
neonatal outcome (neonatal death, respiratory distress syndrome,
bronchopulmonary dysplasia, neonatal sepsis, retinopathy of prematu-
rity stage lll-1V, necrotizing enterocolitis, intraventricular hemorrhage
grade llI-1V, periventricular leukomalacia, 5-min Apgar score <5, or um-
bilical artery cord pH < 7). Adverse maternal outcome was defined as
any of the following: placental abruption, PE, eclampsia, or admission

to the obstetric intensive care unit for 248 hours. PE was defined as

AOGS 7 121

new onset of high blood pressure (systolic blood pressure 2140 mm Hg
and/or diastolic blood pressure 290 mm Hg) or worsening of previous
high blood pressure added to new-onset proteinuria (300 mg per 24-
hour urine collection or protein/creatinine 20.3 or dipstick reading of
1+) or worsening of previous proteinuria, or to at least one of the fol-
lowing signs and symptoms: cerebral or visual symptoms, raised liver
enzymes, low platelet count, renal insufficiency, or pulmonary edema.
Women with PE and any of these signs and symptoms were classified
as PE with severity features.?? Birthweight z-scores were calculated
according to local birthweight charts.?®

2.3 | Indications for elective delivery

All cases were assessed by the same group of specialists who were
not blinded to angiogenic factor levels as they are routinely meas-
ured in clinical practice at the time of early-onset FGR/SGA diagno-
sis to rule out PE.*® Nevertheless, the mode and timing of delivery
was made in all the cases according to GA, Doppler, and CTG find-
ings and maternal signs and symptoms following the current hos-
pital protocols and irrespective of the results of the sFIt-1/PIGF
ratio.! Elective delivery was recommended at >37 weeks in stage
|, >34 weeks in stage Il, >30 weeks in stage Ill, and >26 weeks in
stage IV.2 CTG indications for elective delivery were: fetal heart rate
sinusoidal tracing, or absent fetal heart rate variability accompanied
by recurrent late decelerations, recurrent variable decelerations, or
bradycardia. Immediate delivery was also indicated in severe PE at
3470 weeks or later, whereas in non-severe forms of PE expectant

management was recommended until 370 weeks.?*

2.4 | Statistical analyses

Categorical data are presented as frequency and percentage and
continuous data as median and interquartile range. Comparisons
between groups were estimated by chi-squared or Fisher's tests,
as appropriate. Continuous variables were described as median and
interquartile range and Mann-Whitney U test was used to assess
differences between groups. Correlations between quantitative var-
iables were assessed by Pearson's correlation coefficient. Receiver-
operating characteristic curves were constructed and the resulting
areas under the curve (AUC) were used to assess the optimal sFlt-1/
PIGF cut-off to distinguish between FGR severity stages. The statis-
tical software R CoMMANDER, R package version 2.3-1 was used for
all data analyses. Statistical significance level was set at P < .05. All
P values are two-tailed and the Bonferroni correction method was

used in multiple comparisons.

2.5 | Ethical approval

Approval for this study (PR(AMI)349/2016) was provided on 2
June 2017 by the Ethics Committee CEIC Vall d’'Hebron Research
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Institute, Barcelona, Spain. All women provided their written

informed consent.

3 | RESULTS
3.1 | Study population/baseline characteristics

A total of 207 women were included in the study: 32 women in the
control group, 49 women with singleton pregnancies diagnosed
with SGA, 92 pregnancies diagnosed with FGR stage |, 17 with FGR
stage Il, and 17 with FGR stage Ill. A recruitment flowchart is given
in Figure 1. Demographic and clinical characteristics of the studied
population are summarized in Table 1 with no significant differences

observed among them.

3.2 | sFIt-1/PIGF ratio values in different groups

Controls and SGA showed similar sFIt-1/PIGF values with no statis-
tically significant differences between them (4.79 vs 4.14, respec-
tively; P = .876). Nevertheless, all forms of FGR had significantly
greater values of sflt-1/PIGF compared with both SGA and controls.
In the cases with FGR, those with more severe forms showed higher
sFIt-1/PIGF values, these differences being statistically significant
among all FGR stages (stage |, 9.76; stage |l, 284.30; stage Ill, 625.02).

The sFIt-1/PIGF cut-off categories were then compared among
participants. Few cases showed ratio values between 38 and 84; so,
no statistically significant differences were found between groups.
By contrast, 93.8% of women in the control group and 98.0% of SGA
showed an sFIt-1/PIGF ratio <38, these differences not being statis-
tically significant. The majority (72.9%) of the stage | FGR showed

also an sFIt-1/PIGF <38; however, the frequency was significantly
lower than that of SGA. Only one case had an sFIt-1/PIGF ratio <38
in stages Il and Il with a ratio 285 being the most frequent category
present in these cases. No cases with a ratio 285 were present in
either the control group or the SGA group; only being found in FGR
(stage 1, 21.7%; stage 1l, 88.2%; stage 11, 100%). The proportions of
women with a ratio 285 differed significantly among all groups ex-
cept between stage Il and Il FGR. More details on ratio values and
categories can be seen in Table 1 and Figure 2.

Optimal cut-offs and their respective AUC to distinguish be-
tween FGR severity stages were obtained from the receiver op-
erating characteristic curves. Between stage | and stage Il, the
optimal sFIt-1/PIGF was 97.46 (AUC 0.852, 95% Cl 0.772-0.932) and
between stage Il and lll, the optimal sFIt-1/PIGF was 523.77 (AUC
0.751, 95% CI1 0.578-0.924). The sensitivity, specificity, positive pre-
dictive value, and negative predictive value of these cut-offs can be
seen in Table 2.

3.3 | Pregnancy outcomes

Birthweight in the control group was significantly greater than that
of all the other groups; however, no differences were observed
between controls and SGA regarding GA at delivery, days from di-
agnosis to delivery, adverse maternal outcome, or composite ad-
verse perinatal outcome. By contrast, lower GA at delivery, shorter
time from diagnosis to delivery, and poorer composite perinatal
outcomes were found in all FGR stages compared with the control
group and SGA. Additionally, stages Il and Il showed similar preg-
nancy outcomes as being overall significantly worse than those of
the other groups. More details on pregnancy outcomes can be seen
in Table 3.

FIGURE 1 Recruitment flowchart

Consecutive Assessed for elegibility
uncomplicated controls at diagnosis
n=36 n=185
Refused to participate Exclusion criteria (n=4)
n=4 - Ductus venosus “a"-wave reversal
Enrolled Enrolled
n=32 n=181
Excluded from analysis
- Missing outcome data (n=8)
Analyzed Analyzed
n=32 n=175
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TABLE 1 Baseline characteristics

Maternal age (y)
Prepregnancy BMI (kg/m?)

Uncomplicated
(n=32)

33.0(32.0-36.3)
25.6(23.3-29.8)

SGA (n=49)
33.0 (30.0-35.0)
22.7 (20.5-25.2)

Stagel (h=92)
31.5(27.0-36.0)
24.7 (22.1-28.6)

Smoking 5(15.6%) 5(10.2%) 15 (16.3%)
Obstetric history
FGR previous pregnancy 2 (6.2%) 9 (18.4%) 8 (8.7%)
SGA previous pregnancy 0 1(2.0%) 3(3.3%)
First pregnancy 12 (37.5%) 19 (38.8%) 55 (59.8%)
Previous preeclampsia 4(12.5%) 4(8.2%) 2(2.2%)
Maternal history
Chronic hypertension 3(9.4%) 1(2.0%) 0
Prepregnancy diabetes 4(12.5%) 2 (4.1%) 1(1.1%)
Chronic kidney disease 0 1(2.0%) 0
SLE 0 0 1(1.1%)
Antiphospholipid 2(6.2%) 0 4 (4.3%)
syndrome
Ethnicity
White 26 (81.3%) 41 (83.7%) 79 (85.9%)
Black 2 (6.2%) 4(8.2%) 3(3.3%)
Asian 2(6.2%) 1(2.0%) 1(1.1%)
Southeast Asia 2 (6.2%) 3(6.1%) 9 (9.8%)
Other 0 0 0
Mode of conception
Spontaneous 29 (90.6%) 48 (98.0%) 87 (94.6%)
IVF 3(9.4%) 1(2.0%) 4(4.3%)
Insemination 0 0 1(1.1%)
Gestational age (wk) at 25.7 (23.2-27.5) 27.1(24.2-29.7) 25.8(23.6-29.1)
diagnosis
PE at diagnosis 0°¢ 0°¢ 7 (7.6%)
Ratio sFIt-1 to PIGF 4.79 4.14 (2.12-7.42)%4¢ 9.76
(3.71-7.34)°%¢ (3.42-45.71)"P4e
Ratio sFIt-1 to PIGF in 4.79 414 (2.12-7.42)%4¢ 7.80

cases without PE at
diagnosis

(3.71-7.34)°4¢

Ratio sFlt-1 to PIGF categories

(2.78-29.54)Pde

<38 30 (93.8%)%° 48 (98.0%)%° 67 (72.9%)>4¢

38-84 2 (6.2%) 1(2.0%) 5 (5.4%)

>85 gbieds oReds 20(21.7%)2%<
Mean uterine artery 4 (12.5%)%%° ocde 64 (69.6%)°

Doppler >95th centile

Stage Il (h=17)
37.0(31.0-39.0)
25.3(22.4-26.9)
3(17.6%)

2(11.8%)
0

14 (82.4%)
0

2(11.8%)
0

0

0
1(5.9%)

13 (76.5%)
2 (11.8%)
0
2(11.8%)
0

13 (76.5%)
4(23.5%)

0
26.0(25.0-29.1)

3(17.6%)

284.30
(119.11-550.40)*>¢

272.13
(118.78-461 .47a,b,c,e

1 (5.9%)*5<
1(5.9%)

15 (88.2%)*"<
13 (76.5%)°

AOGS 7 123

Stage Ill (n = 17)
37.0(32.0-39.0)
25.0 (22.6-26.3)
5(29.4%)

2 (11.8%)
0

11 (64.7%)
1(5.9%)

1(5.9%)
0
1 (5.9%)
0
0

14 (82.4%)
1(5.9%)

0

1(5.9%)
1(5.9%)

16 (94.1%)
1(5.9%)

0

25.0 (24.0-26.4)

5 (29.4%)°

625.02
(508.83-989.99)"><¢

591.42
(435.36-798.86)°<

Oa,b,c

0
17 (100.0%)>><
17 (100.0%)*P<

Note: Continuous data are given as median and interquartile range. Categorical data are given as frequency and percentage.

Abbreviations: BMI, body mass index; FGR, fetal growth restriction, IVF, in vitro fertilization; PE, preeclampsia; PIGF, placental growth factor; sFlt-1,
soluble fms-like tyrosine-kinase-1; SGA, small for gestational age; SLE, systemic lupus erythematosus.

?P < .05 compared with controls;
bp < .05 compared with SGA;

°P < .05 compared with FGR I;
4P < .05 compared with FGR II;
€P < .05 compared with FGRII.
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FIGURE 2 Soluble fms-like tyrosine-kinase-1/ placental growth factor (sFIt-1/PIGF) values (A) and frequency of sFlt-1/PIGF cut-offs (B) in
small for gestational age (SGA), fetal growth restriction stage |, Il, Ill, and reference women. The bottom and top edges of each box represent
the first and third quartiles, respectively, the band within the box represents the median value and the whiskers represent values that are

1.5 times the interquartile range

TABLE 2 Sensitivity, specificity, positive predictive value, and negative predictive value of different sFit-1/PIGF cut-offs to identify SGA
and FGR stages

sFIt-1/PIGF Sn (95% Cl) Sp (95% Cl) PPV (95% CI) NPV (95% ClI)
FGR stage | <97.46 78.3% (68.4-86.2) 97.1% (84.7-99.9) 98.6% (92.6-100) 62.3% (47.9-75.2)
FGR stage Il 97.47-523.77 70.6% (44.0-89.7) 85.3% (77.3-91.4) 42.9% (24.5-62.8) 94.9% (88.5-98.3)
FGR stage IlI 2523.78 70.6% (44.0-89.7) 87.2% (79.4-92.8) 46.2% (26.6-66.6) 95.0% (77.5-90.7)

Abbreviations: FGR, fetal growth restriction; NPV, negative predictive value; PIGF, placental growth factor; PPV, positive predictive value; sFlt-1,
soluble fms-like tyrosine kinase-1; SGA, small for gestational age; Sn, sensitivity; Sp, specificity.

Correlations between the sFIt-1/PIGF values and quantitative
pregnancy outcomes were analyzed (Figure 3). A significant correla-
tion was found with GA at delivery (r = -.637, -0.713 to -0.546,
P <.001), time from diagnosis to delivery (r=-.576,-0.662 to -0.475,
P <.001), birthweight z-score (r = -.161, -0.297 to -0.020, P = .026),
and days in the neonatal intensive care unit (NICU) (r = .311, 0.095
to0 0.499, P = .006).

4 | DISCUSSION

This study provides evidence that early-onset FGR severity stages
assessed by Doppler can be identified by the angiogenic profile
at the time of diagnosis because they have significantly different
sFIt-1/PIGF values, being greater in the more severe forms. We
provide sFIt-1/PIGF cut-offs, which distinguish the different FGR
severity stages with good sensitivity, specificity, positive predic-
tive value, and negative predictive value. We also show that more
than 93% of SGA and uncomplicated pregnancies have sFlt-1/
PIGF values <38, whereas in FGR stage llI-lll it is 285 in more
than 88% of the cases. Furthermore, a significant correlation was
found between higher sFIt-1/PIGF values and a lower GA at deliv-
ery, a shorter time from diagnosis to delivery, a lower birthweight

z-score, and a longer stay in NICU. No differences were observed
between controls and SGA regarding sFIt-1/PIGF or pregnancy
outcomes.

Overall, SGA are more frequent than FGR; however, in this study
72.0% of the cases were FGR while only 28.0% were SGA. In Spain,
the routine third-trimester ultrasound is performed after 32 weeks,
and only in cases with lower fundal height or with maternal risk fac-
tors for FGR is it performed earlier. This, added to the fact that the
participants of this study were recruited in a specialized clinic for
fetal growth assessment, may explain why FGR are more frequent
than SGA in this study.

Increased values of sFIt-1/PIGF are a consequence of placental
insufficiency; which can be detected several weeks before the onset
of clinical disease.’* Greater values of sFIt-1/PIGF are not only pres-
ent in PE, but they have also been found in FGR (with and without
PE), preterm labor, stillbirth and placental abruption, among oth-
ers 1214172527 prayious studies have shown that 63.3% of pregnan-
cies involving FGR with severe Doppler abnormalities (Stage Il and
I11) are highly likely to later develop PE.?® As high sFit-1/PIGF values
and abnormal fetal Doppler are both a consequence of the underly-
ing placental dysfunction, it was thought that the most severe stages
of FGR had more severe Doppler abnormalities as well as higher
sFIt-1/PIGF, which may explain why they are at increased risk of PE.
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TABLE 3 Pregnancy outcomes

Neonatal weight (g)

Birthweight z-score

GA at delivery (wk)

Delivery <37 wk
Delivery <34 wk
Delivery <30 wk

Days from diagnosis to
delivery

Adverse maternal outcomes
Placental abruption
Preeclampsia

Without severity features
With severity features
HELLP syndrome
Eclampsia
OBICU admission 248 h
Days in OBICU

Any adverse maternal
outcome

Adverse fetal outcomes
Stillbirth

Cesarean for non-reassuring
CTG

TOP
Adverse neonatal outcomes
NICU admission 248 h
Days in NICU

Neonatal death

RDS

BPD

Sepsis

Retinopathy (stage IlI-1V)
NEC

Intraventricular hemorrhage
grade lll or IV

Periventricular leukomalacia
Apgar 5 min <7
Artery pH <7.0

Composite adverse perinatal
outcomes (any fetal or
neonatal adverse outcome)

Stage FGR at delivery
SGA

Uncomplicated
(n=232)

3200
(2957.5-3397.5)P<d<

-0.08 (-0.41 to
0.63)Pcde

38.9 (37.5-40.0)°%°

3 (9'4%)c,d.e

Oc.d,e

Od.e

91.0 (74.0-108.5)°%¢

0

3(9.4%)%¢
2(6.2%)
1(3.1%)
1(3.1%)

0

1(3.1%)%
4.0 (4.0-4.0)
3(9.4%)%¢

0
1(3.1%)

3 (9.4%)°%
11.0(9.5-12.5)

0
2(6.2%)%¢
Oe
Oe

0
1(3.1%)°

0
3(9.4%)%¢

bcde

2(6.2%)°

SGA (n =49)

2590
(2220-2937.5)*<4

-1.35 (-1.72 to
-0.74)2c4<

38.0 (37.1-39.4)4¢

5(10.2%)%¢

1 (2‘0%)c.d,e

Od.e

75.0 (65.0-97.0)°%¢

1(2.0%)
1(2.0%)"4¢
1(2.0%)

0

0

0
1(2.0%)%°
2.0 (2.0-2.0)
3(6.1%)%

0
3(6.1%)

9 (18.4%)°%
17.0 (8.0-46.0)

0
3(6.1%)%°
o
1(2.0%)°
0

1(2.0%)
1(2.0%)

0
2 (4.1%)°

0

10 (20.4%)°4¢

acde

42 (85.7%)*<%¢

Stage | (n =92)

2050
(1450-2492.5)>P4<

-1.80 (-2.37 to
-1.20)2b4e

37.0
(34.0-37.8)>"4¢

40 (43.5%)>P<d
22 (23.9%)*0<4
10 (10.9%)*°

54.0
(35.8-83.0)*24¢

4(4.3%)

24 (26.09%)°¢
5 (5.4%)

19 (20.7%)
2(2.2%)
1(1.1%)

19 (20.7%)°
6.0(3.5-7.5)
22 (23.9%)"*

OC
21(22.8%)

2(2.2%)

41 (44.6%)*"4
22.0 (11.0-42.0)

2(2.2%)

20 (21.7%)%°
8(8.7%)
4(4.3%)°

0

2(2.2%)

0

1(1.1%)

11 (12.0%)°
3(3.3%)

56 (60.9%)*24

abde

Stagell (n=17)
960

(787.5-1018.8)"<¢

-2.75(-0.31 to
-1.70)28¢

30.0 (28.7-31.4)*5¢

17 (100.0%)*><
15 (88.2%)*P¢

8 (47.1%)*P¢

17.0 (6.0-25.0)°<

0
10 (58.8%)
1(5.9%)

9 (52.9%)
4(23.5%)

0

10 (58.8%)°
5.5(4.0-11.3)
11 (64.7%)°<

1(5.9%)
2(11.8%)

1(5.9%)

14 (82.4%)*"<
32.5(13.5-42.5)

1(5.9%)

10 (58.8%)P<
2(11.8%)
2(11.8%)

0

1(5.9%)
1(5.9%)

0
2(11.8%)

0

17 (100.0%)*2<
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Stage lll (n=17)

500
(400-730)2 04

-2.94 (-4.10 to
-2.32)2b<

27.1
(25.1-28.6)0<

17 (100.0%)>><
17 (100.0%)*"<
14 (82.4%)°<
7.0 (3.0-16.0)*"€

0
13 (76.5%)*°¢
2(11.8%)

11 (64.7%)
3(17.6%)

0

14 (82.4%)*°<
4.0 (4.0-8.0)
14 (82.4%)*°¢

3 (17.6%)°
3(17.6%)

3(17.6%)

12 (70.6%)*><

63.0
(32.3-103.8)

1(5.9%)

10 (58.8%)°<
5 (29.4%)*°

6 (35.3%)7<
1(5.9%)
1(5.9%)

0

0
10 (58.8%)*°<
1(5.9%)

17 (100.0%)*P<

(Continues)
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TABLE 3

Uncomplicated

(h=32) SGA (n = 49)
Stage | 1(3.1%)° 7 (14.3%)°
Stage Il o¢ o
Stage IIl 0 0°
Stage IV 0 0°

Delivery indication

Spontaneous g5bede 8 (16.3%)?
Preeclampsia 3 (9.4%) o°d
Fetal Doppler ode 1(2.0%)%
CTG 1(3.1%) 1(2.0%)
Abruption 0 1(2.0%)
Stillbirth 0 0
EFW 1(3.1%)°¢ 30 (61.2%)><%¢
Other 2 (6.2%) 8(16.3%)

Stagel(n=92)

Stagell (n=17)

Stage lll (n = 17)

82 (89.1%)*"° 0° 0°

6 (6.5%)" 8 (47.1%)*°° 1(5.9%)

0° 1(5.9%) 4 (23.5%)¢
4 (4.3%)"° 8 (47.1%)*°¢ 12 (70.6%)"°
20 (21.7%)° 0° 0?

14 (15.2%)° 6(35.3%)° 3(17.6%)

9 (9.8%)%¢ 7 (41.2%)*P¢ 7 (41.2%)0¢
6 (6.5%) 2(11.8%) 3 (17.6%)
3(3.3%) 0 0

1(1.1%) 2(11.8%) 4(23.5%)
32/(34.8%)254¢ (625 (6}

7 (7.6%) 0 0

Note: Continuous data are given as median and interquartile range. Categorical data are given as frequency and percentage.

Abbreviations: BPD, bronchopulmonary dysplasia; CTG, cardiotocography; EFW, estimated fetal weight; FGR, fetal growth restriction; GA,
gestational age; HELLP, hemolysis, elevated liver enzymes, low platelets; NEC, necrotizing enterocolitis; NICU, neonatal intensive care unit; OBICU,
obstetric intensive care unit; RDS, respiratory distress syndrome; SGA, small for gestational age; TOP, termination of pregnancy.

2P < .05 compared with controls;
5p < .05 compared with SGA;

“P < .05 compared with FGR [;
4P < .05 compared with FGRII;
°P < .05 compared with FGRIII.

Several studies have investigated the role of angiogenic factors
in the prognosis of pregnancies complicated by FGR. A previous
study has analyzed the capacity of a single determination compared
with multiple determinations of angiogenic factors to anticipate the
need for elective delivery or the occurrence of adverse pregnancy
outcomes in early-onset FGR. It showed that 73% and 75% of cases
complicated by early-onset FGR without PE exceeded the cut-off
points of 38 and 85, respectively, 4 weeks before delivery; never-
theless, multiple measurements showed no improvement in their
predictive capacity.?’ A larger study showed that sFIt-1/PIGF <85
at diagnosis identifies pregnancies with early-onset FGR stage | at
a lower risk of need to deliver.** Moreover, a secondary analysis of
the STRIDER trial proved that the sFlt-1/PIGF ratio and EFW were
independent predictors of poor pregnancy outcomes.*? Additionally,
Doppler ultrasound has been shown to predict short-term ad-
verse pregnancy outcomes and the need for elective delivery.?*¢
However, no previous studies have analyzed if an association exists
between the Doppler FGR stages and sFIt-1/PIGF ratio values or the
correlation between angiogenic factors and specific pregnancy out-
comes such as: birthweight z-scores, time to delivery, days at NICU,
and GA at delivery.

Doppler is often used in clinical practice for fetal surveillance
and for planning elective delivery; however, it requires longitudi-
nal follow-up and intensive training; thus, even in skilled examin-
ers, it has mild-to-moderate inter- and intra-observer variability.

By contrast, angiogenic factors are objective markers with low

variability®® and good correlation with adverse pregnancy out-
comes and severity of disease. In addition, we have shown that
the cut-offs of 97.47 and 523.77 are highly accurate to identify
the current FGR severity, shedding some light on the relation be-
tween angiogenic factors and placental insufficiency that under-
lies early-onset FGR and SGA. Hence, angiogenic factors could
aid in FGR classification when Doppler assessment or skilled ex-
aminers are not available. For these reasons, we believe that they
will probably be incorporated into FGR management guidelines
in the future; however, further research is still needed to bet-
ter understand how sFIt-1/PIGF could be implemented in clinical
practice.

The strengths of this study are the prospective design in a rel-
atively large cohort of early-onset FGR and being the first study to
demonstrate a correlation between sFIt-1/PIGF and FGR severity
stages. Hence, angiogenic factors could aid in fetal surveillance be-
cause they can distinguish different profiles of FGR that correlate
well with the severity of the disease. Therefore, the same cut-off
would not be appropriate for all FGR stages. Our results could be
considered for designing future studies focused on the incorporation
of sFlIt-1/PIGF in the management of each early-onset FGR stage.

Among the limitations, we acknowledge that a greater number
of participants, especially with the two more severe forms of FGR,
might have allowed us to identify some differences that could not
be detected because of insufficient sample size. Furthermore, the

angiogenic values were not blinded to practitioners as they are
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FIGURE 3 Correlation of soluble fms-like tyrosine-kinase-1/placental growth factor (sFIt-1/PIGF) to adverse pregnancy outcomes.
Line and scatter plots displaying the correlation of the sFIt-1/PIGF ratio to gestational age at delivery (A), days from diagnosis to delivery
(B), birthweight z-scores (C), and days in neonatal intensive care unit (NICU) (D). Dots indicate individual sFIt-1/PIGF ratios; line indicates

regression line [Color figure can be viewed at wileyonlinelibrary.com]

routinely measured in FGR to rule out PE and this could have af-
fected clinical decisions, although management was intended to be
based on current protocols. Another important aspect is that our
results could only be valid with the FGR classification used in our
study and our findings might not be valid for other FGR severity
classifications.! Finally, pregnancies involving congenital defects,
chromosomal anomalies, or genetic syndromes were excluded
from this study; so, our results might not be applicable to these

conditions.

5 | CONCLUSION

In conclusion, sFIt-1/PIGF ratio values at the time of diagnosis permit
early-onset FGR severity classification with good correlation with
Doppler ultrasound findings. Hence, angiogenic factors could be
useful in clinical management and may aid severity classification in
settings where Doppler assessment is not feasible. As FGR stages

have been shown to have different angiogenic profiles, further

research is needed to establish appropriate cut-offs for each FGR
stage to permit their most likely incorporation to clinical manage-

ment of early-onset FGR.
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Abstract

Background: Fetal smallness affects 10% of pregnancies. Small fetuses are at a higher risk of adverse outcomes. Their
management using estimated fetal weight and feto-maternal Doppler has a high sensitivity for adverse outcomes; however, more
than 60% of fetuses are electively delivered at 37 to 38 weeks. On the other hand, classification using angiogenic factors seems
to have a lower false-positive rate. Here, we present a protocol for the Fetal Growth Restriction at Term Managed by Angiogenic
Factors Versus Feto-Maternal Doppler (GRAFD) trial, which compares the use of angiogenic factors and Doppler to manage
small fetuses at term.

Objective: The primary objective is to demonstrate that classification based on angiogenic factors is not inferior to estimated
fetal weight and Doppler at detecting fetuses at risk of adverse perinatal outcomes.

Methods: This is a multicenter, open-label, randomized controlled trial conducted in 20 hospitals across Spain. A total of 1030
singleton pregnancies with an estimated fetal weight <10th percentile at 36+0 to 37+6 weeks+days will be recruited and randomly
allocated to either the control or the intervention group. In the control group, standard Doppler-based management will be used.
In the intervention group, cascs with a soluble fms-like tyrosine kinase to placental growth factor ratio 238 will be classified as
having fetal growth restriction; otherwise, they will be classified as being small for gestational age. In both arms, the fetal growth
restriction group will be delivered at 237 weeks and the small for gestational age group at 240 weeks. We will assess differences
between the groups by calculating the relative risk, the absolute difference between incidences, and their 95% Cls.

Results: Recruitment for this study started on September 28, 2020. The study results are expected to be published in peer-reviewed
journals and disseminated at international conferences in early 2023.

Conclusions: The angiogenic factor-based protocol may reduce the number of pregnancies classified as having fetal growth
restriction without worsening perinatal outcomes. Morcover, reducing the number of unnecessary labor inductions would reduce
costs and the risks derived from possible iatrogenic complications. Additionally, fewer inductions would lower the rate of
early-term neonates, thus improving neonatal outcomes and potentially reducing long-term infant morbidities.

Trial Registration: ClinicalTrials.gov NCT04502823; https://clinicaltrials.gov/ct2/show/NCT04502823
International Registered Report Identifier IRRID): DERRI1-10.2196/37452

(JMIR Res Protoc 2022;11(10):e37452) doi: 10.2196/37452

KEYWORDS
fetal growth restriction; small for gestational age; PIGF; sFlt-1; Doppler; angiogenic factors

: Moreover, the severity of fetal smallness is usually classified
Introduction into 2 categories: fetal growth restriction (FGR), which is
Background defined as a fetus failing to reach its genetically predetermined

growth potential, and small for gestational age (SGA), which
is defined as a fetus being small but without an increased risk
of adverse perinatal outcomes. SGA fetuses are commonly
referred to as constitutionally small fetuses | 1,8]. Several criteria
based on Doppler studies, growth velocity, and biometric
percentiles are available to discriminate between SGA and FGR
fetuses [2,8,9]. One of the most widely used classifications, as
well as the one used in most maternity wards in Spain, is the
one proposed by Figueras and Gratacos [8]. This classification,
based on estimated fetal weight (EFW) and feto-maternal
Doppler, allows the identification of the subset of small fetuses
at a greater risk of perinatal complications (ie, true FGR fetuses)
and the subset of small fetuses with a risk of perinatal
complications similar to that of a normally growing fetus (i,
constitutionally small or SGA fetuses). According to several
guidelines, FGR fetuses may benefit from early-term elective
delivery (at 37-38 wecks), while SGA fetuses require closer

Fetal smallness affects around 10% of pregnancies [1]. Small
fetuses are at a higher risk of intrauterine death and adverse
perinatal outcomes [2]. In order to prevent these adverse
outcomes, identification and appropriate management of small
fetuses are crucial [3,4]. Based on gestational age (<32 weeks
of gestation versus 232 weeks of gestation) at the time of discase
onset, 2 distinct patterns of severity are observed in small
fetuses, with the more severe cases being those with onset early
in pregnancy (<32 wecks of gestation) [5]. In these cases,
management is mainly based on fetal Doppler and indications
for delivery are quite consistent [2], generally resulting in
preterm neonates. However, most cases are diagnosed at a later
gestational age (232 weeks) and, in this particular context, there
is no clear consensus on the appropriate interventions to prevent
adverse perinatal outcomes [6-8].
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monitoring, but not clective delivery until full term (39-40
weeks). FGR/SGA classification based on Doppler and EFW
percentiles has a high sensitivity for adverse perinatal outcomes;
nevertheless, more than 60% of fetuses with an EFW below the
10th percentile are classified as FGR and, therefore, will be
delivered at 37 to 38 weeks [8]. Neonates delivered at 37+0 to
38+6 weeks+days of gestation are considered carly-term and
have poorer neonatal outcomes than full-term neonates (239
weeks of gestation) [10-12]. For this reason, early-term elective
delivery should be restricted to FGR fetuses at an actual risk
for adverse outcomes.

Placental Insufficiency and SGA/FGR

The precise pathophysiology of SGA/FGR is unknown, but
placental insufficiency is a common finding [13,14]. Several
studies have reported histopathological findings related to
placental malperfusion in SGA and FGR pregnancies [15,16].
The severity of the underlying placental insufficiency can be
assessed by Doppler of the feto-maternal circulation [15,17].
Some studies have also shown an association between placental
findings consistent with maternal vascular malperfusion and
angiogenic imbalance involving a decrease of placental growth
factor (PIGF), a proangiogenic factor, and an increase in soluble
fms-like tyrosine kinase-1 (sFlt-1), an antiangiogenic factor,
resulting in an increased sF1t-1/P1GF ratio [18-20].

Management of SGA/FGR Pregnancies: EFW

As is widely known, there is an inversely proportional
relationship between EFW and the risk of adverse perinatal
outcomes [21-23]. For this reason, in DIGITAT
(Disproportionate Intrauterine Growth Intervention Trial At
Term), the only clinical trial ever conducted to evaluate the role
of early-term elective delivery in improving perinatal outcomes
of small fetuses, the only inclusion criterion was an EFW below
the 10th percentile [24]. In that study, fetuses with an EFW
below the 10th percentile were randomized into two groups:
(1) carly-term induction of labor and (2) expectant management
until the onset of spontaneous labor. Perinatal outcomes were
compared between the groups, showing that systematic
carly-term labor induction in pregnancics with small fetuses
did not improve perinatal outcomes. By contrast, there was a
significant increase in the number of admissions to the neonatal
intensive carc unit (NICU) and intermediate care unit for
early-term neonates (51.1%) as compared to full-term neonates
(39.8%). Since no differences were found in the baseline
characteristics of the groups at enrollment, it is fair to assume
that this 11.3% difference in neonatal admissions was mainly
due to differences in gestational age at delivery between the
groups. For this reason, a Cochrane review in 2015 [7]
concluded that there is no evidence suggesting that early-term
elective delivery of small fetuses (based only on EFW) should
be recommended to avoid adverse perinatal outcomes. It must
be noted that in DIGITAT, other factors predictive of poor
prognosis in small fetuses, such as the amount of amniotic fluid,
feto-maternal Doppler, or biophysical profile score, were not
taken into account. Therefore, it might be possible that with
more accurate identification of small fetuses who are actually
at a higher risk of perinatal complications (ie, those with FGR),
early-term elective delivery would have been found to improve
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perinatal outcomes as compared to the expectant management
group.
Management of SGA: Feto-Maternal Doppler

In recent years, and after the publication of DIGITAT, several
studies have evaluated the role of feto-maternal circulation
assessment by Doppler ultrasound in small fetuses [25-28].
These studies have shown that Doppler assessment allows
identifying the subset of small fetuses at a higher risk of adverse
perinatal outcomes (ie, those with FGR). Historically, umbilical
artery (UA) pulsatility index (PI) assessed with Doppler has
been considered the standard parameter to identify FGR.
However, a large proportion of small fetuses with normal UA
PI (ie, <95th percentile) have poorer perinatal outcomes than
normally growing fetuses [21,29,30]. Thus, UA PI alone cannot
be used to discriminate SGA from FGR fetuses [1,29]. Further
studies showed that other Doppler parameters might have a
greater predictive ability for adverse outcomes in late-onset
SGA and FGR: cerebroplacental ratio (CPR), middle cerebral
artery (MCA) PI, and uterine artery (UtA) PI [1,26,31,32].
According to these studies, abnormal CPR (ie, <5th percentile),
MCA PI (ie, <5th percentile), or UtA PI (ie, >95th percentile)
may be able to identify small fetuses at a higher risk of adverse
outcomes (ie, FGR). A study including these criteria showed
that small fetuses with abnormal Doppler parameters accounted
for 60% of all small fetuses, indicating that more than half of
fetuses with an EFW below the 10th percentile would be
classified as FGR and that according to our current protocol,
early-term induction of labor would therefore be recommended
[25]. In the earlier study, induction of labor was recommended
at 37 weeks of gestation in FGR fetuses (small fetuses with an
EFW below the 3rd percentile or with an EFW below the 10th
percentile accompanied by the presence of any abnormal
Doppler parameter), while for other pregnancies with an EFW
below the 10th percentile (ie, SGA fetuses) induction of labor
was recommended at 40 weeks. Following that protocol, 134
cases (26.3%) had an adversc outcome, including,
nonexclusively, 46 cases of neonatal acidosis and 106 cases of
emergency cesarean delivery due (o nonreassuring
cardiotocography (CTG). Neonatal acidosis in that study was
defined as a UA pH below 7.15 and a base excess greater than
—12 mEq/L.

Management of SGA: Angiogenic Factors

To date, few studies have evaluated the usefulness of angiogenic
factors (AFs) in the management of latc-onsct or term SGA/FGR
pregnancies. These studies show that the higher the sF1t-1/PIGF
ratio, the worse the prognosis for small fetuses and the greater
the risk of developing preeclampsia (PE), which in turn worsens
maternal prognosis [19,33-35]. Recently, a large observational
study compared the identification of term (36+0 to 37+6
weeks+days) small fetuses (EFW below the 10th percentile) at
a higher risk of adverse outcomes using the standard Doppler
assessment versus a new approach based on AFs [36]. In that
study, 521 fetuses were identified as small, of which 102 had
abnormal AF values (sFIt-1/P1GF ratio 238), whereas 412 had
abnormal Doppler parameters. Therefore, according to the
Doppler-based protocol, 79.1% (412/521) of small fetuses would
have been classified as FGR, whereas according to the new
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AF-based approach, only 19.6% (102/521) of small fetuses
would have been classified as FGR. By contrast, both
approaches had a similar negative predictive value for adverse
perinatal outcomes (99.3% and 99%, respectively), indicating
a good, similar prognosis for those pregnancies not classified
as FGR regardless of the classification used. Therefore,
classification based on AFs seems more accurate and may have
a lower rate of false positives than the Doppler-based protocol
for the identification of small fetuses at a higher risk of adverse
outcomes.

Early-term Delivery: Short-term and Long-term
Consequences

It might seem that whether a delivery is early term (<39 weeks)
or full term (239 weeks) is not very relevant in terms of postnatal
prognosis. However, several studies have found increased
immediate postnatal morbidity (such as admission to the NICU
due to a need for respiratory support) [ 10] and poorer long-term
outcomes, such as the development of diabetes, obesity, and
respiratory morbidity, in infants born early term as compared
to full term [11,12]. Thus, a reduction in the number of elective
carly-term deliveries due to FGR overdiagnosis would certainly
lead to improved short-term and long-term postnatal outcomes,
ultimately resulting in healthier infants and adults.

Rationale for the Study

The most common protocols used worldwide for the
management of latc-onset SGA/FGR are based on Doppler
assessment, which recommends elective delivery at 37 weeks
(or even earlier) in FGR pregnancies [25,37,38]. According to
a classification based on Doppler parameters and EFW
percentiles, up to 79.1% of small fetuses would be classified as
FGR. By contrast, when using the AF-based approach
(sF1t-1/PIGF 238), only 19.6% of small fetuses would be
classified as FGR [36]. Additionally, both approaches seem to
have a similar ability to identify small fetuses at risk (ie, those
with FGR), which may benefit from an carlier elective delivery.
Therefore, the AF-based protocol may potentially reduce by up
to 75.2% (from 79.1% to 19.6%) the number of pregnancies
classified as FGR (in which labor would be induced at 37 weceks)
without worsening perinatal outcomes. Moreover, reducing the
number of unnecessary labor inductions would not only improve
patients’ perception of medical attention, but also would reduce
the costs and risks derived from possible iatrogenic
complications, which in turn would reduce the rate of cesarean
deliveries. Additionally, fewer inductions would lower the rate
of early-term neonates, thus improving neonatal outcomes and
potentially reducing long-term infant metabolic, endocrine, and
respiratory morbidities.

The sFlt-1/P1GF ratio has been shown to accurately predict PE
and associated complications several weeks before onset
[39-42]. Therefore, a management protocol based on AFs may
potentially reduce the rate of PE and other maternal
complications associated with PE, such as placental abruption
or cclampsia.
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Objectives

Primary Objective

To determine whether the classification of small fetuses as FGR
or SGA based on AFs is not inferior to the standard clinical
approach (based on EFW and Doppler percentiles) for the
identification of fetuses at a higher risk of adverse perinatal

outcomes (neonatal acidosis and cesarcan section due to
nonreassuring CTG).

Secondary Objectives

To determine whether (1) the lower false-positive rate using
AFs instead of Doppler to identify small fetuses as FGR results
in a reduced number of elective deliveries before 38, 39, and
40 weeks, (2) a lower rate of early-term elective deliveries
results in a reduced number of deliveries (clective and
spontaneous) before 38, 39, and 40 weeks, (3) a lower rate of
early-term elective deliveries results in a reduced number of
cesarcan deliverics, (4) a lower rate of carly-term clective
deliveries results in a reduced number of neonatal admissions
to the NICU and a lower rate of adverse perinatal outcomes, (5)
the AF-based approach reduces PE incidence in pregnancics
with small fetuses, and (6) the AF-based classification reduces
the incidence of placental-related complications.

Methods

Study Setting

The study will be conducted in 20 hospitals across Spain with
experience in managing term SGA/FGR pregnancies: Vall
d’Hebron Barcelona Hospital Campus (Barcelona), Hospital
Universitario de Torrejon (Torrejéon de Ardoz), Hospital
Universitari de Tarragona Joan XXIII (Tarragona), Hospital
General Universitario de Alicante (Alicante), Hospital Clinico
Universitario Virgen de la Arrixaca (Murcia), Parc Tauli
Hospital Universitari (Sabadell), Hospital Universitari Germans
Trias i Pujol (Badalona), Hospital Universitario de Cabueiics
(Gijon), Hospital Universitari Son Llatzer (Palma de Mallorca),
Hospital Clinico Universitario Lozano Blesa (Zaragoza),
Fundaci6 Althaia (Manresa), Hospital Universitario de A Coruia
(A Corufia), Hospital General Universitario de Elche (Elche),
Hospital Universitario Virgen de Valme (Sevilla), Consorci
Sanitari de Terrassa (Terrassa), Hospital Universitari Mutua
Terrassa (Terrassa), Hospital Universitario de Getafe (Getafe),
Hospital Universitario Puerta del Mar (Cadiz), Hospital
Universitari de Girona Doctor Josep Trueta (Girona), and
Hospital Universitario Nuestra Sefiora de Candelaria (Santa
Cruz de Tenerife).

Trial Design

This is a multicenter, open-label, randomized clinical trial. The
study design adheres to the SPIRIT (Standard Protocol Items:
Recommendations for Interventional Trials) quality standard
criteria for randomized trials [43]. A pragmatic approach will
be adopted in order to cvaluate the effectiveness of the
intervention in real-life, routine practice conditions. Therefore,
each participating site will use the fetal growth charts, Doppler
reference values, and methods for cervical ripening and labor
induction usually applied in their clinical practice.
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The clinical trial was entered in the Clinical Trials.org registry
on August 6, 2020 (NCT04502823).

Inclusion Criteria

Inclusion criteria at the time of enrollment are as follows: (1)
age at least 16 years, (2) singleton pregnancy, (3)
ultrasonographic EFW <10th percentile between 36+0 and 37+6
weeks+days of gestation, (4) sFlt-1/PIGF ratio measured
between 36+0 and 37+6 weeks+days of gestation, (5)
randomization between 36+0 and 37+6 weeks+days of gestation,
and (6) gestational age confirmed by fetal crown-rump length
measurement during the first trimester scan (from 1140 to 13+6
weeks+days of gestation) or by in vitro fertilization dates.

Exclusion Criteria

Exclusion criteria at the time of enrollment are as follows: (1)
major fetal malformations or genctic disorders, (2) fetal death,
(3) absent or reversed end-diastolic flow in UA Doppler, (4)
nonreassuring CTG, (5) preeclampsia, (6) diminished fetal
movements, (7) biophysical profile score <6, (8)
oligohydramnios, and (9) refusal to give informed consent.

Intervention

First, gestational age (by fetal crown-rump length measurement
at 11+0 to 13+6 weeks+days) [44] and EFW <10th percentile
will be confirmed [45-49]. After giving their written informed
consent, trial participants will be randomized into 2 groups:
intervention and control.

In the intervention group, the sFlt-1/PIGF ratio will be revealed
to investigators so they can act according to the results. When
the sF1t-1/P1GF ratio is 238, the fetus will be classified as FGR.
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The remaining cases will be classified as SGA. In the
intervention group, the UA PI, MCA PI, CPR, and UtA PI
percentiles will be concealed to obstetricians in order to avoid
any influence that this information might have on their
interpretation of fetal movements or CTG.

In the control group, the sFlt-1/PIGF ratio will be concealed to
investigators and the standard Doppler-based approach will be
used for fetal monitoring [1]. Thus, fetuses with an EFW <3rd
percentile or <10th percentile accompanied by an abnormal
feto-maternal Doppler (UA PI >95th percentile, MCA PI <5th
percentile, CPR <5th percentile, UtA PI >95th percentile, or a
combination of these markers) [ 50-53| will be classified as FGR.
The remaining cases will be classified as SGA.

In both groups, when a fetus is classified as FGR, immediate
(within 24 hours) elective delivery at 237 weeks of gestation
will be recommended; when a fetus is classified as SGA, elective
delivery will be delayed until 40 weeks of gestation. From
randomization to delivery, all SGA pregnancies in both groups
will receive weekly follow-ups consisting of fetal ultrasound
(including fetal growth, amniotic fluid deepest vertical pocket,
fetal movements, and feto-maternal Doppler), conventional
CTG, and measurement of the sFlt-1/PIGF ratio (which will be
concealed or revealed depending on the allocated group).

In both groups, if at any time after enrollment any of the
following is present, immediate (within 24 hours) delivery will
be recommended: UA with absent or reversed end-diastolic
flow, nonreassuring CTG, PE, diminished fetal movements,
biophysical profile score <6, or oligohydramnios (largest vertical
pocket <2 cm). The flow chart in Figure 1 illustrates the
management of participants from consent through follow-up.
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Figure 1. Flow chart of study intervention and management. AEDF': absent end-diastolic flow; CPR: cerebroplacental ratio; CTG: cardiotocography;
EFW: estimated fetal weight; MCA: middle cerebral artery; PI: pulsatility index; PIGF: placental growth factor; REDF: reversed end-diastolic flow;

sFlt-1: soluble fms-like tyrosine kinase-1; UA: umbilical artery.
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MCA Pl or CPR <5th percentile

36+0-37+6 weeks+days

EFW + Doppler + CTG
+ sFit-1/PIGF

l Normal

38+0-38+6 weeks+days

Any abnormal:

UA AEDF/REDF

Abnormal CTG

Amniotic fluid pocket <2 cm

EFW + Doppler + CTG . EFW + Doppler + CTG
(+ sFIt-1/PIGF) Abnormal CTG Preeclampsia + sFIt-1/PIGF
l Amniotic fluid pocket <2 cm Diminished fetal l
Normal movements Normal
Preeclampsia
39+0-39+6 weeks+days sFIt-1/PIGF 238 I 39+0-39+6 weeks+days
Diminished fetal movements i
EFW + Doppler + CTG EFW + Doppler + CTG
(+ sFIt-1/PIGF) l l + sFIt-1/PIGF
Normal Immediate delivery (at 237 weeks) Normal

A
| Elective delivery 40+0-40+6 weeks+days I

According to recommendations of the National Institute for
Health and Care Excellence (NICE) [54], labor will be induced
in pregnancies with a Bishop score [55] <6 by promoting
cervical ripening with vaginal administration of dinoprostone
or misoprostol or with a cervical balloon, as per each site’s usual
protocols (Table 1).

In pregnancies with a Bishop score >6, labor will be induced
by amniotomy, intravenous oxytocin infusion, or both in all
participating sites. Indications for elective cesarean delivery
will be as follows: at least 2 previous cesarean deliveries, UA
with absent or reversed end-diastolic flow, nonreassuring CTG,
abnormal fetal presentation (breech or transverse lie position),
placental abruption, PE with severe features requiring immediate
delivery (pulmonary edema, secrum creatinine >1.1 mg/dL,
oliguria [£500 ml in 24 h or <20 ml/h|, persistent hypertension
despite appropriate antihypertensive therapy, persistent cerebral
or visual disturbances, or eclampsia), and participants refusing
induction of labor. Other less frequent indications may occur
and will be classified as “other.” Indications for intrapartum
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| Elective delivery 40+0-40+6 weeks+days l

cesarcan delivery will be as follows: prolonged labor, failed
induction of labor, nonreassuring CTG, placental abruption,
and PE with severe features requiring immediate delivery. Other
less frequent indications may occur and will be classificd as
“other.”

Prolonged labor will be defined according to the NICE
guidelines for intrapartum care of healthy women and babies
[56]. According to these guidelines, a delay in the first stage of
labor is suspected if cervical dilatation is <2 cm after 4 hours.
Afier 2 hours, delay will be confirmed if progress is <1 cm, and
oxytocin will be offered. Prolonged labor will be confirmed if
dilatation has increased <2 cm after 4 hours of oxytocin infusion.
The maximum duration of cervical ripening treatment will vary
depending on the method, with 12 hours for the cervical balloon,
16 hours for misoprostol, and 24 hours for dinoprostone. Failed
induction of labor will be defined as not entering the active
phasc of labor after cervical ripening along with 6 to 8 hours of
oxytocin infusion.
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Table 1. Cervical ripening mechanisms used at each participating site. For labor induction, classification of fetuses as being small for gestational age
or having fetal growth restriction will be based on the Doppler criteria, as in the control group [1]. Dinoprostone (Propess; Ferring Pharmaceuticals Ltd)
was administered at a 10-mg dose with a vaginal delivery system. Misoprostol (Misofar; Exeltis Healthcare SL) was administered at a 25-ug dose with
a vaginal tablet. Cervical balloons used a double-balloon catheter plus stylet (Cook Medical).

Small for gestational age

Hospital Fetal growth restriction
Vall d'Hebron Dinoprostone

Torrejon Cervical balloon

Joan XXIII Misoprostol

Alicante Dinoprostone

Arrixaca Dinoprostone

Parc Tauli Dinoprostone
Cabueiies Dinoprostone
Germans Trias Dinoprostone

Son Llatzer Dinoprostone

Lozano Blesa

Cervical balloon

Althaia Dinoprostone
A Coruia Dinoprostone
Elche Cervical balloon
Valme Cervical balloon
Hospital Terrassa Dinoprostone
Mutua Terrassa Dinoprostone

Getafe Cervical balloon
Puerta del Mar Cervical balloon
Josep Trueta Misoprostol
Candelaria Dinoprostone

Dinoprostone
Dinoprostone
Misoprostol
Dinoprostone
Dinoprostone
Dinoprostone
Dinoprostone
Dinoprostone
Dinoprostone
Dinoprostone
Dinoprostone
Dinoprostone
Dinoprostone
Cervical balloon
Misoprostol
Misoprostol
Cervical balloon
Misoprostol
Misoprostol

Dinoprostone

Predictive Variables

Predictive variables include maternal sFlt] and PIGF plasma
levels (pg/ml), fetal EFW, results of a Doppler assessment (UA
PI, MCA PI, CPR, and UtA PI percentiles), amniotic fluid
vertical pocket, fetal movement and biophysical profile score,
and conventional CTG interpretation. PIGF and sFlt-1 levels
will be measured wusing the automated Elecsys
electrochemiluminescence immunoassay platform (Cobas
Analyzers; Roche Diagnostics).

Nonreassuring CTG before and during labor will be defined as
sinusoidal fetal heart rate tracing or absent fetal heart rate
variability accompanied by recurrent late decelerations, recurrent
variable decelerations, or bradycardia [57].
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In all settings, EFW will be calculated using the Hadlock
formula [49]. EFW percentiles will be calculated using the
reference charts of each site’s protocol. Fetuses with an EFW
<10th percentile will be classified as small [45-48]. Doppler
assessments will be performed following the International
Society of Ultrasound in Obstetrics and Gynecology Practice
Guidelines [58]. All participating sites will use the same
reference values for calculating UtA PI percentiles [51]. Doppler
percentiles for UA PI, MCA PI, and CPR will be calculated
according to gestational age using the charts of each site’s
protocol (Table 2). Gestational age will be determined by fetal
crown-rump length measurement at 11+0 to 13+6 weeks+days
of gestation [44] or in vitro fertilization date.
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Table 2. Reference charts at each participating site.

Garcia-Manau et al

Hospital Estimated fetal weight per- Umbilical artery pulsatility ~ Middle cerebral artery pulsatil- Cerebroplacental ratio per-
centile index percentile ity index percentile centile

Vall d’Hebron Mikolajezyk RT et al [47] Ciobanu A et al [50] Ciobanu A et al [50] Ciobanu A et al [50]

Torrejon Marsal K et al [48] Arduini D and Rizzo G [52]  Baschat AA and Gembruch U Baschat AA and Gembruch U
[53] [53]

Joan XXIII Hadlock FP et al [49] Arduini D and Rizzo G [52]  Baschat AA and Gembruch U Baschat AA and Gembruch U
[53] [53]

Alicante Mikolajezyk et al [47] Ciobanu A et al [50] Ciobanu A et al [50] Ciobanu A et al [50]

Arrixaca Figueras F et al [45] Arduini D and Rizzo G [52]  Baschat AA and Gembruch U  Baschat AA and Gembruch U

Parc Tauli

Cabueiies

Germans Trias

Son Llatzer

Lozano Blesa

Althaia

A Coruna

Elche

Valme

Hospital Terrassa

Mutua Terrassa

Getafe

Puerta del Mar
Josep Tructa

Candelaria

Hadlock FP et al [49]

Hadlock FP et al [49]

Hadlock FP et al [49]

Figueras F et al [45]

Figueras F et al [45]

Figueras F et al [45]

Figueras F et al [45]

Papageorghiou AT et al [46]

Figueras F et al [45]

Figueras F et al [45]

Hadlock FP et al [49]

Figueras F et al [45]

Mikolajezyk et al [47]
Mikolajezyk et al [47]
Figueras F et al [45]

Arduini D and Rizzo G [52]

Arduini D and Rizzo G [52]

Arduini D and Rizzo G [52]

Arduini D and Rizzo G [52]

Arduini D and Rizzo G [52]

Arduini D and Rizzo G [52]

Arduini D and Rizzo G [52]

Ciobanu A et al [50]
Arduini D and Rizzo G [52]

Arduini D and Rizzo G [52]

Arduini D and Rizzo G [52]

Arduini D and Rizzo G [52]

Ciobanu A et al [50]
Ciobanu A et al [50]
Arduini D and Rizzo G [52]

[53]

Baschat AA and Gembruch U
53]

Baschat AA and Gembruch U
(53]

Baschat AA and Gembruch U
[53]

Baschat AA and Gembruch U
53]

Baschat AA and Gembruch U
53]

Baschat AA and Gembruch U
[53]

Baschat AA and Gembruch U
[53]

Ciobanu A et al [50]

Baschat AA and Gembruch U
[53]

Baschat AA and Gembruch U
[53]

Baschat AA and Gembruch U
[53]

Baschat AA and Gembruch U
[53]

Ciobanu A et al [50]
Ciobanu A et al [50]

Baschat AA and Gembruch U
[53]

(53]

Baschat AA and Gembruch U
[53]

Baschat AA and Gembruch U
[53]

Baschat AA and Gembruch U
[53]

Baschat AA and Gembruch U
[53]

Baschat AA and Gembruch U
[53]

Baschat AA and Gembruch U
[53]

Baschat AA and Gembruch U
[53]

Ciobanu A et al [50]

Baschat AA and Gembruch U
[53]

Baschat AA and Gembruch U
[53]

Baschat AA and Gembruch U
[53]

Baschat AA and Gembruch U
[53]

Ciobanu A ct al [50]
Ciobanu A et al [50]

Baschat AA and Gembruch U
[53]

Amniotic {luid volume will be determined measuring the deepest
vertical pocket and oligohydramnios will be considered when
depth is <2 cm [59]. Depending on each site’s protocol, fetal
movement will be assessed subjectively or based on biophysical
profile score, as described by Manning [60]. PE will be defined
as new-onset high blood pressure (systolic blood pressure 2140
mm Hg or diastolic blood pressure 290 mm Hg), worsening of
previous high blood pressure in addition to new-onset
proteinuria (2300 mg protein in a 24-hour urine collection,
protein/creatinine 20.3, or a dipstick reading of 1+), worsening
of previous proteinuria, or according to at least one of the
following signs and symptoms: cerebral or visual symptoms,
raised liver enzymes, low platelet count, renal insufficiency,
and pulmonary edema. PE with severe features will be defined
as either systolic blood pressure 2160 mm Hg or diastolic blood
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pressure 2110 mm Hg, or PE with any of the following signs
and symptoms: cerebral or visual symptoms, raised liver
enzymes, low platelet count, renal insufficiency, and pulmonary
cdema [61].

Outcomes

Primary Outcome

The primary outcome is the prevalence of cesarcan delivery due
to nonreassuring fetal status or the prevalence of neonatal
acidosis. Neonatal acidosis will be defined as a UA pH <7.15
and a basc cxcess greater than —12 mEq/L.

Secondary Qutcomes

Composite adverse perinatal outcome will be defined as the
presence of at least onc of the following: fetal death, Apgar
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score <7 at 5 minutes, UA pH <7.05, admission to the NICU
or a transitional care unit within 48 hours, birthweight <2000
grams, maternal admission to the obstetric intensive care unit
within 48 hours (before or after delivery), and PE.

Composite adverse neonatal outcomes will be defined as the
presence of at least one of the following: respiratory distress
syndrome (respiratory rate >60 or <30 breaths/min, grunting
on expiration, chest indrawing, central cyanosis, apnea, or the
need for surfactant therapy in the neonatal period) [ 62], transient
tachypnea, required ventilatory support, grade III or IV
intraventricular hemorrhage, neonatal sepsis, hypoglycemia,
necrotizing enterocolitis, neonatal jaundice (treated with
phototherapy), neonatal seizures, pneumonia, meningitis, and
neonatal death.

Other secondary outcomes will include the following: rates of
elective delivery before 38, 39, and 40 weeks of gestation; rates
of deliveries (clective and spontancous) before 38, 39, and 40
weeks of gestation; rate of birthweight <2500 grams; rate of
UA pH <7.10; rate of elective cesarean delivery; rate of cesarean
delivery due to failed labor induction; rate of emergency
operative vaginal delivery; and rate of placental-related
complications, such as placental abruption, pregnancy
hypertension, severe PE, eclampsia, stroke, maternal death, and
postpartum hemorrhage.

Statistical Analysis

Statistical analysis will be performed based on the
intention-to-treat approach, considering all randomized women.
A sensitivity analysis will be carried out to take into account
the cffect of withdrawal of consent and loss to follow-up.
Outcomes and covariates will be imputed by multiple imputation
chain equations. Patients deemed ineligible after randomization
(cg, duc to identification of congenital defects or EFW >10th
percentile) will be excluded in the per-protocol analysis.

Univariate descriptive analysis will be used for the study
variables. We will assess differences between the groups for
the primary and secondary outcomes, calculating differences
in the incidence and relative risks with their respective 95%
CIs. Type I errors will be set at P<.05. The statistical software
packages R and R Studio (R Foundation) will be used for
statistical analyses. An interim analysis will be performed by
an independent statistician once 50% of the sample size has
been recruited. This analysis will ascertain the safety of the new
approach with the O’Brien-Fleming boundary [63]. As FGR
pregnancies have a higher risk of stillbirth and other adverse
outcomes compared to SGA pregnancics, women with SGA
fetuses will probably be more willing to participate. Enrollment
of a greater proportion of SGA pregnancies might hinder
identification of differences between groups. For this reason, a
subgroup analysis will be performed for FGR and SGA
pregnancies according to the Doppler classification at
enrollment. Categorical variables will be reported as frequencies,
normally distributed continuous variables will be reported as
means and standard deviations, and continuous variables that
do not follow a normal distribution will be reported as medians
and interquartile ranges. The Fisher exact test or chi-square test,
as appropriate, will be used to assess differences in categorical
variables between groups. The Student 7 test (2-tailed) or
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Mann-Whitney U test, as appropriate, will be used for
continuous variables.

During the design stage of the trial, no financial support was
available. Nevertheless, if this trial receives a specific grant
from a funding agency, monitoring by the Academic Rescarch
Organization of the Vall d’Hebron Research Institute will be
contracted.

Sample Size

A management protocol based on EFW and Doppler assessment
has shown a prevalence of adverse perinatal outcomes of 26%,
meaning that there is a prevalence of 74% of pregnancies with
no complications [25]. The estimated rate of pregnancies with
no complications in the intervention group has been set at 74%,
with a lower limit of 65.5% (a maximum achievable difference
of 8.5%). Based on these considerations and an estimated
dropout rate of 3%, the sample size needed for a noninferiority
design with a power of 80% and a significance level of 5% is
1030 participants, that is, 515 in each group. Noninferiority will
be demonstrated if the lower limit of the 95% CI of the
difference between incidences of pregnancies without neonatal
acidosis is less than —8.5%. If the dropout rate is greater than
3%, the number of participants will be increased so as to achieve
1000 participants with complete data for the primary outcome.

Randomization, Masking, and Data Collection

Participants will be randomly assigned to the intervention or
control group in a 1:1 ratio using variable-size block
randomization. The randomization sequence will be centralized
and generated by the web-based system Sealed Envelope (Sealed
Envelope Ltd) and will be concealed to investigators. Owing
to the nature of the intervention, it will not be possible to conceal
the study group to the participants, investigators, or outcome
aSSessors.

A RedCap (Research Electronic Data Capture; Vanderbilt
University) clectronic database has been specifically designed
for this study [64]. The electronic database has a randomization
module that will allow allocation of participants to the study
groups. Data will be entered prospectively during the study.
Access to this database will be restricted to the investigators
involved in each participating site.

Ethics Approval

The current version (version 3.0) of the study protocol was
approved by the Vall d’Hebron Ethics Committee
(PR[AMI]527/2019) on February 18, 2020. Subsequent approval
by individual ethical committees has been granted. Written
informed consent will be obtained from all participants before
randomization.

Results

The first patient was recruited on September 28, 2020, and at
the time of submitting this manuscript, the study was in the
recruitment and data collection phase. The study results are
expected to be published in peer-reviewed journals and
disseminated at international conferences in early 2023. No
funding has been obtained for this trial.
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Discussion

Newborns under 39 weeks have poorer perinatal outcomes than
full-term newborns [10]. After classification with EFW and
Doppler, more than 60% of small fetuses are delivered at 37 to
38 weeks of gestation [8]. However, classification with AF
seems to have a lower false-positive rate [36]. In this trial, we
aim to assess whether the classification of small fetuses as FGR
or SGA based on AF is not inferior to the standard clinical
approach (EFW and Doppler percentiles) for the identification
of fetuses at a higher risk of adverse perinatal outcomes
(neonatal acidosis and cesarean section due to nonreassuring
CTG). This is the first trial that includes term pregnancies with
an EFW below the 10th percentile and is designed to compare

Garcia-Manau et al

will cvaluate the cffectiveness of both interventions in the
conditions of real-life routine practice, which will allow
extrapolating the results to other settings. On the other hand,
the sample size will not allow assessment of the effect of the
management protocol on the incidence of rare adverse outcomes,
such as stillbirth, placental abruption, or eclampsia. All pregnant
women with fetuses having an EFW <10th percentile at 36+0
to 37+6 weeks+days of gestation will be invited to participate;
however, since FGR pregnancies are at a higher risk of stillbirth
and other adverse outcomes, women with FGR pregnancies
might be more reluctant to participate than women with SGA,
which could introduce a selection bias.

The AF-based protocol may reduce the number of pregnancies
classified as FGR without worsening perinatal outcomes,

perinatal outcomes with a management protocol based on the
sF1t-1/PIGF ratio and the standard management protocol, based
on feto-maternal Doppler assessment. The main strength of this
study is the comparison of 2 randomized groups and the large
size of the study population. A pragmatic and multicenter design

improve patients’ medical attention perception, reduce the rate
of cesarcan deliveries, and reduce the rate of placental
complications, such as PE, placental abruption, or eclampsia.
Moreover, the rate of early-term neonates may be reduced,
improving neonatal outcomes and long-term morbidity.
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Small fetuses, with estimated fetal weight (EFW) below the tenth percentile,
are classified as fetal growth restriction (FGR) or small for gestational
age (SGA) based on prenatal ultrasound. FGR fetuses have a greater risk

of stillbirth and perinatal complications and may benefit from serial
ultrasound scans to guide early delivery. Abnormal serum angiogenic
factors, such as the soluble fms-like tyrosine kinase-1 (sFlt-1):placental
growth factor (PIGF) ratio, have shown potential to more accurately
distinguish FGR from SGA, with fewer false positives. This randomized
controlled trial compared a management protocol based on the sFit-1:PIGF
with EFW and Doppler ultrasound in avoiding adverse perinatal outcomes
in small fetuses after 36 weeks of gestation. A total of 1,088 pregnant women
with singleton pregnancies were randomized to either the Doppler-based
(control) or the sFlt-1:PIGF-based (intervention) protocol. The primary
outcome, neonatal acidosis or Cesarean delivery as aresult of abnormal
cardiotocography, was assessed in1,013 participants. The incidence was
10.5% inthe intervention group and10.0% in the control group (absolute
difference, 0.53 (-3.21t0 4.26)), with the upper limit of the confidence
interval <8.5%, confirming noninferiority. Thus, the sFlt-1:PIGF was

noninferior to EFW and Doppler ultrasound in avoiding neonatal acidosis or
Cesarean delivery owing to nonreassuring fetal status in small fetuses after
36 weeks (ClinicalTrials.gov registration: NCT04502823).

Fetal smallness occurs in approximately 10% of pregnancies' and is a
major cause of perinatal, neonatal and maternal morbidity and mortal-
ity>. Most cases are diagnosed after 32 weeks of gestation and there is
no clear consensus about the appropriate management and delivery
timing for these late-onset cases™*.

Based on the severity of the smallness, two conditions can be
identified by prenatal ultrasound: fetal growth restriction (FGR) and
small for gestational age (SGA). FGR is defined as the fetus failing to
reach its genetically determined growth potential and has a greater
risk of fetal demise and other perinatal complications’. By contrast,
SGA is defined as the fetus being constitutionally small, usually with
normal pregnancy outcomes'. To prevent adverse perinatal outcomes,

most guidelines recommend delivery for FGR cases at 37-38 weeks of
gestation and, for SGA cases, at 39-40 weeks of gestation”. SGA and
FGR can be discriminated based on ultrasound parameters, such as
estimated fetal weight (EFW) percentile, fetal growth velocity and
Doppler studies®®. However, this classification requires experienced
sonographers and 60% of fetuses will be classified as FGR and, sub-
sequently, will be electively delivered at 37-38 weeks of gestation®”.
Recently, abnormal maternal serum concentrations of angiogenic
factors (AFs), such as an increased soluble fms-like tyrosine kinase-1
(sFlt-1):placental growth factor (PIGF) ratio, have been shown to be
associated with a poorer prognosis for small fetuses and a higher risk
of developing pre-eclampsia®.. A large observational study compared

e-mail: manel.mendoza@uab.cat

Nature Medicine



Article

https://doi.org/10.1038/s41591-024-03421-9

1,532 participants assessed for eligibility

99 ineligible:
89 estimated fetal weight >10th percentile
4 pre-eclampsia

4 oligohydramnios
2 diminished fetal movements

‘ 1,433 eligible ‘

—-{ 326 declined to participate

’ 1,107 randomly assigned ‘

‘ 553 assigned to sFlt-1:PIGF l

‘ 554 assigned to Doppler ‘

5 lost to follow-up
2 withdrew consent

}.7

9 lost to follow-up
3 withdrew consent

-

546 included in ITT analysis
(513 for the primary outcome)

542 included in ITT analysis
(500 for the primary outcome)

49 excluded in the PP analysis:
22 selection error

21 deviated from the protocol
6 postnatal congenital defects

47 excluded in the PP analysis:
27 deviated from the protocol
17 selection error

3 postnatal congenital defects

497 included in PP analysis
(470 for the primary outcome)

495 included in PP analysis
(462 for the primary outcome)

Fig. 1| Trial flowchart. Screening, randomization and follow-up in the GRAFD trial. ITT, intention to treat; PP, per protocol.

Doppler assessment with anapproach based on the sFlt-1:PIGF ratio to
identify FGR cases among all small fetuses™. In that study, 521 fetuses
had an ultrasonographic EFWbelow the tenth percentile. Among these,
412 exhibited abnormal Doppler parameters, whereas only 102 had
abnormal sFlt-1:PIGF ratio values (=38). Despite this, both approaches
demonstrated similar negative predictive values for excluding adverse
perinatal outcomes (99.3% and 99.0%, respectively). Therefore, the
Doppler-based protocol would have identified 79.1% (412 of 521) of
the small fetuses as FGR, whereas, according to the AF approach, only
19.6% (102 of 521) of the small fetuses would have been classified as
FGR. That study concluded that the classification of small fetuses
based on AFs seemed to be more accurate and may resultin a lower
false-positive rate than the Doppler-based protocol. Reducing the
number of pregnancies classified as FGR by up to 75.2% (from 79.1% to
19.6%) is not only statistically significant, but also noteworthy, because
these pregnancies would undergo unnecessary early induction of labor,
resultingin agreater proportion of early term newborns (bornbetween
37 weeksand O d and 38 weeksand 6 d of gestation). These infants have
anincreased risk ofimmediate postnatal morbidity, such asadmission
totheneonatalintensive care unit (NICU) for respiratory support, and
poorer long-term outcomes, mainly as the result of cardiovascular,
metabolic and respiratory conditions”®™., Thus, areduction in the
number of cases classified as FGR may decrease hospital length of stay

by reducing the number ofinductions and may alsoimprove short- and
long-term postnatal outcomes by delaying elective deliveries until
reaching full term (=39 weeks of gestation).

The GRAFD (Fetal Growth Restriction at Term Managed by Angio-
genicFactors Versus Feto-Maternal Doppler) trial was designed to test
the hypothesis that classification of small fetuses as SGA or FGR based
onAFsisnoninferior to the standard clinical approach (based on EFW
and Doppler percentiles) for the identification of fetuses at a higher
risk of neonatal acidosis or Cesarean delivery as a result of nonreas-
suring fetal status.

Results

Patient disposition

Recruitment commenced on 28 September 2020 and the last partici-
pant was enrolled on 30 November 2022. Out of 1,107 participants,
553 were allocated to the intervention group and 554 to the control
group. Seven participants were excluded from the intervention
group (two were excluded owing to withdrawal of consent and five
were lost to follow-up) and twelve were excluded from the control
group (three were excluded owing to withdrawal of consent and nine
were lost to follow-up). The reasons for withdrawing consentin all
participants were being dissatisfied with the assigned group. Finally,
1,088 (98.3%) pregnant women were included in the intention-to-treat
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Table 1| Baseline characteristics of participants at trial entry
(intention to treat)

Characteristic Intervention group Control group

(n=546) (n=542)

Gestational age at randomization
(weeks)

36.7(36.3-371) 36.7(36.3-37.1)

Age (years) 32.9(281-36.2) 32.8(28.4-36.2)

Body mass index (kgm™) 22.9(20.4-26.1) 22.9(20.5-25.8)

Race or ethnic group, no. (%)

Black 20(3.7) 16 (3.0)

East Asian 4(0.7) 6(1.1)

Latin American 59(10.8) 43 (7.9)

Mixed race 14 (2.6) 13 (2.4)

South Asian 18 (3.3) 19(3.5)

White 431(78.9) 445 (82.1)
Method of conception, no. (%)

Natural 514 (944) 508 (93.7)

Assisted by use of ovulation drugs 3 (0.6) 5(0.9)

In vitro fertilization 29(5.3) 29(5.4)

Current cigarette smoking 102 (18.7) 108 (19.9)
Medical history, no. (%)

Type 1 or 2 diabetes mellitus 2(0.4) 0

Chronic hypertension 8(1.5) 1(0.2)

Systemic lupus erythematosus 2(0.4) 7(1.3)

Antiphospholipid syndrome 3(0.5) 6 (1.1)
Obstetric history

Multiparous, no. (%) 216 (39.6) 216 (39.9)

Nulliparous, no. (%) 330 (60.4) 326 (60.1)

sFlt-1:PIGF at randomization 15.1(5.6-37.4) 16.2 (6.6-37.2)

sFlt-1:PIGF 238 at randomization, 132(24.2) 128 (23.6%)

no. (%)

EFW at randomization, g 2,387(2,293-2,468) 2,374

(2,262-2,464)

Fetal growth restriction at 211(38.6) 222 (41.0)

randomization (nonexclusively),

no. (%)°

Estimated fetal weight 12 (20.5) 118 (21.8)

<3rd percentile at randomization,

no. (%)

Cerebroplacental ratio 78 (14.3) 74(13.7)

<5th percentile at randomization,

no. (%)

MCA <5th percentile at 38(7.0) 40 (7.4)

randomization, no. (%)

Mean UA PI>95th percentile at 74 (13.6) 85(15.7)

randomization, no. (%)

UA PI>95th percentile at 29(5.3) 25 (4.6)

randomization, no. (%)

Data are reported as the number of events (%) or the median (IQR). “Race or ethnic group was
reported by the participant. "FGR was determined based on the usual Doppler classification.
Percentiles for EFW and Doppler studies were assessed using the reference charts of each
participating site.

analysis: 546 (50.2%) from the intervention group and 542 (49.8%)
from the control group. Of those, 1,013 (91.5%) participants had
available data to assess the primary outcome (neonatal acidosis
or Cesarean delivery resulting from nonreassuring fetal status):
513 (50.6%) were from the intervention group and 500 (49.4%) were
from the control group (Fig. 1). Baseline characteristics did not differ

betweengroups (Table1).InFebruary 2022, 522 pregnant women met
the inclusion criteria for the interim analysis. The incidence of the
primary outcome in the intervention group was 9.2% and 10.7% in the
control group (absolute difference, -1.46 (-6.69 to 3.77)). With these
results, theIndependent Data Monitoring Committee concluded that
noninferiority was confirmed and suggested stopping the trial. How-
ever, they noted that the observed eventrate waslower than expected.
For thisreason, the trial promoter decided to continue recruiting par-
ticipants to achieve the originally planned sample size.

Primary outcome

Among thel,088 participantsincludedin the intention-to-treat analy-
sis, theincidence of the primary outcome was 10.5% (54 of 513 partici-
pants) in the intervention group and 10.0% (50 of 500 participants)
inthe control group (absolute difference, 0.53 (-3.25 to 4.29)) (Fig. 2
and Table 2).

Secondary outcomes

Forthesecondary outcomes, the incidence of composite adverse peri-
natal outcomes was 8.1% in the intervention group and 11.8% in the
control group, this difference being statistically significant (absolute
difference, -3.75% (95% confidence interval (Cl), -7.35% to —0.19%)).
Thereduction of adverse perinatal outcomes was mainly the result of
alower incidence of pre-eclampsia (absolute difference, -1.66% (95%
Cl,-3.25% to —0.35%)). With regard to the composite adverse neona-
tal outcomes, no differences were found between groups (absolute
difference, -1.95% (95% CI, —6.19% to 2.29%)). However, in the control
group, 5 (0.9%) neonates required ventilatory support, whereas no
neonates required such supportin the intervention group (absolute
difference, —0.92% (95% Cl, -2.14% to —0.05%)), this difference being
statistically significant. When analyzing placenta-related complica-
tions, postpartum hemorrhage was significantly less frequent in the
intervention group (0.6% (3 of 546)) than in the control group (2.0%
(11 of 542)) (absolute difference, —1.48% (95% ClI, =3.09% to —0.10%)).
Moreover, at least one adverse maternal outcome occurredin11(2.0%)
participants in the intervention group versus 23 (4.2%) in the control
group (absolute difference, -2.23% (95% CI, -4.46% to —0.14%)). With
regard to othersecondary outcomes, median gestational age at deliv-
ery was significantly greater in the intervention group (39.0 weeks
(interquartile range (IQR), 37.9-40.0 weeks)) thanin the control group
(38.4 weeks (IQR, 37.6-39.7 weeks); P< 0.001). The rates of delivery
below 38,39 and 40 weeks of gestation were significantly lower inthe
intervention group by 11.04% (-16.53 to -5.45),10.97% (-16.79 to -5.03)
and 5.76% (-10.74 to —0.74), respectively (Fig. 3 and Table 3). Median
birthweight was 2,540 g (IQR, 2,330-2,770 g) inthe control group and
2,615g(2,390-2,870 g) in the intervention group (P= 0.002),and the
rate of cases with a birthweight <2,500 g was significantly reduced by
-6.54% (95% Cl, -12.30% to —0.73%). There were no statistically sig-
nificant differences between the rates of spontaneous and Cesarean
deliveries between groups. More details about other perinatal, neonatal
and maternal outcomes are provided in Tables 2 and 3.

Per-protocol analysis

Amongthe 992 participantsincluded inthe per-protocol analysis, the
incidence of the primary outcome was 10.2% (48 of 470 participants)
in the intervention group and 10.8% (50 of 462 participants) in the
control group (absolute difference, —0.61(-4.59 t0 3.36)). With regard
to baseline characteristics and secondary outcomes, similar findings
to those of the intention-to-treat analysis were found. More details of
the per-protocol analysis can be found in Fig. 2, Supplementary Tables1
and 2 and Extended Data Fig. 2.

Subgroup analyses
According toDoppler classificationatenrollment, there were 433 preg-
nancies classified as FGR (211 (48.7%) in the intervention group and
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Intervention Control Risk difference i
N (% N (% 95% ClI i
All participants (ITT) (/N %) (n/N (%)) ( ) !
Neonatal acidosis /513 (2.1) 12/500 (2.4) -0.26 (-2.24 10 1.69) . '
Cesarean for abnormal CTG 44/513 (8.6) 40/500 (8.0) 0.58 (-2.87 to 4.01) —le '
Adverse primary outcome 54/513 (10.5) 50/500 (10.0) 0.53 (-3.25 to 4.29) —_—— '
All participants (PP) :
Neonatal acidosis 9/470 (1.9) 12/462 (2.6) -0.68 (-2.78 t01.33) —_— !
Cesarean for abnormal CTG 39/470 (8.3) 40/462 (8.7) -0.36 (-4.00 to 3.26) . '
Adverse primary outcome 48/470 (10.2) 50/462 (10.8) -0.61(-4.59 to 3.36) —_ . ;
Only FGR at enrollment E
Neonatal acidosis 4/201(2.0) 6/208 (2.9) -0.89 (-3.88 t0 2.09) S | S— !
Cesarean for abnormal CTG 25/201 (12.4) 25/208 (12.0) 0.42(-5.9310 6.77) i
Adverse primary outcome 28/201(13.9) 29/208 (13.9) -0.01(-6.73 t0 6.70) i
Only SGA at enrollment
Neonatal acidosis 7/312 (2.2) 6/292 (2.1) 0.19 (-2.12 to 2.50) ——_ — ]
Cesarean for abnormal CTG 19/312 (6.1) 15/292 (5.1) 0.95 (-2.71to 4.62) S ]
Adverse primary outcome 26/312 (8.3) 21/292 (7.2) 114 (-3.12 to 5.41) IR - ;
T T ;

-10 -5 0 S A=8.510

Favors intervention Favors control

Fig. 2 |Primary adverse outcome in the population includedin the intention-to-treat analysis and the subanalysis by Doppler classification at enroliment.
The Forest plot shows therisk difference for each outcome (indicated by a point) between the intervention and control groups. Horizontal lines represent the 95% Cls

for theserisk differences. A, noninferiority margin.

222 (51.3%) inthe control group). Of those, the prevalence of the primary
outcome did not differ significantly between the intervention group
(13.9%) and the control group (13.9%) (absolute difference, —0.01% (95%
Cl,-6.73%t0 6.70)). The reasons forindicating elective delivery in FGR
cases from bothgroups are detailed in Supplementary Tables 3 and 4.

For the subanalysis conducted for the 655 SGA cases (335 in the
intervention group (51.1%) and 320 in the control group (48.9%)), there
was no statistically significant difference in the prevalence of the pri-
mary outcome between the intervention group (8.3%) and the control
group (7.2%) (absolute difference, 1.14% (95% CI, -3.12% to 5.41%)).

More details about the FGR and SGA subgroup characteristicsand
pregnancy outcomes canbeseeninSupplementary Tables5,6,7and 8.

The subgroup analysis included a treatment-by-subgroup inter-
action for the primary outcome and each of the three composite out-
comes'. The interaction P values for the primary adverse outcome,
perinatal outcomes, neonatal outcomes and placenta-related out-
comes were 0.711, 0.596, 0.955 and 0.743, respectively, all >0.10. This
indicatesthat the noninferiority of the sFlt-1:PIGF protocol is consistent
across the FGRand SGA subgroups, because there were no significant
treatment-by-subgroup interactions for any of the outcomesanalyzed
(Supplementary Table 9).

Discussion

This trial showed that a classification of fetuses with an ultrasono-
graphic EFW < 10th percentile after 36 weeks of gestation based on
AFsisnoninferior to fetomaternal Dopplerand EFW to avoid neonatal
acidosis or Cesarean delivery owing to nonreassuring fetal status. In
addition, elective delivery according to AFs instead of EFW and Dop-
pler may improve neonatal, maternal and perinatal outcomes, as well
as reduce the rate of unnecessary inductions of labor and, therefore,
the rate of deliveries below 38,39 and 40 weeks of gestation. In addi-
tion, the noninferiority of the management based on AF was confirmed
after analyzing the primary outcome by per-protocol analysis and in
FGR and SGA cases separately.

There were several strengths of the present study. First, this is
one of the first randomized clinical trials to assess the role of Doppler
and AFs for identifying FGR and avoiding adverse outcomes in small
fetuses. Second, the sample size was considerably larger than in any
previous study conducted in pregnancies with small fetuses, which
provides enough statistical power for performing analyses for arange

of clinically relevant maternal and neonatal outcomes. Third, our trial
has a robust randomized controlled design with prior publication of
the study protocol. The trial was rigorously conducted according to
that protocol, without any changes, in20 maternity units across Spain.
In addition, follow-up was conducted under real-life routine practice
conditions, thereby reinforcing the external validity of the results.
Finally, this trial provided results that may be readily applicable to
pregnancies with FGR and SGA at term, especially in settings where
Doppler or experienced sonographers are not readily available.
There were several limitations in this study. First, it was not pos-
sible to conceal group allocation to participants and investigators.
Second, the rate of the primary adverse outcome in the control group
was 10.0%, which is lower than the expected 26.0%. Despite this being
acommonissue for clinical trials, this result was unexpected because
thereference data used for sample size estimation were derived from
pregnancies within the same region and following identical manage-
ment protocols’. Given that the reference study was published in 2015,
theobserved lower rate of complications could reflect thecurrentevent
rate, probablyasaresult ofimprovementsin intrapartum care or new
methods used for induction of labor in recent years. This lower rate
may challenge the noninferiority margin of 8.5%; however, despite the
lower observed event rates, the large sample size of this trial and the
almostidentical rates of the primary outcomein both groups support
the noninferiority of the sFlt-1:PIGF approach. In addition, beyond
demonstrating the noninferiority of the primary outcome, the use of
sFlt-1:PIGF did not worsenany pregnancy outcome and, onthe contrary,
resulted inmultiple improved perinatal outcomes for bothmotherand
fetus.Some of these benefits could extend beyond the perinatal period,
including reductionsinthe long-term cardiovascular and neurological
consequences of pre-eclampsia and early term births. Last, although
the EFW and Doppler ultrasound protocol is the current standard
of care, its validity is uncertain because it has not been previously
confirmed inaclinical trial. This is the largest clinical trial conducted
interm FGR or SGA and we believe that all the aforementioned points
supportthe validity of the trial results, confirming the noninferiority
of the sFlt-1:PIGF protocol. Third, ~-80% of participants were of white
origin, whichmayreduce the external validity of our findings. Neverthe-
less, a previous study showed that sFlt-1:PIGF values between 35 and
37 weeks of gestationranged from 6.54 to 8.51among different ethnici-
ties”. Therefore, a cutoff of 38 may probably be suitable for different

Nature Medicine



Article

https://doi.org/10.1038/s41591-024-03421-9

Table 2 | Pregnancy outcomes in trial participants (intention to treat)

Outcomes Intervention group Control group (n=542), Incidence difference Relative risk
(n=546), no. (%) no. (%) (95% Cl) (95% Cl)
Adverse primary outcome
Neonatal acidosis® 1 of 513 (2.1) 12 of 500 (2.4) -0.26 (-2.24 t0 1.69) 0.89 (0.40-2.01)
Cesarean for abnormal CTG 44 of 513 (8.6) 40 of 500 (8.0) 0.58 (-2.87t0 4.01) 1.07 (0.71-1.62)
Any 54 of 513 (10.5) 50 of 500 (10.0) 0.53 (-3.25 to 4.29) 1.05 (0.73-1.52)
Adverse perinatal outcome
Stillbirth 0 1(0.2) -0.18(-1.04 to 0.53) -
5-min Apgar score <7 4(07) 2(04) 0.36 (-0.70t0 1.53) 1.99 (0.37-10.81)
UA pH<7.05 6 of 508 (1.2) 14 of 500 (2.8) -1.62 (-3.57 t0 0.15) 0.42(0.16-1.09)
Admission to the NICU>48h 39(7.2) 45(8.3) -115 (-4.38 10 2.06) 0.86 (0.57-1.30)
Birthweight <2,000g 15(2.7) 15(2.8) -0.02 (-2.07 to 2.03) 0.99 (0.49-2.01)
Maternal admission to the ICU>48h 1(0.2) 1(0.2) -0.00 (-0.87 to 0.86) 0.99 (0.03-15.86)
Pre-eclampsia 2(0.4) 11(2.0) -1.66 (-3.25 to -0.35) 0.18 (0.04-0.81)
Any 44(8.1) 64 (11.8) -3.75 (-7.35t0-0.19) 0.68 (0.47-0.98)
Adverse neonatal outcome
Respiratory distress syndrome 5(0.9) 9(1.7) -0.74 (-2.30 to 0.70) 0.55(0.19-1.64)
Transient tachypnea 12(2.2) 13(2.4) -0.20(-2.10 t0 1.69) 0.92 (0.42-1.99)
Invasive ventilatory support 0 5(0.9) -0.92 (-214 t0 -0.05) -
Intraventricular hemorrhage IlI-IV 0 1(0.2) -0.18 (-1.04 to0 0.53) -
Sepsis 2(0.4) 1(0.2) 0.18 (-0.71t0 1.16) 1.99 (0.18-21.87)
Hypoglycemia 19 (3.5) 24 (4.4) -0.94 (-3.36 t01.43) 0.79 (0.44-1.42)
Necrotizing enterocolitis 0 (o] ] -
Jaundice treated with phototherapy 44(8.1) 50(9.2) -117 (-4.55 10 2.20) 0.87(0.59-1.29)
Seizures 0 0 0 -
Pneumonia 0 1(0.2) -018 (-1.04 to 0.53) -
Meningitis 0 (o] 0] -
Neonatal death 1(0.2) 0 0.8 (-0.54 to 1.03) -
Any 76 (13.9) 86 (15.9) -1.95 (-6.19 t0 2.29) 0.88 (0.66-1.17)
Placenta-related complications
Placental abruption 2(0.4) 1(0.2) 0.18 (-0.71t0 1.16) 1.99 (0.18-21.87)
Gestational hypertension 7(01.3) 2(0.4) 0.92 (-0.26 t0 2.28) 3.48 (0.73-16.68)
Pre-eclampsia with severity features 0 3(0.6) -0.55(-1.61t0 0.23) -
Eclampsia (¢} (] (] -
Stroke 0 0 0 -
Maternal death 0 0 0 -
Postpartum hemorrhage 3(0.6) 11(2.0) -1.48 (-3.09 to -0.10) 0.27 (0.08-0.97)
Any 11(2.0) 23(4.2) -2.23(-4.46 to -0.14) 0.47(0.23-0.96)

Data are n (%) or n/N (%) where data are missing. *Neonatal acidosis was defined as a UA pH<7.15 and a base excess >-12mequiv[™.

ethnicities. Finally, these results may apply only to sites that follow a
Doppler-based protocol akin to the one used in the control group of
thistrial. However, it is worth noting that mostinternational guidelines
recommend management protocols similar to the one used in this trial.

Only one previous randomized clinical trial has compared the
pregnancy outcomes of two management protocols (induction of
labor versus expectant management) in 650 pregnancies with poor
fetal growth at term. The DIGITAT study concluded that there were
nodifferencesin pregnancy outcomesbetween groups and thatboth
approaches were reasonable options for small fetuses at term'®, How-
ever, the DIGITAT study, published in 2010, did not evaluate fetoma-
ternal Doppler or AFs as methods to differentiate between FGR and
SGA. Consequently, some cases delivered at 37 weeks of gestation were

probably SGA, which have a risk of complications to normally grown
fetuses. This may partly explain why that study failed to demonstrate
a benefit of labor induction compared with expectant management.
Inthe subsequent years, several observational studies demonstrated
that the addition of fetomaternal Doppler to EFW may improve iden-
tification of a specific subset of small fetuses who are at a higher risk
of experiencing adverse perinatal outcomes (that is, FGR), for whom
induction oflabor after 37 weeks of gestation may be beneficial ",
Based on these findings, numerous scientific societies endorsed in
their guidelines the managementapproach consisting of fetomaternal
Doppler with EFW, whichbecame the prevailing accepted standard of
care for small fetuses at term?. With regard to the use of AF in late-onset
FGRand SGA, several observational studies have shown that these are
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Fig. 3| Kaplan-Meier curves for time to delivery in the intention-to-treat analysis. a,b, Kaplan-Meier curves for time to delivery in the intention-to-treat analysis,
for all participants (a) and for participants electively delivered (b). HR, hazard ratio. The analysis used Cox’s proportional hazards model and the Pvalues were two

sided. No adjustments were made for multiple comparisons.

Table 3 | Other secondary adverse outcomes in trial participants (intention to treat)

Other secondary outcomes Intervention group Control group Incidence difference Relative risk
(n=5486), no. (%) (n=542), no. (%) (95% Cl) (95% CI)
Delivery <38 weeks 150 (27.5) 209 (38.6) -11.04 (-16.53 to -5.45) 0.71(0.60-0.85)
Delivery <39 weeks 260 (47.7) 318 (58.7) -10.97 (-16.79 to -5.03) 0.81(0.73-0.91)
Delivery <40 weeks 403(73.9) 432 (79.7) -5.76 (-10.74 to -0.74) 0.93(0.87-0.99)
Elective delivery <38 weeks 103 (18.9) 159 (29.3) -10.44 (-15.45 to -5.36) 0.64 (0.52-0.80)
Elective delivery <39weeks 158 (29.0) 221(40.8) -11.78 (<17.34 t0 -6.12) 0.71(0.60-0.84)
Elective delivery <40 weeks 208 (38.2) 256 (47.2) -9.07 (-14.86 to -3.19) 0.81(0.70-0.93)
Spontaneous onset of labor 137(25.) 128(23.7) 1.48 (-3.63t0 6.57) 1.06 (0.86-1.31)
Birthweight <2,500¢g 199 (36.4) 233(43.0) -6.54 (-12.30 to -0.73) 0.85 (0.73-0.98)
UA pH<7.10 21(4) 28(5.6) -1.47 (-4.2310 1.24) 0.74 (0.42-1.28)
Cesarean delivery owing to failed 30(5.5) 29(5.4) 0.14 (-2.61t0 2.90) 1.03 (0.63-1.69)
induction of labor
Cesarean delivery 18(21.7) 106 (19.6) 2.06 (-2.76 to 6.86) 1.11(0.87-1.40)
Operative vaginal delivery 42(77) 47 (8.7) -0.98 (-4.29t0 2.31) 0.89 (0.60-1.32)

good predictors of adverse perinatal outcomes'>>?2, However, neither
the performance of Doppler studies nor AFs had been previously evalu-
ated inaclinical trial.

Our study demonstrates that using AFs may result in fewer cases
being misclassified as FGR, thereby reducing the rate of labor induc-
tions and unnecessary early term deliveries. This approach led to
increased gestational age and birthweight and avoided pregnancy
complications such as pre-eclampsia, postpartum hemorrhage and
the need for neonatal invasive ventilatory support. It might seem
contradictory that a higher gestational age at delivery is associated
withareductionintherate of pre-eclampsiaintheintervention group.
However, previous studies have shown that pregnancies with elevated
sFlIt-1:PIGF levels are at higher risk of developing pre-eclampsia. Con-
sequently, induction of labor only for cases with sFlt-1:PIGF =38 allows
for the extension of gestation while also reducing pre-eclampsia
rates. Medical care is progressively shifting toward personalized

approaches. The approach based on AF facilitates the provision of
personalized and less invasive care for patients, reducing interven-
tions and safely extending gestational age at birth. Moreover, Dop-
pler criteria for indicating elective delivery vary among guidelines
and Doppler parameters have inter- and intraobserver variability,
requiring experienced sonographers” 2. To reduce these limita-
tions, the approach based on AF may be used as an alternative to
Doppler, potentially standardizing protocols across diverse scientific
societies.

Future studies should compare the performance of the sFlt-1:PIGF
protocol with other protocols for managing FGR and SGA at term. In
addition, further research should investigate whether PIGF alone can
achieve results similar to those observed with sFlt-1:PIGF in this trial,
or whether combining AFs with Doppler ultrasound could improve
accuracy in identifying cases that would benefit from earlier elec-
tive delivery. Finally, in this trial, the use of AF led to an increase in
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gestational age atbirth by delaying elective delivery; therefore, future
researchcould investigate the long-term neurodevelopmental impact
on children bornto participants of this trial.

To conclude, the present study confirmed that the sFlt-1:PIGF ratio
isnoninferior to EFW and fetomaternal Doppler ultrasound for avoid-
ing neonatal acidosis or Cesarean delivery owing to nonreassuring fetal
status in small fetuses after 36 weeks of gestation.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
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Methods

Trial design

The GRAFD trial was a multicenter, open-label, randomized, noninfe-
riority, controlled trial conducted at 20 Spanish maternity units. The
trial was approved by the Vall d’Hebron Ethics Committee (protocol no.
PR(AMI)527/2019) on 18 February 2020 and subsequent approval by
individual ethical committees was granted. The study was registered
at ClinicalTrials.gov (NCT04502823) and the protocol was published
on110ctober 2022 (ref. 26). No substantial changes were made to the
study design or methods after starting the trial. We used the CONSORT
(Consolidated Standards of Reporting Trials) checklist when writing
thisreport?.

Participants

Inclusion criteria at enrollment were: aged at least 16 years, singleton
pregnancy, ultrasonographic EFW < 10th percentile and sFlt-1:PIGF
ratio measured between 36 weeks and 0 d and 37 weeks and 6 d of
gestation. Exclusion criteria were: fetal death, major malformations
orgeneticdisorders, absent orreversed end-diastolic flow in UA Dop-
pler, nonreassuring cardiotocography (CTG), pre-eclampsia, reduced
fetal movements and oligohydramnios'. All participants provided
individual written consent before randomization and did not receive
any compensation for their involvement in the study. All participants
in the study were identified as female, although their gender identity
was not recorded.

Randomization and trial procedures

Participants wererandomly assigned, inal:1ratio, eithertothe control
group, where the standard Doppler-based protocol was followed,
or to the intervention group, where the sFlt-1:PIGF ratio was used.
Randomization and data collection were managed using the REDCap
(Research Electronic Data Capture) platform, hosted at Valld’'Hebron
Institut de Recerca®®. The randomization sequence was centralized and
entered into REDCap by anindependent statistician. Anindependent
researcher generated the block randomization sequence using the
web-based Sealed Envelope (Sealed Envelope Ltd) system?’, which
was concealed from the investigators. As a result of the nature of the
intervention, the GRAFD trial was an open-label study.

In pregnant women from the intervention group, the fetus was
classified as FGR when the sFlt-1:PIGF ratio was >38 and as SGAwhen it
was <38.Inthatgroup, EFW, UA, pulsatility index (P1), middle cerebral
artery (MCA) PI, cerebroplacental ratio Pl and mean UA Pl percentiles
were hidden from investigators to avoid any influence on the man-
agement. In the control group, the sFlt-1:PIGF ratio was hidden from
investigators and standard Doppler-based fetal monitoring was used’.
Inthat group, fetuseswith an EFW < 3rd percentile or <10th percentile,
accompanied by any abnormal fetomaternal Doppler parameter, were
classified as FGR, whereas the remaining cases were classified as SGA.
Inboth groups, elective delivery at 237 weeks of gestation was recom-
mended for fetuses classified as FGR and at 40 weeks of gestation for
fetuses classified as SGA. All participants in both groups underwent
weekly follow-up from randomization to delivery, including fetal ultra-
sound, conventional CTG and sFlt-1:PIGF ratio (Extended Data Fig. 1).
The assessmentin both groups differed only in fetomaternal Doppler
and sFlt-1:PIGF ratio values, which were concealed from or revealed to
clinicians, depending on the allocated group. Consequently, the groups
essentially compared the effectiveness of fetomaternal Doppler and
sFlIt-1:PIGF ratio in identifying FGR among all small fetuses. AF levels
were measured using the automated Elecsys electrochemilumines-
cence immunoassay platform (Cobas Analyzers, Roche Diagnostics).

Outcomes

The primary outcome was the prevalence of neonatal acidosis or Cesar-
ean delivery resulting form nonreassuring fetal status. Neonatal aci-
dosis was defined as a UA pH < 7.15 and a base excess >-12 mequiv 17,

consistent with the reference study used for sample size calculation’.
This definition has been associated with neonatal morbidity at term™.
The prespecified secondary outcomeswere a set of perinatal, neonatal
and placenta-related adverse events. They are listed and described in
the study protocol®.

Samplesize

According toa previousstudy’, 26% of cases following the control group
protocol would present the primary outcome (neonatal acidosis or
Cesareandelivery asaresult of nonreassuring fetal status). Therefore,
when calculating the sample size, we assumed a 26% rate of pregnancies
with the primary outcome and set the noninferiority margin at 8.5%.
This marginwas agreed on by all theinvestigatorsinvolvedinthistrial,
comprising 20 maternity unitsin Spain with highly experienced clini-
ciansinthefield. Assuming a statistical power of 80% and a two-sided
significance level of 5%, the required sample size for a noninferiority
design was 1,000 participants (500 in each group). A dropout rate
of 3% was anticipated (1,030 participants); however, if the dropout
rate were greater, the number of participants would be increased so
as toachieve 1,000 participants with complete data for the primary
outcome. Noninferiority was demonstrated if the upper limit of the
95% Cl for the difference between incidences of pregnancies with the
primary outcome was <8.5%.

Statistical analysis

Analysis was done according to a prespecified statistical analysis plan.
Datawereanalyzed based on anintention-to-treat principle, including
allrandomized participants. Patients deemed ineligible after randomi-
zation (forexample, as aresult of postnatalidentification of congenital
defects, EFW > 10th percentile or selection errors) were excluded in the
additional per-protocol analysis. Univariate descriptive analysis was
performed on study variables and differences between groups were
assessed for primary and secondary outcomes by calculating incidence
differences with a 95% Cl, setting the type l error at 0.05. Furthermore,
relative risks with a 95% Cl were computed to offer an alternative meas-
ure of theimpactand aid in theinterpretation of theresults. Oneinterim
analysis was performed by an independent statistician once 50% of the
samplesize had beenrecruited following the O’Brien Fleming method,
with atwo-sided typelerror of 0.0031.

As FGR pregnancies have a higher risk of adverse outcomes, par-
ticipants with SGA were expected to be more inclined to participate
thanthose with FGR. For thisreason, a prespecified subgroup analysis
was performed separately for FGR and SGA pregnancies according to
Doppler classification at enrollment.

Categorical variables were reported as frequency, normally dis-
tributed continuous variables were reported asthemeanands.d.and
non-normally distributed continuous variables were reported as the
median and IQR. Fisher’s exact test or X? test was used for categorical
variables and the Student’s ¢-test or Mann-Whitney U-test was used for
continuous variables. Statistical analysis was performed using the Stata
Statistical Software (release 15, StataCorp LLC). The command artbin
ofthe StataCorp (2017) Stata Statistical Software: release 15 was used
for sample size estimation.

Patient and publicinvolvement

Patients were not directly involved in setting the objectives of the trial;
however, various patient associations, such as the International Alli-
ance of Patients’ Organizations and El Parto es Nuestro, have expressed
concerns about the rising rate of labor inductions and emphasized
the need for personalized selection methods in cases where induc-
tion offers benefits over expectant management. Although there was
no direct patient participation in the study design, the Vall d’'Hebron
Ethics Committee included patient representatives who provided
valuable perspectives and contributions to the study design and the
participantinformation sheet.
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Ethical approval

Ethical approval was obtained from the Vall d’Hebron Ethics Commit-
tee (protocol no. PR(AMI)527/2019) and subsequent approval by the
individual ethical committees was granted.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

External researchers can make written requests for data sharing.
Requests will be assessed on a case-by-case basis in consultation with
thelead and coinvestigators. A briefanalysis plan and datarequest will
be required and reviewed by the investigators and the Vall d’Hebron
Ethics Committee to approve datasharing. Inall cases, a data transfer
agreement (DTA) will have to be signed through our Data Protection
and Legal Office before any data canbe shared. After signing the DTA,
data will be sent electronically as password-protected files. Overall,
the entire process from request submission to data transfer may take
around 2-3 months. All datasharing will abide by the rules and policies
defined by the sponsor, relevantinstitutional review boards and local,
state and federal laws and regulations. The data-sharing mechanisms
will ensure that the rights and privacy of individuals participating in
this research will be protected at all times.

Code availability
The scripts for the statistical analysis are freely available at https://
github.com/manelmendoza/GRAFD/tree/main.
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Supplementary Table 1. Baseline characteristics of participants at trial entry (per protocol)

Characteristic

Intervention
group
(n=497)

Control
group
(n=495)

Gestational age at randomization, weeks

36.9 (36.4-37.1)

36.7 (36.3-37.1)

Age, years 33.0(28.1-36.3) 32.5(28.3-36.2)

Body-mass index, kg/m? 22.9(20.4-26.1) 22.9(20.5-25.9)

Race or ethnic group*
Black 16 (3.2%) 15 (3.0%)
East Asian 3 (0.6%) 5 (1.0%)
Latin American 54 (10.9%) 39 (7.9%)
Mixed race 13 (2.6%) 11 (2.2%)
South Asian 18 (3.6%) 18 (3.6%)
White 393 (79.1%) 407 (82.2%)

Method of conception

Natural 467 (94.0%) 464 (93.7%)
Assisted by use of ovulation drugs 2 (0.4%) 4 (0.8%)
In vitro fertilization 28 (5.6%) 27 (5.4%)

Current cigarette smoking

93 (18.7%)

105 (21.2%)

Medical history
Type 1 or 2 diabetes mellitus 2 (0.4%) 0
Chronic hypertension 7 (1.4%) 1(0.2%)
Systemic lupus erythematosus 2 (0.4%) 7 (1.4%)
Antiphospholipid syndrome 3 (0.6%) 6 (1.2%)
Obstetrical history
Nulliparous 297 (59.8%) 296 (59.8%)
Multiparous 200 (40.2%) 199 (40.2%)

sFlt-1/PIGF at randomization

16.3 (5.8-39.6)

15.5 (6.6-34.5)

Estimated fetal weight at randomization, grams

2388 (2300-2467)

2374 (2262-2464)

Fetal growth restriction at randomization (non-exclusively)*

185 (37.2%)

201 (40.6%)

Estimated fetal weight <3rd percentile at randomization 94 (18.9%) 109 (22.0%)
Cerebroplacental ratio <5th percentile at randomization 72 (14.5%) 64 (12.9%)
Middle cerebral artery <5th percentile at randomization 34 (6.8%) 38 (7.7%)
Mean uterine artery pulsatility index >95% percentile at

o 66 (13.2%) 81 (16.4%)
randomization
Umbilical arte ulsatili index >95% percentile at

v F ¥ 5 23 (4.6%) 24 (4.8%)

randomization

Data is reported as the number of events (%) or the median (IQR).




*Race or ethnic group was reported by the participant. TFetal growth restriction was determined based on
the usual Doppler classification. Percentiles for estimated fetal weight and Doppler studies were assessed
using the reference charts of each participating site.

PIGF, placental growth factor; sFlt-1, soluble fms-like tyrosine kinase-1.



Supplementary Table 2. Pregnancy outcomes in trial participants (per protocol)

Intervention Control Incidence Relative risk
group group difference (95%CI)
(n=497) (n=495) 95%CI
Adverse primary outcome
12/462 -0.68 (-2.78 to 0.74 (0.31-
Neonatal acidosis* 9/470 (1.9%)
(2.6%) 1.33) 1.73)
40/462 -0.36 (-4.00 to 0.96 (0.63-
Cesarean for abnormal CTG | 39/470 (8.3)
(8.7%) 3.26) 1.46)
% 48/470 50/462 -0.61 (-4.59 to 0.94 (0.65-
n
J (10.2%) (10.8%) 3.36) 1.37)
Adverse perinatal
outcome
Stillbirth 0 0 0 --
) 1.99 (0.18-
5-min Apgar score <7 2(0.4%) 1 (0.2%) 0.20 (-0.78 to 1.27) 21.90)
» 14/462 -1.96 (-4.04 to - 0.35 (0.13-
Umbilical artery pH <7.05 5/466 (1.1%)
(3.0%) 0.09) 0.98)
Admission to the NICU -1.85(-5.20 to 0.78 (0.50-
33 (6.6%) 42 (8.5%)
>48 h 1.48) 1.21)
-0.62 (-2.72 to 0.78 (0.36-
Birthweight <2000 g 11(2.2%) 14 (2.8%)
1.43) 1.71)
Maternal admission to the 1.00 (0.06-
1 (0.2%) 1 (0.2%) 0.00 (-0.95 to 0.94)
ICU>48 h 15.88)
-1.82 (-3.56 to - 0.18 (0.04-
Preeclampsia 2 (0.4%) 11 (2.2%)
0.38) 0.81)
-5.68 (-9.41 to - 0.55 (0.37-
Any 34 (6.8%) 62 (12.5%)
2.01) 0.81)
Adverse neonatal outcome
Respiratory distress -0.81 (-2.43 to 0.50 (0.15-
4 (0.8%) 8 (1.6%)
syndrome 0.67) 1.64)
-0.61 (-2.65 to 0.77 (0.34-
Transient tachypnea 10 (2.0%) 13 (2.6%)
1.36) 1.73)
| ) ” 0 5.(1.0%) -1.01 (-2.34 to -
nvasive ventilatory support ] -
v Supp ’ 0.05)
Intraventricular hemorrhage -0.20 (-1.14 to
0 1 (0.2%) -
HI-1v 0.58)
1.99 (0.18-
Sepsis 2 (0.4%) 1 (0.2%) 0.20 (-0.78 to 1.27)

21.90)




% i ) 17 (3.4%) 21 (4.2%) -0.82 (-3.33 to 0.81 (0.43-
0 ceémia 47 .2/0
yPogy 1.64) 1.51)
Necrotizing enterocolitis 0 0 0 --
Jaundice treated with -1.85(-542 to 0.81 (0.54-
39 (7.8%) 48 (9.7%)
phototherapy 1.70) 1.21)
Seizures 0 0 0 --
-0.20 (-1.14 to
Pneumonia 0 1 (0.2%) -
0.58)
Meningitis 0 0 0 -
Neonatal death 1 (0.2%) 0 0.20 (-0.59 to 1.13) --
-3.08 (-7.52 to 0.81 (0.60-
Any 66 (13.3%) 81 (16.4%)
1.35) 1.10)
Placental-related
complications
1.99 (0.18-
Placental abruption 2 (0.4%) 1 (0.2%) 0.20 (-0.78 to 1.27) 21.90)
3.49 (0.73-
Gestational hypertension 7 (1.4%) 2 (0.4%) 1.00 (-0.28 to 2.50) 18,70
.70)
Preeclampsia with severity -0.61 (-1.77 to
0 3 (0.6%) --
features 0.26)
Eclampsia 0 0 0 -
Stroke 0 0 0 -
Maternal death 0 0 0 --
-1.62 (-3.38 to - 0.27 (0.08-
Postpartum hemorrhage 3 (0.6%) 11 (2.2%)
0.11) 0.97)
-2.63 (-5.04 to - 0.43(0.21-
Any 10 (2.0%) 23 (4.6%)
0.38) 0.90)
Other secondary outcomes
-13.24 (-18.98 to - 0.67 (0.56-
Delivery <38 weeks 134 (27.0%) | 199 (40.2%)
7.37) 0.80)
-12.52 (-18.58 to - 0.79 (0.70-
Delivery <39 weeks 237 (47.7%) | 298 (60.2%)
6.32) 0.89)
-6.16 (-11.32 to - 0.92 (0.86-
Delivery <40 weeks 370 (74.4%) | 399 (80.6%)
0.96) 0.99)
-11.80 (-17.10 to - 0.62 (0.50-
Elective delivery <38 weeks | 90 (19.3%) 154 (31.1%)
6.40) 0.78)
-13.05 (-18.90 to - 0.70 (0.59-
Elective delivery <39 weeks | 149 (30.0%) | 213 (43.0%)
7.07) 0.82)




. . -9.25 (-15.34 to - 0.81 (0.71-
Elective delivery <40 weeks | 198 (39.8%) | 243 (49.1%)
3.07) 0.93)
1.06 (0.85-
Spontaneous onset of labor 125 (25.2%) | 117 (23.7%) | 1.47 (-3.88 to 6.80) 132)
) ) -7.82 (-13.85 to - 0.82 (0.71-
Birthweight <2500 g 182 (36.6%) | 220 (44.4%)
1.71) 0.96)
-2.41 (-531 to 0.60 (0.33-
Umbilical artery pH <7.10 17 (3.6%) 28 (6.1%)
0.39) 1.08)
Cesarean delivery due to 1.10 (0.67-
30 (6.0%) 27 (5.5%) | 0.57 (-2.39 to 3.54)
failed induction of labor 1.83)
1.06 (0.83-
Cesarean delivery 107 (21.5%) | 100 (20.2%) | 1.29 (-3.78 to 6.34) 136)
Emergency operative -1.44 (-491 to 0.84 (0.55-
37 (7.4%) 44 (8.9%)
vaginal delivery 2.00) 1.27)

*Neonatal acidosis was defined as a UA pH <7.15 and a base excess greater than —12 mEq/L.

Data are n (%) or /N (%) where data are missing. CTG, cardiotocography; ICU, intensive care unit;
NICU, neonatal intensive care unit.



Supplementary Table 3. Reasons for indicated elective delivery in each group of FGR cases

(intention to treat)

Intervention group

Control group

(n=211) (n=222)
Expectant management 1[32 25-2502/? [1: ;_81 g{g;
sFlt-1/PIGF >38 ?305(;_243‘7/3 0
EFW <3rd percentile* [10(8_520/2% 1[‘112 (55_25 ;'g«i)
UA PI >95th percentile* [10(.8-_5;/3 2[3; .(71_(;.;&."1/3)
MCA PI <5th percentile* 0 ‘[‘103(;?2(;"{;}
CPR <5th percentile* 0 [6253(‘233:;"/;;
UtA PI >95th percentile* 0 E;;g?—;g’f;}
AEDF/REDF in UA* 0 0
DV PI >95th percentile* 0 0
Abnormal CTG [10(8-520/60; [10(8_52‘@)%
Diminished fetal movements ?0( ;.30/8% [10(8-520/;;
Biophysical profile <6 0 0
Oligohydramnios 1[(;(3‘{;05/3) ?0(;_%1‘7603
Preeclampsia 0 %0((1)3"/20;
Maternal decision l[é (05_ g;, 07A:)|) [10(8_52"/;;
Reaching 40 weeks of gestation (39 weeks for 31 (14.7%) 4 (1.8%)
Cesarean) [10.2-20.2] [0.5-4.6]
o 260.1] s

Data is reported as n (%) [95% CI]J.

*Percentiles for estimated fetal weight and Doppler studies were assessed using the reference charts of

each participating site.

AEDF, absent end-diastolic flow; CPR, cerebroplacental ratio; CTG, cardiotocography; DV, ductus

venosus; EFW, estimated fetal weight; MCA, middle cerebral artery; PI, pulsatility index; PIGF, placental

growth factor; REDF, reversed end-diastolic flow; sFlt-1, soluble fms-like tyrosine kinase-1; UA,

umbilical artery; UtA, uterine arteries.




Supplementary Table 4. Reasons for indicated elective delivery in each group of FGR cases (per

protocol)
Intervention group Control group
(n=185) (n=201)
95 (51.4%)
Expectant management [43.9-58.8] 0
103 (55.7%)
sFlt-1/PIGF >38 [48.2-63.0] L
. 110 (54.7%)
*
EFW <3rd percentile 0 [47.6-61.7]
) 22 (11.0%)
*
UA PI >95th percentile 0 [7.0-16.1]
. 37 (18.4%)
*
MCA PI <5th percentile 0 [13.3-24.5]
. 58 (28.9%)
*
CPR <5th percentile 0 [22.7-35.7]
) 71 (35.3%)
*
UtA PI >95th percentile 0 [28.7-42.4]
AEDF/REDF in UA* 0 0
DV PI >95th percentile* 0 0
1(0.5%)
Abnormal CTG 0 [0.0-2.7]
L 3 (1.6%) 1(0.5%)
Diminished fetal movements [0.3-4.7] [0.0-2.7]
Biophysical profile <6 0 0
. . 9 (4.9%) 3 (1.5%)
Oligohydramnios [2.3-9.0] [0.3-4.3]
Preeclampsia 0 2 (1.0%)
. 1 (0.5%) 1(0.5%)
Maternal decision [0.0-3.0] [0.0-2.7]
Reaching 40 weeks of gestation (39 weeks for 30 (16.2%) 0
Cesarean) [11.2-22.3]
8 (4.3%) 3 (1.5%)
Other [1.9-8.3] [0.3-4.3]

Data is reported as n (%) [95% CI]J.

*Percentiles for estimated fetal weight and Doppler studies were assessed using the reference charts of
each participating site.

AEDF, absent end-diastolic flow; CPR, cerebroplacental ratio; CTG, cardiotocography; DV, ductus
venosus; EFW, estimated fetal weight; MCA, middle cerebral artery; PI, pulsatility index; PIGF, placental
growth factor; REDF, reversed end-diastolic flow; sFlt-1, soluble fms-like tyrosine kinase-1; UA,
umbilical artery; UtA, uterine arteries.



Supplementary Table 5. Baseline characteristics of FGR cases at trial entry (intention to treat)

Characteristic

Intervention
group
(n=211)

Control
group
(n=222)

Gestational age at randomization, weeks

36.7 (36.7-37.0)

36.7 (36.3-37.0)

Age, years 33.6 (29.0-36.6) 33.0 (28.7-36.5)
Body-mass index, kg/m? 23.2 (20.5-26.8) 22.9 (20.4-26.6)
Race or ethnic group*
Black 8 (3.8%) 4 (1.8%)
East Asian 2 (1.0%) 4 (1.8%)
Latin American 25 (11.8%) 16 (7.2%)
Mixed race 4 (1.9%) 6 (2.7%)
South Asian 8 (3.8%) 11 (5.0%)
White 164 (77.7%) 181 (81.5%)
Method of conception
Natural 192 (91.0%) 206 (92.8%)
Assisted by use of ovulation drugs 2 (0.9%) 4 (1.8%)
In vitro fertilization 17 (8.1%) 12 (5.4%)
Currently smokes
Medical history
Type 1 or 2 diabetes mellitus 1 (0.5%) 0
Chronic hypertension 5(2.4%) 1 (0.5%)
Systemic lupus erythematosus 1 (0.5%) 3 (1.4%)
Antiphospholipid syndrome 1 (0.5%) 4 (1.8%)
Obstetrical history
Multiparous 69 (29.7%) 81 (36.5%)
Nulliparous 142 (67.3%) 141 (63.5%)

sFlt-1/PIGF at randomization

28.9 (12.8-63.2)

20.0 (8.1-49.4)

Estimated fetal weight at randomization, grams

2292 (2156-2430)

2270 (2158-2384)

Data is reported as the number of events (%) or the median (IQR).
*Race or ethnic group was reported by the participant.

PIGF, placental growth factor; sFlt-1, soluble fms-like tyrosine kinase-1.




Supplementary Table 6. Pregnancy outcomes in FGR cases (intention to treat)

Intervention Control Incidence
dif Relative risk
ITOU ITOu ifference
sroup sroup (95%CI)
(n=211) (n=222) (95%CTI)
Adverse primary
outcome
0.69 (0.20-
Neonatal acidosis* 4/201 (2.0%) | 6/208 (2.9%) | -0.89 (-3.88 to 2.09) -
41)
Cesarean for abnormal 25/201 25/208 1.03 (0.62-
0.42 (-5.93 t0 6.77)
CTG (12.4%) (12.0%) 1.74)
28/201 29/208 1.00 (0.62-
Any -0.01 (-6.73 to 6.70)
(13.9%) (13.9%) 1.62)
Adverse perinatal
outcome
Stillbirth 0 1(0.5%) -0.45 (-1.33 t0 0.43) -
2.11(0.19-
5-min Apgar score <7 2 (1.0%) 1 (0.5%) 0.50 (-1.08 to 2.08)
23.14)
0.45 (0.12-
Umbilical artery pH <7.05 | 3/197 (1.5%) | 7/207 (3.4%) | -1.86 (-4.86 to 1.14) 172)
Admission to the NICU 0.92 (0.56-
26 (12.4%) 30 (13.5%) | -1.13 (-7.46 to 5.20)
>48 h 1.50)
1.05 (0.53-
Birthweight <2000 g 15 (7.1%) 15 (6.8%) 0.35(-4.44 t0 5.14) 2.10)
Maternal admission to the
0 1 (0.5%) 0.45 (-1.33t0 0.43) -
ICU>48 h
) 0.42 (0.08-
Preeclampsia 2 (1.0%) 5(2.3%) -1.30 (-3.65 to 1.05) 2.16)
-4.68 (-11.74 to 0.76 (0.50-
Any 31 (14.7%) 43 (19.4%)
2.38) 1.16)
Adverse neonatal
outcome
Respiratory distress 0.70 (0.20-
4 (1.9%) 6 (2.7%) -0.80 (-3.62 to 2.02)
syndrome 2.46)
0.79 (0.28-
Transient tachypnea 6 (2.9%) 8 (3.6%) -0.75 (-4.08 to 2.58) 2.25)
Invasive ventilatory
0 3 (1.4%) -1.35 (-2.87t0 0.17) --
support,
Intraventricular
0 0 0 -

hemorrhage I1I-IV
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Sepsis 0 0 0 -
0.78 (0.40-
Hypoglycemia 14 (6.7%) 19 (8.6%) -1.89 (-6.88 to 3.10) 151)
Necrotizing enterocolitis 0 0 0 --
Jaundice treated with 1.02 (0.65-
32 (15.2%) 33 (14.9%) | 0.30(-6.43 to 7.03)
phototherapy 1.60)
Seizures 0 0 0 -
Pneumonia 0 0 -
Meningitis 0 0 0 -
Neonatal death 1 (0.5%) 0 0.48 (-0.45to 1.41) -
-2.93 (-10.99 to 0.89 (0.63-
Any 48 (22.7%) 57 (25.7%)
5.14) 1.24)
Placental-related
complications
Placental abruption 1 (0.5%) 0 0.48 (-0.45to 1.41) -
3.17 (0.33-
Gestational hypertension 3 (1.4%) 1 (0.5%) 0.98 (-0.85 to 2.81) 30.25)
Preeclampsia with
) 0 2 (0.9%) -0.90 (-2.14 to 0.34) --
severity features
Eclampsia 0 0 0 -
Stroke 0 0 0 -
Maternal death 0 0 0 -
-2.25(-4.20 to -
Postpartum hemorrhage 0 5(2.3%) --
0.30)
-3.96 (-7.56 to - 0.32(0.11-
Any 4 (1.9%) 13 (5.9%)
0.36) 0.98)
Other secondary
outcomes
-32.46 (-40.90 to - 0.60 (0.52-
Delivery <38 weeks 104 (49.5%) | 182 (82.0%)
24.01) 0.70)
-25.05 (-31.87 to - 0.74 (0.67-
Delivery <39 weeks 147 (70.0%) | 211 (95.0%)
18.22) 0.81)
-10.13 (-14.99 to - 0.90 (0.85-
Delivery <40 weeks 184 (87.6%) | 217 (97.7%)
5.27) 0.95)
Elective delivery <38 -31.38 (-40.33 to - 0.54 (0.44-
76 (36.2%) | 150 (67.6%)
weeks 22.42) 0.66)
Elective delivery <39 -32.61 (-41.21 to - 0.59 (0.50-
98 (46.7%) | 176 (79.3%)
weeks 24.01) 0.69)
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Elective delivery <40 -26.82 (-35.34 to - 0.67 (0.58-
113 (53.8%) | 179 (80.6%)
weeks 18.31) 0.77)
Spontaneous onset of 14.55 (8.47 to 3.92(2.07-
41 (19.5%) 11 (5.0%)
labor 20.63) 7.43)
) ) -14.16 (-22.94 to - 0.81(0.71-
Birthweight <2500 g 126 (59.7%) | 164 (73.9%)
5.37) 0.93)
0.70 (0.29-
Umbilical artery pH <7.10 8 (4.1%)) 12 (5.8%) -1.74 (-5.95 t0 2.47) 1.68)
Cesarean delivery due to 0.72 (0.36-
13 (6.2%) 19 (8.6%) -2.41 (-7.33 t0 2.52)
failed induction of labor 1.42)
-3.22 (-11.67 to 0.89 (0.66-
Cesarean delivery 55 (26.2%) 65 (29.4%)
5.23) 1.21)
Emergency operative 1.19(0.61-
17 (8.1%) 15 (6.8%) 1.30 (-3.64 to 6.24)
vaginal delivery 2.33)

*Neonatal acidosis was defined as a UA pH <7.15 and a base excess greater than —12 mEq/L.

Data are n (%) or /N (%) where data are missing. CTG, cardiotocography; ICU, intensive care unit; NICU,

neonatal intensive care unit.
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Supplementary Table 7. Baseline characteristics of SGA cases at trial entry (intention to treat)

Characteristic

Intervention
group
(n=335)

Control
group
(n=320)

Gestational age at randomization, weeks

36.9 (36.4-37.3)

36.7 (36.3-37.1)

Age, years

32.4(27.5-36.0)

32.6 (28.3-36.2)

Body-mass index, kg/m?

22.7 (20.4-25.7)

22.9 (20.6-25.3)

Race or ethnic group*

Black 12 (3.6%) 12 (3.8%)
East Asian 2 (0.6%) 2 (0.6%)
Latin American 34 (10.1%) 27 (8.4%)
Mixed race 10 (3.0%) 7 (2.2%)
South Asian 10 (3.0%) 8 (2.5%)
White 267 (79.7%) 264 (82.5%)
Method of conception
Natural 322 (96.1%) 302 (94.4%)
Assisted by use of ovulation drugs 1 (0.3%) 1 (0.3%)
In vitro fertilization 12 (3.6%) 17 (5.3%)
Currently smokes 68 (20.3%) 64 (20.0%)
Medical history
Type 1 or 2 diabetes mellitus 1 (0.3%) 0
Chronic hypertension 3 (0.9%) 0
Systemic lupus erythematosus 1 (0.3%) 4 (1.3%)
Antiphospholipid syndrome 2 (0.6%) 2 (0.6%)
Obstetrical history
Multiparous 135 (40.3%) 123 (38.4)
Nulliparous 200 (59.7%) 197 (61.6)
sFlt-1/PIGF at randomization 9.5 (4.3-23.0) 12.2 (5.4-25.7)

Estimated fetal weight at randomization,

grams

2418 (2358-2479)

2413 (2350-2489)

Data is reported as the number of events (%) or the median (IQR).

*Race or ethnic group was reported by the participant.

PIGEF, placental growth factor; sFlt-1, soluble fms-like tyrosine kinase-1.




Supplementary Table 8. Pregnancy outcomes in SGA cases (intention to treat)

Intervention Control Incidence
dif Relative risk
sroup ST OU| ifference
srour group (95%CI)
(n=335) (n=320) (95%CI)
Adverse primary
outcome
. 6/292 0.19 (:2.12 to 1.09 (0.37-
Neonatal acidosis* 7/312 (2.2%)
(2.1%) 2.50) 3.21)
Cesarean for abnormal 19/312 15/292 0.95 (-2.71 to 1.19 (0.61-
CTG (6.1%) (5.1%) 4.62) 2.29)
% 26/312 21/292 1.14 (-3.12 to 1.16 (0.67-
n
y (8.3%) (7.2%) 5.41) 2.01)
Adverse perinatal
outcome
Stillbirth 0 0 0 -
0.28 (-0.74 to 1.91 (0.17-
5-min Apgar score <7 2 (0.6%) 1 (0.3%)
1.31) 20.97)
Umbilical artery pH 7/293 -1.42 (-3.48 to 0.40 (0.11-
3/311 (1.0%)
<7.05 (2.4%) 0.63) 1.55)
Admission to the NICU -0.81 (-3.91 to 0.83 (0.40-
13 (3.9%) 15 (4.7%)
>48 h 2.30) 1.71)
Birthweight <2000 g 0 0 0 --
Maternal admission to
1 (0.3%) 0 0.30 (-0.9 to 0.88) --
the ICU >48 h
-1.88 (-3.36 to -
Preeclampsia 0 6 (1.9%) -
0.39)
-2.68 (-6.09 to 0.59 (0.30-
Any 13 (3.9%) 21 (6.6%)
0.73) 1.16)
Adverse neonatal
outcome
Respiratory distress -0.64 (-1.85 to 0.32 (0.03-
1 (0.3%) 3 (0.9%)
syndrome 0.57) 3.05)
) 0.23 (-1.74 to 1.15 (0.35-
Transient tachypnea 6 (1.8%) 5 (1.6%)
2.19) 3.72)
Invasive ventilatory -0.63 (-1.49 to
0 2 (0.6%) --
support, 0.24)
Intraventricular -0.31 (-0.92 to
0 1(0.3%) --
hemorrhage I1I-1V 0.30)
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. 0.28 (-0.74 to 1.91 (0.17-
Sepsis 2 (0.6%) 1 (0.3%)
1.31) 20.97)
- ’ ) 5 (L5%) 5 (16%) -0.07 (-1.95 to 0.96 (0.28-
oglycemia : .

Tpegy : ’ 1.81) 327)
Necrotizing enterocolitis 0 0 0 -
Jaundice treated with -1.73 (-4.89 to 0.67 (0.33-

12 (3.6%) 17 (5.3%)
phototherapy 1.43) 1.39)
Seizures 0 0 0 -
. 031 (-0.92 to
Pneumonia 0 1 (0.3%) -
0.30)
Meningitis 0 0 0 --
Neonatal death 0 0 0 -
-0.70 (-5.03 to 0.92 (0.56-
Any 28 (8.4%) 29 (9.1%)
3.62) 1.51)
Placental-related
complications
-0.01 (-0.86 to 0.96 (0.06-
Placental abruption 1 (0.3%) 1 (0.3%)
0.83) 15.21)
0.88 (-0.43 to 3.82(0.43-
Gestational hypertension 4 (1.2%) 1 (0.3%)
2.20) 34.00)
Preeclampsia with -0.31 (-0.92 to
0 1 (0.3%) 2
severity features 0.30)
Eclampsia 0 0 0 --
Stroke 0 0 0 -
Maternal death 0 0 0 -
-0.98 (-2.78 to 0.48 (0.12-
Postpartum hemorrhage 3 (0.9%) 6 (1.9%)
0.82) 1.89)
-1.04 (-3.48 to 0.67 (0.26-
Any 7 (2.1%) 10 (3.1%)
1.41) 1.74)
Other secondary
outcomes
) 5.29 (0.51 to 1.63 (1.04-
Delivery <38 weeks 46 (13.7%) 27 (8.4%)
10.07) 2.55)
) 107 0.29 (-6.94 to 1.01 (0.81-
Delivery <39 weeks 113 (33.7%)
(33.4%) 7.53) 1.25)
. 215 -1.81 (-9.05 to 0.97 (0.87-
Delivery <40 weeks 219 (65.4%)
(67.2%) 5.43) 1.09)
Elective delivery <38 2.87(1.37-
27 (8.1%) 9 (2.8%) 5.25(1.82-8.68)
weeks 6.00)
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Elective delivery <39 3.85(-1.75 to 1.27 (0.89-
60 (17.9%) | 45 (14.1%)
weeks 9.45) 1.82)
Elective delivery <40 4.30 (-2.43 to 1.18 (0.91-
95 (28.4%) | 77 (24.1%)
weeks 11.02) 1.53)
Spontaneous onset of 117 -7.91 (-15.07 to - 0.78 (0.63-
96 (28.7%)
labor (36.6%) 0.74) 0.98)
0.23 (-6.08 to 1.01 (0.76-
Birthweight <2500 g 73 (21.8%) | 69 (21.6%)
6.54) 1.35)
Umbilical artery pH -1.28 (-4.70 to 0.77 (0.37-
13 (4.2%) 16 (5.5%)
<7.10 2.14) 1.56)
Cesarean delivery due to 1.95 (-1.08 to 1.62 (0.75-
17 (5.1%) 10 (3.1%)
failed induction of labor 4.98) 3.49)
5.99 (0.43 to 1.47 (1.02-
Cesarean delivery 63 (18.8%) | 41 (12.8%)
11.55) 2.11)
Emergency operative -2.54 (-6.86 to 0.75 (0.45-
25 (7.5%) | 32(10.0%
vaginal delivery 1.79) 1.23)

*Neonatal acidosis was defined as a UA pH <7.15 and a base excess greater than —12 mEq/L.

Data are n (%) or /N (%) where data are missing. CTG, cardiotocography; ICU, intensive care unit;

NICU, neonatal intensive care unit.
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Supplementary Table 9. Treatment-by-subgroup interaction

Risk difference p-value for
(95%CI) interaction
s 0.53
Primary outcome All (-3.25 to 4.29)
1.14
SGA (-3.12 to 5.41)
0.711
FGR -0.01
(-6.73 to 6.70)
C ite perinatal Al 375
omposite perinatal (-7.35 to -0.19)
-2.68
SGA (-6.09 to 0.73)
0.596
FGR -4.68
(-11.74 to 2.38)
. -1.95
Composite neonatal All (6.19 to 2.29)
-0.70
SGA (-5.03 to 3.62)
0.955
FGR -2.93
(-10.99 to 5.14)
C site placental-related Al 223
omposite placental-relate (-4.46 1o -0.14)
-1.04
SGA (-3.48 to 1.41)
0.743
FGR -3.96
(-7.56 to -0.36)

CI, confidence interval; FGR, fetal growth restriction; SGA, small for gestational age

The reported p-values for treatment-by-subgroup interaction were calculated by a two-sided test of the
significance of the interaction term in a logistic regression model.
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6. DISCUSSIO
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6. DISCUSSIO

6.1. ESTUDI 1

“Soluble fms-like tyrosine kinase to placental growth factor ratio in different stages

of early-onset fetal growth restriction and small for gestational age”

Troballes principals

El primer estudi, enfocat al CIR precog, proporciona evidencia que els estadis de
gravetat del CIR precog, avaluats segons el criteris Doppler, es poden identificar
mitjancant la determinacio dels biomarcadors sFlt-1/PIGF en el moment del
diagnostic, ja que presenten valors significativament diferents, sent més elevats en
les formes més greus. Aixi, en contextos on la realitzacid del Doppler no sigui
possible, aquests marcadors es podrien fer servir per a diferenciar els diferents
estadis de CIR. A més, es descriuen punts de tall de sFIt-1/PIGF que distingeixen
els diferents estadis de gravetat de la CIR amb bona sensibilitat, especificitat, VPP
i VPN. D'altra banda, I'estudi demostra que més del 93% dels casos de PEG i de
les gestacions no complicades (controls) presenten valors de sFlt-1/PIGF normals
(<38), mentre que en el CIR estadi II-lll aquests valors sén >85 en més del 88%
dels casos i que existeix una correlacié significativa entre valors més elevats de
sFIt-1/PIGF al diagnostic i una edat gestacional menor en el moment del part, un
menor temps entre el diagnostic i el part, aixi com un percentil de pes neonatal

mes baix i un ingrés més perllongat a les unitats de cures intensives neonatals. En
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canvi, les gestacions no complicades i els fetus PEG no mostren diferencies

estadisticament significatives en els valors de sFIt-1/PIGF i els resultats perinatals.

Comparacié amb estudis previs

L'augment dels valors de sFlt-1/PIGF és conseqlencia de la insuficiencia
placentaria subjacent, que pot ser detectada diverses setmanes abans de |'aparicio
de la clinica.(10) Aquests valors no només es relacionen amb PE, sind que també
s'han observat en totes aquelles patologies que cursen amb més o menys grau
d'insuficiencia placentaria, com el CIR (associat o no a PE), el part prematur, la
mort fetal intradter i el despreniment prematur de placenta, entre

d'altres.(12,76,225-228)

Estudis previs han mostrat que el 63,3% dels embarassos amb CIR i alteracions
greus del Doppler (estadis Il i Ill) tenen una alta probabilitat de desenvolupar PE
durant el seguiment.(229) Donat que tant els valors elevats d'sFlt-1/PIGF, com les
alteracions del Doppler, sén consequéencia de la disfuncio placentaria subjacent,
succeeix el mateix amb els valors més alts d'sFlt-1/PIGF; ja que aquests també
s'associen a més probabilitat de desenvolupar PE, perque tradueixen una

insuficiencia placentaria més greu.

Diversos estudis han investigat el paper dels factors angiogenics en el pronostic
de les gestacions que cursen amb CIR. Un estudi previ va analitzar la capacitat
d'una Unica determinacié en comparacio amb multiples determinacions de factors

angiogenics per anticipar la necessitat de part o la presencia de resultats adversos
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en el CIR precog. Es va observar que el 73% i el 75% dels casos de CIR d'inici
preco¢ sense PE superaven els punts de tall de 38 i 85, respectivament, quatre
setmanes abans del part. No obstant, les determinacions repetides no van millorar

la seva capacitat predictiva respecte una Unica determinacio.(75)

Un estudi amb una mostra més gran va demostrar que un valor de sFlt-1/PIGF <85
en el moment del diagnostic identifica els embarassos amb CIR precog d'estadi |
amb menor risc de finalitzacio.(76) A més, una analisi secundaria de I'assaig
STRIDER va demostrar que la ratio sFlt-1/PIGF i I'estimacio ecografica del PFE son
predictors independents de resultats adversos.(225) Aixi mateix, s'ha demostrat
que I'ecografia Doppler prediu els resultats adversos a curt termini i la necessitat
de part electiu.(1,7,111) Tanmateix, fins ara no s'havia analitzat si existeix una
associacio entre els estadis de CIR basats en el Doppler i els valors de la ratio sFlt-
1/PIGF, ni la correlacio entre els factors angiogenics i resultats obstetrics especifics,
com ara el pes neonatal, el temps fins al part, els dies d'estada a la unitat de cures

intensives neonatals i I'edat gestacional en el moment del part.

El Doppler s'utilitza sovint en la practica clinica per a la monitoritzacié en el CIR i
la decisi6 de finalitzacié electiva. No obstant, requereix d'un seguiment
longitudinal i una formacid especifica. De fet, fins i tot en professionals
experimentats, presenta una variabilitat inter i intraobservador inherent a la
tecnica.(230-232) En canvi, els factors angiogenics son biomarcadors objectius
amb baixa variabilitat i una bona correlacid amb els resultats adversos de

I'embaras i la gravetat del CIR.(233) A més, I'estudi mostra que els punts de tall de
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97,47 i 523,77 son altament precisos per identificar els diferents estadis emprats
en la practica clinica, aportant més informacié sobre la relacié entre els factors

angiogenics i la insuficiencia placentaria subjacent en el CIR d'inici precog.

Fortaleses i limitacions

Els punts forts d'aquest estudi son el seu disseny prospectiu en una cohort
relativament gran de CIR precocos i el fet de ser el primer estudi que demostra
una correlacié entre I'sFlt-1/PIGF i els estadis de gravetat del CIR.

Pel que fa a les limitacions, reconeixem que un nombre més gran de participants,
especialment en els dos estadis més greus de CIR, podria haver permes identificar
algunes diferencies que probablement no s'han pogut detectar per una mida
mostral insuficient. A més, cal destacar que els investigadors coneixien el resultat
de I'sFIt-1/PIGF, ja que es determina de manera rutinaria en la CIR per descartar la
PE, fet que podria haver influit en les decisions cliniques. No obstant, el maneig es
va basar sempre en el protocol vigent, que no té en compte els valors dels
biomarcadors per a prendre decisions cliniques. Un altre aspecte important és que
els resultats nomes serien aplicables dins del sistema de classificacié6 emprat en
aquest estudi i podrien no ser equiparables a altres classificacions del CIR.(2,3)
Finalment, es van excloure de l'estudi les gestacions amb defectes congenits,
anomalies cromosomiques o sindromes genetiques, de manera que els resultats

podrien no ser extrapolables a aquestes condicions.
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6.2. ESTUDI 2

“Angiogenic factors versus fetomaternal Doppler for fetal growth restriction at

term: an open-label, randomized controlled trial”

Troballes principals

Aquest assaig clinic ha demostrat que la classificacié dels fetus petits (amb un PFE
inferior al percentil 10) després de les 36 setmanes mitjangant factors angiogenics
és no inferior a la classificacié habitual basada en el Doppler maternofetal per a
evitar resultats perinatals adversos. De fet, el maneig segons I'sFlt-1/PIGF podria
millorar els resultats neonatals, materns i perinatals i reduir la taxa d'induccions
innecessaries, aixi com la taxa de parts abans de les 38, 39 i 40 setmanes de
gestacio. A més, la no inferioritat del maneig basat en factors angiogenics es va
confirmar també analitzant el resultat en els casos de CIR i PEG per separat.

Pel que fa als resultats secundaris en I'analisi realitzada per als casos de CIR, no es
van trobar diferencies significatives en els resultats perinatals o neonatals entre
ambdos grups. No obstant aixo, la classificacio basada en sFlt-1/PIGF podria reduir
la taxa d'esdeveniments adversos relacionats amb la insuficiencia placentaria,
disminuir la taxa de parts abans de les 38, 39 i 40 setmanes de gestacio, augmentar
I'edat gestacional al part, incrementar la taxa d'inici espontani del part i augmentar
el pes neonatal. Aquests resultats no haurien de ser utilitzats per extreure
conclusions solides, ja que son resultats secundaris d’'una analisi per subgrups per

a la qual I'estudi no tenia prou poténcia estadistica. A I'estudi només es va produir
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una mort, en un cas de CIR del grup control. Aquest cas es va incloure a les 37+0
setmanes de gestacio i I'Obit es va diagnosticar a les 37+3 setmanes, quan la
participant va ser ingressada per a la induccio. Aquest cas de CIR tenia un valor
d'sFIt-1/PIGF de 20,26 i, per tant, |'Us dels factors angiogenics no hauria evitat el
resultat advers.

Es va produir un cas de mort neonatal en el grup d'intervencio. Es tracta d'un fetus
CIR inclos a I'estudi a les 37+0 setmanes i la participant va ser ingressada per a la
finalitzacio a les 37+3 setmanes. Durant el part, es va realitzar una cesaria urgent
a causa d'un RCTG patologic, que va resultar en una mort neonatal per asfixia
perinatal. El valor d'sFlt-1/PIGF en el moment de la inclusio era de 242,70,
demostrant una insuficiencia placentaria més greu i, per tant, més risc de patiment
fetal durant el procés de part. Estudis posteriors hauran d'investigar el possible
benefici d'una cesaria electiva en casos de valors d'sFlt-1/PIGF molt elevats.
Aquest és el primer assaig clinic que aporta evidencia a favor d'un nou protocol
basat en factors angiogenics per al maneig dels fetus de baix pes a terme. L'estudi
demostra que I'sFlt-1/PIGF i el Doppler poden detectar una proporcio similar de
casos amb resultats perinatals adversos. Tanmateix, I'Us dels factors angiogenics
va permetre disminuir els falsos positius del Doppler (és a dir, casos classificats
erroniament com a CIR), reduint aixi la taxa d'induccions del part i allargant les
setmanes de gestacio al part. Aquest fet, va resultar en un major pes neonatal i
una reduccio dels casos de PE, de la necessitat de suport ventilatori invasiu i altres

complicacions obstetriques, sense empitjorar altres resultats neonatals.
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L'atencid medica esta evolucionant progressivament cap a un enfocament mes
personalitzat. Aquest nou abordatge basat en factors angiogenics permet una
atenci6 més individualitzada i menys invasiva, permetent allargar de manera
segura |'edat gestacional. A més, cal tenir en compte que els criteris Doppler per
a indicar la finalitzacio varien entre les diferents guies, presenten variabilitat inter i
intraobservador i la seva valoracié requereix ecografistes experimentats.(100,232)
Per tal de reduir aquestes limitacions, aquest nou protocol es podria utilitzar com
una alternativa al Doppler i permetria estandarditzar i unificar els protocols vigents

de les diferents societats cientifiques.

Comparacié amb estudis previs

Només un assaig clinic aleatoritzat previ ha comparat els resultats obstetrics de
dos protocols de maneig (induccid del part versus maneig expectant) en 650
embarassos amb fetus de baix pes a terme, definint el baix pes com un PFE o una
CA fetal < percentil 10 i/o una disminuci¢ de la corba de creixement durant el
tercer trimestre.(164) L'estudi DIGITAT va concloure que no hi havia diferéncies en
els resultats fetals o materns entre els grups i que ambdues actituds eren opcions
raonables per al maneig dels defectes de creixement fetal. No obstant aixo, I'estudi
DIGITAT es va publicar el 2010 i no va avaluar el Doppler maternofetal ni els factors
angiogenics per a discriminar entre CIR i PEG. Per tant, alguns dels casos que es
van induir a les 37 setmanes probablement es tractaven de fetus PEG, fet que
podria explicar parcialment per que I'estudi no va demostrar un benefici clar de la

inducci6 del part en comparacié amb el maneig expectant.
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En els anys posteriors, diversos estudis observacionals van demostrar que la
combinacio del Doppler maternofetal amb el PFE podria millorar la identificacié
d'un subgrup especific de fetus petits amb un risc mes alt de resultats perinatals
adversos (és a dir, CIR), per als quals la induccic del part després de les 37
setmanes de gestacid podria ser beneficiosa.(3,87,121,135,234) Basant-se en
aquests resultats, nombroses societats cientifiques van incorporar en les seves
guies cliniques I'estrategia de maneig basada en el Doppler combinat amb el PFE,
que es va convertir en l'estandard de cura acceptat per als fetus petits a terme.(2)
Pel que fa a I'Us dels factors angiogenics en el CIR tarda, diversos estudis
observacionals han demostrat que son bons predictors de resultats perinatals
adversos.(13,63,73,74,79,84) No obstant aixo, ni el Doppler ni els factors

angiogenics havien estat avaluats préviament en un assaig clinic.

Fortaleses i limitacions

Aquest estudi presenta diverses fortaleses. En primer lloc, és un dels primers
assaigs clinics aleatoritzats que avalua el paper del Doppler i dels factors
angiogenics en la identificacié del CIR i la prevencié de resultats adversos. En
segon lloc, la mida de la mostra és considerablement més gran que en qualsevol
estudi previ realitzat en embarassos amb fetus petits, fet que proporciona suficient
potencia estadistica per analitzar una amplia varietat de resultats clinicament
rellevants tant materns com neonatals. En tercer lloc, I'assaig compta amb un
disseny robust, aleatoritzat i controlat, amb un protocol publicat i sense

modificacions.(235) L'assaig es va dur a terme rigorosament segons aquest
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protocol en 20 maternitats de tota Espanya. A més, el seguiment es va realitzar
segons la practica clinica habitual de cada centre, cosa que reforca la validesa
externa dels resultats. Finalment, aquest estudi ha proporcionat resultats que
poden ser facilment aplicables als embarassos amb CIR i PEG a terme,
especialment en contextos on el Doppler o els ecografistes amb experiencia no
estiguin disponibles.

L'estudi també presenta algunes limitacions. En primer lloc, per la naturalesa de
I'estudi, no va ser possible ocultar la distribucid dels grups als participants i
investigadors. En segon lloc, la taxa de la variable resultat primaria en el grup
control va ser del 10,0%, (inferior al 26,0% esperat). Tot i que aquest fenomen és
freqUent en assaigs clinics, aquest resultat va ser inesperat, ja que les dades de
referencia utilitzades per estimar la mida de la mostra provenien d'embarassos de
la mateixa regi¢ i amb un protocol de maneig identic.(121) Ates que l'estudi de
referencia es va publicar el 2015, la menor taxa de complicacions observada podria
reflectir una menor taxa actual d'esdeveniments adversos, probablement com a
consequencia de millores en l'atencio intrapart i de la incorporacid de noves
tecniques d'induccié del part en els Ultims anys. Aquesta reduccié de la taxa
d'esdeveniments podria posar en questié el marge de no-inferioritat del 8,5%;
tanmateix, malgrat aquestes taxes d'esdeveniments més baixes, la gran mida de
la mostra d'aquest assaig i la gairebé identica taxa de I'esdeveniment primari en
ambdds grups donen suport a la no-inferioritat de I'estrategia basada en ['sFlt-

1/PIGF. A més, més enlla de demostrar la no inferioritat, I'ds de I'sFlt-1/PIGF no va
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empitjorar cap resultat obstetric i, al contrari, va comportar multiples beneficis
perinatals tant materns com fetals. Alguns d'aquests beneficis podrien estendre's
més enlla del periode perinatal, incloent-hi una reduccié de comorbiditats
cardiovasculars i neurologiques a llarg termini com a consequéencia de la PE i dels
parts en el terme precog. Finalment, encara que el protocol basat en el PFE i el
Doppler és I'estandard actual de maneig a la majoria de centres, la seva validesa
és incerta, ja que no ha estat previament confirmat en un assaig clinic. Aquest és
el major assaig clinic realitzat en CIR o PEG a terme, i creiem que tots els punts
esmentats anteriorment avalen la validesa dels resultats de I'estudi, confirmant la
no-inferioritat del protocol basat en el sFlt-1/PIGF. En tercer lloc, aproximadament
el 80% dels participants eren d'origen caucasic, fet que podria disminuir la validesa
externa dels nostres resultats. No obstant aixo, un estudi previ va mostrar que els
valors del sFlt-1/PIGF entre les 35 i 37 setmanes de gestacio oscil-laven entre 6,54
i 8,51 segons diferents grups etnics. Per tant, és probable que un punt de tall de
38 sigui adequat per a diferents etnies.(236) Finalment, aquests resultats poden
ser aplicables Unicament a centres que segueixen un protocol basat en el Doppler
semblant al del grup control d'aquest assaig. No obstant, cal destacar que la
majoria de guies cliniques internacionals recomanen protocols de maneig similars
al que es va utilitzar en aquest estudi. Per aquest motiu, probablement els resultats

puguin ser aplicables en aquests contextos.

Projectes futurs i continuitat de la linia d'investigacio
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Els resultats del projecte de recerca son prometedors i obren noves linies
d'investigacio en aquest camp. Per una banda, el fet que els valors d'sFlt-1/PIGF
en el CIR precog tinguin una bona correlacié amb els estadis per Doppler, permet
que es pugui dissenyar un assaig clinic per a implementar el seu Us en el maneig
d'aquesta condici6 i per establir també el moment de finalitzacié, de la mateixa
manera que en l'estudi 2 d'aquesta tesi. Aquest projecte s'esta duent a terme
actualment (early-GRAFD, NCT05284474, PI122/00051) i en formo part com a
investigador col-laborador des de I'Hospital de la Santa Creu i Sant Pau. Per altra
banda, els resultats de I'assaig clinic en el CIR tarda permetrien la homogeneitzacié
de les diferents guies i protocols assistencials, donat que és I'assaig clinic mées gran
realitzat en el CIR a terme. Els seus resultats caldria validar-los externament per a

garantir-ne la robustesa, sobretot en altres entorns clinics diferents.

Una de les questions que futures investigacions hauran de resoldre és si la
combinacié de diverses variables conjuntament amb ['sFIt-1/PIGF permet
incrementar la deteccio d'efectes adversos en els fetus CIR. Si fos aixi, es podrien
dissenyar algoritmes basats en factors angiogenics, caracteristiques maternes i
Doppler matern i fetal per a millorar la deteccio dels fetus petits amb resultats
perinatals adversos. Per altra banda, ates que el nou protocol de maneig basat en
el factors angiogenics va reduir significativament la proporcié de casos nascuts en
el terme precog, caldria avaluar si aquest maneig té algun impacte en el
neurodesenvolupament infantil postnatal. A més, els resultats d'aquesta tesi

proporcionen dades Utils per a futures analisis de cost-efectivitat, que podrien
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justificar la implementacié d’aquests protocols en la practica clinica habitual i
orientar les politiques sanitaries cap a una medicina més personalitzada i eficient

en el maneig d'aquesta patologia.
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7. CONCLUSIONS

1. Els valors de sFlt-1/PIGF al diagnostic d'un PEG o CIR precog tenen una bona

correlacio amb els estadis Doppler emprats a la practica clinica.

2. En el PEG/CIR precog, valors augmentats sFlt-1/PIGF al diagnostic impliquen una
menor |'edat gestacional al part, un menor temps fins el part, i menor pes al

naixement i un major temps d'ingrés a les unitats de cures intensives neonatals.

3. La classificacio del PEG/CIR a terme mitjancant sFlt-1/PIGF és no inferior a la
classificacio segons pes fetal estimat i Doppler per a detectar els fetus amb risc

d'acidosi neonatal o cesaria per sospita de perdua de benestar fetal.

4. El maneig del PEG/CIR a terme mitjangant sFlt-1/PIGF, disminueix les induccions
innecessaries, allargant I'edat gestacional al part i incrementant el pes neonatal

respecte el maneig habitual amb pes fetal estimat i Doppler.

5. El maneig del PEG/CIR a terme mitjancant sFIt-1/PIGF disminueix les

complicacions perinatals respecte el maneig habitual amb pes fetal estimat i

Doppler.
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6. El maneig del PEG/CIR a terme mitjangant sFIt-1/PIGF disminueix les
complicacions neonatals respecte el maneig habitual amb pes fetal estimat i

Doppler.

7. El maneig del PEG/CIR a terme mitjancant sFlt-1/PIGF disminueix les

complicacions maternes respecte el maneig habitual amb pes fetal estimat i

Doppler.
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