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RESUMO

VIEIRALVES, Rodrigo Ribeiro. Estudo morfoldgico da genitalia externa, bexiga e uretra em
fetos femininos: alteragdes geniturinarias associadas a anencefalia. 2020. 62 f. Tese
(Doutorado em Fisiopatologia e Ciéncias Cirurgicas) - Faculdade de Ciéncias Médicas,
Universidade do Estado do Rio de Janeiro, Rio de Janeiro, 2020.

Nossa hipotese neste trabalho € que a anencefalia impacta no desenvolvimento da
genitalia externa e do trato urinario inferior feminino durante o periodo fetal humano. O
objetivo deste estudo é comparar 0s parametros biométricos da genitalia externa, bexiga e da
uretra de fetos femininos com e sem defeitos no tubo neural. Foram estudados 34 fetos do sexo
feminino (22 normais e 12 anencefalicos), com idades entre 12 e 22 semanas p0s-concepgao.
Os fetos foram, inicialmente, colocados na posicdo classica de litotomia e antes da disseccao
fetal, a genitalia externa foi fotografada com uma cadmera digital. Em seguida, com auxilio de
um microscopio Zeiss Discovery V8, os fetos foram submetidos a disseccdo pélvica e a
individualizagdo das estruturas do trato urinario (bexiga e uretra). Os parametros biométricos
foram registrados e as medidas foram realizadas no software Image J, versdo 1.46r. Foram
avaliados o comprimento e a largura do clitéris, a distancia entre clitoris e &nus, 0 comprimento
e a largura do introito vaginal, a distancia do intréito vaginal aos grandes labios, a distancia
anogenital, o comprimento e a largura da bexiga e da uretra. Para andlise estatistica foi utilizado
o teste de Wilcoxon-Mann-Whitney (p <0,05). Observamos uma diferenca significativa entre
algumas medidas nos dois grupos: a largura do introito vaginal é significativamente maior nos
fetos anencéfalos e o comprimento do introito vaginal, a distancia entre o clitoris e o anus, e a
distancia do introito vaginal aos grandes labios sdo efetivamente maiores nos fetos normais.
Para o comprimento e a largura do clitoris ndo foram encontradas diferencas estatisticas.
Também ndo foi encontrada significancia estatistica na distancia anogenital entre 0s grupos
(normais 2,32 mm + 2,46-6,42 / DP 2,17 * vs anencéfalos 3,93 mm £ 1,15-6,65/ DP = 1,93; p
= 0,499). Quanto ao trato urinério foi identificada significancia estatistica entre os grupos para
as medidas do comprimento da bexiga e da uretra. Ndo foram observadas diferencas
significativas na largura da bexiga e da uretra ao comparar os dois grupos. Os fetos anencéfalos
apresentaram algumas alteracGes no desenvolvimento da genitélia externa, mas as distancias
anogenitais ndo mostraram variagOes significativas entre os grupos. Foram observadas
diferencas significativas no desenvolvimento da bexiga e da uretra em fetos com anencefalia
durante o periodo fetal estudado, o que provou que a anencefalia é capaz de impactar no
desenvolvimento do trato urinério inferior feminino.

Palavras-chave: Distancia anogenital. Embriologia do trato urinario. Anencefalia. Fetos

humanos.



ABSTRACT

VIEIRALVES, Rodrigo Ribeiro. Morphological research of external genitalia, bladder and
urethra in female fetus: geniturinary changes associated with anencephaly. 2020. 62 f. Tese
(Doutorado em Fisiopatologia e Ciéncias Cirurgicas) - Faculdade de Ciéncias Médicas,
Universidade do Estado do Rio de Janeiro, Rio de Janeiro, 2020.

Our hypothesis in this paper is that anencephaly impacts the development of the external
genitalia and the female lower urinary tract during the human fetal period. The objective of this
study is to compare the biometric parameters of the external genitalia, bladder and urethra of
female fetuses with and without neural tube defects. 34 female fetuses (22 normal and 12
anencephalic) were studied, aged between 12 and 22 weeks after conception . The fetuses were
initially placed in the classic lithotomy position and before the fetal dissection, the female
external genitalia were photographed with a digital camera. Then, with the aid of a microscope,
the fetuses were submitted to pelvic dissection and individualization of the structures of the
urinary tract (bladder and urethra). The biometric parameters were recorded and the
measurements were made using the Image J software, version 1.46r. The length and width of
the clitoris, clitoris to anus distance, length and width of the vaginal opening, distance from the
vaginal opening to the labia majora, anogenital distance, length and width of the bladder and
urethra were evaluated. For statistical analysis, the Wilcoxon-Mann-Whitney test was used (p
<0.05). We observed a significant difference between some measures between groups: the
width of the vaginal open is the largest in anencephalic fetuses and the length of the vaginal
opne, the clitoris to anus distance, the distance from the vaginal open to labia majora are greater
in normal group. For clitoral length and width, no statistical differences were found. There was
also no statistical significance in the anogenital distance between the groups (normal 2.32 mm
+ 2.46-6.42 / SD 2.17 * vs anencephalic 3.93 mm = 1.15-6.65 / SD =1, 93; p = 0.499). For
urinary tract, we identifie statistical significance between the groups for measures of bladder
and urethra length. We did not observe significant differences in the width of the bladder and
urethra when comparing the two groups. Anencephalic fetuses showed some changes in the
development of the external genitalia, but the anogenital distances do not show significant
variations between groups. We observed significant differences in the development of the
bladder and urethra in fetuses with anencephaly during the studied fetal period, proving that
anencephaly is capable of impacting the development of the female lower urinary tract.

Keywords: Anogenital Distance. Urinary Tract Embryology. Anencephaly. Human Fetuses.
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INTRODUCAO

O tubo neural é uma estrutura embrionaria transitoria formada durante o
desenvolvimento do sistema nervoso central, que constituird ao final da embriogénese o cérebro
e a medula espinhal. E formado por meio de um processo conhecido como fechamento do tubo
neural, durante o qual a placa neural é dobrada, elevada e fechada por fusdo na linha média
dorsal, separando assim o tecido ectodérmico ndo neural do tubo neural.

De acordo com Blatter (1994) e Muller et al. (2006) os defeitos do tubo neural
correspondem as malformacBes congénitas mais comuns do sistema nervoso central, sendo a
anencefalia o defeito mais grave resultante da falha do fechamento do tubo neural na base do
cranio. Como fatores etiologicos identificados ha as mutacGes genéticas, exposicdo materna a
certas condi¢cBes ambientais (desnutricdo) e infec¢des (Zica Virus), irradiacdo, entre outras
causas, como excessiva ingestdo de nutrientes especificos, mas todas com fisiopatologia ainda
pouco conhecida, conforme atestam Metsky et al. (2017) e Hurtado-Villa et al. (2017).

A anencefalia é observada em 0,03% de todos 0s nascimentos e ocorre em uma taxa trés
a quatro vezes maior em fetos femininos, sendo associada a anormalidades no eixo hipotalamo-
hipofise (ZONDEK, 1983, p. 211-219). Sabe-se pouco sobre o desenvolvimento de drgdos em
fetos anencefalicos (Figura 1), com alguns importantes avancos nessa direcdo através do estudo
de 6rgdos do trato geniturinario nos ultimos anos conforme Pires; Gallo; Sampaio & Favorito
(2019).

As lesdes cerebrais com possivel comprometimento do controle cerebral, através do
eixo hipotaldmico, parecem ser o principal fator envolvido nas alteraces testiculares
(crescimento, histologia e migracdo testicular) em fetos com anencefalia.

Estudos anteriores sobre o desenvolvimento peniano ndo mostraram diferenca na
estrutura peniana nos fetos anencéfalos em comparacdo aos normais de acordo com Carvalho
& Costa (2012). Contudo, estudos sobre a genitalia feminina em fetos com anencefalia nunca
foram publicados, fato que reforca a importancia da presente pesquisa.

Em resumo, a morfologia da uretra em fetos anencéfalos é desconhecida e o estudo do
trato urinario inferior, avaliando-se o desenvolvimento da bexiga e da uretra em conjunto, bem

como a comparacdo do desenvolvimento em fetos normais e anencefalicos, nunca foi realizado.
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Figura 1 — Fetos anencéfalos

Legenda: (A) Fetos anencéfalos dispostos linearmente durante o processo de dissec¢do; (B) perfil de feto
anencéfalo.
Fonte: O autor, 2020.

Determinacéo da idade gestacional

Na linha do tempo do desenvolvimento humano, a referéncia diz respeito a semanas
gestacionais, estadgios e tempo de desenvolvimento fetal. Semanas gestacionais sdo
contabilizadas a partir do primeiro dia do Gltimo periodo menstrual. Os estagios séo divididos
de 1 a 23 e denominados estagios de desenvolvimento Carnegie (Figura 2) e abrangem o
desenvolvimento desde a fertilizagdo até oito semanas completas, que marcam o fim do periodo
embrionario, quando 90% das mais de 4.500 estruturas nomeadas do corpo adulto apareceréo.
E o tempo de desenvolvimento fetal passa a ser contabilizado a partir da fertilizacdo, o que se
caracteriza como semana pos-concepcao e ndo como idade clinica ou gestacional, conforme
aduzem Platt et al. (1988).
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Figura 2 — Estagios de Carnegie
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Legenda: Estagios de desenvolvimento de Carnegie nomeados de 1 a 23 (compreendem desde a fertilizagdo até 8
semanas completas de desenvolvimento embrionério.
Fonte: Hill, 2018.

Streeter (1920), naquele ano, mediu 0 maior pé de fetos humanos e usou a média dessas
aferices para determinar a idade gestacional. Esse padrdo de medicdo, também utilizado por
Hern (1984, p. 26-32), é 0 mais aceito até os dias atuais.

Sampaio & Aragdo (1990) estudaram 240 rins de fetos masculinos e femininos através
do método alométrico, com o objetivo de avaliar o crescimento renal fetal e fornecer equacées
e curvas de crescimento do comprimento do rim em relacdo a idade gestacional. Eles
concluiram que as equac0es e curvas de crescimento do comprimento renal podem ser usadas
como um meio inicial de detec¢do do desenvolvimento renal fetal anormal e como um indice
auxiliar para a determinacdo da idade gestacional.

Mercer et al. (1987) compararam as medidas dos pés em exames ultrassonograficos pré-
natais com as medidas p6s-parto. O comprimento médio do pé de ambos os grupos seguiu de
perto a curva preditiva de Streeter para comprimento do pé versus idade gestacional. Eles
concluiram, entéo, que a medida do comprimento do pé fetal € um estimador confiavel da idade
gestacional entre 12 e 40 semanas em gestagdes normais, bem como nas gestacdes multiplas,

complicadas por diabetes e que apresentam anencefalia e displasia de membros curtos.
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Tratando agora do desenvolvimento do sistema urogenital, este é um processo
complexo, o qual envolve interacbes coordenadas entre as vias moleculares e hormonais em
uma ordem rigorosamente preestabelecida O conhecimento da embriologia bésica e a
compreensdo do desenvolvimento normal do sistema urinario e genital humano masculino e
feminino sdo de grande importancia e estabelecem as bases para o entendimento de

malformacdes congénitas e o desenvolvimento anormal que acometem esses sistemas.

Embriologia genital

De acordo com Makiyan (2016), o desenvolvimento embrionario do trato genital
feminino é um processo complexo no qual as estruturas fetais sofrem diferenciacdo de maneira
orquestrada. Qualquer comprometimento nesse estagio pode resultar em anomalias congénitas
e afetar a integridade anatdémica, tanto genital quanto urinéria, com possiveis alteracGes
funcionais dessas estruturas.

As caracteristicas sexuais comecam a se desenvolver a partir da sétima semana de
gestacdo. Antes disso, ocorre o desenvolvimento sexual indiferenciado. Pela determinacdo do
sexo cromossdmico, na presenca do cromossomo Y, haverd a manifestacdo do gene SRY (Sex-
Determining Region Y), havendo o “fator testiculo determinante” (FDT) sobre a gonada
indiferenciada (FLUCK, 2011, p. 201-218). Na sua auséncia, se desenvolve o ovario e toda a
genitalia externa feminina. O tubérculo genital € o primérdio do clitéris, enquanto as pregas
urogenitais e as eminéncias labio-escrotais formardo a da genitélia externa, correspondendo,
respectivamente, aos pequenos e grandes labios (Figura 3) em mulheres (MATSUMARU et al.,
2014, p. 350-357).



15

Figura 3 — Embriologia genital
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Legenda: Processo de diferenciagdo da genitalia entre 0s sexos.

Fonte: Moore e Persaud. Embriologia clinica. 10. ed.

Entre os diversos parametros morfoldgicos da genitéalia externa, apresentamos o de
maior destaque: a distancia anogenital (DAG). Essa €, segundo Salazar et al. (2004, p. 3-8), a
distancia do anus aos 6rgaos genitais, sendo um marcador do desenvolvimento genital normal
(Figura 4).

A DAG no sexo masculino é, normalmente, duas vezes maior que no sexo feminino e
meninas com hiperplasia adrenal congénita (HAC) demonstraram ter comprimentos perineais
mais longos que meninas sem a doenca, comprovando gue a exposicao a andrdgenos é capaz
de afetar a anatomia regional sendo, portanto, a DAG importante para avaliar a exposicao fetal
aos androgenos (CALLEGARI et al., 1987, p. 240-243) e (DEAN et al., 2012, p. 330-339).

O entendimento desses parametros ganha relevancia ao compreendermos que servem
como base de possiveis cirurgias reconstrutoras da genitalia externa feminina como nos casos
de genitalia ambigua, além de servir como norteador na determinacdo do sexo fetal em
pacientes com historico familiar de genitalia ambigua durante o primeiro trimestre da gravidez
(NAJDI, N. et al., 2019, p. 51-56).

Assim, de acordo com, Nadji et al (2019), Brodie et al. (2016) e Thankamony et al.
(2009), a DAG e outros parametros biométricos da genitalia externa feminina sdo Gteis como

marcadores ultrassonograficos que podem determinar o sexo fetal, j& no primeiro trimestre e
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dessa forma, entender se a DAG sofre alteracdo em fetos anencéfalos serd importante na
compreensdo do comprometimento genital em fetos com defeitos do tubo neural, evitando-se
possiveis erros diagnosticos quanto a sexagem.

Ressaltamos ainda que estudos sobre a anatomia genital feminina de fetos e recém-
nascidos sdo muito raros e a associacdo entre biometria genital feminina e defeitos do tubo

neural nessa populacdo ndo foi descrita anteriormente.

Figura 4 — Distancia anogenital

U)/\/

Anogenital

/’distance \
w \_E:O\/

Legenda: Distancia anogenital e seu comparativo entre sexos.
Fonte: Thankamony A. et al., 2009, p. 1.786-1.790.

Embriologia do trato urinario

Trazendo o foco para o trato urinério, tratando-se da embriogénese da bexiga e uretra,
em oposicdo ao que ocorre na formacdo dos rins e ureteres, a estrutura que originara a bexiga
sera a mesma desde o inicio do periodo embrionario. Todo processo se inicia a partir da divisdo
da cloaca pelo septo urorretal, que se estende até a membrana cloacal e forma o seio urogenital.
Este, por sua vez, possui trés partes: a por¢édo cranial (vesical), continua com o alantoide (que
originara o uraco), formando a maior parte da bexiga. O trigono vesical tem a origem dos brotos
ureterais ap0s a separagdo dos dutos de Wolf em sua regido distal; a por¢do mediana (pélvica),
que formara o colo vesical e toda a uretra feminina (correspondente a uretra prostatica no

homem) (Figura 5).
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Figura 5 — Embriologia do trato urinario
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Legenda: Demonstracdo das principais estruturas que compdem o desenvolvimento embrionario do trato
urinério.
Fonte: Moore e Persaud. Embriologia clinica. 10. ed.

A conformacédo anatébmica final €, naturalmente, fundamental ao bom funcionamento
dessas estruturas, fazendo com que disturbios nesse processo levem a alteragdes morfoldgicas
da bexiga e uretra, ocasionando possiveis danos funcionais futuros (PAZOS et al., 2011, p. 581-
588). O comprimento da uretra, por exemplo, é um fator muito importante na obtencéo da
continéncia, sendo relevante o cuidado e a manutencdo deste durante o tratamento cirdrgico,
em algumas malformac6es graves congénitas, como a extrofia vesical (PHILLIPS et al., 2013,
p. 353-358).

O comprimento sagital da bexiga fetal é, conforme Maizels et al. (2004) e Favre et al.
(1999), um parametro importante para estimar o desenvolvimento do tamanho da bexiga fetal,

para prever se ha alteracdes vesicais (“mega bexiga”), durante a avaliacdo pré-natal.
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A morfologia da uretra em fetos anencefélicos é desconhecida e o estudo do trato
urinério inferior (avaliando-se o desenvolvimento da bexiga e da uretra em conjunto, bem como
a comparagdo do desenvolvimento da genitélia externa, bexiga e uretra em fetos normais e
anencefalicos) é inédito e serve como parametro inicial para se entender de que maneira 0s
disturbios do desenvolvimento do sistema nervoso central afetam o trato genital e o trato
urinario inferior (STEPHENS; SMITH; HUTSON, 1996) e (OSWALD et al., 2013).

A hipotese de estudo foi de que a anencefalia afetaria o desenvolvimento geniturinario
feminino. Parametros normativos do desenvolvimento urogenital sdo escassos na literatura e o
estudo morfoldgico desses sistemas em fetos com defeitos do tubo neural nunca foi realizado.
A confirmacéo dessas alteragcdes pode ser importante, guiando ao conhecimento do impacto dos
defeitos do tubo neural no desenvolvimento da genitalia externa feminina, bem como do trato
urinario inferior, auxiliando na maior compreensdo das malformacdes genitais, cirurgias
reconstrutoras, determinacdo do sexo fetal em situacbes especificas, além do melhor

entendimento de disfunces vesicais de origem morfoldgica.
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1 OBJETIVO

O objetivo deste estudo € realizar a comparacgdo dos parametros biométricos da genitalia
externa feminina e do trato urinario inferior (bexiga e uretra) entre fetos femininos com e sem
anencefalia, assim observando o possivel impacto de alteragdes do tubo neural na génese do

trato geniturinario feminino.

1.1 Objetivos secundarios

Identificar os seguintes padrdes morfolégicos de normalidade no desenvolvimento

embrionario fetal feminino durante o segundo trimestre gestacional:

a) comprimento e largura do clit6ris;

b) distancia do clitoris ao anus;

c) comprimento e largura do introito vaginal,

d) distancia do introito vaginal aos grandes labios;
e) distancia anogenital; e

f) comprimento e largura da bexiga e uretra.
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2 MATERIAIS E METODOS
2.1 Comité de ética

O projeto de pesquisa previamente ao inicio do estudo foi submetido a Plataforma Brasil
e aprovado pelo Comité de Etica em Pesquisa em Seres Humanos do Hospital Universitario
Pedro Ernesto (CEP/HUPE - IRB: 4.088.773, CAAE: 31780419.0.0000.5259), em
conformidade com o convénio e o termo de doacao de fetos entre o Instituto Fernandes Figueira
e a Universidade do Estado do Rio de Janeiro (UERJ). A pesquisa foi inteiramente conduzida
na Unidade de Pesquisa Urogenital do Centro Biomedico da Universidade do Estado do Rio de
Janeiro (UERJ).

2.2 Amostra

Foram estudados 34 fetos do sexo feminino (22 normais e 12 anencefalicos), com idades
entre 12 e 22 semanas apo6s a concepgdo (SPC), que foram abortados devido a hipdxia e,
portanto, por causas ndo relacionadas ao trato urinario. Os fetos no grupo controle (normal)

estavam, macroscopicamente, bem preservados e sem sinais de malformacao.

2.3 Avaliago da idade gestacional

Depois de constatado o 6bito, os fetos foram formolizados e mantidos em ambiente
refrigerado. No Laboratério de Pesquisa Urogenital da Universidade do Estado do Rio de
Janeiro (UERJ), os fetos foram limpos, identificados e analisados quanto ao seu aspecto
morfologico.

Imediatamente antes da dissec¢do foram avaliados quanto ao comprimento total (em
centimetros), comprimento Vvértice-coccix (em centimetros), tamanho do pé (em milimetros) e
peso (em gramas) (Figura 6).

Para determinar a idade gestacional foi utilizado o critério do comprimento do maior pé
(precisamente do calcanhar até a extremidade do dedo mais proeminente). De acordo com

ensinamentos de Streeter (1920), Hern (1984) e Pandey et al. (2016) este ainda € o critério mais
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aceito para o célculo da idade gestacional. Foram realizadas trés medidas de cada um dos pés,
bem como a média de cada pé (direito e esquerdo), sendo a maior média utilizada na
determinacéo da idade gestacional.

O mesmo observador aferiu todas as medidas. Para essas mensura¢6es foram utilizados:

a) balanca digital de precisao de 1,0g para 0 peso;
b) fita métrica para tamanho total e vértice-coccix; e

c) paquimetro digital de 0,01cm de precisdo (Starrett) para a medida do pe.

A determinacdo da idade gestacional foi o passo inicial objetivando-se conhecer o
momento em que houve o aborto e inferir o tempo intrauterino de desenvolvimento fetal. A
idade dos fetos foi indicada em semanas pds-concepcao (SPC). Todos os dados foram coletados
entre julho de 2018 e dezembro de 2019.

Figura 6 — Biometria fetal

Legenda: Demonstracdo dos principais parametros biométricos fetais. (A) comprimento total; (B) comprimento
vértice-céccix; (C) peso; e (D) comprimento do pé.
Fonte: O autor, 2020.
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2.4 Obtencéo e andlise das amostras

Usando uma técnica padronizada, todos os fetos foram colocados na posi¢éo classica de
litotomia e, antes da disseccdo da pelve fetal, a genitalia feminina foi fotografada com uma
camera digital (DP70, Olympus) nas mesmas condi¢des (mesma distancia focal, pelo mesmo
examinador) em uma resolucdo de 2.040 pixels e armazenada em um arquivo TIFF.

Os parametros biométricos foram registrados e as medidas foram, posteriormente,
realizadas pelo mesmo observador, que utilizou o software Image J, versao 1.46r, devido a alta
precisao.

Foram medidos o comprimento e a largura do clitoris, distancia do clitoris ao anus,
comprimento e largura do introito vaginal, distancia do introito vaginal aos grandes labios e
distancia entre a convergéncia posterior dos grandes labios ao anus (distancia anogenital)
(Figura 7).

Figura 7 — Medida da distancia anogenital

Legenda: Distancia anogenital — medida entre os pontos (A) convergéncia posterior dos grandes labios
(comissura posterior dos labios) ao centro do anus (B).
Fonte: O autor, 2020.

Todas as medidas foram realizadas considerando-se o eixo principal entre os pontos
inicial e final. Para o clit6ris e o introito vaginal foram realizadas medidas cranio-caudais e latero-

laterais. Os dados sdo expressos em milimetros (Figura 8).
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Figura 8 — Posicionamento e fotografia da genitalia
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Legenda: (A) posicionamento fetal em litotomia; (B) medida da distancia anogenital; e (C) medida da distancia
do clitoris ao anus (Image J).
Fonte: O autor, 2020.

Imediatamente apds o registro fotografico, os fetos foram submetidos a disseccdo com
incisdo subcostal bilateral e extracdo da pelve em bloco, contendo todo trato geniturinario,

sendo esse material recém-extraido identificado de acordo com a idade gestacional e a data da

disseccdo (Figura 9).
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Figura 9 — Extracdo em bloco da pelve fetal

A

Legendé: (A) incisdo subcostal bilateral; (B) abdome e pelve fetal ap6s extragdo do trato geniturinario.
Fonte: O autor, 2020.

Os blocos da pelve foram, entdo, reservados em um recipiente formolizado até o

momento da microdissecgéo realizada posteriormente (Figura 10).
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Figura 10 — Laboratorio de microdissec¢do

A

Legenda: (A) bancada de microdisseccdo; (B) procedimento de microdissecgdo da pelve fetal;
(C) método de armazenamento e controle de material.
Fonte: O autor, 2020.

A pelve fetal foi dissecada cuidadosamente, com o auxilio do microscopio, para
identificar e expor os 6rgdos urogenitais com individualizacdo dos tratos genital e urinario.
Todos os fetos foram dissecados pelo mesmo pesquisador, com experiéncia pratica em
microcirurgia. Para esse fim foi utilizado o microscopio Zeiss Microscope Discovery V8 (lente
estereoscopica com ampliacdo de 16/25X), sempre nas mesmas condicdes e apds disseccdo
completa da bexiga e da uretra, as fotografias foram tiradas pela camera acoplada ao
microscopio (Zeiss Axiocam 506 Color, camera de microscopio de 6 megapixels), sendo
armazenadas em um arquivo TIFF. Posteriormente, as medidas foram realizadas pelo mesmo
observador, que utilizou o software Image J, versdo 1.46r. O comprimento e a largura da bexiga
e da uretra foram aferidos para todas as medidas e foi considerado o maior eixo entre 0s pontos
inicial e final. Os dados foram expressos também em milimetros (Figura 11), de acordo com a
pratica proposta por Tello et al. (1994) e Bidra et al. (2009).



Figura 11 — Aspecto pds-microdisseccao e afericdo das medidas
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Legenda: Estruturas pélvicas dissecadas: (A) trato geniturinério inferior com a vulva ainda a ser dissecada. Foi
identificado o Utero (ponta da seta), a bexiga (seta) e a uretra (asterisco); (B) a imagem mostra o Utero
e a vagina a esquerda, e a bexiga e uretra a direita (com o restante da vulva a ser dissecado); (C) os
padrbes métricos usados para medir os parametros morfoldgicos (comprimento e largura) da bexiga e

da uretra sdo demonstrados esquematicamente; (D) micrografia de medida do comprimento da bexiga
(Image J).

Fonte: O autor, 2020.
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3 ANALISES ESTATISTICAS

Todos os parametros foram processados estatisticamente e descritos de forma gréfica.
O teste de Wilcoxon-Mann-Whitney foi utilizado para comparacdo de dados quantitativos entre
fetos normocefalicos e fetos com anencefalia (p < 0,05).

Correlagoes lineares simples (valores de r2 inferiores a 0,4 refletem correlacdo muito
fraca, enquanto r2 entre 0,4 e 0,7 refletem correlacdo moderada e r2 maior que 0,7 indica
correlacdo forte) foram calculadas para todas as medidas da genitalia feminina e do trato
urinério baixo, de acordo com a idade fetal. A analise estatistica foi realizada com o programa
R (Versdo 3.5.1).
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4 RESULTADOS

A idade gestacional dos fetos variou de 12 a 22 semanas pés-concepcdo. A idade
gestacional média do grupo controle foi de 17 SPC, enquanto para o grupo anencefalico foi de
15 SPC.

Inicialmente foram apresentados os resultados referentes a genitalia, na qual nao foi
encontrada significancia estatistica na distancia anogenital entre os grupos (normocefalico 2,32
mm * 2,46-6,42 / DP 2,17 + vs. anencéfalo 3,93 mm + 1,15-6,65/ DP = 1,93 + p = 0,499). A
analise de regressdo linear indicou que a DAG aumentou mais com a idade nos fetos
anencefalicos do que no grupo normocefélico, mas sem diferencas significativas (r2 = 0,01677;
p <0,318) (Figura 12).

Figura 12 — Regresséo linear: distancia anogenital — comparacdo entre fetos normais e
anencéfalos

Disténcia anogenital x Idade
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Legenda: A figura acima retrata a regressao linear referente as medidas obtidas da distancia anogenital em fetos
normais (azul) e anencéfalos (vermelho), de acordo com a idade gestacional. Os achados demonstram
que em fetos anencéfalos ha um crescimento maior no decorrer da gestacdo quando comparado com
fetos normais, mas sem significancia estatistica (r>=0.1677; p<0.318).

Fonte: O autor, 2020.

Das medidas restantes da genitalia foi observada uma diferenca significativa em quatro

parametros biométricos. Quanto a largura do introito vaginal, esta foi significativamente maior
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nos fetos anencéfalos. Em contrapartida, o comprimento do introito vaginal, a distancia do
clitéris ao anus e a distancia do introito vaginal aos grandes labios foram significativamente
maiores nos fetos normais. As comparacdes foram: distancia do clitoris ao anus: normal — 13,16
mm [0,23-20,85 / DP = 5,53] vs. anencéfalo - 8,79 mm [3,34-14,9 / DP = 4,32]; p = 0,008;
comprimento do introito vaginal: normal —5,01 mm [0,97-8,78 / DP = 2,45] vs. anencéfalo —
3,335.01mm [0,36-7,98 / DP = 2,17]; p = 0,028; largura do introito vaginal: normal — 1,22 mm
[0,36-2,50/ DP =0,52] vs. anencéfalo — 1,64 mm [0,47-2,41/ DP =0,59]; p = 0,032; e distancia
do introito vaginal aos grandes labios: normal — 4,97 mm [0,24-8,29 / DP = 1,74] vs. anencéfalo
—3,67 mm [2,12-5-5,86 / DP =0,98] p = 0,005. Todos os dados podem ser vistos na Tabela 1.

As correlagdes lineares que comparam dados morfoldgicos da genitdlia externa
feminina e idade fetal (SPC) entre os grupos sdo evidenciadas na Figura 13.

A analise de regressdo linear indicou que apesar de o comprimento vaginal ser
significativamente maior em fetos normais que em anencéfalos, ambos apresentam um padréo
de crescimento similar, ao longo das diferentes idades gestacionais (Figura 13A).

Para a largura do introito vaginal foi observado que esta curiosamente apresentou
menores valores em fetos com maior idade gestacional, havendo uma queda abrupta com a
idade para os fetos anencéfalos (Figura 13B).

A analise de regressdo linear indicou que a distancia do clitoris ao &nus aumenta mais
com a idade no grupo anencéfalo do que no grupo controle (Figura 13C) e, por fim, a analise
de regressao linear indicou que para a distancia do introito vaginal ao labio maior hd um padréo

de crescimento similar entre os grupos (Figura 13D).



Tabela 1 — Comparativo dos dados da genitalia externa entre os grupos. Idade gestacional expressa em SPC e demais medidas em milimetros

Parametro Normal Anencéfalo P-valor
Comprimento do clitoris 1,97-3,98 mm [média=3,33 /DP+- 0,51] 2,12-3,68 mm [média=3,24 /DP+- 0,40] p=0,2671
Largura do clitéris 0,36-3,42 mm [média=1,91 /DP+-0,82]  0,15-3,16 mm [média=2,03 /DP+-0,78] ~ p=0,3513
Distancia clitoris-anus 0,23-20,85 mm [média=13,16/DP+- 5,53]  3,34-14.90 mm [média=8,79 /DP+- 4,32]  p=0,0082
Comprimento do introito vaginal 0,97-8,78 mm [média=5,01 /DP+- 2,45] 0,36-7,98 mm [média=3,32 /DP+- 2,17] p=0,0283
Largura do introito vaginal 0,36-2,50 mm [média=1,22/DP+- 0,52]  0,47-2,41 mm [média=1,64 /DP+-0,59] ~ p=0,0325
Distancia do introito vaginal ao labio maior 0,24-8,29 mm [média=4,97/DP+- 1,74] 2,12-5,86 mm [média=3,67/DP+- 0,98] p=0,0055
Distancia anogenital 0,82-6,42 mm [média=2,32/DP+- 2,17] 1,15-6,65 mm [média=3,93/DP+- 1,93 p=0,4991

Fonte: O autor, 2020.
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Figura 13 — Regressdo linear: introito vaginal (comprimento e largura), distancia do clitoris ao anus e distancia do introito vaginal ao labio maior

— comparacdo entre fetos normais e anencéfalos nas diversas idades gestacionais
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Legenda: A figura acima mostra uma regressdo linear comparando os dados morfoldgicos e a idade fetal (SPC) para os dados com significancia estatistica. A correlagdo entre
morfologia normal do feto (pontos azuis) e fetos com morfologia da anencefalia (pontos vermelhos) versus idade fetal é demonstrada. Os pontos plotados representam
os valores médios obtidos para cada semana estudada. (A) comprimento do introito vaginal x idade (r?=0.1253; p=0.0476); (B) largura do introito vaginal x idade
(r>=0.1163; p<0.0579); (C) distancia do clitdris ao anus x idade (r>=0.2474; p<0.0046); (D) distancia introito vaginal ao labio maior x idade (r>=0.2773; p<0.0024).

Fonte: O autor, 2020.
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Para o comprimento e a largura do clitéris ndo foram encontradas diferengas estatisticas:
normal - 3,33 mm + 1,97-3,98 / DP = 0,51 0.5 vs. anencéfalo - 3,24 mm + 2,12-3,68 / DP =
0,40; p = 0,267 e largura do clitoris normal - 1,91 mm 0,36-3,42 / DP = 0,82 vs. anencéfalo -
2,03 mm 0,15-3,16 / DP = 0,78; p = 0,351.

Seguindo com os resultados morfoldgicos obtidos da bexiga e da uretra foi identificada
significancia estatistica entre 0s grupos para as medidas do comprimento da bexiga (controle:
6,58-19,98 mm / média = 12,13 mm / DP + -3,21 vs. anencefalico: 4,59-15,27 mm / média =
8,79 mm/DP + - 3,31, p = 0,0048 ) e para o comprimento da uretra (controle: 2,22-7,04 mm /
média = 4,24 mm / DP + -1,45 vs. anencefélico: 0,81-6,36 mm / média = 3,25 mm / DP + -
1,71; p = 0,05). Para as medidas da largura da bexiga (controle: 2,94-10,21 mm / média = 6,40
/ DP + - 2,19 vs. anencefalico: 2,86-6,55 mm / média = 5,31/ DP + - 1,73) p = 0,0629 e da
largura da uretra (normal: 1,88-4,04) mm / média = 2,90 / DP + - 0,53 vs. anencefalico: 0,40-
5,07 mm / média = 2,62 / DP + - 1,38 / p = 0,2544), ndo foi observada significancia estatistica
entre os grupos (Tabela 2).

A correlacdo linear foi mais uma vez realizada, o que permitiu a analise de dados
morfoldgicos para diferentes idades gestacionais. A analise indica que o comprimento da bexiga
nos fetos anencéfalos evolui com maior velocidade de crescimento através das idades
gestacionais, quando comparado aos fetos normais (Figura 14A) e que a largura da bexiga
aumenta discretamente mais com a idade no grupo normal do que no grupo de anencéfalos
(Figura 14B). O comprimento da uretra aumenta mais com a idade no grupo normal do que no
grupo de anencéfalos (Figura 14C), dado esse sem significancia estatistica e a largura da uretra
aumenta mais com a idade no grupo de anencéfalos (Figura 14D), também sem significancia
estatistica.

Tabela 2 — Comparativo dos dados da bexiga e uretra entre os grupos. Idade gestacional

expressa em SPC e demais medidas em milimetros

Parémetro Controle Anencéfalo P-valor

Comprimento da bexiga | 6.58-19.98 mm (média = 12.13 4.59-15.27 mm (média=8.79 p=0.0048
/DP+- 3.21) /DP+- 3.31)

Largura da bexiga 2.94-10.21 mm (média = 6.40/DP+-  2.86-6.55 mm (média=5.31 p= 0.0629
2.19) /DP+-1.73)

Comprimento da uretra | 2.22-7.04 mm (média = 4.24/DP+- 0.81-6.36 mm p= 0.0500
1.45) (média=3.25/DP+- 1.71)

Largura da uretra 1.88-4.04 mm (média = 2.90/DP+-  0.40-5.07 mm p= 0.2544
0.53) (média=2.62/DP+- 1.38)

Fonte: O autor, 2020.
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Figura 14 — Regresséo linear: comprimento e largura da bexiga; comprimento e largura da uretra; comparacdo entre fetos normais e anencéfalos

nas diversas idades gestacionais
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Legenda: Regressdo linear: (A) comprimento da bexiga (r2 = 0,1893, p = 0,014); (B) largura da bexiga (r2 = 0,246, p = 0,004)); (C) comprimento da uretra (r2 = 0,187, p =
0,153); e largura da uretra (r2 = 0,2552, p = 0,254).

Fonte: O autor, 2020.
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5 DISCUSSAO

O desenvolvimento embrioldgico do trato geniturinario feminino € um processo
complexo no qual as estruturas urinarias sdo diferenciadas em conjunto com as estruturas
genitais como resultado de uma sinalizagdo orquestrada (LLOYD, 2005, p. 643-646). O tubo
neural é formado entre dezessete e trinta dias apds a concepcdo, sendo responsavel pelo
desenvolvimento futuro da medula espinhal, coluna, cérebro e cranio. Em casos graves, 0s
defeitos do tubo neural evoluem para anencefalia, com fetos inviaveis e sobrevida média de
horas ou dias (BLATTER, 1994, p. 140-145) e (COOK et al., 2008, p. 304-308). A estrutura
dos orgaos dos fetos anencefalicos é quase desconhecida com estudos recentes desbravando o
conhecimento nessa area. A comparacdo das estruturas da bexiga, isoladamente, pénis e
testiculo, entre normocefalicos e anencefalicos, sofreu avangos nos ultimos anos. Entretanto,
estudos relacionados a genitalia externa e uretra sdo ainda escassos (FAVORITO; PIRES;
GALLO; SAMPAIOQ, 2019, p. 4-8) e (HASTINGS, 2013, p. 5-10).

O parametro mais importante na genitalia feminina, para avaliar a exposicdo ao
andrdgeno fetal e detectar o sexo entre onze e treze semanas apos a concepcéo, é a DAG. Foi
constatada a relacdo entre DAG e testosterona sérica em ambos 0s sexos, sendo as maiores
distancias associadas a niveis sericos elevados de testosterona (CALLEGARI; EVERETT,;
ROSS; BRASEL, 1987, p. 240-243). A genitalia externa feminina ndo requer hormdnios
ovarianos fetais para seu desenvolvimento e assim especula-se que o eixo hipotalamico-
hipofisario anormal ndo altera, significativamente, o desenvolvimento da genitélia externa
feminina em fetos anencéfalos.

De acordo com o presente estudo foram observadas algumas alteracGes na biometria da
genitalia externa associada a anencefalia. O comprimento do introito vaginal, a distancia do
clitéris ao anus e a distancia do introito vaginal aos grandes labios foram significativamente
menores nos fetos anencefalicos. A largura do introito vaginal foi a Unica significativamente
maior nos fetos anencéfalos sendo tal achado atribuido ao fato dessa medida sofrer maior
influéncia da formolizagdo sendo, portanto, um viés de afericdo. N&o foi encontrada
significancia estatistica nas medidas do clitoris e na DAG. S&o necessarios mais estudos nesse
campo para se conhecer o real impacto da anencefalia e sua associagdo com malformacées da
genitalia externa feminina.

Quanto ao trato urinario baixo, é sabido que existem vérias estruturas envolvidas no

complexo mecanismo da continéncia urinéria: muasculo detrusor, trigono vesical, uretra e
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esfincter uretral. O estudo do desenvolvimento dessas estruturas podera ser Util para o
diagndstico e tratamento de anomalias congénitas, especialmente a extrofia vesical, extrofia
cloacal e a sindrome OEIS (onfalocele, extrofia de bexiga, anus imperfurado e defeitos da
coluna vertebral) (FRITSCH et al., 2006, p. 128-134). Estudos anteriores, de Mathews (2011)
e Husmann et al. (1999), sugeriram que pacientes com essas anomalias e com anormalidades
neuroldgicas associadas tinham chances significativamente menores de reconstruir uma bexiga
funcional.

Recentemente, a estrutura da bexiga de fetos anencéfalos foi estudada e algumas
alteracOes importantes foram observadas, quando comparadas as bexigas fetais normais. Nesse
interessante estudo, Pazos et al. (2011) demonstraram que a bexiga dos anencéfalos apresenta-
se com mais tecido conjuntivo, menos musculo liso e mais colageno tipo Il e colageno total, o
gue pode sugerir a existéncia de alteracbes funcionais na bexiga de fetos humanos
anencefalicos. A morfologia renal também foi estudada, durante o segundo trimestre, sendo
realizada a comparacéo de seu desenvolvimento entre os sexos masculino e feminino, mas a
avaliacdo da morfologia da bexiga, quando comparada a fetos normais e com defeitos do tubo
neural, ainda necessita de estudos mais aprofundados (FAVORITO; COSTA; LOBO; GALLO;
SAMPAIO, 2020, p. 1.014-1.019).

Quando se trata da embriogénese da uretra, as evidéncias sdo ainda mais escassas.
Estudos embrioldgicos realizados anteriormente com fetos demonstraram que a uretra distal
dos fetos femininos é incorporada ao vestibulo vaginal por volta da 152 semana de gravidez e
que, durante esses processos, 0 esfincter externo feminino é expulso da posicdo anterior
original, determinando um Unico esfincter interno a uretra feminina, deixando apenas o que
corresponde a uretra prostatica masculina superior ao coliculo prostatico (MASUMOTO et al.,
2011, p. 500-508).

A compreensdo do desenvolvimento uretral feminino serve como base para se entender
como as mudancas podem impactar a continéncia futura. Halleran (2019), em um estudo bem
desenhado sobre o comprimento da uretra em lactentes, demonstrou sua relevancia no reparo
da cloaca e, nesses casos, 0s cirurgides precisam de uma uretra de 1,5cm, no final da
reconstrugdo, para manter a secura, em longo prazo, apos o reparo da cloaca. Esses dados ainda
rudimentares revelam os primeiros passos nesse campo. Contudo, ndo existem estudos
anteriores comparando o desenvolvimento uretral de fetos normais e anencéfalos, sendo esses
achados sem precedentes na literatura.

No presente estudo foram obtidos resultados interessantes que poderiam apoiar a

relevancia deste trabalho. Foram analisados, pela primeira vez, parametros do desenvolvimento
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da bexiga e uretra em conjunto, durante o segundo trimestre gestacional. Nao foi evidenciada
significancia estatistica na largura da bexiga, mas o comprimento desta foi significativamente
maior no grupo normal, com um padréo de crescimento compensatorio extremamente acelerado
no grupo anencefalico durante o segundo trimestre. Este padrdo de crescimento craniocaudal
acelerado no grupo de anencéfalos, por distorcer a anatomia local, poderia também causar
disfungdo vesical futura em fetos com defeitos no tubo neural. O comprimento uretral também
foi significativamente maior no grupo normal, quando comparado com o grupo de anencéfalos,
0 que demonstrou o impacto dos disturbios do tubo neural no desenvolvimento do eixo cranio-
caudal do trato urinario inferior. N&o foi encontrada significancia estatistica na largura da uretra
entre 0s grupos.

E possivel especular que, em decorréncia dos defeitos do tubo neural prejudicarem o
desenvolvimento vesicouretral durante o periodo embrionario, possam surgir distarbios
anatdmico-funcionais dessas estruturas impactando o perfil contratil e a continéncia urinaria.
Futuros estudos, especialmente translacionais, envolvendo aspectos ultraestruturais da bexiga
e uretra, bem como a correlacdo clinica posterior, serdo necessarios para confirmar essa
hipdtese.

Algumas limitagcbes no presente estudo devem ser mencionadas: a idade gestacional
pouco uniforme entre fetos anencefalicos e o grupo controle; a falta de analise histopatoldgica;
e as medidas dos parametros biométricos da genitélia externa foram realizadas por um dnico

observador, 0 que poderia gerar um viés de afericéo.
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CONCLUSAO

No presente estudo foram encontradas alteracGes no desenvolvimento fetal e diferencas
morfoldgicas na genitélia externa e no comprimento da bexiga e uretra nos fetos anencefalicos,
provando que a anencefalia é capaz de impactar o desenvolvimento do trato geniturinario dos
fetos femininos. Mais estudos, que envolvam aspectos ultraestruturais e histolégicos, séo
necessarios para determinar como essas alteracdes podem afetar a continéncia e a fisiologia

urindrias.
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ANEXO C — Tabela de dados fetais

A. Dados morfoldgico encontrados para a genitalia externa
Feto Anomalia Idade CC LC DAC CV LV DVL DAG

1 N 179 3,69 1,73 1604 81 123 173 81
2 N 187 389 164 1792 878 173 829 687
3 N 168 32 11 1794 8 133 647 533
4 N 175 301 1,15 1792 638 1,63 624 72
5 N 149 322 12 1392 578 173 423 416
6 N 16,7 3,15 233 1578 598 1,04 588 628
7 N 168 322 197 1722 455 136 474 407
8 N 151 347 1,76 1628 635 1,09 556 634
9 N 177 388 131 1598 62 123 60 642
10 N 192 205 229 1504 394 076 354 544
11 N 21,5 347 333 946 198 154 453 322
12 N 26 3,15 271 20,18 742 087 534 47
13 N 201 383 245 2085 783 083 593 285
14 N 21,7 197 20 545 422 0,78 442 43
15 N 145 32 234 1347 483 25 467 321
16 N 152 3,77 324 943 211 067 3,18 3,06
17 N 186 338 342 023 175 036 393 621
18 N 175 359 163 1704 827 133 751 33
19 N 16,6 348 253 946 097 2,18 502 287
20 N 136 398 076 723 256 121 265 3,05
21 N 138 354 09 78 224 091 3383 246
2 N 129 3,19 036 502 208 042 024 642
23 Anenc 123 325 194 334 241 221 295 218
24 Anenc 136 3,14 196 404 18 206 335 1,15
25 Anenc 145 309 015 419 233 21 3,12 231
26 Anenc 143 3,62 265 673 673 14 417 532
27 Anenc 165 331 251 901 221 047 38 345
28 Anenc 186 3,13 097 1134 036 0,66 3,77 342
29 Anenc 180 323 19 1288 798 132 39 181
30 Anenc 123 325 1,7 344 193 211 275 245
31 Anenc 140 2,12 231 943 1,73 1,83 212 6,65
32 Anenc 183 3,62 316 12,12 339 211 507 648
33 Anenc 163 3,68 274 1401 366 1,04 323 587
34 Anenc 176 335 238 149 538 241 58 6,05

Legenda: A tabela retrata os principais dados morfolégico encontrados para a genitalia externa.
Idades em semanas pds concepg¢ao; CC=comprimento do clitdris; LC=largura do clitéris; DAC=
distancia do clitdris ao dnus; CV= comprimento do introito vaginal; CL=largura do introito vaginal;
DVL= distancia introito vaginal ao labio maior; DAG= distancia anogenital. Todas dados métricos
emmilimetros.



B. Dados morfologico encontrados para o trato urinario inferior (bexiga e uretra)

Feto Anomalia Idade Peso CB LB CUr LUr

1 N 17,9 30 542 285 3,08 1,42
2 N 18,7 78 532 459 3,05 1,85
3 N 16,8 140 6,90 3,06 2,10 1,53
4 N 17,5 142 789 6,04 233 2,80
5 N 14,9 196 7,09 6,13 5,75 2,88
6 N 16,7 134 1527 870 542 5,00
7 N 16,8 78 12,07 636 6,36 5,07
8 N 15,1 122 12,07 614 340 3,50
9 N 17,7 144 1022 465 1,89 2729
10 N 19,2 30 11,14 655 221 2,20
11 N 21,5 46 7,55 566 2,60 2,59
12 N 22,6 30 4,59 3,09 0,81 0,40
13 N 20,1 76 1505 4,62 414 3,08
14 N 21,7 136 12,06 6,08 446 3,03
15 N 14,5 196 15,50 840 520 4,04
16 N 15,2 326 1333 396 3,06 237
17 N 18,6 348 12,13 7,05 6,14 3,73
18 N 17,5 262 1247 479 431 2,27
19 N 16,6 252 1456 629 5,77 3,07
20 N 13,6 315 1444 6,15 3,13 2,48
21 N 13,8 188 1039 857 567 3,14
22 N 12,9 100 648 6,69 5,83 2,63
23 Anenc 12,3 124 1065 639 6,69 348
24 Anenc 13,6 306 11,75 7,03 7,04 270
25  Anenc 14,5 344 984 78 3,80 240
26  Anenc 14,3 198 1323 830 233 3,10
27  Anenc 16,5 100 988 294 446 3,08
28  Anenc 18,6 76 1245 466 2,87 2,82
29  Anenc 18,0 58 11,82 9,69 4,16 3,44
30 Anenc 12,3 30 1998 995 297 3,06
31 Anenc 14,0 22 16,75 1021 3,54 342
32 Anenc 18,3 24 7,74 3,66 228 1,88
33 Anenc 16,3 34 950 386 331 2,41
34 Anenc 17,6 28 7,00 3,68 222 237

Legenda: A tabela retrata os principais dados morfologico encontrados para o trato urinrio
inferior. Idade em semanas pos-.concepgdo. Peso em gramas. CB= comprimento da bexiga; LB=
largura da bexiga; CUr: comprimento da uretra; LUr; largura da uretral.
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Summary

Background

Anogenital distance (AGD), the distance from the
anus to the genitals, is a marker of normal genital
development. AGD and other biometric parameters
of external female genitalia are important as ultra-
sonographic markers that can determine fetal
gender in the first trimester. Neural tube defects are
one of the commonest congenital malformations of
the central nervous system, with anencephaly being
the most severe defect. Female genitalia develop-
ment and their association with anencephaly have
not been previously described.

Aim

The aim of this study was to compare the biometric
parameters of external female genitalia in fetuses
with anencephaly and compare it to the parameters
of normocephalic fetuses at different gestational
ages.

Study design

We studied 34 female fetuses, 22 normocephalic and
12 anencephalic, aged between 12 and 22 weeks
post-conception. The fetuses were placed in the
classic lithotomy position and before the fetal
dissection, the external female genitalia were pho-
tographed with a digital camera. Biometric param-
eters were recorded and measurements were
performed using the Image J software, version 1.46r.
Clitoral length and width, clitoris to anus distance,
vaginal opening length and width, vaginal opening to
labia majora distance, and AGD were measured
(Figure). For statistical analysis, the Wilcox-
on—Mann—Whitney test was used (p < 0.05).

https://doi.org/10.1016/j.jpurol.2020.07.015
1477-5131/© 2020 Journal of Pediatric Urology Company. Published by Elsevier Ltd. All rights reserved.

Results

We observed a significant difference between some
measurements of the groups: the vaginal opening
width was significantly greater in anencephalic fe-
tuses and the vaginal opening length, clitoris to anus
distance and vaginal opening to labia majora dis-
tance were significantly greater in normocephalic
fetuses. For the clitoris length and width, we did not
find statistical differences. We also did not find
statistical significance in AGD between groups (nor-
mocephalic 2.32 mm [2.46—6.42/SD = 2.17] vs.
anencephalic 3.93 mm [1.15—-6.65/SD = 1.93];

p = 0.499). The linear regression analysis indicated
that AGD increased more with age in anencephalic
than in the normocephalic group, but without sig-
nificant differences (r> = 0.01677; p < 0.318).

Discussion

This article is the first to report the female external
genitalia parameters in fetuses with anencephaly. In
our study we observed some alterations in biometry
of the external genitalia in anencephalic fetuses,
with a pattern of morphological reduction in this
group. The vaginal opening length, clitoris to anus
distance and vaginal opening to labia majora dis-
tance were significantly lower in anencephalic fe-
tuses but we did not find statistical significance in
clitoris measurements and AGD.

Conclusions

Anencephalic fetuses had some alterations in
external genitalia development, but the anogenital
distances did vary significantly between the groups.
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Summary Fig.  The figure shows the standardized technique to perform the biometric measurements. A) The figure shows an 18

weeks post-conception (WPC) female fetus with anencephaly; B) In this figure we are placing the same fetus with 18 WPC in the
classic lithotomy position; C) Schematic drawing showing the major axis (arrow) between initial (A = Vaginal Opening) and final
(B = Anus) points during Anogenital Distance (AGD) measurements and D) Frontal picture of the genitalia using the Image J
software, version 1.46r. The red line shows the AGD measurement.

Introduction

Anogenital distance (AGD), the distance from the anus to
the genitals, is a marker of normal genital development [1].
AGD in males is normally twice that in females [2], and girls
with congenital adrenal hyperplasia (CAH) have been shown
to have longer perineal lengths than their normal coun-
terparts [3]. The AGD is also important to evaluate fetal
androgen exposure [4].

Neural tube defects are one of the commonest congen-
ital malformations of the central nervous system, with an-
encephaly being the most severe defect. Recently, neural
tube defects (NTDs) have gained space in the scientific
literature and news reports around the world [5—7]. Since
its introduction in the Americas in 2015, the mosquito-
borne Zika virus (family Flaviviridae) has spread rapidly
and has been associated with the increased incidence of
microcephaly and anencephaly [8—10]. Anencephaly is
observed in 0.03% of all births. It occurs at a rate three to
four times higher in female fetuses than males and is

associated with abnormalities in the hypothalamic-pituitary
axis [11].

The influence of neural development on genital devel-
opment was demonstrated in previous studies of anence-
phalic fetuses [12,13]. The cerebral lesions with
consequent impaired brain control of the nerves seems to
be the main factor involved in testicular alterations
(growth, histology and testicular migration) in fetuses with
anencephaly [11,14]. Previous studies about penile devel-
opment have shown no difference in the penile structure in
anencephalic fetuses compared with normocephalic ones
[12]. Studies about the female genitalia in fetuses with
anencephaly have never been published, a fact that re-
inforces the importance of the present study.

In patients with a family history of ambiguous genitalia,
determination of the fetal gender in the first trimester of
pregnancy is important [15]. AGD and other biometric pa-
rameters of external female genitalia are important, since
they are helpful as ultrasonographic markers that can
determine fetal gender in the first trimester, especially

Please cite this article as: Vieiralves RR et al., Are anogenital distance and external female genitalia development changed in neural tube
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Anogenital distance and female genitalia development

S

The figure shows the standardized technique to perform the biometric measurements. A) The figure shows a 18 weeks
post conception (WPC) female fetus with anencephaly; B) In this figure we are placing the same fetus with 18WPC in the classic
lithotomy position; C) Schematic drawing showing the major axis (arrow) between initial (A = Vaginal Open) and final (B = Anus)
points during Anogenital Distance (AGD) measurements and D) Frontal picture of the genitalia using the Image J software, version
1.46r. The red line shows the AGD measurement. (For interpretation of the references to colour in this figure legend, the reader is
referred to the Web version of this article.)

Figure 1

after 12 weeks after conception [16]. Studies of the female
gential anatomy of fetuses and newborns are very rare, and
the association between female genital biometrics and
neural tube defects in fetuses has not been previously
described [17,18].

We hypothesized that anencephaly impacts the female
genital congenital development during the human fetal
period. The confirmation of these alterations could be
important in future studies about the impact of neural tube
defects on female external genitalia development. The
objective of this study was to compare the biometric pa-
rameters (especially the anogenital distance) of external
female genitalia in fetuses with anencephaly and compare
them with the parameters of normocephalic fetuses at
different gestational ages.

Materials and methods

We studied 34 female fetuses (22 normocephalic and 12
anencephalic), aged between 12 and 22 weeks post-

T
Y

D Figure 1.2.tiff
74 mm (406x541); RGB; 858K
-

conception (WPC), that died of causes unrelated to the
genitourinary tract. The fetuses came to our laboratory as
donations from the obstetric section of our hospital. The
fetuses of the control group (normocephalic) were macro-
scopically well preserved, showed no signs of malforma-
tion, and the demise was due to hypoxia. The gestational
age was determined in WPC according to the foot-length
criterion. This criterion is currently considered the most
acceptable parameter to estimate gestational age [19-21].
The fetuses were also evaluated regarding crown-rump
length (CRL) and body weight immediately before dissec-
tion. All data were collected during the period from July
2018 through December 2019.

Using a standardized technique, all fetuses were placed
in the classic lithotomy position and before the fetal pelvis
dissection, the female genitalia were photographed with a
digital camera (DP70, Olympus America, Inc., Melville, New
York) under the same conditions (same focal distance by
the same examiner) at a resolution of 2040 pixels and
stored in a TIFF file. The biometric parameters were
recorded and measurements were performed by the same

Please cite this article as: Vieiralves RR et al., Are anogenital distance and external femal
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Table 1

The table shows the main fetal parameters analyzed and the external genitalia measurements in the 34 fetuses

studied: Fetal age in weeks postconception (WPC). CL = clitoris length; CW = clitoris width; CAD = clitoris to anus distance;
VL = vaginal open length; VW = vaginal open width; VLD = vaginal open to labia majora distance; AGD = anogenital distance;

Anenc = anencephaly. All measures are in millimeters.

Fetus Anomaly Age (WPC) CL W CAD VL W VLD AGD
1 None 17.9 3.69 1.73 16.04 8.1 1.23 7.3 8.1

2 None 18.7 3.89 1.64 17.92 8.78 1.73 8.29 6.87
3 None 16.8 3:2 1.1 17.94 8 1.33 6.47 5.33
4 None 17.5 3.01 1.15 17.92 6.38 1.63 6.24 7.2

5 None 14.9 3.22 1.2 13.92 5.78 1.73 4.23 4.16
6 None 16.7 3.15 2.33 15.78 5.98 1.04 5.88 6.28
7 None 16.8 3.22 1.97 17.22 4.55 1.36 4.74 4.07
8 None 15.1 3.47 1.76 16.28 6.35 1.09 5.56 6.34
9 None 17.7 3.88 1.31 15.98 6.2 1.23 6 6.42
10 None 19.2 2.05 2.29 15.04 3.94 0.76 3.54 5.44
11 None 2155 3.47 3.33 9.46 1.98 1.54 4.53 3.22
12 None 22.6 3.15 2.71 20.18 7.42 0.87 5.34 4.7

13 None 20.1 3.83 2.45 20.85 7.83 0.83 5.93 2.85
14 None 21.7 1.97 2 5.45 4.22 0.78 4.42 4.3

15 None 14.5 3.2 2.34 13.47 4.83 2.5 4.67 3.21
16 None 15.2 3.77 3.24 9.43 2.1 0.67 3.18 3.06
17 None 18.6 3.38 3.42 0.23 1.75 0.36 3.93 6.21
18 None 17.5 3.59 1.63 17.04 8.27 1533 7.51 3.3

19 None 16.6 3.48 2.53 9.46 0.97 2.18 5.02 2.87
20 None 13.6 3.98 0.76 7.23 2.56 1.21 2.65 3.05
21 None 13.8 3.54 0.9 7.86 2.24 0.91 3.83 2.46
22 None 12.9 3.19 0.36 5.02 2.08 0.42 0.24 6.42
23 Anenc 12.3 3.25 1.94 3.34 2.41 2.21 2.95 2.18
24 Anenc 13.6 3.14 1.96 4.04 1.8 2.06 3:35 1.15
25 Anenc 14.5 3.09 0.15 4.19 2.33 2.1 3.12 2.31
26 Anenc 14.3 3.62 2.65 6.73 6.73 1.4 4.17 5.32
27 Anenc 16.5 3.31 2.51 9.01 2.21 0.47 3.86 3.45
28 Anenc 18.6 3.13 0.97 11.34 0.36 0.66 37 3.42
29 Anenc 18 3.23 1.9 12.88 7.98 (1232 3.9 1.81
30 Anenc 12.3 3.25 1.7 3.44 1.93 2.1 2.75 2.45
31 Anenc 14 2.12 2.31 9.43 1.73 1.83 2.12 6.65
32 Anenc 18.3 3.62 3.16 12.12 3.39 2.11 5.07 6.48
33 Anenc 16.3 3.68 2.74 14.01 3.66 1.04 3.23 5.87
34 Anenc 17.6 3.35 2.38 14.9 5.38 2.41 5.86 6.05

observer, using the Image J software, version 1.46r,
because of the high intra-observer precision compared to
inter-observer analysis [22,23]. Clitoral length and width,
clitoris to anus distance, vaginal opening length and width,
vaginal opening to labia majora distance, and vaginal
opening to anus distance (anogenital distance) were
measured. All measurements were performed, considering
the major axis between initial and final points. For clitoris
and vaginal opening, cranio-caudal and latero-lateral
measurements were performed, again considering the
largest visible axes (Fig. 1). Data are expressed in
millimeters.

All parameters were statistically processed and graphi-
cally described. The Shapiro—Wilk test was used to verify
the normality of the data. After that, the Wilcox-
on—Mann—Whitney test was used for comparison of quan-
titative data between normocephalic fetuses vs. fetuses
with anencephaly (p < 0.05). Simple linear correlations (r?
values less than 0.4 reflect very weak correlation, while r?

between 0.4 and 0.7 reflect moderate correlation and r?
greater than 0.7 indicates strong correlation) were calcu-
lated for all female genital measurements, according to
fetal age. The statistical analysis was performed with the R
program (Version 3.5.1).

Results

The gestational age of fetuses ranged from 12 to 22 weeks
post-conception (WPC). The normocephalic group’s average
gestational age was 17 WPC while for the anencephalic
group it was 15 WPC. The summary of the findings regarding
the fetal age and genital measurements is reported in Table
1

We did not find statistical significance of anogenital
distance between groups (normocephalic 2.32 mm
[2.46—6.42/SD = 2.17] vs. anencephalic 3.93 mm
[1.15—6.65/SD = 1.93]; p = 0.499). The linear regression
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Table 1

The table shows the main fetal parameters analyzed and the external genitalia measurements in the 34 fetuses

studied: Fetal age in weeks postconception (WPC). CL = clitoris length; CW = clitoris width; CAD = clitoris to anus distance;
VL = vaginal open length; VW = vaginal open width; VLD = vaginal open to labia majora distance; AGD = anogenital distance;

Anenc = anencephaly. All measures are in millimeters.

Fetus Anomaly Age (WPC) CL W CAD VL W VLD AGD
1 None 17.9 3.69 1.73 16.04 8.1 1.23 7.3 8.1

2 None 18.7 3.89 1.64 17.92 8.78 1.73 8.29 6.87
3 None 16.8 3:2 1.1 17.94 8 1.33 6.47 5.33
4 None 17.5 3.01 1.15 17.92 6.38 1.63 6.24 7.2

5 None 14.9 3.22 1.2 13.92 5.78 1.73 4.23 4.16
6 None 16.7 3.15 2.33 15.78 5.98 1.04 5.88 6.28
7 None 16.8 3.22 1.97 17.22 4.55 1.36 4.74 4.07
8 None 15.1 3.47 1.76 16.28 6.35 1.09 5.56 6.34
9 None 17.7 3.88 1.31 15.98 6.2 1.23 6 6.42
10 None 19.2 2.05 2.29 15.04 3.94 0.76 3.54 5.44
11 None 2155 3.47 3.33 9.46 1.98 1.54 4.53 3.22
12 None 22.6 3.15 2.71 20.18 7.42 0.87 5.34 4.7

13 None 20.1 3.83 2.45 20.85 7.83 0.83 5.93 2.85
14 None 21.7 1.97 2 5.45 4.22 0.78 4.42 4.3

15 None 14.5 3.2 2.34 13.47 4.83 2.5 4.67 3.21
16 None 15.2 3.77 3.24 9.43 2.1 0.67 3.18 3.06
17 None 18.6 3.38 3.42 0.23 1.75 0.36 3.93 6.21
18 None 17.5 3.59 1.63 17.04 8.27 1533 7.51 3.3

19 None 16.6 3.48 2.53 9.46 0.97 2.18 5.02 2.87
20 None 13.6 3.98 0.76 7.23 2.56 1.21 2.65 3.05
21 None 13.8 3.54 0.9 7.86 2.24 0.91 3.83 2.46
22 None 12.9 3.19 0.36 5.02 2.08 0.42 0.24 6.42
23 Anenc 12.3 3.25 1.94 3.34 2.41 2.21 2.95 2.18
24 Anenc 13.6 3.14 1.96 4.04 1.8 2.06 3:35 1.15
25 Anenc 14.5 3.09 0.15 4.19 2.33 2.1 3.12 2.31
26 Anenc 14.3 3.62 2.65 6.73 6.73 1.4 4.17 5.32
27 Anenc 16.5 3.31 2.51 9.01 2.21 0.47 3.86 3.45
28 Anenc 18.6 3.13 0.97 11.34 0.36 0.66 37 3.42
29 Anenc 18 3.23 1.9 12.88 7.98 (1232 3.9 1.81
30 Anenc 12.3 3.25 1.7 3.44 1.93 2.1 2.75 2.45
31 Anenc 14 2.12 2.31 9.43 1.73 1.83 2.12 6.65
32 Anenc 18.3 3.62 3.16 12.12 3.39 2.11 5.07 6.48
33 Anenc 16.3 3.68 2.74 14.01 3.66 1.04 3.23 5.87
34 Anenc 17.6 3.35 2.38 14.9 5.38 2.41 5.86 6.05

observer, using the Image J software, version 1.46r,
because of the high intra-observer precision compared to
inter-observer analysis [22,23]. Clitoral length and width,
clitoris to anus distance, vaginal opening length and width,
vaginal opening to labia majora distance, and vaginal
opening to anus distance (anogenital distance) were
measured. All measurements were performed, considering
the major axis between initial and final points. For clitoris
and vaginal opening, cranio-caudal and latero-lateral
measurements were performed, again considering the
largest visible axes (Fig. 1). Data are expressed in
millimeters.

All parameters were statistically processed and graphi-
cally described. The Shapiro—Wilk test was used to verify
the normality of the data. After that, the Wilcox-
on—Mann—Whitney test was used for comparison of quan-
titative data between normocephalic fetuses vs. fetuses
with anencephaly (p < 0.05). Simple linear correlations (r?
values less than 0.4 reflect very weak correlation, while r?

between 0.4 and 0.7 reflect moderate correlation and r?
greater than 0.7 indicates strong correlation) were calcu-
lated for all female genital measurements, according to
fetal age. The statistical analysis was performed with the R
program (Version 3.5.1).

Results

The gestational age of fetuses ranged from 12 to 22 weeks
post-conception (WPC). The normocephalic group’s average
gestational age was 17 WPC while for the anencephalic
group it was 15 WPC. The summary of the findings regarding
the fetal age and genital measurements is reported in Table
1

We did not find statistical significance of anogenital
distance between groups (normocephalic 2.32 mm
[2.46—6.42/SD = 2.17] vs. anencephalic 3.93 mm
[1.15—6.65/SD = 1.93]; p = 0.499). The linear regression
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Figure 2 Anogenital Distance (AGD) x Age: The linear
regression analysis indicated that AGD increases more in
anencephalic fetuses but without significantly than in the
normal group (r* = 0.01677; p < 0.318).

analysis indicated that AGD increased more with age in
anencephalic fetuses than in the normocephalic group, but
without significant differences (r* = 0.01677; p < 0.318)
(Fig. 2).

We observed a significant difference in four biometric
parameters. The vaginal opening width was significantly
greater in anencephalic fetuses and the vaginal opening
length, clitoris to anus distance and vaginal opening to labia
majora distance were significantly greater in normoce-
phalic fetuses. The comparisons were: clitoris to anus dis-
tance (normocephalic — 13.16 mm (0.23—20.85 3.34-14.9/
SD = 5.53) vs. anencephalic 8.79 mm (3.34-14.9/
SD = 4.32); p = 0.008); vaginal opening length (normo-
cephalic — 5.01 mm [0.97-8.78/SD = 2.45] vs.

anencephalic — 3.335.01 mm [0.36—7.98/SD = 2.17];
p = 0.028); vaginal opening width (normocephalic —
1.22 mm [0.36—2.50/SD = 0.52] vs. anencephalic —
1.64 mm [0.47—-2.41/SD = 0.59]; p = 0.032); and vaginal
opening to labia majora distance (normocephalic —
4.97 mm [0.24-8.29/SD = 1.74] vs. anencephalic —
3.67 mm [2.12—5.86/SD = 0.98]; p = 0.005) (Table 2). The
linear correlations comparing morphological data of
external female genitalia and fetal age (WPC) between
groups are reported in Fig. 3.

For the clitoris length and width, we did not find sta-
tistical differences. We also did not find statistically sig-
nificant differences for clitoris length (normocephalic —
3.33 mm [1.97-3.98/SD = 0.51] vs. anencephalic —
3.24 mm [2.12-3.68/SD = 0.40]; p = 0.267) and clitoris
width (normocephalic — 1.91 mm [0.36—3.42/SD = 0.82]
vs. anencephalic — 2.03 mm [0.15-3.16/SD = 0.78];
p = 0.351).

Discussion

Embryological development of the female reproductive
tract is a complex process in which fetal structures are
differentiated in an orchestrated way to form external
genitalia [23]. Any impairment at this stage can lead to a
slight difference, resulting in congenital anomalies that
affect the female genital tract. The genital tubercle is the
anlage of the external genitalia in both males and females.
Congenital abnormalities frequently result from abnormal
formation of this structure and its subsequent development
[24—-26].

Between the 17th and the 30th day after conception, the
neural tube is formed. This will form the spinal cord, spine,
brain and skull. A neural tube defect occurs when the tube
fails to close, leaving the developing brain or spinal cord
exposed to amniotic fluid [5]. The absence of a functional
brain makes the anencephalic fetuses unable to present
consciousness or feel pain, but the brainstem reflexes may
be preserved, leading to primordial actions such as
breathing, and they may occasionally respond to sound and
touch. Even so, the anencephalic fetus will not be viable,
with average survival of hours or days [6].

The organ structure of anencephalic fetuses is almost
unknown. Some recent studies have compared the

Table 2 The table summarizes the fetal age and the biometric parameters comparative findings between the two different
groups (Normocephalic vs Anencephalic. SD = Standard deviation; WPC = weeks post conception; mm = millimeters and
* = Biometric parameters with significant difference after statistical analysis.

Parameter Normocephalic

Anencephalic p-value

Gestacional age
Clitoris length
Clitoris width

12.9-21.7 WPC (mean = 17.26/SD + 2.67) 12.3—18.6 WPC (mean = 15.52/SD + 2.30) p = 0.0287
1.97-3.98 mm (mean = 3.33/SD + 0.51) 2.12—3.68 mm (mean = 3.24/SD + 0.40) p = 0.2671
0.36—3.42 mm (mean = 1.91/SD + 0.82) 0.15—3.16 mm (mean = 2.03/SD + 0.78) p = 0.3513

Clitoris to anus distance 0.23—20.85 mm (mean = 13.16/SD + 5.53) 3.34—14.90 mm (mean = 8.79/SD + 4.32) p = 0.0082*

Vaginal open length
Vaginal open width
Vaginal open labia
majora distance
Anogenital distance

0.97—8.78 mm (mean
0.36—2.50 mm (mean
0.24—8.29 mm (mean

5.01/SD + 2.45)  0.36—7.98 mm (mean
1.22/SD + 0.52) 0.47—2.41 mm (mean
4.97/SD + 1.74)  2.12-5.86 mm (mean = 3.67/SD + 0.98) p = 0.0055*

3.32/SD + 2.17) p = 0.0283*
1.64/SD + 0.59) p = 0.0325*

0.82—6.42 mm (mean = 2.32/SD + 2.17) 1.15—6.65 mm (mean = 3.93/SD + 1.93) p = 0.4991
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Figure 3  The figure shows a linear regression analysis comparing the morphological data and fetal age (WPC) with statistical
significance. Correlation for normal fetuses morphology (blue point), and fetuses with anencephaly morphology (red points) vs fetal
age are demonstrated. The points plotted represent the mean values obtained for each week studied. (A) Vaginal Open Length x
Age: he linear regression analysis indicated that the vaginal open length (r? Z 0.1253; p = 0.0476)) increases significantly more with
age in the normal group than in the anencephalic group. (B) Vaginal Open Width x Age: the linear regression analysis indicated that
the vaginal open width (r? Z 0.1163; p < 0.0579)) increases significantly more with age in the normal group than in the anencephalic
group. (C) Clitoris to anus distance x Age: the linear regression analysis indicated that clitoris to anus distance (r* Z 0.2474;
p < 0.0046)) increases significantly more with age in the normal group than in the anencephalic group and (D) Vaginal Open to Labia
Majora distance x Age: the linear regression analysis indicated that vaginal open to labia majora distance (r? Z 0.2773; p < 0.0024))
increases significantly more with age in the normal group than in the anencephalic group. (For interpretation of the references to
colour in this figure legend, the reader is referred to the Web version of this article.)

structures of the bladder, penis and testes between nor-
mocephalic and anencephalic fetuses [12,13,27]. The
bladder of anencephalic fetuses had significant structural
alterations, with more connective tissue, less smooth
muscle and more type Ill and total collagen concentra-
tions compared to normal fetal bladders [27]. On the
other hand, de Carvalho [12] demonstrated there was no
difference in the structure of male genitalia of anence-
phalic fetuses compared with normocephalic ones. His-
tochemistry and immunolabeling data suggested that

penile shaft development is maintained unaltered in
anencephalic fetuses [12]. The testicular growth was
slower and did not show significant correlations with fetal
parameters during the period studied in fetuses with an-
encephaly, which can be attributed to the abnormal
hypothalamic-pituitary axis in anencephalic boys [13]. In
anencephaly, the abnormal hypothalamic-pituitary axis is
probably the most important factor involved in structural
alterations in testicular histology and development in this
syndrome [11,14].
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Figure 3  The figure shows a linear regression analysis comparing the morphological data and fetal age (WPC) with statistical
significance. Correlation for normal fetuses morphology (blue point), and fetuses with anencephaly morphology (red points) vs fetal
age are demonstrated. The points plotted represent the mean values obtained for each week studied. (A) Vaginal Open Length x
Age: he linear regression analysis indicated that the vaginal open length (r? Z 0.1253; p = 0.0476)) increases significantly more with
age in the normal group than in the anencephalic group. (B) Vaginal Open Width x Age: the linear regression analysis indicated that
the vaginal open width (r? Z 0.1163; p < 0.0579)) increases significantly more with age in the normal group than in the anencephalic
group. (C) Clitoris to anus distance x Age: the linear regression analysis indicated that clitoris to anus distance (r* Z 0.2474;
p < 0.0046)) increases significantly more with age in the normal group than in the anencephalic group and (D) Vaginal Open to Labia
Majora distance x Age: the linear regression analysis indicated that vaginal open to labia majora distance (r? Z 0.2773; p < 0.0024))
increases significantly more with age in the normal group than in the anencephalic group. (For interpretation of the references to
colour in this figure legend, the reader is referred to the Web version of this article.)

structures of the bladder, penis and testes between nor-
mocephalic and anencephalic fetuses [12,13,27]. The
bladder of anencephalic fetuses had significant structural
alterations, with more connective tissue, less smooth
muscle and more type Ill and total collagen concentra-
tions compared to normal fetal bladders [27]. On the
other hand, de Carvalho [12] demonstrated there was no
difference in the structure of male genitalia of anence-
phalic fetuses compared with normocephalic ones. His-
tochemistry and immunolabeling data suggested that

penile shaft development is maintained unaltered in
anencephalic fetuses [12]. The testicular growth was
slower and did not show significant correlations with fetal
parameters during the period studied in fetuses with an-
encephaly, which can be attributed to the abnormal
hypothalamic-pituitary axis in anencephalic boys [13]. In
anencephaly, the abnormal hypothalamic-pituitary axis is
probably the most important factor involved in structural
alterations in testicular histology and development in this
syndrome [11,14].
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The most important parameter in female genitalia to
evaluate the fetal androgen exposure and detect gender be-
tween 11 and 13 weeks post-conception is AGD [4]. The rela-
tionship between AGD and serum testosterone in both genders
was reported, where a long distance was associated with
elevated serum testosterone levels [28]. The female external
genitalia do not require fetal ovarian hormones for their
development [24,25] as occurs in male fetuses, which require
hormones for their development. Thus, we speculate that the
abnormal hypothalamic-pituitary axis does not significantly
alter the development of female external genitalia in anen-
cephalic fetuses. In addition, it has been proposed that
shorter AGD is associated with infertility in the future [29]. In
our study, we observed some alterations in biometry of the
external genitalia in anencephaly. The vaginal opening length,
clitoris to anus distance and vaginal opening to labia majora
distance were significantly lower in anencephalic fetuses and
the vaginal opening width was only significantly higher in
anencephalic fetuses, but we did not find statistical signifi-
cance in clitoris measurements and AGD. More studies are
needed in this field to know the real impact of anencephaly
and its association with malformations of the female genito-
urinary tract. However, studies in female human fetuses with
neural tube disorders assessing the incidence of genitourinary
abnormalities are rare and for our knowledge this article is the
first to report the female genitalia and their correlations with
fetuses having anencephaly. We believe that anencephalic
fetuses can be used as a model for to study the development of
urogenital organs in other neural tube disorders, such as
meningoceles and myelomeningoceles, and we believe that
the present study provides evidence of a principle to explore
the failure of brain development early in the embryologic
process and its impact on genital development.

Some limitations of our study should be mentioned: (a)
the unequal WPC of anencephalic fetuses and the control
group; (b) the lack of pathological analysis of external
genitalia organs in our sample; and (c) the small sample
size. However, anencephalic fetuses are rare, so observa-
tions of a small sample are still relevant and (d) the bio-
metric parameters of the external genitalia were
measured by a single observer, which could potentially
generate measurement bias.

Conclusions

Anencephalic fetuses had some alterations in external
genitalia development but the most important biometric
parameter, the anogenital distance, did not show signifi-
cant variations between the groups. We therefore specu-
late that the abnormal hypothalamic-pituitary axis does not
significantly alter the development of external genitalia in
female anencephalic fetuses. Translational aspects of the
anencephalic model are very promissing in some fields of
fetal and neonatal diagnosis and treatment, but more
studies are needed to confirm this potential in future
pediatric urology research.
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ANEXO E - Artigo 2: Urethral and bladder development during the 2nd gestational trimester

applied to the urinary continence mechanism: translational study in human female fetuses
with neural tube defects.
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Summary

Background

Anogenital distance (AGD), the distance from the
anus to the genitals, is a marker of normal genital
development. AGD and other biometric parameters
of external female genitalia are important as ultra-
sonographic markers that can determine fetal
gender in the first trimester. Neural tube defects are
one of the commonest congenital malformations of
the central nervous system, with anencephaly being
the most severe defect. Female genitalia develop-
ment and their association with anencephaly have
not been previously described.

Aim

The aim of this study was to compare the biometric
parameters of external female genitalia in fetuses
with anencephaly and compare it to the parameters
of normocephalic fetuses at different gestational
ages.

Study design

We studied 34 female fetuses, 22 normocephalic and
12 anencephalic, aged between 12 and 22 weeks
post-conception. The fetuses were placed in the
classic lithotomy position and before the fetal
dissection, the external female genitalia were pho-
tographed with a digital camera. Biometric param-
eters were recorded and measurements were
performed using the Image J software, version 1.46r.
Clitoral length and width, clitoris to anus distance,
vaginal opening length and width, vaginal opening to
labia majora distance, and AGD were measured
(Figure). For statistical analysis, the Wilcox-
on—Mann—Whitney test was used (p < 0.05).

https://doi.org/10.1016/j.jpurol.2020.07.015
1477-5131/© 2020 Journal of Pediatric Urology Company. Published by Elsevier Ltd. All rights reserved.

Results

We observed a significant difference between some
measurements of the groups: the vaginal opening
width was significantly greater in anencephalic fe-
tuses and the vaginal opening length, clitoris to anus
distance and vaginal opening to labia majora dis-
tance were significantly greater in normocephalic
fetuses. For the clitoris length and width, we did not
find statistical differences. We also did not find
statistical significance in AGD between groups (nor-
mocephalic 2.32 mm [2.46—6.42/SD = 2.17] vs.
anencephalic 3.93 mm [1.15-6.65/SD = 1.93];

p = 0.499). The linear regression analysis indicated
that AGD increased more with age in anencephalic
than in the normocephalic group, but without sig-
nificant differences (> = 0.01677; p < 0.318).

Discussion

This article is the first to report the female external
genitalia parameters in fetuses with anencephaly. In
our study we observed some alterations in biometry
of the external genitalia in anencephalic fetuses,
with a pattern of morphological reduction in this
group. The vaginal opening length, clitoris to anus
distance and vaginal opening to labia majora dis-
tance were significantly lower in anencephalic fe-
tuses but we did not find statistical significance in
clitoris measurements and AGD.

Conclusions

Anencephalic fetuses had some alterations in
external genitalia development, but the anogenital
distances did vary significantly between the groups.

Please cite this article as: Vieiralves RR et al., Are anogenital distance and external f
defects? Study in human fetuses, Journal of Pediatric Urology, https://doi.org/10.1016/j.jpurol.2020.07.015
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Summary Fig.  The figure shows the standardized technique to perform the biometric measurements. A) The figure shows an 18

weeks post-conception (WPC) female fetus with anencephaly; B) In this figure we are placing the same fetus with 18 WPC in the
classic lithotomy position; C) Schematic drawing showing the major axis (arrow) between initial (A = Vaginal Opening) and final
(B = Anus) points during Anogenital Distance (AGD) measurements and D) Frontal picture of the genitalia using the Image J
software, version 1.46r. The red line shows the AGD measurement.

Introduction

Anogenital distance (AGD), the distance from the anus to
the genitals, is a marker of normal genital development [1].
AGD in males is normally twice that in females [2], and girls
with congenital adrenal hyperplasia (CAH) have been shown
to have longer perineal lengths than their normal coun-
terparts [3]. The AGD is also important to evaluate fetal
androgen exposure [4].

Neural tube defects are one of the commonest congen-
ital malformations of the central nervous system, with an-
encephaly being the most severe defect. Recently, neural
tube defects (NTDs) have gained space in the scientific
literature and news reports around the world [5—7]. Since
its introduction in the Americas in 2015, the mosquito-
borne Zika virus (family Flaviviridae) has spread rapidly
and has been associated with the increased incidence of
microcephaly and anencephaly [8—10]. Anencephaly is
observed in 0.03% of all births. It occurs at a rate three to
four times higher in female fetuses than males and is

associated with abnormalities in the hypothalamic-pituitary
axis [11].

The influence of neural development on genital devel-
opment was demonstrated in previous studies of anence-
phalic fetuses [12,13]. The cerebral lesions with
consequent impaired brain control of the nerves seems to
be the main factor involved in testicular alterations
(growth, histology and testicular migration) in fetuses with
anencephaly [11,14]. Previous studies about penile devel-
opment have shown no difference in the penile structure in
anencephalic fetuses compared with normocephalic ones
[12]. Studies about the female genitalia in fetuses with
anencephaly have never been published, a fact that re-
inforces the importance of the present study.

In patients with a family history of ambiguous genitalia,
determination of the fetal gender in the first trimester of
pregnancy is important [15]. AGD and other biometric pa-
rameters of external female genitalia are important, since
they are helpful as ultrasonographic markers that can
determine fetal gender in the first trimester, especially

Please cite this article as: Vieiralves RR et al., Are anogenital distance and external female genitalia development changed in neural tube
defects? Study in human fetuses, Journal of Pediatric Urology, https://doi.org/10.1016/j.jpurol.2020.07.015
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Anogenital distance and female genitalia development

S

The figure shows the standardized technique to perform the biometric measurements. A) The figure shows a 18 weeks
post conception (WPC) female fetus with anencephaly; B) In this figure we are placing the same fetus with 18WPC in the classic
lithotomy position; C) Schematic drawing showing the major axis (arrow) between initial (A = Vaginal Open) and final (B = Anus)
points during Anogenital Distance (AGD) measurements and D) Frontal picture of the genitalia using the Image J software, version
1.46r. The red line shows the AGD measurement. (For interpretation of the references to colour in this figure legend, the reader is
referred to the Web version of this article.)

Figure 1

after 12 weeks after conception [16]. Studies of the female
gential anatomy of fetuses and newborns are very rare, and
the association between female genital biometrics and
neural tube defects in fetuses has not been previously
described [17,18].

We hypothesized that anencephaly impacts the female
genital congenital development during the human fetal
period. The confirmation of these alterations could be
important in future studies about the impact of neural tube
defects on female external genitalia development. The
objective of this study was to compare the biometric pa-
rameters (especially the anogenital distance) of external
female genitalia in fetuses with anencephaly and compare
them with the parameters of normocephalic fetuses at
different gestational ages.

Materials and methods

We studied 34 female fetuses (22 normocephalic and 12
anencephalic), aged between 12 and 22 weeks post-

T
Y

D Figure 1.2.tiff
74 mm (406x541); RGB; 858K
-

conception (WPC), that died of causes unrelated to the
genitourinary tract. The fetuses came to our laboratory as
donations from the obstetric section of our hospital. The
fetuses of the control group (normocephalic) were macro-
scopically well preserved, showed no signs of malforma-
tion, and the demise was due to hypoxia. The gestational
age was determined in WPC according to the foot-length
criterion. This criterion is currently considered the most
acceptable parameter to estimate gestational age [19-21].
The fetuses were also evaluated regarding crown-rump
length (CRL) and body weight immediately before dissec-
tion. All data were collected during the period from July
2018 through December 2019.

Using a standardized technique, all fetuses were placed
in the classic lithotomy position and before the fetal pelvis
dissection, the female genitalia were photographed with a
digital camera (DP70, Olympus America, Inc., Melville, New
York) under the same conditions (same focal distance by
the same examiner) at a resolution of 2040 pixels and
stored in a TIFF file. The biometric parameters were
recorded and measurements were performed by the same

Please cite this article as: Vieiralves RR et al., Are anogenital distance and external femal
defects? Study in human fetuses, Journal of Pediatnc Urology, https://doi.org/10.1016/j.jpurol. 2020 07.015
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Table 1

The table shows the main fetal parameters analyzed and the external genitalia measurements in the 34 fetuses

studied: Fetal age in weeks postconception (WPC). CL = clitoris length; CW = clitoris width; CAD = clitoris to anus distance;
VL = vaginal open length; VW = vaginal open width; VLD = vaginal open to labia majora distance; AGD = anogenital distance;

Anenc = anencephaly. All measures are in millimeters.

Fetus Anomaly Age (WPC) CL W CAD VL W VLD AGD
1 None 17.9 3.69 1.73 16.04 8.1 1.23 7.3 8.1

2 None 18.7 3.89 1.64 17.92 8.78 1.73 8.29 6.87
3 None 16.8 3:2 1.1 17.94 8 1.33 6.47 5.33
4 None 17.5 3.01 1.15 17.92 6.38 1.63 6.24 7.2

5 None 14.9 3.22 1.2 13.92 5.78 1.73 4.23 4.16
6 None 16.7 3.15 2.33 15.78 5.98 1.04 5.88 6.28
7 None 16.8 3.22 1.97 17.22 4.55 1.36 4.74 4.07
8 None 15.1 3.47 1.76 16.28 6.35 1.09 5.56 6.34
9 None 17.7 3.88 1.31 15.98 6.2 1.23 6 6.42
10 None 19.2 2.05 2.29 15.04 3.94 0.76 3.54 5.44
11 None 2155 3.47 3.33 9.46 1.98 1.54 4.53 3.22
12 None 22.6 3.15 2.71 20.18 7.42 0.87 5.34 4.7

13 None 20.1 3.83 2.45 20.85 7.83 0.83 5.93 2.85
14 None 21.7 1.97 2 5.45 4.22 0.78 4.42 4.3

15 None 14.5 3.2 2.34 13.47 4.83 2.5 4.67 3.21
16 None 15.2 3.77 3.24 9.43 2.1 0.67 3.18 3.06
17 None 18.6 3.38 3.42 0.23 1.75 0.36 3.93 6.21
18 None 17.5 3.59 1.63 17.04 8.27 1533 7.51 3.3

19 None 16.6 3.48 2.53 9.46 0.97 2.18 5.02 2.87
20 None 13.6 3.98 0.76 7.23 2.56 1.21 2.65 3.05
21 None 13.8 3.54 0.9 7.86 2.24 0.91 3.83 2.46
22 None 12.9 3.19 0.36 5.02 2.08 0.42 0.24 6.42
23 Anenc 12.3 3.25 1.94 3.34 2.41 2.21 2.95 2.18
24 Anenc 13.6 3.14 1.96 4.04 1.8 2.06 3:35 1.15
25 Anenc 14.5 3.09 0.15 4.19 2.33 2.1 3.12 2.31
26 Anenc 14.3 3.62 2.65 6.73 6.73 1.4 4.17 5.32
27 Anenc 16.5 3.31 2.51 9.01 2.21 0.47 3.86 3.45
28 Anenc 18.6 3.13 0.97 11.34 0.36 0.66 37 3.42
29 Anenc 18 3.23 1.9 12.88 7.98 (1232 3.9 1.81
30 Anenc 12.3 3.25 1.7 3.44 1.93 2.1 2.75 2.45
31 Anenc 14 2.12 2.31 9.43 1.73 1.83 2.12 6.65
32 Anenc 18.3 3.62 3.16 12.12 3.39 2.11 5.07 6.48
33 Anenc 16.3 3.68 2.74 14.01 3.66 1.04 3.23 5.87
34 Anenc 17.6 3.35 2.38 14.9 5.38 2.41 5.86 6.05

observer, using the Image J software, version 1.46r,
because of the high intra-observer precision compared to
inter-observer analysis [22,23]. Clitoral length and width,
clitoris to anus distance, vaginal opening length and width,
vaginal opening to labia majora distance, and vaginal
opening to anus distance (anogenital distance) were
measured. All measurements were performed, considering
the major axis between initial and final points. For clitoris
and vaginal opening, cranio-caudal and latero-lateral
measurements were performed, again considering the
largest visible axes (Fig. 1). Data are expressed in
millimeters.

All parameters were statistically processed and graphi-
cally described. The Shapiro—Wilk test was used to verify
the normality of the data. After that, the Wilcox-
on—Mann—Whitney test was used for comparison of quan-
titative data between normocephalic fetuses vs. fetuses
with anencephaly (p < 0.05). Simple linear correlations (r?
values less than 0.4 reflect very weak correlation, while r?

between 0.4 and 0.7 reflect moderate correlation and r?
greater than 0.7 indicates strong correlation) were calcu-
lated for all female genital measurements, according to
fetal age. The statistical analysis was performed with the R
program (Version 3.5.1).

Results

The gestational age of fetuses ranged from 12 to 22 weeks
post-conception (WPC). The normocephalic group’s average
gestational age was 17 WPC while for the anencephalic
group it was 15 WPC. The summary of the findings regarding
the fetal age and genital measurements is reported in Table
1

We did not find statistical significance of anogenital
distance between groups (normocephalic 2.32 mm
[2.46—6.42/SD = 2.17] vs. anencephalic 3.93 mm
[1.15—6.65/SD = 1.93]; p = 0.499). The linear regression
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Figure 2 Anogenital Distance (AGD) x Age: The linear
regression analysis indicated that AGD increases more in
anencephalic fetuses but without significantly than in the
normal group (r* = 0.01677; p < 0.318).

analysis indicated that AGD increased more with age in
anencephalic fetuses than in the normocephalic group, but
without significant differences (r* = 0.01677; p < 0.318)
(Fig. 2).

We observed a significant difference in four biometric
parameters. The vaginal opening width was significantly
greater in anencephalic fetuses and the vaginal opening
length, clitoris to anus distance and vaginal opening to labia
majora distance were significantly greater in normoce-
phalic fetuses. The comparisons were: clitoris to anus dis-
tance (normocephalic — 13.16 mm (0.23—20.85 3.34-14.9/
SD = 5.53) vs. anencephalic 8.79 mm (3.34-14.9/
SD = 4.32); p = 0.008); vaginal opening length (normo-
cephalic — 5.01 mm [0.97-8.78/SD = 2.45] vs.

anencephalic — 3.335.01 mm [0.36—7.98/SD = 2.17];
p = 0.028); vaginal opening width (normocephalic —
1.22 mm [0.36—2.50/SD = 0.52] vs. anencephalic —
1.64 mm [0.47—-2.41/SD = 0.59]; p = 0.032); and vaginal
opening to labia majora distance (normocephalic —
4.97 mm [0.24-8.29/SD = 1.74] vs. anencephalic —
3.67 mm [2.12—5.86/SD = 0.98]; p = 0.005) (Table 2). The
linear correlations comparing morphological data of
external female genitalia and fetal age (WPC) between
groups are reported in Fig. 3.

For the clitoris length and width, we did not find sta-
tistical differences. We also did not find statistically sig-
nificant differences for clitoris length (normocephalic —
3.33 mm [1.97-3.98/SD = 0.51] vs. anencephalic —
3.24 mm [2.12-3.68/SD = 0.40]; p = 0.267) and clitoris
width (normocephalic — 1.91 mm [0.36—3.42/SD = 0.82]
vs. anencephalic — 2.03 mm [0.15-3.16/SD = 0.78];
p = 0.351).

Discussion

Embryological development of the female reproductive
tract is a complex process in which fetal structures are
differentiated in an orchestrated way to form external
genitalia [23]. Any impairment at this stage can lead to a
slight difference, resulting in congenital anomalies that
affect the female genital tract. The genital tubercle is the
anlage of the external genitalia in both males and females.
Congenital abnormalities frequently result from abnormal
formation of this structure and its subsequent development
[24—-26].

Between the 17th and the 30th day after conception, the
neural tube is formed. This will form the spinal cord, spine,
brain and skull. A neural tube defect occurs when the tube
fails to close, leaving the developing brain or spinal cord
exposed to amniotic fluid [5]. The absence of a functional
brain makes the anencephalic fetuses unable to present
consciousness or feel pain, but the brainstem reflexes may
be preserved, leading to primordial actions such as
breathing, and they may occasionally respond to sound and
touch. Even so, the anencephalic fetus will not be viable,
with average survival of hours or days [6].

The organ structure of anencephalic fetuses is almost
unknown. Some recent studies have compared the

Table 2 The table summarizes the fetal age and the biometric parameters comparative findings between the two different
groups (Normocephalic vs Anencephalic. SD = Standard deviation; WPC = weeks post conception; mm = millimeters and
* = Biometric parameters with significant difference after statistical analysis.

Parameter Normocephalic

Anencephalic p-value

Gestacional age
Clitoris length
Clitoris width

12.9-21.7 WPC (mean = 17.26/SD + 2.67) 12.3—18.6 WPC (mean = 15.52/SD + 2.30) p = 0.0287
1.97-3.98 mm (mean = 3.33/SD + 0.51) 2.12—3.68 mm (mean = 3.24/SD + 0.40) p = 0.2671
0.36—3.42 mm (mean = 1.91/SD + 0.82) 0.15—3.16 mm (mean = 2.03/SD + 0.78) p = 0.3513

Clitoris to anus distance 0.23—20.85 mm (mean = 13.16/SD + 5.53) 3.34—14.90 mm (mean = 8.79/SD + 4.32) p = 0.0082*

Vaginal open length
Vaginal open width
Vaginal open labia
majora distance
Anogenital distance

0.97—8.78 mm (mean
0.36—2.50 mm (mean
0.24—8.29 mm (mean

5.01/SD + 2.45)  0.36—7.98 mm (mean
1.22/SD + 0.52) 0.47—2.41 mm (mean
4.97/SD + 1.74)  2.12-5.86 mm (mean = 3.67/SD + 0.98) p = 0.0055*

3.32/SD + 2.17) p = 0.0283*
1.64/SD + 0.59) p = 0.0325*

0.82—6.42 mm (mean = 2.32/SD + 2.17) 1.15—6.65 mm (mean = 3.93/SD + 1.93) p = 0.4991
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Figure 3  The figure shows a linear regression analysis comparing the morphological data and fetal age (WPC) with statistical
significance. Correlation for normal fetuses morphology (blue point), and fetuses with anencephaly morphology (red points) vs fetal
age are demonstrated. The points plotted represent the mean values obtained for each week studied. (A) Vaginal Open Length x
Age: he linear regression analysis indicated that the vaginal open length (r? Z 0.1253; p = 0.0476)) increases significantly more with
age in the normal group than in the anencephalic group. (B) Vaginal Open Width x Age: the linear regression analysis indicated that
the vaginal open width (r? Z 0.1163; p < 0.0579)) increases significantly more with age in the normal group than in the anencephalic
group. (C) Clitoris to anus distance x Age: the linear regression analysis indicated that clitoris to anus distance (r* Z 0.2474;
p < 0.0046)) increases significantly more with age in the normal group than in the anencephalic group and (D) Vaginal Open to Labia
Majora distance x Age: the linear regression analysis indicated that vaginal open to labia majora distance (r? Z 0.2773; p < 0.0024))
increases significantly more with age in the normal group than in the anencephalic group. (For interpretation of the references to
colour in this figure legend, the reader is referred to the Web version of this article.)

structures of the bladder, penis and testes between nor-
mocephalic and anencephalic fetuses [12,13,27]. The
bladder of anencephalic fetuses had significant structural
alterations, with more connective tissue, less smooth
muscle and more type Ill and total collagen concentra-
tions compared to normal fetal bladders [27]. On the
other hand, de Carvalho [12] demonstrated there was no
difference in the structure of male genitalia of anence-
phalic fetuses compared with normocephalic ones. His-
tochemistry and immunolabeling data suggested that

penile shaft development is maintained unaltered in
anencephalic fetuses [12]. The testicular growth was
slower and did not show significant correlations with fetal
parameters during the period studied in fetuses with an-
encephaly, which can be attributed to the abnormal
hypothalamic-pituitary axis in anencephalic boys [13]. In
anencephaly, the abnormal hypothalamic-pituitary axis is
probably the most important factor involved in structural
alterations in testicular histology and development in this
syndrome [11,14].
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The most important parameter in female genitalia to
evaluate the fetal androgen exposure and detect gender be-
tween 11 and 13 weeks post-conception is AGD [4]. The rela-
tionship between AGD and serum testosterone in both genders
was reported, where a long distance was associated with
elevated serum testosterone levels [28]. The female external
genitalia do not require fetal ovarian hormones for their
development [24,25] as occurs in male fetuses, which require
hormones for their development. Thus, we speculate that the
abnormal hypothalamic-pituitary axis does not significantly
alter the development of female external genitalia in anen-
cephalic fetuses. In addition, it has been proposed that
shorter AGD is associated with infertility in the future [29]. In
our study, we observed some alterations in biometry of the
external genitalia in anencephaly. The vaginal opening length,
clitoris to anus distance and vaginal opening to labia majora
distance were significantly lower in anencephalic fetuses and
the vaginal opening width was only significantly higher in
anencephalic fetuses, but we did not find statistical signifi-
cance in clitoris measurements and AGD. More studies are
needed in this field to know the real impact of anencephaly
and its association with malformations of the female genito-
urinary tract. However, studies in female human fetuses with
neural tube disorders assessing the incidence of genitourinary
abnormalities are rare and for our knowledge this article is the
first to report the female genitalia and their correlations with
fetuses having anencephaly. We believe that anencephalic
fetuses can be used as a model for to study the development of
urogenital organs in other neural tube disorders, such as
meningoceles and myelomeningoceles, and we believe that
the present study provides evidence of a principle to explore
the failure of brain development early in the embryologic
process and its impact on genital development.

Some limitations of our study should be mentioned: (a)
the unequal WPC of anencephalic fetuses and the control
group; (b) the lack of pathological analysis of external
genitalia organs in our sample; and (c) the small sample
size. However, anencephalic fetuses are rare, so observa-
tions of a small sample are still relevant and (d) the bio-
metric parameters of the external genitalia were
measured by a single observer, which could potentially
generate measurement bias.

Conclusions

Anencephalic fetuses had some alterations in external
genitalia development but the most important biometric
parameter, the anogenital distance, did not show signifi-
cant variations between the groups. We therefore specu-
late that the abnormal hypothalamic-pituitary axis does not
significantly alter the development of external genitalia in
female anencephalic fetuses. Translational aspects of the
anencephalic model are very promissing in some fields of
fetal and neonatal diagnosis and treatment, but more
studies are needed to confirm this potential in future
pediatric urology research.
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